Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2014

Supplementary Information

Behaviour of iprit carbonate analogues in solventless
reactions

Fabio Arico, Serena Evaristo, Pietro Tundo

S1



SUPPORTING INFORMATION

'H NMR, *C NMR, GC-MS spectra and HRMS analysis of Bis-(2-ethylcarbonate)ethyl sulfide S2
GC-MS spectrum of the reaction of several nucleophiles with 2-(methylthio)ethyl methyl carbonate 1 —
Product identification 12-23 (entry 1-7, Table 2) S5
'H NMR spectrum of methyl 2-(4-bromophenoxy)ethy! sulfide 12 S15
'H NMR, *C NMR, GC-MS spectra and HRMS analysis of 4-[2-(methylthio)ethoxy]benzonitrile 13 S16
'H NMR spectrum of methyl 2-(naphthalen-2-yloxy)ethyl sulfide 14 S19
'H NMR, *C NMR, GC-MS spectra and HRMS analysis of 1,4-bis-[2-(methylthio)ethoxy]benzene 15 S20
'H NMR, *C NMR, GC-MS spectra of 1,4-bis-[2-(methylthio)ethoxy]benzene 16 S23
'H NMR, *C NMR, GC-MS spectra and HRMS analysis of 2,2’-[2-(methylthio)ethoxy]biphenyl 18  S25
'H NMR, *C NMR, GC-MS spectra of 2-[2-(methylthio)ethoxy]-2'-methoxybiphenyl 19 S28
GC-MS spectrum of the reaction of p-cyanophenol with several mustard carbonates 2-5 — Product
identification 12-23 (entry 1-4, Table 3) S30
'H NMR, *C NMR, GC-MS spectra and HRMS analysis of 4-[2-(phenylthio)ethoxy]benzonitrile 24  S34
'H NMR, *C NMR, GC-MS spectra and HRMS analysis of 4-[3-(methylthio)propoxy]benzonitrile 25 S37
'H NMR, *C NMR, GC-MS spectra and HRMS analysis of 4-[4-(methylthio)butoxy]benzonitrile 26 ~ S40

'H NMR, "*C NMR spectra and HRMS analysis of Bis[2-(4-cyanophenoxy)ethyl]sulfide 27 S43

S2



'H NMR spectrum of Bis-(2-ethylcarbonate)ethyl sulfide 7
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3C NMR spectrum of Bis-(2-ethylcarbonate)ethyl sulfide 7
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GC-MS spectrum of Bis-(2-ethylcarbonate)ethyl sulfide 7
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HRMS analysis of Bis-(2-ethylcarbonate)ethyl sulfide 7
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Elemental Composition Report

Single Mass Analysis

Tolerance = 100.0 mDa / DBE: min =-5.0, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 2

Monoisotopic Mass, Even Electron lons

3 formula(e) evaluated with 2 results within limits (up to 40 best isotopic matches for each mass)
Elements Used:

C:0-50 H:0-100 0:6-6 Na:1-1 S:1-1

QTOF2_151013_ARICO8_002 14 (0.270) AM (Cen,6, 80.00, Ht,9600.0,242.28,0.60); Sm (SG, 10x5.00); Cm (11:14)
TOF MS ES+
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GC-MS spectrum of the reaction of 4-bromophenol with 2-(methylthio)ethyl methyl carbonate 1 —
Product identification 12 (entry 1, Table 2)

TIC: ES204-0.0'data.ms

Abundance
8.%44
i CHs CHoCH2SCH3
le+07 & 1 (residual) 15-§f7
i [
8000000 ! L P
% .
6000000 ’ I f / I
| r
| / Br | l |
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| i
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Time-> 800 900 1000 11.00 1200 1300 1400 15.00 16.00 17.00 18.00 19.00 20.00 21.00 2200 23.00 24.00 25.00 26.00 27.00
CHs
Chemical Formula: C;H,BrO
Exact Mass: 185,97
Molecular Weight: 187,03
Br
Abundance Scan 1328 (8.680 min): ES204-0.D\data.ms
2000000 186
1
I
1500000 !
i
1000000 71 l
143 I j
| (-
o (.
500000 t \’ i l}
50 | 92 \ I
‘ ]& '\ ' 117 Iy 187 ‘ |
OM | 107120 || M 207 %7 281 34 365
3014 5017 240 250, 260 270 280 290 300 310 320 330 340 350 360

40 50 60 70 8O 90 100110120130140150160170180190200210220230

miz—>

Signal : TIC: ES204-0.D\data.ms

peak R.T. first max last PK peak corr. Corr. % of
# min scan scan scan TY height area % max. total

i i ———— b a ———— — o um T 3 2 ——— e ——— ————— . —————

8.646 1262 1322 1414 M8 11888011 1943714622 74.00% 42.530%

2 15.867 2541 2584 2997 M 9654613 2626478485 100.00% 57.470%
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GC-MS spectrum of the reaction of p-cyanophenol with 2-(methylthio)ethyl methyl carbonate 1 —
Product identification 13 (entry 2, Table 2)

