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Abstract

An efficient one-pot synthesis of novel androgrdp® analogues is reported from a
naturally occurring and abundant andrographoliddated from aerial parts oAndrographis
paniculata. Reactions in the one-pot proceed through a dasgpoxide ring opening by aniline
derivatives/intramolecular ring closing and oxajogate addition-elimination reactions. This
methodology produces a new series of 17-amimpi8soandrographolide analogues in fair to
excellent yields with high stereoselectivity useng economic and environmental procedure without
base or catalyst at room temperature. Twenty-fivélaGgues were obtained and cytotoxicity of all
new analogues were evaluated against six canddmes to search for a new lead compound based

on andrographolide structure.
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1. Introduction

Natural products from medicinal herbs have longnbiee important sources of therapeutic
agents in drug discovery process. With diversitytheir structures, the lead compound with
promising intrinsic therapeutic property has beempleyed as the template for chemical
transformation which is one of the common approadbeimprove their therapeutic properties for
discovery of new drug in the pharmaceutical indus®Recently, more attention has been focused on
improving the biological activity by chemical moddtion of the labdane diterpenoid
andrographolide, a natural product occurring inabgal parts oAndrographis paniculata Nees [1-

5]. Andrographolide is of interest because of igeptial as a bioactive pharmacophore, capable of
energizing a wide range of biological activitiesluding antibacterial, antihepatotoxic, anti-HIV,
anticancer, hypoglycemic and hypotensive activitigs11]. Isolation and purification of
andrographolide fronA. paniculata may be accomplished by simple chromatographicnigcies
with 2% over all yields [12-13].

Modification of natural andrographolide into a Aby of new complex analogues with the
appropriate structural diversity to improve thawdztivity continues to represent a challenge ungdr
discovery and drug development. Recently, new ardpholide analogues have been designed,
synthesized and evaluated for their biologicalvatgti[14-17]. Structural scaffold modification of
natural andrographolide has led to improved anérdes biological activities, especially with regard
to cytotoxic as well as anticancer activity [18-21]

The present study designed and synthesized angiogide-based derivatives from the
perspective of their effectiveness as cytotoxicnégespecifically as anti-cancer agents. In anegarl
study we discovered some semi-synthetic compourdseatl from the andrographolide framework
demonstrated higher bioactivity than the originatunal product [22-24]. Andrographolide
modification at C-19 of andrographolide has indédaactively and the cytotoxic potential towards

cancer [25]However, the modification of the core structureenf-labdane diterpenoid has been



rarely reported. Therefore, a seriespifisoandrographolide were designed and synthesigenhé-

pot procedure as novel structural type for searcimew potential cytotoxic agents. This one pot
method is a suitable procedure for further drugettggment and an effective approach for scale-up,
minimize purification steps and reduce chemicaltevase utilized.

In the present study, we explored the modificabbandrographolideia tandem three steps
epoxide ring opening by aniline derivatives follavéy intramolecular ring closing and oxa-
conjugate addition-elimination reactions leadingat®series of 17-amino-&i-isoandrographolide
analogues.

2. Resultsand discussion
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C-8-epoxy-andrographolide analoguds-4e were synthesized from natural available
andrographolide as starting material for the onegyathesis ofpi-isoandrographolide analogues
(Scheme 1). First, introducing of trityl and TB&ugps at C-19 were carried out in the presence of
triphenylmethylchloride tert-butyldimethylsilyl-chloride and pyridine followedy acetylation at
70°C and epoxidation with MCPBA to afford the desiremmpounds4a and 4b in high yields.
Preparation of C-19 Silyl-precursots and4d, commenced with epoxidation followed by silylation
with TBDPSCI and TIPSCI in the presence of pyridared acetylation to produce the designed
products in good vyields. C-19 Silyl-precursdcsand4d can be prepared as per reaction sequence
4a and 4b. However, we found that in the preparation of C-IBDPS and TIPS-analogues,
epoxidation before silyl protection gave higherldi®f designed compounds than initial C-19

protection.



Table 1 Synthesis of 17-amino-&i-isoandrographolide analogug®
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R=Tr, 58,24 h, 51% R=Tr, 6a, 48 h, 53% R=Tr, 7a, 76 h, 61%
R=TBS, 5b, 24 h, 86% R=TBS, 6b, 48 h, 77% R=TBS, 7b, 72 h, 79%
R=TBDPS, 5¢, 4.5 h, 69% R= TBDPS, 6c, 48 h, 82% R= TBDPS,7c, 24 h, 80%
R= TIPS, 5d, 3 h, 65% R= TIPS, 6d, 72 h, 65% R=TIPS, 7d, 48 h, 82%
R=Ac, 5e, 1.5 h, 61% R=Ac, 6e, 43 h, 87% R=Ac, 7e, 27 h, 82%

Me

e G

R=Tr,8a,127 h,51% R=Tr,9a,1.5h, 50%
R=TBS, 8b, 96 h, 77% R=TBS,9b,1h, 67%
R=TBDPS, 8c, 24 h, 69% R=TBDPS, 9c, 2 h, 79%
R=TIPS, 8d, 24 h, 66% R=TIPS, 9d, 2 h, 73%
R=Ac, 8e, 24 h, 63% R=Ac, 9,2 h, 82%

A series of 17-amino-8pi-isoandrographolide analogues were synthesiithndem three
stepsN-alkylation-epoxide ring opening reaction followbg intramolecular ring closing and oxa-
conjugate addition-elimination reactions. The rigactwas first conducted with C-19-trityl
epoxyandrographolide analogda and aniline in methanol without any base or cataly give the
cyclized producba in fair yield. In a previous study we found théraduction of halogenated and
dimethoxy-aniline to the andrographolide framewte# to the enhancing of cytotoxic activify.
Therefore, anilines bearing halogenated groupshdg-, meta-fluoro and para-bromo) and 3,4-
dimethoxy groups were investigated under the ptesamdition to give the corresponding cyclized
product 17-amino-&pi-isoandrographolidéa-9a in moderate to good yields as shown in Table 1.

When 2-fluoro-, 3-fluro- and 4-bromo-aniline wema@oyed as nucleophiles, the reactions
were performed more than one days to completegthetions due to the decreased nucleophilicity of
aniline bearing electron withdrawing. Reactions3gf-dimethoxyaniline gave the corresponding

products9a-9e in short reaction time. The preparation of nevalagues by one pot reaction
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proceeded smoothly, selectively and efficientlycatim temperature to give twenty-five analogues in
moderate to good yields proving the generalityhi$ inethod. To our knowledge, this is the first
report of one pot cascade reactions of this seqlempoxide ring opening by aniline
derivatives/intramolecular ring closing and oxajogate addition-elimination reactions. Tloes-
stereochemistry at C-8 and C-12 B was determined by NOESY correlations which were
supported by the observation between H-17/H-207HH419, H-20/ ortho-Ar-H and H-12/ortho-Ar-

H as shown in Figure 1.

Figure 1. NOESY correlations of compoure.



Biological activity

Table 2 Cytotoxic activities of 17-amino-8pi-isoandrographolide analogues against cancer

cell lines.

Ko (uM)*
Compounds P-388 KB HT 29 MCF-7 A 549 ASK
Andrographolidel) 2.25 27.37 9.34 15.40 27.9 16.18
ba > 50 > 50 > 50 > 50 > 50 29.06+5.59
5b 5.19+0.06 21.25+0.29 8.50+0.15 5.44+0.14 7.80+0.21 5.94+0.05
5c 45.34+1.30 >50 > 50 > 50 >50 9.32+0.15
5d 6.54+0.04 18.77+0.24 17.47+1.53 8.33+0.66 9.43+0.26 6.10+0.05
5e 39.96£0.54 >50 25.72+0.72 >50 > 50 >50
6a >50 > 50 > 50 >50 >50 > 50
6b 4.56+0.08 6.49+0.11 5.59+0.04  4.45+0.07 6.10+£0.04 .3380.08
6c > 50 > 50 > 50 > 50 > 50 39.73+0.82
6d 21.42+0.55 30.78+0.63 30.25+0.47 15.31+0.49 21.230 8.05%0.20
6e 7.50+0.07 26.53+0.33 6.50+0.06 11.81+0.20 8.45+1.65 27.76+0.38
Ta > 50 > 50 > 50 > 50 > 50 >50
7b 6.44+0.14 27.44+0.18 26.23+0.70 8.64+0.08 21.521#1.8 6.10+0.09
7c >50 >50 > 50 >50 > 50 44.84+0.09
7d 7.95+0.13 32.86+0.51 30.12+0.84 12.67+0.40 24.4830. 6.91+0.03
7e 6.85+0.09 20.75+0.09 5.87£0.07 7.41+0.21 6.52+0.24 22.33+1.24
8a >50 > 50 > 50 >50 >50 > 50
8b 6.39+0.05 25.71+0.31 27.68+0.99 12.91+1.88 14.9B20. 7.35+0.02
8c 48.29+2.05 >50 >50 >50 47.77+0.99 > 50
8d 40.54+1.77 >50 >50 > 50 > 50 29.73+0.65
8e 7.47+0.77 21.08+0.44 6.09+0.15 6.93+0.12 6.14+0.04 8.40+0.24
9a 30.48+0.59 >50 >50 23.14+1.00 >50 6.51+0.06
9b 5.49+0.08 11.53+0.62 6.16+0.23  5.40+0.27 5.30+0.01 5.13+0.04
9c 27.52+0.71 >50 > 50 35.80+1.72 48.61+0.36 9.3720.3
9d 4.98+0.21 17.92+0.65 5.24+0.03  4.70+0.11 6.08+0.05 4.61+0.15
%e 28.82+2.10 >50 24.12+0.47 >50 >50 > 50

Cell lines used are P-388 (murine leukemia ced)tiiB (human epidermoid carcinoma of the moutipLC
2 (human colon cancer); MCF-7 (human breast cant&h1l (human lung cancer); and ASK (rat glioma).
Ellipticine (Ellipt) was used as a positive contrdlhe results were expressed ag Malues



The cytotoxic activities of andrographolide, thegra compound. and a new series
of 17-amino-8epi-isoandrographolide analogues were evaludateditro against seven
cancer cell lines; P-388 (mouse lymphoid neoplasi&B)(human epidermoid carcinoma in
the mouth), Col-2 (human colon cancer), MCF-7 (harbeeast cancer), Lu-1 (human lung
cancer) and ASK (rat glioma) using sulforhodamindSRB) assay. All tested analogues
were dissolved in DMSO (0.1%). Ellipticine, a pdteanti-cancer agent was used as a
positive control. As shown in Table 2, results wenegpressed as kg values (drug
concentration causing 50% growth inhibition) in uM.

As shown in Table 2, an introduction of aniline@el9 substituted analogues and
conversion of andrographolide scaffold egi-isoandrographolide core structure provided
some analogues with greater cytotoxicity than toétthe parent andrographolide.
Comparison of the cytotoxic activities of anilineatoguesba-5e, compoundsbb and 5d
showed increasing cytotoxicity against almost alinaer cells than the natural
andrographolidelnterestingly, compoun&c showed selective cytotoxic activity to ASK
cancer cell. Among C-1@-fluoroaniline analogue$a-6e, compound6b showed the
highest activities relative to other analogues bmoat all cancer cell lines especially on
ASK cancer cells with an Kg value 3.33uM. 6b was 2 to 5-fold more active on various
cancer cells thafhi. Changing th@-fluoro aniline tom-fluoro aniline derivativescompound
7a-7e showed a trend in cytotoxic activity that was $amto that for6a-6e. The effects of
substituent position of fluoro group on anilinegidid not alter activity. Compounde
showed the greatest activity in this group. ConmabuC-19-acetyl8e bearing p-
bromoaniline at C-17 exhibited greater activitipart other C-19 substituted analogues in
this group. Introduction of a more electron-dongtgroup such as dimethoxyaniline to C-
17 position on the new scaffold led to a dramaterease in cytotoxic activity of C-19 TBS
9b and C-19 TIPd. Moreover, compoun@b showed the greatest activity on A 549
while compounddd on HT 29 cancer cell and compoufid showed selective cytotoxic
activity to ASK cancer cells.

