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PRACTICAL S'(NTHESIS
OF NEW
INVESTIGATIONAL
THERAPEUTICS

Development or a sca/able
synthesis or BILN 2061, a nove!
HCV Protease inhibitor

Dept. of Chemical Development,

Boehringer lngelheim, Ridgefield CT

Therapeutic Need
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. Over 170 mlHion people are infected with hepatitis C
virus (HCV) worldwide (WHO 1997).

. > 70% ofinfected individuals will develop chronic
hepatitis C. Chronic hepatitis C is a progressive
condition leading to end-stage liver disease (Cirrhosis
and hepatocellular carcinoma).

. Available interferon-containing therapies have limited
efficacy and have significant side effects.



Hepatitis C - Standard Therapy
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. Interferona or p (subcutaneous administration).

. Rebetron: Intron.A +oral ribavirin, launched in
1998 (USA).

. New standard therapy: 50%)sustained response rate
(genotype I virus).

. Treatment cost: -- $17,OOO/year($1,440/month) per
patient.
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- Hepatitis C Virus Particle and Genome ",III,v Ingelheim
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Hepatitis C Virus NS3 Protease
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-Cleaves at NS3/4A; NS4A14B; NS4B/5A and NS5A15B.
Good medicinal target.

-In /n v/tro assays, it was fOl.Jndthat protease is inhibited
by a hexapeptide (N-terminai) produced by cleavage af
substrate from NS5A15B [DDIV'PC].

-This can be the basis for rational drl.Jgdesigno

-Rapid peptide screening shows:
DDIVPC IC50= 71/-l1'v'l
DdlVPC lC50= 4 /-lM(replaced L-Asp vvith D-Asp)

Initial SAR Work
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C02H o y
H'NJl/~~0~~N~ /H

H02C/ o I O~~ C02H

PEPTIDE LEAD I DDIVPC I ICso= 71 IlM

AminoCap C02H ~li L1,) O~ ,P ~ I

ACHN: N{y~~N N2
~ I\

- H - H )
H02C/ ~ O 0- o:SZ HugeLipophilic

L-Asp O ~ )
C02H Pocket at P2

to D-Glu ")
ModifiedP4 ModifiedP1

MODIFIED PEPTIDE ICso = 0.013 IlM
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BILN 2061: Clinical Proof of Principle dll Ingelheim

-Admlnistered in solution (Water, PEG 400, EtOH)
at 200 mg bid, far 2 days.

-Virai titer dropped fram an average af 106copies/mL
to <1,500 (LOD) in most patients.

-Virai titer rebounded in 6-13 days after treatment was
discontinued (as expected).
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- BILN 2061: Retrosynthetic Analysis
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. Develop "ExpedientRaute" in orcterto supply earlybatchesfor toxicoJogy
and phase la studies <0.5 - 1.0 Kg).

. Developcost-effective "Practical Route" and develop it into a process
that can form the basis for commerciai manufacturing:

- Highly Reproducible. .

- Nochromatographies.
- Controlofali organk impurities>0.1%.
- Controlof ali residual organicvolatHes(ICHguidelines).
- Control or inorganic impurities (Ru?).
- Control of solid-stateproperties of ActivePharmaceutical Ingredients (API)

(polymorph, crystaJhabit, particle size).

N.G.Anderson "Practfca/ Process Research andDeve/opmenf', Academic Press,

San Diego, 2000.
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Estlmatlng Capaclty Costs:Throughput

. VTR =

. v

. Ts

=
=

. Os =

. Te =. F =

Volume/Time Requirementinm3 X h / tons
(the lower the better)
UtHizable volume of reactor (m3)
Standard tirme neededon bottleneck reactor or
operation (h)
Output per batch (tons)
Product change time

Operating factor (::;1);covers deviations from 24 h
7/7work routine, lack of materials, operators,
equipmentdowntime,etc.

v Ts
VTR --

Os F
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- Synthesis of Racemic P1 Unit
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HCI 0
! [331

r P:t(O'" 1

l

Very rapid entry into racemic
INRF3 Etestero
.Diastereoselectivity ismodest.
. Yield must be increased.
. Cryogenic conditions must

be removed.
. Needs resolution.

H2N~Et

E, isolated fram aqueous
(ca.30%)

Ph H

PhÙC02Et

organic saluble

- Route to P1: Optimization
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Imine: Benzaldehyde best(selecte.d).