Abundance TIC: ES183-0.D\data.ms
el
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Chemical Formula: CgH;NO
Exact Mass: 133,05
Molecular Weight: 133,15
CN
1-bromo-4-methoxybenzene
Abundance " Scan 1569 (10.059 min): ES183-0.D\data.ms
1
4000000 Ta
3500000 ‘
3000000 "
2500000 \
2000000 ) \
© 1500000 ‘
i
1000000 | '
63
500000 104118
A H | 1 17472 191207 22 2672 327341 399 415429 503
miz—> 40 60 80 100 120 140 160 180 200 230 240 260 280 300 320 340 360 360 400 430 440 460 460 500
peak R.T, first max last PK peak = 0n i cofr. % of
# min scan scan scan TY height area % max. rotal

—— o ——— e Ak - T ——— ——— ————— - ——— - —— e ——— ———————

1 10.168 1511 1588 1625 M3 14073898 2709078218 70.69% 41.414%
2 17.074 2669 2795 3101 M 9990055 3832401815 100.00% 58.586%
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GC-MS spectrum of the reaction of p-cyanophenol with 2-(methylthio)ethyl methyl carbonate 1 —
Product identification 13 (entry 3, Table 2)

TIC: ES187-0.D\data.ms

Abundance H
17
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Chemical Formula: CgH;NO
Exact Mass: 133,05
Molecular Weight: 133,15

CN
1-bromo-4-methoxybenzene

Scan 1522 (9.790 min): ES187-0.D\data.ms
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Signal : TIC: ES187-0.D\data.ms
peak R.T. first max last PK peak corr. COrr. % of
# min scan scan scan TY height area % max. total

e s - o ———————— it mm e o am — ————

1 9.784 1509 1521 1610 BB 1976464 149465356 5.89% 5.567%
2 17.057 2685 2792 2887 BB 9057850 2535562192 100.00% 94.433%
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GC-MS spectrum of the reaction of f-naphtol with 2-(methylthio)ethyl methyl carbonate 1 —
Product identification 14 (entry 4, Table 2)

Abundance OCHs TIC: ES149-0.D\data.ms
12438
1.2e+07 Fa OCH>CH,SCH3
1e+07 H
; N ; | unidentified products
8000000 p unidentified products -
N
6000000 i 13-?89 / 2 2o208
i 1
. o g A
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f ! ! i 0
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e ST T T T : 5
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OCHs  chemical Formula: C11H100
Exact Mass: 158,07
Molecular Weight: 158,20
AbundanoeL 148 Scan 1989 (12.462 min): ES149-0.D\data.ms
500000 113 |
400000
|
300000!
200000
1000001 ? 0 i
i | L
89 :l
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ok B T y R s

miz--> 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

peak R.T. first max last PK peak Corr, COITr. % of
# min scan scan scan TY height area % max. total

1 12.439 1957 1985 2072 BB 13170727 ©6395336%0 31.04% 17.105=
2 13.682 2159 2204 2254 BB 5924094 171629765 8.33% 4.590%
3 14,820 2387 2401 2457 BB 3639239 141678671 6.88% 3.789%
4 18.882 3056 3111 3170 VV 3 10930743 2060610972 100.00% 55.114=
5 19.740 3249 3261 3344 BB 2 1758140 102890625 4,.99% 2.752%

6 20.816 3402 3449 3534 BV 1348183 135322582 6.57% 3.619%
7 23.820 3945 3974 4006 BBAZ 1267098 50139413 2.43% 1.341=
8 26.298 4308 4407 4483 M 5346086 437017659 21.21% 11.689%

S9



GC-MS spectrum of the reaction of hydroquinone with 2-(methylthio)ethyl methyl carbonate 1 —
Product identification 15, 16, 17 (entry 5, Table 2)

