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I 5

Ac acetyl

Ala alanine

Ar aryl

Asc ascorbic acid

Bn benzyl

DBU 1,8-diazabicyclo[5.4.0]Jundec-7-ene
DMF N, N-dimethylformamide
DMI N,N-dimethylimidazolidinone
DMSO dimethylsulfoxide

Et ethyl

EWG electron-withdrawing group
Gly glycine

Pr isopropyl

Lys lysine

Me methyl

MOM methoxymethyl

Ms methanesulfonyl

"Bu normal butyl

Ph phenyl

Pro proline

Pyr pyridine

‘Bu tertiary butyl

TBAF tetrabutylammonium fluoride
TES triethylsilyl

Tf trifluoromethanesulfonyl
TFA trifluoroacetic acid

THF tetrahydrofuran

TMG N,N,N’,N’-tetramethylguanidine
TIPS triissopropylsilyl

TMS trimethylsilyl

Ts para-toluenesulfonyl
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BEHET Y ROAbE 1% 1864 412 Griess IC L > THIOFAHET VP RER b7 =
=TV ROERMEICHED D, 1890 4£IC Curtius I L 57 VIbKER %
RAWTe 7 b &M OIS V2RI KELSBREBELZZ T 2, BIETIEERE
f%%%@A&%@%ﬁn@ﬁ@Eﬁ AR FREB IR ED 7 I DAL F
nY—, WEEESFOEKR EDOEENWSH TIEHIR TS Y, 0%
BRASSOGMEIL T ¥ ROBENFHHEICER L TWD, 7YV RIE3 DOEFR T
DR S AL FEWICEE R MBHEERETH LN, £0 _mMAIX 172.7°L H
BMEECH ARV AT EREFROERR B OEAFEIX 1.237A (N1-
N2). 1.156A (N2-N3)& =23 % 5 (Scheme 1-1a)’Y, o F v 7Y KidF A4 b L
VEBBEROBERZE D OBR IN TWVWDHERRT I ENTE BEMNIZE WK
JIEHEZA L TWD, BEORIGIT, RIGHTF & 72 5 EEIZ X o TG EALA
U, RKEFFEE)EII NI EHTORISICXH LT, REFMEN) & X N3 HT
S B#EAT 9 5 (Scheme 1-1b), £72, 1,3-WM & LTHs, 77 o
THx ., = MU AR EDOFIMmRA & [32) RIS A #E Z T,
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Scheme 1-1. Organic azide

RFEO 72T P R ERE 7R E OGS X Schmidt St T & % (Scheme 1-2) 39,
Schmidt I IZIEMAL SN NVAR = VIS NVAR T A R EIlZT7 VR
DONIENLREXEREZD, 7 Y=g AP ZRE L CEE LM
THLZ LT, A RBFERIEWEEZ D,

O] Na O
Ho o N§@ g ron, H® L @N: Re
‘\Jo]\,/\g 07 N—R3 T» R1
R "R?
N
\\\NC:)N/RS R3N, (9(’:‘2 ; N/R3
Pl ————>  H_N—R
L, °° <. N N
R1/\R2 R R R1 R2

N,
Scheme 1-2. Schmidt reaction
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Schmidt I T KW A RRIC B FH S TE Y, Wang 5 1L Schmidt X s &
FIHLERLVLAT I FOEE L, i< Bischler-Napieralski &, 3% Jo i &
TRy NTITH Z LIk o T, (S)-tylophorine DA EZZEMK L TV 5D
(Scheme 1-3)%,

TFA Tf,0
B ——— B ——
Schmidt Bischler-
Napieralski

NaBH,

reduction
84%

(S)-tylophorine

Scheme 1-3. Total syntesis of (S)-tylophorine

MIFFERICBWTHL T U AT a—)L s 7Y R Schmidt )G X 5 a,p-
AeafnA I U DOERIEEZBFIE L TEH Y (Scheme 1-4a), Z OIS E=FHAT 5 2
ETCARALERA A I VKRR THIERET VI e A REOEERITK
) L TV % (Scheme 1-4b)%),

OH 3
R3 \. Acid RL.®, N R
@ R2 % 3 RW 3 RZX \N
1 R 1
R N, R
OMOM
TMSOTf
n-C4Hg /\/O\
n-CsH )\/\/Y —_— g n-C4H
5M11 I CH,Cly, 0 °C n-CsHqy™ X N 4Hg
3 41% Costa Rican ant venom alkaloid 1
(b)
OMOM
TMSOTf
n-CqHo /\/\/O\
n-CsH )\/\/\/\( —_ n-C4H
S CHCly 0°Cc  MCaH7 77 N o
N3 51%

Costa Rican ant venom alkaloid 2

Scheme 1-4. Unsaturated imine synthesis



T YR LR L OFGIEAR AT 4V RIIC L D Staudinger S O, %
DORISH A ZFIH LT aza-Wittig Rty P72 EDA < F1 63T 5 (Scheme
1-5)y THOHDRIGIERAT 4 DT ¥V RRM~DRELE L < HEHRIC
KoTHHRENDAI )V FART VE2REFRELETOIRKIETHY , A4 I /7K
AHRTHEEICAKRSOINV A=V EEERH S22 ETT Y RBRELIN
1T IVRA I ~EE TS,

/R
- H20 HoN
N
\\\N\ R PR R R Staudinger
) % N—N N
R'.P: S} 44 I
3 N—-PR'; PR’
v N, aza-Wittig R

B

X =H, alkyl,

Scheme 1-5. Reaction with phosphines aryl, OR™

S 5T, Staudinger KIS EICH LT72T A4 77— a > G 7H Bertozzi 5 IZ
ofﬁ¢éhfﬁbw A )KRAKRT V&S %Wi27w<b7/7?6
Z & Thyr s & A HEIC L T 5 (Scheme 1-6a), Z @ S ZF) A L T Jurkat
#Hﬂﬂ’j?ﬁﬁu@fﬁbﬁ/vf/b Sk o7 FREICEASTF U2 7 2T
52 EITE T L CTw B (Scheme 1-6b), Z D KIGIEE S FAEKICHE WS T
BY O AMHELLEE LRVWRARSFERFELLTHLATVD
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(I%m ) o
R2 PPh,

D) Ph” 1 pl Ph
OH S}

OH ¢,

HO:.. o A :-':*:..'

Ns/ﬁ]—N SN ::

o MHo

0

HnA 0
SINTONH
H H H OMe
s~ AN~ ~aN PPh,
(b) 0 o]

o)
,l( OHy, © &
O C02 S

HN™ “\H HO:.. . B3
H O7~o—\ &
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N N "o PHo

S /("}3\[]/ Tt N, PPh; :
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Scheme 1-6. Staudinger ligation reaction
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TYVRERRAT7 4 VX DORIGIT ERR TR R EREZ -T2 A
RRAR T UDOERICIRE SN TS O TRV, ] 21X Raines b %, = &
TIUHOR G EEmD D TEHEATZ 7V KHMEEZ N7 v 7 L, <K
DIREIZE S TT AN R TEUANLEESZET, TV RO YT I ~DEH
2% H L Ty b (Scheme 1-7)19,

o)
fJ\O/ o @ O R1
R PPh N
)\ —2» O/ 1 E— @N/N\\N)\Rz
Ny~ R?2 %, O)R\ Ph//P/
PH
0 R1H
ﬂ
H,0 N/N\\NQRZ R
—_— H .. e
2
PPh; N” R
O —

Scheme 1-7. Conversion of azido to diazo groups

— A OIE, CREENRELS, MHADBEFEERFRRAT 0 2R HT
HZETRERKRAT 7V REMHEL TV 5 (Scheme 1-8)'V, ZDOHR AT 7
VRIS FMEIC Lo TIHDOT YV RANEHENARETH 5,

NMe,

NMe2
(‘Bu),P
R —_—
Ny~ -
Ss (tBu)zP\\N/N\\N/R
Scheme 1-8. Transient protection of azides
— 5., TV RE 1,3-HBE 527 0% & OBRKIGIE Huisgen i &
FEIZAL, @RS T, RFMSEHT 22 & TRISHET L, MLEZEERDOIR
AW % 5 %2 5 (Scheme 1-9)!'2),

1 A RLN/N\\N N//N\N/R1
Ny~ RO+ =R —— \:< + \:<
R? R?

Scheme 1-9. Azide-alkyne cycloaddition reaction (Huisgen reaction)

Z iz xk L T Sharpless, 3 & O Meldal & (% 1 i o @fiit 2 Hv 25 = & T,
FIRT, KEERTHRISHBEITL, ®NEND L4 EBR Y 7Y — LR
EERICEOND Z & ZRFEHIZA M L TW5 (Scheme 1-10a)'?, Z D&
WAL ERIVEIL, 2 DO8ABEE L7287 8T Y RIZ X o TERILKIS BT
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95 Z & THRIHLL TV 5 (Scheme 1-10b)14),

N
» culy  RLyRy
@ Nyt =—RrR > —

R2

/\ /\ H——R? [Cu] [Cu]

[Cu] R
;
R! on " / 1
[Cu] ,’.\‘_N\\N 61113 N

O cuy
2 PR

[Cdi R

Scheme 1-10. Copper catalyzed azide-alkyne cycloaddition reactions (CUAAC)

£ VT =T A ERWEZS S, MK DRI bbb CuAAC
(Copper catalyzed Azide-Alkyne Cycloaddition) & I3 i @ B b o7 & S 4R P 12 T
ILSAEEE N 7Y — B3 GEo05 DIEn, s ClixsEoRnwr Y —
NT Y RbEHAARRERD O ERMELZNLET Y RET AL OB
LS FREDO B WG TH D, ZDDEETIE, 7YV vy 277 I AR
—DOREM RIS E LT, AIERERLE S FERTEAICFIH TS 3.

17)

o

Ll 2T ORISITAERMABICEMED & 2870 & o4 BN 0LET
bHZ END MFERLE~DISHIZLE L v, £ Z T Bertozzi b 1%,
BALERKT VX R A2 LB 9 72 N ERET2 &0 T CRAL S
NHEITI 5 Z & & B H L7 (Scheme 1-11)'®, SPAAC(Strain-Promoted Azide-
Alkyne Cycloaddition) & FEIZIL D Z O FIEIFAERBERKIGE L TH BV, in
vivo TOA A —T 7 ZAHRIZLTWD )]

Scheme 1-11. Strain-promoted azide-alkyne cycloaddition reactions (SPAAC)
BHTNHX T D FIELIT S &Rl 2 v 72 v [B3+2]1 818 )OS
FZHHRESNTED 20 BOEEKICLAEMEEALFIH LM G T
Do BIZAIE, B-7 P AT N ERBEMERETICHNTZ & THEKRT L
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— AR T I NE,. TV ATV RENRILS I THZIEDRMLNTWS
(Scheme 1-12)202 209)

AF\N N
Ar —N=
Q Base, Ny~ © ® Ar~N7TRN
>_\ > X ( —_— ) — (
R EWG EWG = COR', CO,R', CN >:\ R EWG
R EWG
X =0OH, NR",

Scheme 1-12. Base-mediated cycloaddition of aryl azides with enolates or enamines

1-2 27U v 7 BeeiEoREE L ot

1-1 THRAR7ZE S, 7Y FIAx B EZRILAEWOERICHENTH D
P Th<.BIENISICE T 2000 F 2 EICEE T 20Dy —)L &
LTHETHDL, £/, TOEARGEPLOHBICHWON S AHERE
Lo TWb, —F, iy rEEZrAEE T HAE~T B EREEILIT VR
Uz 2 HHRE SN TS 2129 fFlz X, V7Y, =bmrr, 1,2,4,5-7 k
TUVRETHD, INHIFT Y RERKRICERT VXV EBRIALKIGEZ R Z
TZENAETHLIM, TV REFRRIKIGEDLAH LTS,

FlZIETT I, 7Y R TREKIEBET LW T 72 U V= AT Vi EDOE
FTARREA V7 4 v EBRIBILNIEEZRILTE I YU UEKEZERT D 2
& R°(Scheme 1-13a), HAVAR UV BBIZ L > TIEMHIbES %, AR FT L —
FEDRINZ L > TEELIBREEL Co ATV EEKRT DL LT FERE
] HE & 9 % (Scheme 1-13b)21,

O %COzEt ] ©) ’\? O ®/N
PN Ny ——— N// - NES
N3 ” = 3 (
N o,k
(a) 0
N
—_— NS/\/\N °N
H /
CO,Et

(@] -
HO_ _R
o) e N o)

(b) N)kf"‘z o o "\ N)S(o R
©/\H T H H@O\H/R ;NZ H H H \([)]/

0]

Scheme 1-13. Conjugation of diazo groups with acrylates and carboxylic acids
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o, =her b 13- ML LTES ZETT AT o7 v BRI
% 2 Z L (Scheme 1-14a)??), BRIRT L F v EOBRIGEEIZLZERT VR
RCT IV ZATF L EHRTHEHN, = frr s kP Y A FF R
AXRVLAPLHMTE, = b EFRKRICT VT T IVF vk BRALIES D
HEAT 4 % (Scheme 1-14b) 2V, = R U LA F ¥ Fid=hnm v k0 b0 S
RO, ZEARCHRY v — bR EORIKIENEZ D,

R2

|
RINS

R2
. |
@ % RN
R
WA

1(\

R_:N_O@ R! N_

Scheme 1-14. Cycloaddition reaction of nitrones and nitrile oxides

1,2,4,5-7 F 7 P U b RIBRIC, T o0 T v X v b O E T EiER Diels-
Alder(DA)SC s & #t < retro-DA GIC X A2 MEEEZ LD Z & T2 FEMEN
FAHETH D M, K2 trans-> 7 a7 v ooy u s a Xy L IZERIL K
It~ S HEAT 3 B (Scheme 1-152)2Y, £/, 7 h IV UVOEFZBR N 1 DA L
72124 PV 72037 IV BEREFB DRV & TREFEN
WOTHEORKIGERELS, 7 87V TEHBRIEKIGDEITT 5 cis-> 7 1
TR rsuadTaxXr L E RIS T, trans-> 7 a TV D H
DA/retro-DA &S 3 AT T 5 @ W B FFE R IR M 2 A 7 5 (Scheme 1-15b)29),

N/\/\‘ . DA @ retro-DA NZ

D ﬁ A
X_ N N7 S N X
\/\_/ X//) . N> S

N~ B BE— — No reaction

Me Me

Me [: R Tetrazine Triazine t R

= .
'}l R < (X = N) (X = CH) » No reaction
NS

Scheme 1-15. Diels-Alder (DA)/retro-DA reactions of tetrazines and triazines



ER U7X RBAKISIZED FELUMCH, TAT B FOFF 2 Ak
RESNDINVAR=ANITA =V g o0, Fh— - UG, Aex— ME
WL DTA = ar Dl rI At y—71FTh . &o1+a
BT I FH AT RE 72 AR AR TE A2 Y 0 (B A T RS SO X Z AR ISR T D 28,

INETHEH2HEORSZHEET L2 L ICENSINTEN, HETITLY
B BEELLADEZHEICART 27120, 2HOEREEY T2 12D
Ty N7 A — LG FICERET DI TFRICEENREE - TWVD, ZZTHEIN
TWVWHEONRTNAF 2K LTHMHT L2 FETHDL, fl2IE, vV LETH
HEINTZT VX ORRE & CuUAAC 2V KT TN H 5 (Scheme 1-16)27),

TES  1ps  [Cu] R' TES  1ps [Cu]

R'N; N—N AgNO; R?N;

deprotection
of TES
1 2 1 R? 3
RO —N TIPS [Cu] R =N R
NN TBAF R3N3 NN N—N
N N
Z \ﬁ | | deprotection Z \H Z
of TIPS

Scheme 1-16. Sequential introduction of three components via deprotection and CuAAC

Fl. TNAF BT 74 VHIBBEAZAGDE L2 LT, 7% 8
D CuAAC, BLOT 74 v oxELZDORBIZE - T, RIS E &R
724y - 23T 2 D (Scheme 1-17)3%,

N
[Cu] N TMSCH,MgCI 7 O
///\O RN, N\//j/\o RN, %\O RN, N\NI .
@_’@—'iﬁ_’ (
/) R N
R | N

OTf OTf

Scheme 1-17. Sequential introduction of two components via CUAAC and azide-aryne cycloaddition

IHFIT T > TARF CuAAC ISR ATRER T V% v OfA G bE R L,
TNAXORENARELVLEE L2 WAERROESFEIEE ST
LN, RIET Ty 874 —20F~ODFHIZITES>THRWID, —F T, £
NENPR RIS T DRICFENFIET 5 2 &0, KOt E I B 72 273
GETLHZZEND, 2HEUEDZ Y v 7 BREEZMAG DY D FIEICHEN
HEFEoTWND 23D FJik LY T Y ET Y ReAadbE 5 F % (Scheme 1-
13a)y°AF L LTV Rt by, BILAHOAHETRISIEZRIRT S
FIER EN THIZE% Y T 5 (Scheme 1-18),



OOO (AcO),IPh Ns/\(/o\/a\o
3

Scheme 1-18. Chemoselective cycloaddition

¥/ 03U ED ) v I BRREGHAGDEZV VR Yy NTOSILF T
AT —=va RIGCE > T, Sl EfEZER LERER S & D P, #2113
Jaschke HIX, 7V RET AU BLOR I/ VAL R 2 HT 5HDNA S LI
RNA’ﬂLT DA/retro-DA. SPAAC. CuAAC DJE T IGSZ1TH Z & T, fif

BN 72 5y TAEARIZ D L T 5 (Scheme 1-19)339),

|y £—N3 X o R
| E 3) [Cu]
RN, N~

Scheme 1-19. One-pot triple click labeling for DNA and RNA

— 5. Knall 513707y, TAFUVBLIRI ARALRXCEZHT LT v
N7 —2L%F % BV, CuAAC., 4 — /- K Jin. DA/retro-DA D JIE T X
JREAT D T & THLE IR 22 2k o3 S FE AL & 2 K L T 5 (Scheme 1-20)3Y),

J 1) [Cu], BN,

2) dodecanethiol

AT

Scheme 1-20. One-pot triple click ligation

1 R'" 2 R?

i _
N"SN N
Y

\
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T4, Renaudet HIX 4D 7 UV v VBEREEZETLH T T v M7+ — L5
T~ & 4R AL E RN ICERE T 5 2 LIk B LTV % (Scheme 1-21)%3%,
I, BHAARBEICE o TR LT TF RO HEEER CERLZ Y
VAXFTTATE R, TAry, TP RBEXOZ e 7w F AN bD 7
T M7 F =L FICKH LT AF L TAT =gy, FEAE—N-m vy
7YV T, CuAAC, FA— Vo7 vF by 7V 7 H#IEIZITH Z &
TEERR LTV 5D,

o N/OR1
- N O\J - \.J
3 R'ONH, N3 © R*SH
O Q TFA h
O~ % Cl —— » O\/O§ % cl >
L S L S~
GlyY T alE 2 Pro ayE Y A ¥ o
/ Lys Lys / / /
Pro STy Y aly prd Yoy gy

2
R%s

2
_OR! OR'
IN N \S IN/
N, o R3O—= Ny o
[Cu]
0 = 0 0

o\/0§

Cl O~
Lys Lyss=_ L Lyss_
Gly’¥ Yo ~—pia ¥ pro cly’¥ ys\ma/ Y ~pro
/ Lys Lys / /
pre Y s y ~aly Pro/LyS\Lys/Lys\Gly
R2. OR3
S N _OR!
N
o\ |
R*SH NG o)
Kl o o
> 0~y § S
one-pot ~R*4
L S L S~
4r% aly¥ S ¥ pro
/ Lys Lys
pré Y s y ~aly

Scheme 1-21. One-pot quadruple click ligation using cyclopeptide scaffold
INHLOWMENSG, 7Y v I EREZHAGDEE~YALTFT I Vv I T Ty
N7 =L TFE, ZROEREILET O LTIHEFITAITHLZ LR D,
L L, VT2V Ty N 74— TOEMITNTISZ KR

EMLBEETLHO, KOVBHEREGHRFENPEENL TV D,
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1-3 7 ¥ FE DO E SR i

TIy N7 x—LFORMEICK LT, ERAEEZEBLELERAES PO
FHWRERRT T v b7+ — L0 FIEIREEEBELTHLLERD, £ Ti
FETIE.BABRRGR 7V vy 7 ERETHL TV FICHPERDPEEZ > T
L, b, TV RNEEZ —FIZEATLZILETERAT O~ AVTF TV N
B EBEICAR L., ZOMERROREBKISORBIZEL > T, GRES
B XOMHAMELZ R T 7Ty P 7+ — L0 FZ2RIKT 2 A TH D,
L2l 7Y RiZmWRISHEEZ G T 5720, S EZ X L THHT S Z
& VX #E L v (Scheme 1-22),

Late-stage
Sy2 azidation

C)
N3

X
Y

Multiple azido compounds

Scheme 1-22. Easily accessible multiple azido compounds

ZDOEOIBPT, TV —=AT YV REITIYREFRFR TORBHRIZL ST
TNAFRNALTVREFERRDIKISHEZRELTWD D, 7Y NOAERRE
BEOSOBRENEALTND, Bl IE, MERROBERZES T4 F L
~NOEBIZE DT BN B O EE(Scheme 1-23a)*YX°, Staudinger X It~ 12 &
57 2 ~DiEJE(Scheme 1-23b)*I)0NHE I N TW D, KHIEEIC L A7 E®
RO BERKIS TIE, 7Y REFHFREOKBHRICL - TT V=T
RONISEMERT E LTV, 71U — A7 ¥ RPERMICHERZEZ
LCTHA MV U EEKRT D, ERLETA ML UIREET B Y FREEA~ L
FEINDHTED, BRFOREA TR I v 7T 5L TTEBENNVEREHEET
E D, BAT 4 R XD ALEERA Staudinger UG TiE, AR 7 4 U
FOREHEN patha THEATL7Z N Y 7B = FHEED 2, pathb TG
WEITLEPHAEL D O FFREOLBIRICK > TRENT DD, TV
— T Y RO PNEET 5,
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Ng N3 ho (254 nm) Jb N3 7\
excess. HNEt, N >
—_— —_—

SN
HNEt N DNEt
2 X
56% (NMR Yield)
N3
N . NH
N3 3 nBUgP HBF4 N3 2
EtsN
—_— >
89%

N3 N3
©)
(b) N3 N\&'\a\\\N eN
N
q (path a patha |N|\®

\© N© PR PRa
Ne PR NS N

SN i ®

Scheme 1-23. Aryl azide-selective activation and reduction
F. T V=NV T TV RORTH, TV RERAS Y O L9 ns
mWEBKICHENLL T Y NIERIEER AR BT 52 ¢ n@HEINLTND
(Scheme 1-24a)*®, Z 1 ix, BE#EONIKEEICL > THEFR E OR —F¥m Lk
7 RBFIETERLI 2D, FHERET Y FHORERERN KD D L[F
iz, 7V FAEERICHEABPAE L D Z L ICH KT 5 (Scheme 1-24b), #Fl2, 7
U RET X DR IS ERIE ML RV X — (AEDHITE B K HE(TS)
ICELBEOT VP RETAXFNZALDEHLT RVF —(AEH EHAEEH =X
X —(AEHDOF & S, SMEBICIRATET VU — 7 ¥ K(Azide b)IX 7T ¥ R
BERICEANDGFET DTEOICAESNBFEOT YV — /7T ¥ R(Azide a) X 0 b

AR E Y B L TEBRALBIS D ETT T % (Scheme 1-24¢),
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N3 Pr

Ci

Il
N

4
o
o

N3
=0
Diyne + Azide
7  ®
+ Ns; R
O Reactions Diyne + Azidea Diyne + Azide b
Azide a (R = H) - - "
Diyne Azide b (R = Pr) Distortion energy (AE4*) +20.4 +17.8
Interaction energy (AE¥) -9.0 -8.9
Activation energy (AE%) +11.4 +8.9

Scheme 1-24. Reactivity and twisted conformation of 2,6-diisopropylphenyl azide
MAESIXTAIALT U RET U =T ¥ RKOMIGHEDE WS Scheme 1-24
R LTI Z L HRICHHAT 22T 3 O7 Y FEEZRT LMY TV
Na7Z7y 74—+ L THMATLIEITKEL TEY (Scheme 1-
25D, = L— MR DT V=TV RERMEM, VT =7 Al XD
TNAFRLT YV RE~D AAC BELURERT ¥ F~D SPAAC & BEBEAIIZAT 5 Z
ET3IMOMERROZERMEZERLL TS, ZOLSE, 7 —17

CRETIAXRAT Y RTHEHERINT-~/LVFT Y KON BE RN Z KGO B
FIIR AT REIZR D DO b b,
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n o009 =
R1HNJ\/U\Me NaeN

N3 cat. K,CO3
2) =—R? 0>\NM2\N O Pr
" O O ipr - [Ru] — > R'HN N;’\“ N/N\\N
N, 'Pr
Pr O\n,NHR3 71-75% 0.0

0 in 3 steps

Scheme 1-25. Sequential azido-type selective cycloaddition

— . TNFAT Y REOMEERRO2EZBIS bR SN TWDL 2, £
DFEFIT D72, Bl X, w v F T Y RO ERRAETKISET 2/
7V ay RERAEMEER~OFRHENLEAICHEI N TS 3%, Wong
S5lE~ /v F 7 Y RFED Staudinger SKISIZHB W T, 7 ¥ REHRFED sp? M1
FIZXVEBFARERDT Y INRHFEL,. 20T Y RBAEBELTELIND
Z L&A L TH Y (Scheme 1-26)3%)  Z O @INMEIT T ¥ FEHKRE L OKFHE
E— 7 B RS 7 L TWLNTHBITEL2Z ¢ aHELTVWD, Ll
ZOEREFTES R BHRECKISICBW T O EEREL R TS 2
IR TH DL Z ENDND

o]
N3 o N3 o
BnO PMe BnO
3
Bno&@ N, BnO HoN N,
O 0 O
oA N, 4% X,

OBn OBn

Scheme 1-26. Electron-deficient azide-selective reduction of tetraazide sugar
F 72, Finn 5% CuAAC ISIZTB T 2 IFERPAEEISIZB N T, gem-¥ 7 ¥
FiZx LT ArFraffllsEega. Bibiena sy bae—VidN#ETH
D, BRENCHISHEAT LAY DB EERIDERD L 2HE L TWVD
(Scheme 1-27)3%),

=——@Ph N / 0 o)
Na [Cu] I \g N, \g ; m !

N
Ligand N\N N :
Ny ———— + :

NNy e
cl N3 \Q<N :
cl :
Cl Ph

25% 63% ! Ligand

(59% ee)
Scheme 1-27. Desymmetrized cyclization
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Z ORI ST Scheme 1-10b Tk 7= K 512, CuAAC IS8 D T /L %
VANDOBRAMICEDIEMALEZELE TS, FU T Y = DD S R
HATDHREIICT AR URNER L, NUT Y —ViltfE 7T ¥ RBPESR LTS L
eEtEZE2bND, ZOBRITFERIC, ZHoEES FEROEICHHA I TWY
%40, F72, Zhu S 2 MO AREE N ~T 2 BRICEANL T D Z &£ T CuAAC X
IhERESEDLZEERAL, 7Y NiEFICREMEE LTRET S ETT
LFXLT Y RHETOEAME RN Z2BEAAISITH S L TV 5 (Scheme 1-
28)), FTheb b 2 i OB X 5RILKIED ST R EDOEFET ¥ R TO
HET LB, TAaLVE BT MY AL > T2MOHMMBEEZ 1~ &
HmILTDHIETEYDOT Y RTO CuAAC 2179 HIETH D,

R'—— (1.0 eq) R2—— (1.0 eq)

— (1. — (1. N [~
N cu(ll NaA N”
Ny ) 3 [Cu(IN] aAsc . \N /

NI

)
(

Scheme 1-28. Site-selective sequential CUAAC
—H3MTAFNT Y REEDONEREFEIC L o TBRILKSIZE T D O
HERELS 1T VXA T Y RELERESIZKHTE 5 (Scheme 1-292)*), L
ML, TORBIITIHRBELP2HTAFAT O ROX S 7% NaNs IZ XL 57
VMME TR BEXRETTOT Y MERBLETH , 3T LFALT TR
EOFRERSOVT VU ROFABIXLERE % 2§ 5 (Scheme 1-29b),

) R'—= Q\
1

Na [Cu]

(a) /_Q_QMB —_— N—N

N, Me 2) R2 /_©+
O o

1) TMSNs, B| OTf);

OH N
MsCl, E
HO M 3) NaNj

e

Scheme 1-29. Site-selective sequential ligation
FR LU, 1HEBLO2HET VX7 ¥ REICE T D ALE &R F) 722
BEOSIIREGI N D72 < HHICHNETHD, L, 1BERIET-FICT
CREBEARBER 1K, 2B/ TAFALT YV REFEEOALFTAFAT Y
NEA % T ONCEERR) 2 BB OB IL. G oS, B XL O0F HH
MHBRMNRT T v b7 =L FORAIMIZE W TIHERICEE iy LB
MThdEE2D,
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1-4 HINAR=VEET Y RO &S

HNVRZIVEREE L - T P R AR VI, T BT I ik
ELTCHHTEDHENL ., a-7 2 /-B-E Rax v b ILRUERREDRRY
< AbND a-T X INVKR = ViE&E2EET 5 ECHMBZRAIREKE L
THHEA TS, L2L, o7 AF ATV RELIIRAY, hALR=1
i 7 O RIZEEMSH T OMEREZE I L TARALRES IV~ EB I
THMT 5 L NHE SN TEY (Scheme 1-30)*, a-7 I /-p-t Fax 7
NRUVBEART ARG ETIZ TN T Y RESHMEETICRINEED
N DEEHINLTWD,

(o) (@] @/N (@]
Base ~O.NZ E
R1 N3 — R1 SN ! R — R1 N3
R2 R2 R2 E
(0] o H@
R1Jj\*’¢N — K NH s  degradation
R? R?

Scheme 1-30. Reactivity of a-azido carbonyl compounds
—H RIETEMNEREDOARALEA I FHELZFHT 2 EbHE S
TV M Bz E, TESIX T YV FZ ATV EREMERIMETMET S & |
DFRNOT NV I E BRALBUS D EIT LA Y & U U ERM R FE O
HZ L EHEL TV AH(Scheme 1-31)MY, LA L, @iEEHFTA I K%
FIAT A0 JUSTAELDZA I VR LEECHFETELIEERICHEEN
7V REBIZRESIND,

o) [ 0 ] 0
N; K2CO3 NH TS N e
EtO EtOH EtO SR e EtO z Me
L. T
"¢ DmI, 40 °C toluene
100 °C
Me

Scheme 1-31. 6n-electrocyclization of imine intermediate

£72. Maurya L IZSHZBMNT 52T -7V R b rEd A I =0 8F M
R~ & EBH A L, FFERR 1,3 B+ & OIS DR TIL D 2 03B HY 77+ [H
[BR2]BRAL KIS R3T 2 5 2 & Z#i L T % (Scheme 1-32)*9,
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[ ®o—cu | o
€] Cu(OAc), N

Br = N
0 EtsN Ar
TR 2 FELLIN L S P o\

Ar N® o) —/R2
R! 0:(\ —/'R2 ;
R R

Scheme 1-32. [3+2] cycloaddition of iminyl copper intermediates

FERIC . AR TTAI V2T 27V FE LT RUVALT YR
COWVWTHEHRESNTVLIR P ALETHEETHLA I 2IEHT 2601
e TIREHTH 5,

FdRo@y  TAFAT Y FHORKBNITBAETHIHFFICHETHY , 20D
MEEROEBEORBIIEELRRE TCH L, ZOLIRBTROT, 7%
NT Y RORTHRERNRISEZ RS I VR = VEEET ¥ FOMEEILIE
HACHLRTR

T TARHFRTIE, DIVR= VT ¥ RPERERME T TARZERA R
VANLEBRENDIMEEEFAL, IV F T AT Y RIEAMOF NG BV
W= VEEEAL T NBIRICR R I 28T 57 0 v 7 BREER~EE
BT OIS ZHETLHZLET. ARBEL THY DB L B NNEETH - T
SIVTFTNAFALT VR LRBIARR~AVF I Y v 77Ty N T — b
T EAIHTSHZ L2 HME L7 (Scheme 1-33), VAT, 5 2 W CII L EZERD
ﬁ??fm%®%#%$k@ﬁ@%W~®ﬁ%%ﬁw\%3%?@%@&%
EAX U LMEIE~LYRRT S ERICEEBEHEE ORE 2TV B 4 BT
%%Ltﬁﬁ%ﬂ%bf77/k7w Loy TR L. O EERA 722
BB O W TR RBICAGwRm L 2 dihd 5,

J]\'<N3 Base lkaH Nu_ JJ\(XIY

Im|ne
(unstable)

/— * Site-selecti\j/ei conversion /‘ *

X
/O
O
Y
Multiple alkylazido compounds Multiple click compounds
(indistinguishable) (distinguishable)

Scheme 1-33. Site-selective conversion of azido groups at carbonyl a-positions
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W23 hHIAR= VT Y NN Y 7 b iE o B

2-1 EFINEEIC L D KIS0 BE

F1ECTRRZHEY vﬂz%?/Mlﬁ/\% BT DT Y REDOAEERD
REWEISIE, TOEMHMEICK L TREL RN L FIZT VX ALT Y
ROXMIRIZRNETHD, L2rL, TOEANDODESG I EBET H LALEE
ROEBEOBRBITHEICHHAAER T T v b7+ — 5507 OAH~m T
TTEBERREESZAD, TITC, AINAVR=VEET U ROBREEZFIH TN
X, VT TV ROHENG I NVA = VRN O B % RIRAIZHE R~ & &
BCEXDHLEEZXT, FIC, 7TV RERRERDIMEERET D227 v 7 BRE
~NEEBTENIZ. TV REZ Y v IV EREENERE ST T vy VT — L0
FANERGIIHFETEDH LIRS,

FZTCARETIT, WVR= VBT FOMEELZFH L L ERRG AR
T EANDOEWIEORBE AT T, T bbb, WEMESEET THAR=VEE
BT RRDOHBEAIANEEBRLIEE, REAELTE FIY FEEHSHE.
% FISIiC k> TALFR=LE RIS o ~EFEET L, 2R =LEt RTY

VITHEIEMESRM T T L O, T Y ANEBEBRIND I ENG ., T Y ROAL
BRI 2T AL A E & & 2 72 (Scheme 2-1), 25 L CHLNDYT Y
HIX C-H ARGV Z7a7a XV, Mo TaRRECbLHAHTES
R BRETHY Y, 7YV RERBIL CHEFERICNITZASD 2V Enb,
RERTZ Y 7+ — L0 FAIM~OISHIZHE LIZEREEXEE S XD,

N3 N3

@) o]
N3 Base, H,NNHSO,R' N,
[ I »
R R
N3 N3
Multiple azido compounds Azido diazo compounds
: A
' Base Base :
o ﬁ///N nN -NHSO,R’ /)
NT oo > NH """""" - 121\’& @OzR
e
R
Imlne Hydrazone

(unstable)

Veeeeeen » degradation

Scheme 2-1. Site-selective conversion strategy
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EERICABEER T b E21T79 EC.AIVHBKRBIARALZETHH Z &
ICERE L7 RERMEN 2 REZ 26Nz, BT, & K7 Y RIXRERON
K<™ BRIV VOBRICITERT . GIRFESLERBMOBENLETH D,
BT, AR =V e BT Y 2O 5y R ROSITIE TR AR G s iR SR A I A
THENHD, T, TV RELZ1IOBTAH2E/)TY NMeedWwae T V4
HELT, ARIGORAIZMb D 2 L& Lz, M, AHFZETHWET ¥V Rk
B O — B A E %R L7 (Scheme 2-2), 7 FEEBEOBAITT I v &
bromoacetyl bromide & DG T7 RER~LFEL /=%, NaN; T7 ¥ Kb
THZETAEKR L. F b EBRT7TEF Ao T eIt Lo CAKRLETY
xR, b LIFHRO7TeERKEZTY V NMET 52 & TERKRLT,

0]

o > ok e M R N
| N N
Rl él él
amide substrates

@
Br O] NaN,

(0] (0]
)J\ )j\/Br )J\/Ns
R Me R R
ketone substrates

Scheme 2-2. Preparation of azido substrates

ETFNARISDOERFICHTZD . AR afiKEBRFOBEEDIKRE NS,
MEZBISOETICH VA= VEHOFR TR bBWEENMLE L FEIND
7T RIK1a 2 RE L L THET &G L 7= (Table 2-1), SREMRFHIBER L. [FEE
DMEFZRRICEZHE T L TFESORE PITHOLIL TV DMF 26 & L
TsNHNH, 774 F. flix O %2 N2 TMEVT 2 &2 R 72,

FJ KeCOs ML LT 24 IFRIMBGR LI 2 A, BRNET VT Y
Rk 2a & 51%DILER THE 7= (entry 1), Z DEE, T O OB A KW IZHER T
ERMPoTZENL A I VHHKDOGIRIZE > TIEPFREICEE -T2
EEZOLND, VT OEMIE R ICHO W T LA Lz, RO M BT R
bivipnotz, 22T, AMEITH D ProNEt # H\W7= & 2 A, R
L7 (entry 2), 3 7 IV TIHEINU LOWEROE BTN 2D0 -
oo SHLICHMFTZHED TR, 2BT7TIVEEHAWD Z & TIEKRR L LGN
#4T L. morpholine Tl 88% DI T H I 15 b 41 7- (entries 3-6), Z L%
KoCO; D X 9 7258 3 3 (pKa = 10.33 in H,0)IZ Fb X, morpholine ® £ 5 7255\
W (pKa = 8.36 in HoO)ld A X U HRIADODMEZRE L 2o Tolod & B X
bd, LL, KEESZOMOBER BINRICEELHE X TWVWD L THET
X HEEMETTINRNREa L e — L L TWAbIFTiERVWEEZLND,
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Table 2-1. Screening of reaction conditions for conversion from azido to diazo group

(0] TsNHNH, (0]
Me\N)j\/Ng, Base (2.0 eq) - Me\N)J\¢N2
| DMF, 80 °C I
Ph Ph
1a 2a
Entry TsNHNH (eq) Base Time (h) Yield (%)
14 3.0 K,CO3 24 51
2 3.0 Pr,NEt 27 59
3 3.0 pyrrolidine 26 52
4 3.0 Et,NH 29 74
5 3.5 Et,NH 24 76
6 3.5 morpholine 24 88

41.0 eq of base.
Bohlcentryo DKM EZ, 7V FZ 2083257 Y NAHE 3a ~ L
L 72(Scheme 2-3), L2»L. HFEHIZRIZIFIHERET, B ET LTV F-V
TG 4a X 27T% Lo o T, £o. HEEATRE R AIZERY b i
WBEINTRMPoT2Z D RBEBXOERYD EL & THMMNET L T
HEBZL MMARMNET~AVFTY MEEWITEHEL T e L, £ 2

T, LVERMARMFTOEBERTT LI L L LI,

(0) TsNHNI_-|2(3.5eq) 0

N3/\/\[T1)J\/N3 morpholine (2.0 eq) Ng/\/\'}l)]\¢N2 ,  3arecovery

Ph Ph

DMF, 80 °C, 24 h 27%
27%
3a 4a

Scheme 2-3. Application to diazido compound

2-2 USSR DO RRES

HOREREZIT, VTV N 3a 2 EEE L THESEREELIT)> Z LITL
oo RMFMRFHIER LT, BUC X D0 MA2 R, AL ERA I VFREIE~DE
RI YV ROMAEKIGEZNFR IS EITIED2D, ZRSEME T, BERED
DMSO % {EiE & 92 2 & TIEEERIC X 2 REE G O (2 i Z S0V TsNHNH, %
SUEMAWDEMET., WEOKRFT 5B L 72 (Table 2-2),

7. BuOK TR L& 2 A, EHOT Y R-UT VARY 4a % 56% D
INETHONT(entry 1), LxL. 7 X ROMKGEYBEIAERKY & L THE
BENTZZ LA T, BuOK OEMETIIR DA T ¥ Rg &b E R G
NEITT DI ENHRESINTWVDE DD K VEEMEDOTFHORIK 2 R
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THZ LI L, £2T TBAF 2L LT SO W & 2 ARIA R I3
WIAT, entry 1 & RIBEDOINETHMNYDG b iLz(entry 2), ZHUIEE /
7Y ROBE LR, BIRTFICBWTHA I KROS5 3 722 JF7 K T
BRPREICEE B2 DbND, £ T, A IV HFRIKD G Z BT D
H AT TBAF X 0 MM DKW DBU, TMG IZOW T HBF L7722y, K
AT Lo o772 ®(entries3and 4) . TBAF ¥ & L THWA Z & iT L7,
fe\ T, DMSO X° TBAF AEIZFENDIMEDOKDOHFEIZOWTHFL
D, ZKFY) TP BRENCFEET 272D NINENME T L. MEOKERRE,
H L <IN U7 R EE TIRURIZEEN 2\ 2 & & 8 L 72 (entries 5-7), =
DN, WESHEICEENDIWMEDOKITIRICIZRKRELSEEL Ty
R L7z,

Table 2-2. Optimization of bases
Base

)O]\/N TsNHNH, (5.0 eq) )OJ\/N
PN 3 > N TN N
Fl’h DMSO (0.1 M), 25 °C Fl)h
3a 4a
Entry Base Time (h) Yield (%)
1 BUOK (2.5 eq) 1 56
2 TBAF (5.0 eq) 2 58
3 DBU (5.0 eq) 48 0@
4 TMG (5.0 eq) 48 0?
5 TBAF+3H,0 (5.0 eq) 2 50
6 TBAF? (5.0 eq) 2 58
7€ TBAF (5.0 eq) 2 59

@No reaction. "TBAF was dried by molecular sieve.
“With H,O (1.0 eq)

W WEMEZHELRFNZEDHER. F20EEEZMZ 5 L0138
ROTHLZ R LS, IRINT 55 2 HIEKIZOW T A L 7= (Table
2-3), ¥ L 72 EtsN (entry 1)2> 5 TMG (entry 5) £ TZ 1L < 41 @D pKa (in DMSO)
X EBIEIZ 9.1, 9.2, 10.9, 11.1, 13.6 72> TE V| HFHHEME DR I (XU E
WIZAHBI L TV 72 WA, W3 iLd TBAF (pKa = 15 in DMSO) X 0 & # FE 2K
W, ZDOZENL E RT Y UHEKRD N-HKFEZ 5| &< 1L TBAF X
DHFHWEEMERE L TWeeEBFZxonbd, 2FE VD, TBAF IIXIETAEL S
TUVEREZTLADTAURESRLCANT 4 VIR OB AE BN T v T L,
F2OEENE TV O N-HKFEO XD RBFHBUERICIERN L EB 2T,
FWTE 2 HEOP TROLZEMN TH - 7= pyrrolidine (2B L THE % D
A, BERREFICATVEDRIGFEET 2 EWENDL T L (entry 6).
pyrrolidine O & TIE LD EIT L7e o Tz(entry 7). T D DFERMN L 5 2
DRI A I VPR UFEICH T, B RT7 Y O N-H KFE5| &
HEITIM A T, REERE S D & W pyrrolidine D AL TEA IV & G L TIEMEA

=22



R=ULAPEEENT LI LT, RKEEAOKWE BT Y FORIEZ M7

LHEBELEETChHoTEBE NS Y,
Table 2-3. Optimization of additives

TBAF (5.0 eq)
Additive (5.0 eq)

O (0]

JI\/N Ts NHNH, (5.0 eq) )J\¢N2

N3/\/\N 3 ' Ns/\/\N
| DMSO (0.1 M), 25 °C, 1 h |

3a 4a
Entry Additive Yield (%)
1 Et;N 72
2 morpholine 68
3 piperidine 71
4 pyrrolidine 77
5 T™MG 73
6 N-methylpyrrolidine 66
72 pyrrolidine 0b

aTBAF was not added. °No reaction.
ﬁwfk:F?VF’<NVC%@ﬁaJanmmz@ L 7> L. entries 2-4 Tl

E RV RBRAICHEL TS EEF 2 TLC AT & - THEFR S 41, entry
11XV 7 V=NV AVK=NE~AODEFRGHEOFENA P EEATLHE
K7 Y Rentry ) TIFAE TOWNRKTFN AN, ZTHULDORENL, HW
HE RTYRICEEEERETORBICKH T HMME D . BELTE FT7 Y o0
WENPOHEET 27 U — L AVKE=VEOBBEREDO NNT U ANREETH D
ZEBNDLhol,

Table 2-4. Optimization of sulfonylhydrazides

TBAF (5.0 eq)
pyrrolidine (5.0 eq)

0

J\/N ArSO,NHNH, (5.0 eq) )j\/N

/\/\N 3 NS/\/\N N2
DMSO (0.1 M), 2501h |

Ph
3a 4a
Entry Ar Yield (%)
1 4-methylbenzene 77
2 2,4,6-triisopropylbenzene 04
3 2,4,6-trimethylbenzene 28
4 2-nitrobenzene 0@
5 4-methoxybenzene 71

4No reaction
WIS B EER L=, ET 1 b M o E iR R DL AL i SO B 3
DMSO FIEH The b 2R K < S 23 4T L 7= (Table 2-5), 2O Z &b, R
HEAIVHFRIEEZRZ D720, REAOBWEERMIZ X > TRERR ) %W LT
%5 DMSO MAKIGIZIZMHETH D EEZ LD,
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Table 2-5. Optimization of solvents

TBAF (5.0 eq)

0 pyrrolidine (5.0 eq) 0)
)J\/N TsNHNH, (5.0 eq) _N,
N3/\/\N 3 > N3/\/\N
I Solvent (0.1 M), 25°C, 1 h |
Ph Ph
3a 4a
Entry Solvent Yield (%)

1 DMSO 77
2 DMF 55
3 THF 0
4 toluene 07
5 ethanol 0b

a0btained in trace amounts. °No reaction.

D THERED Y EIZHOWTHH L 7=(Table 2-6), £ 3 TBAF O & % i
L&A, 35 HEETHOLTHEBHIERL, RO THWY %
HonbsZ EDHB L Z(entry2), = Z T TBAF O & % [H & L. pyrrolidine
DY EEZEESETZE A, pyrrolidine 1T 5 MBSO T L ILRIZE T+
L2LIMAT, SEAZMWOLTHERN W & 3B L7 (entries 3 and
4), £72 TSNHNH; D BIZHOWTHFHELZEZ A, 5 HELLRE O T &L
THK T L7z (entries 5 and 6), = Z T, BHEMLE 572 TBAF & 3.6 Y&
EL.02MORETKIGSED LR 84%T 4a BNGELNDZ LB DI -
7= (entry 7). Z3UiEA I U HFMEICHTLHE TV F@***W%@ﬁﬁEﬁ)ﬁ
LD EZONS, £72., Entry7 ORMEIZHHEMEICEN, 1.0 mmol
2=V DRI TS 90%DINETHMME 5 2 T2,

Table 2-6. Optimization of amount of reagents?

TBAF
0) pyrrolidine 0
J\/N Ts NHNH, J\/Nz
- =
| DMSO (0.1 M), 25°C, 1 h I
Ph
3a 4a

Entry TsNHNH (eq) TBAF (eq) pyrrolidine (eq) Yield (%)

1 5.0 5.0 5.0 77
2 5.0 3.5 5.0 77
3 5.0 3.5 3.5 71
4 5.0 35 7.0 76
5 2.0 3.5 5.0 54
6 4.0 35 5.0 74
7° 5.0 3.6 5.0 84 (90)°

a0.1 mmol of 3a. 20.2 M in DMSO. 1.0 mmol scale reaction.
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2.3 BT Y REE

WA, FEORF TR S F & W U722 & 2> 5 (Scheme 2-4), & i A &G
PRIZOWTHERET 2 2 & & LT,
TBAF (3.6 eq)

0 pyrrolidine (5.0 eq) 0]
JI\/N TsNHNH, (5.0 eq) JJ\/N
N3/\/\N 3 > N3/\/\N Ny
I DMSO (0.2 M),25°C, 1 h I
Ph 84% Ph
3a 4a

Scheme 2-4. Reaction of site-selective conversion of azido to diazo group

ARKESIFIEF R EMHT | B CTY TV EHBXDHBA T i L TH
BLEZR N2, T MEx O 7 7Y FKIZOW THRF L 7= (Scheme 2-5),
la—e D7 I FEFLOBBRETIINICKRELS ZEET, U7 VIK 2a-c Z U
RICEHERXT, N TE=VEEZATHIdEZRIELTZE 2 A, 2d 5 87%D
WERTH LN, ZOFE, E=VEDELHRITHERINLT., 7 V7 2E T
AEER YA I ROORAKREETITAERL TR W EE X 55 (Scheme 2-6),
fe< K2 AT 2D 1e TIENEPPREICHE T2, FETZRICHE S
Nzl Enb BEREOKBENRKERTOKWE KT 2 R YOG KIS %
FHELEEE R, 22T, K%L MOM L L7z If TR LZE Z A,
87%DINE T2 NEEOLNTZ, TI VR EFT D 1glZ OV THRF LN,
2¢e LRIBEDOINER LR o7z, HWT 2 BT VFALT YV RITHOWTHE L
LA USIFTETET 1Th 28 92% THEERINL &L o7z, ZHIET I K afi
KZBRTFOBMEENTHZTLVIALT PRIV TLELZD & %2, 'BuOK
ZHAWTHREZA1T > 72D FEERICTFCEHEIY & 72 5 72 (Scheme 2-7), ¥ 72 5 fi &
DfESR . TsNHNH, JEAFTE T CIRBIO 02 R TE. 1th DL 57227 I Nk
B2MTNVFNLT VRO a fLAKFRFITE FZ7 Y KD N-H KHZE KD &Mt
ERENWEEZ N, —FH. 7= V2T I RoafiRZE T+ LICAT S
lilX1th EFEES2HBTAFAT Y RTEDLI OO, 7Y NEWRIRFE LD
KFBEBXRXDANAZ YT L2 THREELSEWIZO RIS EIT L, L
ML, B THDODUE T R Y URIMAKG#EIIL, a-7 87 X ROAERK
DR INT, £2C, EEKTUBE L L Z A, MK MENIH] S 4TI
RIK e RIZ YUK EONTZ, 2i 37 ==V REICK-oTe KTV U0
ZEALTEY 20 ZREEEMESRMEITH L TH YT YIREIT LR o 7,
Tl 20T XA EMTIC LD 2O FEE AR LT,
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For amides :
TBAF (3.6 eq), pyrrolidine (5.0 eq)

(0] For ketones : (0]
R)H/Ns pyrrolidine (2.5 eq) > R)f\sz

. TsNHNH, (5.0 eq) .

R DMSO (0.2 M), 25 °C R

1a-n 2a-n

(0] = o] (0]
RLNJJ\¢N2 N N R3 NJJ\¢N2
R? B 8
n n
2a (R' = Me, R? = Ph, 75%) 2d (87%) 2e (R3 = CH,OH, 46%)

2b (R' = Bn, R? = Ph, 87%)
2¢ (R'=R?=Bn, 79%)?

2f (R® = CH,OMOM, 87%)
2g (R® = NHBn, 48%)°

0O
Me N,

o=

h Me
2h (0%; 92% of 1h recoverd)

2j (R* = H, 74%)
2k (R* = OMe, 75%)
21 (R* = Br, 58%)

44 .4 eq of TBAF. bg o eq of TBAF. °“Without pyrrolidine. 90.1 M in DMSO.

Scheme 2-5. Scope of monoazido substrates from azides to diazo compounds

TsNHNH, (5.0 eq)
BUOK (2.5 eq), pyrrolidine (5.0 eq)
0O » No reaction
( Base M N
— e 3
H_\ /TS /N \—'\'l\ | H
N~ —= H)Y " Ph Me  Without TsNHNH,
H W =\ 1h BUOK (2.5 eq), pyrrolidine (5.0 eq)
. R » Decomposed
Hydrazide
Scheme 2-6. Diimide reduction Scheme 2-7. Attempted the reaction of 1h

WIZ, 7F b BT U R I oW T REBRICHRFET 2 Bith L7223, TBAF &
pyrrolidine DR & § 4 TITAKUL S & 72 - 72 (Scheme 2-8a), Z HLiXmifb & D
'"H-NMR Dt &7 b BRI KT (1j; 4.6 ppm) D37 X REEEEZ K B (1a;
36ppmE D bEWVEEEEAAEL TWVWDL EEZXLILDS I & D5 (Scheme 2-8b),
R OEA T TBAF 3T ORWIEHEMEO DB IR W EB 270, £z,
PAEOMFE T, RKEAZBRMETITRICZEZITY & 2 Bbik 2pnBdEohnd
EMM b o 7= (Scheme 2-9), ZNIEF 7 I FEE LIV LR ECHFETE DL/
V=BTV REBRIBEREZEIL, EFRET=RFE2METLZ & TE

- 26 -



RLTWADEEZEZLND Y, ZoFIKIEN 1 ODFKE LT, 7 ki
MOEHRTIHT I FETE Y QUCERE T Lz & B2 7, 2 2 CHEmEA
Wi O W EH A 4T o 72 5 5 L pyrrolidine % A& B B L IUE 74% T H B O 2§ B
Bohnl, UEOHRENG ., 7 b O FEEITx L TiX pyrrolidine @ A& % H W
RIS E#EHAT A & Lz, it CHEER para (LIZE I % FFO 1k,
I CRIEZEIT oI L 2h, ZNER T5%, S8%OIETHHYE 5272, 2
BT AFALT Y RORIGICBENTT I NBEHET O 8 TIERIGERET L 72D
ST WK = o LREOBRYEE A LT 57 b Im T H B O Z
MHEIT L, IWER 63% T 2m G obNTc, £/, XUV FTHED B IAED
AREMEEAETAY TSN InICOWNTEH., 2n 2 51%DIREBTEHS Z
LT LT,

o) TsNHNH, (5.0 eq) 0

)j\/Na TBAF (1.1 eq), pyrrolidine (5.0 eq) __ )]\%“2
@ pn Ph

DMSO (0.1 M), 25 °C, 0.5 h

1j 18% 2j
(0] (0]
N Me N
() H H ph H H
4.6 ppm 3.6 ppm

1j 1a

Scheme 2-8. Attempted the reaction of 1j

o)
0 TBAF (2.2 eq) )]\ Ph
)l\/N3 ——_— > Ph N/\ﬂ/ =
Ph DMSO Hoo
1j without TSNHNH 5 2j' (42%, X-ray)
S)
/ \\( N,, CN
_ o -
? o _an .
o XN Phﬂﬁ_\/ﬁ/ﬁ; Ph
—> N r ¢
0 @@)& Ph\\(\N\_, \ Ph\\{\t\ N
N N=N
Ph Na N, o)

Scheme 2-9. Dimerization of 1j via [3+2] cycloaddition

WIZ, BRSTL7Z2b 00 BRIFRERNELN o REBIZOW TR LT
(Scheme 2-10), 2% 7 X K 1o CEMR 247 ¥ K 1p TIT IS N HELIT L2 o
oo Flo, AXH YV T 1q0 AT A0 1s RO T Y — )L 1t 72 L3
KRN EITL, XIS T AT I T v a— LN ER I Lz, LI E DR )
S5, 287 2 R AT G 72 PIEARS M3 S 220 & L=,
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TBAF

0 pyrrolidine
TsNHNH, No reaction
R N3 > or
e DMSO, 25 °C Decomposed
1o-t
Bn o} 0
0] \ o)
B J\/N § N .
n
\l;l 3 N, O\/k
H Bn
10 (No reaction) 1p (No reaction) 1q (Decomposed)
(0]
(0]
JI\/N )J\/N N\N)]\/Ns
M 74
o 3 3 eu
Me Me
1r (Decomposed) 1s ( Decomposed) 1t (Decomposed)

Scheme 2-10. Limitation of azido substrates

2-4 <= )VFT Y RNEHE

T/ TVIFEEATHEONCEEEAHEEZEE L, RICEZOT ¥V N A%
FFOoO~vAFT7T YV FREEBEICONWT, MMEERNZ2 YT VIALOBKRET 21T > 72
(Scheme 2-12), 72k, W~V F TV RIZOoWTIE, BB LEHEAOES
SE T~V F oAl AR L T8I T Y FE2E8AT L2 LT
A B L 72(Scheme 2-11),

X o N3 0
X NaNj N N;
R [Cu] for Ar-X - R
X X =Brorl N3
Multiple halogenated compounds Multiple azido compounds

Scheme 2-11. Preparation of multiple azido compounds via azidation at once

TV—=NT Y REFTDHYT Y R3IbIE, 3a LRFRICIEEKRSZENT I Nk
BTV RCULPGEELRVW DM ERIRWICKIENEITL, BEOT ¥ K-
T VAL E Y 4b B 82% DU TH LI Te, ARLIFITRE K Tl E R DT
THRUUNT Y REAL PIFEE FTIZB W T, TBAF O o EEn v
NT Y ROIEMEKEZ G R RE < TRV 720, 3¢ O & A7 E SR 72 Kk
DHEIT L. 89%DINE T HNR = VIRENOAR T T VY N~ BRI 4¢ %
B2 Tee REBITANE= VIEBEMKFRFOBEELZH#E L, 7 I NICEH
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BELE1IRBIO2HBTAFAT Y REAETLHY TV R3dICBNTH, |1
T NXIT Y RERICKISDEIT L2, ZOBR, 2%k T VX LT 2 FE
MEBRLINTALEWITBEINT, BT I ROMAKSMEMBEIZERY & L
TH U7, £7z. pyrrolidine DA EZHIKIZH WA FMHETHILIZ, 7 I N
TYRFETT BN OB BT 52 LA EE T 3e A L EBRINAIC
LML T- 4e % 65%DINETH LT, FY de 1T X FAEmHEEMITIC T
DEE L RE LT,
(0] (0]

‘/oJJ\/N:; ‘/o)K;NZ
N3 For amides : N3

TBAF (3.6 eq), pyrrolidine (5.0 e
diazide (3a—e) For ke(tonesq? Py ( a) 4a—-e

pyrrolidine (2.5 eq)

N Q TsNHNH, (5.0 eq)
%N:, DMSO (0.2 M), 25 °C
N

3

Y

triazide (5a, 5b)

N
o) 3 o)
N )j\éNZ JI\¢N2
S |
Ph Bn

4a (84%) 4b (82%)
(e}
N
0 o) X o)
N3\HJ\N NJI\¢N2 NJI\/N3
| | |

Me Bn Bn Bn

4d (51%) de (65%, X-ray)

N,
N3 0 I o)
\©\N N2 5
d N)j\/Ns*
0N, N~

6a (78%) 6b (51%)?

