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Experimental Section
General remarks:

'H NMR spectra were recorded on 400 MHz (100 MHz for '3C NMR) JEOL NMR
spectrometer with CDCIl; as solvent and tetramethylsilane (TMS) as internal standard.
Chemical shifts were reported in parts per million (ppm, 6 scale) downfield from TMS at 0.00
ppm and referenced to the CDCl; at 7.26 ppm (for 'H NMR) or 77.0 ppm (for 3C NMR).
Melting points are uncorrected and were determined with SMP10 digital melting point
apparatus using open capillary tubes. All reagents and solvents used in this study were
commercially available (from Sigma-Aldrich) and were used without further purification.
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FIGURE 1: Structure of all products
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Display Report

Analysis Info

Analysis Name

Method Wash.pos tune_low_22092017.m
Sample Name  ESI-MS

Comment

Acquisition Date
D:\Data\DEC-2016\NKS\GC11102017_NKS_GC-PRA_67.d
Operator

Instrument

10/12/2017 8:06:21 PM

G.CREDDY
micrOTOF-Q Il 10337

Acquisition Parameter
Source Type Esl
Focus Active
Scan Begin 50 miz
Scan End 3000 miz

lon Polarity

Set Capillary

Set End Plate Offsat
Set Collision Cell RF

Positive
4500 v
-500 v
200.0 Vpp

0.4 Bar
180 °C
4.0 Vmin
Source

Set Nebulizer
Set Dry Heater
Set Dry Gas
Set Divert Valve

Intens.
%1057

481
464
3
4.2

404

005 D.10 0.15

0.20

0.25

0.30

0.40 045 "Time [min]

------- TIC +All MS

233.0094

183.0082

200

257.0976

250

273.0833

+MS. 0.1-0.4min #{7-23)

3851326
T )

L L ILI. |.iII.
300

4350 miz

Intens.
x10°

2.0

054

394.1204
00 —

395.1326

+15. 0.1-0.4min #{7-23)

397.1388
AN

394

385

397 o8
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printed:
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Display Report

Analysis Info
Analysis Name

Acquisition Date  10/12/2017 8:14:01 PM

D:AData\DEC-2016\NKSVGC\11102017_NKS_GC-PRA_149.d

Method Wash.pos tune_low_22092017.m Operator G.CREDDY
Sample Name  ESI-MS Instrument MicrOTOF-Q Il 10337
Comment

Acquisition Parameter
Source Type ESI
Focus Active
Scan Begin 50 miz
Scan End 3000 miz

lon Polarity

Set Capillary

Set End Plate Offset
Set Collision Cell RF

Positive
4500 v
-500 v
200.0 Vpp

0.4 Bar
180 °C
4.0 Vmin
Source

Set Nebulizer
Set Dry Heater
Set Dry Gas
Set Divert Valve

Intens.
x108]

61 )

01

Time [m i'n]

--—- TIC +All MS

Intens.
w103

149.0261
Ot T bbb

287.1084

+MS. 0.1-0.3min #(6-19)

&00

: QK‘JD m/z

Intens.
w105

1.04

0.84

0.6

0.44

029

0.0+

4231276
M

po P, S

4261471

+MS. 0.1-0.3min #(6-18)

427 1606

It .

420

4241318
424

428

428 430

miz
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Display Report

Analysis Info Acquisition Date  9/5/2017 7:58:34 PM
Analysis Name  D:\Data\DEC-2016\NKS\GC\05092017_NKS GC-PRA-153.d

Method Pos_tune_low.m Operator G.C.S.Reddy

Sample Name  05092017_NKS_GC-stp Instrument micrOTOF-Q Il 10337
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Mot active Set Capillary 4000V Set Dry Heater 180 °C
Scan Begin 50 miz Set End Plate Offset -500 v Set Dry Gas 4.0 Umin
Scan End 3000 miz Set Collision Cell RF 130.0 Vpp Set Divert Valve Waste

Intens,

®10
1.151

1,104

-

R -

1.001 - T

0.05 .10 0.15 0.20 0.25 030 0.35 0.40 0.45 050 Time [min]

— TIC +All MS

Intens, +MS. 0.1-0.5min #(3-30)

¥10%] 4251480
257

2101

264.1191

0.0 ekt b et ey e UL T T T

500 " 1000 1500 2000 2500

miz

Intens, +MS, 0.1-0.5min #{3-30)

%109 425 1480

251

| 426.1496

00 I _,II L / I\\k 427151

424.0 4245 4250 4255 426.0 4265 4270

miz

Bruker Compass DataAnalysis 4.0 printed: 10/7/2017 2:39:14 PM Page 10f 1
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Display Report

