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Statisticall Design ol EXperments

Methedelegy developed in 1958 by the
Britishi statistician Ronald Eisher

Strategy.

DoE o Appropriate statistical analysis hefone any
0) . .
expenmental data are obtainead

Objective

* [0 get as muchi infermation as possible
flrem a minimum: AUMBEr of EXpPerments

Bayne, C. K.; Rubin, I. B., Practical experimental designs and optimization methods for chemists. VCH

Publishers, USA, 1986.
Tranter, R., Design and analysis in chemical research. Sheffield Academic; CRC Press: Sheffield, England, 2000.




EXPERNMERANeR I Organic Synthess

IR any’ synthetical proceadure there ane factors

lemperature, time, pressure, reagents, rate of
addition, catalyst, selvent, concentration, pH

that willlhave an influence on the resuit
yield, purity, selectivity:

Carlson, R., Design and optimization in organic synthesis. Elsevier: Amsterdam ; New York, 1992.




siConventieonaliapproach Lo eplimizaen

T °C
X+Y 4
t minutes

Analysis ofi the reaction conditiens that affect the yield:

Yield vs. Temperature (t=130 min) Yield vs. Reaction time (T=125°C)
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TThe maximum yieldiwould he ebtained at 125 °C i 130 min?
Are these really the optimum conditions?

Tranter, R., Design and analysis in chemical research. Sheffield Academic; CRC Press: Sheffield, England, 2000.
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130
“response surface” Time (min)

Carlson, R., Design and optimization in organic synthesis. Elsevier: Amsterdam ; New York, 1992.
Tranter, R., Design and analysis in chemical research. Sheffield Academic; CRC Press: Sheffield, England, 2000.



e conventienal appreachH

Analysis ofi the' effect of one particular reaction condition
Py keeping all the ether enes constant

catalyst
A+B L
T °C
t minutes
Temperature » (Concentraton
Ol Substrate
Tihe preblem:

TThe optimum conditions ebtained depend on the starting peint

Owen, M. R.; Luscombe, C.; Lai, L. W.; Godbert, S.; Crookes, D. L.; Emiabata-Smith, D.
Org. Proc. Res. Dev. 2001, 5, 308-323.




e DeE appreach

To rationally: cheese points throughout the cube: te fully
rfepresent the entire space.

catalyst
A+B > C
T°C
t minutes

lemperature / :
O~ (Concentauoen

of substrate

Owen, M. R.; Luscombe, C.; Lai, L. W.; Godbert, S.; Crookes, D. L.; Emiabata-Smith, D.
Org. Proc. Res. Dev. 2001, 5, 308-323.




@utline

Determining Important reaction conditions
o Fractional facteral design

Analysis ol reaction conditien efiects
o Eacioerial design

Estimation of the optimun conditions
o Response surface analysis



EActoelal designs

TWo types ofi reaction conditions:
= Numeric
temperature, pH, rate off addition, concentration
= Categoric

soelvent, Inert atmesphere, presence of molecular
Sieves, Use ofi a particular reagent

Each reaction condition will be screened! over a defined
set of values, (numeric) er optiens (categoric)

EXperiments are run using all the pessible combinations



simi Eaciornral designs

number of

reaction
conditions

number of values

for each reaction m n
condition

[fwe analyze 2 values (or eptions) for 3 reaction
conditions, 2°=8 experiments need to be run

A mifactorial designireguires mt experments
TThe most used method IS 21 design



Zefactoral design

HCOO OOR
ROOC\% : re . Rooc-~

COOR H20 COOR
acid catalyst

- A
number o conditions
>

2 values (or eptions) for 3 reaction conditions:

®
T C K
Temperature  Concentration Catalyst
(°C) (M)

120 160 15 25 H,PO, H,SO,

Box, G. E. P.; Hunter, W. G.; Hunter, J. S., Statistics for experimenters : an introduction to design, data analysis,
and model building. Wiley: New York, 1978.




