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Academia vs. Industry (even more coordinated approach
iInvolving large numbers of chemists and supporting personnel
towards a common goal);

Moreover, “in the meantime®, under high time pressure and
stress, process people need to continually improve their

expertise and capability for the effective design of new synthetic
routes;

Plan —» Do — Audit cycle - - — Select
Understand sources, available time, limitations, priorities, rlsks

qguality, quantity, budget, .
¢
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Butters, M. et al Chem. Rev. 106, 3002 (2006)
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SAFETY

ENVIRONMENTAL

LEGAL
ECONOMICS

CONTROL

THROUGHPUT

SELECT CRITERIA

Process, health

Waste, environmental
hazard

Intellectual property

Cost of goods, production
cost, concentration

Control of quality
parameters, P-CH
parameters

Time scale of manufacture

Butters, M. et al Chem. Rev. 106, 3002 (@pqé))
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Thermal risk, carcinogens,
sensitisers

Inceneration of solvents,
aquatic toxins, ozone
depleting chemicals

Indication, compound
protection, process

Length of the synthesis,
cost of operations
Meeting specifications,
GMP requirements

Continuity of steps, )
operations, transfer,
availability of chemicals
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ENVIRONMENTAL

Very difficult to develop totally sustainable process with a
low environmental impact

Always depends on the production volume and particular
hazard
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In civilized countries the development and
commercialisation of APl must be performed
without breaking laws or infringing valid
Intellectual property;

Legal issues can arise any time and patent
litigations are pretty common;

* Regulated or banned substances

* Using unacceptable quantities

* Transportation of hazardous materials
* Materials with third-party restrictions

« Patent infrigment
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Hazard Identificahon
number (2 or 3 figures

preceded where
! appropnate by the
= letter XX, see 5.3.2.3)
e
—

(4 fizures)
40 cm J
Background orange.
Border, honzontal line and figures black, 15 mm thickness
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®
1. L-tartaric acid =

2. filter tartrate salt with R center

va NH, 3.D-tartaric acid | O\/NHZ
/ 4. collect tartrate salt with S center

) -
Et Et
1. SOCI,, EtOH 1. EtBr, K,COs
O\ 2. NH3, MeOH _ O\ 2. Red-Al _ O\/NHZ
N~ TCO,H N~ CONH; B N
H H r Et
MeO
H->N
O OMe
Br
MeO

Remoxipride QVH
Et O\ OMe
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The key factors determining the economic viability:

ECONOMICS - Costofgoods (CoG)

Price of the product

Marketing costs

Product and/or technology licensing
Investment

o
CoG - the total cost involved in manufacture of a drug product (API O

manufacturing, formulation, packaging ex ssed as a percenta___________
of the selling price of the drug 0 |
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o
©) Compliance with valid guidelines of authorities for

particular region (FDA, EMEA, ASEAN, ICH)

Specification that defines the acceptable quality — a
must for the registration process;

CONTROL

Impurities — known, unknown

Mutagenic impurities — ICH M7 guideline
Solvates, stability (DVS, TGA)

Stability tests, enforced degradation studies
Polymorphism, Heavy metals

DoE, QbD, PAT 1® )
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The amount of material that can be manufactured in unit

time;

Usually identified in the late stage of development for already

established procedure;

Chemical yield
Number, capacity and
availability of vessels
Reaction, work-up time

Limiting concentration
Number of steps
Convergency

Usan special equmen________
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Chemical yield often can be improved through a deeper
undestanding of kinetics and mechanism,;

Reducing the number or the length of the most time
consuming operations will improve throughput -
telescoping;

Poor solubility could be a problem,;

THROUGHPUT

Protecting — deprotecting sequences;
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u OMe OMe

O Me - Me Me - Me
| N/ L-Mandelic acid: rNj/
O//SY/N O//S\r/N
C|\/N OMe {NOOMe
00

Feon

Ph l HPLC
OMe OMe
Me | X Me Me | X Me
= NaOH =
., N N
~S<_N 2SN
HN OMe (N\GfOMe
o O
ESOMEPRAZOLE

