Angewandte
wsnmse o CHIEINNIE

Supporting Information

© Wiley-VCH 2008
69451 Weinheim, Germany



S1

Iridium-Catalyzed H/D Exchange at Vinyl Groups
without Olefin Isomerization

Supporting Information

Jianrong Zhou and John F. Hartwig*

Department of Chemistry, University of Illinois Urbana-Champaign,
600 South Matthews Ave, Box 58-6, Urbana, IL. 61801

jhartwig@uiuc.edu



General

Unless noted otherwise, all the manipulations were conducted inside an argon-filled
dry box at room temperature. Glassware was dried at 130 °C for at least 4 hours. THF,
Et20, toluene, benzene and pentane were collected from a solvent purification system
containing a 1 m column of activated alumina under argon. Quantitative 'H NMR
spectra on deuterium exchange were obtained with a 90° pulse and a delay time of 5 #; on
500 MHz spectrometers. Chemical shifts were recorded relative to residual protiated
solvents (C¢Dg: 87.15). °C NMR spectra were obtained at 125.8 MHz on a 500 MHz
instrument, and chemical shifts were recorded relative to the solvent resonance (CgDg:
$128.0). Both '"H NMR and "°C NMR chemical shifts are reported in parts per million
downfield from tetramethylsilane. >'P NMR spectra were obtained at 202.2 MHz, and
chemical shifts are reported in parts per million downfield of 85% H3;POa.

The percentage of H/D exchange in a sample was based on a decrease in the integral
of the '"H NMR signals, as compared to the integral of the corresponding signals in the
starting material. The 'H NMR signals of interest were integrated against a resonance for
hydrogens that do not undergo H/D exchange; to obtain these data on 1,3-dihalobenzenes
and pyridine, about 3 mg of dry dioxane was added as an integration standard. The
positions of deuterium incorporation were confirmed by “H NMR spectroscopy.

Materials

Unless noted otherwise, reagents were purchased from commercial suppliers. Liquid
substrates were purged with argon for at least 10 min in a vial and then dried over
activated 4 A molecular sieves for at least 2 days in a glove box before use. Solid
samples were evacuated and refilled with argon when imported into the glove box. 1-
Allyl-1-aminomethylcyclohexane,' 2,5-dimethyl-1-hexen-5-0l,> iridium complexes
(D'BPP)Ir(H)(NH,) 1°, 2,* 4,° 5,° and (D'BPP)RhHCI’ were synthesized according to
reported procedures. Dry C¢Dg was distilled from sodium/benzophenone ketyl, degassed
by three cycles of freeze-thaw and stored in the glove box. 2,5-Dimethylpyrrole was
freshly distilled under argon before use. Silica gel 60 with 230-400 mesh was purchased
from EMD Chemicals (lot TA1165285303; pH 6.8).

Synthesis of (D'BPP)Rh(NH3) 3

In an argon-filled dry box, solid KHMDS (44 mg, 0.22 mmol) was added to a
suspension of (D'BPP)RhHCI (100 mg, 0.20 mmol) in dry pentane (3 mL) in a 20 mL
vial fitted with a cap containing a Teflon-lined septum. The stirred yellow suspension
was then purged with excess, dry ammonia gas. After stirring for 5 min under the
ammonia atmosphere, the yellow suspension was filtered through a Gelman Acrodisc
containing a 0.2 wm PTEE membrane, and was washed with pentane. The yellow filtrate
was concentrated to about 2 mL and stored at -30 °C overnight to give 65% yield of
orange needles of pure 3 (60 mg). 'H NMR (500 MHz, C¢D12) _ 1.98-1.82 (m, 3H), 1.74-
1.56 (m, 5H), 1.30 (t, J= 5.5 Hz, 18H), 1.26 (t, /= 5.5 Hz, 18H), 1.36-1.06 (m, 4H;
overlapping with the triplets at _ 1.30 and _ 1.26); °C NMR (500 MHz, C¢D;2) _ 42.5 (d,
J=129.4 Hz), 41.2 (t, J = 8.3 Hz, two superimposed quaternary carbons of the ters-butyl
groups), 36.2 (m), 35.0 (m), 30.8 (t, J = 3.7 Hz), 30.4 (t, J = 4.6 Hz); *P NMR (500
MHZ, C6D12) _ 81.3 (d, J =184.6 HZ) Anal. Calcd for C21H48NP2RhI C, 5261, H,
10.09; N, 2.92. Found: C, 53.01; H, 10.35; N, 3.12.
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General Procedure for the Catalytic H/D Exchange

Unless otherwise stated, in an argon-filled glove box, a screw-capped NMR tube was
charged with the substrate (0.20 mmol), CsDg (0.50 mL), and finally iridium catalyst 1
(5.6 mg, 0.010 mmol). The tube was tightly capped and then vigorously shaken to give
an orange solution. After standing for an indicated period of time at room temperature or
50 °C, the reaction mixture was exposed to air and passed through a short plug of silica
gel with C4Ds washings to remove iridium complexes. The filtrate was pure by 'H and
PC NMR spectroscopy in all cases, except for the exchanged product of 1-aminomethyl-
l-allylcyclohexane. This product contained a majority of the iridium catalyst, but these
signals did not interfere with integration of the vinylic hydrogens. 'H, *H and °C NMR
spectra of the deuterated products are provided as part of supporting materials.

The reactions with cyclohexene and methylenecyclohexane were conducted in sealed
tubes. For 2,5-dimethylpyrrole, the percentage of deuterium incorporation was recorded
before filtration through a silica gel plug because some deuterium was lost during
filtration. The exchange with tiamulin was conducted with 5% catalyst 1 on a 0.1 mmol
scale; the exchange with Altrenogest was conducted with 10% 1 on a 0.1 mmol scale; and
the exchange with forskolin was conducted with 10% 1 on a 0.018 mmol scale.

Synthesis of [(-Bu);PCH,CH,CH=CHCH,P(z-Bu,)]IrPh 7

Ph
t-Bu \ t-Bu
/

Hy' Hy

In an argon-filled dry box, (D'BPP)IrH,; 2 (56 mg, 0.10 mmol) was stirred with 2-
norbornene (47 mg, 0.50 mmol) in 2.0 mL of dry C¢Hs at room temperature for 12 h. The
solvent was then slowly evaporated under vacuum to give a quantitative yield of the
desired product 7 as an orange powder (63 mg). The complex is insoluble in C¢D;, in the
absence of trace C¢He. The proton and carbon signals were assigned with the aid of a
combination of DEPT-135, COSY, C-H HMQC and selective *'P-decoupled '"H NMR
spectroscopy. 'H NMR (500 MHz, C¢D1»; additional C¢Hg peak at  7.25)  7.60 (br s,
Horno), 7.37 (br s, H'orno), 6.86 (t, J = 7.2 Hz, 2Hmera), 6.48 (d, J= 6.3 Hz, Hpura), 3.54
(dd, J=9.7, 6.1 Hz, H3), 3.08 (m, H1), 2.58 (ddd, J= 15.2, 7.4, 2.0 Hz, H1’), 2.01 (m,
H4), 1.92 (m, 1H, H2), 1.76 (m, H5'), 1.34-1.24 (m, H4', overlapping with CMe; at _
1.28), 1.28 (d, J= 11.8 Hz, 9H, CMe3), 1.25 (d, J= 12.6 Hz, 9H, CMe3), 1.19 (d, J= 12.4
Hz, 9H, CMe3), 1.13-1.00 (m, H5, overlapping with CMes at _ 1.04), 1.04 (d, /= 12.0 Hz,
9H, CMe;); °C NMR (500 MHz, C¢D)2; additional C¢Hg peak at  128.7)  170.7 (s,
Cipso), 140.8 (br s, Coreno), 139.0 (br s, C'orno), 126.7 (br s, Cumera), 120.7 (S, Cpara), 66.1 (s,
C3), 37.2 (d, J= 16.6 Hz, CMe3), 35.6 (d, J= 20.5 Hz, CMe3), 34.4 (d, J= 14.7 Hz,
CMe3), 34.1 (s, CMe3), 33.1 (d, J=25.4 Hz, C1), 30.8 (d, J= 3.9 Hz, CMe3), 30.5 (two
overlapping CMej; peaks), 30.3 (d, J= 3.7 Hz, C2), 30.0 (d, /= 3.9 Hz, CMe3), 29.3 (d, J=
9.8 Hz, C4), 22.9 (d, J=22.5 Hz, C5); **P NMR (500 MHz, C¢Dy;) _ 65.7 (d, J = 340.3
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Hz), -33.5 (d, J = 340.3 Hz). Anal. Calcd for C7HuolrP,: C, 51.65; H, 7.87. Found: C,
51.88; H, 8.06.

