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Suzuki reaction

The Ugi-Smiles reaction of-benzyl thiouracil have been exploited in sevelale¢stef
sequences for the preparation of aminopyrimidibealies with high diversity. After the 4-
component coupling, oxidation of the thioether tifane is followed by displacement die
latter by various carbon-centeredcleophiles (cyanide, malonate, boronic acidgmines. Th
efficiency of the whole sequence was further dermatesd with one-pot procedutes

2009 Elsevier Ltd. All rights reserved

1. Introduction

A few years ago, we reported a convenient access4to 2

diaminopyrimidine derivatives using a Ugi-Smiles até@n of

thiouracil derivatives (Scheme 1)Pyrimidine derivatives are

among the most important heterocyclic scaffoldspldigng

various biological activitie5. Aminopyrimidines are widely

represented among these in relation with their use thie

synthesis of the backbone of both DNA and RNA bases (eg rnc
cytosine, adenine..) leading in particular to apressive number
of applications as anticancer agetithe Ugi-Smiles coupling is  complex mixure

a four-component reaction between isocyanides, wttEh
primary amines and electron-poor phenols that ifepty suited
for the conversion of hydroxy and thio substitusddmembered
nitrogen-based heterocycles into libraries of anfiaterocycles.
Besides its interest for the preparation of liariof DNA

inhibitors, uracil appeared as a particularly atixee target for a
Ugi-Smiles approach due to the selectivity issueughd by the
two hydroxyl groups and the high diversity displaybg

potential reactions at the two sites. After initiglcdiving results
obtained with both uracil and thiouracil, Ugi-Smilesuplings
with masked-thiol substrates were successfully skttléhe

potential of the resulting adducts to behave aktigom for the
preparation of pyrimidine-based libraries was derrated by a
short sequence leading to diaminopyrimidines (Se&dmpath
a). We now wish to give a full account on this projemether

with extensions of the strategy to more diverserpiglines using
carbon-based nucleophiles (Scheme 1, path b).

Scheme 1. Aminopyrimidine libraries frong-benzyl thiouracil.

R* R4
r I X
5 RS.
R2 N R4CHO R\N CONHR? path a N CONHR?
‘ N X =SBn R2 1) oxidation r2 Q
//k + —> NN _— ‘ N
RN X Ugi-Smiles ‘ /‘\ 2) RONH, /)\
P . .
RSNH, RY N SBn R N NHR
R
X = OH, SH re
‘ path b N7 SCONHR?

1) oxidation 5
R

)
RY //k

N Nu
Nu= CN, malonate, Ar

2) carbon-based
nucleophiles
Extended aminopyrimidine libraries:

2. Results and discussion

When Ugi-Smiles couplings of wuracil with allyl amine,
cyclohexyl isocyanide, and isovaleraldehyde wertenated
under our standard conditions (1 M, 60 °C in mettham 80 °C
in toluene), we failed to differentiate between the-®Hnd the
OH-4 of uracil and intractable mixtures were obtdingsing
either stoichiometric amounts or two-fold excessredgents.
Similar results were obtained with thiouracil, whichasv
expected to display a better selectivity between ligdroxy
group and the thiol functionality. To address thestectivity
issues, we decided to protect one of the two funatigroups
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and selected thiouracil to pursue the study due possibleS-
selective alkylation. Thus, the latter was treate&tiOH at 50°C
with benzyl bromide and 3-fluorobenzyl bromide ie firesence
of a stochiometric amount of sodium hydroxide tgegafter 3
hours pyrimidines 1la and 1b in 75% and 72% yields
respectively. The Ugi-Smiles coupling with both paied
thiouracils turned out to be rather efficient whesrfprmed in
MeOH as shown by the various aminopyrimidirzgrepared
from a set of amines, aldehydes and isocyanidebl€Ta).
Aliphatic and aromatic aldehydes could be used withilar
yields together with cyclohexyl or 4-benzyl isocydes (Table 1,
entries 1-3, 7-12). Isocyanoesters gave slightlyeloyields in
agreement with their reduced nucleophilicity (Tablentries 10-
12).

Table 1. Ugi-Smiles coupling o&-benzyl thiouracil

R3

U
N._CONHR*
Y

NN R?
: e
R S

R2CHO + R3NH,

el ;
N R‘NC

MeOH, 60°C
1 48h 2
Enty rR* R° R°NH, R*NC Product Yield
1 H -Bu NN, p-CIBANC 2a 91%
2 H  iBu TN, CyNC 2b 86%
3 H H ™ CyNC 2c 72%
4 H i-Bu p-CIBNNH, CyNC 2d 71%
5 Ho i 7w, CyNC 2e 82%
6 H i-Pr p-CIBNNH, CyNC 2f 88%
7 Ho ph 7w, CyNC 29 72%
8 H Et p-CIBNNH, p-CIBNNC 2h 85%
9  H B Y +BUNC 2i 85%
10 H H NCNH,  MeOOCCH,NC 2 45%
11 H H MEOS N, MeOOCCH,NC 2k 47%
12 H H MEO“NH,  EtOOCCH,NC 2l 51%
13 F By MO"we,  pciBane 2m 72%
14 ¢ Ph NNH, CyNC 2n 85%
15 F ph MO~ "NH,  p-meoBnNC 20 77%
16 F By M CyNC 2p 87%
17 F i M, CyNC 20 98%
18 F B YT +BUNC 2 53%

In order to showcase the synthetic potential of tfiist
reaction, the ability to displace the thioetherugrdoy various

nucleophiles was next envisioned. Though the direct

displacement of a thioether moiety tethered at2ipmsition
of a nitrogenated heterocycle by carbon-based apbites
has been reported under various metal-catalyzeditimms?>
we decided to first oxidize the thioether to a enéf and to
treat the latter with several nucleophiles. Evennibre
lengthy, we surmised that the proper selection afoad
leaving group would lead to a flexible set of cdiudis with a
wide scope of nucleophiles.

Various oxidizing agents have been
conversion of thioethers into sulfones. Hydrogeropiele is

certainly the best reagent in terms of side-prodoighation,
however, its use generally requires a further ogtitron due
to the need of a metal catalysthus,m-CPBA was selected
for its broad scope and simple Us€he oxidation step was
optimized using the thioethe2g as substrate with three
equivalents om-CPBA by varying the solvent of the reaction
-using methanol, toluene or dichloromethane. Tliedagave
the best results in terms of yields and reactioneti 95%
isolated yield within 30 minutes at rt compare®@36 over 5
hours in methanol and 70% for 6 hours in toluenéh\WWese
conditions in hand, a set of various Ugi-Smileswadsl were
efficiently oxidized leading to sulfone8 as presented in
Table 2.

Table 2. Oxidation of Ugi-Smiles adducts

R R
| |
N._ CONHR* N._CONHR*
N Y m-CPBA (3 equi N Y
NN R ) NN R
T T
Ph. 5 CH,Cly, 1t Ph._$0,
~ 2 60 min ~ 3
Entry 2 R? R® Rr* 3 Yield
1 2a  i-Bu allyl p-ClBn 3a 87%
2 2b  i-Bu allyl Cy 3b 94%
3 2c H allyl Cy 3c 89%
4 2d  i-Bu p-CIBn Cy 3d 88%
5 2e  i-Pr allyl Cy 3e 82%
6 2f i-Pr p-CIBn Cy 3f 88%
7 29 Ph allyl Cy 39 95%
8 2h Et p-CIBn p-CIBn 3h 85%
9 2i Et allyl t-Bu 3i 85%

The potential of the new sulfone® was next evaluated
towards different families of nucleophiles. Accorditugseminal
reports on nucleophilic substitution of heteroasulfones, we
decided to first test the reaction with cyafligend malonate
anions’

Table 3. Cyanation of sulfone3

R3
| 3
N._ CONHR* R
X 4
N(\;\l/ 7;2 KCN (1.2 equiv) NNYCONHR
o NN R?
Ph._ SO, DMF, 50 °C, 24 h \(
3 CN 4
Entry 2 R? R3 rR* 3 Yield
1 3b  i-Bu allyl Cy 4b 85%
3e i-Pr allyl Cy 4e 81%
3 3f i-Pr p-CIBn Cy Af 82%
4 39 Ph allyl Cy 49 82%
5 3h Et p-CIBn p-CIBn 4h 83%
6 3i Et allyl t-Bu 4i 88%

Using 1.2 equiv of potassium cyanide as nucleopilin

y heating the mixture at 50°C for one day. Undeeséh
optimized conditions, the desired cyano pyrimididg was

sulfone3g, best conditions were obtained in DMF as solvent and
reported for theb



isolated in 82% yields (Table 3, entry 4). Lowemferature
required increased reaction time and led to loweldgi (DMF, rt,
3 days, 50%) whereas less polar solvents such asnlor
acetonitrile gave poor yields (around 10% within aysl at
reflux) in agreement with the poor solubility of pssium
cyanide in these solvents. A set of six pyrimidd@sus3 were
submitted to these experimental conditions to dffayano
pyrimidines 4 in satisfying yields as displayed in Table 3.
Similarly, addition of malonate were successfullgteéel. In this
case, DMF could be replaced by acetonitrile as solusing
cesium carbonate to in situ generate the anionmile sulfones
3 were converted into substituted malon&és very good yields
within 2 days (Table 4, entries 1-4).

Table 4. Substitution by dimethyl malonate

3
R R

] . ' N._CONHR*
NNYCONHR CHy(CO,Me), (1.2 equiv) (x( e

N._N R? Cs,CO; (1.5 equiv) N_._N R?
CH3CN, 70 °C, 2d I

0,8 _Ph MeO,C” “COMe

Entry 3 R? R3 Rr* 5 Yield
1 3a  i-Bu allyl p-CIBn 5a 86%
2 3b  i-Bu allyl Cy 5b 87%
3 3c H allyl Cy 5c 91%
5 3e i-Pr allyl Cy 5e 83%

Following these additions of stabilized carbaniams,decided
to examine whether more diversity could be achieueder
transition metal-catalyzed reactions. Though few mgplas
reported, we were not able to observe any substitutiothe
sulfonyl moiety of3b and3g by phenylacetylene or 4-methoxy
substituted phenylacetylene under
conditions (PdG[PPhy),, Cul, NEt in DMF, CH,CN, THF or
NEt; as solvents). We next examined the possible sutisti of
the sulfonyl group according to a Suzuki-type resct The
direct coupling of thioether with boronic acids lasacted much
attention with the disclosure of efficient Pd/Cu aadalyzed
conditions to trigger the Liebeskind-Srogl couplinthe latter
was also described for heterocyclic derivatitfedn contrast,
there are only few examples of cross-coupling reastbetween
heteroaryl alkylsulfones and boronic acids. Fotanse, Liu and
Robins have reported a Pd/NHC catalytic system téoparan
efficient Suzuki reaction of a sulfonyl purine detive
Gratifyingly, when the sulfon8a was treated with 1.5 equiv of
phenylboronic acid together with 5 mol% of Pd(CAephd 15

mol% of PPh in refluxing toluene under argon, the formation of could be

the desired arylamino pyrimidir@a was achieved in 75% yields.
These simple conditions were not optimized furtheat a small
library of fourteen aminoaryl pyrimidines was syrdized
according to this procedure. Good yields were okthinsing
either electron-rich or electron-poor arylboronicids as
displayed in Table 5.

