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Palladium-Catalyzed C—H Alkoxycarbonylation of Caffeines:

Synthesis of 8-Ester-substituted Caffeines
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Abstract Carbonyl-substituted caffeine derivatives have attracted much attention due to their potent pharmaceutical activity
and interesting fluorescent properties. An efficient synthesis of 8-ester-substituted caffeines through palladium-catalyzed C—H
alkoxycarbonylation was developed. The reaction was carried out in the presence of PdCly(PPhs), and Cu(OAc), under 101
kPa CO atmosphere in 1,4-dioxane, providing diversified 8-ester-substituted caffeines in reasonable to good yields. The ap-
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proach was characterized by using atmospheric pressure of carbon monoxide and broad functional group tolerance.

Keywords palladium; C—H bond acitivation; carbonylation; caffeine; carbon monoxide
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Figure 1 8-Substituted caffeine derivative with biological ac-
tivities
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N, L 1LA-ZEONHONIERL, CO KT — D RAHE, &k
R E 120 C RXFHEALT SEALFI AT 1 ik, i
W& B C—H IS B RERUR B, A ER R e WL
(48 A IO 2 S R A O AL TR 5 S N HEAT T %
Pz, FRAATR . B S AN 5%, (H M
HRANREHEAT (R 1, Entry 1). Pd(OPiv),. PA(TFA), A K
PACL, AR A LTSGR 1, Entries 2~4). JATIE
ZR T H e E SR S SE A Y W[RuCly(cod)],~ RhCly
H[Cp*RhCL],, KBMEAAN KA (K 1, Entries 5~7).
M PPhy JC M4 % e B A AR K M #E 4E L 6
PdCL,/PPhy/Cu(OAc), AL TFIME RIS, B bR r=20r= 24
30%(3 1, Entry 8), {46714 PACLy(PPhs), 5, B LA
T R AT R H AR Y(83.0%; & 1, Entry 9). 4K
PL PACLy(PPhy), JfEAL T 52 T L& LI A Ak 77 A B
BEBRE Cu(OAc), I H BT TG (R 1, Entries 10~
13). SR M C—H iS4 B, B T LAE N
BRI R AN, ik C—H B2t Rk IRA IR Uk
BRHEAT T TR BA 5 %2(FK 1, Entries 14~16). 45 R E W55
st R LA B, B2 RAEN. wmdm
DBACO Ji [ V7% 3R FEK E 39%(F 1, Entry 14), 170
K,CO; A [ MANREHEAT (£ 1, Entry 15). J8/0 AL
PdCl,(PPhs), I & & A7 Cu(OAc), I &, #i55X
LR 2 KRB T B (3R 1, Entries 17~18).
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Table 1 Optimization of the reaction conditions

0
/

)\Jj[ ) + CO + n-BuOH

o lil N

(e}
1a g N/ (0]
N -
)\ | />)J\O/Bun
0“ N "N
! 2a

catalyst (10 mol%)

oxidant (2 equiv.)

base (1 equiv.)

1,4-dioxane, 120 °C

Entry Catalyst Oxidant Base  Yield"/%

1 Pd(OAc), Cu(OAc), 0

2 Pd(OPiv), Cu(OAc), 0

3 Pd(TFA), Cu(OAc), 0

4 PdCl, Cu(OAc), 0

5 [RuCly(cod)], Cu(OAc), 0

6 RhCl; Cu(OAc), 0

7 [Cp*RhCl,], Cu(OAc), 0
8° PdCl,/PPh; Cu(OAc), 30.0
9 PdCI,(PPhs), Cu(OAc), 83.0
10 PdCI,(PPhs), AgOAc 0
11 PdCl,(PPhs), Ag,CO; Trace
12 PdCI,(PPh;), Oxone 0
13 PdCl,(PPhs), Benzoquinone Trace
14 PdCIy(PPh;), Cu(OAc), DABCO 39.0
15 PdCl,(PPhs), Cu(OAc), K,CO; Trace
16 PdCI,(PPh;), Cu(OAc), Et;N 18.9
17¢ PdCly(PPhs), Cu(OAc), 26.3
18° PdCl,(PPhs), Cu(OAc), 15.7

© 2017 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: caffeine (1a, 0.2 mmol), n-BuOH (0.3 mL), catalyst (10
mol%), oxidant (2 equiv.), base (1 equiv.), CO (101 kPa) in 1,4-dioxane (1
mL) at 120 “C for 24 h. ® Isolated yield. ¢ PPhs (20 mol%). ¢ PdCLy(PPhs), (5
mol%). ¢ Cu(OAc), (1 equiv.)