H/D exchange of [(-Bu),PCH,CH,CH=CHCH,P(#-Bu;)|IrPh 7 with C¢Ds

In an argon-filled dry box, [(#-Bu),PCH,CH,CH=CHCH,P(z-Bu,)]IrPh 7 (7.0 mg,
0.011 mmol) was dissolved in 0.70 mL of C¢Dy in a screw-capped NMR tube. Then
CeDs (18 mg, 0.21 mmol) was added and mixed well by vigorous shaking. After 5 min at
room temperature, a 'H NMR spectrum was acquired. The Ir-Ph and C-3 hydrogens were
>95% deuterated. After an additional 5 min, a second 'H NMR spectrum was acquired.
An identical '"H NMR spectrum was obtained, indicating that the exchange has reached
equilibrium. The positions of deuteration were confirmed by “H NMR spectroscopy.

The solvents of the above deuterated sample were evaporated under vacuum, and the
yellow solid residue dg-7 was then dissolved in 0.70 mL of C¢D;, and C¢Hg (45 mg, 0.63
mmol). After 5 min at room temperature a 'H NMR spectrum was acquired. Greater
than 95% 'H signal intensity of the Ir-Ph and C-3 hydrogens was observed. The loss of
deuterium at the Ir-Ph and C-3 positions was confirmed by “H NMR spectroscopy.

Comparison of (D'BPP)Ir(H)(NH;) 1 and [(¢- B u ),PCH,CH,CH=CHCH,P(t-
Bu,)|IrPh 7 as catalysts in H/D exchange of #-butylethylene.

(D'BPP)Ir(H)(NHz) 1 (5.7 mg, 0.010 mmol) or [(¢-Bu),PCH,CH,CH=CHCH,P(z-
Bu,)]IrPh 7 (6.3 mg, 0.010 mmol) was dissolved in 0.5 mL of C¢Dg in a screw-capped
NMR tube. #-Butylethylene (17 mg, 0.20 mmol) was introduced via a microsyringe, and
the resulting orange solution was shaken vigorously. Aliquots were removed at intervals
from the reaction mixture in the glove box and quenched by passing through a plug of
silica gel with C¢Ds in air. The extent of substrate deuteration was determined by
quantitative 'H NMR spectroscopy (see attached 'H NMR spectra). After 20 min at room
temperature, the resting state of the catalyst in the reactions initiated by 1 was determined
to be a 4.5:1 mixture of 1 and 7 by >'P NMR spectroscopy. The resting state of the
catalyst in reactions initiated with 7 after 2 h at room temperature was determined by *'P
NMR spectroscopy to be 7.
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ppm

10



S62

3030-pu-c¢ 10 1 /opt/topspin-1.3 3Jjzhou

()
o0
9 LOOOLD C NN
* SO - [ Te) (v (224
et O UYL (=) [o23 O
7 3 SO 4 2 3
........................ LRI DY 0 .9
4 LER) e s g g i N ™
Py g o « ™~ -
E;__ o bt | I |
N
o
m_
- D 96
| Me Cn)g 97
(rt, 20 h)
(=]
o_
-
o _|
wmn




3038-sm-h 30

1 /opt/topspin Jjzhou

S63

C6D6
ag 2s
di 20s

PRG0N0 N0 OO
DOl OO

PSSR QOO0
uauauvuvuauvuau:uauvuvuaLou1u7<r :
AT S

- 7.1507
78
g7
g7
16
16
75
74
74
I3
231
g2
70
Q

PR~ pvivie]

HaN CH,

2 2

DO === NCIE IO~ LOI<T
Ot MO r=OMNOVONLD—00N (D
B QOMMIMEMIINNNNN v
L N QN1 1 e e o s e o o s e

[ U W TOU S ST URE WU L S OO0 U B I T
ml pL i

EE <rP~0DF~<fODCDT-CDv-P~<TOOCDv—CD

-

N
P

—0.4531

T T ] T T T |

6 4




S64

jzhou

/opt/topspin

1

30

3038-sm-c
C6D6
aq 2s

[Ppm]

0

£L£e8’Ie

e LL9C —

980v°¢€ -
8885 6% -

08s.°8¥ —

50

bt

100

SLEQ9LL —

. .
mvww.mw—

veva'selL —

CHy

HoN

dl 20s

150

——
200




3038-pu-h

30

S65

[ *1e6]

15 20
| |

10
|

!

/opt/topspin jzhou

D o4

HN CD; 97

PN (rt, 20 h)

2.3546
~1.9909

Egcur~<ru:eor~<r

e g e g o s g

ottty

4

3

2

1

0

9

7

6
0.4768

N



S66

3038-pu-d 10 1 /opt/topspin Jjzhou

[ *1e6]

10

) »
=] -]
.............. ! - - SR SR
..... 2 3
10 f
I o

D94
HoN oD
(1,20 h) O N L U U S
()?\‘V\
...... <\i32 \0 6\-'/‘"’“
T T T ! T T T | T T H | T T T ' T T



[ *1e9]

S67

3038-pu-c 10 1 /opt/topspin jzhou

049
735

—48.7773
9.
%3

~ 33.4207

3
—26.7826

—21.8666




[ *1e6]

60

40

20

3035-sm-h 30 1 /opt/topspin-1.3 jzhou

S68

C6D6
aq 2s
—4dl 20s

PN AOLOINCITIND  ONMLOLNSO)
QAN NORNT ™ ONCHOOOO
OULLTNRNT™OOMNN0 M) r=r=0OMt<t
QAEACAICANNN QOIS
WOWDWDDDOOOLD  <hbrhr<r<t
L N N AN W e

P,

DT OO
(OGN BN
=O0ON. O
QOLALA

Rosh et b ol ol 5 o ol
N

[Ppm]



S69

2232sm-c 30 1 /opt/topspin-1.3 jzhou
C6D6

e e s el e e e e

—29.2518
—-16.3010

[N ST

100
|

80

i NC A

60

40

20

| T
200 150 100 50 0 [ppm]



S70

3035-pu-h 30 1 /opt/topspin jzhou
C6D6

aq 2s

dl 20s

[ Loy D Ot ®
2] = L3 NOO<t OOy~
o] - 0 OO COOLD
« % 0lon €
Ly =% < Py —p———
1 El Sl Sl

17 :
DD D83 : (/

NCPS A D95 |
(50 °C, 48 h) D 91 | ‘

M




[*1e6]

15

10

S71

3035-pu-d 10 1 /opt/topspin-1.3 Jzhou

—5.2961
g
2

17
D D D83

S . NCM(DQS Sk .

