S. Patel Cyclobutanes in the Pharmaceutical Industry Burns Lab

o ipr

N

A
Z i i
.!“ N NH, Pr Pr
HOAQ Lobucavir Me™ ~OH
) - developed by BMS

\ - herpesviruses, hepatitis B, Cl
on  HIV/AIDS treatment ¢l \)\m

1) "BulLi (2.2 eq)
2) H,CO
3) H,, PdlBaSO4
ORSst 4) TIPSCI, imidazole, DMAP ORSt

= NN
OTIPS 82% over 4 steps N cl

Why Cyclobutanes?

- rigid scaffold, well-defined spatial arrangement of substituents
- move away from arenes as a means to achieve rigid structures
- avoid toxicity arising from arene metabolism o Cl;CCOCl, Zn/Cu
78% then NH,CI, MeOH
Chem. Soc. Rev. 2011, 40, 5514

Chem. Rev. 2014, 114, 8257
1) PhsPCH,OMeCl, KHMDS

OFRst 2) CI3CCO,H Ofst
: 3) NaOMe :
Covered:
- syntheses of pharmaceutically relevant cyclobutane-containing molecules "N\ 64% over 3 sleps > "N\
- primarily process chemistry reports OTIPS ? P OTIPS
- some medicinal chemistry reports o CHO
Road Map:
1) syntheses that construct the cyclobutane core 1) NaBH
2) syntheses that utilize commercially available cyclobutanes 2) TBAF“ 72% over
3) BzCl, pyridine 4 steps
Not Comprehensively Covered: 4) TFA

- photochemistry
e.g. Org. Process Res. Dev. 2010, 14, 405; Org. Process Res. Dev. 2016, 20, 409;
Org. Process Res. Dev. 2018, 22, 595

1) Tf,0, pyridine
2) 2-amino-6-iodopurine salt

OH
- construction of useful intermediates i) ”Z?Me :
e.g. Org. Process Res. Dev. 1998, 2, 379; Org. Process Res. Dev. 2020, 24, 802 . )
- pinene derivatives Lobucavir - - e\
61% over 4 steps OBz
BzO

J. Org. Chem. 2012, 77 1710
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K,CO;, TBAB
CN 2) Pd/C, H,
>
49% over 2 steps

NC

N
X
HO

88%

NC

MeO

NH, O /©§2¢N
NT N
A
MeO N

DGAT-1 Inhibitor

- developed by Pfizer

- diacylglycerol acyltransferase-1 (DGAT-1) inhibitor
- Type Il diabetes and obesity treatment

1) 1,3-dibromopropane,

CN

H,N

1) AcOH, 2 co,kt

2) T3P,
NC” > coH

CN
NC

0

N

Eto’ﬂ\)
o

1) DBU
2) HCI

g

49% over 4 steps

(CocCl),, DMF
then MeOH
1) H,NCN
2) MsOH, MeOH
CN  3)recrystallizations
» DGAT-1 Inhibitor
N 52% over 2 steps

direct treatment of chloride
with amine gave lower yield,
hydrolysis became an issue

Org. Process Res. Dev. 2013, 17, 1510

F
Br F
N’o\ - N”O\
HN | /N HN / N

HN N HN
HO/N \\\ Ho™ )\ /\/OH
NHSO,NH, o7/ MH

epacadostat

epacadostat analogue

- developed by Merck

- IDO1 inhibitor

- cancer treatment

- used in combination
with mAb therapy to
prevent drug tolerance

F Br

0.55 eq L-DBTA

32%

F~ :

NH,

(Et0),0PCH,CN
KsPO,

1) NaBH,, H,PO,
2) LDA

o
F Br

1) KOH
2) DPPA
3) HCI

4) K,CO,

61% over
2 steps

JCH

CN

95%

53% over

NH, 3 steps

(o} CO,H
(o} Ph —m»

