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Quality by Design (QbD):

A systematic approach to
development that begins with
predefined objectives and
emphasizes product and
process understanding and
process control, based on
sound science and quality risk
management. - ICH
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Two ways of optimization

Traditional way l QbD/60 way
Targetis to meet the Controlling the process
quality parameter affecting a

quality parameter

Variation in product quality
¥ Consistent quality

Reprocessing

Rework Less Reprocessing

Less Rework

Cost of poor quality (COPQ) Reduction of wastages

Quality by QC Quality by Design
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Iterative Refinement (if necessary)

Input Variables Combinbatorial Design Matrix Collect Data by
Experimentation

Analyze Data

& Evaluate Model
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One Factor at a Time
(OFAT)

https://www.mt.com/us/en/home/applications/L1_AutoChem_Applications/L2_ReactionAnalysis/design-of-experiments-doe.html
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Iterative Refinement (if necessary)

Input Variables

A1 B1 C1
Aq B, C4
A B4 C,

Combinbatorial Design Matrix

Temperature
(25-50 °C)

Reagent X
(2-5 equiv)

Concentration
(0.1-0.5 M)

https://www.mt.com/us/en/home/applications/L1_AutoChem_Applications/L2_ReactionAnalysis/design-of-experiments-doe.html

Input Variables

Collect Data by
Experimentation

1 2 25 (-1) 2 (-1) 0.2 (-1)
2 6 50 (+1) 2 (-1) 0.2 (-1)
3 3 25 (-1) 5 (+1) 0.2 (-1)
| 4 1 25 (-1) 2 (-1) 0.5 (1)
5 8 50 (+1) 5 (+1) 0.2 (-1)
6 4 50 (+1) 2 (-1) 0.5 (+1)
7 10 25 (-1) 5 (+1) 0.2 (-1)
8 5 (50) +1 5 (+1) 0.5 (+1)
9 37.5(0) 3.5 (0) 0.35 (0)
10 37.5(0) 3.5 (0) 0.35 (0)

Analyze Data
& Evaluate Model
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X
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Full Factorial

(2" runs + Center points)



Iterative Refinement (if necessary)

A1 B1 C1

A B; Co

Combinbatorial Design Matrix Collect Data by Analyze Data

Input Variables ) ;
Experimentation & Evaluate Model

=
9
r— 9

CcC CCF CCl

Composite Centered
Design (CCD)

ICH PHARMACEUTICAL DEVELOPMENT Q8(R2) - https://database.ich.org/sites/default/files/Q8 R2 Guideline.pdf
Ait-Amir, B.; Pougnet, P.; El Hami, A. 6 - Meta-Model Development; El Hami, A., Pougnet, P. B. T.-E. M. S. 2, Eds.; Elsevier, 2015; pp 151-179.



https://database.ich.org/sites/default/files/Q8_R2_Guideline.pdf

Iterative Refinement (if necessary)

A
A1 B1 C1
B
| e— A1 B, C1 | e—
C_: A By C,

Input Variables Combinbatorial Design Matrix Collect Data by Analyze Data
Experimentation & Evaluate Model
ANOVA
Sum of Squares Mean Square F-Value P-Value
n Varience Attributed Computed from a
§ : ( X — 7)2 Sum of Squares to Investigated Factor standard
t ° of Freedom (mean squared) distribution of F-
i=0 Varience Atributed values
to Random Error (Pos)

Curvature — Measure of linearity in
the regression model
(Statistically significant curvature
Suggests quadratic terms are
required) 6

Residuals — Measure of random
errors in a regression analysis
(Should be normally distributed)



Iterative Refinement (if necessary)

Input Variables

Half-Normal Plot

Select significant terms - see Tips

Line defaults to fit smallest 50% of effects

0.00 360 721 1081 1442 18.02

2162

Cq  —

A1 B1 C1
A1 BQ
A B; Co

Combinbatorial Design Matrix

A: Temperature (deg C)

https://www.statease.com/docs/v13/tutorials/multifactor-rsm/
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2040

2620

2400

Collect Data by
Experimentation

Filtration Rate (gallons/hour)