(50 °C, 48 h) D 91

=

8 6 4 2 [ppm]



S72

3035-pu-c 10 1 /opt/topspin jzhou

ONTT
OCHOCO | e IINOOD AN BHOAHDr
IO | NSO~ NLS ™0 OLHOM
QOIS | NMNIOMT) Y LOOMIN
s | BB oin 20 ANNOX)
COCRCOCN) | gy o s DO HOWOLD
Lamtant ol I NN yeygmy—
L\g‘)/,l \g ; R \(} L\l_\{l_,_i

17

DD D83

D

(50 °C, 48 h) D 91

T
150




S73

3075sm-h

Pulse Sequence: s2pul

H__H
. /
o r
: |
i
h }L L ) “
T T T T T T T T I T T 7 T T i : T T | -
8 7 6 5 4 3 2 1 pPpm
i — S na
3.99



S74

3075sm-~c

s2pul

Pulse Sequence:

8LY 9T . 4
STS°82 -
L09"SE e
Jm
PLOTLOT- - - - - ——d
608°LZT- \
000°8ZT - 3
86T 8ZT—/
c6z 871/
6EL"EPT-—- —
i
I

200 180 160 140 120 100 80 60 40 20 ppm

220



S75

3075rpu-h

Pulse Sequence: s2pul

D D g4
|
(rt, 40 h)
-

” z ‘

a - I

. i

A_J JL I v | "
T I T ; T ‘ i 7 7 T 1 i T i T T ! T L i S S S T T o .
7 6 5 4 3 2 1 pPpm
L'J .,._T_J -_lj,,‘

4.02

4.00 2.04



S76

3075xrpu-4

68—
0ST* L -~
I Y, Y -0 A

s2pul

Pulse Sequence:

(rt, 40 h)

ppm



S77

LLY 9T~ _
oLestsT T T T
L
P0G GE - =
il
PIE° LT
9LY " LZT
LEI"LTT— I
G08° LT )
ST6°LTT— ;
€00° 82T
€TT"8CT -
P6T1°8CT
96Z°82T
TSS°6PT
PS9°67T
»
<
=] o —
& Q S
: VHO m
2 0 £
<
g
¢} [}
W 9]
[+ [
n n
~ -
o a3
(2] [+

\\\‘I

I\lTlI(\

120

\!\T{[il{]l{!l‘\l\[\

T T

ppm

80 60 40 20

100

200 180 160 140

220



S78

3032-sm-h 30 1 /opt/topspin-1.3 jzhou

QOO0 bt : N FLONLOINOHOD O ONHOTLD P-GDY-T-P~CDCDCUibﬂﬁ<f<fu7 OLON It NN

LOOLD v HOM CDCV@O COONCHNLOLOLOMN O QOILON NN N O MO L O v MO = (O QO OO v )T LN
MO g0 (KOMMMINID < N = OLONN LT AN N Y= O OO MO T NMN N ™= D00 O
QQOQ oo : eweevewwwwwwwcccqoqochcqoqco COCOMNTININIS IS IS IS IS N o=
OOOO <t<t<t : NNNNNNNNNNNNNNNG----”v‘v---‘---------‘---‘
(W : [ER i ) VIRNRE U KOS TUNES SORES VAR SUNY 00 JRUPS IO SR W AUV SO WO O |
Y : _ v iy e ,
CH, /
O o _H
H
HsC
H

N —
()]
-9
w




S79

jzhou

/opt/topspin-1.3

1

30

2238-sm-c

0€0L°S1L —
18100 —

€280 —

s

[Ppm]

T
150

T
200




/opt/topspin-1.3

S&0

CﬂCDr~CVV*UVCDOOv-CDCDOOv—OOP~v-u703u3<f¢“<f‘\Cﬂv‘ﬂ?CDCﬂCﬂ OOF:CQU7

‘~h~<?v-r~¢0u7
\P~F~P~P~P~P~

O QO
~r<r<r<rcucucucwcwcucucuv-c:c:c:cn CQOONPI~

¢UCUC“CUCQCﬂc‘fﬂfﬂCUCQCUC“CUCﬂCir-7r--' P Y Y e e e et o o
L ll‘ | D SO T O

—4.8415

[Ppm]



S81

3032-pu-d 10 1 /opt/topspin-1.3 jzhou

0 O N OIHD  <HOW©
o0 il i L LOyeify
i et ONOD <Pt =i 30d
S o S 000 nem
(o] gt OO Ny Rt ot o
o

CH,

o _,‘\\(D 96
HaC D 42

D96 (1,60 h)

N

S & B EE

T T T | T T T ] T T T I T T T | T

8 6 4 2 [ppm]




|

[ *1e6]

200

S82

2238- 10 1 sopt/vopspin  jzhou

0 QOONSTLD N OO OICOLOICN
[w] OLOCITTLD ) OFO OO+ e\ N I~ w0
N DN NI NGy © O D
© ONOINID M) ~RR SN0 Lo & O
~ NN 1O oo SOOm g 9 N @
[ et 09 NORN = NN o QN
b R anh ant ol ol Sl R Rl ot Ao a4 o (2 I

! e A ottt e L

CHa
o g( D 96
D 42
H,C
D96 (xt,60h)

T T
200 150 100 50 0 [ppm]



S8&3

3073sm-h

s2pul

Pulse Sequence:

. PEQ T-

CHs

CH,

HO
Me

Me

[4: 778 4
E8L"Y
a8L°?P

88L°V

68L V-~

ppm

.

.98

.00

.99

.82

.99

.00



S&4

3073sm-c

61L°TZ —
66Z°62 e
SEL"ZE =
096" TV — ]
zz0" 0L —
E
998°60T--— - R
LT8°LZT
Iy v ew v T \\l
=
861°82T
T9E VT - o
»
QO
5
[se]
I
O
[}
A )
@ =
(@
I =

Pulse Sequence:

200 180 160 140 120 100 80 60 40 20 ppm

220



3073rpu-h

Pulse Sequence: s2pul

CD;13
HO

CD
M 2 84

© Me
(50 °C, 60 h)

S85

| |
f |
(‘

] J |
i ! ;
. | -/
- ﬂ § M J

Jk ‘ “‘ ‘fl\__/\/ “v_/u'/\‘\’ RN

T ‘ T ‘ T T T “ T T T
7 6 5 4 3 2 1 ppm
\_1_1 L‘T—‘ *f';" T
0.32 2.60 1.32



S86

89L "V

3073rpu-d

)))))

188°T
609°T -/

s2pul

Pulse Sequence:

CD313

HO

CD, 84

Me Me

(50 °C, 60 h)

g

ppm

10

.00

.25



3073rpu-c

Pulse Seqguence: s2pul

HO
Me

(

- olo & o ~
o rH|o A © ™~
" H]o oo @ ~
o wjo ©~ I~ o)
o N Nl 8 A N
@ o HlH o
= B
<«
o~
]
CD;13
CD; 84
Me
50 °C, 60 h)
[1]
o~
(=)}
-
<
© h)
2 o 3
N ™~
S - P
- ~ S
3 S 5
o .
3 ' 2 @
™ o
< - o~
-
sy W Do A i pmosripivioi v W w.‘JLVMMWL#, oA o oy J A AN AN WJWM i

87

M
1

ﬁl‘rl—l_!iTl|¥il

220

200 180 160 140 120 100 80 60 40 20

!‘Illl[!l\l[l!l![[\IY|I!II]\!¥I|II\\|TII|lIlII[IIIVIIlli\\!ll]llll[ll\{ll\ll]l\(lll(\I‘NT(I[I}T!\}



2217sm-h

s2pul

Pulse SeqQuence:

)

ppm

.00

.55

.95

.00

.00



S&9

2217sm-c 10 1 /opt/topspin jzhou

[ *1e6]

_|céDp6
DO O
XA & B S
SN-O 0 o
LOCOCON P N~ ©
O 2B =t
- < o« N
bt b !

