10/03/2014

Universita
Ca' Foscar
Venezia

Carbonate based ionic liquids
and beyond

Alvise Perosa

) Today's outline
nive 2

Ca'ggscar

Venezia

1. Synthesis of cadyboatee icomdc ligpuidts
2. Organocatalysis

2.1 Carbon-Caattomm tmmd

3. Multiphase sygstenss
4. Luminiescent iaomc ligpudts

...and beyond

o1




10/03/2014

Venezia

1. Syntheses of iaorac liggudts

lonic liquids synthesis, our toolbox

Venezia

1. QUATERNARISATION REACTION:
Amines/Miosgtimves 2> Amonium/APlosgbioorivm

R

R\N'R R-NZCH,
R R
R._._R |

P R-PECH,
R R

1. DIMETHYLCARBONATE as methyjéinty reaggent:

100%

NON-TOXIC
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Why use dimattyyteaoorzaes?

Dimethylcarbonate, iifs sysjimtiseses

} \ 2 Epoxide + CO,

................................................

COCl, +MeOH i 7+ co :
'l 2 .
@ NaOH :: o / A0 :
:: W& :
Enichem: CH;0H + CO  —=ro=m====] ) ) :
""""""""""""""" TR
2MeOH + 1/2 0, co
2 cucl :
! HO b. S ORI LD AIGREEE
; 2Cu(OMe)Cl !
""""""""""" i 2NO
CH;0NO

Pdi:lz(OCHs)(Ng)/(—
: co
]
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Dimethylcarbonate,
methylation reactivity

Dimethylcarbonate CHg
/
Q) catalyst
NuH
9 K_(O\)
CHs3
Dimethylsulfate _CHs
O
|
2NuH  0=SiF0 ——— 2NuCH3 +
0
HsC

Venezia
You might have vigstted
poster no. 56!

Jess Stanley

... Or poster no. 57!

Marco Noe’




“Hassi(” |oardc |lmitts:
Amines/pitasgptimess + damedthidedoboatde

Venezia R R
R-N /H\?; j\ — A . R-N*-CH i
. 07 NOCH,  100% i 3 -0” NOCH,
| A
R-P: + ~ ————> R- P+ CH
it HsC OJ\OCHg 100% i 3 OJ\OCHQ,

R=octyl, hexyl, n-butyl, i-butyl
Psss 1, Peset: Paaats Piaiaias
Ngss1, Nos6,1: Naga1

Conditions: 140 °C, 20 h, some methanol
Workup: remove volatiles

Perosa et al. Chem. Eur. J. 2009, 15, 12273;

“@f&spnney” iornic liopudis:
by ammn excamnge

Venezia

' (00 R—P*-CH + CHy0H

R-P*-CH,
& ‘0" “OCH;  100% &

R o
1

R-P™-CH; I —@—» R- P+ CH‘ + CO, + CH;0H
R

‘0" “OCH; 100%

X =Cl, Br, I, TosO, CF;CO,, CH;COO, NTf,, NO3, amino acids, ...

Conditions: RT, 5 - 60 minutes, no solvent
Workup: remove methanol

Perosa et al. Chem. Eur. J. 2009, 15, 12273;

10/03/2014



With WMNY irradiation as wekll. ..

N -
Venezlia R T
Methylation to
methylcarbonate salt
[Base-CH3|” [CHa0CO
Neutralisation with acid .
to ionic liquids +HX i CO2/CH;0H
[Base-CH[X]

R j\ CH5;OH R Q
HiC A CHy ———= N, JJ\ CcH
CHz |lo” ~o” °

\—/

*
3C— NI;\N —~Cy4Hg ]

+
¥
N,
CqsHg

+ . H
[(C4Hg)aNCH3]"  [(CgH17}aPCH3) {

Rogers et al. Green Chem. 2010, 12, 407;
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/ /
— A e} N O N (e}
N °N + - - | +
N e [“f@ (oe [N<>® SN

J. D. Holbrey, W. M. Reichert, I. Tkatchenko, E. Bouajila, O. Walter, I. Tommasi and R. D. Rogers, Chem. Commun., 2003, 28
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[P8,8,8,1]

