Supplementary Information (SI) for ChemComm.
This journal is © The Royal Society of Chemistry 2026

Supporting Information

K:S:0s-enabled one-pot deaminative C-N bond formation for the synthesis

of fused benzimidazopurines and benzimidazoquinazolines

Samir Kumar Mondal,* Manthri Atchuta Rao,* Sakshi Singh,* Shantanu Pal*?

Department of Chemistry, School of Basic Sciences, Indian Institute of Technology
Bhubaneswar, Argul, Odisha, 752050, India.

E-mail-spal@iitbbs.ac.in

Table of Contents

1. General information S2

2. Optimization of reaction conditions S2-S3

3. Control experiments S4-S6
4. Plausible reaction mechanism when DMSO and CHsCN as a solvent S7

5. Experimental procedure and characterization of the products S8-S25
6. References S25

7. 'H-NMR, *C-NMR, and °F-NMR spectra S26-S77
8. HRMS spectra S78-S80

S1


mailto:E-mail-spal@iitbbs.ac.in

1. General information

All chemicals and solvents were purchased from commercial suppliers and used without further
purification. All reactions requiring an inert atmosphere were performed using dry, freshly
distilled solvents. Reaction progress was monitored by analytical thin-layer chromatography
(TLC), with visualization under UV light or by staining with p-anisaldehyde charring solution.
Solvents were removed under reduced pressure using a rotary evaporator. Column
chromatography was performed using silica gel (100-200 mesh) as the stationary phase, with
hexane, ethyl acetate, dichloromethane, and methanol employed as eluents. Yields of isolated
compounds are reported. Melting points were determined without correction using a Buchi M-

560 apparatus. NMR spectra were recorded on a Bruker Avance 400 MHz spectrometer,

including *H NMR (400 MHz), 3C NMR (101 MHz), and °F NMR (377 MHz).

2. Optimization of reaction conditions

Table S1 Optimization of the reaction conditions?

_ NH, —
¢! NH, QNiN N‘/r:O
o SIS @ o, GO | o L
° T et ° [ acaitives °
OH OH 100°C, 1h OH OH time OH OH
1 | 3 Intermediate 5i
entry solvent additive t (°C) time (h) yield” (%)

1 - K2S20g 110 12 -

2 DMF K>S:08 110 12 70

3 DMSO K2S,08 110 12 75

4 DMA K2S20s 110 0.5 85

5 1,4-dioxane K2S,0g5 100 12 trace

6 CH3;CN K2S208 80 3 80

7 Toluene K2S20s 110 12 -

8 DMA NazS205 110 12 70

9 DMA NazS0O3 110 12 -

10 DMA PIDA 110 12 -

11 DMA BQ 110 12 -

12 DMA KMnO4 110 12 -

13 DMA - 110 12 -
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14 DMA K2S20s 80 3 70
15 DMA K>S,0s8 rt 12 -
2Reaction conditions: 1 (1 eq), 2 (1.5 eq), K»S,0s (2 eq), DMA (2 ml), 110 °C, 0.5 h, "Isolated yield

Encouraged by our previous research works on modified nucleosides, we began our studies
using 6-chloropurine nucleoside 1 and benzene-1,2-diamine 2 as model substrates (Table S1).
Initially the reaction was conducted under neat condition at 100 °C, intermediate 3 was
obtained within 1 h; however, the subsequent addition of K>S2Og at the same temperature failed
to deliver the desired product Si. Conducting the reaction with isolated intermediate 3 in DMF
at 110 °C in the presence of K>S:0s, afforded Si in 70% yield. Subsequently, carrying out the
reaction in DMSO under the same condition (K2S:0s, 110 °C) improved the yield to 75%
(entries 1-3, Table S1). Gratifyingly, when the reaction was conducted in DMA with K2S>0s
at 110 °C, the target compound 5i was obtained in 85% yield within just 0.5 h (entry 4, Table
S1). Further, solvent screening revealed that acetonitrile provided a comparable 80% yield,
although the reaction required more than 3 h to reach completion, while 1,4-dioxane resulted
in only trace product formation, and toluene failed to deliver any detectable product 5i (entries
5-7, Table S1). Among the solvents evaluated, DMA emerged as optimal, providing the highest
yield of the desired product within a significantly shorter reaction time. Subsequent screening
of various oxidants, including Na>SOs, PIDA, benzoquinone, and KMnOs4, at 110 °C in DMA
did not afford the desired product 5i. In comparison, Na.S20s delivered a moderate yield of
70% after 12 h (entries 8-12, Table S1). Moreover, conducting the reaction with intermediate
3 in DMA at 110 °C in the absence of K2S20s resulted in no product formation (entry 13, Table
S1). These observations underscore the essential role of K.S.Os in facilitating the C-N bond
formation. To further optimize the reaction temperature, the transformation was performed in
DMA using K»S:0s at 80 °C, affording product 5i in a diminished yield of 70% after 3 h.
Notably, the reaction conducted at room temperature failed to yield the cyclized product Si
(entries 14-15, Table S1). Ultimately, the optimal condition was identified as using K.S:Os in
DMA at 110 °C, enabling an efficient synthesis of purine-fused polycyclic nucleosides.
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3. Control experiments
(A)

1 a. 9N-allyl 2,6 dichloropurine reacts with benzenediamine without K,S,0g

; NH, /@ :
: HN :
! cl (INHZ

NH :

: NfN 0 N SN 2 :
. I 100°C, 1h ¢ :
EE—— H

<§ N/)\CI N N/)\CI :

10' R= allyl 12 80%

b. Intermediate 12 reacts with K,S,05 without DMA H

5 ) i
' K2S,08 QN :

: HN :
; 110 °C :
' «NfN NH, ——— </N | N E
5 N N/)\CI N N/)\CI 5
; 12 R=allyl 11e :

c. Intermediate 12 reacts with DMA without K,S,04

i Q ' s
- HN DMA 1§ E

: N

] N~y N2 110 °C

" pZ ,
: R N” Nl :
: 12 R=allyl 11e :
E d. Intermediate 12 reacts in the presence of radical scavenger .
H KzSzOg H
] — '
] N '
' TEMPO (3 e .
: HN/Q ( OQ) Q@ !
: _| DMA, 110 °C N !
: NS\ NH, 58% N :
' ¢ Py K2S208 ¢ SN :
; R™ Nl — > P :
: BHT (3 eq) g N~ cl '
: DMA, 110 °C ;
E 12 R= aIIyI 55% 11e H

Scheme S1 Control experiments
To gain deeper insight into the reaction mechanism underlying the synthesis of benzimidazole

attached purine derivatives, a series of control experiments were carried out. Initially, the
reaction of a 2,6-dichloropurine derivative 10’ with o-phenylenediamine under solvent-free
condition at 100 °C led to the formation of a 6-aminopurine intermediate 12. This result
suggests that the reaction proceeds via initially amination, followed by intramolecular
cyclization to form the benzimidazole core (Scheme S1). To probe the role of DMA, the
reaction was performed using a 2-chloro-6-aminopurine intermediate 12 in the presence of
K>S20s but in the absence of DMA. No reaction occurred, suggesting that DMA plays a critical

role as a methylene source required for benzimidazole ring construction. Furthermore, when
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the intermediate 12 was treated with DMA in the absence of K2S:0s, no product formation was
observed, highlighting the essential oxidative role of K2S:0s in this transformation. Finally, to
determine whether the reaction proceeds through a radical pathway, the reaction was conducted
in the presence of the radical scavenger TEMPO and BHT. Notably, the desired benzimidazole
product was still obtained in 55-58% yield, indicating that the reaction likely does not involve

a free radical mechanism.

(B)

(i) Compound 13 reacts with K,S,04 in DMA to isolate the intermediate 14

e HNQ@

NH, N
=N \\
)@
DMA, 15 min

=N 3

0, N 3

1;%0/0 Confirm by ,

0 1

13 14 H NMR, 3C NMR and HRMS| !

N
(A

3 (ii) Synthesis of cyano derivative to differenceiate from isocyano compound

K2S,0g

8
—N CN HN
S X
LN F N )
N —_— 4 \N/
K3PO,

DMSO
15 100°C, 16 h 16
75%

(iii) Reaction of cyano compound 13 under the optimised reaction condltlon

L. & oy

3 K»S,04

N
N DMA 0.5h 8H-quinazolino[4,3b]

110,,°C 17 : quinazolin-8-one
82% ' | anticancer activity
16 ) Confirm by

H NMR, '3C NMR and HRMS

3 (iv) Compound 18 reacts with N1-methylbenzene-1,2-diamine followed by K,S,05 in DMA

NH,

N7 =N K2S,0
N 2928

H ?

Cl
NH,
< O
¥
N
N —_ O Q No reaction
neat, 100 °C, N~ N DMA, 0.5 h
1h 110 °C
Intermediate
19 70%

(v) Compound 18 reacts N,N-dimethylbenzene-1,2-diamine

N—

N—( W Q\ NH
4 Kzszos

/) No reaction
DMA, h
neat, 100 °C 0 SCS
1h
Intermediate
18 20 60%

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Scheme S2 Control experiments
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To further validate the proposed reaction mechanism and determine whether the reaction

proceeds via intermediate D through an isocyanide pathway, some control experiments were
conducted. When compound 13 was subjected to the optimized reaction condition (K2S:Os in
DMA at 110 °C), a new spot appeared on TLC after 15 min. This intermediate was isolated
and identified as compound 14 based on *H NMR, 3C NMR, and HRMS analyses. The spectra
showed the characteristic resonance of the isocyanide carbon in a slightly shielded region due
to ring-current effects, confirming the in situ conversion of the amino group into the
corresponding isocyanide intermediate. To distinguish intermediate compound 14 containing
cyano and isocyano group, the cyano analogue 16 was independently synthesized and readily
differentiated from isocyanide 14 based on its characteristic NMR features. Furthermore,
subjecting cyano compound 16 to the optimized reaction condition (K2S20s, DMA, 110 °C)
afforded quinazolinone 17, as confirmed by NMR and HRMS analyses. This result provides
strong additional evidence that the developed reaction proceeds via an isocyanide intermediate
rather than a cyanide species. Notably, the quinazolinone framework constitutes in numerous
biologically active molecules (Scheme S2).
Further some additional control experiments were conducted to gain the mechanistic insights
into the cyclization process. Specifically, 6-chloropurine derivative 18 was reacted with N1-
methylbenzene-1,2-diamine under neat condition in an oil bath at 100 °C for 1 h, which led to
the formation of intermediate 19. The intermediate 19 was characterized using spectroscopic
techniques *H, *C NMR, and HRMS. Subsequently, DMA and K,S,0s Were added to the same
reaction vessel and the reaction mixture was stirred at 110 °C for 30 min. However, no desired
cyclized product was observed. This observation strongly indicates that the free amine (N-H)
group at the C-6 position of the purine is essential in facilitating the intramolecular cyclization
and the subsequent aromatization step.