Zefactoral design

HCOO OOR
ROOC\% ; re . Rooc-~

COOR H20 COOR
acid catalyst
(H 2804/H3 PO4)

8 experimentall runs:

un T C K label vyield (%)

1 - - - 1 60
2 + - - t 72
3 - + - C 54
4 + + - tc 68
5 - - + k 52
6 + - + tk 83
7 - + + ck 45
8 + + + tck 80

Box, G. E. P.; Hunter, W. G.; Hunter, J. S., Statistics for experimenters : an introduction to design, data analysis,
and model building. Wiley: New York, 1978.




run T C K label  vyield (%)

1 - - - 1 60
2 + - - t 72
3 - + - C 54
4 + + - tc 68
5 - - + k 52
§) + - + tk 83
7 - + + ck 45
8 + + + tck 80

Box, G. E. P.; Hunter, W. G.; Hunter, J. S., Statistics for experimenters : an introduction to design, data analysis,
and model building. Wiley: New York, 1978.




Vieasurng the: efiect: hemperature

run | T C K label vyield (%) Effect of T
1 - - - 1 60

12
2 + - - t 72 ~
3| - | + - c 54 -

14
4 + + - tc 68 ~
) - - + k 52

JE

0 i ) . L 83 One half of the average of
[ + ck 45 ] o the differences of each pair
8 + + + tck 80

2 2

[(t — 1)+ (tc —c) + (tk — k) + (tck —ck)} {12 +14+31+35

Box, G. E. P.; Hunter, W. G.; Hunter, J. S., Statistics for experimenters : an introduction to design, data analysis,
and model building. Wiley: New York, 1978.




Vieasunng the effiect: Concentration

run T K label vyield (%)
1 - - 1 60
-6
2 + - t 72
3 - - C 54 -4
4 + - tc 68
5 - + Kk 52 7
6 + + tk 83
7 + ck 45 -3
8 + + tck 80

[(c ~ 1)+ (tc — t) + (ck —k) + (tck — tk)

4

Effect of C

One half of the average of
the differences of each pair

Il

(—6)+(—4)+(—7)+(—3)}

2 =-2.5

2

2

Box, G. E. P.; Hunter, W. G.; Hunter, J. S., Statistics for experimenters : an introduction to design, data analysis,
and model building. Wiley: New York, 1978.




Vieasuning the: enfect: Cataly/st

run T C K label  yield (%) Effect of K
1 - - - 1 60 ~
-8

2 + - - t 2 "
3 - + - c 54 —1-
4 + + - tc 68 —“\\_9
5 - - + Kk 52 ~

. 12
6 + + tk 83 One half of the average of
7 . + + ck 45 ——— the differences of each pair
8 + + + tck 80 —

[(k “ 1)+ (tk — t) + (ck — ) + (tck —tc)} [(—8) 111+ (-9) +12}
_ 4 _ a ~0.75
2 7

Box, G. E. P.; Hunter, W. G.; Hunter, J. S., Statistics for experimenters : an introduction to design, data analysis,
and model building. Wiley: New York, 1978.




Concentaen:temperatre nteraction

run T C K label  yield (%)

Effect of C on the

1 1 60 ] 12 —> 6 effectof T
2 + - - t 72
} :

3 + - C 54

4 + + tc 68

5 + k 52

] 31— 155
6 + + tk 83
. . . ‘ e J 2 One half of the average
- ] 35 » 17.5 of the differences of

8 + £ + tck 80

each pair of effects

{(tc—c)_(t—l)}{(tck—ck)_(tk—k)} 5 [14_12}{35_31} 5
2 2 2 2 2 2 2 2 s

on = _
2 2

Box, G. E. P.; Hunter, W. G.; Hunter, J. S., Statistics for experimenters : an introduction to design, data analysis,
and model building. Wiley: New York, 1978.




NlEmperature-concenaeninteracion

run T C K label  yield (%)

Effect of T on the

1 - - - 1 60 6 — -3 effect of C
2 + - - t 72
1
3 + - C 54 J }
4 + + - tc 68
S + k 52
-7 —-3.5

6 + + 1 83
- " i J 2 One half of the average

o - 3. -15 of the differences of
8 + o+ + tck 80 each pair of effects

{(tc—t)_(c—l)}{(tck—tk)_(ck—k)} : {(—4)_(—6)}{(—3)_(—7)} :
2 2 2 2 2 2 2 2 o

on = _
2 2

Box, G. E. P.; Hunter, W. G.; Hunter, J. S., Statistics for experimenters : an introduction to design, data analysis,
and model building. Wiley: New York, 1978.