Counterion effect (tBuO base) on diastereoselectivity: Li > Na > K
(d.e.=20:1 with Li,10:1 withNa,.2:1 withK).

Solvents: Non-polar solvents (PhMe)give best yields.

Esters: Et best, Me 5-8% lower yie.ld.

Concentrati on: No differendein yield over practicable range (0.28-
0.7 M).

Temperature: No difference in range 20..45OC . No improvements
at lower temperature, Just prolomged reaction times.

,... ;

Ph BrBr Ph .ç"',

A nOEt PhAN C02Et
+

NXCO EtPh N ,

)l 2O tBuOK, THF
E Ph Ph

-7SoC I Z



P1:Scalable Process
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CIH3N'-../C02Me
+

PhCHO

aq. HCI / pH=2

2.5 h , rt

tBuOLi

1 eq HC(OMeh Br~Br
Ph '\i"'\-

"=N,.y, ,'C02Me
Ph~N/"-..C02Me

PhMe, NMP

(8:1)
NEt3' 15-25°C

5h

MTBE, 15-20 °C

3h

1.7 Mcene.
aqueous wash,
concentrate voI.60% washed withaqueous

[

,"'\-

1
H2NX'C02Me

distil acetone ,"'\-X
BocHN 'C02Me

Racemate

Solvent change to acetone

NaOH, BOC20
work-up MTBE

acetone water

P1: Scalable Process
~ Boehringer
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Racemate

",,~
7

BocHN 'C02Me

0.12-0.13M

work-up .
evap. acetone,
extraction
water/MTBE

Alcalase, pH 8.15

BOCHNL C02Me

31-32%
in situ yield
overall

.
Na2HP04 70 h

10:1 water / acetone, 40 aC >98% ee

1 equiv pTsOH

TsOHHNL. 2 C02Me

>99.9 % ee

MIBK

40 aC, 2h.
the xtal at 2-3 ac

28.7% overall

Features:

..No isolations tifIthe end.

.. UseotNMP intirst step toincrease
solubHity and throughput (>lO told).
.Scalable to> 100 Kg
.Tosylate aids isolation.

"



P3 Unit: Discovery Synthesis
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~OH
OH

NaI04' H20

C02H 3
A

AcHN C02Et

95-98%
~

O AC20, py
2

50%1 (Commercially avallable -
tram 1,7-0ctadiene + KMn04)

NHAc

~C02Et

4 (011, puritied)

Rh (S,S)-Et-DUPHOS
t::JHAc

~C02Et

H2' 30 psi, EtOH 5

+
NHAc

0C02Et
OAc

95% (>98% ee)

6 (P3)

Issues:

.Hydrogenationrequires
purematerialforhighee.
.ChromatographyordistiHation
of4 necessary.
. Protectinggroupsused

(13-20%)

1. BOC20, DMAP, THF
t::JHBoc

~C02H

2. LiOH, H20

72%

P3 Unit: Scalable Synthesis
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Li2CuCI4

C""'V/-~Br + ~MgBr ether/THF

90% assay r~c'11

8~:~C

r

A NHAc

Et02C C02Et ~C02Et
, ~ C02Et

DMF, K2C03, CS2C03
2

85% assay

1. KOH

H2O/EtOH

2. citric acid

NHAc Acylase 1 (0.5% w/w) NH2 1 n JL
I pH = 7.6-7.75 :' ~O CI

~C02H ~C02H
46% NaOH, H20

4 (>99% ee) 2. HNCY2'MTBE

Ht::JJtoD

~C02H/HNCY2

3 (isolated ,
cryst. IPA/H2O)

85%

. Preparationof2 using1,4-dibromobutanegivesloweryieldin Grignardcoupling.

.Recycleof (R)-3 possiblebyracemizationwithAC20atrefluxfollowedbyresolution
asabove(71% totalyieldafteronerecycle).
.DCHAsaltusedforcrystallinity.Processsmoothlyscalableto >100 Kg.



Synthesis of Quinolone Unit
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Step 1:Friedel-Crafts Reaction

0
Meo~ NH2

. Literatureprocedure:}. Org.Chem.1979, .44,578;}. Am. Chem. Soc. 1978, 100,
4842.

. Reported yield:40%. Obtained on 300gscale: 35%.

