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Pilot Plant

Development 
laboratories

Where did the work take place ?

You are here
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Objectives: 
– Reaction Mechanism 
– Kinetic Modelling
– Reaction Optimisation and Scale up 

Questions: 
– Why does the reaction stall?
– Mass balance, are we detecting all major products?
– Reactive species? 

Once upon a time in 2007 …

NMR?
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Tube NMR
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Reaction Optimisation and Scale Up 
Yield and cost   

94% yield 

High Quality Quantitative
NMR data!

Plug Flow Reactor
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Can we do kinetic modelling with NMR data only?
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Oaddition elimination proton transfer
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Flavien Susanne and David Smith 

Temperature (°C) D2O Acetic Anhydride Acquisition 
M t0 

Bath Spectrometer V (µL) Mass (mg) [](M) Pad (min) Total (h) 

1 ~5 24.8 25 750 78.0 0.91 1 1 

2 ~5 14.8 15 750 78.0 0.91 2 3 

3 5' 5'' 5 5 750 77.7 0.91 10 10 

4 4'15'' 24.5 25 750 38.5 0.47 1 2 

5 4'19'' 24.9 25 750 19.2 0.24 2 4 

 

Ac2O + H2O  2 AcOH             (I) 

-d[Ac2O]/dt = k[Ac2O].[H2O] = A.e-Ea/RT. [Ac2O].[H2O]       (II)  

k=A.e-Ea/RT                  (III) 
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Yes, We Can!

0.5 M 25 °C 1 M 15 °C

 Activation energy 
(kcal/g mol) 

In(A) (L/(g.mol.s)) 
 

This work 11.4 7.81  
S. P. Asprey et Al 10.9 7.66  
Glasser and Williams (1971) 10.8 7.95  
Cleland and Wilhelms (1956) 10.6 7.80  
Eldridge and Piret (1950) 10.3 7.53  
 

POSTER!
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• In situ yield determination
• Elucidation of intermediates

Other Applications:   
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The target molecule  (discontinued project)

NH2.HCl
CO2H

• Generic Name: Imagabalin Hydrochloride
• Therapeutic Class/Indication: CNS (α2δ)/General 

Anxiety Disorder (GAD)
• Anticipated Commercial Volume: High (>50 MT)
• Cost of API critical: lowest possible cost at launch:

– Telescope as much as possible and minimise the 
number of isolations
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Reaction
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Objective:
• Reaction understanding

– Identification/confirmation of intermediates (unstable)

– Insights into the mechanism
• No chromophore difficult analytics

Feasibility of NMR Study:
• Monophasic system. 
• Reaction completion relatively slow.
• Ambient temperature
• Clean reaction
• Safe
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0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0
f1 (ppm)
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0.80.91.01.11.21.31.41.51.61.71.81.92.02.12.22.32.42.52.62.72.82.9
f1 (ppm)

Cl

O

Pivaloyl chloride

Product



16

Pharmaceutical Sciences R&D

Codina - Symposium 22nd March 2011

HMBC

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
F2 Chemical Shift (ppm)

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

180

190

F1
 C

he
m

ic
al

 S
hi

ft 
(p

pm
)

(29, 29)(30, 30)(31, 31)

(29, 26)(30, 26)(31, 26)

(7, 2)(8, 2)

(29, 28)(30, 28)(31, 28)

(24, 20)

(24, 23)

(20, 22)

(7, 8)(8, 7)

(22, 20)

(23, 22)
(22, 23)

(18, 13)

(23, 20)

(18, 14)

(17, 15)(18, 15)

(17, 16)

(13, 10)

(13, 14)

(13, 18)

(13, 14)

(13, 18)

(13, 15)

(7, 4)(8, 6)

23
N
19

22

20

N
21

CH324

CH3 29

28

CH330

CH3 31 26

O
27

O
25

H
25a

16
15

14
13

10
5

CH317
CH318

OH
11

6
O
1
24

O
3

O
9

O
12

CH37

CH38



17

Pharmaceutical Sciences R&D

Codina - Symposium 22nd March 2011

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 -2
Chemical Shift (ppm)

O

O

OO

O
H

O

O

OO

O
H

Bertolasi, V.; Gilli, P.; Ferretti, V.; Gilli, G. J. Chem. Soc., Perkin Trans. 2 1997, 5, 945.
Schiøtt, B.; Iversen, B. B.; Hellerup Madsen, G. K.; Bruice, T. C. J. Am. Chem. Soc. 1998, 120, 12117.
Perrin, C. L.; Nielson, J. B. Annu. Rev. Phys. Chem. 1997, 48, 511.