Concentaen:temperatre nteraction

run T C K label  yield (%)

Effect of C on the

1 1 60 ] 12 —> 6 effectof T
2 + - - t 72
} :

3 + - C 54

4 + + tc 68

5 + k 52

] 31— 155
6 + + tk 83
. . . ‘ e J 2 One half of the average
- ] 35 » 17.5 of the differences of

8 + £ + tck 80

each pair of effects

[(tc—c)_(t—l)}{(tck—ck)_(tk—k)} 5 [14_12}{35_31} 5
2 2 2 2 2 2 2 2 s

on = _
2 2

Box, G. E. P.; Hunter, W. G.; Hunter, J. S., Statistics for experimenters : an introduction to design, data analysis,
and model building. Wiley: New York, 1978.




lemperature-catalystinteracion

run T C K label  yield (%)

i = = 1 60 115 » g A

2 + - - t 72 95

3 - + ; c 54 v B

4+ o+ - tc 68 -

5 - - + k 52 )| 105

6 + - + tk 83

2 . . ’ " One half of the average
' - ] 35 _, 17.5 — of the differences of

S i tck 80 each pair of effects
[ e R I 3l Y

on - 2 2 2 2 _ 2 2 2 2 =

2 2

Box, G. E. P.; Hunter, W. G.; Hunter, J. S., Statistics for experimenters : an introduction to design, data analysis,
and model building. Wiley: New York, 1978.




K Interaction

run T C K label  yield (%)

1 - - - 1 60 - 129 = 6 -
2 - - t 72 -

. 95 —» 4.75
S - AR 7 D 0.5
4 + + - tc 68 - '
5 : : + k 52 )| 105 5.25
6 + - + 114 83
7 - + + ck 45

] 35 & 175 —
8 + + + tck 80
{(tck—ck)_(tc—c)}_[(tk—k)_(t—l)} 5 {35_14}_{31_12} 5
2 2 2 2 2 2 2 2
on — — =0.25

2 2

Box, G. E. P.; Hunter, W. G.; Hunter, J. S., Statistics for experimenters : an introduction to design, data analysis,
and model building. Wiley: New York, 1978.




Vieasurng the: effiect and Interactions

Yates's algonthm: works fer any: 21 factoral design

run T C K label vyield (%) (1) (2) (3) div result
1 - - - 1 60 132 254 514 8 64.25 average
2 o+ - - t 72 122 260 92 8 115 T
3 -+ - C 54 135 26 -20 8 -25 C
4 + + - tc 68 125 66 §) 8 0.75 TC
5 - -+ Kk 52 12 -10 6 8 0.75 K
6 + - o+ tk 83 14 -10 40 8 5.0 TK
7 -+ o+ ck 45 31 2 8 0 CK
8 + + + tck 80 35 4 8 0.25 TCK

Box, G. E. P.; Hunter, W. G.; Hunter, J. S., Statistics for experimenters : an introduction to design, data analysis,
and model building. Wiley: New York, 1978.




s \\VhHat doe these nUMBErs mean?2

Eirst we need te evaluate If: they: are significant

Factor effect plot

(when there is K
no central point) Factor

[ the effect of a factor Is lower than the standard
deviation, It's likely te be due: te expermentall errer



VWhat derthose nUmbers mean?

The effects can be used to calculate a function that
represents all the experimentall runs

esult yield=64.25+11.5T —-2.5C+5TK +
average 64.25

T 11.5 run T C K label vyield (%) calculated

C -2.5
1 - - - 1 60 60.25 + 2
2 + - - t 72 73.25+2
3 + - C 54 55.25+ 2

TK 5.0 4+ 4+ . tc 68 68.25 + 2
5 + k SV 50.25+ 2
6 + + 14 83 83.25+2
7 + + ck 45 45.25 £ 2
8 + + + tck 80 78.25+ 2




e meaningl el these RUMIBErS

yield=64.25+11.5T -2.5C+5TK +

T C K
Temperature Concentration Catalyst

(°C) (M)
120 160 15 25 H,PO, H,SO,

-1 +1 o | +1 i | +1

Categornical reaction conditions can e eptimized

“coor COR
ROOC\/(% HoSOsa) . ROOCF

COOR heat COOR

yield = 64.25+16.5T —2.5C +



SOMENING IMmportant

It was possible to choose one catalyst because the
Interaction TK was identified

yield=64.25+11.5T -2.5C+5TK +

run

C K yield (%)

cO N O 01 A W N P

60

72
+ - 54
+ - 68
52
83
45
80

+ + + 4+

AN

> H,PO,

> H,S0,

In order to get the
maximum Yyield
(maximize the function),
the catalyst has to be
H,SO,



e meaningl el these RUMIBErS

“coor COR
ROOC\/(% HoSO4e . ROOCF

COOR heat COOR

yield = 64.25+16.5T —2.5C +

10 find the optimum
conditions, We need to make
Sure that this funection
[EpPresents the entire space