7ELL PACL(PPhs), AEALT, Cu(OAc), AT
FEZAETS, AT SR 716 s 87 1R 5 i )30 AT T 2%
%2, GRHITE 2. WNEWTLUE HAEWRMEET NN-—H
FHEEZ(DMF). —H £ T A(DMSO)AT NN-—H %2,
12 (DMA) R BARMEREAT, Horb DMSO &I =
FKHA 9.0%, DMF Fl DMA A&7 [ N A A BEREAT,
SRR AR [RIE AEAR PRI TR E A s R 7 R =
KAWBNE, KA 14- 25 F B r= 55 &.

ZEA LA BN 2RSS S, PACL(PPhs), AL FFIXT
Ol DR 5T D R R A B ) B B RO 2 2 10
mol% PACL(PPhs),, 2 equiv. Cu(OAc),, MIMERE 5 T HEH)
VIR 10 16.4, WA 1,4- 28N, MR
120 °“C, CO J£ /79 101 kPa, S S [d] 24 h.

IR RAL O SRR, S AR A
— RAIINHE R AT A S IR T B R R R A R BT
TES(E 2). 1 ArbeEERRINMER (2b~2e)F 7 Akt
EAR R R (26~ 2h) AT DUR o b gk AT ot Sl e A Jse

http://sioc-journal.cn/ 631



BIHE

R

®2RMERIL

Table 2 Screening of the solvents

o
/

)\Jt[ ) + CO + n-BuOH

0 III N

PdCly(PPhs),, Cu(OAC),

solvent, 120 °C, CO (101 kPa)

1a o
- N/ o]
N -
)\ | />)]\O/ Bu-n
0” "N~ N
| 2a
Entry Solvent Yield"/%
1 1,4-Dioxane 83.0
2 Toluene 34.6
3 Anisole 18.2
4 DMF 0
5 DMSO 9.0
6 DMA 0

“ Reaction conditions: caffeine (0.2 mmol), n-BuOH (0.3 mL), catalyst (10
mol%), Cu(OAc), (2 equiv.), CO (1 atm) in solvent (1 mL) at 120 ‘C for 24
h. ? Isolated yield.
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Figure 2 Palladium-catalyzed C—H alkoxylcarbonylation of caffeines
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Cu(OAc), (2.0 equiv.) /AT, 1,4- = ANFR(1 mL)fE
BT, £ CO (101 kPa)ySA F, N 120 C,
SBEES A 24 h IR BIAR R T, ELHAMIHEER C—H 5
Hk, LLCOEN CLIE, SEEYII KA BRI
R BiE fl 8-BSE e R AT A=, %R N B A LR
A (1) SN TG 75 0T W R A1 JE ) 705 B e Ak 0 A= il i AR 4k
EW, MR ERENHER C—H 8k — & R 8-figd
OEERIRTAEYD; (2)RIBLLA CO NBRIE, &I P22 MK,
BHEETEE, fFeamMRatRRIER, Q)
NG 7 AR, BTH CO A—AN KA, BREMI(E;
(DAL TR R AT EYI S IE M5, NG, AR 4E
B e BT A R R 8-TR Ik R T AR .
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3.1 UEFES5HF
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R HEILIRAX AR 2, TMS NP AR; HRMS £d R
Waters GCT Premier (EI-TOF){X 285, A A k74T
g, Bk, HER T, RGP Bk
TR B, A EHTEERR(200~300 H)NT Sl TH
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BRA R AR, WK S5 B . ok R A% SR 77 %
A .
3.2 B-EEEUNEEELTEYRNERK