Further, we also performed another control experiment, using N,N-dimethylbenzene-1,2-
diamine as per standard reaction condition instead of benzene-1,2-diamine. Under identical
condition, 6-chloropurine derivative 18 reacted with N,N-dimethylbenzene-1,2-diamine to
afford intermediate 20. The intermediate 20 was characterized using spectroscopic techniques
H, 3C NMR, and HRMS. Subsequently, treatment with DMA and K.S:0s at 110 °C for 30
min did not lead desired cyclized product. These results clearly indicate that the presence of a

free amino (-NH:) group of benzene-1,2-diamine is essential for the transformation.

S6



4. Plausible reaction mechanism when DMSO and CH3CN as a solvent

During the experiment of our investigations, the reaction was found to proceed efficiently in
several polar aprotic solvents, including DMA, DMSO, and CH3CN. Among these, DMA was
selected as the optimal solvent for the studies reported in the manuscript, as it consistently
provided higher yields within a shorter reaction time. Nevertheless, it is noteworthy that
alternative mechanistic pathways may also operate when DMSO or CH3CN are employed as
solvents. Such possibilities are reliable with reported literature precedents,* as illustrated in
scheme S3 and S4.

9
N K,S,05 Q
cl NH, HN NH, KHSO5
NN 2
<1 e 4
HO. N Z ( /
o HO HO.
0
OH OH Q
1 OH OH OH OH B
3 l
N HLN ’\
N A \N\\\ NN \
N cyclization K,S,03 /)
1) = L300 P
HO N-NZ HO oxidation HO N
o) o :o:
OH OH Si OH OH OH OH
. D c

Scheme S3 Plausible reaction mechanism when DMSO as a solvent

o)
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HO N/ _— < —_— / \ /)
o HO HO N~ N
o | :o:
OH OH
1 OH OH OH OH B
| l j ;
N HsN Ne @\ HN
N
N A lizati =N\ Y
</ | )N cyclization N /)G) K,S,04 ) \ N/)
HO N—SN7 HO 4 oxidation HO N
o o :o: |
OH OH Si OH OH OH OH
D C

Scheme S4 Plausible reaction mechanism when CH3CN as a solvent
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5. Experimental procedure and characterization of the products

General procedure for the synthesis of Purine-fused polycyclic system (5a-t)

e ™
One-pot

NH,
l N
>

<,N | \)N neat, 100 °C, 1 h <,N
é
7
(5 N 2. DMA, K,S,04 (Nb
[o]
. 110 °C, 0.5 h 5
\_ J

To a round-bottom flask, 6-chloropurine derivatives 4 (50 mg, 1 mmol) and o-
phenylenediamine derivative 2’ (1.5 mmol) were added. The reaction mixture was stirred neat
in an oil bath at 100 °C for 1 h, subsequently, DMA (2 ml) and potassium persulfate (K2S:Oxs)
(2 eq) were added simultaneously to the reaction mixture, and stirring was continued at 110 °C
temperature for 30 minutes. Upon completion of the reaction, the mixture was extracted with
ice-cold water and ethyl acetate in the presence of a brine solution. The organic layer was dried
over anhydrous sodium sulfate, and the solvent was removed under reduced pressure using a
rotary evaporator. The crude product was then purified by column chromatography using ethyl

acetate/hexane as the eluent, affording a series of desired compounds, denoted as 5.

Characterization of the products
(2R,3R,4R,5R)-2-(acetoxymethyl)-5-(3H-benzo[4,5]imidazo[2,1-i]purin-3-
yltetrahydrofuran-3,4-diyl diacetate (5a)°

N_Q A white solid (45 mg, 80%): Rt 0.24 (Hex/EtOAC 1:4); mp >

Nj\/fiN 220 °C. 'H NMR (400 MHz, DMSO-ds) 5 9.87 (s, 1H), 8.62

AcO </N | N/) (s, 1H), 8.45 (d, J = 8.1 Hz, 1H), 7.88 (d, J = 8.1 Hz, 1H), 7.57

° (d, J=7.2 Hz, 1H), 7.47 (t, J = 7.7 Hz, 1H), 6.41 (d, J = 5.3

OAc OAc Hz, 1H), 6.06 (t, J = 5.6 Hz, 1H), 5.71 — 5.61 (m, 1H), 4.45

(dd, J = 8.8, 4.0 Hz, 2H), 4.31 (dd, J = 12.9, 6.5 Hz, 1H), 2.15 (s, 3H), 2.07 (s, 3H), 2.05 (s,

3H). 13C NMR (101 MHz, DMSO-ds) 5 170.5, 169.9, 169.7, 144.4, 143.9, 141.3, 140.9, 138.7,

128.3, 126.8, 126.6, 122.9, 119.6, 112.8, 86.6, 80.0, 72.9, 70.4, 63.2, 21.0, 20.8, 20.7. HRMS
(ESI-TOF) m/z: [M + HJ* calcd for C2H22Ns07 468.1519; Found 468.1518.
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((3aR,4R,6R,6aR)-6-(3H-benzo[4,5]imidazo[2,1-i]purin-3-yl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)methyl benzoate (5b)

A white solid (48 mg, 85%): Rf 0.24 (Hex/EtOAc 1:4); mp >

l\}’@ 220 °C. 'H NMR (400 MHz, DMSO-ds) 8 9.59 (s, 1H), 8.35

. «NII\/)N (d, J=8.0 Hz, 1H), 8.30 (s, 1H), 8.08 — 8.02 (m, 2H), 7.85 (d,

z0 o NTN J=8.1Hz, 1H), 7.67 (t, J = 7.4 Hz, 1H), 7.58 — 7.51 (m, 3H),

7.44 (t, J=7.7 Hz, 1H), 6.33 (s, 1H), 5.10 (g, J = 6.0 Hz, 2H),

><° 4.92 — 4.85 (m, 1H), 4.71 — 4.63 (m, 1H), 4.54 (dd, J = 14.3,

8.4 Hz, 1H), 1.45 (s, 3H), 1.32 (s, 3H). *C NMR (101 MHz,

DMSO-de) 6 164.8, 144.5, 144.2,141.8,141.7, 138.0, 134.2, 129.9, 129.4, 129.2, 128.2, 126.4,

122.2,121.7,119.5, 112.7, 112.5, 103.3, 86.1, 85.1, 81.5, 46.7, 26.6, 25.1. HRMS (ESI-TOF)
m/z: [M + H]" calcd for C26H24N505486.1777; Found 486.1776.

0]

3-((3aR,4R,6R,6aR)-6-((benzyloxy)methyl)-2,2-dimethyltetrahydrofuro[3,4-
d][1,3]dioxol-4-yl)-3H-benzo[4,5]imidazo[2,1-i]purine (5¢)

N@ A white solid (43 mg, 76%): Rf 0.24 (Hex/EtOAc 1:4); mp >

NIQN 220 °C. 'H NMR (400 MHz, CDCls) § 9.05 (s, 1H), 8.01 (d, J

BnO </N | N,) = 5.9 Hz, 2H), 7.94 (d, J = 8.1 Hz, 1H), 7.58 (t, J = 7.6 Hz,

o 1H), 7.43 (t,J=7.6 Hz, 1H), 7.40 - 7.30 (m, 5H), 5.26 (s, 1H),

Y 4.86 (s, 2H), 4.83 — 4.71 (m, 2H), 4.57 (dd, J = 13.1, 5.1 Hz,

< 2H), 4.41 (dd, J = 14.0, 8.5 Hz, 1H), 1.48 (s, 3H), 1.33 (s, 3H).

13C NMR (101 MHz, CDCl3) & 144.6, 144.2, 141.2, 140.8, 136.6, 135.3, 128.6, 128.0, 127.7,

127.4,126.4, 122.6, 122.3, 120.4, 113.0, 110.2, 108.2, 85.3, 84.9, 82.0, 70.1, 47.7, 26.4, 24.9.
HRMS (ESI-TOF) m/z: [M + H]" calcd for C26H26Ns04 472.1985; Found 472.1983.

o

((3aR,4R,6R,6aR)-6-(3H-benzo[4,5]imidazo[2,1-i]purin-3-yl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)methyl acetate (5d)

N’Q A white solid (48 mg, 84%): R 0.24 (Hex/EtOAc 1:4); mp >
N Al 220 °C. *H NMR (400 MHz, CDCls) & 9.14 (s, 1H), 8.04 (s,
<1 )
Ao \ N,) 1H), 8.04 — 7.96 (m, 2H), 7.62 (t, J = 7.7 Hz, 1H), 7.48 (t, J =
o 7.7 Hz, 1H), 6.32 (s, 1H), 4.92 (d, J = 5.9 Hz, 1H), 4.79 — 4.73
b (m, 2H), 4.61 — 4.56 (m, 1H), 4.46 (dd, J = 14.4, 7.8 Hz, 1H),
> 2.19 (s, 3H), 1.51 (s, 3H), 1.35 (s, 3H). 3C NMR (101 MHz,
CDCIz) 6 169.0, 141.0, 135.4, 133.1, 131.0, 127.5, 127.3, 126.6, 122.4, 120.5, 113.7, 110.1,

(0]
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102.3, 86.7, 85.1, 83.3, 81.4, 46.7, 29.7, 26.5, 25.1, 21.2. HRMS (ESI-TOF) m/z: [M + H]*
calcd for Co1H22N505424.1621; Found 424.1608.

