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Synthesis & Solid-State Pharmaceutical Centre
“SSPC Centre”

e Multidisciplinary academic-industrial collaboration focused on innovating
Pharmaceutical products and processes

* €80M; 68 Academics; 115 PhD students; 87 PDRA over 6 years

e Exemplar of academia-industry collaboration (24 industry partners)
* Facilitates inter-industry collaboration in the precompetitive space
¢ Community of Practice & Open Innovation
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a-Diazocarbonyl Compounds —
Versatile Synthetic Intermediates

Ao Coll
R N
X, © N

Aromatic
Addition -
1x.
REX-H _ Dipolar
X-H Insertion Cycloaddition O
X=0,N, S, P RJJKEWG
O /

O
R EWG
EWG Cyclopropanation

NN
- R
C-H Insertion

2
Wolff M
Rearrangement Ylide o
Formation _ EWG
[ R\([rEWG] X=o s nNcC=0 R
X

R1+~R2
EWG = electron withdrawing group

Ford, A.; Miel, H.; Ring, A.; Slattery, C. N.; Maguire, A. R.; McKervey, M. A. Chem. Rev., 2015, 115, 9981.
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a-Diazocarbonyls:
Intramolecular C—H Insertion Reactions

R R
x)kﬂ/ MLy X
y
gy new C-C bond

H R1
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Copper Bis(oxazoline) Complexes

: COpper bis(0Xazoliney catalysts A ( Cigads N
— _ 2t O\P<(O
et B
O\'><|/O </N N\g
" ,N Nl " R R= (4R) Ph
C u R~ (4R)'Bn

COpper source

O 0]
cucl CUOTHyy Y5
CU(MECN),PF, %
3S'8R
\. ( : J

Hargaden, G. C.; Guiry, P. J. Chem. Rev. 2009, 109, 2505.
Desimoni, G.; Faita, G.; Jérgensen, K. A. Chem. Rev. 2006, 106, 3561.

WwWw.Sspc.ie Innovation Through Collaboration



Copper Bis(oxazoline) Complexes

o)
Rl
>= + OR3
RZ
2
CUOTF L™ 0 o
CHCly 25 °C S/l |\>
t B
+
RJ-IA Rz,"}A\
R? COOR3 RY COOR3

major mjnor

4 |_|gdlldb )

\. J

Evans, D. A.; Woerpel, K. A.; Scott, M. J. Angew. Chem. , Int. Ed. 1992, 31, 430.
Evans, D. A.; Woerpel, K. A.; Hinman, M. M.; Faul, M. M. J. Am. Chem. Soc. 1991, 113, 726.
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Copper Bis(oxazoline)-Catalysed Cyclopropanation
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Copper Bis(oxazoline)-Catalysed Cyclopropanation
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Copper Bis(oxazoline)-Catalysed Cyclopropanation
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Copper Bis(oxazoline)-Catalysed
C—H Insertion

O @)
CO,CHqi Pr)
o CU(OTf), i i
N, BOX ligands *
h

17-38% yleld

g )
sollye —

Miiller, P.; Boléa, C. Molecules 2001, 6, 258.
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C—H Insertion:
Enantioselective Copper Catalysis

@) (@) @) @)
W><r W><r e i
Y b G S I

@
CUCI (5 MOI9g):
R SOPh L™ (6 M0I%) ) 502"
>
2
R

R~ M€ Et | Pl t BU Ph BN
\_ _J

%'BU

Slattery, C. N.; Maguire, A. R. Org. Biomol. Chem. 2011, 9, 667.

tB
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Cyclopentanone Synthesis:
Effect of NaBARF

0 Al cuch L’ 0
or
R SO,Ph B: CUCl' L NaBARF SO,Ph L* mo
CH,Cl,’ reflux )
2 * - h

———
—

P

Without BARF

Tetrakis[3,5-bis(trifluoromethyl)phenyl]borate

Slattery, C. N.; Maguire, A. R. Org. Biomol. Chem. 2011, 9, 667.
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Observed Trends in Enantioselectivity

8 % * cucl,
s

NN
Bri n
0 o
< I NI\) * CUC|2
t-BU .-"t—Bu
O O
NN
PH h

Ph
Bn
Ccucl (5 moI%) (@]
o L* (6 m0|%3
R SO,Ph NaBARF (6 m I%) SO,Ph
CH,CI,’ reflux
2 %,

Slattery, C. N.; Maguire, A. R. Org. Biomol. Chem. 2011, 9, 667.
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Enantiocontrol in C—H Insertion Reactions:
Additive Effects