Analysis Info Acquisition Date  10/13/2017 8:26:43 PM
Analysis Name  D\Data\DEC-2016\NKS\GC\11102017_NKS_GC-PRA-169.d

Method pos fune_wide.m Operator G.CREDDY

Sample Name  ESI-MS Instrument micrOTOF-Q Il 10337
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Mot active Set Capillary 4500 v Set Dry Heater 180 °C
Scan Begin 50 miz Set End Plate Offset -500 v Set Dry Gas 4.0 min
Scan End 3000 miz Set Collision Cell RF 650.0 Vpp Set Divert Valve Waste
Intens,
%1067

3-“'& e
3.2 -\ /___,J-H*"__—J J\
3.01 il

261
261

_h“"“-h-..___,‘-r'

01 02 03 04 05 0.6 Time [min]

— TIC +All MS |

Intens, +S_ 0.1-0.4min #(8-24)

x10° 4391437

1.5
1.04
0.5

i i e O e e

500 1000 1500 2000 2500 miz

+MS. 0.1-0.4min #(8-24)
4391497

4401532
\
| Il|I
. 4 4411569
0.0 . o NEs ] . N .
' 438.0 4385 439.0 439.5 4400 440.5 440 4415 miz
Bruker Compass DataAnalysis 4.0 printed: 10/13/2017 8:37:39 PM Page 1 of 1
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Display Report

Analysis Info Acquisition Date  10/13/2017 8:18:28 PM
Analysis Name  D)\Data\DEC-2016\NKS\WGCV11102017_NKS_GC-PRA-163.d

Method Wash.pos fune_low_22092017.m Operator G.CREDDY

Sample Name ESI-MS Instrument micrQTOF-Q Il 10337
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Active Set Capillary 4500V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset -500v Set Dry Gas 4.0 /'min
Scan End 3000 miz Set Collision Cell RF 200.0 Vpp Set Divert Valve Source

Intens. ]
w08

40 JEmenl
35
30

25

207

0.05 0.10 015 0.20 0.25 0.30 0.35 Time [min]
[ TIC +All MS |

Intens, +MS, 0.1-0.2min #(7-14)
¥10%] 338.3420 473.0364

1.5
1.0

0.5

149.0239

0,0 Sy

300 400 500 600 700 800  miz

Intens.

+MS, 0.1-0.2min #(7-14)
w1057

4130004 4750360

15

1.0+

474.0405 476.0385
054

skl - \ J 477.0426
00 J:'\ 4(2.I025'E | k i | \ .ﬂ*—
a7 472 473 474 475 478 477 miz

Bruker Compass DataAnalysis 4.0 printed: 10/13/2017 8:36:07 PM Page 1 of 1
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Display Report
Analysis Info Acquisition Date  9/5/2017 8:05:42 PM
Analysis Name  D\Data\DEC-20168\NKS\GCW5092017_NKS_GC-PRA-T0.d
Method Pos_tune_low.m Operator G.C.S.Reddy
Sample Name 03092017_NKS_GC-stp Instrument micrOTOF-Q 11 10337
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Mot active Set Capillary 4000 v Set Dry Heater 180 °C
Scan Begin 50 miz Set End Plate Offset 500V Set Dry Gas 4.0 I'min
Scan End 3000 miz Set Collision Cell RF~ 130.0 Vpp Set Divert Valve Waste
Intens.
w1054
\
381%
37
36] ]
351 S RN ™ S TR e
34] L\‘-.__h___‘_..a i o
0.05 0.10 0.15 020 0.25 0.30 035 0.40 0.45 Time [min]
---- TIC +All MS |
Intens, +MS, 0.1-0 3min #(3-20)
x104 4200905
4
3
2]
1]142.0245
0 L A ey R e ey L
500 1000 1500 2000 2500 miz
Intens, +MS. 0.1-0.3min #{3-20)
w104
44
3_
5]
4310888
430.0035
11 f |
|] | ll 4320912
428.0764 J A J\ |\ J’\_
428.0 4285 429.0 4295 4300 4305 4310 4315 432.0 miz
Bruker Compass DataAnalysis 4.0 printed: 107772017 2:38:00 PM Page 1 of 1
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Display Report