40.1 M in DMSO
Scheme 2-12. Site-selective conversion to diazo group of di- and triazido substrates

W T, SHIITYREZEOL, 329007 FEZEES NI TV FEE
WZOWTHS L, TV —A TV RE2O0DOT VX ALT Y REHFEE SR
TV RNEESa TR, IVKR=VEEMNOB YT L SNy TV R-UT
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L&Y 6a S 78%DINFETH LN, ZHIX. ALAHSaFDODEAT LT LT
ERIREAIELELE Y v I RISICBWTRBINKNEE TH > 722y, KREHIC
FoTTUV—NAT VR, TAXAT VR, BIXOYTYORIGHENERD 3
BEors )y 7 EREZFERESOAEHRLEM A~ ERTEZ L ERT, £
72. SPAAC IJSIZEBWTTRTCTOT YV RERBUEECTKIGLTLEH 9

FURATALXALT Y RMEEW 5b &7 b V&R 72 pyrrolidine D & D 51T
32T, F RN BBEMNOBRRT T Iy ~NEEBINTZVT Y R-UT VL
AW 6b N S1%DONKRTHOLNTZ, ZOF. T OMOEALN L S -4k
MITHER I N o2 b, e Uiz 2 BAL R 72 ERRISE & L CTHE
ITT5ZEETCHREDODNETH-TLEBZ X LN,

U EORmFENL, PREINDKICHEEIZ DWW TE LT 5 (Scheme 2-13), A
IS TOBREOBIEITHI VAR =)V o (iKEOF| &KX EITAE L D F
REZ I N A_R=F o~ ROEDLTEDTEEZSZLNLD(E), ZT95LTAEL
T =AU EIIEEIC LT ) V- MRENEZELTCHET DD, BIX
& L T2 8N EITT 2, = ALERT=F U BEIMERELIEL, A
SRR EERT D, TORRZREA I CHMEKITIE FTZ U NIk THIE
SN DD, pyrrolidine IZ X » THiE SN THEMA I = AP MK ZRHET D
TETERTIVROMERIGEREL, ANVEKA=e KTV U E2ERT D,
ELTEANVEA=/LE RT Y O N-H KFZILHE & D pyrrolidine 2 & - THI
S, BRT = UPERT D, 2OT7=F @R T 2= VEEFETEE
fbEh2Le FRIY e LTAERDREONDD, BEIIARNLERTZD A
WNT 4 BB KD RGN EITL T T Yy~ BB IS,
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O
(0]

1J\/N3 > » Dimerized byproduct
R

R2
Enolate

Eq. 2 “ R' = alkyl, Ar

0 ®_N —H o) ¢
QNT ON? ~n, kf
1
R H‘\ +H @)
R2 Base Eq. 1 R2
Azide Carbanion Imlne
(unstable)
0 /) )
L H2N NHSO,Ar Q
R1Jj\|¢N\NC302AF R1 N\ SOZA -
rz © R2
5 Hydrazone lN) Imlnlum
(0]
@_N H
R)l\fn/
© R2
SOAr Diazo
(0]
I R1lj\fNNHSHOZAr
R2=Ph R2

Scheme 2-13. Possible reaction mechanism

UERZCTIH, BRMREBET CIOINRVEET Y R2 Y07 )~ B
DT B LTz, AIGNIE Raines HHE L TWAHEKR AT ¢ Uik
WERAWET Y RENL VT VHRAOEHRE OL TR DIV R = L
NMIEMEKFEOS TR EICL - TRIDZT VYV FOMREREZRISETDHED
RLEEST VLI T IV —=AT Y RRLTIVFILT Y RIEKIGE ISR
BTl enT&i, £, EHEAKIBRFOBMELELFELZ2>TED, WL
S{EMAKFEZATDOINVIUAT VR I NBEE 2 74X v 7Y RE M
EEEFEITICHRFINTE, Fio, AFnsEREE2E2H5Z LT, 7 N
BT RFEETICBVWTH, & F/Fﬁi‘%?/l\@#%@iﬂi‘éﬁ BT E T,
INOGDORMEEZFHT 2 & TOIERKIESORBMPARNEE SN M) ATV
FULT Y REAMTH > TH, IGHLE ZHH L7 ¥ REOZZ ) Al §E
ol
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H3E WA= VEET Y RBBIRA A LfbiE~D

I S

3-1 SOGSR A O i

F2HEIZBWT, v /VF 7Y NMEEMICB T D VA= VEEET ¥ &R
W72y 7 JAbiE BN LT, RRIGIE A NVE = VEEET O FOBRERIZT L -
THERLEARRERA I VHREEZIEHL, REAITHDLE KT Y K EDHE
ARISICEDANLNK= L RT Y VDR E Z DN CH#EITT 5, 2T
A THLA I VIR TOIREMEZZE STV xR 7 U v 7 BREE A~
DEMNRFAIEE L 720 KVEHR T Ty N7+ — 20 FTORIMICORND &
o

ARETIE, MEERRNERELHIEZINET 2720, e Rex 7y I v
EREAIE LR = VBT U REBIRM AR A v A ~D LM E Bad
%5 Z LlZ L7=(Scheme 3-1), AAF T A 13- LC@mbhbd=hrU L
FTHFR R b U R E~OEBBES THY . 7Y K& XBIAHE 7 H
R L L TCRIATE DA ENnD 37T o F 7 53— 20 Al ~D 52
LTWAHEERD, BRI, ARJSICE 2 TARTE S a-AF v 2DV R= v
fEEMiIEx e~TrRAERICHAIN D FTHL 27V v 7 BRELE LTI
EERBENRTWSE 124- P TV ~bFETE 559 CFHAMENE W,

N3 N
(0] 3 O
Chapter 2 (N3 to N,)

N3 Base, Hydrazide NOH
[ I »
N R Chapter 3 (N; to NOH) N R
3 Base, Hydroxylamine 3
Multiple azido compounds Azido oxime compounds
4
lBase HZ-N-OF!,"' BaseT
o o ﬁ///N H® 0 ( H,N-NHSO,R' o
N T NH ————————> N - SOR
e |
R N> R R H
Imine Hydrazone
(unstable)

Veeeeee- » degradation

Scheme 3-1. Site-selective conversion strategy of multiple azido compounds
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— . AXVLEA~DODER T LT, VT ML E T RS MEANE ET
Do ET. TRV LARLERIIZLWVWI ETHD ), £z, A4 I
WEHUT 2D 2-AF YT AT b FifiiE~DOE Fax L7 I vOfe Kk
T, RISEALNHE TE e & v 9 HE S H 5 (Scheme 3-2) %, & 2 T,
R DA, BLOHBENKELE TR MR 1) 288HE L, K
IS EFEMRF T 5 2 & & L7 (Table 3-1)

0 NH,OH 0 NOH NOH
)l\éo - )J\¢NOH * )l\¢o * )J\¢NOH
Me Me Me Me

Scheme 3-2. Possible problem on regioselectivity of ketoxime synthesis

EFT. ZC N oBHOYT VI THE ToH o 72 pyrrolidine A & L
HoNOHHCIIZ X B2 A F v b 21T o728 2 A . 60%DNFETHM O A F o A
K7 WHE—FEMEEKLE L TEHELNRZ(entry 1), Z DEE, Ba& L TV 7z KIS AN
R D ENERYSS Y A4 % v A {K(Scheme 3-2) XL SN 2o 7=, Z i,
ARIETETAVT e FEDV b EWRISEE AT A4 I VEHRFEET D20,
EREX U T I UOMERIIIMERIRVICEITLEEE 2005, 72,
ERIEIT VI T @ Li-EZ7 ookl /LATNMR BIEZIThRWVWESE., 4
¥ LD syn-anti BRIEKRORAEME LB SN, 2FE0., AW TH D
XV LAFIMEBEOBRNAFIET DT CTESICEMEAT B0, &M MO}
BILIREECTH D & W L 7= (Scheme 3-3), S H I, V7 VAL OB L RIEICZ
D ORIERY LRI o2 b AF v afbicBVTH A I
RO DN FREOINKRIZEETTZRKNEEZEZOND, ARSI A I
FREAE~DOE FeXF LT I VOMERICIZE > TERY DRI SN D T
b, PTIEDO L IICE RT YD N-H KEOF| k&2l L-HLA
WD MLENRRN, 22T, 2FICBWTHESRICHE L TV TBAF &
Tc&Z A entry 1 X0 HEFRDLUENM EL(entry 2), %V T TBAF
L L LT, H;NOHHCI D \E A2 L7c & 2 AIED M E L7 (entry 3),
Z O B2 X, Ho2NOHHCI O i & 23 F X P H 22 < TBAF 04 &
W LT ®&EE 2, HoNOHHCI 49D 1.2 ¥ ED E F TBAF 25 L,
entry 3 ERCHRTIToLEZ A HWHED 76%DIRT T7j ZEbiT
(entry4), Z D Z &/ 5 H,NOHHCIl O ¥ &% EE L, TBAF DY &IZHDWT
MEAERNTZL A, 1.8 D TBAF THENERIZHE L., 80%D TR
THWM%Z G 2 7-(entry 5), E72 55 T TBAF O Y &% FiF 5 & HE 5%
LR, TV THD TH-72 02M OEE TN EN R N2 2
LB, entry S DFEMERESMEE LT,

171
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Table 3-1. Screeening of azido to oxime group reaction

o) H,NOH-HCI (1.2 eq) 0
N, TBAF . _NOH
©)J\/ DMSO (0.1 M), 25 °c ©)J\/
1j 7
Entry TBAF (eq) Time (h) Yield (%)
14 - 2 60
2 2.2 0.2 62
3b 2.2 2 76
4 1.9 2 76
5 1.8 1 80

aPyrrolidine (2.2 eq) as base. ?1.5 eq of H,NOH<HCI

OH

o 0 o 0, 0
i |

Anti \ Syn

Scheme 3-3. Oxime isomerization mechanism

T/ 2BETHRRNZZEY . ARSI VAR =)L o (K EFEF O ek % 4
ET B, MO EEXID QBEENEWT I REE 1la 250 TH R
L7z, TR, 1.8 58D TBAF TIEX/ENEITET, 3.2 ¥ & D TBAF T
JREF2AER L, B 7a 2 91% TH LN D Z & 230> - 72 (Scheme 3-4), =
DFEFEN G, TBAF OIRMELZFAE ST 52 LT, 7 I FEBEEY Y RFEETIC
BTSN U REIR R ZEBmPE R CE 7,

0 H,NOH-HCI (1.2 eq)
TBAF (1.8 e
ME\NJJ\/N3 ( il » No reaction
a) |
Ph

( DMSO (0.1 M), 25 °C, 4 h

1a
o) H,NOH-HCI (1.2 eq) 0
Me- )J\/Ns TBAF (3269) e J\¢NOH
(b) 'Tj DMSO (0.1 M), 25 °C, 1 h \
Ph 91% Ph
1a 7a

Scheme 3-4. Screening of azido to oxime group for amide substrate
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3-2 /7Y REE

DT IALIE L RIS RERT VRN D 2-A X Y A% A B SR A RER T
WA aEiELE LTHHEBREN D, Fix OF ) 7 ¥ K TRIEEZ B L
72 (Scheme 3-5), AF T ALIZE N TH T I FEFR LOBEHBLITIKISICKE
SEWEET, 1blc TIEHMWD b, Te ZNFE L 527, it TE= L%
BT21dICOoO0WTHaLIZEZ A, TdDOEREZEER LN, MEODEER
AIREREIERY & DREME L TELNT, DT VAL TIEIHFREONERIC &
CFol-mEH#EKBELZAF T 5 1le TiE, 90% & HINE T Te NG, =
NI FeF L7 I VOREENDRE FIVRFLDLERLTHD N0
FEEbNs, 72, MOMREINT T IV 2H7T 5 1g TH G
BAICH#IT L, RMBEMEKESME L CENRTHY M, 7g %5 27-, =
DFERNS AR L > TIEA X 2 DO%MBMEKRIES D ERT 5 & H
HLZZbDOD, ZO 26 TLNHERINRD o2 DFEM 2 EIKIZ DV T
A THoT=, < 2Kk TN T VR Th XY 7 VAL DR & FARIC K X
EATE T, 96% THRBEIIN E o7z, £7-, TBAF OYEZHEL L TH KIS
IZHEATE T, ‘BuOK TIZEEHIBEE SN BN Th 3BT,
—FH. TV REBBRRBIZ 7 o= VEZHET S 10 TIEY 7 Vb & RIS
DHEATL, Ti &2 9II%DINRETEX T, WITT P EBIZOWTHMmFI L &
A, 7=V para fLICEBIEAZFFO 1k, 1WA T, 27X L7
R Im REHEEDO B UMBEORTREMEAEF T LY T XL B In 2D T
b RIFRINETE IV LK Tk-n DESIT,
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For amides :
TBAF (3.2 eq)

0 For ketones : o)
R/H\T/N3 TBAF (1.8 eq) . R/H\T7NOH
, H,NOH-HCI (1.2 eq)
R DMSO (0.1 M), 25 °C R
1b—-n 7b-n
0 = 0 0
r, J_now J_now 3 o
N N R N
L | |
R Bn Bn
7b (R' = Bn, R2 = Ph, 99%) 7d (0%)° 7e (R® = CH,0H, 90%)
7¢ (R' = R? = Bn, 96%) 7f (R® = CH,OMOM, 96%)°
79 (R® = NHBn, 96%)°
0 0
NOH Me NOH
Me\N o \l]l
éh Me Ph  Ph
7h (0%; 96% of 1h recoverd) 7i (91%)
o 0
NOH
R4 Me BnoA)]\?NOH
7k (R* = OMe, 86%) 7m (73%) 7n (54%)¢

71 (R* = Br, 65%)

4Inseparable mixture with unidentified byproduct.
bproduct as geometric isomers (ratio = 4.9:1) was obtained.
°Product as geometric isomers (ratio = 6.3:1) was obtained. 92.0 eq of TBAF.

Scheme 3-5. Scope and limitation of monoazido substrates from azido to oxime group

3-3 wIFT U REE

E)T Y REETCOREREREZ YT, ~VF TV KMEAM~KA X3 L
fbik % H L 7= (Scheme 3-6), £, {EMAKENRT I REET ¥ NICOiF
FETH2VT7 YV R3ab2RIELIZEZ A, MERLSKISHETL, 8a BLW
8b A EINETH X, AN CEWTHL YT VA LRI, XU ALT UV R %
BT HYT Y R3eIT VA= VRO BB RIRICESE ST 8c & 5 2
7o = H. T FRICBBELEZIRBLXO2RTAIAT O REZ2ATH5Y T Y
K3d TiE, mBEREERIEAGHE L THLIL, 8d BAEMKL TV D LTSS
Nignoiz, 3-1 THIfFFLZEY, P N UoBBET U RET I RBET VRN
FEOVUT7 VR 3e T 1.8 YED TBAF 2D Z & T/ b BN O B4 &
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Akl 8e LN, WIZKNU TV REHIZOWTHRFLE, 7V
— VTV RE2ODOTAFAT Y R EMfERESO NI T FEE 521307 Y
bR BRI E 72 < RSB ET L. KBIATEER T UV — LT O R T AF LT VR,
BIOAXF L3O ) v 7 EREEZAT 592 % 84%DINE TH 272,
F72. PURTAXFALT Y REEW Sb IZHOWTH, 7 b BN O R EE
BT HE 72 SR I TN 65% TV T ¥ R-AF v L&YW 9b M5 572, 9b 1%
X M S mIT i c CEoME AR E LT,
(0] (0]

oa A
N3 N3

For amides :

diazide (3a—e) TBAF (3.2 eq) 8a-e
For ketones :
TBAF (1.8 eq)

N (0] > N o
3 3
N3 H,NOH<HCI (1.2 eq) __NOH
DMSO (0.1 M), 25 °C
N

N3 3
triazide (5a, 5b) 9a, 9b
N
I 3\©\ I \/©\ I
N3/\/\NJI\¢NOH NJJ\¢NOH N3 \ _NOH
| | |
Ph Bn Bn
8a (92%) 8b (93%) 8c (94%)
(0]
HON
0 @\ 0 X 0
N o Jn
3%'}1 l}l ~ l}l 3
Me Bn Bn Bn
8d (0%)? 8e (65%)
NOH

9a (84%) 9b (65%, X-ray)

4Complex mixture.

Scheme 3-6. Site-selective conversion to oxime group of multiple azido substrates
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UEARZBEBCH, DVR=VEET Y PRI T Vb2 EE L, A% v
AA~OEWEZMESL Uiz, KRS TIEERIGHEA I R EEEZRAT 5720,
UL D 2- 4% Y7 LT RE~OE Fuxi T 2 ofda RIsIcE
NN EERRICIS N EIT Lz, £, V7 Vb E Rk, 7V —LT ¥
R7ET TR VBRART VXA T ¥V RFETICBW T O ERIRIZA X &
LENEIT L, TNHORRENL MEICL > THLVR=VEET VU N E
MERIELIARAKISIIRERNEELZ T HE0 TR REREA~NEEHBTE
HETHEHIND,
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FA4FE AV TFT Y NMeaEME R U ALEERZ Y

LR E OB

4-1 T 2T 7 U v 7 ALE W DAk SRR g R

ANRK=VIEET U ROMEICER LEEBRKIEDOBIC L » T, AkK
MBARE e~V FT Y RIZBT O ERREFERLZER L, SIRNICT
VREENEWERLD Y v IERED 2 MEEZHEROILEMEAKT
X7, FIC, I BETEFOAAMICOWTHITZ@Y . B 70 2Ry G
ICIEHCEDZ L 2RmTd 720, KKISICE > T~ATF 27U v 71L& E B
L. 77y N7+ —L%01FE L THA L AL E R 72 85 OGS O R B
WZEF LT,

EFPF. FPUTYRTORMEITOMIC, PTY REENLARIGICE - T
1 BEBECTARLET VY R-UT Y 4a 7V R-AX VL 8 DT 2T V7V v
TJALEMIZOWTHEET 5 Z L I1Z L72, 4a IX Raines & O 45 219 H|» TE
FARRA VT 4V THLAT VIV NZ ATV ERINIEDZ T, U7 VE S
RIICBRILKIENEIT LT P R-E 7 VU UMb EW 10 % 86% D UK T hH %
72(Scheme 4-1a), Z D, 7V O “EHEAIZT I RI D LBEEDH
WARKBRFEZHT L AT VMO KIBIRFLANBEEST 22 & TRk, H—
KR E LTAEDPI GO, = . AZAT7 0 VRE N 2SS ED &
7Y REGERIRAIZ Staudinger 74 7 — Y a YRGB EIT LT I K- TV
IEA® 12 D3 70% D UL THF & 4L 72 (Scheme 4-1b),

0
H
(@) ZCOEt (50eq) N Ny
> /
MeCN-H,O (1:1), 24 h Ph
0,
o 86% 10 CO,Et
N,
Ns/\/\']l)J\é | 0
OMe
Ph H o o
4a "Bu” PPh, N
le} (1.5 eq) NN =2
N N
1 H |
> N Ph
(b) THF-H,0 (10:1), 24 h Bu ﬁth
70% 0O
12

Scheme 4-1. Chemoselective conjugation using azido diazo compound
e T 8e DA F o AR EFE L & M5 L 72 (Scheme 4-2), EE L AIIZ &
5T 8e DAFVAMBE=RNIALFFT F~EEHBL, 7% L RIEKIG
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ZATH 2 TAXR T LAEBROICHEFE LT Y -4 YV A XY — 113 2315
5 372 (Scheme 4-2),

O
HON .. PhI(OCOCF3), (1.5 eq)
o) phenyl acetylene (5.0 eq
N)J\/Ns MeOH-H,0 (5:1), )J\/Ns
I

42%
Bn

8e /gr‘
@N//

@

13

Scheme 4-2. Chemoselective conjugation with azido oxime linker

4-2 HERPEIEIC X D 3 Ay AL

TaT7 N7 Uy 7AW LD FREBRER P ERTE LI 06,

ARiExE I b )%B'ﬁb N7 Y NMEAEONMNEERRN T Vibe o7
REERE 2 BT ) 2 & TAERRVZ 3 ko EfbezRT 22 &
& L 7= (Scheme 4-3), El]f) NUT Y REEOS M rBEAERRN T
fbote., 7 N TV EERME LI #ER KIS AT O, W T, 7 X NEREE AL
RO T I L > TT P R-UTIMbEM A~ B W%, U7 @Ry E
fEEe 7V RBINAERMICL > TRRDI 3D EZEMEEET IEIETH 5,

. ®
0 0
Site-selective
N3 to Nz
— O
)J\/N3 )J\/NS O N)J\/NE)
N3\/\/\)

\/\/\)

Triazido compound Diazido-diazo compound [A]-diazido compound

Site-selective ©
N3 to N, @
——— 0 — 0
J]\¢N2
N N
N3\/\/\) @\/\/\)
[A]-azido-diazo compound [A]-[B]-[C] compound
Scheme 4-3. Stepwise approaches to trifunctional molecule
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ZZ T, EBEDO3IMOERMETHHT A7 M7 Y ORIGHEIZDONTT Y
R-U7 YV dezHHWTHAELZ, T @RIV A FIZE D8 ARIE D
Ze il i E 12 K o TR L 72 (Table 4-1), HEAE D+ TH LTV a— LFE T,
FIE CAEEE O Cu(OTH MMz 7= & 2 A, BIEEICEEF 2N L, 6% & KIY
BTIEHLINPHBOT —T /L 14 ORI S 7z (entry 1), i TERIE T
RISEATH Z & TANN) A4 FOEBEELZIME L L5 AT n, -78°C
TIES T ETE T, RAICHFEBELEE ZAKISITEITLENKED 14 &
T 2 DI Th o l(entry 2), £7o, M &EZ B U THREF L7228 IEILN
ELl7Zedol(entry 3), 7Y RHFETTOT IR T Yy OE&BINL AR
X DRISIEMEB N D DT 19 EER T O NITEHLTWS L i13# 2
2K M7 Y TORM ARG XSS KEETH D & H LT,

Table 4-1. Attempted insertion reaction via copper-carbenoid
O (0]

"BuOH (1.5 e
NQ)k@\ o) Cu((§Tf)2 Y N nBUO\)k@ o)
N,lL\//Ns CH,Cl, g N,JL\/N3

o B W B

Entry Cu(OTf), (mol%) Temp. Time (h) Yield
1 10 rt 0.5 6%
2 10 -78°Ctort 5 trace
3 6 rt 1 trace

Table 4-1 OFERNS, 7 FYO TV AL 7 4 2 & DOB3RBRALK G % &t
TLZEEL.TIRNVTYTHMATLZT 72 VN AT VN DF VT 4
YA L Dt % FA4 L 7= (Table 4-2), Scheme 4-la RO KMETT 7 U T 2
K 15a E DO ERATEDD, ST EIT Loz (entry 1), 72,
EHEEaEZE LR RIT < (entry 2), BFARAT VI 4 ToHDHT 7V
2=RFUL15bRT 7 X 15¢ Z HWTH RIERICKICIZEIT Lo 7
(entries3and 4), ZHIET I RY TV ERRY S NUT YIRS NUCEHOT
I THE I THIBLTWAERED, U7 Y O3+2]18A~D KRN
i F L TCTWd &E 272 (Scheme 4-4), = Z T, Wu b DKM 3% 535 |2 5%
FMETOBRRICERFT LI ZARISHEITL, i< ZXmiic k> TE
T IVBEOEKREITH)ZE T, 7 X 15¢ LEMELET Y F-EF
V= 16¢ & T5% DR TH D Z L IZHE) L 72 (entry 5),
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Table 4-2. Attempted [3+2] cycloaddition of diazo with olefines

EWG/\ Q
/Ns
HN™ °° 0
)J\/Ns Solv. =\ N)j\/Ns
GWE . |
. ‘ Bn
4e 16a—c
""""""""""""""""""""""""""""""""""" NN
Me ‘ .
EWG/\ MeZN\n/\ /& 0!
o) NC O i
; 15a 15b 15¢ .
Entry 15a—c (eq) Solv. (M) Time (h) Yield (%)
1 15a (5.0) MeCN-H,0 (0.02) 72 0@
2 15a (5.0) MeCN-H,0 (0.1) 24 04
3 15b (5.0) MeCN-H,0 (0.1) 24 04
4 15¢ (5.0) MeCN-H,0 (0.1) 48 0@
5P 15¢ (1.5) DMSO (0.05) 2 75

@No reaction. "Reaction was carried out with Cs,CO5 (2.0 eq) under air

&y o
o) 0Y o N ® ~
N\\® - <® ) N\)I\“/R
P P

Keto-diazo Amido-diazo

Scheme 4-4. Keto-diazo and amido-diazo groups

UL Eomatns . B L7254 (Table 4-2, entry 5)IZ T A b ¥ 7 V¥ o fk
ZITH5Z2L L. FUT YRS TO3 MY ERLATT - 72 (Scheme 4-5), £
T, MUT YRS OF b rBEMERNRT VI > T 6b 2157214,
TOBBPTRHELESMC T NPT VEEFT 7 b/ v 15¢ L EFET 5 2
ETCYTVRETY—= V1T EER LT, FWT, 7 X NEEEEM R 72
T BRI, 3.6 Y E D TBAF TIHEMEO LY L iR T 1,
JEEHEIY & 725 72, T 41X TBAF IC K 2 IEMEKFZ O &N LR = Lk
BAAKFLVOLE T Y — LD N-H KERFEEL L EITL > TGN
[LEEN TS EEZ, 6.0 48D TBAF 2 Wiz & Z AFEE N 22 ICTE K
L.EHOT TV R-UTY-ET7Y =G 18 23 15% DN TH LN, 5
SN 18ICK LT, 727 UL AT LADOYT VERMEILEET LE L 19
OT Y RBIREBRILICEBRITH Z & T, B s 3HOLEW % ALiEER
PWICHEE LT =BTV - N T Y — VAERY 20 2H £k
ELTAKRTDZ LT Lz,
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O

N Ny
O O

TsNHNH (5.0 eq) 0 15¢(1.5eq)
pyrrolidine (2.5 eq) Cs,CO3 (2.0 eq)
0o > o] >

JJ\/N DMSO (0.1 M) J‘I\/N DMSO, under air, 2 h
N 3 25°C, 10 min N 3 82%
N3

TsNHNH, (5.0 eq)
TBAF (6.0 eq), pyrrolidine (5.0 eq)

DMSO (0.1 M), 25 °C, 4 h
75%

1) Z2C0,Et (5.0 eq)
MeCN-H,O (1:1),26h

N~N

2) =
g (1 5eq) \ \/\/\)
19
MeCN, 24 h
66% (for 2 steps) 20

Scheme 4-5. Stepwise site-selective conjugation with three different components

4-3 FNU ATV v 7ALEW DA & one-pot % Ak 57 i

PR L7291, ARRISIZ KD ERIRW R T Vb & 27 VIR 728
WIS ALy BB FEICL>T, NI TP R eadWwaE 77 v b
T =0T ELTHATE2Z ERNbhoTz, LML, AV T JALELE S
T A B ERICH AT 20 E RN D D280, ‘$§f*/\%’—bzoto‘ﬂiﬁﬂ%‘(“% 73
WHRTEEMER B B, Lk m 2L E RN OB EICEM T HI1I2E, 1 ETHAN
Xk ohtRIETHEFH LW Y /7““%%7%@@‘(%?577 > b
T =L TrEAAT A EREENEF zZa T 2T ARSI X DAL E
BN AT b E T LB A S DY, SRS N T Y LAY
N EBETDHZENENN R D S i%ﬁﬁ“éﬁ U v 7 BB & OF B Er
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ST RV TAI ) 9 I T Ty N T — B FORAIEEFD 2L L

(Scheme 4-6),
’.-.*
X
o)

Site-selective conversion

> _ 0}
:‘ NS\/\/\) ‘A

Multiple alkylazido compounds Multiple click compounds
(indistinguishable) (distinguishable)

Scheme 4-6. One-pot approaches to trifunctional molecule using multiple click scaffold

FUT YR 5b OFBRWYCT VAR LI K> TT V-7 V-F
FULMEAEMP AR TENIE, AF VAT O N T o AFF MBI LD T A
F—tar, 77V L=V T VERNEL, ET AT LOT Y RNE
RBRIIZE->T 3 BRI ZAIEEE T ST T vy F 7+ — L0 TR
T&E2LEZ, 7V RAF VL8 AL LIEAXFVLAFETTOYT Y
b % #RFE L 72 (Scheme 4-7), L2rL, HWET D5V T7 Y -FF 45 21 135H
NI, AORBIAERD LR TE o2l &b, XV AGFEFTOR
T VALIIREETH D LI LT,

O TsNHNH, (5.0 eq) *
HON TBAF (3.6 eq), pyrrolidine (5.0 eq) HON
0 7 . 0
Jj\/N3 JI\¢N2
f}l DMSO (0.2 M), 25°C, 2h l}l
Bn Bn

8e 21
Scheme 4-7. Attempted diazo conversion of the substrate possessing oxime moiety

FIZ T, 7 b AXTLEH % DA/retro-DA SIZ LB 27 U » 7 35N ATHE 72
1,2,4- MU 7 VBB LTZBRICT I FBET Y R2Y0 7V {kT2 28T,
MEERRZ 3RS EEERARE THRINLZ TP F-U 7 Y-N T V(b
A ~LEBLL Z LI L, ENCESLSL, TYRFETFTTO RN 7T VAR
IZOWTT YV R-AF T A 8e HE & L THFH%21T > 72 (Scheme 4-8), Vrabel
5O FIESNTHEN, B RT YV U OFEKIZ L D 2-pyridine carboxaldehyde & @
BiAMES EMSBIERIGIZE > TT Y R-N I TP bEM 22 AR TE T2,
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H2NNH2'H20 (1 .0 eq)

cat. AcOH, EtOH, 45 °C, 16 h =z
(0] ; 2-pyridine carboxaldehyde (1.2 eq) ~ | N
HON ~ cat. ACOH, EtOH, 23 h N 72 \N
0O ; AcOH, 100 °C, 1 h | |
> NS
N)J\/Ns 94% O
I 2-pyr N JJ\/Na
Bn . % v \N f}l
via
8e HON 22 Bn

Scheme 4-8. Chemoselective transformation from ketoxime to triazine

TYRGFETFTTO NI TV UVERMNAIEECH -T2 b EBICNUT
VRS EFHALET VY R-UT Y- N T VAL EY O A K & 1T > 72 (Scheme
4-9), £9. F b UBBEMBERNA AT 2BICE > T 9 A L7=H%.
Scheme 4-8 L RO KM T P ATV LEZ NI TV U~NEEHBL, VTV
F-hU TP 2358 Lz, it TT7 X FEEBEMNRING 22 YT b &
L7, 7Y — @O N-HKZBOKRRIEWEKRKZENFELZWICHEDL LT,
Scheme 4-5 L RFRIC I DEITNE LS otz T2 T, DK TH D
6.0 58D TBAF Z W 5 (IS4 Z2 & THORMICEISITEITL . TV R,
DTV NI TV 03O vy I EREREEATLNITIANI U v I TT
v N7 =LA 24 DEFRITHEKE LT,

N; NOH
|
O O
H,NOH-HCI (1.2 eq)
TBAF (1.8 eq)
O > (0]
J\/N DMSO (0.1 M), 25°C, 1 h J\/N
N 3 65% N 3
N3\/\/\) NS\/\/\)

\

5b 9b
o B
H,NNH,+H,0 (1.0 eq), cat. AcOH
EtOH, 45 °C, 16 h NF NF
; 2-pyridine carboxaldehyde (1.2 eq) TsNHNH, (5.0 eq)
cat. AcOH, EtOH, 23 h N7 N TBAF (6.0 eq) N~ N
: AcOH, 100 °C, 1 h | | pyrrolidine (5.0 eq) [ I
> ~N > ~N
84% DMSO (0.1 M)

0 25;(())%4h o
NJI\/N3 NJ]\éN2
Ns\/\/\) N3\/\/\)
23 24
Scheme 4-9. Synthesis of azido-diazo-triazine compound

HWET 28257V vy 7EREEZATLNI TN V7T Ty b7

F— L5 24 DGR Licizd, 24 12k T 2T Hy b TO 3k

BIbZT 28l . %7V VEREDN v 7Y 7 /N— b F =43 FITk

TOBERERBRMEICOVWTHIAET 22 L & L, £7 . Raines b D HRiE

(Scheme 1-13b)2"™ICH 2T V' & W NVR U BEOBEE RGN AR THIE, A
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FRGIRENINEBEST DD NKR R E D T Y TN — T —& LT
WTx5, 22T, ilROENMED VAR VL TH 5 dansyl-L-phenylalanine &
coumarin-3-carboxylic acid Z F V> T 5 K % 3 7 72 (Scheme 4-10), L 2> L |
"H NMR (2 K » TRIGSZ B L7 R, ROSIZET Lo 7o, ZHid,
dansyl-L-phenylalanine @ ¥ A F /L7 I / £ X coumarin-3-carboxylic acid @ A
R UEREOEBEDRICL S THOVR UV BOBEERNRT LD L
EiZbhb, FZT, AR CBEOF IR &L, B KIS DV TRREE
LT 72 I N AT N ey T Y T /XN— =L LTEIRL, NV TV
EDRIGHEIZODWTHEST L Z L& LT,

Bn

HO o“s"o
S
e
NM82

(1.0 eq)
CD4CN, 6 h

040 OMe

4a O

> No reaction

(@]
Na/\/\,TIJJ\éNZ —
Ph

(1.0 eq)

> No reaction
CD3;CN, 6 h

Scheme 4-10. Attempted esterification of diazo with carboxylic acids
TYR-PITVAMEm 22 2 EEHLEL, AR LET 2V L—F 25 LD
B ME % Bt L 7= (Scheme 4-11), 'HNMR IZ X » TG Z B L= & 2 A,
TV REWRZALOKZE—7 BXOMNI TV UVHERE LRI -7 7L
(ZEA b1 72 < (Figure 4-1), 727 VL — ME MV 7V ERIGET, U7 V&
RIS 3T 2 % & L7,

=>_O
O\figt
g 9
NN Ny Q (1.1 eq)

| 25
Nx >  No reaction

Q CD4CN-D,0 (1:1), 5 h
)J\/NS
\
Bn

22

Scheme 4-11. Investigation into reactivity of azido-triazine 22 with pyrene-acrylate 25
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(a) 22 with 25 (0 min)
(b) 22 with 25 (5 )

1.00
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0.2
i

X pasts per Million  Proten

Figure 4-1. 'H NMR spectra of reaction of azido-triazine 22 with pyrene-acrylate 25 in CD;CN-D,O (1:1).

BEUNTL 22 & trans-> 7 a2 TV 226 & O RE = fREF L 72 (Scheme 4-12),
L2rL, PRICKL TERBERBRMEITIEEET, MU TV & DA/retro-
DA )i, 7 ¥ REE [BR21BRAL/MER SN EIT LT E B X DD AERY
27T NFER SNz, ZORERNL, NI T UEE trans-> 7 a T IV VDK
JEIX T Y RE O S RIZIT O BE RN H D & bho T,

H

4 <R

N N 1 OH@5eq) o (n=N
26

N Z N

1
NQ)\@\ > ?K/N r":
j\/ MeCN-H,0 (1:1), 30 min \
[ij N3 N2
Bn

22

OH

27
Scheme 4-12. Overreaction of azido-triazine 22 with frans-cyclooctene 26

T2 TV ROH TV T NR—= b F—=THDIETILF 19 LD
JEPEIZ DWW T b M FE L 72 (Scheme 4-13), 19 DRI 40 2512 TT7 ¥ K E#a R
FLEOKZEE—Z7FHERLEZOIZKH LT, NITYVUVOBEFR EKEY—7
T 7 AR E L T e Blenehr-7-2 &% 'H NMR THER L 7= (Figure
4-2), IIZKMY TV UETRILBIOMERNEIT LSS, FEROET
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ARERENMBMHEEINTEEFR FOKBEEY =71 3EBEY 7 T 5720 2650
RUT BTV ATIFH LA & HB L7,

& - 3
N N. g"O@wm\ N.

N~ Y~ N N~ Y~ N

19
N | o -
CD3CN, 7 h
JI\/N3
I
Bn

22

=
N | N_
N =~ "N
N o
. Ny
o x
(d) Bn
w 22 a
(c)

(d) 22 with 19 (7 h)

(c) 22 with 19 (40 min)
(b) 22 with 19 (0 min)
(b) | (2) 22 only

E.’.'

920

1.939
1.93

9 ’% >_ £ L
925 |

INLDOBRAMNL . BLICYTVETZ U L—FDOBRIEN,. F2I1I2T7Y
REET X UDB3R2]8IL. & 3 I VT YL trans-> 7 0 T IV D
DA/retro-DA S ZNEIZAT 9 Z & T3 Ky OER LN AR W LT-, &2
THEHMICOWTHERET O AHREEMER oy 7V v 7/ —
FF—%28HAL., EFBEIZT 7y N7+ — 2507 24 ORISHERICE LV U2 H
THT7 7 VL —h25, v/ uaF 7 F 19 ©AEFUEETD trans-> 7 0T
29 ARz 5 FE T 3 o e FE L 21T - 72 (Scheme 4-14), & Dk
B, THEY 4135080 FREBLEAKRYMI0EZY T AT LA~
—HEME LT 44% DR BEREEIZ 7T6%DINFE)TH DL Z LIl LT,
PLEDOFRERIZEL T, B ET HHEICEZ Ry EMEEZREETH N Ty
Vo 777y N7+ =L F0ORIMNZERLTZ,
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25
(6] 29 (as a diastereomeric mixture
N No ... .Offtrans-cyclooctene) i
NS\/\/\)
24
| AN
N .=
25 (5.0 eq), MeCN-H,0, 24 h
;19 (1.2eq),2h
:29 (1.0 eq), 1 h N= HN
X o)
(6]
o]
N
N \N

30 (as a diastereomeric mixture) 'O

44% (76% per conjugation step)
Scheme 4-14. One-pot reagent-free sequential triple click conjugation

UEARBETIE, AR LEMEREROEZBENICIZE > T TP R4 L
T aT NI )y I EMNERERRO 2y TEKICEDTHLDL L%
RLTz, £, F P UBEBET YR, TR RBET YR, TAX AT Y R TH
ENTZ Y AT AFALT Y NMeamaRATHIE, 7 ke o7 v ER
HOERE 24 D IR TEREIEIC L > T 3 DORL DS %2 M EERKICEE T
EHLZEEHLMNI LT, SHIZ, ARICOAF T 2k & T Vb2 A G
PELHZET, NIATALFAT Y NMeEMET VR, o7 Y, NI TV YV
DO 3FEOIY) Yy IEREEAT LT Ty N 74—y T ~EHEETDH L
IZHEI LT, BRLTe T T v N7+ — 250 FIoxh L, B ROSIThlEa3E %
Wb Z e &y 7V T — b —%@URIERFTMZDET T, 3
B DALEIRBIRIZ T T v b7+ — L0 FICERbLESRTILEMEH L Z
ENTE, AR T 7y N 74— LT THDHI L EFHEIEL T,
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5= el

Kl

TV RIEERA G ERILLEMOERCHIE Ry IS FIHINT
WOHEHERETHD, IF, 2O ZEET LT TR, Z2HOH
RS FE2 1 D7 T v b7+ — L0 FIZEET S & TRITEICZHEAEME
tWEME BT H2FENMEBINLTWS, FTH, 7IAVFAT Y REaEEE
TORRBEG 2~ NVF TV NMEEMITIANRT T v N7+ — LT &Y
BON, Z0EWRINHED T O IS EZ XL CHHT S Z LI R&E 2%
BMTHD, TOLIBREZENPOARMIETIE. WVR= VEEM O T ¥ FEN
R RS T CORRERKISMHICER L., 7Y REOMBERIRK A2 7 Y
v BRE~NODEBIEORBICLI > THHRRT 7 v b7+ — 20T OAIH
AT o 17,

H2E T, DVR=VEET O REO DT VDN EERA) 7 Lk
FER L, MEMELGE T COINALRVEET C RONMRIZE Y AT 5
REERAIVHMEZIER L, B K7 Y K& OMAE &R —H RS2 7
MLUESBEIGICEY, O7 VI~ EHRZER L, L, ¥YWRHL
ML IE~A T TV R~OEANKRETH 72720, BIR FICTHES
a2 4T 72 L Z A, TBAF & pyrrolidine ® 2 D DL A2 H A H b 5 5
fEa RH L, MNETO IR = VEBEMERO 2T ik xS LT,
KT IALE TR R R CTRA R ERBEZTFAE L. EHEAKBELRLZLL2NWT
U=V T P RRTNAIATVRFEETORRLT AW DEEELET T 52
ETH P U-T X FMIZBWTHE WAL ERIRMEZ BB L=,

BIETIE, KISTELDA I UFHBEICHT 2 RERZEHE L, 7 E®
R A DMUIE~EHEE LT, ¥ 7 Y {bIZ TR H L 7= pyrrolidine % i W
H5MBTIIHFREOIRKRIZEEEF>TZH DD, TBAF ZH W5 Z L TEHINE
CTHBE T AT 2 MbAMEST-, £ HEOYEAHMEI+5 2 L T,
FRUET I RORISHIEEZ XTI ENTEMERROZT Y R0 5
FX LSO EBIZET LT,

FAFETIT, 2B RO RPIC3BEICTHYLLEXEZIEA L, 2k O E
BN RERLEZAIREETE T Ty b 74— FE2AIHLE, OT7 Y Ky
TEVFEELE 2 MEO ) vy IV BEREEREST 2TV ) v bEWME
FIA L, BRARKNOBEFBKISEZIT) LT, KIBXRECTCH >~ LFT
UMb EWME | NLERRO RS FEAENRER Y F~EBRTEDL LB L
oo 2. ZFNUBRBET O RN, T FBET VR, 74X LT Y R THER S
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NNV ATAXRALT Y NEawaFIH L. 7 F B LT I NEALZ BEpE
By 7 e /2 T BRI ERS 21T 9 FIEIC T, 3 DD R Dy DAL iE
IR g FEEEZER LTz, iz, o7 Vb afbzillAabdbEd
LT TRV, FUTVUOD3IEOI ) v IEREAAET LSS
Yy N7 A=A TFTORAIBICEBL, INEHWDZ LT, HMDHRD T VKR Y
N COMBERRGZ 3 ROEBETIEINE 2D, BERELELEL LAWE
AL & FERL L 7=,

LB, R TIE I NVAR = VTS 27 ¥ FENEEMESMAE T THRE
RERILTAIUVA~EEBRINIHEEZFAHL, SN TE LT
TYRGFICRBITDLT Y REOMERIRIZERIELZRB L, KRISIET
VIREBMIREZELOKZBRFOBRMEENEE /> TEY  EHAKFZFEZREZZWV
TNNIXNALTVRRT U —=AT Y RERFLIEEE D IVAR = VR RIRA
ICEWTELRE T TR, HNW2HEERSLZOYEZHMEH T2 TOIALAR=
NEEET U R TORBIZAREE Lz, KRRKISICE > TwALFT7 Y NMeaw
DORIGALE ZHIE L-FIHAN R E 2D NI Y v 7 FEREET VR
KEEROvLVF IV I T Ty T —LpF~EFEEHETE, AL
7277 v b7 — LGy F IR R BRI R O A7 B R IRAY 722 £ AR 4y 8 RO 23
T%T%oh_k#E CNETERICEZ KRR ITHEZE L, 7 I A
I —IlBTARNZANKRMEZRREE T 70 —7 0170, ZHEMNHM
ﬂ@%%%%%#é%@k%ﬁéhéo
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56 B KERDOH

6-1 General Information

Analysis and Reagents: 'H and '°C NMR spectra were recorded using a JEOL
JNM-ECP500 spectrometer (500 MHz for 'H NMR, 126 MHz for '3C NMR, and
202 MHz for 3'P NMR). Chemical shifts are reported as & values in ppm and
calibrated with respect to the residual solvent peak (CDCls: § 7.26 for '"H NMR and
8 77.00 for '*C NMR, CD3;OD: & 3.30 for '"H NMR and & 49.0 for '*C NMR). *'P
NMR spectra were calibrated with an external reference (phosphoric acid in
benzene-ds as 6 0.0). The abbreviations used are as follows: s (singlet), d (doublet),
t (triplet), q (quartet), br (broad), and m (complex multiplet). Melting points were
measured using a Yanaco Micro melting point apparatus. Infrared spectra were
measured using a JASCO FT-IR-4200 spectrometer. Mass spectra were recorded
using a JEOL JMS-700 MStaion [EI-magnetic sector (70 eV), CI-magnetic sector,
and ESI-TOF], and Bruker Autoflex II (MALDI-spiral TOF). All measurements of
single crystal X-ray diffraction analysis were made on a Rigaku R-AXIS RAPID
diffractometer using multi-layer mirror monochromated Mo-Ka radiation. The data
were collected at a temperature of -150 or -170 °C. UV-visible spectra were
recorded using JASCO V-630. The progress of the reactions was monitored by silica
gel thin layer chromatography (TLC) (Merck TLC Silica gel 60 Fas4).
Phosphomolybdic acid-cerium(IV) sulfate sulfuric acid solution was used for the
TLC stains, and TLC was also monitored with UV lamp. Flash column
chromatography was performed using neutral silica gel N60 from Kanto Chemical
Co. Inc. If not specified as neutral silica gel column chromatography, Merck Silica
gel 60 and packed column of Biotage® SNAP Ultra with HP-Sphere™ 25um were
used. If necessary, further purification of the crude materials was performed using
a LC-908 recycling gel permeation chromatography (GPC) equipped with a JAIGEL
2H-40 column (chloroform elution) made by Japan Analytical Industry Co., Ltd.
All reagents were purchased from Sigma-Aldrich, Wako Pure Chemical Industries,
Ltd, TCI (Tokyo Chemical Industry, Co. Ltd), Kanto Chemical Co. Inc., and Nacalai
Tescque. Anhydrous solvents such as tetrahydrofuran (THF), toluene, acetonitrile,
and dichloromethane were purchased from Kanto Chemical and Wako Pure
Chemical. Dimethyl sulfoxide (DMSO) was distilled under reduced pressure after
refluxing in the presence of calcium hydride.
5,6-dihydro-11,12-didehydrodibenzo[a,e]-cyclooctyne (19)33%9 ((1R,8S,9r,E)-
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bicyclo[6.1.0]non-4-en-9-yl)methanol (26)°", and pyren-1-ylmethyl acrylate

(25)%? were prepared according to the reported methods.

Caution: Organic azides, especially multiple azido compounds as well as diazo
compounds are potentially hazardous and explosive. Although I have never
experienced such an explosion with those used in this study, all manipulation
should be carefully conducted behind a safety shield in a hood. Sodium azide should
be handled with plastic spatula. At azidation stage of azido compound preparation,
complete removal of residual halogenated solvent used in the last steps or
extractions should be in mind to avoid generation of explosive species such as
diazidomethane from dichloromethane.®?)

Storage of TBAF: Tetrabutylammonium fluoride (TBAF) was purchased from TCI
(Tokyo Chemical Industry, Co. Ltd) as 1 mol/L solution of THF. Because I
encountered irreproducible results when I used old solution, probably due to the
decomposition of TBAF by the reagent itself or contaminated water from
moisture,® the newly purchased bottle of TBAF solution was repacked in small
subsection vial bottles. These were filled with nitrogen gas, and were stored in the
refrigerator. With these small batch bottles, I successfully obtained reproducible
results as described in the text.

NOTE: Volume and the ratio of DMSO solvent in the reaction mixture is very important
to succeed. However, I still used THF solution of TBAF, because use of commercial solid
TBAF hydrate or removal of THF from the reagent solution prior to use gave low yields
or irreproducible results. Short path silica gel column chromatography can afford the
desired products in good yields. Exposure to the silica gel column for a long time

reduced the product yields.

6-2 Synthesis of Diazo Compounds

General Procedure for Synthesis of Diazo Compounds
From Amides: TBAF (3.6 eq, 1.0 M in THF) was added dropwise to a stirred
solution of a-azido amide (1.0 eq), p-toluenesulfonyl (tosyl) hydrazide (5.0 eq),
and pyrrolidine (5.0 eq) in DMSO (0.2 M based on an azido substrate unless
otherwise noted) at 25 °C (set by a water bath) under the nitrogen gas atmosphere.
After completion of the reaction checked by TLC, the mixture was diluted with

ether and quenched with water. The solution was extracted three times with ether
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and was washed with water and brine. The collected organic layer was dried over
anhydrous sodium sulfate. Concentration and purification by flash neutral silica gel
column chromatography gave the diazo product.

From Ketones: Pyrrolidine (2.5 eq) was added dropwise to a stirred solution of a-
azido ketone (1.0 eq) and p-toluenesulfonyl hydrazide (5.0 eq) in DMSO (0.2 M
based on an azido substrate unless otherwise noted) at 25 °C (set by a water bath)
under the nitrogen gas atmosphere. The purification procedure was followed for

amides.

2-Diazo-N-methyl-N-phenylacetamide (2a) %
o)
Me\N)J\¢N2
Ph

2a

A total of 13.2 mg of 2a (75%) was obtained from the reaction with azide 1a (19.0
mg, 0.10 mmol), tosyl hydrazide (93.6 mg, 0.50 mmol, 5.0 eq), pyrrolidine (42.0
pulL, 0.50 mmol, 5.0 eq), and TBAF (0.36 mL, 1.0 M in THF, 0.36 mmol, 3.6 eq) in
DMSO (0.5 mL, 0.2 M) for 1.5 h followed by neutral silica gel chromatography
(hexane/ethyl acetate = 8/1).

Pale yellow oil; Ry value 0.57 (hexane/ethyl acetate = 1/1); IR (NaCl, neat) vmax
2106, 1622, 1591, 1387 cm™!'; '"H NMR (500 MHz, CDCl3) § 7.41 (t, 2H, J = 7.5
Hz), 7.33 (t, 1H, J = 7.5 Hz), 7.20 (m, 2H), 4.51 (s, 1H), 3.32 (s, 3H); '*C NMR
(126 MHz, CDCl3) 6 165.7, 143.1, 129.8, 127.9, 127.3, 47.3, 37.1; HRMS (CI)
caled for CoH1oN3O [M+H]" 176.0824, found 176.0826.

N-Benzyl-2-diazo-N-phenylacetamide (2b)®>
0
Bn\N)]\¢N2
Ph

2b

A total of 21.8 mg of 2b (87%) was obtained from the reaction with azide 1b (26.6
mg, 0.10 mmol), tosyl hydrazide (93.5 mg, 0.50 mmol, 5.0 eq), pyrrolidine (42.0
pL, 0.50 mmol, 5.0 eq), and TBAF (0.36 mL, 1.0 M in THF, 0.36 mmol, 3.6 eq) in
DMSO (0.5 mL, 0.2 M) for 1 h followed by neutral silica gel chromatography
(hexane/ethyl acetate = 8/1).

Pale yellow amorphous solid; Ry value 0.63 (hexane/ethyl acetate = 1/1); IR (NaCl,
neat) vmax 3478, 2106, 1624, 1593, 1399 cm™'; 'H NMR (500 MHz, CDCls) §
7.34-7.22 (m, 8H), 7.03-7.01 (m, 2H), 4.93 (s, 2H), 4.45 (s, 1H); *C NMR (126
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MHz, CDCI3) & 165.8, 141.4, 137.5, 129.6, 128.6, 128.43, 128.36, 128.1, 127.3,
52.9, 47.4; HRMS (CI) caled for CisH14aN3O [M+H]* 252.1137, found 252.1143.

N,N-Dibenzyl-2-diazoacetamide (2c¢)
0
Bn\N)]\¢N2
Bn

2c

A total of 20.9 mg of 2¢ (79%) was obtained from the reaction with azide 1¢ (28.0
mg, 0.10 mmol), tosyl hydrazide (93.7 mg, 0.50 mmol, 5.0 eq), pyrrolidine (42.0
pL, 0.50 mmol, 5.0 eq), and TBAF (0.44 mL,1.0 M in THF, 0.44 mmol, 4.4 eq) in
DMSO (0.5 mL, 0.2 M) for 3 h followed by neutral silica gel chromatography
(hexane/ethyl acetate = 10/1 to 6/1).

Pale yellow oil; Ry value 0.63 (hexane/ethyl acetate = 1/1); IR (NaCl, neat) vmax
2106, 1605, 1428, 1213 cm™!; '"H NMR (500 MHz, CDCl3) & 7.37-7.34 (m, 4H),
7.31-7.28 (m, 2H), 7.23 (br-s, 4H), 4.99 (s, 1H), 4.62—4.29 (br-m, 4H); '*C NMR
(126 MHz, CDCl3) o 166.5, 136.6 (br), 128.8, 127.6, 126.4 (br), 49.4 (br), 47.0;
HRMS (CI) caled for CisHisN3O [M+H]" 266.1293, found 266.1295.

N-Benzyl-2-diazo-N-(4-vinylphenyl)acetamide (2d)
= )
NJ\¢Nz
B
2d

A total of 23.9 mg of 2d (87%) was obtained from the reaction with azide 1d (29.1
mg, 0.10 mmol), tosyl hydrazide (93.1 mg, 0.50 mmol, 5.0 eq), pyrrolidine (42.0
pL, 0.50 mmol, 5.0 eq), and TBAF (0.36 mL, 1.0 M in THF, 0.36 mmol, 3.6 eq) in
DMSO (0.5 mL, 0.2 M) for 1 h followed by neutral silica gel column
chromatography (hexane/ethyl acetate = 10/1 to 8/1).

