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

Supplementary Material
RSC Advances

Stereospecific Alkylation of Substituted Adenines by
the Mitsunobu Coupling Reaction under Microwave-

Assisted Conditions

Maria E. Garcia-Rubifio,* Maria C. Nuiiez,* Duane Choquesillo-Lazarte,’

Juan M. Garcia-Ruiz,” Yolanda Madrid,® Joaquin M. Campos,™

*Departamento de Quimica Farmacéutica y Orgadnica, Facultad de Farmacia, ¢/ Campus de Cartuja, s/n, 18071

Granada (Spain)

bLaboratorio de Estudios Cristalograficos, Instituto Andaluz de Ciencias de la Tierra (UGR - CSIC), Avenida de las

Palmeras N° 4, E-18100 Armilla, Granada (Spain)

“Centro de Instrumentacion Cientifica, Universidad de Granada, Edificio Mecenas. Campus Universitario de Fuente

Nueva. 18071 Granada (Spain).



INDEX Page

Figure S1: (RS)-12.uuiiiiitininciicntitntctsscntest st sse st sss e saa s s ae s 4
FIGUIE S2: (R)-12 e eeeiieiecericeenscetssseessseessstessssnessssnessssnessssnsssssssssssssssssasssssasssssassssnassnns 5
FIGUIE S3: (8)-12 ettt st s e s e e sesan e s ssnssssnessssnnssssnasssssassssnassssnansnns 6
Figure S4: (RS)-13 ettt st sse s sss e sas s s ne s 7
FIGUIE S5: (R)-13 e eeiieiiericienseesinesssnesssne s sste s ssnesesanessssnssssnssssssssssssssssssassssnassssnassnns 8
FIGUIE SO: (8)-13 et sssee e s ssre s ssnesesanessssnssssnsssssnnsssssasssssassssnassssnassnns 9
Figure S7: (RS)-14 .ttt ss st ss et ssse s s 10
FIGUIE S8: (8)-14 ettt ssre e se e s san e s san e s ssessssanssssnassssnessssnassssnassssnanas 11
FIgUIE SO: (RSE)-17 ettt a s s a e s s 12
FAUIE STO: (R)-17 ceeeeeeeeieeereeeeieeete st esee st e s sas s seessas s seessas s sne s ns s snessansssnessnssssnnss 13
FIgUIE ST1: (8)-17 ittt s s s s s 14
Figure S12: (RS)-18 ittt s s a s s s s 15
FAigure S13: (R)-18...e ettt s s sas s e s sas s e s s s e e s san s sne s sasssnnss 16
Figure ST4: (8)-18 ettt s 17
FIGUIE ST5: (RS)-22 ittt s s s a s s s s e 18
FAGUIE STO: (R)-22 .eeeiieeieieeeieeeeeesestesss s seessas st e s sas s seessasssseessas s ssessssssssessnsssssesessessnnss 19
FIGUIE ST7: (8)-22 ettt s a s s s s 20
Figure ST8: (RS)-23 ittt s a s s s s s 21
FAgUIE ST9: (R)-23 ..ottt see st s s s e e s sas s sn e s as s s e s ns s snessansssnesssasssnens 22
Figure S20: (8)-23 ettt 23
FIGUIE S21: (RS)-24 ettt s s s s s s s 24
FAGUIE S22: (R)-24 ettt sttt seessas s se e s as s s e s sn s s e s sas s snesssanssness 25
FIgure S23: (8)-24 ettt 26
"H NMR SPECHIUM OF 17 1urvverrerrecesssanssensssssesssssssssasssssssssassssessssassssssssssasssnssasssassasssanses 27
BC NMR SPECIIUIM OF 17: oureurececesrrsessssssssssssssssssssssssesssssssssssssssasssssssessessessessessssans 28
DEPT Spectrum Of 17: ..cvuieiiiiiiiiinicnicntiicnicisscnscse st ssssssessssssessssssees 29
HSQC spectrum Of 17: .ooveeiiiiiiininicnicnticnicscnicse st ss s sssesssessees 30
HMBC Spectrum Of 17: .eeiiieiiiiiiiiiniiinnsnsssesssssesssssesssssssssssssssssssssssssssssssssssssssnesas 31
"H NMR SPECITUM OF 18- 1urvvererrraesesaesncsssssessssssssasssessssssassssssssssassssssssssssssnsssssassssssaness 32
BC NMR SPECHIUIM OF 18: ovuverveetereeesecssesssessesssssasssssssssassssssssssssssssssssasssssssssassssssaness 33



DEPT Spectrum Of 18: ..ceeiiiiiiiiiiicitiisiesneesnsee s sssensssseessssasssssssssssnsssssnsssssnsssssnanes 34

