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Abtract

Twelve benzylidene derivatives, one Baeyer-Villiger oxidative, six imine derivatives
were successfully designed and synthesized from phyllanthone. In the search for potential new
anti-diabetic agents, phyllanthone along with its benzylidene and oxidation analogues were
evaluated for enzyme inhibition against a-glucosidase. In the benzylidene series, most analogues
displayed stronger activity than the mother compound. 1c revealed the strongest activity,
outperforming the acarbose positive control with an ICsy value of 19.59 uM. Phyllanthone and
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its derivatives were then tested for cytotoxic activity against the K562 cell line. The imine
analogues displayed the most powerful cytotoxic activity with 3c, 3d having ICsg values of 57.55
and 68.02 pM, respectively.

Keywords Phyllanthus (Phyllanthaceae); phyllanthone derivatives; a-glucosidase inhibition;
cytotoxic activity

General procedure for the synthesis of hydrazine reagents N1-N6

Aryloxyaxetohydrazides (N1, m.p. 138-139°C; N2, m.p. 105-106°C) were prepared from
appropriate phenols using the method in our previous work (Cong et al. 2007). Benzohydrazide
(N3, m.p. 130-131°C) was prepared from 2-phenylacetic acid by esterification and then
hydrazination following the method of (Xu et al.2018). In the same manner with N3, 5-chloro-2-
hydroxybenzohydrazide (N4, 174°C) was prepared from 5-chloro-2-hydroxybenzoic acid
following the method of (Xu et al. 2018). 2-Hydroxy-5-iodobenzohydrazide (N5, m.p. 178°C)
was prepared from salicylic acid according to the method in those published (Al-Omran and El-
Khair, 2016).
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Scheme S1. Pathway to preparation of hydrazides N1-N6. a: CICH,CO,C,Hs/K,CQO3, acetone,
refluxed, 24 h; b: NoH, 80%/Ethanol, refluxed, 6 h; c: CH30H/H,SO4, refluxed, 8 h; d: KI/
CH30OH, NaClO, 12 h. Overall yield.

a-Glucosidase Inhibition Assay

a-Glucosidase inhibitory activity was determined using the method of Nguyen et al. (Nguyen et
al. 2011) with slight modifications. The a-glucosidase (0.2 U/mL) and substrate (5.0 mM p-
nitrophenyl-a-D-glucopyranoside) were dissolved in 100 mM pH 6.9 sodium phosphate buffer.
The inhibitor (50 pL) was preincubated with a-glucosidase at 37°C for 20 min, and then the
substrate (40 pL) was added to the reaction mixture. The enzymatic reaction was carried out at
37°C for 20 min and stopped by adding 0.2 M Na,CO;3; (130 uL). Enzymatic activity was
quantified by measuring absorbance at 405 nm. All samples were analyzed in triplicate at five
different concentrations around the I1Cs, values, and the mean values were retained. The

inhibition percentage (%) was calculated by the following equation: Inhibition (%) = [1 -



(Asample/ Acontro)] * 100. The 1Cso values were calculated by log-linear regression using Microsoft
Excel 2010.

Cytotoxic activity

All phyllanthol derivatives were applied to cytotoxic evaluation against K562 (chronic

myelogenous leukemia) cell lines using doxorubixin as the positive control (Nguyen et al. 2019).

All samples were experienced in triplicate at different concentrations to obtain the 1Cs, value of

each compound.

References

Al-Omran F, EI-Khair AA. 2016. Synthesis, Spectroscopy and X-Ray Characterization, of Novel
Derivatives of Substituted 2-(Benzothiazol-2’-ylthio) acetohydrazide. International Journal of
Organic Chemistry. 6(1):31-43.

Cong NT, Son TQ, Van Hien L, Thu NT. 2007. Synthesis and study of some carvone
aryloxyacetylhydazones. Vietnam Journal of Chemistry. 45(2):156-161.

Nguyen TH, Um BH, Kim SM. 2011. Two Unsaturated Fatty Acids with Potent a-Glucosidase
Inhibitory Activity Purified from the Body Wall of Sea Cucumber (Stichopus japonicus).
Journal of Food Science.76(9):H208-H214.

Nguyen VK, Sichaem J, Nguyen HH, Nguyen XH, Huynh TTL, Nguyen TP, Niamnont N, Mac
DH, Pham DD, Chavasiri W. 2019. Synthesis and cytotoxic evaluation of usnic acid
benzylidene derivatives as potential anticancer agents. Natural Product Research.1-10.

Xu FZ, Wang YY, Luo DX, Yu G, Guo SX, Fu H, Zhao YH, Wu J. 2018. Design, synthesis,
insecticidal activity and 3D-QSR study for novel trifluoromethyl pyridine derivatives
containing an 1,3,4-oxadiazole moiety. RSC advances. 8(12):6306-6314.



Table S1. a-Glucosidase inhibitory activity toward baker’s yeast a-glucosidase of 1, 1a-1l, and
2.

Compound ICs0 (LM) Compound  1Cso (UM)
la 146.45 +2.14 1i 154.81 £1.92
1b >200 1] >200
1c 19.59 £ 2.53 1k >200
1d >200 1l >200
le >200 2 >200
1f 129.74 + 4.17 1 >200
19 >200 Acarbose  162.54 £0.19
1h >200

Table S2. Cytotoxic activity against K562 cell line of 1, 1a-1l, 2, and 3a-3f.

Compound  1Cso (UM) Compound  1Cso (UM)

la >100 2 >100

1b >100 3a >100

1c >100 3b >100

1d >100 3c 57.55 + 2.52
le >100 3d 68.02 + 3.71
1f >100 3e >100

19 >100 3f >100

1h >100 1 98.82 +5.19
Li >100 Doxorubixin 41+0.1
1j 81.87 +3.41

1k >100

1l 86.53 +5.90

Phyllanthone (1)

'H-NMR (500 MHz, CDCl3) 6 1.19 (s, 3H, CHs-26), 1.07 (s, 3H, CH3-23), 1.03 (s, 3H,
CH3-24), 0.97 (s, 3H, CH3-25), 0.94 (d, 3H, J = 6.0 Hz, CH3-29), 0.91 (s, 3H, CH3-28), 0.88 (d,
3H, J = 6.0 Hz, CH3-30), 0.63 (d, 1H, J = 5.5 Hz, CH,-27a), 0.05 (d, 1H, J = 5.0 Hz, CH,-27b);
3C-NMR (125 MHz, CDCls) 6 217.9 (C-3), 55.4 (C-5), 54.5 (C-9), 49.7 (C-18), 47.6 (C-4), 42.2
(C-22), 40.9 (C-19), 39.4 (C-1), 38.6 (C-20), 37.8 (C-6), 37.2 (C-10), 36.9 (C-8), 35.7 (C-12),
34.2 (C-2), 32.7 (C-14), 32.0 (C-17), 31.2 (C-21), 28.4 (C-28), 27.3 (C-16), 26.7 (C-23), 21.5 (C-
15), 21.1 (C-30), 20.8 (C-24), 20.5 (C-13), 19.6 (C-11), 18.1 (C-7), 18.0 (C-29), 17.9 (C-26),
15.8 (C-25), 13.8 (C-27). Spectral data agreed with those published (Ndlebe et al. 2008).