I P S0 1 AR LAMIHEEE] 1a 55 CO SN A RE 2a 9l
Fim NEERA S BRI Schlenk M H I 0.2 mmol
IiEERR], 0.02 mmol [PACly(PPhs),], 0.4 mmol Cu(OAc),,
H CO At X =1k, AVESES 1 mL 1,4- =58
A 0.3 mL GFIE T RE, SR B RT 120 CH)
TR SN 24 h, SEE S 4D 2 2 R S 1R 8 KU
AR CO AR, IRATREW), FrAk =2 H £
ik @ ZFR CEEHIRFREE N 5 0 1 BTR A TR ke,
RN R 1,3,7-= I HE-2,6- —448-2,3,6,7-
VU5 -1 H-VE0S-8-FI G T fig(2a), FIE, 773% 93%. 'H
NMR (400 MHz, CDCly) 6: 4.42 (t, J=6.9 Hz, 2H), 4.35
(s, 3H), 3.61 (s, 3H), 3.41 (s, 3H), 1.85~1.76 (m, 2H),
1.46 (dd, J=15.1, 7.5 Hz, 2H), 0.97 (t, J=7.4 Hz, 3H);
C NMR (100 MHz, CDCl;) d: 158.5, 155.6, 151.4, 146.8,
139.1, 110.4, 66.5, 34.8, 30.6, 30.0, 28.2, 19.1, 13.7;
HRMS caled for C3H gN,O,: 294.1328, found 294.1327.

1,3- I JE-7- 2, 9-2,6- 5 18-2,3,6,7- D0 & -1H-TEE
4-8- R T EE(2b): '"H NMR (400 MHz, CDCLy) o: 4.87
(q, J=7.1 Hz, 2H), 4.42 (t, J=6.9 Hz, 2H), 3.61 (s, 3H),
3.42 (s, 3H), 1.80 (dd, J=8.6, 6.5 Hz, 2H), 1.45 (q, J=7.3
Hz, 5H), 0.97 (t, J=7.4 Hz, 3H); “C NMR (100 MHz,
CDClLy) 6: 158.3, 155.2, 151.5, 147.0, 138.4, 109.7, 66.5,
43.1, 30.5, 30.0, 28.2, 19.1, 16.5, 13.7; HRMS calcd for
C14H2oN4O4: 308.1485, found 308.1487.

1,3- ZFJE-7-TH 9 -2,6- —5010-2,3,6,7- D0 & -1H-1EE
14-8- 2 T & (2¢): '"H NMR (400 MHz, CDCl3) 6: 4.82~
4.72 (m, 2H), 4.41 (t, J=7.0 Hz, 2H), 3.61 (s, 3H), 3.41 (s,
3H), 1.82 (dd, J=15.0, 11.4, 6.6 Hz, 4H), 1.45 (dd, J=
15.1, 7.5 Hz, 2H), 0.96 (td, J=7.4, 6.4 Hz, 6H); *C NMR
(100 MHz, CDCly) §: 158.4, 155.3, 151.5, 147.0, 138.7,
110.0, 66.5, 48.9, 30.5, 30.0, 28.2, 24.7, 19.1, 13.7, 10.7;
HRMS caled for CsH,,N,O,4: 322.1641, found 322.1640.

1,3- - FHE-7-(3- R TR 35)-2,6- 4 4R-2,3,6,7-PU & -
1 H-ME W5 _8-FIR T F5(2d): '"H NMR (400 MHz, CDCl5) ¢:
5.01~4.89 (m, 2H), 4.43 (t, J=7.0 Hz, 2H), 3.61 (s, 3H),
3.50~3.35 (m, 5H), 2.49~2.37 (m, 2H), 1.81 (dd, J=8.5,
6.5 Hz, 2H), 1.46 (dd, J=15.1, 7.5 Hz, 2H), 0.97 (t, J=7.4
Hz, 3H); C NMR (100 MHz, CDCl;) d: 158.4, 155.3,
151.4, 147.1, 138.8, 109.9, 66.7, 46.6, 33.7, 30.5, 30.1,
29.0, 28.3, 19.1, 13.7; HRMS calcd for C;sH, BrN,Oy:
400.0746, found 400.0746.

1,3- 7 K0 6- 4 1R-2,3,6,7- DY A -1 H- 12

http://sioc-journal.cn/ 633



BIHE

R

-8-FI R T i (2e): '"H NMR (400 MHz, CDCl3) 6: 7.33~
7.25 (m, 5H), 6.09 (s, 2H), 4.40 (t, J=6.9 Hz, 2H), 3.63 (s,
3H), 3.42 (s, 3H), 1.81~1.70 (m, 2H), 1.40 (dd, J=15.1,
7.5 Hz, 2H), 0.95 (t, J=7.4 Hz, 3H); *C NMR (100 MHz,
CDCly) d: 158.5, 155.4, 151.4, 147.1, 138.8, 136.3, 128.7,
128.1, 127.5, 109.9, 66.5, 50.0, 30.5, 30.0, 28.3, 19.0, 13.7;
HRMS calcd for CoH,,N,O4: 370.1641, found 370.1640.