@iher factoral designs

Eull facterial design
Centrall compaosite
Box-Benhken

/)

e v

Y A - @ ~ : /f
A

O ( o—=<

b

b/ N
g
/

Tye, H. Drug Discovery Today 2004, 9, 485-491.




@utline

Determining Impostant reaction conditiens
s Eractional factenal design

Analysis of reaction condition efiects
o Factorial design

Estimation of the optimun conditions
o Response surface analysis



Eractionall Facional designs

Eactonalldesigns work perfectly for determining
Impoertant facters

...lliyeuU have 3 reaction conditions, as In the example

“coor OOR
ROOC\/?S re . RooC-~

COOR A0 COOR

acid catalyst
(HoSO4/H3PO,)

lifyeu had te analyze 7 reaction conditions; at 2 values
each, you would needito run 2/=128 experiments!

By Virtue: of statistics, It IS pessihle te lower that numier
and get the same Infiermation



s M Eractionall Eacteal designs

actual number
number of values of reaction

for each reaction conditions
condition

number of “ignored”
reaction conditions

A miPiractional factonal design reguires mir expernments

[ifwe analyze 2 values or optiens, for 4' reaction conditions
(@s ifi they: were only 3), 2¢1=8 experiments need to be run

Tranter, R., Design and analysis in chemical research. Sheffield Academic; CRC Press: Sheffield, England, 2000.




Effects Vs, Interactions

This Is What we

got before: Important?
result main effects Very often
average 64.25 . .
J 2-factor interactions Often
T 11.5
C -2.3 3-factor interactions Sometimes
TC 0.75
K 0.75 4-factor interactions Very rarely
T8 >0 more-than-5-factor |l YOU get to here you
CK 0 interactions have something very
TCK 025 unusual'!

Tranter, R., Design and analysis in chemical research. Sheffield Academic; CRC Press: Sheffield, England, 2000




Z2eFractional factonalldesion

Yates's algonthm:

run A B C D vyield (%) (1) (2) (3) div result
1 - - - - # # # = 8 # av
2 |+ - -+ # # # 8 # A
3 - + - + # # # # 8 # B
4  + + - - # # # # 8 # AB + CD
5 - . # # # # 8 # C
6  + - + - # # # # 8 # AC + BD
7 -+ o+ - # # # # 8 # BC + AD
8 + + + + # # # # 8 # D

Box, G. E. P.; Hunter, W. G.; Hunter, J. S., Statistics for experimenters : an introduction to design, data analysis,
and model building. Wiley: New York, 1978.




sl Eractional iactoral designs

Number of reaction conditions
----ﬂﬂﬂﬂﬂ
2

2
e 2 e
O R
9-3 10-4 '1‘1 L '12Ei- '13—? '148 '15—9
2 2
2 el a0
2

Number of experimental runs

Design Expert 7.0.3 (Stat-Ease Inc.) (http://www.statease.com)




sHEHBW 10) COmpPare the: effiectis?

IR the case ofi 3 reaction conditions, a “Eactoer effect plot*
IS enoeugh

Factor effect plot

K
Factor

Eor a high number ofi reactions, a nermal plot Is needed




Noermal plets

LLet’'s assume that the expenimental errer fellews a
normal distribution

% error

IRl a nermall plet, reactien condition
efiects that are due to expernmental error
will appear forming a straight line

Nonmallplot

Box, G. E. P.; Hunter, W. G.; Hunter, J. S., Statistics for experimenters : an introduction to design, data analysis,
and model building. Wiley: New York, 1978.