HSQC Spectrum Of 18: ....eeiiiieiiciiiicienisienreessste s seresssars s ssessssnsssssnessssnessssnssssssessssneses 35
HMBC spectrum Of 18: ....coiiiiiieiiiniiiicniiiinicniscnessese st sssesssssees 36
TH NMR SPECHIUM OF 22: cuvureeecececeseiasesessssssssssssssssssssssssssssssssssssssssssssssssssssessssssssssans 37
B3C NMR SPECIIUI OF 227 1ouvvevveercecrssssssesssssssssssssssssssssssssssssssssssssssssssssssesssssssssssssssans 38
DEPT Spectrum Of 22: ...cueviieiieiiiniinieniiicnienisscnsssnssessssss e ssssssssssesssssssssssssssssees 39
HSQC SPectrum Of 22: ...eeeiiieeiiicieiiiceniiseesissiesssnessssnessssnesssssssssssssssssssssssssssnsssssssssssneses 40
HMBC SPectrum Of 22: ....ueiveieiiciiincneninennissiesiseesssnesssssessssessssssssssssssssssssssssssssssssssneses 41
"H NMR SPECLIUM OF 231 1.vuvurrurtessecseessessssssassssssessessssssessessssassasssssassassasssssssassasssessans 42
BC NMR SPECIIUI OF 231 1ouvveveeercececeesscsessisssssssssssssssssssssssssssssssssssssssssssesssssssssssssssans 43
DEPT SPectrum Of 23: .ccoueiiicericineicseenieeennenesssnesssnesessessssssssssssssssssssssssssssssssssssssnases a4
HSQC spectrum 0f 23: .....oiiieeeiereeener st see st e s s e e ssss s e e s sas s sne s nnssnass 45
HMBC Spectrum Of 23: ....eiiieieiicirricieeiieeesseseesseeesssnessssnesssesssssnssssssssssssssssnsssssssssssnenss 46
TH NMR SPECLIUM OF 24 curureeececeeessisissssssssssssssssssssssssssssssssssssssssasssssssssssssssssssssssssans 47
3C NMR SPECHIUM OF 241 «.overrereeeeceesessesssssesssssssssssssssessessesssssssssssssssssessssessessessesans 48
DEPT SPECtrum Of 24: ....eueeiieeiiiciericneeiieseesieseessseesesnesessesssssssssssssssssssssssssssssssssssssssnanes 49
HSQC spectrim 0f 24: ..ottt s s s 50
HMBC Spectrum 0f 24: ....coociieeiiiiiereesntieeessesssee s seessss s seessss s seessnssssnessasssssesssssssness 51
Figure S24: Crystal Structure (RS)-17..cccvivviiniiiiiinniiiiinieciicnniecnnessnesnsessssessessnens 52
Figure S25: Crystal Structure (RS)-17....covvcerirviiiiriiiiinietnnncnseesssessssessssesssssssssnnes 53
Figure S26: Crystal Structure (R)-22......ccevrverreeieinennennenscssiesesssessesessssssssssssssssssessees 54
Figure S27: Crystal Structure (R)-22.....ccoveevverrerernensienenneniesinsesssssesssesesssesssessessens 54
Figure S28: Crystal Structure (RS)-24.....coviiiiriiiiiiiineintnecnessecsse s sssessaeeans 55
Figure S29: Crystal Structure (RS)-24....couvvivvenirnenntininncnicnnnicsissnessesesssesssesssssenes 56



CHIRALPAK IA 250 x 4.6 mm

Flow rate: 1ml/min

room temperature

PDA 250.0 nm
n-hexane/dichloromethane 65/35 viv

2.00 (RS)-12

1.80 o Name| RT |% Area
C[ }“OH 1|R | 10412| 49.84

160 S 11.843| 50.16

N
]

44049

1.40

1.00

0.80

0.60

0.40

0.20

0:00 7ANRY A VAN

4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00

U.V spectrum U.V spectrum
2.50 258.0 R 258.0 S
200 2251
50 225.1

1.50
1.50

AU
AU

1.00
1.00

0.50 0.50

0.00 0.00

250.00 300.00 350.00 250.00 300.00 350.00
nm nm

Figure S1



CHIRALPAK IA 250 x 4.6 mm

Flow rate: 1ml/min

room temperature

PDA 250.0 nm
n-hexane/dichloromethane 65/35 viv

0.060 (R)-12

0.055
(o]
0.050 @ (R)~OH
0.045 »
0.040 74.7 % e.e
0.035

0.030

Name| RT |% Area
9.854 87.36
11.114| 12.64

0.025

-
Py

0.020

N
%]