D —

CO,H O

epacadostat

Ph (o) analogue

1/2

Org. Process Res. Dev. 2019, 23, 1178
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HO : |
I ,Me :
' DPPA
. ' then HCI
: *
N NH,
z | N ' ~n/
> :
N 7 °N Ph ! (o]
\N—;S/ Akt Kinase Inhibitor . 1) Boc,0
F - developed by Merck : 2 o liyati 30%
- cancer treatment : 2) recrystallization
F :
1) (Bpin),, KOAc, Pd(OAc),, X-Phos
o OH ' 2) Ar'—OTf, K3POy4, Pd(OAc),, DIPPF HO, _Me
I~ ; 3) HCI ~
COH : ! Akt Kinase Inhibitor -€
PrMgCl (2.2 eq) H,S0,4, MeOH ! 71% R
—_— CO.H 3 ! Ar" 'NHBoc
59% 2 90% 1 Key Steps in Synthesis of Aryl Coupling Partner
' ; Li
H 1) MeLi
' NHBoc . |
ci L S 2) "HexLi NBoc DMF
' Z 76% (batch,
HO, Me 0 TEMPO ic1” N7 TBr 85:/;((flow))
NaOCI 1
MeMgBr KBr '
B EE———— - .
H Anion
quant. ! 13in NHBoc
Ar®  CO,Me Ar” CO,Me . THF N
+ E l Z
' n-BuLi in Cl N CHO
OH . HO,,‘ Me Me, ,OH E hexanes Aq
LiOH + ' quench
—_— '
/ \ : DMF in
CO,Me Ar" "CO,Me A’ “CO,H ; THF
2.7:1 ) : NH _O NH _O
HO, Me 1) remove acid by b A H,NNH, A
.. extraction 1 Ar'—OTf € | |
N\ 2) NaOH 1 N 84% N
! H,NHN N Ph o Cl N Ph
49% over : - }igoc i
3 steps : - psi
Ar CO-H ! -3 x 1.1. kg batches

Org. Process Res. Dev. 2012, 16, 1069 - 2.6 kg product
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NH,
N N
0 ¢ ]
o}
HN N N/)
NH mMmitindomide M Me
o e\( o -OH

A~ (\ NMe mitindomide analogue
(\N - produg of mitindomide
\) (poor solubility in water)
MeN - cancer treatment

o NH _5  hy, benzene /«

U [2+2] \«

[4+2] 0
CH,0
1-methyl-

mitindomide piperazine Ly

analogue -

(o}

“Both radiation and heating were provided by a
‘Hanovia’ S 500 mercury-vapour ultraviolet lamp”

J. Med. Chem. 1986, 29, 2164

N
tBu
Pinometostat
- leukemia treatment
1) BnBr, TBAI,
K,CO; a ©
2) C1,CCOCI, Cwzn
HoC” Y > /\/b?o
Bn02c
NO, 1) Zn, AcOH
2) Pd/C, H,
NH,
Y