(1S,2R,4aR,6aR,6bR,12aR,14aR,E)-11-Benzylidene-1,2,4a,6b,9,9,12a-heptamethylocta
decahydro-6a,14a-methanopicen-10(6bH)-one (1a)

Yield: 30.4 mg, 36.0% *H-NMR (500 MHz, CDCls) 6 7.54 (m, 1H, H-5"), 7.50 (br, 1H,
H-1'), 7.41 (m, 2H, H-3', H-7"), 7.33 (m, 1H, H-4', H-6"), 2.94 (d, 1H, J = 16.5 Hz, H-1a), 2.18
(d, 1H, J = 16.0 Hz, H-1b), 1.21 (s, 3H, CH3-26), 1.13 (s, 3H, CH3-23), 1.03 (s, 3H, CH3-24),
0.98 (d, 3H, J = 6.0 Hz, CH3-29), 0.91 (s, 3H, CH3-28), 0.89 (br, 3H, CH3-30), 0.83 (s, 3H, CH-
25), 0.70 (d, 1H, J = 5.5 Hz, CH,-27a), 0.09 (d, 1H, J = 5.5 Hz, CH»-27b); *C-NMR (125 MHz,
CDCls) 6 208.2 (C-3), 145.6 (C-2), 137.6 (C-1'), 134.3 (C-2'), 130.5 (C-4"; C-6'), 128.6 (C-3";
C-7'), 121.7 (C-5'), 54.4 (C-9), 53.3 (C-5), 48.5 (C-18), 47.1 (C-4), 44.3 (C-1), 42.2 (C-22),
40.9 (C-19), 38.6 (C-20), 37.3 (C-10), 36.8 (C-6), 36.7 (C-8), 35.6 (C-12), 32.7 (C-14), 32.5 (C-
17), 31.2 (C-21), 29.6 (C-23), 28.4 (C-28), 27.3 (C-16), 26.3 (C-13), 22.4 (C-30), 21.4 (C-15),
20.9 (C-24), 20.3 (C-11), 18.2 (C-29), 18.1 (C-7), 17.5 (C-26), 155 (C-25), 13.6 (C-27).
HRESIMS mvz calcd for Cs;Hs,ONa [M+Na]" 535.3916, found 535.3917.

(1S,2R,4aR,6aR,6bR,12aR,14aR)-11-((E)-4-Fluorobenzylidene)-1,2,4a,6b,9,9,12a-
heptamethyloctadecahydro-6a,14a-methanopicen-10(6bH)-one (1b)

Yield: 40.2 mg, 46.0%. ‘H-NMR (500 MHz, CDCl3) 6 7.46 (br, 1H, H-1'), 7.40 (d, 2H, J
= 8.5 Hz, H-3', H-7'), 7.09 (t, 2H, J = 8.5 Hz, H-4', H-6'), 2.88 (d, 1H, J = 16.0 Hz, H-1a), 2.15
(d, 1H, J = 15,5 Hz, H-1b), 1.18 (s, 3H, CH3-26), 1.16 (s, 3H, CH3-23), 1.12 (s, 3H, CHs-24),
0.98 (d, 3H, J = 6.0 Hz, CH3-29), 0.91 (s, 3H, CH3-28), 0.89 (br, 3H, CH3-30), 0.82 (s, 3H, CHs-
25), 0.69 (d, 1H, J = 5.5 Hz, CH,-27a), 0.09 (d, 1H, J = 5.5 Hz, CH,-27b); *C-NMR (125 MHz,
CDCls) § 208.1 (C-3), 162.7 (C-5', J = 248.8 Hz), 145.7 (C-2), 136.5 (C-1'), 133.9 (C-2'), 132.3
(C-3" C-7'), 115.7 (C-4'; C-6', J = 21.3 Hz), 54.4 (C-9), 53.2 (C-5), 48.5 (C-18), 45.4 (C-4),
44.3 (C-1), 42.1 (C-22), 40.9 (C-19), 38.5 (C-20), 37.2 (C-10), 36.8 (C-6), 36.7 (C-8), 35.5 (C-
12), 32.5 (C-14), 32.1 (C-17), 31.2 (C-21), 29.6 (C-23), 28.4 (C-28), 27.3 (C-16), 26.6 (C-13),
22.4 (C-30), 21.4 (C-15), 20.9 (C-24), 20.3 (C-11), 18.2 (C-7), 18.1 (C-29), 17.5 (C-26), 15.5 (C-
25), 13.6 (C-27). HRESIMS m/z calcd for Cs7Hs;FOH [M+H]* 531.4002, found 531.4003.

(1S,2R,4aR,6aR,6bR,12aR,14aR,E)-11-(2-Fluorobenzylidene)-1,2,4a,6b,9,9,12a-
heptamethyloctadecahydro-6a,14a-methanopicen-10(6bH)-one (1c)

Yield: 41.2 mg, 47.0%. *H-NMR (500 MHz, CDCI3) § 7.58 (br, 1H, H-1'), 7.32 (m, 1H,
H-7'), 7.26 (br, 1H, H-5'), 7.16 (t, 1H, J = 7.5 Hz, H-6'), 7.09 (t, 1H, J = 8.5 Hz, H-4'), 2.79
(d, 1H, J = 16.0 Hz, H-1a), 2.08 (d, 1H, J = 16.0 Hz, H-1b), 1.18 (s, 3H, CH3-26), 1.16 (s, 3H,
CH3-23), 1.15 (s, 3H, CH3-24), 0.96 (br, 3H, CH3-29), 0.90 (s, 3H, CH3-28), 0.88 (br, 3H, CHs-
30), 0.83 (s, 3H, CHs-25), 0.67 (br, 1H, CH,-27a), 0.07 (br, 1H, CH,-27b). *C-NMR (125 MHz,
CDCly) § 207.7 (C-3), 161.0 (C-3', J = 248.8 Hz), 136.5 (C-2), 130.5 (C-1'), 130.3(C-5'), 130.2
(C-7'"), 124.1 (C-2'), 123.9 (C-6' ), 115.9 (C-4', J = 22.5 Hz), 54.4 (C-5), 53.5 (C-9), 48.4 (C-
18), 45.6 (C-4), 43.9 (C-1), 42.1 (C-22), 40.9 (C-19), 38.5 (C-20), 37.3 (C-10), 36.9 (C-6), 35.5