60

40

20

50

0

[Ppm]



590
2217r-pu-h

Pullse Sequence: s2pul

me

(rt, 3 h)

T . T T T T ] T T T I T T T T 1 T T T ~ T T T T ! T T T T [ T ;
7 5 4 3 2 1 Ppm
%_..J |_'_1_.,_J L—T !
2.00 2.97



2217rpu-d

Pulse Sequence: s2pul

D g2

(rt, 3 h)

7.305

7.150

T —6.989

5.945

S91.




8 [rel]

S92

2217-pu-¢ 10 1 /opt/topspin Jzhou

i P Dl P 120
P +=CIOLOLO 0 o o
L) v 0 ©
NORNO0Q s S =
......... LT OO0 B U S EUEUUORRUEURPURRUS - ~ S~ =]
ICNCNONNICN [ I <
o e < o« N
L.._L»..‘_,L\,.TL\.L,_\'} ) - | l l

D92
D
(rt, 3 h)
‘ L . . " .
T | T T T T [ T T T T ] T T ¥ T i T T T T |

200 150 100 50 0 [ppm]



S93

3077sm-h

Pulse Sequence: s2pul

g4
H . -
|
o
| |
o
|
_ .
J i |
i [
w e !
N T I T T T w1 T T T T T ; T T
8 7 6 5 4 3 2 1 -0 ppm
ue R
1.97 4.01



S94

3077sm-c

s2pul

Pulse Sequence:

888°27 —
v9€°GT B
E
E
-
1
E
TPE- LZT
608°LZT - ,
G06°LZT S o
000°82T-- , Y
861" 82T /
£62-82T- -/
1’y 1
3
‘k
I I

Ly o

ppm

200 180 160 140 120 100 80 60 40 20

220



3077t-h

Pulse Sequence: s2pul

.
D

(50 °C, 50 h)

895




3077rpu-4

Pulse Sequence: s2pul

[::::[:D 84
D

(50 °C, 50 h)

7.305

———7.150
6.989

-—5.673

S96




éSﬁ{?
3077pu-c

Pulse Sequence: s2pul !

128.191
22.851

—22.881

128.293
128.110
127.912
127.802

2
—
D 84 ?
O[ h
D 3
(50 °C, 50 h) 5 ;
B -
|
|
|
i H
b

TTT T T i et
]Iflllllll|\l||‘||l|[1¥V[[I||[1\\1!1]\!)|||II|!Ill[l'llfllll{‘lll'l]?IWl{iWilIlItIll!Vi!llll]r{l)ll T T T

220 200 180 160 140 120 100 80 60 40 20 pPpm



S98
3076sm-h

Pulse Sequence: s2pul

H H
hﬂe\jgfL\v/JQ§T/H
H H

8 7 6 5 4 3 2 1 ppm
\fl [ i e \_.ﬁvfl_, ; [ oo
1.00 1.14 0.97 3.19



S99

s2pul

Pulse Sequence:

3076sm-c

ELVET e
!
L9L"ST : —_—
PTL PTT———— - . = |
608°LZT - -
000°8ZT -\ E
86T BCT 7 -
€62°82T m\
- A\ . S e
809°0€T 7 , P -

TyLo9eT \\
€08°LET

200 180 160 140 120 100 80 60 40 20 ppm

220



3076pu-h

Pulse Sequence:

s2pul

p0 D13
Me .~ x D 94
Do D 44
(t, 1.5 h)

S100

| {

6 5
bl e b i
0.87 1.00 0.06

\“
!a
1 A
Wfﬁl_Q_ﬂﬂ___¢ﬂkawﬁﬁth
2 1 ppm
o 2.93
2.00



S101

[A 0 4
¥Z0° G-

8LZ°9—
686"9—— S e
ﬁ YT L
“! 00€" £~ o
S
o 3
3 o a
& =/ =
] D 0
B
(@] -
) N oLt
e)

3076pu-4

Pulse Sequence:

Me

ppm



3076pu-c

Pulse Sequence: s2pul

o e~ mo oflo N o ©
« 0o a o dlo d O ©
N~ 1NN A Ml v -«
NN RO .
v Ww o o o ojlo ~ ~ ™
Mmmm AN ol 8N -
Hor A oH oA Al H A
o
~
© 3
. 1 ~
o ©
~ ~
N m
o 0
o
1

pO pi13
Me._ ~ ~ D 9%
N, -
Do D 44 3
(t, 1.5 h) 5
s
~
S -
= N
- j E E
[l

‘!llill||r||l(I|lI‘T|l|ll]llll!!l‘llI|Tl]|l['|l!l|]II1)IJ!!I||’II[7T{I(!III|II1‘I[III¥[JIII|\I\\1\I‘T[illzl\'lj."\l\“‘

220 200 180 160 140 120 100 80 60 40 20 ppm



S103

3083sm-h

Pulse Sequence: s2pul

w .
=
<
w
3
]
=
PrE-€ =L
i1
by =
m I
I I L
S
&5 _
z8z 9 B
862°9— L
vﬁm.muy/ L
J
£26°9— S
926°9—-
LZ6°9—
6£6°9— 3o
Zv6°9 ‘fw -
£V6°9 -
0ST"L— W \\\w L
)
0TV L )
ETP L

9Ty L--

ppm

1.00

0.89

0.85

1.98



S104

3083sm-c

Pulse Seguence: s2pul

m micd © n o o
o aajof © © W
M e N N O 6 ® A
N 4 . . . . .
M 4 o (o © > M
. EEGERG IGEG RO
: A A A A A
-

Br Br

67.069

dioxane

"!Ji!l"f;!‘-1‘TVT—"—I_‘V“‘VI\I\1[|ll!i11\\lllil\ll|llll\IIII‘{V(\\IIII]III\'\JI\|\I\}|I\II‘Iliiivv'}mlﬂl‘l!"l“ﬁt““
220 200 180 160 140 120 100 80 60 40 20 ppm




S105

3083-1h

Pulse Sequence: s2pul

w m o o n
-l =1 N ™ L
o | H O m
SR 4
J D4
-3
o Br Br
D12
D 98 (rt, 1 h)
o
~N
L
=
‘ before silica gel filtration
JLA_JULJ " “ - »J' e
T | T T { l T T 7 [ T T 7 ] T ; 3 T T { T T T 1 e
9 8 7 6 5 4 3 2 1 pPpm
L e L B
0.96 0.02
0.85