.Difficultyin scaJe-up due to further reaction (decompositionl of 1 and emulsions
during worl<-up.
.m-Anisidineis a very attractive startingm ateriaL

- An Alternative: Sugasawa Reaction
(@\ Boehringer
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PhMe: CH2CI2 = 1: 1.6

~
MeoJlA~lu NH2

+

NH2

~
OMe

0
MeO~ NH2

CH3CN, BCI3, AICI3
..

Highlight of solvent effects:
1 2

CH2CI2
PhMe

1.4: 1

6:1

. Order of addition important: preforrn anisidine/BCl3 complex,.then CH3CN,then AICI3

.Optimum temperature: 40 cC.OptimumpH forwork..up: 3.0

.Purified by MTBEslurryat reflux.

. Typical isolated yields: 42-47% onmultikilo scale.

, lII"'t

o o

AcCI, BCI3, AICI3, CH2CI2 JX :O+

MeO // NH2 HO // NH2
-50 to 40°C

1,35% 2,10%



Synthesis of Quinolone Unit (cont.)
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H O

iNì(NH2 + HO~BrS O

2

~
MeoM.,u 5NH2

o -14°C

o

~ tBuOK,tBuOH,THF ~
o

MeoM.,u . I l
NH N 78-84°C MeO'-;; N N

o~YNHIP' 75% .01. H I )-NHIP'S
6 7

89% isolated

Scale-up Problems
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78-84 °C ~
o

I I N

MeO ,-;; ~ I srNHiPr
7

o

£C
M,O O~rNHIP'

6

tBuOK, tBuOH, THF

Major impurities Isolated:

Early lots had only 64-78%
purity (HPLC)

o

MeO N
l rNHiPr

's

s
I }-NHiPr

N

o

A: formedfrom CH2CI2
(incomplete remava!)

~ì(

NHiPr
~ \\ I

I \ N
:;;

MeO N
H o

B: Formed at lower

temperatures.
Ratio (Product/B) is solvent

dependent

MeO

c::: lIf"I:

NHiPr

[NHIP' ]

dioxane, 100°C

SN
Oxalyl Chloride

SN. HBr ,,

'=(C02H '=(COCI94% CH2CI2,NEt3, 20°C

3, crystalline solid
4



Solution to Scale-up Problerns
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89-90°C

o

~1,-:; 1 N

MeO ~ I srNHiPr

o

fX:
MeO O~rNH;p,

6

tBuOK, DME

7

.DME best solvent to minimizeformation of B(probably minimizes
deprotonationof NH-IPrgroup)..Dichloromethane Hchased" vvithDMEprior tocyclization.

.Crude product lspurified by slurryin DMEIINater.

.HPLCAssay yield 82%, isoJated 77% .

.Reproduced on multikilo scale.

ASSEMBLING THE PUZZLE
~ Boehringer
\tIIllIVIngelheim

1. Assemblequickly.
2. Findthe assembly that minimizesnumber of "moves" and total così.

,. II1I"'I;



- "Expedient Assembly" of BILN2061
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Step1:

HQ o
h TSOHHzNt,

' À ' OMe
~ COzH +
Boe "f

INRF2 INRF3

2.5 eq i-PrzNEI
CHzClz, rt

~~
N~N

0/

~ e
MezN NMez BF4

(j)

(TBTU)

OH

~~' f' O OMe

Boe O

"f (96% w/w, erude)

INRF4

. INRF4 usedas crudesolid,afterBCIandNaHC03washes(EtOAc).

.lssues to address:highcostandsafetyproblemswithTBTU.

- "Expedient Assembly" of BILN2061
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~IIIIIVIngelheim

Steps2-3:
QH

f?y
H o 02N-o-

~ CO H

N N - 2

Boe O "/-OMe DIAD, PPh3J THF,0- 20°C

INRF4 98%

N~N

O'N~

li H O

i~'tOM"
A (HOBT-INRF3 adducI)

O

~
O~N02

N Hf
O

Boe" N."
OMe

INRFSO ,./

HCI

O

A~N02

HCIHN~~ f" O

O OMe

INRF6 ,./

dioxane, rt

98%

. ProblemOHscale-up:formationofimp. A
if HOBTis notcompletelyremovedafter
TBTU cou pling.