Plj\@HO Q
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N
OMe OMe
XX Me Me N Me
p PhC(CHs),00H B
N Ti(OiPr),, (S,S)-DET N
N = ~S.__N
e iPr,NEt OH>
HN OMe H-0, toluene HN OMe
ESOMEPRAZOLE
92% conversion ®)
> 94% ee
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DEVELOPMENT PHASES O

Target Hit Lead Lead CD Concept Development Launch Product Maintenance

LU Identifica- — (Identifica- o yimisation PT®™™MF  Testing  forLaunch  phase  and Life Cycle Support
tion tion nation

Patent Applications Investigational Marketing Launch
New Drug Application
Application

PHAgE I
X

PHASE I

PHASE 11

e Q Q (/))
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0
OPhase 1 — safety screening (20-80 healthy volunteers) — safe
dosing is determined and possible side effects identified;
Phase 2 — testing protocol is formulated (100-300 patients) —
efficacy determination and further details about safety ;
Phase 3 — Final testing (1000-3000 patients) — desired effect
confirmed, monitoring of side effects, comparison with
known similar drugs; after successful completion of this
phase a drug is usually approved and registered.

Phase 4 — Following studies after approval — gathering furthef®
pieces of information about risks, advantages and optimal O

dosing o |
¢ O Q
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BMS-180291
IFETROBAN SODIUM

Bristol-Myers Squibb

Highly selective thromboxane A2 receptor antagonist @
(antithrombotic and anti-ischemic properties)

Mueller, R.H. Process Chemistry in the P aceutlcal Indust

0.37, Marcel Dekker Inc. 1999, ISBN 0482 K%A )
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Potential new drug candidates:

CO,H WCOZH
| NH

SQ-28668

- CO,H
W 2
Ve

° 5

N
SQ-33742 \/b
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APRACTICAL SYNTHESIS OF IFETROBAN

SODIUM »
L
Ij/\o . ﬂ Et,0, 25 °C O H,, MeCN O
= 070" 70 2 \weeks \_O  10% Pd/C -0
o O 100%
90% o 0
NaBH,, THF
0 °C, 90%
d menthol o DIBAL H
; i 35% / O toluene W
O -78 °C, 90% O
p- TsOH
ag. MeCN
92%
%OH CI PH3P+CH20|\/|e WOMG aq. HCI %
[ \-O t 100%
KO'Am ()
O. @
single
enantiomer

p— COzH Br Ph3P CH2 CH2)3C02

g \orl o ) "Q
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— SODIUM ®
"'-Q — EtOAc, tol _ O_ NaBH O
o Qo + oé\C\A\o — 10 o ODCME:)"/ %

H,, Pd/C

1. DIBAL-H l EtOAc, DCM
toluene 90%

-70 °C
% 2 d-menthol, W

Amberlyst 15 O

smgle 3. aq. MeCN,
enantiomer Dowex-50X8

24% (3 steps)

Large supply of the product made in Kilo Lab, but at the same time first
candidate SQ-28668 failed in the clinical studies;

Next drug candidate was chosen (SQ-30741) — but exhibited extensive first-pass
metabolism in clinic and further work was halted; o
17 kg of the product still remained unutilized;
Finally, BMS-180291 selected as promising drug
very useful for the start in Kilo Lab campaign). &
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APRACTICAL SYNTHESIS OF IFETROBAN
SODIUM

Q PhsP* CHQCOZMe Hz Pd/C

CO,Me CO,Me
DIBAL H
CISiMe,CMe,CHMe,
Br ,SiMe;R Br
O OH
R= CM62CHM92
Mg, THF
+
OH > OSiMe,R
EtMgBr, THF OH
| O | R = CMe,CHMe,
H,, 20% Pd(OH),/C
1. Acy0, pyr HOAc
2. Cr03, H2804
3. AcCl, MeOH
= OSiMe,R
CO,Me Wiz
/ / R = CM62CHM92