S106

3083pu-h
Pulse Sequence: s2pul
W N O
- = N ™
<+ o - O
~ o 'T w
D4
Br Br
D12
D98 (rt, 1 h)
g after silica gel filtration
i
-
L
-
- -
| JL) - f
— ‘ - T » T T T ‘ L [ R 1 T T T T [
9 8 7 6 5 4 3 2 1 pPpm
e o -
0.96 1.75 0.06



S107

s2pul

Pulse Sequence:

3083pu-d

56Z°9 ——
_ 686°9 . —
ﬁ 0ST L~ —
e e — -

D4
Br
D12

D98 (rt, 1 h)

Br

ppm

10




S108

3083pu-c

Pulse Sequence: s2pul

130.103
128.293
128.198
128.000

~—127.809

y

D4
Br. Br

D12
D 98 (1, 1 h)

134.316

127.648
123.245

s msstmrm——"

w;[‘FI»{ETTTTTI{V!II!\llllllllll1]1]IIIY[TT¢\|I¢I\|\!I1[IlII,IIF\I}I[Il\ITII[T!I[!lll]lli\\{}!l‘\ll\‘II!T{I![V;; T
l i . |

220 200 180 160 140 120 100 80 60 40 20 ppm




3081sm-h

Pulse Sequence: s2pul

S109

/ (
| /
‘ ! Cl |
/ 3 | )
‘ f H H
| | H
| |
| |
| | .
| ) dioxane
| |
| ;
|
|
| J’
!
| L !
/‘ € - ﬁ
/| ’ /i
h }hJ l‘ h
A__,“AA__,]L___M~__,JJkM_AMN_,}L___, AJ N <jL¥,
I T T 7 T ; i |
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm
o b R R T
0.82 0.96 0.97

0.93 1.00



S110

3081sm-c

Pulse Sequence: s2pul

128.198

128.000
127.897
127.809

135.730
135.180
130.938

137.254

94.421
67.062

dioxane

" ey AN

[T\!lil!IITIIIIT][T\!LI!I!!\[(}|IIII{IIIK[IIII|!!]1[IO\!l\II![IIII’IITT{llll‘I!T\|!}\IIF1II\III![!I 1:'!';1"

220 200 180 160 140 120 100 80 60 40 20



3081-20h

Pulse Sequence:

s2pul

D3

Cl |
11D D4
D93 (rt, 20 h)
before silica gel filtration
.

A e

Ill ¢
i,

.97

e

S111

M

1 ppm



S112

3081pu-h

Pulse Sequence: s2pul

D3
Cl I
11D D4
D 93 (rt, 20 h)
after silica gel filtration
i g
|
- [l ) e _
| i
I th‘ i :
1 y ‘}\ Jh |
T 1 3 T T T [ e [E— -
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 ppm
e o Lt ——
1.00 0.93 0.53



S113

3081pu-d

Pulse Sequence: s2pul

—7.139
6.983

__—7.294

D3
Cl I

11D D4
D 93 (rt, 20 h)

6.234

11 10 9 8 7 6 5 4 3 2 1 -0 ppm



S114

¢08°LTT--
L68"LTT

000°82T

86T°8CT -

$RZ8ZT

Z90°L9

LLE D6

vmd.bwﬂ“/

3081lpu-c

s2pul

Pulse Sequence:

699 0€T
L99 0ET

G988 O0ET
8E6°0ET

88T°GET

ZY9°GET-
LEL GET

69T°LET

D3

Ci

D4
D 93 (r, 20 h)

11D

ppm

40

60

80

100

120

140

160

180

200



3066sm-h

Pulse Sequence: s2pul

S115

H Me
iy
H H
’/_'
-
I | y
I |
| j I
‘U\ | o s,
8 7 6 5 2 Ppm
LFJ . ! e
0.79 0.91



S116
3066sm-c

Pulse Sequence: s2pul

128.191
128.000
127.809

xI
=
O
Sy
=
o
140.998

110.577
105.748

128.293

/M‘13.187
13.172

152.150

§lii¥tl1|||{lIl§V’ll‘[(Flll:l[{llll‘llll]‘TlI]"III[I}\I’\TII|lllIiI}Ill\\II{[IJl[il‘l[{lTT]Ilf\l\\‘\{'\T“j T

220 200 180 160 140 120 100 80 60 40 20 ppm



S117

3066.

Pulse Sequence: s2pul

96 D—_O~_Me

\ /)
97D D 43
(50 °C, 20 h)
-
|
. ~ p
L e ) . J\w
T T TR "T T "T T T T ‘ 1 ‘ T T T -
9 8 7 6 5 4 3 2 1 ppm
y S -
0.03 0.52



S118

[
3066pu-d I
Pulse Seguence: s2pul ‘
|
;\
IR
Moo
]
|
|
1 96 D o Me
\
J 97D D 43
/f (50 °C, 20 h)
|
| ;
¢
|
!
| 3
| o
.
|
.
/ \ i
/ \
/A }l
—,’—’,/ L/’ \LJ\
T T W Tt T ‘ 7 H T J T T [ T N T T . { H i i B -
9 8 7 6 5 4 3 2 1 Ppm



S119

3066pu-c
Pulse Sequence: s2pul
i
|
mwwmn};
0 o o o
N H O
® 0 I~ o~
N NN NN
L R A R A
o P -
oo Lt 0
-] L]
o
0 1 "
|
96 D Me
\_/ 5
(2] o
° 0
97D D 43 : o
5 -
(50 °C, 20 h) -
|
o i
(V-3 |
< |
~
o
n bl
M o i
¥ N o g
gg'\.‘,‘,‘ in
o9 8
n L
T k\L\I\\\\\\ R
-
|
|
!
i i I T Kl L TP k i ¥ i |kl b cidl ‘
T . y 0 \ ' S | v“\‘\"[
[ L i ' ! By g LR
‘\:T“\‘I\I!\KJ}I\\.\!\!\‘\!I\[[l'T\‘x\\\jl‘\\I‘\!Y\'[\l\!‘\\1(!!\{\\1[1!1{‘('\Tl{\\;T(!"I‘"":I\“‘lll\f‘

220 200 180 160 140 120 100 80 60 40 20 ppm



S120

3067sm-h

s2pul

Pulse Sequence:

9L6"T

\_/

Me

vSS°9—
965°9

6€9°9-

6¥9°9—
698°9

SL8°9--
8L8°9-
sgs 9 /

omﬂ.hu‘\

| I—

S
1.00
1.01

J—

0.99

3.00



S121
zhou 3067sm~c

Pulse Sequence: s2pul

128.000

—127.802
125.304

128.191

129.260
128.286

xI
]j
2
S
I
120.717

137.400
15.231

r[lll'[llIJ!IIIilil\|1}ll|l‘I\|TIII‘IIYF[1II!|IIII|IIII[III\‘TIII'(ITF]II\\!IIlTI[llt‘l’fFI|II!Ili\I\|TY\1|!ll|;\‘ll|lVllj

220 200 180 160 140 120 100 80 60 40 20 Ppm



S122
3067pu-h

Pulse Sequence: s2pul

S
97D D 96
\

47 D Me
(50 °C, 30 h)

7 6 5 4 3 2 1 ppm



[rel]

0.4

0.3

0.2

0.1

-0.0

2256-pu-d 10 1 /opt/topspin Jzhou

S123

|deuterium detectlipn

ag 2 sec

- 6.8801
4
5

97D

47D

S
\_/

D

Me

(50 °C, 30 h)

[ppm]