0.015

S-11.114

0.010

0.005

0.000 7aN NS A

4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00

U.V spectrum U.V spectrum

222.7 5egq R 2227 S
0.020

0.08

0.0¢ 0.015

U

258.0

AU

0.04 < 0010

0.02 0.005

0.00 0.000

250.00 300.00 350.00 250.00 300.00 350.00
nm nm

Figure S2



0.12 (S)-12

O
Do
S

95.3% e.e

0.10

0.08

0.06

0.04

0.02

R -10.896

CHIRALPAK IA 250 x 4.6 mm

Flow rate: 1ml/min

room temperature

PDA 250.0 nm
n-hexane/dichloromethane 65/35 viv

RT
10.896
12.079

% Area
2.35
97.65

Name

S-
-
Py

0.00

6.00 8.00 9.00 10.00

U.V spectrum

221.5
0.006

0.004 2580

AU

0.002

0.000

250.00 300.00

nm

350.00

Figure S3

A

11.00

~ JAY

12.00 13.00 14.00 15.00 16.00 17.00 18.00

U.V spectrum

2227 s

258.0
0.15

5 0.10
<
0.05

0.00

250.00 300.00

nm

350.00



CHIRALPAK IA 250 x 4.6 mm

Flow rate: 1ml/min

room temperature

PDA 250.0 nm
n-hexane/dichloromethane 65/35 viv

0.030

0.028 Name| RT |% Area

S 14.668| 50.12
R 156.907 | 49.88

0.026

0.024

0.022

0.020

0.018

0.016

0.014

0.012

0.010

0.008

0.006

0.004

0.002

0.000

13.00 14.00 15.00 16.00 17.00 18.00 19.00

U.V spectrum U.V spectrum
2227 S 2227 R

0.06
0.06

0ioA 2427 2 004

AU

2427
0.02 288.8 0.02 288.8

0.00 0.00

250.00 300.00 350.00 250.00 300.00 350.00
nm nm

Figure S4



CHIRALPAK IA 250 x 4.6 mm

Flow rate: 1ml/min

room temperature

PDA 250.0 nm
n-hexane/dichloromethane 65/35 viv

(R)-13
0.035 O
R . OH Name| RT |% Area
118 14.682 0.73
0.030 S 2[R 15.890| 99.27
0.025 98.54% e.e
0.020
0.015
0.010
o~
=]
©
0.005 <
=
%)
0.000 B A Ay JAY
13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00
U.V spectrum U.V spectrum
2227 S 2227 R
LR 0.08
0.010 0.06
ez | =
< 242.7 < 0.04 2427
0.005
288.8 i 288.8
0.000 0:00
250.00 300.00 350.00 250.00 300.00 350.00
nm nm
Figure S5



CHIRALPAK IA 250 x 4.6 mm

Flow rate: 1ml/min

room temperature

PDA 250.0 nm
n-hexane/dichloromethane 65/35 viv

(S)-13

0.35

Name| RT |% Area

(0]
0.30 (ﬂﬁ OH 1|s  |14899] 89.36
R 16.249| 12.04

S

N

0.25
773 % e.e

0.20

0.15

0.10

R -16.249

0.05

0.00 yay rAYA ~

11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00

U.V spectrum U.V spectrum
080 222.7 S 2227 R

0.015
0.60

el | \2427 2 0010

AU

2427

0.20 288.8 0.005 288.8

0.00 0.000

250.00 300.00 350.00 250.00 300.00 350.00
nm nm

Figure S6



CHIRALPAK IA 250 x 4.6 mm
Flow rate: 1ml/min

room temperature

PDA 250.0 nm
n-hexane/2-propanol 90/10 viv

0.30 (RS)-14

Name| RT |% Area
11.264| 4565
12.418| 54.35

0.25

0} o
J I
N | =
| ®»

0.20

0.15

0.10

0.05

0.00 PaN > JAY

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

U.V spectrum U.V spectrum

1.50 1.50

1.00 1.00

AU
AU

. 282.9 2829
: 252.1 . 252.1

0.00 0.00

250.00 300.00 350.00 250.00 300.00 350.00
nm nm

Figure S7

10



CHIRALPAK IA 250 x 4.6 mm
Flow rate: 1ml/min

room temperature

PDA 250.0 nm
n-hexane/2-propanol 90/10 viv

(S)-14

0:40 Name| RT |% Area

Cr,

0.35

S/\(%
0

0.30

N
w|lx

11.346 | 100.00

99.9% e.e
0.25

0.20

0.15

0.10

0.05

0.00 ~ iy

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

U.V spectrum U.V spectrum
1.00
2.00
0.80
1.50
0.60

AU

-
< 1.00
0.40 282.9

0.50 252.1
0.20

0.00 0.00

0.00 0.20 0.40 0.60 0.80 1.00 250.00 300.00 350.00
nm nm

Figure S8

11



CHIRALPAK IA 250 x 4.6 mm
Flow rate: 1ml/min

room temperature

PDA 250.0 nm
n-hexane/ethanol 80/20 viv

0.018 Name| RT |% Area

18.418| 50.59

(RS)-17

-
Py

0.016 Wia

o N__N. s 24.040| 49.41
0.014 @: ]m/ ~ T Me
s N F

N
0.012 N—7/

N

S - 24.040

0.010

0.008

0.006

0.004

0.002

0.000

-0.002

A A A A

10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00

U.V spectrum U.V spectrum

2145 R 2145 S
0.06 0.040

0.030
0.04

U

2959 2959

AU

< 0.020

0.02
0.010

G0 362.8 0600 362.8

250.00 300.00 350.00 250.00 300.00 350.00
nm nm

Figure S9

12



CHIRALPAK IA 250 x 4.6 mm
Flow rate: 1ml/min

room temperature

PDA 250.0 nm
n-hexane/ethanol 80/20 viv

0.030 (R)-17 Name| RT |% Area
Me 1R 17.840| 98.44
0.025 @Og\/r\'ii&“e 2|8 23.430| 1.56
s S
N—Z
0.020
96.88% e.e

0.015

0.010

0.005

S -23.430

0.000

Vo A

10.00 12.00 14.00 16.00 18.00 20.00 22.0096  24.00 26.00 28.00 30.00 32.00

U.V spectrum U.V spectrum
0.10 214.5 R 0.0012 214 .5 S
0.0010
0.08
0.0008
0.06
2 295.9 2 0.0006 295.9
0.04 0.0004
0.0002
0.02 362.8
8166 362.8 0.0000
250.00 300.00 350.00 250.00 300.00 350.00
nm nm
Figure S10

13



CHIRALPAK IA 250 x 4.6 mm
Flow rate: 1ml/min

room temperature

PDA 250.0 nm
n-hexane/ethanol 80/20 viv

Name| RT |% Area
18.242| 12.00

X
D)