Application example

NO OP|v
N CF,
K/N CF3 '?920 PivO" OP|v \O/
mol.sieves
L \[:::]/ 18h OPiv

(Koenigs-Knorr
glucuronidation)

Chelation was identified as the reasen for the badlyield
Addition eofi TMEDA (10requiv.), Increased the yield to 27%

|
N N
TMEDA =
~

|

Stazi, F.; Palmisano, G.; Turconi, M.; Clini, S.; Santagostino, M. J. Org. Chem. 2004, 69, 1097-1103.




Application example

O
~ O Br
@)
Pi\/)OKE‘J ‘OPiv

2 OPlv N
o (e ““O
N CF
K/N CF3 Ag0 PivO" "OPiv \©/ 2

L \©/ 10 equiv. TMEDA OPiv

mol.sieves 27 %
18h

DeE methods (37 factoriall design) were applied to screen amine
additivesiand silver seurces giving: HMITTA and Ag, €0, as best
combination

| /Nj
HMTTA = [N\/\N
_

|




Application example

IN[®)

2 H
HO Ny 2 .
\©/ O Ag,CO3

N CF,
N CF3 \©/
1 ©/ 10 equiv. HMTTA OPiv

mol.sieves 42 %
18h

A 24 fractional factoerial (8 expeniments) designiwas used:

Reaction condition -1 +1
A  pre-complex time (min) 0 60
B reaction time (h) 2 6
C Ag,CO, (equiv) 1.5 3.8
D HMTTA (equiv) 1.5 12.6
E sugar derivative (equiv) 1.5 3
F 4 A mol sieves (mg) 0 100
G solvent (mL) 0.5 1.5




Applicatien example

A pre-complex time (min)
27-% factorial design results: E——
D HMTTA (equiv)
E  sugar derivative (equiv)
F 4 A mol sieves (mg)
run A B C D E F G yield (%) CH e
1 - - - 4+ o+ o+ - 147
2 + - - - - + + 195
3 - 4+ - - 4+ - 4 244
4 + + - 4+ - - - 11.2 :
5 - - 4+ 4 - -+ 342 :
6 + - + - + - - 832 :
7 - 4+ + - - + . 565
8 + + + 4+ + + + 554

Stazi, F.; Palmisano, G.; Turconi, M.; Clini, S.; Santagostino, M. J. Org. Chem. 2004, 69, 1097-1103.




Applicatien example

&
5
()

\\‘ ’// . N CF
\ CFs Ag,CO;(3.7eq) PivO OPiv 3
HMTTA (0.7 eq) Ty

86%

30 min

Finally, a 2° facterial design and
[Espoense suriace analysis gave
the optimum conditions

Stazi, F.; Palmisano, G.; Turconi, M.; Clini, S.; Santagostino, M. J. Org. Chem. 2004, 69, 1097-1103.




@utline

Determining Important reaction conditions
o Fractional facteral design

Analysis of reaction condition efiects
o Factorial design

EStimatien of the optimun conditions
s Response surface analysis



REspoense: suliace analysis

Tihe preblem ofi eptimizing a synthetic reaction conresponds to
locate the maximumi value ofi a function frem a mathematical
POINE 6ff VIew,

Carlson, R., Design and optimization in organic synthesis. Elsevier: Amsterdam; New York, 1992.




RESPeNSe suliace analysis

Mo oR COOR
Rooc\/ckc’:oo H2504(aq) 1.OM | ROOC\/\

T°C

COOR £ min COOR

run t T

t T - -

time Temperature + -
(min) (°C) .
70 80 127.5 1325 + 4+

-1 +1 -1 +1 Central point:

0] 0]
0 0 three times to
0 0]

calculate the
experimental error

~N o o A WDN P

Box, G. E. P.; Hunter, W. G.; Hunter, J. S., Statistics for experimenters : an introduction to design, data analysis,
and model building. Wiley: New York, 1978.




sIREespoense: sulface analysis

Mo oR COOR
ROOC\;<OO H2504(aq) 1.OM | ROOC\/\

T°C
. COOR
COOR t min

yield=62.01+2.35t +4.5T +

run t T vyield (%)

Yield vs. (Time and Temperature)

1 - - 54.3
2 + - 603 O
3 - + 64.6 2
=
4 + 4+ 68.0 g
5 0 0 603 3
(<]
6 0O O 64.3 ; 3central points -
8 0] 0O 623 e=2

75 80 85
time (min)

