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Inhibiting the interleukin 17 pathway is of interest in a number of autoimmune diseases. Herein, 42 fused
pyrimidines have been evaluated as interleukin 17 secretion inhibitors using a phenotypic assay with
peripheral blood mononuclear cells. 7H-Pyrrolo [2,3-d]pyrimidin-4-amines having aryl groups at C-5 or
C-6 were found more active than the corresponding thieno- and furopyrimidines. Low cytotoxicity was
seen for the most active inhibitors. However, the pyrrolopyrimidines also inhibit interleukin 5 secretion,
suggesting that selective interleukin 17 inhibitors should rather be based on furopyrimidines. Profiling
towards a panel of 51 kinases and assays towards the retinoic acid receptor-related orphan receptor
gamma were performed in order to identify the compounds mode of action.

© 2018 Elsevier Masson SAS. All rights reserved.
1. Introduction

Interleukin 17 (IL-17) is a pro-inflammatory cytokine involved in
host defence and pathogenic autoimmunity [1]. However, IL-17 is
also implicated in the pathology of a number of autoimmune dis-
eases such as arthritis, multiple sclerosis, psoriasis and inflamma-
tory bowel disease [2]. These pathways are highly complex and
several classes of lymphocytes secrete IL-17 [1]. Thus, up-stream
signalling leading to its secretion can be interrupted by a variety
of mechanisms. One known regulator of IL-17 secretion is the ret-
inoic acid receptor-related orphan receptor (ROR), and inhibitors
such as GNE-6468 towards the isoform RORc [3] and TAK-828F
towards RORgt [4,5] have been developed, Fig. 1. Moreover, clin-
ical trials on psoriasis are ongoing [6e8]. The JAK/STAT pathway,
which links to interleukin 23 has also been shown to affect IL-17
levels [9]. Among others, KD025 a selective Rho-associated kinase
2 (ROCK2) inhibitor acting via STAT3 has proved promising as IL-17
secretion inhibitor [10,11]. Other kinase inhibitors have also been
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evaluated for their effect on IL-17. Imatinib, possessing ABL, KIT,
PDGFR, DDR and CSF1R kinase inhibitory properties, reduced IL-17
production in splenocytes [12], Nintedanib decrease IL-17 levels in
a prostate cancer mice model [13], while Lapatinib, a dual EGFR/
HER2, inhibitor reduced IL-17 levels in a rat arthritis model [14]. In
contrast, Ibrutinib an irreversible BTK/ITK inhibitor was found to
increase IL-17 production [15]. It has also been found that the biaryl
compound 4SC-101, an inhibitor of dihydroorotate dehydrogenase,
blocks IL-17 production in lymphocytes [16,17]. Interleukin 6 (IL-6)
has also been found to affect IL-17 production [18]. Fig. 1 shows the
structures of some of these small molecular IL-17 secretion in-
hibitors. Herein, we describe the synthesis of 4,5-disubstituted
pyrrolopyrimidines and our initial discovery and investigation on
fused pyrimidines as IL-17 secretion inhibitors.
2. Result and discussion

2.1. Design of the study

In a phenotypic screen our previously identified EGFR inhibitor I
[19], proved to be a reasonable potent IL-17 secretion inhibitor with
an IC50 of 4.6 mM. Thus, the primary aimwas to identify more active
analogues based on the pyrimidine core, Fig. 2. Structures investi-
gated in this study includes thieno-, furo- and pyrrolopyrimidines.
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Fig. 1. Small molecular structures regulating IL-17 secretion: GNE-6468: RORc [3]; TAK-828 F: RORgt [5]; KD025: ROCK2 [10,11]; 4SC-101: dihydroorotate dehydrogenase inhibitor
[16,17]; Imatinib [12] and Lapatinib [14] with unknown mechanism.

Fig. 2. Lead thienopyrimidine structure I and structural variations investigated.
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Whereas most of the molecules have the 4,6-disubstituted pattern,
we also included 4,5-disubstituted pyrrolopyrimidines to extend
the structure-activity relationship data.
2.2. Synthesis

The new 4,6-disubstituted thieno- furo- and 4,6-disubstituted-
pyrrolopyrimidines were made mostly as previously described
[19e22] (see Supplementary Material), while the preparation
methods for the 4,5-disubstituted pyrrolopyrimidines are outlined
in Schemes 1e3. To evaluate 5-arylated pyrrolopyrimidines as IL-17
secretion inhibitors, we targeted structures containing variations at
N-7, C-4 and C-5. Firstly, 4-chloro-pyrrolo[2,3-d]pyrimidine was
iodinated at C-5 yielding 5-iodo-4-chloro-7H-pyrrolo[2,3-d]py-
rimidine (1) in 81e85% yield. The pyrrole nitrogenwas then reacted
to give the 2-(trimethylsilyl)ethoxymethyl- (SEM), N,N-dimethyle-
thylamine- and methyl derivatives 2-4, Scheme 1. Amination of 2 at
C-4 with (R)-1-phenylethylamine was then performed allowing
facile formation of compound 5 in 91% yield. As a note, attempts to
react the unprotected derivative 1 under similar conditions lead to
decomposition and a number of unidentified products indicating
limited stability of the starting material and the product. The
following Suzuki cross-couplings with two different arylboronic
acids gave isolated yields of 89 and 82%, respectively for the
advanced intermediates 6 and 7. Further, amination of 2 with 3-
chloro-4-((3-fluorobenzyl)oxy)aniline resulted in compound 8 in
81% yield. However, in contrast to the Suzuki cross-coupling to 6
and 7, the reaction to 9 with the XPhos system was extremely
sluggish. Later experiments showed that switching to [1,10-bis(di-
phenylphosphino)ferrocene]-dichloropalladium (II) as catalyst
makes this conversion unproblematic.

Compound 6 was then double deprotected using trifluoroacetic
acid (TFA) followed by ammonia in THF to give the aniline deriva-
tive 10 (Scheme 2), which was treated with propionyl chloride to
furnish the diacylated derivative 11. As acylated pyrroles are un-
stable compared to normal amides, hydrolysis at room temperature
selectively led to the mono acylated derivative 12.

The intermediate 7 was reacted under two different conditions.
Firstly, a sodium borohydride reduction of the aldehyde function
gave the corresponding alcohol 13. Secondly, compound 7 was
treated with N,N0-dimethylethylenediamine to give an imine de-
rivative, whichwas reduced to the amine 15. SEM-deprotectionwas
done by a two-step procedure. The first acidic step yielded a
mixture of the target product and the corresponding N-



Scheme 1. Synthesis of the advanced intermediates 2-4 and 6, 7 and 9.
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hydroxymethyl derivative. Then a basic second step converts the N-
hydroxymethyl compound to the target product. We found that the
second basic step in deprotection leading to 14 and 16was slowand
required the addition of more sodium hydroxide to go to comple-
tion. The use of other bases such as ammonia or sodium bicar-
bonate gave inferior results.

Compound 9 was deprotected by the same protocol, yielding
compound 17. Similarly, the intermediates 3 and 4 were reacted in
amination and Suzuki cross-coupling reactions to give the target
structures 19, 21, 23-25, 27 and 29 (See Scheme 3).

2.3. IL-17 secretion inhibitory activity and SAR

The phenotypic IL-17 secretion inhibitory assay was performed
using isolated peripheral blood mononuclear cells (PBMC). Prior to
addition of the test compounds the cells were stimulated by a
cocktail containing anti-human CD3 antibody, anti-human CD28
antibody, and interleukin 23 (IL-23). The compounds ability to
inhibit IL-17 secretion was monitored by a human IL-17 antibody.
Fig. 3 shows the inhibition data for the thirteen thienopyrimidines,
and nine furopyrimidines evaluated. In the thienopyrimidine series
we included structures having different amines and alcohols at C-4
and both hydrophilic and lipophilic substituents in the 6-aryl ring.
The most potent compounds had both a hydrogen bond donor in
the 4-amino group and in the para-position of the 6-aryl ring
(compounds 30 and I). Lower activity was seen for the 2,6-
dimethoxyphenyl analogue 33 and the aniline based structure 32.
An even more pronounced drop in activity was noted for other
substitution patterns at C-4 and C-6. Overall, the data revealed that
a benzylic amine at C-4, and a hydroxymethyl substituent in the 6-
aryl moiety were preferable for inhibiting IL-17 secretion.

Two furopyrimidine showed promising potency (compounds 42
and 49). They also had polar amine groups at C-4 and bear strong
structural resemblance with the most active thienopyrimidines
(comp. 30 and I). A drop in activity was evident for structures
having other amines at C-4 and more lipophilic substituents in the
6-aryl group (compounds 43-48 and 50).

The IL-17 secretion inhibition data for the 4,6- and 4,5-
disubstituted pyrrolopyrimidines is summarised in Fig. 4.

Overall, the pyrrolopyrimidine scaffold possessed higher
intrinsic activity for inhibiting IL-17 secretion than the thieno- and
furopyrimidines. In the 4,6-disubstituted series, most compounds
having a hydroxymethyl group in the para position of the 6-aryl
ring had activity. The highest inhibition was seen for 51 (IC50
1.4 mM) and the aniline based 52 (IC50 2.2 mM). The other aniline
containing structures, 54 and 55, had a low activity (IC50> 10 mM).
Interestingly, replacing the aromatic ring in the amine part with an
adamantly moiety also resulted in appreciable activity (compound
53). As compound 53was assayed as its racemate, higher activity is
likely to be found for one of the pure enantiomers. Ortho-methoxy
groups were also tolerated (comp 56-59), even in the absence of a
polar group at the 6-aryl ring and in the 4-amino group.



Scheme 2. Methodology used in preparation of derivatives 12, 14, 16 and 17.
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Evaluation of the 5-arylated pyrrolopyrimidines (Fig. 4, lower
part) also revealed interesting SAR data. Of the compounds having
an N,N-dimethylethylene moiety at N-7, the derivative with an
unsubstituted amine at C-4, compound 19 was very active, with an
IC50 of 1.2 mM. Compounds with other type of amines at C-4 (comp.
21 and 23) or different substituents at the 5-aryl group (comp. 24,
25 and 27) were inactive. Possibly, given its different structure,
derivative 19 inhibit IL-17 secretion by another mechanism than
the other derivatives. When the pyrrole nitrogenwas N-methylated
or unprotected and C-4 contained a benzylamine type substituent a
higher inhibitory effect was noticed (comp 12, 14 and 26). In
contrast, a bulky aniline as seen in derivative 17 was not tolerated.
Fig. 5 shows degree of inhibition as a function of test concentration
of the most potent compounds 12, 19, 49 and 51.
Fig. 6 summaries the SAR information gathered. At C-4 of the
core scaffold, amines were more suitable substituents than alco-
hols. Although, onemeta substituted aniline proved active, it appers
that benzylic type amines with a polar R1 group are preferable. The
pyrrolopyrimidines were found more active than furo- and thie-
nopyrimidine. The reason is probably not due to hydrogen bonding
caused by the pyrrole NH, as derivative 29 also showed activity.
Generally, employment of the larger N,N-dimethylethylamine
fragment at the pyrrole function led to loss of activity.