R R
Na* BARF o ©
b RL l Nl R1
N, @ .
. “Ccu
chloride A )

abstraction BARF®

+

PXRD of isolated NaCl

Slattery, C. N.; Clarke, L-A.; O’Neill, S.; Ring, A.; Ford, A.; Maguire, A. R. Synlett 2012, 23, 765.
Slattery, C. N.; Clarke, L-A.; Ford, A.; Maguire, A. R. Tetrahedron, 2013, 69, 1297.
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Enantiocontrol in C—H Insertion Reactions:
Additive Effects

o)
CuCl,, L*, Additive
Ph SO,Ph z . SO,Ph
CH,Cl,, reflux
2 ",

“Ph
Additive Time (h) Yield? (%) ee® (%)
* o ) 0 o o o) o o, o o o o) o o, o o o o)
- 21 21 30 62 57 48 14 (2R,3R) 9 (2S,3S) ~O
NaBARF 2 2 2 87 65 69 89 (2R, 3R) 79 (2S, 3S) 57 (2S, 39)
NaBARF + 20 48 20 63 50 62 25 (2R, 3R) 28 (2S, 3S) 20(2S, 39)
15-crown-5¢
a|solated after flash chromatography, © Determined by chiral HPLC, 8 mol% 15-crown-5 added to catalytic complex (\o/w
O (o)
15-crown-5
Lo o)

_/

Slattery, C. N.; Clarke, L-A.; O’Neill, S.; Ring, A.; Ford, A.; Maguire, A. R. Synlett 2012, 23, 765.
Slattery, C. N.; Clarke, L-A.; Ford, A.; Maguire, A. R. Tetrahedron, 2013, 69, 1297.
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% 0o o
R
II"'R A
“R
X =CH,, O
Up to 98% ee Up to 77% ee Up to 80% ee

Flynn, C. J.; Elcoate, C. J.; Lawrence, S. E.; Maguire, A. R. J. Am. Chem. Soc., 2010, 132, 1184.

CuCl,
BOX ligand
NaBARF X 5
/\(v){ (On
\H/ \
CH,Cl,, 40 °C .
o 0 0

O O

pol
Tann

Up to 91% ee Up to 91% ee Up to 84% ee

Slattery, C. N.; Maguire, A. R. Org. Biomol. Chem. 2011, 9, 667-669.

Clarke, L. A.; Ring, A.; Ford, A.; Sinha, A. S.; Lawrence, S. E.;
Maguire, A. R. Org. Biomol. Chem. 2014, 12, 7612.
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O\/O O O o O
\\7/
_S \\”\ \V/}
X W R S
4,
I,R "'
X = CH,, O

Up to 98% ee
Best ligand: Ph/diPh

Up to 77% ee

Best ligand: variable

CuCl,

BOX ligand
NaBARF X 7

/\(v){ \H/ (Qn
CH,Cl,, 40 °C

R

O o0 o

F | \\ //

Up to 91% ee
Best ligand: Bn/Ind

\\ 4
{/N /\/

Up to 91% ee

WWW.SSpcC.ie

Best ligand: t-Bu/Ind

Up to 80% ee
Best ligand: Ph/diPh

Up to 95% ee
Best ligand: Ph

Up to 84% ee
Best ligand: Ph/Bn

Tann
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The Journal of Organic Chemistry

JUNE 11, 2m9 VOLUME 84, NUMBER 12 pubs acs.angfoc

Desymmetrisation

S 78%
98% ee

L

(1S, 4aS, 8aR) Thiopyran

oo O
0 \"l L
OMe

ove o [ ﬁ

lica wwwiacs.on
5 < MAQS PyMb |c3tnons 8
]OQ”“’ Journal of Organic Chemistry 5 Cive This L Crg. Chem, X0, 100, XXX pubs.acsorgfjoc
)
. - . 8a
OO0 esymmetrization by Asymmetric Copper-Catalyzed Intramolecular S 3aR
Y J C—H Insertion Reactions of a-Diazo-fi-oxosulfones ’
«* “OMe Thomas A. Brouder, Catherine N, Slattery,” Alan Ford," U. B. Rao Khandavilli, Eliska Skorepova,
“H Kevin S. Eccles,” Matteo Lusi,” Simon E. Lawrence, © and Anita R. M.!gm'n:"“'Q

"School of Chemistry, Analytical and Biological Chemistry Research Facility, University College Cork, Cotk T12 K8AF, Irecland
H *Department of Chemical & Environmental Sciences, University of Limerick, Limerick V94 T9PX, Ireland

"Schoal of Chemistry and School of Pharmacy, Analytical and Biological Chemistry Research Facility, Synthesis and Solid State
Pharmaceutical Centre, University College Cork, Cork T12 K8AF, Ireland

© Supporting Information

ABSTRACT: Effective desymmetrization in copper-catalyzed intramolecular 0,0 0 i W:;‘T;m.adr‘a avso
. . . HIH . . . = C—H insertion reactions of a-diazo-fF i in the fi of fused -5 i e :
Brouder, T. A,; Slattery, C. N.; Ford, A.; Khandavilli, U. B. R.; Skorepova, E.; Eccles, K. S.; 5 CEHbatin i 1 i D aniabont i e kot (s TLL S %
. . . . e, is( line)~NaBARF catalyst tem leads to fi t f the CHiCl &