CH>CH2SCH3
File  :C:\Documents and Setlings\Administrator\Desktop\Archivio GC-
- S\Serena\ES206-0.0 15
Operator : SERENA
Instrument :  5973N
Acquired : 17 Jun2013 13:39  using AcqMethod FABIO_HDX.M OCH,CH,SCHs
Sample Name: ES206-0
Misc Info : d--2h
.i.bundalm_ TIG: ES206-0.D'data ms
scc0o00]  OCH, Unidentified Dpea
i product
TODOODO|
| 17 CHCH>SCHs
000000 15,088 ,
i " | 15.1?39/ _
5000000 i I
| OCH, Residual I _
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2000000, l / & - L
; 10508 - [ 1
! | 8009 9.040 , -
‘---"r—-" s e ey ——t B e R S
Time-> a00 800 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100
Abundance Scan 1217 (8.045 min); ES206-0.Didata ms
50000- L
ool 138 CHs
i Chemical Formula: CgH;40
30000 17 Exact Mass: 138,%)710 ?
i Molecular Weight: 138,16
20000/ OCH3
i =
100001 T '
: &1 |
DI. ...bl-.l-ﬂ-h,l‘-l—-rh -I‘.-II_E'-G_-[.-.. ] E— .1.9}.::.,:1?..._,_, - 25?21“ e ...355 A _4.‘.6
m.'r.->4!:60Bo1m12u1m1m1su2mzzozwmu2mmmaqnmmmimm
Signal TIC: ES$206-0.D\data.ms
peak R.T. first max last PK peak corr Corr % of
# min scan scan scan TY height area % max. total
1 8.010 1194 1211 1286 M 474178 27003383 2.73% 1.722%
2 15.088 2389 2448 2510 M 5770193 240304759 24.31% 15.328%
3 15.769 2542 2567 2610 M 5129329 312086566 31.57% 19.806%
4 20.942 3409 3471 3699 M2 B446973 988400978 100.00% 63.044%
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GC-MS spectrum of the reaction of biphenyl-2,2'-diol with 2-(methylthio)ethyl methyl carbonate 1
— Product identification 18, 19, 20 (entry 6, Table 2)

File :C:\Documents and Settings\Administrator\Desktop\Archivio GC-

S\Serena\ES205-0.D

Operator : SERENA

instrument: 5973N ~ S/\/O

Acquired :13Jun 2013 13:03  using AcqMethod FABIO_HDX.M O

Sample Name: ES205-0 O 18
o

Misc Info : d=2h

Abundance 7T T T T T TIC:ES206-0.DVatams o N
12e+07 10.323
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Chemical Formula: C14H140,
Exact Mass: 214,10
20 Molecular Weight: 214,26

O/

Abundamee N " Scan 858 (6,048 min): ES205.0.D\data.ms
3000000 24

2000000
1500000
1000000

500000

A ) 227242 267281 327341 355 401 415 429 446
miz-> 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440

Signal : TIC: ES205-0.D\data.ms
peak R.T. first max last PK  peak corr. cCorr. % of
# min scan scan scan TY height area % max. total

1 6.042 821 867 935 M 12722215 523920521 13.68% 8.654%
2 10.322 1547 1615 1624 M2 12172956 1701582162 44.44% 28.103%
3 16.645 2526 2720 2860 M 10251764 3829332278 100.00% 63.243%



GC-MS spectrum of the reaction of phenylsulfonyl)acetonitrile with 2-(methylthio)ethyl methyl
carbonate 1 — Product identification 21, 22, 23 (entry 7, Table 2)

File -C-\Documents and Settings\Administrator\Desktop\Archivio GC-
S\Serena\ES189-0.D

Operator : SERENA

Instrument : 5973N

Acquired : 3Jun. 15:52  using AcqMethod FABIO_HDX.M
Sample Name: ES188-0
Misc Info : d=5h
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! 20078 o
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o
-~
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CHs Exact Mass: 209,05
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23
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GC-MS spectrum of the reaction of phenylsulfonyl)acetonitrile with 2-(methylthio)ethyl methyl
carbonate 1

O
g// CN Chemical Formula: C;oH5sNO»S,
Exact Mass: 269,05
CHs Molecular Weight: 269,38
CH,CH,SCH3
22
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800000 d|1
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"o
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emical Formula: C14M19 O3
CH,CH,SCHs Exact Mass: 329,06
CH,CH,SCH3 Molecular Weight: 329,50
21

Abundance T Scan440§(§6286 fnln) £5189.0.D\datams T
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350000 |

300000 ;

250000 |

: 140
200000 = |
150000 ;
77
. ] 188
100000 % 194 ‘ i "
50000 204 \
314
0 \}\\ |.h;I|l M.\ . Ihin MI m 156 172 IUJ i 217 24325|5268 28;2 Al 355 4&.
RO PR, 1S TR % S
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Signal : TIC: ES189-0.D\data.ms

peak R.T, first max
# min scan scan

1 14.442 2254 2335
2 20.084 3240 3321
3 26.315. 4321 4410

last
scan

PK

peak COIr. corr.

height area % max.
3800142 16395740 58.84%
5486738 278€66335 100.00%
2192638 199536475 71.60%

S14

% of
total
25.532¢%
43,395%
31.073%



'H NMR spectrum of methyl 2-(4-bromophenoxy)ethyl sulfide 12
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'H NMR spectrum of 4-[2-(methylthio)ethoxy]benzonitrile 13
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3C NMR spectrum of 4-[2-(methylthio)ethoxy]benzonitrile 13
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GC-MS spectrum of 4-[2-(methylthio)ethoxy]benzonitrile 13
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HRMS analysis of 4-[2-(methylthio)ethoxy]benzonitrile 13