Concerning substituent effects in Fragment B, the aromatic ring
can be placed at both C-5 and C-6. Moreover, the data indicate that
polar substituents are the preferred substitution. A SAR disconti-
nuity was also observed, as compound 19 possessing an unsub-
stituted amine at C-4 and anN,N-dimethylethylamine at the pyrrole



Scheme 3. Synthesis of the target structures 19, 21, 23-25, 27 and 29.
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nitrogen proved active. Possibly, the mode of action of this com-
pound is different to that of the others.

2.4. Selectivity and toxicity profile

Interleukin 5 (IL-5) stimulates B cell growth and increases
immunoglobulin secretion by binding to the interleukin-5 receptor
[23]. Whereas IL-5 inhibitors are of clinical relevance in treatment
of asthma [24,25], it is a possible off target when developing IL-17
secretion inhibitors. To reveal if there were difference between the
furo-, thieno-, and pyrrolopyrimidine scaffolds in their ability to
inhibit IL-5 secretion, compounds I, 32, 42, 49, 51, and 57-59 were
assayed for their ability to interfere with IL-5 secretion. The IC50
values shown in Fig. 7 indicates that the furo- and thienopyr-
imidines generally have lower activity as IL-5 secretion inhibitors
than the pyrrolopyrimidines. Thus, if IL-17 selective inhibitors are
to be prepared further development of furopyrimidines seemsmost
promising.

The cytotoxicity in PBMC cells was evaluated for all the mole-
cules. Generally, the IC50 for cytotoxicity was >10 mM. The pyrro-
lopyrimidines 12, 19 and 51 were found more cytotoxic than 49. Of
the thienopyrimidines, the derivative 32, having the aniline frag-
ment from Lapatinib, was found most cytotoxic (IC50: 28 mM), see
Fig. 8.

In an attempt to identify mode of action, four of the more potent
compounds 12,19, 49 and 51were assayed in a panel of 51 kinase at
500 nM test concentration. Firstly, the datawas used to evaluate the
selectivity profile of the compounds by the Gini-method [26], see
Fig. 9.
As analysed by this method, compound 12 was least selective
towards different kinases, while the others had rather similar
average selectivity profile. A more detailed picture of the displayed
selectivity is shown in Fig. 10, which highlights those kinases
showing at least 20% inhibition towards any of the four compounds.
Data for inhibition of the other kinases are shown in the Supple-
mentary File.

None of the compounds inhibited kinases in the JAK-STAT
pathway including JAK2, PI3K or AKT (see Supplementary infor-
mation). Low inhibitionwas also seen towards IKBb (Fig. 10), which
can affect IL-17 expression via NFKb [9], and ROCK2 acting via
STAT3 [10,11].

Compound 19 having a primary amine at C-4 proved to be an
efficient RET inhibitor, but also possessing high ABL1, YES1, BTK and
SRC activity. RET and Src signalling via STAT3 have been found of
importance in oncogenesis [27e29], and this might explain the IL-
17 secretion inhibitory properties of compound 19. On the other
hand BTK was also inhibited, which previously have been found to
increase IL-17 production [15]. No activity was seen towards the
HER family of receptors for this derivative. Compound 51 had lower
RET activity and no BTK activity, but displayed good inhibitory
properties towards ABL1, YES and SRC. Additionally, it inhibits the
HER family of receptors and the colony stimulated growth factor
receptor 1 kinase (CSF1R). Interestingly, CSF1R antibodies prohib-
iting binding of both interleukin-34 and colony stimulated growth
factor 1 led to decreased expression of IL-6 [30], a known activator
of IL-17 [18]. The 5-arylated pyrrolopyrimidine 12 and the furo-
pyrimidine 49, displayed low activity towards most of the kinases
except EGFR. Although there are no documented links between



Fig. 3. Thienopyrimidine and furopyrimidine structures assayed for IL-17 secretion inhibition activity. Colour codes: green IC50� 4 mM; yellow: IC50: 4.1e10 mM; red: IC50> 10 mM.
For variance in IC50 see the Supplementary file. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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EGFR and IL-17 secretion, EGFR is known to signal via STAT3
[31e33], which could explain the activity seen for compounds 12,
49 and 51.

One of the known effectors of IL-17 secretion is RORg. A RORg
assay was performed on 25 of the compounds. The assay includes a
control assay, which monitors the compounds ability to interfere
with the assay. Of the molecules evaluated, the pyrrolopyrimidine
12 showed some inhibition of RORg. However, as the inhibition of
the control reporter gene was within a factor 2, it can not be firmly
concluded that this is the mode of action exerted by compound 12.
Thus, further investigations are needed to understand and confirm
the effects of these IL-17 secretion inhibitors.
3. Conclusion

Inhibiting the release of interleukin 17 is a strategy to combat
inflammations and autoimmune diseases. Employing in-house li-
brary compounds and the synthesis of new materials, we have
evaluated 42 compounds for their ability to inhibit interleukin 17
secretion. The most potent derivatives had polar functionality both
in the 4-amino side chain and as substituents at the 6-aryl ring.
Generally, 7H-pyrrolo [2,3-d]pyrimidin-4-amines having aryl
groups at C-5 or C-6 were found more active than the corre-
sponding thieno- and furopyrimidines. Additionally, one 5-arylated
compound 3-(4-amino-7-(2-(dimethylamino)ethyl)-7H-pyrrolo



Fig. 4. IL-17 secretion inhibition testing of pyrrolopyrimidines (IC50 in mM). Colour codes: green IC50� 4 mM; yellow: IC50: 4.1e10 mM; red: IC50> 10 mM. For variance in IC50 see the
Supplementary file. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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[2,3-d]pyrimidin-5-yl)phenol (19), with a totally different structure
was found active. Thus, most likely two different mechanisms are
involved. The cytotoxicity assays performed suggests that the pyr-
rolopyrimidine based inhibitors are more cytotoxic than the furo-
and thienopyrimidines. The pyrrolopyrimidines also inhibit inter-
leukin 5 secretion with equal or better potency. This might indicate
that selective interleukin 17 inhibitors should rather be based on
furo- or thienopyrimidines. Assay towards the retinoic acid
receptor-related orphan receptor gamma indicated that this is not
the mode of action for this compound class. In the search for other
plausible mechanism, profiling of four different IL-17 secretion in-
hibitors towards a panel of 51 kinases was performed. The atypical
compound 19 proved to be a RET kinase inhibitor, which might
exert its effect on IL-17 secretion via STAT3 signalling. Although
there are no obvious kinase link to IL-17 secretion for compounds
12, 49 and 51, their action might be due to up-stream inhibition of
EGFR and effects on STAT3.
4. Experimental

4.1. General

K2CO3, Pd(PPh3)4, NaBH4, N-iodosuccinimide, 2-chloro-N,N-
dimethylethan-1-amine hydrochloride, all amines and arylboronic
acid were from Sigma-Aldrich. 4-Chloro-7H-pyrrolo [2,3-d]pyrim-
idine was made in-house [34]. Compound I [19]; 33 and 36 [35];
34-35 [36]; 37 [20]; 38-40 [37]; 42-49 [21]; 51 and 56-58 [34]; and
59 [22], were prepared previously in the group. Silica-gel column
chromatography was performed using silica-gel 60 A from Fluka,
pore size 40e63 mm. Celite 545 from Fluka was also used.

4.2. Analyses

1H and 13C NMR spectra were recorded with Bruker Avance 600
and 400 spectrometers, operating at 600/400MHz and 150/



Fig. 5. IL-17 secretion inhibition as a function of inhibitor concentration. Dark blue: comp.12 (6� 10 point titration), green: comp.19 (6� 10 point titration), black. Comp. 49 (4� 10
point titration), red: comp. 51 (3� 10 point titration). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

Fig. 6. SAR on IL-17 secretion inhibitors.

Fig. 7. IL-5 secretion inhibition (IC50 in mM) for different scaffolds. Colour codes: green IC50� 4 mM; yellow: IC50: 4.1e10 mM; red: IC50> 10 mM. (For interpretation of the references
to colour in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 8. Examples of cytotoxicity assay for compounds 12, 19, 32, 49 and 51.

Fig. 9. Gini-plot of compounds 12, 19, 49 and 51, Gini-coefficients: comp 51: 0.648; comp. 12: 0.556; comp. 19: 0.619; comp. 49: 0.663.

A.C. Reiersølmoen et al. / European Journal of Medicinal Chemistry 155 (2018) 562e578570
100MHz for 1H and 13C, respectively. 19F NMR was performed on a
Bruker Avance 500 operating at 564MHz. For 1H and 13C NMR
chemical shifts are in ppm rel. to DMSO‑d6, while for 19F NMR the
shift values are relative to hexafluorobenzene. Coupling constants
are in hertz. HPLC (Agilent 110-Series) with a G1379A degasser,
G1311A Quatpump, G1313A ALS autosampler and a G1315D Agilent
detector (230 nm) was used to determine the purity of the syn-
thesised compounds. Conditions: Poroshell C18 (100� 4.6mm)
column, flow rate 0.8mL/min, elution starting with water/CH3CN
(90/10), 5min isocratic elution, then linear gradient elution for
35min ending at CH3CN/water (100/0). The software used with the
HPLC was Agilent ChemStation. Accurate mass determination (ESI)
was performed on an Agilent G1969 TOF MS instrument equipped
with a dual electrospray ion source. Accurate mass determination
in positive and negative mode was performed on a “Synapt G2-S”
Q-TOF instrument fromWaters. Samples were ionized by the use of
an ASAP probe, no chromatography separation was used before the
mass analysis. FTIR spectra were recorded on a Thermo Nicolet
Avatar 330 infrared spectrophotometer. All melting points are un-
corrected andmeasured by a Stuart automaticmelting point SMP40
apparatus. Optical rotation was measured with a PerkinElmer In-
struments Model 341 Polarimeter.

4.3. Synthesis

4.3.1. General procedure for Suzuki-cross coupling
To a mixture of the selected arylboronic acid (0.610mmol, 1.2

equiv.), K2CO3 (1.53mmol, 3 equiv.), XPhos (0.0250mmol, 0.05
equiv.), 2nd generation XPhos pre-catalyst (0.0250mmol, 0.05
equiv.), and the selected 4-amino-5-iodo-7H-pyrrolo [2,3-d]py-
rimidine (0.511mmol, 1 equiv.) in 1,4-dioxane (3mL) was added
water (3mL) under a nitrogen atmosphere. The reaction mixture
was stirred at 100 �C until complete conversion. The solvent was
removed before water (15mL) and EtOAc (25mL) were added, the



Fig. 10. Degree of inhibition for 12, 19, 49 and 51 towards 19 of the kinases sorted by the activity displayed by compound 19.
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phases were separated and the water phase was extracted with
more EtOAc (3� 20mL). The combined organic phases were
washed with brine (20mL), dried over Na2SO4, filtered and
concentrated. Purification was as stated for each individual
compound.