.ExtraNaBC03washingswereaddedand
overallyieldofINRF6(afterEtAOc/MTBE
slurry)was>95%.
.Issues:MitsunobustephaspoorReactionMass
EffiCiency(RME=KgproductlL [massinputs])

.,..., n



- "Expedient Assembly" of BILN 2061
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Step 4:

(82%)

J-Q-N02

~~.. (
O OMe

O~,,' I
BocHN" ~

INRF8

~u==L
~N02o

HCI I~~ (
O OMe

H O

I

o

HO~
NHBoc

TBTU, CH2CI2, i-Pr2NEt, rt

INRF6

. Issues: use of TBTU.

.HOBTinterferes in next step and washes must be extensive

[NaHCO/ PhMe-MTBE0:2 v/v)].INRF8used as a crude product.

- "Expedient Assembly" of BILN2061
~ Boehringer
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Step 5:

o

O>-Q-N02

~H o

B'~H~OM'
INRF8

I PCY3

Ao ~u",CI

A) 'CI0 5.5-7 mol%

o

O>-Q-N02

~:mo~CH2CI2 (O.014M),
Reflux, 24 h

90% assay yield
INRF9

INRF8formsdimersandoligomers
at higherconcentrations.

andProces$Cheh1istr~,Ridgefield

c

0.01 M 90%

0.03 M 64%

0.05M. 60%

0.10 M 45%



- "Expedient Assembly" of BILN
2061: Metathesis Work-up
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The effect of concentration after 80%

conversion on RCMyield (CH2CI2,reflux,
5% Hoveyda cat)

100

- no bubbling

k bubbling

Metathesisproduct
in someruns
decomposesupon
concentration!
Sweepingoff ethene
hasnoeffect.

~ 80
Il.

J: 60>-
..c

:5! 40CI)
':;:'
~ 20

o
o 2 4 6 8 10

time (hours)

- "Expedient Assembly" of BILN
2061: Metathesis Work-up
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~/C02Et

~C02Et

Catalyst in situ

O<
C02Et. I

Inhibitor C02Et

(YC02HIl..A MNA
N SH

. Catalystisstili partiallyactiveafterreactioncompletion(testwith diallyl
diethyl malonate).
. Screensetup searchingfor catalystinhibitor.
.MNAeffectiveand easHyremovedinto NaHC03.
.5 equivMNAat30°C for6h destroyscatalyst..2-3BicarbonatewashesandcharcoalIcelite fHtration afford 85% yield (97%

purity) INRF9.

c 1 II1I"I



"Expedient Assembly" of BILN
2061
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Step 6-8: °
O>--Q-N02

BO:H~OM'

O>-Q-N02

A H °
1.4NHCI,dioxane,rt,4h, °X$

N N" OMe

2. THF , °
° "" I

O--o)lo /"y'°ì(NH
I ° U °

O:::::/Ny INRF11
CB. 70% UINRF9

.. ~
OH Hydrolysisconditions

H ° criticai(at >5 °CMe
°X$N ° N" OMe ester hydrolysisensues)

"", I INRF12

(Y°!NH

LiOH, o °C

THF / H20
30 min
then quenched
to pH 5-6

92%

"Expedient Assembly" of BILN
2061
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Step 9-10

INRF12 35-60%

NHiPr

s--{

1:b-

N

!j ~
- ~ OMe

9 -

~HO
N N

° "OMe

(Y°ì(N~ o I°
BILN2102

OH ~HiPr

~
Meo~

N~

K$
H ° I "" N" "'- S

° N" ~
OM ~

° e
; OH

° N'H
U ì( I DIAD, PPh3' THF° rt h ',c romatography

SecondMitsunobuhasalsolowRME,
generatingside-productsonestep
beforeAPI.Yieldis erratic.

Chromatographyneeded.



"Expedient Assembly" of BILN
2061: Improved Etherification
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Step 9-10 OH

2~0HO
O ,N~N"

,O OMe

cr°ì(N~ IO

INRF12

OMs

MsCI, NE!3' CH,CI, xs0~, O
O ,N~, OMe

OOC " O

97%crude cr°ì(N'~ IO

INRF14

38,62%

~HiPr
S~

~;~
- '\

9 - OMe

XS
0HO

O ,N~N"
OMe

, O

cr°ì(N~ IO

BILN2102

Procedurescaledto 650g;
Yieldis erratic andagain
ehromatography is
necessary.Mesylateisunstable,
eliminationproductsobtained.