pyridine,

O propylphosphonic
/@[ anhydride

Fe powder
AcOH

o

WO
HO,C

H,NR
NaBH(OAc),;
——>» Pinometostat

US Patent 2016/0024134



European Patent 2719676

S. Patel Cyclobutanes in the Pharmaceutical Industry Burns Lab
P S :
NC PO(OEt), H _/NHz
' I 0
85% | HaS, Et:N, :
l pyridine 74 \ CO,H ; Et_m
NH ; : OH
H,N S =z Me ' A
N Pooe, 0 ! . .
Me ' Mirogabalin
S : - analgesic
want 0 Cinalukast
quant. <>—<_ - experimental '
Br - asthma treatment '
N 1) NaH, "BuLi,
74 J\/ ' allyl bromide KOA
PO(OEt) ' 2) NaBH, c,
s 2 1) SnCl, : o a __3)NaOH Ac;0
2) 0~9%<0 : Et\)J\/u\
OHC NO, [::f E OEt
@ Me “me :
K,COs3 74 \ —>  Cinalukast
96% s NO,  50% over '
= 2 steps ‘
5 1) MeNO, (Me0),0P.__CO,'Bu
' base H CO.'Bu N : /0
e e e m s . ' 2) Ni Sponge 4 2 'BuOK /4
: Cyclobutane Source: ' : Et . Et
: 1) NaH A r
: o o 2) Hel, A o :
L e~ — <>_/< : :
1 Me OEt Me | ‘
! . ' 1) Chiral acid,
: : ‘ NH. crystallization
: : : H 7 2 2) base
: Bry, MeOH ! : T o 3) acid
: : \  Et —_— Mirogabalin
E : : g O'Bu
: . (o] : ‘ Y
' Sigma ! ! H
. $240/g . ‘
. Br ! !

Tet. Lett. 1996, 37, 5445

European Patent 2871176
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Process Route
0 1) HNBn,, NaHB(OAc); 0

< 2) Hel

o] - Q_<

) =<>—/ Ph anN—<>—-/ Ph
*HCI

_ .
N—<>—-/

H,N
AEW541
- developed by Novartis B gﬂﬁ’i:!fggym
- IGF-IR inhibitor o
- cancer treatment Bno\©)k/ Br
Ar (o) (o}

1) NaOH

}—\ 0—{ 2) Hel o—{
0 HN—<>—/ T S — HzN—<>—/ Ph
*HCI

Discovery Route
*Succinic acid

CH,(CO,Et),

o BrBnBr, HyCl, Br/Y\Br NaOMe ° <> <°°2'5‘
OBn CO,Et
KOH, CH,(CN),
1) KOH, EtOH
2) HCI, MeOH
Ar /\
= OH HzN “NH-HOAc
HNR,, 18-C-6, 1) Pd/C, H, N
K>CO3 2) MsCl, Et3N NC
Mso---<>—c02Me -~ Bno---<>—c02Me NH,
1) LAH 1) MsCl, Et;N
2)TsCl e 2) NH
3 —NH Cyclobutane Source |:|

RZN—O—COZMe —_— AEWS541

PharmaBlock
$77/g
N e e e e e e e e e ' Org. Process Res. Dev. 2007, 11, 825
J. Org. Chem. 1996, 61, 3849

i —/< ; AEW541
o=<>—/ Ph
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NH, o NH: ¢l N
.CO,H : H
jug b e Ty
o BnBr :
1°F >/ — : N Z NC
cl 60% cl '
18F-Fluciclovine (Axumin) s '
- approved in 2016 r :
- PET imaging of prostate cancer ' Ugi Reaction Ig;
1) CHx(CO,Et);, NaH | 2g9, :
2) NH,OH '
F. F
O NH :
NH, 1) (NH,),CO; )=o CONH, 1
:=COzH 2) separation . NaOClI CO2NH; :
[ Az i _tece :
. 60% ' (o) NH
BnO' BnO BnO : H o Cl
3:1dr ' NH
: o N
1) Boc,0 E
57% | 2) CHyN, : ~ |
3) Hy, Pd/C ; P
' F
: NC
NHBoc 1) Tf,0 : A Pdz(dba)s, Xantphos,
:.CO,Me 2) K'®F, then HCI ' | _N 229%
| | —_ 18 iclovi '
. 12% F-Fluciclovine ' chromatography, then
HO™ ° E cl crystallization
J. Labelled Cpd. Radiopharm. 1999, 45, 215 !
--------------------------------------------------------------------------- ! Ivosidenib
E F 99.7% de
+ Cyclobutane Source:
NC = ; '
\ N (o] NH Ivosidenib F_ F HCO,Et F. F PPhs Et;N, F F
0 Cl - approved in 2019 ' Oakwood Et;N CCl, ;
N . - miDH inhibitor ' $48/g — > —> :
o NT - acute myleoid leukemia treatment ' '
: _+NH, O _NH NC
2 : cl Y :
N e N e :