4.3.2. 5-Iodo-4-chloro-7H-pyrrolo[2,3-d]pyrimidine (1) [38,39]
N,N-Dimethylformamide (DMF) (47mL) was added to a mixture

of 4-chloro-7H-pyrrolo[2,3-d]pyrimidine (4.60 g, 29.8mmol) and
N-iodosuccinimide (6.82 g, 30.3mmol) under a nitrogen atmo-
sphere. The solution was stirred at 22 �C for 2.5 h before the
mixture was poured into ice water (150mL). The precipitate was
filtered, washed with water and n-pentane and dried to give 7.05 g
(25.2mmol, 85%) of 1 as a pale brown powder; mp. 187e188 �C
(dec.) (lit [39]. 196e199 �C), Rf¼ 0.16 (n-pentane/EtOAc, 10/1). 1H
NMR (400MHz, DMSO‑d6): 12.94 (br s, 1H), 8.59 (s, 1H), 7.94 (d,
J¼ 2.5, 1H). The spectroscopic data corresponded well with that
reported previously [39].

4.3.3. 4-Chloro-5-iodo-7-((2-(trimethylsilyl)ethoxy)methyl)-7H-
pyrrolo[2,3-d]pyrimidine (2) [40]

DMF (66mL) was added to a mixture of compound 1 (2.00 g,
7.15mmol) and sodium hydride (243mg, 10.1mmol) under nitro-
gen atmosphere. The reaction mixture was cooled to 0 �C and
stirred for 30min. 2-(Trimethylsilyl)-ethoxymethyl chloride
(1.70mL, 9.58mmol) was added dropwise over 45min and stirred
at 22 �C for 1.5 h. Water (150mL) and EtOAc (150mL) was added to
the reaction mixture, the phases were separated, and the water
phase was extracted with more EtOAc (2� 150mL). The combined
organic phases were dried over Na2SO4, filtered, and concentrated
in vacuo. The product was purified by silica-gel column chroma-
tography (n-pentane/EtOAc, 1/1, Rf¼ 0.78) to give 2.74 g
(10.0mmol, 86%) of a pale yellow powder; mp. 98e104 �C; 1H NMR
(400MHz, DMSO‑d6): 8.69 (s, 1H), 8.13 (s, 1H), 5.60 (s, 2H), 3.51 (t,
J¼ 8.1, 2H), 0.82 (t, J¼ 8.1, 2H),�0.10 (s, 9H). The spectroscopic data
corresponded with that reported previously [40].

4.3.4. 2-(4-Chloro-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-N,N-
dimethylethan-1-amine (3)

Compound 1 (1.48 g, 5.30mmol), Cs2CO3 (3.67 g, 11.3mmol) and
2-chloro-N,N-dimethylethan-1-amine hydrochloride (0.87 g,
6.05mmol) were dissolved in DMF (50mL) under a nitrogen at-
mosphere. The reaction mixture was stirred for 14 h at 35 �C,
quenched in saturated NaHCO3-solution (100mL) and extracted
with EtOAc (7� 100mL). The combined organic phases were
washed with brine (100mL), dried over anhydrous Na2SO4, filtered
and concentrated in vacuo. The product was isolated by silica-gel
column chromatography (CH2Cl2/MeOH, 93/7, Rf¼ 0.26). Drying
gave 1.45 g (4.13mmol, 78%) of 3 as awhite powder; mp. 80e81 �C;
1H NMR (600MHz, DMSO‑d6): 8.63 (s, 1H), 8.02 (s, 1H), 4.35 (t,
J¼ 6.3, 2H), 2.66 (t, J¼ 6.3, 2H), 2.15 (s, 6H); 13C NMR (150MHz,
DMSO‑d6): 150.8, 150.5, 150.2, 136.7, 116.0, 58.0, 51.0, 45.0 (2C),
42.4; IR (neat, cm�1): 2940 (w, br), 2764 (w, br), 1584 (s), 1538 (m),
1444 (m), 1335 (s), 1184 (s), 945 (s), 774 (m); HRMS (APCI/ASAPþ,
m/z): found 350.9874 (calcd. C10H13N4ClI, 350.9873, [MþH]þ).

4.3.5. 4-Chloro-5-iodo-7-methyl-7H-pyrrolo[2,3-d]pyrimidine (4)
[41]

Compound 1 (151mg, 0.540mmol) and Cs2CO3 (209mg,
0.641mmol) were dissolved in DMF (3mL) under a nitrogen at-
mosphere. Methyl iodide (0.54mL, 1.07mmol) was added over
30min. The reaction mixture was stirred for 3 h at 22 �C at which
time the reaction mixture was quenched in saturated NaHCO3-so-
lution (30mL). The aqueous phase was extracted with EtOAc
(3� 30mL). The combined organic phases were washed with brine
(20mL), dried over anhydrous Na2SO4, filtered and concentrated in
vacuo. The product was isolated by silica-gel column chromatog-
raphy (CH2Cl2/MeOH, 49/1, Rf¼ 0.60). Drying gave 128mg
(0.436mmol, 81%) of 4 as a white powder, mp. 185 �C; 1H NMR
(400MHz, DMSO‑d6): 8.65 (s, 1H), 7.98 (s, 1H), 3.83 (s, 3H); 13C NMR
(100MHz, DMSO‑d6): 151.3, 151.2, 150.8, 137.9, 116.5, 51.3, 32.0;
HRMS (APCI/ASAPþ, m/z): found 293.9295 (calcd. C7H6N4ClI,
293.9295, [MþH]þ). The spectroscopic data corresponded well
with that reported previously [41].

4.3.6. (R)-5-Iodo-N-(1-phenylethyl)-7-((2-(trimethylsilyl)ethoxy)
methyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine (5)

(R)-1-Phenylethylamine (0.93mL, 7.22mmol) and n-BuOH
(20mL) were added to compound 2 (1.03 g, 2.51mmol) under a
nitrogen atmosphere. The reaction mixture was stirred at reflux for
3.5 h. The reaction mixture was then cooled to 22 �C and concen-
trated. Water (50mL) and EtOAc (75mL) were added and the water
phase was extracted with more EtOAc (3� 100mL). The combined
organic phases were dried over Na2SO4, filtered and concentrated
in vacuo. The crude product was purified by silica-gel column
chromatography (n-pentane/EtOAc, 3/1, Rf¼ 0.59) to give 5 as a
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yellow oil, 1.14 g (2.30mmol, 91%); ½a�20D ¼�73.4 (c 1.01, CHCl3); 1H
NMR (400MHz, DMSO‑d6): 8.19 (s, 1H), 7.60 (s, 1H), 7.44e7.42 (m,
2H), 7.35e7.33 (m, 2H), 7.27e7.23 (m, 1H), 6.53e6.51 (m, 1H), 5.46
(s, 2H) 5.50e5.43 (m, 1H), 3.38 (t, J¼ 8.1, 2H), 1.57 (d, J¼ 6.9, 3H),
0.80 (t, J¼ 8.1, 2H), �0.10 (s, 9H); 13C NMR (100MHz,
DMSO‑d6):155.9, 153.0, 150.7, 145.1, 130.7, 129.5 (2C), 127.9, 126.7
(2C), 103.5 73.1, 66.5, 51.9, 50.2, 23.8, 18.0, �0.5 (3C); IR (neat,
cm�1): 3405 (w), 2947 (w, br), 1593 (s), 1547 (s), 1466 (m), 1075 (s),
928 (m), 831 (s), 694 (s), 651 (m); HRMS (APCI/ASAPþ, m/z): found
495.1075, (calcd C20H28N4OSiI, 495.1077, [MþH]þ).

4.3.7. tert-Butyl-(R)-(4-(4-((1-phenylethyl)amino)-7-((2-
(trimethylsilyl)ethoxy)methyl)-7H-pyrrolo[2,3-d] pyrimidin-5-yl)
phenyl)carbamate (6)

The synthesis was performed as described in Section 4.3.1, and
starting with compound 5 (350mg, 0.707mmol) and 4-(N-Boc-
amino)phenylboronic acid (203mg, 0.856mmol). The reaction
time was 10min. Purification by silica-gel column chromatography
(n-pentane/EtOAc, 3/1, Rf¼ 0.67) gave 352mg (0.629mmol, 89%) of
a white solid; ½a�20D ¼�124.7 (c 1.08, CHCl3); 1H NMR (400MHz,
DMSO‑d6): 9.49 (s, 1H), 8.20 (s, 1H), 7.59e7.57 (ap.d, 2H), 7.40e7.31
(ap.d, 2H), 7.37 (s, 1H), 5.76 (s, 2H), 7.31e7.26 (m, 4H), 7.23e7.19 (m,
1H), 5.57e5.56 (m, 1H), 5.39e5.32 (m, 1H), 3.54 (t, J¼ 8.1, 2H), 1.50
(s, 9H), 1.39 (d, J¼ 6.9, 3H), 0.83 (t, J¼ 8.1, 2H), �0.08 (s, 9H); 13C
NMR (100MHz, DMSO‑d6): 155.3, 152.7, 151.8, 150.3, 144.3, 138.8,
128.9 (2C), 128.4 (2C), 127.8, 126.8, 125.7 (2C), 123.0, 118.5 (2C),
115.6, 100.4, 79.2, 72.2, 65.5, 49.5, 28.1 (3C), 23.0, 17.1, �1.4 (3C);
HRMS (APCI/ASAPþ, m/z): found 560.3057, (calcd C31H42N5O3Si,
560.3057, [MþH]þ).

4.3.8. (R)-2-Fluoro-5-(4-((1-phenylethyl)amino)-7-((2-
(trimethylsilyl)ethoxy)methyl)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)
benzaldehyde (7)

The synthesis was performed as described in Section 4.3.1
starting with compound 5 (399mg, 0.808mmol) and 4-fluoro-3-
formylphenylboronic acid (163mg, 0.969mmol). The reaction
time was 2 h. Purification by silica-gel column chromatography (n-
pentane/EtOAc, 3/1, Rf¼ 0.53) and drying gave the product 7 as a
yellow oil, 325mg (0.662mmol, 82%), ½a�20D ¼�143.2 (c 1.02,
DMSO); 1H NMR (600MHz, DMSO‑d6): 10.27 (s, 1H), 8.23 (s, 1H),
7.93e7.92 (m,1H), 7.88e7.86 (m,1H), 7.58 (s,1H), 7.54e7.51 (m,1H),
7.34e7.32 (m, 2H), 7.28e7.26 (m, 2H), 7.21e7.18 (m, 1H), 5.83e5.82
(m, 1H), 5.55 (s, 2H), 5.42e5.37 (m, 1H), 3.55 (t, J¼ 8.1, 2H), 1.41 (d,
J¼ 6.9, 3H), 0.83 (t, J¼ 8.1, 2H), �0.08 (s, 9H); 13C NMR (150MHz,
DMSO‑d6): 187.8 (d, J¼ 4.4), 162.4 (d, J¼ 257.9), 155.3, 151.9, 150.8,
144.6, 136.3 (d, J¼ 9.0), 131.4 (d, J¼ 3.0), 128.7, 128.2 (2C), 126.6,
126.0 (2C), 124.2, 123.8 (d, J¼ 8.8), 117.4 (d, J¼ 20.6), 113.9, 100.0,
72.3, 65.6, 49.7, 22.5, 17.1, �1.4 (3C); 19F NMR (376MHz, DMSO‑d6,
C6F6):�125.5 (s, dec.); IR (neat, cm�1): 3434 (w), 2956 (w, br), 1699
(m), 1558 (m), 1465 (m), 1252 (m), 1184 (m), 1075 (m), 831 (s), 696
(s); HRMS (APCI/ASAPþ, m/z): found 491.2272, (calcd
C27H32N4O2FSi, [MþH]þ).