0.055

0.050

0.045

0.040

0.035

0.030

0.025

0.020

0.015

0.010

0.005

0.000

12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

U.V spectrum U.V spectrum
2145 R 2145 S

0.030 0.15

- 0.020 > 0.10
<

295.9 295.9

A

0.010 0.05

0.000 3628 Gt 362.8

250.00 300.00 350.00 250.00 300.00 350.00
nm nm

Figure S11

14



0.018

(RS)-18

0.016

0.014

0.010

0.008

0.006

0.004

0.002

0.000

Me
N A
/7NN,
o NY/Z/ Me
N
0.012 Sl«/N\//

CHIRALPAK IA 250 x 4.6 mm

Flow rate: 1ml/min
room temperature

PDA 250.0 nm

n-hexane/ethanol 80/20 viv

Name| RT |% Area
1R 20.057| 50.95
2|S 25.757| 49.05

-0.002

10.00 12.00

U.V spectrum
0.08 2145

A

JAY Fay

14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00

R

0.06
2 0.04 279.3 2

0.02

3232 369.5
0.00
250.00 300.00 350.00
nm

Figure S12

15

U.V spectrum

2145 g
0.06
0.04
279.3
0.02
- 3232 3695
250.00 300.00 350.00

nm



CHIRALPAK IA 250 x 4.6 mm
Flow rate: 1mi/min

room temperature

PDA 250.0 nm
n-hexane/ethanol 80/20 v/v

Name | RT |% Area
20.053| 97.10
2(S 25.755 2.90

-
X

0.018

(R)-18

0.016 Me

0.014 o. NO/ '™me

(R) N
0.012 @S N

0.010
94.2 % e.e
0.008

0.006

0.004

0.002

0.000

S - 25.755

-0.002 A 7% N

10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00

U.V spectrum U.V spectrum

0.08 214.5 R 2145 S

0.015
0.06

0.010
0.04 279.3 2793

AU

0.02 0.005

323.2 369.5
0.00 0.000 323.2 369.5

250.00 300.00 350.00 250.00 300.00 350.00
nm nm

Figure S13

16



0.018

0.016

0.014

0.012

0.010

0.008

0.006

0.004

0.002

0.000

CHIRALPAK IA 250 x 4.6 mm
Flow rate: 1mi/min

room temperature

PDA 250.0 nm
n-hexane/ethanol 80/20 v/v

Name | RT
20.050
25.764

% Area
13.15
86.85

Py

N
(%]

73.7% e.e

R -20.050

-0.002

10.00 12.00

U.V spectrum

214.5
0.015

0.010

AU

0.005

0.000
250.00

Figure S14

279.3

14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00

U.V spectrum
R 0.08 2145 S

0.06

2 0.04 279.3

0.02

323.2 369.5 323.2 369.5

300.00 350.00 250.00 300.00
nm nm

350.00

17



CHIRALPAK IA 250 x 4.6 mm
Flow rate: 1ml/min

room temperature

PDA 250.0 nm
n-hexane/ethanol 80/20 viv

(RS)-22 o
0.012 3
Cl N =
R// \—NHMe )
0.010 O]% j’Z;
g N
0.008
Name| RT |% Area
S 1R 13.364| 48.74
2|S 14.592| 51.26
0.004
0.002
0.000
A
4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00
U.V spectrum U.V spectrum
2145 2145
R 0.040 S
0.04
0.030
2 2 0020
5 2722 : 2722
0.010
8,60 3671 4660 3671
250.00 300.00 350.00 250.00 300.00 350.00
nm nm
Figure S15

18



0.020

0.018

0.016

0.014

0.012

0.010

0.008

0.006

0.004

0.002

0.000

(R)-22
cl

N

\7/’\ NHMe
0 N%T

@“Q\/N\ﬂ

S

99.9 % e.e

Name| RT
13.353

% Area

100.00

-
Py

N
[}

CHIRALPAK IA 250 x 4.6 mm
Flow rate: 1ml/min

room temperature

PDA 250.0 nm
n-hexane/ethanol 80/20 viv

4.00

6.00 8.00 10.00

U.V spectrum

0.08 2145

0.06

=
2 004

0.00

Figure S16

272.2

367.1

300.00
nm

350.00

AU

12.00

14.00 16.00

U.V spectrum

1.00
0.80
0.60
0.40
0.20

0.00
0.00

19

0.20

0.40 0.60 0.80
nm

18.00100,

1.00



0.030

0.025

0.020

0.015

0.010

0.005

0.000

(5)-22

Cl

V//N\ NHMe
0 N%T
@é\sﬂ"z,/N\//N

73.68% e.e
Name| RT |% Area
R 13.352| 13.16
2|8 14.560| 86.84

6.00 8.00

U.V spectrum

0025 5145

0.020

0.015

AU

0.010
0.005

0.000

Figure S17

271.0

250.00 300.00

nm

10.00

367.1

350.00

0.10

AU

0.05

0.00

20

CHIRALPAK IA 250 x 4.6 mm
Flow rate: 1mli/min

room temperature

PDA 250.0 nm
n-hexane/ethanol 80/20 viv

R -13.352

12.00 14.00 16.00
U.V spectrum
214.5 S
2722
367.1
250.00 300.00 350.00

nm

18.0073.7



0.110

0.100

0.090

0.080

0.070

0.060

0.050

0.040

0.030

0.020

0.010

QLY

N
|
\
N—7

(RS)-23

NHMe

Name

RT

% Area

N
By

14.650

48.01

N
(%]

17.174

51.99

0.000

U.V spectrum

2145

Figure S18

250.00

8.00

294.7

300.00
nm

10.00

350.00

12.00

=
<

21

CHIRALPAK IA 250 x 4.6 mm
Flow rate: 1ml/min

room temperature

PDA 250.0 nm
n-hexane/ethanol 80/20 viv

A

14.00 16.00 18.00 20.00 22.00

U.V spectrum

0.40 214.5 S
0.30
0.20
294.7
0.10
0.00
250.00 300.00 350.00
nm



CHIRALPAK IA 250 x 4.6 mm
Flow rate: 1ml/min

room temperature

PDA 250.0 nm
n-hexane/ethanol 80/20 viv

0.24 (R)_23
02 NHMe

o)
el
e CVy
S N
-

N
\
N

0.14 96.14% e.e

0.12

0.10 Name| RT |% Area
14.343| 98.07
17.190 1.93

-
Py

0.08

N
(%)