File:WE Ident:73 77 SM0O(1,3) PED(3,1,1,0.50%,0.0,0.00%,T,F) SP>
AutoSpec EI+ Voltage BpM:193 BpI:37251 TIC:133134 Flags:NORM
File Text:ucfv aricol ei hrms dip
192.98E88

100%
90 |
8o
70
60
50
404
30
20,
10 |

0

A%

1 e 0 ) A I | i P - -
188 150 192 1l4 196 198

204.9888

3 0S4

I S S|

-y =

Elemental Composition

S T I
200 202 204 208

File:WE Ident:73_77 smo{1,3) FRD(3,1,1,0.50%,0.0,0,00%,T,F)
AutoSpec EI+ Voltage BpM:193 BpI:37251 TIC:133134 Flags: NORM
File Text:ucfv aricol ei hrms dip

Hetercatom Max:
Limits:

193.056077

Mass

193.056077

20

Toni

Both Even and 0d4d

10.0
EEM mba Calc. Mass
0.3 0.1 193.055136

S18
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o
200
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; 16
E 14

12

Date :

400

11

m/=
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1 1 1
1 1 1
N L] 5
1 1 1



'H NMR spectrum of methyl 2-(naphthalen-2-yloxy)ethyl sulfide 14
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'H NMR spectrum of 1,4-bis-[2-(methylthio)ethoxy]benzene 15
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3C NMR spectrum of 1,4-bis-[2-(methylthio)ethoxy]benzene 15
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GC-MS spectrum of 1,4-bis-[2-(methylthio)ethoxy]benzene 15
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HRMS analysis of 1,4-bis-[2-(methylthio)ethoxy]benzene 15

File:WE Ident:34 36 SMO(5,7) PKD(7.,3,7,0.50%,0.0,0.00%,F,F) SP>
AutoSpec EI+ Voltage BpM:269 BpI:12378 TIC:42801 Flags:NORM
File Text:ucfv ariceld ei hrms dip

100% 268.9824 5794uv
80 | 5214
80 254.9856 | 4635
?ué 4055
60 258.0745 ¥34q5
50 266.9854| | 2897
40 | | 2317
30 1738
20 | | F1159
106: 260.0086 579

1 | , Lo iy ) ) IS L L. . 5g
252 254 256 258 260 262 264 266 268 270 272 m/z
Elemental Compositicn Date

File:WE Ident:34 36 SMO(5,7) PKD(7,3,7,0.50%,0.0,0.00%,F,F)
AutoSpec EI+ Voltage BpM:269 BpI:123178 TIC:42601 Flags:NORM
File Text:ucfv arico3d ei hrme dip

Hetercatom Max: 20 Ion: Both Even and Odd
Limite:
-0.5 1] 1}
258.074480 10.0 20.¢ 200 400
Mags PPM mDa Cale. Mags DBEE C H
258.0T74480 1.3 0.3 258.074824 4.0 12 18
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'H NMR spectrum of 4-[2-(methylthio)ethoxy]anisole 16

CH>CH2SCH3

mmmmmm
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; i IS ! ; ¥ g i o
3¢ NMR spectrum of 4-[2-(methylthio)ethoxy]anisole 16
. I L ) l ‘
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GC-MS spectrum of 4-[2-(methylthio)ethoxy]anisole 16

Abundance

4000000
3500000
3000000
2500000
2000000
1500000

1000000

Time-->

Abundance
1800000

1600000
1400000
1200000
1000000
800000]
600000
400000
200000

o.
miz—>

TIC: §B1-17-4-A2 D\data.ms
13.835

CH>CH2SCH3
16 Chemical Formula: C1gH;40,S
Exact Mass: 198,07
Molecular Weight: 198,28
OCHj,

- LLJL

47

i
i
|
i
i
i
i
i
i

}
i

T T [ 7 o [T T T T LA A T B D LA B B S AL B LA e A B S R S B S

400 500 600 7.00 soo 900 1000 11.00 1200 1300 1400

198

123 !
b 95109 | i
ilh

_Jm‘ﬂu |

jJ ,‘l L137 155 182L 221 249 26728 327341355 _ 365 401415429 503

4 60 80 160 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 480 480 500
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'H NMR spectrum of 2,2’-[2-(methylthio)ethoxy]biphenyl 18

7.5 7.0 6.5
z.20 nu;‘.sis Lo 203 a8
3C NMR spectrum of 2,2’-[2-(methylthio)ethoxy]biphenyl 18
) [ I I )
H3C\S/\/ l
O O/\/S\CH3
W
1‘60 1‘50 1L10 1‘30 1‘20 1‘10 160 ‘; ‘ 7‘0 éO FLO “10 ?10 2‘0 1‘0