Table 5. Suzuki-type reaction of sulfon8s

3

NNYCONHR“ Pd(OAC), (5 mol%) Afﬁa CONHR*

N\fN R? ., RIBOH), PPh; (15 mol%) N\ A 1,/2

0,8._Ph Toluene, 110 °C b

3 40h R 6
Entry R R? R® R* 3 Yield

1 4-MeCqgH, i-Bu allyl p-CIBn 6a  75%
2 2-MeCeHa i-Bu allyl cy 6b  70%
3 Ph i-Pr allyl Cy 6C 72%
4 4-MeCeHa Ph allyl cy 6d  60%
5 2-MeCgHy i-Bu p-CIBn cy 6e  69%
6 4-CICgH,4 i-Bu allyl Cy 6f 74%
7 3,4-Cl,CH3 i-Bu allyl Cy 69 70%
8 4-FCeHa i-Bu allyl cy 6h  73%
9 4-MeOCgH,4 i-Pr allyl Cy 6i 75%
10 2-MeOCgH, i-Bu allyl Cy 6j 65%
11 2-MeOCeHs i-Bu p-CIBn cy 6k  61%
12 4-MeCOCgH, Ph allyl Cy 6l 63%
13 4-EtCeH, i-Pr p-CIBn cy em  77%
14 4-t-BUC4H, i-Pr p-CIBn cy 6n  81%

We next examined the behavior of amines as nuclespiThere
are many examples concerning the displacement Honsl
groups tethered to nitrogen-based heterocycles mines:*
These reactions are usually performed in protigestb such as
ethanol whereas the oxidation step was formerlynupéd in
dichloromethane. Moreover, the use of an excesexafizing
agent to form the sulfone prevents the developroéat one-pot

standard  Sonbgash procedure. Indeed, amines are known to be readiized to

hydroxylamine byn-CPBA. Thus, direct addition of amines into
the crude mixture after oxidation requires eitheompdestruction
of the remaining oxidant or the use of a large sgcef the
amine. The latter solution was preferred togetheh wie choice
of relatively non-expensive amines. First atteniptsards one-
pot oxidation/amine addition starting from the Ugnifes adduct
2n and 3 equiv of morpholine with dichloromethane ates
solvent for both steps were rather deceiving as ekgected
diamino pyrimidine7a was obtained in a moderate 38% yield
after 24 hours reflux. Controlled experiments destiated a
very efficient oxidation followed by a sluggish sed step in
dichloromethane. When the same reaction was perfbrore
isolated sulfone in refluxing toluene, the diamipomidine
isolated up to 80% vyield. A 1:1 mixture of
dichloromethane/toluene was then selected to balahee
efficiency of both steps. The oxidation turned tabe slightly
slower but still high yielding -up to 90% if the m@n mixture is
left two hours at rt before adding the amine. Thmegerature was
then slowly raised up to the boiling point of toleewhile the
dichloromethane distilled out of the mixture. Ta dkelight, after

7 hours of reflux, the expected pyrimidifa was isolated in
74% vyield directly from2n (Table 6). Beside morpholine,
primary amines such as 4-chlorobenzyl amine coukl b
efficiently used in this one-pot process.
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Table 6. One-pot diaminopyrimidine formation

R3 R3
| 1) m-CPBA (3 equiv)

N.__CONHR* 4
X CH,Cl,/toluene: 1:1
YT 2z

n,2h

N\fN R2 —_— NN R2
Se__CeHaR! 2) R5R®NH (3 equiv) \N(
~ rt, 20 min RS "R®
then reflux, 7 h
Entry 2 R°R°NH Product Yield
1 2n O/ \NH (\ 74%
_/ “/\l/N CONHCy
N__N Ph
e
[Nj 7a
(o]
2 2n Q/\NHZ (\ 57%
o (\rN CONHCy
N._N Ph
e b
HN._CeHaCl
3 2n \Q/\ s 68%
NH, N.__CONHCy
m Ph
Yo e
HN A
4 2q J@ANHZ S 74%
o (\rN CONHCy
N\FN P
HN.__CgH4Cl
> 29 & \nm N 60%
N._CONHCy
s
iPr
Y
[Nj 7e
(o]
6 2m /©/\NH2 MeO Y O GgHol 51%
N
DA |
HN._CeH,Cl
7 2a /©/\NH2 /\ 0 GCeHol 81%
N P
Cl (\r \I)LH
NYN i-Bu 79
HN.__CgH4Cl
8 2b Q/\NHZ A 0 73%
cl (\(Nj)LNHCy
N__N i-Bu
Y 7h
HN._CeHqCl

Encouraged by this first successful one-pot two-&temation of
diaminopyrimidines, we decided to examine
challenging one-pot three-step version of the wtsBgquence
including the multicomponent reaction. Thanks te trersatile
efficiency of Ugi-Smiles couplings in both protic caraprotic
solvents, methanol was thus replaced by toluenthéofirst Ugi-

Smiles step. After completion, the mixture was diuteith

dichloromethane followed by sequential additiome€PBA and
amine. This sequence affordéd, 7b and7h in respectively 46,
43 and 48% vyields (Scheme 2). Even though thesdtsanay be
considered as moderate, they demonstrate the rasssof this
three-step sequence with a 80% average yield per ste

Scheme 2. One-pot three-step diaminopyrimidine synthesis from
S-benzyl thiouracil.

R2
OH \ 3
(\/ 1) R'CHO + RfNHz +R3NH, (\/NYCONHR
N__N toluene, 60 °C, 70 h 1
\( _— NN R
SBn 2) CHiClp, m-CPBA (3equiv) |
r.5h RN R,

3) NHR*R® (3 equiv)
rtthen 110 °C

> > b
NN CONHCy (\(NYCONHCY K\(@ONHCY
|

Y NN Ph N._N iBu

N T

[ j HN_4-CICgH4 HN._4-CIC¢H,4
0~ 46% Ta 43% 7b 48% 7h

3. Conclusion

To conclude, we have disclosed a three-step proeedur
towards libraries of aminopyrimidine scaffolds, whiehe of
important biological interest. The sequence dispky a key-step
the Ugi-Smiles coupling ofs-benzyl thiouracil. The thioether
group is then exploited to raise the diversity bk twhole
transformation through substitution by various eoghiles. The
overall sequence showcases the synthetic poteftiddgieSmiles
couplings for the preparation of pyrimidine bases.

4, Experimental Part

4.1. General

NMR spectra were recorded at 298 K using a Bruker
AVANCE 400 spectrometerH NMR spectra were recorded at
400 MHz and residual solvent peaks were used astamah
reference (CDGlo 7.26). Data are reported as follows: chemical
shift in ppm, apparent multiplicity (s = singlet,=cdoublet, t =
triplet, g = quartet, p = pentet, m = multiplet overlap of
nonequivalent resonances), coupling constantsgriatien. °C
NMR spectra were recorded at 100 MHz and deuteratedrgo
peaks were used as an internal reference (¢BCF.16). Data
are reported as follows: chemical shift in ppm, nplittity
deduced from DEPT experiments (&KH,, CH, Cq), apparent
multiplicity, coupling constants and integration weaelevant.
Analytical TLC was performed with Merck silica gebf#s, pre-
coated with silica gel 60 F254 (0.2 mm). Flash chatography
employed VWR (230-400 mesh) silica gel. Reactionsewer
conducted under a positive pressure of dry nitrogerargon
Solvents were either obtained from commercial sauoredried
with  a MBRAUN Solvent Purification System SPS-800.
Commercially available chemicals were used as psethalR
spectra were recorded on a Perkin Elmer SpectrunFBiR
Spectrometer. High-resolution (HRMS) mass spectra were
performed on a JEOL JMS-Gcmate Il, GC/MS system

the morespectrometer using an electronic impact ionizasonrce. The

preparations and characterizationslaf 1b, 2a, 2b, 2c, 2g, 2j,
2k, 21, 2m, 2n, 20, 2p, 2q, 2r, 7a, 7b, 7c, 7d, 7e, 7f, 7g and7h
were already described previouslythe general procedures
followed are just presented for these compounds.

4.2.Synthesis of thiouracil derivativia and 1b

4.2.1. General procedure

A mixture of thiouracil(15 mmol, 1.92 g), alkylating agent (15
mmol), potassium carbonate (30 mmol, 4.15g) antbifrk-100



(0.04 mmol, 25 mg) in water (120 mL) was refluxed 3dn. The
aqueous layer was extracted with ethyl acetate (3xi0Ppand
the combined organic extracts were dried over armdugr

5
(100.6 MH,, CDCEL) & 169.9, 168.8, 162.0, 155.8, 137.8,
135.4, 132.8, 128.7, 128.6, 127.7, 127.3, 127.D1.2] 63.5,
48.1, 47.4, 35.2, 33.0, 32.7, 27.5, 25.5, 24.78,110.2.IR (thin

MgSOQ,. After filtration, the solvent was evaporated underfilm): 2933, 1653, 1573, 1471, 1346 ¢nHRM S Calculated for

reduced pressure and the residue was chromatographsitica
gel. This procedure was followed using benzyl chierid5
mmol, 1.89 gr) and m-fluorobenzyl chloride (15 mpdI17 gr).
The crude were purified by flash chromatography mikra gel
(EtOAC/PE, 40:60) to afforda (2.44 g, 75%) andb (2,83 g, 80
%).

4.3.Synthesis of Ugi adduc®s

4.3.1. General procedure

To a 1 M solution of the aldehyde (1.0 mmol) in haetol was
added successively 1.0 equiv of amine, 1.0 equilsadtyanide,
and 1.0 equiv of pyrimidinda or 1b under inert atmosphere.
The resulting mixture was stirred until completidi.C). It was
then concentrated in vacuo, and the crude produstpuaified
by flash chromatography on silica gel.