Pale yellow oil; Ry value 0.8 (hexane/ethyl acetate = 1/1); IR (NaCl, neat) vmax 2106,
1624, 1600, 1509, 1396 cm™!; '"H NMR (500 MHz, CDCl3) & 7.35 (d, 2H, J = 8.5
Hz), 7.29-7.22 (m, 5H), 6.97 (d, 2H, J = 8.0 Hz), 6.67 (dd, 1H, J=17.0, 11.0 Hz),
5.74 (d, 1H, J = 17.0 Hz), 5.29 (d, 1H, J = 11.0 Hz), 4.92(s, 2H), 4.49 (s, 1H); '3C
NMR (126 MHz, CDCl3) 8 165.8, 140.7, 137.4, 137.3, 135.5, 128.6, 128.5, 128.4,
127.4,127.2, 115.2, 52.8, 47.4; LRMS (EI, M = C17H5N30) m/z 277 (M", 2%), 249
(48), 158 (10), 130 (11), 91 (100); HRMS (EI) calcd for C17H15sN30 (M") 277.1215,
found 277.1208.
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N-Benzyl-2-diazo-N-(3-(hydroxymethyl)phenyl)acetamide (2e)
(0]
HO NJ\¢N2
Bn

2e

A total of 13.0 mg of 2e (46%) was obtained from the reaction with azide 1e (29.5
mg, 0.10 mmol), tosyl hydrazide (93.2 mg, 0.50 mmol, 5.0 eq), pyrrolidine (42.0
pL, 0.50 mmol, 5.0 eq), and TBAF (0.36 mL, 1.0 M in THF, 0.36 mmol, 3.6 eq) in
DMSO (0.5 mL, 0.2 M) for 3 h followed by neutral silica gel column
chromatography (hexane/ethyl acetate = 1/1) and GPC for further purification.
Pale yellow oil; Ry value 0.5 (hexane/ethyl acetate = 1/2); IR (NaCl, neat) vmax 3396,
3117, 2106, 1584, 1403 cm™'; 'H NMR (500 MHz, CDCls3) § 7.32-7.21 (m, 7H),
7.05 (s, 1H), 6.93 (ddd, 1H, J=5.0, 1.5, 1.5 Hz), 4.92 (s, 2H), 4.66 (d, 2H, J=5.5
Hz), 4.46 (s, 1H), 1.82—1.78 (m, 1H); *C NMR (126 MHz, CDCl3) & 165.9, 142.9,
141.5,137.4,129.6, 128.5, 128.4, 127.4, 126.5, 126.4, 64.3, 52.9, 47.5; HRMS (CI)
calcd for C16H16N3O02 [M+H]" 282.1243, found 282.1236.

N-Benzyl-2-diazo-N-(3-((methoxymethoxy)methyl)phenyl)-acetamide (2f)

0
MOMO IIIJ\¢N2
Bn

2f

A total of 28.1 mg of 2f (87%) was obtained from the reaction with azide 1f (34.0
mg, 0.10 mmol), tosyl hydrazide (93.6 mg, 0.50 mmol, 5.0 eq), pyrrolidine (42.0
pulL, 0.50 mmol, 5.0 eq), and TBAF (0.36 mL, 1.0 M in THF, 0.36 mmol, 3.6 eq) in
DMSO (0.5 mL, 0.2 M) for 1 h followed by neutral silica gel column
chromatography (hexane/ ethyl acetate = 10/1 to 6/1 to 4/1).

Pale yellow oil; Ry value 0.6 (hexane/ethyl acetate = 1/1); IR (NaCl, neat) vmax 2932,
2885,2107, 1625, 1603, 1587, 1399 cm™!; 'H NMR (500 MHz, CDCl3) § 7.31-7.21
(m, 7H), 7.04 (s, 1H), 6.93 (ddd, 1H, J = 6.0, 2.5, 1.5 Hz), 4.92 (s, 2H), 4.66 (s,
2H), 4.53 (s, 2H), 4.46 (s, 1H), 3.37 (s, 3H); '3C NMR (126 MHz, CDCls) § 165.8,
141.5, 139.9, 137.4, 129.6, 128.6, 128.3, 127.6, 127.4, 127.32, 127.30, 95.8, 68.3,
55.4,52.8,47.4; HRMS (MALDI-TOF) calcd for C1sH19N3NaO3 [M+Na]" 348.1324,
found 348.1314.
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N-Benzyl-N-(3-(benzylamino)phenyl)-2-diazoacetamide (2g)

(0]
" llq)l\éNz
Bn

Bn
2g

A total of 17.2 mg of 2g (48%) was obtained from the reaction with azide 1g (37.0
mg, 0.10 mmol), tosyl hydrazide (93.2 mg, 0.50 mmol, 5.0 eq), pyrrolidine (42.0
pL, 0.50 mmol, 5.0 eq), and TBAF (0.50 mL, 1.0 M in THF, 0.50 mmol, 5.0 eq) in
DMSO (0.5 mL, 0.2 M) for 6 h followed by neutral silica gel column
chromatography (hexane/ethyl acetate = 10/1 to 8/1 to 6/1).
Pale yellow oil; Ry value 0.77 (hexane/ethyl acetate = 1/1); IR (NaCl, neat) vmax
2102, 1597, 1492, 1399, 1346 cm™!; '"H NMR (500 MHz, CDCls) § 7.34 (dd, 2H,
J=17.0,5.5Hz), 7.33-7.21 (m, 8H), 7.08 (dd, 1H, J= 8.0, 8.0 Hz), 6.55 (dd, 1H, J
= 8.5, 2.0 Hz), 6.35 (dd, 1H, J=17.5, 1.0 Hz), 6.21 (dd, 1H, J = 2.0, 2.0 Hz), 4.86
(s, 2H), 4.52 (s, 1H), 4.23 (s, 2H), 4.19 (br, 1H); '*C NMR (126 MHz, CDCls) &
165.9, 148.9, 142.5, 138.6, 137.8, 130.1, 128.7, 128.5, 128.3, 127.40, 127.36, 127.2,
116.8,112.6, 112.2,52.7,47.9, 47.3; HRMS (MALDI-TOF) calcd for C22H20N4ONa
[M+Na]" 379.1535, found 379.1529.

N-Methyl-N,2-diphenyl-2-(2-tosylhydrazineylidene)acetamide (2i)
O
Me\']l NNHTs
Ph  Ph
2ij

TBAF (0.36 mL, 1.0 M in THF, 0.36 mmol, 3.6 eq) was added dropwise to a stirred
solution of azide 1i (26.6 mg, 0.10 mmol) and tosyl hydrazide (93.5 mg, 0.50 mmol,
5.0 eq) in DMSO (0.5 mL, 0.2 M) at 25 °C under a nitrogen atmosphere. The
reaction mixture was diluted with diethyl ether and quenched with a saturated
aqueous sodium bicarbonate solution after stirring for 1 h. The mixture was
extracted three times with ether and was washed with water and brine. The collected
organic layer was dried over anhydrous sodium sulfate. Concentration and
purification by neutral silica gel column chromatography (hexane/ethyl acetate =
5/1 to 2/1) followed by GPC for further purification gave tosyl hydrazone 2i (30.1
mg, 0.0739 mmol, 74%). Recrystallization for X-ray analysis was performed with
hexane/ether by the vapor diffusion method.
Colorless crystal; Ry value 0.27 (hexane/ethyl acetate = 1/1); mp 183—-184 °C; IR
(NaCl, neat) vmax 1640, 1594, 1496, 1389, 1348, 1169, 1082, 915 cm™!; 'H NMR
(500 MHz, CDCl3, major isomer) 6 8.70 (d, 1H, J = 5.0 Hz), 7.84 (d, 2H, J = 8.0
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Hz), 7.27-7.26 (m, 2H), 7.23—7.18 (m, 3H), 7.14-7.07 (m, 5H), 6.936.71 (m, 2H),
3.43 (s, 3H), 2.38 (s, 3H); '*C NMR (126 MHz, CDCl;, major rotamer) & 163.6,
150.9, 144.1, 140.4, 135.2, 132.5, 129.8, 129.6, 129.2, 128.3, 128.1, 128.0, 126.1,
125.8,36.4,21.6; HRMS (ESI) calcd for C22H21N3NaO3S [M+Na]" 430.1201, found
430.1197.

a-Diazo acetophenone (2j)!%%3%)

©)J\¢N2

2j

A total of 10.7 mg of 2j (74%) was obtained from the reaction with azide 1j (16.0
mg, 0.10 mmol), tosyl hydrazide (93.5 mg, 0.50 mmol, 5.0 eq), and pyrrolidine
(21.0 pL, 0.25 mmol, 2.5 eq) in DMSO (0.5 mL, 0.2 M) for 0.5 h followed by
neutral silica gel chromatography (hexane/ethyl acetate = 15/1).

Pale yellow solid; Ry value 0.37 (hexane/ethyl acetate = 3/1); mp 44.6-45.1 °C; IR
(NaCl, neat) vmax 2106, 1613, 1364, 1227 cm '; '"H NMR (500 MHz, CDCls) &
7.77-7.76 (m, 2H), 7.55 (tt, 1H, J = 7.5, 1.5 Hz), 7.47-7.44 (m, 2H), 5.91 (s, 1H);
I3C NMR (126 MHz, CDCl3) & 186.3, 136.6, 132.7, 128.6, 126.7, 54.2; HRMS (CI)
caled for CsH7N20 [M+H]" 147.0558, found 147.0547.

N-(2-Oxo0-2-phenylethyl)benzamide (2j”)
A
Ph
Ph ”/\g/
2

To a stirred solution of azido ketone 1j (16.2 mg, 0.10 mmol) in DMSO (1.0 mL,
0.1 M) was added TBAF (0.22 mL, 1.0 M in THF, 0.22 mmol, 2.2 eq) at 25 °C.
After 15 min, the reaction was quenched with water, and the mixture was extracted
twice with ether. The combined organic layer was washed with brine and dried over
anhydrous sodium sulfate. Concentration and purification by neutral silica gel
column chromatography (hexane/ethyl acetate = 10/1 to 5/1) gave 5.0 mg of
compound 2j’ (42%). Recrystallization for X-ray analysis was performed with
hexane/ethyl acetate by the vapor diffusion method.

Yellow crystal; Ry value 0.27 (hexane/ethyl acetate = 2/1); mp 115-116 °C; IR
(NaCl, neat) vmax 3330, 3061, 2924, 1698, 1645, 1537, 1488, 1225 cm™!; '"H NMR
(500 MHz, CDCl3) ¢ 8.03 (dd, 2H, J = 8.5, 1.0 Hz), 7.88 (dd, 2H, J = 8.0, 1.5 Hz),
7.05 (m, 1H), 7.55-7.51 (m, 3H), 7.47 (dd, 2H, J = 8.0, 6.5 Hz), 7.34 (br, 1H), 4.96
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(d, 2H, J = 4.0 Hz); '3C NMR (126 MHz, CDCls) § 194.2, 167.4, 134.3, 134.2,
133.8, 131.8, 129.0, 128.6, 128.0, 127.1, 46.9; LRMS (EI, M = C5H3NO2) m/z 239
(20%, M"), 211 (18), 134 (20), 105 (100); HRMS (EI) calcd for CisHi13NO, (MY)
239.0946, found 239.0952.

2-Diazo-1-(4-methoxyphenyl)ethan-1-one (2k) !0%:5%
O

MeO

2k

A total of 13.2 mg of 2k (75%) was obtained from azide 1k (19.1 mg, 0.10 mmol),
tosyl hydrazide (93.9 mg, 0.50 mmol, 5.0 eq), and pyrrolidine (21.0 pL, 0.25 mmol,
2.5 eq) in DMSO (0.5 mL, 0.2M) for 3 h followed by neutral silica gel
chromatography (hexane/ethyl acetate = 10/1 to 6/1)

Pale yellow solid; Ry value 0.50 (hexane/ethyl acetate = 1/1); mp 75-76 °C; IR
(NaCl, neat) vmax 3099, 2115, 1611, 1590, 1567, 1388, 1372 cm™!; '"H NMR (500
MHz, CDCl3) 6 7.74 (d, 2H, J = 9.0 Hz), 6.93 (d, 2H, J = 9.0 Hz), 5.85 (s, 1H),
3.87 (s, 3H); '*C NMR (126 MHz, CDCl3) & 185.2, 163.2, 129.4, 128.7, 113.8, 55.4,
53.5; LRMS (EI, M= C9HsN202) m/z 176 (79%, M"), 135 (100), 120 (28), 91 (35),
77 (52); HRMS (EI) calcd for CoHsN202 (M¥) 176.0586, found 176.0589.

1-(4-Bromophenyl)-2-diazoethan-1-one (21) 1%8:3%)

/©)J\¢N2
Br

2|

A total of 13.0 mg of 21 (58%) was obtained from the reaction with azide 11 (17.4
mg, 0.10 mmol), tosyl hydrazide (93.1 mg, 0.50 mmol, 5.0 eq), and pyrrolidine
(21.0 pL, 0.25 mmol, 2.5 eq) in DMSO (0.5 mL, 0.2 M) for 0.5 h followed by
neutral silica gel chromatography (hexane/ethyl acetate = 10/1).

Pale yellow solid; Ry value 0.37 (hexane/ethyl acetate = 3/1); mp 110—111 °C; IR
(KBr, disc) vmax 3115, 2118, 1608, 1590, 1401, 1379, 1070 cm™'; '"H NMR (500
MHz, CDCl3) § 7.63 (d, 2H, J = 8.5 Hz), 7.59 (d, 2H, J = 8.5 Hz), 5.88 (s, 1H); !*C
NMR (126 MHz, CDCl3) 6 185.1, 135.3, 131.9, 128.2, 127.6, 54.4; LRMS (EI, M
= CsHsBrN,O) m/z 226 (42%, M* of 8'Br), 224 (42, M" of "°Br), 185 (55), 183 (56),
89 (100); HRMS (EI) caled for CsHs”?BrN>O (M) 223.9585, found 223.9589.
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2-Diazo-1-phenylpropan-1-one (2m)

P
Me

2m

A total of 10.0 mg of 2m (63%) was obtained from the reaction with azide 1m (17.4
mg, 0.10 mmol), tosyl azide (93.1 mg, 0.50 mmol, 5.0 eq), and pyrrolidine (21.0
pL, 0.25 mmol, 2.5 eq) in DMSO (1.0 mL, 0.1 M) for 0.5 h followed by neutral
silica gel chromatography (hexane/ethyl acetate = 20/1).

Pale yellow oil; Ry value 0.40 (hexane/ethyl acetate = 3/1); IR (NaCl, neat) vmax
2071, 1606, 1344, 1003 cm™!; '"H NMR (500 MHz, CDCl3) & 7.59-7.57 (m, 2H),
7.50—7.47 (m, 1H), 7.44—7.41 (m, 2H), 2.15 (s, 3H); '*C NMR (126 MHz, CDCls)
0 190.2, 137.6, 131.3, 128.5, 127.1, 29.7, 9.5; LRMS (EI, M = C9oHsN>0) m/z 160
(16%, M™), 132 (24), 104 (100), 103 (78), 77 (59), 51 (32); HRMS (EI) calcd for
CoHsN>O (M™) 160.0637, found 160.0631.

4-(Benzyloxy)-1-diazobutan-2-one (2n)
0

/\)1\4'\‘2
BnO

2n

A total of 10.3 mg of 2n (51%) was obtained from the reaction with azide 1n (21.8
mg, 0.10 mmol), tosyl hydrazide (93.5 mg, 0.50 mmol, 5.0 eq), and pyrrolidine
(21.0 puL, 0.25 mmol, 2.5 eq) in DMSO (1.0 mL, 0.1 M) for 4 h followed by neutral
silica gel chromatography (hexane/ethyl acetate = 10/1).

Pale yellow oil; Ry value 0.60 (hexane/ethyl acetate = 1/1); IR (NaCl, neat) vmax
2866, 2104, 1637, 1369, 1322, 1097 cm™!; '"H NMR (500 MHz, CDCl3) § 7.36-7.27
(m, 5H), 5.36 (s, 1H), 4.52 (s, 2H), 3.76 (t, 2H, J = 6.5 Hz), 2.59 (br-s, 2H); 3C
NMR (126 MHz, CDCI3) & 193.0, 137.9, 128.4, 127.68, 127.66, 73.2, 65.8, 55.1,
41.3; HRMS (CI) caled for C11Hi3N202 [M+H]" 205.0977, found 205.0979.

N-(3-Azidopropyl)-2-diazo-N-phenylacetamide (4a)
(0]
N
P
Ph

4a

The following is a 0.10 mmol scale reaction: 20.5 mg of 4a (84%) was obtained
from the reaction with diazide 3a (25.8 mg, 0.10 mmol), tosyl hydrazide (93.8 mg,
0.50 mmol, 5.0 eq), pyrrolidine (42.0 pL, 0.50 mmol, 5.0 eq), and TBAF (0.36 mL,
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1.0 M in THF, 0.36 mmol, 3.6 eq) in DMSO (0.5 mL, 0.2 M) for 1 h followed by
neutral silica gel column chromatography (hexane/ethyl acetate = 8/1 to 5/1).

The following is a 1.0 mmol scale reaction: 219.5 mg of 4a (90%) was obtained
from the reaction with diazide 3a (259.1 mg, 1.0 mmol), tosyl hydrazide (931.9 mg,
5.0 mmol, 5.0 eq), pyrrolidine (0.42 mL, 5.0 mmol, 5.0 eq), and TBAF (3.6 mL,
1.0 M in THF, 3.6 mmol, 3.6 eq) in DMSO (5.0 mL, 0.2M) for 1 h followed by
neutral silica gel column chromatography (hexane/ethyl acetate = 5/1 to 4/1 to 3/1
to 2/1).

Pale yellow oil; Ry value 0.63 (hexane/ethyl acetate= 1/1); IR (NaCl, neat) vmax
2102, 1622, 1592, 1401, 1263 cm™'; '"H NMR (500 MHz, CDCls) & 7.43 (dd, 2H, J
= 8.0, 7.5 Hz), 7.37 (t, 1H, J= 8.0 Hz),7.19 (d, 2H, J = 7.5 Hz), 4.42 (s, 1H), 3.84
(t, 2H, J = 7.0 Hz), 3.36 (t, 2H, J = 6.5 Hz), 1.83 (tt, 2H, J= 7.0, 6.5 Hz); '*C NMR
(126MHz, CDCl3) & 165.9, 141.3, 129.9, 128.3, 128.2, 49.1, 47.4, 46.7, 27.7,
HRMS (CI) caled for Ci1H13N6O [M+H]* 245.1151, found 245.1152.

N-(4-Azidophenyl)-N-benzyl-2-diazoacetamide (4b)
N3 o
JI\¢N2
|
Bn

4b

A total of 23.9 mg of 4b (82%) was obtained from the reaction with diazide 3b
(30.6 mg, 0.10 mmol), tosyl hydrazide (93.6 mg, 0.50 mmol, 5.0 eq), pyrrolidine
(42.0 pL, 0.50 mmol, 5.0 eq), and TBAF (0.36 mL, 1.0 M in THF, 0.36 mmol, 3.6
eq) in DMSO (0.5 mL, 0.2 M) for 1 h followed by neutral silica gel chromatography
(hexane/ethyl acetate = 15/1 to 10/1).

Pale yellow oil; Ry value 0.37 (hexane/ethyl acetate = 3/1); IR (NaCl, neat) vmax
2107, 1623, 1505, 1397, 1294, 1280 cm™!; 'H NMR (500 MHz, CDCl3) § 7.29-7.24
(m, 3H), 7.21-7.19 (m, 2H), 7.00-6.95 (m, 4H), 4.89 (s, 2H), 4.43 (s, 1H); '3C
NMR (126 MHz, CDCl3) 8 165.8, 139.9, 137.8, 137.2, 129.9, 128.6, 128.4, 127.5,
120.0, 52.8, 47.4; LRMS (EI, M = C15H12N6O) m/z 292 (3%, M"), 264 (52), 236
(27), 223 (24), 196 (18), 91 (100), 84 (19); HRMS (EI) calcd for Ci5sHi2NO (M")
292.1073, found 292.1071.
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N-(3-(Azidomethyl)phenyl)-N-benzyl-2-diazoacetamide (4¢)
0
N3 NJI\¢N2
Bn

4c

Atotal of 27.1 mg of 4¢ (89%) was obtained from the reaction with diazide 3¢ (32.1
mg, 0.10 mmol), tosyl hydrazide (93.8 mg, 0.50 mmol, 5.0 eq), pyrrolidine (42.0
pL, 0.50 mmol, 5.0 eq), and TBAF (0.36 mL, 1.0 M in THF, 0.36 mmol, 3.6 eq) in
DMSO (0.5 mL, 0.2 M) for 1 h followed by neutral silica gel chromatography
(hexane/ethyl acetate = 10/1 to 8/1).

Pale yellow oil; Ry value 0.23 (hexane/ethyl acetate = 3/1); IR (NaCl, neat) vmax
2104, 1623, 1397, 706 cm™'; "H NMR (500 MHz, CDCI3) § 7.35 (t, 1H, J = 8.0 Hz),
7.29-7.24 (m, 4H), 7.23-7.21 (m, 2H), 7.00—-6.98 (m, 2H), 4.93 (s, 2H), 4.44 (s,
1H), 4.29 (s, 2H); *C NMR (126 MHz, CDCl3) § 165.7, 141.9, 137.3, 137.1, 130.1,
128.6, 128.5, 128.3, 128.1, 127.9, 127.5, 54.0, 52.9, 47.6; HRMS (CI) calcd for
Ci6H15N6O [M+H]" 307.1307, found 307.1304.

2-Azido-N-benzyl-N-(3-(N-benzyl-2-diazoacetamido)phenyl)-propanamide (4d)
O
N
Me I|3n én

4d

A total of 23.1 mg of 4d (51%) was obtained from the reaction with diazide 3d
(46.9 mg, 0.10 mmol), tosyl hydrazide (93.5 mg, 0.50 mmol, 5.0 eq), pyrrolidine
(42.0 pL, 0.50 mmol, 5.0 eq), and TBAF (0.36 mL, 1.0 M in THF, 0.36 mmol, 3.6
eq) in DMSO (0.5 mL, 0.2 M) for 1 h followed by neutral silica gel column
chromatography (hexane/ethyl acetate = 10/1 to 4/1) and GPC for further
purification.

Pale yellow oil; Ry value 0.67 (hexane/ethyl acetate = 1/1); IR (NaCl, neat) vmax
2107, 1665, 1595, 1395, 702 cm™'; 'H NMR (500 MHz, CDCl;) § 7.36 (t, 1H, J =
7.5 Hz), 7.25-7.22 (m, 6H), 7.10—7.03 (m, 6H), 6.40 (s, 1H), 4.94-4.75 (m, 4H),
3.90 (s, 1H), 3.25(q, 1H, J=6.0 Hz), 1.29 (d, 3H, J= 6.0 Hz); '*C NMR (126 MHz,
CDCl3) o 169.9, 165.3, 142.2, 141.2, 136.7, 136.1, 130.9, 129.4, 129.0, 128.6,
128.5, 128.0, 127.8, 127.7, 127.5, 54.1, 53.0, 52.4, 47.4, 16.3; HRMS (ESI) calcd
for C2sH23N7NaO> [M+Na]" 476.1811,found 476.1804.
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2-Azido-N-benzyl-N-(4-(2-diazoacetyl)phenyl)acetamide (4e)

(o]
J
'Tl 3
Bn

e

A total of 21.5 mg of 4e (65%) as a pale yellow oil was obtained from the reaction
with diazide 3e (34.8 mg, 0.10 mmol), tosyl hydrazide (93.5 mg, 0.50 mmol, 5.0
eq), and pyrrolidine (21.0 puL, 0.25 mmol, 2.5 eq) in DMSO (0.5 mL, 0.2 M) for 0.5
h followed by neutral silica gel column chromatography (hexane/ethyl acetate =
2/1). Solid 4e was obtained after storage in a refrigerator. Recrystallization for X-
ray analysis was performed with hexane/ethyl acetate by the vapor diffusion method.
Pale yellow solid; Ry value 0.37 (hexane/ethyl acetate = 1/1); mp 65— 66 °C; IR
(NaCl, neat) vmax 2105, 1671, 1602, 1361 cm™'; '"H NMR (500 MHz, CDCl;) § 7.74
(d, 2H, J = 8.0 Hz), 7.28=7.26 (m, 3H), 7.17 (dd, 2H, J = 4.0, 3.5 Hz), 7.06 (d, 2H,
J=17.5Hz), 5.87 (s, 1H), 4.91 (s, 2H), 3.60 (s, 2H); '*C NMR (126 MHz, CDCl;)
0 184.7, 166.9, 144.0, 136.6, 136.0, 128.9, 128.6, 128.5, 128.3, 127.9, 54.8, 53.3,
50.9; LRMS (EI, M= C17H14N602) m/z 334 (18%, M"), 250 (21), 222 (27), 187 (28),
174 (62), 118 (71), 91 (100); HRMS (EI) calcd for Ci7H14N¢O2 (M") 334.1178,
found 334.1177.

N-(4-Azidophenyl)-N-(2-(3-azidopropoxy)benzyl)-2-diazoacetamide (6a)

N3 o
T S
N
©i)/\/\N3

6a

Atotal of 30.6 mg of 6a (78%) was obtained from triazide 5a (40.6 mg, 0.10 mmol),
tosyl hydrazide (93.7 mg, 0.50 mmol, 5.0 eq), pyrrolidine (42.0 puL, 0.50 mmol, 5.0
eq), and TBAF (0.36 mL, 1.0 M in THF, 0.36 mmol, 3.6 eq) in DMSO (0.5 mL, 0.2
M) for 1 h followed by neutral silica gel chromatography (hexane/ethyl acetate =
10/1 to 8/1 to 6/1).

Pale yellow oil; Ry value 0.77 (hexane/ethyl acetate = 1/1); IR (NaCl, neat) vmax
2103, 1623, 1505, 1396, 1287, 1244 cm™'; 'H NMR (500 MHz, CDCIls) §
7.26—7.25(m, 1H), 7.20 (ddd, 1H, J = 8.0, 8.0, 1.5 Hz), 7.02 (d, 2H, J = 8.5 Hz),
6.94 (d, 2H, J = 8.5 Hz), 6.89 (dd, 1H, J= 7.5, 7.5 Hz), 6.78 (d, 1H, J = 8.0 Hz),
4.96 (s, 2H), 4.44 (s, 1H), 3.91 (t, 2H, J = 6.0 Hz), 3.38 (t, 2H, J = 7.0 Hz), 1.89
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(tt, 2H, J = 7.5, 6.0 Hz); >*C NMR (126 MHz, CDCl3) § 165.6, 156.3, 139.8, 138.2,
130.4, 129.8, 128.8, 125.2, 120.8, 119.8, 110.9, 64.2, 48.0, 47.4, 47.3, 28.7; LRMS
(E1, M = C15H17NoO2) m/z 391 (9%, M"), 363 (42), 335 (26), 162 (24), 134 (100),
105 (45); HRMS (EI) caled for CisH17NoO> (M) 391.1505, found 391.1503.

2-Azido-N-(6-azidohexyl)-N-(3-(2-diazoacetyl)phenyl)acetamide (6b)

N

o

o]
N
N)J\/ 3
N3\/\/\)

6b

A total of 124.5 mg of 6b (51%) was obtained from the reaction with triazide Sb
(253.1 mg, 0.658 mmol), tosyl hydrazide (613.0 mg, 3.29 mmol, 5.0 eq), and
pyrrolidine (137.5 pL, 1.65 mmol, 2.5 eq) in DMSO (6.6 mL, 0.1 M) for 15 min
followed by neutral silica gel column chromatography (hexane/ethyl acetate = 3/1
to 2/1).

Pale yellow oil; Ry value 0.4 (hexane/ethyl acetate = 1/1); IR (NaCl, neat) vmax 2105,
1670, 1578, 1362 cm !'; 'H NMR (500 MHz, CDCl3) § 7.72 (d, 1H, J = 7.5 Hz),
7.63 (s, 1H), 7.55 (dd, 1H, J= 7.0, 7.0 Hz), 7.35 (d, 1H, J = 8.0 Hz), 5.92 (s, 1H),
3.73 (t, 2H, J = 7.5 Hz), 3.54 (s, 2H), 3.24 (t, 2H, J = 6.5 Hz), 1.60—1.50 (m, 4H),
1.40-1.31 (m, 4H); '*C NMR (126 MHz, CDCl3) § 184.5, 166.9, 141.3, 138.6, 132.0,
130.5, 126.7, 126.3, 55.0, 51.2, 50.9, 49.6, 28.7, 27.4, 26.3, 26.2; HRMS (ESI)
caled for CisHi9NoNaO> [M+Na]® 392.1559, found 392.1556.

6-3 Synthesis of Oximes

NOTE: Stereochemistry of oximes (£/Z) was not determined. However, the
products were obtained as a single stereoisomer unless otherwise noted. The
chloroform-d should be passed through alumina prior to NMR experiments,

otherwise the products isomerized to E/Z mixtures.

General Procedure for Synthesis of Oximes
From amides: TBAF (3.2 eq, 1.0 M in THF) was added to a stirred solution of a-
azido amide (1.0 eq) and hydroxylammonium chloride (1.2 eq) in DMSO (0.1 M
based on azido substrate) at 25 °C (set by water bath) under the nitrogen gas
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atmosphere. After completion of the reaction checked by TLC, the mixture was
diluted with ether and quenched with water. The solution was extracted three times
with ether, and was washed with water and brine. The collected organic layer was
dried over anhydrous sodium sulfate. Concentration and purification by flash
neutral silica gel column chromatography gave the oxime product.

From ketones: TBAF (1.8 eq, 1.0 M in THF) was added dropwise to a stirred
solution of a-azido ketone (1.0 eq) and hydroxylammonium chloride (1.2 eq) in
DMSO (0.1 M based on azido substrate) at 25 °C (set by water bath) under the
nitrogen gas atmosphere. After completion of the reaction checked by TLC, the
mixture was diluted with ether and quenched with water. The solution was extracted
three times with ether, and was washed with water and brine. The collected organic
layer was dried over anhydrous sodium sulfate. Concentration and purification by

flash neutral silica gel column chromatography gave the oxime product.

2-(Hydroxyimino)-N-methyl-N-phenylacetamide (7a)
0
Me\NJJ\¢NOH
P

7a

A total of 16.1 mg of 7a (91%) was obtained from the reaction with azide 1a (19.0
mg, 0.10 mmol), hydroxylammonium chloride (8.3 mg, 0.12 mmol, 1.2 eq), and
TBAF (0.32 mL, 1.0 M in THF, 0.32 mmol, 3.2 eq) in DMSO (1.0 mL, 1.0 M) for
1 h followed by neutral silica gel chromatography (hexane/ethyl acetate = 10/1 to
3/1to 1/1 to 1/2).

White solid; Ry value 0.20 (hexane/ethyl acetate = 1/1); mp 168—170 °C; IR (NaCl,
neat) vmax 3165, 1654, 1590, 1474, 1389, 1065 cm™!; '"H NMR (500 MHz, CDCls) §
10.2 (s, 1H), 7.48 (s, 1H), 7.43 (dd, 2H, J= 7.5, 7.5 Hz), 7.37 (t, 1H, J = 7.3 Hz),
7.19 (d, 2H, J = 7.5 Hz), 3.38 (s, 3H); '*C NMR (126 MHz, CDCl;) & 161.5, 142.2,
141.8, 130.0, 128.3, 127.0, 37.5; LRMS (EI, M = C9Hi9N202) m/z 178 (69%, M"),
161 (70), 106 (100); HRMS (EI) caled for CoH;oN202 (M") 178.0742, found
178.0736.

N-Benzyl-2-(hydroxyimino)-N-phenylacetamide (7b)
0O
Bn\N)j\éNOH
P

7b

A total of 25.1 mg of 7b (99%) was obtained from the reaction with azide 1b (26.5
=65 -



mg, 0.10 mmol), hydroxylammonium chloride (8.3 mg, 0.12 mmol, 1.2 eq), and
TBAF (0.27 mL, 1.0 M in THF, 0.27 mmol, 2.7 eq) in DMSO (1.0 mL, 1.0 M) for
1 h followed by neutral silica gel chromatography (hexane/ethyl acetate = 10/1 to
3/1to 1/1).

Colorless amorphous solid; Ry value 0.4 (hexane/ethyl acetate = 1/1); IR (NaCl,
neat) vmax 3298, 3063, 1656, 1593, 1495, 1454, 1253 cm!'; '"H NMR (500 MHz,
CDCl3) 6 7.45 (s, 1H), 7.34-7.32 (m, 3H), 7.26-7.24 (m, 3H), 7.21-7.19 (m, 2H),
6.99-6.47 (m, 2H), 4.98 (s, 2H); '*C NMR (126 MHz, CDCl3) 8 161.3, 142.4, 140.1,
136.3, 129.8, 128.9, 128.5, 128.4, 128.2, 127.6, 53.1; HRMS (CI) calecd for
CisHisN2O2 [M+H]" 255.1134, found 255.1140.

N,N-Dibenzyl-2-(hydroxyimino)acetamide (7c)
0
Bn\N)]\éNOH
Bn

7c

A total of 25.8 mg of 7¢ (96%) was obtained from the reaction with azide 1c¢ (28.0
mg, 0.10 mmol), hydroxylammonium chloride (8.3 mg, 0.12 mmol, 1.2 eq), and
TBAF (0.32 mL, 1.0 M in THF, 0.32 mmol, 3.2 eq) in DMSO (1.0 mL, 1.0 M) for
1 h followed by neutral silica gel chromatography (hexane/ethyl acetate = 10/1 to
3/1).

White amorphous solid; Ry value 0.53 (hexane/ethyl acetate = 1/1); IR (NaCl, neat)
vmax 3061, 3030, 2925, 1644, 1604, 1496, 1454 cm™'; '"H NMR (500 MHz, CDCl3)
0 7.92 (s, 1H), 7.38-7.26 (m, 7H), 7.26-7.18 (m, 3H), 4.60 (s, 2H), 4.59 (s, 2H);
13C NMR (126 MHz, CDCl;) & 163.0, 143.4, 136.1, 135.8, 128.9, 128.7, 128.5,
127.9,127.7, 127.0, 50.0, 48.0; HRMS (CI) caled for C1sH17N20> [M+H]" 269.1290,
found 269.1295.

N-Benzyl-2-(hydroxyimino)-N-(3-(hydroxymethyl)phenyl)acetamide (7e)
O
HO N)J\éNOH
Bn

7e
A total of 25.5 mg of 7e (90%) as single isomer was obtained from the reaction
with azide 1e (29.5 mg, 0.10 mmol), hydroxylammonium chloride (8.3 mg, 0.12
mmol, 1.2 eq), and TBAF (0.32 mL, 1.0 M in THF, 0.32 mmol, 3.2 eq) in DMSO
(1.0 mL, 1.0 M) for 1 h followed by neutral silica gel chromatography (hexane/ethyl
acetate = 2/1 to 1/1 to 1/2 with 2% methanol).
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White powder; Ry value 0.3 (hexane/ethyl acetate = 1/2); mp 137-138 °C; IR (NaCl,
neat) vmax 2870, 1655, 1602, 1586, 1453 cm™'; 'H NMR (500 MHz, CD30D) § 7.36—
7.32 (m, 3H), 7.28-7.20 (m, 5H), 7.14 (s, 1H), 6.95-6.94 (m, 1H), 5.01 (s, 2H),
4.56 (s, 2H); *C NMR (126 MHz, CD;0D) & 163.9, 145.2, 143.0, 141.7, 138.0,
130.7, 129.7, 129.5, 128.7, 128.2, 127.9, 127.4, 64.3, 54.0; HRMS (CI) calcd for
Ci6H17N203 [M+H]" 285.1239, found 285.1230.

N-Benzyl-2-(hydroxyimino)-N-(3-((methoxymethoxy)methyl)phenyl)acetamide

(71)
0
MOMO NJ\¢N0H
B

7f
A total of 31.5 mg of 7f (96%, ratio of isomers = 6.3 : 1 based on 'H NMR) as

isomeric mixture was obtained from the reaction with azide 1f (34.0 mg, 0.10
mmol), hydroxylammonium chloride (8.3 mg, 0.12 mmol, 1.2 eq), and TBAF (0.32
mL, 1.0 M in THF, 0.32 mmol, 3.2 eq) in DMSO (1.0 mL, 1.0 M) for 1 h followed
by neutral silica gel chromatography (hexane/ethyl acetate = 6/1 to 2/1 to 1/2).
Colorless amorphous solid; Ry value 0.33 (hexane/ethyl acetate = 1/1); IR (NaCl,
neat) vmax 3316, 2935, 2887, 1660, 1453, 1047 cm™!; 'H NMR (500 MHz, CDCl3)
peaks from major isomer are listed. 6 7.45 (s, 1H), 7.30 (d, 2H, J = 5.0 Hz), 7.26—
7.18 (m, 5H), 7.02 (s, 1H), 6.88 (m, 1H), 4.97 (s, 2H), 4.65 (s, 2H), 4.53 (s, 2H),
3.36 (s, 3H); '*C NMR (126 MHz, CDCl;) Peaks from major isomer are listed. §
161.5, 142.1, 140.2, 140.1, 136.3, 129.7, 128.9, 128.4, 127.6, 127.4, 127.1, 95.7,
68.1, 55.4, 53.1; LRMS (EI, M = C138H20N204) m/z 328 (2%, M"), 311 (9), 194 (16),
91 (100); HRMS (EI) caled for CigH20N2,04 (M") 328.1423, found 328.1427.

N-Benzyl-N-(3-(benzylamino)phenyl)-2-(hydroxyimino)acetamide (7g)

Q\ I
H )J\/NOH
\N ,Tl =

Bn

I
Bn

79
A total of 34.4 mg of 7g (96%, isomeric ratio = 4.9 : 1 based on '"H NMR) as
isomeric mixture was obtained from the reaction with azide 1g (37.0 mg, 0.10
mmol), hydroxylammonium chloride (8.3 mg, 0.12 mmol, 1.2 eq), and TBAF (0.32
mL, 1.0 M in THF, 0.32 mmol, 3.2 eq) in DMSO (1.0 mL, 1.0 M) for 2 h followed
by neutral silica gel chromatography (hexane/ethyl acetate = 5/1 to 3/1 to 2/1 to
1/1).
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Yellow amorphous solid; Ry value 0.3 (hexane/ethyl acetate = 1/1); IR (NaCl, neat)
vmax 3354, 3061, 6029, 1656, 1602, 1495, 1453 cm™'; 'H NMR (500 MHz, CDCls)
Peaks from major isomer are listed. & 10.7 (br, 1H), 7.54 (s, 1H), 7.35 (dd, 2H, J =
7.5, 6.5 Hz), 7.31-7.26 (m, 3H), 7.25-7.19 (m, 5H), 7.07 (dd, 1H, J = 8.0, 8.0 Hz),
6.54 (dd, 1H, J=8.0, 1.5 Hz), 6.30 (d, 1H, J= 6.5 Hz), 6.20 (s, 1H), 4.90 (s, 2H),
4.20 (s, 2H); '3C NMR (126 MHz, CDCls) Peaks from major isomer are listed. §
161.4,149.1,142.4, 141.4, 138.4,136.7, 130.3, 128.9, 128.7, 128.3, 127.45, 127.42,
127.39, 116.7, 112.9, 111.9, 52.9, 47.9; HRMS (MALDI-TOF) calcd for
C22H21N302Na [M+Na]" 382.1531, found 382.1526.

2-(Hydroxyimino)-N-methyl-N,2-diphenylacetamide (7i)
0
Me. NOH
I
Ph  Ph

7i

Total of 23.2 mg of 7i (91%) was obtained from the reaction with azide 1i (26.6
mg, 0.10 mmol), hydroxylammonium chloride (8.3 mg, 0.12 mmol, 1.2 eq), and
TBAF (0.32 mL, 1.0 M in THF, 0.32 mmol, 3.2 eq) in DMSO (1.0 mL, 0.1 M) for
2 h. However in this case, the reaction mixture was diluted with diethyl ether and
quenched with saturated aqueous solution of sodium bicarbonate. This quenching
method was important to prevent the generation of hydrolyzed material of oxime
7i. The mixture were extracted three times with ether and was washed with water
and brine. The collected organic layer was dried over anhydrous sodium sulfate.
Concentration and purification by neutral silica gel column chromatography
(hexane/ethyl acetate = 5/1 to 2/1 with 1% of triethylamine) afforded the product
as above.

Colorless oil; Ry value 0.4 (hexane/ethyl acetate = 1/1); IR (NaCl, neat) vmax 3238,
3061, 1649, 1594, 1496 cm™'; '"H NMR (500 MHz, CDCI3) § 9.60 (br, 1H), 7.66 (br,
1H), 7.55-7.41 (m, 2H), 7.40 (dd, 1H, J = 7.5, 7.0 Hz), 7.33 (dd, 1H, J=7.5, 7.5
Hz), 7.20-7.15 (m, 3H), 7.01 (br, 2H), 3.45 (s, 3H); '*C NMR (126 MHz, CDCls3) §
173.3, 167.8, 141.8, 134.9, 131.1, 129.4, 129.3, 128.4, 127.8, 127.3, 126.5, 36.7;
HRMS (EI) caled for CisHi14N202 (M7) 254.1055, found 254.1055.

2-Oxo0-2-phenylacetaldehyde oxime (7j)
0

: Il _NoH

7j
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A total of 11.9 mg of 7j (80%) was obtained from the reaction with azide 1j (16.1
mg, 0.10 mmol), hydroxylammonium chloride (8.3 mg, 0.12 mmol, 1.2 eq), and
TBAF (0.18 mL, 1.0 M in THF, 0.18 mmol, 1.8 eq) in DMSO (1.0 mL, 1.0 M) for
1 h followed by neutral silica gel chromatography (hexane/ethyl acetate = 15/1 to
8/1).

Yellow powder; Ry value 0.60 (hexane/ethyl acetate = 1/1); mp 124-125 °C; IR
(NaCl, neat) vmax 3272, 2893, 1676, 1594, 1460, 1240 cm™'; '"H NMR (500 MHz,
CDCl3) ¢ 8.09-8.03 (m, 4H), 7.61 (t, 1H, J = 7.3 Hz), 7.48 (dd, 2H, J = 8.0, 8.0
Hz); '*C NMR (126 MHz, CDCls) 6 188.6, 148.4, 135.7, 133.7,129.9, 128.5; LRMS
(EI, M = CgH7NO>) m/z 149 (36%, M"), 105 (100), 77 (63); HRMS (EI) calcd for
CsH7NO> [M'] 149.0477, found 149.0475.

2-(4-Methoxyphenyl)-2-oxoacetaldehyde oxime (7k)
0

MeO

7k

A total of 15.3 mg of 7k (86%) was obtained from the reaction with azide 1k (19.0
mg, 0.10 mmol), hydroxylammonium chloride (8.3 mg, 0.12 mmol, 1.2 eq), and
TBAF (0.18 mL, 1.0 M in THF, 0.18 mmol, 1.8 eq) in DMSO (1.0 mL, 1.0 M) for
5 h followed by neutral silica gel chromatography (hexane/ethyl acetate = 10/1 to
5/1).

Yellow powder; Ry value 0.50 (hexane/ethyl acetate = 1/1); mp 119-121 °C; IR
(NaCl, neat) vmax 3225, 3176, 3044, 2984, 1597, 1571, 1259 cm !; '"H NMR (500
MHz, CDCl3) 8 8.56 (s, 1H), 8.09-8.05 (m, 3H), 6.95 (d, 2H, J = 8.5 Hz), 3.89 (s,
3H); '*C NMR (126 MHz, CDCl3) & 186.6, 164.1, 148.7, 132.4, 128.6, 113.8, 55.5;
LRMS (EI, M = C9H9NO3) m/z 179 (28%, M), 135 (100%); HRMS (EI) calcd for
CoHoNO3 [M*] 179.0582, found 179.0582.

2-(4-Bromophenyl)-2-oxoacetaldehyde oxime (71)
O

Br

71
A total of 14.9 mg of 71 (65%) was obtained from the reaction with azide 11 (24.0
mg, 0.10 mmol), hydroxylammonium chloride (8.3 mg, 0.12 mmol, 1.2 eq), and
TBAF (0.18 mL, 1.0 M in THF, 0.18 mmol, 1.8 eq) in DMSO (1.0 mL, 1.0 M) for
1 h followed by neutral silica gel chromatography (hexane/ethyl acetate = 15/1 to
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8/1).

Pale yellow powder; Ry value 0.5 (hexane/ethyl acetate = 2/1); mp 155-156 °C; IR
(KBr, disc) vmax 3242, 3092, 1673, 1583, 1248 cm™!; '"H NMR (500 MHz, CDCls) &
7.97 (s, 1H), 7.95 (d, 2H, J=9.0 Hz), 7.62 (d, 2H, J=9.0 Hz); '*C NMR (126 MHz,
CDCl3) 6 187.6, 148.9, 134.3, 131.7, 131.5, 129.0; LRMS (EI, M = CgHsBrNO>)
m/z 229 (23%, M* of 81Br), 227 (24, M" of "’Br), 185 (96), 183 (100), 157 (37),
155 (37), 84 (84); HRMS (EI) caled for CsH¢?BrNO> (M™) 226.9582, found
226.9588.

2-(Hydroxyimino)-1-phenylpropan-1-one (7m)
0]

NOH
Me

7m

Atotal of 11.8 mg of 7m (73%) was obtained from the reaction with azide 1m (17.4
mg, 0.10 mmol), hydroxylammonium chloride (8.3 mg, 0.12 mmol, 1.2 eq), and
TBAF (0.18 mL, 1.0 M in THF, 0.18 mmol, 1.8 eq) in DMSO (1.0 mL, 1.0 M) for
1 h followed by neutral silica gel chromatography (hexane/ethyl acetate = 15/1 to
8/1).

White solid; Ry value 0.50 (hexane/ethyl acetate = 2/1); mp 113—-114 °C; IR (NaCl,
neat) vmax 3252, 2925, 1661, 1447, 1365, 1000 cm™!; '"H NMR (500 MHz, CDCls) §
8.43 (s, 1H), 7.89 (d, 2H, J = 7.0 Hz), 7.57 (t, 1H, J = 7.5 Hz), 7.45 (dd, 2H, J =
7.0, 7.5 Hz), 2.17 (s, 3H); '*C NMR (126 MHz, CDCl3) 6 191.8, 156.9, 136.3, 132.8,
130.2, 128.2, 10.2; LRMS (EI, M = CoHoNO2) m/z 163 (30%, M™), 105 (100), 77
(78); HRMS (EI) caled for CoHoNO> (M") 163.0633, found 163.0624.

4-(Benzyloxy)-2-oxobutanal oxime (7n)
O

NOH
Bno/\)l\¢

7n

A total of 11.2 mg of 7n (54%) was obtained from the reaction with azide 1n (21.9
mg, 0.10 mmol), hydroxylammonium chloride (8.3 mg, 0.12 mmol, 1.2 eq), and
TBAF (0.20 mL, 1.0 M in THF, 0.20 mmol, 2.0 eq) in DMSO (1.0 mL, 1.0 M) for
2 h followed by neutral silica gel chromatography (hexane/ethyl acetate = 10/1 to
6/1).

Colorless oil; Ry value 0.33 (hexane/ethyl acetate = 2/1); IR (NaCl, neat) vmax 3270,
3209, 3061, 2871, 1684, 1454 cm™'; '"H NMR (500 MHz, CDCls) § 9.64 (br, 1H),
7.56 (s, 1H), 7.37-7.31 (m, 5H), 4.58 (s, 2H), 3.87 (t, 2H, J = 7.0 Hz), 3.22 (m,

- 70 -



2H); *C NMR (126 MHz, CDCls) & 196.6, 149.0, 137.0, 128.5, 128.1, 73.6, 65.0,
38.0; HRMS (ESI) caled for C11H12NO; [M—-H]™ 206.0817, found 206.0812.

N-(3-Azidopropyl)-2-(hydroxyimino)-N-phenylacetamide (8a)

o
NOH
N3/\/\l?)j\é
Ph
8a

A total of 22.7 mg of 8a (92%) as single isomer was obtained from the reaction
with diazide 3a (25.9 mg, 0.10 mmol), hydroxylammonium chloride (8.3 mg, 0.12
mmol, 1.2 eq), and TBAF (0.32 mL, 1.0 M in THF, 0.32 mmol, 3.2 eq) in DMSO
(1.0 mL, 1.0 M) for 1 h followed by neutral silica gel chromatography (hexane/ethyl
acetate = 5/1 to 1/1).

White solid; Ry value 0.15 (hexane/ethyl acetate = 1/1); mp 98-100 °C; IR (NaCl,
neat) vmax 3260, 2936, 2098, 1659, 1593, 1493, 1254 cm!; '"H NMR (500 MHz,
CDCI3) 6 10.35 (s, 1H), 7.45-7.37 (m, 4H), 7.16 (d, 2H, J= 7.5 Hz), 3.87 (t, 2H, J
= 7.5 Hz), 3.34 (t, 2H, J = 7.0 Hz), 1.85 (tt, 2H, J = 7.5, 7.0 Hz); '*C NMR (126
MHz, CDCl3) 6 161.4, 142.2, 140.2, 130.1, 128.6, 127.8, 49.0, 47.2, 27.0; LRMS
(EI, M = C11H3N502) m/z 247 (5%, M"), 164 (26), 147 (21), 119 (28), 106 (100);
HRMS (EI) calcd for Ci1Hi3NsO2 [M7] 247.1069, found 247.1078.

N-(4-Azidophenyl)-N-benzyl-2-(hydroxyimino)acetamide (8b)

N
3 0
JI\¢NOH
\
Bn

8b

A total of 27.4 mg of 8b (93%) was obtained from the reaction with diazide 3b
(30.6 mg, 0.10 mmol), hydroxylammonium chloride (8.3 mg, 0.12 mmol, 1.2 eq),
and TBAF (0.32 mL, 1.0 M in THF, 0.32 mmol, 3.2 eq) in DMSO (1.0 mL, 1.0 M)
for 1 h followed by neutral silica gel chromatography (hexane/ethyl acetate = 6/1
to 3/1 to 1/1).

Pale yellow amorphous solid; Ry value 0.43 (hexane/ethyl acetate = 1/1); IR (NaCl,
neat) vmax 3298, 3063, 2930, 2122, 1663, 1505, 1298, 1280 cm™'; '"H NMR (500
MHz, CDCl3) & 7.44 (s, 1H), 7.26-7.25 (m, 3H), 7.19 (dd, 2H, J = 7.5, 3.5 Hz),
6.99-6.94 (m, 4H), 4.96 (s, 2H); '*C NMR (126 MHz, CDCl3) § 161.3, 142.5, 140.4,
136.6, 136.1, 129.7, 129.0, 128.6, 127.8, 120.2, 53.1; LRMS (EI, M = C15H13N502)
m/z 295 (2%, M), 282 (9), 267 (38), 223 (11), 91 (100); HRMS (EI) calcd for
CisHi3Ns502 (M") 295.1069, found 295.1078.
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N-(3-(Azidomethyl)phenyl)-N-benzyl-2-(hydroxyimino)acetamide (8c¢)

(0]
Nj JI\¢NOH
I
Bn

8c

A total 0f 28.9 mg of 8¢ (94%) was obtained from the reaction with diazide 3¢ (32.0
mg, 0.10 mmol), hydroxylammonium chloride (8.3 mg, 0.12 mmol, 1.2 eq), and
TBAF (0.32 mL, 1.0 M in THF, 0.32 mmol, 3.2 eq) in DMSO (1.0 mL, 1.0 M) for
I h followed by neutral silica gel chromatography (hexane/ethyl acetate = 5/1 to
3/1 to 1/1).

Colorless amorphous solid; Ry value 0.43 (hexane/ethyl acetate = 1/1); IR (NaCl,
neat) vmax 3298, 3062, 2932, 2101, 1656, 1451, 1258 cm™'; '"H NMR (500 MHz,
CDCI3) 6 10.4 (br, 1H), 7.44 (s, 1H), 7.35 (dd, 1H, J= 8.5, 7.5 Hz), 7.29-7.26 (m,
3H), 7.26-7.24 (m, 2H), 7.20-7.15 (m, 2H), 6.95-6.94 (m, 2H); *C NMR (126 MHz,
CDCl3) & 161.3, 142.2, 140.6, 137.4, 136.1, 130.2, 128.9, 128.51, 128.46, 128.14,
128.11, 127.77, 127.67, 53.8, 53.1; LRMS (EI, M = C16sHi5N502) m/z 309 (7%, M™),
292 (20), 237 (19), 209 (30), 91 (100); HRMS (EI) calcd for CicHisNsO2 (M")
309.1226, found 309.1225.

2-Azido-N-benzyl-N-(4-(2-(hydroxyimino)acetyl)phenyl)acetamide (8e)
0

0
J
l}l 3
Bn

8e

Atotal of21.8 mg of 8e (65%) was obtained from the reaction with diazide 3e (34.9
mg, 0.10 mmol), hydroxylammonium chloride (8.3 mg, 0.12 mmol, 1.2 eq), and
TBAF (0.18 mL, 1.0 M in THF, 0.18 mmol, 1.8 eq) in DMSO (1.0 mL, 1.0 M) for
1 h followed by neutral silica gel chromatography (hexane/ethyl acetate = 10/1 to
6/1 to 2/1).

Yellow oil; Ry value 0.55 (hexane/ethyl acetate = 1/1); IR (NaCl, neat) vmax 3282,
3060, 2107, 1657, 1600, 1426, 1260 cm™'; 'H NMR (500 MHz, CDCls) § 9.38 (br,
1H), 8.06 (d, 2H, J = 8.5 Hz), 7.96 (s, 1H), 7.26-7.25 (m, 3H), 7.17-7.15 (m, 2H),
7.06 (d, 2H, J = 8.0 Hz), 4.92 (s, 2H), 3.62 (s, 2H); '*C NMR (126 MHz, CDCl;) &
188.1, 167.5, 148.4, 144.0, 135.8, 135.5, 131.8, 128.7, 128.6, 127.9, 127.8, 53.3,
50.9; HRMS (CI) caled for C17H1sNsOs [M+H]" 338.1253, found 338.1255.
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N-(4-Azidophenyl)-N-(2-(3-azidopropoxy)benzyl)-2-(hydroxyimino)acetamide

(9a)
_NOH
N
©50/\/\N3

9a

A total of 33.0 mg of 9a (84%) was obtained from the reaction with triazide Sa
(40.6 mg, 0.10 mmol), hydroxylammonium chloride (8.3 mg, 0.12 mmol, 1.2 eq),
and TBAF (0.32 mL, 1.0 M in THF, 0.32 mmol, 3.2 eq) in DMSO (1.0 mL, 1.0 M)
for 1 h followed by neutral silica gel chromatography (hexane/ethyl acetate = 6/1
to 3/1 to 2/1 to 1/1).

Pale yellow amorphous solid; Ry value 0.3 (hexane/ethyl acetate = 1/1); IR (NaCl,
neat) vmax 2932, 2877, 2099, 1663, 1505, 1297, 1247 cm™!; '"H NMR (500 MHz,
CDCI3) 6 10.0 (br, 1H), 7.43 (s, 1H), 7.21 (dd, 1H, J= 7.5, 7.0 Hz), 7.17 (d, 1H, J
= 7.5 Hz), 6.97-6.93 (m, 4H), 6.85 (dd, 1H, J = 7.5, 7.5 Hz), 6.78 (d, 1H, J = 8.0
Hz), 5.03 (s, 2H), 3.91 (t, 2H, J = 5.5 Hz), 3.40 (t, 2H, J = 6.5 Hz), 1.89 (t, 2H, J
= 6.5, 6.0 Hz); '*C NMR (126 MHz, CDCl3) § 161.1, 156.5, 142.5, 140.2, 136.7,
130.9, 129.7, 129.2, 124.0, 120.8, 119.9, 110.9, 64.2, 48.0, 47.6, 28.6; LRMS (EI,
M = C13H13NgO3) m/z 394 (2%, M), 366 (9), 162 (23), 134 (100), 105 (35); HRMS
(ET) caled for CigHisNsO3 (M") 394.1502, found 194.1505.

