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Abstract
The aryl substituents in SGLT-2 inhibitors are the key factors affecting the strength of drug activity.
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In this study, empagliflozin was taken as the lead compound, and its aryl substituents were modified
and transformed to design and synthesize four new key intermediates of SGLT-2 inhibitors. The ra-
tionality of the design was verified by molecular docking technology. The key intermediates of
SGLT-2 inhibitors with a maximum yield of 90.2% were synthesized through four-step reactions
including acyl chlorination, electrophilic substitution, nucleophilic substitution and reduction. The
final structures were all jointly verified by tH-NMR, 13C-NMR and HRMS. This synthetic route has the
characteristics of simple operation, being environmentally friendly, highly efficient and having a
high yield. It provides new ideas for screening out highly active SGLT-2 inhibitors.
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SGLT-2 sl BN 8 - 7 &1 s W [ S az e 2 #0750, Va7 1 AUHE PR I A 202570 [1] . SGLT-2 411
1) 7510 4 AL i i R 400 s T T 28 0 ) EE RSO P, (R A8 e 1 0 2 R AN PR R T R 2, g SR
B ARG LB R 25 R [2] [3]. v BAR B %, IEREH1 4 LAS RS FIR45, 35928 SGLT-2 il IR 24 «
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Figure 1. Empagliflozin
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Figure 2. Synthesis route of key intermediates for patent CN107311962A
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Figure 3. General formula for aryl substituent
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Figure 4. Synthesis route
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Table 1. Four key intermediate compounds
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HO Br
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2. Kh
2.1. (XE5H

Bruker Ascend™ 400MHz % RiLHR IS4 (i £ A& T2 AH]), IKA RVS itk & KA S (HEE IKA 2
A]), ZF-1 =AM A (R B SR & )5 .

AT T A T R A R R 245 35 DR 23 i 4l (B g 2R SRR I A PR 2 1) 9 71 G S e A R A
A 513647 B ZE AL B

22. & 1-a E R

0] 0]
OH CH,Cl, 0°C - [i:rﬂ\ PhF/AICI3
(COCI),/DMF
Br

1-1 1-2 1-3

LAY 1-1 (10 g, 46.5 mmol) Al 100 mL JE7/K CHLCl T A F] 500 mL BB+, VK& 1F ~ 1 H
LR 7 Y S F R 18 3 N B 40(16.2 mL, 127.5 mmol), J& BRI 0.1 mL DMF {E#E bR IR
REER, SHRRE EIR, RN, TLC (PE:EA = 3:1) Ml JERl S N 54, B I 4 22 4% B ik S VA 771,
BRI E MR 10.3 9, LA 1-2 (10.3 g, 43.4 mmol) A1 30 mL S FEMAF] 250 mL [RER S, 2t
YN AICI; (8.2 g, 61.5 mmol), =iE$iHE 4 h j5 TLC (PE:EA = 6:1) Wil ;2 i 584, 0°C 0 1 mol/L HCI
(20 mL)¥K AICIs, B thHIE R Al (OH)s AR FENA S 87738, KR Z G20, AN KBRS 5 & I
BHUAE, ToKBRRRAN TR, WA 513 12.5 g i Alffk. PPbr=Z28 92%. H NMR (400 MHz,
CDCI3) & 7.86 — 7.80 (m, 2 H), 7.57 (dd, J = 8.5, 2.4 Hz, 1 H), 7.50 (d, J = 2.3 Hz, 1 H), 7.34 (d, J = 8.5 Hz, 1
H), 7.16 (t, J = 8.5 Hz, 2 H).
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@] 0O
Lo
(O, = 7T
g
F t-BuOK/THF (@)

Br Br

1-3 1-5

LAY 1-3 (12.5 g, 42.8 mmol). FE ) THF 100 mL. tb&4% 1-4 (3.8 mL, 43.2 mmol) il A F) 500
mL BJERER A, IINFUT B THF 3 12 mL, =R 3h, TLC (PE:EA=5:1) Ml M 5¢ 4, 0°C
KR, CBRZEHL, YA NaCl B . IRAAANIAH, A 90 mL = AEE, 85°Chn#kEI 1 h, {5 ikn#k,
BWIAHIE 0~5CHEFE 1 h, I TRE AGEE 13.89, 2N 90.1%. HNMR (400 MHz, CDCI3) §
7.79-7.63(m, 2 H), 7.53—7.33 (m, 2 H), 7.21 (d, J = 20.8 Hz, 1 H), 6.89 — 6.77 (m, 2 H), 4.93 (td, J = 4.3, 2.2
Hz, 1 H), 4.02 - 3.79 (m, 4 H), 2.26 — 2.04 (m, 2H).