(C-8), 34.9 (C-12), 32.5 (C-14), 32.0 (C-17), 31.2 (C-21), 29.3 (C-23), 28.4 (C-28), 27.3 (C-16),
26.6 (C-13), 22.5 (C-30), 21.4 (C-15), 20.9 (C-24), 20.2 (C-11), 18.1 (C-29), 18.0 (C-7), 17.6 (C-
26), 15.5 (C-25), 13.6 (C-27). HRESIMS mvz calcd for Cs7Hs;FONa [M+Na]* 553.3822, found
553.3817.

(1S,2R,4aR,6aR,6bR,12aR,14aR)-11-((E)-4-Chlorobenzylidene)-1,2,4a,6b,9,9,12a-
heptamethyloctadecahydro-6a,14a-methanopicen-10(6bH)-one (1d)

Yield: 45.4 mg, 50.3%. "H-NMR (500 MHz, CDCls) § 7.44 (m, 1H, H-1'), 7.37 (d, 2H, J
= 8.5 Hz, H-3', H-7"), 7.33 (d, 2H, J = 8.5 Hz, H-4', H-6' ), 2.87 (d, 1H, J = 16.5 Hz, H-1a),
2.14 (d, 1H, J = 16.0 Hz, H-1b), 1.18 (s, 3H, CHs-26), 1.16 (s, 3H, CH3-23), 1.13 (s, 3H, CHs-
24), 0.98 (d, 3H, J = 6.0 Hz, CH3-29), 0.91 (s, 3H, CH3-28), 0.89 (d, 3H, J = 5.5 Hz, CH3-30),
0.82 (s, 3H, CH3-25), 0.69 (d, 1H, J = 5.5 Hz, CH,-27a), 0.09 (d, 1H, J = 5.5 Hz, CH,-27b); **C-
NMR (125 MHz, CDCls) d 208.4 (C-3), 140.1 (C-2), 136.3 (C-1'), 134.8 (C-5'), 134.6 (C-2'),
131.6 (C-3'; C-7'), 128.9 (C-4'; C-6'), 54.4 (C-9), 53.3 (C-5), 48.5 (C-18), 45.4 (C-4), 44.3 (C-
1), 42.1 (C-22), 40.9 (C-19), 38.5 (C-20), 37.2 (C-10), 36.8 (C-6), 36.7 (C-8), 35.5 (C-12), 32.5
(C-14), 32.1 (C-17), 31.2 (C-21), 29.6 (C-23), 28.4 (C-28), 27.3 (C-16), 26.6 (C-13), 22.4 (C-
30), 21.4 (C-15), 20.9 (C-24), 20.3 (C-11), 18.2 (C-7), 18.1 (C-29), 17.5 (C-26), 15.5 (C-25),
13.6 (C-27). HRESIMS mvz calcd for Ca7Hs:CIONa [M+Na]* 569.3526, found 569.3529 (100.0
%), 571.3510 (37.9 %).

(1S,2R,4aR,6aR,6bR,12aR,14aR,E)-11-(3-Chlorobenzylidene)-1,2,4a,6b,9,9,12a-
heptamethyloctadecahydro-6a,14a-methanopicen-10(6bH)-one (1le)

Yield: 37.9 mg, 42.0%. ‘H-NMR (500 MHz, CDCls) 6 7.41 (br, 1H, H-1'), 7.37 (br s,
1H, H-3'), 7.32 (d, 1H, J = 7.5 Hz, H-7"), 7.30 (br, 1H, H-5"), 7.28 (br, 1H, H-6'), 2.88 (d, 1H,
J =165 Hz, H-1a), 2.14 (d, 1H, J = 16.5 Hz, H-1b), 1.18 (s, 3H, CH3-26), 1.16 (s, 3H, CH3-23),
1.13 (s, 3H, CHs-24), 0.97 (d, 3H, J = 6.0 Hz, CHs-29), 0.91 (s, 3H, CH3-28), 0.88 (d, 3H, J =
5.5 Hz, CH3-30), 0.83 (s, 3H, CH3-25), 0.69 (d, 1H, J = 5.5 Hz, CH,-27a), 0.08 (d, 1H, J = 5.5
Hz, CH,-27b). *C-NMR (125 MHz, CDCls) & 208.0 (C-3), 137.9 (C-2), 136.0 (C-1'), 135.6 (C-
2'), 134.5 (C-4'), 130.2 (C-6'), 129.8 (C-3'), 128.5 (C-5'), 128.1 (C-7'), 54.3 (C-5), 53.3 (C-
9), 48.4 (C-18), 45.5 (C-4), 44.1 (C-1), 42.1 (C-22), 40.9 (C-19), 38.5 (C-20), 37.2 (C-10), 36.8
(C-6), 36.7 (C-8), 35.5 (C-12), 32.5 (C-14), 32.0 (C-17), 31.2 (C-21), 29.5 (C-23), 28.4 (C-28),
27.3 (C-16), 26.6 (C-13), 22.4 (C-30), 21.4 (C-15), 20.9 (C-24), 20.3 (C-11), 18.1 (C-29), 18.0
(C-7), 17.5 (C-26), 15.5 (C-25), 13.6 (C-27). HRESIMS m/ calcd for Ca;HsCIONa [M+Na]*
569.3526 found 569.3529 (100.0 %), 571.3513(41.1 %).