2-Azido-N-(6-azidohexyl)-N-(3-(2-(hydroxyimino)acetyl)phenyl)acetamide (9b)

NOH

l_o

(0]
N
NJJ\/ 3
N3\/\/\)

9b

A total of 1.12 g of 9b (65%) as single isomer was obtained from the reaction with
triazide Sb (1.78 g, 4.64 mmol), hydroxylammonium chloride (387.4 mg, 5.57
mmol, 1.2 eq), and TBAF (8.4 mL, 1.0 M in THF, 8.40 mmol, 1.8 eq) in DMSO (46
mL, 1.0 M) for 1 h followed by neutral silica gel chromatography (hexane/ethyl
acetate = 4/1 to 3/1). Recrystallization for X-ray analysis was performed with
hexane/dichloromethane.

Pale yellow solid; Ry value 0.2 (hexane/ethyl acetate = 2/1); mp 85-86 °C; IR (NaCl,
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neat) vmax 3265, 2935, 2861, 2105, 1655, 1444, 1256 cm™!; 'H NMR (500 MHz,
CDCl3) 3 10.1 (s, 1H), 8.05 (d, 1H, J = 8.0 Hz), 7.98 (s, 1H), 7.95 (s, 1H), 7.59 (dd,
1H, J= 8.5, 7.0 Hz), 7.42-7.40 (m, 1H), 3.76 (t, 2H, J = 7.5 Hz), 3.66 (s, 2H), 3.26
(t,2H, J = 7.0 Hz), 1.55 (tt, 4H, J = 7.0, 7.0 Hz), 1.40-1.32 (m, 4H); '3C NMR (126
MHz, CDCl3) 5 188.0, 167.6, 149.0, 139.8, 137.6, 131.9, 130.7, 130.4, 130.0, 51.5,
51.3, 49.7, 28.6, 27.2, 26.3, 26.1; HRMS (CI) caled for CisH2NsO3 [M+H]"
373.1737, found 373.1729.

6-4 Synthesis of Conjugated Compounds

Ethyl 5-((3-Azidopropyl)(phenyl)carbamoyl)-4,5-dihydro-1H-pyrazole-3-
carboxylate (10)

CO,Et
10

To a stirred solution of alkyl azido a-diazo amido compound 4a (11.2 mg, 0.05
mmol) in acetonitrile/water (2.5 mL, 0.02 M, 1/1) was added ethyl acrylate (27.5
pul, 0.25 mmol, 5.0 eq), and the mixture was stirred at room temperature for 24 h.
After removal of solvent in vacuo, the resulting crude material was purified by
neutral silica gel column chromatography (hexane/ethyl acetate = 3/1 to 2/1 to 1/1),
and 13.5 mg of pyrazoline 10 (86%) was obtained.

Pale yellow oil; Ry value 0.37 (hexane/ethyl acetate = 1/1); IR (NaCl, neat) vmax
3323, 2096, 1700, 1660, 1258, 1119 cm™!'; '"H NMR (500 MHz, CDCls) & 7.49 (dd,
2H, J=28.0, 7.5 Hz), 7.42 (dd, 1H, J= 7.0, 6.5 Hz), 7.20 (d, 2H, J = 7.5 Hz), 6.43
(s, 1H), 4.41 (dd, 1H, J=7.5, 7.0 Hz), 4.25 (q, 2H, J = 7.5 Hz), 3.85 (ddd, 1H, J =
14.5, 7.5, 7.0 Hz), 3.74 (ddd, 1H, J = 14.0, 7.5, 7.0 Hz), 3.34 (dd, 2H, J = 7.0, 6.5
Hz), 3.08 (dd, 1H, J =17.0, 7.5 Hz), 2.77 (dd, 1H, J=17.0, 7.5 Hz), 1.82 (tt, 1H,
J=17.5,7.0 Hz), 1.31 (t, 3H, J = 7.5 Hz); '3C NMR (126 MHz, CDCl;) § 170.8,
162.1, 142.6, 140.5, 130.4, 128.9, 128.5, 61.3, 60.5, 49.1, 47.8, 36.5, 27.0, 14.2;
LRMS (EI, M = Ci¢H20N603) m/z 344 (3%, M), 299 (19), 176 (25), 141 (87), 106
(48), 95 (100); HRMS (EI) caled for Ci1sH20N¢O3 (M") 344.1597, found 344.1594.
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N*-Butyl-N'-(3-(2-diazo-N-phenylacetamido)propyl)-2-
(diphenylphosphoryl)terephthalamide (12)

0 0
N/\/\NJI\¢N2
N i Ph
nBu” ﬁth
o] o]

12

To a stirred solution of alkyl azido a-diazo amido compound 4a (11.2 mg, 0.05
mmol) in THF/water (1.0 mL, 0.05 M, 10/1) was added phosphine reagent 11 (31.8
mg, 0.075 mmol, 1.5 eq), and the mixture was stirred at room temperature for 24 h.
The resulting mixture was transferred to another flask with ethyl acetate and was
concentrated in vacuo. The obtained crude material was purified by neutral silica
gel column chromatography (hexane/ethyl acetate = 1/1 to
dichloromethane/methanol = 15/1) followed by GPC, and 20.0 mg of the ligation
product 12 (70%) was obtained.

Pale yellow amorphous solid; Ry value 0.17 (dichloromethane/methanol = 15/1); IR
(NaCl, neat) vmax 3286, 3061, 2931, 2106, 1645, 1542, 1407 cm™'; '"H NMR (500
MHz, CDCl3) 6 8.32 (t, 1H, J = 6.0 Hz), 7.99 (d, 1H, J = 8.5 Hz), 7.87 (dd, 1H, J
=13.5, 1.0 Hz), 7.83 (dd, 1H, J = 8.0, 4.0 Hz), 7.65-7.61 (m, 4H), 7.53-7.50 (m,
2H), 7.44-7.38 (m, 6H), 7.35-7.32 (m, 1H), 7.13 (d, 2H, J = 7.0 Hz), 6.53 (br-s,
1H), 4.37 (s, 1H), 3.69 (t, 2H, J = 7.0 Hz), 3.34 (dd, 2H, J = 12.0, 7.0 Hz), 2.94
(dd, 2H, J = 13.0, 7.0 Hz), 1.50 (ddt, 2H, J = 7.5, 7.5, 7.5 Hz), 1.42 (ddt, 2H, J =
7.0, 7.0, 7.0 Hz), 1.31 (qdd, 2H, J = 7.5, 7.5, 7.5 Hz), 0.90 (t, 3H, J = 7.5 Hz); 1’C
NMR (126 MHz, CDCl3) & 166.8 (d, J = 3.1 Hz), 166.0, 165.6, 143.0 (d, J = 8.4
Hz), 141.1, 135.9 (d, J = 10.8 Hz), 132.4 (d, J = 10.8 Hz), 132.2 (d, J = 2.4 Hz),
131.9 (d, J=10.8 Hz), 131.5, 130.8 (d, J = 2.4 Hz), 130.7, 130.4 (d, J = 8.4 Hz),
129.8, 128.55,128.45, 128.32, 128.26,47.3,46.4, 39.8, 36.8, 31.4, 27.0, 20.0, 13.7;
3P NMR (202 MHz, benzene-ds) & 32.9; HRMS (ESI) calcd for C3sH3sNsNaO4P
[M+Na]" 644.2403, found 644.2403.

2-Azido-N-benzyl-N-(4-(5-phenylisoxazole-3-carbonyl)phenyl)acetamide (13)

0
= Jn
,}j 3
Bn

13

Ph

To a solution of 8e (16.9 mg, 0.050 mmol) and phenyl acetylene (27.5 uL, 0.25
mmol, 5.0 eq) in methanol/water (0.50 mL, 5/1, 0.1 M) was added
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[bis(trifluoroacetoxy)iodo]benzene (33.2 mg, 0.075 mmol, 1.5 eq) at room
temperature. After 1 h, the solvent was removed under reduced pressure to obtained
crude material, which was purified by neutral silica gel column chromatography
(hexane/ethyl acetate = 8/1 to 5/1) followed by GPC purification to afford 9.1 mg
of 13 (42%).

Colorless oil; Ry value 0.57 (hexane/ethyl acetate = 2/1); IR (NaCl, neat) vmax 2105,
1669, 1600, 1441, 1251 cm™'; '"H NMR (500 MHz, CDCl3) & 8.37 (dd, 2H, J = 7.0,
6.5 Hz), 7.85 (dd, 2H, J= 8.0, 3.0 Hz), 7.54-7.51 (m, 3H), 7.30-7.28 (m, 3H), 7.21
(dd, 2H, J=17.5,7.0 Hz), 7.17 (d, 2H, J = 8.0 Hz), 7.06 (s, 1H), 4.96 (s, 2H), 3.67
(s, 2H); *C NMR (126 MHz, CDCls) § 184.4, 171.1, 166.9, 162.1, 145.3, 136.1,
135.6, 132.4, 130.9, 129.2, 128.9, 128.7, 128.3, 128.0, 126.4, 126.0, 100.1, 53.3,
50.9; LRMS (EI, M = C35H19Ns03) m/z 437 (M", 1%), 353 (17), 277 (11), 208 (10),
146 (20), 91 (100); HRMS (EI) calcd for C»sHi9NsO3 (M") 437.1488, found
437.1485.

2-Azido-N-(6-azidohexyl)-N-(3-(4,9-dioxo0-4,9-dihydro-1H-benzo[f]indazole-3-
carbonyl)phenyl)acetamide (17)

To a stirred solution of diazido diazo compound 6b (159.9 mg, 0.433 mmol) and
1,4-naphthoquinone (103.7 mg, 0.649 mmol, 1.5 eq) in DMSO (8.7 mL, 0.05 M)
was added cesium carbonate (282.6 mg, 0.866 mmol, 2.0 eq) at room temperature
under open-air conditions. After 2 h, the reaction was quenched with water, and the
mixture was extracted three times with dichloromethane. The combined organic
layer was washed three times with water and brine. The collected organic layer was
dried over anhydrous sodium sulfate. Concentration and purification by silica gel
column chromatography (hexane/ethyl acetate = 2/1 to 1/1 to 1/1 + 5% methanol)
gave 185.4 mg of pyrazole 17 (82%).

Pale blown amorphous solid; Ry value 0.2 (dichloromethane/methanol = 20/1); IR
(NaCl, neat) vmax 2934, 2105, 1681, 1582, 1331, 1255, 917 cm™!; '"H NMR (500
MHz, CDCl3) 6 8.27—-8.24 (m, 2H), 8.17 (d, 1H, J= 8.0 Hz), 7.88 (s, 1H), 7.85—-7.79
(m, 2H), 7.65 (dd, 1H, J = 8.0, 7.5 Hz), 7.47 (d, 1H, J = 8.5 Hz), 3.76 (t, 2H, J =
7.5 Hz), 3.64 (s, 2H), 3.30 (t, 2H, J = 7.0 Hz), 1.58—1.53 (m, 4H), 1.38—-1.34 (m,
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4H); 13C NMR (126 MHz, CDCls) & 185.6, 177.8, 176.0, 167.4, 140.5, 138.0, 135.2,
134.5, 133.9, 133.0, 132.4, 130.55, 130.50, 130.3, 127.9, 127.0, 121.2, 51.4, 51.2,
49.6, 28.7, 27.3, 26.4, 26.2; HRMS (ESI) caled for Ci¢H23NoNaOs [M+Nal*
548.1771, found 548.1778.

N-(6-Azidohexyl)-2-diazo-N-(3-(4,9-diox0-4,9-dihydro-1Hbenzo[f]indazole-3-
carbonyl)phenyl)acetamide (18)

To a solution of diazide 17 (133.9 mg, 0.255 mmol), tosyl hydrazide (237.8 mg,
1.27 mmol, 5.0 eq), and pyrrolidine (106 pL, 1.27 mmol, 5.0 eq) in DMSO (2.55
mL, 0.1 M) was added dropwise TBAF (1.53 mL, 1.0 M in THF, 1.53 mmol, 6.0 eq)
at 25 °C. After 4 h, the reaction mixture was diluted with dichloromethane and
water. The mixture was extracted three times with dichloromethane, and the organic
layer was washed twice with water. The collected organic layer was dried over
anhydrous sodium sulfate. Concentration and purification by neutral silica gel
column chromatography (dichloromethane to dichloromethane/

methanol = 20/1) followed by GPC gave 97.2 mg of 18 (75%).

Pale blown amorphous solid; Ry value 0.47 (dichloromethane/methanol = 20/1); IR
(NaCl, neat) vmax 2934, 2860, 2106, 1682, 1578, 1407 cm™'; 'H NMR (500 MHz,
CDCl3) ¢ 8.27—-8.25 (m, 1H), 8.22—-8.21 (m, 1H), 8.12 (d, 1H, J = 8.0 Hz), 7.86 (s,
1H), 7.84-7.78 (m, 2H), 7.61 (dd, 1H, J = 8.0, 7.5 Hz), 7.49 (d, 1H, J = 8.0 Hz),
4.50-4.48 (m, 1H), 3.78 (t, 2H, J=7.0 Hz), 3.29-3.26 (m, 2H), 1.57-1.51 (m, 4H),
1.39-1.30 (m, 4H); '*C NMR (126 MHz, CDCl3) 6 185.9, 178.0, 176.0, 166.0, 141.5,
137.8, 135.0, 134.4, 133.9, 133.4, 132.5, 130.8, 130.2, 129.6, 127.7, 127.1, 121.1,
51.4, 49.1, 48.0, 28.7, 27.9, 26.4, 26.2; HRMS (ESI) calcd for CzsH22NgNaOg4
[M+Na]" 533.1662, found 533.1653.
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Ethyl 5-((6-(8,9-Dihydro-1H-dibenzo[3,4:7,8]cycloocta[1,2-d]-[1,2,3]triazol-1-
ylhexyl)(3-(4,9-diox0-4,9-dihydro-1H-benzo[f]-indazole-3-
carbonyl)phenyl)carbamoyl)-4,5-dihydro-1H-pyrazole-3-carboxylate (20)

20

To a stirred solution of diazo azide 18 (55.6 mg, 0.109 mmol) in acetonitrile/water
(5.5 mL, 1/1, 0.02 M) was added ethyl acrylate (59.5 pL, 0.545 mmol, 5.0 eq) at
room temperature. After 26 h, the wet organic solvent was removed under reduced
pressure. Then, the resulting crude material was dissolved in acetonitrile (2.2 mL,
0.05 M). To a stirred acetonitrile solution was added dibenzocyclooctyne (5,6-
dihydro-11,12-didehydrodibenzo[a,e]-cyclooctyne, 33.3 mg, 0.163 mmol, 1.5 eq
based on 18) at room temperature. After 24 h, the organic solvent was removed
under reduced pressure to obtain crude material, which was purified by neutral
silica gel column chromatography (hexane/ethyl acetate = 1/1 to dichloromethane
to dichloromethane/methanol = 20/1) followed by GPC to afford 58.9 mg of 20
(66%).

Pale yellow amorphous solid; Ry value 0.23 (dichloromethane/methanol = 20/1); IR
(NaCl, neat) vmax 3330, 3065, 2933, 2860, 1682, 1581, 1454, 1434, 1334, 1221
cm '; '"TH NMR (500 MHz, CDCl;) § 8.24 (d, 1H, J = 7.5 Hz), 8.19-8.15 (m, 2H),
7.91 (s, 1H), 7.78 (dd, 1H, J= 7.5 Hz), 7.73 (dd, 1H, J = 7.5 Hz), 7.65 (dd, 1H, J
= 8.0 Hz), 7.62-7.57 (m, 1H), 7.33-7.30 (m, 2H), 7.23-7.12 (m, 6H), 4.43—4.41
(m, 2H), 4.27-4.24 (m, 1H), 4.19 (q, 2H, J= 7.5 Hz), 3.38-3.35 (m, 1H), 3.26-3.17
(m, 1H), 3.08 (dd, 2H, J = 11.0 Hz), 2.95-2.86 (m, 2H), 1.86 (br-s, 1H), 1.70 (m,
1H), 1.54-1.45 (m, 2H), 1.31-1.18 (m, 9H); '3C NMR (126 MHz, CDCls) § 185.7,
177.9, 175.9, 170.4, 162.1, 146.4, 142.3, 141.5, 140.44, 140.40, 138.6, 137.57,
137.55, 134.8, 134.6, 134.07, and 134.04 (conformers), 133.6, 133.02, 132.99,
132.41, 131.84, 131.80, 130.8, 130.6, 130.2, 129.8, 129.36, 129.31, 128.8, 128.1,
127.8, 126.8, 126.5, 126.1, 121.5, 61.3, 60.8, and 60.7 (conformers), 50.1, 50.0,
48.1, 36.5, 32.8, 29.3, and 29.2 (conformers), 26.99 and 26.96 (conformers), 25.7,
25.61, and 25.55 (conformers), 14.13; HRMS (ESI) calcd for C47H4:NgNaOs
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[M+Na]* 837.3125, found 837.3107.

2-Azido-N-benzyl-N-(4-(3-(pyridin-2-yl)-1,2,4-triazin-6-yl)phenyl)acetamide (22)

]
NS
N /N\N
0
N
IIIJI\/ 3
Bn
22

To a stirred solution of azido oxime 8e (101 mg, 0.30 mmol) and hydrazine
monohydrate (14.6 pL, 0.30 mmol, 1.0 eq) in ethanol (0.45 mL, 0.67 M) was added
one drop of acetic acid, and the mixture was heated at 45 °C for 16 h. Then,
concentration of the reaction mixture in vacuo gave crude hydrazone (110 mg)
which was submitted to the next step without further purification.

To a stirred solution of crude hydrazone and 2-pyridinecarboxaldehyde (34.5 pL,
0.359 mmol, 1.2 eq) in ethanol (2.0 mL, 0.15 M) was added three drops of acetic
acid. After 23 h, the reaction mixture was concentrated in vacuo. The obtained
crude material was dissolved in acetic acid (0.50 mL, 0.60 M), and the stirred
mixture was heated at 100 °C. After 1 h, the reaction mixture was diluted with water,
and was quenched with saturated aqueous solution of sodium bicarbonate. The
organic components were extracted three times with dichloromethane and washed
with brine, and then was dried over anhydrous sodium sulfate. Concentration of the
collected organic layer in vacuo and purification by silica gel column
chromatography (hexane/ethyl acetate = 1/1 to 1/2 with 2% methanol to
dichloromethane/methanol = 20/1) gave 119 mg of 22 (94% for 3 steps).

Brown amorphous solid; Rrvalue 0.13 (hexane/ethyl acetate = 1/1); IR (NaCl, neat)
Vmax 2105, 1670, 1402, 1255 cm™!; '"H NMR (500 MHz, CDCl3) § 9.17 (s, 1H), 8.90
(m, 1H), 8.74 (d, 1H, J = 8.0 Hz), 8.19 (ddd, 2H, J = 9.5, 2.5, 2.5 Hz), 7.96 (ddd,
1H,J=8.0,7.5,2.0 Hz), 7.52-7.50 (m, 1H), 7.32-7.28 (m, 3H), 7.24-7.21 (m, 4H),
4.97 (s, 2H), 3.68 (s, 2H); '*C NMR (126 MHz, CDCl3) § 167.0, 162.0, 154.8, 152.0,
150.6, 146.9, 143.0, 137.3, 136.1, 133.4, 129.3, 129.0, 128.7, 128.5, 128.0, 125.9,
124.0, 53.4, 51.0; LRMS (EI, M = C23HisNsO) m/z 422 (2%, M), 394 (12), 338
(23), 206 (26), 91 (100); HRMS (EI) caled for C,3H1sNsO (M") 422.1604, found
422.1602.
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2-Azido-N-(6-azidohexyl)-N-(3-(3-(pyridin-2-yl)-1,2,4-triazin-6-
yDphenyl)acetamide (23)

o]
M~
N 3
NS\/\/\)
23

To a stirred solution of oxime 9b (933 mg, 2.5 mmol) and hydrazine monohydrate
(0.12 mL, 2.5 mmol, 1.0 eq) in ethanol (3.8 mL, 0.67 M) was added one drop of
acetic acid, and the mixture was heated at 45 °C for 16 h. Then, concentration of
the reaction mixture in vacuo gave crude hydrazone (1.10 g) which was submitted
to the next step without further purification.

To a stirred solution of crude hydrazone and 2-pyridinecarboxaldehyde (0.29 mL,
3.0 mmol, 1.2 eq) in ethanol (16.7 mL, 0.15 M) was added three drops of acetic
acid. After 23 h, the reaction mixture was concentrated in vacuo. The obtained
crude material was dissolved in acetic acid (4.2 mL, 0.60 M), and the mixture
stirred was heated at 100 °C. After 1 h, the reaction mixture was diluted with water,
and was quenched with saturated aqueous solution of sodium bicarbonate. The
organic components were extracted three times with dichloromethane and washed
with brine, and then was dried over anhydrous sodium sulfate. Concentration of the
organic layer followed by purification by silica gel column chromatography
(hexane/ethyl acetate = 1/1 to 1/2 with 2% methanol to dichloromethane/methanol
=20/1) gave 959 mg of 23 (84% for 3 steps).

Brown oil; Ry value 0.13 (hexane/ethyl acetate = 1/1); IR (NaCl, neat) vmax 2934,
2103, 1669, 1584, 1403, 1258 cm™'; '"H NMR (500 MHz, CDCl3) § 9.21 (s, 2H),
8.91 (d, 1H, J = 4.0 Hz), 8.75 (d, 1H, J = 8.0 Hz), 8.14-8.13 (m, 2H), 7.96 (ddd,
1H, J=28.0, 7.5, 2.0 Hz), 7.69 (dd, 1H, J = 8.0, 8.0 Hz), 7.51 (dd, 1H, J= 7.5, 7.0
Hz), 7.38 (d, 1H, J = 8.5 Hz), 3.80 (t, 2H, J = 8.0 Hz), 3.64 (s, 2H), 3.23 (t, 2H, J
= 7.0 Hz), 1.58 (tt, 4H, J = 7.5, 7.5 Hz), 1.36 (t, 4H, J = 3.5 Hz); 1*C NMR (126
MHz, CDCIl3) 6 166.9, 162.2, 154.6, 152.0, 150.6, 147.0, 142.0, 137.3, 135.2, 131.2,
130.6, 126.8, 126.5, 125.9, 124.1, 51.2, 50.9, 49.7, 28.6, 27.4, 26.3, 26.2; HRMS
(MALDI-TOF) caled for C22H23N11ONa [M+Na]" 480.1983, found 480.1973.
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N-(6-Azidohexyl)-2-diazo-N-(3-(3-(pyridin-2-yl)-1,2,4-triazin-6-
yDphenyl)acetamide (24)

o]
N)J\¢N2
N?’\/\/\)

24

To a stirred solution of diazide 23 (666 mg, 1.46 mmol), p-toluenesulfonyl
hydrazide (1.36 g, 7.28 mmol, 5.0 eq), and pyrrolidine (0.61 mL, 7.28 mmol, 5.0
eq) in DMSO (15 mL, 0.1 M) was added TBAF (8.7 mL, 1.0 M in THF, 8.74 mmol,
6.0 eq) dropwise at 25 °C. After 4 h, the resulting mixture was diluted with
dichloromethane and was quenched with water. Organic components were extracted
3 times with dichloromethane and washed twice with water. Drying collected
organic layer over anhydrous sodium sulfate followed by concentration in vacuo
and purification by neutral silica gel column chromatography (hexane/ethyl acetate
= 1/1 to dichloromethane elution to dichloromethane/methanol = 20/1) and GPC
gave 256 mg of 24 (40%).

Yellow amorphous solid; Ry value 0.33 (dichloromethane/methanol = 15/1); IR
(NaCl, neat) vmax 2934, 2860, 2102, 1621, 1584, 1402 cm !; 'H NMR (500 MHz,
CDCl3) 6 9.20 (s, 1H), 8.92 (d, 1H, J=4.5 Hz), 8.76 (d, 1H, J= 8.5 Hz), 8.12-8.10
(m, 2H), 7.97 (ddd, 1H, J = 8.0, 8.0, 2.0 Hz), 7.66 (dd, 1H, J = 8.5, 8.0 Hz), 7.52
(ddd, 1H, J = 7.5, 7.5, 1.0 Hz), 7.42-7.40 (m, 1H), 4.50 (s, 1H), 3.83 (t, 2H, J =
7.5 Hz), 3.23 (t, 2H, J = 7.0 Hz), 1.60-1.56 (m, 4H), 1.37 (t, 4H, J = 4.0, 3.0 Hz);
13C NMR (126 MHz, CDCl3) & 165.4, 162.0, 154.9, 152.0, 150.6, 147.0, 142.9,
137.3, 134.8, 131.1, 130.9, 126.8, 126.2, 125.9, 124.0, 51.2, 49.1, 47.7, 28.7, 28.0,
26.4, 26.2; HRMS (ESI) calcd for C»:H23N;1ONa [M+Na]® 465.1876, found
465.1857.
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Model study of Azido triazine 22 with cyclopropane-fused trans-cyclooctene 26

4
D N 15eq

\b)\©\ )J\/ MeCN-H,0 (1:1) Nl P

N Na

l a J\/N
Bn

22

To a solution of azido triazine 22 (20.8 mg, 0.05 mmol) in acetonitrile/water (1.0
mL, 1/1 vol., 0.05 M) was added trans-cyclooctene 26 (11.1 mg, 0.075 mmol, 1.5
eq) at room temperature. After 30 min, concentration and purification by silica gel
column chromatography (hexane/ethyl acetate = 1/1 to dichloromethane to
dichloromethane/methanol = 20/1) followed by GPC to afford 12.5 mg of 27 (50%
based on 22) as stereomixture. Loss of triazine and azido structures were confirmed
by 'H NMR (Figure 6-1), and IR spectra as well as HRMS.

Pale yellow amorphous solid; Ry value 0.17 (dichloromethane/methanol = 15/1); IR
(NaCl, neat) vmax 2925, 2856, 1662, 1509 cm™!; HRMS (ESI) calcd for C23H1sNgO
[M+H]" 671.3961, found 671.3910.

24
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Figure 6-1. Comparison of NMR charts of (a) starting material 22, and

(b) addition product 27 as a diastereomeric mixture in CDCl;
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Model study of Azido triazine 22 with dibenzocyclooctyne 19

y —
N | N OOO (2.0 eq) @/N\

| 19
N >

b f? CD4CN
)J\/NS
N
| a
Bn

22

Azido triazine 22 (15.2 mg, 0.0375 mmol) was dissolved in acetonitrile-d3 (0.75
mL, 0.05 M) in an NMR tube (Figures 6-2a, 6-3a). And then, dibenzocyclooctyne
19 (15.3 mg, 0.075 mmol, 2.0 eq) was added to the mixture (Figure 6-2b). The
reaction was monitored the disappearance of the peaks of the protons on each click
functional groups (protons a and b) by 'H NMR after 40 min (Figure 6-2¢) and 7 h
(Figures 6-2d, and 6-3b).

= b
A (d)
__Jlt_._-._-JLk-UL.-.JU _JIF L____JL A
| ;\ i ﬁ. ! (b)
SH 2 PAY S |/ ﬂM__JLL_.,.
: | (a)
’ B i
X : parts per Million : Proton T

Figure 6-2. '"H NMR experiments (a) 22 in CD;CN, (b) soon after addition of 19,
(c) after 40 min, and (d) after 7 h
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Figure 6-3. Comparison of NMR charts of the reaction (a) before addition of 19,
and (b) 7 h after addition of 19

Four component coupling product (30)

l\
N .=
N/
HN
S o)
(0}

30

To a solution of azido-diazo-triazine 24 (16.4 mg, 0.0361 mmol) in acetonitrile-
water (2.9 mL, 1:1, 0.013 M) was added 1-pyrenemethyl acrylate 25 (52.4 mg,
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0.181 mmol, 5.0 eq) at room temperature. After 24 h, dibenzocyclooctyne 19 (9.1
mg, 0.0433 mmol, 1.2 eq) was added to the resulting mixture at same temperature.
Then after 2 h, trans-alkene-biotin tag 29 (18.3 mg, 0.0361 mmol, 1.0 eq) dissolved
in acetonitrile-water (1.0 mL + rinsed with 0.5 mLx2, 1:1) at same temperature.
After 1 h, the solvent was removed under reduced pressure followed by silica gel
column chromatography (hexane/ethyl acetate = 1/1 to dichloromethane elution to
dichloromethane/methanol = 20/1 to 15/1 to 10/1) gave 30 (22.1 mg, 0.0157 mmol,
44%) as diastereomeric mixture.

Yellow amorphous solid; Ry value 0.3 (dichloromethane/methanol =10/1); IR (NaCl,
neat) vmax 3309, 2930, 1699, 1654, 1460, 1245 cm™!; UV-vis (CHCI3) Amax = 267,
278, 302 (sh), 315, 329, 346, 376 (sh); '"H NMR (500 MHz, CDCIl3) See NMR
spectra section; HRMS (MALDI-TOF) caled for CssHooNi1207SNa [M+Na]®
1433.6668, found 1433.6659.
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Figure 6-4. TLC analysis of the progress of three-component integration reaction
(left: reaction mixture, middle: reaction mixture + starting material
scaffold 24, right: reference sample of 24) (a) 24 h after addition of
acrylate 25 [(dichloromethane/methanol = 20/1)x2], (b) 2 h after
addition of dibenzocyclooctyne 19 [(dichloromethane/methanol =
20/1)x2], (c¢) 1 h after addition of biotin-connected cyclopropane

fused trans-cyclooctene 29 (dichloromethane/methanol = 10/1).
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Figure 6-5. UV-vis spectrum of 30 (0.019 uM in chloroform)
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Figure 6-6. Mass spectra of 30 by MALDI-Spiral TOFMS: (top) with DCTB (3-(4-
tert-butylphenyl)-2-methyl-2-propenylidene]malononitrile), (bottom)
with DCTB + sodium trifluoroacetate
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6-5 Preparation of Substrates

General Procedure for Synthesis of Azido Acetamides from Amines

The following is reaction 1: in a two-neck flask, amine was dissolved in
dichloromethane under a nitrogen atmosphere and the solution was cooled to 0 °C.
Then, a solution of bromoacetyl bromide or 2-bromopropionyl bromide in
dichloromethane was added slowly to the reaction mixture, in which precipitate
was formed immediately. The reaction mixture was warmed to room temperature
and was stirred for 1 h. The reaction was quenched with a saturated aqueous sodium
bicarbonate solution, and the mixture was washed with saturated aqueous sodium
bicarbonate. The organic layer was dried over anhydrous sodium sulfate.
Concentration in vacuo gave the crude bromoacetamide product, which was used in
the next step without further purification. (Beware of residual dichloromethane;
see also the caution statement above.)

The following is reaction 2: to a stirred solution of crude bromoacetamide in DMSO
was added sodium azide at ambient temperature. After completion of the reaction
(reaction time noted in each compound section), the reaction was quenched with
water, and the mixture was extracted three times with ether. The organic layer was
washed with water and brine, and the combined organic layer was dried over
anhydrous sodium sulfate. Concentration and purification by silica gel column

chromatography gave a-azido acetamide.

2-Azido-N-methyl-N-phenylacetamide (1a)
0
Me\N)]\/N3
Ph

1a

Following the general procedure, 916mg of 1a (97% from amine for 2 steps) was
obtained from the reactions with (1) N-methyl aniline (0.54 mL, 5.0 mmol, 1.0 eq),
bromoacetyl bromide (0.50 mL, 5.7 mmol, 1.14 eq) dissolved in dichloromethane
(20 mL), and dichloromethane solvent (40 mL, 0.13M); (2) crude bromoacetamide
(1.230 g), sodium azide (810.3 mg, 12.5 mmol, 2.5 eq), and DMSO (25 mL, 0.2 M)
for 20 min followed by silica gel column chromatography (hexane/ethyl acetate =
3/1 to 2/1).

Pale yellow oil; Ry value 0.67 (hexane/ethyl acetate = 1/1); IR (NaCl, neat) vmax
2924, 2106, 1668, 1595, 1495, 1390, 1267, 1124 cm™'; '"H NMR (500 MHz, CDCl3)
0 7.44 (dd, 2H, J=7.5, 7.5 Hz), 7.38 (t, 1H, J= 7.5 Hz), 7.19 (d, 2H, J = 7.5 Hz),
3.61 (s, 2H), 3.31 (s, 3H); *C NMR (126 MHz, CDCI3) § 167.3, 142.1, 130.2, 128.6,
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127.0, 50.6, 37.5; LRMS (EI, M = CoH10N4O) m/z 190 (1.1%, M"), 162 (29), 134
(100), 105 (83), 77 (64); HRMS (EI) caled for CoHioN4O (M*) 190.0855, found
190.0858.

2-Azido-N-benzyl-N-phenylacetamide (1b)
0
Bn\N)J\/NS
Ph

1b

Following the general procedure, 1.30 g of 1b (98% from amine for 2 steps) was
obtained from the reactions with (1) N-benzylaniline (916 mg, 5.0 mmol, 1.0 eq),
bromoacetyl bromide (0.50 mL, 5.7 mmol, 1.14 eq) dissolved in dichloromethane
(20 mL), and dichloromethane solvent (40 mL, 0.13 M); (2) crude bromoacetamide
(1.5380 g), sodium azide (817.5 mg, 12.6 mmol, 2.5 eq), and DMSO (25 mL, 0.2
M) for 20 min followed by silica gel column chromatography (hexane/ethyl acetate
=5/1 to 3/1).

Pale yellow oil; Ry value 0.2 (hexane/ethyl acetate = 5/1); IR (NaCl, neat) vmax 2104,
1670, 1496, 1399, 1260 cm™!; '"H NMR (500 MHz, CDCls) & 7.35-7.33 (m, 3H),
7.29-7.26 (m, 3H), 7.20-7.18 (m, 2H), 6.97-6.95 (m, 2H), 4.90 (s, 2H), 3.59 (s,
2H); *C NMR (126 MHz, CDCl3) § 167.2 140.2, 136.5, 129.9, 129.0, 128.8, 128.5,
128.2, 127.7, 53.4, 50.8; LRMS (EI, M = Ci5H14N40) m/z 266 (8%, M), 182 (53),
119 (58), 91 (100), 77 (45); HRMS (EI) caled for CisH14N4O (M") 266.1168, found
266.1162.

2-Azido-N,N-dibenzylacetamide (1c)
o]
Bn\N)J\/NS
Bn

1c

Following the general procedure, 1.38 g of 1¢ (99% from amine for 2 steps) was
obtained from the reactions with (1) N, N-dibenzyl amine (0.96 mL, 5.0 mmol, 1.0
eq), bromoacetyl bromide (0.495 mL, 5.7 mmol, 1.14 eq) dissolved in
dichloromethane (20 mL), and dichloromethane solvent (40 mL, 0.13 M); (2) crude
bromoacetamide (1.666 g), sodium azide (812 mg, 12.5 mmol, 2.5 eq), and DMSO
(25 mL, 0.2 M) for 20 min followed by silica gel column chromatography
(hexane/ethyl acetate = 5/1 to 2/1).

Colorless oil; Ry value 0.8 (hexane/ethyl acetate = 1/1); IR (NaCl, neat) vmax 2104,
1658, 1450, 1213 cm™'; "H NMR (500 MHz, CDCl3) § 7.40—7.29 (m, 6H), 7.26—7.24
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(m, 2H), 7.34 (d, 2H, J = 7.0 Hz), 4.65 (s, 2H), 4.37 (s, 2H), 3.98 (s, 2H); 13C NMR
(126 MHz, CDCls) 8 167.9, 136.4, 135.4, 129.2, 128.7, 128.5, 128.0, 127.8, 126.2,
50.6, 49.3, 48.9; LRMS (EI, M = C16H16N4O) m/z 280 (1.8%, M*), 196 (51), 91
(100); HRMS (EI) caled for C16Hi6N4sO (M*) 280.1324, found 280.1306.

2-Azido-N-benzyl-N-(4-vinylphenyl)acetamide (1d)
e
NJ\/N3
B
1d

To a stirred solution of 4-vinyl aniline (0.58 mL, 4.95 mmol) in ethanol (8.3 mL,
0.6 M) was added benzaldehyde (0.76 mL, 7.50 mmol, 1.5 eq), and the mixture was
stirred at room temperature for 1 h. Then, the mixture was cooled down to 0 °C,
and sodium borohydride (631 mg, 15.0 mmol, 3.0 eq) was added carefully. After
the mixture stirred at room temperature for 12 h, the resulting mixture was poured
into a saturated aqueous sodium bicarbonate solution. The organic components
were extracted twice with ethyl acetate and were washed with brine. The combined
organic layer was dried over magnesium sulfate. Concentration in vacuo gave
benzylamine (1.27 g) as a crude material, which was submitted to the next step
without purification.

To a stirred solution of N-benzyl-4-vinylaniline (1.27 g) in dichloromethane (40
mL) was added bromoacetyl bromide (0.49 mL, 5.64 mmol, 1.14 eq) dissolved in
dichloromethane (20 mL) at 0 °C. After the mixture stirred at room temperature for
1 h, the reaction was quenched with a saturated aqueous sodium bicarbonate
solution and was dried over anhydrous sodium sulfate. Concentration in vacuo gave
bromoacetamide (1.66 g) as a crude material, which was submitted to the next step
without purification.

To a stirred solution of the bromide (1.66 g) in DMSO (25 mL, 0.2 M) was added
sodium azide (646 mg, 9.90 mmol, 2.0 eq) at room temperature. After 1 h, the
reaction was quenched with water, and the organic components were extracted three
times with ether. The organic layer was washed with water and brine. The combined
organic layer was then dried over anhydrous sodium sulfate. Concentration and
purification by silica gel column chromatography (11% to 14% to 25% ethyl acetate
in hexane) gave 551 mg of 1d (38% for 3 steps).

Pale yellow oil; Ry value 0.47 (hexane/ethyl acetate = 3/1); IR (NaCl, neat) vmax
2103, 1669, 1508, 1397 cm™!; '"H NMR (500 MHz, CDCls) § 7.37 (d, 2H, J = 8.5
Hz), 7.29-7.26 (m, 3H), 7.19 (d, 1H, J= 7.5 Hz), 7.19 (d, 1H, J = 6.0 Hz), 6.91 (d,
2H, J = 8.5 Hz), 6.67 (dd, 1H, J=18.0, 11.0 Hz), 5.75 (d, 1H, J = 18.0 Hz), 5.32
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(d, 1H, J = 11.0 Hz), 4.89 (s, 2H), 3.61 (s, 2H); '3C NMR (126 MHz, CDCls) &
167.2, 139.5, 138.0, 136.5, 135.4, 129.0, 128.5, 128.3, 127.7, 127.6, 115.6, 53.3,
50.8; LRMS (EI, M = C17H16N4O) m/z 292 (4%, M"), 208 (10), 145 (11), 118 (12),
91 (100); HRMS (EI) calcd for Ci7Hi6N4O (M*) 292.1324, found 292.1324.

N-Benzyl-2-bromo-N-(3-(hydroxymethyl)phenyl)acetamide (1e-1)
0]
HO N)J\/Br
Bn

1e-1
To a stirred solution of 3-aminobenzyl alcohol (616 mg, 5.0 mmol) in ethanol (8.3
mL, 0.6 M) was added benzaldehyde (0.61 mL, 5.0 mmol, 1.2 eq) at room
temperature. After 2 h, the mixture was cooled to 0 °C, and then sodium
borohydride (632 mg, 15.0 mmol, 3.0 eq) was added carefully. After the mixture
stirred at room temperature for 12 h, the resulting mixture was poured into a
saturated aqueous sodium bicarbonate solution. The organic components were
extracted three times with ethyl acetate and were washed with brine. The combined
organic layer was dried over anhydrous sodium sulfate. Concentration in vacuo
gave (3-(benzylamino)phenyl)methanol (1.14 g) as a crude material, which was
submitted to the next step without purification.
To a solution of the crude amine (1.14 g) in dichloromethane (40 mL, 0.13 M) was
added bromoacetyl bromide (0.49 mL, 5.7 mmol, 1.14 eq) dissolved in
dichloromethane (20 mL) at 0 °C. After the mixture stirred at room temperature for
1 h, the reaction was quenched with a saturated aqueous sodium bicarbonate
solution at 0 °C. The resulting mixture was washed with a saturated aqueous sodium
bicarbonate solution and was dried over anhydrous sodium sulfate. Concentration
and purification by silica gel column chromatography (hexane/ethyl acetate = 8/1
to 5/1 to 3/1 to 2/1 to 1/1) gave 522 mg of 1e-1 (31% from amine for 2 steps).
Colorless oil; Ry value 0.40 (hexane/ethyl acetate = 1/1); IR (NaCl, neat) vmax 3410,
1656, 1439, 1401, 700 cm™'; '"H NMR (500 MHz, CDCl;) & 7.35-7.31 (m, 2H),
7.29-7.24 (m, 3H), 7.19-7.18 (m, 2H), 7.10 (s, 1H), 6.95 (d, 1H, J= 7.0 Hz), 4.88
(s, 2H), 4.67 (s, 2H), 3.67 (s, 2H); '*C NMR (126 MHz, CDCls) & 166.4, 143.0,
141.3, 136.5, 129.8, 128.8, 128.5, 127.6, 127.2, 126.9, 126.2, 64.2, 53.6, 27.4;
LRMS (EI, M = Ci¢H16BrNO2) m/z 335 (0.8%, M* of 8'Br), 333 (0.8, M" of "°Br),
254 (61), 236 (51), 132 (40), 91 (100); HRMS (EI) calcd for Ci16Hi6’°BrNO> (M™)
333.0364, found 333.0368.
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2-Azido-N-benzyl-N-(3-(hydroxymethyl)phenyl)acetamide (1e)
S
o S
Bn

1e

To a stirred solution of bromide 1e-1 (790.6 mg, 2.4 mmol) in DMSO (12 mL, 0.2
M) at ambient temperature was added sodium azide (308 mg, 4.73 mmol, 2.0 eq).
After 0.5 h, the resulting mixture was poured into water, and the mixture was
extracted three times with ether. The organic layer was washed with water and brine.
The combined organic layer was dried over anhydrous sodium sulfate.
Concentration and purification by silica gel column chromatography (33% to 50%
ethyl acetate in hexane) gave 700 mg of 1e (99%).

Colorless oil; Ry value 0.17 (hexane/ethyl acetate = 2/1); IR (NaCl, neat) vmax 2926,
2870, 2104, 1662, 1404, 1265 cm™!; "H NMR (500 MHz, CDCl3) § 7.34-7.32 (m,
2H), 7.30-7.26 (m, 3H), 7.18 (d, 1H, J= 7.5 Hz), 7.18 (d, 1H, J = 6.5 Hz), 7.01 (s,
1H), 6.85—-6.83 (m, 1H), 4.89 (s, 2H), 4.67 (d, 2H, J = 6.0 Hz), 3.60 (s, 2H), 1.94
(br, 1H); '3C NMR (126 MHz, CDCls) & 167.2, 143.2, 140.4, 136.5, 130.0, 129.0,
128.5, 127.7, 127.2, 127.0, 126.2, 64.2, 53.4, 50.8; LRMS (EI, M = C16H16N402)
m/z 296 (1%, M), 268 (3), 238 (6), 136 (10), 118 (12), 91 (100); HRMS (EI) calcd
for CisH16N4O2 (M") 296.1273, found 296.1271.

2-Azido-N-benzyl-N-(3-((methoxymethoxy)methyl)phenyl)-acetamide (1f)

0]
oMo I n,
\
Bn

1f

To a stirred solution of alcohol 1e (479 mg, 1.61 mmol) and tetrabutyl ammonium
iodide (119 mg, 0.323 mmol, 0.2 eq) in dichloromethane (16 mL, 0.1 M) were added
N, N-diisopropylethylamine (1.13 mL, 6.46 mmol, 4.0 eq) and chloromethyl methyl
ether (0.365 mL, 4.84 mmol, 3.0 eq) at 0 °C. After the mixture stirred at room
temperature for 3 h, the resulting mixture was quenched by a saturated aqueous
ammonium chloride solution. The organic components were extracted twice with
dichloromethane and were washed with water and brine. The combined organic
layer was dried over anhydrous sodium sulfate. Concentration and purification by
silica gel column chromatography (25% to 33% to 50% ethyl acetate in hexane)
gave 449 mg of 1f (82%).

Colorless oil; Ry value 0.43 (hexane/ethyl acetate = 2/1); IR (NaCl, neat) vmax 2932,
2886, 2105, 1671, 1046 cm™!; '"H NMR (500 MHz, CDCl3) § 7.32 (d, 2H, J = 5.0
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Hz), 7.29-7.23 (m, 3H), 7.20-7.18 (m, 2H), 6.98 (s, 1H), 6.58 (m, 1H), 4.89 (s,
2H), 4.66 (s, 2H), 4.53 (s, 2H), 3.60 (s, 2H), 3.37 (s, 3H); '*C NMR (126 MHz,
CDCl3) 6 167.1, 140.3, 136.5, 129.8, 129.0, 128.4, 127.8, 127.6, 127.3, 127.1, 95.8,
68.1, 55.4, 53.3, 50.8; LRMS (EI, M = C13H20N403) m/z 340 (0.2%, M"), 312 (2),
250 (15), 91 (100); HRMS (EI) caled for CisH20N4O3 (M) 340.1535, found
340.1528.

2-Azido-N-benzyl-N-phenylacetamide (1g-1)°®

HN/©\I]IH

1g-1
To a stirred solution of 1,3-phenylenediamine (1.08 g, 10 mmol) in ethanol (16.7
mL, 0.6 M) was added benzaldehyde (3.1 mL, 30 mmol, 3.0 eq), and the mixture
was stirred at room temperature for 0.5 h with a covered flask to protect from light.
Then, the mixture was cooled to 0 °C, and sodium borohydride (1.69 g, 40 mmol,
4.0 eq) was added carefully. After the mixture stirred at room temperature for 12 h,
the resulting mixture was poured into a saturated aqueous sodium bicarbonate
solution. The organic components were extracted three times with ethyl acetate and
were washed with brine. The combined organic layer was dried over magnesium
sulfate. Concentration and purification by silica gel column chromatography
(hexane/ethyl acetate = 6/1) gave 2.75 g of N,N’-dibenzylamine 1g-1 (95%). This

compound was soon submitted to the next step without collecting analytical data.

2-Azido-N-benzyl-N-(3-(benzylamino)phenyl)acetamide (1g)

H )]\/N
\N/< ll}l 3
Bn

I
Bn

19

To a stirred solution of diamine 1g-1 (787 mg, 2.73 mmol) in dichloromethane (23
mL) was added bromoacetyl bromide (0.28 mL, 2.87 mmol, 1.05 eq) dissolved in
dichloromethane (10 mL) at 0 °C. After the mixture stirred at room temperature for
1 h, the reaction was quenched with a saturated aqueous sodium bicarbonate
solution and was dried over anhydrous sodium sulfate. Concentration in vacuo gave
bromoacetamide (1.09 g) as a crude material, which was submitted to the next step
without purification.

To a stirred solution of the bromide (1.09 g) in DMSO (14 mL, 0.2 M) was added
sodium azide (354 mg, 5.46 mmol, 2.0 eq) at room temperature. After 1 h, the
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reaction was quenched with water, and the organic components were extracted three
times with ether. The organic layer was washed with water and brine. The combined
organic layer was then dried over anhydrous sodium sulfate. Concentration and
purification by silica gel column chromatography (14% to 20% to 25% to 33% ethyl
acetate in hexane) gave 429 mg of 1g (42%).

White solid; Ryvalue 0.43 (hexane/ethyl acetate =2/1); mp 73.6—74.3 °C; IR (NaCl,
neat) vmax 3373, 3033, 2103, 1661, 1602, 1494 cm™'; '"H NMR (500 MHz, CDCls)
0 7.38=7.34 (m, 2H), 7.31-7.28 (m, 3H), 7.27-7.24 (m, 3H), 7.19 (dd, 2H, J = 7.5,
6.5 Hz), 7.09 (dd, 2H, J = 8.0, 8.0 Hz), 6.58 (dd, 1H, J = 8.0, 2.0 Hz), 6.26 (dd,
IH,J=17.5,1.0 Hz), 6.10 (dd, 1H, J=2.5, 1.5 Hz), 4.82 (s, 2H), 4.22 (s, 3H), 3.57
(s, 2H); '3C NMR (126 MHz, CDCls) § 167.3, 149.1, 141.3, 138.4, 136.9, 130.4,
129.0, 128.7, 128.4, 127.53, 127.50, 127.3, 116.5, 113.3, 111.7, 53.2, 50.7, 47.9;
LRMS (EI, M = C22H21N50) m/z 371 (2%, M"), 343 (88), 252 (37), 91 (100); HRMS
(ET) caled for C22H21NsO (M¥) 371.1746, found 371.1751.

2-azido-N-methyl-N-phenylpropanamide (1h)

1h

Following the general procedure, 387mg of 1h (96% from amine for 2 steps) was
obtained from the reactions with (1) N-methyl aniline (0.22 mL, 2.0 mmol, 1.0 eq),
2-bromopropionyl bromide (0.24 mL, 2.3 mmol, 1.14 eq) dissolved in
dichloromethane (8 mL), and dichloromethane solvent (16 mL, 0.13M); (2) crude
bromoacetamide (526 mg), sodium azide (323.4 mg, 4.97 mmol, 2.5 eq), and DMSO
(10 mL, 0.2 M) for 20 min followed by silica gel column chromatography
(hexane/ethyl acetate = 5/1 to 2/1).

Pale yellow oil; Rrvalue 0.3 (hexane/ethyl acetate = 5/1); IR (NaCl, neat) vmax 2111,
1666, 1495, 1390, 1238 cm™'; '"H NMR (500 MHz, CDCl;) & 7.44 (dd, 2H, J=17.5,
7.5 Hz), 7.38 (t, 1H, J = 7.5 Hz), 7.21 (m, 2H), 3.63 (q, 1H, J = 7.0 Hz), 3.30 (s,
3H), 1.83 (d, 3H, J = 7.0 Hz); '*C NMR (126 MHz, CDCl;) § 170.7, 142.7, 130.1,
128.4,127.1, 53.6,37.7, 16.5; LRMS (EI, M = CioH12N4+0) m/z 204 (26%, M"), 175
(43), 134 (100), 106 (78), 77 (54); HRMS (EI) calcd for C1oH12N4O (M¥) 204.1011,
found 204.1033.
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N-Methyl-2-0x0-N,2-diphenylacetamide (1i-1)**

0]

Me\N O

Ph Ph
1i-1

To a stirred solution of benzoylformic acid (750 mg, 5.0 mmol) in dichloromethane
(5 mL, 1M) were added a catalytic amount of DMF (1 drop) and oxalyl chloride
(0.475 mL, 5.5 mmol, 1.1 eq) at room temperature. The reaction mixture was stirred
at room temperature until generation of gas was stopped (1.5 h). Then, the reaction
mixture was cooled to 0 °C. To the cooled mixture were added N-methyl aniline
(0.81 mL, 7.5 mmol, 1.5 eq) and triethylamine (1.75 mL, 12.5 mmol, 2.5 eq). Then,
the mixture was stirred at room temperature for 1 h. The reaction was quenched
with water, and the mixture was extracted three times with ethyl acetate. The
combined organic layer was washed with brine and was dried over magnesium
sulfate. Concentration and purification by silica gel column chromatography
(hexane/ethyl acetate = 3/1 to 1/1) gave 1.195 g of 1i-1 (100%).

White solid; Ry value 0.63 (hexane/ethyl acetate = 1/1); mp 61-62 °C; IR (NaCl,
neat) vmax 1680, 1651, 1595, 1495, 1234 cm™!'; 'H NMR (500 MHz, CDCI3, major
rotamer listed as similar to the referred report) o 7.85 (m, 2H), 7.57 (m, 1H),
7.46—7.42 (m, 2H), 7.25-7.20 (m, 3H), 7.14=7.13 (m, 2H), 3.49 (s, 3H); '*C NMR
(126 MHz, CDCls3, major rotamer listed as the referred report) & 190.8, 167.0,
141.1, 134.2, 133.4, 129.5, 129.4, 128.7, 128.1, 126.7, 36.2; LRMS (EI, M =
CisHi13NO2) m/z 239 (26%, M™"), 134 (51), 105 (100), 77 (46); HRMS (EI) caled
for CisHi3NO2 (M) 239.0946, found 239.0968.

2-Azido-N-methyl-N,2-diphenylacetamide (1i)
o}
Me\'Tj N3
Ph  Ph
1i
To an ice-cooled stirred solution of 1i-1 (1.13 g, 4.70 mmol) in ethanol and
dichloromethane (11.5 mL, 2/1, 0.4 M) was added sodium borohydride (242 mg,
6.39 mmol, 1.36 eq), and the reaction mixture was stirred at room temperature.
After 1 h, the reaction was quenched by the careful addition of a saturated aqueous
ammonium chloride solution, and the mixture was extracted three times with ethyl
acetate. The combined organic extract was washed with brine and was dried over
magnesium sulfate. Removal of organic solvents gave the crude material, which

was used for the next step without further purification.
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To an ice-cooled stirred solution of the crude alcohol in dichloromethane (4.7 mL,
1 M) were added triethylamine (1.94 mL, 13.8 mmol, 2.94 eq) and methanesulfonyl
chloride (0.462 mL, 5.97 mmol, 1.27 eq, with slow addition), and the reaction
mixture was stirred at the same temperature. After 1 h, the reaction was quenched
with water, and organic materials were extracted three times with ethyl acetate. The
combined organic layer was washed with brine and was dried over magnesium
sulfate. Removal of organic solvents afforded the crude mesylate compound, which
was submitted to the next step without further purification. (Beware of residual
dichloromethane; see also the caution statement above.)

To an ice-cooled stirred solution of the crude mesylate material in DMF (4.7 mL,
1 M) was added sodium azide (657 mg, 7.03 mmol, 1.5 eq), and the mixture was
stirred at room temperature. After 3 h, the reaction was quenched with water, and
the organic components were extracted three times with ether. The combined
extracts were washed with water and brine. The combined organic layer was dried
over anhydrous sodium sulfate. Concentration and purification by silica gel column
chromatography (hexane/ethyl acetate = 5/1) gave 1.01 g of 1i (80% for 3 steps).
White solid; Ry value 0.60 (hexane/ethyl acetate = 2/1); mp 81-82 °C; IR (NaCl,
neat) vmax 2098, 1666, 1491, 1387, 1236 cm !'; 'H NMR (500 MHz, CDCls) §
7.36—7.29 (m, 6H), 7.13=7.11 (m, 2H), 6.90 (br-s, 2H), 4.61 (s, 1H), 3.30 (s, 3H);
13C NMR (126 MHz, CDCl3) & 168.8, 142.1, 134.2, 129.7, 129.0, 128.9, 128.5,
128.0, 127.6, 62.8, 37.8; HRMS (CI) calcd for C1sHisN4O [M+H]" 267.1246, found
267.1262.

Phenacyl azide (1j)
O

©)J\/N3

1j

To a stirred solution of phenacyl bromide (1.50 g, 7.54 mmol) in DMSO (38 mL,
0.2 M) at ambient temperature was added sodium azide (1.20 g, 18.8 mmol, 2.5 eq).
After 15 min, the resulting mixture was poured into water with ice and the mixture
was extracted twice with ether. The organic layer was washed with water and brine.
The combined organic layer was dried over anhydrous sodium sulfate.
Concentration and purification by silica gel column chromatography (hexane/ethyl
acetate = 5/1) gave 1.14 g of 1j (94%).