(2R,3R,4R,5R)-2-(3H-benzo[4,5]imidazo[2,1-i]purin-3-yl)-5-
((benzoyloxy)methyl)tetrahydrofuran-3,4-diyl diacetate (5e)

A white solid (45 mg, 82%): R 0.24 (Hex/EtOAc 1:4); mp >

'7’@ 220 °C. *H NMR (400 MHz, CDCls) & 8.96 (s, 1H), 8.18 (s,

«”I:N 1H), 7.97 (d, J = 8.1 Hz, 1H), 7.88 (d, J = 8.1 Hz, 1H), 7.66 —

BzO o NTSN 7.56 (m, 3H), 7.45 (d, J = 8.1 Hz, 1H), 7.36 — 7.30 (m, 1H),

7.17 (t, J = 7.8 Hz, 2H), 6.35 (s, 1H), 5.45 (dd, J = 7.8, 4.9 Hz,

OAc OAc 1H), 5.37 (d, J = 4.8 Hz, 1H), 4.85 (dd, J = 14.8, 3.6 Hz, 1H),

4.67 (dt, J = 7.7, 3.9 Hz, 1H), 4.57 (dd, J = 14.8, 4.1 Hz, 1H), 2.18 (s, 3H), 2.16 (s, 3H). 2°C

NMR (101 MHz, CDCl3) 8 169.9, 169.3, 164.1, 144.6, 143.9, 141.6, 141.5, 135.3, 133.7, 129.7,

129.1, 128.3, 127.7, 127.3, 126.4, 122.2, 120.3, 110.1, 98.3, 79.8, 74.1, 74.0, 70.6, 45.0, 20.5.
HRMS (ESI-TOF) m/z: [M + H]* calcd for C27H24NsO7 530.1676; Found 530.1664.

((3aR,4R,6R,6aR)-6-(3H-benzo[4,5]imidazo[2,1-i]purin-3-yl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)methanol (5f)

N_Q A white solid (45 mg, 78%): Rf 0.2 (Hex/EtOAc 1:4); mp 210-

N j\/QN 212°C. 'H NMR (400 MHz, DMSO-ds) & 9.80 (s, 1H), 8.41 (d,

HO <’N | N/) J=8.0 Hz, 1H), 8.39 (s, 1H), 7.86 (d, J = 8.1 Hz, 1H), 7.56 (t,

o J=7.7Hz 1H), 7.45 (t, J = 7.2 Hz, 1H), 6.95 (d, J = 3.9 Hz,

0 1H), 5.35 (d, J = 3.9 Hz, 1H), 4.91 (d, J = 5.9 Hz, 1H), 4.68 —

> 4.58 (m, 2H), 4.51 — 4.31 (m, 2H), 1.35 (s, 3H), 1.25 (s, 3H).

13C NMR (101 MHz, DMSO-ds) 5 144.5,144.4 142.5, 141.6, 138.1, 128.3, 126.4, 122.2, 121.8,

119.5,112.5,112.0, 102.8, 86.1, 84.2, 81.9, 47.8, 26.7, 25.1. HRMS (ESI-TOF) m/z: [M + H]*
calcd for C19H20Ns04 382.1515; Found 382.1512.

o)

((2R,3S,4R,5R)-5-(3H-benzo[4,5]imidazo[2,1-i]purin-3-yl)-3,4-
dihydroxytetrahydrofuran-2-yl)methyl benzoate (59)
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A white solid (44 mg, 77%): Rs 0.15 (Hex/EtOAc 1:4); mp 218-

"f’@ 220 °C. *H NMR (400 MHz, DMSO-ds) & 9.63 (s, 1H), 8.33 (d, J

o q::(j = 8.0 Hz, 1H), 8.27 (s, 1H), 7.83 (d, J = 8.1 Hz, 1H), 7.64 (d, J =

o N 7.2 Hz, 2H), 7.54 (d, J = 7.4 Hz, 1H), 7.42 (t, = 7.6 Hz, 1H), 7.35

(t, J=7.4Hz, 1H), 7.22 (t, J = 7.7 Hz, 2H), 6.00 (s, 1H), 5.62 (s,

1H), 5.37 (s, 1H), 4.71 (dd, J = 14.6, 4.0 Hz, 1H), 4.55 (dd, J =

14.6, 5.2 Hz, 1H), 4.41 — 4.33 (m, 1H), 4.14 (s, 1H), 3.96 (d, J = 4.0 Hz, 1H). 13C NMR (101

MHz, DMSO-de) 6 164.5, 144.4, 144.2,142.7, 142.0, 137.7, 133.6, 129.3, 129.1, 128.8, 128.2,

126.3, 122.0, 121.6, 119.3, 112.4, 101.3, 81.4, 74.3, 71.5, 65.3, 45.7, 15.6. HRMS (ESI-TOF)
m/z: [M + H]" calcd for C23H20Ns05 446.1464; Found 446.1451.

OH OH

(2R,3R,4S,5R)-2-(3H-benzo[4,5]imidazo[2,1-i]purin-3-yl)-5-
((benzyloxy)methyl)tetrahydrofuran-3,4-diol (5h)

A white solid (43 mg, 75%): Rf 0.15 (Hex/EtOAc 1:4); mp >

rf—Q 220 °C. 'H NMR (400 MHz, DMSO-ds) & 9.78 (s, 1H), 8.41

«ij‘l (d, J =8.1 Hz, 1H), 8.33 (s, 1H), 7.86 (d, J = 8.1 Hz, 1H), 7.56

BnO o N">N7 (t, J =72 Hz, 1H), 7.44 (t, J = 7.2 Hz, 1H), 7.31 — 7.20 (m,

5H), 5.76 (s, 1H), 5.22 (d, J = 4.3 Hz, 1H), 5.13 (d, J = 6.8 Hz,

OH OH 1H), 4.84 (s, 1H), 4.69 — 4.62 (m, 2H), 4.46 — 4.39 (m, 2H),

4.25 (td, J = 7.2, 4.1 Hz, 1H), 4.06 (dd, J = 11.6, 7.0 Hz, 1H), 3.80 (t, J = 4.4 Hz, 1H). 3C

NMR (101 MHz, DMSO-dg) & 150.1, 144.5, 142.5, 141.9, 138.1, 137.9, 128.6, 128.2, 128.0,

126.4,122.1,119.4,116.1,114.1, 112.5, 111.3, 107.0, 80.7, 74.8, 72.7, 69.1, 30.8, 29.4. HRMS
(ESI-TOF) m/z: [M + H]" calcd for C2sH22Ns04 432.1672; Found 432.1663.

(2R,3R,4S,5R)-2-(3H-benzo[4,5]imidazo[2,1-i]purin-3-yl)-5-
(hydroxymethyl)tetrahydrofuran-3,4-diol (5i)°

N@ A white solid (41 mg, 80%): R¢ 0.2 (Hex/EtOAc 0:1); mp > 220

N IQN °C. 'H NMR (400 MHz, DMSO-ds) & 9.82 (s, 1H), 8.63 (s, 1H),

Ho <N | N/) 8.41 (d, J = 8.0 Hz, 1H), 7.85 (d, J = 8.1 Hz, 1H), 7.55 (t, J =
o 7.6 Hz, 1H), 7.44 (t, J = 7.6 Hz, 1H), 6.09 (d, J = 5.6 Hz, 1H),

OH OH 5.57 (d, J = 5.6 Hz, 1H), 5.27 (s, 1H), 5.11 (s, 1H), 4.60 (d, J =

5.1 Hz, 1H), 4.20 (s, 1H), 4.00 (d, J = 3.8 Hz, 1H), 3.71 (d, J = 11.8 Hz, 1H), 3.60 (d, J = 11.9
Hz, 1H). C NMR (101 MHz, DMSO-ds) & 144.5, 144.1, 141.4, 140.5, 138.3, 128.3, 126.4,
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122.3,122.2,119.4,112.7,88.2, 86.1, 74.5, 70.6, 65.1, 61.8. HRMS (ESI-TOF) m/z: [M + H]*
calcd for C16H16N504 342.1202; Found 342.1192.

((3aR,4R,6R,6aR)-2,2-dimethyl-6-(8-methyl-3H-benzo[4,5]imidazo[2,1-i]purin-3-
yDtetrahydrofuro[3,4-d][1,3]dioxol-4-yl)methyl benzoate (5j)

A white solid (51 mg, 88%): Rs 0.2 (Hex/EtOAc 0:1); mp >

N/@/ 220 °C. *H NMR (400 MHz, CDCl3) & 8.97 (s, 1H), 8.07 (d, J

N{N =6.9 Hz, 3H), 7.93 (d, J=8.1 Hz, 1H), 7.75 (s, 1H), 7.59 (d, J

QN \ N’) = 6.6 Hz, 1H), 7.50 (d, J = 7.1 Hz, 2H), 7.43 (d, J = 8.0 Hz,

| ':o:' | 1H), 6.57 (s, 1H), 5.01 (s, 2H), 4.77 (d, J = 38.2 Hz, 2H), 4.50

o. .0 (s, 1H), 2.62 (s, 3H), 1.55 (s, 3H), 1.39 (s, 3H). 13C NMR (101

>< MHz, CDCI3) ¢ 164.6, 135.3, 133.9, 133.8, 133.1, 129.7,

129.6, 129.1, 128.8, 128.8, 128.7, 128.4, 121.9, 119.4, 113.8, 110.2, 103.0, 86.7, 85.3, 81.5,

47.1,29.7,26.4,25.1,21.8. . HRMS (ESI-TOF) m/z: [M + H]* calcd for C27H26N50s 500.1934;
Found 500.1893.

BzO

((3aR,4R,6R,6aR)-6-(8-ethyl-3H-benzo[4,5]imidazo[2,1-i]purin-3-yl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)methyl benzoate (5k)

/@/\ A white solid (51 mg, 86%): Rf 0.2 (Hex/EtOAc 0:1); mp
N\ N 218- 220 °C. 1H NMR (400 MHz, CDCl3) & 8.94 (s, 1H),
Z,“ﬁ() 8.06 (d, J = 7.4 Hz, 2H), 7.99 (s, 1H), 7.91 (d, J = 8.3 Hz, 1H),
o N 7.73 (s, 1H), 7.59 (t, J = 7.6 Hz, 1H), 7.52 — 7.39 (m, 3H),
\@l 6.57 (d, J = 8.5 Hz, 1H), 4.99 (d, J = 7.2 Hz, 2H), 4.82 (dd, J
OXO = 8.0, 5.6 Hz, 1H), 4.71 (dd, J = 14.3, 5.5 Hz, 1H), 4.47 (dd,
J=14.3,8.2 Hz, 1H), 2.90 (g, J = 7.6 Hz, 2H), 1.55 (s, 3H), 1.42 — 1.35 (m, 6H). 13C NMR
(101 MHz, CDCIs) 6 164.6, 142.4, 140.7, 139.3, 135.3, 133.7, 129.6, 129.6, 129.5, 129.1,
128.7,127.5,127.1, 119.9, 119.9, 113.8, 108.8, 103.0, 86.7, 85.3, 81.5, 46.9, 29.2, 26.4, 25.1,
16.2. HRMS (ESI-TOF) m/z: [M + H]* calcd for C2sH2sNsOs 514.2090; Found 514.2048.