NHiPr

NA
Meo~

~ S

I '" ~
// //

OH

Cs,C03, DMF, 80 °C

chromato9raphy

End-game solution
(@\ Boehringer
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K$
~HO

o f-J-'--yN"
OMe

, o

(J°ì(N'~ Io
INRF12

~OBS o
- ~ HBr-o-so,

K$N" OMe

3'1 PhMe/CH,CI, O, o
INE!3' . ,,'

r( o N'H

93% assay (J!
INRF14

NHiPr

s~

Meo~
O.4M N):iPr 1~NN

I '" N" ~ !j \.&.& - '\

0

9 - Me

OH 0
Cs,c03,NMP,50°C °K$

N~" O

83% ,,' O OMe

(J°ì(N'H IO

BILN2102

-Several sulfonates

tested for t1/2 in DMF
at80 °c. (with CS2C03).

- Brosylate t1/2= 21h
(longest).
- Temperature lowered.
- Concentration doubled (at

0.2 M, 76% yield).
- No chromatography.

.,.. n;



- "Expedient Assembly" of BILN
2061

(@\ Boehringer
~llIIlvIngelheim

Step Il NHiPr

s--{

~
N

;; ~
- '\; OMe

9 -

:R:J
H o

N N
O "OMe

UOyN~ O IO

BILN2102

LiOH ( 2 eq), THF

~HiPr
S~

~;~
- ~

9 - OMe.. -
H2O, MeOH, rt, 16h ~ H o

N N,

94%,,,,,ted O~~-)-~' 'tOH

UO:(~~
BILN2061
98.6 % pure

BILN 2061 can be usedas such or recrystallized(EtOHIH2O) for formation of
desired polymorph.

"Expedient Assembly": Summary
(@\ Boehringer
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Total: Il Steps(Overall:26)

Onlv4 building steps(affixations):
2 amidecouplings
1 etherformation
1 olefin RCM

Extrasteps(refunctionalizations):
4 deprotections
2 Q-activations
1 aminecapping

CostlyProcess!SyntheticEfficiencyneedsimprovement!

..
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VerderbendenBrei... Guastanlacucina...

- Issues with Current RCM Conditions
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/PNBo

\ H (

. ~N'~
o--iNH L I

~
INRF16

I PCY3 PNB
A I "CI 0/

O-Ru'"

~I 'CI
~ H o~ 5-7 mol% O~ N" OMe

CH,CI, (O.014M\ °'L .." o ,

Refiux,24h 0--0: NH
90-95% assay
yield INRF11

Issues:

-High CatalystLoad
-DHuteReaction

-long ReactionTime
-laborious work-up.
-Catalyst load depends OHpurity
of INRF16.

Crude

After
charcoal/sHica

Silica chrom.

5-7%

2-3%

0.5-1.0%

.,. n;



- Background to Current RCM Conditions
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/PNBo

~ H o

O~
N N"

{
OMe

o-;-N~ o ~I
INRF16

PCY3

Ph l,CI
"=Ru'"

I 'CI
PCY3

CH2CI2
Reflux,24h

/PNB
O

Oo~~~'loM'

o-c!il~J
INRF11

Most bis-phosphine catalysts yield
variable amounts of epfproduct.

PNB
0/

~~loM'°N ""

" I
°rN'~

0-0 INRF11-epi

~ Boehringer
Currently Available RCM Catalysts ",III,vIngelheim

Imidazolium-substitutedcataJysts are much more stable than
pt generation cataJysts.

They also react more readily duelo more favorable association
with olefins.

R.I-!.Grubbs,"HandbookolMetathesis';WHey-\lCH,Weinheim,2003.

