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Dr. Edward J. J. Grabowski was Vice President
of Chemistry in the Process Research
Department at the Merck Research Labs, and
spent 39 years working on the design and
development of practical processes for
compounds of interest to the company.

He is now a consultant in chemical

development, and sits on a number of
chemistry-related advisory boards.

€% MERCK
Be well

1957 — 1961 BS from MIT
1961 — 1965 PhD from Rochester University
1965 — 2004 Merck & Co., Inc., Process R&D

2004 — present  Consulting, Lectures etc

Published >150 papers during his career

"I've always felt that the roots of process research are in fundamental
science, in basic organic chemistry. We have to maintain a
considerable overlap with basic organic research as one of our key
process research activities."

The Grabowski axiom.
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The Lore: "..everyone agreed that one could NOT HO '
successfully effect the desired hydrolysis as the p-lactam z H CO.N
was far more reactive than methyl ester to aqueous base; 2 2Na
and the medicinal chemists had already demonstrated that
the reaction did not work." S NH
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‘- CO,Na
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Ratio ester hydrolysis over
pH=13,0 °C B-lactam opening was >100:1

"So my continuing advice to new process chemists is to ignore the lore of the
chemistry — the lore is our enemy — run the damn reaction. If it fails for the
anticipated reasons, you don't have to tell the boss! If it works, the boss will think
you are a genius.”




Artiom Cernijenko

The Big Grabowski

Baran Lab GM 2014-12-16

Amipramidin. The first program at Merck
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Amipramidin — potassium-sparing diuretic
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"Chlorination in water
produced 2 moles of NCI;,
thereby starting my career
with the proverbial bang!"
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"I still think this is one of the most
remarkable transofrmations that |
have ever seen..."
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"My new synthesis did not replace the existing route, but it did
initiated my career long affair with heterocyclic chemistry."”
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Diazoditwistane adventures. | COM 1.BnOH, TsOH CO,Bn CO.H
|
JOC 1976, 41, 3159 | 2 2 TMSCI, TEA 1. TBSCI TEA
|
N
! 3. t-BuMgBr, Et O 2 Pd/C H \
HO,C NH 2
CN CN CN : 2 2 then aq. HCI 90% 2 o TBS
! 65% over 3 steps Stoler] from
N NaBH4/NaOH H,, PtO, X Assparttrl]c A_C|d 90% | LDA,0°C
—_— —_— | nthesis
vz MeOH / Ve aan / NMe Y then CHyCHO
N~ - o MeN = MeN = !
N 83% N ' OA HO
CN ; ¢
Me | Pb(OAc), H  COH 1.Nacro0, HO ok
H,0 | - M ) - z 2
100 °c | 5% ! DMF, HOAc Me 2. j-Pr,NH-BH3, o
! 82% o Mg MO(TFA), N
CO,Bn CN I oTMS 45% over 2 steps o TBS
! Stolen from
CO,pNB
NM BnMgBr ' Znly 2
2-3 times more potent * -«— NMe \ . ge:tlﬁglslg
analgesic than morphine I 81% N, 4
MeN MeN !
10 kg prepared , CO,pNB
CO,Bn c ' HO cat. Rhy(OAc), .
L 2 g Imipenem

Imipenem. The Frankenstein Synthesis. almost quant.

(o]
TL, 1982, 23, 2293

|
I
! Stolen from
US Patent 5, 998, 612, 1999 ! o Mod Chemn
+ 1 P
NHs | Synthesis
|
1 Final manufacturing route of Imipenem:
|
I Znly, PhMe
\ oTmMS then H*
co; co; ! COpNB  — > \
Thienamycin (1975) Imipenem \
First carbapenem World's first carbapenem antibiotic I o N2
: Subsequently became Rh,(Oct),
Fermentation was found to be impractical for manufacturing. . commercially available MeOAc
|
TAKASAGO
"To produce 40,000 kg of imipenem per year, we would have to run the thienamycin , NISSO H
fermentation in Lake Erie and pump to Lake Ontario for the workup!" : o Imipenem B
HO
|
"Many noted the similarity of our synthesis to the work of the famous Dr. Frankenstein, : \
who assembled his creature from various pieces stolen from the morgues of eastern I SPh
Europe, and they have referred to our synthesis as the Frankenstein Synthesis." : NH
|
|
|
|
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Indacranone. Contributions to PT catalysis.
JACS 1984, 106, 446
JOC 1987, 52, 4745