[N ] i
8,8,8,ll : [P ]
2 _

[Pggsdd © O Manuela Faocthim
CFs;

~ _
\_s
[P8,8,8,1] \_/

[Pggsid O (P\ o
oY
(o) o}

In SwiIMmiMmary -

Piisias  Passs  Pees1 Psssr  Ngggi Nsssi Nsiia
OCOOCH, v v v v v
HOCOO
NO,
Halides v
Toso r
PhO
CE.C00
CH,COO
NTE,
Anthranilate
HRO,

Dicyanomethanide
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Ca' Foscari
Venezia

BN
RN

s

4-nitrobenzoate
4-methylbenzoate
PhCOO
Dibenzoylmethanate
1IA

DY DS DY BN S 2N 2
s
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Chiral immc liguats:

Un a
Ca' Foscari
Venezia

Cation

Anion Peesdl [Nessi]
(-)Menthylcarbonate* v
1 Phenyl ethyl carbonate: v v
(-)-Menthyloxyacetate v
(*)Camphor-10-sulfonate v .
L-Phenylalaninate v

v

L-Valinate

*not isolated

Truly green synthesis...

Cesis “SIMPLE, EFFICIENT, & SAFE”
M Clean
M 100% yields, 100% purity, 100% atom economy
M one step
M halide-free
U some methanol as solvent
M use of green reagents
M no workup
M no by-products
M Modular
M not limited to one target product
M make whole classes of compounds
M tune properties
M Clear and robust materials
M (Relatively) large volumes
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HAMR Dibenzoylmethanate

Neat 60 °C

)Lo@\,;

[Pggs,11 H,CO t+ CO, + CH3OH

f
|
I ‘ ‘
I
I |
| | M i
. | Fs
sl A 74_Jb.k_,_/dLg DU UL
2.0 8.3 8.0 7.‘5 70 6.5 6.0 5r5 o (ppi‘r? 4.‘5 4:0 3:5 3.‘0 2.‘5 2:0 1.‘5 1.‘0
JHANR 2-Thenoyltrifluoroacetonate
Neat, 60 °C
)
71 5 a2
o s s >0
[Pess.l H3COJJ\06.+\?.|A 0 [Psssi] © O f CO, + CH;0H
CFs CFs
—
1
|
I
be
[ 4 h I“" M i ‘
| L_,‘u‘. . L;“"Jk_jl I\\JL_
11‘.0 10‘.5 16.0 915 9‘.0 B{S 8‘.0 7:5 7.‘0 5 fl6.[0':’[:”17) 55 5.‘0 4:5 4‘.0 3‘.5 3‘.0 2{5 2‘.0 1{5 1.‘0
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Nitroethanoate IL

o} CH, CHy

[Psss.1] M d\NO [Ps,s8.1] ol
2

HCO 06"\?4 CO, + CH4OH

Nitromethane disappears

[P8,8,8,1]0COOCH3 + Nitromethane

CDCI3 1HNMR
green: 3h of reaction
red: 5h
i s
% orrms e,
\
Gom)
WHAT WE OBSERVED:

« the methylcarbonate aaitiorssiolydispppasdd;
* nitroethane weasscooneetteld D008H;
* no other proton signals appepeaded.

10/03/2014
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We hypothesised an a-elimation-researaaygensent of
nitroethane to yigield tthe mititte aammon amdl ethylene:

Venezia

0 S
“No, + @O)J\O/ —— SN0, T CO2 + CHyOH

H H proton transfer  H H H
Nyl  —— |)<f'\ — > ~ +NOy
¢ NO CZ yNO,
W, ,
H H
H
H
H\ék ey
|
(&

Zimmerman, H. E.; Munch, J. H.,. Journal of the American Chemical Society 1968, 90 (1), 187-196.