3,7- ~HIHE-1-23E-2,6- 5 10-2,3,6,7- DU & -1 H-TE
-8-FI R T g (2f): '"H NMR (400 MHz, CDCl3) J: 4.42 (t,
J=6.9 Hz, 2H), 4.34 (s, 3H), 4.08 (q, J=7.1 Hz, 2H), 3.60
(s, 3H), 1.80 (dd, J=8.5, 6.5 Hz, 2H), 1.45 (dd, J=15.1,
7.5 Hz, 2H), 1.24 (t, J=7.1 Hz, 3H), 0.97 (t, J=7.4 Hz,
3H); *C NMR (100 MHz, CDCl;) ¢: 158.5, 155.3, 151.0,
146.9, 139.0, 110.5, 66.4, 36.8, 34.7, 30.5,29.9, 19.1, 13.7,
13.2; HRMS calcd for C;4HN;O4: 308.1485, found
308.1482.

3,7- ZH R 1P B -2,6- 4R -2,3,6,7- DU A -1 H-TE
4-8-H R T TE(2g): 'TH NMR (400 MHz, CDCLy) 6: 4.42
(t, J=6.9 Hz, 2H), 4.34 (s, 3H), 4.02~3.90 (m, 2H), 3.60
(s, 3H), 1.86~1.74 (m, 2H), 1.68 (t, J=7.6 Hz, 3H), 1.45
(dd, J=15.1, 7.5 Hz, 2H), 0.97 (t, J=7.3 Hz, 5H); "°C
NMR (100 MHz, CDCl;) 8: 158.5, 155.5, 151.2, 146.9,
139.1, 110.5, 66.4, 43.2, 34.7, 30.5, 29.9, 21.2, 19.1, 13.7,
11.3; HRMS caled for C;sH,,N4O4: 322.1641, found
322.1640.

3,7- — F L1 -2,6- 4 AR-2,3,6,7- T A - 1 H-
M4 -8-F R T Fig(2h): '"H NMR (400 MHz, CDCls) o:
5.89 (dd, J=8.8, 8.3 Hz, 1H), 5.31~5.14 (m, 2H), 4.62 (d,
J=5.8 Hz, 2H), 4.42 (t, J=6.9 Hz, 2H), 4.34 (s, 3H), 3.61
(s, 3H), 1.87~1.74 (m, 2H), 1.45 (dd, J=15.1, 7.5 Hz,
2H), 0.97 (t, J=7.4 Hz, 3H); °C NMR (100 MHz, CDCL,)
5: 158.5, 155.2, 151.0, 147.0, 139.2, 131.9, 117.9, 110.4,
66.5, 43.6, 34.8, 30.5, 30.0, 19.1, 13.7; HRMS calcd for
C1sHxoN4O4: 320.1485, found 320.1486.

1,3- 7 F k2705 P 3 -2,6- — 460 A8-2,3,6,7- DU S -1H-
NES_8-FH R T g (2i): '"H NMR (400 MHz, CDCls) 6: 7.03
(d, J=15.6 Hz, 1H), 5.65 (dd, J=5.3, 1.7 Hz, 2H), 4.41 (t,
J=6.9 Hz, 2H), 4.10 (t, J=6.7 Hz, 2H), 3.63 (s, 3H), 3.41
(s, 3H), 1.79 (dd, J=8.6, 6.4 Hz, 2H), 1.64~1.56 (m, 2H),
1.00~0.94 (m, 3H); *C NMR (100 MHz, CDCly) o:
155.0, 151.5, 147.6, 141.7, 139.0, 132.9, 118.4, 108.4,
64.7, 49.2, 29.8, 28.2, 19.1, 13.7; HRMS caled for
C1sHyoN4O4: 320.1485, found 320.1483.

