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Towards new DPP-4 inhibitors

DPP-4 Inhibitor (artificial drug)

l inhibits

DPP-4 Enzyme (antigenic enzyme expressed on the surface
of most cell types)

l degradates

Incretin (glukagon like peptide 1, intestinal cells)

stimulates release / \'inhibits release

Insuline Glukagon
(peptide hormon/pankreas) (peptide hormon/pankreas)

decreases\ / increases

Level of glucose in blood

Wikipedia: DPP-4 plays a major role in the metabolism of glucose
Furthermore, it appears to work as a suppressor in the development of tumour growth.

Nausea, diarrhea, headaches, and dizziness are common with both of the available GLP-1 receptor agonists.
Upper respiratory tract infections, nasopharyngitis, and headaches are common with the DPP-4 inhibitors.



Glukagon like peptide 1 agonists

GLP-1 agonists (artificial drug)

l acts like

Incretin (glukagon like peptide 1, intestinal cells)

Exenatide (2005, Byetta/Bydureon, Astrazeneca)
(peptide, synthetic version of a hormone found in the saliva of the
Gila monster (lizard) )

Liraglutide (2010, Victoza, Saxenda, Novo Nordisk)
(peptide, derivative of human GLP-1)

Lixisenatide (2013, Lyxumia, Sanofi)

(it is derived from the first 39 amino acids in the sequence of the
peptide found in the Gila monster, omitting proline at position 38 and
adding six lysine residues)

Albiglutide (2014, Tanzeum, GlaxoSmithKline)
(GLP-1 dimer fused to human albumin (globular peptide) )

Dulaglutide (2014, Trulicity, Eli Lily)
(GLP-1-Analog, 90% similarity to human GLP-1, modified to resist
DPP-4 enzyme)



DPP-4 enzyme

DPP4-enzyme

b

Function:

Gly-Pro-rest of GLP-1 Gly-Pro-COOH + NH2-Glp-2AMK less
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DPP-4 inhibitor

Function:
b
o) © His
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o
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Y. B. Kim, L. M. Kopcho, M. S. Kirby, L. G. Hamann, C. A. Weigelt, W. J. Metzler,
J. Marcinkeviciene Archives of Biochemistry and Biophysics 2006, 9 — 18.



Towards new DPP-4 inhibitors

DPP-4 Inhibitors (commercial drugs) CFs

Z
Z

Sitagliptin (2006, Merck, Januvia)

Vildagliptin (2007, Novartis, Galvus) @\ f« "
Saxagliptin (2009, Novartis, Onglyza) \ @\ﬁ N\j
Linagliptin (2011, Eli Lilly Co and Ingelheim ©/\( )E[ />—N

Boehringer, Tradjenta)

Anagliptin (2012, Sanwa Kagaku Kenkyusho N~N/ﬁ)L /\ﬁ\)\
Co., Ltd. and Kowa Company, Ltd.) )3
Tenegliptin (2012, Japan -NO/M™ N
liptin { Pan I =l \:? HoN | /L/
Alogliptin (2013, Takeda Pharmaceutical . i U o
Company) ’

Gemigliptin (LG Life Sciences, development) i:/\/\ﬂ/

HN B-OH
Dutogliptin (Phenomix corporation, phase 3) Q b



Similarities

DPP-4 Inhibitors (commercial drugs)

Vildagliptin (2007, Novartis, Galvus)

Saxagliptin (2009, Novartis, Onglyza)

Anagliptin (2012, Sanwa Kagaku Kenkyusho
Co., Ltd. and Kowa Company, Ltd.)

Dutogliptin (Phenomix corporation, phase 3)

OH



Design your own DPP-4 inhibitor

red part important for recognition

inside the enzyme
additional interactions

-----

-----

outside part for
physical properties



Vildagliptin analogs
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/l( CN
N N/
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Analogs:

HO H\/\L

original structure

Preparation:
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Disubstitution pattern on adamantane

Properties of adamantane unit:

.-~ tertiarry C-H (electrophilic oxidations)
i H .