Further observations:

o Griess teesitwiess et imiy postiive for
nitrite: NO

 conflicting evidence for the presence of
ethylene (GC-MW8R, &C-FID, GC-TCD)

10/03/2014
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... So we read the |itératanere:
o o
HiC_NO; o+  HiC_No. — HiCN®
5 "o Og
S ¢
o
OH
& %
H3C\n/H N H3CYN¢O
o) o) OH
Can. J. Chem. 1969, 47, 3107; J. Am. Chem. Soc. 1940, 62, 2604;
J. Chem. Soc. 1900, 77, 1262; J. Chem. Soc. 1891, 59, 410
... Stillwweodderigg whiaat heappamns.
ey ...but, it appears we have a route to nitrite ILs
Ca'Fos r

Venezia

€
[Pgg81] NO,
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2. Organocatalysis

2.1 Carbon-Cantbmm Bordl

URiersic IL organo-czatdistt
Ca' Foscar
Venezia

10/03/2014
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The first Humit

Michael reaction

Conditions: room temperature, no solvent, 0.4%  Pggg, MC

A second Himit:: Hemmy Reacdiom

OH

~N
(o) catalyst
©/\/\ + ~NO, ! Yo,

0,5 M in CDCl3, Nitroethane 5 equiv., 25°C
Catalyst:aldehyde ratio = 5%

1004 pKa=24,34

807 —&— DBU
—8—(C,H,,),P'CH, OCOOH
—4— (C,H,,),P'CH, OCOOCH,
—¥—PhTMG

NEt,

‘ —<— DMAP

60+

40

% nitroaldol

pKa=20,84
20
pKa=18,82
pKa=17.95
0% < ¥ + T T T T T T 1
0 20 40 60 80 100 120 140 160 180 200
Time (min)

M. Fabris, M. Noé, A. Perosa, M. Selva, R. BalliniJ. Org. Chem. 2012, 77, 1805

14
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A second Himit:: Hiemmy Rescdiomn

OH
Venezia [Pg8,8,1][CH3COO]
R&O + \/N02 R
NO,
Nitroaldol product
Aldehyde time (h) p
R (%, by NMR) Y (%)°
CH,CH,Ph 2 96 88
CH(CH,)Ph 2 96 93
C,Hs 2 93 90
CyoHy 2 99 97
4-NO,C¢H, 2 95 91
4-CIC¢H, 3 82 71
CeHs 2 35 35
T=25°C

M. Fabris, M. Noe, A. Perosa, M. Selva, R. Ballini J. Org. Chem. 2012, 77, 1805

Univers
Ca' Foscari
Venezia

o
o
@ Psss: MC O

Baylis-Hilimaam type reaatition

Conditions: 60 °C, no solvent, 1.0%

The third Mimit

1.0 ;
0.9+ o cyclohexenone
. <& dimer
08y = PE.B‘éﬂ Meocoz
074 — 5th degree polynomial

Unitary Molar Fraction

Time (h)

P8,8,8,1 MC

10/03/2014
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Accepted Hzayiss-HHilimeaam
reaction mesdtizanssm

So, why dives P g, ,MC behave as a
arsit strong base/nucleophile?

Ca' Foscari
Venezia

o

N-E cat. o Initial rates of conversion of cyclohexenone to the
dimer in the presence of different nucleophilic N and

electrophilic catalyst E.
N pKa E rate
. . i 1 -1

Baylis-Hililinem-type reaeiition (Anion) (Cation) | h

MeOCO,~ 5.51 Pagss | 12.60
Br- -4.9 Pt 0.00
P,-tBu 26.98 - 9.37
DBU 24.34 - 1.48

Probably nuit just diue to thibe pKa
of tthes amiom!

10/03/2014
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There must be ssonettiinty etdse going @n....

Maybe activation by thbeatioio??

Venezia

Initial rates of conversion of cyclohexenone to the
dimer in the presence of different nucleophilic N and
electrophilic catalyst E.

N E rate
(Anion) pka (cation) | ht
MeOCO,” 551 Posss | 12.60

Br 49 Psoss | 0.00
P tBu 26.98 } 9.37
DBU 24.34 . 1.48

To look atttiswe detidated to “Seppaatet’tlike eddeict of the
anion (N)fiamthe eftfébct of thieccediton(E):

we used DBU as tive mudkeopfike (N).....
... and added imoreasimg aanooutss of P ¢ g 5 1 Br-