S124

3067pu-c

Pulse Sequence: s2pul

¥ W W eHd O mm M- a
N O O N O N wn o
WY NNH O o ofe ~
e v e s e e e . .
A ® W @ B i~ \n
NN NN NN N NN =1
AT T B A A

: | { i |

I i i

~
97 DS\ _D <
W R
47 D Me
(50 °C, 30 h) -
a5 "
A ~
N
-
n
N
2 @
285
i P
I o N
o -
o< |

; | ooy
i il 3 i b oLk s 1o i 1 "
el | it ul b i
] |

i 1L‘u¥ilﬂMiululmm.mmmmﬂnh st bund bl | A

|l o i 1 i
Ww']pi%'!ﬁ‘rTlﬂl1‘!l!‘:‘!|\IW' AR A

iy f‘ﬂ‘ﬁ Lol .M Jinl i ‘i\ e
po R TN .
il i i At
220 200 180 160 140 120 100 80 60 40 20 ppm

uhi‘

e
t




S125

3068sm-~h

Pulse Sequence: s2pul

2
i
Me N__Me
U
H
8 @
o o
Ty
-
-
/TJ _

8 7 6 5 4 3 2 1 Ppm



S126

3068sm-c

s2pul

Pulse Seguence:

§L6°2T
STP° 90T

962" STT—
mom.bmﬂ‘:/ //
S06°LZT |
000" 8CT -~
T6T°82T -

mmN.mNH\L\

ppm

200 180 160 140 120 100 80 60 40 20

220



3068-60h

Pulse Sequence: s2pul

S127

[l) 97
Me N Me
<
D 97
(50 °C, 60 h)
before silica gel filtration g
= B _J:‘
i‘ I
I !
| N A
7 6 5 2 1 ppm
e L’_» E—
0.03 6.00



S128

3068pu-h
Pulse Sequence: s2pul
I'D 97
Me— N\ _Me
\W/
D97
(50 °C, 60 h)
after silica gel filtration —
’ f ‘(‘
| 4 /)
’w‘ ! "‘
I N N EYDARN
i T I ‘ T T i T T "‘T'
8 7 6 5 2 pPpm
— -
0.98 6.00



S129

3068pu-d

Pulse Sequence: s2pul

| 5
[I) 97 | n
Me—N\_-Me
\
D97 |
(50 °C, 60 h) ‘
|
|
1 {
| |
f !
I |
\
| \
|
.
|
\
/ \ 1
Jo ]
,;f \\ J i
// \\\ f\ T
A } \\
Mw/‘_/// \\\__\J_/ \w
NS o N
T N ‘ ] T T T I ‘ T T T E T T T [ T ‘ T T T ‘ [ rTTTTTT T T' T 7
10 9 8 7 6 5 4 3 2 1 -0
i____,’__,_l \_(Al
2.00



S130

2257-pu-c 10 1 /opt/topspin 3jzhou

[rel]

L~ DN

QONIO Oy=0 [32]
=00 LN Lol

s S o

R0 0 LOWOLD

ONKNCHONN OO0 N

r=yrf -y - -

B St S~ I

[l) 97
Me—_N<_Me
\

D 97
(50 °C, 60 h)




S131
3071sm-h

Pulse Sequence: s2pul

Me

f r

‘ |

IR R y

(N ‘
; !

AL B .

T n T '"'Tif" T ‘ T H T I T T T } o I 7 -
7 6 5 4 3 2 1 pPpm
0.95 0.97



S132

3071sm-c

Pulse Sequence: g2pul

o nm maglo o
N O O o ©
h O N o ©

. 9 > %
~ O ™ jco 1~
M M N N N
ﬂTH -l
| |

Me
H N < 2
‘Dw -
Lo <
H” N 43

A\

| ] i [ - Foad
t | ! i " i

| )il
| i

MhdlﬁhlMllﬁ“lmmmrlliﬂsmmwlMWM“JWMiﬂw.lhhlﬂ.ﬂlmlmuMMM;MWMNMM! T'!’T : I i W”“ ‘ rh H e \ T _wq aSEULCBLLIARESLL L.

220 200 180 160 140 120 100 80 60 40 20 ppm



S133

3071pu-h
Pulse Seguence: s2pul
Me
91D N
I )—D o1
950" N
(50 °C, 16 h)
r
i s s __)
|
il I
M’ L J;
.‘ ’ T T T T T o
8 7 6 1 Ppm
Y i s o
0.05 0.09
0.09 3.00



S134

]
3071pu-d4
Pulse Sequence: s2pul

1R

led| &
S

o ;

~ Me

91D__p
I )—D 91
9507 N

| (50 °C, 16 h)
J
i
1
{
| ]

I .

|

|

.

f \

.

= ,“' \\ M
/ \ ]
/ A\ /
\\//’ ‘\

—’\—Y—"" L T T T T T
i i

10 9 8 7 6 5 4 3 2 1 pPpm



S135

s2pul

Pulse Sequence:

3071pu-c

V8" TE
99Z°6TT E
\
0£9°92T 1\
682121 /// \
SOV LTT \ N
A /, \ / _
929° LZT— \ \ NI
. / 5 / 5 \
608°LTT - \ \ \ // N 3
. . N .
6T6°LTT - \ S /, \
000°82T .\ \ A , \
\ //,, / o / 3 . L
OTT8CT x\‘ \ B st
T6T°82T -/ /
€627 82T / P E
€0P"8TT-- / p
9zE" 62T
895°62T—/
7 e
88L"6ZT / \\ E
TLE"LET w\
z98" LET -
kY
-
o
D =
PN
M,N N

I
(50 °C, 16 h)

91D
95D

ppm

140 120 100 80 60 40 20

160

180

200

220



S136

3082sm-h

s2pul

Pulse Sequence:

dioxane

EVE"E-- L -

SvE"€ N

pPpm

1.29

1.78

0.99

0.43

2.00



3082sm-c

Pulse Sequence: s2pul

S137

-« O N
0 O O
- O o
® © ~
N N N
L =
H ™~
n
A
AN “
~N
(ol
2
N
()]
o
o
o
in
L]
o
m o
5o
*
mn N
M o
L
n
a
~
w0
dioxane
e —— o " A . e s
|\J||’I|\I|II\]’TI)1]\IIT[II)I[Illl‘llII|I\IV|lIII[ll]!f!lKl|lllV‘1{Il|lll\’lTI!]lbII||I|l||TIIIrl{[Iw!'}l{!l;“if\f""”
220 200 180 160 140 120 100 80 60 40 20 ppm



3082-30h

Pulse Sequence: s2pul

S138

D 95
I ~
N D 92
(rt, 30 h)
-~
_ - s S j
A JLA__J J :
T T T ! ‘ T T T ‘ Tt T R
9 7 4 3 2 1 pPpm
— S e
0.07 0.06 1.00



3082pu-d

Pulse Sequence: s2pul

D 95
D 95

~
N” D g2
(t, 30 h)

- 8.510

—-7.305

7.150

--6.989

6.667

S139

ppm



S140

3082pu-c

s2pul

Pulse Sequence:

6G0° L9

608"
616"
000°
0TT"
861"
g6z

LTT

Lez1-

8Z1
8CT
8CT
8¢CT

D 95

D 95
X

\

mNb.NNH //
TT6°TTT—

ona.nmﬂ‘«//

€2 €TT-\\

wom.#mﬂ\\\

/

/

690°0ST
€6T°0ST

TIL VET . - - .
629° 671 / 2
6¥8 6T / =

D 92

(rt, 30 h)

\
\

N

ppm

40

60

80

100

120

140

160

180

200

220



S141
3069sm-h - )

Pulse Sequence: s2pul

- H

H ‘ 0
J\\%:?SNN%
HO"-
o]

Tiamulin

_ f_fr a /fj ‘(J

7 6 5 4 3 2 1 pPpm
1.00 0.99 1.00 4.00 1.03 2.07 6.14 4.16
0.99 1.00

2.00 3.96 8.07 1.07 6.73 3.05



3069sm-c

Pulse Sequence: s2pul

215.242

H

"\,

HO»-

o)
2/\3/\/NE’[2

o,

Tiamulin

168.974

139.924

128.282

128.186

127.988
127.798

\C

116.830

74.401

69.067
58.033

53.117

47.182
45.343
45.102
44.046
42.024
37.020
36.375
-34.265

34.221
30.749

30.331

.