Pale yellow oil; Ry value 0.53 (hexane/ethyl acetate = 3/1); IR (NaCl, neat) vmax
2104, 1697, 1218 cm™'; 'H NMR (500 MHz, CDCl3) & 7.91 (dd, 2H, J = 8.0, 1.5
Hz), 7.65-7.62 (m, 1H), 7.50 (dd, 2H, J = 8.0, 8.0 Hz), 4.58 (s, 2H); '*C NMR (126
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MHz, CDCl3) & 193.2, 134.2, 134.1, 129.0, 127.9, 54.8; HRMS (CI) caled for
CsHsN3O [M+H]* 162.0667, found 162.0675.

2-Bromo-1-(4-methoxyphenyl)ethan-1-one (1k-1)°%7
(0]

Q)vr
MeO

1k-1

To a stirred solution of 4’-methoxyacetophenone (750.7 mg, 5.0 mmol) in 1,4-
dioxane (8.2 mL, 0.6 M) was added bromine (0.28 mL, 5.45 mmol, 1.09 eq)
dissolved in ether (6.6 mL), and the mixture was heated up to 40 °C. After 2 h, the
resulting mixture was cooled to room temperature and was washed five times with
water. Then, the organic layer was dried over anhydrous sodium sulfate.
Concentration to obtain the crude solid material, which was recrystallized from
ether, gave 329 mg of 1k-1 (29%).

Colorless crystal; Ry value 0.50 (hexane/ethyl acetate = 2/1); mp 70—71 °C; IR
(NaCl, neat) vmax 1686, 1600, 1261, 1206, 1170, 1022 cm™'; '"H NMR (500 MHz,
CDCl3) 6 7.97 (d, 2H, J = 8.5 Hz), 6.96 (d, 2H, J = 8.5 Hz), 4.40 (s, 2H), 3.89 (s,
3H); *C NMR (126 MHz, CDCl3) § 190.0, 164.1, 131.4, 126.9, 114.0, 55.6, 30.7;
LRMS (EI, M = C9HoBrO,) m/z 230 (46%, M* for 'Br), 228 (46, M* for ’Br), 135
(100); HRMS (EI) caled for CoHo®'BrO, (M*) 229.9765, found 229.9767.

2-Azido-1-(4-methoxyphenyl)ethan-1-one (1Kk)
O

Q)wg
MeO

1k

To a stirred solution of 1k-1 (267 mg, 1.16 mmol) in DMSO (5.8 mL, 0.2 M) at
ambient temperature was added sodium azide (190 mg, 2.91 mmol, 2.5 eq). After
20 min, the reaction was quenched with water, and the organic components were
extracted three times with ether. The combined organic layer was washed with water
and brine and was dried over anhydrous sodium sulfate. Concentration to obtain
crude solid material, which was recrystallized from hexane, gave 159 mg of 1k
(71%).

Pale yellow crystal; Ry value 0.60 (hexane/ethyl acetate = 1/1); mp 73 °C; IR (NaCl,
neat) vmax 2123, 1683, 1600, 1239, 1180, 1019, 945, 825 cm™'; '"H NMR (500 MHz,
CDCl3) 6 7.89 (d, 2H, J = 9.0 Hz), 6.96 (d, 2H, J = 9.0 Hz), 4.51 (s, 2H), 3.89 (s,
3H); '*C NMR (126 MHz, CDCl3) & 191.6, 164.2, 130.3, 127.3, 114.1, 55.6, 54.5;
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LRMS (EI, M = CoHoN30,) m/z 191 (2%, M*), 135 (100), 92 (34), 77 (35); HRMS
(EI) caled for CoHoN30, (M*) 191.0695, found 191.0692.

2-Azido-1-(4-bromophenyl)ethan-1-one (11)%®

O)w
Br

11

To a stirred solution of 4-bromo phenacyl bromide (1.39 g, 5.0 mmol) in DMSO
(25 mL, 0.2 M) at ambient temperature was added sodium azide (814 mg, 12.5
mmol, 2.5 eq). After 10 min, the reaction was quenched with water, and the organic
components were extracted three times with ether. The combined organic layer was
washed with water and brine and was dried over anhydrous sodium sulfate.
Concentration and purification by silica gel column chromatography (hexane/ethyl
acetate = 8/1) gave 1.05 g of 11 (87%).

Pale yellow solid; Rf value 0.40 (hexane/ethyl acetate = 5/1); mp 79 °C; IR (KBr,
disc) vmax 2918, 2118, 1694, 1588, 1401, 1224, 1072, 1011, 815 cm™'; "H NMR (500
MHz, CDCls) § 7.78 (d, 2H, J = 9.0 Hz), 7.65 (d, 2H, J = 9.0 Hz), 4.53 (s, 2H); 1*C
NMR (126 MHz, CDCl3) ¢ 192.3, 133.0, 132.4, 129.5, 129.4, 54.8; HRMS (CI)
caled for CsH7"°BrNsO [M+H]" 239.9772, found 239.9767.

2-Azido-1-phenylpropan-1-one (1m)

N3
Me

1m

To a stirred solution of 2-bromopropiophenone (0.76 mL, 5.0 mmol) in DMSO (25
mL, 0.2 M) at ambient temperature was added sodium azide (813 mg, 12.5 mmol,
2.5 eq). After 0.5 h, the reaction was quenched with water, and the organic
components were extracted three times with ether. The combined organic layer was
washed with water and brine and was dried over anhydrous sodium sulfate.
Concentration and purification by silica gel column chromatography (hexane/ethyl
acetate = 10/1) gave 757mg of 1m (87%).

Pale yellow oil; Ry value 0.40 (hexane/ethyl acetate = 5/1); IR (NaCl, neat) vmax
2123, 2094, 1690, 1217, 964 cm™!'; '"H NMR (500 MHz, CDCl3) & 7.96-7.94 (m,
2H), 7.62 (t, 1H, J = 7.5 Hz), 7.51 (dd, 2H, J= 7.5, 7.5 Hz), 4.72 (q, 1H, J = 7.0
Hz), 1.57 (t, 3H, J = 7.0 Hz); '*C NMR (126 MHz, CDCIs) § 196.7, 134.2, 133.9,
128.9, 128.6, 58.3, 16.5; HRMS (CI) calcd for CoHioN3O[M+H]" 176.0824, found
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176.0829.
2-(2-(Benzyloxy)ethyl)oxirane (1n-1)

o)

BnO/\/<I

1n-1

To a stirred solution of D-aspartic acid (1.33 g, 10.0 mmol) in aqueous sulfuric acid
(3.5 mL of conc sulfuric acid, 66 mmol, 6.6 eq, diluted with 27 mL of water) at
—5 °C was added potassium bromide (5.4 g, 45 mmol, 4.5 eq) followed by the slow
addition of an aqueous solution of sodium nitrite (1.2 g, 18 mmol, 1.8 eq, dissolved
in 2.4 mL of water). After 3 h at 0 °C, the brown mixture was extracted four times
with ethyl acetate. The combined organic layer was dried over magnesium sulfate.
Concentration in vacuo gave the brominated product (1.70 g) as a white solid. The
compound was used without purification.

To a stirred solution of crude a-bromo carboxylic acid in THF (23 mL) was slowly
added borane—THF complex (0.92 M in THF, 28.1 mL, 25.9 mmol, 3.0 eq) at 0 °C.
The white solution formed was stirred for 1 h at 0 °C, and then the cooling bath
was removed to warm up to room temperature. After 2 h, the mixture was cooled
again to 0 °C, and potassium carbonate (2.59 g) dissolved in water (10 mL) was
slowly added. The suspension was stirred for 10 min at room temperature, and then
the mixture was filtered through Celite; the precipitate was rinsed twice with
diethyl ether. The obtained organic filtrate was washed with brine and was dried
over magnesium sulfate. Concentration gave the crude bromohydrin product (1.17
g) as a pale yellow oil. The material was submitted to the next step without further
purification.®®

To suspension of sodium hydride (60% in material oil, 500 mg, 20.8 mmol, 3.0 eq)
in THF (10 mL) at —16 °C was added a solution of crude bromohydrin in THF (10
mL) dropwise. After 30 min, benzyl bromide (0.91 mL, 7.6 mmol, 1.1 eq) and
tetrabutylammonium iodide (2.56 g, 6.93 mmol, 1.0 eq) were successively added to
the reaction mixture at —10 °C, and the mixture was warmed up to room temperature.
After an additional 3 h, water (10 mL) followed by saturated ammonium chloride
aqueous solution (10 mL) was added carefully to the reaction mixture. After 1 h,
the organic materials were extracted twice with ethyl acetate. The combined organic
layer was dried over magnesium sulfate. Concentration and purification by silica
gel column chromatography (hexane/ethyl acetate = 8/1 to 6/1) gave 692 mg of 1n-
1 (39% for 3 steps). Although this is a chiral product, optical rotation value was
not measured because its chirality disappeared in next step.

Colorless oil; Ry value 0.60 (hexane/ethyl acetate = 5/1); IR (NaCl, neat) vmax 2860,
2359, 1455, 1362, 1103, 833, 739, 698 cm™!; '"H NMR (500 MHz, CDCl;) §
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7.37-7.33 (m, 4H), 7.32-7.27 (m, 1H), 4.53 (s, 2H), 3.67-3.60 (m, 2H), 3.08 (ddt,
1H, J = 6.0, 4.5, 3.0 Hz), 2.79 (dd, 1H, J = 5.0, 4.5 Hz), 2.53 (dd, 1H, J = 5.0, 3.0
Hz), 1.92 (m, 1H), 1.78 (ddt, 1H, J = 14.0, 6.0, 6.0 Hz); '*C NMR (126 MHz,
CDCls) 8 138.2, 128.4, 127.6, 73.1, 67.0, 50.1, 47.1, 32.9; HRMS (CI) calcd for
C11H150;, [M+H]* 179.1072, found 179.1076.

1-Azido-4-(benzyloxy)butan-2-one (1n)
(0]

N
Bno/\)]\/ 3

1n

To a stirred solution of 1n-1 (542 mg, 3.04 mmol) in methanol/water (10.9 mL, 8/1,
0.3 M) were added ammonium chloride (326 mg, 6.08 mmol, 2.0 eq) and sodium
azide (1.58 g, 24.3 mmol, 8.0 eq) successively at room temperature. Then the
reaction mixture was warmed to 40 °C. After 10 h, the resulting mixture was cooled
to room temperature and then was diluted with water. The organic materials were
extracted twice with ether. The combined organic layer was dried over magnesium
sulfate. Concentration in vacuo gave crude azidohydrin (620 mg), which was
submitted to the next step without further purification.

To a solution of oxalyl chloride (0.29 mL, 3.36 mmol, 1.2 eq) in dichloromethane
(1.7 mL) under a nitrogen atmosphere was added DMSO (0.40 mL, 5.6 mmol, 2.0
eq), and the obtained crude material was dissolved in dichloromethane (7.6 mL, 0.4
M) dropwise at =78 °C. After 20 min, triethylamine (1.95 mL, 14.0 mmol, 5.0 eq)
was added slowly to the reaction mixture at the same temperature, and the mixture
was warmed up to room temperature. After 30 min, the reaction mixture was diluted
with dichloromethane and was washed with saturated aqueous ammonium chloride
solution and twice with brine. The combined organic layer was dried over
anhydrous sodium sulfate. Concentration and purification by silica gel column
chromatography (hexane/ethyl acetate = 4/1 to 2/1) gave 571 mg of 1n (86% for 2
steps).

Colorless oil; Ry value 0.33 (hexane/ethyl acetate = 3/1); IR (NaCl, neat) vmax 2869,
2103, 1728, 1281, 1101, 740, 699 cm™!'; '"H NMR (500 MHz, CDCl;) § 7.37-7.34
(m, 2H), 7.31-7.29 (m, 3H), 4.51 (s, 2H), 4.00 (s, 2H), 3.76 (t, 2H, J = 6.0 Hz),
2.70 (t, 2H, J = 5.5 Hz); '3C NMR (126 MHz, CDCls) § 203.1, 137.6, 128.5, 127.8,
127.7, 73.3, 64.9, 58.1, 40.4; HRMS (CI) calcd for C11Hi4N30, [M+H]" 220.1086,
found 220.1086.

- 100 -



N-(3-Bromopropyl)aniline (3a-1)
Br” " NH

|
Ph

3a-1

A stirred solution of aniline (0.455 mL, 5.0 mmol) and 1,3-dibromopropane (3.05
mL, 30.0 mmol, 6.0 eq) in acetonitrile (10 mL, 0.5 M) was heated up to reflux for
3 h. After the mixture cooled to room temperature, the reaction mixture was diluted
with water and was extracted three times with ether. The combined organic layer
was dried over magnesium sulfate. Concentration and purification by silica gel
column chromatography (hexane with 5% ether to hexane/ethyl acetate = 5/1) gave
3a-1 (386 mg, 1.80mmol, 36%).

Colorless oil; Ry value 0.5 (hexane/ethyl acetate = 5/1); IR (NaCl, neat) vmax 3404,
1603, 1506, 1255 cm™!; '"H NMR (500 MHz,CDCl3) § 7.20 (m, 2H), 6.73 (tt, 1H, J
=17.5, 1.0 Hz), 6.65 (m, 2H), 3.52 (t, 2H, J = 6.5 Hz), 3.35 (t, 2H, J= 6.0 Hz), 2.16
(tt, 2H, J = 6.5, 6.0 Hz); '*C NMR (126 MHz, CDCl3) & 147.6, 129.3, 117.7, 112.9,
42.0, 31.9, 31.2; LRMS (EI, M = CoH12BrN) m/z 215 (1.2%, M" of 3'Br), 213 (1.4,
M* of ”Br), 106 (100), 77 (15); HRMS (EI) calcd for CoH2*'BrN (M*) 215.0133,
found 215.0123.

2-Azido-N-(3-azidopropyl)-N-phenylacetamide (3a)
0
N3/\/\NJJ\/N3
|
Ph

3a

According to the general procedure, 390 mg of 3a (91% from amine for 2 steps)
was obtained from the reactions with (1) 3a-1 (352 mg, 1.65 mmol, 1.0 eq),
bromoacetyl bromide (0.165 mL, 1.88 mmol, 1.14 eq), which dissolved in
dichloromethane (6 mL), and dichloromethane solvent (14 mL, 0.12 M); (2) crude
bromoacetamide (574 mg), sodium azide (375 mg, 5.76 mmol, 3.5 eq), and DMSO
(8.3 mL, 0.2 M) for 1 h followed by silica gel columnchromatography (hexane/ethyl
acetate = 4/1 to 2/1).

Pale yellow oil; Ry value 0.5 (hexane/ethyl acetate = 2/1); IR (NaCl, neat) vmax 2935,
2104, 1670, 1493, 1406, 1261 cm™'; '"H NMR (500 MHz, CDCl3) & 7.48—7.40 (m,
3H), 7.18-7.16 (m, 2H), 3.81 (t, 2H, J = 7.5 Hz), 3.57 (s, 2H), 3.37 (t, 2H, J = 7.0
Hz), 1.85 (tt, 2H, J = 7.5, 7.0 Hz); '*C NMR (126 MHz, CDCls) & 167.4, 140.4,
130.3, 128.9, 127.8, 50.8, 49.0, 47.3, 27.1; HRMS (CI) calcd for Ci11H14N7O

- 101 -



[M+H]" 260.1260, found 260.1264.

N-Benzyl-2-bromo-N-(4-iodophenyl)acetamide (3b-1)
|\©\ o
l}l)j\/Br
Bn
3b-1
To a stirred solution of 4-iodoaniline (1.09 g, 5.0 mmol) in methanol (8.3 mL, 0.6
M) was added benzaldehyde (0.51 mL, 5.0 mmol, 1.0 eq) at room temperature. After
0.5 h, the mixture was cooled to 0 °C. Sodium borohydride (631 mg, 15.0 mmol,
3.0 eq) was added to the mixture carefully, and then the mixture was warmed up to
room temperature. After 12 h, the resulting mixture was poured into a saturated
aqueous sodium bicarbonate solution. The organic components were extracted three
times with ethyl acetate and were washed with brine. The collected organic layer
was dried over anhydrous sodium sulfate. Concentration in vacuo gave N-benzyl-
4-1i0doaniline (1.06 g) as a crude material, which was submitted to the next step
without further purification.
To a stirred solution of the crude amine (1.06 g) in dichloromethane (30.0 mL, 0.2
M) was added bromoacetyl bromide (0.34 mL, 3.92 mmol, 1.14 eq) dissolved in
dichloromethane (11.5 mL) at 0 °C. After the mixture stirred at room temperature
for 2 h, the reaction mixture was quenched with a saturated aqueous sodium
bicarbonate solution at 0 °C. The resulting mixture was washed with a saturated
aqueous sodium bicarbonate solution, and the organic layer was dried over
anhydrous sodium sulfate. Concentration and purification by silica gel column
chromatography (hexane/ethyl acetate = 5/1 with 5% toluene) gave 1.33 g of 3b-1
(62%).
White solid; Ry value 0.27 (hexane/ethyl acetate = 5/1); mp 90—-91 °C; IR (NaCl,
neat) vmax 1663, 1482, 1006 cm™!; '"H NMR (500 MHz, CDCl;) § 7.68 (d, 2H, J =
8.5 Hz), 7.30—7.26 (m, 3H), 7.18=7.16 (m, 2H), 6.80 (d, 2H, J = 8.5 Hz), 4.86 (s,
2H), 3.65 (s, 2H); '*C NMR (126 MHz, CDCl3) § 166.2, 140.8, 139.0, 136.2, 130.1,
128.9, 128.6, 127.8, 94.3, 53.5, 26.9; LRMS (EI, M = C15H13BrINO) m/z 431 (5%,
M* of 81Br), 429 (5, M of 7°Br), 352 (2), 350 (100), 223 (26), 91 (77); HRMS (EI)
caled for CisHi37°BrINO (M*) 428.9225, found 428.9224.
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2-Azido-N-(4-azidophenyl)-N-benzylacetamide (3b)
NJ\/N3
B

3b

To a stirred solution of 3b-1 (215 mg, 0.50 mmol) in DMSO/water (3.3 mL, 5/1,
0.15 M) were added sodium azide (98.2 mg, 1.5 mmol, 3.0 eq), copper(l) iodide
(19.8 mg, 0.1 mmol, 0.2 eq), sodium L-ascorbate (9.9 mg, 0.05 mmol, 0.1 eq), and
N,N'-dimethylethylenediamine (16.1 puL, 0.15 mmol, 0.3 eq) successively at room
temperature. After 12 h, the resulting mixture was poured into water, and the
organic components were extracted three times with ether. The organic layer was
washed with brine followed by drying over anhydrous sodium sulfate.
Concentration and purification by silica gel column chromatography (hexane/ethyl
acetate = 5/1 to 4/1) gave 138 mg of 3b (90%).

Pale yellow oil; Ry value 0.57 (hexane/ethyl acetate = 3/1); IR (NaCl, neat) vmax
2103, 1672, 1505, 1279, 1256 cm™!; "H NMR (500 MHz, CDCl3) § 7.28-7.26 (m,
3H), 7.18=7.16 (m, 2H), 6.99 (d, 2H, J = 8.5 Hz), 6.92 (d, 2H, J = 8.5 Hz), 4.87 (s,
2H), 3.58 (s, 2H); '*C NMR (126 MHz, CDCl3) § 167.2, 140.7, 136.7, 136.3, 129.7,
129.1, 128.6, 127.8, 120.3, 53.4, 50.8; LRMS (EI, M = C15H13N70) m/z 307 (7%,
M"), 279 (58), 118 (28), 91 (100); HRMS (EI) calcd for C1sHi13N7;0 (M") 307.1182,
found 307.1174.

2-Azido-N-(3-(azidomethyl)phenyl)-N-benzylacetamide (3¢)
(0]
N3\©\NJI\/N3
|
Bn

3c

To a stirred solution of le-1 (66.8 mg, 0.2 mmol) were added p-toluenesulfonyl
chloride (45.9 mg, 0.24 mmol, 1.2 eq), 4-dimethylaminopyridine (3.2 mg, 0.02
mmol, 0.1 eq) in dichloromethane (2.0 mL, 0.1 M), and triethylamine (37 pL, 0.26
mmol, 1.3 eq) dropwise at 0 °C. After the mixture stirred at room temperature for
4 h, the reaction was quenched with water at 0 °C. The organic components were
extracted twice with dichloromethane and then were washed with water and brine.
The combined organic layer was dried over anhydrous sodium sulfate.
Concentration in vacuo gave crude tosylate (61.8 mg), which was submitted to the
next step without purification. (Beware of residual dichloromethane; see also the
caution statement above.)

To a stirred solution of the crude tosylate (61.8 mg) in DMSO (0.64 mL, 0.2 M)
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was added sodium azide (20.9 mg, 0.316 mmol, 2.5 eq) at room temperature. After
1 h, the reaction was quenched with water, and the organic components were
extracted three times with ether. The combined organic layer was washed with water
and brine and then was dried over anhydrous sodium sulfate. Concentration and
purification by silica gel column chromatography (hexane/ethyl acetate = 8/1 to
4/1) gave 41.4 mg of 3¢ (65% for 2 steps).

Pale yellow oil; Ry value 0.83 (hexane/ethyl acetate = 1/1); IR (NaCl, neat) vmax
2103, 1670, 1400, 1263, 1217, 707 cm™'; '"H NMR (500 MHz, CDCls) § 7.37 (t, 1H,
J =18.0 Hz), 7.31-7.26 (m, 4H), 7.19-7.17 (m, 2H), 6.94-6.92 (m, 2H), 4.90 (s,
2H), 4.30 (s, 2H), 3.59 (s, 2H); '*C NMR (126 MHz, CDCl3) 6 167.1, 140.8, 137.6,
136.3, 130.5, 129.1, 128.6, 128.5, 128.1, 127.83, 127.78, 53.9, 53.4, 50.9; HRMS
(CI) caled for C16H1sN70 [M+H]" 322.1416, found 322.1413.

N-Benzyl-N-(3-(N-benzyl-2-bromoacetamido)phenyl)-2-bromopropanamide (3d-1)
WO
Br\Hj\'}l ’}l)j\/Br
Me Bn Bn

3d-1

To a stirred solution of the diamine 1g-1 (2.33 g, 8.08 mmol) in dichloromethane
(77.0 mL, 0.083 M) was added bromoacetyl bromide (0.70 mL, 8.08 mmol, 1.0 eq)
dissolved in dichloromethane (10.0 mL) dropwise at 0 °C. After the mixture stirred
at room temperature for 1 h, 2-bromopropionyl bromide (0.85 mL, 8§.08 mmol, 1.0
eq) dissolved in dichloromethane (10.0 mL) was added to the reaction mixture at
0 °C. After the mixture stirred at room temperature for 1 h, the reaction was
quenched with a saturated aqueous sodium bicarbonate solution at 0 °C. The
resulting mixture was washed with a saturated aqueous sodium bicarbonate solution
and was dried over anhydrous sodium sulfate. Concentration and purification by
silica gel column chromatography (hexane/ethyl acetate = 5/1 to 3/1 to 2/1) gave
1.64 g of 3d-1 (37%).

Colorless viscous oil; Ry value 0.30 (hexane/ethyl acetate = 3/1); IR (NaCl, neat)
Vmax 1664, 1596, 1391, 701 cm™'; '"H NMR (500 MHz, CDCl3) & 7.37 (t, 1H, J = 8.0
Hz), 7.26—7.25 (m, 6H), 7.10-7.09 (m, 6H), 6.60 (br-s, 1H), 5.07-4.56 (m, 4H),
3.93 (br-s, 1H), 3.44 (s, 2H), 1.71 (br-d, 3H, J = 6.5 Hz); '*C NMR (126 MHz,
CDCl3) 6 168.9, 166.0, 141.7, 141.5, 136.1, 135.9, 130.8, 129.4, 128.87, 128.85,
128.75, 128.63, 128.58, 128.4, 127.95, 127.91, 53.33, 53.31, 38.9, 27.0, 21.6;
LRMS (EI, M = C25H24Br2N202) m/z 546 (1.3%, M of 3'Brx2), 544 (3, M" of
8IBr+7°Br), 542 (1.3, M* of 7"Brx2), 465 (85), 463 (85), 223 (25), 91 (100); HRMS
(EI) calcd for CasH24"°BraN2O2 (M™) 542.0205, found 542.0198.
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2-Azido-N-(3-(2-azido-N-benzylacetamido)phenyl)-N-benzylpropanamide (3d)

O (0]
Nsﬁ)J\N Nk/Ns
| |
Me Bn Bn

3d

To a stirred solution of 3d-1 (157 mg, 0.289 mmol) in DMSO (1.4 mL, 0.2 M) was
added sodium azide (58.0 mg, 0.867 mmol, 2.5 eq) at room temperature. After 1 h,
the reaction was quenched with water, and the organic components were extracted
three times with ether. The organic layer was washed with water and brine. The
combined organic layer was then dried over anhydrous sodium sulfate.
Concentration and purification by silica gel column chromatography (hexane/ethyl
acetate = 2/1) gave 129 mg of 3d (95%).

White solid; Ryvalue 0.30 (hexane/ethyl acetate = 3/1); mp 104—-105 °C; IR (NaCl,
neat) vmax 2105, 1667, 1397, 1235, 703 cm™'; 'H NMR (500 MHz, CDCl3) § 7.39 (t,
1H, J = 8.0 Hz), 7.28-7.25 (m, 5H), 7.10-7.01 (m, 7H), 6.31 (s, 1H), 4.91-4.71
(br, 4H), 3.22-3.15 (m, 3H), 1.30 (br-d, 3H, J = 6.5 Hz); '°C NMR (126 MHz,
CDCl3) 6 169.7, 166.8, 141.6, 141.0, 136.0, 135.8, 131.3, 129.4, 129.0, 128.9,
128.7, 128.6, 128.5, 128.1, 128.0, 54.0, 53.1, 53.0, 50.7, 16.2; HRMS (CI) calcd
for C25sH25sNgO2 [M+H]" 469.2100, found 469.2095.

1-(4-(Benzylamino)phenyl)ethan-1-one (3e-1)

2
NH

|
Bn

3e-1
To a stirred solution of 4’-aminoacetophenone (4.10 g, 30.3 mmol, 3.0 eq) in
acetonitrile (20 mL, 1.5 M) were added potassium carbonate (2.09 g, 15.2 mmol,
1.5 eq) and benzyl bromide (1.20 mL, 10.1 mmol) successively at room temperature.
After 26 h at room temperature, the insoluble potassium carbonate was removed by
filtration through filter paper and was washed with ethyl acetate. The collected
filtrate was concentrated and was purified by silica gel column chromatography
(hexane/ethyl acetate = 2/1) to obtain 2.00 g of 3e-1 (88% based on benzyl bromide).
Orange solid; Ry value 0.60 (hexane/ethyl acetate = 1/1); mp 90.1-91.8 °C; IR
(NaCl, neat) vmax 3349, 1650, 1596, 1358, 1280, 1179 cm™'; 'H NMR (500 MHz,
CDClz) ¢ 7.82 (d, 2H, J = 8.5 Hz), 7.38—7.34 (m, 4H), 7.32-7.29 (m, 1H), 6.60 (d,
2H, J = 8.5 Hz), 4.63 (s, 1H), 4.41 (s, 2H), 2.49 (s, 3H); '°C NMR (126 MHz,
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CDCI3) 6 196.4, 151.9, 138.2, 130.7, 128.8, 127.5, 127.3, 126.8, 111.5, 47.5, 26.0;
LRMS (EI, M = Ci5sHsNO) m/z 225 (77%, M*), 210 (62), 91 (100); HRMS (EI)
calcd for C1sHi;sNO (M") 225.1154, found 225.1155.

N-(4-Acetylphenyl)-N-benzyl-2-bromoacetamide (3e-2)

(0]
Jj\/Br
\
Bn

3e-2

To a stirred biphasic solution of 3e-1 (2.00 g, 8.86 mmol) in dichloromethane and
water (125 mL, 1/4, 0.07 M) was added potassium carbonate (368 mg, 2.66 mmol,
0.2 eq) at 0 °C. Then, bromoacetyl bromide (1.15 mL, 13.3 mmol, 1.5 eq) dissolved
in dichloromethane (45 mL) was added dropwise over 40 min at the same
temperature. After 2 h, the mixture was warmed at room temperature. After 12 h,
the reaction mixture was diluted with dichloromethane and was washed twice with
water. The combined organic layer was dried over anhydrous sodium sulfate.
Concentration and purification by silica gel column chromatography (hexane/ethyl
acetate = 2/1) gave 3.01 g of 3e-2 (98%).

White solid; Ry value 0.50 (hexane/ethyl acetate = 1/1); mp 79—80 °C; IR (NaCl,
neat) vmax 1666, 1600, 1265 cm™!'; 'H NMR (500 MHz, CDCls) § 7.94 (d, 2H, J =
9.0 Hz), 7.27-7.26 (m, 3H), 7.18—=7.175 (m, 4H), 4.92 (s, 2H), 3.67 (s, 2H), 2.60
(s, 2H); 3CNMR (126 MHz, CDCls) & 196.8, 166.1, 145.2, 136.9, 136.1, 129.8,
128.8, 128.6, 128.4, 127.8, 53.5, 26.9, 26.7; HRMS (CI) calcd for C17H;7"BrNO;
[M+H]" 346.0443, found 346.0439.

2-Azido-N-(4-(2-azidoacetyl)phenyl)-N-benzylacetamide (3e)
(0]

N
3\)k©\ o
N
l}l)]\/ 3
Bn

3e
To a stirred solution of N-benzyl-4-aminoacetophenone (175 mg, 0.500 mmol) in
THF (6.4 mL) was added trimethylphenylammonium tribromide (207 mg, 0.550
mmol, 1.1 eq) at 0 °C. After 12 h, the resulting precipitate was removed by filtration
and was washed with ethyl acetate. Then the filtrate was washed with water and
brine. The combined organic layer was dried over anhydrous sodium sulfate.

Concentration and purification by silica gel column chromatography (hexane/ethyl
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acetate = 4/1 to 2/1) gave 97.2 mg of dibromide (46%) as a colorless oil. Because
the dibromide product was relatively unstable, this was soon submitted to the next
step without collecting analytical data.

To a stirred solution of the dibromide (273 mg, 0.642 mmol) in DMSO (6.5 mL, 0.1
M) was added sodium azide (104 mg, 1.60 mmol, 2.5 eq) at room temperature. After
1.5 h, the reaction was quenched with water. The organic components were
extracted three times with ether and were washed with brine. The combined organic
layer was dried over anhydrous sodium sulfate. Concentration and purification by
silica gel column chromatography (hexane/ethyl acetate = 4/1 to 2/1) gave 176 mg
of 3e (79%).

Pale yellow oil; Ry value 0.60 (hexane/EtOAc = 1/1); IR (NaCl, neat) vmax 2105,
1672, 1600, 1215 cm™'; '"H NMR (500 MHz, CDCl3) & 7.90 (d, 2H, J = 8.5 Hz),
7.29-7.26 (m, 3H), 7.17-7.13 (m, 4H), 4.93 (s, 2H), 4.52 (s, 2H), 3.62 (s, 2H); '°C
NMR (126 MHz, CDCl3) & 192.1, 166.8, 145.2, 135.8, 134.0, 129.5, 128.6, 127.9,
54.8, 53.2, 50.8; HRMS (CI) calcd for Ci7HisN702 [M+H]" 350.1365, found
350.1360.

N-(2-(3-Bromopropoxy)benzyl)-4-iodoaniline (Sa-1)

|
T
©i/\/\8r

5a-1

To a stirred solution of salicylaldehyde (1.23 g, 10 mmol) and potassium carbonate
(2.77 g, 20 mmol, 2.0 eq) in DMF (29 mL, 0.34 M) was added 1,3-dibromopropane
(4.1 mL, 40 mmol, 4.0 eq) at 0 °C. After 24 h at room temperature, the resulting
mixture was diluted with ethyl acetate and was washed with water, 1 N HCI (twice),
a saturated aqueous sodium bicarbonate solution, and brine. The combined organic
layer was dried over anhydrous sodium sulfate. Concentration and purification by
silica gel column chromatography (hexane elution to hexane with 12% ethyl
acetate) gave 1.86 g of 2(3-bromopropoxy)benzaldehyde (76%). This product was
soon submitted to the next step without collecting analytical data.

To a stirred solution of 4-iodoaniline (1.36 g, 6.23 mmol) and the synthesized
aldehyde above (1.82 g, 7.48 mmol, 1.2 eq) in ethanol (31 mL, 0.2 M) was added
acetic acid (0.43 mL, 7.48 mmol, 1.2 eq) at room temperature. After 1 h, sodium
cyanoborohydride (620 mg, 9.35 mmol, 1.5 eq) was added to the reaction mixture

at 0 °C. After the mixture stirred at room temperature for 13 h, the resulting mixture
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was poured into a saturated aqueous sodium bicarbonate solution. The organic
components were extracted twice with ether and were washed with brine. The
combined organic layer was dried over anhydrous sodium sulfate. Concentration
and purification by silica gel column chromatography (hexane/ethyl acetate = 5/1
with 2% trimethylamine) gave 2.71 g of 5a-1 (97%).

White oil; Ry value 0.67 (hexane/ethyl acetate = 2/1); IR (NaCl, neat) vmax 3418,
1589, 1434, 1454, 1238, 811, 752 cm™!; '"H NMR (500 MHz, CDCl;) § 7.40—7.39
(m, 2H), 7.28=7.24 (m, 2H), 6.92 (dd, 2H, J = 12.5, 7.5 Hz), 6.43 (d, 2H, J = 9.0
Hz), 4.30 (s, 2H), 4.17 (t, 2H, J= 5.5 Hz), 4.13 (br-s, 1H), 3.58 (t, 2H, J = 6.5 Hz),
2.33 (tt, 2H, J = 6.5, 6.0 Hz); '*C NMR (126 MHz, CDCls) § 156.3, 147.5, 137.7,
128.9, 128.6, 126.6, 120.8, 115.3, 111.2, 78.2, 65.1, 43.4, 32.0, 30.1; LRMS (EI,
M = CisH17BrINO) m/z 447 (99%, M* of 3'Br), 445 (100, M* of "’Br), 229 (60),
227 (61) 107 (60), 91 (34); HRMS (EI) calcd for Ci¢H17”°BrINO (M") 444.9538,
found 444.9536.

2-Bromo-N-(2-(3-bromopropoxy)benzyl)-N-(4-iodophenyl)-acetamide (5a-2)

5a-2
To a stirred solution of the Sa-1 (2.57 g, 5.76 mmol) in dichloromethane (49 mL)
was added bromoacetyl bromide (0.57 mL, 6.57 mmol, 1.14 eq) dissolved in
dichloromethane (20 mL) at 0 °C. After the mixture stirred at room temperature for
1 h, the reaction was quenched with saturated aqueous sodium bicarbonate at 0 °C.
The resulting mixture was washed with a saturated aqueous sodium bicarbonate
solution. The combined organic layer was dried over anhydrous sodium sulfate.
Concentration and purification by silica gel column chromatography (hexane
elution to hexane with 14% to 20% to 23% ethyl acetate) gave 3.28 g of 5a-2 (quant).
Colorless oil; Rf value 0.33 (hexane/ethyl acetate = 3/1); IR (NaCl, neat) vmax 1664,
1483, 1244, 1005, 754 cm™!'; '"H NMR (500 MHz, CDCl3) & 7.65 (d, 2H, J = 8.5 Hz),
7.22 (dd, 1H, J = 8.5, 8.0 Hz), 7.17 (d, 1H, J = 7.5 Hz), 6.87 (t, IH, J = 7.5 Hz),
6.82—6.80 (m, 3H), 4.93 (s, 2H), 3.96 (t, 2H, J = 5.5 Hz), 3.63 (s, 2H), 3.47 (t, 2H,
J = 6.5 Hz), 2.14 (tt, 2H, J = 6.5, 5.5 Hz); '*C NMR (126 MHz, CDCl3) § 165.9,
156.6,140.9, 138.7, 131.1, 130.2, 129.3, 124.1, 120.8, 111.1, 94.1, 65.1, 48.0, 32.0,
30.2, 27.0; LRMS (EI, M = Ci13sH1sBr2INO2) m/z 569 (0.4%, M* of 8!1Brx2), 567
(0.8, M* of ®'Br+"?Br), 565 (0.4, M" of ""Brx2), 488 (99), 486 (100), 229 (39), 227
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(40), 107 (38); HRMS (EI) caled for CisHis””BraINOs (M*) 564.8749, found
564.8738.

2-Azido-N-(4-azidophenyl)-N-(2-(3-azidopropoxy)benzyl)-acetamide (5a)

N3 o
LA
@fo/\/\Ns

5a
To a stirred solution of 5a-2 (3.23 g, 5.69 mmol) in DMSO/water (10/1, 56 mL, 0.1
M) were added sodium azide (1.66 g, 25.6 mmol, 4.5 eq), copper(l) iodide (217 mg,
1.13 mmol, 0.2 eq), sodium L-ascorbate (116 mg, 0.569 mmol, 0.1 eq), and N,N'-
dimethylenediamine (183 puL, 1.71 mmol, 0.3 eq) successively at room temperature.
After 16 h, the reaction mixture was poured into water and was extracted three
times with ether. The combined organic layer was washed with brine and then was
dried over anhydrous sodium sulfate. Concentration and purification by silica gel
column chromatography (hexane/ethyl acetate = 3/1) gave 2.03 g of 5a (88%).
Colorless oil; Rf ' value 0.50 (hexane/ethyl acetate = 2/1); IR (NaCl, neat) vmax 2101,
1671, 1505, 1279, 1246 cm '; '"H NMR (500 MHz, CDCl3) § 7.22 (ddd, 1H, J = 8.0,
7.5, 1.5 Hz), 7.15 (dd, 1H, J= 7.5, 1.5 Hz), 6.97-6.92 (m, 4H), 6.86 (dd, 1H, J =
7.5, 7.5 Hz), 6.79 (d, 1H, J = 8.0 Hz), 4.96 (s, 2H), 3.91 (t, 2H, J = 6.0 Hz), 3.56
(s, 2H), 3.40 (t, 2H, J = 6.5 Hz), 1.89 (tt, 2H, J = 6.5, 6.0 Hz); !*C NMR (126 MHz,
CDCl3) 06 166.9, 156.6, 140.5, 136.8, 131.2,129.7, 129.3, 124.2, 120.8, 120.1, 111.1,
64.3, 50.9, 48.0, 47.7, 28.6; LRMS (EI, M = C13H 35N 1002) m/z 406 (11%, M"), 162
(81), 134 (100), 105 (83); HRMS (EI) calcd for CisHigNi0O2 (M") 406.1614, found
406.1617.

1-(3-((6-Bromohexyl)amino)phenyl)ethan-1-one (5b-1)
Me O

NH
BF\/\/\)
5b-1
To a stirred solution of 3'-aminoacetophenone (1.35 g, 10.0 mmol) in acetonitrile
(20 mL, 0.5 M) was added 1,6-dibromohexane (9.10 mL, 60.0 mmol, 6.0 eq), and
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the mixture was heated to 90 °C. After 3 h, water (100 mL) was added to the mixture
at room temperature for quenching the reaction. The organic components were
extracted three times with ethyl acetate and was dried over anhydrous sodium
sulfate. Concentration and purification by silica gel column chromatography
(hexane elution to hexane/ethyl acetate = 5/1) gave 1.19 g of 5b-1 (40%).

Yellow oil; Ry value 0.65 (hexane/ethyl acetate = 1/1); IR (NaCl, neat) vmax 3386,
2932, 2856, 1677, 1603 cm™!; '"H NMR (500 MHz, CDCl3) & 7.28-7.23 (m, 2H),
7.18 (br, 1H), 6.80 (dd, 1H, J=7.0, 2.0, 2.0 Hz), 3.42 (t, 2H, J = 6.5 Hz), 3.16 (t,
2H, J = 7.0 Hz), 2.57 (s, 3H), 1.87 (tt, 2H, J = 7.5, 7.0 Hz), 1.65 (tt, 2H, J = 7.5,
6.5 Hz), 1.52-1.41 (m, 4H); '*C NMR (126 MHz, CDCls) & 198.7, 148.3, 138.1,
129.3, 117.8, 117.6, 111.4, 43.8, 33.8, 32.6, 29.1, 27.9, 26.8, 26.2; LRMS (EI, M
= C14H20BrNO) m/z 299 (12%, M" of *'Br), 297 (12, M" of ’Br), 218 (9), 148
(100); HRMS (EI) calcd for Ci14sH20BrNO (M™) 297.0728, found 297.0726.

2-Azido-N-(3-(2-azidoacetyl)phenyl)-N-(6-azidohexyl)acetamide (Sb)

N3
O
(0]
N
N)J\/ 3
NS\/\/\)

5b

To stirred solution of Sb-1 (2.13 g, 7.13 mmol) in dichloromethane (66 mL, 0.1 M)
was added bromoacetyl bromide (0.71 mL, 8.13 mmol, 1.14 eq) dissolved in
dichloromethane (20 mL) at 0 °C. After the mixture stirred at room temperature for
1 h, the reaction mixture was quenched with a saturated aqueous sodium
bicarbonate solution at 0 °C. The resulting mixture was washed with a saturated
aqueous sodium bicarbonate solution, and the organic layer was dried over
anhydrous sodium sulfate. Concentration in vacuo gave crude amide (3.12 g), which
was submitted to the next step without further purification.

To a solution of crude ketone in THF (92 mL, 0.08 M) under a nitrogen atmosphere
was added trimethylphenylammonium bromide (2.95 g, 7.84 mmol, 1.1 eq) at 0 °C.
After 13 h, the reaction mixture was filtered through Celite, and then the filtrate
was washed with water and brine. The organic layer was dried over anhydrous
sodium sulfate. Concentration in vacuo gave crude tribromide (4.4826 g), which
was submitted to the next step.

To a solution of crude tribromide in DMSO (36 mL, 0.2 M) was added sodium azide

(1.85 g, 28.5 mmol, 4.0 eq) at room temperature. After 1 h, the reaction was
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quenched with water, and the organic components were extracted three times with
ether. The combined organic layer was washed with water and brine and then was
dried over anhydrous sodium sulfate. Concentration and purification by silica gel
column chromatography (13% to 20% to 25% to 35% ethyl acetate in hexane) gave
1.94 g of 5b (71% for 3 steps).

Colorless oil; Ryvalue 0.50 (hexane/EtOAc = 1/1); IR (NaCl, neat) vmax 2935, 2858,
2103, 1670, 1438, 1263 cm™!; '"H NMR (500 MHz, CDCl3) § 7.90 (d, 1H, J = 8.0
Hz), 7.76 (s, 1H), 7.62 (dd, 1H, J = 8.0, 8.0 Hz), 7.44 (d, 1H, J = 8.0 Hz), 4.58 (s,
2H), 3.73 (t, 2H, J = 7.5 Hz), 3.53 (s, 2H), 3.23 (t, 2H, J = 7.0 Hz), 1.57-1.50 (m,
4H), 1.40—1.30 (m, 4H); '*C NMR (126 MHz, CDCIl3) § 192.1, 166.7, 141.6, 136.1,
133.5, 130.9, 128.0, 127.3, 55.0, 51.2, 50.8, 49.6, 28.6, 27.3, 26.3, 26.1; HRMS
(CI) caled for Ci6H21N 1902 [M+H]" 385.1849, found 385.1841.

Methyl 4-(Butylcarbamoyl)-2-(diphenylphosphaneyl)benzoate (11)
0

OMe

ZT

"Bu” PPh,

1"

To a stirred solution of 1-methyl-2-aminoterephthalate (976 mg, 5.0 mmol) in aq 4
M HCI (26.9 mL) was added NaNO; (380 mg, 5.5 mmol, 1.1 eq) dissolved in water
(9.8 mL) dropwise at 0 °C. After 30 min, potassium iodide (4.15 g, 25 mmol, 5.0
eq) in water (33 mL, 0.15 M) cooled at —15 °C was slowly added to the reaction
mixture at 0 °C. After the mixture was stirred at room temperature for 4 h, the
reaction was quenched with a saturated aqueous sodium bicarbonate solution. The
precipitated solid was collected by filtration and was washed with iced water. The
obtained solid was recrystallized from methanol/water (1/1) to give 901 mg of 3-
i0do-4-(methoxycarbonyl)benzoic acid (59%) as a yellow solid. Analytical data
were identical to those reported.®?

In a flame-dried flask, obtained 3-iodo-4-(methoxycarbonyl)benzoic acid (980 mg,
2.91 mmol) was dissolved in methanol (29 mL, 0.1 M). To the stirred solution were
added palladium(II) acetate (76.2 mg, 0.291 mmol, 0.1 eq), triethylamine (0.82 mL,
5.82 mmol, 2.0 eq), and diphenylphosphine (0.56 mL, 2.91 mmol, 1.0 eq) at room
temperature. The reaction mixture was stirred at reflux for 10 h, and then the
resulting mixture was cooled down to room temperature. The crude material
obtained after concentration in vacuo was dissolved with dichloromethane and was
washed with water and aq 1 M HCI. After removal of organic solvent, the resulting

material was dissolved by methanol and an equal volume of water was added to the
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solution. The solution was cooled to 4 °C for 2 h, and the resulting solid was
collected by filtration to afford 663 mg of methyl 3-(diphenylphosphaneyl)-4-
(methoxycarbonyl)benzoic acid®®) as blown powder, which was submitted to the
next step without further purification.

To a stirred solution of 3-(diphenylphosphaneyl)-4-(methoxycarbonyl)-benzoic
acid (657 mg) in dichloromethane (80 mL) were added N-(3-
(dimethylamino)propyl)-N'-ethylcarbodiimide hydrochloride (427 mg, 2.22 mmol,
1.23 eq), and 4-dimethylaminopyridine (22.1 mg, 0.186 mmol, 0.1 eq) at room
temperature. Then, a solution of n-butylamine (0.196 mL, 1.98 mmol, 1.1 eq) in
dichloromethane (10 mL) was added to the mixture. After 18 h, the reaction mixture
was diluted with dichloromethane and was washed with 10% HCI (twice), saturated
aqueous sodium bicarbonate (twice), water, and brine. The combined organic layer
was dried over anhydrous sodium sulfate. Concentration and purification by silica
gel column chromatography (hexane/ethyl acetate = 4/1 to 3/1) gave 473 mg of 11
(39% from iodide for 2 steps).

Yellow solid; Ry value 0.6 (hexane/ethyl acetate = 1/1); mp 78—79 °C; IR (NaCl,
neat) vmax 3299, 2955, 1720, 1638, 1541, 1434, 1288 cm™!; '"H NMR (500 MHz,
CDCl3y 6 8.10 (dd, 1H, J = 8.5, 4.0 Hz), 7.80 (dd, 1H, J = 8.0, 1.5 Hz), 7.38—7.33
(m, 6H), 7.29-7.26 (m, 4H), 7.12 (dd, 1H, J = 3.5, 1.5 Hz), 5.70 (br-s, 1H), 3.75
(s, 3H), 3.31 (dd, 2H, J=12.5, 6.5 Hz), 1.47—-1.41 (m, 2H), 1.24 (ddt, 2H, J = 15.5,
7.5, 7.5 Hz), 0.90 (t, 3H, J = 7.5 Hz); '*C NMR (126 MHz, CDCl3) § 166.5 (d, J =
2.4 Hz), 166.3, 141.5 (d, J = 28.8 Hz), 137.5, 137.2 (d, J = 10.7 Hz), 136.3 (d, J =
18.0 Hz), 133.8 (d, J = 20.4 Hz), 132.0, 131.0 (d, J = 2.4 Hz), 129.0, 128.6 (d, J =
7.2 Hz), 127.1, 52.3, 39.6, 31.2, 19.9, 13.7; 3'P NMR (202 MHz, benzene-ds) &
—2.90; HRMS (ESI) calcd for C25sH27NOsP [M+H]" 420.1729, found 420.1730.

Biotin-conjugated trans-cyclooctene (29)

29

To a solution of 5-((+)-biotinamido)pentylamine trifluoroacetic acid salt’® (264 mg,
0.596 mmol) and racemic (rel-1R,8S,9R,4E)-bicyclo[6.1.0]non-4-ene-9-ylmethyl
(4-nitrophenyl) carbonate®'® (227 mg, 0.716 mmol, 1.2 eq) in DMF (60 mL, 0.01
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M) was added triethylamine (0.25 mL, 1.79 mmol, 3.0 eq) at room temperature.
After 24 h, to the mixture was added triethylamine (0.25 mL, 1.79 mmol, 3.0 eq)
again. After 24 h, the resulting mixture was concentrated under reduced pressure.
The residue was purified by silica gel column chromatography (dichloromethane
elution to dichloromethane/methanol = 15/1) gave 29 (157 mg, 0.310 mmol, 52%).
Although residual nitrophenol was inseparable even after GPC purification, which
also ended large loss of the product (down to ca. 5%), the obtained material was
used in the next reaction without further purification.

White amorphous solid; Ry value 0.17 (dichloromethane/methanol = 10/1); IR
(NaCl, neat) vmax 3301, 2926, 2854, 1702, 1642, 1545, 1267 cm™'; 'H NMR (500
MHz, CDCl3) 6 6.49-6.41 (br, 1H), 6.22 (br, 1H), 5.85 (ddd, 1H, J =17, 8.0, 6.5
Hz), 5.62-5.55 (br, 1H), 5.12 (ddd, 1H, J = 14.0, 10.0, 3.5 Hz), 4.88 (br, 1H), 4.51
(dd, 1H, J=17.0, 5.0 Hz), 4.31 (dd, 1H, J= 4.5, 2.0 Hz), 3.91 (d, 2H, J = 8.0 Hz),
3.22-3.20 (m, 2H), 3.15 (m, 4H), 2.90 (dd, 1H, J = 8.0, 5.0 Hz), 2.73 (d, 1H, J =
13.0 Hz), 2.35 (d, 1H, J = 14.0 Hz), 2.27-2.24 (m, 2H), 2.21-2.18 (m, 2H), 1.95-
1.87 (m, 2H), 1.73-1.65 (m, 4H), 1.52-1.41 (m, 6H), 1.34 (m, 2H), 0.87—0.81 (m,
2H), 0.55-0.51 (m, 2H), 0.41 (m, 2H); '*C NMR (126 MHz, CDCl3) § 173.2, 163.9,
157.0, 138.3, 131.2, 70.5, 69.4 (assigned to diastereomer), 61.8, 60.2, 55.6, 40.5,
39.2,38.7,35.9,33.8, 32.6, 29.7,29.6, 29.0, 28.1, 28.0, 27.6, 25.6, 24.7, 23.8, 21.9,
20.9; HRMS (ESI) caled for C22H23N11ONa [M+Na]" 529.2824, found 529.2821.