BzO

3-ethyl-3H-benzo[4,5]imidazo[2,1-i]purine (5m)®

N@ A white solid (51 mg, 82%): Rs 0.20 (Hex/EtOAc 2:3); mp 216-218 °C.
NIQN 'H NMR (400 MHz, DMSO-dg) § 9.7 8 (s, 1H), 8.40 (d, J = 6.9 Hz, 2H),
</N | N/) 7.85 (d, J = 8.1 Hz, 1H), 7.56 (dd, J = 11.2, 4.0 Hz, 1H), 7.44 (t, J=7.6
) Hz, 1H), 4.39 (q, J = 7.3 Hz, 2H), 1.52 (t, J = 7.3 Hz, 3H). 3C NMR (101
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MHz, DMSO-de) 6 144.5, 141.5, 137.8, 128.3, 126.4, 122.1, 121.9, 119.4, 112.5, 31.3, 16.0.
HRMS (ESI-TOF) m/z: [M + H]" calcd for C13H12Ns 238.1093; Found 238.0858.

3-benzyl-3H-benzo[4,5]imidazo[2,1-i]purine (5n)°

N_Q A white solid (46 mg, 75%): Rf 0.20 (Hex/EtOAc 2:3); mp 210-212
NIQN °C. 'H NMR (400 MHz, DMSO-ds) § 9.78 (s, 1H), 8.52 (s, 1H), 8.38
</N | N/) (d, J=8.0 Hz, 1H), 7.85 (d, J = 8.1 Hz, 1H), 7.54 (dd, J = 11.3, 4.0
Hz, 1H), 7.49 — 7.23 (m, 6H), 5.59 (s, 2H). **C NMR (101 MHz,
©) DMSO-ds) 6 144.5, 144.4, 142.0, 141.7, 138.2, 137.2, 129.2, 128.3,
128.3, 128.0, 126.4, 122.2, 122.0, 119.4, 112.5, 47.4. HRMS (ESI-
TOF) m/z: [M + H]" calcd for C1sH14N5 300.1249; Found 300.1243.

4-((3H-benzo[4,5]imidazo[2,1-i]purin-3-yl)methyl)benzonitrile (50)

N@ A white solid (47 mg, 78%): R 0.20 (Hex/EtOAc 2:3); mp >

N:(QN 220 °C. H NMR (400 MHz, DMSO-ds) & 9.76 (s, 1H), 8.53 (s,

<’N | N/) 1H), 8.37 (d, J = 8.0 Hz, 1H), 7.85 (t, J = 7.8 Hz, 3H), 7.54 (dd,

J =14.4, 7.7 Hz, 3H), 7.47 — 7.40 (m, 1H), 5.70 (s, 2H). 3C

/@J NMR (101 MHz, DMSO-de) 6 144.5,144.3,142.7,142.1, 141.6,
Ne 138.4, 133.1, 128.8, 128.3, 126.4, 122.2, 122.1, 119.5, 119.0,

112.5, 111.1, 47.0. HRMS (ESI-TOF) m/z: [M + H]" calcd for C19H13Ns 325.1202; Found
325.1198.

3-allyl-3H-benzo[4,5]imidazo[2,1-i]purine (5p)°

NQ A white solid (52 mg, 81%): Rf 0.20 (Hex/EtOAc 2:3); mp 168-170 °C.

Nj\/QN 'H NMR (400 MHz, DMSO-dg) 6 9.79 (s, 1H), 8.40 (d, J = 8.0 Hz, 1H),

<’N | N/) 8.37 (s, 1H), 7.86 (d, J = 8.1 Hz, 1H), 7.60 — 7.50 (m, 1H), 7.50 — 7.41 (m,

1H), 6.16 (ddd, J = 22.5, 10.6, 5.4 Hz, 1H), 5.26 (dd, J = 10.3, 1.3 Hz, 1H),

IH 5.11 (dd, J = 17.1, 1.3 Hz, 1H), 5.01 (d, J = 5.4 Hz, 2H). ¥C NMR (101

MHz, DMSO-de) 6 144.3, 141.9, 141.6, 138.0, 133.6, 128.2, 126.5, 122.3, 119.4, 118.3, 112.5,
46.2. HRMS (ESI-TOF) m/z: [M + H]" calcd for C14H12N5250.1093; Found 250.1084.

3-(prop-2-yn-1-yl)-3H-benzo[4,5]imidazo[2,1-i]purine (5q)

A white solid (51 mg, 80%): R¢ 0.20 (Hex/EtOAc 2:3); mp 168-170 °C. *H NMR (400 MHz,
DMSO-ds) 5 9.82 (s, 1H), 8.45 (s, 1H), 8.41 (d, J = 8.1 Hz, 1H), 7.86 (d, J = 8.1 Hz, 1H),

513



N_Q 7.56 (t,J = 7.6 Hz, 1H), 7.45 (t, J = 7.6 Hz, 1H), 5.26 (d, J = 2.5 Hz,
NIQN 2H), 3.58 (t, J = 2.5 Hz, 1H). 3C NMR (101 MHz, DMSO-ds) &
</N | N/) 1445, 144.2, 141.4, 141.3, 138.4, 128.3, 126.5, 122.3, 121.8, 119.5,
/ 112.6, 78.5, 76.8, 33.6. HRMS (ESI-TOF) m/z: [M + H]" calcd for
Z C14H10N5248.0936; Found 248.0929.

3-hexadecyl-3H-benzo[4,5]imidazo[2,1-i]purine (5r)

A white solid (47 mg, 72%): R 0.20 (Hex/EtOAc 2:3); mp 198-200 °C.

"f’Q 'H NMR (400 MHz, DMSO-ds) § 9.78 (s, 1H), 8.39 (t, J = 4.0 Hz, 2H),

q::(j‘ 7.85(d, J=8.1 Hz, 1H), 7.54 (t, J = 7.3 Hz, 1H), 7.44 (t, J = 7.3 Hz, 1H),

N 4.33 (t,J =7.0 Hz, 2H), 1.90 (dd, J = 11.1, 4.4 Hz, 2H), 1.27 — 1.16 (m,

(14 27H), 0.84 (t, J = 6.8 Hz, 3H). HRMS (ESI-TOF) m/z: [M + H]" calcd

CH, for C27H40Ns 434.3284; Found 434.3461. 3C NMR (101 MHz, DMSO-

de) 6 144.5, 144.4, 142.0, 141.7, 137.8, 128.3, 126.4, 122.1, 121.8, 119.4, 112.5, 44.1, 31.7,

30.0,29.45, 29.41, 29.29, 29.23, 29.1, 28.8, 26.3, 22.5, 14.4. HRMS (ESI-TOF) m/z: [M + H]*
calcd for C27H0Ns 434.3284; Found 434.3461.

3-benzyl-8-methyl-3H-benzo[4,5]imidazo[2,1-i]purine (5s)

r;—QN A white solid (52 mg, 82%): R¢ 0.20 (Hex/EtOAc 2:3); mp 210-
N

N

4

<Jlﬁ

212 °C. 'H NMR (400 MHz, CDCl3) § 9.10 (s, 1H), 8.01 (s, 1H),

7.91 (d, J = 8.3 Hz, 1H), 7.77 (s, 1H), 7.38 (dt, J = 16.4, 8.8 Hz,
©) 6H), 5.53 (s, 2H), 2.62 (s, 3H). 3C NMR (101 MHz, DMSO-ds) 3

1425, 141.9, 138.1, 137.1, 137.0, 132.2, 129.2, 128.4, 128.2,
128.1, 128.0, 121.4, 118.2, 112.5, 47.5, 21.8. HRMS (ESI-TOF) m/z: [M + HJ* calcd for
C10H16N5 314.1406; Found 314.1378.

3-benzyl-8,10-dimethyl-3H-benzo[4,5]imidazo[2,1-i]purine (5t)

N
N ! A white solid (55 mg, 85%): Rf 0.20 (Hex/EtOAc 2:3); mp >200
N
(’Nf\/) °C. 'H NMR (400 MHz, CDCl3) & 9.08 (s, 1H), 8.02 (s, 1H), 7.60
N (s, 1H), 7.37 (dd, J = 16.8, 7.6 Hz, 5H), 7.24 (s, 1H), 5.53 (s, 2H),
2.81 (s, 3H), 2.58 (s, 3H). *C NMR (101 MHz, CDCls) § 140.6,

135.4, 135.2, 132.7, 129.9, 129.1, 128.7, 128.6, 127.7, 127.7,
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127.0, 107.5, 48.0, 21.8, 17.1. HRMS (ESI-TOF) m/z: [M + H]" calcd for C20H1sNs 328.1562;
Found 328.1535.

General procedure for the synthesis of quinazoline-fused polycyclic (7a-i)
NH,

Yoo
NH,
neat, 100 °C

(A d

~
N 2. DMA, K28208 )\Q

(o]
6 110 °C, 0.5 h

To a round-bottom flask, 4-chloroquinazoline derivatives 6 (50 mg, 1 mmol) and o-
phenylenediamine derivative 2 (1.5 mmol) were added. The reaction mixture was stirred neat
in an oil bath at 100 °C for 1 h, Subsequently, DMA (2 ml) and K.S.Oz (2 eq) were added
simultaneously to the reaction mixture, and stirring was continued at 110 °C temperature for
30 minutes. Upon completion of the reaction, the mixture was extracted with ice-cold water
and ethyl acetate in the presence of a brine solution. The organic layer was dried over
anhydrous sodium sulfate, and the solvent was removed under reduced pressure using a rotary
evaporator. The crude product was then purified by column chromatography using ethyl
acetate/hexane as the eluent, affording a series of desired compounds, denoted as 7.

Characterization of the products

benzo[4,5]imidazo[1,2-c]quinazoline (7a)®

N@ A white solid (50 mg, 65%): Rr 0.50 (Hex/EtOAc 7:3); mp >220 °C. H
’N NMR (400 MHz, CDCls3) 8 9.17 (s, 1H), 8.71 (dd, J = 7.9, 0.9 Hz, 1H),
C(:/) 8.06 — 7.97 (m, 3H), 7.84 — 7.79 (m, 1H), 7.73 (t, J = 7.2 Hz, 1H), 7.61 (t,

J=7.4Hz, 1H), 7.51 (t, J = 7.7 Hz, 1H). 3C NMR (101 MHz, CDCl3) 5
146.3,143.9,142.5, 136.1, 131.8, 128.7,128.5,128.1, 126.2, 124.2, 123.3, 120.3, 119.3, 110.0.
HRMS (ESI-TOF) m/z: [M + H]" calcd for C14H10N3 220.0875; Found 220.0871.