ACS Med. Chem. Lett. 2018, 9, 300
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Boceprevir
- protease inhibitor

- Hepatitis C virus (HCV) treatment

- approved in 2011

- developed by Schering-Plough prior to acquisition by Merck

NH,

Cyclobutane Source:

PharmaBlock OH
$533/g NH,
+
_"NH,

Cl o A
1) EDC-HCI
NMM, A
2) DMP
Boceprevir w«——

63% over 2 steps

T Me_ Me
. H H
: OMe
+NH,
' a” °
' t
: BuHN\"/NH\./
: (o) By
-
EDC-HCI, NMM
then NaOH
83% over 2 steps
(o}
(o] \\_/OH
tBUHN\n/NH\)LN : H
(0] iBu Me

Org. Process Res. Dev. 2015, 19, 1559

Nalbuphine (Nubain)

- approved in 1979

- analgesic

- synthesized from
oxymorphone, a
natural opiate

+ -
Et;NSO,NCO,Me
78%

NaBH,

!
40% over 2 steps

oxymorphone

1) Ac,0, DMAP, Et;N
2) mCPBA

Cyclobutane Source:

Sigma
cl $63/g

Nalbuphine

Adv. Synth. Catal. 2013, 355, 1869
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N SO
5 o

HO
1) TFAA HN—p
2) mCPBA
DB01858
Butorphanol - bone disorder treatment
- opioid analgesic
- developed by Bristol-Myers }\\
- approved in 1979 CF,

1) LDA, combine

coEt F 2) LAH
Sath SO
Br
OH

1) NaBH,
2) LAH
OH

(o]
o MeO N\)J\
pyridine 0//0/ : OMe
"Bu
then LiOH
(o]
F
NS : : 1) LAH o Ph;P=CN
2) HBr DMAP, EDC
——>» Butorphanol RHN CN (o}
OH Y < —
: 41-78% over
MeO A o NH\)J\
Bu PPh, 3 steps \n/ - OH
(o] "By
19-45% over 3 g?NHz
3 steps 3) AgNO;

Cyclobutane Source:

Cyclobutane Source: CO.Et
DB01858 . Oakwood 2 :
+ $10/g ;

: o
1 Oakwood

1 $12/g

' Cl

US Patent 3819635

Bioorg. Med. Chem. Lett. 2004, 14, 4897
W02003062192
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e |
F lv" fo) fo) o ipr N
N7\ mrmmmmmmmmmmmmsseees : Et” “NH ; P
F o\/l N 1 Cyclobutane Source: | S Y \l/ \n/
NT N ' : . N Me O e
¢ \ ' CO,H | 0O "L - -
NENF Me ; Oa$lf|v(\)r;)od : 0.__N - prodrug amine cap
9 N - improves membrane permeability
e e mmmeeeeeemm————ea- : ipr
(o}
MRK-409 Me
- GABA, agonist
Renin Inhibitor
- developed by Sumitomo Dainippon Pharma
- plasma renin activity (PRA) inhibitor
- hypertension treatment
CO,H
N _CcCI I:( N’N\ c
N™ N | 1) Hy, Pd/C
| _ —_— = 2) SOCl,, DMF, NMM,
cl (NH4)2SHz%% AgNO;, Cl Combi-  CO-H
250, Blocks
$80/g

e
O NH RN NH,CI F
I > F N.__Cl
\N/ /

N\ N\
l \,N H.CO HO\/"\ \/N
N —_— N

\ \
Me Me

MRK-409

WO 99/37644
J. Med. Chem. 2005, 48, 7089
Journal of Psychopharmacology 2009, 25, 314