3. Conclusions

In summary, a convenient and environmentally ortetpoee steps cascade reactions
has been developed for modification of andrograpkddcaffold to provide new 17-amino-
8-epi-isoandrographolide analogues to screen cytotostivity. The reaction proceeda

epoxide ring opening by aniline derivatives/intraecollar ring closing and oxa-conjugate



addition-elimination reactions without any basecatalyst at room temperature. Twenty
five analogues were screened to study the SAR. Amdhe synthetic epi-
isoandrographolidesgb exhibited the strongest activities relative to esttanalogues
especially on ASK cancer cells with ans4@3.33 uM, while 5¢c and 9a showed selective

cytotoxic activity to ASK cancer cells.

4. Experimental section
General experimental

All chemicals were purchased from commercial sauraed used without further
purification. Proton NMR spectra were recordecadBRUKER AVANC (400 MHz). All
spectra were measured in CR&blvent and chemical shifts are reporte® &alues in parts
per million (ppm) relative to tetramethylsilané 0.00) or CD{ (& 7.26) as internal
standard. Data are reported as follows; chemigif @nultiplicity, integrate intensity or
assignment, coupling constants in Hz, assignmed&rbon NMR spectra were recorded on
a BRUKER AVANC (100 MHz). All spectra were measliren CDCk solvent and
chemical shifts are reported @asalues in parts per million (ppm) relative to CR(d 77.0)
as internal standard. High-resolution mass spdéifRMS) data were obtained with a
Finnigan MAT 95. Infrared spectra were determinada PERKIN ELMER FT/IR-2000S
spectrophotometer and are reported in wave numbetl)( Analytical thin-layer
chromatrography (tlc) was conducted on precoateglédtes; silica gel 60F-254 [E. Merck,
Darmstadt, Germany]. Silica gel columns for opehsnin chromatrography utilized silica
gel 60 PF254 [E. Merck, Darmstadt, Germany]. Ngltpoints were measured using a
Melting point apparatus (Griffin) and are uncoreett

19-Tr-3,14-diacetyl-8,17-epoxy andrographolide (4a)

To a stirred solution of andrographolidB (2.05 mg, 4.91 mmol) in pyridine (2.5
mL) was added triphenylmethyl chloride (TrCl) (2.88 8.18 mmol), then the reaction
mixture was heated to PC. After the stirring was continued at 7 for 2.5 h, the reaction
mixture was quenched with cold NEl and extracted with EtOAc (3x50 mL). The
combined organic layer was washed with brine (50),ndried over sodium sulfate

anhydrous, and then concentrated under reducedupeesThe residue was purified by
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column chromatography (50% EtOAeiexane) to give 19-Tr-andrographolida)in 69%
yield (1.47 g) as a white soli& 0.45 (50%EtOAch-hexane).

To a stirred solution of 19-Tr-andrographolid&)( (1.00 g, 1.69 mmol) in acetic
anhydride (10.0 mL) was refluxed to 145. After the stirring was continued at 125 for
2.5 h, the reaction mixture was diluted with EtO®® mL) and quenched with saturated
NaHCG;, washed with BO, and extracted with EtOAc (3x50 mL). The combimeganic
layer was washed with brine (50 mL), dried overigod sulfate anhydrous, and then
concentrated under reduced pressure. The residsi@uvdied by column chromatography
(30% EtOAch-hexane) to give 19-Tr-3,14-diacetyl-andrograptmI@h) in 73% vyield (833
mg) as a white solidy 0.54 (30%EtOAc/h-hexane).

To a stirred solution of 19-Tr-3,14-diacetyl andigholide 8a) (501 mg, 0.74
mmol) in solution mixture of CpCl,/methanol (5:1) (20.0 mL) was addeah
chloroperoxybenzoic aciadntCPBA) (307 mg, 1.78 mmol). After the stirring waantinued
at room temperature for 24 h, the solvent was retdy evaporator. The reaction mixture
was diluted with EtOAc (50 mL) and quenched wittusated NaHC@ washed with KO,
and extracted with EtOAc (3x50 mL). The combinedamic layer was washed with brine
(50 mL), dried over sodium sulfate anhydrous, ahdntconcentrated under reduced
pressure. The residue was purified by column chtography (30% EtOActhexane) to
give 19-Tr-3,14-diacetyl-8,17-epoxy andrographoli® in 94% yield (481 mg) as a white
solid, Rf 0.65 (40% EtOAci-hexane). 4a): Mp. 83-85°C; IR (Neat): 2946, 1763, 1734,
1678, 1370, 1240, 1028, 750 ¢ntH NMR (400 MHz, CDCJ): § 7.52-7.47 (6H, m, PhH),
7.35-7.24 (6H, m, PhH), 7.23-7.22 (3H, m, PhH)670H, td,J = 7.0, 1.0 Hz, H-12), 5.82
(1H, brd,J = 6.0 Hz, H-14), 4.54 (1H, dd,= 11.5, 4.0 Hz, H-3), 4.50 (1H, ddi= 11.0, 6.0
Hz, H-15b), 4.20 (1H, dd] = 11.0, 1.5 Hz, H-15a), 3.39 (1H, &= 10.0 Hz, H-19b), 3.16
(1H, d,J = 10.0 Hz, H-19a), 2.52 (1H, ddi= 4.0, 2.0 Hz, H-17b), 2.47 (1H, 8= 4.0 Hz,
H-17a), 2.12 (3H, s, CO3), 2.03 (3H, s, COB3), 2.01-1.77 (4H, m), 1.61-1.10 (8H, m),
1.23 (3H, s, H-18), 0.38 (3H, s, H-20fC NMR (100 MHz, CDGJ): & 170.60 (2xC),
169.00, 150.96, 144.11 (3xC), 128.87 (6xC), 12{6XC), 126.93 (3xC), 123.21, 86.95,
79.87, 71.59, 67.57, 62.22, 58.06, 55.09, 54.1184N12.35, 39.46, 37.43, 35.97, 23.56,
23.00, 22.94, 22.45, 21.26, 20.87, 14.25; HR(&ESI) nvz calcd for GsHsgOgNa [M+Na]
715.3247, found 715.3275.
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19-TBS-3,14-diacetyl-8,17-epoxy andrographolide (4b)

To a stirred solution of andrographolid® (504 mg, 1.44 mmol) in pyridine (5.0
mL) was addedert-butyldimethylsilyl chloride (TBDMSCI) (1.07 g, 7.1@&mol) at room
temperature. After the stirring was continued @im temperature for 1 h, the reaction
mixture was diluted with EtOAc (50 mL) and quencheith H,O (50 mL), and extracted
with EtOAc (3x50 mL). The combined organic layerswaashed with brine (50 mL), dried
over sodium sulfate anhydrous, and then concedtrateer reduced pressure. The residue
was purified by column chromatography (50% EtQReéxane) to give 19-TBS-
andrographolide 2b) in 88% vyield (591 mg) as a white soligs 0.42 (50%EtOAch-

hexane).

To a stirred solution of 19-TBS-andrographoli@b)((591 mg, 1.27 mmol) in acetic
anhydride (10.0 mL) was refluxed to 145, After the stirring was continued at 145 for 2
h, the reaction mixture was diluted with EtOAc (BL) and quenched with saturated
NaHCG;, washed with BO, and extracted with EtOAc (3x50 mL). The combimeganic
layer was washed with brine (50 mL), dried overisod sulfate anhydrous, and then
concentrated under reduced pressure. The residsi@uvdied by column chromatography
(40% EtOAch-hexane) to give 19-TBS-3,14-diacetyl androgragiel@b) in 86% vyield
(598 mg) as a white soli®; 0.61 (30%EtOAc/h-hexane).

To a stirred solution of 19-TBS-3,14-diacetyl argiapholide 8b) (598 mg, 1.09
mmol) in solution mixture of CkCl/methanol (5:1) (6.0 mL) was addedr
chloroperoxybenzoic acidntCPBA) (553 mg, 3.20 mmol). After the stirring waantinued
at room temperature for 19 h, the solvent was retdy evaporator. The reaction mixture
was diluted with EtOAc (50 mL) and quenched wittusgted NaHC@ washed with kO,
and extracted with EtOAc (3x50 mL). The combinedamic layer was washed with brine
(50 mL), dried over sodium sulfate anhydrous, ahdntconcentrated under reduced
pressure. The residue was purified by column chtogmaphy (22% EtOActhexane) to
give 19-TBS-3,14-diacetyl-8,17-epoxy andrographelidb) in 73% yield (451 mg) as a
white solid,R 0.18 (22% EtOAgi-hexane)(4b): Mp. 114-116°C; IR (Neat): 2933, 2870,
1750, 1642, 1449, 1347, 1264, 1206, 1082, 1036, 892 cni; '‘H NMR (400 MHz,
CDCl3): 6 7.10 (1H, tJ= 7.0 Hz, H-12), 5.88 (1H, d,= 5.0 Hz, H-14), 4.59-4.47 (1H, m,
H-3), 4.52 (1H, dJ = 11.0 Hz, H-15b), 4.22 (1H, d,= 11.0 Hz, H-15a), 3.86 (1H, d,=
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10.5 Hz, H-19b), 3.58 (1H, d,= 10.5 Hz, H-19a), 2.62 (1H, brs, H-17b), 2.54 (bks, H-
17a), 2.12 (3H, s, CO@), 2.05 (3H, s, COBs), 2.10-1.59 (8H, m), 1.43-1.36 (2H, m),
1.34-1.17 (2H, m), 0.97 (3H, s, H-18), 0.96 (3HHs20), 0.89 (9H, s, SiC(€s)3), 0.03
(6H, s, Si(®3),); *C NMR (100 MHz, CDGJ): & 170.68, 170.62, 169.10, 151.17, 123.07,
79.72, 71.61, 67.60, 63.98, 58.37, 55.06, 54.21934HA2.19, 39.66, 37.81, 36.33, 25.83
(3xC), 23.69, 23.30, 23.11, 22.83, 21.11, 20.880,814.51, -5.65, -5.74; HRMESI) m/z
calcd for GoH4g0gSiNa [M+Na] 587.3016, found 587.3047.

19-TBDPS-3,14-diacetyl-8,17-epoxy andrographolide (4c)

A mixture of 8,17-epoxy andrographolid@c) (500 mg, 1.36 mmol) withert-
butyldiphenylsilyl chloride (TBDPSCI) (1.12 mL, 43mmol) was stirred at room
temperature for 1 h. The reaction mixture was ghed with NHCI, and extracted with
EtOAc. The combined organic layer was washed wiiheh dried over sodium sulfate
anhydrous, and then concentrated under reducedupeesThe residue was purified by
column chromatography (60% EtOAehiexane) to afford the corresponding prodBein
81% vyield (668 mg) as a white soli&, 0.36 (50%EtOAc/h-hexane).

To a stirred solution of 19-TBDPS-8,17-epoxy andapdpolide 8c) (350 mg, 0.58
mmol) in acetic anhydride (2.0 mL) was heated46 °C for 1h, the reaction mixture was
diluted with EtOAc (30 mL) and quenched with satedaNaHCQ, washed with KO, and
extracted with EtOAc (3x30 mL). The combined orgaiaiyer was washed with brine (30
mL), dried over sodium sulfate anhydrous, and tbemcentrated under reduced pressure.
The residue was purified by column chromatograf@9#4 EtOAch-hexane) to afford the
corresponding produelc in 69% vyield (275 mg) as a white solig, 0.49 (30%EtOAc/kh-
hexane)(4c): Mp. 92-94°C; IR (Neat): 2939, 1734, 1241, 1079, 749'crtH NMR (400
MHz, CDCh): § 7.71-7.63 (4H, m, PhH), 7.47-7.34 (6H, m, PhH)87(1H, td,J = 7.0, 1.0
Hz, H-12), 5.86 (1H, brd] = 5.5 Hz, H-14), 4.53 (1H, dd,= 11.0, 4.0 Hz, H-3), 4.50 (1H,
dd,J = 11.5, 5.5 Hz, H-15b), 4.22 (1H, d#iz 11.5, 1.5 Hz, H-15a), 3.84 (1H, 3= 11.0
Hz, H-19b), 3.37 (1H, d] = 11.0 Hz, H-19a), 2.60 (1H, d,= 4.0 Hz, H-17b), 2.53 (1H, d,
J = 4.0 Hz, H-17a), 2.11 (3H, s, CBE), 2.15-1.92 (5H, m), 1.90 (3H, s, CEE), 1.84-
1.39 (5H, m), 1.31-1.17 (2H, m), 1.06 (9H, s, SiBEE), 1.04 (3H, s, H-18), 0.80 (3H, s,
H-20); **C NMR (100 MHz, CDGJ): 6 170.61, 170.51169.01, 150.92, 135.82 (2xC),
135.74 (2xC), 133.44, 133.39, 129.67, 129.64, 222&C), 127.59 (2xC), 123.19, 79.63,
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71.57, 67.57, 63.83, 58.20, 54.99, 54.13, 49.55824239.98, 37.57, 36.18, 26.92 (3xC),
23.58, 23.01, 22.81 (2xC), 21.06, 20.86, 19.25,68:4HRMS (ESI) m/z calcd for
C4oH5208SiNa [M+NaT711.3329, found 711.3322.