.--

PCY3

-Q1ljJ- -QlljrCI/I, I

- N N \ ;,;
- cl,IN " ;,CI";R CI/I,.r

I fj

\0 -
CI"'" Ru==-\

C,";R-=bI Ph
I 1

PCY3 \0

1st Hoveyda (1 H) 2nd Grubbs (2G) 2nd Hoveyda (2H)
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RCM of INRF16 With Different Catalysts ~llIIlvIngelheim

1 5% lH

2 3% lH*

3 1%2H

4 1%2G

CH2CI2 40

PhMe 60

PhMe 55

PhMe 60

* INRF16purified by charcoal/silicafiltration

24h N.O.90%

20h <0.5%96%

lh 9-11%85%

lh 8%87%

Reversibility Test
fQ\ Boehringer
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o

O>-O-N02

OO~~{OM'

5HN ~INRF16

+

O>-O-Ph

~N H" o OMe
o oO,

IA "oo N

Ò H INRF11-Ph

r-< f, :h
~~yNy/Ru=

CI' I 'Ph
PCY3

2.5% mol%

CH2CI2, 40°C

sealed system
(each reactant 0.005M)

O>-O-N02

~N H" o OMe
o oo

A 0,0 Io N

Ò H INRF11

+

o

O>-O-Ph

oO~~{OM'

5HN ~INRF16-Ph

£:::: .,.. ,



Reversibility Test: Results
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o

~._m__.

3

2.5

~ 2
Q)

LL
N
Q.

U

1 1.5
c:
O
:;:;
C'CI
~ 1c:
Q)
<.)
c:
O
U

-- [INRF16]/[Cp2Fe]

-II!' [INRF11]/[Cp2Fe]

-k- [INRF11-Ph]/[Cp2Fe]

[INRF16-Ph]/[Cp2Fe]

-'J<- [Dimer]/[Cp2Fe]

0.5

.0.5

Time (min) Bothreactionsconverge,fromopposite
directions,to:88%prod.,..5%S.M., 7%
dimer(s).

Reversibility Test: Results
!@\ Boehringer
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o

-- [INRF11-Ph]/[INRF16-Ph
-w--- 'INR.F1111f1NRF161

140

120

100

tD
.....
U. 80
D::
Z
.....
;:::, 60.....
.....
u.
D::

~ 40

20

Inbothcases(product:
S.M.) ratioconverge
to 17.5: l, suggesting
equilibrium.

.20

Time (min)

c::=:=::::

........m. ...._m. mm'm ...._m. ....--_........m.

L
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Van't Hoff Plot:
Equilibration of INRF16 and INRF11

f?i\ Boehringer
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-1.5

-1.9

Assumesno etheneloss.

~Ho= 141<J mol-1

~So =24 eu

-1.7 o

o- -2.1
t:r'"
~<:
- -2.3

-2.5

-2.7

-2.9

0.0027 0.00275 0.0028 0.00285 0.0029 0.00295 0.003 0.00305 0.0031 0.00315 0.0032

1fT

Tentative Conclusions
f?i\ Boehringer
\t,111IV Ingelheim

.With1Hcatalyst,t1l2:::ea.7.20min.Etheneevaporationis
fasterthanreaction,drivingequHibriumto>95%INRFll.
Catalystnotactiveenoughtoformdimer(s)underthe
conditionsused.

.With2Gcatalyst,t1l2= ca.O.5min..Etheneevaporation
slower.Fastequilibriumappearstoensue,accompaniedby
ca.7%dimers.

.HigherTONandTOFofnew-generationcatalystsmustbe
balancedagainstloweryieldandpurificationproblems.

~



Isolation of INRF11 Cyclic Dimers
~ Boehringer
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o

~OPNB oo OMeMe°'f OPNB H

'NBO~C~Jv o

~,N°N€:~ ~N-{DN V'V Y"Ò OR
Q

OrN'H -?j, ji ~O
'j' ~ ~ V V I ° M,O v~-~

NH HNyO H Y0-
°"( °-0 C"H""~!~f36 ° O'N'

O MaI.Wt..

>6 CyclicDimers
DetectedbyHPLC
(head-to-headand
head-to-tali).

Majordimer(purified)

[

2G Cal.

Ethylene
Tal. 55°C

~
o OMe

PNBO

~...
N O ~

O :

O NH

0-1 INRF11

FormationofINRF11
in ca.70%conversionconfirms
reversibility.

Unanticipated Problem: Epimerization
in a Front Run!

~ Boehringer
~IIII,VIngelheim

O/PNB

0 H O
O~

,N~N" {O OMe

o-)-N'~ ~I
INRF16

I PCY3 PNB

Ao-Ju.""CI

~
o/

I "CI
~ H O

~ 5-7mOlo/~ O~N O N" OMe

O ,-- I

60°C o-cfN'H
INRF11

30-40%

(50% total epimerization)

/PNB

A H O

° O~~N{OM'
rN'~ ~

0-0
INRF11 Epimerizationnever

beforeobservedwith 1H

catalyst.Investigation
necessarv.