O COzH

—
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1. WSC, ZCl, NaOH, H,O

2. (CICO),, n-pentylamine

H,N,, _CO,H

HO

HOBT, NMM, DMF

%,\QACOZNE

HOHZC HN

1. MsCl, TEA, DCM, 0 °C
2. TEA, DCM, 25 °C

CO,Me CuBr,, DBU %Q/\COZMG
EtOAc, CHCl, Q\.\//

Me 1. NaOH, MeOH, H,0O Me
N HCI
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OQSUMMARY (so far):
23 steps, synthesis is convergent but the longest linear sequence consists of 16 steps;
Overall yield < 3%

10 steps involve oxidation stage adjustment
Resolution process
BMS-18029 seemed to be promising drug candidate in preliminary tests

,Quick-fixes“ in original route to get more material (20 kg by a combination of Kilo Lab
and Pilot Plant efforts);

C

_ )
In the meantime Process Research activities started to identify a better route \()
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A PRACTICAL SYNTHESIS OF IFETROBAN ~
SODIUM Q)

OModel alternative Diels-Alder approach:

EtO,C
CO .\ @4 cis-endo
CO,Et

CO,Et

DBU DCM

EtO,C PH NaBH4 EtO,C

; é 0O toluene QV\{ QV\W
7:3 73

O

Would require synthetic approach to starting propargylic O

derivative -
¢ O Q
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SODIUM Q

O  Stereoselective approaches (to avoid resolution):

1. BuLi, THF, -78 °C

(-)-pseudoephedrine 2. MgBr,, -50 to -15 °C
toluene, reflux ”, Me Me 64% yield

N 98.3% ee
Br CHO Br BrM
4 N ™o . N 99.2% ee (cryst.)
])"’Me j)"’Me
Ph Ph
38:1dr
1. O
|
0 O
O
2. NaBH4, MeOH
y 3.3MHCI
| | | o)
99.7 : 0.3 - very selective borohydride reduction

(the presence of magnesium ion during the reduction)

In the absence of magnesium ion only 60 : 40 mixture (9

of epimers at the benzylic carbon atom
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SODIUM O

(MeO),POCH,CO,Me

v

| O CHO DBU, LiBr

@)
,/Hz, Pd/C
M )—OH
O CO,Me
More efficient than the original synthetic pathway; o

Safety concerns; O
The yield in the Grignard to lactone ConverQOWS lower than r?euc’a‘“\
&)
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SODIUM O
0/> ]
©\/I\:Br
\Ph
CHZOH
= j-Pr, Ph B -
'/NaBHLh EtOH
2. Aq. HCI
3. Toluene, reflux
C/) O CHO
O
. . . . . o
With S-valinol or S-phenylglycinol auxiliaries 65% yield; 72% ee;

Relatively inexpensive chiral auxiliary S-methylbenzylamine provided selectivity 94 : 6 (>99 : 1 (’)
after crystallization) in 89% vyield. '

Serine derived chiral auxiliaries gave lower yields and stqﬁ‘ao@ivity. ' J




%RACTICAL SYNTHESIS OF IFETROBAN

SODIUM @
@ |mproved efficiency: 0 0 .
%o S-MBA, TEA, Ac,0 Y Ph turan, AlC, %‘f
g > N_.Ph
THF, 64%  Me DCM, 88% °CU
O O Me

o }/Hz Pd/C, EtOAc

MeoO Q

95%
? /
O COQHNEts O N \\\Ph
furan S-MBA, TEA H N
| o—— [ O g | N O Me
O n-BuOAc O 7‘\\Ph
O L © ; © Me
H,, Pd/C
n-BuOAc
WO n-BuOAc ElozHiNEts
[ \_N_ Ph _ reflux [ \~N
o .\\Ph
© 0O iﬂe 85% overall O 0O 7
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Still improving efficiency:

O

O

furan

—_—

n-BuOAc

H,, Pd/C

-
v

MeCN

%—MBA, MeCN
o

[
O O
O

reflux

80-95% overall
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SODIUM O
> SUMMARY ( °
o o g =
QO oO éo WMe Br o) B|§:%CHO
\ 3 steps O\)

HoN,, COzH 3 steps

j R

HO HO

12 convergent steps; 3 oxidation-reduction reactions left from 10; O
83 researchers. -

Overall yield 28%: S ® Q