19-T1PS-3,14-diacetyl-8,17-epoxy andrographolide (4d)

To a stirred solution of andrographoli¢lg (1.50 g, 4.28 mmol) in solution mixture
of CH,Cl,/methanol (5:1) (30 mL) was addedchloroperoxybenzoic acidrfCPBA) (1.11
g, 6.43 mmol). After the stirring was continuedram temperature for 24 h, solvent was
removed by evaporator. The reaction mixture wasitell with EtOAc (50 mL) and
guenched with saturated NaHg;@vashed with KO, and extracted with EtOAc (3x50 mL).
The combined organic layer was washed with brir rfiL), dried over sodium sulfate
anhydrous, and then concentrated under reducedgypeesThe residue was purified by
column chromatography (100% EtOAc) to give mixtuwfe8,17-epoxy andrographolide
isomers 2c) in 88% yield (1.38 g) as a white solid (major : orir- 18:1),R: (major) 0.42
(100%EtOACc) andR: (minor) 0.33 (100%tOAC).

To a stirred solution of mixture of 8,17-epoxy awghapholide (2c¢) (500 mg, 1.36
mmol) in pyridine 1.0 mL was added triisopropyl atdle (TIPSCI) (0.90 mL, 4.20 mmol) at
room temperature. After the stirring was continaedoom temperature for 5 h, the reaction
mixture was quenched with NBI, and extracted with EtOAc. The combined orgdaier
was washed with brine, dried over sodium sulfateydrous, and then concentrated under
reduced pressure. The residue was purified by aolamromatography (60% EtOA®/
hexane) to afford the corresponding prodsattin 72% yield (514 mg) as a white solig;
0.55 (45%EtOAc/h-hexane).

To a stirred solution of 19-TIPS-8,17-epoxy andapdmolide 8d) (350 mg, 0.67
mmol) in acetic anhydride (2.0 mL) was heated t6 4@ for 5.0 h. The reaction mixture
was diluted with EtOAc (30 mL) and quenched wittusgted NaHC@ washed with KO,
and extracted with EtOAc (3x30 mL). The combinedamic layer was washed with brine
(30 mL), dried over sodium sulfate anhydrous, ahdntconcentrated under reduced
pressure. The residue was purified by column chtogmaphy (40% EtOActhexane) to
afford the corresponding produéd in 69% yield (280 mg) as a white solig, 0.39 (20%
EtOAc/ih-hexane).(4d): Mp. 104-106°C; IR (Neat): 2943, 1764, 1735, 1677, 1370, 1242,
1027, 883 crit; *H NMR (400 MHz, CDCY): 6 7.10 (1H, tdJ = 7.0, 1.0 Hz, H-12), 5.88
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(1H, d,J = 5.5 Hz, H-14), 4.60-4.54 (1H, m, H-3), 4.51 (1dd,J = 11.0, 5.5 Hz, H-15b),
4.22 (1H, ddJ = 11.0, 2.0 Hz, H-15a), 3.95 (1H, #= 10.0 Hz, H-19b), 3.80 (1H, d,=
10.0 Hz, H-19a), 2.63 (1H, d,= 4.0 Hz, H-17Db), 2.55 (1H, d,= 4.0 Hz, H-173a), 2.12 (3H,
s, COQH3), 2.04 (3H, s, COH3), 2.09-1.57 (9H, m), 1.45-1.05 (6H, m), 1.07 (1&H) =
6.0 Hz, Si(CH(G3)2)3), 1.03 (3H, s, H-18), 0.96 (3H, s, H-20YC NMR (100 MHz,
CDCl3): 6 170.63, 170.56, 169.02, 151.03, 123.19, 79.749/57.59, 63.89, 58.28, 55.08,
54.20, 49.91, 42.78, 39.69, 37.74, 36.26, 23.67072322.98, 22.78, 21.18, 20.88, 18.09
(6xC), 14.86, 11.93 (3xC); HRMESI) m/z calcd for GsHs40sSiNa [M+Na] 629.3486,
found 629.3446.

3,14,19-triacetyl-8,17-epoxy andrographolide (4¢€)

To a stirred solution of andrographolidg (1.00 g, 2.85 mmol) in acetic anhydride
(10.0 mL) was heated to 14&. After the stirring was continued at 195 for 3.5 h, the
reaction mixture was diluted with EtOAc (50 mL) agdenched with saturated NaHg;O
washed with HO, and extracted with EtOAc (3x50 mL). The combimeganic layer was
washed with brine (50 mL), dried over sodium selfahhydrous, and then concentrated
under reduced pressure. The residue was purifiedcdlymn chromatography (50%
EtOAc/h-hexane) to give 3,14,19-triacetyl andrographo(i@® in 85% (1.15 g) as a white
solid, R 0.56 (50%EtOAch-hexane).

To a stirred solution of 3,14,19-triacetyl andrqgralide Ge) (909 mg, 1.91 mmol)
in solution mixture of ChCl,/methanol (5:1) (10.0 mL) was addedchloroperoxybenzoic
acid (mCPBA) (660 mg, 3.82 mmol). After the stirring weentinued at room temperature
for 24 h, the solvent was removed by evaporatoe fdaction mixture was diluted with
EtOAc (50 mL) and quenched with saturated NaHO@ashed with KO, and extracted
with EtOAc (3x50 mL). The combined organic layerswaashed with brine (50 mL), dried
over sodium sulfate anhydrous, and then concentiateer reduced pressure. The residue
was purified by column chromatography (40% EtQReéxane) to give 3,14,19-triacetyl-
8,17-epoxy andrographoliddd) in 68% vyield (641 mg) as a white soligs 0.36 (40%
EtOAc/ih-hexane).(4e): Mp. 170-172°C; IR (Neat): 2951, 1734, 1677, 1372, 1237, 1028,
749 cm®; *H NMR (400 MHz, CDCJ): 57.08 (1H, tdJ = 7.0, 1.5 Hz, H-12), 5.87 (1H, brd,
J=5.0 Hz, H-14), 4.58 (1H, dd,= 11.0, 5.0 Hz, H-3), 4.51 (1H, dd= 11.0, 6.0 Hz, H-
15b), 4.35 (1H, dJ = 11.5 Hz, H-19b), 4.23 (1H, dd,= 11.0, 2.0 Hz, H-15a), 4.16 (1H, d,
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J=11.5Hz, H-19a), 2.62 (1H, dd= 4.0, 1.5 Hz, H-17b), 2.55 (1H, d= 4.0 Hz, H-17a),
2.11 (3H, s, CO8H3), 2.06 (3H, s, COH3), 2.04 (3H, s, COH3), 2.01-1.90 (3H, m), 1.90-
1.79 (1H, m), 1.79-1.60 (3H, m), 1.47-1.41 (1H, hB6-1.22 (4H, m), 1.04 (3H, s, H-18),
0.90 (3H, s, H-20)**C NMR (100 MHz, CDGJ): 5 170.87, 170.60, 170.38, 169.02, 150.66,
123.35, 79.30, 71.61, 67.57, 64.62, 58.02, 54.248)K 49.80, 41.13, 39.57, 37.41, 35.95,
23.59, 23.01, 22.67, 22.16, 21.12, 21.08, 20.87,24

Synthesis of 17-amino-8-epi-12-epi-isoandrographolide analogues 5-9

General Procedur&o a stirred solution of 19-substituted-3,14-digk8t17-epoxy
andrographolide(4a-4e) (0.04-0.10 mmol) in methanol (1.0 mL) was addedinam
compound (0.06-0.15 mmol) at room temperature.rAfie stirring was continued at room
temperature for 0.5 to 72 h, the reaction mixtuees wuenched carefully with cooled aq.
NH4CI (10 mL), extracted with EtOAc (3%x10 mL). The doimed organic layer was washed
with water (10 mL) and brine (10 mL), dried ovehgdrous NaSO, and then concentrated
under reduced pressure. The residue was purifiedobynn chromatography (EtOAE/
hexane) to afford the corresponding prod{5¢s9e).

19-Tr-3-acetyl-17-(phenyl)amino-epi-isoandr ogr apholide (5a)
According to the general procedure, 19-Tr-3,14-eli@e8,17-epoxy andrographolidda)
(51.9 mg, 0.075 mmol) with aniline (9.90 mg, 0.106ol) was stirred at room temperature
for 24 h. The residue was purified by column chrtogeaphy (30% EtOActhexane) to
afford the corresponding produsa in 51% yield (27.7 mg) as a brown soli,0.31 (15%
EtOAc/h-hexane); Mp. 98-1060C; IR (Neat): 3361, 3093, 1794, 1732, 1603, 14461
1067, 886, 708 cth *H NMR (400 MHz, CDCJ): § 7.39 (6H, dJ = 8.0 Hz, PhH), 7.25-
7.13 (9H, m, PhH), 7.10-7.03 (3H, m, H-14, PhHR06(1H, t,J = 7.5 Hz, PhH), 6.40 (2H,
d,J = 7.5 Hz, PhH), 4.85 (1H, brs, NH), 4.69 (1HJd; 18.0 Hz, H-15b), 4.61 (1H, d,=
18.0 Hz, H-15a), 4.43 (1H, dnd,= 11.0 Hz, H-3), 3.79 (1H, d, = 10.0 Hz, H-12), 3.29
(1H, d,J = 10.0 Hz, H-19b), 3.04 (1H, d,= 10.0 Hz, H-19a), 2.56 (1H, brs, H-17b), 2.46
(1H, brs, H-17a), 1.92 (3H, s, C®Ig), 1.90-1.45 (8H, m), 1.10 (3H, s, H-18), 1.40-1.01
(3H, m), 0.60-0.50 (1H, m), 0.22 (3H, s, H-26%c NMR (100 MHz, CDGJ): § 173.10,
170.61, 146.84, 146.16, 144.12 (3xC), 135.68, ®@XC), 128.83 (6xC), 127.61 (6xC),
126.85 (3xC), 117.18, 112.73 (2xC), 86.82, 80.202F, 62.13, 58.83, 54.81, 52.42, 51.85,
50.45, 42.30, 39.99, 35.99 (2xC), 26.31, 23.5388222.43, 21.28, 14.00; HRME&SI) nVz
caled for G/Hs:NOg [M+H] ¥ 726.3795, found 726.3789.
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19-Tr-3-acetyl-17-((2-fluor o)phenyl)amino-epi-isoandr ogr apholide (6a)
According to the general procedure, 19-Tr-3,14-eli@e8,17-epoxy andrographolidda)
(51.3 mg, 0.074 mmol) with 2-fluoroaniline (10.5 p@094 mmol) was stirred at room
temperature for 48 h. The residue was purified ddyran chromatography (30% EtO/&e/
hexane) to afford the corresponding prodiecin 53% yield (29.0 mg) as a yellow solig,
0.50 (30% EtOAdgi-hexane); Mp. 112-114C; IR (Neat): 3367, 3097, 1754, 1621, 1401,
1246, 1192, 1032, 708 ¢ém'H NMR (400 MHz, CDCJ): 6 7.39 (6H, dJ = 7.5 Hz, PhH),
7.25-7.11 (9H, m, PhH), 7.07 (1H, brs, H-14), 6(8H, t,J = 10.0 Hz, PhH), 6.83 (1H, ],
= 7.5 Hz, PhH), 6.56-6.48 (1H, m, PhH), 6.25 (1H,% 7.5 Hz, PhH), 5.10 (1H, brs, NH),
4.69 (1H, dJ = 18.0 Hz, H-15b), 4.62 (1H, d,= 18.0 Hz, H-15a), 4.43 (1H, d@~=11.0
Hz, H-3), 3.80 (1H, dJ = 10.0 Hz, H-12), 3.28 (1H, d,= 10.0 Hz, H-19b), 3.04 (1H, d,
= 10.0 Hz, H-19a), 2.55 (1H, brs, H-17b), 2.46 (bks, H-17a), 1.92 (3H, s, C®f), 1.91-
1.02 (11H, m), 1.09 (3H, s, H-18), 0.65-0.55 (1H, M22 (3H, s, H-20)**C NMR (100
MHz, CDCk): 6 172.94, 170.64, 151.39 (dzr = 240 Hz), 146.04, 144.15 (3xC), 135.49,
135.32 (dJcr = 12.0 Hz), 128.86 (6xC), 127.62 (6xC), 126.86GR*x124.47, 116.64 (d,
Jc-r = 7.0 Hz), 114.59 (dJcr = 18.0 Hz), 112.24, 86.88, 80.25, 70.28, 62.176%854.94,
52.17, 51.91, 50.40, 42.36, 39.98, 36.11, 35.9B£L623.57, 22.88, 22.42, 21.25, 14.07,
HRMS (ESI) m/z calcd for G7Hs:FNOs [M+H] * 744.3700, found 744.3703.