0 80
f1 (ppm)

GC-MS spectrum of 2,2’-[2-(methylthio)ethoxy]biphenyl 18
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Abundance
6000000

5000000 15067
I {F
e |
I
2000000 |
I
1000000 |
JII l'“~—
....... L B LA e T T
Time—> 11m115n12m12m13m135!11400145015001&50159015501?:::;175n1nmiaﬁu1nm195nmmm21mz1sn
Abundance ol — Scan 2593 (15,918 min); == ===
B
2000000
1500000
1000000
500000 _—
1
|
138 22
102115127 '“% 150 168 4pg 260
I:I-|—|—'|-r'f-\r-|‘l'| Erg\-n B8 RS rH—r"'I"r 1T-|s—7|- t ?25- -:':d:a- v ..?.BE. ?.:.s.:?‘lzg-r-*---rarﬁ-rﬁ-‘r:--r|r-|l#ﬁﬁj—n—rl-rdlis-r—
miz-> 40 B0 B0 1m1m1u1m1mmﬂmmmmmmmmmmm
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HRMS analysis of 2,2’-[2-(methylthio)ethoxy]biphenyl 18

File:WE Ident:39 57+46+39% SMO(5,7) PKD(7,3,7,0.50%,0.0,0.00%,F>
huteSpec EI+ Voltage BpM:334 BpI:324186 TIC:1142238 Flags:NORM=>
File Text:ucfv arico2 ei hrms dip

100% 334.1074 _112mv
90 | I 342.9792 100
801 -89
701 t78
60 £7
50 56
40 45
30 33
= I I
i 335,1031 | 22
10 328.9858 336.0688B 11
I (S S . B =) S - v —1ta
328 330 332 334 336 338 340 342 344 346 348 m/=
Elemental Compositcion Dakte
Fila:WE Idant:39_57+45+39 SMO(S,7) PKD({7,.3,7,0.50%,0.0,0.00%,F,F)]
ButoSpec EI+ Voltage BpM:334 BpIl:324186 TIC:1142238 Flage:NORM
File Text:ucfv aricoZ ei hrms dip
Hatercatom Max: 20 Ion: Both Even and Odd
Limits:
-0.5 o] Q
334.107396 10.0 20.0 200 400
Mags PEM mDa Calc. Mass CBE c H
3134 .107396 -3.8 -1.13 334.106124 a.o 18 22
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'H NMR spectrum of 2-[2-(methylthio)ethoxy]-2'-methoxybiphenyl 19

L | LI N I B L S AL S B L T LI B I N B B St M B B B LN (L NN L B B

B.5 b.0 5.5 5.0 4.3 4.0 3.5 3.0 2.9 2.0 ppn

3.50 2.48

156.329
77.588
77.271

-
\_76.952

157,227
68.994
55.934
55.768
33.243
16.354

L e e T T T T —T T L S e e e e L o e e e |
160 150 140 130 120 110 100 k1 a0 70 60 Se 40 30 20 ppm
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GC-MS spectrum of 2-[2-(methylthio)ethoxy]-2'-methoxybiphenyl 19

\S/\/O

Abundance TIC: ES201MONOMETILE.D\data.ms
1.2e+07

1.1e+07 -

1e+07
9000000
8000000

7000000

2000000

1000000

L

lllr‘i|wl‘v|1\|1||1||v|w-lwl\|\\‘r\||[\wv|1||v|\| R o S T e 1. o

T

Time—> 1450 1500 1550 1600 1650 1700 1750 1800 1850 19.00 1950 2000 2050 21.0(
Abundance Scan 2608 (17.143 min): ES201MONOMETILE.D\data.ms

7B

4000000

3500000

2500000

|

|

|
1000000 \ 274
168
500000 139

47 115 184

3 gg 102 127 | 152 199 213

ol L8 | b b i a2 243258 | 288 327 341 355 429
40

o

S e e 0 TR PR B T T T TR B o o e U B L2 B

6
miz—-> 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420
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GCMS spectrum of the reaction of p-cyanophenol with 2-(phenylthio)ethyl carbonate 2 — Product
identification 24 (entry 1, Table 3)

TIC: EM 91-3.0\data.ms o '
21495

Abundange
126407 CHs
| 9
16407 ’ o
I ~
| carbonate 2 ] /©/ S
NC 24

8000000
CN 2 decomposition {

6000000 i ‘{/////////
!

4000000 l J
.