6-phenylbenzo[4,5]imidazo[1,2-c]quinazoline (7b)®

A white solid (43 mg, 60%): Rs 0.50 (Hex/EtOAc 7:3); mp >220 °C. *H NMR (400 MHz,
DMSO-ds) 6 8.83 (d, J = 8.3 Hz, 1H), 8.20 (dd, J = 6.7, 3.1 Hz, 2H), 8.09 (dd, J = 8.0, 1.5 Hz,
1H), 7.80 — 7.49 (m, 6H), 7.40 — 7.24 (m, 3H). 1*C NMR (101 MHz, DMSO-dg) & 165.9, 151.2,
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N’Q 138.4, 134.9, 132.8, 131.5, 129.5, 127.7, 124.1, 120.6, 118.5, 116.2.
HRMS (ESI-TOF) m/z: [M + H]" calcd for C2oH14N3 296.1188; Found

i
N
| 296.1184.
N

6-(0-tolyl)benzo[4,5]imidazo[1,2-c]quinazoline (7c)’

N’Q A yellow solid (33 mg, 58%): Rt 0.50 (Hex/EtOAc 7:3); mp 208-210 °C.
! \ IH NMR (400 MHz, CDCls) & 8.80 (dd, J = 7.9, 1.2 Hz, 1H), 8.08 — 7.96
©|\/:/ (m, 2H), 7.89 — 7.79 (m, 1H), 7.79 — 7.70 (m, 1H), 7.66 — 7.59 (m, 1H),

)j@ 7.58 — 7.43 (m, 4H), 7.15 — 7.06 (m, 1H), 6.31 (d, J = 8.4 Hz, 1H), 2.16

) (s, 3H). 1°C NMR (101 MHz, CDCls) 5 148.4, 147.6, 144.3, 142.4, 136.5,
133.9,131.8,131.0, 130.9, 129.1, 128.3, 128.3, 128.2, 126.9, 125.7, 124.2, 123.1, 119.9, 118 .4,
113.3, 18.9. HRMS (ESI-TOF) m/z: [M + H]" calcd for C21H16N3310.1344; Found 310.1335.

6-(4-methoxyphenyl)benzo[4,5]imidazo[1,2-c]quinazoline (7d)’

A yellow solid (40 mg, 62%): Rf 0.50 (Hex/EtOAc 7:3); mp 200-
N
/’Q 202 °C. 'H NMR (400 MHz, DMSO-dg) & 8.94 (d, J = 8.3 Hz, 1H),
N
@ 8.25 (d, J = 8.8 Hz, 2H), 8.20 (d, J = 7.8 Hz, 1H), 7.90 — 7.83 (m,
N

1H), 7.66 — 7.59 (m, 1H), 7.55 (t, J = 7.8 Hz, 1H), 7.34 (ddd, J =
14.4, 9.5, 6.8 Hz, 3H), 7.27 (t, J = 6.6 Hz, 2H), 3.91 (s, 3H). 13C
NMR (101 MHz, DMSO-ds) & 165.0, 162.7, 151.4, 142.3, 139.1, 133.8, 131.3, 129.7, 127.7,
127.4,124.1,123.3,122.9,120.3, 118.8, 115.9, 114.7, 112.0, 56.0. HRMS (ESI-TOF) m/z: [M
+ H]" calcd for C21H1sN30 326.1293; Found 326.1290.

OMe

6-(2-nitrophenyl)benzo[4,5]imidazo[1,2-c]quinazoline (7¢)®
A yellow solid (24 mg, 35%): R¢ 0.50 (Hex/EtOAc 7:3); mp >220 °C. 'H
","Q NMR (400 MHz, DMSO-ds) 6 8.21 (dd, J = 7.9, 1.4 Hz, 1H), 8.03 (dd, J
@6"‘ =7.7,1.2Hz, 1H), 7.72 (dd, J = 5.1, 2.8 Hz, 2H), 7.55 (dtd, J = 19.0, 7.4,
N/D 1.4 Hz, 2H), 7.38 (d, J = 2.0 Hz, 1H), 7.24 (ddd, J = 16.5, 8.3, 2.2 Hz,
O:N 3H), 7.18 — 7.10 (m, 1H), 6.94 (d, J = 8.0 Hz, 1H), 6.92 — 6.83 (m, 1H),

6.62 (dd, J = 7.6, 1.4 Hz, 1H). 3C NMR (101 MHz, DMSO-ds) & 147.6, 147.2, 144.3, 142.2,
135.0, 134.8, 133.0, 132.2,130.7, 127.1, 126.0, 125.0, 123.1, 122.9, 119.2, 119.2, 116.2, 112.0,
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110.8, 63.9. HRMS (ESI-TOF) m/z: [M + H]" calcd for CxH13N4O2 341.1039; Found
341.1031.

6-(4-nitrophenyl)benzo[4,5]imidazo[1,2-c]quinazoline (7f)°

'H NMR (400 MHz, CDCl3) § 8.79 (dd, J = 7.9, 1.2 Hz, 1H), 8.56 (d,
J=8.7 Hz, 2H), 8.03 (t, J = 8.9 Hz, 4H), 7.92 — 7.82 (m, 1H), 7.81 —
7.73 (m, 1H), 7.53 (t, J = 7.7 Hz, 1H), 7.19 (t, J = 7.8 Hz, 1H), 6.69
(d, J = 8.4 Hz, 1H). **C NMR (101 MHz, CDCl3) § 149.3, 147.8, 146.1, 144.4, 142.0, 140.0,
132.1,130.0,129.0, 128.7,128.3, 126.0, 124.4, 124.3, 123.0, 120.5, 118.5, 113.6. HRMS (ESI-
TOF) m/z: [M + H]" calcd for C20H13N40O2 341.1039; Found 341.1031.

"f’Q A yellow solid (28 mg, 40%): R¢ 0.50 (Hex/EtOAc 7:3); mp >220 °C.
X
N

NO,

6-(4-fluorophenyl)benzo[4,5]imidazo[1,2-c]quinazoline (7g)’

A white solid (29 mg, 45%): R¢ 0.50 (Hex/EtOAc 7:3); mp 200-202

"l"Q °C. 'H NMR (400 MHz, CDCl3) & 8.82 (dd, J = 7.9, 0.9 Hz, 1H), 8.05

©|\/6N (d, J = 8.1 Hz, 2H), 7.88 — 7.81 (m, 1H), 7.80 — 7.70 (m, 3H), 7.51

NJ\@\ (ddd, J = 7.7, 5.5, 2.3 Hz, 2H), 7.40 (t, J = 8.9 Hz, 1H), 7.18 (dd, J =

F11.6, 4.1 Hz, 1H), 6.65 (d, J = 8.4 Hz, 1H). 3C NMR (101 MHz,

CDCl3) 8 161.4, 158.8, 147.6, 144.1, 143.7, 142.2, 133.1 (d, J = 8.0 Hz, 1C), 131.9, 130.5 (d,

J=2.0 Hz, 1C), 129.0, 128.7, 128.5 (d, J = 40.0 Hz, 1C), 125.3 (d, J = 50.0 Hz, 1C), 124.3,

123.1, 122.6 (d, J = 16.0 Hz, 1C), 120.0, 118.5, 116.6 (d, J = 20.0 Hz, 1C), 113.0. °F NMR

(377 MHz, CDCls) 6 -113.7 (dd, J = 18.8, 6.3 Hz). HRMS (ESI-TOF) m/z: [M + H]* calcd for
C20H13FN3 314.1094; Found 314.1086.

6-(3-chlorophenyl)benzo[4,5]imidazo[1,2-c]quinazoline (7h)*

N_Q A white solid (33 mg, 48%): Ry 0.50 (Hex/EtOAC 7:3): mp >220 °C. *H

|
dN NMR (400 MHz, CDCls) § 8.78 (dd, J = 7.9, 1.2 Hz, 1H), 8.03 (dd, J =
N 8.2, 0.8 Hz, 2H), 7.87 — 7.78 (m, 2H), 7.78 — 7.70 (m, 2H), 7.68 — 7.59

(m, 2H), 7.56 — 7.48 (m, 1H), 7.19 (ddd, J = 8.3, 7.3, 1.1 Hz, 1H), 6.72

Cl (d, J =8.4 Hz, 1H). 3C NMR (101 MHz, CDCls) § 142.1, 135.8, 135.4,

132.0,131.2,130.6, 128.7,128.6, 128.2, 126.6, 125.8, 124.2, 122.8, 120.1, 114.1. HRMS (ESI-
TOF) m/z: [M + H]* calcd for C20H13CIN3 330.0798; Found 330.0792.
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6-(2-bromophenyl)benzo[4,5]imidazo[1,2-c]quinazoline (7i)°

N’Q A white solid (32 mg, 42%): R¢ 0.50 (Hex/EtOAc 7:3); mp >220 °C. H

©\/QN NMR (400 MHz, DMSO-de) 6 8.65 (dd, J = 7.9, 1.1 Hz, 2H), 8.01 — 7.86

| N7 (m, 11H), 7.84 - 7.74 (m, 6H), 7.49 (t, J = 7.6 Hz, 2H), 7.23 (dd, J = 11.5,

I :] 4.1 Hz, 2H), 6.57 (d, J = 8.4 Hz, 2H). 3C NMR (101 MHz, DMSO-ds) &

147.9, 147.8, 142.4, 133.8, 132.5, 131.2, 128.9, 128.3, 125.8, 124.8,

124.2,123.0, 120.1, 114.3. HRMS (ESI-TOF) m/z: [M + H]" calcd for C20H13BrNz 374.0293;
Found 374.0286.

N1-(2-phenylquinazolin-4-yl)benzene-1,2-diamine (7b’)
H,N A white solid (48 mg, 75%): Rf 0.50 (Hex/EtOAc 7:3); mp 190-192 °C.
j@ 'H NMR (400 MHz, CDCls) § 8.79 (d, J = 7.9 Hz, 1H), 8.03 (t, J = 8.2
NN Hz, 2H), 7.86 — 7.80 (m, 1H), 7.80 — 7.65 (m, 6H), 7.49 (t, J = 7.7 Hz,
| N7 1H), 7.14 (t, J = 7.8 Hz, 1H), 6.64 (d, J = 8.4 Hz, 1H). **C NMR (101
MHz, CDCl3) & 148.5, 148.0, 144.3, 142.4, 134.3, 131.9, 131.0, 129.3,
129.2, 128.3, 128.3, 128.2, 125.6, 124.2, 122.6, 119.9, 118.4, 114.3. HRMS (ESI-TOF) m/z:
[M + H]" calcd for C20H17N4 313.1453; Found 313.1443.