cl o cl o
Cl 6 mol% TBCBr Cl
S Me
Ph MeCl, 50% NaOH “u b
MeO PhMe, RT MeO
100% yield
l 94% ee
Cl o
Cl
Me
HO,Cc” Yo
Indacranone

R
CF;
0 When R = EWG ee
F % ee was higher than
for R=EDG
Me
Substrate/catalyst complex OMe

"If the cost of producing the racemate via achiral phase-transfer process is taken as
$X/kg, the cost for producing the (S)-enantiomer was $3X/kg by the resoluton
process. Employing the cinchona-alkaloid catalyst in a chiral phase-transfer process
afforded (S)-isomer at a cost of $1.05X/kg with no attempt at catalyst recycle!"

Finasteride. Avoiding Selenium.
JACS 1988, 110, 3318
JOC 1989, 54, 1787

The key problem in the medicinal chemistry route was the use of phenyl selenic anhydride
to intorduce the A-ring double bond. It was not workable at the pilot scale or beyond.
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The Efavirenz saga. Part .
JOC 1998, 63, 8536; JACS 1998, 120, 2028

7 N\

I;//
A

L-738,372
was later abandoned
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Anth 84%, 97% ee
Lower ee at Anth at 2 kg scale
-40 °C and 0 °C
— 2
cl o %] (2eq) F\C / 74
_ S
Cl
NH BuLi, -40 °C OH
|
PMB OH Q NHPMB
Ph)\( N 80-85% ee
2
Me (2 eq)

OH =< | o o
ik 0°C to -50 °C
D _ ,, Fauilibrate > e

complexes
P add ketone CI

Ph .
BuLi, THF at0°C OH

Me

NHPMB
98%, 98% ee

Nature of aggregates changes with temperature. Complex °Li NMR studies
in collaboration with David Collum indentified the structure of aggregate.

C:|—Li
/,,,l
/ Li/—!,C,/|
Me |/LI|70
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Forms at 0°C
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Me Me
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— D_—...¥
Ar Ar

minor (undesired) major (desired)
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The Efavirenz saga. Part Il.
JACS 2000, 122, 11212

Is 2:2 C2-symmetrical complex tetramer the reacting species?

5Li NMR STUDIES

1 oo,
\\ NHPMB

THF, -100°C

L i i 0 L L]
1.6 1.2 0o.n 0.4 0.0

partial addition

Initial manufacturing route:

O

t-BuCOCI

MTBE, aq, NaOH
97%

s LI

BuLi, TMEDA
then CF;CO,Et
—_—

t-Bu then HCI/HOAc

87% ¢

M90\©\/
"As to our interactions with Dave Collum, I can only

say that he is a prince among chemists, and he has
changed the ways in which we view all lithium

anion reactions.”

cat. TsOH, MeCN

Cl

lo%
(o}

CF;

NHPMB

—%Izeq

BuLi, THF F\C //

+ & 98%, 98% ee;
OH -10°Cto 0 Oc; Cl q 93%, >99.5% ee
o OH after one recrystallizaiton
N then cool to -50 °C
2 eq add ketone NHPMB
125 kg scale
. DDQ, PhMe
2 NaBH,4, NaOH,
MeOH
// 90%
This route was used F3C,
to prepare the \ COCl, f
clinical, launch, and THFIHept OH
early sales quantities /&
of this now-marketed 94%

product, Efavirenz

Final manufacturing route: —

OH O 1.2 eq ZnEt,
N
Ph)\l/ >

+ Me 15¢eq 1.2 eq I>T_Mgc|

THF/PhMe, 0 °C

CF;CH,OH
09 eq

No PMB protection/deprotection
sequence and avoids -50 °C
temperature!