4.3.2.1: 2((4-chlorobenzyl)(2-(benzylthio)pyrimidin-4-yl)amjro
N-cyclohexyl-4-methylpentanamide2d). The product was
obtained as an oil (380 mg, 71%) after chromatdgyam silica
gel (ACOEVEP 60:40)Rf (AcOEVEP 70: 30) 0.3'H NMR
(400 MH,, CDCL) & 8.04 (d, 1HJ =6.1 H,), 7.47 (d, 2HJ =
7.8 Hy), 7.39-7.34 (m, 2H), 7.33-7.29 (m, 3H), 7.14 (d, 2H;
7.8 H,), 6.21 (br s, 1H), 6.00 (d, 1H,= 6.1 H,), 5.33-5.28 (m,
1H), 4.67 (s, 2H), 4.45 (s, 2H), 3.74-3.62 (m, 1H)91191 (m,
1H), 1.88-1.82 (m, 1H), 1.73-1.66 (m, 2H), 1.64-1.48 @H),
1.39-1.29 (m, 2H), 1.24-1.10 (m, 2H), 1.06-0.97 (#),10.93 (d,
3H,J=6.6 H), 0.90 (d, 3HJ = 6.6 H,). *C NMR (100 MH;,
CDCly) 6 170.3, 169.4, 161.7, 156.0, 137.6, 135.7, 1329,d,
128.9, 128.6, 127.7, 127.3, 101.1, 56.1, 48.2,,48M4, 35.2,
32.8, 32.7, 25.5, 25.3, 24.6, 22.8, 22R (thin film): 2933,
1740, 1589, 1471, 1342 &m HRMS Calculated for
C3oH3,CIN,OS: 536.2377, found: 536.2384.

4.3.2.2: 2-(allyl(2-(benzylthio)pyrimidin-4-yl)amino)-N-cyclo-

C,oH3:CIN,OS: 522.2220, found: 522.2215.

4.3.2.4: N-(4-chlorobenzyl)-2-((4-chlorobenzyl)(2-(benzydhi
pyrimidin-4-yl)amino) butanamide(2h). The product was
obtained as a green oil (350 mg, 64%) after chrography on
silica gel (EJO/EP 20:70).Rf (EL,O/EP 50:50). 0.7:H NMR
(400 MH,, CDCk) 5 8.01 (d, 1HJ = 6.1 Hz), 7.44 (d, 2H) =
7.3 Hz), 7.35 (d, 2HJ) = 7.3 Hz), 7.30-7.23 (m, 5H), 7.12-7.05
(m, 4H), 6.57 (br s, 1H), 6.00 (d, 1Bl 6.1 Hz), 5.16 (br s, 1H),
4.75 (d, 1HJ = 17.4 Hz), 4.65-4.48 (m, 1H), 4.41-4.33 (m, 2H),
4.33-4.23 (m, 2H), 2.15-2.03 (m, 1H), 1.73-1.61 (#),10.93 (t,
3H, J = 7.3 Hz).®C NMR (100.6 MH,, CDCE) & 170.3, 161.8,
156.1,137.7, 136.5, 135.6, 133.2, 133.1, 129.0, 128.8.82
128.7, 127.5, 127.3, 100.9, 59.1, 48.1, 42.7, 38221, 11.11R
(thin film): 2974, 1573, 1534, 1471, 1346 tmHRMS
Calculated for GH,sC1,N,OS: 550.1361, found: 550.1371.

4.3.2.5: 2-(allyl(2-(benzylthio)pyrimidin-4-yl)amino)-N-tert-
butylbutanamideZj). The product was obtained as a yellow solid
(210 mg, 54%) after chromatography on silica gel, QEEP
30:70).MP = 93-94 °CRf (E,O/EP 30:70) 0.2'H NMR (400
MH,, CDCkL) & 8.08 (d, 1HJ = 6.1 H), 7.46 (d, 2H,J) = 7.6 H),
7.37-7.31 (m, 2H), 7.27 (t, 1R,= 7.1 H,), 6.25 (br s, 1H), 6.20
(d, 1H,J=6.1 H,), 5.85-5.74 (m, 1H), 5.23 (d, 14,= 9.1 H,),
5.20 (d, 1HJ = 15.7 H), 5.08-4.87 (br s, 1H), 4.41 (s, 2H), 4.09
(dd, 1H,J=17.4, 5.1 H), 3.94 (br d, 1H) = 17.4 H), 1.73-1.65
(m, 2H), 1.30 (s, 9H), 0.89 (t, 3H,= 7.3 H,). *C NMR (100.6
MH,, CDCk) & 170.0, 169.7, 161.5, 155.6, 137.7, 133.1, 128.8,
128.5, 127.2, 117.4, 100.9, 59.4, 51.1, 47.2, 3887, 21.5,
10.9.1R (thin film): 2972, 1744, 1573; 1367; 1213 ¢nHRM S
Calculated for GH5;N,OS: 398.2140, found: 398.2140.

4.4.Synthesis of sulfone Ugi addu8ts

4.4.1. General procedure

hexyl-3-methylbutanamidezd). The product was obtained as a 145 5 stirred solution Ugi-Smiles addu@ (1.0 mmol) in

yellow oil (430 mg, 98%) after chromatography oricsil gel
(EL,O/EP 30:70)Rf (EL,O/EP 50:50)) 0.5:H NMR (400 MH,,
CDCly) 5 7.96 (d, 1HJ = 6.1 H,), 7.38 (d, 2HJ =7.6 H,), 7.27-
7.22 (m, 2H), 7.21-7.15 (m, 1H), 6.09 (d, 1Hs 6.1 H), 5.92-
5.67 (br s, 1H), 5.65-5.54 (m, 1H), 5.10-5.00 (m, 24H§4-4.49
(br s, 1H), 4.29 (s, 2H), 4.00-3.91 (m, 2H), 3.62-3(B1 1H),
2.36-2.22 (br s, 1H), 1.76 (d, 18,= 11.9 H), 1.59 (d, 2HJ =
11.9 H,), 1.53-1.45 (m, 2H), 1.27-1.16 (m, 2H), 1.11-0.98 (m
3H), 0.87(d, 3H,J = 6.6 H,), 0.70 (d, 3H,J = 6.6 H). *C NMR
(100.6 MH,, CDCZL) 169.8, 169.0, 161.8, 155.6, 137.9, 132.9
128.7, 128.6, 127.2, 117.4, 10168.0, 47.9, 46.6, 35.2, 32.9,
32.6, 26.8, 25.5, 24.7, 24.6, 19.8, 19.R (thin film): 2933,
1740, 1573, 1367, 1220 €m HRMS Calculated for
C,sHaN,OS: 438.2453, found: 438.2446.

4.3.2.3: 2((4-chlorobenzyl)(2-(benzylthio)pyrimidin-4-yl)am)ao
N-cyclohexyl-4-methylbutanamide(2f). The product was
obtained as a yellow oil (360 mg, 68%) after chragedphy on
silica gel (E§O/EP 50:50).Rf (EL,O/EP 50:50) 0.3'H NMR
(400 MH,, CDCkL) 5 7.96 (d, 1HJ=6.1 H), 7.48 (d, 2H)=7.6
Hz), 7.36 (t, 2HJ = 7.8 Hy, 7.29-7.26 (m, 1H), 7.24 (d, 2H=
7.8 Hy), 7.05 (d, 2HJ = 7.6 H,), 5.98-5.92 (m, 2H), 4.89 (br d,
1H, J = 16.9 H), 4.67-4.48 (m, 2H), 4.45-4.33 (m, 2H), 3.68-
3.57 (m, 1H), 2.50-2.32 (m, 1H), 1.91-1.81 (m, 1HY31.65
(m, 3H), 1.63-1.56 (m, 1H), 1.33-1.27 (m, 2H), 1.1931(m,
3H), 0.98 (d, 3H, = 6.3 Hz), 0.81 (d, 3H] = 6.3 Hz).”*C NMR

dichloromethane (15 mL) was addedCPBA (3.0 equiv, 3.0
mmol) at 0°C. The mixture was then allowed to warmidom
temperature. After 60 min, a saturated aqueous igplubf
N&S,0; was added to the reaction mixture and the resulting
aqueous layer was extracted 3 times with dichloroamethThe
combined organic phases were washed with a saturgtesbas
solution of sodium bicarbonate, followed by brineied over
anhydrous MgSj) filtered and the solvent removed in vacuo. The
product was purified by flash chromatography.

'4.4.2.1: N-(4-chlorobenzyl)-2-(allyl(2-(benzylsulfonyl)pyritin-
4-yl)amino)-4methylpentanamide 34). The product was
obtained as a yellow solid (460 mg, 87%) after clatmgraphy
on silica gel (AcOEYEP 25:75)MP = 153-154°C. Rf
(ACOEY/EP 50:50) 0.6.H NMR (400 MHz,CDC$) 5 8.27 (d,
1H, J= 6.1 Hz), 7.35-7.25 (m, 5H7.19 (d, 2HJ = 8.3 H),
7.10 (d, 2HJ=8.3 H,), 6.52 (d, H, J= 6.1 H,), 5.76-5.65
(m, 1H), 5.29-5.23 (m]H), 5.22 (d,1H,J=10.6H,), 5.11 (d, |
H,J=17.4H,), 4.68 (d,1H, J= 13.6H,), 4.61 (d,1H,J = 13.6
H;), 4.32-4.18 (m, 2H), 4.17-4.10 (rbH), 3.95 (brdJH,J=
17.7H,), 2.00-1.92 (m, H), 1.65-1.56 (m, H), 1.55-1.44 (m,
1H), 0.93 (d, 3HJ =6.6H,), 0.90 (d, 3HJ =6.6H,). °C NMR
(1006 MHz, CDG) & 170.0, 163.3, 162.2, 155.8, 136.9,
132.8, 131.9, 131.2, 129.1, 128.9, 128.7, 12&8,d, 117.7,
107.1, 57.4, 56.4, 47.5, 42.6, 37.3, 25.0, 22.86.2AR (thin
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film): 2958, 1740, 1674, 1489, 1217 tiHRM SCalculated ~ 163.4, 162.6, 155.6, 132.0, 131.2, 128.8, 128.7.3,2118.3,

for C,7H3;,CIN,0;S:526.1805,found: 526.1828 107.4, 64.5, 57.4, 48.3, 47.3, 32.7, 32.3, 26.83,284.9, 24.8,
19.5,19.2.IR (thin film): 2933, 1737, 1590, 1374, 1217 tm