0.04

S$-17.190

0.02

0.00 —R [ AN

6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.009

U.V spectrum U.V spectrum
1.00 2145 R 0.015 214 5 S

0.80

0.010
0.60

AU
AU

0.40 2947 294.7
0.005

0.20

0.00 0.000

250.00 300.00 350.00 250.00 300.00 350.00
nm nm

Figure S19

22



CHIRALPAK IA 250 x 4.6 mm
Flow rate: 1ml/min

room temperature

PDA 250.0 nm
n-hexane/ethanol 80/20 viv

0.100
(5)-23
0.090
O N._ _NHMe
0.080 ~
(S)., N |
S Yl \ N
0.070
N—Z
0.060
78.14% e.e
0.050
0.040 Name| RT |% Area
1|R 15.004 10.93
0.030 S
2|8 17.299| 89.07 e
n
0.020 b
4
0.010
0.000 —
6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00
U.V spectrum U.V spectrum
2145 R 0.40 214.5 S
0.040
0.30
0.030
2 2 0.20
< 0.020 2047 % 294.7
0.010 0.10
0.000 0.00
250.00 300.00 350.00 250.00 300.00 350.00
nm nm
Figure S20

23



0.050

0.045

0.040

0.035

0.030

0.025

0.020

0.015

0.010

0.005

0.000

0.00

(RS)-24

n Ny NHMe
©E°LN%T
N
N/
s ~7

Name | RT

% Area

x
X

26.373

50.06

N
%)

28.437

49.94

CHIRALPAK IA 250 x 4.6 mm
Flow rate: 1ml/min

room temperature

PDA 250.0 nm
n-hexane/ethanol 80/20 v/v

5.00 10.00

U.V spectrum
2133

265.1

250.00 300.00 350.00
nm

Figure S21

15.00

20.00 25.00 30.00 35.00

U.V spectrum

213.3 S
0.15

0.10

AU

265.1
0.05

0.00

250.00 300.00 350.00
nm

24



0.050

0.040

0.030

0.020

0.010

0.000

(R)-24

N NHMe
SeNs!
(R]VN N
S ~7

99.02% e.e
Name | RT |% Area
1R 26.679| 99.51

2|8 29.495

0.49

CHIRALPAK IA 250 x 4.6 mm
Flow rate: 1ml/min
room temperature
PDA 250.0 nm

n-hexane/ethanol 80/20 viv

6.00

8.00 10.00 12.00 14.00 16.00 18.00

U.V spectrum

2133

0.15
2 0.10
<

0.05

0.00

Figure S22

265.1

250.00

300.00 350.00
nm

20.00

2

Al

25

0.0010

0.0008

0.0006

0.0004

0.0002

0.0000

22.

A

00 24.00 26.00

U.V spectrum

213.3

2651

250.00

A

28.00

300.00
nm

30.00 32.00

350.00

7 S -29.495

34.00



CHIRALPAK IA 250 x 4.6 mm
Flow rate: 1ml/min

room temperature

PDA 250.0 nm
n-hexane/ethanol 80/20 viv

0.20
(5)-24

0.18

/TN\ NHMe

0.16 o) N\(;I

qeRs

0.14 v, oINS
S

0.12

59.1% e.e
0.10

0.08 Name| RT |% Area

26.576| 20.45
2|S 28.695| 79.55

R - 26.576

-
B

0.06

0.04

0.02

0.00

A < A

6.00 8.00 10.00 1200 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00

U.V spectrum U.V spectrum

0.20 2133 R 213.3 s
0.60

0.15

AU

2
< 0.10 265.1 265.1

0.20
0.05

0.00 0.00

250.00 300.00 350.00 250.00 300.00 350.00
nm nm

Figure S23

26



27

500 MHz, CDCl;

8 1 1 IYle
8a o 2 _N_6 N
7 2 (/ “Me
NS
6 4a 'S’ 3
5 4 4\ N7
N—7
17 9 8
CH-Z
CH-8'
2-CH -aromatics
2-CH -aromatics CH CH
CH>-2 3 3
CHsexocyclic
=
RS | N | W
T T 7 T T T i T
88 8 8 8 8888 8 8
- riood - - - - o m
T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0



28

500 MHz, CDCl;

W <F M ™ o <rcN= M
GG HMKNOGa s N it o
M-S RN IR - ™ an 3
n L nwn o3 NN~ 0 ) L O
™ o o ™ ™ o o o = (Va) N mMn M
~\ | NN A S | | SN
8 Me
8a 0l N 6 N
7 &
@[ ]%j |5
6
545,37 2 N7
N—7
17 9 &
4-CH-aromatics .
O | \ . CHj-exocyclic
Cflli'- | CH3
I
Cs C;-‘Ia CHy
| CH3||
T 1 T T T T 1 — T T T T
125 115 105 95 90 85 80 75 70 65 5 50 45 40 35