(1S,2R,4aR,6aR,6bR,12aR,14aR)-11-((E)-2-Chlorobenzylidene)-1,2,4a,6b,9,9,12a-
heptamethyloctadecahydro-6a,14a-methanopicen-10(6bH)-one (1f)

Yield: 57.3 mg, 63.5%. ‘H-NMR (500 MHz, CDCl3) 6 7.60 (br, 1H, H-1'), 7.41 (m, 1H,
H-4'), 7.28 (m, 1H, H-5'), 7.27 (m, 1H, H-7"), 7.24 (m, 1H, H-6"), 2.74 (d, 1H, J = 15.5 Hz, H-
1a), 1.99 (d, 1H, J = 16.0 Hz, H-1b), 1.17 (s, 3H, CHs-26), 1.16 (s, 3H, CH3-23), 1.15 (s, 3H,
CHs-24), 0.94 (d, 3H, J = 6.5 Hz, CH5-29), 0.90 (s, 3H, CH3-28), 0.87 (d, 3H, J = 5.5 Hz, CHs-
30), 0.85 (s, 3H, CHs-25), 0.65 (d, 1H, J = 5.5 Hz, CH,-27a), 0.05 (d, 1H, J = 5.5 Hz, CH»-27b);
B3C-NMR (125 MHz, CDCls) 6 207.9 (C-3), 136.2 (C-2), 134.9 (C-2'), 134.7 (C-3'), 134.6 (C-1'
), 130.2 (C-7'), 129.8 (C-4'), 129.4 (C-5'), 126.5 (C-6' ), 54.3 (C-5), 53.7 (C-9), 48.4 (C-18),
45.9 (C-4), 43.4 (C-1), 42.1 (C-22), 40.9 (C-19), 38.5 (C-20), 37.3 (C-10), 37.0 (C-6), 36.8 (C-
8), 35.4 (C-12), 32.5 (C-14), 32.0 (C-17), 31.2 (C-21), 29.1 (C-23), 28.4 (C-28), 27.3 (C-16),
26.5 (C-13), 22.5 (C-30), 21.4 (C-15), 20.8 (C-24), 20.1 (C-11), 18.1 (C-29), 17.9 (C-7), 17.6 (C-
26), 15.4 (C-25), 13.5 (C-27). HRESIMS m/z calcd for CazHs,CIO [M+H]" 547.3707, found
547.3700 (100.0 %), 549.3677 (35.1 %).

(1S,2R,4aR,6aR,6bR,12aR,14aR)-11-((E)-4-Bromobenzylidene)-1,2,4a,6b,9,9,12a-
(heptamethyloctadecahydro-6a,14a-methanopicen-10(6bH)-one (1g)

Yield: 49.2 mg, 50.4%. ‘H-NMR (400 MHz, CDCls) § 7.52 (t, 2H, J = 8.4 Hz, H-3', H-7'
), 7.41 (br, 1H, H-1'), 7.26 (t, 2H, J = 8.0 Hz, H-4', H-6'), 2.86 (d, 1H, J = 16.0 Hz, H-1a), 2.13
(d, 1H, J = 16.0 Hz, H-1b), 1.18 (s, 3H, CH3-26), 1.16 (s, 3H, CH3-23), 1.13 (s, 3H, CHs-24),
0.97 (br, 3H, CH3-29), 0.91 (s, 3H, CH3-28), 0.89 (br, 3H, CH3-30), 0.82 (s, 3H, CH3-25), 0.68
(br, 1H, CH,-27a), 0.08 (br, 1H, CH»-27b); *C-NMR (100 MHz, CDCl3) & 208.1 (C-3), 139.9
(C-2), 136.3 (C-2'), 134.8 (C-1'), 131.8 (C-4'; C-6'), 131.7 (C-3'; C-7"), 122.8 (C-5' ), 54.2 (C-
9), 53.1 (C-5), 48.4 (C-18), 45.4 (C-4), 44.2 (C-1), 42.1 (C-22), 40.9 (C-19), 38.5 (C-20), 37.2
(C-10), 36.8 (C-6), 36.6 (C-8), 35.4 (C-12), 32.4 (C-14), 32.0 (C-17), 31.2 (C-21), 29.5 (C-23),
28.4 (C-28), 27.3 (C-16), 26.5 (C-13), 22.4 (C-30), 21.4 (C-15), 20.9 (C-24), 20.2 (C-11), 18.1
(C-7), 18.0 (C-29), 17.5 (C-26), 15.5 (C-25), 13.4 (C-27). HRESIMS m/z calcd for Ca7Hs,BrONa
[M-+Na]* 613.3021, found 615.2998 (100.0 %), 613.3022 (94.3 %).

(1S,2R,4aR,6aR,6bR,12aR,14aR)-11-((E)-3-Bromobenzylidene)-1,2,4a,6b,9,9,12a-
heptamethyloctadecahydro-6a,14a-methanopicen-10(6bH)-one (1h)

Yield: 51.8 mg, 53.1%. ‘H-NMR (500 MHz, CDCls) & 7.48 (br, 1H, H-1'), 7.39 (br, 1H,
H-3'), 7.35 (br, 1H, H-5'), 7.28 (br, 1H, H-7"), 7.26 (br, 1H, H-6'), 2.83 (d, 1H, J = 16.0 Hz,
H-1a), 2.19 (d, 1H, J = 16.5 Hz, H-1b), 1.15 (s, 3H, CH3-26), 1.11 (s, 3H, CH3-23), 1.08 (s, 3H,
CHa-24), 0.92 (d, 3H, J = 6.0 Hz, CH3-29), 0.86 (s, 3H, CH3-28), 0.79 (br, 3H, CH3-30), 0.78 (s,
3H, CH3-25), 0.64 (d, 1H, J = 5.5 Hz, CH,-27a), 0.04 (d, 1H, J = 5.5 Hz, CH,-27b); *C-NMR
(125 MHz, CDCls) § 208.0 (C-3), 145.5 (C-2), 135.9 (C-1'), 135.8 (C-2' ), 133.2 (C-3'), 131.3
(C-5'), 130.0 (C-6'), 128.4 (C-7'), 122.6 (C-4' ), 54.4 (C-9), 53.3 (C-5), 48.4 (C-18), 47.0 (C-4),



44.1 (C-1), 42.1 (C-22), 40.9 (C-19), 38.6 (C-20), 37.2 (C-10), 36.9 (C-6), 36.5 (C-8), 35.5 (C-
12), 32.7 (C-14), 32.2 (C-17), 31.3 (C-21), 29.5 (C-23), 28.4 (C-28), 27.3 (C-16), 26.3 (C-13),
22.9 (C-30), 21.4 (C-15), 20.9 (C-24), 20.2 (C-11), 18.2 (C-29), 18.1 (C-7), 17.5 (C-26), 15.5 (C-
25), 13.6 (C-27). HRESIMS m/z calcd for Ca7Hs,BrONa [M+Na]* 613.3021, found 615.3019
(100.0 %), 613.3021 (99.9 %).