\ O H/
/C AlCls/toluene, 1t /C

1-5 1-6

16— 500 ZZ AR S, RIRIENAL &4 1-5 (13.8 9, 38.3 mmol) £ 5 28 40 FH (1 F 2K 100 mL,
b 5K oK AICHs (9.2 g, 69.1 mmol) 7 HEIIA R By H o FE IR AR T, 38 I 18 e S v <2 NI 5
1 1,1,3,3-PY i3 i 2 be(17.44 mL, 129.1 mmol), FFFFEENEHE 4h. TLC (PE:EA = 4:1)E B e b O #4758
Ao MGG, KRR EE 0°C, 2RI 2M MIERERIE R LA KRN, Bl 5 5% %% 28 0 e
i, KM BRI =R G 6 FFANAE, KRR T R, R RG EFE— B Rk %
WA, 193] 123 SO HEENT S AR A5 5] 11.8 g 4i A ik, FEEZ0h 89.5%.

2.3. LEMIRIESHIFRAE

&) 1-a: AEE, FibEY, 723 89.5%. 'HNMR (400 MHz, CDCI3) § 7.28 —7.25 (m, 1H), 7.21
(d, J=2.2 Hz, 1H), 7.02 (dd, J = 8.5, 2.8 Hz, 3H), 6.81 — 6.75 (m, 2H), 4.89 (td, J = 4.1, 2.3 Hz, 1H), 4.02 — 3.94
(m, 3H), 3.93—-3.84 (m, 3H), 2.22 — 2.10 (m, 5H). 3C NMR (101 MHz, CDCI3) & 155.97, 141.68, 135.64, 132.55,
132.00, 131.91, 129.90, 129.44, 119.66, 115.55, 73.27, 67.35, 38.46, 33.15, 19.32. HRMS-ESI* (m/z): C1sH19BrO,
[M+Na]*: 369.0466, found: 369.0468.

&Y 1-b: LEHLRY), #ibE&Y, 773 90.2%. H NMR (400 MHz, CDCI3) § 7.18 (s, 1H), 7.12 (d,
J=2.2 Hz, 1H), 7.00 - 6.85 (m, 5H), 3.81 (s, 2H), 2.08 (s, 3H).13C NMR (101 MHz, CDCI3) & 162.47, 160.04,
140.83, 135.32, 134.86, 134.83, 132.28, 131.79, 129.91, 129.83, 129.35, 129.03, 119.40, 115.25, 115.04, 38.23,
18.97. HRMS-ESI* (m/z):C14H12BrF [M+Na]*: 301.0004, found: 301.0011.

&Y 1-c: LMY, FibaY), 7% 85.8%. H NMR (400 MHz, CDCI3) § 7.33 (dd, J=6.9, 1.5
Hz, 2H), 7.18 — 7.05 (m, 4H), 6.83 — 6.77 (m, 2H), 4.90 (td, J = 4.0, 2.2 Hz, 1H), 4.02 — 3.94 (m, 3H), 3.93 — 3.86
(m, 3H), 2.17 (tt, J = 7.0, 4.9 Hz, 2H).13C NMR (101 MHz, CDCI3) & 156.06, 143.92, 132.72, 131.92, 130.11,
130.10, 129.28, 127.58, 122.66, 115.56, 73.25, 67.33, 40.73, 33.11.HRMS-ESI* (m/z): C17H17BrO, [M+Na]*:
355.0310, found: 355.0315.
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A 1-d: RFCHIRY), LAY, 7% 87.3%. 'HNMR (400 MHz, CDCI3) § 7.36 —7.30 (m, 2H),
7.18-7.09 (m, 2H), 6.80 (d, J = 8.1 Hz, 1H), 6.70 — 6.62 (m, 2H), 4.24 (s, 4H), 3.84 (s, 2H).1*C NMR (101 MHz,
CDCI3) 5 143.43, 143.24, 141.87, 133.30, 131.60, 129.78, 128.97, 127.27, 122.33, 121.59, 117.37, 117.10, 117.08,
64.17, 64.09, 40.58.HRMS-ESI* (m/z):C17H17BrO2 [M-H]*: 303.0020, found: 303.0024.