1,3,7-=H3-2,6- —4540-2,3,6,7-T0 & -1 H-ME 14 -8-
F2-3- T 1 EE(2§): "H NMR (400 MHz, CDCls) J: 5.83 (dd,

634 http://sioc-journal.cn/
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J=17.1,10.3 Hz, 1H), 5.23~5.07 (m, 2H), 4.47 (t, J=6.9
Hz, 2H), 4.34 (s, 3H), 3.60 (s, 3H), 3.40 (s, 3H), 2.57 (q,
J=6.9 Hz, 2H); °C NMR (100 MHz, CDCl;) §: 158.3,
133.1, 118.0, 65.4, 34.7, 32.9, 30.0, 28.2; HRMS calcd for
C3H ¢N,O4: 292.1172, found 292.1170.

1,3,7-=H3-2,6- —%4-2,3,6,7-T0 & -1 H-ME 4 -8-
PR FEE(2k): 'H NMR (400 MHz, CDCl3) 0: 7.53~7.32
(m, 5H), 5.45 (s, 2H), 4.34 (s, 3H), 3.61 (s, 3H), 3.41 (s,
3H); ”C NMR (100 MHz, CDCl;) 6: 158.3, 155.6, 151.4,
146.8, 138.8, 134.8, 129.7~128.6, 110.5, 68.0, 34.8, 30.0,
28.2; HRMS caled for CiqH;N;O,: 328.1172, found
328.1170.

1,3,7- = H3-2,6- 5 1R-2,3,6,7- DU A -1 H-FERS-8- H
Z I 5(21): 'H NMR (400 MHz, CDCl3) d: 4.36 (s, 3H),
4.01 (s, 3H), 3.60 (s, 3H), 3.41 (s, 3H); C NMR (100
MHz, CDCLy) d: 158.8, 155.5, 151.4, 146.8, 138.6, 110.6,
53.2, 34.7, 30.0, 28.2; HRMS caled for C;oH;2N;Oy:
252.0859, found 252.0860.

1,3,7- = H3-2,6- 4 1R-2,3,6,7- DU A -1 H-ME RS -8- H
% Z.fi5(2m): "H NMR (400 MHz, CDCl;) J: 4.48 (q, J=
7.1 Hz, 2H), 4.35 (s, 3H), 3.61 (s, 3H), 3.41 (s, 3H), 1.45
(t, J=7.1 Hz, 3H); *C NMR (100 MHz, CDCl;) 6: 158.3,
155.6, 151.4, 146.8, 139.0, 110.4, 65.8, 34.8, 33.0, 30.0,
28.2; HRMS calecd for C; H;4N4O4: 266.1015, found
266.1015.

1,3,7-= 32, 6- —51-2,3,6,7-T0 & -1 H-ME 4 -8-
1% 5 P9 l5(2n): "H NMR (400 MHz, CDCl;) d: 5.36~5.24
(m, 1H), 4.33 (s, 3H), 3.60 (s, 3H), 3.46~3.35 (m, 3H),
1.43 (d, J=6.3 Hz, 6H); C NMR (100 MHz, CDCl;) ¢:
158.0, 155.6, 151.4, 146.8, 139.5, 110.3, 70.9, 34.7, 30.0,
28.2, 21.7; HRMS calcd for C;,HN4O4: 280.1172, found
280.1175.

1,3,7- = H3-2,6- 4 1R-2,3,6,7- DU A -1 H-ME RS -8- H
FR-3-H A EHE(2p): 'H NMR (400 MHz, CDCl) o:
7.29 (t, J=7.9 Hz, 1H), 7.06~7.02 (m, 1H), 7.00 (s, 1H),
6.90~6.86 (m, 1H), 5.41 (s, 2H), 4.33 (d, J=0.9 Hz, 3H),
3.80 (d, J=0.8 Hz, 3H), 3.59 (d, J=1.0 Hz, 3H), 3.40 (d,
J=1.0 Hz, 3H); *C NMR (100 MHz, CDCl;) J: 159.8,
158.3, 155.6, 151.4, 146.8, 138.8, 136.3, 129.8, 120.8,
114.2, 110.5, 67.8, 55.3, 34.8, 30.0, 28.2; HRMS calcd for
C,7H,sN,O4: 358.1277, found 358.1277.

4 Bh#f Kl (Supporting Information) fiG1b &4 'H
NMR Fl °C NMR & 32kl n] LA 2 AT il
(http://sioc-journal.cn/) I N #k.
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