/PNB
o

A H O

O O~--:N~N"{OMe

O-
rN'H Il

o ~
INRF16

Process Chemistry,Ridgefield

..



Epimerization Problem: Control
Experiments (PhMe at 60°C)
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Epimerization Problem: Preliminary
Conclusions

(@\ Boehringer
~IIII,VIngelheim

Possible Mechanism (must be investigated)

H a

'"1'(OM'

5% 1Hcat. Ph H a

yN"C-aMea "

Ica: 9:11 lì'

60% (+metathesis products)

. INRF16mustbeassayedfor
INRF6content(acidwash),
and phosphines.
.Thismay explainwhy 1G

catalystleadsto epimerization
(high labHityofcoordinated
phosphine).

.Ru-Haddition/eliminationalso
possible

5% PPh3

Ru(ll)

H

~
a

PhyN" aMe
a "

H'
I-RU(lI)
I ~

Ar

a

PhY~"CaMe

a f~U(II)

Ar~H

L

4%lH I none I 24h I - I 100% I - I - I
oN02

4%lH I 5%INRF6I 15h I 2% I 78% I 2%
I

17% I H°

l N {OM'6%lH I 12%
I 48h I

65%
I

3%
I

26%
I

6%
H o

I I
pyrrolidine

4%lH 112% N-Me 17h 2% 82% 2% 14% INRF6 (2-4%)

pyrrolidine found in crude

2%lH I 5% PPh3 1.5 h 8% 74% 5% 13% INRF16 used in
metathesis.

5%lH I 5% PCY3 2h 5.7% 54% I 13.3% I 27%

2%2H 15%INRF6
6h - 100%

(*)Quantitiesarerelativeamounts by HPLC



Practical Synthesis: New Assembly
~ Boehringer
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STEP 1

HQ

h 1. MsCI, N-Me pyrrolidine, TH~
~ C02H 2. iPr2NEt, dioxane
Boc 78-82%

B"~O

STEP2

~+ e
H'N ° MsOH' °

MsOH, MIBK

2 (Crystallized) 3 (Crystallized)

. More convergent and efficient: 4 steps to metathesis precursor.

. Metathesis, OH activation, etherification, ester hydrolysis
remaining (4 steps)..No Mitsunobu reactions. Two protecting groups eliminated..Caveat: metathesis on INRF 12 is unknown.
.MURPHY'S LAW #5: If nothing can possibly go wrong,
something will anyway!

ssChemistry,
BII<GIngelheim

- RCM of INRF12
~ Boehringer
"llIIlvIngelheim

'L{j-N02

oO~OM' oO~~(OM'

O)lH~ ~ O)lH~ ~
Ò INRF16~ Ò JNRF16-~

RCM of INRF160H produces
compared to

cessChemistry,
Ridgefield).

Il:::

STEP4 OHSTEP3
° C02Na

oOOM'

EDC, iPr2NEt, CH2CI2 o ) PhMe,H20,
C02H

ao! H'N",o,,,,
OJ.---NH

aO!NH

Ò INRF12 ,2'j4 (crude)95%

Ms:te-
INRF16 1H,5% CHzClz I 40 I 20 I 89% I <1%

INRF160H l H,2-5% CHzClz I 40 I 20 I 75-82% I 13%
INRF160H 2G,2% CHzClz I 40 I 20 I 78% I 13%
INRF160H 2G,2% PhMe I 60 I 0.1-18 I 72% I 15-20%
INRF160H 2H,I% I PhMe I 55 I 1 I 65% I 9-11%
INRF160H 2H,1.2% I 1:4 I 60 I 8 I 88% I 6%

PhMe/THF



RCM of INRF16-0H on 45g Scale
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I 11.2-2.0% 1H Cat. l

'NRF12 ,INRF16-0H .
THF-Toluene 4:1 86-88% assay yield
60 °C 6-8h 81-84% after work-up

Dimers: 6-8%

BsCI,DABCO. IINRF12-BS I INRF13, CS2C03, NMP, 50.oC

toluene, rt, 1h 88.9% after work-up 15 h

.. I INRF21021

83.8% after work-up
Dimers: 6-8%

Pr sChemistry,Ridgefield

Removal ofDimers bv Recrvstallization ofBILN2102.