Analysis Info
Analysis Name

Method Pso_tune_wide.m
Sample Name  ESI-MS
Comment

Acquisition Date  10/8/2017 7:10:51 PM

DA\Data\DEC-2016\NKS\GC\06102017_NKS_GC_PRA-160.d

Amit S.5ahu
micrOTOF-Q 1l 10337

Operator
Instrument

Acquisition Parameter
Source Type ESI
Focus Mot active
Scan Begin 50 mfz
Scan End 3000 miz

0.4 Bar
180 °C
4.0 Fmin
Waste

Set Nebulizer
Set Dry Heater
Set Dry Gas
Set Divert Valve

Positive
4500 v
-500 Vv
650.0 Vpp

lon Polarity

Set Capillary

Set End Plate Offsat
Set Collision Cell RF

Intens. |
w108

32]%
3.1
3.0

2.9

0.1

0.2 0.3 0.4 05  Time [min]

TIC +All MS

Intens, |

w04 369,0001

387.0103

+MS. 0.1-0.4min #(8-24)

430.3812
4441856 463.0380

493.2160

523.2309

425

450 475 500 925 550 miz

Intens,
wio#

1.251

075

0.504

0.254

458.5828

460.4405461.0144
S Ry

+MS. 0.1-0.4min #(8-24)
463.0380

465.0370

464.0426
4660385
A 467.0349

e i,
T

460

0.00 5=
461

4620368 |
i Y

= I\"“"\._M
462

463

| | ¢
: L-MM'JI LW""L..MJ-\.J;.JI WJI Hm_,,
454 455 46 487 miz

1
!
&

Bruker Compass DataAnalysis 4.0

printed: 10/8/2017 7:24:06 PM Page 1 of 1
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Display Report

Analysis Info Acquisition Date  10/13/2017 8:23:40 PM
Analysis Name  DA\Data\DEC-2016\NKS\GCV11102017_NKS_GC-PRA-166.d
Method pos tune_wide.m Operator G.CREDDY
Sample Name  ESI-MS Instrument micrOTOF-Q 1l 10337
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Mot active Set Capillary 4500V Set Dry Heater 180 °C
Scan Begin 50 miz Set End Plate Offset  -500V Set Dry Gas 4.0 limin
Scan End 3000 miz Set Collision Cell RF 650.0 Vpp Set Divert Valve Waste
Intens,
w1087
267
254
24 e T e W
0.05 010 015 0.20 025 0.30 0.35 0.40 045 Time [min]
[---- TIC +All MS |
Intens, +MS, 0.1-0.5min #{6-29)
x104 508.9017
20
157
1.0
0.57 3709579 413.2606
[ S — '
300 350 400 450 500 550 600 miz
Intens, +MS, 0.1-0.5min #{6-29)
x104 508.9917
2.04
1.54
1.0
| 509.9954 510.9909
05 507 9969 )‘
\ \
/ A A
i oyl ey e e T o
' 508 509 510 511 miz
Bruker Compass DataAnalysis 4.0 printed: 10/13/2017 8:36:58 PM Page 1of 1

107



fo
Es
—_ Fe E
E Vo
<=
b Ee
L= E2
L= e o
] —06L'ST
081°C lis
81T : 1R
61T .
12T 2
| te vzt g
L) 1£2C =
= LETT Fg
PTT f
1€LT fo
6EL'T F2 og9u0
J PPLT T
=] - e ———————— o
L= Lt = LESHL
(e . HES isw
PILT o A 000'LL
68LT = 9IELL
o
Fe
Le &
L -
=
[ L85 =
o . \23 i POF9LL
(el P oy < = Siaill
M ¥ = 60w (] = 956'01
- /54 — | £LI'TTL
-2 65LY —3 {3 |\ 991421
— = 00€'21
o _— T0LLTl
ES T LL6%T
s ) = TN zocost
7 s88°s 1= 8€59€ 1
o 5 F< £79°9€1
F3 o 8909 ol
|M £40°9 - 1LE0bT
[ 602 \m TTIPEl
[ 8789 S
P s 3
Fo = 5889
!m ) =Y
[T a—ss1L =
f STEL c
rooTNeL =
r S
[ 8T6'L = o
, 0862 = I
La LE6'L F& .m
t 6L E_ 699913
[ 6V6'L — £2 — 686l
i 6v0' ES 8
[ €508 e =
[ 090°8 Es m
[ o 990'8 = g
x 11
ﬁg ES g
FS

108



% Transmittance

70

60 -

50

40

-10
4000

1
3500

T
3000

T |
2500 2000

Wavenumbers(cm ')

109

T
1500

1
1000

T
500



Display Report

Analysis Info Acquisition Date  10/12/2017 7:52:56 PM
Analysis Name  D:\Data\DEC-2016\NKS\GC\11102017_NKS_GC-PRA_185d

