Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012

Silica-supported 5-(pyrrolidin-2-yl)tetrazole: development of organocatalytic

processes from batch to continuous-flow conditions

Olga Bortolini,? Lorenzo Caciolli,* Alberto Cavazzini,”* Valentina Costa,” Roberto Greco,”

Alessandro Massi,** and Luisa Pasti”

Dipartimento di Chimica, Laboratorio di Chimica Organica, Universita di Ferrara, Via L. Borsari
46, 1-44121 Ferrara (Italy): Fax: (+)39 0532 455183. Phone: (+)39 0532 455183. E-mail:

alessandro.massi@unife.it

*Dipartimento di Chimica, Laboratorio di Chimica Analitica, Universita di Ferrara: Fax: (+)39
0532 455133. Phone: (+)39 0532 455133. E-mail: alberto.cavazzini@unife.it

Electronic supplementary information

Table of content:

'H and **C NMR of new compounds 7-13 S2
FT-IR spectra of silica 2-4 S16
Chiral HPLC chromatograms S19

S1



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012

{:\O NO;

G
c

-
/
/
|

:;:k\.-«-'QJ

S2

L.._._._:JL

rpm



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012

L“b'q.-“.‘w,\‘v-».-,_n‘h--"kf_fi'.-«vv‘hwyw?'ﬂ‘\m"'

™
=]
=
0
AN
o /™o
- osE-8t
I L B8t g —,
) aLstze —of
z—a

1

BTETTE

LOS" 68—,

TEITI5

|
!

LET 0L

SEO HL—,

e — e —— " —  ——— ual

Lo L —" /
£e8t gL =t

TETTLTIT

oL PRT

L i

120

GSZ'ZSIj

W St gt

TRTTEET —,

OBTTRET

S3

ETSRET—

'

e E e B M e

140

BET ERT

PILERETIO L PER SRRSO S

L

FRT ST S—

LTI L ——

LETOLT—

EET TLT—' "



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012

i

—

S4

—_

-

|
A

f
L

g

e

JIL




Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012

0

NH2z

Hisl s e
ppm

40

LEC BT~
PILTEE
z g =
BI0CLE
w0 .

ZZET

T 'u.:"/
BILTLL

99CTPET

o
= -
~

|
e
— o
=

b

S

BE6 BLT — -
[ =
= o
[

S5



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012

7 |

)

/

“'\L_/L T

S
A

— e

I

A

I

/
‘K_.._.__._.__-...J"\-\_,J

A

/

7
)

)

Al

|

S6

.
— Jﬁl

bl i

o Mg o e . ___,_,_lH L

s L Ty

e =



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012

S7

L.

|

M’*-Nu%.»‘ww‘.i.www‘w
(R T N B

‘ . |
W RS || GRS I ——r——w, 1

Mw«mp«m-—.m\wwmwu«wwwnuf

.w\wwwwwmmﬂ*Mw.thwa«w-
_—— e T

[ B S s

—Tr T

T T T T

N R R - R - S - e T R O B T LI e S e L e L |

T T T T

—rT——

PEm

20

40

60

80

100

1z0

140

160



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012

S8

——

prm



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012

S, S Y ] LA

oS
I

a9 aL

;z\%f-,...;_ \\ ok, ..ny‘J __\l\(...fi;\u......\_._.

,

\T(J B R P e P e N iy
| r

|

-

PSR N [NPRPTSN O R i PSP

o

WU

Il
_

08 05 ooT 0Tt
Y (S N [N U S (SO SN S TN O (N SO . PO SN S 2

ﬁ3.§..r___.._!.:s..f»,....r.:?,._\:\r\.:.y}.{.,.f\.r!i......(..{c)r.,.{... A AT e A
I

DET

S, A e g i I N At

OFT OET

RO R OO s T, T P I

v
|

S9



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012

‘dz—g =
¢

Ty

S10

T

e e

10

11



Electronic Supplementary Material (ESI) for Green Chemistry

This journal is © The Royal Society of Chemistry 2012

1"

§S0L' 96—, _

sgoteL—"
PRECLL

bl

=

=

=

TEETeE— =
£65°LE ———t

ALY ET—,
L9esr— T %

|

50

VLTS —, __
erects—

M

i

|

MV’

g

SPETLE—,
e
pLO Y~

TEETOL

STISL
L A e
, S

— e

I
)

-

"’-ﬂ"\‘;‘h‘a'«'#.\ i

|

i

1
]

A el

B B e S = e G

i
i

-ﬁﬁ!w:';‘

-

fifl
EN " e

FRCLr T} —

#‘i‘?‘u‘q’;k

LAY o S
R

|
1
i
I
o

hwmm

v

T ..i

130

DET* 8T
BTETBIT T'\ i =

BLERIT

TRLEET

il
TETE I

e

e

QTLTSET————

——T1

e

S11

ppm

30

40

[4+]

70

BO

50

100

110

i20

140

150

180




Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012

I R e

s

/

/

!