HN

(2R,3R,4S,5R)-2-(6-((2-aminophenyl)amino)-9H-purin-9-yl)-5-
(hydroxymethyl)tetrahydrofuran-3,4-diol (3)

A brown solid (50 mg, 80%): R¢ 0.40 (MeOH/DCM 1:9); mp 182-184
HN NH, °C. H NMR (400 MHz, DMSO-ds) 6 9.12 (s, 1H), 8.47 (s, 1H), 8.22

N \“3 (s, 1H), 7.23 (d, J = 7.1 Hz, 1H), 6.98 (t, J = 7.6 Hz, 1H), 6.79 (d, J =

Ho QN \ N 7.8 Hz, 1H), 6.61 (t, J = 7.5 Hz, 1H), 5.94 (d, J = 6.1 Hz, 1H), 5.53 —
° 5.45 (m, 1H), 5.44 — 5.35 (m, 1H), 5.23 (t, J = 4.1 Hz, 1H), 4.85 (s,

OH OH 2H), 4.68 — 4.57 (m, 1H), 4.18 (dd, J = 7.8, 4.6 Hz, 1H), 4.03 — 3.95

(m, 1H), 3.74 — 3.67 (m, 1H), 3.60 (dd, J = 7.3, 3.9 Hz, 1H). 2*C NMR (101 MHz, DMSO-ds)
5 153.9, 152.6, 149.6, 144.0, 140.7, 127.6, 126.7, 124.4, 120.6, 116.8, 116.4, 88.4, 86.3, 74.0,
71.0, 62.1. HRMS (ESI-TOF) m/z: [M + H]* calcd for C1sH19NsO4 359.1468; Found 359.1464.

(2R,3S,4R,5R)-2-(hydroxymethyl)-5-(6-(phenylamino)-9H-purin-9-yl)tetrahydrofuran-
3,4-diol (8)1*
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A white solid (33 mg, 55%): R 0.50 (MeOH/DCM 1:9); mp 186-187

°C. 'H NMR (400 MHz, DMSO-ds) & 9.95 (s, 1H), 8.55 (s, 1H), 8.41

(s, 1H), 7.95 (d, J = 7.9 Hz, 2H), 7.34 (t, J = 7.9 Hz, 2H), 7.06 (t, J =

E \\f) 7.3 Hz, 1H), 5.97 (d, J = 6.0 Hz, 1H), 5.50 (d, J = 6.1 Hz, 1H), 5.36 —
N

HO N 5.27 (m, 1H), 5.23 (d, J = 4.7 Hz, 1H), 4.66 (dd, J = 11.2, 5.8 Hz, 1H),
(0]

4.19 (dd, J = 8.0, 4.6 Hz, 1H), 4.01 (dd, J = 7.0, 3.7 Hz, 1H), 3.71 (d,

OH OH J =118, 4.2 Hz, 1H), 3.60 (dd, J = 6.9, 3.9 Hz, 1H). 3C NMR (101

MHz, DMSO-de) 6 152.6, 152.4, 149.8, 141.1, 139.9, 128.8, 123.2, 121.3, 120.8, 88.3, 86.3,
74.0, 71.0, 62.0. HRMS (ESI-TOF) m/z: [M + H]" calcd for C16H18Ns04 344.1359; Found
344.1348.

(2R,3R,4S,5R)-2-(6-((2-aminoethyl)amino)-9H-purin-9-yl)-5-
(hydroxymethyl)tetrahydrofuran-3,4-diol (9)?

NH, A white solid (30 mg, 55%): R¢ 0.20 (MeOH/DCM 1:9); mp 90-92

HN °C. 'H NMR (400 MHz, DMSO-ds) & 8.39 (s, 9H), 8.23 (s, 9H),

N =N 7.89 (s, 8H), 5.90 (d, J = 6.1 Hz, 11H), 4.68 — 4.55 (m, 25H), 4.16

Ho QN \ N/) (dd, J = 4.5, 3.2 Hz, 15H), 3.97 (d, J = 3.1 Hz, 13H), 3.77 — 3.47
o (m, 42H), 2.88 (t, J = 6.4 Hz, 19H), 2.51 (s, 13H). 3C NMR (101

OH OH MHz, DMSO-ds) 5 155.1, 152.7, 148.9, 140.3, 120.2, 88.3, 86.3,

74.0,71.0,62.0,41.0. HRMS (ESI-TOF) m/z: [M + H]" calcd for C12H19N6O4311.1468; Found
311.1458.

(2R,3S,4R,5R)-2-(hydroxymethyl)-5-(6-((2-isocyanophenyl)amino)-9H-purin-9-
yl)tetrahydrofuran-3,4-diol (D)

°C. IH NMR (400 MHz, DMSO-ds) 5 9.81 (s, 1H), 9.02 (s, 2H), 8.78

<\ (@ I=81Hz, M), 7.85(d, = 7.8 Hz, 1H), 7.47 (dt, = 14.4, 7.4

2 \ N/) ©  Hgz, 2H), 6.14 (d, J = 5.3 Hz, 1H), 5.63 (d, J = 5.9 Hz, 1H), 5.31 (d,
oy o J=5.0Hz, 1H), 5.18 (5, 1H), 4.67 (d, J = 5.3 Hz, 1H), 4.24 (d, J =
4.4 Hz, 1H), 4.03 (d, J = 3.8 Hz, 1H), 3.73 (d, J = 4.3 Hz, 1H), 3.63

(s, 1H). 3C NMR (101 MHz, DMSO-dg) 5 153.1, 152.5, 1472,

145.0, 144.2, 144.0, 132.1, 125.2, 124.7, 123.0, 120.5, 116.6, 88.4, 86.2, 74.4, 70.6, 61.5.

HRMS (ESI-TOF) m/z: [M + H]* calcd for C17H17NsO4 369.1311; Found 369.1305.

Q A white solid (19 mg, 30%): R 0.20 (Hex/EtOAc 2:3); mp 188-190
HN ]

OH OH
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9-benzyl-N-(2-isocyanophenyl)-9H-purin-6-amine (14)

® ec A white solid (15 mg, 30%): R 0.20 (Hex/EtOAc 3:2); mp 170-172 °C.
@[N ~ IHNMR (400 MHz, CDCls) § 10.05 (s, 1H), 9.00 (s, 1H), 8.92 (d, J = 7.6
NH Hz, 1H),8.14 (s, 1H), 7.94 (d, J = 7.6 Hz, 1H), 7.56 — 7.46 (m, 2H), 7.40

N SN (dd, J = 7.4, 4.4 Hz, 5H), 5.55 (s, 2H). 3C NMR (101 MHz, CDCl3) §

C
<N N/) 153.1, 152.5, 143.8, 143.8, 143.8, 134.7, 131.7, 129.3, 128.8, 128.0,
U 125.2, 124.7, 122.6, 122.6, 120.0, 116.7, 47.7. HRMS (ESI-TOF) m/z:

[M + H]" caled for C19H15Ne 327.1358; Found 327.1330.
2-((9-benzyl-9H-purin-6-yl)amino)benzonitrile (16)

c=N A white solid (54 mg, 75%): R¢ 0.20 (Hex/EtOAc 2:3); mp 180-182

Q °C. 'H NMR (400 MHz, CDCls) § 8.73 (d, J = 8.6 Hz, 1H), 8.64 (s,

</N { 1H), 7.91 (d, J = 7.2 Hz, 1H), 7.66 (d, J = 7.6 Hz, 2H), 7.44 — 7.30

N /N/JN (m, 6H), 7.20 (t, J = 7.3 Hz, 1H), 5.45 (s, 2H). *C NMR (101 MHz,

Q_/ CDClz) 6 152.5, 151.5, 141.4, 141.30 135.2, 133.8, 132.7, 129.2,

129.1, 128.7, 128.6, 127.8, 123.3, 121.6, 116.6, 102.9, 47.4. HRMS (ESI-TOF) m/z: [M + H]*
calcd for C19H15Ne 327.1358; Found 327.1360.

NH

3-benzylpurino[6,1-b]quinazolin-7(3H)-one (17)

A yellowish solid (40 mg, 82%): R¢ 0.10 (Hex/EtOAc 2:3); mp 202-204 °C.

'H NMR (400 MHz, CDCl3) § 9.59 (s, 1H), 8.49 — 8.44 (m, 1H), 8.02 - 7.94

Nj\)l\N 5 (m, 2H), 7.90 (t, J = 7.6 Hz, 1H), 7.52 (t, J = 7.5 Hz, 1H), 7.40 (t, J = 7.0

<’N | » Hz, 3H), 7.36 (d, J = 7.7 Hz, 2H), 5.50 (s, 2H). *C NMR (101 MHz, CDCls)
0159.4,148.3,142.1,140.9,139.7,139.6, 136.1, 134.8, 134.5,129.2, 129.1,
128.7, 127.8, 127.7, 127.6, 125.5, 124.9, 47.9. HRMS (ESI-TOF) m/z: [M
+ H]" calcd for C19H14NsO 328.1198; Found 328.1200.

N1-(9-benzyl-9H-purin-6-yl)-N1-methylbenzene-1,2-diamine (19)

NH, A white solid (47 mg, 70%): Rf 0.20 (Hex/EtOAc 7:3); mp 178-180 °C.
©: —  HNMR (400 MHz, DMSO-ds) & 7.52 — 7.47 (m, 1H), 7.45 — 7.41 (m,
N, 2H),7.37(d,J=7.5Hz 2H), 7.30 (dd, J = 14.1, 7.1 Hz, 4H), 7.14 (dd,
¢ )

N N//l J=5.9, 3.2 Hz, 2H), 6.39 (s, 2H), 5.21 (s, 2H), 4.21 (s, 3H). 13C NMR
@J (101 MHz, DMSO dg) 6 150.3, 143.1, 142.6, 137.3, 135.9, 131.3, 129.1,
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128.0, 127.7, 127.6, 121.7, 120.9, 117.3, 110.6, 109.4, 46.4, 31.9. HRMS (ESI-TOF) m/z: [M
+ H]" calcd for C19H19Ns 331.1671; Found 331.1662.

N1-(9-benzyl-9H-purin-6-yl1)-N2,N2-dimethylbenzene-1,2-diamine (20)

|
SN
NH

e

calcd for CooH21Ng 345.1828; Found 345.1826.