—152.74

—-141.92

~128.15
\126.38
~122.74
—118.91

4 -.CH-aromatics

29

5 4 4\ N 7'
N—7
17 9 8

—66.14

CH;-2

500 MHz, CDCls

—51.77

—36.99

CH-2

I
CHy-exocyclic

155

145

135

—
125

—
115

— : .
105 95 85

75

65

55 45

35



30

8 r Me 500 MHz, CDCls
|
820l , 2 NG&N
- \Me . 3
3-,/ | 5 CH-8' CH2
N
6 543843 - 20 N7
"/ 2-CH -aromatics
phe | CHa CH3
17 o 2.CH.- i CHy-2
2-CH -aromatics CHa-exocyclic P2
CH-3
=20
=30
CH-3 CH; i
40
CH;
CHy-exocyelic i 30
~60
CHy-2 -
=70
80
a0
—100
110
4 .CH-aromatics 120
=
=130
CH2 140
CH-8' —130
~160
T | T T T T T T T T T T T T T T T T T T T T T T T
8.5 8.0 73 70 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5

f2 (ppm)

f1 {pprm)



31

500 MHz, CDCl3
Me ch-g CHZ
8 8a

1
|
' 6'
7 2 21//N N‘Me
3|N | 5'
6 S, 3"~ A

5 4a 4 4 N7 2H-CH- aromatics
N /

CHa-2
CHzexocyclic
——

17 9 8

CHzexocyclic - -50
-60

-70

80

-100

-110

; -120

L 1]

-130

-140

-

Mo -150

-160

8.5 8.0 7.5 7.0 6.5 6.0 3.5 3.0 4.5 4.0 3.5 3.0

f1 (ppm)



500 MHz, CDCl;

CHjy-exocyclic

32

-CH -aromatics

-

2-CH -aromatics

CH-3
JL N
WCHz

CH-8"

CH-2

5.8 5.2
f1 (ppm)

6.4

7.0



T

160

155,25

/
/

152.84
—151.45

\150.65

T

150

—139.15

T

140

0o
-
r-.
™
i
/

4 -CH-aromatics
|

“126.17
122,63
1-120.54
1411882
L116.25

T T T T

130 120

110

33

8 1
QUL
3 NT
6 4a’S 4

5S4 T 9 g

T T T T

100 QQ
f1 (ppm)

80

70

—65.91

60

500 MHz, CDCl;
o

—45,76
—~37.7

CHj-exocyclic

50 40

—29,93

30



—152.84

CHZI
|

—139.15

CH-&

~127.96

126,17
~122.63
~118.82

4-.CH-aromatics

—65.91

500 MHz, CDCls

0 ol
R R Q
Ty P~ Ln)]
= "M l
| | |
CH-3
|
ALH3
N \CH3
|
|
CHs-exocyclic
17 71 1.7
20 40 30



35

T Me 500 MHz, CDCl;
2_N g _
F ) N CH-2' CH-8' 2H-CH-aromatics o
01 3'N / \Me 2H-CH- aromatics 2-=
8a 2 4‘\ 5
4a’S : = 2
° T v CH3z-exocyclic
® CH-3 Né:gg
0
10
20
N:E% -—30
CH-3 I __40
CH3-exocyclic I -
30
60
CH3-2 L
=70
80
a0
~100
~110
4 CH-aromatics -
% - -120
? 130
CHS& ) | o
CH-2' -_150
160
~170

8.5 8.0 7.5 7.0 6.5 3.0 5.0 4.5 4.0 3.5 3.0

6.0
2 (ppm)

f1 (ppm)



36

g~ Me
PN CH2' CH-8' . _ .
8 8a 01 3 N N / , ‘Me 2H-CH-aromatics 22
7 2 ) 5
LB
6 ° oS o ¥ CHzexocyclic

500 MHz, CDCl;

18 | lLL W_

o

w8

+#

20

=60

—80

—100

=120

~140

~160

0.5 a.0 8.5 8.0 75 20 6.5 6.0 5.5 5.0 4.5 4.0
f2 (ppm)

3.5 3.0

f1 (ppm)



37

500 MHz, CDCl;

L]
[n ]

22

NEH-CH3

CH-3

2-CH -aromatics

CHsy-exocyelic

2.CH -aromatics

P

CH-8'

oot

~oo'z|
00T |
7-00°T

2.6

3.0

34

3.8

4.2

4.6

7.4 7.0 6.6 6.2 5.8 5.4 5.0
f1 (ppm)

/7.8



SLLT—

500 MHz, CDCl;

CH-3
|

ES'LE—

6L'St—

0L'99—

38
Cl
1 3
2 ]
I
4

cL'eTT~
1T8T 1~

NH-CH3
I

CH;2

CHj-exocyclic

s

PLBTIT-

Po'ccl—

0C9CT~—

LA

4 .CH-aromatics

P8'LCT

St'or1—

E9'6PT—
6T’ 1ST—

98’95 T

C-8a

CHS8
|

145 135 125 115 105 95 85 75 65 55 45 35 25
f1 (ppm)

155



39

500 MHz, CDCls

@ <+ O < 1

B CIYN = A H M
3 R ﬁ ﬁ ﬂ NHMe [Ty 1) M~ ™~
— — o o 8a 0 < m ol
| At N @ | | | |

4 CB-aromatics 4a’S 9 8'

22
CH-3
NB-C
CHE' J -
CHy-exocyclic
CH>-2

145 135 125 115 105

T T T T T T T T T T
95 90 85 80
f1 (ppm)