95%, 99.3% ee

F3;CH,CO
+CH, /A
O/Zn O MgCI
Me .
CF;
cl
o
1eq
NH,
0°C to RT

then aq. citric acid

95% recovery

6
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Interesting carbene-based rearrangement.
JACS 2000, 122, 1215

CF; / CF;
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Bulky protecting groups are required to get good yields

Proposed mechanism:
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Synthesis of Substituted Cycloalkyl[b]indoles
JOC 2005, 70, 8385

F NaNO,,
HClI
F F
NH o)
2 H,SO, QA
F 0% N NeCN> N o
H 80 °C H
5M NaOH F 90% F
CO,Et l
F
NaOH,
MeOH TCEAD, PMe;" N
\ then HC(CO,EY) OH
F N HOAc F N % 2= N
Bn /, 929% C(CO,Et); 91% £ :
95% ee CO,H 95% ee 99% ee

Asymmetric Synthesis of a Prostaglandin D2 Receptor Antagonist
JOC 2005, 70, 268
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Practical Synthesis of a Potent Anti-MRSA p-Methylcarbapenem

JACS 1999, 121, 11262 Practical Asymmetric Synthesis of a Potent PDE4 Inhibitor

JOC 2005, 70, 3021
TBSO Me Q002 TBSO (\o oJ o AN
OTiS P(OEY); Me o s-BuLi, THF Lio TFA, Et,Zn, CH,l,,
OAc Me —_— >
Me — > -20°C 80 °C, 72%

Hept, 92 °C

N
NH o,
G o 7; 85% CO,pNB

1. NBS
2. s-BuLi; | 3% over
then DMF. Ste"s

cat. Pd(OAc),,

P(OBu);, NMP,

A\

lutidine o
97%
D s F2HCO SICF,CO:Na, KyCO, K,C0,HO
N~
CFs DMF H,0, 100 °C
CF, CHO 92%
MOMO |
87% over | 1. MTBE, -50 °C o/A
CO,pNB 2 steps 2. MnO, FHCO
1. [Ru], H,, IPA
Reductive cyclization proceeds via ylide intermediate S F.c 95A 99.4% ee OTs
3
CF3 2. BuLi, Ts,0
R R F,HCO CO,Et

N +P(OR); . NP
g e R” ~Plor), 2POR: N wpor),
—» _N_ _P(OR)
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OMOM 1

F,HCO /A MOMO
O\_q
F,HCO AMDS, DMPU,

CO.Et THF, -50 °C
Intramolecular )  92% over
1. H+ o o °
HWE vy ¢ ' ' \+N/ 2 steps
S 2, Base, — P
Heat S
Pdt "\ 4 N 5% N
\0_
HO——CF, ‘<< CFs
CF; CF3
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Highly Efficient Asymmetric Synthesis of Sitagliptin F
JACS 2009, 131, 8798 F
o NH, O
H
N Cl 1. NH,NH,/H,0 N_ )]\ Superphos N z /N\ X N /N\
| — N/Y N~ CF, > N N
K%N 2. TFAA k&" 759C \ N / F N\<
49% over o CF; CF
2 steps 3
1. Hy, Pd/C
2. HCI 0.15 mol% [Rh(COD)CI]2,
51% over 0.155 mol% t-BuJOSIPHOS
3 steps 0.15 mol% NH,4CI
. ] H, (250 psi)
Amazing one-pot sequence: o HCl+HN /N\ MoOH
F
o F.
NH, O
o ;
N/\|4N\
_— N
CO,H cat. DMAP, PivCl, F N\/<
Hunig's Base, MeCN
CF;

F
F
o o
H+ 0

NH40 F

MeOH CFs / o (o]
ArM i ]
NR

2 (o)
82% yield
99.6 wt% purity F

HCl-HN/ﬁé \
k/N\( F F
\ L i

F3
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