A white solid (42 mg, 60%): Rf 0.30 (Hex/EtOAc 7:3); mp 182-184 °C.
'H NMR (400 MHz, CDCls) § 8.66 (s, 1H), 8.61 (s, 1H), 7.87 (s, 1H),
7.40 — 7.32 (m, 5H), 7.25 (dd, J = 13.3, 7.4 Hz, 2H), 7.11 (t, J = 7.6 Hz,
1H), 5.44 (s, 2H), 2.79 (s, 6H). *C NMR (101 MHz, CDCls3) & 152.8,
152.7, 152.1, 149.7, 141.9, 140.5, 135.5, 133.6, 129.1, 128.4, 127.8,
125.1, 123.3, 120.7, 119.8, 47.3, 44.7. HRMS (ESI-TOF) m/z: [M + H]*

General procedure for the synthesis of benzimidazole attached purine derivatives (11a-

)

\.

One-pot

NH,
1. @[ 2'
Cl NH,

</ | SN neat, 100 °C, 1 h
N 7~ 3
(5 N™ “Cl 2. DMA, K,S,04
110 °C, 0.5 h
10

=
N

SN
¢ 1l
N N/)\CI
d11 Found

8
d%IN:ECI

— 11' Expected —

J

To a round-bottom flask, 2,6-dichloropurine derivatives 10 (1 mmol) and o-phenylenediamine

derivative 2’ (1.5 mmol) were added. The reaction mixture was stirred neat in an oil bath at
100 °C for 1 h, subsequently, DMA (2 ml) and potassium persulfate (K2S20s) (2 eq) were added

simultaneously to the reaction mixture, and stirring was continued at 110 °C temperature for

30 minutes. Upon completion of the reaction, the mixture was extracted with ice-cold water

and ethyl acetate in the presence of a brine solution. The organic layer was dried over

anhydrous sodium sulfate, and the solvent was removed under reduced pressure using a rotary

evaporator. The crude product was then purified by column chromatography using ethyl

acetate/hexane as the eluent, affording a series of desired compounds, denoted as 11.

6-(1H-benzo[d]imidazol-1-yl)-2-chloro-9-methyl-9H-purine (11a)
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=N
N

\ —ci
QT N

A white solid (42 mg, 60%): Rr 0.20 (Hex/EtOAc 3:2); mp 208-210 °C.H
NMR (400 MHz, DMSO-ds) 5 9.80 (s, 1H), 8.74 (s, 1H), 8.66 (s, 1H), 7.87
(s, 1H), 7.52 (d, J = 30.3 Hz, 2H), 3.91 (s, 3H). 3C NMR (101 MHz, DMSO-
ds) 6 155.0, 152.2, 148.0, 147.3, 144.0, 131.9, 131.7, 125.6, 125.1, 121.4,
120.6, 116.3, 30.6. HRMS (ESI-TOF) m/z: [M + H]* calcd for C13H10CINg
285.0655; Found 285.0649.

6-(1H-benzo[d]imidazol-1-yl)-2-chloro-9-ethyl-9H-purine (11b)

o
Ly
=N
QN \ N/)\CI
M

A white solid (44 mg, 65%): Rf 0.20 (Hex/EtOAc 3:2); mp 208-210 °C. H
NMR (400 MHz, CDClz) 6 10.00 (s, 1H), 8.82 (d, J = 8.1 Hz, 1H), 8.15 (s,
1H), 7.93 (d, J = 7.7 Hz, 1H), 7.51 (dt, J = 22.7, 7.3 Hz, 2H), 4.41 (9, J = 7.3
Hz, 2H), 1.67 (t, 3H). *C NMR (101 MHz, CDCl3) & 154.2, 153.6, 150.1,
143.6, 125.3, 124.7, 121.6, 120.5, 116.8, 39.4, 15.4. HRMS (ESI-TOF) m/z:
[M + H]" calcd for C14H12CINg 299.0812; Found 299.0804.

6-(1H-benzo[d]imidazol-1-yl)-9-(tert-butyl)-2-chloro-9H-purine (11c)

0
Ly

—N
hi/{\:N»_CI

N

Ju

313.0961.

A white solid (39 mg, 58%): Rr 0.20 (Hex/EtOAc 3:2); mp 208-210 °C. H
NMR (400 MHz, CDCls3) 6 9.96 (s, 1H), 8.80 (d, J = 8.0 Hz, 1H), 8.19 (s,
1H), 7.90 (d, J = 7.8 Hz, 1H), 7.59 — 7.44 (m, 2H), 5.01 (dt, J = 13.6, 6.8 Hz,
1H), 1.72 (s, 3H), 1.70 (s, 3H). 3C NMR (101 MHz, CDCls) § 154.0, 153.3,
147.9, 143.8, 141.8, 131.7, 125.3, 124.8, 121.8, 120.4, 116.7, 47.9, 22.6.
HRMS (ESI-TOF) m/z: [M + H]" calcd for C1sH14CINs 313.0968; Found

6-(1H-benzo[d]imidazol-1-yl)-2-chloro-9-hexadecyl-9H-purine (11d)

CH,

A white solid (33 mg, 56%): Rr 0.20 (Hex/EtOAc 3:2); mp 208-210 °C.H
NMR (400 MHz, CDCls) & 8.43 (s, 1H), 7.72 (s, 1H), 7.46 (d, J = 8.0 Hz,
1H), 7.16 — 7.08 (m, 1H), 6.89 — 6.81 (m, 2H), 4.14 (t, J = 7.2 Hz, 2H), 1.90
—1.79 (m, 2H), 1.27 (s, 24H), 0.89 (t, J = 6.8 Hz, 4H). 3C NMR (101 MHz,
CDCIz) 6 154.3, 153.6, 150.9, 141.4, 140.8, 127.2, 126.1, 124.4, 119.3,
118.8, 117.7, 44.0, 31.9, 29.9, 29.7, 29.6, 29.6, 29.5, 29.4, 29.3, 29.0, 26.5,
22.7,14.1. HRMS (ESI-TOF) m/z: [M + H]" calcd for C2sH20CINg 495.3003;

Found 495.3010.

9-allyl-6-(1H-benzo[d]imidazol-1-yl)-2-chloro-9H-purine (11e)
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A white solid (41 mg, 62%): R 0.20 (Hex/EtOAc 3:2); mp 208-210 °C.H

N/Q NMR (400 MHz, CDCls) § 9.92 (s, 1H), 8.85 — 8.72 (m, 1H), 8.11 (s, 1H),

mN 7.48 (dtd, J = 21.8, 7.4, 1.2 Hz, 2H), 6.10 (ddt, J = 16.2, 10.2, 5.9 Hz, 1H),
E \\T)\m 5.44 (dd, J = 10.2, 0.6 Hz, 1H), 5.40 — 5.28 (m, 1H), 4.93 (dt, J =5.9, 1.3 Hz,
N~ N 2H). 3C NMR (101 MHz, CDCls3) § 154.2, 153.8, 148.0, 144.0, 143.9, 143.7,
( 131.7, 130.8, 125.3, 124.8, 121.3, 120.5, 120.3, 116.6, 46.2. HRMS (ESI-

TOF) m/z: [M + H]" calcd for C15H12CINg 311.0812; Found 311.0805.

6-(1H-benzo[d]imidazol-1-yl)-2-chloro-9-(prop-2-yn-1-yl)-9H-purine (11f)

O
Ly
=N
QN \ N/)\CI

e

A white solid (42 mg, 64%): Rs 0.20 (Hex/EtOAc 3:2); mp 208-210 °C.*H
NMR (400 MHz, DMSO-dg) 6 9.75 (s, 1H), 8.84 (s, 1H), 8.62 (d, J =8.0
Hz, 1H), 7.85(d, J = 7.8 Hz, 1H), 7.53 (t, J=7.5Hz, 1H), 7.46 (t, J = 7.2
Hz, 1H), 5.26 (d, J = 2.4 Hz, 2H), 3.63 (s, 1H). *C NMR (101 MHz,
DMSO-de) & 154.2, 152.4,147.7, 146.6, 144.0, 131.7, 125.6, 125.1, 121.8,
120.7,116.4, 33.8. HRMS (ESI-TOF) m/z: [M + H]" calcd for C15H10CINs

309.0655; Found 309.0650.

6-(1H-benzo[d]imidazol-1-yl)-9-benzyl-2-chloro-9H-purine (11g)

O
Ly
/=N
«N \ N/)‘CI

>f

361.0970.

A white solid (37 mg, 58%): Rs 0.20 (Hex/EtOAc 3:2); mp 208-210 °C.
'H NMR (400 MHz, CDCl3) § 9.92 (s, 1H), 8.80 (d, J = 8.0 Hz, 1H), 8.05
(s, 1H), 7.89 (d, J = 7.7 Hz, 1H), 7.57 — 7.34 (m, 7H), 5.49 (s, 2H). 13C
NMR (101 MHz, CDCls) 6 154.4, 153.9, 148.1, 144.0, 143.9, 143.7,
134.3,131.7,129.3,129.0, 128.1, 125.3, 124.8, 121.3, 120.5, 116.7, 47.8.
HRMS (ESI-TOF) m/z: [M + H]" calcd for C19H14CINg 361.0968; Found

6-(1H-benzo[d]imidazol-1-yl)-2-chloro-9-(2-fluorobenzyl)-9H-purine (11h)

A white solid (33 mg, 52%): Rf 0.20 (Hex/EtOAc 3:2); mp 208-210 °C.
'H NMR (400 MHz, DMSO-ds) & 9.78 (s, 1H), 8.86 (s, 1H), 8.62 (d, J =
7.9 Hz, 1H), 7.86 (d, J = 7.8 Hz, 1H), 7.54 (t, J = 7.8 Hz, 1H), 7.45 (dd, J
=14.0, 7.1 Hz, 2H), 7.36 (d, J = 7.1 Hz, 1H), 7.24 (dd, J = 16.0, 8.5 Hz,
1H), 5.64 (s, 2H). *C NMR (101 MHz, DMSO-dg) § 161.7, 159.0, 154.7,
152.4,147.4 (d, J = 35.0 Hz, 1C), 143.9 (d, J =8.0 Hz, 1C), 131.4 (d, J =
8.0 Hz, 1C), 131.0, 130.6,125.2 (t, J = 45.0 Hz, 1C), 123.1, 122.9, 121.8,
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120.6, 116.3 (d, J = 16.0 Hz, 1C), 116.03, 41.8.°F NMR (377 MHz, DMSO) 5 -117.5 (s).
HRMS (ESI-TOF) m/z: [M + H]* calcd for C1gH13CIFNg 379.0874; Found 379.0866.