Metathesis on INRF16-Bs
(@\ Boehringer
~IIII,VIngelheim

O.01M °*:5
NO'" ~" ° OM,

.. oo ,--

o-}-N'H I

o ....

o-}-NH ~I
INRF16-Bs

Ru cal

INRF12-Bs

1H,4%

1H,4%

1H,2-3.5%

2H,2%

2G,2%

CH2CI2
PhMe

PhMe

PhMe

PhMe

40°C

80°C

60°C

60°C

60°C

83%

85%

87%

72%

69%

4-5%

4-5%

5-6%

14-15%

16-17%

ProcessChemistry,Ridgefield.~. ""'-

'""

Dimers VoI EtOAc/ Cryst. Final ML Ioss Dimer
EtOAc MCH temp temp remaining

l 6-8% lO 1 : 1.5 80 rt 14% 0.4%

2 0.4% 7 1 : 1.5 80 rt 5% 0.09%



Scaling up RCMof INRF16-Bs in PhMe
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. INRF16-Bs was purified by treatment with Charcoal and Silica in
toluene then submitted to RCM in toluene with 1H catalyst (60°C)

Crystallization leads to satisfactory purity in >90% recovery.

'dgefjeld

Ru Remaval with 2-Mercaptonicatinic acid
I?i\ Boehringer
"IIII,vIngelheim

Crude INRF-11 Si1ica Gel Pad INRF-I I

Ru: 300 pprn Ru: ] 59 pprn

Hydrolysis
..

Brosylation

Crude INRF12Bs
...

Ru: 145 pprn

No Ru rernoved

Displacement ./
/" No Ru removed

3 x 29.2 g I Crude BILN2I02
Ru: 124 ppm

93%
Charcoal
Treatment in EtOAC

CharcoaI
93% I Treatment in CH2CI2

Crystallization

Ru: 49.6 l'l'm Ru: 76.4 l'l'm
26.9 g

Iization

BILN2102 BILN2 I02
26.8g

92% I Crystallization 96% Crystallization

Cryst. BILN21 02 Cryst. BILN2J02
25.7 g

26.9 g, Ru: 30.9 ppm
25.6 g

Ru: 4.16 l'l'm

Charcoal treatment

lS necessary

Charcoal treatment and Charcoal treatment

crystallization are needed in EtOAc is more efficient

..:=:: -

Batch Conditions Conversion Assay Yield Isolated Yield % Dimers

305g 2 mol%, 14h 90% 86%
+1 mol%, +10h >98% 95% 85% 5.1%

361g 3 mol%, 14h 96% 91%
+1.2 mol%, +10h >98% 92% 86% 5.9%

445g 2 mol%, 14h 93% 88%
+1 mol%, +10h >98% 94% 87% 4.9%

BILN2 I02

Ru: 107ppm

96% Crystal

Cryst. BILN2102

Ru: 15.4 ppm



- Completion of the Assembly
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PCY3
I I ",CI

AO-RU';"'CI
OBs

~~ O l'''' 3-4mol%H oN N.. OMe
toluene

~,~.'''W. ',' ~ (0.01MIdIcharcoal O -- I
thenSI02pa rN'H 'ì 75-85%isolated

85% 0-0 INRF16-Bs

~:eINRF16-0H (
~ N

'" I N_NHiPr~
'" O Q ~ d

H NMP 50°C HKsN.. OMe INRF13,CS2C03',

:R:$
N N.. OMe

. O O

I

81-83% F16-Bs) O O

I
O .' . ~Um.".'" O, 8ILN2102""" 'ro~.. '-"" .

O-
/

O- I Recryst.!w.ce
O O '''''' "")

INR"'''' 0>" ro"'"'":i~,no single Imp. .

O O~;~~lOM'
Q-"r'" ')~

LiOH, H20 BILN2061 (>99.5% pure)
no single impurity >0.1%
no diastereomer detectedTHF o °C-rt

>95%

Progress Report
I@\ Boehringer
\jIIllIVIngelheim

Twoscalableroutesto BILN2061 wereidentified.

Areasfarimprovements(ongoing};
-Moreefficientsynthesisofbuildingblocks.
-ReducedRCMreactiontimeandhigherTONcatalyst.
-Moreefficientend-gamestrategy.
-Stay tuned.

=-
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