70 65

55 50 45 40 35 30 25



40

500 MHz, CDCls

Cl >/ 1 CH-& 2-CH -aromatics
N
— 6'
5, o1 N NHMe
7 % 2 N S CH»-2
]ﬂ“’i’ 4 N7' 2-CH -aromatics - N .CH3
N~ B-
° 5 4a 84 d gl\g' CHy-exocyclic
CH-3
22 A J
-10
-20
NH-CH3 ° 30
CH-3 ® 10
CHj-exocyclie as |
-50
-60
CH,-2 o I
-70
-80
-0
-100
& C-4a 110
- C5— I
E; : -120
;T\“* ' |
® -130
< _
CHS' -140
C8a ,C__El__' 150
C-6" =4 |
T T T T T T T T T T T T T T
8.5 8.0 1.5 7.0 6.5 6.0 5.0 4.5 4.0 3.0 2.5

5.5
2 (ppm)

fl (ppm)



Cfa[
4

aS

A-CH-aromatics
T =

41

500 MHz, CDCl;

CH-% 2-CH -aromatics
7/Z/NHMe
. CHj3-2
9 2-CH -aromatics NE-CH3
8' CHj-exocyclic
CH-3
-20
NB-CH3 — -‘3“
CH-3 =] 40
CHy-exocyelic o r
-50
-60
CH3-2 sy -
-70
-80
-00
Caa,
€5 ¥ p a
. ' ¥
CH-8' " ) II
c8a & _ = o
c-6'
8.0 7.5 7.0 6.5 6.0 5.0 4.5 4.0 3.5 3.0 2.5

5.5
f2 (ppm)

f1 (ppm)



42

500 MHz, CDCl;

N ,/N 6' NHMe NH-CH3
Ls- ¢

4 N7'

CH-8'
CH-2'
2-CH -aromatics
| 2-CH-aromatics
I . . A
g &'y & 288 & >
88 2 8 b3 a6 3 2
o Y] - -|-|-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 T T T T T T T T T T T T T T T T T T T
8.8 86 B4 8.2 B0 7B 76 J4 72 70 68 6.6 64 6.2 6.0 5].68[5.6] 34 5.2 50 4.8 46 44 4.2 40 3.8 3.6 34 3.2 3.0 28 2.6
1 (ppm



43

500 MHz, CDCl;

R Shaoaan 8 8401 e o - - o
Mo n @00 w0 7©i 2 2r/N6NHMe a ® = ]
LR TRV 1 - I~ )
'I'|'I'|'I'|II'|I'| o - - Ls' |5. o [Fy] m ™
YN S L R 6 4a83/N | I
5 4 4"\ N 7'
N—7
23 9 8
4 -CH-aromatics
|
CHj-exocyclic
| CH3
' ' NH-CH3
T T T 1 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
160 150 140 130 120 110 100 920 80 70 60 a0 40 30 20



44

500 MHz, CDCls

= = (=B B L]
o e B @ = - o
2 g EEE 88 NG ; g % @
- o H oo ,/ NHMe v} 1 o o
] FETN Is :
N 7'
N\/
23 9 &
4 CH-aromatics
NB-CH3
CH-3
CH-2'
CH¥&
CH,-2
CHs-exocyclic
I T I T | T I T I T | T | T I T I T I‘ T I‘ T I T r T r T r T r T T T T T T T T T 1 T 1 T 1 T 1 T 1 T l T
150 140 130 120 110 100 90 80 70 60 50 40 30

f1 (ppm)



45

500 MHz, CDCl;
NH-CH3

5
1 , ,
P - 2,//N6NHMe
6 G
S73
5 489,
23

' N 7'
4 ,\}\// 7 CH-8'
9 8' CH-2" N
2-CH -aromatics
2-CH -aromatics C§2-2
CHzﬂﬂdic
| Cur |
-10
-20
NB-CHz 4 30
CH-3
° 40
'CH.z—z Faat iy ‘5“
-60
CHa-exocyelic 20
-70
-80
-00
-100
= -110
g —
E% a -120
it v -130
=
-140
CH-2'
CHS8' 5 ~150
-160

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
f2 (ppm)

f1 (ppm)



28 rN 6' NHMe
| 5
s 3

46

500 MHz, CDCl;

NE-CHz

\ CH-8
4 4 ,\} \//N 7 CH2'
23 g 8 2-CH -aromatics
| 2.CH-aromatics CH,-2
CHa-exuc_vcl.ic"\
Jl Ji_
-20
NE-CH3 — -30
CH-3 —— DR
-40
CHjy-exocyclic " -50
-60
CHy-2 s
Wil
-80
-90
-100
5 s -110
2 st P -
R— 1 -120
& ] ¥ -130
-+
. -140
g CA e 3
" C#8a . -150
C-6' -
-160
8.5 8.0 1.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0

f2 (ppm)

f1 (ppm)



600 MHz, CDCl;

NE-CH3

|l

[N

‘ ‘ CH-3

CHsy-exocyclic

47

-CH -aromatics

-

2-CH -aromatics

CH-8

CH-2'

“Lpo'T
Foo'z|
1-00'T
00 E -

Foor
00T}

2.5

3.5 3.0

4.0

2.0

5.5
f1 (ppm)

6.0

6.5

8.0 1.5 7.0

8.5



48

CDCl;

A

600 MHz

96'9C—

8 LE—

S9'vb—

S6'99—

" NHMe

SE'OTT~—
9T'8TT—
66'STT-

0T'ZZT—
S9'STT
6T LTT~

LLOPT—

SS'8PT—
LO'TST—
8’ CST-
SE8'FPST—

24

CHjy-exocyelic

-7

4-CH-aromatics

145 135 125 115 105 95 85 75 65 55 45 35 25
f1 (ppm)

155



152.51

—140.77

145

135

“125.66
~122,10
/‘118.27

Q
M
P~
[y |
L
f)-"

4-CH-aromatics

A

125

115

49

1l

2 _N .,
1 3.N/‘ /6 NHMe

([QOLS:
3 N7

N

6 548 Sy 9" g’