A

15

00 18.00 2100 2400 270 3000

D: Stir Rate (rpm)

Filtration Rate (gallons/hr)

C: Concentration (percent) 2,50

Analyze Data
& Evaluate Model

3D Surface

4.00

2620  A: Temperature (deg C)

200 24.00
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MeNH2 .
CH SOCl, Y\(CHQ Y\(CHz (40% aq.) Y\(CHZ HCI (in EtOAC) Y\(‘CH2
Ry k0H toluene rR"R, CI DMF/H0 R "R, Phthal R R, NH2 R R, NHSCI
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Hydrolyzed impurity

MAs &
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1
Physical & 2
| ez |
Chemical
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Analytical

Safety

* CQAs from single stage
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Ethyl acetate and isopropyl alcohol
are added to a round- bottom
flask. Crude compound 4 is added,
and the mixture is stirred for 15
min to achieve complete
dissolution. The solution is then
cooled to 25 + 10 °C, and ethyl
acetate/HCl is added at the same
temperature. The reaction mass is
maintained for another 2 hat 25 +
10 °C. The precipitated API
hydrochloride salt is filtered under
a nitrogen atmosphere, and the
cake is washed with ethyl acetate.
The material is then vacuum-dried,
unloaded into a vacuum tray drier,
and further dried at 47.5 £ 2.5°C
until a constant weight is
obtained.

Org. Process Res. Dev. 2015, 19, 11, 1634-1644

CQAs API (5)

e | 2
2|5 -
T = -
5| 2 = status z
S. potential g3 z : present of £
No activity failure mode 2 ; gl & failure mode control present E -
S| 2| 2| E control | £ | 2| 2
>l 5| 2| 8| % EIT| T
s| E|E(E|2| 8 gl E|2| 2
0] -] o
S| 2l 2| S|2|s s 2 s =
1 :’:ﬂ:ﬁ:‘o‘::f lE?OAr into | More quantity T $ AEFIEIE measurement calibrated wathin 2 5 2 20
of EtOAc error day tank 8
the reactor
low quantity of measurement calibrated .
EtOAc v 1 T|T|T|2 error day tank working 2| 9| 2 36
A king
N | more quantity measurement | calibrated | WOrXN8 ol 7
2 charge 1-1.5 Volumes | c104 ¢|T[s|E|T|S O day tank but flow S| 9 315
of IPA into the reactor | meterto | |
low quantity of measurement calibrated be |
IPA * V||| error day tank | installed 2 ]2
toluene
charge crude stage 4 more quantity correction 3 o )
ana al e 5 v R 9 E
15t the Fescto of 4 "SR EAEARAE AL ; analytical error to the working | 2 2| 36
3 assay
toluene
less quantity of 4 ? 281812 analytical error “’::;‘:l::-“n working 2 9 2 36
.l\&l}'
continue
4 | stir the reaction mass | what if clear manual error stirring till
till clear dissolution is | dissolutionnot | & | 2 | S (2|2 | T ot aiticsl clear working | 2| 9| 2| 36
observed observed > solution is
obtained |
5 add EtOAc.HCl into S failure of chilled ensuring
the reaction mass at ;“‘lh“ 83 ¢ vizlzlsls water line that RT ok s |9 |s |22
25£10°C w:‘" iy valve of RT water line 8
Pt water not closed | is closed
RT water
charging at low temperature No
temperature v ¢ P [ B|S S fluctuation 00 elac control > 2 245
during winter B !
charging of releasing
more eq. of HCI v v(T(T(T|T il material S |7 9 | 315
h T e on working
¢ argm;;af ess | T tl1z2l12l2 0 vendor's 5 s |9 | 225
eq. of HCI COA
fast addition of addition at
EtOACHCI vivis[e|e|e constant J B R
Sadiaial rate with
1 g flow working
b ERE N EAEAEA K meters in s|s|s |1z
- 45-60
minutes
more
no effect at not not
::\::lnnanu ¢ ¢ T[T 25:10°C required | required S 2 3 30
maintain the reaction | less IPC for the
6 | massat 25¢10°Cfor | maintenance vIiv|T|T|IT(T manual error | absenceof | working | 2 | 7 | 3 | 54
2 hour time 4
maintenance at failure of chilled standby
high N 'SEAEAEAE et abant brine working | 2 | 7 | 3 | 54
temperature e supply
maintenance at Not Not
low T(T|T|T|T |2 No effect 53|30
temperature required | required
filter the compound filter under Failure of Standby
7 | under nitrogen atmospheric s I - O - alkionca olaat nitrogen | working | 3 | 9 | 3 | 8I
h d gl cylinders
T increase in desired COA T increase in undesired COA T  noeffect of CPPs on COA