7.078
26.733

24.902
7.033
15

\

S142

.135
12.380

~11.567

]lli\|!\\1]III('I\IIIIIlllllli|!l||||l|!||lllII!7S(1Ill||V|l||III|IIIT|IIlIIrlll]ll!llll[l]llIllllll]llllllll!|l\lil!}ll
\

220

200 180 160

140

120

100

80

60

40

20

ppm



3069pu-h

Pulse Sequence: s2pul

D7

0]
90 % 2/\8/\/NEt2
o

S143

Tiamulin
(rt, 10 min)

M m K

4
J | s e g
A

T T

5 4 3 2 1 Ppm
0.10 0.96 3.70 0.98 2.08 5.99 3.86

0.93 1.80 " 3.69 7.51 1.24 6.61 3.95



. S144
3069pu-4

Pulse Seguence: s2pul

a8 a
m - &
T
R
Tiamulin
(rt, 10 min)
T T T T I T T T { T T T T I T T T T ] T T T ' T 7 T T I T T T T [ T T T T I T T T T T i 7 i
9 8 7 6 5 4 3 2 1 Ppm



S145

LA

T9§ TT-- -

6SE"TT -\ -

EPT ST\ -

TV0 LT - //l B i S Sl e B

968° %2 Hy‘awm_m:‘..u‘upumuwuuumumuumw,[mww,w;uu R o

omh.wm\lA/ -
mho.hm¢a/wmuw_uw S r
ZEETO0E— o o

mmb.om;\‘ N

mmm.vmz:wx = C

«hm.qmww\\ I

O0LE"9€E -

TTO LE— r

€E0°TY— : "

P00 ¥V [

E0T"Sp— -
SYE“SGY L~

¥8T LY L

YOT €S C

SE0°8S C

¥80°69 L

YOV VL -

08E* 91T -

€96°91T -

89L°9TT N

L6Z°LZT -

597 LZT —

9Z9-°LZT -

TT6°LZT— r

000°82T C

T6T 82T -

€62°82T -

P08 6€ET -

TZT6°6ET C

766°89T _

= C

£E o

g2 n

A 2 -
9 . = —
o g
5 0 -
v w 'voz-§TZ m
Bos -
g 3 -
o0 [+ [

60

ppm

20

40

200 180 160 140 120 100 80

220



3070sm-h

Pulse Seguence: s2pul

S146

Altrenogest
J b e
T ’ T T 1 T I T T | T T T T I , T T T T i T T
7 6 5 4 2 1 ppm
1.00 1.03 1.01 2.06 1.031.05 4.07
1.01 1.00 1.01

.14 1.041.04 1.08



S147

96T €C-
mbv.vMIM/‘

STT LT~

6ZTE"TE
¥10°g¢€-

VAT Y

VE6-9¢E

T1€°8¢

0ZZ eV

62T 8V

3070sm-c

Pulse Sequence: s2pul

ZOE 67
£60°18
958°8T1
61T ¥2T
mmm.«nwwy/r\\
8ve-LZT
608" LCT
G06°LZT
000°8ZT
16T 8Z1 1L\\
£62°8Z1
£56°VET
¥8Z IV
€TE°TPT
TS0°SST
I
—
3
g 0EV* L6T
o
c
@
-
b=
<

[r{!l[ll\l[ll!l]!l»r]lllf

40

[TIIVI\YII\IIII’IIII|I!||!IIII]|l!lII!II|IIII!I¢}!]IIIIIIIIJ]\\lV’II?I[\l!![illl]ll!l{llll[ll\

pPpm

20

200 180 160 140 120 100 80 60

220



S148

3070pu-h

Pulse Sequence: s2pul

D 66

\%\D 91

D 50

Altrenogest
(rt, 20 h)

-
3 r
A /IJL "?
L_L L
T T ’ T T T T I T T T T { T T T T I T T T T I T T T T [ T T T T ] T .
7 6 5 4 3 2 1 Ppm
e ey e bt e e
1.05 0.50 0.09 . 2.06 4.18 1.01 1.16 1.37
0.99 0.99 0.34

2.91 1.10 2.21 1.24 4.61



S149
3070pu-d

Pulse Sequence: s2pul

3 5

7 9 D 66

~ o

| ..'\*\2\091
D 50

Altrenogest
(rt, 20 h)

T T T T J T T T T ’ T T i T ‘ T T T T I 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'_—T
9 8 7 6 5 4 3 2 1 pPpm
[ S — —
0.46 0.06



S150

568°91-
18T €2~

sov- A

005 3z\\

. e e
vie -
L80
vES
962"
vos-

TET ET
LOT "8V
0SZ" 6V
veo T8
LTz vTT
ZOv-veT
PIV-LZT
9Z9° LZT
608°L2T
TT6-Lel—
000-82T
161" 82T
toc " BCT
6LZ VET
OLY VET
v6S VET
YOL PET—
STT 1V
99T TPI-
5 SLeTusT
g8 2 o
Sl NG

3070pu-c

s2pul

Pulse Seqguence:

Altrenogest
(rt, 20 h)

T6Z"L6T

ppm

200 180 160 140 120 100 80 60 40 20

220



2291t-sm-h

S151
Pulse L:‘ec[uence: s2pul
Me
."’/\H //
0]
Me o
= 0]
H
Me Me OH (
Forskolin
T
/
“/
g s r— — / ;'/
I ,
A A A _ - M ) _/
T ’ T T T T ] T T T T ' T T T f I T T T T , T T T T l T T T T ] T [
7 6 5 4 3 2 1 ppm
— i A I b e b e e
0.99 1.00 1.00 1.01 0.98 ' _ 4.98 1.572.941.03 1.84
1.03 1.02 1.00 0.98 0.97

4.96 3.952.962.76



S152

2291r-sm~-CDC13-c 20 1 /opt/topspin-1.3 jzhou

C6D6
aq 2s
dl 20s

—205.3144
—169.6341

Forskolin

1462429

—~110.7263

' .
200




S153

2291t-h

Pulse Sequence: s2pul

Forskolin {rt, 5 min) //

g

- - -

I L Joc NI,
T T ] T T T T I T T T T I T T T T ] T T T T i T T i T I T f T T [ T Tt T
7 6 5 4 3 2 1 pPpm

0.99 1.00 0.01 1.00 0.98 v B 5.18 1.29 3.15 3.94

1.03 1.05 5.24 4.42 3.38

1.03 1.00 1.01



2291t-4

Pulse Sequence: s2pul

Forskolin (rt, 5 min)