Lusi, M.; Lawrence, S. E.; Maguire, A. R. J. Org. Chem. 2019, 84, 7543. i3 e Bt e 8 L e
32 The effect of varying the bis{oxazoline) ligind, copper salt, and site of C—H i
o g on both di and lectivities of these mlumnlcrular ::‘l::,.
£ C—H insertion reactions has been investigated, Simiarly, d
=8 in the fi of a fused cyclop proceeds with up to 64% ee. These results represent the highest enantioselectivity

reported to date in a copper-mediated tzation through C—H insertion.
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.SO,Ph
@) w
“CPBA
i i O\/O \/O
\V/4 \V/4
Al/ Hg “‘\\SOZPh S ““\Z O 7 “\\
= Q kj
Il'l
Ph ! R R "
Naoy

SO,Ph

COKZH/[
Et
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o\/o
\V/;
S Me
0
O \‘\“SOZPh QR
LiAIH,
mCPBA
Z = CO,Et
O O o\/o o\/o
\V/; \V/;
AI/Hg “\\\Sozph S \‘\\‘Z O/ S R\
y /\—2 kj
l"l
Ph L R R R )
NTH/ Z = COMe
BusSnH
SO,Ph VAZO
CO,H

) \/E
CoHig
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\/,
S/ Me
O W
. ‘\\‘\SOZPh ]
LiAIH,,
mCPBA
Z = CO,Et
O O o\/o o\/o
\V7; \V74
Al/Hg _wSOzPh S 0r N
-
( 2 1,
Ph L R R R )
N"? Z = COMe
BusSnH
SO,Ph VAZO
CO,H
COMe
Et
CoH1g

N
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O\/O O O
Y/
g \/
wMe /\s/ COPh
O ll'IMe O O
\V/4
R ‘ g COPh

( )
i i N N N
\Y/4 \V/4
S CO,Me
AI/Hg .\\\\Sozph > \\\\‘Z O/S \\‘\\Z NaCN NaO/ 2
- —_—
= ”"'R NC 'll,"/\ Ph
Ph L R )
NaOH Z = COMe Z = COPh 1) (COCl)2
2) Zn/Cu
BusSnH NaOMe
CO,Me
s0,Ph l VAZO MeOH 2
CO,H
COMe NaO,S NC “n, N ph

Et \/E /\j
Ill
CoHig MeO "Me
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a-Diazocarbonyl Compounds —
Versatile Synthetic Intermediates

Ao Coll
R N
X, © N

Aromatic
Addition -
1x.
REX-H _ Dipolar
X-H Insertion Cycloaddition O
X=0,N, S, P RJJKEWG
O /

O
R EWG
EWG Cyclopropanation

NN
- R
C-H Insertion

2
Wolff M
Rearrangement Ylide o
Formation _ EWG
[ R\([rEWG] X=o s nNcC=0 R
X

R1+~R2
EWG = electron withdrawing group

Ford, A.; Miel, H.; Ring, A.; Slattery, C. N.; Maguire, A. R.; McKervey, M. A. Chem. Rev., 2015, 115, 9981.
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Regitz Diazo Transfer

Diazo Transfer Reagents:

O
)LNH C1oHos

N¢SOZN3 N3
Me=SO,N, ﬁﬁ\//; A @
HSO,© L -
O,N, O2N3 O2N3
150

Impact Sensitivity 50 50 136.5
(kg-cm)

407.9

TSN, K,CO; 0

o)
EWG y EWG
RJJ\/ MeCN RJJ\H
2

Heydt, H.; Regitz, M.; Mapp, A. K.; Chen, B. Encyclopedia of Reagents for Organic Synthesis, John Wiley & Sons, Ltd,
Chichester, UK, 2008.

Bollinger, F. W. ; Tuma, L. D. Synlett, 1996, 407.

Fischer, N.; Goddard-Borger, E. D.; Greiner, R.; Klapdtke, T. M.; Skelton, B. W.; Stierstorfer, J. J. Org. Chem., 2012, 77, 1760.
Kitamura, M.; Tashiro, N.; Miyagawa, S.; Okauchi, T. Synthesis 2011, 7, 1037.
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Comparisons of Batch and Flow Diazo Transfer