. king
more quantity measurement calibrated | W' : ‘
, | charge 1-15 Volumes | c1pa ¢ | T |T|E|T|T D day tank butflow | 5| 9| 7] 315
of IPA into the reactor ) | meterto | | |
low quantity of measurement calibrated be ‘
IPA ol 182 Al ) [ error daytank | installed | | | A |k
5 add EtOAcHCl into 2 : allure of chille: ensuring
5 id EtOAc.HCI charging at fail f chilled
the reaction mass at i : water line that RT
25210°C :1::1 i v v ARARA R valve of RT water line working [ S |9 | S | 225
P water not closed | is closed
RT water
charging at low temperature No
temperature L oA | vl fluctuation no effect control 717 245
: | during winter e | IS i -
charging of releasing
more eq. of HCI SR ZEAEA AR — material 5170 1:9: | 315
charging of less error e working
Mol R AR AEAEAE AL vendor’s s |5 |9 |25
eq. of HCl COA
fast addition of addition at
EtOAc.HCI' v v |3 I I constant S S S 125
o rate with
slow addtion of error o ——
bl 3
EtOACHCI TP p— s|s|s |12
minutes 1 1 1 1
S.
no. PP limit justification
R b
variable [RPN"] levels used for DoE 1 EtOAc volume 8—12 volumes no effect on the responses
at high volume
symbOI P variable for DoE low (_l) high (+1) 2 time the reaction mass  not defined not crii'll; ifustirred for a
A volume of IPA 0.8 volumes [315] 2 volumes [315] 151 Sﬁflfetfl until clear lfon%‘i’: ﬁin:; as it is just
ssolution or solution
g o o
B addition temperature 5 °C [245] 35 °C [225] 3 addition time of 45—60 min to control the
C amount of HCI 1 equiv [225] 1.2 equiv [315] EtOAc/HCl exothermicity of reaction
ap -3 . : . : 4 cooling temperature 10-15°C a low temperature was
A 2° full factorial design with four center points was planned to study befor: sddition chosen to control the
the effect of the three important input PPs on the CQAs with all of the exothermicity
other PPs kept at predefined levels. bRisk priority numbers (RPNs) S maintenance 10-15 °C same as the cooling
were taken from Table 2. temperature temperature
6  maintenance time 2-25h no effect on the responses
after 1 h
7  filtration under nitrogen  dry atmosphere required

Org. Process Res. Dev. 2015, 19, 11, 1634-1644
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2
2
2
0.8
0.8
2
0.8
0.8
14
14
14
14

O 0 N OB WY
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source

model

A (IPA volume)
C (equiv of HCI)
AC

curvature
residual

lack of fit

pure error

cor total

S
N
3$
S
35
35
S
35
20
20
20
20

IPA volume cooling temp. (°C)

sum of squares

80.27
61.28
8.69
10.30
39.65
10.36
5.62
4.74
130.28

Org. Process Res. Dev. 2015, 19, 11, 1634-1644
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1 78.37
12 80.54
12 74.01
1 82.72
1 82.72
1 80.54
12 87.07
12 87.07
1.1 87.07
1.1 84.90
1.1 87.07
1.1 84.90
degrees of freedom

amount of HCI (equiv) yield (%) purity (%)

99.96
99.89
99.98
99.85
99.94
99.92
99.96
99.99
99.97
99.97
99.93
99.95

mean square

26.76
61.28
8.69
10.30
39.65
1.48
1.40
1.58

unreacted 4 (%)