19-Tr-3-acetyl-17-((3-fluor o)phenyl)amino-epi-isoandr ogr apholide (7a)

According to the general procedure, 19-Tr-3,14-eli@e8,17-epoxy andrographolidda)
(52.4 mg, 0.076 mmol) with 3-fluoroaniline (10.49n0.094 mmol) was stirred at room
temperature for 76 h. The residue was purified ddyran chromatography (30% EtO/e/
hexane) to afford the corresponding prodiecin 61% yield (34.3 mg) as a white soli&,
0.50 (30% EtOAdi-hexane); Mp. 96-98C; IR (Neat): 3339, 3119, 1754, 1621, 1404, 1247,
1152, 1032, 708 cihy *H NMR (400 MHz, CDC}): & 7.40 (6H, dJ = 7.5 Hz, PhH), 7.26-
7.12 (9H, m, PhH), 7.08 (1H, brs, H-14), 6.98 (td,J = 15.0, 8.0 Hz, PhH), 6.28 (1H X,
= 8.0 Hz, PhH), 6.17 (1H, d,= 8.0 Hz, PhH), 6.07 (1H, d,= 11.5 Hz, PhH), 5.06 (1H,
brs, NH), 4.71 (1H, dJ = 18.0 Hz, H-15b), 4.63 (1H, d,= 18.0 Hz, H-15a), 4.44 (1H, dm,
J =10.0 Hz, H-3), 3.75 (1H, brd,= 7.0 Hz, H-12), 3.29 (1H, &, = 9.5 Hz, H-19b), 3.05
(1H, d,J = 9.5 Hz, H-19a), 2.57 (1H, brs, H-17b), 2.48 (s, H-17a), 1.93 (3H, s,
COCHS3), 1.99-1.03 (11H, m), 1.10 (3H, s, H-18), 0.5980(4H, m), 0.22 (3H, s, H-20}°C
NMR (100 MHz, CDC}¥): & 172.90, 170.58, 164.05 (d¢.r = 240 Hz), 148.72 (d)c.F =
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11.0 Hz), 146.13, 144.14 (3xC), 135.30, 130.333d; = 10.0 Hz), 128.85 (6xC), 127.62
(6xC), 126.87 (3xC), 108.57, 103.73 @,r = 20.0 Hz), 99.60 (dJc.r = 25.0 Hz), 86.88,
80.15, 70.27, 62.17, 58.87, 54.88, 52.60, 52.004%502.34, 40.02, 36.04 (2xC), 26.26,
23.56, 22.89, 22.44, 21.26, 14.04; HRMESI) m/z calcd for GsHs:FNOg [M+H]*
744.3700, found 744.3699.

19-Tr-3-acetyl-17-((4-Bromo)phenyl)amino-epi-isoandr ographolide (8a)

According to the general procedure, 19-Tr-3,14-eli@e8,17-epoxy
andrographolide4@) (51.0 mg, 0.074 mmol) with 4-bromoaniline (36.3,n9.210 mmol)
was stirred at room temperature for 127 h. Thedtesiwas purified by column
chromatography (30% EtOAwhexane) to afford the corresponding prod8atin 51%
yield (30.2 mg) as a white soli 0.34 (30% EtOAdgi-hexane); Mp. 98-10iC; IR (Neat):
3372, 2932, 1753, 1595, 1490, 1245, 1070, 708,632 *H NMR (400 MHz, CDCJ): &
7.40 (6H, dJ = 7.5 Hz, PhH), 7.25-7.10 (11H, m, PhH), 7.06 (§H-14), 6.28 (2H, d] =
8.0 Hz, PhH), 4.95 (1H, brs, NH), 4.69 (1H,Jds 18.0 Hz, H-15b), 4.62 (1H, d,= 18.0
Hz, H-15a), 4.45 (1H, dnJ = 10.0 Hz, H-3), 3.74 (1H, brd,= 10.0 Hz, H-12), 3.29 (1H,
d,J = 10.0 Hz, H-19b), 3.05 (1H, d,= 10.0 Hz, H-19a), 2.57 (1H, brs, H-17b), 2.48 (1H
brs, H-17a), 2.05-1.02 (11H, m), 1.93 (3H, s, GRK 1.10 (3H, s, H-18), 0.60-0.48 (1H,
m), 0.22 (3H, s, H-20)*C NMR (100 MHz, CDGJ): § 172.88, 170.57, 146.11, 145.37,
144.10 (3xC), 135.24, 131.91 (2xC), 128.81 (6x@)7.38 (6xC), 126.83 (3xC), 114.36
(2xC), 108.80, 86.85, 80.13, 70.23, 62.13, 58.8684 52.57, 51.96, 50.46, 42.30, 39.98,
36.02 (2xC), 26.30, 23.51, 22.84, 22.40, 21.210Q:4HRMS (ESI) m/z calcd for
C47H51:BrNOg [M+H] * 804.2900, found 804.2894.
19-Tr-3-acetyl-17-((3,4-dimethoxy)phenyl)amino-epi-isoandr ogr apholide (9a)

According to the general procedure, 19-Tr-3,14-eli@e8,17-epoxy andrographolidda)
(50.7 mg, 0.073 mmol) with 3,4-dimethoxyaniline £20ng, 0.133 mmol) was stirred at
room temperature for 1.5 h. The residue was pdribg column chromatography (50%
EtOAch-hexane) to afford the corresponding prodiecin 50% vyield (28.6 mg) as a yellow
solid, R; 0.64 (50% EtOAdci-hexane); Mp. 85-87C; IR (Neat): 3367, 2924, 1749, 1614,
1513, 1446, 1238, 1027, 708 ¢mtH NMR (400 MHz, CDCJ): & 7.40 (6H, dJ = 7.5 Hz,
PhH), 7.25-7.12 (9H, m, PhH), 7.10 (1H, s, H-14§16(1H, d,J = 8.5 Hz, PhH), 6.09 (1H,
s, PhH), 5.84 (1H, d] = 8.5 Hz, PhH), 4.70 (1H, d,= 18.0 Hz, H-15b), 4.62 (1H, d,=
18.0 Hz, H-15a), 4.50-4.40 (1H, m, H-3), 4.09-4(0H, m, NH), 3.85-3.75 (1H, m, H-12),
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3.74 (3H, s, O@s), 3.71 (3H, s, O83), 3.29 (1H, dJ = 9.5 Hz, H-19b), 3.04 (1H, d,=
9.5 Hz, H-19a), 2.57 (1H, brs, H-17b), 2.46 (1Hs,b4-17a), 1.93 (3H, s, COG), 2.05-
1.00 (11H, m), 1.10 (3H, s, H-18), 0.63-0.53 (1H, M22 (3H, s, H-20)**C NMR (100
MHz, CDCk): & 173.11, 170.61, 150.10, 146.16, 144.14 (3xC), 8041141.38, 135.87,
128.85 (6xC), 127.61 (6xC), 126.86 (3xC), 113.303.24, 98.87, 86.87, 80.21, 70.26,
62.17, 58.91, 56.71, 55.82, 54.88, 52.92, 51.7046042.34, 39.97, 36.08 (2xC), 26.49,
23.56, 22.88, 22.44, 21.25, 14.05; HRNESI) mVz calcd for GgHsgNOg [M+H] * 786.40086,
found 786.4004.

19-TBS-3-acetyl-17-(phenyl)amino-epi-isoandr ogr apholide (5b)

According to the general procedure, 19-TBS-3,14«td-8,17-epoxy
andrographolide 4p) (23.6 mg, 0.042 mmol) with aniline (5.70 mg, @0mol) was
stirred at room temperature for 24 h. The residas purified by column chromatography
(15% EtOAch-hexane) to afford the corresponding prodalzin 86% yield (21.6 mg) as a
yellow solid,R; 0.31 (15% EtOAgi-hexane); Mp. 124-12%C; IR (Neat): 3376, 2954, 2857,
1749, 1732, 1651, 1603, 1513, 1471, 1248, 10600,1833, 838, 736 cth *H NMR (400
MHz, CDCk): 6 7.19 (1H, dJ = 1.0 Hz, H-14), 7.142H, t,J = 7.5 Hz, PhH), 6.68 (1H, J,
= 7.5 Hz, PhH), 6.49 (2H, d,= 7.5 Hz, PhH), 5.01 (1H, brd,= 4.5 Hz, NH), 4.78 (1H, dt,
J=18.0, 1.0 Hz, H-15b), 4.71 (1H, b= 18.0 Hz, H-15a), 4.53 (1H, dd= 11.0, 5.5 Hz,
H-3), 3.96-3.89 (1H, m, H-12), 3.88 (1H, 3l 10.5 Hz, H-19b), 3.58 (1H, d,= 10.5 Hz,
H-19a), 2.76 (1H, brd] = 3.0 Hz, H-17b), 2.63 (1H, d,= 3.0 Hz, H-17a), 2.15 (1H, di=
13.5, 3.0 Hz, H-11b), 2.04 (3H, s, CEE), 1.94-1.61 (7H, m), 1.45-1.24 (2H, m), 1.18-1.12
(1H, m), 0.94 (3H, s, H-18), 0.90 (3H, s, H-20BD(9H, s, SIC(El3)3), 0.77-0.68 (1H, m),
0.03 (6H, s, Si(El3),); *C NMR (100 MHz, CDGJ): § 173.15, 170.55, 146.94, 146.14,
135.84, 129.26 (2xC), 117.20, 112.82 (2xC), 802230, 64.03, 59.16, 54.93, 52.57,
52.10, 50.54, 42.30, 40.33, 36.46, 36.44, 26.583%53%C), 23.71, 23.11, 23.01, 21.21,
18.19, 14.28, -5.60, -5.70; HRME&ESI) m/z calcd for G4Hs:NOgSi [M+H]" 598.3564,
found 598.3569.