8,8,8,1
Venezia 9
8 |
]
7
6 L]
L 5
[ .
]
3
3 2
DBU by itself -1F
Pggsq Br by itself mmpo
0,0 0,2 0,4 0,6 0,8 1,0 1,2 14 16
Increasing amounts of Pggg, Br-
N E (EY{N} | rate
{N} {E} i
Br- 0.015 Poos 0.015 1.00
- - 0.00 DBU by itself
Paigos 0.007 0.17 - Y
Pagos 0.013 0.30
DBU 0.042 Prras | 0020 0.48 5.86
Pagos 0.039 0.94 7.48
Pagos 0.057 1.35 8.17

17



Ambiphilic aattigaton?
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R
+
0 R™ P s R P+ CH, b

R é\/
“CH

\”/ : O CH,
Nucleophlle

R R
R- P+ CH3 R- P CH3
R- P" CHs
R

@)
V.Lucchini, M. Noe' , M. Selva, M. Fabris A. Perosa Chem. Commun., 2012, 48,5178 ~ © \ﬂ/ \CH3
(0]

Deconvolution ob$skdetstdd 13C resonances.

LORENTZ&GAUSS

# feqppm height  widhHz  aipha  area% areaabs
1 1500323 2383058 1311781 2538445 58074 7461549
2 1437575 1131016 1263524 4687533 28.64879 7.80819
N - 3 5216325 1897725 1.260017 4345077 4.849588 6.142766
Venezlia 4 3134305 25580335 1230443 4343237 5394224 B.088291

156.5 158 149.5 1h4.5 134 1435 s2.s sz si's a1
10 )
09 ] o cyclohexenone

< dimer
08 g P, .., MeOCO,
= ool —— 5th degree
8
T
i
[
s
-}
=
2
2
-}
S

10/03/2014
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R
\P/R
o 1R
R
@

. hypotheses wititiootit escoeeiinesrtd ppood .

H. Schmidbaur, W. Buchner, F. H. Kéhler, J. Am. Chem. Soc., 1974, 96, 6208-6210
J. McNulty, J. Dick, V. Larichev, A. Capretta, A. J. Robertson, Lett. Org. Chem., 2004, 1, 137-139

Interesting application...

Ca' Foscari

Venezia . . . o wna s
Methylation using dimethylcarbonate catalysed by ionic liquids under
continuous flow conditions

Toma N. Glasnov.” John D. Hnlbrn}.‘*"’ C. Oliver Kappe.” Kenneth R. Seddon® and Ting Yan®

N o
p * H4Co M _CHg
o o CH
H o L3
N N
+ + Ngaa 0]
@E/) H"’C\o)ko”cHs CPIN Y,
Nsa41 07 ~OCHg

 —— C C

Continuous flow microwave

Green Chemistry 2012 accepted article

10/03/2014
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Jess Stanley

2. Organocatalysis

2.2 Transesterification

Alessio Caretto

¢
P

Transesterification ofafrgiay@nic

carbonates.

o ILs cat Q
H3C\OJ]\O/CH3 + R-OH HsC\OJJ\O/R + CHZOH
90-240 °C

95-98%

HO.
HO/\© HO HO
R-OH = \E>
/:\

No decarboxylation of didieibjigéchdratate isislodsmedid!

10/03/2014
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Transesterification ofafrgiay@nic
Universitz carbonates.
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o HO IL 1% Q /O
HSC\OJJ\O/CHg + —— HSC\OJI\O + CH3OH

200 °C
99%
Catalyst Conversion (%) Selectivity (%)
[Pgss1][CH,OCOO] 52
[Pgge1][HOCOO] 68
>99
[Pggs1l[ACO] 93
[Pggea[PhO] 78

M. Selva, M. No€, A.Perosa, M. Gottardo Org. Biomol. Chem., 2012, 10, 6569

Transesterification ofafrgiay@nic
Universita carbonates.

Ca' Foscari
Venezia

)Y
Jo e Sen
Ph™ “Ph [Pggs1l [ACO] [Pggs1l [ACQ]

o
10 mol% (1 mol%)

OH  \( LIRS O)k oCHs

ome PNTTPh / 220°C 90-220 °C

Ph——Ph "
Ph

o
QA
O)LO/ 200°C
> Q—- (5\ O 220°
HO - O)LO/
A

M. Selva, M. No€, A.Perosa, M. Gottardo Org. Biomol. Chem., 2012, 10, 6569

10/03/2014
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Transesterification ofafrgiay@nic
carbonates.