0.01
0.01
0

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

F value

4142

26.80

impurity 6 (%)  impurity 7 (%)
0.02 0
0.01 0.03
0 0.04
0.05 0
0.01 0.03
0.01 0.01
0.03 0
0 0.02
0.02 0.01
0.02 0.02
0.01 0.03
0.01 0.02
p value prob > F
0.0011
0.0004
0.0459
0.0335
0.0013
0.5614

impurity 8 (%)

o

o O O 0O OO o O o o o

not significant



point type volumes of IPA  addition temp. (°C)

axial
axial
axial
centre
axial
axial
axial

centre

source

model

A

C

AC

c
residual
lack of fit

pure error

1.4
2

0.8
1.4
1.4
1.4
1.4
1.4

20
20
20
20
35

S
20
20

sum of squares

131.09
92.74
7.61
35.77
68.05
39.14
31.87
7.27

equiv of HCl yield (%)

12 78.67
11 78.67
11 83.04
11 84.90
11 80.85
1.1 83.04
1 80.85
11 8522
degrees of freedom

4

1

1

1

1

12

7

S

% yield = -623.97 + 58A + 1240.5C - 61AC - 531C?

Org. Process Res. Dev. 2015, 19, 11, 1634-1644

yield (%)
volumes of  addition temp.  equiv of redicted
run IPA (°C) HCI actual 95% CI)
1 1.5 10 1.1 83.9 82—-8S5
2 1.5 15 1.1 84.3 82—-8S5
3 1.5 20 1.1 84.7 82—-8S5
4 1.5 15 1.1 83.9 82-85
mean square F value p-value prob > F
32.77 10.05 0.0008 significant
92.74 28.44 0.0002
7.61 2.33 0.1524
35.77 10.97 0.0062
68.05 20.87 0.0006
3.26
4.55 3.13 0.1136 not significant
1.45
12



Design-Expert® Software
Factor Coding: Actual
Yield %

e Design Points

I 87.4113
78.3717
X1 = A: IPA Volume

X2 = C: HCl Mole Ratio. Eq

Actual Factor
B: Cool Temp. = 20.00

% yield = -623.97 + 58A + 1240.5C - 61AC - 531C?

C: HCI Mole Ratio. Eq

Yield %
1.20
1.15
1.10
1.05
1.00 @
0.80 1.10 1.40

A: IPA Volume

Org. Process Res. Dev. 2015, 19, 11, 1634-1644

1.70

13

2.0



Design-Expert® Software
Factor Coding: Actual
Yield %

e Design Points

I 87.4113

78.3717

X1 = A: IPA Volume

X2 = C: HCI Mole Ratio. Eq

Actual Factor

B: Cool Temp. = 20.00

C: HCI Mole Ratio. Eq

83.5547

risk assessment 3%

S. no. factor acceptable range control strategy (¢} D RPN
1 IPA volume 0.8—1.6 volumes  only the calculated quantity of IPA is to be dispensed using a flow meter with additional 2 2 36
calibration on the day storage tank
2 addition temperature”  10-30 °C found to be noncritical from DoE, but the target was set at 20 °C 2 2 8
3 amount of HCI 1.04—1.14 equiv  assay of EtOAc/HCI solution to be done just before the batch is started to account for 2 2 20
any HCl loss upon storage
“0 = occurrence, S = severity, D = detectability (not). "After DoE, temperature was found not to be a CPP.
Yield %
X1=A:IPA Volume
X2 = C: HCI Mole Ratio. Eq 1.15 —]
Actual Factor o
B: Cool Temp. =18.78 L
o
T ) Yield 9
o= Design Space for
= Yield > 80%
[®)
I
o 1.05 —
0.80 1.21 1.61 2.02 242 14
A: IPA Volume