Box, G. E. P.; Hunter, W. G.; Hunter, J. S., Statistics for experimenters : an introduction to design, data analysis,
and model building. Wiley: New York, 1978.




sIREespoense: sulface analysis

Yield vs. (Time and Temperature)

—
O
N
(]
—
=
(4v]
—
()]
o
=
(<b]
l—

80 90

time (min)

Box, G. E. P.; Hunter, W. G.; Hunter, J. S., Statistics for experimenters : an introduction to design, data analysis,
and model building. Wiley: New York, 1978.




sIREespoense: sulface analysis

Yield vs. (Time and Temperature) EEquation for the 2= facterial
design:

yield = 82.09 — 2.69t + 6.97T +

Calculated equation for the
surface:

yield =87.36 —2.69t+6.97T
~2.15t* —-3.12T* - 0.58Tt +

—
O
N
(]
—
=
(4v]
—
()]
o
=
(<b]
l—

[
~
o

time (min)

Box, G. E. P.; Hunter, W. G.; Hunter, J. S., Statistics for experimenters : an introduction to design, data analysis,
and model building. Wiley: New York, 1978.




sIREespoense: sulface analysis

yield = 87.36 —2.69t+ 6.97T —2.15t° —3.12T° - 0.58Tt +

Yield vs. (Time and Temperature)

e
Optimum| conditions: qé
T = 157 °C = 145
t=73 min
yield: 93%

90

time (min)

Box, G. E. P.; Hunter, W. G.; Hunter, J. S., Statistics for experimenters : an introduction to design, data analysis,
and model building. Wiley: New York, 1978.




s Seguentialfnatire e EXpermentaon

Hypercube design Design in 2,3,4
IR dimensions dimensions

Eractional Eullffacterial Central
factoerial design composite
design 1
Response

surface analysis

Tranter, R., Design and analysis in chemical research. Sheffield Academic; CRC Press: Sheffield, England, 2000.




Application el riesperRse suilace analysis

NMP

2% central composite

reaction condition range units
temperature 10 30 °C
time 19 31 hours
volume of NMP 3 7 mL/g of substrate
equivalents of TEA.3HF 1 1.67 Equivalents

\Vienitered results:
* 9 yield efialcohol
s 05 lacione
. 0% remaining silyl ether,

Owen, M. R.; Luscombe, C.; Lai, L. W.; Godbert, S.; Crookes, D. L.; Emiabata-Smith, D.
Org. Proc. Res. Dev. 2001, 5, 308-323.




Application el riesperRse suilace analysis

NMP

Residual Silyl ether (1) % Yield of Alcohol (2) % Lactone (3) %

L. T

Actual Factors: Actual Factors:

Actual Factors: i
X = Temperature28.0 \ ooy X = Temperature28.0

X = Temperature28.0
Y = Reaction time

Y = Reaction time : Loy Y = Reaction time

Actual Constants:; Actual Constants:

NMP =500 550 “ I NMP =500 50
TREAT.HF = 1.33 ; : oy TREAT.HF = 1.33

Actual Constants:
NMP = 5.00 250
TREAT.HF =1.33

e

200 250 200

1
20.0
Temperature

Temperature Temperature

Owen, M. R.; Luscombe, C.; Lai, L. W.; Godbert, S.; Crookes, D. L.; Emiabata-Smith, D.
Org. Proc. Res. Dev. 2001, 5, 308-323.




Application

TEA3HF
NMP
Predicted conditions product yield (%) impurity (%)
target/constraints T(°C) Time(h) solvent Et3N-3HF predicted actual predicted actual
max yield 19 31 3.6 1.42 95.3 95.8 3.3 3.3
lactone < 2% 17 31 4.8 1.50 94.2 94.0 1.9 1.7
lactone < 1.1% 16 A 5.3 1.68 92.4 93.1 1.1 1.1
lactone < 2%, solvent < 3.5 mL/g 14 31 3.45 1.58 93.9 94.2 1.8 2.0
lactone < 2% Et,N.3HF < 1.18eq. 28 19.5 7 1.17 93.7 93.4 1.9 2.0
lactone < 2%, time < 23 h 24 23 6.3 141 94.2 94.2 2.0 1.9

Owen, M. R.; Luscombe, C.; Lai, L. W.; Godbert, S.; Crookes, D. L.; Emiabata-Smith, D.
Org. Proc. Res. Dev. 2001, 5, 308-323.