4.3.9. N-(3-Chloro-4-((3-fluorobenzyl)oxy)phenyl)-5-iodo-7-((2-
(trimethylsilyl)ethoxy)methyl)-7H-pyrrolo[2,3-d]pyrimidin-4-
amine (8)

3-Chloro-4-((3-fluorobenzyl)oxy)aniline (333mg, 1.32mmol)
and n-BuOH (10mL) were added to compound 2 (257mg,
0.630mmol) under a nitrogen atmosphere. The reaction mixture
was refluxed for 2.5 h. Water (15mL) and EtOAc (15mL) were
added and phase separated. The water phase was extracted with
more EtOAc (2� 15mL). The combined organic phases were dried
over anhydrous Na2SO4, filtered and concentrated in vacuo. The
crude product was purified by silica-gel column chromatography
(n-pentane/EtOAc, 3/1, Rf¼ 0.65) and dried to give a light brown oil,
318mg (0.509mmol, 81%); 1H NMR (600MHz, DMSO‑d6): 8.36 (s,
1H), 8.20 (s, 1H), 7.973e7.966 (m, 1H), 7.74 (s, 1H), 7.56e7.53 (m,
1H), 7.49e7.44 (m, 1H), 7.33e7.29 (m, 2H), 7.25e7.23 (m, 1H),
7.20e7.15 (m, 1H), 5.51 (s, 2H), 5.24 (s, 2H), 3.51 (t, J¼ 8.1, 2H), 0.83
(t, J¼ 8.1, 2H), �0.08 (s, 9H); 13C NMR (150MHz, DMSO- d6): 162.2
(d, J¼ 243.7), 153.4, 151.6, 150.3, 149.3, 139.7 (d, J¼ 7.9), 132.9, 131.2,
130.6 (d, J¼ 8.9), 123.3 (d, J¼ 2.2), 122.7, 121.3, 120.9, 114.7 (d,
J¼ 20.6), 114.6, 114.0 (d, J¼ 21.9), 103.7, 72.2, 69.4 (d, J¼ 1.5), 65.7,
51.0, 17.1, �1.4 (3C); 19F NMR (376MHz, DMSO‑d6, C6F6): �115.4 (s,
dec.); IR (neat, cm�1): 3377 (w), 2940 (w, br),1605 (s),1564 (s),1501
(s), 1465 (s), 1247 (m), 1081 (s), 831 (s); HRMS (APCI/ASAPþ, m/z):
found 625.0690, (calcd C25H28N4O2FClSi, 625.0699, [MþH]þ).

4.3.10. 3-(4-((3-Chloro-4-((3-fluorobenzyl)oxy)phenyl)amino)-7-
((2-(trimethylsilyl)ethoxy)methyl)-7H-pyrrolo[2,3-d] pyrimidin-5-
yl)phenol (9)

Compound 9 was made as described in Section 4.3.1 starting
with compound 8 (111mg, 0.178mmol) and (3-hydroxyphenyl)
boronic acid (156mg, 0.250mmol). The reaction mixture was stir-
red at 100 �C for 67 h without going to completion. Silica-gel col-
umn chromatography (n-pentane/EtOAc,13/7, Rf¼ 0.65) and drying
gave the product 9 as a clear oil, 51mg (0.087mmol, 45%); 1H NMR
(600MHz, DMSO‑d6): 9.66 (s, 1H), 8.40 (s, 1H), 7.89 (d, J¼ 2.7, 1H),
7.57 (s, 1H), 7.56 (s, 1H), 7.47e7.44 (m, 1H), 7.34e7.27 (m, 4H),
7.19e7.15 (m, 2H), 6.99e6.97 (m, 1H), 6.95e6.94 (m, 1H), 6.82e6.80
(m, 1H), 5.59 (s, 2H), 5.21 (s, 2H), 3.58 (t, J¼ 8.1, 2H), 0.85 (t, J¼ 8.1,
2H), �0.07 (s, 9H); 13C NMR (150MHz, DMSO‑d6): 162.2 (d,
J¼ 245.2),157.9, 153.5, 151.3, 150.9, 148.9, 139.7 (d, J¼ 7.8), 135.4,
133.5, 130.5 (d, J¼ 8.2), 130.2, 124.5, 123.3 (d, J¼ 3.3), 122.0, 121.3,
120.1, 119.2, 115.9, 115.3, 114.8, 114.7 (d, J¼ 22.0), 114.3, 114.0 (d,
J¼ 22.0), 101.1, 72.3, 69.4, 65.7, 17.2, �1.4 (3C); 19F NMR (376MHz,
DMSO‑d6, C6F6):�115.4 (s, dec.); IR (neat, cm�1): 3362 (w), 2914 (w,
br), 1607 (m), 1563 (m), 1496 (m), 1470 (m), 1446 (m), 1289 (m),
1216 (m), 1082 (s), 1015 (m), 841 (m), 784 (s), 681 (m), 587 (m);
HRMS (APCI/ASAPþ, m/z): found 590.1907, (calcd C31H32N4O3FSiCl,
590.1916, M.þ).

4.3.11. (R)-5-(4-Aminophenyl)-N-(1-phenylethyl)-7H-pyrrolo-[2,3-
d]pyrimidin-4-amine (10)

Compound 6 (334mg, 0.597mmol) was double deprotected by
mixing with CH2Cl2 (10mL) and TFA (3mL, 39.3mmol) under a
nitrogen atmosphere. The mixture was stirred at 50 �C for 3 h
before the solvent was removed and MeOH (15mL) and NH3-so-
lution (15mL, 25%) was added. The reaction mixture was stirred
18 h before the solvent was removed. Work-up and purification by
silica-gel column chromatography (EtOAc, Rf¼ 0.20) gave 167mg
(0.503mmol, 86%) of a yellow powder, mp. 138e140 �C; ½a�20D
¼�198.0 (c 0.99, CHCl3). 1H NMR (400MHz, DMSO‑d6): 11.63 (s,
1H), 8.10 (s, 1H), 7.32e7.19 (m, 5H), 7.16e7.13 (ap.d, 2H), 7.04e7.05
(m,1H), 6.68e6.66 (ap.d, 2H), 5.51e5.49 (m,1H), 5.39e5.32 (m,1H),
5.21 (s, 2H), 1.37 (t, J¼ 6.9, 3H); 13C NMR (100MHz, DMSO‑d6):
155.3, 151.3, 150.3, 147.9, 144.5, 129.5 (2C), 128.4 (2C), 126.7, 125.7
(2C), 121.9, 118.8, 115.9, 114.1 (2C), 100.5, 49.1, 23.3; IR (neat, cm�1):
3403 (w), 3112 (w, br), 1584 (s), 1465 (m); HRMS (APCI/ASAPþ, m/
z): found 330.1714, (calcd C20H20N5, 330.1719, [MþH]þ).

4.3.12. (R)-N-(4-(4-((1-Phenylethyl)amino)-7-propionyl-7H-
pyrrolo-[2,3-d]pyrimidin-5-yl)phenyl)propionamide (11)

Compound 10 (155mg, 0.470mmol) was dissolved in CH2Cl2
(3mL) and N,N-diisopropylethylamine (0.100ml, 0.560mmol) and
cooled to 0 �C. Propinoyl chloride (0.0450mL, 0.520mmol) was
added dropwise under a nitrogen atmosphere. The reaction
mixture was stirred for 2 h before the reaction was quenched with
saturated aqueous NaHCO3 (30mL). EtOAc (50mL) was added, the
phases separated, and the water phase was extracted with more
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EtOAc (3� 30mL). The combined organic phases were dried over
Na2SO4 and concentrated in vacuo. Silica-gel column chromatog-
raphy (EtOAc, Rf¼ 0.65) gave 154mg (0.350mmol, 74%) of 11 as a
white powder, mp. 95e97 �C; ½a�20D ¼�136.2 (c 1.02, CHCl3); 1H
NMR (400MHz, DMSO‑d6): 10.04 (s, 1H), 8.35 (s, 1H), 7,68 (s, 1H),
7.76e7.74 (ap.d, 2H), 7.46e7.49 (ap.d, 2H), 7.31e7.20 (m, 5H),
5.67e5.65 (m, 1H), 5.37.5.39 (m, 1H), 3.45 (q, J¼ 7.2, 2H), 2.37 (q,
J¼ 7.5, 2H), 1.38 (d, J¼ 6.9, 3H), 1.19 (t, J¼ 7.3, 3H), 1.11 (t, J¼ 7.5,
3H); 13C NMR (100MHz, DMSO‑d6): 172.3, 172.2, 155.5, 153.1, 150.4,
143.9, 139.4, 129.1 (2C), 128.4 (2C), 127.1, 126.9, 125.7 (2C), 119.3,
119.2 (2C), 118.7, 103.0, 49.7, 31.0, 29.6, 22.8, 9.6, 8.5; IR (neat,
cm�1): 3418 (w), 3294 (w, br), 2971 (w), 2353 (w), 1720 (w), 1595
(s), 1543 (s), 1403 (m), 1278 (m); HRMS (APCI/ASAPþ, m/z): found
442.2238, (calcd C26H28N5O2, 442.2243, [MþH]þ).
4.3.13. (R)-N-(4-(4-((1-Phenylethyl)amino)-7H-pyrrolo[2,3-d]
pyrimidin-5-yl)phenyl)propionamide (12)

The diacylated compound 11 (95.7mg, 0.217mmol) was dis-
solved in THF (4mL) and NaOH (0.15mL, 5M) under a nitrogen
atmosphere and stirred at 22 �C for 2 h. The mixture was diluted in
water (10mL) and EtOAc (20mL), the phases were separated and
the water phase was extracted with more EtOAc (3� 20mL). The
combined organic phases were dried over Na2SO4 and concentrated
in vacuo. Purification by silica-gel column chromatography
(CH2Cl2/MeOH, 9/1, Rf¼ 0.57) gave 66.7mg (0.173mmol, 80%) of a
white soild, mp. 126.4e128.4 �C; HPLC purity: 92%, tR¼ 19.4min;
½a�20D ¼�189.5 (c 1.02, DMSO); 1H NMR (400MHz, DMSO‑d6): 11.81
(s, 1H), 9.97 (s, 1H), 8.14 (s, 1H), 7.72e7.70 (ap.d, 2H), 7.43e7.41
(ap.d, 2H), 7.32e7.26 (m, 4H), 7.23e7.19 (m, 1H), 7.21e7.20 (m, 1H),
5.48e5.46 (m, 1H), 5.40e5.33 (m, 1H), 2.35 (q, J¼ 7.5, 2H), 1.39 (d,
J¼ 6.9, 3H), 1.11 (t, J¼ 7.5, 3H); 13C NMR (100MHz, DMSO‑d6):
172.0, 155.2, 151.5, 150.7, 144.5, 138.3, 129.5, 128.9 (2C), 128.4 (2C),
126.8, 125.7 (2C), 119.9, 119.3 (2C), 115.1, 100.1, 49.3, 29.5, 23.0, 9.7;
IR (neat, cm�1): 3423 (w), 3016 (w, br), 1579 (s), 1533 (m), 1464 (m),
1299 (w); HRMS (APCI/ASAPþ, m/z): found 386.1987 (calcd.
C23H24N5O, 386.1981 [MþH]þ).
4.3.14. (R)-(2-Fluoro-5-(4-((1-phenylethyl)amino)-7-((2-
(trimethylsilyl)ethoxy)methyl)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)
phenyl)methanol (13)

