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α-Diazocarbonyl Compounds –
Versatile Synthetic Intermediates

Ford, A.; Miel, H.; Ring, A.; Slattery, C. N.; Maguire, A. R.; McKervey, M. A. Chem. Rev., 2015, 115, 9981.
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α-Diazocarbonyls: 
Intramolecular C–H Insertion Reactions
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Copper Bis(oxazoline) Complexes
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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

N2

Ph

O

O

O O

CO2CH(i
-Pr)2

Ph

Cu(OTf)2

BOX
 
ligands

N

O

O

N

Müller, P.; Boléa, C.  Molecules 2001, 6, 258.

17-38% yield

15-60% ee



C–H Insertion: 
Enantioselective Copper Catalysis
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Cyclopentanone Synthesis: 
Effect of NaBARF
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Enantiocontrol in C–H Insertion Reactions: 
Additive Effects
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Enantiocontrol in C–H Insertion Reactions: 
Additive Effects

Additive Time (h) Yielda (%) eeb (%)

L*

‒ 21 21 30 62 57 48 14 (2R,3R) 9  (2S,3S) ~0

NaBARF 2 2 2 87 65 69 89 (2R, 3R) 79 (2S, 3S) 57 (2S, 3S)

NaBARF +      
15-crown-5c

20 48 20 63 50 62 25 (2R, 3R) 28 (2S, 3S) 20 (2S, 3S)

a Isolated after flash chromatography, b Determined by chiral HPLC, c 8 mol% 15-crown-5 added to catalytic complex 
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Desymmetrisation
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α-Diazocarbonyl Compounds –
Versatile Synthetic Intermediates

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:

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.; Klapötke, 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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Continuous Diazo Transfer Reaction-
1st Generation Process
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In Situ Tosyl Azide Generation –
2nd Generation Process
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Substrate Scope - 2nd Generation Process

8 bar

S
O O

Cl

+ base in MeCN

in MeCN

25 oCτ = 3 min

R

O
EWG

N2

R

O
EWG

25 oCτ = 8 min

S
O O

N3

aq. NaN3
aq. NaNO2

25 oCτ = 0.5 min

O

N2

O

O O

N2

OC5H11

O

O

N2

OtBu

O O

N2

OEt

O

Ph

O
S

N2

O O

80%

80%

Ph

91%

63%

Et

87%

Conversion by 1H NMR



Diazo Transfer to Diethyl Malonate

• Diazo transfer to diethyl malonate using Et3N poorly efficient (20%)

• NaNO2 used to quench free azide

• Residual tosyl azide?
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Design of Sulfonyl Azide Quench
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Telescoped Generation & Use of Tosyl Azide
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Telescoped Generation & Use of Tosyl Azide
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Diazo Transfer – Summary
Safety

• Isolation and handling of sulfonyl azide reagent avoided

• Mild reaction conditions – room temperature

• Rapid formation of tosyl azide in situ

• Sacrificial quench system developed – by products safely destroyed

Efficiency

• Complete diazo transfer in under 22 min

• Applicable to a range of substrates

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

Control & Ability to Monitor

• In-line IR spectroscopy enables monitoring of tosyl azide – reaction 
control



• First report of diazo transfer to β-keto sulfoxides was by Hodson and Holt

• First isolated and characterized α-diazosulfoxide was a cephalosporin derivative
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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.



Stability of α-Diazosulfoxides

• Rigid bicyclic system providing reduced conformational mobility
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Collins, S. G.; O’Sullivan, O. C. M.; Kelleher, P. G.; Maguire, A.R. Org. Biomol. Chem. 2013, 11, 1706.



Synthesis of Stable α-Diazosulfoxides
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Batch vs. Continuous Flow

Flow Crude product
vs. Batch Crude product

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

Product Conversion in 
Flow (%)*

Yield in 
Flow (%)

Yield in 
Batch 

(%)

86 76 39

96 88 28

100 86 35

98 86 33

*Determined by 1H NMR analysis
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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)



α-Diazosulfoxides – Summary

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

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

~30% → ~80%

• Readily applicable to a range of α-diazo sulfoxides 
– e.g. ketones, lactones, lactams
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Telescoped Generation & Use of Mesyl Azide
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IR Spectroscopy

• MsN3 generation at 12 min reaction time.

NaN3 – 2041cm -1

MsN3 – 2139 cm-1



Telescoped Generation & Use of Mesyl Azide
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Collins S. G.; Maguire, A. R. Eur. J. Org. Chem., 2017, 6533.



Telescoped Generation & Use of Mesyl Azide
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Collins S. G.; Maguire, A. R. Eur. J. Org. Chem., 2017, 6533.



Telescoped Generation & Use of Mesyl Azide
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In Situ Generation of Mesyl Azide

O’Mahony, R. M.; Lynch, D.; Hayes, H. L. D.; Ní 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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In Situ Generation of Mesyl Azide
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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 FlowIR (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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Diazo Transfer – α-Diazosulfoxides
• Diastereoselective diazo transfer observed:
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Diazo Transfer – α-Diazosulfoxides
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Diazo Transfer – α-Diazosulfoxides
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Diazo Transfer – α-Diazosulfoxides
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Telescoped Transition Metal Catalysed 
Processes

Sulfonyl azide
Formation

Diazo Transfer Enantioselective
C-H Insertion

BPR

R S
O O
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25 oC
τ = 22 min
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+
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Intramolecular Buchner Reaction
O

N2

O
R

O

RR
[Cu], L*

CH2Cl2
 
40 °C

OOOO

Cl

78%ee 78%ee 92%ee 95%ee
room temp.

N N

O O

Ph Ph
L*

Slattery, C. N.; Clarke, L-A.; O’Neill, S.; Ring, A.; Ford, A.; Maguire, A. R. Synlett 2012, 23, 765-767.



Heterogeneous 
Batch

Entry R  Flow Rate
(mL min-1) Temperature (°C) Yield 

(%)a
ee

(%)b
Yield 
(%)a

ee
(%)b

Yield 
(%)a

ee
(%)b

1 H 1.00 45 74 78 65 64 50 64

2 4-Cl 1.00 45 63 62 65 65 65 64

3c 4-F 1.00 45 74 56 55 52 52 57

4 3,4,5-Me 0.75 22 - 95 - 85 - 83

Homogeneous 
Batch

Continuous
Flow

Copper-catalysed Enantioselective 
Aromatic addition in Continuous Flow
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aIsolated after chromatography. Determined by chiral shift 1H NMR experiment using (+)-Eu(hfc)3. cIPB
catalyst formed using Cu(OTf)2 as copper source. 
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Crowley, D. C.; Lynch, D.; Maguire, A.R. J. Org. Chem. 2018, 83, 3794.



Catalyst Reusability

O

N2

(in CH2Cl2)

O

O
BPR

Immobilised
Cu 'Box' catalyst

(10 mol% Cu)

O
N N

O

PhPh Cu+ PF6

Cu 'Box' catalyst

Entry Flow Rate
(mL min-1) Temperature (°C) Yield (%)a Efficiency (%)b ee (%)c

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
aIsolated after chromatography. bDetermined by 1H NMR analysis. cDetermined by chiral shift 1H NMR 
experiment using (+)-Eu(hfc)3. 

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



1 Nanopesticides
2 Enantioselective organocatalysis

3 Solid-state batteries
4 Flow chemistry
5 Mechanochemistry and reactive extrusion

6 MOFs
7 Directed enzyme evolution

8 Turning polymers back into monomers
9 Reversible deactivation radical polymerisation (RDRP)
10 3D bioprinting

IUPAC 100th Anniversary

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

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