4-((6-(1H-benzo[d]imidazol-1-yl)-2-chloro-9H-purin-9-yl)methyl)benzonitrile (11i)

A white solid (34 mg, 55%): R¢ 0.20 (Hex/EtOAc 3:2); mp 208-210 °C.*H NMR (400 MHz,

DMSO-ds) 6 9.79 (s, 1H), 8.91 (s, 1H), 8.63 (d, J = 8.1 Hz, 1H),
/Q 7.87 (t, J=6.7 Hz, 3H), 7.59 — 7.51 (m, 3H), 7.48 (d, J = 7.6 Hz,
-\ 1H), 5.69 (s, 2H). *3C NMR (101 MHz, DMSO-ds) & 154.7, 152.4,
L}l \ N/)\CI 147.7,147.3, 144.0, 141.7, 133.2, 131.7, 128.8, 125.6, 125.5,

N 125.2,125.0, 121.9, 120.6, 119.0, 116.3, 111.3, 46.9. HRMS (ESI-
/©) TOF) m/z: [M + H]* calcd for C20H13CIN7 386.0921; Found
NC 386.0914.

9-benzyl-2-chloro-6-(5,6-dimethyl-1H-benzo[d]imidazol-1-yl)-9H-purine (11))

A white solid (48 mg, 70%): Rs 0.20 (Hex/EtOAc 3:2); mp 218-220 °C.
!H NMR (400 MHz, DMSO-dg) § 9.65 (s, 1H), 8.87 (s, 1H), 8.35 (s, 1H),
L 7.58 (s, 1H), 7.40 (s, 1H), 7.39 (s, 3H), 7.34 (dd, J = 8.9, 4.5 Hz, 1H),
N =N 5.56 (s, 2H), 2.40 (s, 3H), 2.36 (s, 3H). *C NMR (101 MHz, DMSO-ds)
Q \ N/)\C' 0 154.6, 152.4, 147.7, 147.1, 143.2, 142.5, 136.3, 134.1, 133.6, 130.1,
129.3, 128.6, 128.1, 121.7, 120.6, 116.5, 47.3, 20.9, 20.3. HRMS (ESI-

©) TOF) m/z: [M + H]" calcd for C21H18CINg 389.1281; Found 389.1248.

9-allyl-2,6-dichloro-9H-purine (107)

cl A colourless liquid (39 mg, 65%): Rf 0.30 (Hex/EtOAc 3:2); mp 160-162
NN °C.H NMR (400 MHz, CDCls) § 8.13 (s, 1H), 6.05 (ddt, J = 16.3, 10.3,
</N | N/)\CI 5.9 Hz, 1H), 5.42 (d, J = 10.2 Hz, 1H), 5.31 (d, J = 17.0 Hz, 1H), 4.89 (d, J
//) = 5.9 Hz, 2H). 3C NMR (101 MHz, CDCl3) § 153.1, 151.8, 145.5, 130.6,

130.4, 120.5, 46.4. HRMS (ESI-TOF) m/z: [M + H]" calcd for CgH7Cl2Na4
229.0048; Found 229.0042.

N1-(9-allyl-2-chloro-9H-purin-6-yl)benzene-1,2-diamine (12)
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A grey solid (52 mg, 80%): Rr 0.30 (Hex/EtOAc 2:3); mp 182-184 °C. H

“ZN/Q NMR (400 MHz, CDCls) & 8.28 (s, 1H), 7.73 (s, 1H), 7.47 (d, J = 7.8 Hz,

- 1H), 7.18 — 7.04 (m, 1H), 6.97 — 6.75 (m, 2H), 6.11 — 5.89 (m, 1H), 5.39 —

Z,‘ \ J—ci 528 (m, 1H), 5.23 (d, J = 17.1 Hz, 1H), 4.77 (d, J = 5.8 Hz, 2H), 3.44 (s,

NN 2H).*C NMR (101 MHz, CDCl3) § 154.5, 153.6, 141.3, 140.8, 131.4, 127.3,

Iﬁ 126.0, 124.4,119.4, 119.4, 118.8, 117.7, 45.8. HRMS (ESI-TOF) m/z: [M +
H]* calcd for C14H14CINg 301.0968; Found 301.0961.

HN
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'H-NMR, 3C-NMR, and °F-NMR spectra

7.

'H NMR (400 MHz, DMSO-ds) spectrum of compound (5a)
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H NMR (400MHz, DMSO-ds) spectrum of compound (5b)
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'H NMR (400MHz, CDCls) spectrum of compound (5c)
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'H NMR (400MHz, CDCls) spectrum of compound (5d)

ST
ST—
69T~

6T'C—

[344
Sb'y
'y
6V’
85t
mm.v/
9
€9 >
€&y
SLY
L7a4
8L
98
6t
€6’y

€9 —

67L
WL /
8b'L
0S°Z
092
9L W
€92
66'L
108 V

€08 \
0’8

b6 —

o
€'y F <
Sb'y
liad [ =
14\ cer| ¥
85h\ ©
65t~ PoeT L &
Gf\
€9 .

©
e Foez| o
SLy .
oLy T o
8Lt rw
98"y
6% Lo
€6 n

90 o
rw
©
M wn
©
o
S
[m o
~
FS _
€9 — —FErI
e
o
[~ o
«Q
[~ o
<
- [~
Rl
_J ~ —
9L N
w:V el
05°L— ©
092~ L2
197 “ €T ~
€92 @
=~ —_—
662
SﬁV 6T | N
€087 €1
v0'8 ~
o
N|/
\
Z= =
Nﬂ\N Q
(@] X —
o
(@]
o
<

=5T'¢
=8E'€

=0

Beet
Boe'T
EO0ET
€T

EHET
=0E'T

6'T
€T

T T T T T T T T T T
0.5 0.0

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

13C NMR (101 MHz, CDCIs) spectrum of compound (5d)

67 TC—"
[A%TANS
05'97—
60~

6L°9% —

049

YELL e
€18
€€°€8 A

LTS8
€498 \

PET0T —

8T°0TT —
SLETT—

95°02T ~
e —
09°921T

T€LeT W
0s'/TT

SO'TET —
ST'EET —
WSET

60 TYT —

60°69T —

180 170 160 150 140 130 120 110

190

529



'H NMR (400MHz, CDCls) spectrum of compound (5¢)
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'H NMR (400MHz, DMSO-ds) spectrum of compound (5f)
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'H NMR (400MHz, DMSO-ds) spectrum of compound (59)
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H NMR (400MHz, DMSO-ds) spectrum of compound (5h)
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H NMR (400MHz, DMSO-ds) spectrum of compound (5i)
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'H NMR (400MHz, CDClzs) spectrum of compound (5j)
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'H NMR (400MHz, CDCIs) spectrum of compound (5k)
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'H NMR (400MHz, DMSO-ds) spectrum of compound (5m)
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H NMR (400MHz, DMSO-ds) spectrum of compound (5n)
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'H NMR (400MHz, DMSO-ds) spectrum of compound (50)
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H NMR (400MHz, DMSO-ds) spectrum of compound (5p)
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H NMR (400MHz, DMSO-ds) spectrum of compound (5q)
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!H NMR (400MHz, DMSO-dg) spectrum of compound (5r)
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'H NMR (400MHz, CDCls) spectrum of compound (5s)
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'H NMR (400MHz, CDClzs) spectrum of compound (5t)
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'H NMR (400MHz, CDCls) spectrum of compound (7a)
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H NMR (400MHz, DMSO-ds) spectrum of compound (7b)
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'H NMR (400MHz, CDCls) spectrum of compound (7c)
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H NMR (400MHz, DMSO-ds) spectrum of compound (7d)
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!H NMR (400MHz, DMSO-dg) spectrum of compound (7e)
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'H NMR (400MHz, CDClzs) spectrum of compound (7f)
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'H NMR (400MHz, CDCls) spectrum of compound (79)
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F NMR (377 MHz, CDClIz) spectrum of compound (7g)
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'H NMR (400MHz, CDCIs) spectrum of compound (7h)
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!H NMR (400MHz, DMSO-ds) spectrum of compound (7i)
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'H NMR (400MHz, CDCls) spectrum of compound (7b’)
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!H NMR (400MHz, DMSO-ds) spectrum of compound (3)
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!H NMR (400MHz, DMSO-dg) spectrum of compound (8)
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!H NMR (400MHz, DMSO-dg) spectrum of compound (9)
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'H NMR (400MHz, DMSO-ds) spectrum of intermediate compound (D)
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'H NMR (400 MHz, CDCIs) spectrum of compound (14)
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'H NMR (400 MHz, CDCIs) spectrum of compound (16)
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'H NMR (400 MHz, CDCIs) spectrum of compound (17)
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'H NMR (400 MHz, DMSO-ds) spectrum of compound (19)
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'H NMR (400MHz, CDCls) spectrum of compound (20)
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'H NMR (400MHz, CDCls) spectrum of compound (11a)
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'H NMR (400MHz, CDClzs) spectrum of compound (11b)
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9.96

CDCls) spectrum of compound (11c)
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'H NMR (400MHz, CDClzs) spectrum of compound (11d)

e N T2R3-3HBI38II33 gl 583 AR 288
o N NNNNNNSGSOSO666o <+ ¥ - -4~ coo
BRVARN S NN NS
=N
u \ N/>\CI
(&4
CH,
T rToToT T T iy i
8 g8 % 8 & 2 2 2 5
T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

13C NMR (101MHz, CDCls) spectrum of compound (11d)

vV WiW W PR GBEEEL
N
g
N
=N
N )~
U \ et
N
(&4
CH,
”' Al" I" ) I

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

S68



'H NMR (400MHz, CDCls) spectrum of compound (11e)
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H NMR (400MHz, DMSO-dg) spectrum of compound (11f)
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'H NMR (400MHz, CDCls) spectrum of compound (11g)
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!H NMR (400MHz, DMSO-ds) spectrum of compound (11h)
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F NMR (377 MHz, DMSO-ds) spectrum of compound (11h)
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'H NMR (400MHz, DMSO-ds) spectrum of compound (11i)
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!H NMR (400MHz, DMSO-dg) spectrum of compound (11j)
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!H NMR (400MHgz,

CDCls) spectrum of compound (107)
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'H NMR (400MHz, CDCls) spectrum of compound (12)
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Ralalive Abundance

8. HRMS spectra of the intermediate C and D (Scheme 5)
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Relative Abundance

Relative Abundance

HRMS spectra of compound 14
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Relative Abundance
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HRMS spectra of compound 17
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