Sodium borohydride (35mg, 0.917mmol) was added to com-
pound 7 (128mg, 0.247mmol) dissolved in a mixture of MeOH
(7.5mL) and THF (15mL) under a nitrogen atmosphere. The reac-
tion mixture was stirred at 22 �C for 3 h at which time the solvent
was removed. Water (20mL) was added, and the mixture was
extracted with EtOAc (3� 20mL). The combined organic phases
were washed with brine (20mL), dried over anhydrous Na2SO4,
filtered and concentrated in vacuo. Purification by silica-gel column
chromatography (CH2Cl2/MeOH, 19/1, Rf¼ 0.16) gave 13 as a clear
oil, 113mg (0.230mmol, 93%), ½a�20D ¼�106.7 (c 0.92, DMSO); 1H
NMR (600MHz, DMSO‑d6): 8.28 (s, 1H), 7.64e7.62 (m, 1H), 7.51 (s,
1H), 7.42e7.40 (m, 1H), 7.33e7.29 (m, 4H), 7.28e7. 25 (m, 1H),
7.24e7.21 (m, 1H), 5.92 (s, 1H), 5.56 (s, 2H), 5.36e5.32 (m, 1H), for
CH2-OH AB-system: dA¼ 4.64 (1H), dB¼ 4.59 (1H), JAB¼ 13.9, 3.56
(t, J¼ 8.1, 2H), 1.45 (d, J¼ 6.9, 3H), 0.84 (t, J¼ 8.1, 2H), �0.07 (s, 9H);
13C NMR (150MHz, DMSO‑d6): 158.9 (d, J¼ 244.8), 154.2, 150.3,
149.7, 143.7, 130.1 (d, J¼ 2.2), 129.8 (d, J¼ 15.5), 128.8 (d, J¼ 4.6),
128.6 (d, J¼ 8.7), 128.4 (2C), 126.9, 125.9 (2C), 124.0, 115.7, 115.6 (d,
J¼ 22.0), 100.0, 72.5, 65.7, 56.6 (d, J¼ 3.4), 50.1, 22.5, 17.1, �1.4 (3C);
19F NMR (376MHz, DMSO‑d6, C6F6): �124.4 (s, dec.); IR (neat,
cm�1): 3382 (w), 2951 (w, br), 1579 (m), 1455 (m), 1174 (m), 1081
(m), 831 (s), 691 (s); HRMS (APCI/ASAPþ, m/z): found 493.2431
(calcd. C27H34N4O2FSi, 493.2435, [MþH]þ).
4.3.15. (R)-(2-Fluoro-5-(4-((1-phenylethyl)amino)-7H-pyrrolo[2,3-
d]pyrimidin-5-yl)phenyl)methanol (14)

Compound 13 (108mg, 0.226mmol) was dissolved in CH2Cl2
(10mL) and TFA (1mL) under a nitrogen atmosphere and stirred at
45 �C for 3 h. The solvent was removed before THF (8mL) and NaOH
(0.34mL, 2.0M) were added. The mixture was stirred for 19 h
before additional NaOH (0.34mL, 2.0M) was added, and the
mixture was stirred for 3 additional hours. Then the solvent was
removed, water (20mL) was added, and themixture extractedwith
EtOAc (2� 20mL). The combined organic phases were washed
with brine (20mL), dried over anhydrous Na2SO4, filtered and
concentrated in vacuo. The crude product was purified by silica-gel
column chromatography (CH2Cl2/MeOH, 10/1, Rf¼ 0.37) to give the
product 14 as a pale powder, 51mg (0.148mmol, 65%), mp.
97e98 �C (dec.); HPLC purity: 92%, tR¼ 18.1min; ½a�20D ¼�186.7 (c
1.00, DMSO); 1H NMR (600MHz, DMSO‑d6): 11.86 (s, 1H), 8.15 (s,
1H), 7.62e7.61 (m, 1H), 7.42e7.40 (m, 1H), 7.32e7.27 (m, 4H),
7.26e7.23 (m, 2H), 7.22e7.19 (m, 1H), 5.47e5.45 (m, 1H), 5.37e5.36
(m, 1H), 5.35e5.32 (m, 1H), for CH2-OH ABX-system: dA¼ 4.64
(1H), dB¼ 4.57 (1H), JAB¼ 3.9, JAX¼ 5.6, JBX¼ 5.4, 1.41 (d, J¼ 6.9,
3H); 13C NMR (150MHz, DMSO‑d6): 158.6 (d, J¼ 244.5), 155.1, 151.5,
150.8, 144.5, 131.2 (d, J¼ 3.3), 129.6 (d, J¼ 15.4), 128.9 (d, J¼ 5.5),
128.7 (d, J¼ 7.8), 128.3 (2C), 126.7, 125.9 (2C), 120.3, 115.4 (d,
J¼ 21.0), 114.5, 99.9, 56.7 (d, J¼ 3.3), 49.5, 22.8; 19F NMR (376MHz,
DMSO‑d6, C6F6): �125.1 (s, dec.); IR (neat, cm�1): 3114 (s, br), 1577
(s), 1470 (m), 1229 (m), 1109 (m), 1015 (m), 794 (m), 694 (s); HRMS
(APCI/ASAPþ, m/z): found 362.1538, (calcd C21H19N4OFSi, 362.1543
[Mþ].

4.3.16. (R)-N1-(2-Fluoro-5-(4-((1-phenylethyl)amino)-7-((2-
(trimethylsilyl)-ethoxy)methyl)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)
benzyl)-N2,N2-dimethylethane-1,2-diamine (15)

Compound 7 (165mg, 0.335mmol) was dissolved in CH2Cl2
(3mL) before N1,N1-dimethylethane-1,2-diamine (0.11mL,
1.01mmol) was added. The mixture was stirred at 22 �C until full
conversion to the imine was indicated by 1H NMR spectroscopy
(4 h). The solvent was removed before the crude product was dis-
solved in MeOH (8mL). NaBH4 (40mg, 1.07mmol) was added and
the mixture was stirred until full conversion was obtained (2 h).
Water (15mL) was added and the aqueous phase was extracted
with EtOAc (3� 15mL). The combined organic phases werewashed
with brine (15mL), dried over anhydrous Na2SO4, filtered and
concentrated in vacuo. The crude product was purified by silica-gel
column chromatography (CH2Cl2/MeOH/NH3 (25% aq. solution),
80/10/1.5, Rf¼ 0.44) to give 15 as a light brown oil, 160mg
(0.284mmol, 85%), ½a�20D ¼�102.0 (c 1.00, DMSO); 1H NMR
(600MHz, DMSO‑d6): 8.22 (s, 1H), 7.60e7.58 (m, 1H), 7.43 (s, 1H),
7.41e7.38 (m,1H), 7.31e7.27 (m, 5H), 7.22e7.20 (m,1H), 5.54 (s, 2H),
5.54e5.52 (m, 1H), 5.38e5.33 (m, 1H), for CH2-NH AB-system:
dA¼ 3.79 (1H), dB¼ 3.74 (1H), JAB¼ 14.3, 3.54 (t, J¼ 8.1, 2H), 2.59
(t, J¼ 6.3, 2H), 2.29 (t, J¼ 6.3, 2H), 2.07 (s, 6H), 1.41 (d, J¼ 6.9, 3H),
0.83 (t, J¼ 8.1, 2H), �0.08 (s, 9H); 13C NMR (150MHz, DMSO‑d6):
159.7 (d, J¼ 244.5), 155.2, 151.9, 150.4, 144.3, 130.2 (d, J¼ 3.3), 130.5
(d, J¼ 5.6), 128.5 (d, J¼ 7.6), 128.4 (2C), 128.3, 126.8, 125.8 (2C),
123.4, 115.6 (d, J¼ 22.9), 115.0, 100.2, 72.2, 65.5, 58.6, 49.6, 46.4,
46.0 (d, J¼ 1.8), 45.1 (2C), 22.7, 17.1, �1.4 (3C): 19F NMR (376MHz,
DMSO‑d6, C6F6): �124.1 (s, dec.); IR (neat, cm�1): 3425 (w), 2813
(w, br), 1587 (s), 1563 (s), 1463 (s), 1246 (m), 1189 (m), 1079 (s), 838
(s), 791 (s); HRMS (APCI/ASAPþ, m/z): found 563.3320, (calcd
C31H44N6OFSi, 563.3330, [MþH]þ).

4.3.17. (R)-(2-Fluoro-5-(4-((1-phenylethyl)amino)-7H-pyrrolo[2,3-
d]pyrimidin-5-yl)phenyl)methanol (16)

Compound 15 (120mg, 0.213mmol) was dissolved in CH2Cl2
(10mL) and TFA (1.2mL) under a nitrogen atmosphere. The
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reaction mixture was stirred at 45 �C for 3 h before the solvent was
removed. THF (8mL) and NaOH (2.2mL, 2.0M) were added under a
nitrogen atmosphere. The reaction mixture was stirred for 4 days,
where additional NaOHwas added after 16 h (1mL, 2.0M) and 48 h
(1mL, 2.0M). Then the mixturewas concentrated, and re-dissolved
in THF (4mL) and NaOH (1mL, 2.0M) and stirred for one more day
in order to reach full conversion. The solvent was removed and
water (20mL) was added and extracted with EtOAc (3� 20mL).
The combined organic phases were washed with brine (20mL),
dried over anhydrous Na2SO4, filtered and concentrated in vacuo.
The crude product was purified by silica-gel column chromatog-
raphy (CH2Cl2/MeOH/NH3 (25% aq. solution), 80/10/1, Rf¼ 0.29) to
give the product 16 as a beige powder, 45mg (0.104mmol, 49%),
mp. 65e66 �C; HPLC purity >99%, tR¼ 19.5min; ½a�20D ¼�76.2 (c
0.95, CHCl3); 1H NMR (400MHz, DMSO‑d6): 11.86 (s, 1H), 8.15 (s,
1H), 7.59e7.56 (m, 1H), 7.42e7.38 (m, 1H), 7.30e7.27 (m, 4H),
7.24e7.19 (m, 3H), 5.45e5.43 (m, 1H), 5.38e5.32 (m, 1H), for CH2-
NH AB-system: dA¼ 3.78 (1H), dB¼ 3.73 (1H), JAB¼ 12.0, 2.58 (t,
J¼ 6.3, 2H), 2.29 (t, J¼ 6.3, 2H), 2.07 (2, 6H), 1.41 (d, J¼ 6.7, 3H); 13C
NMR (100MHz, DMSO‑d6): 159.5 (d, J¼ 244.8), 155.1, 151.5, 150.8,
144.5, 131.2 (d, J¼ 3.7), 130.3 (d, J¼ 4.9), 128.6 (d, J¼ 8.0), 128.3
(2C), 128.2 (d, J¼ 15.8), 126.7, 125.9 (2C), 120.3, 115.5 (d, J¼ 22.2),
114.5, 100.0, 58.6, 49.4, 46.4, 46.1 (d, J¼ 2.6), 45.2 (2C), 22.8; 19F
NMR (376MHz, DMSO‑d6, C6F6): �124.6 (s, dec.); IR (neat, cm�1):
3423 (w), 2816 (w, br), 1569 (s), 1480 (m), 1221 (m), 1101 (m), 795
(m), 696 (s); HRMS (APCI/ASAPþ, m/z): found 433.2513, (calcd
C25H30N6F, 433.2516, [MþH]þ).