2000000 |

‘ 7.941 i

- }JJJ,\‘ L o e i \\_ R
Time—~> Z:OO 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300
CHs

Chemical Formula: CgH;NO
Exact Mass: 133,05
Molecular Weight: 133,15

CN

Abundance T T Sc;g 1200 (7.947 min): EM 91-3.D\data ms
1

300000

250000

200000 i

150000 %0 |
100000 I
|

50000

ol n , M \”w |1 ’\110 \ ,i,.]wifz‘f{‘ S 91 207
50 60 70 80 80 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280

118 \
| 281

miz->

peak R.T. first max last PK peak COXr. corr. % of
area % max. total

# min scan scan scan TY height

_——— e . ————— v e e ————

1 7.942 1187 1199 1238 M 1061127 43760416 1.53% 1.5093%
2 21.194 3405 3515 3727 M 12139028 2856199181 100.00% 98.491%
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GC-MS spectrum of the reaction of p-cyanophenol with ethyl 2-(phenylthio)ethyl carbonate 3 -
Product identification 24 (entry 2, Table 3)

Abundance T o TIC: EM 923 D\data.ms '
120407 . e

( H

|
o207 | carbonate 3 ] Q/OV\SK J

8000000 3 decomposition J} ' ; " v

! |

6000000 ’4 ‘ f

& |

4000000 | l

* |

2000000 ﬁ/ f’ \
i T r T L 2 A i . . e B A SRR R

|
S S i A R - : : ;
700 800 900 1000 11.00 1200 1300 1400 1500 1600 17.00 1800 1900 20.00 2100 2200 2300 24.00

Time—>
O\/\S/© Chemical Formula: C;5H,3NOS
Exact Mass: 255,07
NC Molecular Weight: 255 33
24
Abundance i ' ' Séan 3506 (21.137 min): EM 923 D\datams
3000000 g
2500000
2000000 108
1500000
. 1000000 |
! 255
500000 % \
51 | 77 90 123 l
oL n‘; L L1l 180 165177 193207 227 247 | 269281 297 315 31343365 377 405417429 445
PAatesatsnassvsad 180 200 220 240 260 280 300 320 340 360 380 400 420 440

mz-> 40 60 80 100 120 140 160

D:\msdchem\1\METHODS\SERENA 1.M

Method

Title

Signal TIC: EM 92-3.D\data.ms

peak R.T. first max last PK peak corr. corr. % of
scan scan scan TY height area % max. total

# min :

1 21.285% 3371 3531 3818 M2 12222914 3289012753 100.00% 100.000%
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GC-MS spectrum of the reaction of p-cyanophenol with ethyl 3-(Methylthio)propyl methyl
carbonate 4 - Product identification 25 (entry 3, Table 3)

Fic: SF14-1 Ddatams
NC

Abundance
10H25
i 17.168
1e+07 CHs q
| (.
8000000 f #]
| |
carbonate 4 |
6000000 CN ][ ‘ }
. \\\\\\‘ f g l
[
| 2000000 Ji % i
AN K |
"l""l""z"'J'\"_‘r'{' "\""jw'"'1"*‘\-"'\"‘—&1""” E
Time-> 600 __ 7.0 8.00 900 1000 1100 1200 _ 1300 1400 1500 1600  17.00
CHs
Chemical Formula: CgH;NO
Exact Mass: 133,05
Molecular Weight: 133,15
CN
Abundance ’ B Sc;:;\1552(9.962miri)fSFMﬂ.D\data.ms T
1
3000000 1
. 2500000 i
2000000 !
\
4500000 90 g
| 1({)3 i
1000000 l ‘ \
i | i
500000 C ! e l
50
0 "I“- ll““l"‘”"“v” ‘"[E"' lm' T "!l"'w‘”g"i""l"‘ !'”w"‘1§q"w'- ‘l"20‘7T" !""|'2?,5'|"”2151" ] 2\31\
miz—> 50 sb 70 80 90 100 110 120 130 140 150 160 170 16Q 190 200 210 220 230 240 250 260 270 280

peak R.T. first max last PK
# min scan scan scan TY

i 10.025 1483 1563 1727 M
2 17.166 2753 2811 2903 M4

peak COrr. COrr. % of
height area % max. total

11859911 1398995201 67.56% 40.321%
10287850 2070631842 100.00% 59.679%
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GC-MS spectrum of the reaction of p-cyanophenol with ethyl 4-(methylthio)butyl methyl carbonate
5 — Product identification 26 (entry 4, Table 3)

B o TIC: E$226-0.D\data.ms i
CHs 10039 17‘:29

1e+07 O \/\/\S -
8000000 NC
carbonate 5 .
CN
6000000
. \\\\\\‘ hio.504 ‘////
4000000

l .