I

— |

_

A

i

i

il

il

S12

'8 T T ey

e e

S —

i

—r—



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012

wetd 113 oy 08 03 0L 08 06 00T 0TI 0zT DET ovT omd‘ ewﬁ
| ST | PR T AR ST W W (VR UL TR N SN S SN PSS S TN | N v [yt M M S P TP T N N MRS WP U TN S NN JHN N (M H S SN TR S S
i . ) i " i A . i A i A T L R | A P rL el o gtn TR
! o g " T L T ' TR CPETSENE RUE ST A A L P I A A M A e e it st ion ftiag
..Z,&:.ria,..ﬁ;.,_ _‘...,_ﬁ.,.,.s.,l} _..f.:r.ﬁe_{b)}.a.“}f;._ .1..4_ L NS e e ,ﬁ ! = w 4 (i e ﬁ _*.w __
|
— . . .. | —
_ _ |
|
| —‘
|
_ ._
{
|
|
|
| |
|
I
|
|
J0Y
N—NH |
4 § N

S13



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012

S14

e e e e e

—1

— T

PEn



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012

wdd  gg ar 0s ue

(S | [ T MR TN TR R S N S R T . P

TN AR, nj&}«hﬂ{?ﬂ%«.}..ij a__.

|

4 3

2
N—NH 09
£t 3 N

oL

S

1

0@

06

B T BN . P

oot
1

OTT
1

| S

0TT
|

L

(E—.

CET
1

-

vt
T

Q&1

09T
PN T SEST. . =

R é%\..{(ﬁ&s}}iiz ‘C’} i %/Jj _}Zt}arfrllfia%Keng}}gs%g?&?; «.__\— e, —. _7...1....3?.':_‘ | reasigndi, &\.{a.ffrx».s.ir.}vsétf\pjaaﬁ?z{?, ki

S15



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012

F
<
= R
< -
-
} H_%;;__ B
f/’;}
——— ——'__’_”/-’
- .
=
=
el .
B o
i e
.
>
S
i
{
3
=
-
\\
/ Ij)
<
fd.,ﬂ_ S
. | — S
00l 06 08 0L 09

[24] sousprUSURI L

S16

2500 2000 1500 1000 500
Wavenumber cm-1

3000

3500

NH2



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012

@ = os'gogl

IS

88'5P5)

T - -»L_ET(-:L g I'
| =y
. 0g'vosl

. _zeroese

—_ ~.98'960

2000

Wavenumbers (cm-1)

S17




Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012

L

—— R
= _
—_—
_'“i'j_#_ﬂ_!__d - Sz
— - z
— -
__.—-—--"3: . =T
T o
= &
.
e “"F:} 7
A =
'«,\
\“*-a_
-
.45_;5-
' g
=
l | | T T
00l 08 09 ov 0z

[9] @oueniwsURL ]

S18

2000 1500 1000 500
Wavenumber cm-1

2500

3000

3500



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012

20 -
ant
E
15- ‘ anti
I
10~ ‘ I
[
m | |
syn|
5 syn | | | |
-] |
|| |
||i |'|. [ l |
il \
I| ||L | '.L.l l |} \
1 R O N R VS AR eV Y
0 )l\\"lﬂl"_-'l \I\-"r\- I'u I'-J'I \'JI IUI A I'A \I'u' ""ll j
St— 7
5 0 5 10 15 20 25 30 35
A
17a racemic
1000 - o
f
[
800 - ‘
600 - ‘
m “
400 -
syn |
p 1
L A
200 + | o ||| |
‘l f |i|| |
| AN anti
04 TP 1. - IO . S M N
T ¥, T L) T ¥ T % T ¥ T . T Y
0 5 10 15 20 25 30
A

17a (Table 2, entry 1)

S19



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012

600 syn
anti ||
I ani ||
500 - ||I ’I |
|I |
| | ‘
400 - | ‘ _ ;*"
i | | || | ',
|
2 300 ' | H.I
£ | | \ .I
| |,
200 - | | | |
. , .
| | \
| || | || ‘ |II|
104 || ', || \
| | "U | | \\
gl N | Lo M N
I | 1
10 15 20 25
min
1000
syn
800 - ||' \".I
600 - ‘
_ i
‘é 400 -
|\
\
200 - ‘ \
syn \
|
."’r\ |
Gl Nl N \..5_ By
I 1
20

25
min

S20

18 racemic

18 (Table 2, entry 4)
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17b racemic

17b (Table 3, entry 6)
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17d (Table 3, entry 8)
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