(1S,2R,4aR,6aR,6bR,12aR,14aR,E)-11-(2-Bromobenzylidene)-1,2,4a,6b,9,9,12a-
heptamethyloctadecahydro-6a,14a-methanopicen-10(6bH)-one (1i)

Yield: 73.4 mg, 75.2%.*H-NMR (400 MHz, CDCl3) § 7.59 (t, 1H, J = 1.6 Hz, H-1'),
7.35 (m, 1H, H-4"), 7.31 (m, 1H, H-6"), 7.20 (m, 1H, H-7"), 7.16 (m, 1H, H-5'), 2.71 (d, 1H, J =
16.0 Hz, H-1a), 2.08 (d, 1H, J = 16.0 Hz, H-1b), 1.19 (s, 3H, CH3-26), 1.17 (s, 3H, CH3-23),
1.14 (s, 3H, CHs-24), 0.88 (s, 3H, CH3-28), 0.85 (d, 3H, J = 6.0 Hz, CH3-29), 0.82 (s, 3H, CHs-
25), 0.79 (d, 3H, J = 5.5 Hz, CH3-30), 0.63 (d, 1H, J = 5.2 Hz, CH,-27a), 0.04 (d, 1H, J = 5.6
Hz, CH,-27b). *C-NMR (100 MHz, CDCls) ¢ 208.1 (C-3), 145.5 (C-2), 136.9 (C-1'), 133.0 (C-
2'), 130.3 (C-4'), 127.1 (C-7'), 125.0 (C-5' ), 124.2 (C-6' ), 121.5 (C-3'), 54.2 (C-5), 53.6 (C-
9), 48.3 (C-18), 46.9 (C-4), 43.2 (C-1), 42.1 (C-22), 40.8 (C-19), 38.5 (C-20), 37.3 (C-10), 37.1
(C-6), 36.8 (C-8), 35.3 (C-12), 32.7 (C-14), 32.0 (C-17), 31.2 (C-21), 29.0 (C-23), 28.3 (C-28),
27.2 (C-16), 26.4 (C-13), 22.5 (C-30), 21.3 (C-15), 20.9 (C-24), 20.1 (C-11), 18.0 (C-29), 17.9
(C-7), 17.6 (C-26), 15.4 (C-25), 13.4 (C-27). HRESIMS m/z calcd for Cs7Hs;BrONa [M+Na]*
613.3021, found 615.3001 (100.0 %), 613.3023 (97.0 %).

(1S,2R,4aR,6aR,6bR,12aR,14aR)-1,2,4a,6b,9,9,12a-Heptamethyl-11-((E)-4-
nitrobenzylidene)octadecahydro-6a,14a-methanopicen-10(6bH)-one (1j)

Yield: 45.2 mg, 49.2%. *H-NMR (500 MHz, CDCls) J 8.25 (d, 2H, J = 8.5 Hz, H-4', H-
6'), 7.53 (d, 2H, J = 8.5 Hz, H-3', H-7"), 7.49 (br, 1H, H-1'), 2.87 (d, 1H, J = 16.5 Hz, H-1a),
2.19 (d, 1H, J = 16.5 Hz, H-1b), 1.18 (s, 3H, CHs-26), 1.17 (s, 3H, CH3-23), 1.14 (s, 3H, CHs-
24), 0.97 (d, 3H, J = 6.0 Hz, CH3-29), 0.91 (s, 3H, CH3-28), 0.88 (d, 3H, J = 5.5 Hz, CH3-30),
0.83 (s, 3H, CH3-25), 0.68 (d, 1H, J = 5.5 Hz, CH,-27a), 0.09 (d, 1H, J = 5.5 Hz, CH,-27h); **C-
NMR (125 MHz, CDCls) d 207.8 (C-3), 147.3 (C-5'), 142.7 (C-2), 137.9 (C-2'), 134.7 (C-1"),
130.8 (C-3'; C-7'), 123.8 (C-4"; C-6'), 54.3 (C-9), 53.3 (C-5), 48.4 (C-18), 45.6 (C-4), 44.3 (C-
1), 42.1 (C-22), 40.9 (C-19), 38.5 (C-20), 37.2 (C-10), 36.8 (C-6), 36.7 (C-8), 35.4 (C-12), 32.5
(C-14), 32.0 (C-17), 31.2 (C-21), 29.5 (C-23), 28.4 (C-28), 27.3 (C-16), 26.6 (C-13), 22.5 (C-
30), 21.4 (C-15), 20.9 (C-24), 20.2 (C-11), 18.2 (C-7), 18.1 (C-29), 17.5 (C-26), 15.6 (C-25),
13.6 (C-27). HRESIMS m/z calcd for Ca7Hs;NOsNa [M+Na]* 580.3767, found 580.3769.



(1S,2R,4aR,6aR,6bR,12aR,14aR)-1,2,4a,6b,9,9,12a-Heptamethyl-11-((E)-2-
nitrobenzylidene)octadecahydro-6a,14a-methanopicen-10(6bH)-one (1k)

Yield: 32.3 mg, 35.1%. *H-NMR (500 MHz, CDCl3) ¢ 8.11 (d, 1H, J = 8.0 Hz, H-4"),
7.61 (br, 1H, H-1'), 7.50 (t, 1H, J = 7.8 Hz, H-5'), 7.47 (t, 1H, J = 7.8 Hz, H-6'), 7.28 (dd, 1H,
J=8.0,3.0Hz H-7'), 2,55 (d, 1H, J = 16.0 Hz, H-1a), 1.98 (d, 1H, J = 16.5 Hz, H-1b), 1.19 (s,
3H, CH3-26), 1.17 (s, 3H, CH3-23), 1.14 (s, 3H, CHs-24), 0.90 (d, 3H, J = 6.0 Hz, CH3-29), 0.88
(s, 3H, CH5-28), 0.85 (br, 3H, CH3-30), 0.82 (s, 3H, CH3-25), 0.60 (d, 1H, J = 5.5 Hz, CH,-27a),
0.03 (d, 1H, J = 5.5 Hz, CH,-27b); *C-NMR (125 MHz, CDCls) 6 207.6 (C-3), 148.3 (C-3'),
1456 (C-2), 136.3 (C-2'), 134.2 (C-1'), 133.3 (C-6'), 131.1 (C-5'), 128.9 (C-7"), 125.0 (C-4"),
54.3 (C-5), 53.9 (C-9), 48.3 (C-18), 47.0 (C-4), 43.0 (C-1), 42.1 (C-22), 40.9 (C-19), 38.5 (C-
20), 37.3 (C-10), 37.2 (C-6), 36.8 (C-8), 35.4 (C-12), 32.7 (C-14), 32.0 (C-17), 31.2 (C-21), 28.7
(C-23), 28.3 (C-28), 27.3 (C-16), 26.2 (C-13), 22.5 (C-30), 21.4 (C-15), 20.8 (C-24), 20.0 (C-
11), 18.0 (C-29), 17.9 (C-7), 17.6 (C-26), 15.4 (C-25), 13.5 (C-27). HRESIMS m/z calcd for
Ca7Hs:NOsNa [M+Na]" 580.3767, found 580.3764.