4.42.1: 2'(al|y|(2'(benzylsUlfOﬂpryrimidin'4'yl)aminO)NfC|0' HRM S Calculated for gHsN,O,S: 470.2352; found: 470.2331.

hexyl -4methylpentanamidéb). The product was obtained as a N
yellow oil (450 mg, 94%) after chromatography oricail gel 4.4.2.6: 2-(4-chlorobenzyl)(2-(benzylsulfonyl)pyrimidin-4-yl)

(Et,O/EP 35:65)Rf (ELO/EP 50:50) 0.5'H NMR (400 MHz amir!o)-N-cyclohexyl-4-_methylbutanami(ﬁ). The product was
CDCR) 5 8.22 (d, 1HJ =6.1 Hy), 7.29-7.21 (m, 5H), 6.59 (d, o_b_talned as a yellow oil (490 mg, 88%) after Chr(H[lJEthy on
5.16 (d, 1H, = 10,4 Hz), 5.12-5.07 (br s, 1H), 5.04 (d, 1H5 (400 MH,, CDCL) 6 8.24 (d, 1HJ =6.1 H,), 7.48-7.33 (m, 5H),
17-7HZ)1 4.74 (d, 1HJ)=13.9 Hz), 4.56 (d, 1HJ=13.9 |_k)’ 7.31-7.25 (m, ZH), 7.09-6.98 (m, 2H), 6.69 (br S, 1@"31 (d,
1H), 1.904.81(m/1H), 1.75(d, 1H) =10.9H,), .64-1.56 (m, (M 1H), 2.54-2.37 (m, 1H), 1.92-1.81 (m, 1H), 1.7721(m,
1H), 1.53-1.36(m, 5H), 1.25-0.95 (m, 5H), 0.84 (d, 38=6.3  1H). 1.66-1.55 (m, 3H), 1.33-1.28 (m, 1H), 1.27-1.4, @H),

H), 0.81 (d,3H,J =6.3 H). “C NMR (100.6 MH, CDCl) 5 ~ 1-21-1.18 (m, 1H), 1.01 g% 3H,= 6.3 H), 0.97-0.92 (m, 1H),
168.7, 163.4, 162.2, 155.7, 132.1, 131.2, 128.8712827.1, ©0-79 (d, 3H,J = 6.3 H). “"C NMR (100.6 MH, CDC}) 5 168.2,

117.4 107.1, 57.3, 56.2. 48'5, 47.3, 37.1, 3223.205.3, 25.1, 1634, 1628, 1559, 134.0, 133.2, 131.2, 129.8.92128.7,

24.9, 22.9, 22.7IR (thin film): 2933, 1635, 1587, 1489, 1119 127.7,127.2,107.5, 64.9, 57.4, 48.4, 47.8, 322, 27.5, 25.3,
Cm’l_ HRMS Calculated forC26H36N4O3SZ 484.2508, found: 24?, 19.6, 19.3IR (thln fl|m) 2937, 1740, 1587, 1370, 1213
484.2484. cm~. HRMS Calculated for GH;sCIN,O;S: 554.2118, found:

554.2110.

4.4.2.3. 2-(allyl(2-(benzylsulfonyl)pyrimidin-4-yl)amino)&yclo-
hexylaceamide(3c). The product was obtained as an oil (380 mg,
89%) after chromatography on silica gel (EP 30:70).Rf
(Et,O/EP 50:50) 0.6'H NMR (400 MH,, CDCk) & 8.23 (d,
1H,J= 5.8 H,), 7.30-7.19 (m, 5H), 6.61 (br s, 1H), 6.47 (d, IH,
=5.8 H), 5.78-5.67 (m, 1H), 5.18 (d, 1H, J = 10.4}b5.04 (d,
1H,J= 16.7 H,), 4.62 (s, 2H), 4.17-4.05 (m, 2H), 3.97 (s, 2H),
3.70-3.45 (m, 1H), 1.69-1.45 (m, 5H), 1.21-1.11 (H),21.04-
0.92 (m, 3H).”*C NMR (100.6 MHz, CDCJ) & 167.0, 163.7,
161.7, 156.0, 131.3, 130.2, 128.8, 128.7, 127.7,.7,1105.8,
57.3, 52.6, 52.4, 48.7, 32.6, 25.3, 259.B. (thin film): 2933,
1740, 1590,1370, 1217 ¢&m HRMS Calculated for
CooH,gN4O5S: 428.1882, found: 428.1881

4.4.2.7: 2-(allyl(2-benzylsulfonyl)pyrimidin-4-yl)amino)-N-
cyclohexyl-2-phenylacetamid@@g). The product was obtained
as a yellow oil (480 mg, 95%) after chromatographysiica gel
(Et,O/EP 50:50)Rf (Et,O/EP 50:50) 0.3'"H NMR (400 MH,,
CDCk) 6 8.32 (d, 1HJ = 6.1 H,), 7.41-7.33 (m, 10H), 6.62 (d,
1H,J=6.1 H,), 6.44 (br sJH),6.30 (d, 1HJ = 7.8 H), 5.56-
5.44 (m, 1H), 5.06 (d, 1HJ = 10.8 H), 5.02 (d, 1H,J = 18.7
H,), 4.70 (s, 2H), 4.15 (dd, 1H,=15.2, 7.1 H), 4.10-4.00 (m,
1H), 3.82-3.72 (m, 1H), 1.92 (d, 18~ 11.5 H), 1.80 (d, 1H,
=115 H), 1.72-1.63 (m, 2H), 1.63-1.55 (m, 1H), 1.31-1.26 (m
2H), 1.15-1.05 (m, 3H)*C NMR (100.6 MHz, CDG) & 168.4,
163.6, 162.3, 155.7, 134.5, 132.3, 131.3, 129.8.9,2128.8,
128.7, 127.1, 117.4, 107.1, 62.4, 57.5, 49.1, 4828, 32.5,

4.42.4:  2-(4-chlorobenzyl)(2-(benzylsulfonyl)pyrimidin-4- 22:% 24.9, 24.8IR (thin film): 2937, 1740, 1587, 1489, 1220

yl)amino)-N-cyclohexyl-4-methylpentanami¢Bel). The product 5g‘4'22|-|1|:§MS Calculated for GHzN,O;S: 504.2195, found:
was obtained as a yellow oil (500 mg, 88%) after~ )

%’fggag_’gﬁ?_'p'&y,wog (Si'g%ah%ﬁ'&’(/écgcit;ip8_71%%’;(ﬁ?'iugi’ 4.42.8: ~ N+(4-chlorobenzyl)-2-((4-chlorobenzyl)(2-
Hy), 7.35 (d, 2H,) = 7.3 Hy), 7.28-7.21 (m, 5H), 6.95 (d, 2H= (benzylsuIfonyl)pyr!mld|n-4-yl)am|no)butgnam|de(3h). ;I’he
7.3 Hy), 6.67 (br s, 1H), 6.20 (d, 1H,= 6.1 H), 5.12 (br s, 1H), product was obtamed_ as a yellow oil (500 mg, 85%graf
4.88-4.76 (m, 2H), 457 (d, 19=13.9 H), 4.48 (d, 1HJ = chromatography on silica gel ¢&¥EP 20:80).Rf (Et,O/EP

. 1 -
16.9 H), 3.57-3.44 (M, 1H), 1.94-1.87 (m, 1H), 1.83-1.72 (m 30-52) 408-77- ';1' 4NMR 1&4007'\3{';% ggch) 23-297(;"3 17H3”J =61
1H), 1.64-1.56 (m, 1H), 1.52- 1.38 (m, 4H), 1.37-1(88 1H), 2 (-48-7.44 (m, 1H), 7.38-7.36 (m, 4H), 7.33-7.32 @th),

1.23-1.02 (m, 4H), 0.86-0.84 (m, 1H), 0.81 (d, 3k 6.3 ),  /-31-7-29 (m, 1H), 7.25- 7.23 (m, 1H), 7.22-7.20 H), 7.11
3 > (d, 2H,J = 8.3 H), 7.05 (d, 2H] = 8.3 Hy), 6.35 (d, 1H, = 6.1

0.79 (d, 3H,) = 6.3 H,). °C NMR (100.6 MHz,CDCl,) 5 168.8,
H,), 5.01-4.89 (m, 2H), 4.80-4.74 (m, 1H), 4.70-4.64 (LH),
1634, 1625, 156.1, 134.9335, 131.3, 1292, 1289, 128.7, 2. 501489 (. 2H), 4.80-4.74 (m, 1), 2.70-4.64 QD).
128.3, 127.1, 107.1, 57.3, 56.7, 48.7, 48.1, 33257, 32.3, 25.5, °-27-4.48 (M, 1H), 4.36 (dd, 14,= 14.7, 6.1 1), 4.11 (dd, 1H,

25.4, 25.3, 24.9, 23.0, 22.6R (thin film): 2933, 1656, 1590, 9= 4.7, 6.1 1), 2.14-2.07 (m, 1H), 1.66-1.58 (m, 1H), 0.90 (t,
1492, 1321 cih. HRMS Calculated for GHsCIN,O5S: fgz'%:i'ge? 13%’;”‘"1211500'1%2/';’9 1%2%]8)121169-7'211593-;
568.2275, found: 568.2278. -5, 156.3, 136.8, 134.5, 133.5, 133.0, 131.9.312129.2,

129.0, 128,8, 128.6, 127.1, 107.0, 60.1, 57.3, 48247, 22.1,
10.7.1R (thin film): 2940, 1740, 1594, 1370, 1217 €tHRMS

4.4.2.5: 2-(allyl(2-(benzylsulfonyl)pyrimidin-4-yl)amino)&clo- Calculated for GH.CIN,0.S: 582.1259, found: 582.1277.

hexyl-4methylbutanamid€3e). The product was obtained as a

ellow oil (390 mg, 82%) after chromatography oricailgel N .
{EtZO/EP 3%:70)ng (EtZO/I)EP 50:50) 0.5 ?\IMpRy(4OO be 4.4.2.92-(allyl(2-(benzylsulfonyl)pyrimidin-4-yl)amino)dést-buty!

butaremide(3i). The product was obtained as an yellow oil (370
CDCl) 6 8.23 (d, 1HJ=6.1 H,), 7.30-7.26 (m, 2H), 7.25-7.22 -
m, 37_)01 6.48 ((d, 1H)= 6.1 Fk)), 5.67-5.56 ((m, lH)), 5.15 (d, 1 mg, 85%) after chrolmatography on silica gebZEP 30:70)Rf
H,3=10.6 H), 5.10 (d, 1) =17.2 H), 4.74 (d, 1H] = 13.9 (Et,O/EP 30:70) 0.2'H NMR (400 MH,, CDCk) & 8.22 (d, 1H,