/IF
O O NEt; (1 eq.), TsN3 (1 eq.) 6 O |
)I\/U\ OFEt MeCN, RT > )J\H/U\OEt I,/"
2 .'I .f'/-
e . . . 'I/Il '///
Entry No. Conditions Time % Conversion O O HH T -
1 Batch 140 mins 97 )kﬂ)(o)@\n
2
2 Batch 25 mins 52 H ‘
3 Flow 25 mins 57 |l| m ﬂ | Jf|
TRAY 1y
4 Batch 50 mins 88 /MG&”'UL‘
5 Flow 50 mins 84 O O HH | '
)I\/U\O)K : : : : . :
O O 440 435 4.3UF1 [S[IJ%E] 4,20 415
+ NEt, O O

in MeCN
.—m— 8 bar —a R)‘\H/U\OEt
o 2
\g,o
N,

in MeCN
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Continuous Diazo Transfer Reaction-
15t Generation Process

o}
D) Ko
25°C 2
O—‘a— =2
0
W20
O
in MeCN
Base = Et;N Base = DBU
O O O O o o o o 0 00
\g/
)YLOEt O/\Ph )YLOCSH:LI EtowOEt Ph)km \C12H25
. l 2 2 2 2 2
Conversion by *H NMR 100% 100% 05% oo L00%
Isolated Yield 54% 61% 84% 53% 50%
o)
O O O O O O O\glO
A\ N,
)j\ﬂ/lLOtBu OFEt EtOJj\H/U\OEt Ph OJ\E CioHas
2 2 2 2
0,
80% 100% 20% 100%
0,
46% 61% 65%
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/n SituTosyl Azide Generation —
2nd Generation Process

O
“S',O ag. NaN; \‘Sco

. ‘
Batch Preparation /@’ Cl " acetone > /@’ N
RT, 3h

in situ formation O O

O
w0 azide source

S - v Et3N .~ n
\ A S
RT, 2h RT, 2h 2

Desired

(Bu,N)N, ro;uct . NaN, 100%

in MeCN P in H,0/MeCN conversion
observed

* Demonstrated in NMP by Monbaliu and co-workers.

Curphey, T. J. J. Org. Prep. Proced. Int., 1981, 13, 112.
Gérardy, R.; Winter, M; Vizzab A.; Monbaliu, J.-C. M. React. Chem. Eng. 2017, 2, 149-158.
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2"d Generation Process —
Telescoped Generation & Use of Tosyl Azide

O O
ag. NaN, + NEt; in MeCN
0)
@) O O 0
2 ] W20
o] i Sl 4%
25°C 25°C 2

@7 =50 min T=66 min
O
W20
jop

in MeCN 100% Conversion to a-Diazocarbonyl Product

Deadman, B. J.; O’'Mahony, R. M.; Lynch, D.; Crowley, D. C.; Collins, S. G.; Maguire, A. R.
Org. Biomol. Chem., 2016, 14, 3423.
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Substrate Scope - 2" Generation Process

o)
. J_Ewe

+base in MeCN  aq. NaNO,

Conversion by 'H NMR 80% 91%
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Diazo Transfer to Diethyl Malonate

O

\é/,o

O O /©/ Na O O
» EtO OEt
Et;N in MeCN 5

20% conversion

Eto)J\/U\oEt NaNO,

in H,0

 Diazo transfer to diethyl malonate using Et;N poorly efficient (20%)
* NaNO, used to quench free azide

e Residual tosyl azide?
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Design of Sulfonyl Azide Quench

@)
w0 Quench Reagent check for tosyl azide:
N, > FT-IR (2130 €M™
MECN/HZO 1H NMR
RT,2h
Entry Quench Time Result
(min)
1 - 120 tosyl azide remaining
2 NaNO, 120 tosyl azide remaining
3 NaNO,/H,SO, 120 tosyl azide remaining
0 .
4 o %) © 120 100% tosyl azide consumed
PN
5 o) %) 2 100% tosyl azide consumed

Deadman, B. J.; O’'Mahony, R. M.; Lynch, D.; Crowley, D. C.; Collins, S.

G.; Maguire, A. R. Org. Biomol. Chem., 2016, 14, 3423.
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Design of Sulfonyl Azide Quench

oo

I

guench J
J i\ e A IJ_JL__.__.._L L

absence of
quench Tosyl Azide
,[ \' Tosyl J‘l;
Sulfonamide
M J I N
8.|5 B.IO ?.IS ?!EI 615 Bl.D 5:5 5!0 4!5 410 3!5 3!0 215 2.ID 1!5 1.IEI 015 0{0 I p|:lmI
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Telescoped Generation & Use of Tosyl Azide

ag. NaN;

O O (@] O
in MeCN )J\H/U\OEt )J\H/U\OBn )J\H/U\O‘Bu
2 2 2

Conversion by *H NMR

100% 100% 100%
Isolated Yield 75% 77% 68%
O O O o 00 O
/\)\ \gl
Ph)J\H/U\OEt )J\H/U\o ©: Il)J\

2 2 Et ?