Method Wash.pos tune_low_22092017.m Operator Amit 5.5ahu

Sample Name  ESI-MS Instrument micrOTOF-Q Il 10337
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Active Set Capillary 4500V Set Dry Heater 180 °C
Scan Begin A0 miz Set End Plate Offset 500V Set Dry Gas 4.0 Umin
Scan End 3000 mfz Set Collision Cell RF 200.0 Vpp Set Divert Valve Source

Intens,
®10

8

61 - 3 J ",

0.05 0.10 015 0.20 0.25 0.30 0.35 0.40 Time [min]
- TIC +All S |

Intens, +MS. 0.2-0.2min #{8-11)
¥108] 301.0909

3181013

0.75

183.0020
0.501

341.0832
0.25] 273.0853
| | L 357.0571

goodlheache, g o wera kol K ke ook ko oo o

200 230 300 350 400 450 miz

Intens, +MS, 0.2-0.2min #{9-11)
3181013

3201053

' 321.1082
T T T T L T A T T
ai7 318 30 320 321 322 323 mz
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Display Report

Analysis Info

D:\Data\DEC-2016\NKS\GC\11102017_NKS_GC-PRA_73.d

Acquisition Date  10/12/2017 8:00:41 PM

Analysis Name
Method Wash.pos tune_low_22092017.m Operator G.CREDDY
Sample Name ESI-MS Instrument micrOTOF-Q 1l 10337
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Mebulizer 0.4 Bar
Focus Active Set Capillary 4500V Set Dry Heater 180 °C
Scan Begin A0 miz Set End Plate Offset -500 v Set Dry Gas 4.0 ’'min
Scan End 3000 mfz Set Collision Cell RF 200.0 Vpp Set Divert Valve Source
Intens. ]
w108
51 I
47 ::I A \ ! ‘,.
| \ ", e ! S
M i, ) " E \\ ;'r " ! ",
] A o ! 59 b ", i W
. z'f' b - ."; S -"\ |I .\'\ |:l "
i ~, b ~ / i i e
'-.‘___\. i e s I| "-\__L__ 4 jl T
0 ; . . il
0.1 0.2 0.3 04 0.5 06 Time [min]
--=-- TIC +All MS |
|nfEr‘I55- +M3, 0.3-0.4min #(15-22)
11200 ] 1858.0865 3491124
211.0768
151 331.1018
1.04
05 371.0952
288.0770 387.0688
‘ l ‘ J‘ 226.0777 L
L L O 1 W LV O R NP - g rd T o
200 250 300 350 400 miz
Intens, +MS, 0.3-0.dmin #{15-22)
¥10°] 3481124
154
1.0
0.5
OMe
3'b
0.0+ 34?'?9.?0" i * — - - ' : : A
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Display Report

Analysis Info Acquisition Date  10/12/2017 8:19:23 PM
Analysis Name  D:\Data\DEC-2016\NKS\GC\11102017_NKS_GC-PRA_161.d

Method Wash.pos tune_low_22092017.m Qperator G.CREDDY

Sample Name ~ ESI-MS Instrument micrOTOF-Q Il 10337
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Active Set Capillary 4500V Set Dry Heater 180 °C
Scan Begin 50 miz Set End Plate Offset  -500V Set Dry Gas 4.0 Vmin
Scan BEnd 3000 mfz Set Callision Cell RF 200.0 Vpp Set Divert Valve Source

Intens,
®10

121 — - T TR s
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——TIC +All MS |
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Display Report

Analysis Info
Analysis Name
Method
Sample Name
Comment

Acquisition Date
D\Data\DEC-2016\INKS\GCY11102017_NKS_GC-PRA-164.d
pos tune_wide.m

ESI-MS

Operator
Instrument

10/14/2017 8:01:05 PM

G.CREDDY
micrOTOF-Q Il 10337

Acquisition Parameter
Source Type
Focus

Scan Begin
Scan End

ESI

Mot active
50 miz
3000 miz

Positive
4500 v
-500V
650.0 Vpp

lon Polarity

Set Capillary

Set End Plate Offset
Set Collision Cell RF

Set Nebulizer
Set Dry Heater
Set Dry Gas
Set Divert Valve

0.4 Bar
180 °C
4.0 'min
Waste

Intens.
w106
7.5
7501
7.25 N

7.004

6,757

0.05

010 0.20

0.40

Time [min]

--—-=TIC +All MS

Intens.