6-6 NMR Spectra
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGATIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
Wl

IRNUC
CTEMP
SLVNT
EXREF
BF

RGAIN

TY_06_134_03_]

single_pulse

proton-1-1.als

2016-07-22 11:07:22

1H
proton. jxp
500.16
2.41
6.01
13107
7507.51
8
1.7459
5.0000
6.22
1H
19.5
CDCL3
7.26
0.10

MHz
KHz
Hz

ppm
Hz

42

TY_06_134_03_carbon-1-1.als
single pulse decoupled gated
2016-07-22 11:09:06

13C

carbon. jxp

125.77
7.87
4.21

MHz
KHz
Hz

26214
31446.54 Hz
1240
0.8336 sec
2.0000 sec
3.12 usec
1H
19.9 ¢
CDCL3
77.00 ppm
0.10 Hz
60



DFILE TY 08 148 01-1-1.als

AT A OMOUN O T N ET OO0 A~ A N0 800D 4 COMNT diazo
FONNN Ao MO O A NN A A OO [t =]
MM eI M NNN NN NNNIN OO o o0 [TolTe] DATIM 2017_06_30 17:17:26
I e e e e e a al a E e e el S S S S A A - OENUC  1H
L1 | L ] I 1] v EXMOD proton. jxp
= a OBFRQ 500.1¢ MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 132107
FREQU 7507.51 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.85 usec
IRNUC 1H
CTEMP 16.6 ¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.10 Hz
RGAIN 50
O
Bn\ JI\¢N2
I
Ph
2b

PP

8 4 2 0
DFILE TY_08_148_01_carbon-1-1.als
o caenpoen = A COMNT single pulse decoupled gated
@ MEn R T M = @ = DATIM 2017-07-02 11:06:29
w S o mmm e cew e OBNUC  13C
3 0393988 e o EXMOD carbon. jxp
QBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.54 Hz
SCANS 1260
ACQTM 0.8336 sec
PD 2.0000 sec
PWl 3.12 usec
IRNUC 1H
CTEMP 18.5 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.10 Hz
RGAIN 60

| | -
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DFILE TY_08_073_02_proton-1-1.als
e 23 ol COMNT single_pulse
R = DATIM 2017-05-29 16:55:37
- Ll OBNUC 1H
EXMOD proton. jxp
v OBFRQ 500.16 MHz
OBSET 2.41 EHz
OBFIN 6.01 Hz
POINT 12107
FREQU 7507.51 Hz
SCANS B
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.85 usec
IRNUC 1H
CTEMP 13.1 c
SLVNT CDCL2
EXREF 7.26 ppm
BF 0.10 Hz
RGAIN 36
= (0]
o
= - B
| "N
|
Bn
2c
II
J . 1
| : | M | " ‘ PEM
] 0
DFILE TY_08_073_02_4 carbon-1-1l.als
o @ = cra oa CCOMNT single pulse decoupled gated
wn LR K T mo DATIM 2017-06-02 22:44:45
< @ o = e o OBNUC 13C
] R i - EXMOD carben. jxp
‘ | I\ OBFRQ 125.77 MHz
\ OBSET 7.87 KHz
‘ | M |/ OBFIN 4.21 Hz
POINT 26214
FREQU 31446.54 Hz
SCANS 2603
ACQTM 0.8336 sec
PD 10.0000 sec
PW1l 3.12 usec
IRNUC 1H
CTEMP 13.2 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.10 Hz
RGAIN 60
1
1
1
JL }k J“ PP
T | T | T T | T T
200 150 100 50
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(JEDLD

X : parts per Million : Carbonl3

/N2
N ---- PROCHSSING PARAMETERS —---
| de_balance( 0, FALSE )
zexp( 0.2[Esl, 0.0[=] )
Bn trapesoid( 0[%], D[], B0[%], 100[%1 )
zexofill( 1
££t( 1, TRUN, TRUM )
2d machinephase
Er=
Derived £rom: TY_11_009_01_proton-1_Ana-1.3jdf
Filenzme = TY_11_009_01_proton-1_Ana
Buthox = delta
Bxperiment = proton_jxp
= TY 11 009 01
= CHLORDFORN-D
= 29-JUN-2018 16:31:13
= 21-AUG-2018 18:40:23
= cingle_pulze
= 1D COMPLEX
= 13107
X_Domain = Broton
Dim Title = Proton
Dim Unitsz = Ippml
Dimensions =x
Site = JHM-ECXS00
Spectrometer = DELTA2_MMR
=1 =1 2 ;
= = p= Pield Stremgth = 11.7473575[T] (500[MEz])
X_Aca_Duration = 1.74587904[s]
X _Domain =18
X Freq = 500.15991521 [MHx]
X_Offzet = 5.0[pp=]
X_Points = 16384
X_Prescans =1
X _Reszolution = 0.57277737[Hz]
X_Sweep = 9.38438438[kHz]
X Sweep Clipped = 7.50750751[kE=]
= Proton
500.15991521 [MHx]
Irr_Dffset = 5.0[pp=l
Tri Domain = Broton
Tri_Freq 500.15991521 [MHx]
3 Tri Offzct 5.0[ppml
£ =] Stae o
g -3 Total Scanz =8
] 4 P Ak
=<7 Relazation Delay = 5l=z1
T T T T T Recvz_Sain 36
9.0 30 2.0 1.0 0 Temp_Get = 17.714C]
X_90_Width = 13.7[uz]
X_Aca_Time = 1.74587904[=]
- X_Angle = 45[deg]
- X _Ata = 414m]
- X_Pulze = 6.85[us]
I Irx_Mode = ogf
X : parts per Million : Proto: Tei Mode - oes
3 ---- PROCHSSING PARAMATARS —-—-
-7 de_balance( 0, FALSE }
3 zexp( 2.0[Hs], 0.0[s] )
29 trapesoid( 0[%], O[%], 80[%], 100[2] )
=7 zexofill( 1)
££t( 1, TEUS, TRUA )
w3 machinephaze
-3 Fr=
Derived £rom: T¥_11_009_01 carbon-1_Ana-1.3d
Filename = TY_11_009_01_caxbon-1_Ana
Buthor = delta
Bxperiment = casbon.3ixp
Sample_Id = TY_ 11 009 _01
Solvent = CELORDFORN-D
3 = 29-JUN-2018 16:3.
E = 21-AUG-2018 19:%
=)
| = zingle pulse decoupled ga
-3 1D coMPLEX
= 26214
3 = Cazbon
sa = Cazbonl3
= Dim Units = Ippal
Dimenzions =x
- Site = JHM-ECHSO00
=7 Spectrometer = DELTAZ_MIE
o Ficld Stxemgth = 11.7473578[T] (500[MEz])
= X_Acqg Durstion = 0.83361792[=]
X Domain = 13c
X_Freq = 125.76529768 [MHx]
X_Offzat = 100[pp=m]
¥_Foints = 32768
X_Prescans =4
¥ Rezolution = 1.19959034[Hx]
X_Sweep = 39.3081761 [kHz]
X Sweep Clipped = 31.44654088 [kEz]
5 Irr_Domain = Prota
Trr Pregq = 500.15991521 [MEx]
Irr Dffzet = 5.0[ppml
Clipped = PALSE
8 Scans = 1096
2 Tatal Scans = 1096
=
z Relaxation Delay = 21zl
= 4 o A A Recvr_Gain =58
= 7 emp Gt = 17.9[ac]
R L I S S L I I B I I L L B R R R R R R R a s na i FT TPy Z 8.36[as]
200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 300 200 10.0 ¥_Pea_Time = 0.83361792[=]
X_Angle = 30[deg]
A | X_Ata = 3ram]
. X _Pulse = 3.12[us]
= z=zQ 9= Irx_Atn Dec = 20.54[4B]
= AEE =S Trx Atn Hoe 20 54(a8]
a s oo Trr Woisze WALTE

Irz_Pwidth = 92[us]
Decoupling = TRUR
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HO

Bn
2e

A

(JEDLD

---- PROCESSING PARAMETERS ----
deo_balance({ 0, FALSE )

sexp( 0.2[H=], 0.0[=] )

trapescid( 0%, O[%], 80[%], 100[%] )
mevofill( 1 )

£££( 1, TRUE, TRUB )

machinephas

Pr=

Derived from: TY_10_145_02-1_Ana-1_j&f

Filename = T¥_10_145 02-1_Ana-2.jdf
Ruthox = delta

Bxperiment = proten.jxp

Sample_Td = T¥_10 145

Solvent = CHLORDFORM-D

21-JUN-2018 17:34:29
21-AUG-2018 18:21:38

Actual Start Time
Revizion Time

Comment = zingle_pulze
Data_Format = 1D CoMPLEX
Dim Size = 13107
X_Domain = Broten

Dim Title = Proten

Dim Units = Ippal
Dimensions =x

Site = JHM-BCXS00
Spectrometer = DELTA2 MR

Field Strength
X_heq_Duration
X Demain

11.7473579[T] (500[MEz])
1.74587904[=]

X Preq 500.15991521 [MHx]
H_DEfzet = 5.0[ppm]

X Points = 16384

X Prescans 1

X Resolution
X_Sweep
¥ Sweep_Clipped

0.57277737[Hz]
9.38438438 [kEz]
750750751 [kE=]

Irr Domain = Protan
Irz_Fre: 500.15991521 [MHx]
Irr_Dffzet = 5.0[ppm]
Tri Demain = Bxoten
Tri_Freq 500.15991521 [MHx]
@ Tri Offszct 5.0[ppm]
S Clipped FALSE
=2 Seans =8
g 3 }L Total Scanz =3
El L 1 1
ek — Relaxation_Delay = S[z]
T T T T T T T T T Recvz_8ain &
9.0 8.0 7.0 6.0 50 30 20 10 Q Te=p = 14.4[4C1
X_80_Width = 13.7[uz]
S ———— AR S e
e - / ¥ Angle = 45[deg]
Tazcowecncmazsedsnno_gegemasmana-Snas wacn = At
HEERAAAARR A adHaansssES a0 ESSUEERER ¥_Pulze = 6.85[us]
. e e e e e e e e e e R R I Irr_ode = Dff
X : parts per Million : Proton i Mode — pes
] —--- PROCESSING PARAMETERS
- de_balance{ 0, FALSE )
_:— sexp{ 2.0[Hs], 0.0[s] )
] trapesoid( 0[%], O[%], BO[#], 100[%] )
] zexofill{ 1 )
e ££t( 1, TRUB, TRUA )
=7 machinephace
] Frm
-] Derived from: TY 10 150 02 carbon-1 Ana-1.3df
b Filename = TY_10_150_02_carbon-1_ina
] Author = delea
| Bxpeximent = cazbon.jxp
=1 = TY_10_150_oz
l = CHLOROFORH-D
] = 26-JUN-2018 23:1
= = 21-AUG-2018 19:2:
=7
] = single pulse decoupled ga
] = 10 comeLEX
pacl 26214
=7 = Carbon
9 = Casbonl3
3] Ippal
] Site JHM-BCX500
] Spectrometer - pEnrAz MEm
]
=7 Pield Stxength 11.7473579[T] (500 [MEz])
] ¥_Acg Duration 0.83361792(=]
5 ¥_Domain 13c
=+ 7 ¥ Preq = 125.76529768 [1Hz]
=7 *_Offzet = 100[ppml
4 ¥_FPoints = 327868
] ¥ Prezeansz =1
~ X _Resolution = 1.19959034[Hs]
=4 ¥_Sweep = 39.3081761 [kHz]
| ¥_Swesp Clipped = 31.44654085 [kEz]
Irx_Domain = Protea
* Ixx Preq = 500.15991521 [ME=]
| Irr Dffszet = 5.0[ppm]
] Clipped = TRUR
8 =] Sean= = ss20
c <7 Total Scanc = 9820
£ ]
z ] Relaxation Delay = 2[z]
E = J i =
I e e e e e L B o e R R e e = 5 36m=1
200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 700 60.0 50.0 400 30.0 200 10.0 = 0.83361792[=]
= 30[deg]
AR AL i
| L \,e | o = 3121w
o = o =g & L= = 20.54[dB
g FRtErEzEg 28 § 2% IR
] SERAAAERSS FEE 2 a5 = WALTS
- —_———————— = 92[us
X : parts per Million : Carbon13 Decaupling - .mé, !
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abundance

=]
E o
E JEOL
4 MOMO N 72 P p—————
] dc_balance( 0, FALSE )
] | sexp( 0.2[Hs], 0.0[s] )
trapesoid( O[2], D[%], BO[%], 100[3%] )
= Bn zerofill( 1
= ££t{ 1, TRUE, TRUE )
= machinephaze
] 2f
] Derived from: TY 11 015 01-1 Ana-1.jdf
i Filename = TY_11_015_01-1_Ana-2.jdf
Author = delt
=N Bxparimant = proten.jxp
27 Sample_Id = TY_ 11 015
4 Solvent = CHLOROFORM-D
B Actual Start Time = 4-JUL-2018 17:59:4%
4 Revizizn Time = 21-ADG-2018 19:32:00
] Comment = zingle_pulsze
] & e - Data Pormat = 1D cComerEx
< r—‘.'&‘. = Dim Size = 13107
A fei) oo L ¥ Domain = Proton
B Dim Title = Proten
= Dim Units = Ipp=l
| Dimznzions x
&7 Site = JMM-BCHS00
] Spectrometer = DELTAZ_MMR
b Field Strength = 11.7473578[T] (S00[MHz])
B X_Acqg Duxation = 1.74587904[s]
4 X Domain =
4 ¥ Preq = 500.15991521 [MEs]
i H_Dffzet = 5.00ppm]
¥ Points = 16384
7 ¥_Prescans =1
= X_Re'n]\.lti.nn = 0.57277737[Hz]
=4 H_Sw = 3.38436436[kHxz]
=4 b .me:p Clipped = 7.50750751[kEz]
4 Irr_Domain = Proten
] Irr Freg = 500.15991521 [MEx]
] Irr Offzet = 5.00ppm]
Tr: Domain = Proten
bt Trs Freg = 500.15991521 [MEx]
4 Tri Offzet = 5.0[pp=]
4 Clipped = rarsm
4 Scans =5
4 i \ Total Scans =8
=4 o Relaxation Delay = S[s]
T T T T Recwr_Gain 4z
9.0 20 1.0 0 Temp_Get 1B[dC]
H_90_Width = 13.7[==]
X Acg Time = 1.74587904[s]
¥_Angle = 45[deg]
¥ Atn = a[aB]
R R=ExE~] *_Pulze = 6.85[us]
g + o T e Izx_lode = 0£f
X : parts per Million : Proton Tritode - pee

abundance

JEOL

---- PROCHSSING PARMMETERS —-—
do_balance( 0, FALSE )

zexp( 2.0[H=], 0.0[=] )

trapesoid( 0[%], 0[%], BOI®], 100[%1 )
zexo£ill(

£ft( 1, TRUB, TRUA )

machinephaze

Fr=

Derived from: TY_11_015_01_carbon-1_sna-1.3df

Pilename = 7Y 11 015 01 carbon-1_ana
Authox = delta
Bxperiment = carbon.jxp

TY_11_015_01
CELOROFORI-D

W
I
E]
a
@
n
2
&
@
w

= single pulze decoupled =
1D COMPLEX
26214

3 = Carboa

Dim Title = Caxbonl3

Dim Units Ippa]

Dimensions

Site THI-BCKS00

Spectrometer = pEDTAz WMMm

Field Stremgth
¥_Acq Durstion

11.7473579[T] (500 [MHs])
0.83361792[=]

¥ Domaia 13c
A Freg = 125.76529766 1H=]
X _Offzet = 100[ppm]

¥ Points = 2788

X_Prescans =1
¥_Resolution = 1.19959034[Hz]

*_Sweep = 393081761 [kHz]
¥ _Sweep Clipped = 31.44654088 [kEz]

Protom
500.15591521 1H=]

5.0[ppm]
FALSE
616
Total_Scans = 616

Relaxation Delay = 2[s]

18.1[4C]
I RREmEE s ERERRT R RRaE s o R e R AEEEE e e EERsmzzmssoy Z e
"00019001800]?00]6001)001400]?00170011001000 90.0 80.0 70.0 60.0 500 40.0 300 200 100 = 0.83361792[=]

1 iac[dg;

/. | ‘ fk \\ I | ;g[i“;][\u]

) R - o8 o el o = -

B 58253338 E LT ol

2 FELA8856ES g EREs e R = WALTEZ

X - parts per Million : Carbon13 Decoupling Z ;;é-::]
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2] 0o
=7
=] H\ s N2
ppcpinl
-1 N N ---- PROCHSSING PARMMNTERS —-—
] I I de_balance( 0, FALSE )
=] zexp( 0.2[Hz], 0.0[=z] )
=+ Bn Bn trapesoid( 0[%], O[%]1, BO[¥], 100[%1 )
-1 zerofill( 1 )
] ££e( 1, TRUE, TRUE )
=4 il .
i 29 machinephaze
=1 Frm
<4 TY_11_004_0Z_proton-1_Ana-1.3jdf
cid
=7
=3 = 7% 11 004 02 proton 1 Ana
] = delta
=1 = proton_jxp
=7 = Tv 11 _oDs_02
] = CHLOROFORHE-D
| = 2-JUL-2018 18:56:33
2_ = 21-AUG-2018 19:03:31
1 = single pulse
= 1D COMPLEX
. 13107
] = Proton
] = Protea
= tepa)
5 x
1 = Mm-ECxS0O
=1 | Spectrometar = DELTAZ MMR
= [ I
3 [ = Field Stremgth = 11.7473579[T] (500[MEz])
9 | = X_Acq Duration 1.74587904[=]
<] ¥_Domaia =18
. X_Freg = 500.15991521 [MH=]
] X_Offzet = 5.00ppml
=7 X Points = 16382
=+ X _Prescans =
3 X_Rezolution = 0.57277737[Hs]
l X_Swee: = 9.38438438[kE=]
f_’_ ¥_Sweep Clipped = 7.50750751i[kEHz]
i Irx_Domain = Protoa
l = 500.15991521 [MHx]
=13 = 5.0[ppml
e = Proten
] = 500.15991521 [MHz]
o -1 = 5.0[pp=l
2 3_ = PALSE
£~ -8
Z 1 Tatal_Scans =8
R
s ] Belaxation Delay = S5[=]
T T T T = 34
9.0 80 10 Q = 18[dC)
= 13.7[us]
= 1.74587804[=]
= 45[deq]
= 41a8]
- = 6.85[uz]
o = os£
X : parts per Million : Proton = os£
- dJEOD Lo
] ---- PROCHSSING PARAMNTERS —-—-
1 do_balance| 0, FALSE }
] zexp( 2.0[Hz], 0.0[s] )
d trapezoid( 0[%], O[%], BO[¥], 100[%#1 }
=7 zera£ill( 1
| ££t( 1, TRUS, TRUAE )
] machinephaze
1 FE=
] Dexived £rom: TY_11_004_02_carbon-1_Ana-1.3jdf
=7
4 Pilename = TY 11 004_02_carbon-1_Ana
] Ruthox =
=7 Bxperiment =
| -
=7 -
=]
=4
@] z
=7 -
] Spectromatar =
] Pield Stremgth = 11.7473575[T] (500[MEz])
] X_Aca Duration = 0.83361792[z]
- X_Domain = 13c
= X _Freg = 125.76529768 [MHx]
] X_Dffzet = 100[pp=]
. ¥ _Points 32768
b X_Prescans =4
] X Resolution 1.19959034[Hz]
] X_Sweep = 39.3081761[kEHz]
9 X_Sweep_Clipped = 31.44658088 [kiz.
] Irr Domain = Broton
] Irx_Freq = 500.15991521 [MHx]
i Ixx_Dffzet = 5.0[pE=]
1 Clipped = PALSE
z = Soansz = 1260
2 a7 Total Scanz = 1260
R
N Relexation Delay = 2021
Zo n - Becvr Gain =
= Temp_Get = 18.2[4C]
L B o e e S S T T T T T T & s Wadth = 5.380m2]
200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 900 80.0 700 60.0 50.0 400 300 200 100 X_Acg_Time = 0.83361792[=]
[ X 2Angle = 30[deq]
| ‘ |\ Jkk% A ‘ \ e i
/! SRS / X Pulse = 3.121ws]
E S gorogwm—rn— = o e o Irr_atn Dec = 20.54[aB]
- g LSS Embzen =] =T Ben |
E*, Z FREZEQRRSEE 82 =3 Irs Atn Noe = 20.54(a8]
e ¥ YELEREBEARGCAES ERE AE% Ixx Hoize = WALTZ
i = = SRR SmSaee= Irr Pwidth = 92[uz]
X : parts per Million : Carbon13 Decoupling = TRUR
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PEM
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175

132.533
129
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140.431
135
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

DFILE TY 08_143 02-1-1l.als
COMNT hydrazone
DATIM 2017-07-01 16:47:07
OBNUC 1H
EXMOD proton. jxp
OBFRQ 500.16 MHz
OBSET 2.41 EHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.51 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.85 usec
IRNUC 1H
CTEMP 17.6 ¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.10 Hz
RGAIN 40
o]
Me NNHTs
I
Ph  Ph
2j

TY_08_143_02_carbon-1-1.als

single pulse decoupled gated

2017-07-03 13:20:09

13C
carbon. jxp
125.77
7.87
4.21
26214
31446.54
1260
0.8336
2.0000
2.1z
1H
19.2
CDCL3
77.00
0.10

MHzZ
KHz
Hz

Hz
sec

sec
usec

ppm
Hz

60



1.583

PR

=

186.311

695

——— 128.632
3

=

.657

— 132

_— 136.587

48

77

77.000
76.74

54,184

l -
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM

bWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

TY_09_007_01-

diazo

1-1.als

2017-07-06 12:54:10

1H
proton. ixp
500.16
2.41
6.01
13107
7507.51
8
1.7459
5.0000
6.85
1H
16.4
CDCL3
7.26
0.10
48

MHzZ
KHz
Hz

Hz
sec

sec
usec

ppm
Hz

TY_08_132_03_carbon-1-1.als
single pulse decoupled gated
2018-02-21 23:12:53

13C

carbon. jxp

125.77 MHz
7.87 KHz
4.21 Hz

26214

31446.54 Hz

1H

CDCL3

2200
0.8336 sec
2.0000 sec

3.12 usec

16.9 ¢
77.00 ppm

0.10 Hz
60



DFILE TY_10_062_01_proton-1-l.als
= b COMNT single_pulse
e o DATIM 2018-04-12 13:14:34
@ = OBNUC 1H
L EXMOD proton. jxp
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.51 Hz
SCANS 8
ACQTM 1.7459 sec
FD 5.0000 sec
o PW1 6.85 usec
= IRNUC 1H
o CTEMP 15.4 ¢
[ SLVNT CDCL3
J EXREF 7.26 ppm
EF 0.10 Hz
RGAIN 36
o]
M Ph
Ph N
H
O
l-
T
|
|
1
I
| L
EEM
T T T T ‘ T T T
g 6 4 2 0
DFILE TY_10_062_01_carbon-1-1l.als
2 - . e = bt COMNT single pulse decoupled gated
o ] oo v 2 oo @ DATIM 2018-04-12 13:18:15
- = "o s [ © OBNUC  13C
3 S a R e = EXMOD carbon. jxp
| OBFRQ 125.77 MHz
h%‘ ‘ OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.54 Hz
SCANS 1680
ACQIM 0.8336 sec
PD 2.0000 sec
PWl 3.12 usec
IRNUC 1H
CTEMP 15.3 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.10 Hz
RGAIN 60
|
| }
PPM
T T | T T T T T T T | T T T T T T T T T
200 150 100 50 4]
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DFILE TY_0%_031_01-1-1.als
CCMNT diazo
DATIM 2017-07-19 17:00:58
OBNUC 1H
EXMOD proton.jxp
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.51 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PWl 6.85 usec
IRNUC 1H
CTEMP 19.0 ¢
SLVNT <CDCL3
EXREF 7.26 ppm
BF 0.10 Hz
RGAIN 50

o]

N2
MeO
2k

TY_09_031_01_carbon-1-1.als
single pulse decoupled gated
2017-07-20 09:56:39

13C
carbon. jxp
125.77
7.87
4.21
26214
31446.54
1680
0.8336
2.0000
2.1z
1H
18.1
CDCL3
77.00
0.10
60

MHzZ
KHz
Hz

Hz
sec

sec
usec

ppm
Hz



DFILE TY_09%_054_02_proton-1-1.als
| COMNT single_pulse

: 3 DATIM 2017-08-05 14:19:17
" - OBNUC 1H
EXMOD proton. jxp
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.51 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.85 usec
IRNUC 1H
CTEMP 19.3 ¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.10 Hz
RGAIN 44
(0]
m
o =N
)
- Br

PPM

10 g ] 4 0
DFILE TY_09_054_02_carben-1-1.als
2 I @ “ COMNT single pulse decoupled gated
o M ooyl o - DATIM 2017-08-05 14:20:58
w W I < OBNUC  13C
= oy o v EXMOD carbon. jxp
| OBFRQ 125.77 MHz
\ "# OBSET 7.87 KHz
| OBFIN 4.21 Hz
POINT 26214
FREQU 31446.54 Hz
SCRNS 1780
ACQTM 0.8336 sec
PD 2.0000 sec
PW1l 3.12 usec
IRNUC 1H
CTEMP 19.9 c
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.10 Hz
RGAIN 60

200 150 100 50 0
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

DFILE TY_0%_036_01-1-1.als
CCMNT diazo?

DATIM 2017-07-21 13:03:43
OBNUC 1H

EXMOD proton.jxp

OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.51 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PWl 6.85 usec
IRNUC 1H
CTEMP 18.4 ¢
SLVNT <CDCL3
EXREF 7.26 ppm
BF 0.10 Hz
RGAIN 48
(0]
N
Me
2m

TY_09_038_01_carbon-1-1.als
single pulse decoupled gated
2017-07-25 10:00:23
13cC
carbon. jxp
125.77 MHz
7.87 KHz
4.21 Hz
26214
31446.54 Hz
1580
0.8336 sec
2.0000 sec
3.12 usec
1H
18.5 ¢
CDCL3
77.00 ppm
0.10 Hz
60
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1l
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

TY_09_037_02_]

single_pulse

proton-1-1.als

2017-07-24 10:13:46

1H
proton. jxp
500.16
2.41
6.01
13107
7507.51
B
1.7459
5.0000
6.85
1H
18.1
CDCL3
7.26
0.10
36

N
B'1(),/’\\\v//ll\\;§$ 2

MHz
KHz
Hz
Hz
sec

sec
usec

ppm
Hz

0]

2n

TY_09_037_02_carbon-1-1.als
single pulse decoupled gated
2017-07-24 10:15:44

13C
carbon. jxp

125.77
7.87
4.21
26214
31446.54
1260
0.8336
2.0000
3.12

1H

18.6 ¢

CDCL3

MHZ
KHz
Hz

Hz
sec

sec
usec

77.00 ppm
0.10 Hz

60
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DFILE TY_08_044_02_proton-1-l.als
COMNT single_pulse

DATIM 2016-12-27 20:03:58
OBNUC 1H

EXMOD proton. jxp

OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107

FREQU 7507.51 Hz
SCANS 8

ACQTM 1.7459 sec

FD 5.0000 sec
PW1 6.85 usec
IRNUC 1H

CTEMP 14.8 ¢
SLVNT CDCL3

EXREF 7.26 ppm

EF 0.10 Hz
RGAIN 48

(0]
N
N3/\/\[T])J\é 2

Ph

4a

DFILE TY 07_088_02_carbon-1-1.als
COMNT single pulse decoupled gated
DATIM 2016-10-08 00:07:30

0OBNUC 13C

EXMOD carbon. jxp

OBFRQ 125.77 MHz

OBSET 7.87 KHz

OBFIN 4.21 Hz

POINT 26214

FREQU 31446.54 Hz

SCANS 7600

ACQIM 0.8336 sec

PD 2.0000 sec

PWl 3.12 usec

IRNUC 1H

CTEMP 18.8 c

SLVNT CDCL3

EXREF 77.00 ppm

BF 0.10 Hz

RGAIN 60



DFILE TY_0%_056_05-1-1.als
o I a CCMNT diazo-azide?
@ - 1 DATIM 2017-08-18 17:15:26
- - — OBNUC 1H
EXMOD proton.jxp
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.51 Hz
| SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PWl 6.85 usec
IRNUC 1H
CTEMP 18.2 ¢
SLVNT <CDCL3
EXREF 7.26 ppm
BF 0.10 Hz
RGAIN 48
N3 o
NJJ\éNZ
o I
™ i Bn
= :
$ ‘ ‘} 4b
[ \
1
1
PEM
T T T T T T T T
8 6 2 0

165.775

990

115.

58
000

76.7

742
.791
83

T

50
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

TY_09_056_05_carbon-1-1.als
single pulse decoupled gated
2017-08-19 10:46:46
13C
carbon. jxp

125.77 MHz

7.87 KHz
4.21 Hz
26214

31446.54 Hz

1H

CDCL3

1780

0.8336 sec
2.0000 sec

3.12 usec
18.4 c
77.00 ppm

0.10 Hz
60



DFILE TY_09_123_02_proton-1-1.als
P . COMNT single_pulse
o =a 0 DATIM 2017-10-23 23:11:42
- — OBNUC 1H
‘ ‘ EXMOD proton. jxp
| OBFRQ 500.16 MHz
| \/ OBSET 2.41 KdHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.51 Hz
SCANS B
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.85 usec
IRNUC 1H
CTEMP 16.8 ¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.10 Hz
RGAIN 46
o]
N3 NJj\éNz
|
Bn
4c
! |
i
|
[
- L . TEMT
T T T T | T T T T
g ] 4 0
DFILE TY_09_123_02_carben-1-1.als
s b= wSa o aeson @ COMNT single pulse decoupled gated
r oA TMO o o DATIM 2017-10-23 23:13:21
WA RO m®m® I OBNUC  13C
5 305059858349y o EXMOD carbon. jxp
L‘\ ‘ OBFRQ 125.77 MHz
= OBSET 7.87 KHz
‘W OBFIN 4.21 Hz
POINT 26214
FREQU 31446.54 Hz
SCRNS 8460
ACQTM 0.8336 sec
PD 2.0000 sec
PW1l 3.12 usec
IRNUC 1H
CTEMP 17.8 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.10 Hz
RGAIN 60
|
1
1 |
! |
| | )
‘ T b rem
T T T T T T T T T T ‘ T T T T T T
150 100 50 4]
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
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IRNUC
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SLVNT
EXREF
BF
RGAIN
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

TY_09_121_04_)

single_pulse

proton-1-l.als

2017-10-24 23:12:57

1H
proton. jxp
500.16
2.41
6.01
13107
7507.51
8
1.7459
5.0000
6.85
1H
17.9
CDCL3
7.286
0.10
40

AL T

Bn
4d

MHZ
KHz
Hz

Hz
sec

sec
usec

ppm
Hz

|
Bn

TY_09_121_04_carbon-1-1.als
single pulse decoupled gated
2017-10-24 23:14:28

13C
carbon. jxp
125.77
7.87
4.21
26214
31446.54
8860
0.8336
2.0000
2.1z
1H
19.2
CDCL3
77.00
0.10
60

MHzZ
KHz
Hz

Hz
sec

sec
usec

ppm
Hz
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DFILE TY09_055_02_ proton-1-1l.als
COMNT single_pulse
DATIM 2017-08-06 14:51:11
OBNUC 1H
EXMOD proton.jxp
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.51 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.85 usec
IRNUC 1H
CTEMP 19.6 c
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.10 Hz
RGAIN 44

(0]

Noxs o
NJK/N:B
|
Bn

4e

DFILE TY_09_055_02_2_carbon-1-1l.al:s

COMNT single pulse decoupled gated

DATIM 2017-08-17 23:05:07

0OBNUC 13C

EXMOD carbon. jxp

OBFRQ 125.77 MHz

OBSET 7.87 KHz

OBFIN 4.21 Hz

POINT 26214

FREQU 31446.54 Hz

SCANS 3438

ACQIM 0.8336 sec

PD 10.0000 sec

PWl 3.12 usec

IRNUC 1H

CTEMP 17.9 ¢

SLVNT CDCL3

EXREF 77.00 ppm

BF 0.10 Hz

RGAIN 60
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM

PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

TY_10_042_02_proton-1-l.als
single_pulse

2018-01-10 23:09:05

1H

proton. jxp

500.16
2.41
6.01
13107
7507.51
8
1.7459
5.0000
6.85
1H

17.2

CDCL3
7.286
0.10
44

MHZ
KHz
Hz

Hz
sec

sec
usec

ppm
Hz

(6]
JI\¢N2
N

O/\/\N3

6a

TY_10_042_02_carbon-1-1.als
single pulse decoupled gated
2018-01-10 23:10:36

13C
carbon. jxp

125.77
7.87
4.21
26214
31446.54
2000
0.8336
2.0000
2.1z

1H

18.2 ¢

CDCL3
77.00
0.10
60

MHzZ
KHz
Hz

Hz
sec

sec
usec

ppm
Hz



DFILE TY 09 _136_03-1-1l.als
@ X SELSZED T EZa COMNT diazo-diazide
o R e e R R T R R R e R DATIM 2017-11-06 14:24:51
[Te} L T B e B B s B B B R B I I OBNUC 1H
EXMOD proton. jxp
L_'L:'L“I*\L-“*x.h LiL"L’L_;_L_L"""' OBFRQ 500.16 MHz
—kkh OBSET 2.41 EHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.51 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.85 usec
IRNUC 1H
CTEMP 17.4 ¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.10 Hz
RGAIN 44
|
"fz
O
o - [ Q
o
I [ | if )J\/N3
N
|
N3
1 |
6b
|
|
| |
! [
1
{ . - TEDT
T | T T T T T I T
8 6 4 2 0
DFILE TY_09_136_01_carbon-1-1.als
> o el COMNT single pulse decoupled gated
- o DR DATIM 2017-10-30 23:16:35
- e I OBNUC  13C
= 3 1 EXMOD carbon.jxp
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.54 Hz
SCANS 8920
ACQIM 0.8336 sec
PD 2.0000 sec
PWl 3.12 usec
IRNUC 1H
CTEMP 19.6 c
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.10 Hz
RGAIN 60
1
|
1
| 1 |
| 1
1
|
1
|
1
| LL
e
| T T T T T T T T T T ‘ T T T T T T
00 150 100 50 ]
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DFILE TU-02-037-2 170614 _proton-1-

E § COMNT single_pulse
S . DATIM 2017-06-14 19:32:21
L OBNUC 1H
3 EXMOD  proton.jxp
n o ” OBFRQ 500.16 MHz
g g OBSET 2.41 KHz
= 2.3 - OBFIN 6.01 Hz
a a fa {\ POINT 13107
FREQU 7507.51 Hz
- L{I[ Jﬁ \ i%%h'{‘sM 1 7;59
i . sec
- Joi I PD 5.0000 sec
IllllH‘HH T | LI | TT T|-|T|T T | TT }RVNIUC I.” 6.85[1500
103 102 101 7.6 7.4 7.2 3.4 CTEMP 13.7¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.10 Hz
RGAIN 42
O
I
Ph
7a

PPM
T T T T ‘ T T T T T T
10 8 6 4 2 0

DFILE TU-02-037-2 170614 _carbon-1-

§ Y B2 2% o a COMNT  single pulse decoupled gated NO

] pepuibacbei NS~ n DATIM 2017-06-14 19:33:45

© S5 3855 s > OBNUC 13C

= = EXMOD  carbon.jxp

[ ) | OBFRQ 125.77 MHz
\‘f ‘ OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.54 Hz
SCANS 512
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.12 usec
IRNUC 1H
CTEMP 13.7¢
SLVNT CDCL3
EXREF 77.00 ppm
F 0.10 Hz

RGAIN 60

PF"M
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---- PROCESSING PARAMATERS --——
do_balance( 0, FALSE )

zexp( 0.2(Hz], 0.8[=] )

trapesoid( 01%]1, 0[%], BO[%], 100[%
zerofill( 1 )

££¢( 1, TRUB, TRUE )

machinephase

pm

EAFCE®: : TY_10_110_01_proton-1_kna-1.jdf

2,00

abundance

W

o
e S

Proton

= -
X - parts per Million

A\

4.98

»:
5
1
i
"

T¥ 10 110 01 proton-1 Ana

Authox = delta
Bxperiment = proton.jxp

Sample Id = T¥_10_110_01
Solvent = CHLOROFORIN-D

30-MAY-2018 23:13:45
4-JUN-2018 17:19:13

Revision Time

Comment = zingle pulze
Data Format = 1D COMPLEX
Dim Size 13107

¥ _Domain = Brotom

Dim Title = Protea

Dim Units [ppm]
Dimensions x

Site = JmcECxs00
Spectrometer = pEDraz mm

Field Stremgth
¥_Acq Durstion

= 11.7473579[T] {500[MHz])
1.74587904[=]

¥ Domaia =18
A Freg = 500.15991521 [1H=]
X _Offzet = 5.0[ppml

¥ Points = 16384

X_Prescans
¥_Resolution
*_Swee;
¥_Sweep_Clipped

0.57277737[Hs]
938438438 [kHz]
7.50750751 [kE=]

Irx_Domain = Protoa
= = 500.15991521 MEz]
= 5.0[ppml
= Proten
= 500.15991521 1H=]
= 5.0[ppm]
= PALSE
-8
Tatal_Scans =8
Relaxation Delay = 5[z]
Recwr Gain = 20
Temp_Get = 14.70aC]
¥_90_Width = 13.7[us]
¥_Acg_Time = 1.74587904[=]
¥_Angle = 45[deq]
X_Ata = 2148]
¥_Pulze = 6.85[uz]
Irr_Mode = os£
Tri Mode = ogf

=
=

05 06 07 08

0.4

|

:JEDLO

---- PROCMSSING PARAMBTERS ——--
de_balance( 0, FALSE )

sexpl 2 0[Hs], 0.00s] }

trapesoid( O[%], O[%], 80[%], 100[%] )
sexofill{ 1 )

££t( 1, TRUB, TRUB )
machinephaze
Epm

Derived from: TY¥ 10 110 01 carbon-1-1.3df

abundance

200.0 190.0 180.0 170.0 160.0 150.0

“e1s09——

X : parts per Million : Carbonl

140.0 130.0 120.0 110.0 100.0 90.0 30.0 70.0 60.0 500 40.0 300

5
2

242
'6.74.

.‘
53.145

77.248
77.000

129,756 ~_

14
140.11
136,338
128,908
128.440
127.639

Filename = TY_10_110_01_earbon-1-2 3
Ruthox = delea
Hxpexziment = cazbon. jxp

TY_10_110_01
CELOROFORI-D

30-MAY-2018 23:15:32
21-AUG-2018 20:53:27

single pulse decoupled ma
= 1D CoMPLEX

26214
(3 = Carbon

Dim Title = Carbonl3
Dim Units = Ippal
Dimensions =x

Site = JHM-BCX500
Spectrometer = DELTAZ_Wem

Pield Strength
X_Acq Duratien

11.7473578[T] (500 [MHs])
0.833617921=]

¥ Domain = 13C
¥ Preq = 125.76529768 [MH=]
X_Dffset = 100[ppm]

¥_Foints = 32768

><
o
"
"
I
0
8
u
1
i

4
1.19959034[Hs]
393081761 [kHz]
31.44654088 [kBz]

X_Sweep Clipped

Ixx Domain = Proton
Irr Preq = 500.15991521 [MH=]
Ixxr Offzet = 5.0[ppm]
Clipped = razse
Scans = 9850
Total Scaas = 9850
Relaxation Delay = 2[z]
Recvx_Gain =58

t = 16[dC]
X_90_Width = 9.36[us]
¥_Aca_Time = 0.83361792(=]
¥_Angle = 30[deq]
¥ _Ata = 3[dB]
X _Pulse = 3.12[us]

= 20.54[d8])
20.54[48]
Irr Noize = WALTS

= 92[us]
Decoupling = TRUR




-] JEOL
S NOH
g7 Bn\N =
B ) ---- PROCHSSING PARMMNTERS —-—
1 do_balance( 0, FALSE §
i Bn zexp{ 0.2[Hz], 0.0[=s] )
trapesoid( 0[%], O[%]1, BO[¥], 100[%1 )
4 zexofill{ 1 )
4 7 ££e( 1, TRUE, TRUE )
C machinephaze
7 Fr=
i Derived from: TY_10_121 02 proton-1_Rna-1.jdf
<
=
&
Pilename = T¥ 10_121 02_proton-1_Ana
4 Ruthor = delean
4 Bxperiment = proton.3xp
Sample Id = 7¥_10_121 02
7 Solvent = CHLOROFORN-D
B Actual Stazt Time = 7-JUN-2018 23:35:50
4 Rewizion Time = 21-AUG-2018 20:35:18
1 Comment = zingle pulze
B Data Format = 1D CoMPLEX
= Dim Size 13107
] ¥_Domain = Proton
h Dim Title = Protoa
4 Dim Units Lppm]
i Dimenczions x
Site = JmcECxs00
h Spectrometer = pEDraz mm
i Field Stremgth = 11.7473579[T] (500[MEz])
¥_Acq Duraticn 1.74587804[=]
4 ¥_Domain =18
4 ¥ Preg = 500.15991521 [MH=]
¥_Offzet = 5.00ppml
=7 ¥ Points = 1382
=4 (e ¥ Prescans =
= ] ¥ Rezolution = 0.57277737[Hs]
| = X Swee: = 9.38438438 k=]
b . X_Sweep_Clipped = 7.50750751[kHs]
B & Irx_Domain = Protoa
i = ! = 500.15991521 [MHx]
= 5.0[ppml
b = Proton
4 = 500.15991521 [MHz]
P = 5_0[pem]
g = rars
= = PALSE
R -8
g A Total Seans =8
Z = L
£< Relaxation Delay = 5[z]
T T T Al T T T T Recwr Gain = 2
9.0 70 6.0 50 40 30 0 10 a Temp_Get = 14.3[40]
¥_90_Width = 13.7[us]
/L ¥_Acy_Time = 1.74587304[=]
| ¥_Angle = 45[deq]
“ = o b =
=2 gy X _Atn 4148]
< N 1M H==8n ¥_Pulze = 6.85[uz]
I S L S Trr_Mode = osf
X : parts per Million : Proton $ri Mode - o£f
---- PROCHSSING PARAMNTERS —-—-
do_balance| 0, FALSE }
zexp( 2.0[Hz], 0.0[s] )
trapezoid( 0[%], O[%], BO[¥], 100[%#1 }
zera£ill(
££¢( 1, TRUN, TRUE )
machinephaze
FE=
Derived from: TY_10_121_02_carbon-1_Zna-1.3df
Pilename = T¥ 10 121 02 carbon-1 Ana
Ruthox =
3] Experiment =
Sample_Id =
3] _Start Time =
-3 Revizion_Time =
Comment
=] Data_Format
Dim Size
o ¥_Domain
=] Dim Title =
3 Dim Units =
o Dimensions =
=] site =
3 Spectrometer =
~
=3 Picld Strength = 11.7473573[T] (500[MHz1)
w3 ¥_Acq Durstion = 0.93361782[=]
= ¥ Domain = 13c
3 ¥ Freg = 125.76529768 [MHz]
v H_Dffzet = 100[ppm]
=7 ¥ Points = 32768
3] ¥_Prezcanc =3
= 3 ¥ Rezolution = 1.19959034[Hz]
=4 X_Sweep = 35.3081761[kEz]
¥ Sweep_Clipped = 3144658088 [kE=
o Irr Domain = Proton
< Ixs Preq = 500.15991521 [MH=]
o Ixx_Dffzet = 5.0(ppm]
= Clipped = TRUR
g 1 Soansz = 9800
g -1 Total Seans = ss00
Eo
R | | Relaxation Delay = 2[=]
2o J Recvr Gain =
=~ Temp_Get = 14.7[4C]
L B o e e S S T T T T T T & s Wadth = 5.380m2]
200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 900 80.0 700 60.0 50.0 400 300 200 100 ¥_Acg_Time = 0.83361792[=]
/| ﬁl{\ / \ ¥ Zngle = 30[deg]
¥ Ata = 31481
‘ [N A W Pulze = 3.121ws]
r s o =3 “wee Irz_Atn Dec = 20.54[aB]
= ShE-%zssh = _BEn_|
= FSoEZEERER JEZ 2g Izz_Atn Nos = 20.54[dB]
2 SELEREEERS EEE RE Tl = :ﬁ“]
. . —~ —_——— zx Pwi = s2[u=
X : parts per Million : Carbon13 Decoupling - zzum
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abundance

=)
i

13.0 140

12.0

11.0

=]
=l

50 60 70 80

4.0

184

HO

00

_NOH

Bn
7e

(JEDLD

---- PROCESSING DARAMNTERS —-—

do_balance( 0, PALSE )
zexp{ 0.2(Hs]l, 0.0[s] )

trapesoid( 0[%], 0[%], BOI®], 100[%1 )
zerofill( 1 )

£6€( 1, TRUN, TRUE )

machinephaze

FE=

TY_10_146_02_proton-1_Ana-1.3jdf

9.0

X - parts per Million

e R]

7.244

o e e

e
aadaa2c

~

10

T¥ 10 146 02 proton-1 Ana
delta

proton._3xp

T¥_10_146 02

23-JUN-2018 15:0.
21-AUG-2018 20:39: 35

zingle pulse
= 1D COMBLEX
13107

Eroton

= Exotom
[pp=]
x

JHM-BCKS00
DELTAZ MMB

Spectrometer

Field Stremgth
X_Acg_Duration
X _Domain

X Freq
X_Dffzet

¥ Points
X_Prescans
¥_Resolution

¥ _Swee;
#_Sweep_Clipped

= 11.7473579[T]
1.72587804[=]
EL]
500.15991521 [MHx]
5.0lppml

16384

1500 [MHz])

0.57277737[Hs]
9_38438438[kH=]
7.50750751[kE=]
Bxotcm
500.15991521 [MH=s]
5.0[ppm]

Proton
500.15991521 [MH=s]
5_0[ppa]

FALSE

=8

-8

Total_Scans

5[s1

35

1s.114c]
13.7[us]
1.72587804[=]
45[deg]

41481
6.85[us]

os£

ogf

Belaxation Delay

abundance

0.6

0.4

=

P

(JEDLO

---- PROCBSSING PARAMBTERS
de_balance({ 0, FALSE }
zexpi 2.0[Es], 0.00s]1 )
trxapezoid( 0[%], O[%],
mevofill{ 1

££ft( 1, TRUN, TRUB )
machinephaze

BO[%], 100[%] )

TY_10_146_02Z_carbon-1_ana-1.jdf

2000190018001?0016001300140013001700‘1100‘1000 900 800 TDD 600 500 400 300 200 100

163 889

X : parts per Million : Carbon13

//////“\\

Zzzoq
E
b
g

23

8'}45
7501

7434

-

2
2

145223
2

141 ﬁ‘)-l
130. f!‘
129

12

1
1
1

48.494°

Pilename
Authox
Bxperiment

TY _10_146 _02_carbon-1_Ana
delta
carbon.jxp

TY _10_126 02
METHANOL-D4
23-JUN-2018 15:0
21-AUG-2018 20:4

= zingle pulse deccupled ga

Spectrometer

11.74735791T]
0.83361792[=]

Pield Stremgth (500 [MEz1)
X_Acg_Duzaticon
¥ _Domain

13C
125.76529766 1EHz]

¥ Freg
X_Dffzet = 100[pp=]
¥ _Points 32768

=2
1.19959034[Hz]
35.3081761[kEz]
31.44654088 [kHz.

X_Prescans
¥ Rezolution

X_Sweep
¥_Sweep_Clipped

roton
500.15991521 [MHx]

Irx_Freq
Ixx_Dffzet = 5.0[pE=]
Clipped = PALSE

Soansz = 1720

Total Scanz = 1720
Relaxation Delay = 2[sz]

Becvr Gain =

Temp_Get = 15.1[dC]
X_S0_Width = 9.36[us]
X_Acg_Time = 0.83361792[=]
X 2Angle = 30[deg]

X _Ata = 31481
X_Pulze = 3.12[ms]
Irr_atn Dec = 20.54[aB]

Ixx Atn Hoe = 20.54[dB]

Irx Woize = WALTS

Ixxr Pwidth = 92[us]
Decoupling = TRUR
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MOMO ~NOH c
N ---- PROCHSSING PARMMNTERS —-—
I de_balance( 0, FALSE }
zexpl 0.2[Hz], 0.0[z] ]
Bn trapesoid( 0[%], O[%], 80[%1, 100[%] )
zexofill{ 1 )
£ft( 1, TRUB, TRUA )
7f machinephaze
Fr=
Derived from: TY_11_017_01 proton-1_Rna-3.jdf
= TY 11 017_01_proton-1_Ana
= delta
= proton.jxp
= TY_11_017_01
= CHLOROFORHE-D
= 5-JUL-2018 20:Z
= 21-AUG-2018 20:%
= zingle pulze
= 1D COMPLEX
13107
= Proton
. = Proton
= Lppm]
B x
| JHM-BCXS00
EREs Seitrmeter - nmins mm
| el Field Strength 11.7473579[T] (500 [MEs])
J < X_Rog_Duration 1.74567804[=]
¥ Domain 1\
X Freg = 500.15991521 [MHz]
X_Dffzet = 5.0[ppml
¥ Points = 16384
X Prescans =
% Rezolution = 0.57277737[8s]
*_Sweep = 9.38438438[kHz]
X_Swesp Clipped = 7.50750751[kEHz]
Irz_Domain = Proton
- = 500.15991521 [MEz]
5.0lppml
Proton
500.15991521 [MA=]
2 T = 5.0[pp=]
4 = PALSE
= i -8
2 L Tormt_Senes :
= Relaxation Delay = 5[sl
T T T T T Recve Gai: = 30
9.0 30 20 10 Q Temp Gt = 17.1[4€C]
] %_90_Width = 13.7[us]
\ ¥_Rog_Time = 1.74587804[=]
/ ¥ _Angle = 45[deq]
= ¥ Bta = 41481
i L] X _Fulze = 6.85[uz]
oo ™ m Trr_Mode = oss
X : parts per Million : Proton Tri Mode = D££
---- PROCHSSING PARAMETERS ----
do balance( 0, PALSE )
zexp( 2.0[Hs], 0.0[s] )
trapesoid( 0[%], O[%], 80[%], 100[3] )
zexofill( 1)
££t( 1, TEUS, TRUA )
machinephaze
Fr=
Derived from: TY_11_017_01 carbon-1_Zna-1.3df
Filename = TY_11_017_01_caxbon-1_Ana
Buthor = delta
Hxperiment = casbon.3ixp
= TY 11 017 01
= CHLOROFORI-D
= 5-JUL-2018 20:Z
= 21-AUG-2018 20:%
= zingle pulze decoupled ga
1D coMPLEX
26214
Cazbon
= Cazbonl3
Ippm]
=x
JHH-BCHS00
Spectrometer = DELTAZ_MIE
Field Stremgth = 11.7473578[T] (500[MEz])
¥ Acg Durstion = 0.83361792[=]
¥ Domain = 13c
X Preq = 125 76529768 [1Ex]
*_DfEzat = 100[pp=m]
¥ _Points = 32768
¥_Prescans =4
¥ _Resolution = 1.19959034[Hx]
X Sweep = 39.3081761 [kHz]
X Sweep Clipped = 31.44654088 [kHz]
Irr_Domain = Proton
Irr_Preq = 500.15991521 [MEx]
Trr DEfzat = 5.0[pp=l
Clipped = PALSE
3 Scans = 414
= Total Scanc = 414
= |
g _1 h | Relaxation Delay = 2[z]
= ° " W Recvr Gain = 58
= 7 Temp Gt = 17.a[ac]
R L I S S L I I B I I L L B R R R R R R R a s na i FT TPy Z 8.36[as]
200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 300 200 10.0 ¥_hcq_Time = 0.83361792[=]
1 | I ¥ Angle = 30[deg
Py O I N
| [ ¥ Pulze = 3.12[uz]
? 225229232 - m=oao b Irz Atn Dec = 20.54148]
¥ =32FgL539ZE = HdEEC 2 Trr_Atn Hoe 20 54(a8]
= GEFEREEEES & EREE "a Irx Noize WALTE
. = e Irx_Pwidth = 92[us
X : parts per Million : Carbonl3 Decoupling - TRU[-, !
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=)
o

<
o

6.0

i
-

(JEDLD

---- PROCBSSING PARAMNTERS —-—-
do_balance( 0, PALSE )

zexp{ 0.2(Hs]l, 0.0[s] )

trapesoid( 0[%], 0[%], BOI®], 100[%1 )
zerofill( 1 )

£6€( 1, TRUN, TRUE )
machinephaze

TY_11_006_02_proton-1_Ana-2.3jdf

T¥ 11 006 02 proton-1 Ana
delta

o
2
B
H
o
8

1-JUL-2018 13:4
21-AUG-2018 20:31:4

4
B

zingle pulse
= 1D COMBLEX
13107

= Brotom

= Exotom
[pp=]
x

= JHM-ECXS00
Spectrometer = DELTAZ? MME

Field Stremgth
X_Acg_Duration

= 11.7473579[T] {500[MHz])
1.74587904[=]

X _Domain =18
X Freq = 500.15991521 [1H=]
X_Dffzet = 5.0[ppml

¥ Points = 1638t

X_Prescans
¥_Resolution

¥ _Swee;
X_Sweep_Clipped

0.57277737[Hs]
938438438 [kHz]
7.50750751 [kE=]

Irx_Domain = Protoa
= 500.15991521 [MHx]
= 5.0[ppml
= Proten

. 3 = 500.15991521 [MHz]

5 = 5.0[ppm]

s 1 = PALSE

R 1 | =8

H -4 L L_J‘L N 4 Total_Scans =8

= 1 Relaxation Delay = S[=]

T T ! - =30
2.0 0 = 18.114C]
= 13.7[us]
= 1.74587804[=]
= 45[deq]
= 41a8]
= 6.85[uz]
= osf
= osf
---- PROCHSSING PARAMETERS ----
do balance( 0, PALSE )
zexp( 2.0[Hs], 0.0[s] )
trapesoid( 0[%], O[%], 80[%], 100[2] )
zexofill( 1)
££t( 1, TEUS, TRUA )
machinephaze
Fr=
Derived £rom: T¥_11_006_02_carbon-1_Ana-1.3d
Filename = TY_11_006_02_caxbon-1_ina
Buthor = delta
Bxperiment = casbon.3ixp
Sample_Id = TY_11_0D6_02
Solvent = CHLOROFORIN-D
= 1-JUL-2018 13:4
= 21-AUG-2018 20:3:
= zingle pulze decoupled ga
1D coMPLEX
26214
= Cazbon
= Cazbonl3
Dim Units = [rpml
Dimenzions =x
Site = JHM-ECHSO00
Spectrometer = DELTAZ_MIE
Ficld Stxemgth = 11.7473578[T] (500[MEz])
X_Acqg Durstion = 0.83361792[=]
X Domain = 13¢
X_Freq = 125.76529768 [MHx]
X_Offzat = 100 (ppm]
¥_Foints = 32768
X_Prescans =a
¥ Rezolution = 1.19959034[Hx]
X_Sweep = 39.3081761 [kHz]
X Sweep Clipped = 31.44654088 [kEz]
Irr_Domain = Prota
Trr Pregq = 500.15991521 [MEx]
Irr Dffzet = 5.0[ppml
Clipped = PALSE

3 Scans = s00

= Total Scanc = 500

=

g |I | ] { ! Relamation Delay = 2[=]

2 <7 Recvr_Gain =58

= 7 emp Gt = 18.6[ac]

R L I S S L I I B I I L L B R R R R R R R a s na i FT TPy Z 8.36[as]
200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 300 200 10.0 ¥_Pea_Time = 0.83361792[=]
Il | X_Angle = 30[deg]
N S N
R4 R AR AN Ll Tl v
2 SIZTHESLELIUARTRY Gz & 3 Tr2Atn Hoe 20 54181
] LS EERRAAREREDS ERE w5 e e '9";‘[“]
X : parts per Million : Carbonl3 = = TRUB

Decoupling
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20.0

10.0

abundance

(JEDLD

- PROCESSING PARAMATHRS
de_balance( 0, PALSE )
sexp{ 0.2[Es]l, 0.0[=] )
trapesoid{ 0[%], 0[%], BO[%], 100[%] )
zerofill( 1

££t( 1, TRUE, TRUE )

machinephaze

FE=

Derived £rom: TY 10 119 01 proton-1 Ana-1.jdf

T
9.0

601

™
I
11
i
I

TY_10_113_01_proton-i_Ana

Ruthox = delta
Bxperiment = proton.jxp

Sample_Id = TY_10_119 01
Salvent = CHLOROFORM-D

Actual Start Time 6-JUN-2018 23:19:36

Revizion_Time 21-AUG-2018 20:55:41
Comment = zingle_pulsze
Data_Format = 10 coMPLEX

Dim Size = 13107

¥_Damain = Proten

Dim Title = Proten

Dim Units = Ippal

Dimensions x

Site = JNM-BCXS00
DELTAZ MME

Spectzometex

Pield Strength
X_Acq Duration

11.7473579[T] (500 [MH=])
1.74587904[=]

¥ Domain =18
¥_Freq = 500.15991521 [MEx]
¥ _OfFfset = 5.0[pp=l

¥_Foints = 16384

¥_Prescans
¥ Reszolution
A_Sweep

¥ Swecp Clipped

1
0.57277737[8x]
9.36438438 [kEz]
7.50750751 [kE=]
Proton

H
W
"
I
o
i
B
b
]

Irr_Preq 500.15991521 [MH=]
Irr DEfzet = 5.0[pp=l

Txi Domain = Prot

Tr:_Preq = 500.15991521 [MEx]
Tri Dffcet = 5.0[ppm]

Clipped = PALSE

Scanz =8

Total Scanc =8

Relaxation Delay = 5[zl

Recvz_Gain = 34

Temp_Get = 14.514C]
¥_90_Width = 13.7[us]

¥ Acg Time = 1.78587904[=]

¥ Angle = 45[degl

¥_Atn = 4[a8]

¥ Pulze = 6.85[uz]
Ixz_Hode = DEE

Tr: Mode = oef

1.6

15

-+

0.5

0.4

o

0.1

(JEDLO

---- PROCESSING PARAMNTERS ----
de_balance{ 0, FALSE }

sexpl 2.0[Hsl, 0.00s]

trapezoid( 0[%], O[%], 80[%], 100[%] )
zero£ill(

£ft( 1, TRUN, TRUB )

machinephasze

FE=

Derived £rom: TY_10_119_01_carbon-1_Rna-1.3df

abundance

3261

e
3
Z

e
&

X : parts per Million : Carbonl3

)

NS n S TN
0 D- oI 3w O
bR R R B Ry} -
SERAAA A

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 800 700 600 50.0 400 300

0

77.258
77.000
6,74
36.601

Pilename
Authox
Bxperiment

TY_10_119 01_carbon-1_Ana

w
i
5
"
('}

Bctual Start Time
Revizion Time

Comment

o

B

b

3

4

1

"
o

Dim_Title =

=
i
H
[
H
H
]

Spectrometar

Picld Strength
X_hcq_Duration
X _Domain

11.74735759[T] (500 [MEz])
0.83361792[s]

13¢
125.76529768 [MHz]

X Freq
¥_Offset = 100(pp=]
¥ Points = 32768

=2

1.19959034 [Hz]
35.3081761[kHz]
31.44654088 [kHz]

X_Prescams
¥ Beszolution
X_Sweep
¥_Sweep_Clipped

Trz Domain = Proton
Izz_Frea = 500.15991521 [MHx]
Trx_Dffset = 5.0[ppal

Clipped = PALSE

Scans = 96800

Total Scans = 9800

Belazation Delay = 2[z]
Beevr Gain =

Temp_Get 15.7[dC]
X_90_Width = 9.36[us]
X_Acq_Time = 0.83361792(=]
¥ 2ngle = 30[deq]

X_Atn = 31481
¥_Fulse 3.12 [as]

Trz Atn Dee = 20_54[4B]
Izz_Atn Hoe = 20.54[48]
Trx_Noise = WALTS
Irz_Pwidth = 92[uz]

Decoupling = TRUE
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‘TU-02-069-3_proton—1-1.als
single_pulse
ﬁ) Il 7-09-08 17:08:28

proton.jxp
500.16 MHz

7507.51 Hz
8

1.7459 sec
5.0000 sec
6.85 usec

1H

15.2¢
CDCL3
7.26 ppm
0.10 Hz
18

0
__NOH

7j

TU-01-oxime-2 161226 _carbon-
single pulse decoupled gated NO
fgé&-lZ-Zﬁ 13:22:55

carbon.jxp
125.77 MHz
7.87 KHz
4.21 Hz

26214
31446.54 Hz
512
0.8336 sec
2.0000 sec
3.12 usec
1H
i49¢
CDCL3

77.00 ppm
0.10 Hz
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MeO

TU-02-146-2_proton—1-1.jdf
single_pulse
%?118-03-10 23:05:24
proton. jxp
500.16 MHz
2.41 KHz
6.01 Hz