~|-

‘ H secondary C-H (rather unreactive)

Bredt's system

Stereoisomers:

R R R R
R R R 5
I’
R R
So--oss--os-------- < achiral R
(31117 1D
R R S R
R
R2 R2 R2 :2 /’
I,
,,I R2 R2
........................................... . R
: < achiral 2
chiral e e e e e me———— e

10



Synthesis of 1,2-disubstited adamantane derivatives

Synthesis with cage opening step: ~ ¢H ? 0 79°%
1. Pb(OAc), Me;zSO* I Cros
2. KOH HoSO,

Cuddy, B. D.; Grant, D.; McKervey, M. A. Journal of the Chemical Society C-Organic 1971, 3173.

COOH

Previous examples: OH o
LiAIH, Pb(OAC),

.
Lunn, W. H. W.; Podmore, W. D.; Szinai, S. S. Journal of the Chemical Society C-Organic 1968, 1657.

@)
ﬁ N S

Nicolaou, K. C.; Stepan, A. F,; Lister, T.; Li, A.; Montero, A.; Tria, G. S.; Turner, C. |.; Tang, Y.; Wang, J.; Denton, R. M.;

Edmonds, D. J. J. Am. Chem. Soc. 2008, 130, 13110.
9] O
O/U\NH O/IL

OH
1. CCl;CONCO ? Rh,(OAc), NH
2. KOH/H,0 PhI(OAc),
1

Rohde, J. J.; Pliushchey, M. A.; Sorensen, B. K.; Wodka, D.; Shuai, Q.; Wang, J. H.; Fung, S.; Monzon, K. M.; Chiou, W. J.; Pan, L.
P.; Deng, X. Q.; Chovan, L. E.; Ramaiya, A.; Mullally, M.; Henry, R. F.; Stolarik, D. F.; Imade, H. M.; Marsh, K. C.; Beno, W. A3 Fey, T.
A.; Droz, B. A.; Brune, M. E.; Camp, H. S.; Sham, H. L.; Frevert, E. U.; Jacobson, P. B.; Link, J. T. J. Med. Chem. 2007, 50, 149-164.




1,2-disubstitution pattern on adamantane

C-H functionalizations:

DG \ DG —\ DG

H FG R

) )

Retrosynthesis of the desired motif:

O 0
~Q— ]
OH O $=0 O~8=0 OH
H N NH NH,
—— |_'| ——
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Development of sulfonamide insertions

1974 ,The Reaction of Methanesulfonyl Nitrene with Benzene. Attempts to Generate Sulfonyl Nitrenes from
Sources Other than the Azides” R. A. Abramovitch, T. D. Bailey, T. Takaya, and V. Uma JOC 1974, 39, 340.

o H SO,Me
120 °C i HN

MeSO,N; —— MeSO,N  + ——> Me—S—N —

A 0

1975: ,Synthesis and reaction of new type I-N ylide, N-tosyliminoiodinane” Yamada, Y.; Yamamoto, T.;
Okawara M. Chem. Lett. 1975, 361.

I(OAC), SO,NH, KOH SO,N=IPh
+
©/ /©/ MeOH /©/

1983: ,Intramolecular nitrene C-H insertions mediated by transition metal complexes as nitrogen analogs of
cytochrome P-450 reactions” Breslow, R.; Gellmann, S. H. J. Am. Chem. Soc. 1983, 105, 6728.

\
H NH
SO,N=IPh ha(OAc)4 ROOC COOR
94 %

2001: ,Synthesis of 1,3-Difunctionalized amine derivatives through selective C-H bond oxidation“ Espino, C. G.;
Wehn, P. M.; Chow, J.; Du Bois J. J. Am. Chem. Soc. 2001, 123, 6935.