19-TBS-3-acetyl-17-((2-fluor o)phenyl)amino-epi-isoandr ographolide (6b)

According to the general procedure, 19-TBS-3,14eltd-8,17-epoxy
andrographolide4p) (24.0 mg, 0.042 mmol) with 2-fluoroaniline (6.98y, 0.062 mmol)

was stirred at room temperature for 48 h. The uwesidvas purified by column
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chromatography (25% EtOAwhexane) to afford the corresponding prod6iotin 77%
yield (20.0 mg) as a white soli& 0.59 (25% EtOAci-hexane); Mp. 66-68C; IR (Neat):
3372, 3119, 2956, 2857, 1755, 1620, 1526, 14029,12@93, 1062, 1030, 855, 837 tm
'H NMR (400 MHz, CDC}):  7.19 (1H, dJ = 1.5 Hz, H-14) 6.98 (1H, ddd,= 12.0, 8.0,
1.5 Hz, PhH), 6.92 (1H, § = 8.0 Hz, PhH), 6.64-6.57 (1H, m, PhH), 6.36 (1d4,J = 8.0,
1.5 Hz, PhH), 5.26 (1H, brs, NH), 4.79 (1H, 8t 18.0, 1.5 Hz, H-15b), 4.73 (1H, dt=
18.0, 1.5 Hz, H-15a), 4.54 (1H, d@i= 10.0, 6.5 Hz, H-3), 3.96 (1H, brd= 10.0 Hz, H-
12), 3.88 (1H, dJ = 10.5 Hz, H-19b), 3.58 (1H, d,= 10.5 Hz, H-19a), 2.76 (1H, brd =
3.5 Hz, H-17b), 2.63 (1H, d,= 3.5 Hz, H-17a), 2.14 (1H, di,= 13.5, 3.5 Hz, H-11b), 2.04
(3H, s, CO®i3), 1.95-1.68 (7H, m), 1.47-1.30 (2H, m), 1.19-1(181, m), 0.94 (3H, s, H-
18), 0.91 (3H, s, H-20), 0.89 (9H, s, SiC{£)s), 0.84-0.74 (1H, m), 0.03 (6H, s, SKE)>);
3C NMR (100 MHz, CDGCJ): § 173.03, 170.60, 151.41 (d.r = 240 Hz), 146.09, 135.55,
135.36 (dJc.r=10.0 Hz), 124.46 (dlc.r = 3.0 Hz), 116.60 (dlc.r = 6.0 Hz), 114.60 (dlc-
r = 18.0 Hz), 112.24 (d)c.r = 3.0 Hz), 80.12, 70.34, 64.00, 59.00, 54.97, 5252.14,
50.51, 42.29, 40.29, 36.48, 36.33, 26.56, 25.84C)323.71, 23.10, 22.98, 21.22, 18.19,
14.29, -5.63, -5.73; HRMSESI) m/z calcd for G4Hs:FNQsSi [M+H]" 616.3470, found
616.3467.

19-TBS-3-acetyl-17-((3-fluor o)phenyl)amino-epi-isoandr ographolide (7b)

According to the general procedure, 19-TBS-3,14eld-8,17-epoxy
andrographolide4p) (22.3 mg, 0.039 mmol) with 3-fluoroaniline (6.48y, 0.058 mmol)
was stirred at room temperature for 72 h. The uwesidvas purified by column
chromatography (30% EtOAwhexane) to afford the corresponding produotin 79%
yield (19.0 mg) as a white soli® 0.29 (30% EtOAcit-hexane); Mp. 172-174C; IR
(Neat): 3371, 2956, 2857, 1755, 1622, 1521, 14@51,11094, 1031, 837, 775 gm'H
NMR (400 MHz, CDC}): 6 7.18 (1H, dJ = 1.5 Hz, H-14) 7.06 (1H, dd,= 15.0, 8.0 Hz,
PhH), 6.36 (1H, tdJ = 8.0, 2.0 Hz, PhH), 6.26 (1H, dil= 8.0, 2.0 Hz, PhH), 6.16 (1H, dt,
J=11.5, 2.0 Hz, PhH), 5.22 (1H, brs, NH), 4.81 (84J = 18.0, 1.5 Hz, H-15b), 4.73 (1H,
dt,J = 18.0, 1.5 Hz, H-15a), 4.55 (1H, dii= 10.5, 6.0 Hz, H-3), 3.92-3.87 (1H, m, H-12),
3.88 (1H, dJ = 10.5 Hz, H-19b), 3.57 (1H, d,= 10.5 Hz, H-19a), 2.77 (1H, d@,= 3.5
Hz, H-17b), 2.63 (1H, d) = 3.5 Hz, H-17a), 2.13 (1H, di,= 13.5, 3.5 Hz, H-11b), 2.04
(3H, s, CO®3), 1.95-1.65 (7H, m), 1.45-1.29 (2H, m), 1.19-1(1®, m), 0.94 (3H, s, H-
18), 0.90 (3H, s, H-20), 0.88 (9H, s, SiC{£)s), 0.76-0.66 (1H, m), 0.03 (6H, s, SKE)>);
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3¢ NMR (100 MHz, CDGJ): 6 173.00, 170.58, 146.17, 135.38, 130.33¥d; = 10.0 Hz),
108.60, 103.69 (dJcr = 20.0 Hz), 99.61 (djc.r = 25.0 Hz), 80.04, 70.32, 64.04, 59.22,
54.92, 52.69, 52.20, 50.58, 42.28, 40.33, 36.4643626.48, 25.84 (3xC), 23.69, 23.10,
23.00, 21.23, 18.18, 14.26, -5.63, -5.73; HR{&SI) m/z calcd for GsHs:FNOsSi [M+H]*
616.3470, found 616.3463.

19-TBS-3-acetyl-17-((4-Br omo)phenyl)amino-epi-isoandr ogr apholide (8b)

According to the general procedure, 19-TBS-3,14atid-8,17-epoxy andrographolidéh)
(23.4 mg, 0.041 mmol) with 4-bromoaniline (10.0 ndgd58 mmol) was stirred at room
temperature for 96 h. The residue was purified ddyran chromatography (15% EtO/e/
hexane) to afford the corresponding prodixin 77% yield (21.3 mg) as a yellow soli&,
0.33 (15% EtOAdi-hexane); Mp. 52-54C; IR (Neat): 3360, 3159, 3098, 2957, 2856, 1755,
1734, 1595, 1400, 1259, 1098, 1030, 837, 813;clH NMR (400 MHz, CDCJ): 5 7.21
(2H, d,J = 7.5 Hz, PhH), 7.16 (1H, brs, H-14) 6.37 (2HJd; 7.5 Hz, PhH), 5.13 (1H, brs,
NH), 4.79 (1H, dJ = 18.5 Hz, H-15b), 4.72 (1H, d,= 18.5 Hz, H-15a), 4.57-4.51 (1H, m,
H-3), 3.87 (1H, dJ = 10.0 Hz, H-19b), 3.87-3.82 (1H, m, H-12), 3.3H( d,J = 10.0 Hz,
H-19a), 2.76 (1H, brs, H-17b), 2.63 (1H, brs, H}1 7213 (1H, dmJ = 13.5 Hz, H-11b),
2.04 (3H, s, COHj3), 1.93-1.67 (7H, m), 1.44-1.10 (3H, m), 0.94 (3 H-18), 0.89-0.88
(12H, m, H-20, SiC(El3)3), 0.80-0.70 (1H, m), 0.07 (6H, s, SKE),); **C NMR (100 MHz,
CDCl3): 6 173.00, 170.57, 146.15, 145.99, 135.42, 131.9TC)2414.44 (2xC), 108.84,
80.07, 70.31, 64.07, 59.23, 54.96, 52.74, 52.266(5%42.31, 40.36, 36.51 (2xC), 26.59,
25.86 (3xC), 23.71, 23.12, 23.02, 21.22, 18.2029,4-5.7 (2xC); HRMSESI) m/z calcd
for CasHs1BrNOgSi [M+H]" 676.2669, found 676.2664.
19-TBS-3-acetyl-17-((3,4-dimethoxy)phenyl)amino-epi-isoandr ogr apholide
(9b)According to the general procedure, 19-TBS-3,14atid-8,17-epoxy andrographolide
(4b) (21.0 mg, 0.037 mmol) with 3,4-dimethoxyanilire230 mg, 0.054 mmol) was stirred
at room temperature for 1 h. The residue was murifiy column chromatography (40%
EtOAch-hexane) to afford the corresponding prod@btin 67% vyield (16.4 mg) as a
yellow solid, R 0.48 (40% EtOAgi-hexane); Mp. 66-68C; IR (Neat): 3373, 3124, 2955,
2857, 1751, 1616, 1516, 1403, 1261, 1248, 1093),1865, 837 cil; 'H NMR (400 MHz,
CDCl3): 6 7.21 (1H, brs, H-14) 6.69 (1H, d,= 8.0 Hz, PhH), 6.18 (1H, s, PhH), 5.94 (1H,
d,J = 8.0 Hz, PhH), 4.79 (1H, d,= 18.0 Hz, H-15b), 4.72 (1H, d,= 18.0 Hz, H-15a),
4.60-4.51 (2H, m, H-3, NH), 3.91 (1H, d= 9.5 Hz, H-12), 3.87 (1H, d,= 10.5 Hz, H-
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19b), 3.82 (3H, s, O&3), 3.79 (3H, s, O83), 3.57 (1H, dJ = 10.5 Hz, H-19a), 2.77 (1H,
brs, H-17b), 2.62 (1H, brs, H-17a), 2.12 (1H, dinz 13.0 Hz, H-11b), 2.04 (3H, s,
COCH53), 1.93-1.65 (7H, m), 1.45-1.27 (2H, m), 1.19-1(1R, m), 0.93 (3H, s, H-18), 0.89
(3H, s, H-20), 0.88 (9H, s, SiCK3)s), 0.80-0.70 (1H, m), 0.03 (6H, s, SKE),); °C NMR
(100 MHz, CDC#): & 173.17, 170.56, 150.11, 146.19, 141.85, 141.38,943 113.33,
103.29, 98.91, 80.09, 70.29, 64.01, 59.23, 56.38% 54.93, 53.03, 51.92, 50.54, 42.28,
40.27, 36.51, 36.47, 26.71, 25.83 (3xC), 23.7002322.99, 21.19, 18.17, 14.28, -5.65, -
5.75; HRMS(ESI) mVz calcd for GgHseNOgSi [M+H]* 658.3775, found 658.3777.
19-TBDPS-3-acetyl-17-(phenyl)amino-epi-isoandr ogr apholide (5¢)

According to the general procedure, 19-TBDPS-3btatyl-8,17-epoxy
andrographolide4c) (40.4 mg, 0.059 mmol) with aniline (18.2 mg, GI8mol) was stirred
at room temperature for 4.5 h. The residue wadipdrby column chromatography (30%
EtOAch-hexane) to afford the corresponding prodaein 69% yield (29.6 mg) as a white
solid, R 0.35 (30% EtOAci-hexane); Mp. 97-99C; IR (Neat): 3367, 2936, 2857, 1753,
1600, 1508, 1371, 1245, 1077, 1027, 828, 760, 539 cm*; 'H NMR (400 MHz, CDCJ):

0 7.69-7.63 (4H, m, PhH), 7.45-7.34 (6H, m, PhH}87(1H, brs, H-14), 7.13 (2H,3=7.5
Hz, PhH), 6.67 (1H, tJ = 7.5 Hz, PhH), 6.48 (2H, d,= 7.5 Hz, PhH), 4.77 (1H, brd,=
18.0 Hz, H-15b), 4.70 (1H, brd,= 18.0 Hz, H-15a), 4.50 (1H, dd= 12.0, 4.5 Hz, H-3),
3.90 (1H, brdJ = 10.0 Hz, H-12), 3.83 (1H, d,= 10.5 Hz, H-19b), 3.71 (1H, d,= 10.5
Hz, H-19a), 2.72 (1H, brd, = 3.0 Hz, H-17b), 2.61 (1H, brd,= 3.0 Hz, H-17a), 2.11-1.12
(11H, m), 1.88 (3H, s, CQd), 1.05 (9H, s, SiC(H3)3), 1.00 (3H, s, H-18), 0.73 (3H, s, H-
20), 0.73-0.64 (1H, m)**C NMR (100 MHz, CDGJ): 5 173.08, 170.48, 146.97, 146.09,
135.84 (4xC), 135.76, 133.57, 133.44, 129.61 (24@%.27 (2xC), 127.59 (2xC), 127.53
(2xC), 117.26, 112.85 (2xC), 80.04, 70.26, 63.8196, 54.86, 52.54, 51.96, 50.51, 42.89,
40.26, 36.29, 36.24, 26.96 (3xC), 26.51, 23.6382222.74, 21.06, 19.27, 14.49; HRMS
(ESI)mvz calcd for G4HseNOgSi [M+H]" 722.3877, found 722.3873.
19-TBDPS-3-acetyl-17-((2-fluor o)phenyl)amino-epi-isoandr ogr apholide (6¢)