16384
9384.38 Hz
8

1.7459 sec
5.0000 sec
6.85 usec

1H

142 ¢
CDCL3
7.26 ppm
0.10 Hz
42

0
__NOH

7k

TU-02-146-2_carbon-1-1.jdf
single pulse decoupled gated NO
fgéﬂ-ﬂ:&-lo 23:07:33

carbon.jxp
125.77 MHz
7.87 KHz

39308.18 Hz
512

0.8336 sec
2.0000 sec
3.12 usec
1H
id4c
CDCL3

77.00 ppm
0.10 Hz
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---- PROCBSSING PARAMETERS --—-
do_balance( 0, FALSE )

zexp( 0.2[Hz], 0.0[=] )

trapescid( 0[%1, 0[%1, 80[%], 100[%
merofill( L )

££¢( 1, TRUB, TRUB )

machinephase

Er=

Derived from: TY_10_096_01-1 Ana-1.jdf

n
W
1
n
]

TY 10_098 01-1 Ana-2 jdf

Authox = delta
Bxperiment = protom.jxp
Sample Td = T¥_10_098
Solvent = CHLORDFORM-D

24-MAY-2018 12:55:26

]
1

21-AUG-2018 21:03:23
Comment = zingle_pulze

Data Format = 1D CoMPLEX

Dim Size 13107

X_Domain = Bxotom

Dim Title = Exoton

Dim Units [op=]
Dimencions X
Sies = Mm-mCxs0o
Spectrometer = DELTAZ MR
s Field Steemgth = 11.7873575071 (500 [He1)
¥_Aog Duration 1.74387904[=]
¥ Domain =1m
= X Preq = 500.15991521 [MHz]
= X_Dffzet = 5.0[ppm]
¥ Points = 16384
¥ Prescans =
= 2 ¥_Resolution = 0.57277737[Hs]
I e X_Sweep = 9.38438438 [kHz]
¥ Sweep_Clipped = 7.50750751[kEz]
| Izrx_Domain = Exoton
= Izx Freg = 500.15991521 [MEz]
i | Izr Offzet = 5.00ppml
| Trs Domain = Proten
Tri Freg = 500.15991521 [MHx]
82 Tri DEfzet = 5.0[ppm]
2 = Clipped = FALSE
B Scans =8
] Total_Scans =8
-] -~
se Belaxation Delay = 5[=1
T T T T T T T T Recve Gain = a8
9.0 80 70 6.0 50 40 30 10 Q Temp_Get = 14.614C]
¥_90_Width = 13.7[us]
N k \ ¥ _Acg Time = 1.74587904[=]
¥_Angle = 45[deq]
2nwe s o ¥ Atn = 4[48]
ER5LETH X_Pulze = 6.85[us]
= e e e Trr_Mode = og£
X : parts per Million : Proton Tri Mode = o£f
w o
=]
---- PROCHSSING PARAMNTERS —-—-
do_balance| 0, FALSE }
zexpi 0.2[Esl, 0.00s]1 )
trapezoid( 0[%], O[%], BO[¥], 100[%1 )
zera£ill( 1
] ££t( 1, TRUE, TRUH )
< machinephaze
FE=
zefexence( 7.4106Z([ppm], Olrpa] )
zefexence( -0.1546(ppm], Olrpm] )
zeference( 0.0[ppml, 7.26[ppal )
2 Dewived from: TY 10 098 01 carbon-i Aaa-1.jdf
Pilename = TY 10_098_01_carbon-1_Ana
Ruthox =
Bxperiment =
Sample_Id =
a Sotvent z
< -
-
=
. Spectrometer =
= Pield Stremgth = 11.7473575[T] (500[MEz])
X_Aca Duration = 0.83361792[z]
X_Domain = 13c
¥ Freg = 125.76529766 [MEz]
X_Dffzet = 100[pp=]
o X Points 32768
= X_Prescans =4
X Rezolution 1.19959034[Hz]
X_Sweep = 39.3081761[kEHz]
X_Sweep_Clipped = 31.44658088 [kiz.
Irr Domain = Proten
_ Ixz_Preq = 500.15991521 [MHx]
= Irs DEfoet = 5.0ppml
Clipped = PALSE
8 Soansz = 1680
= Total Scanz = 1680
E-
] Relaxation Delay = 2[sz]
Z- e ———
s Temp_Get = 13.8[4C]
X_S0_Width = 9.36[us]
200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 900 80.0 700 60.0 50.0 400 300 200 100 X_Acg_Time = 0.83361792[=]
X 2Angle = 30[deg]
‘ A X _Ata = 31481
X_Pulze = 3.12[ms]
a 3 = Trr_Atn_Dee = 20.54(dB]
i o IR Ixx_Atn Nos = 20.54[4B]
= 2 o ] Ixx_Woize = WALTS
—_ - Irr Pwidth = 92[uz]
X : parts per Million : Carbon13 Decoupling - T=Um
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TU-02-133-2_proton—1-1.als

single_pulse
??118-01-22 16:15:54

proton. jxp
500.16 MHz

1.7459 sec
5.0000 sec
6.85 usec

1H

16.4 ¢
CDCL3
7.26 ppm
0.10 Hz
42

O
NOH

Me

7m

TU-02-133-2 180122 _carbon-1-
single pulse decoupled gated NO
fg%:B-OI-ZZ 17:27:53

carbon.jxp
125.77 MHz
7.87 KHz
4.21 Hz

26214
31446.54 Hz
512
0.8336 sec
2.0000 sec
3.12 usec
1H
i6.9¢
CDCL3

77.00 ppm
0.10 Hz
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o

_NoH :JEDLD

BnO

80.0

---- PROCBSSING PARAMNTERS —-—-
do_balance( 0, PALSE )
7n zexp{ 0.2(Hs]l, 0.0[s] )

trapesoid( 0[%], 0[%], BOI®], 100[%1 )
zerofill( 1 )
£6€( 1, TRUN, TRUE )
=] machinephaze

FE=

Derived frem: TY_10_112 02 proton-1_Ana-2.jdf

»:
5
1
i
"

T¥ 10 112 02 proton-1 Ana

5 Ruthor = delta
] Bxperiment = proton_jxp
5 Sample_Id = T¥_10_112 02
=7 Solvent = CHLOROFORIE-D
=il Actual Stazt_Time = J1-MAY-2018 23:19:16
] Revizion Time = 21-AUG-2018 21:00:02
Comment = zingle pulze
Data Format = 1D COMPLEX

) 13107
¥ _Domain = Brotom

400

= Exotom

Dim Units Lppa]
Dimenczions x
] Sits = Mm-ECxS0O
3 Spectrometar = DELTAZ MMR
=1
= Field Stremgth = 11.7473579[T] (500[MEz])
] X_Acg Duration 1.74587904[=1
] ¥_Domain =1m
] ¥ Freg = 500.15991521 [MHz]
] ¥_Offzet = 5.0[ppml
] ¥ Points = 16382

X_Prescans

=1 ¥_Reszolution = 0.57277737[Hz]
] *_Swee = 9.38438438[kE=]
3 ¥_Sweep_Clipped = 7.50750751[kEz]
] Ixx_Domain = Pxoton
B = = 500.15991521 MEz]
] - = 5.0[ppml
o = Proten
| = 500.15991521 [MHz]
] = 5.0[ppm]
] = PALSE
3] =8
] l Total_seans =8
=7 * Belaxation Delay = 5[s]
T T T T T T Recwr Gain = 2
90 6.0 50 20 1o 0 Temp Get = 15.614C]
¥_90_Width = 13.7[us]
‘ ¥_Acg_Time = 1.74587904[=]
- ¥_Angle = 45[deq]
omee = o ¥ Ata = 41a8]
ARAR @ = ¥_Pulze = 6.85[uz]
- e - B Irr_Mode = os£
X : parts per Million : Proton Tri Mode = DEE

abundance

(JEDLO

---- PROCESSING DARAMNTERS —-—

-
=4 do_balance( 0, FALSE )
] zexp{ 2.C[Es]l, 0.0[=] )
2] trapesoid( 0[%], 0[%], BOI®], 100[%1 )
=4 zexo£ill(
3 ££e( 1, TRUE, TRUE )
w5 machinephaze
=7 Fr=

Derived from: TY_10_112 02 carbon-1_Ana-1.3jdf

Pilename = TY 10_112 02_carbon-1_Ana
Authox = delta

Bxperiment = carbon.jxp

Sample Id = T¥_10_112 02

Solvent = CHLOROFORIN-D

Actual Stazt_Time
Revision Time

31-MAY-2018 23:21:13
21-AUG-2018 21:00:55

1.0

Comment zingle pulse decoupled ga

4 Data_Format

| Dim Size 26214
< X_Domain Cazbon
] Dim Title = Cazbonl3
:7 Dim Units = [ppm]
3] Dimenczions =x
13 Sits = Mm-ECxS0O
! Spectrometar = pEnTAz Wm
. Field Stremgth = 11.7473579[T] (500[MEz])
=1 ¥_Acq Duration = 0.83361782[=]
3 ¥_Domain = 13C
v ] X Freg = 125.76529768 [MHx]
=7 ¥_Offzet = 100[ppm]
e ¥ Points = 32788
-+ ¥ Prescans 2
=

¥_Resolution
X_Swee;

X_Sweep_Clipped

1.19959034[Hs]
393081761 [kE=]
31.44654088 [kHz]

500.15591521 1H=]

o
i

i

o

i
non

Irr Dffzet = 5.00ppml
Clipped = FaLsE
Seanz = 9620
Total Seans = 9620

] | | Belaxation Delay = 2[z]

i L n

16.814C1
9.36[uz]
0.83361792[5]
30[degq]

3ran]
3.12[us]

T T
200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 900 80.0 700 60.0 500 400 300 200 100

A AN

196,620
136,987

o e B =R - = 20.54[d4B]

= s T2 2

5 FE aEERE = = 20.54(aB1

B aa FEERE S i
X - parts per Million : Carbon13 Decoupling - zaom
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DFILE  TU-01-147-2 170126_proton-1-
|| zedggge5a || 885|555 BE588 COMNT  single pulse
= R A N pocJree I Gl Gyt i R s o | DATIM 2017-01-26 13:50:37
e Yt e Y g LN g Y e S
. = = g 3 8 OBFRQ 500.16 MHz
i3 o OBSET 2.41 KHz
‘ ; \ OBFIN 6.01 Hz
— ‘ POINT 13107
i i1 i FREQU 7507.51 Hz
| \| .!| . SCANS 8
‘M.‘ : | | ACQTM 1.7459 sec
L L ] - PD 5.0000 sec
PW1 6.85 usec
[T T T T T T T IRNUC 1H
¥ 7.4 7.2 34 b4 18 CTEMP 17.7¢
SLVNT  CDCL3
EXREF 7.26 ppm
BF 0.10 Hz
RGAIN 34
0]
NS )j\éNOH
N3 l}l
Ph
8a
L JLL At N N
PPM
| T | T T ‘ T T ‘ T T T | T T T ‘
10 8 6 4 2 0
- _— DFILE  TU-01-147-2 170126_carbon-1-
j—g =] P [ =] [=] COMNT single pulse decoupled gated NO
% H=gzm 5;% S LR & DATIM  2017-01-26 13:52:28
= =323 EEE %5 8 %?mgg (I;Er%an.jxp
[ L] | OBFRQ 125.77 MHz
T \ OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.54 Hz
SCANS 512
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.12 usec
IRNUC  IH
CTEMP 18.2¢
SLVNT  CDCL3
: EXREF 77.00 ppm
BF 0.10 Hz
RGAIN [
I
I
I
I
PPM
| T T | T T T T ‘ T T ‘ T T T
200 150 100 50 0
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(JEDLD

---- PROCESSING PARAMETERS ----

de_balance( 0, FALSE )
zexpi 0.2[HEzl, 0.00=] )
B trapezoid{ O[%], O[%1, B0[%1, 100(%]1 )
n zexofilll 1
o ££ft( 1, TRUN, TRUB )
=i 8b machi Sy
] Fp=
=]
i Derived £rom: TY_10_135_03_proton-1_Ana-1.3df
=]
-1 Pilename = T¥_10_135_03_proton-1_Ana
= 1 Authox = delta
=3 Hxperiment = proton.3xp
= = TY_10_135_03
1 = CHLORDFORH-D
=1 = 13-J7M-2018 23
= = 22-AUG-2018 20: 21 56
4 = cingle pulze
=k = 1D COMPLEX
%o Dim Size = 13107
1 X_Domain = Proton
=] Dim Title = Proton
=27 Dim Units = Iprml]
] Dimensions =x
4 Site = JHM-BCXS500
=] Spactromatar = DELTAZ WMMR
=] [o
] \é i Pield Strength = 11.747357%[T] (500[MH=1)
] 3= |= X_Acq Durstion = 1.74587904[=]
= J ¢
- X Domain =18
| X Freq = 500.15991521 [MH=]
] X_Dffzet = 5_0(ppm]
=k X_Points = 16384
=+ ¥_Prescans =1
| X_Resolution = 0.57277737[H=]
< q X_Sweep = 9.356438438[kHz]
= ¥ Sweep Clipped = 7.50750751[kHz]
] = Proton
- 500.15991521 [MH=]
=5 Irr_DEfset = 5. 0(ppm]
ci) Tri Domain = Proton
| Txi_ Pxeq 500.15991521 [MH=]
@ | Tri Offzct 5.00ppm]
22 Clippea FALSE
271 Seans =8
-]
& B Total Scans =8
2] i .
] Relaxation Delay = Sl=]
T T T T T T Becvx_Gain 21
5.0 8.0 30 2.0 1.0 Q Temp Get = 12.8[401
X_90_Width = 13.7[us]
/ ¥_Bcg_Time = 1.74587904[=]
— ¥ _Angle = 25(deg]
.o wown D — a -
ES- aooer"-‘oe’oert-g-tgﬁ * At 4121
TAA ZECEZS R E X_Pulze = 6.85[us]
o Frrseeee oo Ixz Mode = o£f
X : parts per Million : Proton Tri Mode _ pes
—--- PROCHSSING DARAMNTHRS
de_balance{ 0, PALSE }
sexp( 2.0[Es]l, 0.0[=] )
= trapezoid{ O[%], O[%1, BOC®], 100(%1 )
3 zerof£ill( 1
B ££t( 1, TRUE, TRUH )
] machinephaze
=3 PE=
=
E Dexived £rom: TY_10_135_03_carbon-1_Ana-1.3df
2
Pilename = TY_10_135_03_carbon-1 Ana
Authox = delta
Hxperiment = carbon.3xp
= TY_10_135_03
= CALORDFORH-D
= 13-JUN-2018 23:22:39
= 22-AUG-2018 20:2 3
o1
=7 = zingle pulze decoupled ga
3 1D COMPLEX
E 26214
3 Cazbon
-3 = Carbonl3
=1 = Ippm]
3 = JNM-BCXS00
- Spectromatar = DELTAZ WMMR
%3
= Pield Strength = 11.747357%[T] (500[MH=1)
3 ¥_Acq Duxation = 0.83361782[=]
3 ¥_Domain = 13C
o ¥ Freg = 125.76529766 MHx]
= ¥_Dffset = 100[ppm]
=] X Points 32768
X_Prescans =4
¥ Rezolution 1.19959034[Hz]
=+ X_Sweep = 35.3081761[kEz]
S % Sweep Clipped = 31 24654088 (kBx
= Irr Domain = Proton
Izx_Pxeq = 500.15991521 [MHx]
Ixx_DEfzet = 5.0(ppm]
Clipped = TRUR
3 Scans = 10000
= 71 Total Seans = 10000
= 4
%‘ q Relaxation Delay = 2[s]
3 . - l . b Recvr Gain =
Qo o "
g =7 e i i i [ Y = 14.714C]
LI L L LA LN \I TT \I TT TTT LELELELES L BN B |||\ TroroTT ‘II\ T ‘ TITT [ T T T T[T T [TT T T[T 1T % 90 Width = 9.360us]
200.0 190.0 180.0 170.0 160.0 l)DD 1400 1300 1700 110.0 1000 90.0 80.0 70.0 60.0 50.0 400 300 200 100 X_Acg_Time = 0.83361792[=]
I X Angle = 30[degq]
/// /\\\ A ‘ ey i
X_Fulse = 3.12[us]
o CornZ= b : Z -3=3>] w Ixx_Atn Dec = 20.54[dB]
¢ gy A = . _Atn_|
& A= E5RRE 822 = Irs Atn Hoe = 20.54[aB]
= IS o OZ e s P _
z IILEAEEER ERe ® ixx_l;:x;:h = ;ﬁmz]
. . — ————— xx Pwi = 92[us
X : parts per Million : Carbon13 Decoupling - T=Um
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7.0

abundance

0.60

Spectrometer

Field Stremgth
¥_Acq Durstion

X_Prescans
¥_Resolution
*_Swee;

X_Sweep_Clipped

o]
29 o JEOL >
o] Ns __NOH
=] N —--- PROCESSING EARAMETHRS —-——
=17 | do_balance( 0, FALSE )
a7 sexpd 0.2[Hsl, 0.0(z] )
! Bn tropescid( 0[%1, D%, BOL®1, 1000%1 )
-3 zexofillg 1 )
> ££6( 1, TRUE, TRUZ )
*7 8c machinephase
PE=
=
) Derived from: TY_10_133_01 proton-1_Ana-2.3df
=1
b |
=1 Filename = TY 10_133_01_proton-1_Ana
= Authox = delen
=7 Bxperiment = proton.3xp
] Sample_Id = ¥ 10 133 01
= Solvent = CHLOROFORN-D
= Actual Stast Time = 12-JUN-2018 23:1
1 Revizion Time i Ameaois 2aiaeiar
=1
=1 Comment = single_pulse
Data_Format = 10 coMPLEx
= Dim Size 15107
Z % Domain = Exoton
Dim Title = Exotom

[ppm]
x

= JHM-ECXS00
= DELTAZ? MME

= 11.7473573[T] (500 [MHsz])
1.72587804[=]

EL]

500.15991521 [MHx]
5.0lppml

16384

0.57277737[Hs]
938438438 [kHz]
7.50750751 [kE=]

- Ixx_Domain = Protoam
| 1 = 500.15591521 1H=]
3 = 5.0[ppm]
] = Proton
al = 500.15991521 [MA=]
= 5.0[ppm]
4 = FALSE
4 I =8
1 LS Total_Scans =8
1 ; ; . . . . . Belaxation Delay = 5[=]
Recve Gai = 32
10.0 9.0 .0 Temn_Bet = 13.7140]
¥_90_Width = 13.7[us]
¥_Acy_Time = 1.74587904[=]
¥_Angle = 45[deq]
3 X_Ata = 2148]
= ¥_Pulse = 6.85[us]
= TTr Mode = osf
X : parts per Million : Proton Tri_Mode = ogf

_ dEDLo

)
---- PROCASSING PARAMETERS ----

-+ dc_balance( 0, FALSE )

—_ sexp( 2.0[Hsl, 0.00s1 )

trapezoid( O[%¥], O[%], 80[%], 1001[%] )
mero£ill( 1

£ft( 1, TRUH, TRUB )

l machinephaze
4 rr=
1]
- Derived from: TY_10_133_01_carbon-13na-1_ jdf
] Pilename = TY_10_133_01_carbon-1Ana-
= Buthor =
=1 Bxperiment -
5 Sample Id =
] Solvent =
2] ey Start Mime o
] Revizion_Time =
w0 ] Comment =
=1

abundance

!

. 'y ) L

=
A

)

X : parts per Million : Carbonl.

"000190018001?0016001)0014001300170011001000 900 80.0 700 600 500 400 300

a)-

grogont .ﬁ;_.gg = o
SRS EASRES=RE 4=
HShESEREREL L

YEREEHRBEBRAALGS SRS

>_

76.752
53 Hs

X_Prescams
¥ Beszolution
X_Swee,

{_Sweep
X_Sweep_Clipped

]
= Spectrometer =
- Pield Strength = 11.7473575[T] (500[MEz])
= ¥_Rcq Duration = 0.83361792([s]
¥ Domain = 13c
¥ Freq = 125.76529768 [MEx]
-+ X offset = 100(ppml
= ¥ Points = 32768

=2

1.19959034 [Hz]
35.3081761[kHz]
31.44654088 [kHz]

Proton
500.15991521 [MHx]

Irx_Freq
Irr Dffzet = 5.0[ppml
Clipped = TrURm

Seans = 9800

Total Scans = 9800
Belazation Delay = 2[z]

Recvr Gain =

Temp_G=t 14.9[4C]

X_90 Width = 9.36[us]
¥_Rog_Time = 0.83361792(z]
¥ Angle = 30[deg]

X Bta = 31481
¥_Pulze 3.12[as]

Trr Atn Dec = 20.54(48]
Irx_Atn Hoe 20.54[48]

Irr Noize WALTS
Irx_Pwidth = 92[u=]
Decoupling = TRUE
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DFILE TU-02-045-2 170707 _proton-1-

g EEZIBEEEERIEE|[ 2] 2 COMNT  single_pulse
@ N A A A N T - BQEILJ}{C f&l?—ﬂ?-ﬂ‘! 13:16:27
. o
|| T, | | EXMOD proton.jsp
\ 5 o - - 2 .8 OBFRQ 500.16 MHz
= ~ e I OBSET 2.41 KHz
e : f f /}1’ OBFIN 6.01 Hz
| |I POINT 13107
/ \ | FREQU 7507.51 Hz
Il b \ }L Acau L7459
o . sec
DU U ALY 5.0000 sec
PW1 6.85 usec
I\l\\ll\l‘lIl\lll‘\ITl'l_rr\\‘l ]_'RNUC I_H
9.4 a.p 8.0 7.2 7.0 49 36 17.3¢
! SLVNT CDCL3
7.26 ppm
BF 0.10 Hz
RGAIN 38

HON s

8e

PPM|

2
L

1.2

0.3 04 05 06 0.7 0.8 09 1.0 1.1

0 01 02

abundance

seoL J

TU-02-145-2 180310_carbon-
delta

earbon.jxp

TU-02-145-2 180310
CHLOROFORM-D

10-MAR-2018 20:20:31
1-NOV-2018 15:17:50
1-NOV-2018 15:18:19

Pilename
Authox
Bxperiment

Comment single pulze decoupled gat

Data_Format = 1D coMPLAX
Dim Size = 26214

Dim Title = Carbon13
Dim Unit= = Ipp=l
Dizmensions =x

Site = JWM-BCHS00
Spectrometer = DELTAZ NMR

Pield Strength = 11.7473579[T] (SO0[MHz])
X Roq Duration = 0.63361792[z]

3] ¥_Domain = 13c

E ¥ Preg = 125 76520768 [MHz]

] ¥ Dffset = 100 [ppa]

B X _Points = 32768

E X_Preccanc =

1 ¥ Bezolution = 1.19959034[Hz]

B X Swee = 39.3081761 [kHz]

3 ¥ Sweep_Clipped = 31.44654088[kHz]

E Trr_Domain = Froton

4 Irx Preg = 500.15991521 [ME=z]

E Irx_Dffzet = 5.0[ppal

4 Clipped = FALSE

3 Saans = 128

3 Total Scans = 120

3 Relazation Delay = 2[=]

3 Recvr Gain = &0

9 Temp_Get = 13.4[dC]

3 X_S0_Width = 9.36[us]

3 X_Acg Time = 0.833617921=]

3 X_Angle = 30[deq]

3 A Atn = 3[dB]

3 X_Pulse = 3.12[us)

3 Irr_atn Dec = 20.54[aB]

3 Irr Btn Noe = 20_54[dB]

| Ixrx Hoize = WALTS

E Irr Pwidth = 92[us]

3 Jl Decoupling = TRUR

E , . , L L 1] Initial Wait = 121

Ei AR it ey Wl ST ..o = TUE

| Hoe_Time = 2[=]

Repetition Time = 2.83361792[=]

T T T T T T T T T T T T T T T T T T T T T T T T T
220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.090.0 80.0 700 60.0 50.0 400 300 200 100 0 -10.0-20

|1 |
‘ | \IA\I&?- A [\
- - A =g =3
) = i =Rl o
= g ILETTXHRER oS- - %
& = o8 e W v — o8 o8 I B = Py
= = =+ o e ol ol el ol =~ R

X - parts per Million : Carbon13
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5.0

1.0

abundance

_\
08

2

N3

(JEDLO

~--- PROCESSING DARAMMTARS —-——
de_balance( 0, PALSE )

sexp{ 0.2[Hsl, 0.0[s] )

trapesoid( 0[%], O[%], BO[®], 100[%] )
zexofill{ 1 )

££t( 1, TRUB, TRUE )

machinephaze

FE=

Derived fro

TY_10_139_02_proton-1_Ana-3.3jdf

1.84

19

T
9.0

=]
(=)

X : parts per Million : Proton

9999

Filename = TY_10_139_02_praton-1_ina
Author = delea

Bxpeximent = protoa.jxp

Sample_Id = TY_10_139_oz

Solvent = CHLORDFORN-D

Actual Stazt_Time
Revision Time

W
E]
a
@
n
2
&
"

Comment = single pulse
Data Format 1D CoMPLEX
Dim Size = 13107
X_Domain = Proton

Dim Title = Proton

Dim Units = Ippal
Dimensions =x

Site = JHM-BCXS00

Spectrometer DELTAZ MR

11.7473579[T] (500 [MHs])
1.74587904[=]

Field Stremgth
¥_Acq Durstion
¥ Domaia

18
500.15991521 MH=]

rreq
X_Dffset = 5.0[ppml
¥_Foints 16384

¥ Prescans
¥ _Resoluticn
*_Sweep

¥_Swesp_Clipped

1
0.57277737[H=]
9.38438438 [kHz]
7.50750751[kEz]

500.15591521 1H=]

H
W
"
L
W

H

[

=
5

o

]

4

5
no
o

I

H

= 500.15591521 =]
5.0[ppm]

= FALSE

8

-8

5[=1

40
13.2[40]

¥_90_Width = 13.7[us]
¥_Acg_Time = 1.74587904[=]
¥_Angle 45[deg]

X_Ata 4[4B]
¥_Pulze §.85[us]
Irr_lMode = oef

Trs Mode = os£

0.6

0.4

02

0.1

il

)

~--- PROCESSING DARAMMTERS
dc_balance( 0, PALSE )
sexp{ 2.C[Hs]l, 0.0[s] )
trapesoid( 0[%], O[%], BO[®], 100[%] )
zexofill{ 1 )

££t( 1, TRUB, TRUE )

machinephase

FE=

Derived from: TY 10 139 02 carbon-1 Ana-1.jdf

abundance

200.0 190.0 180.0 170.0 160.0 150.0

X - parts per Million : Carbonl

A8

5

140.0 13

)

142.45

L2497

130.89
129,222

140

-
i
&

119.903

110.94

.0 120.0 110.0 100.0 90.0 80.0 70.0 600 50.0 400 300

NN

A

77.258
T7.000
6,742

593

48.013 ~—
59
8.

Filename = TY_10_139_02_carbon-1_ina
Author = delea

Bxpeximent = cazbon.jxp

Sample_Id = TY_10_139_0z

Solvent = CHLORDFORN-D

4
i
3
5
.
i
]
"
»
g
¢
8
[
&
»

o
I
I
"
2
g
[

= single pulse decoupled ga
= 1D coMPLEX

Dim Size 26214
X_Domain = Carbon
Dim Title = Carbonl3

[pp=]
X

JNM-BCKS00

Spectrometer DELTAZ_NMR

Pield Stxemgth
X_Acq Duration

11.7473579[T] {500 [MHs])
0.83361792[=]

¥ _Domain 13c
¥ Preq = 125.76529768 MH=]
X_Dffset = 100[ppm]

¥_Foints = 32768

><
o
"
"
I
0
8
f
i
i

4
1.19959034[Hs]
393081761 [kHz]
31.44654088 [kHz]

%
ul
i
H
A

W

¥_Swesp_Clipped
Irx_Domain

Tex Preq

Irr Dffzet
Clipped

500.15991521 [MH=]
5.0[ppm]

TRUR

10000

10000

Total Scans

Relaxation Delay = 2[z]
i =58

13.9140]

3. 36[us]

0.83361792[=]

30[deg]

31481

3.12[us]

20.54 (8]

20_54[dB]

WALTE

92 [us]

Decoupling = TaUR
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=] O o
=
] ---- PROCESSING PARAMETERS --—-
] do_balance( 0, FPALSE }
E zexp( 0.2[H], 0.0[=] )
=3 trapesoid( O[%], 0[%], 80[%], 100[%] )
=7 O merofill( 1 3
E ££6( 1, TRUE, TRUB )
3] machinephaze
] N |=
= N Derived from: TY_11_037_02-1 Ana-1.jdf
E N3\/\/\)
<4 Filename = T¥ 11 037 _02-1 Ana-2 jdf
=3 Authox = delta
3 Bxperiment = proton.jxp
3 9b Semple_Td = TY_11 037
3 Solvent = CHLOROFORM-D
<7 Actual Start Time = 24-JUL-2018 20:31:17
o Revizion Time = 22-AUG-2018 20:39:43
3 Comment = zingle_pulze
3 Data Format = 1D CoMPLEX
=3 Dim_Size = 13107
= X Domaia = Protoa
3 Dim Title = Exoton
3 Dim Units = [ep=l
3 Dimencions =x
=13 Sies = Mm-mCxs0o
=3 . Spectrometer = DELTAZ MR
3 | Field Strength = 11.7473579[T] (S00[MEz])
| | X_Acq Duration = 1.74387304[=]
E =1m
=4 = 500.15591521 [1M8s]
S| = 5.00ppml
3 = 16384
] I = 0.57277737[Hs]
=4 = 938438438 [kH=]
oo = 7.50750751[kHz]
E = Exoton
B = 500.15991521 [MHx]
3] = 5.00ppm]
=7 = Proten
=7 = 500.15991521 [MHx]
3 = 5.0[ppm]
3 = FALSE
3] =8
= 7 =8
£ o
' ; Ty
10.0 5.0 = 18.714c]
= 13.7[us]
= 1.74387904[=]
. = 45[deq]
= = 4[4B]
2 e = 6.85[uz]
= = og£
X : parts per Million : Proton = o£f

DFILE TU-02-092-5 180308_carbon-1-

2 SPRea TN T D PN e saew@S & [F &8 3 | COMNT  single pulse decoupled gated NO
5§ GBLERESErTyry  REY BRE ESEETVI(TICEE Doy miGmine
S T 2255888 5889 SFE FEd  gR€€F0 ¥ RSN opnuc
5 £ 33333 28 L Vol || EXMOD  carbon.m

VPRI | l OBFRQ 125.77 MHz
[ " i H OBSET 7.87 KHz
OBFIN 4.21 Hz
\ ' POINT 32767
| FREQU 39308.18 Hz
| SCANS 366
I ACQTM 0.8336 soc
" PD 2.0000 sec
ki PW1 3.12 usec
T T T[T I(gn'INE[IJh?P 1H 15.3
.0 C
133 130 | 3 2| | SO CDCLs
EXREF 77.00 ppm
BF 0.10 Hz
RGAIN 60

Pl?"M
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PPM

170.773

083

162.

130.415

.000

752

76.

c

—
o

60.489
052
.822

49,

47

e
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

N
rdé///\\\,//ﬁ\\rd N

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

TY_09_064_01_proton-1-l.als
single_pulse
2017-08-23 23:08:18
1H
proton. jxp
500.16 MHz
2.41 KHz
6.01 Hz
13107
7507.51 Hz
8
1.7459
5.0000
6.85
1H
18.4 ¢
CDCL3
7.26 ppm
0.10 Hz
38

O

T

|
Ph
CO,Et

10

TY_09_064_01_carbon-1-1.als
single pulse decoupled gated
2017-08-23 23:10:02
13C
carbon. jxp
125.77 MHz
7.87 KHz
4.21 Hz
26214
31446.54 Hz
8880
0.8336
2.0000
2.1z
1H
18.4 c
CDCL3

77.00
0.10
60

ppm
Hz



DFILE TY_09_095_04_proton-1-l.als

— 8.006

o e NS MO e amu N ®ane COMNT  single pulse
P MO NS IO NN O o DATIM 2018-02-14 23:16:20
A e R I T e i i S =N OBNUC 1H
EXMOD proton. jxp
’J/Jn%r)ry/J \%%/f L e 500- 16 ez
r"( OBSET 2.41 KHz
OBFTN 6.01 Hz
POTNT 13107
FREQU 7507.51 Hz
0] SCANS 8
ACQTM 1.7459 sec
AN N> PD 5.0000 sec
N N PW1 6.85 usec
H H | TRNUC  1H
N Ph st cocis
nBu PPh, EXREF 7.26 ppm
EF 0.10 Hz
O O RGAIN a4
12

Ol | UJ N ALL -

DFILE TY_09_095_04_carbon-1-1.als

e COMNT single pulse decoupled gated

SRR DATIM 2018-02-14 23:18:56

@ m o 0OBNUC 13C

B EXMOD carbon. jxp

1] OBFRQ 125.77 MHz

- OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.54 Hz
SCANS 8900
ACQIM 0.8336 sec
PD 2.0000 sec
PWl 3.12 usec
IRNUC 1H
CTEMP 16.0 c
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.10 Hz
RGAIN 58

1
I !
|
1
! I [
| | | |
|
I
|‘ M ‘ ‘
i paegoy
T T T T T | T T T T | T T T ‘ T T T T T T
200 150 100 50 0
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857

3z,

T¥_09_095_04_phosphorus-1-1.
single pulse decoupled gated
2018-02-22 15:57:34
31P
carbon. jxp
202.46
8.31
0.75
POINT 26214
FREQU 40650.41 Hz
SCANS 10
ACQTM 0.6449 sec
PD 2.0000 sec
PWl 3.8B8 usec
IRNUC 1H
15.1 ¢
Cé6D6
0.00 ppm
0.10 Hz
58
o} o}
Nz

ZT
)
>

nBu” PPh,
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N 0 :JEDLD

0 14‘0

—---- PROCBSSING PARAMMTERS --——
de_balance( 0, PALSE )
— N zexp( 0.2[Hz], 0.0[=] )
3 trapesoid( O[%]1, O[%1, B80[%], 100[%
merofill{ 1 )

2.0
Ll
Z

- PH I Fre( 1, TavE, mROB )
machinephase
= Bn eem
=1 13 Derived from: TY_11_036_03-1 Ana-1.jdf
=1
=
] E— [P TP —
=1 Buthor = delta
= Experiment = proten. e
] Semple Ta = ¥ 11 036
4 Solvent = CHLOROFORM-D
=% Actual Staxt Time = 26-JUL-2016 10:06:41
=7 Revizion Time = 22-AUG-2018 20:52:33
] Comment = zingle_pulze
Data_Format = 1D coELEX
Dim_Size 13107
X Domain = Protom
Dim Title = Pxotem

abundance

= X [ep=]
& Dimencions X
Sies = Mm-mCxs0o
Spectrometer = DELTAZ MR
=
v Field Strength = 11.7473579[T] (S00[MEz])
] ¥_Aog Duration 1.74387904[=]
4 ¥ Domain =1m
= X Preq = 500.15991521 [MEz]
-] 2 X_Offzet = 5.0(ppml
] a [& ¥ Points = 16388
4 ¥ Prescans =
=i ¥_Resolution = 0.57277737[Hs]
] H_Sweep = 938438438 [kH=]
] . ! ¥ Sweep_Clipped = 7.50750751[kEz]
4 Izrx_Domain = Exoton
bl Izx Freg = 500.15991521 [MHz]
| Irr_Offzet = 5.0(ppml
4 Trs Domain = Proten
] Tri Freg = 500.15991521 [MHx]
2 =] Tri DEfzet = 5.0[ppm]
2 = Clipped = FALSE
2 ] Scans =8
ER JI Total_Scans -8
s 1
<27 3 - L Belaxation Delay = 5[=1
T T T T Recve Gain = a8
30 20 10 0 Temp_Get = 18[dC]
¥_90_Width = 13.7[=s]
‘ ¥ _Acg Time = 1.74587904[=]
¥_Angle = 45[deq]
- X Atn = 414B]
& ¥ _Pulze = 6.85[uz]
Trr_Mode = og£
Tri Mode = o£f
4 ---- PROCHSSING PARAMNTERS —-—-
o de_balance{ 0, FALSE }
=7 sexp( 2.0[Es], 0.0[s] )

| trapezoid( 0[%], 0[%], BO[®], 100[a1 )
zerof£ill( 1

4 ££t( 1, TRUE, TRUE )

machinephase

TY_11_036_03_carbon-1_Ana-1.jdf

Pilename = TY 11 036_03_carbon-1_Ana
h Authox =
] Brperiment =
e | =
d =
Spectromatar =
| Pield Strength = 11.747357%[T] (500[MH=1)
¥_Acq Duxatien = 0.83361792[=]
= ¥_Domain = 13c
X_Freq = 125.76529766 [MHx]
b ¥_DEffzet = 100 [ppm]
4 X_Points 32768
X_Prescans =4
4 ¥ Resolution 1.19959034[Hz]
i X_Sweep = 35.3081761[kHz]
¥_Sweep Clipped = 31.24652088 [kix
Irx Domain = Broton
Izx_Pxeq = 500.15991521 [MH=]
1 Ixz DEfzet = 5.0[pFm]
o Clipped = TRUB
Scans = 9800
1 Total Scans = 9800
1 ‘ Relaxation Delay = 2(s]
= N . S | Ly Recvr Gain =
e W y Teamp Get = 18.11a0]
LINLIN L L L L N I [ I I L O I TTTTT T I T T[T T T T [ TT T T[T T T % a0 Width = 9.36[us]
200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 700 600 50.0 400 300 200 100 X_Acq_Time = 0.83361792[=1
1 ¥ _Angle = 30[deg]
|| AN SN AN - i
Y == - X_Pulze = 3.121ws]
- - - v PV O P D 20 20 A 20 O b= Ixx_Atn_Dec = 20.54[d4B]
- Nz oZIRICAER = _Atn |
oE = A ZEESAESEALTES G=EE Izz_Atn Nos = 20.541a8]
z - T ERUEABREARLRALAE ERE& Izx Noize = WALTL
.l e ] - vt vt el vt el vl vl el vl v e S Ixx Pwidth = 92[us]
X : parts per Million : Carbon13 Decoupling = TRUR
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DFILE TY_10_032_01-1-1.als
A g COMNT desired
oo

710 0 0 DATIM 2017-12-14 15:44:38
] OBNUC 1H
EXMOD proton. jxp
OBFRQ 500.16 MHz
OBSET 2.41 EHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.51 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.85 usec
IRNUC 1H
CTEMP 18.6 ¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.10 Hz
RGAIN 46
H

(A

o
[_

e L EPM
I I | I I I | I I I I
6 4 0
DFILE TY_10_033_01_carbon-1-1l.als
ca® a o e COMNT single pulse decoupled gated
[ = — o - DATIM 2017-12-18 23:19:47
oo = I OBNUC  13C
2538 = i EXMOD carbon. jxp
J 1 OBFRQ 125.77 MHz
/ OBSET 7.87 KHz
\[ OBFIN 4.21 Hz
POINT 26214
FREQU 31446.54 Hz
SCANS 8680
ACQIM 0.8336 sec
PD 2.0000 sec
PWl 3.12 usec
IRNUC 1H
CTEMP 19.9 c
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.10 Hz
RGAIN 60
il
[
|
b 1
| | |
|
L | ]
—
T T | T T T T T T T T T T T T T T T T
200 150 100 50 4]

- 157 -



o T W
=0 o O
o O o e 6
w0 o

- o
oo
w 0

r

r

1o
3 o
e

=]
o]

o

Y

4,482

oM

L) i 05T T

@~ 0
G R Es
m

™M o

WMo Mmoo
WMo SR
N W W MM e
A A

e

PP

o

166.032

1.096

12

742

T6.

51.399
148
974

49,
4

=
T

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN
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DFILE TY_10_051_01-1-1l.als
COMNT diazo

DATIM 2018-02-01 21:17:19
OBNUC 1H

EXMOD proton. jxp

OBFRQ 500.16 MHz
OBSET 2.41 EHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.51 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.85 usec
IRNUC 1H

CTEMP 17.6 ¢
SLVNT CDCL3

EXREF 7.26 ppm
BF 0.10 Hz
RGAIN 46

F{

N\N

TY_10_051_01_carbon-1-1.als
single pulse decoupled gated
2018-02-05 23:15:43
13C
carbon. jxp
125.77 MHz
7.87 KHz
4.21 Hz
26214
31446.54 Hz
8860
0.8336 sec
2.0000 sec
3.12 usec
1H
18.9 c
CDCL3
77.00 ppm
0.10 Hz
58



_proton-1-l.als

TY_10_061_02

DFILE

—
o
L woa
O o
o
o=
\N o =}
N - a
o
w Iz & B
- o SRR
] SIG] SR £ 80 u
o mEN N w00 =03} R M oM SR £
- Sz = waos o am TR mIN N oQu S|
b 0T Edm o m wws o oAz
o WHHCHD o oW N woo |
] Swocn nmwoom N N=m o oo A o0onN N 000
L = P = = -} .. o w R R =R =1 [ =]
00 MoMwumE- oW o o |H© @+ N MO @ B
SR S Y= —-o - A 00 Ko =wowooomn o o
=i s o w R T o= - -
ve g = o e ] - on
—~ 1 G ) lue g -
[= ] | =] ™ ®
S 0 3] o A Dm Q e
o = a8 ~ 1S40’y 3]
me A - O o Mo = A
Hwmele U [ 8]
HEUQOHEHD WS UL =
ZHEOEMBEZOEH UMWE = HMEEUOOEEED NS U bl =
AHZARURHE MO A ZRE A HdZHDOoEREHZOZH UMWE =
CaoMdoommor 0oz @H X md HEaHZZhORHEaMO AZH>m
OCO0HMOO0O0AMMAGALLHDWEME LOadmXdOdmom U0 oz eH X g
AOCOMOOCOARO/AMANLHU UMMM

PPM
T

_J_/AVJ_/JJJJJ_J,_J
—

|

A

W 896 6%
280708

9FL"09
06z 19

IEyES
/
L

J 111

I

i

L

L SPE8TO0ET
66LTTIET
LERTTET
= 60F"ZET
T66"ZET
6T07EET
TI9EET
0F0"FET
690" PET
£09°FET

T

LLLLLLLLLL

665 "8ET
Z0P"0FT
0% 0FT
L 197" 1P T
627 er 1
T2k 9FT
— eIt g9t
698" LLT —
ES9°GHT —

50
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] JEOL )
]
| &N N
=3 ~
= 5 N - N ———- PROCESSING DARAMETERS —-—
= | do_balance( 0, FALSE )
| N zexp( 0.2[Hz], 0.0[=z] )
= N trapesoid( 0[%], O[%]1, BO[¥], 100[%1 )
] zexofill{ 1 )
24 O see( 1, TeUR, TRUR )
= machinephaze
=7 JK/N:; =
=3 N TY_11_031_02_proton-1_Ana-1.3jdf
=4 _11_031_02_proton-1_Ana-1.3
= I
o
- Bn
=4 = TY_11_031_02_proton-1_Ana
o7 = delta
= proton_jxp
=7 22 DT
=7 = CHLOROFORH-D
- = 21-JUL-2018 13:55:17
= = 22-AUG-2018 20:55:56
=7
-1 = zingle pulze
=1 = 10 coPrEx
= 13107
] = Proton
=1 = Bxoton
= [pp=]
3 x
= Mm-ECxS0O
=7 (= Spectrometar = DELTAZ MMR
] = - Field Stremgth = 11.7473579[T] (500[MEz])
3 |12 J X_Azq Duwsticn 1.74587904[=]
X Domain =1m
X Freq = 500.15991521 [MHz]
i X_Dffzat = 5.00ppml
X Points = 16382
X _Prescans =
X_Rezolution = 0.57277737[Hs]
=+ 4 X Swee; = 938438438 [kH=]
3 X_Sweep_Clipped = 7.50750751[kEHz]
=3 Ixz Domain = Exctom
dl = 500.15991521 [MHx]
3J = 5.0[ppml
=7 = Proten
o4 = 500.15991521 [MEHz]
8 3 = 5.0[pp=]
2 = PALSE
= =8
2 7 Total_Scans =8
S 7 _
<27 J it Relawation Delay = 5[s]
T T = 21
10 (] = 18.814C]
= 13.7[us]
= 1.74587804[=]
= 45[deq]
= 41a8]
= 6.85[uz]
= os£
= osf
=
=] dJEOL
] ---- PROCESSING PARAMETERS ----
] de_balance( 0, FALSE )
] zexpl 2.0[Ezl, 0.0[=]
- trapesoid( 0[%], O[%], 80[%], 100[%] )
= zerofill( 1
b ££t( 1, TEUS, TRUA )
4 machinephaze
] eE=
] Dexived £xom: TY_11_031_02_carbon-1_ina-1 3df
=]
= = TY_11 031_02_carbon-1_Rna
] = delta
4 = cazbon.izp
4 = TY_11 031 02
b = CHLOROFORH-D
1 = 21-JUL-2018 13:5
] = 22-AUG-2018 20:5
] = cingle pulze decoupled ga
=7 = 1D COMPLEX
] = 26214
] = Cazbon
i = Cazbon13
4 = [ppm]
e =x
4 = JMM-ECXS00
Spectrometer = DELTA2 MR
]
=7 Pield Stremgth = 11.7473575[T] (500[MEz])
] X_Acq_Duration = 0.83361792(s]
X _Domain = 13c
] X Freq = 125.76529766 [MHx]
] X_Offset = 100(pp=]
X_Points = 32768
X_Preccans =4
X _Resolution = 1.19959034[Hz]
X_Sweep = 39.3081761[kEz]
X Sweep Clipped = 31.44652088 [kE=z]
Irr Domain = Proton
Irr_Freq = 500.15991521 [MEx]
Irr_Dffset = 5.0[ppm]
Clipped = FALSE
] Seans = 1260
a2 Total Scansz = 1z60
k-]
El Relaxation Delay = 2[s]
2 Recvr_Gain =58
= Temp_Get 20_4[ac]
T L I L L I R I B R R L RS R R RS R Ry IR = 5.36raz]
200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 900 80.0 700 60.0 50.0 40.0 300 200 10.0 H_Acy_Time = 0.83361792(z]
¥ Angle = 30[deq)
L2 S A /\ S
| I i \ = ! X _Pulze 3.12[a=]
L CEREC-rgeoeary oo - Trr_Atn Dee = 20.54[dB;
FEERTERIEREES HEEL & Irx_Atn Nos 20 sa:dn}
FESYREDAREELGS ERE b Irxz Hoise WALTZ
e - Irr_Pwidth = 92[us]
Decoupling = TRUE
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5.0 6.0 7.0 8.0

4.0

1.0

AN
I JeoL )
N =

—--- PROCHSSING DARAMMTERS —-——
de balance( 0, PALSE )
sexp( 0.2[Hs], 0.0[s] )

N N N trapemoid{ 0[%], O[], BO[®], 100[%] )
| zexofill( 1
| ££¢( 1, TEUS, TRUA )
~N machinephaze
22

TY_11_042_01 _proton-1_Ana-1.jdf

TY_11_042_01_praton-1_na
delta

proton.ixp

TY 11 042 01
CHLOROFORH-D

27-JUL-2018 16:26:18
22-AUG-2018 20:41:23

N3

single_pulse
= 1D COMBLEX

[
m
W
g8
"
8
o

= Brotom

. (o Spectrometer = pEDTAz MR

w |Tf‘: e | i | Field Stxemgth = 11.7473579[T] {500 [MHz])

= {12 33T | X_Acq Duration = 1.74587904[=1
1=+ 4 i 5o =

X_Domain 1\

¥ Freq 500.15991521 [MH=]
X_Dffzet = 5.0[ppm]
¥_Points = 16384

¥_Prescans
X _Resolution

X _Sweep
X_Sweep_Clipped

0.57277737[H=]
9.38438438 [kHz]
7.50750751[kEz]

Ixx Domain = Proto:

Irr Preg = 500.15991521 [MH=]
Irr Dffzet = 5.0[ppm]
Tri_Domain = Exotom

Tri Preg = 500.15991521 MEz]
Txi Dffzet = 5.0[pp=]

Clipped FALSE

Total Scans

=
—
.

abundance

J
Belaxation Delay = 5[=]
T T T T al T T T T Recvr_Gain =38
9.0 8.0 7.0 6.0 5.0 30 2.0 10 Q Temp_Get = 16.914C]
¥_90_Width = 13.7[u=]
| / k /4 !NL'KL‘%?:E‘F /A\ A\ X Acg Time 1.74587904[31
\ \ = - \ — X_Angle 45[deg]
L=nb=1 PRI = oL o e CE-mm2gnheen Catn 2aB)
Smseszd = 3 Zz223I85 EE2ERAERERGLRER X _Pulse = 6.850us]
o o6 o o od of o e e P o ul S gl Trr Mode = orf
X - parts per Million n Tri Mode - oss

0.6

0.5

0.4

0.1

abundance

---- PROCBSSING PARAMBTERS
de_balance({ 0, FALSE }
zexpi 2.0[Es], 0.00s]1 )
trxapezoid( 0[%], O[%], BO[%®], 100[%] )
mevofill{ 1

££ft( 1, TRUN, TRUB )

machinephaze

TY_11_042_01_carbon-1_Ana-1.jdf

Pilename
Authox
Bxperiment

TY 11 042 01 _carbon-1_Ana

Spectrometer =

Pield Stremgth = 11.7473573[T] (500[MHs1)
X_Acg Duzation = 0.83361792[=]

13C
125.76529766 1EHz]

X _Freg
X_Dffzet = 100[pp=]
X_Points 32768
X_Prescans =4

¥ Rezolution 1.19959034[Hx]
X_Swee: 39.3081761 [kEz]

{_Sweep
¥_Sweep_Clipped 31.44654088 [kHz.