O‘\s 0 Rhy(OAc)y O\\S 0
HZN’ \O Ph'(OAC)z HN’ \O

R1/\)\R2 MgO RH\/kR

CH,Cl,
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Metal catalyzed nitrenoid insertion

Catalytic cycle:

Phis
" )
O:?:O O:?:Q
(@) 0]
PhI(OAc), H
MgO s H
—
CH,Cl,
Phl

Rh,(OAC),:

A

-~
“Rh=Rh

\I\

O/\
| A |z N
Rh-RIh—N O
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If the Insertion is slow then nitrenoid oxideses the amide

ROSO,NH, PhI(0,CCHa),
2 3
NHS(O),0OR [2+Na]* = m/z 249.8863 [3+Na]* = m/z 344.9591
7

[7+Na]* = m/z 383.9959

ROSOZN IPh
[4+Na]* = m/z 451.8144

[1* = m/z 758.0808 /L
[1+Na]* = m/z 781.0724 Phl\ \C[),\\C') +_4> Ph O S(O),0R
/N—th:th\ _— ,N—th\— h N
RO(0),S —4 RO(0)S IPh
5 9
[5]" = m/z 1186.9057 [9+Na]* = m/z 1617.7317
[5+Na]* = m/z 1209.8998
H
@ 0 oJf*o Enl O oJ\o
ROSNRh “Rh - ROS'N—Rh Rh
adamantane o) B CH,Cl, o XTI
6 8
[6]* = m/z 982.9671 [8]* = m/z 983.9766
[6+Na]* = m/z 1005.9518 [8+Na]* = m/z 1006.9618

Fig. 1. Proposed mechanism for Rhy(esp),-catalyzed C—-H amination (R = CH,CCls). The specific ionic species and experimental m/z values are shown below
each structure. Each experimental m/z value is within 5 ppm of the calculated value, which is well within the uncertainty of the LTQ Velos Orbitrap mass
spectrometer. The Rh?*/Rh?*, Rh?*/Rh**, and Rh**/Rh?* species are shown in green, red, and purple, respectively.

Perry R. H.; Cahil lll, T. J.; Roizen J. L.; Du Bois J.; Zare R. N. PNAS, 2012, 109, 18295-18299.



Scope

\

>
(@]

0.2  1mol % Rhy(OAc), O«

e PhI(OAc), oxidant
NH2 s \
MgO, CH,Cly, 40 °C, 3 h OSO,NH, 0=5-0
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Cleavage of the sulphonamide moiety

made on gram scale

O
O\g;O
\
NH
MeEt,N + LiAIH, —> Li;AlHg+ MeEt,N-AlH; toluene KMnO,4 KOH, H,0
in toluene reduction oxidation
75% \90%
HCI
OH 0 (')',o
microwave =S=
NH2 ;\]
] 4
Cl
NH,

unoptimised
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Resolution of enantiomers

HO

(rac)

NH,

HO

COOH

(R)

—_—
acetone

HO

Ph
HO"-<(R) @
@ COO
NH3
(S)
remains in
solution

<Ph
HQu (R)
HO ® o0
NH3
(R)
crystallizes
preferentially

X-ray of the salt
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Purity control

OH OH O OH
NH, NHCBz NHCBz
\ \ \

CbzCl CrO3/H,SOy4
—_— —_—
CH,ClI, acetone
(R) (R)
65% 52%

<1 -Ri R Hrdina f / VIS 1
. R iedina VIS

;mAU 4 w.’
.

| '

|

(S)-8 |

1-8935

5 2-us0 - (R)-8 |

3 I

| (rac)-8 |
3.9 ;, ————r—— = miny

7.0 8.0 9.0 10,0 10 12,0 130 14.0 150 160 ' 17.7

No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min %

1 8,94 na 8,925 4387 51,02 n.a. BMB

2 14,51 n.a. 6.611 4211 4898 n.a. BMB
Total: 15,536 8,598 100,00 0,000
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Synthesis of Vildagliptin analoga

(S)

OH HO (;
COCH,CI -
NH, | K,CO4
NQWwCN  ———
Q) THF
3 days
(S) 25°C (S,S) 87 %
o N¢
COCHZCI HO -
K2COs H\)\\N, /
WCN ———> >
i A THF
3 days
25°C (R,S) 82 %

X-ray of the salt
with mandelic acid
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Derivatisation reactions

OH O/ o\(o
N
NH, ,\?’ N 50 e, 24h NH
! [ ? THF
N
56%
0
[ O
N HBF, © Croy H,S0,
H,0 acetone
91% 54%

0
O\%ﬁo O\§,,=O S'//:O
@N allyIMgBr/Et,O NH N
> N> 77T >

63%
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