w108
1.04

08

3809891

0.8

0.44

0.24

0.0

398.9998

4209514

518.3233 579.3527 gn7 3830
il ed bl I.' ]

B63.4456

+MS, 0.1-0.3mih #(3-16)

T05.4916

bl L

550

600

650

700 miz

Intens.

w108
1.04

0.84

0.61

392.9699
-

397.0004 368.9998

398.0034

.|L;ﬂ'& : t I

394,9793
| 3ps9857
- ,

+MS. 0.1-0.3min #(3-18)

0.0H
39z
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Display Report

Analysis Info

Analysis Name

Method

Sample Name

Comment

Pso_tune_wide.m

ESI-MS

Acquisition Date

D:\Data\DEC-2016\NKS\GC\06102017_NKS_GC_PRA-168.d

Operator
Instrument

10/8/2017 7:16:03 PM

Amit S.Sahu
micrOTOF-Q Il 10337

Acquisition Parameter

Source Type
Focus

Scan Begin
Scan End

ESI

Mot active
50 miz
3000 miz

lon Polarity

Set Capillary

Set End Plate Offset
Set Collision Cell RF

Positive
4500V
500V
650.0 Vpp

Set Nebulizer
Set Dry Heater
Set Dry Gas
Set Divert Valve

0.4 Bar
180 °C
4.0 I'min
Waste

Intens,
®10

4104

3.5

3.04.

2.5

20

01

0.4 0.5

0.6  Time [min]

-- TIC +All MS

Intens,

x108
1.04

038
061
0.41
021

00—

335.0302

317.0293

353.0492

375.0305

)| /n

391.0039

e o 3

430,3802
e i

4532144
L

+M3, 0.1-0.2min #{3-9)

350

400

500 miz

Intens.

x10%
1.04

0.84

064

0.44

0.21

351,03
(e

353.0482

ke

354.0528 ‘
1\ ’l

355.0473

356.0490

/| 357.0505

+MS, 0.1-0.2min #{3-9)

0.0

348

350

352 354

356
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printed:

10/8/2017 7:21:02 PM

123

Page 10f 1



\

.,

T

B

—

1.0

20

3.0

4.0

5.0

6.0

7.0

=
]

P

00T'T

—I5TT

—

LEL'T

—— 608C

7

£

ILL'Y

£€8°S

o

zL
6ET'L
S9T'L
ELTL
6E6'L
816'L
196'L
696'L
£70'8
S50'8
£90'8
1L0's
£80'8

rrrpn
10.0

T
20.0

L AAALLALS] RLAALRARA 1 T T T T T T T T T T
190.0 1800 1700 160.0 150.0 140.0 130.0 120.0 110.0 100.0  90.0 80.0 70.0

T
200.0

e
210.0

—— 66LST

)
— 61630
e

$89°9L
T
Neieu

rioell
€56°1T1
€YTPTl
servel
0LLPTI
€19°621
6£6°STIL
006'8C1
91T°6TI
8sL79¢l
ST89EI
SLTOPI
889'8%1

g NN

t Cavhanl?

\
8
5

—— S06L6E

+ mavte nar M

124



% Transmittance
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Display Report

Analysis Info Acquisition Date  10/8/2017 6:58:02 PM
Analysis Name  D:\Data\DEC-2016\NKS\GC\06102017_NKS_GC_PRA-155d
Method Pso_tune_wide.m Operator Amit S.Sahu
Sample Name  ESI-MS Instrument micrOTOF-Q Il 10337
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Mot active Set Capillary 4500V Set Dry Heater 180 °C
Scan Begin 50 miz Set End Plate Offset  -500V Set Dry Gas 4.0 Umin
Scan End 3000 miz Set Collision Cell RF 650.0 Vpp Set Divert Valve Waste
Intens,
w1057
4.0
as] F oo N @ s
3.01
25{
2,04 : P : . : ;
0.2 0.4 08 0.8 1.0 Time [min]
------- TIC +All MS |
Intens, 1 +MS, 1.2-1.2min #(69-70)
w0t 360.0003
6 r
41 4441858
387.0100 :
21 4080014 H9.1385 4303815
3971587 f
I l 424.9664 I
ok . i L i. l “. I llJ.h !..ILI.;..I |J"" Lll .j‘ |.l ; | ) y
360 380 400 420 440 460m/z
Intens, +MS, 1.2-1.2min #(69-70)
wod 357.0100
3 .
389.0070
2
Ly 388.0138
Cl 3% 390.0100391.0056
| 392.0080 304.2045
L 30 352082 _ “__J | } L _,{L o ol |
384 386 388 390 392 394 miz
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