’ ' P ' . ’ ' J = 6.3 H), 7.28-7.24 (m, 2H), 7.24-7.20 (m, 3H), 6.44 (d,
H,), 4.56 (d, 1H,J =13.9 H), 4.55-4.46 (br s, 1H), 4.08 (d, 2H, h
3=4.3 1), 3.56-3.45 (m. 1H), 2.40-2.28 (br s, 1H). 1.74dbr 1H,J:6.3 H,), 6.40-6.34 (br s,_lH), 5.72-5.62 (m, 1H), 5.14 (d,
1H,J=11.1 H), 1.60 (br d, 1H] =13.1 H), 1.53-1.39 (m, 3H), +H:J=10.61),5.02 (d, 1HJ =17.4 B), 4.77-4.68 (m, 2H),
1.22-1.13 (m, 2H), 1.12-0.98 (m, 3H), 0.89 (d, 3 6.6 H), 422 (d. 1HJI=13.9 H), 4.21 (brd, 1H) = 18.2 H), 3.86 (br

i 5 d, 1H,J = 18.2 H), 2.02-1.89 (m, 1H), 1.63-1.51 (m, 1H), 1.11
0.71(d, 3H = 6.6 H). "CNMR (100.6 MH, CDCL) 8 168.3, (¢ g~ 0 20" 3177 3" ‘NMR G (1006 MH. CDCL 3



169.1, 163.4, 162.2, 155.7, 132.1, 131.3, 128.8.712127.3,
117.4, 107.1, 59.9, 57.3, 51.5, 47.2, 28.5, 21®86.1R (thin
film): 2972, 1740, 1485, 1367, 1217 tHRMS Calculated for
CoH3zNO:S: 430.2039, found: 430.2043

4.5. Substitution of the sulfonyl group by CN

4.5.1. General procedure

To a solution of pyrimidineg8 (0.2 mmol) in dry DMF (2 mL)
was added KCN (1.2 equiv, 0.24 mmol). The reactiarture
was stirred at 55C under argon for 24 h. After water addition
and extraction with EO, the cyanopyrimidined were isolated
by flash column chromatography on silica gel.

45.2.1: 2-(allyl(2-cyanopyrimidin-4-yl)Jamino)-N-cyclohexyl-4-

7
phenylacetamide4g). The product was obtained as a white
solid (62 mg, 82%) after chromatography on silieh @LO/EP
30:70). Rf (EL,O/EP 50:50) 0.5MP = 168-169 °C.'H NMR
(400 MH;, CDCW) 6 8.15 (d, 1HJ = 6.3 Hz), 7.32 (m, 5H), 6.54
(d, 1H, 6.3 Hz), 6.29 (s, 1H), 5.63 (d, 1Hs 7.6 Hz), 5.43-5.31
(m, 1H), 4.96-4.91 (m, 2H), 4.02-3.87 (m, 2H), 3.803(m,
1H), 1.86 (d, 2H, = 11.9 Hz), 1.67-1.57 (m, 2H), 1.56-1.49 (m,
1H), 1.32-1.24 (m, 2H), 1.13-1.04 (m, 3HJC NMR (100.6
MH2, CDCL) 6 168.3, 161.6, 155.7, 143.8, 134.5, 132.2, 129.8,
129.1, 117.5, 116.2, 107.2, 62.7, 49.1, 48.9, 324%8.IR (thin
film): 2933, 1740, 1580; 1384, 1227 ¢nHRMS Calculated for
C,,HpsNs0: 375.2059, found: 375.2048.

4.5.2.5: N-(4-chlorobenzyl)-2-((4-chlorobenzyl)(2-cyano-
pyrimidin-4yl)amino)butanamidetly). The product was obtained

methylpentanamidedl). The product was obtained as a yellow as a white solid (75 mg, 83%) after chromatographgitica gel

solid (60 mg, 85%) after chromatography on silieh @LO/EP
20:80). Rf (EL,O/EP 50:50) 0.8MP = 100-101 °C.*H NMR
(400 MH,, CDCk) 6 8.15 (d, 1HJ = 6.1 Hz), 6.50 (d, 1H] =
6.1 Hz), 5.97 (d, 1H) = 6.3 Hz), 5.76-5.61 (m, 1 H), 5.27-5.04
(m, 3H), 4.11 (d, 1HJ = 17.2 Hz), 3.94 (d, 1H] = 17.2 Hz),
3.69-3.58 (m, 1H), 1.88-1.77 (m, 2H), 1.73-1.67 (1H),21.59-
1.39 (m, 4H), 1.31-1.21 (m, 2H), 1.15-1.07 (m, 2H))4-0.98
(m, 1H), 0.88 (d, 3HJ = 6.6 Hz), 0.86 (d, 3H] = 6.6 Hz). NMR
*C (100.6 MH, CDCL) & 168.9, 161.6, 155.7, 143.8, 132.1,
117.9, 1 16.1, 107.4, 55.9, 48.3, 47.3, 37.6, 3B, 25.4, 25.0,
24.7, 22.7, 22.6IR (thin film): 2933, 1740, 1580, 1485, 1213
cm®. HRMS Calculated for GH,NsO: 355.2372, found:
355.2381.

4.5.2.2: 2-(allyl(2-cyanopyrimidin-4-yl)amino)-N-cyclohexyl-

(EL,O/EP 40:60)Rf (Et,O/EP 50:50) 0.3MP = 178-179 °C:H
NMR (400 MH,, CDCk) 5 8.06 (d, 1HJ = 6.1 H), 7.23-7.17
(m, 4H), 7.07 (d, 2HJ) = 7.6 H), 7.02 (d, 2H,J = 6.8 H), 6.62
(br s, 1H), 6.28 (d, 1H] = 6.1 H,), 5.26-5.06 (m, 1H), 4.88-4.71
(m, 1H), 4.66-4.45 (m, 1H), 4.37-4.23 (m, 2H), 21096 (m,
1H), 1.73-1.59 (m, 1H), 0.87 (t, 3H, = 7.1 H). *C NMR
(100.6 MH,, CDCk) 5 169.9, 161.9, 156.2, 143.8, 136.2, 134.3,
133.5, 129.3, 129.1, 129.0, 127.3, 116.0, 107.45,58.4, 42.9,
23.9, 10.9.IR (thin film): 2937, 1744, 1587, 1384; 1249 &tm

HRMS Calculated for GH,;C1,NsO: 453.1123, found:
453.1119.
45.2.6 2-(allyl(2-cyanopyrimidin-4-yl)amino)-N-tert-butyl

butanamide 4i). The product was obtained as a yellow oil (53
mg, 88%) after chromatography on silica geb(#EP 20:80)Rf

3-methylbutanamide4€). The product was obtained as a white (Et,O/EP 50:50) 0.9'H NMR (400 MH,, CDC}L) & 8.15 (d, 1H,

solid (50 mg, 81%) after chromatography on silieh @tLO/EP
20:80). Rf (EL,O/EP 50:50) 0.7MP = 101-102 °C.*H NMR
(400 MH,, CDCk) 6 8.14 (d, 1HJ = 6.1H7), 6.52 (d, 1HJ =
6.1 Hy), 5.95 (s, 1H), 5.67-5.54 (m, 1H), 5.16 (d, 1Hs 10.4
Hz), 5.09 (d, 1H,) = 16.9H7), 4.86-4.74 (m, 1H), 4.19 (br d, 1H,
J=17.4H), 4.01 (dd, 1HJ = 17.4, 5.8H7), 3.70-3.59 (m, 1H),
2.39-2.29 (m, 1H), 1.85 (d, 1K,= 10.6H), 1.72-1.60 (m, 2H),
1.58-1.47 (m, 2H), 1.31-1.21 (m, 2H), 1.18-1.11 #id), 1.01 (d,
1H,J = 10.6Hy), 0.95 (d, 3HJ = 6.6H;), 0.74 (d, 3HJ = 6.6
H). ®C NMR (100.6 MH, CDCL)  168.3, 161.8, 155.6, 143.8,
131.8, 118.1, 116.2, 107.4, 63.7, 48.2, 46.9, 33207, 27.3,
25.4, 24.7, 24.6, 19.5, 18.9R (thin film): 2930, 1667, 1527,
1482, 1388 cil. HRMS Calculated for GH,-N:O: 341.2216,
found: 341.2219.

4.5.2.3. 2-((4-chlorobenzyl)(2-cyanopyrimidin-4-yl)amino)-N-
cyclohexyl-3methylbutanamidéf). The product was obtained as
a yellow solid (60 mg, 82%) after chromatographysdita gel
(ELO/EP 30:70)Rf (Et,O/EP 50:50) 0.5MP = 130-131 °C:H
NMR (400 MH,, CDCL) & 8.03 (d, 1HJ = 6.1 H,), 7.21-7.15
(m, 2H), 6.99-6.90 (m, 2H), 6.22 (d, 1BI= 6.1 H,), 6.05 (br s,
1H), 5.13-4.86 (m, 2H), 4.43 (d, 18~ 16.7 H), 3.68-6.56 (m,
1H), 2.45-2.31 (m, 1H), 1.89-1.81 (m, 1H), 1.74-1.4Y, éH),
1.31-1.21 (m, 2H), 1.16-1.04 (m, 3H), 0.96 (d, 3H; 6.8 H,),
0.75 (d, 3HJ = 6.8 H,). ®*C NMR (100.6 MH, CDCk) & 168.2,
162.0, 155.9, 143.8, 134.0, 133.3, 129.1, 127.%.111107.5,
64.1, 48.4, 47.5, 33.0, 32.8, 28.0, 25.4, 24.71. AR (thin film):
2933, 1740, 1663, 1485, 1217 tmHRMS Calculated for
Cy3H,CINSO: 425.1982, found: 425.1974.

4.5.2.4; 2-(allyl(2-cyanopyrimidin-4-yl)Jamino)-N-cyclohexyl-2-

J=6.3Hy,), 6.50 (d, 1H] = 6.3H,), 5.98 (br s, 1H), 5.76-5.61
(m, 1H), 5.17 (d, 1H, 10.6,), 5.10 (d, 1HJ = 17.4H,), 4.99-
4.82 (brs, 1H), 4.13 (d, 1H, 16H,), 4.00-3.87 (m, 1H), 2.05-
1.89 (m, 2H), 1.25 (s, 9H), 0.86-0.82 (m, 3 NMR (100.6
MH,, CDCk) & 169.0, 161.5, 155.7, 143.8, 132.0, 117.8, 116.1,
107.3, 59.9, 51.6, 47.2, 28.7, 22.0, 1GR. (thin film): 2972,
1740, 1677, 1485, 1227 émHRM'S Calculated for GH,,N<O:
301.1903, found: 301.1908.