4.3.18. 3-(4-((3-Chloro-4-((3-fluorobenzyl)oxy)phenyl)amino)-7H-
pyrrolo[2,3-d]pyrimidin-5-yl)phenol (17)

Compound 9 (47mg, 0.079mmol) was dissolved in CH2Cl2
(5mL) and TFA (0.5mL, 6.55mmol). The reaction mixture was
stirred at 40 �C for 3 h before the reaction mixture was cooled and
concentrated in vacuo. THF (5mL) and aqueous NaOH (1.2mL, 2M,
2.37mmol) were added and the mixture was stirred at 22 �C for
23 h. Water (20mL) and EtOAc (20mL) were added and phase
separated. The aqueous phase was extracted with more EtOAc
(3� 20mL). The combined organic phases were washed with brine
(20mL), dried over anhydrous Na2SO4 and concentrated in vacuo.
The product was isolated by silica-gel column chromatography
(CH2Cl2/MeOH/NH3 (25% aq. solution), 80/10/1, Rf¼ 0.44). Drying
gave 17 as awhite powder, 33mg (0.071mmol, 89%), mp.180e181C
� (dec.); HPLC purity: 98%, tR¼ 24.5min; 1H NMR (600MHz,
DMSO‑d6): 12.06 (s, 1H), 9.63 (s, 1H), 8.33 (s, 1H), 7.920e7.915 (m,
1H), 7.48 (s, 1H), 7.47e7.43 (m, 1H), 7.37 (s, 1H), 7.33e7.31 (m, 1H),
7.30e7.28 (m, 3H), 7.18e7.15 (m, 2H), 6.99e6.97 (m, 1H),
6.953e6.946 (m, 1H), 6.81e6.79 (m, 1H), 5.20 (s, 2H); 13C NMR
(150MHz, DMSO‑d6):162.2 (d, J¼ 243.0), 157.9, 153.3, 151.4, 150.9,
148.7, 139.7 (d, J¼ 6.7), 136.1, 133.7, 130.5 (d, J¼ 7.7), 130.2, 123.3 (d,
J¼ 2.2), 121.7, 121.4 (2C), 119.8, 119.3, 115.43, 115.40, 114.8, 114.7 (d,
J¼ 20.8), 114.0, (d, J¼ 22.1), 113.99, 100.8, 69.5; 19F NMR (376MHz,
DMSO‑d6, C6F6):�115.4 (s, dec.); IR (neat, cm�1): 3362 (w), 2917 (w,
br), 1590 (m), 1567 (m), 1476 (m), 1446 (m), 1266 (m), 1216 (m),
1059 (m), 781 (s); HRMS (APCI/ASAPþ, m/z): found 461.1173, (calcd
C25H19N4O2ClF, 461.1181, [MþH]þ).

4.3.19. 7-(2-(Dimethylamino)ethyl)-5-iodo-7H-pyrrolo[2,3-d]
pyrimidin-4-amine (18)

Compound 3 (310mg, 0.884mmol) was dissolved in ammonia
solution (7mL, 2M in MeOH) and stirred at 80 �C. The reaction was
left for a total of 5 days, with addition of more ammonia/MeOH
(2mL, 2M) after two days and four days (3mL, 2M). Then the
solvent was removed in vacuo. Water (20mL) was added and the
aqueous phase was extracted with EtOAc (3� 20mL). The com-
bined organic phases were washed with brine (20mL), dried over
anhydrous Na2SO4, filtered and concentrated in vacuo. Silica-gel
column chromatography (CH2Cl2/MeOH/NH3 (25% aq. solution),
80/10/1, Rf¼ 0.17) and drying gave 167mg (0.504mmol, 59%) of a
white powder, mp. 148e149 �C (dec); 1H NMR (600MHz,
DMSO‑d6): 8.08 (s, 1H), 7.48 (s, 1H), 6.56 (br s, 2H), 4.18 (t, J¼ 6.4,
2H), 2.58 (t, J¼ 6.4, 2H), 2.15 (s, 6H); 13C NMR (150MHz, DMSO‑d6):
157.1, 151.7, 149.6, 129.7, 102.8, 58.3, 49.3, 45.0 (2C), 41.7; IR (neat,
cm�1): 3460 (m), 3065 (w), 2764 (w), 1642 (m), 1584 (s), 1548 (s),
1475 (m), 1325 (m), 1268 (m), 1065 (m), 940 (m), 790 (m), 748 (s);
HRMS (APCI/ASAPþ, m/z): found 332.0371, (calcd C10H15N5I,
332.0372, [MþH]þ).

4.3.20. 3-(4-Amino-7-(2-(dimethylamino)ethyl)-7H-pyrrolo[2,3-d]
pyrimidin-5-yl)phenol (19)

Compound 19 was prepared as described in Section 4.3.1
starting with compound 18 (53mg, 0.159mmol) and (3-
hydroxyphenyl)boronic acid (38mg, 0.276mmol). The reaction
time at 100 �C was 15min. Purification by silica-gel column chro-
matography (CH2Cl2/MeOH/NH3 (25% aq. solution), 80/10/1.5,
Rf¼ 0.19) gave the product 19 as a beige powder upon drying,
44mg (0.132mmol, 80%), mp. 81e82 �C; HPLC purity >99%,
tR¼ 6.9min; 1H NMR (400MHz, DMSO‑d6): 9.58 (s, 1H), 8.14 (s, 1H),
7.33 (s, 1H), 7.28e7.24 (m, 1H), 6.87e6.84 (m, 2H), 6.76e6.73 (m,
1H), 6.11 (br s, 2H), 4.25 (t, J¼ 6.5, 2H), 2.67 (t, J¼ 6.5, 2H), 2.20 (s,
6H); 13C NMR (100MHz, DMSO‑d6): 157.8, 157.7, 151.5, 150.2, 136.1,
130.0, 123.5, 119.0, 115.1 (2C), 113.7, 99.7, 58.4, 45.1 (2C), 41.4; IR
(neat, cm�1): 2764 (w, br), 1621 (m), 1579 (s), 1455 (m), 1288 (m),
1179 (m), 862 (m), 779 (s), 701 (m), 644 (m); HRMS (APCI/ASAPþ,
m/z): found 298.1665, (calcd C16H20N5O, 298.1668, [MþH]þ).

4.3.21. (R)-2-((7-(2-(Dimethylamino)ethyl)-5-iodo-7H-pyrrolo
[2,3-d]pyrimidin-4-yl)amino)propan-1-ol (20)

Compound 3 (234mg, 0.667mmol) was dissolved in n-BuOH
(5mL) under a nitrogen atmosphere before (R)-2-aminopropan-1-
ol (0.15mL, 1.97mmol) was added. The mixture was stirred for
4 h at reflux before the solvent was removed in vacuo. Water
(10mL) and EtOAc (10mL) were added. After phase separation, the
water phase was extracted with more EtOAc (5� 20mL). The
combined organic phases were dried over anhydrous Na2SO4,
filtered and concentrated in vacuo. The crude product was purified
by silica-gel column chromatography (CH2Cl2/MeOH, 17/3,
Rf¼ 0.20) to give 244mg (0.627mmol, 95%) of a white powder, mp.
105e106 �C; ½a�20D ¼�11.0 (c 1.01, DMSO); 1H NMR (600MHz,
DMSO‑d6): 8.18 (s, 1H), 7.47 (s, 1H), 6.38e6.37 (m, 1H), 5.01 (t,
J¼ 5.2, 1H), 4.35e4.29 (m, 1H), 4.26e4.24 (m, 2H), 3.54e3.52 (m,
2H), 2.77 (br s, 2H), 2.28 (s, 6H), 1.23e1.22 (m, 3H); 13C NMR
(150MHz, DMSO‑d6): 155.9, 152.2, 149.6, 129.8, 103.2, 64.4, 58.4,
49.7, 47.6, 45.1 (2C), 41.7, 17.9; IR (neat, cm�1): 3388 (m), 2864 (w,
br), 1704 (w), 1586 (s), 1553 (s), 1486 (m), 1460 (m), 1316 (m), 1202
(m), 1142 (m), 1059 (m), 942 (m), 758 (m), 657 (m); HRMS (APCI/
ASAPþ, m/z): found 390.0792, (calcd. C13H21N5OI, 390.0791,
[MþH]þ).

4.3.22. (R)-3-(7-(2-(Dimethylamino)ethyl)-4-((1-hydroxypropan-
2-yl)amino)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)phenol (21)

Compound 21 was made as described in Section 4.3.1 staring
with compound 20 (80mg, 0.206mmol) and (3-hydroxyphenyl)
boronic acid (35mg, 0.252mmol). The reaction timewas 5min. The
crude product was purified by silica-gel column chromatography
(CH2Cl2/MeOH/NH3 (25% aq. solution), 80/10:1.5, Rf¼ 0.32). Resid-
ual palladium was removed through an additional silica-gel plug
(CH2Cl2/MeOH, 9/1, Rf¼ 0.04). Drying gave 49mg (0.138mmol,
67%) of a white powder, mp. 78 �C; HPLC purity: 98%, tR¼ 5.9min;
½a�20D ¼�30.5 (c 1.09, DMSO); 1H NMR (600MHz, DMSO‑d6): 9.55
(s, 1H), 8.20 (s, 1H), 7.32 (s, 1H), 7.26 (t, J¼ 7.9, 1H), 6.89e6.88 (m,
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1H), 6.85e8.84 (m, 1H), 6.76e6.67 (m, 1H), 5.48e5.46 (m, 1H), 4.76
(t, J¼ 5.3, 1H), 4.29e4.27 (m, 1H), 4.27e4.25 (m, 2H), 3.44e3.37 (m,
2H), 2.70e2.67 (m, 2H), 2.21 (s, 6H), 1.11e1.12 (m, 3H); 13C NMR
(150MHz, DMSO‑d6): 158.3, 156.1, 151.8, 150.1, 136.5, 130.5, 123.7,
119.4, 115.6, 115.4, 114.3, 100.3, 64.5, 58.9, 47.8, 45.5 (2C), 41.9, 17.9;
IR (neat, cm�1): 3395 (w), 2927 (w, br), 1593 (s), 1563 (s), 1473 (s),
1279 (m), 1186 (m), 1045 (m), 868 (m), 777 (s), 644 (m); HRMS
(APCI/ASAPþ, m/z): found 356.2085, (calcd C19H26N5O2, 356.2087,
[MþH]þ).