100% 100% 100%

89% 74% 60%

Deadman, B. J.; O’'Mahony, R. M.; Lynch, D.; Crowley, D. C.; Collins, S. G.; Maguire, A. R. Org. Biomol. Chem., 2016, 14, 3423.
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Telescoped Generation & Use of Tosyl Azide

o 0 ® o
A oen OMULI

+ EtgN in MeCN 50:50 MeCN:H,0O

8 bar _»)I\H/U\OBn
2

o
O o =1 min
N4
g
in MeCN
O O
)J\H/U\OBn
2
Conversion by *H NMR 100%
Isolated Yield 88%
21 g (98% pure),
10 h
J u_ ML L POR S | N T 1
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
10,5 100 8.5 9.0 B.5 80 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 a5 30 25 2.0 1.5 1.0 0.5 0.0 pPpm

WwWw.Sspc.ie Innovation Through Collaboration



In-Line IR Spectroscopy

0O O

%520 )j\/U\NEtz

Tl :
+ Et3N in MeCN
i

NaN; in H,O/MeCN
e )J\H,ILNBZ
0.0028 topping rea; n, 0 )

0.0028

0.0024

0.0022

0.002 ‘.V
0.0018
0.00186

0.0014
we Diazo amide at 2113 em-"

— Tosyl azide a1 2135 cm-1

Poak Height [A.1))

0.0012

0.001

0.0008

0.0006

0.0004

0.0002

a

Elapsedtime=0121:3

-0.0002

00.00:.00 00:10:00 00:20.00 00:30:00 00:40:00 00:50:00 01.00:00 01:10:00 01:20:00 01:30:00 01:40:00
Relative Time
METTLER TOLEDD
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Diazo Transfer — Summary

Safety

e [solation and handling of sulfonyl azide reagent avoided
e Mild reaction conditions — room temperature

e Rapid formation of tosyl azide in situ

e Sacrificial quench system developed — by products safely destroyed

Efficiency
e Complete diazo transfer in under 22 min
e Applicable to a range of substrates

e Scale-up (>20 g) successfully executed in 10 h

Control & Ability to Monitor

* In-line IR spectroscopy enables monitoring of tosyl azide — reaction
control
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a-Diazosulfoxides

* First report of diazo transfer to B-keto sulfoxides was by Hodson and Holt

SO,N,
O O /©/ o O
¥  pn
ph)l\/gv Ph + Ph)l\m ~
2

Et;N
TsNa, Et;N 60% aq EtOH
60% aq EtOH

O

Ph H
/©/ + pp g I Ph °
H,NO,S

* First isolated and characterized a-diazosulfoxide was a cephalosporin derivative
9

R2 H
é N,
D. Hodson and G. Holt, J. Chem. Soc. (C), 1968, 1602.
D. H. Bremner and M. M. Campbell, J. Chem. Soc., Chem. Commun., 1976, 538.

Ebbinghaus, C. F.; Morrissey P.; Rosati, R. L. J. Org. Chem., 1979, 44, 2298.
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Stability of a-Diazosulfoxides

e Rigid bicyclic system providing reduced conformational mobility

1 1
RzR X P Rf X__0O
R3J:@T ATSO,N;, Base R3j: I WG
RY : R4‘? N>
o) o)
© ©
X =0 NH

Maguire, A. R.; Kelleher, P. G.; Ferguson, G.; Gallagher, J. F. Tetrahedron Lett. 1998, 39, 2819.

Sander, W.; Strehl, A.; Maguire, A. R.; Collins, S.; Kelleher, P. G. Eur. J. Org. Chem. 2000, 3329.
O’Sullivan, O. C. M.; Collins, S. G.; Maguire, A. R.; Bohm, M.; Sander, W. Eur. J. Org. Chem. 2006, 2918.
O’Sullivan, O.; Collins, S.; Maguire, A. Synlett 2008, 659.

Collins, S. G.; O’Sullivan, O. C. M.; Kelleher, P. G.; Maguire, A.R. Org. Biomol. Chem. 2013, 11, 1706.
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Synthesis of Stable a-Diazosulfoxides

CKI CEINZKII CEI CEI CEI

R, QL CLX, WGTL ZGT, G

Illl
T

,g

Ph, O0_0O Ph, OO Ph, 0_0O Me, O _O Me Meo 0 Me |00
G, WL, L 6L, X Yex
Ph+* S N2 Ph § N2 Ph S NZ Phs* S N2 Me\“ Cé) N2 Me\“ %) N2

bdo oo bo bo do

Bogse X be o @éf ¢f ?f

Collins, S. G.; O'Sullivan, O. C. M.; Kelleher, P. G.; Maguire, A. R. Org. Biomol. Chem. 2013, 11, 1706.
Buckley, N. M., PhD. Thesis, National University Ireland Cork, 2013.

T
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Batch vs. Continuous Flow

.

e Optimised conditions (5 eq. Amberlyst A21,
9 min res. time) applied.