S154




2291r-CDC13-c¢ 20 1 /opt/topspin-1.3 jzhou

S155

Cc6D6
aq 2s
dl 20s

—205.3122
—169.6484

Forskolin (rt, 5 min)

—-146.1278

i

e y——
o g

SR

| oOONOKOF A OE =0
| OO T—

I =S SN A

)

[Ppm]



S156

IH NMR: 5% 7 and GCiDsin GCgDip; rt, 5 min


hartwiggrp
Typewritten Text
1H NMR: 5% 7 and C6D6 in C6D12; rt, 5 min


S157

IH NMR: 5% 7 and GiDsin  GCsDip; rt, 10 min


hartwiggrp
Typewritten Text

hartwiggrp
Typewritten Text
1H NMR: 5% 7 and C6D6 in C6D12; rt, 10 min

hartwiggrp
Typewritten Text


S158

2H NMR: 5% 7 and GDsin GiDip; rt, 10 min


hartwiggrp
Typewritten Text
2H NMR: 5% 7 and C6D6 in C6D12; rt, 10 min


S159

2H NMR: 5% 7 and GiDsin GCsDi2; rt, 10 min; then switch solvent

to GCgHp; with 3 drops of GDs


hartwiggrp
Typewritten Text
2H NMR: 5% 7 and C6D6 in C6D12; rt, 10 min; then switch solvent 

hartwiggrp
Typewritten Text
to C6H12 with 3 drops of C6D6


S160

31P NMR: 5% 7 and CsDsin  GCsDip; rt, 10 min


hartwiggrp
Typewritten Text
31P NMR: 5% 7 and C6D6 in C6D12; rt, 10 min


S161

IH NMR: 7-dg and >50 equiv GCsHsin GsDip; rt, 5 min


hartwiggrp
Typewritten Text
1H NMR: 7-d6 and >50 equiv C6H6 in C6D12; rt, 5 min


S162

°H NMR: 7-dg and >50 equiv GCiHgin GCiDyy; rt, 5 min


hartwiggrp
Typewritten Text
2H NMR: 7-d6 and >50 equiv C6H6 in C6D12; rt, 5 min


S163

'H NMR: 5% catalyst 1 and t - butylethylene in GDs; rt, 2 min


hartwiggrp
Typewritten Text
1H NMR: 5% catalyst 1 and t-butylethylene in C6D6; rt, 2 min


S164

'H NMR: 5% catalyst 1 and t - butylethylene in GDs; rt, 5 min


hartwiggrp
Typewritten Text
1H NMR: 5% catalyst 1 and t-butylethylene in C6D6; rt, 5 min


S165

1H NMR: 5% catalyst 7 and t - butylethylene in GDg; rt, 2 min


hartwiggrp
Typewritten Text
1H NMR: 5% catalyst 7 and t-butylethylene in C6D6; rt, 2 min


S166

'H NMR: 5% catalyst 7 and t - butylethylene in GDe; rt, 5


hartwiggrp
Typewritten Text
1H NMR: 5% catalyst 7 and t-butylethylene in C6D6; rt, 5 min


S167

2H NMR: 5% catalyst 1in GDs; rt, 1 min


hartwiggrp
Typewritten Text
2H NMR: 5% catalyst 1 in C6D6; rt, 1 min


S168

2H NMR: 5% catalyst 1in GDs; rt, 5 min


hartwiggrp
Typewritten Text
2H NMR: 5% catalyst 1 in C6D6; rt, 5 min


S169

°H NMR: 5% catalyst 1in GDgs; rt, 20 min


hartwiggrp
Typewritten Text
2H NMR: 5% catalyst 1 in C6D6; rt, 20 min


S170

°H NMR: 5% catalyst 1in GDs; rt, 1 h


hartwiggrp
Typewritten Text
2H NMR: 5% catalyst 1 in C6D6; rt, 1 h


S171

31P NMR: 5% catalyst 1in GDs; rt, 5 min


hartwiggrp
Typewritten Text
31P NMR: 5% catalyst 1 in C6D6; rt, 5 min


S172

31P NMR: 5% catalyst 1in GDs; rt, 1 h


hartwiggrp
Typewritten Text
31P NMR: 5% catalyst 1 in C6D6; rt, 1 h


S173

2H NMR: 5% catalyst 1 and 1l-pentene in GCiDs; rt, 1 min


hartwiggrp
Typewritten Text
2H NMR: 5% catalyst 1 and 1-pentene in C6D6; rt, 1 min


S174

2H NMR: 5% catalyst 1 and 1l-pentene in GDs, rt, 2 min


hartwiggrp
Typewritten Text
2H NMR: 5% catalyst 1 and 1-pentene in C6D6; rt, 2 min 


S175

H NMR: 5% catalyst 1 and 1l-pentene in GCgDs; rt, 10 min


hartwiggrp
Typewritten Text
2H NMR: 5% catalyst 1 and 1-pentene in C6D6; rt, 10 min


S176

2H NMR: 5% catalyst 1 and 1-pentene in GCgDg; rt, 20 min


hartwiggrp
Typewritten Text
 2H NMR: 5% catalyst 1 and 1-pentene in C6D6; rt, 20 min


S177

°2H NMR: 5% catalyst 1 and 1l-pentene in GiDs; rt, 1 h


hartwiggrp
Typewritten Text
2H NMR: 5% catalyst 1 and 1-pentene in C6D6; rt, 1 h


S178

31P NMR: 5% catalyst 1 and 1-pentene in GCDs; rt, 20 min


hartwiggrp
Typewritten Text
31P NMR: 5% catalyst 1 and 1-pentene in C6D6; rt, 20 min


S179

31P NMR: 5% catalyst 1 and 1-pentene in GDs; rt, 1 h


hartwiggrp
Typewritten Text

hartwiggrp
Typewritten Text
31P NMR: 5% catalyst 1 and 1-pentene in C6D6; rt, 1 h


S180

°H NMR: 5% catalyst 1 and t - butylethylene in GDs; rt, 1 min


hartwiggrp
Typewritten Text
2H NMR: 5% catalyst 1 and t-butylethylene in C6D6; rt, 1 min


S181

’H NMR: 5% catalyst 1 and t - butylethylene in GDg; rt, 2 min


hartwiggrp
Typewritten Text
2H NMR: 5% catalyst 1 and t-butylethylene in C6D6; rt, 2 min


S182

°H NMR: 5% catalyst 1 and t - butylethylene in GDs; rt, 10 min


hartwiggrp
Typewritten Text
2H NMR: 5% catalyst 1 and t-butylethylene in C6D6; rt, 10 min


S183

°’H NMR: 5% catalyst 1 and t -butylethylene in GDs; rt, 20 min


hartwiggrp
Typewritten Text
2H NMR: 5% catalyst 1 and t-butylethylene in C6D6; rt, 20 min


S184

°H NMR: 5% catalyst 1 and t - butylethylene in GDs; rt, 1 h


hartwiggrp
Typewritten Text
2H NMR: 5% catalyst 1 and t-butylethylene in C6D6; rt, 1 h


S185

31P NMR: 5% catalyst 1 and t - butylethylene in GDs; rt, 20 min


hartwiggrp
Typewritten Text
31P NMR: 5% catalyst 1 and t-butylethylene in C6D6; rt, 20 min


S186

31P NMR: 5% catalyst 1 and t - butylethylene in GDs; rt, 1 h


hartwiggrp
Typewritten Text
31P NMR: 5% catalyst 1 and t-butylethylene in C6D6; rt, 1 h