(1S,2R,4aR,6aR,6bR,12aR,14aR)-11-((E)-4-Methoxybenzylidene)-1,2,4a,6b,9,9,12a-
Heptamethyloctadecahydro-6a,14a-methanopicen-10(6bH)-one (11)

Yield: 14.3 mg, 16%. *H-NMR (500 MHz, CDCls) 6 7.48 (br, 1H, H-1"), 7.41 (d, 2H, J
= 9.5 Hz, H-3', H-7"), 7.40 (d, 2H, J =8.5 Hz, H-4', H-6"), 3.84 (s, 3H, 5'-OCH3), 2.95 (d, 1H, J
= 16.0 Hz, H-1a), 2.17 (d, 1H, J = 16.5 Hz, H-1b), 1.19 (s, 3H, CH3-26), 1.16 (s, 3H, CH3-23),
1.12 (s, 3H, CH3-24), 0.99 (d, 3H, J = 6.0 Hz, CH3-29), 0.92 (s, 3H, CH3-28), 0.89 (s, 3H, CHjs-
25), 0.82 (br, 3H, CH3-30), 0.71 (d, 1H, J = 5.5 Hz, CH,-27a), 0.09 (d, 1H, J = 5.5 Hz, CH,-
27b); *C-NMR (125 MHz, CDCls) § 208.1 (C-3), 160.0 (C-5' ), 145.6 (C-2), 137.5 (C-1'),
132.3 (C-3"; C-7"), 128.9 (C-2'), 114.1 (C-4"; C-6"), 59.4 (5'-OCHj3), 55.5 (C-9), 53.1 (C-5),
48.5 (C-18), 45.2 (C-4), 445 (C-1), 42.2 (C-22), 40.9 (C-19), 38.6 (C-20), 37.3 (C-10), 36.8 (C-
6), 36.6 (C-8), 35.6 (C-12), 32.5 (C-14), 32.1 (C-17), 31.2 (C-21), 29.8 (C-23), 28.4 (C-28), 27.3
(C-16), 26.6 (C-13), 22.4 (C-30), 21.4 (C-15), 20.9 (C-24), 20.3 (C-11), 18.2 (C-7), 18.1 (C-29),
17.5 (C-26), 15.5 (C-25), 13.6 (C-27). HRESIMS m/z calcd for CsgHss0,Na [M+Na]"™ 565.4022,
found 565.4027.

(7aR,7bR,9aR,12R,13S,13bR,15bR)-5,5,7a,9a,12,13,15b-Heptamethyloctadecahydro-7b,13b-
methanochryseno[2,1-cJoxepin-3(2H)-one (2)

Yield: 15.6 mg, 42.2%. *H-NMR (500 MHz, Acetone-dg) 6 1.39 (s, 3H, CHs-23), 1.32 (s,
3H, CH3-26), 1.20 (s, 3H, CH3-24), 1.04 (s, 3H, CH3-25), 0.92 (d, 3H, J = 5.0 Hz, CH3-29), 0.90



(s, 3H, CH5-28), 0.83 (d, 3H, J = 5.5 Hz, CH3-30), 0.67 (d, 1H, J = 5.5 Hz, CH,-27a), 0.06 (d,
1H, J = 5.5 Hz, CH»-27h). *C-NMR (125 MHz, Acetone-ds)  174.3 (C-3), 85.7 (C-4), 55.9 (C-
5), 53.9 (C-9), 51.0 (C-18), 42.7 (C-22), 41.4 (C-19), 40.3 (C-8), 40.0 (C-1), 39.5 (C-10), 39.2
(C-20), 37.9 (C-6), 37.8 (C-12), 32.8 (C-2), 32.6 (C-14), 31.9 (C-17), 31.7 (C-21), 31.5 (C-23),
28.8 (C-28), 27.8 (C-16), 27.2 (C-13), 26.8 (C-26), 23.7 (C-11), 22.0 (C-15), 21.0 (C-30), 19.3
(C-7), 18.4 (C-29), 18.2 (C-25), 18.1 (C-24), 14.7 (C-27). HRESIMS m/z calcd for CsoHss0,Na
[M+Na]" 463.3552, found 463.3551.

(E)-N'-((1S,2R,4aR,6aR,6bR,12aR,14aR)-1,2,4a,6b,9,9,12a-Heptamethylhexadecahydro-
6a,14a-methanopicen-10(6bH,11H,12bH)-ylidene)-2-(p-tolyloxy)acetohydrazide (3a)

Yield: 15.6 mg, 37%:; *H-NMR (500 MHz, CDCls) J 8.77 (s, 1H, NH), 7.08 (d, 2H, J =
8.0 Hz, H-5', H-7"), 6.87 (d, 2H, J = 8.5 Hz, H-4', H-8'), 4.80 (m, 2H, H-2' ), 2.30 (s, 3H, 6'-
CHa), 1.19 (s, 3H, CH3-26), 1.16 (s, 3H, CH3-23), 1.12 (s, 3H, CH3-24), 1.06 (s, 3H, CHs-25),
0.93 (br s, 3H, CH3-29), 0.91 (s, 3H, CH3-28), 0.87 (d, 3H, J = 5.0 Hz, CH3-30), 0.62 (t, 1H, J =
5.0 Hz, CH,-27a), 0.04 (d, 1H, J = 5.0 Hz, CH»-27b); *C-NMR (125 MHz, CDCls)  171.1 (C-1'
), 167.3 (C-3), 155.2 (C-3'), 130.4 (C-5'-C-7' ), 130.3 (C-6' ), 114.8 (C-4'-C-8' ), 67.3 (C-2'),
55.5 (C-5), 54.5 (C-9), 49.7 (C-18), 47.6 (C-4), 42.2 (C-22), 40.9 (C-19), 39.4 (C-1), 38.6 (C-
20), 37.8 (C-6), 37.1 (C-10), 36.9 (C-8), 35.7 (C-12), 32.6 (C-14), 32.1 (C-17), 31.2 (C-21), 29.9
(C-13), 28.4 (C-28), 27.4 (C-16), 26.7 (C-23), 21.5 (6'-CHs), 21.1 (C-30), 20.8 (C-15), 20.6 (C-
24), 19.6 (C-11), 18.1 (C-29), 18.0 (C-2), 18.0 (C-7), 17.9 (C-26), 15.8 (C-25), 13.8 (C-27);
HRESIMS m/z calcd for CagHsoN,O, [M+H]* 587.4577, found 587.4575.