Br 0._ _NH : fCOZMe
> g
Br Me
OH
1) K,CO3 76% over 3 steps

2) BocHNCH,CH,Br, Cs,CO3

NH toc
0s N Ijicozm

- Renin Inhibitor

1) MsOH
2) EtCOClI, Et;N

o N CO;H 3) NaOH
0,
o I I Me 65% over 4 steps

| amide formation

Org. Process Res. Dev. 2019, 23, 499



- neuropathic pain and anxiety treatment
- bind to the a,6 subunit of a voltage gated Ca channel

2) MsCl, Et;N

O:/\: BuLi

S. Patel Cyclobutanes in the Pharmaceutical Industry Burns Lab
NH, CO,H HO,C NH CO Me

HO,C NH, HO,C NH, 2 7V 2 2 2

H,, Ni HCI

> » Analogue 1
Q 80% over 2 steps
Gabapentin Gababutin Analogue 1 Analogue 2

|C5o = 140 nM |C50 = 420 nM |C50 = 332 nM |C5o = 38 nM 1) LAH

3) Nal

—>
45% over 3 steps

1) LAH
2)MsClLE;;N  Br  Br  NCCH,CO,Et
HO,C CO.H 3) LiBr K2CO3
H 65% over 3 steps 99%

Br Me
\/\r N NC_ CO,Et
Me

LHMDS LiCl, A
72% 44%
CO,Me
NC_ .

03, NaOH, MeOH

71%

1) KO'Bu

1) NalO,, RuCl
2)A MeO,C 4 3

2) H,S0,, MeOH
B ———————

85% over 3 steps

O

92% over 2 steps MeO,C

NC CO,Et 1) allyl-MgBr EtO,C (/
[0} NccH2002Et, ZnMez
NH,OAc, AcOH 2) KOH
78% 89% over 2 steps
MeO,C CO,H 1) TMSCN2
2) Na|04, RuCI4
1 D;)PaéFtSN 81% over 2 steps
Analogue 2 -«
72% over 2 steps
: HO,C COH !
» Cyclobutatne Source (Analogue 1) i

Bioorg. Med. Chem. Lett. 2010, 20, 461
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ipro N

S1P, Inhibitor
- developed by Abbvie

CO,H

0

- multiple sclerosis treatment

Cyclobutane Source:
(o]

:  Oakwood :
L $10/g !

Envisioned Strategy
COzH

o =

However..

CO,H

J/:( [H_]
Final Route
cl CO,H
+
NC
HO

Ci

ipro

g

X

Z

CDI

HO
1"

CO,H

uf

CO,H CO,H
T

HO'

c02|-|

DEAD, PPh;

Et;N

COH

-

S1P, Inhibitor

Org. Process Res. Dev. 2013, 17, 666

=S

NH,OH
20 CO,H

H,N

HO—N

SN
|
| .
N
[ O—<0-0O
Hj; Antagonist

- developed by Abbvie
- CNS disorder treatment

Br< : jSH
NH

piperidine,
NaBH(02ctBu)3

H020—0=0
CDI, then HCI,

then MeOH Br\@is OMe
o - /
. 84% N> O :OMe

N cul, DMEDA,
Cu, ch°3,
NH pyridine 7%
then HCI

99%, 98:2 cis/trans

H3 Antagonist

oo

Cyclobutane Source:
(o]

+  Oakwood
L $10/g

Org. Process Res. Dev. 2014, 18, 191
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Linsitinib
- IGF-1R inhibitor
- cancer treatment

1-yl ester,

(o}
1) NBS
2) MeMgClI
=N
65% over 2 steps N
/ =
N/
Cl
OH
Me (:
1) NH;
2)(RO),B—Ar,

PdCl,(dppf), K,CO5

— —_—
N/\ N 52-71% over 2 steps
=
/ Br
—
N
Cl

POCI,

75% over 2 steps

Linsitinib !