4.6. Substitution of the sulfonyl group by a dimethytngl
ester group

4.6.1. General procedure

To a solution of dimethylmalonate (1.2 equiv, Or@dol) in dry
acetonitrile (0.1 M) at rt under argon was addedCCs (1.5
equiv, 0.3 mmol). After 30 min, pyrimidinesulfo3e(0.2 mmol)
was added and the mixture was heated at 70°C for. 4€tér
water addition and extraction with GEl,, the pyrimidines5
were isolated by flash column chromatography onasigjel.

4.6.2.1. dimethyl 2-(4-((1-(4-chlorobenzylamino)-4-methyl-1-
oxopentan-2-yl)(allyl)amino) pyrimidin-2-yl)ymalonatéaj. The
product was obtained as a yellow oil (86 mg, 86%kraft
chromatography on silica gel g&¥EP 50:50).Rf (Et,O/EP
50:50) 0.2.'H NMR (400 MH,, CDCL) & 8.12 (d, 1H,J = 6.3
H;), 7.44 (br s, 1H), 7.12 (d, 2H,= 8.3 H), 7.03 (d, 2HJ =8.3
H;), 6.29 (d, 1HJ = 6.3 H;), 5.60-5.48 (m, 1H), 5.47-5.35 (br s,
1H), 5.10-5.03 (m, 2H), 4.87 (s, 1H), 4.30 (dd, Dk = 14.4,
5.3 Hy), 4.19 (dd, 1HJss = 14.4, 5.3 H), 4.09-4.00 (m, 1H),
3.70-3.67 (m, 1H), 3.67 (s, 3H), 3.64 (s, 3H), 1.88B1m, 1H),
1.60-1.54 (m, 1H), 1.50-1.41 (m, 1H), 0.84 (d, 3tk 6.3 H),
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0.80 (d, 3H,J = 6.3H5). °C NMR (100.6 MH,, CDCL) &
170.4, 167.5, 167.4, 161.9, 161.2, 156.1, 137.€.613129.1,
128.4, 117.4, 103.8, 61.0, 54.0, 53.0, 46.8, 43644, 24.9, 22.6,
22.5.IR (thin film): 2954, 1740, 1587, 1367, 1217 tnHRM S
Calculated for GH3,CIN,Os: 502.1983, found: 502.1995.

4.6.2.2: dimethyl 2-(4-(allyl(1-(4-cyclohexylamino)-4-methyl-1-
oxopentan-2-yl)amino)  pyrimidin-2-yl)malonate 5b). The
product was obtained as a yellow oil (80 mg, 87%kraft
chromatography on silica gel ¢EYEP 40:60).Rf (Et,O/EP
50:50) 0.3."H NMR (400 MH,, CDC}) & 8.12 (d, 1H,J = 6.1
Hy), 6.36 (br s, 1H), 6.29 (d, 1H,= 6.1H), 5.76-5.61 (m, 1H),
5.53 (br s, 1H), 5.13 (d, 1H,= 10.4H), 5.10 (d, 1HJ = 17.2
H), 4.88 (s, 1H),4.11 (d, 1H, = 17.9H), 3.81-3.76 (m, 1H),
3.74 (s, 3H), 3.73 (s, 3H), 3.62-3.54 (m, 1H), 1.8221(m, 2H),
1.66-1.47 (m, 5H), 1.46-1.30 (m, 1H), 1.23-1.14 (1H),31.08-
0.95 (m, 2H), 0.85 (d, 3H} = 6.6H;), 0.81 (d, 3HJ = 6.6 Hy).
¥C NMR (100.6 MH,, CDCL) & 169.4, 167.5, 167.2, 161.8,
161.4, 156.1, 132.9, 117.8, 103.5, 61.2, 54.3,,53209, 48.3,
46.7, 36.9, 32.7, 32.5, 25.5, 25.2, 25.0, 24.97,222 5.IR (thin
film): 2933, 1740, 1583, 1370, 1217 ¢nHRM S Calculated for
CoH36N4Os: 460.2686, found: 460.2696.

4.6.2.3: dimethyl 2-(4-(allyl(2-(cyclohexylamino)-2-oxoethyl)
amino) pyrimidin-2-yl)malonate5€). The product was obtained
as a colorless oil (86 mg, 86%) after chromatogyaph silica
gel (EtO/EP 50:50).Rf (EL,O/EP 50:50) 0.2'H NMR (400
MHz, CDCk) & 8.17 (d, 1H,J = 5.8 Hz), 6.39-6.15 (m, 2H),
5.80-5.67 (m, 1H), 5.17 (d, 1H,= 10.6Hz), 5.11 (d, 1HJ =
17.4 Hy), 4.86 (s, 1H), 4.09-3.98 (m, 4H), 3.74 (s, 6H),03.7
3.58 (m, 1H), 1.79-1.72 (m, 2H), 1.63-1.57 (m, 2H)5-1.49
(m, 1H), 1.27-1.21 (m, 2H), 1.10-0.99 (m, 3H)C NMR (100.6
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benzyl)-4-methylpentanamidéaj. The product was obtained as
a yellow oil (35 mg, 75%) after chromatography olicai gel
(EL,O/EP 40:60)Rf (EL,O/EP 50:50) 0.3'H NMR (400 MH,,
CDCl;) 68.03 (d, 1HJ = 6.1H), 7.18 (d, 2H,) = 8.3H), 6.96

(d, 2H,J = 8.3 Hz), 6.90 (d, 2H] = 8.3H), 6.85 (d, 2HJ = 8.3
H,), 6.1 (d, 1H,J = 6.1H), 6.02-5.92 (br s, 1H), 5.69-5.57 (m,
1H), 5.10 (d, 1H,) = 12.1H), 5.06 (d, 1H,J =18.4H), 4.94-
4.80 (m, 1H), 4.16 (dd, 1H, = 14.9, 6.1H;), 4.09 (dd, 1H, =
17.4, 5.6 Hz), 4.03 (dd, 1H,= 14.9, 6.1H;), 3.74 (br d, 1HJ =
17.4Hy), 2.16 (s, 3H), 1.83-1.74 (m, 1H), 1.44-1.31 (m, 2H),
0.78 (d, 3H,J = 6.3 Hz), 0.76 (d, 3HJ = 6.3H). *C NMR
(100.6 MH,, CDCL) 6170.6, 164.9, 163.5, 158.3, 150.9, 136.4,
135.0, 133.1, 130.0, 128.7, 128.6, 121.9, 117.8,91.6, 47.3,
42.4, 37.1, 24.9, 22.8, 22.0, 20iR (thin film): 2954, 1677,
1590, 1384, 1206 c¢h HRMS Calculated for GH3,C1N,O:
462.2186, found: 462.2185.

4.7.2.2: 2-(allyl(2-o-tolylpyrimidin-4-yl)amino)N-cyclohexy}3
methylpentanamideslf). The product was obtained as a yellow
oil (30 mg, 70%) after chromatography on silica ¢eL,O/EP
40:60).Rf (EL,O/EP 60:40) 0.4."H NMR (400 MH,, CDCE)
68.01 (d, 1IHJ = 6.1Hz), 7.20-7.18 (m, 1H), 7.16 (d 1H=8.1
Hz), 7.12-7.07 (m, 1H), 7.04 (d, 18 = 8.1 Hz), 6.07 (d, 1H] =
6.1H), 5.70-5.59 (m, 1H), 5.48 (d, 14 = 6.8H), 5.11 (d, 1H,
J=13.4Hy), 5.07 (d, 1H,J = 17.9H), 4.91 (br s, 1H), 4.09-3.95
(m, 1H), 3.78 (d, 1H)J = 17.7H5), 3.57-3.47 (m, 1H), 2.13 (s,
3H), 1.72-1.64 (m, 2H), 1.62-1.48 (m, 4H), 1.46-1(88 1H),
1.36-1.27 (m, 1H), 1.25-1.16 (m, 2H), 1.07-1.01 (rH),10.95-
0.81 (m, 2H), 0.75 (d, 3H} = 6.3H), 0.74 (d, 3HJ = 6.3H7).
¥C NMR (100.6 MH, CDCk) 5169.5, 164.4, 163.6, 158.2,
151.7,133.2,131.3, 130.8, 127.1, 125.5, 122.3,2109.5, 54 .4,
47.9, 47.0, 37.2, 33.0, 32.9, 25.6, 24.9, 24.86222.5, 16.5lR

MH_, CDC}) & 166.7, 166.2, 161.0, 160.4, 155.4, 129.6, 117.0(thin film): 2930, 1740, 1590, 1381, 1217 EtmHRMS

101.1, 60.3, 51.9, 51.2, 50.5, 47.4, 32.5, 25.50.28R (thin
film): 2937, 1740, 1590, 1367, 1217 ¢nHRMS Calculated for
C,oH»gN4Os: 404.2060, found: 404.2055.

4.6.2.4: dimethyl 2-(4-(allyl(1-(cyclohexylamino)-3-methyl-1-
oxobutan-2-yl)amino)pyrimidin-2-yl)malonatéej. The product
was obtained as a yellow oil (74 mg, 83%) after ohatography
on silica gel (E£O/EP 40:60)Rf (Et,O/EP 50:50) 0.3'H NMR
(400 MH,, CDCk) 5 8.12 (d, 1HJ = 6.1H), 6.31 (d, 1HJ =
6.1 Hy), 6.24 (br s, 1H), 5.69-5.57 (m, 1H), 5.15-5.08 @Hl),
4.88 (s, 1H), 4.85-4.74 (m, 1H), 4.06 (dd, IH5 17.7, 5.6H,),
4.00-3.95 (m, 1H), 3.75 (s, 3H), 3.74 (s, 3H), 3.6#3m, 1H),
2.40-2.25 (m, 1H), 1.84-1.77 (m, 1H), 1.67-1.48 (H),41.27-
1.13(m, 3H), 1.07-0.96 (m, 2H), 0.91 (d, 3Hs 6.6H), 0.73 (d,
3H, J = 6.6 H,). ®C NMR (100.6 MH,, CDCk) & 168.9, 1676,
167.2, 161.9, 161.3, 156.0, 132.7, 117.8, 103.8,62..2, 53.0,
52.9, 48.2, 46.7, 32.8, 32.5, 26.4, 25.5, 25.10,289.9, 19.2IR
(thin film): 2933, 1740, 1670, 1541, 1482 tmHRMS
Calculated for GH3/N,Os: 446.2529, found: 446.2516.