According to the general procedure, 19-TBDPS-3,aéatyl-8,17-epoxy
andrographolide4¢) (40.5 mg, 0.059 mmol) with 2-fluoroaniline (192%g, 0.175 mmol)
was stirred at room temperature for 48 h. The uesidvas purified by column

chromatography (30% EtOAehexane) to afford the corresponding prodéctin 82%
yield (35.7 mg) as a white soli& 0.39 (30% EtOAdi-hexane); Mp. 83-85C; IR (Neat):
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3373, 2930, 2857, 1753, 1620, 1519, 1368, 1260110829, 822, 753, 498 ¢in'H NMR
(400 MHz, CDC4): § 7.71-7.63 (4H, m, PhH), 7.46-7.34 (6H, m, PhHY87(1H, brs, H-
14), 6.98 (1H, tJ = 9.0 Hz, PhH), 6.91 (1H, § = 7.5 Hz, PhH), 6.65-6.57 (1H, m, PhH),
6.35 (1H, tJ = 8.5 Hz, PhH), 5.23 (1H, brs, NH), 4.78 (1H, bid 18.0 Hz, H-15b), 4.72
(1H, brd,J = 18.0 Hz, H-15a), 4.52 (1H, dd= 11.5, 3.0 Hz, H-3), 3.93 (1H, brd= 8.5
Hz, H-12), 3.84 (1H, dJ = 10.5 Hz, H-19b), 3.72 (1H, d,= 10.5 Hz, H-19a), 2.73 (1H,
brs, H-17b), 2.62 (1H, brs, H-17a), 2.12-1.95 (24, 1.89 (3H, s, COBs), 1.87-1.42 (7H,
m), 1.36-1.12 (2H, m), 1.06 (9H, s, SiG{§l), 1.01 (3H, s, H-18), 0.75 (3H, s, H-20),
0.80-0.70 (1H, m)*C NMR (100 MHz, CDGJ): § 172.98, 170.56, 151.42 (d¢.r = 239
Hz), 146.07, 135.84 (2xC), 135.75 (2xC), 135.535.38 (d, Jo.r = 11.0 Hz), 133.52,
133.39, 129.64, 129.61, 127.60 (2xC), 127.53 (2X2%.46, 116.64 (dJc.r = 7.0 Hz),
114.61 (dJo-r = 18.0 Hz), 112.23, 80.02, 70.32, 63.84, 58.8185452.22, 52.00, 50.50,
42.87, 40.20, 36.24, 36.15, 26.94 (3xC), 26.4662322.84, 22.73, 21.10, 19.26, 14.49;
HRMS (ESI) miz calcd for GaHssFNGsSi [M+H]* 740.3783, found 740.3782.

19-TBDPS-3-acetyl-17-((3-fluor o)phenyl)amino-epi-isoandr ogr apholide (7¢)

According to the general procedure, 19-TBDPS-3,a¢atyl-8,17-epoxy
andrographolide4¢) (40.7 mg, 0.059 mmol) with 3-fluoroaniline (158g, 0.143 mmol)
was stirred at room temperature for 24 h. The uesidvas purified by column
chromatography (30% EtOAehexane) to afford the corresponding prodidctin 80%
yield (35.0 mg) as a white soli& 0.32 (30% EtOAci-hexane); Mp. 85-87C; IR (Neat):
3356, 2924, 2852, 1753, 1617, 1491, 1371, 124638,10029, 825, 761, 702, 498 ¢mH
NMR (400 MHz, CDCJ): § 7.72-7.62 (4H, brs, PhH), 7.46-7.34 (6H, m, PhH18 (1H,
brs, H-14), 7.10-7.02 (1H, m, PhH), 6.36 (1H,d 7.5, 1.0 Hz, PhH), 6.26 (1H, dd=
7.5, 1.0 Hz, PhH), 6.17 (1H, dt= 11.5, 1.0 Hz, PhH), 4.81 (1H, brdi= 18.0 Hz, H-15b),
4.72 (1H, brdJ = 18.0 Hz, H-15a), 4.52 (1H, dd= 12.0, 4.5 Hz, H-3), 3.89-3.84 (1H, m,
H-12), 3.83 (1H, dJ = 10.5 Hz, H-19b), 3.71 (1H, d,= 10.5 Hz, H-19a), 2.74 (1H, brdl,
= 3.0 Hz, H-17b), 2.63 (1H, d,= 3.0 Hz, H-17a), 2.10-1.92 (2H, m), 1.89 (BHCECH,),
1.87-1.41 (7H, m), 1.36-1.13 (2H, m), 1.06 (9HSEC(CH3)3), 1.01 (3H, s, H-18), 0.74
(3H, s, H-20), 0.73-0.65 (1H, my*C NMR (100 MHz, CDGJ): & 172.94, 170.53, 164.08
(d, Jc.F = 241 Hz), 148.78 (dlcF = 11.0 Hz), 146.16, 135.84 (2xC), 135.75 (2xC}.38,
133.52, 133.38, 130.34 (dcr = 10.0 Hz), 129.62 (2xC), 127.60 (2xC), 127.53G}px

23



108.62, 103.74 (dlc.g = 22.0 Hz), 99.64 (d] = 25.0 Hz), 79.96, 70.29, 63.88, 59.04, 54.83,
52.65, 52.06, 50.57, 42.87, 40.25, 36.29, 33.22922(3%xC), 26.40, 23.60, 22.86, 22.73,
21.07, 19.26, 14.47; HRME&ESI) m/z calcd for G4HssFNGSi [M+H]* 740.3783, found
740.3777.

19-TBDPS-3-acetyl-17-((4-Bromo)phenyl)amino-epi-isoandr ographolide (8c)

According to the general procedure, 19-TBDPS-3btatyl-8,17-epoxy
andrographolide4c) (41.4 mg, 0.060 mmol) with 4-bromoaniline (15.@,n9.087 mmol)
was stirred at room temperature for 24 h. The uwesidvas purified by column
chromatography (30% EtOAehexane) to afford the corresponding prod8ctin 69%
yield (33.2 mg) as a yellow soli& 0.35 (30% EtOAdgi-hexane); Mp. 87-88C; IR (Neat):
3356, 2931, 2852, 1752, 1592, 1491, 1368, 12455,10027, 819, 761, 704, 501 ¢niH
NMR (400 MHz, CDCY): & 7.71-7.63 (4H, brs, PhH), 7.47-7.35 (6H, m, PhH21 (2H, d,

J =8.5 Hz, PhH), 7.16 (1H, brs, H-14), 6.37 (2HJd& 8.5 Hz, PhH), 4.79 (1H, brd,=
18.0 Hz, H-15b), 4.72 (1H, brd,= 18.0 Hz, H-15a), 4.52 (1H, dd= 12.0, 4.5 Hz, H-3),
3.88-3.82 (1H, m, H-12), 3.83 (1H, d,= 10.5 Hz, H-19b), 3.71 (1H, d,= 10.5 Hz, H-
19a), 2.74 (1H, brd] = 3.0 Hz, H-17b), 2.63 (1H, d,= 3.0 Hz, H-17a), 2.09-1.97 (2H, m),
1.89 (3H, s, COH), 1.86-1.41 (7H, m), 1.35-1.12 (2H, m), 1.06 (3 SiC(GHs)3), 1.00
(3H, s, H-18), 0.73 (3H, s, H-20), 0.72-0.65 (1H); FC NMR (100 MHz, CDGJ): &
172.97, 170.53, 146.16, 145.96, 135.84 (2xC), B52ZxC), 135.36, 133.53, 133.38,
131.98 (2xC), 129.65 (2xC), 127.16 (2xC), 127.58QR 114.44 (2xC), 108.87, 79.96,
70.30, 63.88, 59.06, 54.84, 52.69, 52.11, 50.587240.25, 36.31, 36.22, 26.96 (3xC),
26.47, 23.60, 22.88, 22.70, 21.10, 19.28, 14.48M8RESI) m/z calcd for G4HssBrNOgSi
[M+H] " 800.2982, found 800.2977.

© 19-TBDPS-3-acetyl-17-((3,4-dimethoxy)phenyl)amino-epi-isoandr ographolide
9c

According to the general procedure, 19-TBDPS-3,a¢atyl-8,17-epoxy
andrographolide4c) (40.2 mg, 0.058 mmol) with 3,4-dimethoxyanilinE3(9 mg, 0.091
mmol) was stirred at room temperature for 2 h. Tesidue was purified by column
chromatography (40% EtOAwhexane) to afford the corresponding prod@ctin 79%
yield (36.1 mg) as brown soli& 0.50 (40% EtOAci-hexane); Mp. 107-10%C; IR (Neat):
3366, 2935, 2852, 1751, 1515, 1460, 1365, 12407,10029, 822, 752, 705, 502 ¢mH
NMR (400 MHz, CDCJ): & 7.70-7.64 (4H, brs, PhH), 7.46-7.34 (6H, m, PhH20 (1H,
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brs, H-14), 6.69 (1H, dl = 8.5 Hz, PhH), 6.18 (1H, s, PhH), 5.93 (1H,) &, 8.5 Hz, PhH),
4.78 (1H, brd) = 18.0 Hz, H-15b), 4.72 (1H, brd,= 18.0 Hz, H-15a), 4.51 (1H, brd=
11.0 Hz, H-3), 3.90 (1H, brd,= 8.5 Hz, H-12), 3.83 (1H, d,= 11.0 Hz, H-19b), 3.82 (3H,
s, OMHs3), 3.79 (3H, s, O83), 3.71 (1H, dJ = 11.0 Hz, H-19a), 2.74 (1H, brs, H-17b), 2.61
(1H, brs, H-17a), 2.09-1.95 (2H, m), 1.89 (3H, ), 1.85-1.12 (9H, m), 1.06 (9H, s,
SiC(CH3)3), 1.01 (3H, s, H-18), 0.96-0.83 (1H, m), 0.74 (3HH-20);**C NMR (100 MHz,
CDCl): 6 173.14, 170.53, 150.10, 146.18, 141.82, 141.33,908 135.82 (2xC), 135.73
(2xC), 133.50, 133.36, 129.62 (2xC), 127.58 (2xK2);.52 (2xC), 113.28, 103.24, 98.87,
79.98, 70.29, 63.84, 59.06, 56.70, 55.82, 54.8197851.78, 50.54, 42.84, 40.18, 36.31,
36.22, 26.93 (3xC), 26.60, 23.59, 22.86, 22.7202119.25, 14.47; HRMESI) nV/z calcd
for C46HsoNOgSi [M+H]* 782.4088, found 782.4083.
19-TIPS-3-acetyl-17-(phenyl)amino-epi-isoandr ogr apholide (5d)

According to the general procedure, 19-TIPS-3,Btelyl-8,17-epoxy
andrographolide 4d) (49.9 mg, 0.082 mmol) with aniline (12.0 mg, ®1hmol) was
stirred at room temperature for 3 h. The residus parified by column chromatography
(30% EtOAch-hexane) to afford the corresponding prodaetin 65% yield (34.2 mg) as a
white solid,R; 0.35 (30% EtOAdgi-hexane); Mp. 87-89C; IR (Neat): 3361, 2945, 2863,
1745, 1600, 1508, 1455, 1253, 1091, 1024, 878, #9%, cni; '‘H NMR (400 MHz,
CDCl): § 7.19 (1H, brd,) = 1.0 Hz, H-14), 7.142H, dd,J = 8.5, 7.5 Hz, PhH), 6.68 (1H, t,
J=7.5Hz, PhH), 6.49 (2H, d,= 8.5 Hz, PhH), 5.01 (1H, brs, NH), 4.78 (1H, 3t 18.0,
1.5 Hz, H-15b), 4.72 (1H, d§,= 18.0, 1.5 Hz, H-15a), 4.53 (1H, dt= 11.5, 4.5 Hz, H-3),
3.94 (1H, d,J = 10.5 Hz, H-19b), 3.95-3.89 (1H, m, H-12), 3.284( d,J = 10.5 Hz, H-
19a), 2.76 (1H, dJ = 3.5 Hz, H-17b), 2.63 (1H, d,= 3.5 Hz, H-17a), 2.14 (1H, di,=
13.5, 3.0 Hz, H-11b), 2.03 (3H, s, Ca¢), 1.98-1.69 (8H, m), 1.45-1.29 (2H, m), 1.06
(18H, brd,J = 4.0 Hz, 3%x(SiCH(EB3),)), 1.17-1.02 (3H, m, 3x(Si(CHa),)), 0.99 (3H, s,
H-18), 0.89 (3H, s, H-20), 0.77-0.68 (1H, mMjC NMR (100 MHz, CDGJ): § 173.15,
170.58, 146.89, 146.18, 135.75, 129.25 (2xC), ®,7112.79 (2xC), 80.10, 70.30, 63.83,
59.08, 54.83, 52.52, 52.00, 50.55, 42.80, 40.273(B636.27, 26.48, 23.64, 22.82 (2xC),
21.19, 18.08 (6xC), 14.58, 11.90 (3xC); HRNESI) mVz calcd for GsHsgNOgSi [M+H]*
640.4033, found 640.4028.