L
@)
Amberlyst A21]

1 %0 Y Product Conversion in Yieldin  Yieldin
*+ Diazo Transfer Reagent Flow (%) Flow (%)  Batch
in MeCN (%)
H
<> . O:OIO 86 76 39
Y A
H do
0_0
O: Ph, 0_0O
@A E I 96 88 28
Fl 2 R @
&% Ph N,
¥

3o

(@) O
\[ I: 100 86 35
N2,

%o

= dOIO 98 86 33
Flow Crude product : @ N,
" %

vs. Batch Crude product

*Determined by *H NMR analysis

McCaw, P. G.; Deadman, B. J; Maguire, A. R.*; Collins, S. G.* J. Flow. Chem., 2016, 6, 226;

McCaw, P. G.; Buckley, N. M.; Eccles, K. S.; Lawrence, S. E.; Maguire, A. R.*; Collins, S. G.* J. Org. Chem., 2017, 82, 7, 3666.
(Highlighted in Org. Process Res. Dev. 2017, 21, 469)
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a-Diazosulfoxides — Summary

e Use of continuous flow with a solid supported base
significantly enhances yields of diazo transfer

e Typically a two-fold increase in yield of desired product
compared with traditional batch methods:

~30% — ~80%

e Readily applicable to a range of a-diazo sulfoxides

— e.g. ketones, lactones, lactams
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Telescoped Reactions

Tosyl Azide:

POt

JI\/EWG
R Quench

Removed with
aq. 9% KOH

NEt,

Org
3 e Org Org/H20
O
\é/,
N
3 H,0O

- A 4

T.M. catalyst
[ o
JI\/EWG
R

\

CH, OH or NH
Insertion products
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Telescoped Reactions

Mesyl Azide:

p-

o
5
‘ol

Org

I::> H,0
\\\\ NaNs
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Telescoped Reactions

Mesyl Azide:
o
\gz,o
“ X

T.M. Catalyst

EWG g
Organic
RJJ\E '. Phase
2

- -y
0
R)J\/EWG

Aqueous Phase

0 CH, OH or NH
NEt, RJJ\/EWG Insertion products
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Telescoped Generation & Use of Mesyl Azide

©

@Na o- 0O
)J\/EWG \

ag. NaN3 (0 8M) + Et3N in MeCN (0.83M) 50:50 MeCN:H,0 (0.8M)

le Ty Lo

25 °c
25°C T=66 min
=15 min
‘é’/
< Xl
in MeCN (0.8M)
O O O o O O O O
)j\ﬂ/lLOEt )j\ﬂ/lLOBn )j\ﬂ/lLotBu \/\)j\ﬂ/lLOMe
Conversion by 1H NMR 2 2 2 2
100% 100% 100% 100%
Isolated Yield (KOH wash) 50% 63% 59% 44%
Isolated Yield (SALLE) 51% 62% 49% 56%
O o O o oo O
/\* \g'
Ph)j\ﬂ/lLOEt )j\ﬂ/lLo ©/
2 2 2
100% 100% 100%
68% 64% 71%
57% 58% 70%
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IR Spectroscopy

* MsN;generation at 12 min reaction time.

NaN,—2041cm -
MsN;—2139 cm'?

4%
4500 4000 3000 2000 1000 400
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Telescoped Generation & Use of Mesyl Azide

O ONa
M\
(0.6/75 M), ° 9 MeOH
in MeCN/water (1:1) 54 NaCl / -
_ q. NaCl (3096 W/v) OMe 1
aq. NaN3 (0.8M) (0.2 mL.min"ty 02 mL.nEin-l;) (0.5 ML-min™)
.1 mL.min'l) i 2
( > Liq. Phase in MeCN
Separator (0.1 mL.minty
® N ® 135 °C
\Z T =66 min
( > Organic
Phase v
@)
\g,o Aqueous 0 0
7 Phase
MeO OMe
in MeCN (0.8M)
(0.1 mL.min’ (0.8 M),
NEt; (0.83 M)
in MeCN
0
(0.1 mL.min'l) 31%

O’Mahony, R. M.; Lynch, D.; Hayes, H. L. D.; Ni Thuma, E.; Donnellan, P.; Jones, R. C.; Glennon, B.;
Collins S. G.; Maguire, A. R. Eur. J. Org. Chem., 2017, 6533.
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Telescoped Generation & Use of Mesyl Azide

Separton - -
Reagents
separator k.