[ A S | G R e s A e e
Time-> 200 400 500 800 1000 1200 1400 1600 1800 2000 2200 2400 2600

Abundance

CHs
Chemical Formula: CgH;NO
Exact Mass: 133,05
Molecular Weight: 133,15
CN
Abundance o T T Soan 1542 (9.904 min): ES226-0.D\data.ms
;2500000 1T3
2000000
1
|
1500000 i
[0
1000000 | 103
l
‘- 500000 &
- \ 76 | ‘ 118 L
A \L L 168 207 27 242 281 446

byl Ay T T A aman s L s p A SR RS SARRR
miz—> 040 60 80 1(l)0 1éQ, 11[10 1é9__1___é_0 200 220 240 260 280 300 320 340 360 380 400 420 440

Signal ; TIC: ES226-0.D\data.ms
peak R.T. first max last PK peak COrr. corr. % of
# min scan scan scan TY height area % max. total

i 10.042 1514 1566 1621 M 11846952 1343629796 49.06% 31.591%
2 10.505 1628 1647 1684 M 47330195 171111804 6.25% 4.023%
3 19.529 3040 3224 3387 M3 11655220 2738500348 100.00% 64.3863%
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'H NMR spectrum of 4-[2-(phenylthio)ethoxy]benzonitrile 24

4.19
< 4.17
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3C NMR spectrum of 4-[2-

161.65
—134.92
T-134.01

;

S

4 62 60 58 56

5.4
f1 (ppm)

5.2

T
5.0

4.8

4.6

phenylthio)ethoxy]benzonitrile 24

— 119.25
—115.23
104.53

4.4

66.99

& 208

4.0
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32.82

3.0
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GC-MS spectrum of 4-[2-(phenylthio)ethoxy]benzonitrile 24

Abundance
1.2e+07
|
f

1e+07 |
|

B000000
|

ﬂ'ﬂ‘ 15\.51} 19.!]]' 19‘ 50 Eﬂ 0020 WE'I m21 mﬂmﬂm ﬁmﬁ 5014.0024.5025.0025 5026. m

H
Time—= 15.uu15 HJ‘IE.I:II 'IE WITWITH}IE

Scan 3496 (21.085 min)

Abundance ==
137

100

1500000

1000000
55

ML
1m1m1m1m1mmmm:ﬁn

7""‘9: 123
Jr 150171183 198210 226 242
300 320 340 380

Q

T"'"

miz—->

S35



HRMS analysis of 4-[2-(phenylthio)ethoxy]benzonitrile 24

File:WE Ident:34 58 sMO0(l1,3) PKD(2,3,1,0.50%,0.0,0.00%,T,F) SP=
AutoSpec EI+ Voltage BpM:269 BpI:329318 TIC:12B82867 Flags:NORM>
File Text:ucfv ariced4 ei hrms dip

100% 268.9301 154mv
90 139
g0 255.0722 E 444
?ué 108
505 fe2
50 77
; 266.5458 :

40 | L 62
305 46
20 256.0744 31
10 | L15

T v 5 " P S S v |

250 252 254 256 258 260 262 264 266 268 270 272 m/z

Elemental Composition Dace : 1-0CT-2013

File:WE Ident:34_58 SMO{1,3) PKDI(3,3,1,0.50%,0.0,0.00%,T,F)
AutoSpec EI+ Voltage BpM:26%9 BpI:329318 TIC:12B2B67 Flags : NORM
File Text:ucfv ariced4 ei hrms dip

Heteroatom Max: 20 Icn: Both Even and Odd
Limics:
=0.5 0 4] 1 1 1
255,.072174 10.0 20.40 200 400 1 1 1
Mass == mla Calc., Mass DBE C H H s 5
255,072174 =1.5 -0.4 255.,071786& 10.0 15 13 1 1 1
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'H NMR spectrum of 4-[3-(methylthio)propoxy]benzonitrile 25

i 7340

O\/\/ S\CH3
F320
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a
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3C NMR spectrum of 4-[3-(methylthio)propoxy]benzonitrile 25
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GC-MS spectrum of 4-[3-(methylthio)propoxy]benzonitrile 25

Abundance o = S -
1500000
1000000 fll
‘ |
| 4
500000 | 'u\
N
0 I B T TrT'T_:T-TT--TI:';_:T_'F- R n e n s e LB S RN LR
Tme—= 900 320 940 960 950 10.0010.2010.40106010.8011.0011.2011.4011.6011.8012.00 122012401260 12.8013.0013.20
Abundance = Scan 1714 (10,885 min): o
= 2
250000
200000
&1
1mr o
100000
50000 102 119
L 1583
| ﬁ 12444 242 28 445
ﬂl.nt—'ﬁ v 'll'Llf‘l“r'llJT-r'.'r'l"l11|| TR T T T T RIS IR i e
mz—= 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 350 380 400 420 440
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HRMS analysis of 4-[3-(methylthio)propoxy]benzonitrile 25

File:WE Ident:12 54 SMO(3,7) PKD(5,3,3,0.50%,0.0,0.00%,F,F) SP=
AutoSpec EI+ Veltage BpM:219% Bpl:376155 TIC:B78987 Flags:NORM
File Text:ucfv aricof ei hrms dip