4.7.Palladium catalyzedouplings of3 with boronic acids

4.7.1.General procedure
To a solution 0.05 M of (benzylsulfonyl)pyrimidir3e(0.1 mmol)

Calculated for GgH36N,O: 420.2889, found: 420.2858.
0

4.7.2.3: 2-(allyl(2-phenylpyrimidin-4-yl)amino)N-cyclohexyl-3-
methylbutanamides€). The product was obtained as a yellow oil
(28 mg, 72%) after chromatography on silica gel,QHEP
30:70). Rf (EL,O/EP 50:50) 0.5'H NMR (400 MH,, CDCL)
67.98 (d, 1HJ = 6.1 Hz), 7.39-7.34 (m, 2H), 7.20-7.16 (m, 1H),
7.12 (d, 2HJ = 7.6H), 6.11 (d, 1H, J = 6.H;), 5.71-5.46 (m,
2H), 5.10 (d, 1H,J = 7.8H), 5.07 (d, 1HJ = 15.7H,), 4.61-
4.41 (br s, 1H), 4.06-3.94 (m, 2H), 3.60-3.49 (m, 1%9-2.20
(m, 1H), 1.70 (br d, 1H) = 11.6Hz), 1.62-1.55 (m, 2H), 1.53-
1.46 (m, 2H), 1.28-1.20 (m, 2H), 1.09-1.04 (m, 1HP700.84
(m, 2H), 0.80 (d, 3HJ = 6.6H), 0.70 (d, 3HJ = 6.6 H). °C
NMR (100.6 MH,, CDCL) 4 168.9, 164.6, 163.8, 157.8, 153.3,
132.9, 129.5, 125.3, 122.2, 1175, 100.0, 63.0,,447/0, 33.0,
32.7, 26.7, 25.5, 24.7, 24.6, 19.6, 19R (thin film): 2930,
1670, 1587, 1381, 1206 ¢mHRM S Calculated for GH3,N,O:
392.2576, found: 392.2522.

4.7.2.4: 2-(allyl(2-p-tolylpyrimidin-4-yl)amino)N-cyclohexy}-2
phenylbutanamide6¢l). The product was obtained as a white
solid (26 mg, 60%) after chromatography on silieh @LO/EP

in toluene (2 mL) were successively added under tiner40:60).MP = 159-160°CRf (Et,O/EP 50:50) 0.3'*H NMR (400

atmosphere Pd(OA£)5.0 mol %), triphenylphosphine (15 mol
%) followed by the boronic acid (1.2 equiv, 0.12 niimand
Cs,CO; (1.5 equiv, 0.15 mmol). The reaction mixture wasexd
under reflux for 40 h. After water addition and egtian with
CH,Cl,, the pyrimidines6 were isolated by flash column
chromatography on silica gel.

4.7.2.1: 2-(allyl(2-p-tolylpyrimidin-4-yl)amino)N-(4-chloro

MH, CDCk) 57.98 (d, 1H,J = 6.1H,), 7.30-7.18 (m, 5H), 7.11
(d, 2H,J = 8.3Hy), 7.00 (d, 2HJ = 8.3H,), 6.28 (s, 1H), 6.15
(d, 1H,J = 6.1H,), 5.46 (d, 1H,) = 7.3H;) 5.43-5.32 (m, 1H),
4.99-4.87 (m, 2H), 4.01-3.85 (m, 2H), 3.75-3.65 (i),12.27(s,
3H), 1.85-1.72 (m, 2H), 1.60 (br d, 2Bi= 11.8H,), 1.53 (br d,
1H,J =12.6H,), 1.26 (br d, 2HJ = 12.6Hy), 1.05-0.90 (m, 3H).
C NMR (100.6 MH,, CDCl) 5168.7, 164.7, 163.8, 157.7,
151.0, 135.5, 134.5, 133.5, 129.9, 129.6, 128.8.5,2121.8,



116.8, 99.8, 61.4, 48.9, 32.9, 32.8, 25.5, 24.80.2IR (thin
film): 2930, 1740, 1587, 1384, 1206 CnHRM S Calculated for
C,gH3N,O: 440.2576, found: 440.2562.

4.7.2.5.  2-((4-chlorobenzyl)(2-o-tolylpyrimidin-4-yl)amino)N-
cyclohexyl-2-methylpentanamid@e). The product was obtained
as a yellow oil (35 mg, 69%) after chromatographysdica gel
(ELO/EP 40:60)Rf (Et,O/EP 50:50) 0.3'H NMR (400 MH,
CDCly) 67.94 (d, 1HJ = 6.1Hy), 7.23-7.19 (m, 4H), 7.12 (d,
1H,J=7.3Hy), 7.08 (d, 1HJ = 8.1H), 6.97 (d, 2HJ = 7.6
Hz), 5.85 (d, 1HJ = 6.1Hy), 5.54 (br s, 1H), 5.06-4.97 (br s,
1H), 4.74-4.59 (m, 1H), 4.50-4.36 (m, 1H), 3.58-3.47, (LH),
2.16 (s, 3H), 1.78-1.65 (m, 2H), 1.63-1.49 (m, 4H3411.16 (m,
4H), 1.09-1.02 (m, 1H), 0.94-0.84 (m, 2H), 0.74 (d, 3H; 5.3
H), 0.70 (d, 3HJ = 5.3H,). ®*C NMR (100.6 MH,, CDCl)
0169.3, 164.3, 163.9, 158.5, 151.6, 135.6, 132.9,413130.8,
128.9, 127.5, 127.1, 125.6, 122.3, 99.7, 55.1, ,48M9, 37.5,
33.0, 32.9, 25.5, 25.1, 24.8, 22.8, 22.3, 183(thin film): 2930,
1674, 1590, 1489, 1182 ¢m HRMS Calculated for
C50H3,CIN,O: 504.2656, found: 504.2674.

4.7.2.6:  2-((4-chlorobenzyl)(2-o-tolylpyrimidin-4-yl)amino)N-
cyclohexyl-2-methylpentanamidéf), The product was obtained
as a yellow oil (33 mg, 74%) after chromatographystica gel
(ELO/EP 30:70)Rf (EtO/EP 60:40) 0.5'H NMR (400 MH,
CDCl;) 68.00 (d, 1HJ = 6.1H), 7.30 (d, 2H,) = 8.6H), 7.07
(d, 2H,J = 8.6Hy), 6.12 (d, 1HJ = 6.1H), 5.71-5.59 (m, 2H),
5.12 (d, 1HJ = 11.1Hz), 5.08 (d, 1HJ = 17.7Hz), 4.97 (br s,
1H), 4.05 (d, 1HJ = 16.9Hy), 3.81 (d, 1HJ = 16.9H), 3.59-
3.49 (m, 1H), 1.75-1.66 (m, 2H), 1.62-1.54 (m, 2Hp311.43
(m, 3H), 1.40-1.34 (m, 1H), 1.28-1.17 (m, 2H), 1.1031(m,
1H), 0.95-0.83 (m, 2H), 0.79 (d, 38~ 6.3H;), 0.78 (d, 3H,) =
6.3 Hy). ®*C NMR (100.6 MH,, CDCL) 5169.5, 164.3, 163.6,
157.8, 151.6, 132.9, 130.6, 129.6, 123.6, 117.8,11(%4.9, 47.9,
47.1, 37.1, 32.9, 32.7, 25.5, 24.9, 24.7, 24.65,222 4.IR (thin
film): 2937, 1740, 1590, 1370, 1213 ¢nHRM S Calculated for
C,5H33CIN,O: 440.2343, found: 440.2336.

4.7.2.7: 2-(allyl(2-(3,4-dichlorophenyl)pyrimidin-4-yl)amino}N
cyclohexyl-4-methylpentanamid&g)j. The product was obtained
as a yellow oil (33 mg, 70%) after chromatographystica gel
(Et,O/EP 30:70)Rf (EL,O/EP 60:40) 0.5'H NMR (400 MH,,
CDCl) 57.99 (d, 1HJ = 6.1H,), 7.4.1 (d, 1H,J = 8.6Hy), 7.27
(d, 1H,J = 2.5H), 7.01 (dd, 1H, = 8.6, 2.5H;), 6.14 (d, 1H,

= 6.1H,), 5.73-5.57 (m, 2H), 5.14 (d, 14,= 11.4H), 5.09(d,
1H, J = 18.2 Hz), 5.05-4.92 (br s, 1H), 4.10-3.98 (m, 1HR33
(brd, 1H,J = 16.4Hy), 3.61-3.50 (m, 1H), 1.77-1.67 (m, 2H),
1.63-1.55 (m, 2H), 1.54-1.45 (m, 3H), 1.42-1.35 (1H),11.24-
1.17 (m, 2H), 1.11-1.05 (m, 1H), 0.96-0.84 (m, 2B480 (d, 3H,
J=6.3Hy), 0.79 (d, 3H,J = 6.3 Hz)."*C NMR (100.6 MH;,
CDCly) 6 169.3, 164.0, 163.7, 157.9, 151.9, 133.0, 13230,8],
129.1, 124.4, 121.9, 117.800.4, 55.0, 47.9, 47.2, 37.2, 32.9,
32.7, 25.4, 24.9, 24.7, 24.6, 22\R (thin film): 2933, 1740,
1590, 1337, 1213 ¢m HRMS Calculated for GH3,CI,N,O:
474.1953, found: 474.1946.

4.7.2.8: 2-(allyl(2-(4-fluorophenyl)pyrimidin-4-yl)amino)N-
cyclohexyl-4-methylpentanamidéhj. The product was obtained
as a yellow oil (31 mg, 73%) after chromatographystica gel
(Et,O/EP 30:70)Rf (EL,O/EP 60:40) 0.5'H NMR (400 MH,,
CDCl) 4 8.00 (d, 1HJ = 6.1Hy), 7.11-7.06 (m, 2H), 7.05-6.99
(m, 2H), 6.10 (d, 1H) = 6.1Hy), 5.72-5.58 (m, 2H), 5.13 (d, 1H,
J=12.1Hy), 5.08 (d, 1HJ = 18.2H7), 5.03-4.92 (m, 1H), 4.04
(br d, 1H ,J = 17.7H), 3.80 (br d, 1HJ = 17.7H), 3.60-3.50
(m, 1H), 1.75-1.69 (m, 2H),1.62-1.56 (m, 2H), 1.5351(4n,
3H), 1.39-1.35 (m, 1H), 1.27-1.20 (m, 2H), 1.09-1(88 1H),
0.95-0.84 (m, 2H), 0.79 (d, 3Kd,= 6.3H), 0.77 (d, 3HJ = 6.3
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H,). ®C NMR (100.6 MH,, CDCk) & 169.4, 164.6, 163.6,
159.6 (cr= 244.4H7), 158.0, 148.9).r= 2.2H;), 133.0, 1235
(Jce= =8.1Hy), 117.4, 116.2X..-= 23.4H7), 99.9, 54.8, 47.8,
47.1, 37.1, 32.9, 32.8, 25.5, 24.9, 24.7, 24.66,222.5.IR (thin
film): 2933, 1737, 1590, 1503, 1192 cmHRM S Calculated for
C,5H33FN,O: 424.2638, found: 424.2620.