(E)-N'-((1S,2R,4aR,6aR,6bR,12aR,14aR)-1,2,4a,6b,9,9,12a-Heptamethylhexadecahydro-
6a,14a-methanopicen-10(6bH,11H,12bH)-ylidene)-2-(m-tolyloxy)acetohydrazide (3b)

Yield: 12.05 mg, 30%; ‘H-NMR (500 MHz, CDCl3) 6 7.19 (m, 1H, H-7"), 6.85 (br, 1H,
H-6'), 6.80 (m, 1H, H-4'), 6.76 (m, 1H, H-8'), 4.82 (m, 1H, H-2"), 2.34 (s, 3H, 5'- CH3), 1.19
(s, 3H, CH3-26), 1.07 (s, 3H, CH3-23), 1.03 (s, 3H, CH3-24), 0.97 (s, 3H, CH3-25), 0.93 (br, 3H,
CH3-29), 0.91 (s, 3H, CHs-28), 0.87 (d, 3H, J = 5.5 Hz, CH5-30), 0.63 (d, 1H, J = 5.5 Hz, H-
27a), 0.05 (d, 1H, J = 5.5 Hz, H-27b); 3C-NMR (125 MHz, CDCls) § 170.5 (C-1'), 162.0 (C-3),
157.2 (C-3'), 140.2 (C-5'), 129.7 (C-7"), 123.3 (C-6'), 115.5 (C-4' ), 111.6 (C-8'), 67.1 (C-2"),
55.4 (C-5), 54.5 (C-9), 49.7 (C-18), 47.6 (C-4), 42.2 (C-22), 40.9 (C-19), 39.4 (C-1), 38.5 (C-
20), 38.2 (C-10), 38.0 (C-6), 37.1 (C-8), 35.7 (C-12), 32.6 (C-14), 32.0 (C-17), 31.2 (C-21), 28.4
(C-28), 27.3 (C-16), 26.7 (C-13), 26.6 (C-23), 21.6 (C-15), 21.4 (C-24), 21.1 (C-30), 20.9 (5'-
CHa), 19.5 (C-11), 19.0 (C-2), 18.1 (C-29), 18.0 (C-26), 17.9 (C-7), 15.7 (C-25), 13.8 (C-27);
HRESIMS m/z calcd for CasHsoN,O, [M+H]*: 587.4577, found 587.4571.



(E)-N'-((1S,2R,4aR,6aR,6bR,12aR,14aR)-1,2,4a,6b,9,9,12a-Heptamethylhexadecahydro-
6a,14a-methanopicen-10(6bH,11H,12bH)-ylidene)-2-phenylacetohydrazide (3c)

Yield: 13.7 mg, 35%; *H-NMR (500 MHz, CDCls) 6 8.37 (s, 1H, NH), 7.34 (d, 2H, J =
7.0 Hz, H-5'-H-7"), 7.29 (t, 2H, J = 7.5 Hz, H-6"), 7.23 (d, 1H, J = 7.5 Hz, H-4'-H-8"), 4.00 (m,
2H, H-2"), 1.18 (s, 3H, CH3-26), 1.06 (s, 3H, CH3-23), 1.03 (s, 3H, CH3-24), 0.97 (s, 3H, CHs-
25), 0.94 (m, 3H, CH3-29), 0.91 (s, 3H, CH3-28), 0.87 (d, 3H, J =5.0 Hz, CH3-30), 0.62 (m, 1H,
CHy-27a), 0.04 (m, 1H, CH»-27b); *C-NMR (125 MHz, CDCls) 6 173.7 (C-1'), 161.5 (C-3),
136.1 (C-3'), 129.7 (C-4'-C-8' ), 128.7 (C-5'-C-7"), 127.0 (C-6'), 55.4 (C-5), 54.4 (C-9), 49.6
(C-18), 42.2 (C-22), 40-9 (C-19), 39.9 (C-4), 39.8 (C-2), 39.4 (C-1), 38.5 (C-20), 38.1 (C-10),
38.0 (C-6), 37.8 (C-8), 35.6 (C-12), 32.6 (C-14), 32.0 (C-17), 31.2 (C-21), 28.4 (C-28), 27.3 (C-
16), 26.9 (C-13), 26.6 (C-23), 21.4 (C-15), 21.1 (C-30), 20.9 (C-24), 19.5 (C-11), 18.1 (C-29),
18.0 (C-2), 18.0 (C-26), 117.9 (C-7), 15.8 (C-25), 13.7 (C-27); HRESIMS m/z calcd for
CagHs7N20 [M+H]*: 557.4471, found 557.4462.