2,5-dioxo-
pyrrolidin-

N NH,
®
N/
ci
o)
HO,C
0
o
NH
N
®
N’
cl

Cyclobutane Source:
(o}

Oakwood
$10/g

ACS Med. Chem. Lett. 2013, 4, 627,

(o)

iPro

s

EtHN

PF-03654746
- Histamine H3 antagonist

- Alzheimer’s and daytime sleepiness treatment

N

u

1) ArMgLi

2) EtNH,

3) iPrOAc/H,0 extraction

4) add n-heptane, crystallize

1)
Me

F
O
o -
EtHN : OH

e
JA
(o] OMe

Deoxo-Fluor

55%
2) 2-MeTHF/
H2° 0\
extraction /AN
o oraon | EtHN “®
Ar
78%
<]
F

PF-03654746

Cyclobutane Source:
(o]

$10/g

:  Oakwood

Org. Process Res. Dev. 2012, 16, 1393
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15t Generation Cyclobutane Incoporation (UCLA)

(o)
NaCN
MeHN MeHN NC
Strecker Reaction 3@
F NH

2nd Generation Cyclobutane Incoporation, Avoids Cyanide (Aragon Pharmaceuticals)

— CN
MeHN
PN

Apalutamide

- antiandrogen drug CDI. DBU CF,
- prostate cancer treatment CFs3 Himni ’,s Ba’se
- discovered by Sawyers and Jung at UCLA CO,H 9 i — CN
- approved in 2018 NN then HCI, "’Oi h
- similar to enzalutamide (below), more efficacious and | BocHN |_| H:N  NHN\\_N
has a lower likelihood of causing seizures (fourfold

lower brain penetration in mice)

~ _N 80% over 2 steps 2
HyN
o

0 CFy Final Stages of 2"d Generation Route (Aragon)
S
CN (o]
MeHN J\
NN MeHN
F M
e
Me O CF, F Br o)
— CN KOAc, CuBr,
Enzalutamide | TMEDA MeHN Ar
- approved in 2012 H,N  NH™N\ _N > NH HN~

- predecessor to apalutamide

- key differences include dimethyl group instead of cyclobutane
and phenyl group instead of pyrimidyl group on the right-hand
portion of the molecule

Apalutamide

Cyclobutane Source:

COLH
TCI 0 TCI 2 O s o
$48/g \]t| $38/g BocHN JJ\
I ] L
1) NaH
o) 2) NaOH, EtOH CO,H = >

J\/NC + B "B — > BochN DMAP
EtO

Org. Process Res. Dev. 2020, 24, 347
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Cyclobutane Source:

o a0 ©
$48/

F g9

Robalzotan

- antidepressant
(o) OH (o) OH

1) >210 °C
1) (MeO);CH, H,SO, Il 2; iy
OH 2)K,CO,, x/ - o
F F
(o] NH, o NH,
1) NaBH
) NaBH, NO, I,, AGNO,
2) Zn, HCI S X
-
(o] o)
F F
(o]

o NH, \lt|

NH, NaBH;CN

>  Robalzotan
o
F
obtained by fractional
crystallization of
diastereomeric salts
WO 98/46586

JNJ-39220675
- Histamine H3 receptor antagonist
- treatment of alcoholism

69%
NH

0

e ate
—(

"HexLi (0.5 eq)

Cyclobutane Source:

s Y

I\ _¢

N— N'}
QNH

_> NaBH(OAC);; / \
04

OH

s &

1) (L)-tartaric acid
2) isolate salt
3) NaOH

77%

then HCI
83%

5wt%

L3 purified oil —————— 3= JNJ-39220675

J. Org. Chem. 2010, 75, 4463
Org. Process Res. Dev. 2011, 15, 638
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NH—N
0 \ O L ]
N{> Cyclobutane Source:
Me Me o
T ©
CEP-32215 $48/g
- developed by Teva Pharmaceuticals

- H; receptor antagonist fommmmmmmmmmmmmooioeee- '
- CNS disorders treatment

- direct ketalization required
multiple purifications

- two-step ketalization only
required a silica plug

1) HCI, MeOH
2) aryl diol, p-TsOH

80% over 2 steps

1) "BulLi, then B(OMe);