100% 218.9856 239my
90 | 215

BO | F1s1

70 :15?

su| f 143

Euj 120

| 207.0715

40 | 96

30 204. 9888 ‘72

2n§ |.aa

10 F2q

0l P [ T - - _ — .ln
202 204 206 208 210 212 214 216 218 220 222 224 m/z
Elemental Composition Date : 7-0CT-2013

File:WE Ident:12_54 sMo{3,7) PED(5,2,3,0.50%,0.0,0.00%,F,F)
AutoSpec EI+ Voltage BpM:219 BpIl:376155 TIC:878987 Flags:NORM

File Text:ucfv aricoé ei hrme dip

Heteroatom Max: 20 Ion: Both Even and Odd
Limits:
-0.5 o a 1 1 1
207.071494 10.0 20.0 200 a00 1 1 1
Mass PEM mDa Cale. Mass DEE i H N 1]
207.071494 1.4 0.3 207.071788 6.0 11 13 1 1
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'H NMR spectrum of 4-[4-(methylthio)butoxy]benzonitrile 26

CN
/S\/\/\O/O/

3C NMR spectrum of 4-[4-(methylthio)butoxy]benzonitrile 26
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GC-MS spectrum of 4-[4-(methylthio)butoxy]benzonitrile 26

1000000 \
[ N

| M

L AL ACE 1 (B S i T s o o e e L T

1250 13.00 13.50 14.00

L e e e T=TT ]

Tinme—z - a50 ‘llflll:llflT I 'Iﬂ.lfﬂ 11.00 o ‘.Ii.IE;EI ‘IiE.IIII

Abundance T Bean 2085 (12156 mink

1600000 |
1400000
1200000 &1
1000000

200000 — 118 22
ol sblh, ol R oA B E— N——
T ¥ ™ T T'rr e T FTT TTTT TTTTTT ™r T L T T TT T
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HRMS analysis of 4-[4-(methylthio)butoxy]benzonitrile 26

File:WE Ident:57 63+63 71 SMO(3,7) PKD(5,3,3,0.50%,0.0,0.00%,F>
AutoSpec EI+ Voltage BpM:231 BpIY:93433 TIC:208018 Flage:NORM
File Text:ucfv arico? ei hrms dip

10 230.9856 45mv
szj é44
aué 39
70 218.9856 !34
60 | ! 29
50 | | 25
40 | | ‘ 20
3 221.0867 i
20 |10
10 =
S A e e U I M I
214 216 218 220 222 224 226 228 230 232 234 m/z
Elemental Composition Dake : 7-0CT-2013

File:WE Ident:57 63463 71 SMO(3,7) BKD(5,3,3,0.50%,0.0,0.00%,F,F)
AutoSpec EI+ Voltage BpM:231 BpI:593433 TIC:20B018 Flags:NORM
File Text:ucfv arieo7 el hrme dip

Hetercatom Max: 20 Icn: Both Even and Odd
Limits:
0.8 o [u} 1 L 1
221 .088894 10.0 20.0 200 400 1 1 1
Mass PPM mDa Cales. Mass DBE e H ] a 5
221.0866598 453 0.7 221 . 0BT436 6.0 12 15 1 1 1
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'H NMR spectrum of Bis[2-(4-cyanophenoxy)ethyl]sulfide 27
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3C NMR spectrum of Bis[2-(4-cyanophenoxy)ethyl]Jsulfide 27
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HRMS analysis of Bis[2-(4-cyanophenoxy)ethyl]sulfide 27

File:WE Ident:%7 100 sSMO(l,3) PED(3,1,1,0.50%,0.0,0.00%,T,F) 5S>

AutoSpec EI+ Voltage EpM:331 BpI:82352 TIC:207349 Flags:HNOEM
File Text:ucfv aricoS ei hrms dip

100% 330.5752 27mv
90 F24
80| F21
70 ‘.19
| I
60 |16
|
50 |13
40 334.1121 ‘ll
30 318.9792 8
324.0941
20 8
10| L3
04| - e | S - b 1 - ‘)
318 320 322 324 326 328 330 332 334 33§ m/z
Elemental Composition Dakte :
File:WE Iﬂent:ﬂ?_lﬂﬂ SMO(1,3) PED(3,1,1,0.50%,0.0,0.00%,T,F)
AuktoSpec EI+ ?ﬂltage BpM:331 BpI:A2352 TIC:207349 Flags : NOEM
File Text:ucfv ariceS ei hrms dip
Heterpatom Max: 20 Ion: Both Even and Odd
Limits:
-0, 5 a 0
324.094090 10.0 20.0 240 400
Masag PEM mia Calc. Mass DRE c H

3124094080 SmE

-0.8 324.093250
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