4.3.23. (S)-2-((7-(2-(Dimethylamino)ethyl)-5-iodo-7H-pyrrolo
[2,3-d]pyrimidin-4-yl)amino)-2-phenylethan-1-ol (22)

n-BuOH (20mL) was added to compound 3 (503mg, 1.43mmol)
and (S)-2-amino-2-phenylethan-1-ol (591mg, 4.28mmol) under a
nitrogen atmosphere. The reaction mixture was stirred at reflux for
7 h before the n-BuOH was removed by evaporation. Water (75mL)
and EtOAc (100mL) were added and phase separated. The water
phase was extracted with more EtOAc (5� 50mL). The combined
organic phases were dried over anhydrous Na2SO4, filtered and
concentrated in vacuo. Silica-gel column chromatography (CH2Cl2/
MeOH, 9/1, Rf¼ 0.22) gave 578mg (1.28mmol, 89%) of a white
powder, mp. 124e125 �C (dec.); ½a�20D ¼�96.7 (c 1.14, DMSO); 1H
NMR (600MHz, DMSO‑d6): 8.09 (s, 1H), 7.51 (s, 1H), 7.40e7.39 (m,
2H), 7.34e7.31 (m, 2H), 7.24e7.22 (m, 1H), 7.01e7.00 (m, 1H),
5.40e5.37 (m,1H), 5.21 (t, J¼ 4.9,1H), 4.19 (t, J¼ 6.4, 2H), 3.86e3.83
(m, 1H), 3.75e3.72 (m, 1H), 2.59 (t, J¼ 6.4, 2H), 2.15 (s, 6H); 13C
NMR (150MHz, DMSO‑d6): 155.3, 151.5, 149.2, 141.6, 129.7, 128.2
(2C), 126.7, 126.6 (2C), 103.0, 64.8, 58.3, 55.0, 48.9, 45.0 (2C), 41.7; IR
(neat, cm�1): 3366 (w), 2774 (w, br), 1579 (s), 1548 (s), 1299 (m),
1060 (m), 925 (m), 779 (m), 701 (s); HRMS (APCI/ASAPþ, m/z):
found 452.0943, (calcd. C18H23N5OI, 452.0947, [MþH]þ).

4.3.24. (S)-3-(7-(2-(Dimethylamino)ethyl)-4-((2-hydroxy-1-
phenylethyl)amino)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)phenol (23)

Compound 23 was made as decribed in Section 4.3.1 starting
with compound 22 (87mg, 0.193mmol) and (3-hydroxyphenyl)
boronic acid (36mg, 0.264mmol). Silica-gel column chromatog-
raphy (CH2Cl2/MeOH/NH3 (25% aq. solution), 80/10/1, Rf¼ 0.28)
and drying gave 67mg (0.161mmol, 84%) of a beige powder, mp.
112e113 �C (dec.); HPLC purity> 99%, tR¼ 15.0min; ½a�20D ¼�135.4
(c 1.10, DMSO); 1H NMR (600MHz, DMSO‑d6): 9.59 (s, 1H), 8.14 (s,
1H), 7.36 (s, 1H), 7.30e7.27 (m, 5H), 7.23e7.20 (m, 1H), 6.96e6.95
(m, 1H), 6.93e6.92 (m, 1H), 6.79e6.77 (m, 1H), 6.07e6.06 (m, 1H),
5.32e5.29 (m, 1H), 4.92 (t, J¼ 5.0, 1H), 4.26 (t, J¼ 6.4, 2H),
3.71e3.68 (m, 1H), 3.59e3.55 (m, 1H), 2.66 (t, J¼ 6.4, 2H), 2.19 (s,
6H); 13C NMR (150MHz, DMSO‑d6): 157.9, 155.5, 151.2, 149.6, 141.4,
136.1, 130.1, 128.1 (2C), 126.7 (3C), 123.4, 119.0, 115.3, 114.9, 113.9,
100.1, 64.7, 58.5, 55.6, 45.1 (2C), 41.5; IR (neat, cm�1): 3397 (w, br),
2925 (w, br), 1595 (m), 1569 (m), 1288 (m), 1065 (m), 873 (m), 784
(m), 696 (s); HRMS (APCI/ASAPþ, m/z): found 418.2240, (calcd
C24H28N5O2, 418.2243, [MþH]þ).

4.3.25. (S)-2-((7-(2-(Dimethylamino)ethyl)-5-(4-(hydroxymethyl)
phenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-2-phenylethan-1-
ol (24)

Compound 24 was made as described in Section 4.3.1 starting
with 22 (110mg, 0.244mmol) and (4-(hydroxymethyl)phenyl)
boronic acid (36mg, 0.236mmol). The reaction time was 20min.
Silica-gel column chromatography (CH2Cl2/MeOH/NH3 (25% aq.
solution), 80/10/1, Rf¼ 0.28) gave 82mg (0.191mmol, 95%) of a
white powder, mp. 72e73 �C; HPLC purity: 96%, tR¼ 13.8min; ½a�20D
¼�32.5 (c 1.17, CHCl3); 1H NMR (600MHz, DMSO‑d6): 8.14 (s, 1H),
7.52e7.51 (m, 2H), 7.45e7.43 (m, 2H), 7.39 (s, 1H), 7.30e7.26 (m,
4H), 7.22e7.19 (m, 1H), 5.99e5.98 (m, 1H), 5.34e5.31 (m, 1H), 5.25
(t, J¼ 5.7, 1H), 4.97 (t, J¼ 5.0, 1H), 4.57 (d, J¼ 5.7, 2H), 4.26 (t, J¼ 6.6,
2H), 3.74e3.70 (m, 1H), 3.58e3.54 (m, 1H), 2.66 (t, J¼ 6.6, 2H), 2.18
(s, 6H); 13C NMR (150MHz, DMSO‑d6): 155.6, 151.3, 149.8, 141.5,
141.1, 133.2, 128.2 (2C), 128.1 (2C), 127.2 (2C), 126.8, 126.7 (2C),
123.7, 114.7, 100.1, 64.7, 62.7, 58.6, 55.6, 45.2 (2C), 41.6; IR (neat,
cm�1): 3397 (w, br), 2821 (w, br), 1579 (s), 1465 (m), 1351 (m), 1190
(m), 1034 (m), 790 (m), 696 (s); HRMS (APCI/ASAPþ, m/z): found
432.2395, (calcd C25H30N5O2, 432.2400, [MþH]þ).

4.3.26. (S)-4-(7-(2-(Dimethylamino)ethyl)-4-((2-hydroxy-1-
phenylethyl)amino)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)phenol (25)

Compound 25 was made as described in Section 4.3.1 starting
with 22 (91mg, 0.201mmol) and (4-hydroxyphenyl)boronic acid
(38mg, 0.277mmol). The reaction time was 20min. The crude
product was purified by silica-gel column chromatography (CH2Cl2/
MeOH/NH3 (25% aq. solution), 80/10/1.5, Rf¼ 0.20). Residual
palladium was removed through an additional silica-gel plug
(CH2Cl2:MeOH, 9:1, Rf¼ 0.02). The product 25 was obtained as a
white powder, 55mg (0.132mmol, 67%), mp. 116e117 �C, HPLC
purity: 99%, tR¼ 10.5min; ½a�20D ¼�164.8 (c 0.99, DMSO); 1H NMR
(600MHz, DMSO‑d6): 9.53 (s, 1H), 8.11 (s, 1H), 7.35e7.33 (m, 2H),
7.30e7.27 (m, 5H), 7.22e7.20 (m,1H), 6.89e6.88 (m, 2H), 5.97e5.96
(m, 1H), 5.32e5.30 (m, 1H), 4.95 (t, J¼ 5.1, 1H), 4.24 (t, J¼ 6.4, 2H),
3.72e3.69 (m, 1H), 3.57e3.54 (m, 1H), 2.65 (t, J¼ 6.4, 2H), 2.18 (s,
6H); 13C NMR (150MHz, DMSO‑d6): 156.5, 155.6, 151.1, 149.4, 141.5,
129.7 (2C), 128.1 (2C), 126.7, 126.6 (2C), 125.2, 122.8, 115.9 (2C),
114.8, 100.3, 64.6, 58.5, 55.4, 45.1 (2C), 41.5; IR (neat, cm�1): 2940
(w, br), 1590 (s), 1466 (m), 1272 (m), 1229 (m), 1065 (m), 838 (m),
794 (m), 701 (s); HRMS (APCI/ASAPþ, m/z): found 418.2238, (calcd.
C24H28N5O2, 418.2243, [MþH]þ).

4.3.27. (S)-2-((7-(2-(Dimethylamino)ethyl)-5-(4-fluoro-3-
(hydroxymethyl)phenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-yl) amino)-
2-phenylethan-1-ol (27)

First, a Suzuki cross-coupling was performed as described in
Section 4.3.1 using compound 22 (114mg, 0.252mmol) and (4-
fluoro-3-formylphenyl)boronic acid (48mg, 0.286mmol). The re-
action mixturewas run for 8min, followed by normal work-up. The
crude benzaldehyde product 26 was then dissolved in THF (10mL)
and MeOH (5mL) before NaBH4 (32.1mg, 0.846mmol) was added.
Themixturewas stirred for 2 h before brine (30mL) was added. The
water phase was extracted with EtOAc (3� 30mL) and the com-
bined organic phases were dried over anhydrous Na2SO4, filtered
and concentrated in vacuo. Silica-gel column chromatography
(CH2Cl2/MeOH/NH3 (25% aq. solution), 80/10/1, Rf¼ 0.30) and
drying gave 63mg (0.140mmol, 56%) of a white powder, mp.
80e81 �C, HPLC purity: 95%, tR¼ 13.9min; ½a�20D ¼�163.6 (c 0.99,
DMSO); 1H NMR (600MHz, DMSO‑d6): 8.13 (s, 1H), 7.67e7.65 (m,
1H), 7.46e7.44 (m,1H), 7.40 (s, 1H), 7.31e7.26 (m, 5H), 7.21e7.19 (m,
1H), 5.96e5.95 (m, 1H), 5.35 (t, J¼ 5.6, 1H), 5.30e5.28 (m, 1H), 4.99
(t, J¼ 5.1, 1H), for CH2-OH ABX - system: dA¼ 4.66 (1H), dВ¼ 4.60
(1H), JAB¼ 13.8, JAX¼ 5.6, JBX¼ 5.7, 4.27 (t, J¼ 6.4, 2H), 3.73e3.70
(m,1H), 3.61e3.59 (m,1H), 2.67 (t, J¼ 6.3, 2H), 2.19 (s, 6H); 13C NMR
(150MHz, DMSO‑d6): 158.7 (d, J¼ 243.1), 155.5, 151.3, 149.7, 141.5,
130.9 (d, J¼ 3.3), 129.7 (d, J¼ 15.3), 128.9 (d, J¼ 5.4), 128.4 (d,
J¼ 8.3),128.1 (2C), 126.7 (2C), 126.6, 123.6, 115.6, (d, J¼ 22.0), 113.9,
100.0, 64.6, 58.4, 56.8 (d, J¼ 4.0), 55.6, 45.1 (2C), 41.5; 19 F NMR
(376MHz, DMSO‑d6, C6F6): �124.4 (s, dec.); IR (neat, cm�1): 3405
(w), 2827 (w, br), 1593 (s), 1567 (m), 1466 (m), 1343 (m), 1189 (m),
1028 (m), 794 (m), 697 (s); HRMS (APCI/ASAPþ, m/z): found
450.2298, (calcd C25H29N5O2F, 450.2305, [MþH]þ).