Venezia

©]
©
[Pggsi] OXCH3
(0]
R.
OH HsC- O)L o CHa
nucleophilic electrophilic
activation CH activation
O —_
o @
I+ [Pessil RO /\%Ow g© eO)kOCH
CH3OH =— Ho CHs Q =] 3
0 ) l CHs ‘
N
% \NACS
o
S e et
HsCag-~g'R + [Pessr] OCHz
|

M. Selva, M. No€, A.Perosa, M. Gottardo Org. Biomol. Chem., 2012, 10, 6569

Transesterification of dial®ls
Universita — e 110
Ca' Foscari  OH by
Venezia ‘\_K/OH HO\)\{O"_"__—"
TR
1" OH S
{1 on RANOH T 1,2diols
e 12
Marta's """ .
work"OH UH
/ HO. Q—/OH \\“
i Ho ]\ on 11 1,4 diols
' R/(/O!'!,r’
" oH oH oH T oH on
SO W
<o o 1,6 diols
f ) 1,3 diols
L RJVKR
/7 OH OH ™\
'\\ R)\/k\R /
S 2R

22
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Transesterification of dia®ls

Universita N ~
Ca' Foscari 0 j’\ j\ O\
Venezia on on o o o 0”0 o0 Yo
R/K‘/kR,, — R)\/kR" + R)\’)\R"
& & L
1,2 diols 1,3 diols 1,4 diols 1,6 diols
OH OH OH oH oH OH OH
e Y O w )
OH OH OH
A P -
HO  OH OH OH OH OH
R)\)\R
OH OH

Transesterification of dia®ls

Ca' Foscari OH OH )J\

Venezia

0 50 100 150 200 250 300 350 400 0 50 100 150 200 20 300 30 40 0 50 100 150 200 25 300 350 400
time (min) time (min) time (min)

DMC : diol=20:1 DMC :diol=5:1 DMC:diol=2:1

23
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Transesterification of dia®ls

Main Isolation Purity %
Product
(o)
o)l\o iotillati
H) Distillation > 99%
o
ﬁ Sublimation > 99%
[e]
oo OO Distillation > 99%
]
mixture - -
oo oo Distillation > 99%

Yield %

70%

90%

68%

73%

Transesterification of dia®ls

<

OH OH
on o

OH OH OH OH OH OH

OH OH OH OH

OH OH

\_/

linear

carbonate

24
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3. Multiphase sygstenss
based am iomic liqudis

Marina Gottardo

Multiphase sygstenss Hzesset am ILs

4
.

Venezia

|

: . - metal nancparticles
= in catalyst-philic phase

agueous phase

organic phase

Chem. Commun., 2006, 4480-4482
Adv. Synth. Catal. 2007, 349, 1858 — 1862
Chem. Soc. Rev., 2007, 36, 532-550

25



Multiphase sygstenss Hzesset am ILs

(0] (0]

IL + cat

H,0

L = [Nggg[CI]

Multiphase sygséenss dzesset on lLs
applied to thikeeuppgrdée ofthio-basased Mullecuikes

)J\/\ﬂ/ heterogeneous ,JJ“]\/\"/ ; Hbl;):

catalyst

Levulinic Acid y-Hydroxyvaleric acid yLVaIeroIactone (GvL)

Catalyst: Ru/@5886

10/03/2014
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|L + cat

H,O

Strategy flar mltippasse sygttemdeéssign

1. Choose organic solvent
2. Choose ionic liquid

Multiphase sygstemdaassigm:
Organic smxenit ottoooee

LA GVL L R
Solvent solubility _solubility Solubility in water @ 20°C
Iso-octane no no immiscible
Cyclohexane  no no immiscible
Toluene yes yes 0.52 g/L
IL + cat
Ethyl acetate  yes yes 0.83¢g/L
H,O
Ethyl lactate  yes yes miscible
L= [N 8,8,8,1][CI] Acetonitrile yes yes miscible
water yes yes miscible

Levulinic Acid

y-Valerolactone (GVL)

10/03/2014
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“Inverse” nmaliipphase sygstam

Venezia

i-octane

_ Levulinic acid and GVL
(o]

OH 0 o

L= NssCT S Sty

Levulinic Acid y-Valerolactone (GVL)

But... [N ggg4][Cl] is partially soluble in water....