2) Pd(PPh;)Cl,, acid chloride
3) ISOLUTE Si-Thiol

4) NaOH

5) HCI

Boc

75% over 2 steps v

HO,C

1) NaCNBHj, o=<>
N 2) HCI

1) H,NNH,
2) TFA

76% over 2 steps

NH—N

o (o)
NH >
Me o 71-81% over 2 steps

Me

CEP-32215

aryl diol acid chloride

(0]

OH cl
MeO
M M

OH e eo

1
]
1
)
1
1
1
' Br
1
1
]
1
1
1
1

Org. Process Res. Dev. 2013, 17, 846

Br

R

HO O CO,H
A\
cl NH

PF-06409577
- developed by Pfizer, Bridge Organics and BoroPharm
- diabetic nephropathy treatment

- AMPK activator
(o)
A\n NEEme,
B’\@\ "BuLi 2) HCI
B — —_—
Br 89% 91%
Br B(OH),
1) CI,CCOCI, pyr,
DMAP CO,Et 1) Pd(PPh3)Cl,,
2) NaOMe Br K>CO3
N A — 2) NaOH
88% %
NH o NI 93%

Y

PF-06409577

Cyclobutane Source:

(o)

TCI
sos )]

Org. Process Res. Dev. 2018, 22, 681
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HN
\
N~
s | \_s EGFR T790 M Inhibitor HN\ N AN\ N=
NS .
HN N - developed by Pfizer y /
: - lung cancer treatment N | \ Y/ N | \ y/.
X - lead candidate against )\\ H,NR, DBU )\\

\ mutant EGFRs that have cl N 'BuXPhos Palladacycle, HN N
N—N grown resistance to H 1% - :

‘Me N previous inhibitors ° O

Me” \E \
N—N_
X M
Me/N\Boc ¢ Me/N\Boc

Cyclobutane Source:

Combi-Blocks

$48/g
HN
\ NIS
N/
)\ | 97%
S
N Cl
HN \ N\

OH ! OH
: ' 1)LAH :
! 2)Boc,0, Et;N
] —_—
NHBoc E N—Boc
' Me”
HN
\ t
NP | BuOK
| 90%
X
Cl N Cl
BrZn N
| \ HN \
|
Z N“ |
t )\\
Pd(P'Bus), cl N 0
-+ :

68%

¢

N
Me” “Boc

70% over 2 steps

y

EGFR T790 M Inhibitor

Reactivity Induces — Electrophilicity — in Ether

Atom Electrophilicity (eV)
C-2 0.38
Cc-4 0.69
C-5 0.21

Note: an electrophilicity index difference
between atoms of interest of >0.2 eV is typically
indicative of a reasonable selectivity

Org. Process Res. Dev. 2019, 23, 382
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Other drugs not discussed in detail:
Concluding Considerations:
- 32% (9 out of 28) of cyclobutanes discussed were synthesized (0]
- 68% (19 out of 28) were accessed via commercial cyclobutanes (o} Et

- most of the commercial cyclobutanes can be accessed via a
photochemical [2+2] or via a ketene [2+2]

Commercially Available Cyclobutanes Covered:

(o]

h

HO,C

O

Br

Ci

o) o)
\CozH \]L—k/oyo
Ph
(o]

O

NHBoc NH3
_Cl

HsN  NHj

o
Pt_ >_H
0" "o NH Et
N cl NH
o) o

b MeO
\
N_S\

Carboplatin DB04065

OMe

MeO

DB08053

N

BoACCE

PF-03814735

0_
/Yo OH
ME o ° MelNT N~

CXCR2 Receptor Antagonist

SRacY

N

&

SUVN-G3031

NH o
HO” o
l -
A
}—OH n-N
o F

PDF Inhibitor