4.3.28. (S)-2-((5-Iodo-7-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)
amino)-2-phenylethan-1-ol (28)

Compound 4 (111mg, 0.378mmol) and (S)-2-amino-2-
phenylethan-1-ol (158mg, 1.15mmol) were dissolved in n-BuOH
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(5mL) under a nitrogen atmosphere. The reaction mixture was
stirred at reflux for 5 h before the solvent was removed. Water
(10mL) and EtOAc (10mL) were added and the phases were
separated. The water phase was extracted with more EtOAc
(3� 10mL) and the combined organic phases were dried over
anhydrous Na2SO4, filtered and concentrated in vacuo. Silica-gel
column chromatography (CH2Cl2/MeOH, 9/1, Rf¼ 0.59) gave
147mg (0.373mmol, 98%) of a beige powder; mp. 156e157 �C
(dec.); ½a�20D ¼�157.7 (c 0.99, DMSO); 1H NMR (600MHz,
DMSO‑d6): 8.10 (s,1H), 7.46 (s,1H), 7.39e7.38 (m, 2H), 7.33e7.31 (m,
2H), 7.24e7.21 (m, 1H), 7.01e7.00 (m, 1H), 5.40e5.38 (m, 1H), 5.20
(t, J¼ 5.0, 1H), 3.87e3.83 (m, 1H), 3.76e3.72 (m, 1H), 3.68 (s, 3H);
13C NMR (150MHz, DMSO‑d6): 155.3,151.6,149.4,141.5, 130.4,128.2
(2C), 126.7, 126.6 (2C), 103.1, 64.7, 55.0, 48.7, 31.1; IR (neat, cm�1):
3377(w, br), 2925 (w, br), 1590 (s), 1548 (s), 1475 (m), 1299 (m),
1065 (m), 930 (m), 961 (s); HRMS (APCI/ASAPþ, m/z): found
395.0367, (calcd C15H16N4OI, 395.0369 [MþH]þ).

4.3.29. 3-(4-Amino-7-(2-(dimethylamino)ethyl)-7H-pyrrolo[2,3-d]
pyrimidin-5-yl)phenol (29)

Compound 29 was made as described in Section 4.3.1 starting
with compound 28 (53mg, 0.159mmol) and (3-hydroxyphenyl)
boronic acid (38mg, 0.276mmol). The reaction time was 15min.
Silica-gel column chromatography (CH2Cl2/MeOH/NH3 (25% aq.
solution), 80/10/1.5, Rf¼ 0.19) gave 44mg (0.132mmol, 80%) of a
beige powder, mp. 81e82 �C; HPLC purity >99%, tR¼ 6.9min; ½a�20D
¼�143.4 (c 0.90, DMSO); 1H NMR (400MHz, DMSO‑d6): 9.58 (s,
1H), 8.14 (s, 1H), 7.33 (s, 1H), 7.28e7.24 (m, 1H), 6.87e6.84 (m, 2H),
6.76e6.73 (m,1H), 6.11 (br s, 2H), 4.25 (t, J¼ 6.5, 2H), 2.67 (t, J¼ 6.5,
2H), 2.20 (s, 6H); 13C NMR (100MHz, DMSO‑d6): 157.8, 157.7, 151.5,
150.2, 136.1, 130.0, 123.5, 119.0, 115.1 (2C), 113.7, 99.7, 58.4, 45.1 (2C),
41.4; IR (neat, cm�1): 2764 (w, br),1621 (m),1579 (s),1455 (m),1288
(m), 1179 (m), 862 (m), 779 (s), 701 (m), 644 (m); HRMS (APCI/
ASAPþ, m/z): found 298.1665, (calcd. C16H20N5O, 298.1668,
[MþH]þ).

4.4. In vitro assays

4.4.1. Isolation of peripheral blood mononuclear cells
Peripheral bloodmononuclear cells (PBMC's) were isolated from

whole blood buffy coats by first combining fresh buffy coats (ob-
tained from the Indiana blood center) with equal volumes of
phosphate buffered saline (PBS). PBS/buffy coat solution (35mL)
was then gently overlaid onto 15mL of ficol in 50mL conical tubes.
Following centrifugation for 30min at 500xG (with slow accelera-
tion and deceleration) the top layer of plasma was discarded and
the layer of cells along the ficol interface was collected and pooled
(five donors per 250mL conical tube). Each 250mL tube was filled
to the top with room temperature RPMI-1640 media. Tubes were
spun for 10min at 500xG (with slow acceleration and decelera-
tion), media was removed by aspiration and the wash step was
repeated. Cells were then resuspended in ice cold Recovery Cell
Culture Freezing Medium from Life Technologies (Catalog number
12648-010) on ice. The cell concentration is adjusted to 66.7million
cells/mL. Cell are slow frozen at -1 �C/minute in vials with 100
million cells and stored in liquid nitrogen.

4.4.2. Stimulation of IL-17 secretion and compound addition
PBMC's from 20 to 30 combined donors were brought out of

thaw by re-suspending with 1mL of complete media (RPMI-1640
containing 30mM HEPES, 100 units/mL penicillin, 100 mg/mL
streptomycin, 3.25mM L-Glutamine, 0.2 mMbeta-mercaptoethanol,
and 10% fetal bovine serum) followed by the dropwise addition of
2mL, 4mL, 8mL, and finally 16mL of complete media with gentle
swirling. Cells were spun down for 5min and the cell pellet was
resuspended in complete media. Clumps of cells are broken up by
running the cell solution through a 23 gauge syringe needle and a
40 mM cell strainer. One hundred thousand cells per well are added
to 384 well polystyrene tissue culture treated flat bottomed plates
in a total of 30 mL. Stimulation cocktail containing anti-human CD3
antibody, anti-human CD28 antibody, and IL23 (all produced in-
house) and compounds prepared in complete media were added
to the cells simultaneously in a total volume of 30 mL. The final
concentration of added stimulants was 160 ng/mL, 500 ng/mL, and
5 ng/mL for anti-CD3 antibody, anti-CD28 antibody, and IL-23
respectively and 0.3% for DMSO. Plates were sealed with Aera-
Seal® sealing film and incubated for 48 h at 37 �C, 95% humidity,
and 5% C02.

4.4.3. IL-17 ELISA and analysis
Following the incubation period, the plateswere spun at 200� g

for 5min. Supernatants were diluted one to two in 1% BSA/PBS and
tested for IL-17 with a human IL-17 ELISA kit from R&D system
(catalog #D317E) according to the protocol provided with the kit.
Absorbance at 492 nmwas measured with the Envision multi-label
plate reader. Absorbance at 492 were converted to concentration of
IL-17 based on the IL-17 standard curve as shown:

pg/mL IL-17 ¼ IC50� [[(Top-Bottom)/(A492-Bottom)]-1](1/�Hill)

IC50
0 for inhibition of IL-17 secretion was calculated based on

converted values using a standard 4-parameter fit with maximum
inhibition determined from the average values of wells with no
added stimulants nor compounds and minimum inhibition from
the average values of wells with stimulants alone and no added
compound.

4.4.4. Cell viability testing and analysis
Equal volumes of Cell TiterGlo® cell viability testing reagent

(Promega Cat# G7573) were added to the cells remaining in the
plates, and following a 15min incubation with gentle shaking at
room temperature luminescence was measured with the Envision
multi-label plate reader. Percent cell death was calculated by
setting 100% activity (cell death) to zero luminescence units and
minimum activity (max number of viable cells) as the average
luminescence units of wells containing stimulants alone and no
added compound. IC50 were calculated using a standard four
parameter fit.

4.4.5. IL-5 ELISA and analysis
Following the incubation period, the plateswere spun at 200� g

for 5min. Undiluted supernatants were tested for IL-5 with a hu-
man IL-5 ELISA kit from R&D system (catalog #DY205) according to
the protocol provided with the kit. Absorbance was measured with
the Envision multi-label plate reader. Absorbance values were
converted to concentration of IL-5 based on the IL-5 standard curve
as shown:

pg/mL IL-5¼ IC50*[[(Top-Bottom)/(Abs-Bottom)]-1](1/-Hill)

IC50's for inhibition of IL-5 secretion was calculated based on
converted values using a standard 4-parameter fit with maximum
inhibition determined from the average values of wells with no
added stimulants nor compounds and minimum inhibition from
the average values of wells with stimulants alone and no added
compound.

4.4.6. HEK293 RORg reporter-receptor assay
As an indicator of inverse agonist activity, a retinoic acid re-

ceptor (RAR)-related orphan receptor gamma (RORg) receptor-
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reporter assay (RORg-GAL4/pGL4.31) was performed in human
embryonic kidney (HEK293) cells. HEK293 cells were co-
transfected using Fugene™ reagent. A reporter plasmid contain-
ing a GAL4 binding domain and a minimal adenoviral promoter
upstream of a firefly luciferase gene was co-transfected with a
plasmid constitutively expressing a human RORg ligand binding
domain fused to yeast GAL4 DNA binding domain. Cells were
transfected in T150 cm2

flasks in MEM media without FBS. After
18 h incubation, transfected cells were trypsinized, plated in 96-
well microtiter plates in 3:1 DMEM-F12 media containing 10%
FBS, incubated for 4 h and then exposed to various concentrations
of test compounds ranging from about 0.05 nM to 10 mM. After 18 h
of incubations with compounds, cells were lysed and luciferase
activity was quantified using standard techniques. Data was fitted
to a four parameter-fit logistics to determine IC50 values.

HEK293 RORg reporter-receptor pGL3 control assay: An assay
used to determine non-specific activity in the HEK293 RORgg
reporter-receptor assay was performed using a pGL3 control vector
that contains an SV40 promoter and enhancer sequences upstream
of a firefly luciferase gene. This assay uses the same methods as the
previous HEK293 RORg reporter-receptor assay.

4.4.7. In vitro kinase profiling
The compounds were supplied in a 10mM DMSO solution, and

enzymatic kinase inhibition potency was determined by Invitrogen
(LifeTechnology) using their Z0-LYTE® assay technology [42], at
500 nM in duplicates. ATP concentration used was equal to Km,
except when this service was not provided and other concentra-
tions had to be used.
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