Resonance Assisted Hydrogen Bond
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http://www.youtube.com/watch?v=bpwbU2UntB4
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Quantitative Reaction Profile
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Understanding the mechanism:
• 1H NMR and IR data indicate the major intermediate is pivalic anhydride 
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N

N

O
O N

N
+

H

Cl

O

O

O O

O

O N

N
+

H

+

+

• The reaction is not dose controlled. Therefore 2 pathways. 

OH

O N

N O

O N

N
+

H
Cl

O

N

N
+

H
Cl

O O

O O
O

O

O

O

O

O
O H

O

O O

+

++

Path A



32

Pharmaceutical Sciences R&D

Codina - Symposium 22nd March 2011

R1
OH

O

OO

O O

N

N
OH

OOH

O

OO

OCl

O

N

N
+ + +

OH

O

N

N

O

O O

+
O

O

O

Dosed controlled

OO

O O

OH

OOH

O

OO

O

+
N

N
+

R2A R2B



33

Pharmaceutical Sciences R&D

Codina - Symposium 22nd March 2011

00.81.01.21 .41 .61 .82 .02.22.42.62 .83 .0
f1  (ppm )

O

O O

R1 10 min

R2A 10 min

Unknown 2 (I2)
O

O O



34

Pharmaceutical Sciences R&D

Codina - Symposium 22nd March 2011

HMBC

2.50 2.25 2.00
F2 Chemical Shift (ppm)

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

F1
 C

he
m

ic
al

 S
hi

ft 
(p

pm
)

2.11, 175.4, 0 (45, 43)

2.34, 175.4, 0 (45, 43)

2.34, 169.53, 0 (27, 23)

OH
35

36
38

O
37

CH339

CH3 40

CH3 41

HMBC

1.5 1.4 1.3 1.2 1.1
F2 Chemical Shift (ppm)

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

F1
 C

he
m

ic
al

 S
hi

ft 
(p

pm
)

(13, 8)(16, 8)(17, 8)

(39, 36)(40, 36)(41, 36)

O
7

8
12

O
9

CH313

CH3 16

CH3 17

10
14

O
11

CH3 15

CH318

CH319

48
47

46
45

43
OH
42

CH3 49

CH350
O
44

30
29

28
27

23
O
20

CH3 31

CH334
O
24

21
25

O
22

CH3 26

CH332

CH333



35

Pharmaceutical Sciences R&D

Codina - Symposium 22nd March 2011

OH

O

OO

O O

N

N
OH

OOH

O

OO

OCl

O

N

N
+ + +

OH

O

N

N

O

O O

+
O

O

O

Dosed controlled

OO

O O

OH

OOH

O

OO

O

+
N

N
+

R2B



36

Pharmaceutical Sciences R&D

Codina - Symposium 22nd March 2011

20

0.60.81.01.21.41.61.82.02.22.42.62.83.02
f1 (ppm)

R1 t final

R2B t final

OH

O

OO

O

+



37

Pharmaceutical Sciences R&D

Codina - Symposium 22nd March 2011

OH

O N

N O

O N

N
+

H
Cl

O

N

N
+

H
Cl

O O

O O
O

O

O

O

O

O
O H

N

N

O
O N

N
+

H

Cl

O

O

O O

O

O N

N
+

H

O

O O

+

++

+

+

+



38

Pharmaceutical Sciences R&D

Codina - Symposium 22nd March 2011

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 2 4

Time (h)

E
qu

iv
al

en
ts

0

0.2

0.4

0.6

0.8

1

1.2

0 0.5 1 1.5 2 2.5 3 3.5 4

Time (h)

R1R2B

SM

Meldrum’s Acid

Piv-Anhydride (I1)

Product

Piv-Acid*

Mixed Anhydride (I2)



39

Pharmaceutical Sciences R&D

Codina - Symposium 22nd March 2011

OH

O N

N O

O N

N
+

H
Cl

O

N

N
+

H
Cl

O O

O O
O

O

O

O

O

O
O H

N

N

O
O N

N
+

H

Cl

O

O

O O

O

O N

N
+

H

O

O O

+

++

+

+

+



40

Pharmaceutical Sciences R&D

Codina - Symposium 22nd March 2011

OH

O N

N O

O N

N
+

H
Cl

O

N

N
+

H
Cl

O O

O O
O

O

O

O

O

O
O H

N

N

O
O N

N
+

H

Cl

O

O

O O

O

O N

N
+

H

O

O O

O O

O O

O
O N

N
+

H

O

O N

N
+

H

O

O O

+

++

+

+

+

+

+



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF0056004d0052004400200072006500670075006c00610074006f0072007900200031002e00340020005000440046002000640069007300740069006c006c00650072002000730065007400740069006e00670073002e000d>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