When DeE ‘falls”

O e

1) AcBr, Ac,0, CH,Cl,

2) KOH, MeOH
3) HCI, CH.Cl,
o) HO
1 2
ield (% leld(%
entry ACZQ AcB_r T (°C) yield (%) yield(%) comments
(equiv) (equiv) (20 Q) (20 kg)
1 3 3.8 23-27 77.3 <70 original conditions

Conditions: t = 4-5h; yield of 2 after crystallization

Larkin, J. P.; Wehrey, C.; Boffelli, P.; Lagraulet, H.; Lemaitre, G.; Nedelec, A.
Org. Proc. Res. Dev. 2002, 6, 20-27.




@utline

Determining Important reaction conditions
s Fractional factonal design

Analysis of reaction condition efiects
s Factonalidesign

Estimation of the optimun conditions
s Respoense surfiace analysis

Recent advances
o Softwarne
o Autemation



o DOE INVOIVES a lot off matn;, IL'S; rather
complicated:

People tend not te utilize DoE because of the
tedious mathematical manipulations.

Lendrem, D.; Owen, M.; Godbert, S. Org. Proc. Res. Dev. 2001, 5, 324-327.




Softwarne

Most commoenly used:

Bl [dt Wew DesplayOobons (esgn Tooks Help

ol x[ole] 520

Stat-Ease Design Expert © e e

Cresign for 290 21 factors whne each EAcor i5 vaned over 2 Iwils. Liseful 10 $55maling main #Rects and
Interacions. Fractonal taciorials can be used for screening many tackers fo find the sknifican few. The coler
coding represents the design resciulion: Green = Res V of higher, Yellow = Res [V, and Red = Res il

(http://www.statease.com)

62 T3 =

'
T2 1 BE
2 2w B

Umetrics MODDE @ t !

(http://Mmawaw. Umetrcs.com)

S-matrix Eusion Pro ©

(Attp://swaww.smatrix.com)




Whatlitlfneed o R >2% EXpENMENLS?

The answer IS to use automation

Some features off automated systems, commercially: available:
= Up to 100 simultaneous reactions
= Automated liguidhandler

\/essel voelume: 100wl = 250 mL
Tlemperatures: -100 °C > 350 °C

Reflux; N5 blanketing, autemateadl N,/Vacuum manifeld

On-line HPLC

Harre, M.; Tilstam, U.; Weinmann, H. Org. Proc. Res. Dev. 1999, 3, 304-318.




Exampler off thertise ol altematen

~~_-OH
System: o A o
- PPhs, DIAD AT
= Automated liguid handler g
. = toluene R
= On-line HPLC 50 - 70 %

Half Mormal plot

Reaction conditions:

A eguivalents ofi alcehol
B equivalents ofi DIAD
C volume of teluene

D! temperature

E additien rate off DIAD

£
£
it
o
=
&
=
=
£

=3
=z

=

I}
I

201 experimental runs

: Important facters: ratio: DIAD/alcehol,
Tietal research time: 5 days

alcohel, temperature

Emiabata-Smith, D. F.; Crookes, D. L.; Owen, M. R. Org. Proc. Res. Dev. 1999, 3, 281-288.




Why DeE metneds aneideali fiorus

Eurther exploeration
weuld lead usito
obtain > 949 yield

1.1 eguivalents  ofi DIADrand
1.1 eguivalents ofi alcehol

89% yield, almoest pure
product after woerkup

Emiabata-Smith, D. F.; Crookes, D. L.; Owen, M. R. Org. Proc. Res. Dev. 1999, 3, 281-288.




Some finalfcomments

DeE offers powerful mathematical moadels that ane
applicaible to the hehavier efi erganic reactions

DOE methods arne a daily practice inj industriall chemistry.
Current applications and results are not heing puklished

DOE IS not a substitute for creative chemistiy, but It can
e a great supplement



DOE IS a too)

A teol... like a hammer
Tfhe enly way: to: knew: RewW It WOrks IS te) use It

[ffyeu den’t try It, yeu will never know: that It
actually works

\When youlget used to the hammer, you wouldn't
USe a reck again

Lendrem, D.; Owen, M.; Godbert, S. Org. Proc. Res. Dev. 2001, 5, 324-327.
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