4.7.2.9: 2-(allyl(2-(4-methoxyphenyl)pyrimidin-4-yl)amino)-N-
cyclohexyl-4-methylbutanamidéi). The product was obtained
as a yellow oil (32 mg, 75%) after chromatographystica gel
(Et,O/EP 50:50)Rf (EL,O/EP 50:50) 0.2'H NMR (400 MH,,
CDCly) 67.98 (d, 1H,J = 6.1 Hy), 7.07-7.02 (m, 2)] 6.89-
6.85 (m, 2H), 6.10 (d, 1H] = 6.1 Hy), 5.69-5.54 (m, 2}
5.12-5.04 (m, 2H), 4.58 (br s, 1H), 3.99 (br d, 2H; 4.0
Hz), 3.75 (s, 3H), 3.62-3.5(n, 1H), 2.34-2.20 (m, 1H), 1.72
(d, 1H,J=11.6 Hy), 1.63-1.56 (m, 2H), 1.54-1.46 (m, 2H),
1.30-1.21 (m, 2H), 1.10-1.03 (niH), 0.97 (d, 1HJ = 11.6
Hz,), 0.91-0.86 (m, 1 0.83 (d, 3H,J = 6.6 Hy), 0.72 (d,
3H, J = 6.6 H;). ®C NMR (400 MH,, CDClL) 3 168.9, 164.9,
163.9, 157.7156.8, 146.7, 132.9, 122.917.5, 114.499.9,
63.2, 55.6, 47.7, 46.9, 33.0, 32.7, 262B.5, 24.7, 24.6,
19.7, 19.1IR (thin film): 2933, 1744, 1590, 1384, 1206 ¢m
HRMS Calculated for GH3/N,O,: 422.2682, found:
422.2691.

4.7.2.10: 2-(allyl(2-(2-methoxyphenyl)pyrimidin-4-yl)amino)-N-
cyclohexyl-4-methylpentanamid&)( The product was obtained
as a yellow oil (28 mg, 65%) after chromatographystica gel
(Et,O/EP 50:50)Rf (EL,O/EP 50:50) 0.2'H NMR (400 MH,,
CDCL) 57.99 (d, 1H,J = 6.1 Hy), 7.14 (t, 1H,J = 7.6 Hy),
7.09 (d, 1H,J = 7.6 Hz), 6.96-6.89 (m, 2H), 6.07 (d, 1H,=
6.1H), 5.78 (d,1H, J = 7.3 Hy), 5.70-5.59 (m, 1H), 5.11 (d,
1H,J = 10.1Hy), 5.07 (d, 1HJ = 17.4H;), 4.95 (br s, 1H),
4.02 (dd, 1HJ =17.7,4.0Hy), 3.77 (d,1H, J = 17.7 Hy),
3.70 (s, 3H), 3.59-3.48 (m, 1H), 1.74-1.55 (m, 5H%4-
1.41 (m, 2H), 1.38-1.30 (m, IH1.27-1.16 (m, 2H), 1.08-
1.02 (m, 1H), 1.00-0.84 (m, 2H), 0.75 (d, 3H= 6.8 Hz),
0.72 (d, 3H,J = 6.8 Hz). ®C NMR (100.6 MH, CDCk)
0169.6, 164.4, 163.9, 158.0, 151.9, 142:33.2,126.3, 123.2,
121.1,117.2, 113.2, 99.6, 56.2, 54.4, 47.9, 47.0, 3730,3
32.8, 25.6, 24.8, 24.7, 22.6, 22IR (thin film): 2933, 1677,
1499, 1388, 1206 cm HRMS Calculated for GHseN,Oy:
436.2838, found: 436.2830.

4.7.2.11: 2-((4-chlorobenzyl(2-(2-methoxyphenyl)pyrimidin-4-
yl)amino)-N-cyclohexyl-4-methylpentanamidik)( The product
was obtained as a green oil (32 mg, 61%) after chtognaphy
on silica gel (EO/EP 50:50)Rf (Et,O/EP 50:50) 0.2'H NMR
(400 MH,, CDCL) 57.92 (d, 1H,J= 5.8 H), 7.22-7.18 (m,
3H), 7.15-7.11 (m, 1H), 6.99 (d, 2H= 8.8 H;), 6.96 (d,
2H, J= 8.8 H), 5.95-5.87 (br s, 1H), 5.85 (dH, J = 5.8
Hz), 5.04 (br s1H),4.65 (d, 1HJ= 16.4H7), 4.49-4.36 (m,
1H), 3.73 (s, 3H), 3.59-3.48 (m, 1H), 1.77-1.67 (@h]),
1.63-1.50 (m, 4H), 1.35-1.28 (m, 2H), 1.27-1.21 @hl),
1.10-1.04 (m, 1H), 0.98-0.86 (m, 2HD.73 (d, 3HJ = 6.3
Hz), 0.70 (d, 3H, = 6.3 Hz).*C NMR (100.6 MH,, CDCk) &
169.4, 164.4, 164.0, 158.3, 151.9, 142.25.8,132.9, 129.9,
127.5, 126.4, 123.2,21.2, 113.3, 99.9, 56.2, 55.1, 48.0, 47.9,
37.3, 33.0, 32.8, 25.6, 25.1, 24.8, 22.7, 2PRA(thin film):
2933, 1740, 1594, 1384, 1206 ¢mHRMS Calculated for
C30H3,C1N,O,: 520.2605, found: 520.2615

4.7.2.12: 2-((2-(4-acetylphenyl)pyrimidin-4-yl)(allyl)amino)-N-
cyclohexyl-2-phenylacetamidél). The product was obtained as
a yellow oil (30 mg, 63%) after chromatography olicaigel
(Et,O/EP 40:60)Rf (EL,O/EP 40:60) 0.2'H NMR (400 MH,,
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CDCly) 67.98 (d, 1HJ= 6.1Hy), 7.93 (d, 2HJ = 7.8 H;), 4.9. General procedure for the one-pot three-step fornmaid
7.29-7.23 (m, 5H), 7.20 (d, 2H,= 7.8H;), 6.27 (br s1H), diaminopyrimidines.
6.21 (d,1H,J =6.1Hz), 5.52 (br d, 1HJ= 8.8 Hz), 5.43-5.32 i )
(m, 1H), 4.93-4.85 (m, 1H), 4.01-3.87 (m, 1H), 3386 (m, To a solution of the alldehyde (1.0 mmol) in t.olue([lemL) under
1H), 2.52 (s, 3H), 1.85-1.72 (m, 2H),63-1.48m, 3H), 1.29- argon was successively added the amine (I.Q mmdxiég t
1.22 (m, 2H, 1.06-0.92 (m, 3H)®C NMR (100.6 MH, isocyanide (.0 mmol), anda (I.0 mmol). The resulting mixture
CDCl) 5196.9, 168.6, 164.0, 163.857.5 157.2,135.2 133.§ Was heated at 80 for 3 days before adding dichloromethane (|
133.2,130.0,129.6,128.9, 128.6, 121.8, 117.0, 100.6, 61.40L) at room temperature. The mixture was treated @idyuiv of
49.1, 48.7, 32.832.5, 26.6, 25.4, 24.8, 24.TR (thin fim): m-CPBA (3.0 mmol) and left at room temperature foh.5The
2933, 1737, 1594, 1489, 1213 TmMHRMS Calculated for second amine (3.0 equiv, 3.0 mmol) was then addet the

CyoHa,N,O,: 468.2525, found: 468.25309. mixture was left at room temperature for 20 min @idong-
enough to destroy the remainingCPBA) before increasing the
4.7.2.13: 2-((4-chlorobenzyl(2-(4-ethylphenyl)pyrimidin-4{eémperature up to 110, which led to the distillation of the DCM

yl)amino)-N-cyclohexyl-3-methylbutanamidémj. The product Out of the reaction mixture. After 7 hours, tolueves evaporated
was obtained as a green oil (39 mg, 77%) after chtognaphy under reduced pressure apd the crut_je material mmﬁaeptby
on silica gel (EO/EP 30:70)Rf (EL,O/EP 50:50) 0.4'H NMR flash chroma}tography on silica gel.. This procedu.as ap_phed to
(400 MH,, CDCL) 57.98 (d, 1H,J= 5.8 Hz), 7.19 (d, 2HJ the prepa_ratlon ng, 7b and7h which were obtained in 46, 43
= 8.1Hy), 7.14 (d, 2H,J = 8.3 Hy), 7.04 (d, 2H,J = 8.1 @and 48% isolated yields.

Hz), 6.93 (d, 2HJ = 8.3H), 5.82 @, 1H,J= 5.8 H2, 5.64
(br s, 1H), 4.76 (dLH, J= 17.4H;), 4.66 (br s, 1H), 4.45 (d,
1H,J = 17.4Hy), 3.59-3.48 (m, 1H), 2.60 (q, 2H,= 7.6
Hz), 2.35-2.19 (m, 1H), 1.75-1.67 (m, 1H), 1.64-1(4®,
4H), 1.26-1.13 (m, 5H), 1.11-1.05 (m, 1H), 0.999.8n,
2H), 0.81 (d, 3H.J = 6.3 Hz), 0.69 (d, 3H) = 6.3H,). °C
NMR (100.6 MH,, CDCkL) 6 168.8, 164.8, 164.0, 158.1, 151.1,
141.2,135.3 132.8,128.8, 128.7, 127.7, 121.9, 100.6, 63.7,
47.8,47.5, 33.1, 32.8, 2827.3, 25.5, 24.7, 19.6, 19.2, 15.8.
IR (thin film): 2933, 1737, 1594, 1489, 1208 tmHRMS  Relerencesand notes
Calculated for gH3;C1N,O: 504.2656, found: 504.2642.
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