Org. Process Res. Dev. 2015, 19, 11, 1634-1644



(0] J— o) — N le) =
H S = 7 =
N DIPEA Br N KoCO3 N N
HN S HN S 8 STON N
A A DMF, rt. PP DMF, rt. 7B
o 'il 86% o] T 75%
2 3
N NHRz | kocos
2% 5 N DMF, 75 °C
3 N 88%
H
=N
$—NHBoc
o]

91% after
chromatography

o) / o) /
AN N )t N TFA AN N )t N
Y\)\ N N’>_ N: 2 CHCl jN/.;J\ N N’>_ N: 2
I NH, 5 I NR,

1 (Litagliptin)

9 Yol ”IHQ Q«ﬁ

Impurity A Impurity B

15
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H p—
HN N DIPEA Br
/ Br
Py MeCN, rt.
@ 'T‘ N 86%
2

Org. Process Res. Dev. 2022, 26, 12, 3254-3264

Percent

98

95

90
85

80

70

60

504

30

20

10-

/ mE
/

factor unit range

acetonitrile mL/g 10-16
BNB equiv 1.0-1.3
temperature °C 50—80
time h 8-20
DIPEA equiv LI-1.$

#0.05 equiv of tetrabutylammonium bromide (TBAB) was added.

Full factorial: 2°= 32 experiments
% factorial: 8 experiments + 3 center points
Output = Residual 2

Half Normal Plot of the Standardized Effects
(response is The residue of 2, a = 0.15)

Effect Type
B Significant

Factor Name
A Solvent
B BBN
/ C Temperature
D Time
E DIPEA

/ mB

/ PLOF =0.018
4 Peurvature = 0.019

Absolute Standardized Effect

16

https://www.mt.com/sg/en/home/products/L1_AutochemProducts/chemical-synthesis-reactor-systems/EasyMax-102-Basic-Synthesis-Workstation.html



9

18 Additional CCF
experiments
carried out

residue of 2
<

VB WN -

EEETNEEN
NNOUV A WN -

>

Hold Values
Temperature 80

Composite I
m]
Centered l
Design (CCD) 1 o~ o .
CCC CCF CCl
(a) Main Effects Plot for The residue )
Fitted Means Contour Plot of residue of 2 vs DIPEA, BNB
" Temperature BNB DIPEA 2
5 /
~ 14
> /
$ 4 N /
2 N 4
o N / z
— \ / (%)
() \\ ,/' .
£ 314 \ : i 3
% \\\ \\\ \‘\ /
~—.. \ N
o 2 ~—~ N
= N
"
N
11 N
\
0 T 1 1 .
60 72 8404 1.12 1.20 1.20 1.35 1.50 1.05 1.08 1m 1.14
BNB
Entry BNB (eq.) DIPEA (eq.) Temperature (°C) 2 (%)* 95% CI
1 1.20 127 80 0.748
2 1.20 127 80 0.810
(-0.937,1.261)
3 1.20 1.27 80 0.915
4 1.20 1.27 80 0.909
Average - - - 0.845 -
 Determined by HPLC analysis

Org. Process Res. Dev. 2022, 26, 12, 3254-3264

ICH PHARMACEUTICAL DEVELOPMENT Q8(R2) - https://database.ich.org/sites/default/files/Q8 R2 Guideline.pdf

Ait-Amir, B.; Pougnet, P.; El Hami, A. 6 - Meta-Model Development; El Hami, A., Pougnet, P. B. T.-E. M. S. 2, Eds.; Elsevier, 2015; pp 151-179.
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https://database.ich.org/sites/default/files/Q8_R2_Guideline.pdf

o~

o) =
s
41\ _N O)\N N/>—Br
|

Half Normal Plot of the Standardized Effects
(response is The residue of 3, a = 0.15)

_ Effect T
factor unit range G // o Sigerfificzzf
cMQ equiv 10-12 / o
K,CO, equiv 0.5-2.0 A cMQ
. 95 2 K203
time h 4-14 / C Time
temperature ¢ 50-90 oo / E gzcg:‘rature
NMP mL/g 8—14 /
a " T 851 / mB
0.1 equiv of TBAB was added. S 80 /
5 /
70
. 5 . 60 mc
Full factorial: 2°= 32 experiments .
% factorial: 16 experiments + 4 center points 40 m 8C
. 30
Output = Residual 3 20 .
10-
2 3 4 5 6 7 8
Absolute Standardized Effect
18