. M-J -

Subsequent 25 Liquid—-Liquid

Separator

Transformation ~=°

collection flask

O’Mahony, R. M.; Lynch, D.; Hayes, H. L. D.; Ni Thuma, E.; Donnellan, P.; Jones, R. C.; Glennon, B.;
Collins S. G.; Maguire, A. R. Eur. J. Org. Chem., 2017, 6533.
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Telescoped Generation & Use of Mesyl Azide

O ONa
M\
(0.6/75 M), ° 9 MeOH
in MeCN/water (1:1) 54 NaCl / -
_ q. NaCl (3096 W/v) OMe 1
aq. NaN3 (0.8M) (0.2 mL.min"ty 02 mL.nEin-l;) (0.5 ML-min™)
.1 mL.min'l) i 2
( > Liq. Phase in MeCN
Separator (0.1 mL.minty
® N ® 135 °C
\Z T =66 min
( > Organic
Phase v
@)
\g,o Aqueous 0 0
7 Phase
MeO OMe
in MeCN (0.8M)
(0.1 mL.min’ (0.8 M),
NEt; (0.83 M)
in MeCN
0
(0.1 mL.min'l) 31%

O’Mahony, R. M.; Lynch, D.; Hayes, H. L. D.; Ni Thuma, E.; Donnellan, P.; Jones, R. C.; Glennon, B.;
Collins S. G.; Maguire, A. R. Eur. J. Org. Chem., 2017, 6533.
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/n Situ Generation of Mesyl Azide

aq. NaN3 (0.45Mm) aq. NaN3 (0.45Mm)
O O
s JNe) s
i Ns
o j&
3 25°C 3 25°C
O o T=50 min O o T=2min
\ . \g, .
5% 73% conversion 100% conversion
< cl cl

in MeCN (0.45M)
in MeCN (0.45M)

O’Mahony, R. M.; Lynch, D.; Hayes, H. L. D.; Ni Thuma, E.; Donnellan, P.; Jones, R. C.; Glennon, B.;
Collins S. G.; Maguire, A. R. Eur. J. Org. Chem., 2017, 6533.
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/n Situ Generation of Mesyl Azide

O
%0
5z

l\@ Pathway A I\E)

(direct substitution)

®)

\ \ /O
Ny 5%
Me~
/©/ N,
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ProSpect

Process Flow Spectroscopy Suite:

» Instrumentation for process analysis:

—  FlowNMR, Bruker InsightMR flow
tube and 600 MHz broadband
cryoprobe

— ReactIR, Mettler—Toledo ReactIR 15
(batch) and FlowlR (continuous)

— UPLC-MS, Agilent 1290 LC-QToF
system

— ReactUV, Perkin—Elmer Lambda 265
spectrophotometer

— Reaction Autosampling, Gilson GX-
241 liquid handler

— Continuous Processing, Vapourtec
R-series, configurable for cryogenic
conditions (—70 °C) and
photochemical reactions
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Mesyl Azide

AN +
OEt o o™
+ EtsN in MeCN /“5’:Cl <

in MeCN '
_ _ @ > 600 MHz
“I (1.5 mL.min'l) NMR
N
O O
/ \NS o
N,

Lynch, D.; O’Mahony, R. M.; McCarthy, D. G.; Bateman, L. M.; Collins S. G.; Maguire, A. R. Eur. J. Org. Chem. 2019, 3574.
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Mesyl Azide

600 MHz
NMR MOEt

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
50 4.8 46 44 42 4.0 38 36 34 32 30 28 2.6 24 22 20 18 1.6 14 1.2 1.0 0.8 06 04 02 0.0
f1 (ppm)

Lynch, D.; O’Mahony, R. M.; McCarthy, D. G.; Bateman, L. M.; Collins S. G.; Maguire, A. R. Eur. J. Org. Chem. 2019, 3574.
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Mesyl Azide

4.00
3.50
3.00
2.50
2.00

mmaol

150
1.00

0.50

0.00
000 2000 4000 6000 8000 10000 12000 14000 160.00 180.00

— i esyl Azide — syl Chioride Sulfonamide

— Ethyl ACetoacetate Dizzo

Lynch, D.; O’Mahony, R. M.; McCarthy, D. G.; Bateman, L. M.; Collins S. G.; Maguire, A. R. Eur. J. Org. Chem. 2019, 3574.
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Mesyl Azide

O O o o
)]\/U\OE»[ + \é// —
e
-
in MeCN
@ - 600 MHz
aq.llIaN3 \"I/ (1.5 mL.min"% NMR
EtsN 56
in MeCN  ~— 0_,0
\ 7
25°C /Ss Moa I —
N3
N2

Lynch, D.; O’Mahony, R. M.; McCarthy, D. G.; Bateman, L. M.; Collins S. G.; Maguire, A. R. Eur. J. Org. Chem. 2019, 3574.
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Mesyl Azide

4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50

0.00
0.00 20.00 40.00 &0.00 80.00

mmol

Time (min)

— Ethy | Acetoacetate Diazo

sulfonamide — lesyl Azide

Lynch, D.; O’Mahony, R. M.; McCarthy, D. G.; Bateman, L. M.; Collins S. G.; Maguire, A. R. Eur. J. Org. Chem. 2019, 3574.
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Mesyl Azide

o)
A\ //O
- @
HiC o NEts
Cl o)
Y 0
1\ /O \\S//
z  — — H.c\
HC” S) 3 N
Osea© (©)]
h * EtgNHC®
H2