H
5
"
o
]
B
5
i

roton
500.15991521 [MHx]

Ixx Dffset = 5.0[ppm]
Clipped = PALSE
Scans = 1260
Total Scans = 1260
Belaxation Delay = 2(s]
Becvr_Gain -
Temp_Get = 18.3[dC]
LB e e L e e T T T T T T T T x50 Wadth = 3.36[ma]
"000190013001?’001600 )0014001300170011001000 90.0 80.0 700 600 500 400 300 200 100 X_Acq_Time = 0.83361792[=]
| I A Xﬁln:le = 30deq)
RNZARAENSN AN o e
Do S mA S o m = o~ Zoemee Tr Rem Dec -
ZEggEiz EEEY SEF 558 Z2ag i g = Zoisatam
EQZIEEEY 285843 mRE RS BL8S Hoize = WALTE
X : parts per Million : Carbon13 ;::;:;?:: z :—;é-:ﬂ
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N JEOL )
N .=
---- PROCESSING PARAMETERS -
do_balance{ 0, FALSE }
sexp( 0.2[Hs], 0.0[s1 )
N ~ N trapezoid( O[%]1, O[%], BO[¥], 100[%] )
zerofill( 1 )
I | ££¢( 1, TRUE, TRUB )
machinephaze
~N o=
Derived £xom: TY_11_050_03-1-1.jdf
o
E O
3 Filename = TY 11 050_03-1-2.jaf
Buthor = delta
PA A et
Sample Td = T¥_11 050
Solveat = CHLOROFORM-D
Actual _Start Time = 7-AUG-2018 10:46:32
N3 Revizion Time = 20-SEP-2018 20:10:57
Comment = zingle pulze
Data_Format = 1D CoMPLEX
24 Dim Size = 13107
X _Domaia = Exoten
Dim_Title = Eroten
3 Dim Units = [pp=l
3 Dimencions X
3 Sies Ju-mCXS00
= Spectrometer = DELTR2 MR
+3 Picld Stremgth = 11.7473579(7] (S00[MH=])
3 X_hoq_Duxation 1.74567804 [=]
3 ¥ Domain =
| X Freg = 500.15991521 [MHz]
X _Dffcet 5.0[ppm]
X_Pointz 16384
3 X_Preccans 1
3 ¥ Resolutien = 0.57277737[Hs]
3] X Sweep = 9.35438438 [kHz]
=4 X Sweep_Clipped = 7.50750751[kExz]
E 2 m= —= =g 2 ) o Trr_Domain = Exoton
| = 3 =3 =] [ i Irx_Freg = 500.15991521 [MEz]
] A 1a= s34 - s - Trx_Dffset = 5.0[ppm]
1 Tri Domain = Proten
=3 Tri_Freg = 500.15991521 [MHx]
3 Tri DEEzat = 5.0[ppml
2 9 Clipped = raLsE
= 9 Scans =8
2 4 | Total Scanz =8
= 7
i Relaxation Delay = 5[]
T T T T Recvr_Gain = a8
20 10 0 Temp_Get = 17 9[dc]
X_90_Width = 13.7[u=]
%‘ X _Acg_Time = 1.74587904[=]
¥_Rngle = 45[deg]
SEEERS: e -
B\ o 0h o == = 6.85[us]
——— Irz Mode = D£f
Tri_Mode = Dff
i ---- PROCESSING DARAMETERS —---
de_balance( 0, FALSE )
1 zexp( 2.00Hs1, 0.0(s]
-] trapesoid( DI%1, O[%¥], S0[%], 100[%] )
=4 zerafill( 1 )
e £££( 1, TRUE, TRUE )
4 machinephaze
4 rpm
] Derived from: TY_11_050_03_carbon-1-1.3df
i Pilename = TY 11 050_03_carbon-1-2.3
o Ruthox = delta
= Hxperiment = carbon.jxp
b = TY 11 _050_03
4 = CHLORDFORN-D
! = 19-SEP-2018 22:2
4 = 20-SEP-2018 20:0
] = zingle pulze decoupled ga
1D COMPLEX
bt 26214
4 Caxbon
. = Carbon13
;;_ = Iee=
] = JHM-BCHS00
Spectrometer = DELTAZ_MMR
b Pield Stremgth = 11.7473575[T] (500[MEz])
B X_Aca Duration = 0.83361792[z]
4 X_Domain = 13c
| ¥ Freg = 125.76529766 [MEz]
] X_Dffzet = 100[pp=]
X_Points 32768
-1 X_Prescans =2
=7 X Rezolution 1.19959034[Hz]
4 X_Sweep = 39.3081761[kEHz]
X_Sweep_Clipped = 31.44658088 [kiz.
4 Irr Domain = Proten
i Ixz_Preq = 500.15991521 [MHx]
Ixx_Dffzet = 5.0[pE=]
Clipped = PALSE
8 7 Scansz = 11400
s 1 Total Scanz = 11400
s |
z 4 Jl Relaxation Delay = 2[sz]
2o n " Becvr Gain =
s Temp_Get = 14.6[ac]
T T T T T T L L e e e e e e R R RS T T T T T T & s Wadth = 5.380m2]
200.0 190.0 180.0 170.0 1600 150.0 140.0 1300 120.0 110.0 ‘1000 900 800 700 600 500 400 300 200 100 ¥_Acq_Time = 0.83361792[=]
I | | X 2Angle = 30[deg]
LT NS A N AN -2
I | I ] [ ¥ _Pulze = 3.12[us]
SH——CDomo Mmoo m ® o ~oa 22 =2 Irr_Atn Dec = 20.54(aB
SILETEE25EEERE R EE i g = Zoisatam
CEIRRSYRISRSSS ERE& Fe5 ABEA iﬂ_g:l;:h :;ﬁ“]
. - e e S rr Pwi = 92[us
X : parts per Million : Carbon13 Decoupling - T=Um
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abundance

=]
°] JeEOL
] ---- PROCHSSING PARAMETERS ----
5 de_balamce( 0, FALSE )
@] cexp( 0.2[Hz], 0.0[=] )
=7 trapesoid{ 0[%], D[%], BO[%], 100(] )
] serofill( 1
4 ££6( 1, TRUE, TRUE )
] machinephaze
] rrm
i Derived from: TY 11 089 02-1 Ana-1.jdf
-
=7
] Filename TY_11 089_02-1 Ana-2.jdf
q 2utho aelt
] Bxpeximent proton.jxp
] Sample_Id = TY 11 089
-+ Solvent = CHLORDFORM-D
= Actual Start Time = 6-NOV-2018 13:13:03
] Revizion Time = 7-NOV-2018 12:31:25
] Comment = zingle_pulze
e Data_Format = 1D coPLEx
q Dim Size 13107
bl X Damain = Proten
1 Dim Title = Protan
Dim Units = Ippal
Dimenzioms =x
Site = JHM-BCXS00
] Spectrameter = pELTAZ Mm
4 Ficld Strength = 11.7473578[T] (S00[MEz])
q X_Acq Duzation = 1.74587904[31

l X Domain =
o] X Prea = So0_ 15991521 1Ee]
=4 X _Dffzet = 5.0[ppm]
9 ¥ Points = 16384
] ¥_Prescans =1
] X_Rezolution = 0.57277737(Hx1
- = S o 2 X_Sweep = 9.38438438 [kHz]
q S e - X_Sweep_Clipped = 7.50750751[kHz]
] — == - - Irr_Domain = Bxoten
=7 Irs Preg = S00.15991521 [MEx]
=] W Irz Offszet = 5.0[ppm]
Tri Domain = Eroton
] Trs Preg = S00.15991521 [MEx]
l i Tri Offzet = 5.0[ppal
. \f ¥ Scans =3
] |/ Total Scanz =3
B
] Relaxation Delay = S[=]
T T T = as
9 8.0 0 = 18.9[ac]
| M‘ = 13.7[az]
B = 1.7458790413]
= I iy S = 45[deq]
B O Em®e 2O ®S TGN oD S a[aB]
SE222ICE5L£3I55337382 = 6.85[a=]
ol of o8 08 o605 69 o8 o6 o8 o8 o8 I e - I Z i
X : parts per Million : Proton = Des
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DFILE TY_07_048_02 proton-l-1.als
[ singla_pulsa

07_046_02 carbon-1-1
gla pulsa dacouplad gatad
6-09-24 15:11:50

L340

17

MHz
KHz
4.21 Hz
26214
31446. 54 Hz
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11

L

i —]

167,334

51,364
50,836

—
—_—
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TY_0&_137_01_

slngla_pulsa
2017-07-0L 1
1B

proton. xp

500. 18

2.41

6.01

13107

T507.51

]
17459
5.0000

§.85

TE_0&_137_01_

gla pulsa

2017-07-0L 10

1%

carbon. {xp

135, T

7. 87

4.21

26214

31446, 54

1260

0.8%33&

2.0000

. lz2

17.4

TI.00
0.10
&0

0:05:41

MHz
EHz
Hz

Hz
sQC

Rac
usac

carbon-L-1.als
dacauplad gatad

:07:L6

MHz
KHz
Hz

Hz
RRC

RRC
uEa

n

proton-i-1.als



—_— . han

. A6A
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D7_106_02
ngla_pulsa

proton. Jxp
500. 18
2.41
6.01
13007
T507.51

]
17459
5.0000

§.85

T_106_032
la pulsa

carbon. Jxp
135, T
7.87
4.21
26214
31446, 54
E30
0.8%33&
2.0000

. lz2

TI.00
0.10
56

proton-1-1.als

2016-10-18 14:58:Z7

Wz
EHz
Hz

carbon-L-1.als
dacauplad gatad

10-18 15:00:38

MHz
KHz
Hz



(JEDLD

---- PROCESSING PARAMETERS --——
do_balance( 0, FALSE )

zexp( 0.2[Hz], 0.0[=] )

trapescid( 0[%1, 0[%], 80[%], 100[%] )
merofill( L )

££¢( 1, TRUB, TRUB )

machinephase

Er=

Derived from: TY_11_003_01-1 Ana-1.jdf

n
W
1
n
]

TY 11 003 01-1 Ana-2 jdf

Authox = delta
Bxperiment = protom.jxp
Sample Td = T¥ 11 003
Solvent = CHLORDFORM-D

27-JUN-2018 18:10:47

]
1

21-AUG-2018 19:35:31
Comment = zingle_pulze

Data Format = 1D CoMPLEX

Dim Size 13107

X_Domain = Bxotom

Dim Title = Exoton

Dim Units [op=]
Dimencions X

Sies = Mm-mCxs0o
Spectrometer = DELTAZ MR

Field_Strength
¥_Acq Duration

= 11.7473579[T] {500[MHz])
1.74587904[=]

¥ Domain =1\
X Freq = 500.15991521 [1MHx]
¥ _Dffzet = 5.00ppm]

¥ Pointz = 16384

X_Prescans
¥_Resolution

©.57277737 [Hz]

H_Sweep = 9.38438438 [kE=]
¥ Sweep_Clipped = 7.50750751[kEz]
Izrx_Domain = Exoton
Izx Freg = 500.15991521 [MHz]
Irr_Offzet = 5.00ppm]
Trs Domain = Proten
Tri Freg = 500.15991521 [MHx]
: Tri DEfzet = 5.0[ppm]
3 _!
2z 7 Clipped = FALSE
g Scans =8
g 4 W Total_Scans =8
s _ 3
se * - 4 Belaxation Delay = 5[=1
T T T T T Recve Gain =so
90 80 20 10 0 Temp_Get = 17.8[4C]
¥_90_Width = 13.7[us]
/\ ¥ _Acg Time = 1.74587904[=]
¥_Angle = 45[deq]
53 X Atn = 414B]
7R ¥ _Pulze = 6.85[uz]
e -— Trr_Mode = og£
X : parts per Million : Proton Tri Mode = o£f
]
x4 D
] ---- PROCESSING DARAMETERS ----
“ de_balance( 0, FALSE )
=7 sexp( 2.0[Hzl, 0.0[=] )
] trapesoid( D[%], O[%], BO[%], 100[%] )
] zexofill( 1 }
- £££( 1, TRUB, TRUE )
bl machinephaze
4 rrm
= Derived from: TY 11 003 01 _carbon-1-1.3df
=]
4 Filename = TY_11_003_01_carbon-1-2.3
] Buthox = delta
= Bxpezrizment = carbon.jzp
= = TY_11 003_01
] CHLORGFORH-D
| 2B-JUN-2018 09:55:59
* 21-AUG-2018 19:36:5¢
=7
] = single pulse deccupled ga
= 1D COMPLEX
=1 = 26214
] = Cazbon
] = Cazbon13
g ] 1 = [ppm]
=7 Dimensions =x
] Site = JMM-ECXS00
] Spectrometer = DELTA2 MR
3
=4 Field Stremgth = 11.7473578[T] (500[MEz])
1 X_Acq Durstion = 0.83361782(=]
] X _Domain = 13c
+7 X Preq 125.76529766 [MH=]
= X_Offset = 100(ppm]
| ¥ _Points = 32768
! X_Preccans f
=] X _Resolution 1.19955034[Hs]
] X_Sweep 353061761 [KEx]
] X Sweep Clipped = 31.44656088 [kHz.
1 Irr Domain = Proton
] Trr_Fr = 500.15991521 [MEx]
i Trr Dffzet = 5 0(ppm]
9 Clipped = TRUR
2 =] Seans = 1260
= o] Total Scans = 1260
s 3
ERE | Belaxation Delay = 2[=z]
2o ' Becvr_Gain = 56
= A Temp_Ge = 18.1[ac]
R e e R L B e o e LA B e e BARSARARARRRARERAREE REREE TR T = 9.360az]
200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 900 80.0 700 60.0 30.0 40.0 300 200 10.0 H_Acy_Time = 0.83361792(z]
AN A | L e
X_Ata 3148
N RS I ¥ Pulse 3.12[us]
jas) - 3 moa oo Irz Atn Dec 20.5414B
& $2352 Z FER =g e 20 sham
E ZEESAE o coEe og Irs_Noize WALTE
. — - — Irr_Pwidth = 92[us]
X : parts per Million : Carbonl3 Decoupling _ wrom
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

HO

PPM

]

166,

-
-

o
o @
]
-

oo o T
GRS
0 ool

451
1

r
-~

© o
ool
-

-
o
-

o o
™ o

128.823

128,
127,

-

g

64,247

631

53.

352

27.

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1l
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

50
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TY_09_099_01_proton-1-1l.als

single_pulse

2017-09-30 11:55:25

1H
proton. jxp
500.16
2.41
6.01
13107
7507.51

MHz
KHz
Hz

Hz

B
1.7459 sec
5.0000 sec
6.85 usec
1H
14.2 ¢
CDCL3
7.26 ppm
0.10 Hz
38

1e-1

TY_09_099_01_carbon-1-1.als
single pulse decoupled gated
2017-09-30 11:57:05

13C

carbon. jxp

125.77
7.87
4.21
26214
31446.54
1680
0.8336
2.0000
3.12
1H

14.2

CDCL3
77.00
0.10
58

MHZ
KHz
Hz

ppm
Hz



=4
= Q JEOL >
=1
+ HO JI\/NS
4 N ---- PROCHSSING PARAMATERS —---
=1 | de_balance( 0, FALSE )
P sexp( 0.2[Es], 0.0[=] )
=4 Bn txapesoid( 0[%], O[%], BO[#], 100[%] )
9 zerofill( 1
=] ££¢( 1, TEUN, TRUE )
i machinephase
e 1e e
=1 Derived £rom: T¥_10_144_01_proton-1_Ana-2.3df
=]
=kl Pilenzme = TY_10_144_01_proton-1_Ana
] Ruthox = delta
4 Experiment = proton.ixzp
=7 Sample_Id = TY 10_134 01
o] Solvent = CHLORDFORN-D
5 = 19-JUN-2018 18:28:27
1 = 21-AUG-2018 19:10:15
4 zingle pulze
] 10 COMPLEX
] = 13107
=] = Protea
B = Proten
4 = Ilpp=]
l -x
3— = JNM-BCHS00
] Spectrometer = DELTAZ MMR
] e
h| ) = Pield Stremgth = 11.7473575[T1 (500[MEz1)
] X_Aca_Duratiom = 1.74587904[=]
] X _Domain =18
9 X _Freq = 500.15991521 [MHz]
=1 ¥ Offset = 5. 0ppml
=+ X_Points = 16384
9 X_Prescans =
] X Rezolution = 0.57277737[H=]
=1 X_Sweep = 936438435 [kHz]
4 X_Sweep_Clipped = 7.50750751[kHz]
] Irr Domain = Proton
Irx_Freq = 500.15991521 [MHz]
— Irr Dffset = 5.0[pp=l
] Tri Domain = Proton
] Txi_Freq = 500.15991521 [MHz]
P Tri Dffzet 5. 0lppml
2 = Clipped = rarsm
=2 4 Seanz =8
2 Total Szanz =8
] I .
PN M i L 10
= =7 Relaxation Delay = 5[zl
T T T T T T Recvr_Gain = a0
9.0 8.0 30 20 1.0 ] Temp Get = 14.8140]
X_90_Width = 13.7[us]
| X_Aca_Time = 1.74587904[=]
X _Angle = 45[deg]
- X Ata = 4[4B]
3 3 ¥_Pulse = 6.850u=]
. - - Irx_Mode = oef
X : parts per Million : Proton Tri Mode = o£f
—--- PROCESSING PARAMETERS —-—
dc_balance( 0, FALSE )
sexpl 2.0[Hz], 0.0[s] )
trapesoid( 0[%], O[%], BO[#], 100[%] )
E zexofill{ 1 )
3 ££e( 1, TRUB, TRUR )
machinephaze
FE=
3 Derived f£rom: TY 10 144 01 carbon-1 Ana-1.3df
Filename = TY_10_1%4_01_carbon-1_ina
Author =
Bxpeximent -
v 3
= single pulze decoupled ga
3 = 10 COMPLEX
3 26214
E = Carbon
= Casbonl3
=3 [pp=]
3 x
! JHM-BCKS00
3 Spectrometar = DELTAZ MR
-3 !
=9 Field Stxength 11.7473578[T] (500 [MHz])
3 X_Acq Duration 0.83361792[=]
3 X_Domain 13c
X Preg = 125.76529768 [ME=]
X _Offzet = 100[ppml
3 X_Foints = 327868
3 X _Prescans =1
3 ¥ _Rezoluticn = 1.19959034[Hz]
E X_Sweep = 39.3081761 [kEz]
=7 X_Sweep Clipped = 31.44654088 [kEz]
3 Irx_Domain = Proten
3 Irr Pregq = 500.15991521 [MEx]
E Irr Dffzet = 5.0[ppml
-3 Clipped = TRUR
=] Sean= = 1260
= 13 Total Scans = 1260
8 7
z 7 l Relasxstion Delay = 2[=z]
E =3 i i = 58
= 7 15.2140]
T T T T T T T T T T T T T T T T = 5 36(m=1
200.0 190.0 180.0 170.0 16 140.0 130.0 120.0 110.0 100.0 90.0 20.0 70.0 60.0 500 400 30.0 200 100 = 0.83361792[=]
= 30[deq]
| A | - 3tam
| = 3.12[uz]
) =4 B4 = = 20.54[4B]
= ™ =] =3 -
a = H=EE 8 = 20.54(aB]
5 = EEE 2 = WALTE
- - = 92[us]
X : parts per Million - Decoupling = TRUR
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---- PROCASSING PARAMATERS
de_balance( 0, FALSE )
sexp({ 0.2[Hs], 0.0[s] )
trapesoid( O[31, O[],
merofill{ 1 }

80[%], 100[%] )

££E( 1, TRUB, TRUB )
machinephase
Er=

Derived from: TY_11_013_01-1 Ana-2.jdf

Filename =

TY_11_013 01-1_Ana-3_3jdf

Authox = delta
Bxperiment = proton.jxp
Semple_Td = T¥_11_013
Solvent = CHLORDFORM-D

3-JUL-2018 20:48:52

]
1

21-AUG-2018 15:28:26
Comment = zingle_pulze

Data Pormat = 1D ConerEx

Dim Size = 13107

X _Domnin = Proton

Dim_Title = Proten

Dim Units = Ippal

Dimensions =x

Site = JHM-BCHS00
Spectrometer = DELTAZ MR

11.7473579[T] (S00[MHz])
1.745879041=]

Field_Strength
¥_Acq Duration
¥ Domain

18
50015991521 [ME=]

X Freq
X Dffzet = 5.0lppm]
¥ Pointz 16384

¥ _Prezcans 1
0.57277737[Hx]
9.38438438 [kHz]
7.50750751 [kHz]

¥ Reszoluticn
*_Sweep
¥_Sweep_Clipped

500.15591521 [1M8s]

Irr Freq =
Irr_Dffzet = 5.00ppm]
Tri Domain = Proton
Tri Freg = 500.15991521 [MB=]
o Tri DEfzet 5.0 (ppm]
o e = 5]
2 Clipped = FALSH
= Scans =8
£ Total Scans =8
Z2 3
= Relaxation Delay = 5[]
T T T T T Recvr Gain =185
9.0 80 2.0 10 a Temp_| 17.11dC]
¥_90_Width = 13.7[us]
¥ _Acg Time = 1.74587904[=]
¥_Anale 45[deq]
“ 2 X Atn 4[4B]
- 1 ¥_Pulse 6.85[us]
~ - Irr_Mode = DEf
X : parts per Million : Proton Trs Mode = osf
= ---- PROCBSSING PARAMBTERS
- de_balance( 0, FALSE }
sexp( 2.0[Es]l, 0.0[=] )
trxapezoid( 0[%], O[%], BO[%®], 100[%] )
zero£ill(
££t( 1, TRUE, TRUH )
machinephaze
PE=
Dexived fxem: TY_11_013 01_carbon-1_Ana-1.jdf
Pilename = TY 11 013_01 carbon-1_Ana
Authox =
= Experiment =
Sample_Id =
_Start Time =
Revizion Time =
Comment
Data_Format
Dim Size
¥ _Domaia
Dim Title =
Dim Units =
Dimensions =
Site =
Spectromatar =
Pield Strength = 11.747357%[T] (500[MH=1)
=) ¥_Aca_Duxatiea = 0.83361792[=]
- ¥ Domain = 13c
X _Freg = 125.76529766 [MH=]
X _DEfset = 100 [ppm]
X_Points = 32768
¥_Prescans =2
¥ Rezolution = 1.19950034[H=]
X _Sweep = 39.3081761[kHz]
¥ Sweep_Clipped = 3144658088 [kE=
Irr Domain = Proton
Izx_Pxeq = 500.15991521 [MHx]
Ixx_DEfzet = 5.0[ppm]
Clipped = PALSE
3 Scans = 816
2 Total Seans = 816
E-
z Relaxation Delay = 2[=]
go . Recvr Gain =
= Teap_Get = 17.9[dC]
LINLIN L L L L L N I I N 0 I L O I TTTTT T I T T[T T T T [ TT T T[T T T % a0 Width = 9.360us]
200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 700 600 3500 400 300 200 100 ¥ g Time = 0.83361792[=]
I ¥ _Engle = 30[degq]
N \ \ X_Ata = 314am]
[ H_Pulze = 3.12[us]
o c o e — e s _
5 o z29:z g22 Irr_Atn Dec = 20.54(am]
= i AES = SR Ixx Atn Hoe = 20.54[4B]
o i i S - _
= £ FREE nRE Tox Botee = ;ﬁ“]
. . xx Pwi = 92[us
X : parts per Million : Carbon13 Decoupling = TRUR
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---- PROCESSING DARAMNTERS —-—

do_balance( 0, PALSE )
zexp{ 0.2(Hs]l, 0.0[s] )

trapesoid( 0[%], 0[%], BOI®], 100[%1 )
zerofill( 1 )

£6€( 1, TRUN, TRUE )

machinephaze

FE=

TY_10_149_02_proton-1_Ana-1.jdf

T¥ 10 149 02 proton-1 Ana
delta

e
W
"
n
o
B

22-JUN-2018 18:41:56
21-AUG-2018 18:55:55

zingle pulse
= 1D COMBLEX
13107

= Brotom

= Exotom
[pp=]
x

= JHM-ECXS00

Spectrometar = DELTAZ MMR
Field Stremgth = 11.7473579[T] (500[MEz])
X_Acq Duration 1.74587904[=]

X Domain =1m

X Freq = 500.15991521 [MHz]
X_Offzet = 5.0[ppml

X Points = 16382

X_Prescans
¥_Resolution

¥ _Swee;
X_Sweep_Clipped

0.57277737[Hs]
938438438 [kHz]
7.50750751 [kE=]

Ixx Domain = Protom
= 500.15991521 [MA=]
= 5.0[ppm]
= Proton
= 500.15991521 [MA=]
=] = 5.0[ppml
; = = PALSE
= =8a
2 Total_Scans —e
z Vi A ‘
i Relawation Delay = 5[s]
T = 38
0 0 = 14.2[a0]
= 13.7[us]
= 1.74587904[=]
= = 45[deq]
= e = 41a8]
,:_ &_ = 6.85[us]
£ = ose
= DEf
E D
— =-=--- PROCBSSING PARAMETERS ----
] de_balence( 0, FALSE )
q sexp( 2.0[Es]l, 0.0[s] )
| trxapezoid( 0[%], O[%], BO[%], 100[%] )
merofill( 1 )
££ft( 1, TRUN, TRUB )
] machinephase
] PE=
] Dexived from: TY_10_149_02_carbon-1_Ana-1.3df
q = TY_10_149 02 carbon-1_Ana
= zingle pulza daccuplad ga
5 = 1D COMPLEX
1 = 26214
] = Casbon
] = Cazbon13
= = Ippal
] = JHM-BCXS00
| Spectromatar = DELTAZ WMMR
- 3 Picld Strength = 11.747357%[T]1 (500([MHs])
X_Acq_Duratien = 0.83361792[=]
] ¥ Domain = 13c
4 ¥ Freq = 125.76529766 [MH=]
B ¥_DEffzet = 100 [ppm]
] X Points = 32768
e ] ¥ Prescanz =1
X Rezolution 1.19959034[Hz]
9 X_Sweep = 33.3081761[kHs]
] ¥ Sweep_Clipped = 3144654088 [kils]
] Irr Domain = Proten
u| Izx_Pxeq = 500.15991521 [MH=]
E Irs Dffset = 5_0[ppm]
Clippad = FALSE
o ] Scans = 1260
= 1 Total Scanz = 1260
£ 3 |
ER ] | Belaxation Delay = 2(s]
2 4 & s s e =
= | Temp Get
LI I L L N I L L L I L B B B | SV g P TS = 9.360us]
200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 600 50.0 400 300 200 100 X_Acq_Time = 0.83361792[=1
| X _Angle = 30[deg]
| | ) s AN oI
! S T X_Fulse 3.12[us]
-3 —00 D v - e = — L E=E] Ixrx Atn Dec = 20.54[4B]
2 - R v g e = - Aen |
= ZALESERAESARRE HEL Irz Atn Hoe = 20.54(aB]
= FTEEEREEELGRECE it Ixx Noize = WALTS
e . — - —_—— e s Ixx Pwidth = 92[us]
X : parts per Million : Carbon13 Decoupling — TRom
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
Wl

IRNUC
CTEMP
SLVNT
EXREF
BF

RGAIN

]
]

e I T ® ool ) o o
0w oW RE=gT o @ I
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e
1
|
1
1
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T T T T | T T
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

TY_07_020_02_proton-1-1l.als
single_pulse
2016-09-27 20:12:32
1H
proton. jxp
500.16 MHz
2.41 KHz
6.01 Hz
13107
7507.51 Hz
8
1.7459 sec
5.0000 sec
6.85 usec
1H
18.6 ¢
CDCL3
7.26 ppm
0.10 Hz
40
0]
hﬂe~\Pq pd3
I
Ph  Me
1h
TY_07_020_02_carbon-1-1.als
single pulse decoupled gated
2016-09-27 20:14:15
13C
carbon. jxp
125.77 MHz
7.87 KHz
4.21 Hz
26214
31446.54 Hz
620
0.8336 sec
2.0000 sec
3.12 usec
1H
19.0 ¢
CDCL3
77.00 ppm
0.10 Hz
58



DFILE TY_07_097_02 proton-1-l.als

e R g s e g o COMNT single_pulse
PR RN R R e R e - DATIM 2016-10-13 19:17:49
e e m e e S S A A S S = o OBNUC 1H
| k IEEEEN L EXMOD proten. jxp
=== e OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.51 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.85 usec
IRNUC 1H
CTEMP 17.7 ¢
SLVNT CDCL2
EXREF 7.26 ppm
BF 0.10 Hz
RGAIN 38
)
Me\N O
|
Ph  Ph
1i-1

-
el
b
3

0.0 7.5 5.0 2.5 0.0
DFILE TY_07_097_02_carben-1-1.als
@ a2 = 222 @ = o o COMNT single pulse decoupled gated
[ o o [SR=Ng — DATIM 2016-10-13 19:19:53
o ~ e ] @ OBNUC  13C
a b 35088 ce " EXMOD carbon. jxp
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.54 Hz
SCRNS 620
ACQTM 0.8336 sec
PD 2.0000 sec
PW1l 3.12 usec
IRNUC 1H
CTEMP 17.4 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.10 Hz
RGAIN 56
1
I
|
1
|
I
| 1
i ‘
| T T T T | T T T T T T T ‘ T T T T T T
200 150 100 50 4]
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
Wl

IRNUC
CTEMP
SLVNT
EXREF
BF

RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

TY_08_026_02_]

single_pulse

proton-1-l.als

2016-12-09 20:16:58

1H
proton. jxp
500.16
2.41
6.01
13107
7507.51
8
1.7459
5.0000
6.85
1H
14.5
CDCL3
7.286
0.10

MHZ
KHz
Hz

ppm
Hz

36

TY_08_026_02_carbon-1-1.als
single pulse decoupled gated
2016-12-09 20:21:10

13C

carbon. jxp

125.77
7.87
4.21

26214
31446.54
620

0.8336

2.0000
3.12

MHzZ
KHz
Hz

sec
sec
usec

1H
15.3 ¢
CDCL3
77.00 ppm
0.10 Hz
60



DFILE TY_08_069_00_proton-1-1.als
= o COMNT single_pulse
0 © 0 DATIM 2017-05-25 20:13:05
- = OBNUC 1H
EXMOD proton. jxp
v OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.51 Hz
SCANS B
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.85 usec
IRNUC 1H
CTEMP 13.5 ¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.10 Hz
RGAIN 40
0}
N3
- 1]
| |
[
| 1
J |
- L. sr
T T T T T T T | T T | T T
10 g ] 4 2 0
DFILE TY_08_069_00_carbon-1-l.als
= S 9s 3 @ = o - COMNT single pulse decoupled gated
— o oo [SR=Ng o DATIM 2017-05-25 20:15:17
o o oo Clg = OBNUC  13C
3 o039 oo “ EXMOD carbon. jxp
| OBFRQ 125.77 MHz
| OBSET 7.87 KHz
% |# W ‘ OBFIN 4.21 Hz
POINT 26214
FREQU 31446.54 Hz
SCRNS 840
ACQTM 0.8336 sec
PD 2.0000 sec
PW1l 3.12 usec
IRNUC 1H
CTEMP 14.0 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.10 Hz
RGAIN 60
1
1
|
|
1
1
|
e
T T | T T T T T T | T T T T T T T T T
200 150 100 50 4]
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1l
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

TY_09_020_01_proton-1-1.als
single_pulse
2017-07-14 16:17:33

1H
proton. jxp

500.16 MHz
2.41 KHz
6.01 Hz

13107
7507.51 Hz

8

1.7459 sec
5.0000 sec
6.85 usec

1H

i8.

CDCL3

8 c

7.26 ppm
0.10 Hz
44

MeO

Br

1k-1

TY_09_020_01_

single pulse

carbon-1-1l.als
decoupled gated

2017-07-14 16:19:06

13C
carbon. jxp
125.77
7.87
4.21
26214
31446.54
1260
0.8336
2.0000
3.12
1H
19.0
CDCL3
77.00
0.10
60

MHZ
KHz
Hz

Hz
sec

sec
usec

ppm
Hz
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
ORSET
OBFIN
POINT
FREQU
SCANS
ACQTM
oD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1l
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

T¥_09_022 01 _proton-1-1.als
single_pulse
2017-07-19 09:54:13

1H
proten. jxp
500.16
2.41
6.01
13107
7507.51
8
1.7459
5.0000
6.85
1H
17.7
CDCLZ
7.26
0.10
46

MeO

MHzZ
KHz
Hz

sec
sec
usec

ppm
Hz

1k

TY_09_022_01_carbon-1-1.als
single pulse decoupled gated

2017-07-19 09:56:02

13C
carbon. jxp

125.77
7.87
4.21
26214
31446.54
1680
0.8336
2.0000
3.12

1H

18.5 ¢

CDCL3

MHZ
KHz
Hz

Hz
sec

sec
usec

77.00 ppm
0.10 Hz

60
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

DFILE TY_09_048_01-1-1l.als
COMNT azide

DATIM 2017-08-01 16:34:23
OBNUC 1H

EXMOD proton. jxp

OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.51 Hz
SCANS 8
ACQTM 1.7458 sec
PD 5.0000 sec
PW1 6.85 usec
IRNUC 1H
CTEMP 19.0 ¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.10 Hz
RGAIN 50

(0]

N3
Br
11

TY_09_048_01_carbon-1-1.als
single pulse decoupled gated
2017-08-01 17:44:57
13C
carbon. jxp
125.77 MHz
7.87 KHz
4.21 Hz
26214
31446.54 Hz
1360
0.8336 sec
2.0000 sec
3.12 usec
1H
19.0 ¢
CDCL3
77.00 ppm
0.10 Hz
60
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM

bWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

TY_09_033_03-1-1.zls
azide
2017-07-20 13:55:45

1H
proton. ixp
500.16
2.41
6.01
13107
7507.51
8
1.7459
5.0000
6.85
1H
18.5
CDCL3
7.26
0.10
48

1m

MHzZ
KHz
Hz

sec
sec
usec

ppm
Hz

N3

Me

TY_09_033_03_carbon-1-1.als
single pulse decoupled gated
2017-07-20 14:16:28

13C

carbon. jxp
125.77
7.87
4.21
26214
31446.54
1260
0.8336
2.0000
2.1z
1H
19.2
CDCL3
77.00
0.10

MHzZ
KHz
Hz

Hz
sec

sec
usec

ppm
Hz

60



— 7.371

DFILE TY_08_09%4_01_proton-1-1.als

COMNT single_pulse
DATIM 2017-06-08 10:26:51
OBNUC 1H
EXMOD proton. jxp
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.51 Hz
SCANS B
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.85 usec
IRNUC 1H
CTEMP 16.3 ¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.10 Hz
RGAIN 38
0]
Bno/\/<l

™
w
-

1n-1

.01

—
=
—_—

g ] 4 2 0
DFILE TY_08_094_01_carben-1-1.als
=z o- @ b= o o - o b - COMNT single pulse decoupled gated
oMo NOo- oo = o DATIM 2017-06-08 10:29:07
o S e o o OBNUC  13C
o83 CcEemww - EXMOD carbon. jxp
‘ l ‘ OBFRQ 125.77 MHz
| \ OBSET 7.87 KHz
| OBFIN 4.21 Hz
POINT 26214
FREQU 31446.54 Hz
SCRNS 1260
ACQTM 0.8336 sec
PD 2.0000 sec
PW1l 3.12 usec
IRNUC 1H
CTEMP 16.6 c
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.10 Hz
RGAIN 60
1
|
1
1
|
1
1
| L
' T ' PEM]
T T T T T T T T | T T T T ‘ T T T T T T
200 150 100 50 0
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1l
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

TY_08_110_01_;

single_pulse

proton-1-1.als

2017-06-16 10:02:48

1H
proton. jxp
500.16
2.41
6.01
13107
7507.51
B
1.7459
5.0000
6.85
1H
13.1
CDCL3
7.26
0.10
38

MHz
KHz
Hz

Hz
sec

sec
usec

ppm
Hz

o]

N
Blw()’//\\\v//Jl\\V/’ 3

1n

TY_08_110_01_carbon-1-1.als
single pulse decoupled gated
2017-06-16 10:04:47

13C

carbon. jxp
125.77
7.87
4.21
26214
31446.54
1260
0.8336
2.0000
3.12

MHZ
KHz
Hz

Hz
sec

sec
usec

1H
13.8 ¢
CDCL3
77.00 ppm
0.10 Hz
60
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
Wl

IRNUC
CTEMP
SLVNT
EXREF
BF

RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

_proton-1-l.als
7:49:12
MHZ

KHz
Hz

ppm
Hz

Br” " NH

TY_07_067_03
single_pulse
2016-09-26 1
1H
proton. jxp
500.16
2.41
6.01
13107
7507.51
8
1.7459
5.0000
6.85
1H
18.3
CDCL3
7.286
0.10
40
TY_07_067_03_
single pulse
2016-08-26 17
13C
carbon. jxp
125.77
7.87
4.21
26214
31446.54
620
0.8336
2.0000
2.1z
1H
18.8
CDCL3
77.00
0.10
58

|
Ph

3a-1

carbon-1-1.als
decoupled gated
:51:11

MHzZ
KHz
Hz

sec
sec
usec

ppm
Hz



DFILE TY 07_069_02-1-1l.als
NpEgENTYeonaNogoNRTE Togncw CoMNT diazide
S T B e e s e R R ] o 0o 00 @ W L) DATIM 2016-09-27 15:59:16
e e i e e e —:‘—: - OBNUC 1H
L I EXMOD proton. jxp
"__ OBFRQ 500.16 MHz
N% OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.51 Hz
SCANS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.85 usec
IRNUC 1H
CTEMP 18.8 ¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.10 Hz
, RGAIN 48
o]
/\/\ JI\/N?:
N3 N
Ph
3 ] 3a
L
| [
I !
1
|
i L "
1 i
T T | T I T T | T T | I T
8 6 4 2 0
DFILE TY_07_015_04_carbon-1-1.idf
B o Hdea = A o COMNT single pulse decoupled gated
™ ] Nor mom - DATIM 2016-08-21 18:22:35
o~ o o o~ -0 (=R - 0OBNUC 13C
S 3 o059 e o o EXMOD carbon. jxp
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 32767
FREQU 39308.18 Hz
SCANS 620
ACQIM 0.8336 sec
PD 2.0000 sec
PWl 3.12 usec
IRNUC 1H
CTEMP 18.9 c
! SLVNT CDCL3
EXREF 77.00 ppm
BF 0.10 Hz
RGAIN 60
[l
1
| 1
PPM
T T T T T T T | T T T T T T T T
200 150 100 50 4]
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

TY_09_041_01_proton-1-l.als
single_pulse
2017-07-26 09:56:09
1H
proton. jxp
500.16 MHz
2.41 KHz
6.01 Hz
13107
7507.51 Hz
8
1.7459 sec
5.0000 sec
6.85 usec
1H
17.9 ¢
CDCL3
7.26 ppm
0.10 Hz
40
O
NJj\/Br
|
Bn
3b-1
TY_09_041_01_carbon-1-1.als
single pulse decoupled gated
2017-07-26 10:01:44
13C
carbon. jxp
125.77 MHz
7.87 KHz
4.21 Hz
26214
31446.54 Hz
1680
0.8336 sec
2.0000 sec
3.12 usec
1H
18.9 c
CDCL3
77.00 ppm
0.10 Hz
60
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7.167

164
994
977

-

o

4,869

3.583

1.561

PR

120.343

58

77.000

76.752
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53.373
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM

bWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

1-1.als

MHzZ
KHz
Hz

Hz
sec

sec
usec

ppm
Hz

TY_09_042_01-
diazide
2017-07-26 12:13:20
1H
proton. ixp
500.16
2.41
6.01
13107
7507.51
8
1.7459
5.0000
6.85
1H
18.7
CDCL3
7.26
0.10
48

o]
N
w’/”\\N/’ 3

Bn
3b

TY_09_042_01_carbon-1-1.als
single pulse decoupled gated
2017-07-27 09:55:36

13C

carbon. jxp

125.77 MHz
7.87 KHz
4.21 Hz

26214

31446.54 Hz

1H

CDCL3

1680
0.8336 sec
2.0000 sec

3.12 usec

19.0 ¢
77.00 ppm

0.10 Hz
60



DFILE TY_09_108_01_proton-1-1.als

x S a =) COMNT single_pulse
anannanane © - v B DATIM 2017-10-17 23:17:24
g = - I - OBNUC  1H
L-Kk | EXMOD proton. jxp
— OBFRQ 500.16 MHzZ
#f_ v OBSET 2.41 Kdz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.51 Hz
SCANS E
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 6.85 usec
IRNUC 1H
CTEMP 18.4 ¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.10 Hz
RGAIN 44
(0]
. - o N

I

w©
o

=
o

DFILE TY_09_108_01_carben-1-1.als
= @ & o “ COMNT single pulse decoupled gated
— ] @ = o DATIM 2017-10-17 23:19:05
I I =) OBNUC  13C
3 o a EXMOD carbon. jxp

OBFRQ 125.77 MHz

OBSET 7.87 KHz

OBFIN 4.21 Hz

POINT 26214

FREQU 31446.54 Hz

SCRNS 8460

ACQTM 0.8336 sec

PD 2.0000 sec

PW1l 3.12 usec

IRNUC 1H

CTEMP 19.2 c

SLVNT CDCL3

EXREF 77.00 ppm

BF 0.10 Hz

RGAIN 60

|
I

1
|

| [
|
I
T T T T T T T T T T T T T T T T
00 150 100 50 4]
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DFILE TY 09 106_01_2 proton-1-1.als

=38 - o S22 COMNT single pulse
= = @ - o DATIM 2017-10-11 23:19:13
w7 = ™ ® Iakake OBNUC  1H
EXMOD proton. jxp
‘ \H/ OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.51 Hz
SCRNS 8
ACQTM 1.7459 sec
PD 5.0000 sec
PWl 6.85 usec
IRNUC 1H
CTEMP 14.9 ¢
SLVNT <CDCL3
EXREF 7.26 ppm
BF 0.10 Hz
o RGAIN 38

3 o) 0]

. 1.18
0.75
0.98&
1.9

- 3
sy}
=

Z
©
=

o—-=2

Me
! 3d-1

=
-
o —|
©

DFILE TY_09_106_01_2_carbon-1-1.al:

P o § =3 COMNT single pulse decoupled gated
o o -~ ) ] ] DATIM 2017-10-11 23:20:47
~ S e Wm0 OBNUC  13C
o B o o o EXMOD carbon. jxp
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.54 Hz
SCRNS 8840
ACQTM 0.8336 sec
PD 2.0000 sec
PW1l 3.12 usec
IRNUC 1H
CTEMP 14.6 c
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.10 Hz
RGAIN 60

I
| |

[

|
I I ‘

|
| | l 1 ELN
| T
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
Wl

IRNUC
CTEMP
SLVNT
EXREF
BF

RGAIN

o]

Me

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

TY_09_109_01_proton-1-l.als
single_pulse
2017-10-18 23:11:59

1H
proton. jxp
500.16 MHz
2.41 KHz
6.01 Hz
13107
7507.51 Hz
8
1.7459 sec
5.0000 sec
6.85 usec
1H
17.3 ¢
CDCL3
7.26 ppm
0.10 Hz
46
(0]
l}l 'TIJI\/NEI
Bn Bn
3d

TY_09_109_01_carbon-1-1.als
single pulse decoupled gated
2017-10-18 23:13:37

13cC

carbon. jxp

125.77
7.87
4.21
26214
31446.54
8680
0.8336
2.0000
3.12
1H

18.1

CDCL3
77.00
0.10
60

MHzZ
KHz
Hz

ppm
Hz



~ 7.831

202 —_ 7814

L

_~ 6607
™ 6590

~Gd4

_f:‘j\:ﬁf— — 4634
—— 200 — 2407

L]

et 3.00— 2,493

[
-

740 735 730 725

‘Y—l—F T

6.6

00 —|

128756
T T 127.516
-~ 127306
—— 126.848

— 130.749
/

— 196.383

— 151.896

=

|

\Il\\\l‘ll
1300 1275

A,

161
.749
128.756

138,
130.

306
126.848
— 111.529

77.258
77.000
76.752

<

— 47.498

—— 25,998

PF"M

100
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TU-02-057-1_proton—1-1.als

single_pulse
??117-08-04 11:09:13

proton. jxp
500.16 MHz

1.7459 sec
5.0000 sec
6.85 usec

1H

17.9¢
CDCL3

7.26 ppm

0.10 Hz

0]
Me

NH
Bn

3e-1

TU-02-057-1 170808 _carbon-1-
single pulse decoupled gated NO
2017-08-08 15:12:13
13C
carbon.jxp
125.77 MHz
7.87 KHz
4.21 Hz

26214
31446.54 Hz
266
0.8336 sec
2.0000 sec
3.12 usec
1H
i8.0¢c
CDCL3

77.00 ppm
0.10 Hz
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A

o
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S
o

- 7.260|

‘IIIIlIIH‘\
00 7.95 7.94

73

b 2:01 — 4.919‘

00 — 3667

a1

;% rLy—L—J U— 2601

Me

PPM

— 196.840

— 166.050

128.755

128.412
— 127.849

129.776|
128.755
128,602
-~ 127849

/—
'
- 128412

/

mapuary

II‘IHI‘H
130.0 1275
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T T I
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TU-02-060-3 180215 _proton-1-
single_pulse
ﬁ)[l.s-ﬂ?-ﬁ 18:50:56
proton. jxp
500.16 MHz
2.41 KHz
6.01 Hz

13107
7507.51 Hz
8

1.7459 sec
5.0000 sec
6.85 usec

1H

150 ¢
CDCL3
7.26 ppm
0.10 Hz
40

O
N)j\/Br
Bn
3e-2

TU-02-060-3 180216_carbon-1-
single pulse decoupled gated NQ
2018-02-16 20:29:26
13C
carbon.jxp
125.77 MHz
7.87 KHz
4.21 Hz
32767
39308.18 Hz
1024

0.8336 sec
2.0000 sec
3.12 usec
1H
i4.7¢c
CDCL3

77.00 ppm
0.10 Hz
60
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‘TU-02-056-2 dry_proton—-1-1.al
single_pulse
ﬁ)ln-m-zs 17:07:56
proton.jxp
500.16 MHz
2.41 KHz
6.01 Hz
13107
75078.51 Hz

1.7459 sec
5.0000 sec
6.85 usec

1H

189 ¢
CDCL3
7.26 ppm
0.10 Hz
44

(@]
N
’TIJJ\/ 3
Bn
3e

TU-02-055-2 170808 _carbon-1-
single pulse decoupled gated NO
2017-08-08 19:59:57
13C
carbon.jxp
125.77 MHz
7.87 KHz
4.21 Hz
32767
39308.18 Hz
1024

0.8336 sec
2.0000 sec
3.12 usec
1H
i76¢c
CDCL3

77.00 ppm
0.10 Hz
60



DFILE TY_10_029_01_proton-1-l.als

Do mio B 2352 > 2510 A o o S o COMNT single_pulse
TOMAN NN oA o0 Y D ™ SR DATIM 2017-12-14 10:10:51
00 W o0 R P R K - OBNUC 1H
L w \%"% \N \"/ W EXMOD proton.jxp
TS | OBFRQ 500.16 MHz
| OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.51 Hz
SCANS 8
ACQTM 1.7459 sec
FD 5.0000 sec
PW1 6.85 usec
IRNUC 1H
CTEMP 19.9 ¢
SLVNT CDCL3
EXREF 7.26 ppm
EF 0.10 Hz
RGAIN 36

NH

DFILE TY_10_029_01_2_carbon-1-1l.al:s

2 2 =g I & COMNT single pulse decoupled gated

o 0 —“Nor o - oo DATIM 2018-02-13 15:52:32

o w0 m No OBNUC  13C

5 3 e Toon. EXMOD carbon.jxp
OBFRQ 125.77 MHz

) OBSET 7.87 KHz
| OBFIN 4.21 Hz
POINT 26214
FREQU 31446.54 Hz
SCANS 1256
ACQIM 0.8336 sec
PD 2.0000 sec
PWl 3.12 usec
IRNUC 1H
CTEMP 16.2 c
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.10 Hz
RGAIN 60
1
!
1
1
| 1
1
i l |
PEM
T T T T T | T T T T T T T T T T T T T
200 150 100 50 0
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DFILE
COMNT
DATIM
OBNUC
EXMCD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
Wl

IRNUC
CTEMP
SLVNT
EXREF
BF

RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

TY_10_038_01_proton-1-l.als

single_pulse
2017-12-21 00:50:35
1H
proton. jxp
500.16 MHz
2.41 KHz
6.01 Hz
13107
7507.51 Hz
8
1.7459 se
5.0000 se
6.85 us

0o

1H
18.4 ¢
CDCL3
7.26 ppm
0.10 Hz
50

TY_10_038_01_carbon-1-1.als
single pulse decoupled gated

2017-12-21 00:52:01
13cC
carbon. jxp
125.77 MHz
7.87 KHz
4.21 Hz
26214
31446.54 Hz
6980
0.8336 sec
2.0000 sec
3.12 use
1H
19.7 ¢
CDCL3
77.00 ppm
0.10 Hz
60
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

N3

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

TY_10_039_02_)

single_pulse

proton-1-l.als

2017-12-21 23:12:23

1H
proton. jxp
500.16
2.41
6.01
13107
7507.51
8
1.7459
5.0000
6.85
1H
18.5
CDCL3
7.286
0.10
48

TY_10_039_02_carbon-1-1.als
single pulse decoupled gated

MHZ
KHz
Hz

ppm
Hz

2017-12-21 23:13:55

13C
carbon. jxp
125.77
7.87
4.21

MHzZ
KHz
Hz

26214
31446.54 Hz
8920
0.8336
2.0000
2.1z
1H
19.7 ¢
CDCL3
77.00 ppm
0.10 Hz
50
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TU-02-080-2 180215 _proton-1-
single_pulse
f?II.E-BZ-I.S 14:43:58

proton.jxp
500.16 MHz

7507.51 Hz
8

1.7459 sec
5.0000 sec
6.85 usec

1H

15.5¢
CDCL3
7.26 ppm
0.10 Hz
34

Me

NH

Br\/\/\)

5b-1

TU-02-080-2 180215_carbon-1-
single pulse decoupled gated NO
?g%:8-02-15 14:45:57

carbon.jxp
125.77 MHz
7.87 KHz
4,21 Hz

26214
31446.54 Hz

350
0.8336 sec

2.0000 sec
3.12 usec

1H
159¢
CDCL3
77.00 ppm
0.10 Hz
58



DFILE TU-02-087-2 171013 _proton-1-

28 ¢ gza o9 5 |[EEE 3 355 [BRERESEERER COMNT  single_pulse
S e S [ i Y g g o o o il R el e R e Qi g i i g.%’ﬁ_‘lll}/lc f?II.T-I.O-HM:ZS:ZQ
| ! . L SN R N
¥4 Ny L s e N EXMOD  protonip
== - = ) o 3 o e e OBFRQ 500.16 MHz
-+ = = — - OBSET 2.41 KHz
Ih: OBFIN 6.01 Hz
! i) POINT 13107
: | h M al FREQU 7507.51 Hz
” - g ‘ ) \ SCANS 8
I ||,} RN | | L ACQTM 1.7459 sec
A N | Y W L W O L . ) PN i N S VPR PD 5.0000 sec
PW1 6.85 usec
I U R T[T T rT T IRNUC 1H
7.8 7.6 86 |38 36 34 32 16 14 12 CTEMP 153 ¢
[ SLVNT  CDCL3
EXREF 7.26 ppm
BF 0.10 Hz
RGAIN 32
N3
O

5b
W \
| L N J
PPM
T T ‘ T I T T T I T T T T
8 6 4 2 0
- - e 0 6 o DFILE TU-02-087-2 171013 _carbon-1-
=233 © P wom®E mwwon [FSRA COMNT  single pulse decoupled gated NO
= 5 3§§§§§ epeg 3% §Eg% 2582 R DATIM  2017-10-13 14:30:16
o © SEmeaN el k44 B4 OBNUC 13C
2 g popcpcpc b VO ST mees SN EXMOD  carbon.jxp
| ‘ | [ . OBFRQ 125.77 MHz
" |‘ h ' OBSET 7.87 KHz
\ ! OBFIN 4.21 Hz
POINT 32767
| FREQU 39308.18 Hz
I SCANS 512
I l ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.12 usec
I\Ill\ \I‘IH‘I ]RN'UC l[I
50.0 28 2% CTEMP 16.5¢c
SLVNT CDCL3
EXREF 77.00 ppm
F 0.10 Hz
RGAIN 60
I
I
i |
I
iy
PPM
T T ‘ T T T | T T T ‘ T T T T ‘ T T T
200 150 100 50 0
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DFILE TY_09_080_02_proton-1-l.als
COMNT single_pulse
DATIM 2018-02-20 23:12:14
OBNUC 1H
EXMOD proton. jxp
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.51 Hz
SCANS 8
ACQTM 1.7459 sec
FD 5.0000 sec
PW1 6.85 usec
IRNUC 1H
CTEMP 13.4 ¢
SLVNT CDCL3
EXREF 7.26 ppm
EF 0.10 Hz
RGAIN 34
(0]
H OMe
N
"Bu” PPh,
o
1"
DFILE TY_09_080_02_carbon-1-1.als
COMNT single pulse decoupled gated
DATIM 2018-02-20 23:13:45
0OBNUC 13C
EXMOD carbon. jxp
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.54 Hz
SCANS 9200
ACQIM 0.8336 sec
PD 2.0000 sec
PWl 3.12 usec
IRNUC 1H
CTEMP 15.2 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.10 Hz
RGAIN 60



DFILE TY_09_080_02_phosphorus-1-1.:
COMNT single pulse decoupled gated
DATIM 2018-02-22 15:50:30
OBNUC 31p
EXMOD carbon. jxp
OBFRQ 202.46 MHz
OBSET 8.31 KHz
OBFIN 0.75 Hz
POINT 26214
FREQU 40650.41 Hz
SCANS 35
ACQTM 0.6449 sec
PD 2.0000 sec
PWl 3.8B8 usec
IRNUC 1H
CTEMP 15.2 ¢
SLVNT C6D6
EXREF 0.00 ppm
BF 0.10 Hz
RGAIN 56
(0]
H OMe
N
"Bu” PPh,
0}
1"
PPM
1T L L
-50 ~75 -1po
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2.0

1.0

(JEDLD

---- PROCBSSING PARAMNTERS —-—-
do_balance( 0, PALSE )

zexp{ 0.2(Hs]l, 0.0[s] )

trapesoid( 0[%], 0[%], BOI®], 100[%1 )
zerofill( 1 )

£6€( 1, TRUN, TRUE )
machinephaze

TY_11_088_02_proton-1_Ana-2.3jdf

TY_11_0BB_02_proton-1_Ana
delta

proton_jxp

TY 11_0BB_02

CHELORDFORI-D

25-0CT-2018 22:13:37
6-HOV-2018 16:12:49

zingle pulse
= 1D COMBLEX
13107

= Brotom

= Exotom
[pp=]
x

= JHM-ECXS00
Spectrometer = DELTAZ? MME

Field Stremgth
X_Acg_Duration

= 11.7473579[T] {500[MHz])
1.74587904[=]

X _Domain =18
X Freq = 500.15991521 [1H=]
X_Dffzet = 5.0[ppml

¥ Points = 16384

X_Prescans
¥_Resolution

¥ _Swee;
#_Sweep_Clipped

0.57277737[Hs]
938438438 [kHz]
7.50750751 [kE=]

abundance

=
o
=
=
%
=
=
=~
=
=
o
=
=1
w
<
=
+
=
=
=
=

0.01 0.02

0

200.0 190.0 180.0 170.0 160.0 150.0 140.0

&
©

k!
138,341

131.254
130,510 7

63875
6,998

1

X : parts per Million : Carbon13

A
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127.696

A

=
2
=
=

77.258
76.742
70.523

2%
2

R
=

200 100

20924

= Protoa
= 500.15991521 [MH=]
= 5.00ppml
= Proton
= 500.15991521 [MH=]
8 = 5.0[ppm]
= = PALSE
B -8
=1 Total Seans =8
Zo
= Relaxation Delay = 5[=]
Recvr Gain = 2
Temp Gt = 17.7(40]
X_90_Width = 13.7[us]
X _Aeg Time = 1.74587304[=]
¥_Angle = 45[deq]
X Ata = 2148)
X _Fulze = 6.850us]
TTr Mode = osf
Tri Mode = osf
]
2] JEOL
o ]
=
) ~--- PROCASSING PARAMATERS —-—-
= de_balance( 0, FPALSE )
] zexp( 2.0[Hz], 0.0[z] ]
+ ] trapesoid( 0[%], O[%], 8O0[%], 100[%] )
= zexofill( 1 )
=17 ££6( 1, TRUE, TRUN )
] machinephaze
=1 Fp=
Skl
o TY_11_086_02_carbon-i_Ana-2.jdf
=
- Pilename = T¥ 11 088 02_carbon-1_Ana
< Buthor = delta
Hxperiment = carbon.3xp

25-DCT-2018 22:15:06
6-MOV-2018 14:54:50

single pulse decoupled ga
1D COMPLEX

26214

Cazbon

Cazbonl3d

[ppm)

X

Ja-mCKS00
Spectrometer = DELTA2 WMMR

11.74735759[T] (500 [MEz])
0.83361792[=]

Picld Strength
X_Acg_Duzaticon

¥ Domain = 150
X_Freq = 125.76529768 [MH=]
X Dffset = 100([pp=]

¥ peines - 32788

X_Prescans
¥_Resolution

X _Sweep
X_Sweep_Clipped

1.19959034[Hx]
393081761 [kHz]
31.44654088 [kHz]

Trr_Domain = Broton
Irx Preg = 500.15901521 [MEz]
Irx_Dffzet = 5.0[ppal

Clipped = PALSE

Saans = 10780

Total Scans = 10780

Eelaxation Delay = 2[sz]

Recvr_Gai

Temp_Get

X_90_Width = 9.36[us]

X_Acg Time = 0.83361792(s]
X_angle = 30[deq]

X At = 3148]

¥ _Pulze = 3.12[us]

Irr_atn Dec = 20.541aB]

Irx Atn Hoe = 20.54148]
Irx_Woize = WALTEZ

Irz_Pwidth = 92[usl

Decoup = TRUE
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6-7 X-ray Crystallographic Analysis Information
(ORTEP thermal ellipsoids at 50% probability)

2i (CCDC No. 1839202)

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)

20max

Absorption coefficient p for
Mo-Ka

F(000)

Crystal size

No. of reflection collected

Transmission factor
Refinement method
Goodness-of-fit on F?
Final R indices [/>2c (/)]
R indices (all data)
Largest diff. peak and hole

C22H21N3038

407.49

-150.0 £ 1 °C

MoKa (A =0.71075 A)
monoclinic

P2i/c (#14)
a=10.37797(19) A
b=19.68067(18) A B =98.126(7) °
c=20.4861(4) A

V =2037.48(7) A?

4

1.328 g/cm?

55.0°

1.873 cm™!

856.00

0.120 x 0.090 x 0.020 mm
Total: 33730

Unique: 4683 (Rint = 0.0325)
min: 0.834, max: 0.996
Full-matrix least-squares on F?
1.041

R1 =0.0380

R; =0.0463

-0.35 and 0.45 e*A

wR2 = 0.0948
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2j’> (CCDC No. 1839204)

Empirical formula

Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)

20max

Absorption coefficient p for
Mo-Ka

F(000)

Crystal size

No. of reflection collected

Transmission factor
Refinement method
Goodness-of-fit on F?
Final R indices [/>2c (/)]
R indices (all data)
Largest diff. peak and hole

Ci5sH13NO2

239.27

-170.0 £ 1 °C

MoKa (A =0.71075 A)
monoclinic

P2i/c (#14)
a=12.9092(4) A
b=5.32654(15) A B =98.180(7) °
c=17.0164(5) A
V =1158.17(6) A3
4

1.372 g/cm?
55.0°

0.915 cm™

504.00

0.200 x 0.130 x 0.060 mm
Total: 10780

Unique: 2643 (Rint = 0.0160)
min: 0.902, max: 0.995
Full-matrix least-squares on F?
1.049

R1 =0.0361

R; =0.0397

0.41 and -0.16 e*A?

wR2 = 0.0973
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4e (CCDC No. 1839203)

(o]
Jn
l}l 3
Bn

de

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)

20max

Absorption coefficient p for
Mo-Ka

F(000)

Crystal size

No. of reflection collected

Transmission factor
Refinement method
Goodness-of-fit on F?
Final R indices [/>2c (/)]
R indices (all data)
Largest diff. peak and hole

C17H14N6O2

334.34

-170.0 £ 1 °C
MoKa (A =0.71075 A)
orthorhombic

Pbca (#61)
a=8.17797(15) A
b=14.6247(3) A
c=27.2033(5) A

V =3253.52(10) A3
8

1.365 g/cm?

55.0°

0.951 cm™

1392.00

0.190 x 0.060 x 0.030 mm
Total: 52120

Unique: 3740 (Rine = 0.0341)
min: 0.890, max: 0.997

Full-matrix least-squares on F?

1.034
R =0.0367
R;1 =0.0432 wR> = 0.0897

-0.22 and 0.35 e*A"?
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9b (CCDC No. 1879115)
HO.
N

Lo

o]
N
N)J\/ 3
N3\/\/\)

9b

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)

20max

Absorption coefficient p for
Mo-Ka

F(000)

Crystal size

No. of reflection collected

Transmission factor
Refinement method
Goodness-of-fit on F?
Final R indices [/>2c (/)]
R indices (all data)
Largest diff. peak and hole

Ci16H20N303

372.39

-150.0 °C

MoKa (A =0.71075 A)
monoclinic

P2i/c (#14)
a=13.5247(4) A
b=17.64772(17) A B =197.938(7)°
c=17.7480(5) A

V =1818.14(9) A?

4

1.360 g/cm?

50.7 °

0.992 cm™!

784.00

0.140 x 0.030 x 0.030 mm
Total: 24512

Unique: 3334 (Rint = 0.0332)
min: 0.836, max: 0.997

Full-matrix least-squares on F?

1.046
R =0.0359
R =0.0454 wR2 = 0.0822

-0.17 and 0.21 e*A"?
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