Org. Process Res. Dev. 2022, 26, 12, 3254-3264



The residue of 3

Source DF Adj SS Adj MS F-Value P-Value
Model 4 67.4824 16.8706 15.84 0.000
17 Addltional CCF Linear 64.4199 21.4733 20.17 0.000
. CMQ 1 2.4869 2.4869 2.34 0.147
experlments
. K>CO; 1 56.4527 56.4527 53.02 0.000
CarrIEd out Time 1 5.4803 5.4803 5.15 0.038
2-Way Interactions 1 3.0625 3.0625 2.88 0.111
K2CO3*Time 1 3.0625 3.0625 2.88 0.111
@) Main Effects Plot for The residue of 3 (b) Contour Plot of The residue of 3 vs K2CO3, CMQ
Fitted Means
2.00
5 CMQ , K2CO3 Time - ¢
= 05 -
10 -
175 m 15 -
20 -
" 4 - 25
30 -
0 1.50 W 40 -
g - >
3 3 3 Hold Val
g \ SRES Time 14
@ \ g
= 5 b
2 \ 1.00-
©
g \ \\
1 \\\\ - \ e 075
————— \ \“__‘
\.
0 s 0.50
‘ v 1.00 1.05 1.10 1.15 1.20
1.0 1.1 12 06 1.2 1.8 5 10 15 cMQ
19
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0.5
1.0
1.5
20
25
3.0
40
5.0
5.0



NHR,
CY -

— 0 —
N i H N N N NF T
B N N N
T T T A SeSE,
7 07 "NT N NMP, 75 °C ;o OTNTN o N
s ! ' | NR, | NH,
K2CO03: 1.5 equiv 0.03%
3 equiv 0.13%
4 equiv 0.21%
— I -
y 0 ¥ = X N 0 b // ) 0 ¥ ==
ase
X N X N X N
fﬁi N — N%Zt N — f;ﬁ PN
o i o i) 7" 07 >NT N
| NHBoc | NHBoc I NHBoc
5a I I
(0] o— O o—
= [~ . . .
NY\ N N NY\ N N base K,CO; Na,CO; KOH
—_— N )—N — N )—N allene impurity 031 ND 0.70
77 07N N 7 07 N7 N “Conditions: 4 (2 g), NMP (16 mL), K,CO; (1.2 g, 2 equiv), 23 h,
| NHBoc | NHBoc and 90 °C. YConditions: K (2 g), NMP (16 mL), Na,CO; (0.9 g 2
Impurity C Impurity A equiv), 23 b, and 90 °C. “Conditions: 4 (2 g), NMP (16 mL), KOH
0.2% in commercial API (1.0 g 4 equiv), 21 h, and 100 °C.

Org. Process Res. Dev. 2022, 26, 12, 3254-3264
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O’NHBOC

NMP NHBoc

NY\ @] N// N NY\ )otN/

AN N ~ N

_N O)\)FN)—Br Na,CO, 2N O)\T N/>_NQ
4 5

factor unit range
temperature °C 70—100 Full factorial: 2°= 32 experiments
time h 1216 % factorial: 16 experiments + 3 center points
Na,CO, equiv 0.5-2.0 _ . .
S il Jg s Output = Residual 4 + Impurity C
RBP equiv 1.00-1.12
Half Normal Plot of the Standardized Effects (b) Half Normal Plot of the Standardized Effects
(a) (response is allene impurity, a = 0.10) (response is The residue of 4, a = 0.10)
Effec_t ‘Type Effect Type
08| B Significant 08 B Significant
Factor Name Factor Name
A Temperature A Temperature
954 B Time 95 4 B Time
o RBP C RBP
D Solvent D Solvent
90 E Na2C03 90 E Na2C03
£ 85 £ 85 mC
Q Q
S 804 mA Y 80
& &
70 704
60 60 mA
504 mC 50
40 40+ mB
304 304
204 | AC 20 m AB
104 104
0 r T 0 : : - . . . .
0 1 2 3 4 0 1 2 3 4 5 6
Absolute Standardized Effect Absolute Standardized Effect