Multiphase sygstemdebssign:
Choice of IL
" LA ILinH,0
i-octane Conversion (%, wt)
[Ng g 1[Cl] 32 2-3
[Nggg JINTf] 100 not measurable
[Pggs dINTT,] 100 not measurable
[N&&BVJ][TFA] 100 41
[P JINO 100 17
I O,
Aot < o
o H,0
Levulinic Acid y-Valerolactone (GVL)

28



3 Multiphase sygstem

Ca' Foscari
Venezia 1004 A
80 A nolL
T o o0 JINEE]
§ [m]
e ~ 60+
1-octane T
3
g
. 404
> A
o
S ]
(8]
5 20
O
o [m]
0+ T T T T T T

T T T
20 30 40 50 60 70 80 90 100 110 120
T (°C)
Conversion of LA to GVL in the multiphase system with 5% Ru/C as acfion of

temperature after 30 mina) without the IL third phase;d) with a third phase made by
[Pg g6 JINTf,]. p[H,] = 35 bar, Ru 0.15 mol%,
o

o
MOH —~ 11‘&
o
o H,0
Levulinic Acid y-Valerolactone (GVL)

Multiphase sygséam

100

80

@
=}
1

i-octane

LA conv. (% "H-NMR)

N
=3
1

Recycles

Conversion of LA to GVL: recycling of the Ru/C catalyst system.

o
o]
Ay -
o
o H,0
Levulinic Acid y-Valerolactone (GVL)

10/03/2014
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Same thing wiith omegEmous  RuCl,

o
O,
o H,0

Levulinic Acid y-Valerolactone (GVL)

100 4

®
3
I

3
3
I

IS
S
I

LA conv. (% by 'H-NMR)

0

Recycles

Conversion of LA to GVL: recycling of the RuCl, catalyst system {Conditions: 16 h, 150
°C, p[H,] = 35 bar, RuCl, (20 mg, 0.0765 mmol; Ru = 1.0 mol%)

Multiphase sygséam

Hydrogen 100 °C i-octane
35 bar,

IL + cat

i-octane

IL + cat ji-octane

IL + cat

Recycle

o,
Ay O
o
o H,0
Levulinic Acid y-Valerolactone (GVL)

30



Chandrashekhar Malba

Manuela Facchin

HAMR Dibenzoylmethanate
Neat 60 °C
(0]
[P8'8'8'1]H3COJJ\06"'\‘HA + C02 + CH30H
1
\\
I
\H
| |
| .l
(- 1|
J‘ ‘UL._;JJ ‘L_ J‘l P . QJL__JL ,_,JU U lu./“}l U L
9‘.5 2.0 515 BiD 7.‘5 70 6f5 6.0 515 o (ppi‘r? 4.‘5 4:0 3:5 3.‘0 2.‘5 2:0 1.‘5 1.‘0

10/03/2014
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AR 2-Thenoyltrifluoroacetonate
Neat, 60 °C
/]
o 5P
Pg.8,8,1 G2
[Ps.8.8, ]HSCOJJ\O@"' H o) - CO, + CH30H
CF5
1
|
I
T
|
T U
| L_,u‘. JL L/‘Jl /N
11‘.0 10‘.5 16.0 915 9‘.0 BiS 8‘.0 7:5 7‘0 : 6.‘0 S.‘S 5.‘0 4:5 4‘.0 3‘.5 3‘.0 2{5 2‘.0 1{5 1.0
f1 (ppm)

Luminescent ioarac ligpudis

Ur a
Ca' Foscari
Venezia

[Pgg8,1]

UVirradiation
[Pg,8,8,11 o | B
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5. ongoing....

33
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Thank yow!

Venezia

and...

* Ministero Istruzione Universita’ Ricerca
“PRIN”

“Cooperlink”

* Regione Veneto (ESF)

*Maurizio Selva

*Thomas Maschmeyer (University of Sydney)
* Roberto Ballini (Universita’ di Camerino)

* Vittorio Lucchini (Universita’ Ca’ Foscari)
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