19-TIPS-3-acetyl-17-((2-fluor o)phenyl)amino-epi-isoandr ogr apholide (6d)
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According to the general procedure, 19-TIPS-3,Btelyl-8,17-epoxy
andrographolide4d) (50.2 mg, 0.083 mmol) with 2-fluoroaniline (1327, 0.123 mmol)
was stirred at room temperature for 72 h. The uesidvas purified by column
chromatography (30% EtOAwhexane) to afford the corresponding prodédtin 65%
yield (35.4 mg) as a white soli® 0.33 (30% EtOAci-hexane); Mp. 145-147C; IR
(Neat): 3378, 2942, 2863, 1753, 1619, 1522, 1428511094, 1027, 853, 838, 758, 495
cm™; 'H NMR (400 MHz, CDGJ): § 7.18 (1H, brdJ = 1.0 Hz, H-14), 6.981H, ddd,J =
12.0, 8.0, 1.0 Hz, PhH), 6.92 (1H,Jt= 8.0 Hz, PhH), 6.64-6.57 (1H, m, PhH), 6.36 (i,
J=8.0, 1.0 Hz, PhH), 5.25 (1H, brs, NH), 4.80 (ti,J = 18.0, 1.5 Hz, H-15b), 4.73 (1H,
dt,J = 18.0, 1.5 Hz, H-15a), 4.55 (1H, db= 12.0, 4.5 Hz, H-3), 3.94 (1H, d= 10.0 Hz,
H-19b), 3.98-3.93 (1H, m, H-12), 3.94 (1H,Jd 10.0 Hz, H-19a), 2.76 (1H, d= 3.5 Hz,
H-17b), 2.64 (1H, dJ = 3.5 Hz, H-17a), 2.13 (1H, di,= 13.5, 3.0 Hz, H-11b), 2.03 (3H, s,
COCH3), 1.98-1.67 (8H, m), 1.48-1.29 (2H, m), 1.06 (18H(d, J = 4.5 Hz,
3%(SICH(M3)y)), 1.12-1.03 (3H, m, 3x(SIE(CHz),)), 1.00 (3H, s, H-18), 0.90 (3H, s, H-
20), 0.83-0.73 (1H, m)}*C NMR (100 MHz, CDGJ): & 173.01, 170.62, 151.39 (de.r =
238 Hz), 146.12, 135.50, 135.33 §d.r = 11.0 Hz), 124.46 (dlcr = 3.0 Hz), 116.60 (dlc-
F= 7.0 Hz), 114.59 (dlc.r = 18.0 Hz), 112.22 (dc.r = 3.0 Hz), 80.11, 70.33, 63.81, 58.92,
54.90, 52.23, 52.07, 50.52, 42.82, 40.25, 36.331B6&26.47, 23.66, 22.82 (2xC), 21.20,
18.08 (6xC), 14.61, 11.91 (3xC); HRME&ESI) m/z calcd for G7Hs/FNOeSI [M+H]"
658.3939, found 658.3939.

19-TIPS-3-acetyl-17-((3-fluor o)phenyl)amino-epi-isoandr ogr apholide (7d)

According to the general procedure, 19-TIPS-3,Bktelyl-8,17-epoxy
andrographolide4d) (51.7 mg, 0.085 mmol) with 3-fluoroaniline (160%g, 0.148 mmol)
was stirred at room temperature for 48 h. The uwesidvas purified by column
chromatography (30% EtOAwhexane) to afford the corresponding prodiddtin 82%
yield (46.0 mg) as a white solid} 0.39 (30% EtOAci-hexane); Mp. 147-149C; IR
(Neat): 3361, 2942, 2866, 1753, 1620, 1495, 13284511097, 1030, 884, 837, 761, 495
cm’; 'H NMR (400 MHz, CDGJ): & 7.18 (1H, brdJ = 1.5 Hz, H-14), 7.10-7.02 (1H, m,
PhH), 6.35 (1H, tdJ = 8.0, 1.5 Hz, PhH), 6.26 (1H, dil= 8.0, 1.5 Hz, PhH), 6.1@H, dt,
J=11.5, 1.5 Hz, PhH), 5.21 (1H, brs, NH), 4.81 (84J = 18.0, 1.5 Hz, H-15b), 4.73 (1H,
dt,J = 18.0, 1.5 Hz, H-15a), 4.55 (1H, db= 12.0, 4.5 Hz, H-3), 3.94 (1H, d~= 10.5 Hz,
H-19b), 3.88 (1H, brd) = 10.0 Hz, H-12), 3.78 (1H, d,= 10.5 Hz, H-19a), 2.76 (1H, 4,
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= 3.5 Hz, H-17b), 2.64 (1H, d,= 3.5 Hz, H-17a), 2.12 (1H, di,= 13.5, 3.0 Hz, H-11b),
2.03 (3H, s, COB5), 1.98-1.59 (8H, m), 1.46-1.27 (2H, m), 1.06 (18, J = 4.5 Hz,
3x(SICH(Hs3))), 1.12-1.03 (3H, m, 3x(Si(CHs),)), 1.00 (3H, s, H-18), 0.89 (3H, s, H-
20), 0.76-0.66 (1H, m)**C NMR (100 MHz, CDGJ): § 172.98, 170.58, 164.04 (ds.r =
241 Hz), 148.75 (dJc.r = 10.0 Hz), 146.19, 135.33, 130.32 {d,r = 10.0 Hz), 108.60,
103.70 (d,Jc.F = 21.0 Hz), 99.61 (dJcr = 25.0 Hz), 80.04, 70.31, 63.85, 59.14, 54.86,
52.66, 52.13, 50.58, 42.81, 40.29, 36.33, 36.2%®623.64, 22.83 (2xC), 21.19, 18.08
(6xC), 14.59, 11.91 (3xC); HRME&ESI) m/z calcd for GHs:FNOsSI [M+H]* 658.3939,
found 658.3934.

19-TIPS-3-acetyl-17-((4-Bromo)phenyl)amino-epi-isoandr ographolide (8d)

According to the general procedure, 19-TIPS-3,Bktelyl-8,17-epoxy
andrographolide4d) (50.7 mg, 0.083 mmol) with 4-bromoaniline (21.%,n0.125 mmol)
was stirred at room temperature for 24 h. The uwesidvas purified by column
chromatography (40% EtOAthexane) to afford the corresponding prod8dtin 66%
yield (39.6 mg) as a white solid} 0.50 (40% EtOAci-hexane); Mp. 103-105C; IR
(Neat): 3361, 2941, 2863, 1752, 1594, 1502, 1289611027, 881, 814, 762, 498 ¢mH
NMR (400 MHz, CDC)): & 7.21(2H, d,J = 8.5 Hz, PhH), 7.16 (1H, brs, H-14), 6.37 (2H,
d,J = 8.5 Hz, PhH), 5.13 (1H, brs, NH), 4.80 (1HJd; 18.0 Hz, H-15b), 4.72 (1H, d,=
18.0 Hz, H-15a), 4.54 (1H, dd,= 12.0, 4.5 Hz, H-3), 3.94 (1H, d,= 10.5 Hz, H-19b),
3.86 (1H, brdJ = 10.0 Hz, H-12), 3.77 (1H, d,= 10.5 Hz, H-19a), 2.76 (1H, d= 3.0 Hz,
H-17b), 2.64 (1H, dJ = 3.0 Hz, H-17a), 2.11 (1H, di,= 13.5, 3.0 Hz, H-11b), 2.02 (3H, s,
COCH3), 1.99-1.58 (8H, m), 1.45-1.29 (2H, m), 1.06 (18Hid, J = 4.5 Hz,
3x%(SICH(M3)2)), 1.18-1.03 (3H, m, 3x(Sig(CHs)2)), 1.00 (3H, s, H-18), 0.88 (3H, s, H-
20), 0.76-0.66 (1H, m)}*C NMR (100 MHz, CDGJ): & 172.98, 170.58, 146.19, 145.87,
135.27, 131.91 (2xC), 114.39 (2xC), 108.78, 800130, 63.81, 59.13, 54.81, 52.65,
52.12, 50.58, 42.76, 40.25, 36.30, 36.25, 26.43%®3R2.80 (2xC), 21.17, 18.06 (6xC),
14.56, 11.87 (3xC); HRM$ESI) mvz calcd for G/Hs/BrNOgSi [M+H]* 718.3139, found
718.3133.

o) 19-TIPS-3-acetyl-17-((3,4-dimethoxy)phenyl)amino-epi-isoandr ogr apholide
9

According to the general procedure, 19-TIPS-3,Btelyl-8,17-epoxy

andrographolide4d) (47.8 mg, 0.079 mmol) with 3,4-dimethoxyanilinE9(2 mg, 0.125
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mmol) was stirred at room temperature for 2 h. Tesidue was purified by column
chromatography (30% EtOAwhexane) to afford the corresponding prod@dtin 73%
yield (40.2 mg) as a brown soli® 0.17 (30% EtOAdci-hexane); Mp. 117-118C; IR
(Neat): 3356, 2936, 2863, 1748, 1513, 1454, 1289611027, 881, 822, 763, 495 ¢niH
NMR (400 MHz, CDC)): 8 7.21 (1H, brs, H-14), 6.69 (1H, d= 8.5 Hz, PhH), 6.18 (1H,
d,J = 2.5 Hz, PhH), 5.94 (1H, dd,= 8.5, 2.5 Hz, PhH), 4.80 (1H, d~= 18.0 Hz, H-15b),
4.72 (1H, dJ = 18.0 Hz, H-15a), 4.54 (1H, dd= 11.5, 4.5 Hz, H-3), 3.94 (1H, d= 10.5
Hz, H-19b), 3.94-3.88 (1H, m, H-12), 3.81 (1HJd&; 10.5 Hz, H-19a), 3.82 (3H, s, 6Glg),
3.79 (3H, s, OBl3), 2.77 (1H, dJ = 3.0 Hz, H-17b), 2.63 (1H, d,= 3.0 Hz, H-17a), 2.11
(1H, dm,J = 13.5 Hz, H-11b), 2.03 (3H, s, CBk), 1.98-1.60 (8H, m), 1.45-1.28 (2H, m),
1.06 (18H, brdJ = 4.5 Hz, 3%(SiCH(®l3),)), 1.12-1.02 (3H, m, 3%(Si&(CHj3),)), 1.00
(3H, s, H-18), 0.89 (3H, s, H-20), 0.80-0.70 (1H); fFC NMR (100 MHz, CDGJ): &
173.20, 170.63, 150.10, 146.24, 141.84, 141.37,9835113.25, 103.23, 98.87, 80.11,
70.33, 63.85, 59.19, 56.71, 55.84, 54.89, 53.018/150.59, 42.83, 40.26, 36.40, 36.35,
26.65, 23.67, 22.88, 22.85, 21.21, 18.10 (6xC)%3,411.93 (3xC); HRMSESI) nv/z calcd
for CagHsaNOsSi [M+H]* 700.4245, found 700.4249.
3,19-Diacetyl-17-(phenyl)amino-epi-isoandr ogr apholide (5¢)