Org. Process Res. Dev. 2022, 26, 12, 3254-3264



O/NHBOC

NY\ @] N/ N NY\ )otN/

AN N ~ N

_N O)\)FN)—Br Na,CO, 2N O)\T N/>_NQ
4 5

NMP, 70-90 "C NHBoc

17 experiment RSM generation.
Output : Residual 4 and assay yield of 5

Contour Plot of The residue of 4, The assay of 5

Temperature ~ RBP . HPLC assay (%) Allene
90 Entry . Time (h) . .
The residue 0 (equiv) 4 5 impurity
o]f 4 1 82 1.09 16 0.150 98.777 ND
..... 05 2 82 1.09 16 0.065 98.748 ND
The assay 3 82 1.09 16 0257 98.599 ND
85 ng;s 4 82 1.09 16 0.088 98.741 ND
""" 100 average - - - 0.140 98.716
o Hold Values
o } &
= Time 16
o 80
o
£
RS
. o/ ; :
100g scale: 96% isolated yield of
o .
75 5 at 99.5% purity
“\
\~~
N
70 : : : : : —
100 1.02 104 106 1.08 110 112 114 1.16

RBP 22

Org. Process Res. Dev. 2022, 26, 12, 3254-3264



— o) —
N DIPEA Br N
HN S HN 8
A AN DMF, rt. PP S
o 'V 86% o) T
2 3
O,NHBOC
0 =
SN
Y\)\ />—N
K2C03 N (AN
DMF, 75 °C
88% 5 I NHBoc
BNB (1.20 equiv)
H DIPEA (1.27 equiv.) o =
N TBAB (0.05 equiv) N
HN HN
A N’>_ Br MeCN, 80 °C PN W
o~ N 94% 07 "N" N
| |
2 3

(TNHBOC
(0] =
N . =
H (1.09 equiv) N

Na2CO3 (1.0 equiv)
NMP, 82 °C O |
95%

NHBoc
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_N o) /
K.
2003 N\w/\N N
DMF, rt N P—Br
y L —
75% 07N N
4
o =
TFA Ny )tN
N
N
CH2C|2 — N )\ N/>_
91% after o 'T‘
chromatography NH;
1 (Litagliptin)
CMQ (1.13 equiv) _

K2CO3 (1.80 equic) o =
TBAB (0.10 equiv) /

NMP, 60 °C
86%
o] =
1) HCI/DCM, -15 °C N~y N
)—N
2) TBAB, NaOH _N oéJ\N N

toluene, 60 °C |

88% NH

1 (Litagliptin)
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BR, - Must be freshly prepared, costly, require high temperatures, only work well with aryl-Br

R
Z M |\\ X R
. P |\ XX
M = BR2, SnR3 PZ
MgX X =1, Br, Cl, OTf
R X LB-Activator
S PdL, R
SRy + ~ i
=
X =1, Br, Cl, OTf
Vinyl Donor
Me . Me
A6
1 1
| Meo IYIe Me Me
IO o
1 1
MeO Me Me (/ Me
L0-5i7X
Me_S'l ‘O
O s
TMSOK (2 equiv) xSi-0° ‘h;e\\
APC (5 mol%) Me
THF, r.t.
0,
42% \ /
A
N
o
MeO Me_Me
E0 S~
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SnR; - Toxic and costly

MgX - Not general resulting in a limited scope without tuning

Non-toxic, easy to purify, good substrate scope, and mild conditions

Activator

Pd Source

Ligand

dppb
dppbO
dppbO2
PPh3
AsPh3
10

Ligand
mol%

Solvent

DMF

dioxane

toluene

THF
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Vinyl Donor

Me Me
EtO” Sz

Activator

Pd Source

PdCI2

Pd(dba)2

APC

Ligand

dppb
dppbO
dppb0O2
PPh3
AsPh3

Ligand
mol%

0.8

0.6

0.4+

0.2

-0.2

.0.4_

-0.6

J. AM. CHEM. SOC. 2008, 130, 3690-3704
Org. Process Res. Dev. 2022, 26, 3, 899-914

Yield -

Solvent

DMF

dioxane

toluene

THF

. AmntL

[l Act(CsOH)