Lynch, D.; O’Mahony, R. M.; McCarthy, D. G.; Bateman, L. M.; Collins S. G.; Maguire, A. R. Eur. J. Org. Chem. 2019, 3574.
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Diazo Transfer — a-Diazosulfoxides

e Diastereoselective diazo transfer observed:

Et;N

H @rdrnw CLXCEX.
% CH,CN N,
25°
\O@ 0.65:0.35 0:1
H _Equatorial - Axial 5h Equatorial - Axial
y Diastereomer Diastereomer — Diastereomer Diastereomer
0
S
|
S
@

“ e8dleas
A . W

4.9 4.8 4.7 46 45 4.4 4.3 4.2 4.1 4.0 39 38 37 36 35 34 33 32 31 3.0 29 2.8 27 26 25 ppm
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Diazo Transfer — a-Diazosulfoxides

(i) DBSA in MeCN

(ii) Et;N

dOTOKXHOTO

WWW.SSpcC.ie

—

-€

N

[

f/“

~

¢

é

CH4CN
25°C

\Z
(1.5 mL.min

600 MHz
NMR

Ho o Mo .o
LI L=—

NSNS,

B B oS-

o) o)
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Diazo Transfer — a-Diazosulfoxides
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Diazo Transfer — a-Diazosulfoxides

H
0.016 o__O
0.014 ©:+ I
= WWM Ao
> o012 S
E oo

0.00 50.00 100.00 150.00 200.00 250.00 300.00 o
Time (min)

Axial Sulfoxide Equitorial Sulfoxide
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Telescoped Transition Metal Catalysed
Processes

Sulfonyl azide Diazo Transfer Enantioselective
C-H Insertion

Formation

- h

1

Y=¢c,S,P

////'
Y(O)HVR
.
*+ base
9

(¢]
R’\é,’o /\,“
N, v
25°C
O— 25 °C T =22 min
e) =1m
\éa,o
R" %
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Intramolecular Buchner Reaction

O
[Cu]’ L* O ——
R » R < R
) CH,Cl, 40 °C
@) O O @)

78%ee 78%ee 92%ee 95%ee

ch%

P

L*

Slattery, C. N.; Clarke, L-A.; O’Neill, S.; Ring, A.; Ford, A.; Maguire, A. R. Synlett 2012, 23, 765-767.
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Copper-catalysed Enantioselective
Aromatic addition /n Continuous Flow

SRR

PH <+ Ph pPFO

o 6
Immobilised
O i
e—m—E—» R =
M (10 mol% Cu)

(in CHCly)
Homogeneous
Batch

Flow Rate . Yield ee
Entry R (mL min-) Temperature (°C) (%)° (%)?
1 H 1.00 45 74 78

2 4-Cl 1.00 45 63 62
3¢ 4-F 1.00 45 74 56
4 3,4,5-Me 0.75 22 - 95

9lsolated after chromatography. Determined by chiral shift 'H NMR experiment using (+)-Eu(hfc),. €IPB
catalyst formed using Cu(OTf), as copper source.

Crowley, D. C.; Lynch, D.; Maguire, A.R. J. Org. Chem. 2018, 83, 3794.
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Catalyst Reusability

o]
Immobilised
@7 Cu 'Box' catalyst BPR |—3 0 —= SR
2 (10 mol% Cu) o) PI \C'lf' h PF?

(in CHC2) Cu 'Box’ catalyst
Entry Flow R'a'_ce Temperature (°C) Yield (%)° Efficiency (%) ee (%)°
(mL min-1)
1 (Batch) 45 53 80 62
2 (Batch) 45 85 81 64
3 0.175 45 62 78 61
4 0.200 45 50 73 64
5 0.250 45 55 75 62
6 0.300 45 60 78 61
7 0.300 45 65 78 60
8 0.300 45 41 76 55

9)solated after chromatography. ?Determined by 'H NMR analysis. ‘Determined by chiral shift 1TH NMR
experiment using (+)-Eu(hfc),.

Crowley, D. C.; Lynch, D.; Maguire, A.R. J. Org. Chem. 2018, 83, 3794.
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JUPAC 100t Anniversary

MEWS

lupac names 10 chemistry
innovations that will change the
world

a BY KATRINA KRAMER | 3 APRIL 2019

1 Nanopesticides 6 MOFs

2 Enantioselective organocatalysis 7 Directed enzyme evolution

3 Solid-state batteries 8 Turning polymers back into monomers

4 Flow chemistry 9 Reversible deactivation radical polymerisation (RDRP)

5 Mechanochemistry and reactive extrusion 10 3D bioprinting

https://www.chemistryworld.com/news/iupac-names-10-chemistry-innovations-that-will-change-the-world/3010335.article
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