According to the general procedure, 3,14,19-tride®tl 7-epoxy andrographolide
(4e) (50.0 mg, 0.102 mmol) with aniline (14.1 mg, 1Bmol) was stirred at room
temperature for 1.5 h. The residue was purifie@ddymn chromatography (40% EtOAe/
hexane) to afford the corresponding prodaecin 61% yield (32.5 mg) as a yellow solig,
0.38 (40% EtOAdi-hexane); Mp. 149-151C; IR (Neat): 3373, 2941, 2857, 1736, 1600,
1371, 1256, 1029, 752 ¢&m'H NMR (400 MHz, CDCJ): § 7.19 (1H, dJ = 1.5 Hz, H-
14), 7.14 (2H, ddJ = 8.5, 7.5 Hz, PhH), 6.68 (1H,,= 7.5 Hz, PhH), 6.49 (2H, dd,=
8.5, 1.0 Hz, PhH), 4.97 (1H, brs, NH), 4.78 (1H,Xdt 18.0, 1.5 Hz, H-15b), 4.71 (1H, &,
=18.0, 1.5 Hz, H-15a), 4.56 (1H, dii= 12.0, 4.5 Hz, H-3), 4.32 (1H, d,= 11.5 Hz, H-
19b), 4.16 (1H, dJ = 11.5 Hz, H-19a), 3.92 (1H, brd= 10.0 Hz, H-12), 2.75 (1H, dd,=
3.5, 1.5 Hz, H-17b), 2.64 (1H, d= 3.5 Hz, H-17a), 2.17 (1H, di,= 13.5, 2.0 Hz, H-11b),
2.05 (3H, s, COH3), 2.04 (3H, s, COH3), 1.98-1.77 (4H, m), 1.76-1.60 (4H, m), 1.49-
1.31 (2H, m), 1.00 (3H, s, H-18), 0.85 (3H, s, B;20.78-0.67 (1H, m)**C NMR (100
MHz, CDCk): 6 173.13, 170.86, 170.35, 146.87, 146.17, 135.79,212(2xC), 117.24,
112.77 (2xC), 79.61, 70.31, 64.74, 58.72, 54.554%251.90, 50.41, 41.09, 40.14, 36.02,
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35.97, 26.50, 23.59, 22.58, 22.20, 21.13, 21.064%4HRMS (ESI) m/z calcd for
CzoH40NO7 [M+H] " 526.2805, found 526.2801.
3,19-Diacetyl-17-((2-fluor o)phenyl)amino-epi-isoandr ogr apholide (6€)

According to the general procedure, 3,14,19-tride®tl7-epoxy andrographolide
(4e) (51.5 mg, 0.104 mmol) with 2-fluoroaniline (14, 0.153 mmol) was stirred at room
temperature for 43 h. The residue was purified ddyran chromatography (40% EtO/e/
hexane) to afford the corresponding prodaetn 87% vyield (49.1 mg) as a white soli&,
0.49 (40% EtOAdi-hexane); Mp. 91-9C; IR (Neat): 3361, 2949, 2863, 1734, 1619, 1374,
1257, 1033, 828, 751 ¢m*H NMR (400 MHz, CDCJ): § 7.19 (1H, dJ = 1.0 Hz, H-14),
6.99 (1H, dddJ = 12.0, 8.0, 1.0 Hz, PhH), 6.92 (1HJt 8.0 Hz, PhH), 6.65-6.58 (1H, m,
PhH), 6.36 (1H, tdJ = 8.0, 1.0 Hz, PhH), 5.30 (1H, brs, NH), 4.80 (#,J = 18.0, 1.5 Hz,
H-15b), 4.73 (1H, dJ = 18.0, 1.5 Hz, H-15a), 4.57 (1H, dii= 12.0, 4.5 Hz, H-3), 4.32
(1H, d,J = 11.5 Hz, H-19b), 4.17 (1H, d,= 11.5 Hz, H-19a), 3.94 (1H, brd,= 10.5 Hz,
H-12), 2.75 (1H, ddj = 3.5, 1.0 Hz, H-17b), 2.65 (1H, = 3.5 Hz, H-17a), 2.17 (1H, di,
= 13.5, 3.0 Hz, H-11b), 2.05 (3H, s, CAE, 2.04 (3H, s, COHB3), 1.99-1.78 (4H, m),
1.77-1.53 (4H, m), 1.52-1.45 (1H, m), 1.42-1.33 (i}, 1.01 (3H, s, H-18), 0.86 (3H, s, H-
20), 0.84-0.74 (1H, m)-*C NMR (100 MHz, CDGCJ): & 172.99, 170.86, 170.39, 151.41 (d,
Jo.F = 238 Hz), 146.11, 135.49, 135.28 g+ = 11.0 Hz), 124.50 (dlc.r = 3.0 Hz), 116.72
(d, Jc-Fr = 6.0 Hz), 114.64 (dJcr = 19.0 Hz), 112.26, 79.64, 70.35, 64.77, 58.596464
52.26, 52.01, 50.40, 41.13, 40.14, 36.11, 35.8%®623.61, 22.60, 22.23, 21.15, 21.07,
14.53; HRMS(ESI) m/z calcd for GoHzsFNO;Na [M+Na] 566.2530, found 566.2532.

3,19-Diacetyl-17-((3-fluor o)phenyl)amino-epi-isoandr ogr apholide (7€)

According to the general procedure, 3,14,19-tride®tl7-epoxy andrographolide
(4e) (50.9 mg, 0.103 mmol) with 3-fluoroaniline (17#rig, 0.154 mmol) was stirred at room
temperature for 27 h. The residue was purified ddyran chromatography (40% EtO/&e/
hexane) to afford the corresponding prodietn 82% vyield (45.7 mg) as a white soli&,
0.37 (40% EtOAdi-hexane); Mp. 97-98C; IR (Neat): 3367, 2935, 2857, 1734, 1512, 1371,
1257, 1033, 822, 750 ¢m*H NMR (400 MHz, CDCJ): § 7.18 (1H, dJ = 1.5 Hz, H-14),
7.10-7.02 (1H, m, PhH), 6.37 (1H, til= 8.0, 2.5 Hz, PhH), 6.26 (1H, ddl= 8.0, 2.5 Hz,
PhH), 6.17 (1H, dtJ = 11.5, 2.5 Hz, PhH), 4.81 (1H, dt= 18.0, 1.5 Hz, H-15b), 4.73 (1H,
dt,J = 18.0, 1.5 Hz, H-15a), 4.58 (1H, db= 12.0, 4.5 Hz, H-3), 4.32 (1H, d= 11.5 Hz,
H-19b), 4.17 (1H, dJ = 11.5 Hz, H-19a), 3.88 (1H, brdl= 11.0 Hz, H-12), 2.76 (1H, dd,
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= 3.5, 1.5 Hz, H-17b), 2.65 (1H, d,= 3.5 Hz, H-17a), 2.16 (1H, di,= 13.5, 3.0 Hz, H-
11b), 2.05 (3H, s, COdz), 2.04 (3H, s, COHs), 1.99-1.60 (8H, m), 1.50-1.31 (2H, m),
1.01 (3H, s, H-18), 0.85 (3H, s, H-20), 0.77-0.6A,(m); *C NMR (100 MHz, CDGJ): §
172.97, 170.89, 170.38, 164.06 (.r = 240 Hz), 148.68 (dJc.r = 11.0 Hz), 146.21,
135.29, 130.37 (dlc.r = 10.0 Hz), 108.62, 103.81 (d.r = 20.0 Hz), 99.64 (dlc.r = 25.0
Hz), 79.56, 70.34, 64.76, 58.80, 54.58, 52.68, &23D.47, 41.12, 40.17, 36.06, 36.01,
26.43, 23.60, 22.59, 22.21, 21.15, 21.09, 14.51IMBRESI) vz calcd for GoH3gFNO;Na
[M+Na]* 566.2530, found 566.2525.
3,19-Diacetyl-17-((4-Bromo)phenyl)amino-epi-isoandr ogr apholide (8e)

According to the general procedure, 3,14,19-tride®tl 7-epoxy andrographolide
(4e) (50.3 mg, 0.102 mmol) with 4-bromoaniline (26.§,M.155 mmol) was stirred at room
temperature for 24 h. The residue was purified ddyran chromatography (40% EtO/Ae/
hexane) to afford the corresponding prodiecin 63% yield (38.8 mg) as a yellow solig,
0.47 (40% EtOAdi-hexane); Mp. 153-158C; IR (Neat): 3356, 2947, 2863, 1734, 1603,
1371, 1259, 1032, 750 ¢m’H NMR (400 MHz, CDCY): & 7.21 (2H, dJ = 8.5 Hz, PhH),
7.16 (1H, dJ=1.2 Hz, H-14), 6.37 (2H, d,= 8.5 Hz, PhH), 5.12 (1H, brs, NH), 4.79 (1H,
dt,J = 18.0, 1.5 Hz, H-15b), 4.72 (1H, 8= 18.0, 1.5 Hz, H-15a), 4.57 (1H, db= 12.0,
4.5 Hz, H-3), 4.32 (1H, d] = 12.0 Hz, H-19b), 4.16 (1H, d,= 12.0 Hz, H-19a), 3.86 (1H,
brd,J = 10.0 Hz, H-12), 2.76 (1H, dd,= 3.5, 1.5 Hz, H-17b), 2.64 (1H, d= 3.5 Hz, H-
17a), 2.14 (1H, dtJ = 13.5, 3.0 Hz, H-11b), 2.05 (3H, s, CBE), 2.04 (3H, s, COHy),
1.98-1.77 (4H, m), 1.75-1.59 (4H, m), 1.49-1.43 (i), 1.40-1.30 (1H, m), 1.00 (3H, s, H-
18), 0.84 (3H, s, H-20), 0.76-0.66 (1H, M NMR (100 MHz, CDGJ): § 172.96, 170.85,
170.35, 146.20, 145.83, 135.25, 131.96 (2xC), M 424C), 108.90, 79.54, 70.32, 64.73,
58.79, 54.55, 52.68, 52.07, 50.47, 41.09, 40.14033636.00, 26.48, 23.57, 22.57, 22.19,
21.14, 21.07, 14.49; HRMEESI) mvz calcd for GoHzgBrNO; [M+H]" 604.1910, found
604.1906.

3,19-Diacetyl-17-((3,4-dimethoxy)phenyl)amino-epi-isoandr ographolide (9e)

According to the general procedure, 3,14,19-tride®tl7-epoxy andrographolide
(4e) (53.2 mg, 0.108 mmol) with 3,4-dimethoxyanili@(0 mg, 0.157 mmol) was stirred
at room temperature for 2 h. The residue was muariby column chromatography (60%
EtOAch-hexane) to afford the corresponding prodecin 82% vyield (51.8 mg) as a brown
solid, R 0.67 (60% EtOAdci-hexane); Mp. 109-11%C; IR (Neat): 3361, 2932, 2852, 1734,
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1513, 1370, 1237, 1031, 761 ¢ntH NMR (400 MHz, CDG)): & 7.21 (1H, brs, H-14),
6.69 (1H, dJ = 8.5 Hz, PhH), 6.19 (1H, d,= 2.0 Hz, PhH), 5.94 (1H, dd,= 8.5, 2.0 Hz,
PhH), 4.79 (1H, dt) = 18.0, 1.5 Hz, H-15b), 4.73 (1H, 3= 18.0 Hz, H-15a), 4.57 (1H,
dd,J = 12.0, 4.5 Hz, H-3), 4.32 (1H, d,= 11.5 Hz, H-19b), 4.16 (1H, d,= 11.5 Hz, H-
19a), 3.94-3.87 (1H, m, H-12), 3.82 (3H, s, I} 3.78 (3H, s, OB3), 2.77 (1H, brs, H-
17b), 2.64 (1H, dJ = 3.5 Hz, H-17a), 2.14 (1H, dnd,= 13.5 Hz, H-11b), 2.05 (3H, s,
COCH3), 2.04 (3H, s, COHz), 1.98-1.30 (10H, m), 1.00 (3H, s, H-18), 0.84 (3HH-20),
0.82-0.72 (1H, m)**C NMR (100 MHz, CDGCJ): & 173.16, 170.92, 170.45, 150.10, 146.28,
141.78, 141.39, 135.88, 113.22, 103.17, 98.85,47976.38, 64.77, 58.86, 56.70, 55.84,
54.59, 52.98, 51.77, 50.47, 41.12, 40.13, 36.003&6.67, 23.61, 22.60, 22.24, 21.17,
21.10, 14.53; HRM$ESI) m/z calcd for GoH44NOg [M+H]*586.3016, found 586.3011.
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Highlights

« A one pot, three steps reaction was devel oped for modification of andrographolide.
« New series of amino-isoandrographolides was obtained with high stereosel ectivity.
«  Twenty five analogues were screened for cytotoxicity against six cancer cell lines.
«  Some synthetic analogues exhibited the good activity on ASK cancer cells.