2.4. RAEEE

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
356 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:18-18 H:19-19 N:0-100 O:0-100 Na:0-1 Br:1-1
240930-2-HJJ-C5----—-- 11 (0.094) 1: TOF MS ES+
371,048 1.16e+005
100 369.0468 :
%
367.0376 372.0458
356.3511 355 3679 362.3271  366.0348 374.3575575,3703 381.2036 383.2089 386.5484 389.2159
o . e : oy o : e . T ey - i 4 1113
355.0 360.0 365.0 370.0 375.0 380.0 385.0 390.0
Minimum: -1.5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula
369. 0468  369. 0466 0.2 0.5 8.5 680.8 n/a n/a C18 H19 02 Na Br
Figure 5. HRMS of the key intermediate 1-a
[E 5. XBEPEMF 1-a S5 PHRE
14
240930-2-CH3-FB-C-5-------- 17 (0.126) 1: TOF MS ES+
100 301.0011 3019179 301 0618A 531
300.9609
300.9861
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Figure 6. HRMS of the key intermediate 1-b
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Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
1076 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:17-17 H:17-17 N:0-100 O:0-100 Na:0-4 Br:1-4
6
241220-11-3 20 (0.075) 1: TOF MS ES+
1.25e+005
357.0294
100 355.0315
% 355.0714
352,021 356.0706/358.0330
. 345.067Z 346.3303 350.2305352.0211353.0215 358.3670  362.3257 9655494 40 5397 360.0091

R e B L o I o o RS B s e o R e i iannanassall |4

3420 3440 3460 3480 3500 3520 3540 3560 3580 3600 3620 3640 3660 3680  370.0
Minimum: 1.5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm Conf (%) Formula
355.0315  355.0310 0.5 1.4 8.5 800.1 n/a n/a C17 1117 02 Na Br

Figure 7. HRMS of the key intermediate 1-c
& 7. XBEPEF 1-c NS5 PHRE

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

Page 1

604 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:15-15 H:2-12 N:0-100 0:0-100 Na:0-4 Br:1-4

6
241220-11-4 21 (0.077)

303.0024 305.0012

1: TOF MS ES+
1.55e+005

100
%
301.1414
297.0829 304.0056 306.0034
2002701 2931754  296.1047 298-0833‘%99'0803 307‘\0127 308.0172 3110986 313.0780 3150743 71164
IRSVARLARS SRR R DA RARYRSARRRASSA RN RARSAARARE SR RSN RASBNRRARS LRSS A RASRA RAARS RASRN AR

290.0 2920 2940 2960 2980 300.0 3020 3040 3060 3080 310.0 3120 3140 316.0
Minimum: -1.5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula
303.0024  303.0021 0.3 1.0 9.5 621.9 n/a n/a C15 H12 02 Br

Figure 8. HRMS of the key intermediate 1-d
[E 8. XHEHIEK 1-d BS 5 PEE
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EE
3. BBHTEE AICI XY= RERM
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BECRHIRER o FEA 0 SNk, 2 AICk TS B, RES 5 IS My A E 4 & I B AR 32 . ™A
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Table 2. The effect of AICIs equivalent usage on yield
= 2. AICIs T [EfE A H EX = RS20

Jig=3 AICl3 (eq) FER
1 1.0 72.3%
2 12 87.2%
3 1.4 90.1%
4 1.6 82.8%

4, 4Eip

AR TR AT SGLT-2 Ml IS i v (R4 Je HATAE MR & R, S il SREBBUR. SRR, &
JREE S N L B B AR . ARG RE T, W B D NIRRT R ARILAL, AR TR 4%
TSI IR BEPRTF AL, (SR A TR K 7 3 8 iR AT I 90.2% . FIIH Maestro.12.8 B iE4T 701 X 4%
FORGGAE, 7850 RUIFT T AR 254 BA S 3, NS S8k md it SGLT-2 kT 40 1 8 i s
Ao fif B 'H-NMR. BC-NMR A HRMS Xt i 287 M a5 W AT R 900, KR HERSE VAL &M Eit, Nz
QU E— D T FRAL R SRR (R A AR S U BN, BRAIRTT T 5 iR AICIs X7 A )
SN, WA T SN, A AICI F2HIHE 1.2 eq I AT SEBL™ R oK. X —RBAIUN & T 2R
PRt TR Ok, A B THESD SGLT-2 il 7 S8 rh (B A& IR BRI A JR 5 583, FERE IRIW 6T 254)
WA BERE T BA AR EE N HMME . 28 EPrIR, AWFFUSCRAE SGLT-2 il 7wt 7t sk 2 oA 225 4
Wk S A, A B SR 25 Wt R AR SR -

SE
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