D Act(TMSOK)

[l Act(koH)

[l Vin(HVDS)

[l Vin(ovDS)

[ Vin(D4v)

[l Vin(D4VDMVSOEY)
. Pd(APC)

[ Pd(Pdci2)

[[] Pd(Pddba2)

[l Lig(PPh3)

[l Lig(AsPh3)
[l Lig(dppb)

[] Lig(BPTBP)
[ Lig(dppbO2)
[l Lig(dppbO)
[ sol(THF)
Sol(Dioxane)

: i
MeO

CsOH (3 equiv)
Pd(dba),/AsPhs

Me Me
g0 S

THF, r.t.
51%

o
MeO
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Ligand

Vinyl Donor Activator Pd Source Ligand mol% Solvent
Me . Me
R TR I
Me Me
y M
TSN dppb :
Me_(sro S i 100 reaction
0 T dppbO DMF .
S —KOH ~PdCl2 0
905 top02 ; o matrix selected for
e CsOH Pd(dba)2
(doa) PPh3 totuene Z”d round DOE
TMSOK APC 10
A o / AsPh3
/\Si« \S/\ 10
NN —
) activator
Me_ Me (2 or 4 equiv)
Si~ Pd source
E10 I (5 mol %) N
4+ vinyldonor —M8 —»
MeO (1.20r2.4 ligand (xmol %) pao
12a equiv) solvent, r.t. 148
vinyl Pd ligand, vinyl, 12h
un activator donor source ligand solvent mol % equiv® yield, %°
40 KOSiMe: HVDS APC dppbO2 DMF 5 2 98
89 KOSiMe; DVDS Pd(dba), Ph;P dioxaned 0 1 93
7 KOSiMe; DMVSOEt Pd(dba), dppb DMF 0 2 89
31 KOSiMe: DVDS APC dppbO DMF 0 2 86
69 KOSiMe; DMVSOEt APC dppb0O» DMF 0 1 85
64 KOSiMe; DMVSOEt APC dppbO, THF 0 2 85
26 KOSiMe: HVDS Pd(dba): dppbO DMF 0 2 85
86 KOSiMe; DVDS Pd(dba), dppbO» DMF 0 1 83
96 KOSiMe; D, Pd(dba), AsPh; DMF 1 2 82

0.5 mmol of aryl iodide used in the reaction. ? The ratio of activator to vinyl equiv is always 2:1.2. © Yield determined by GC analysis versus an internal
standard. ¢ in this reaction, a 2:1 mixwre of dioxane/DMF was inadvertentiy used.

J. AM. CHEM. SOC. 2008, 130, 3690-3704
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3 -

CQA 1*
Phy5|cal& EVIEA- 1| CQA-2*
Chemxcal

CQA-n* |—>

Analytical
Safety

* CQAs from single stage

Capabilities:

e Systematically and efficiently
generate interpolative and
predictive models

* Can evaluate any number of
variables for multiple outputs
simultaneously

e Easily provides powerful tools for
analysis and visualization of data

Org. Process Res. Dev. 2022, 26, 12, 3254-3264

Risk MAs & Risk npe

iabl
ETODETEY QIR Assessment-1 CaAs PPs Assessment-2 dicnel
\ JA\ A A JE\ A A for DoE )

CMAs& Design Control Risk
CPPs Space Strategy | Assessment-3
Control
ME n 2[ _> ﬂ DeSIgn\ Strategy FMEA-3 |
space % for
all CPPs

Feedback mechanism for continuous improvement I

Update FMEA-2 Document

Challenges:

* Number of runs scales exponentially with
number of variables and levels

* Screening of discrete variables is difficult

* Models are only as good as the data they
are given

* Incapable of accounting for lurking
variables and scale up challenges
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