24

—T T T T T T
105 95 85
f1 (ppm)

65.95

CH,-1

600 MHz, CDCl3

n o

0

s ~

3 [
CH-3

CH»-exocyelic



50

600 MHz, CDCl3

. CH>-2
CH-8' 2-CH -aromatics
" NHMe
8a
©[ 2-CH -aromatics
- reli -C
4a°S 9 8' CHa» uuclchc i NH-CH3
x .l (|
-20
ME-CH3 -30
CH-3 l -40
CHj-exocyelic o -5|]
-60
CH,2 ® -70
-80
-90
-100
i -110
£ _ I
- T—— ﬁ 120
5 [
a 130
(_I’ L
< -140
CH-8 3
J -150
CH-2? = —*® I 160

85 80 75 70 65 60 55 50 45 40 35 30 25
f2 (ppm)

f1 (ppm)



51

N CHy2 600 MHz, CDCl3
=N ' CH-& 2-CH -aromatics
8 3.N// JF-NHMe
180 N As
6 c 4 S;\%”/’g'\/g-N7 2-CH -aromatics
CH:-exuc{cLic NE-CHz
24 CHL2" CH-3
M | 1} i
-20
NE-CHa -30
CH3 sl , r40
CHy-exocyelic o™ <0
-00
CH;- [} -70
-80
-90
-100
% -110
2
g 9. -120
E' N B
g ‘S -130
i
q b
CH-8' - 140
I_I -150
a8
-160
-170
1 T T v ' 1 T T y T " T T 1 T ' T 1 1 : ' 1 . '
9.0 8.5 8.0 1.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5

f2 (ppm)

fl (ppm)



Structure of (RS)-17

Figures S24 and S25 display the X-ray diffraction of (RS)-17. The crystal packing in
(RS)-17 reveals that pairs of molecules form a dimeric structure by two symmetry-
related —C-H: & interactions involving the —C10-H10A and the five-membered ring of
the purine moiety of (RS)-17 (C-H---centroid distance: 2.90A and C-H---centroid angle:
151.0°). In addition, there are additional C-H---m interactions connecting dimers
involving the -C22-H22B bond and the six-membered aromatic ring of the 2,3-dihydro-
1,4-benzoxathiin moiety (C-H---centroid distance: 2.64 A and C-H:--centroid angle:
166.0°). Therefore these C-H---m interactions build infinite chains. The cooperative
effect of non-classical H-bond interactions (C22-H22A---N1, 3.459 A and 149.0°)
generates the 3D supramolecular architecture in the crystal.

Figure S24. Molecular structure of (RS)-17. Hydrogen atoms are drawn as spheres of
arbitrary radius. Ellipsoids of the non-hydrogen atoms are drawn at the 50% probability
level.
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Figure S25. Detail of the dimeric structure of (RS)-17 built by base pairing through --C-
H---m interactions.

Structure of (R)-22

Figures S26 and S27 show the X-ray structure of (R)-22. The crystal of (R)-22 builds
ribbons running along the a axis by intermolecular H-bonding interactions between
adjacent (R)-22 molecules by —N-H---O(2,3-dihydro-1,4-benzoxathiin moiety)
interactions (2.985(5)A, 139.64°). These ribbons are stabilized by —C-H:--m, involving
the —C21-H21A bond and the six membered aromatic ring of the 2,3-dihydro-1,4-
benzoxathiin moiety (C-H---centroid distance: 2.62 A and C-H---centroid angle: 168.0°)
and non-classical —C-H---N hydrogen interactions (C8-H8---N7, 3.311(6) A, 153°).
These ribbons are associated by —C-H:--Cl interactions (3.559 A, 125.11°) to build the
3D network.
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Figure S26. Molecular structure of (R)-22. Hydrogen atoms are drawn as spheres of
arbitrary radius. Ellipsoids of the non-hydrogen atoms are drawn at the 50% probability
level.

Figure S27. Fragment of a ribbon built by base pairing through -N-H---O interactions
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X-ray structure of (RS)-24

Figures S28 and S29 display the X-ray diffraction of (RS)-24. In the crystal of (RS)-
24, pairs of adjacent (RS)-24 molecules are H-bonded by intermolecular symmetric
interactions -N-H---N(imidazole) (3.07 A, 149.0°). m,m-stacking interactions are
observed between five- and six-membered rings (purine moiety) of anti-parallel
neighbouring (RS)-24 molecules (centroid-centroid distances: 3.786 and 3.527 A)
connecting pairs and generating a ribbon structure running along the a axis. Ribbons are
associated by C-H:--7 interactions (C-H:--- six-membered aromatic ring of the 2,3-
dihydro-1,4-benzoxathiin moiety: C-H---centroid distance: 2.74 and 2.67A and C-
H---centroid angle: 161.0 and 173°) giving rise to two-dimensional frameworks parallel
to the ab plane. Finally, additional C-H:--& interactions involving the —C47-H47 bond
and the six membered aromatic ring of the purine moiety (C-H:--centroid distance: 2.74
A and C-H---centroid angle: 173.0°) cooperate to reach the 3D structure.

Figure S28. Molecular structure of (RS)-24. Hydrogen atoms are drawn as spheres of
arbitrary radius. Ellipsoids of the non-hydrogen atoms are drawn at the 50% probability
level.
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Figure S29. Fragment of a ribbon structure built by base pairing through symmetric N—

H---N interactions and m,m-stacking interactions involving aromatic rings of the purine
moiety of (RS)-24.
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