(E)-5-chloro-N'-((1S,2R,4aR,6aR,6bR,12aR,14aR)-1,2,4a,6b,9,9,12a-
Heptamethylhexadecahydro-6a,14a-methanopicen-10(6bH,11H,12bH)-ylidene)-2-
hydroxybenzohydrazide (3d)

Yield: 15.46 mg, 36.7%; ‘H-NMR (500 MHz, DMSO-dg) § 11.01 (s, 1H, 3'-OH), 7.88
(d, 1H, J= 2.5 Hz, H-7"), 7.42 (t, 1H, J = 8.0 Hz, H-5'), 6.99 (d, 1H, J = 8.5 Hz, H-4'), 1.17 (s,
3H, CH3-26), 1.15 (s, 3H, CH3-23), 1.06 (s, 3H, CH3-24), 0.98 (s, 3H, CHs-25), 0.90 (br, 3H,
CH3-29), 0.89 (s, 3H, CH3-28), 0.85 (br, 3H, CH3-30), 0.69 (m, 1H, CH,-27a), 0.01 (br, 1H,
CH,-27b); *C-NMR (125 MHz, DMSO-dg) 5 162.9 (C-1'), 158.9 (C-3), 156.5 (C-3'), 133.2 (C-
5'), 128.1 (C-6'), 127.5 (C-7"), 123.6 (C-2'), 119.4 (C-4'), 55.2 (C-5), 54.2 (C-9), 49.4 (C-18),
47.0 (C-4), 42.2 (C-22), 40.6 (C-19), 38.8 (C-1), 38.3 (C-20), 37.9 (C-10), 37.7 (C-8), 36.8 (C-
6), 35.5 (C-12), 32.4 (C-14), 32.0 (C-17), 31.0 (C-21), 28.4 (C-28), 27.1 (C-16), 26.6 (C-23),
26.4 (C-13), 21.4 (C-15), 21.1 (C-30), 21.0 (C-24), 19.3 (C-11), 18.3 (C-29), 18.0 (C-26), 17.8
(C-2), 17.7 (C-7), 15.7 (C-25), 13.4 (C-27); HRESIMS m/z calcd for Cs7HssCIN,O;Na [M+Na]*:
615.3693, found 615.3694.

(E)-N'-((1S,2R,4aR,6aR,6bR,12aR,14aR)-1,2,4a,6b,9,9,12a-Heptamethylhexadecahydro-
6a,14a-methanopicen-10(6bH,11H,12bH)-ylidene)-2-hydroxy-5-iodobenzohydrazide (3e)

Yield: 19.3 mg, 57%; ‘H-NMR (500 MHz, CDCls) 6 7.93 (br s, 1H, H-7"), 7.61 (d, 1H,
J=8.0Hz, H-5'), 6.76 (d, 1H, J = 8.5 Hz, H-4'), 1.19 (s, 3H, CH3-26), 1.07 (s, 3H, CH3-23),
1.03 (s, 3H, CH3-24), 0.98 (s, 3H, CH3-25), 0.94 (d, 3H, J = 6.0 Hz, CH3-29), 0.91 (s, 3H, CHs-



28), 0.87 (br, 3H, CH3-30), 0.65 (t, 1H, J = 5.5 Hz CH,-27a), 0.05 (br d, 1H, J = 5.0 Hz, CH,-
27b); *C-NMR (125 MHz, CDCls) § 166.9 (C-3), 162.3 (C-1' ), 155.6 (C-3'), 143.2 (C-5'),
134.7 (C-7"), 121.3 (C-4"), 110.2 (C-2"), 81.0 (C-6"), 55.5 (C-9), 53.4 (C-5), 49.8 (C-18), 45.2
(C-4), 42.1 (C-22), 40-9 (C-19), 38.6 (C-1), 38.5 (C-20), 37.0 (C-10), 36.3 (C-6), 36.2 (C-8),
35.4 (C-12), 32.5 (C-14), 32.0 (C-17), 31.2 (C-21), 28.4 (C-28), 27.3 (C-16), 26.6 (C-13), 26.4
(C-23), 22.8 (C-30), 21.4 (C-15), 20.9 (C-24), 19.4 (C-11), 19.1 (C-2), 18.1 (C-29), 18.0 (C-7),
17.7 (C-26), 15.7 (C-25), 13.6 (C-27); HRESIMS m/z calcd for Cs;Hs3IN,O;Na [M+Na]':
707.3049, found 707.3087.

(E)-2-(benzo[d]thiazol-2-ylthio)-N'-((1S,2R,4aR,6aR,6bR,12aR,14aR)-1,2,4a,6b,9,9,12a-
Heptamethylhexadecahydro-6a,14a-methanopicen-10(6bH,11H,12bH)-ylidene)acetohydrazide
(3)

Yield: 17.01 mg, 37%; ‘H-NMR (500 MHz, CDCls) 6 7.90 (d, 1H, J = 8.0 Hz, H-8'),
7.77 (d, 1H, J = 7.5 Hz, H-5'), 7.45 (m, 1H, H-7"), 7.35 (m, 1H, H-6'), 4.26 (m, 1H, H-2"), 1.19
(s, 3H, CHs-26), 1.07 (s, 3H, CH3-23), 1.03 (s, 3H, CH3-24), 0.97 (s, 3H, CH3-25), 0.94 (d, 3H, J
= 6.0 Hz, CH3-29), 0.91 (s, 3H, CH5-28), 0.87 (d, 3H, J = 5.5 Hz, CH3-30), 0.63 (d, 1H, J =5.5
Hz, H-27a), 0.05 (d, 1H, J = 5.5 Hz, H-27h): *C-NMR (125 MHz, CDCl3) 6 171.4 (C-1'), 165.3
(C-3'), 158.6 (C-3), 153.9 (C-9'), 135.3 (C-4'), 126.5 (C-7'), 125.0 (C-6'), 122.2 (C-8'), 121.3
(C-5'), 55.5 (C-5), 54.5 (C-9), 49.7 (C-18), 47.6 (C-4), 42.2 (C-22), 40.9 (C-19), 39.4 (C-1),
38.6 (C-20), 37.8 (C-6), 37.1 (C-10), 36.9 (C-8), 35.7 (C-12), 34.2 (C-2'), 32.6 (C-14), 32.1 (C-
17), 31.2 (C-21), 28.4 (C-28), 27.5 (C-13), 27.3 (C-16), 26.7 (C-23), 21.5 (C-15), 21.1 (C-30),
20.8 (C-24), 19.8 (C-2), 19.6 (C-11), 18.1 (C-29), 18.0 (C-26), 17.9 (C-7), 15.8 (C-25), 13.8 (C-
27); HRESIMS mvz calcd for CagHssN3OS,Na [M+Na]* 668.3684, found 668.3675.
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Mass Spectrum List Report

Analysis Info

Analysis Name  OSCUKVN22102019009.d Acquisition Date  10/22/2019 10:23:35 AM
Method Tune_low_POS_2019.m Operator Administrator
Sample Name P4H Instrument micrOTOF 72
22102019
Acquisition Parameter Set Corrector Fill 50V
Source Type ESI lon Polarity Positive Set Pulsar Pull 33TV
Scan Range nfa Capillary Exit 1600V Set Pulsar Push 33TV
Scan Begin 50 miz Hexapole RF 4000V Set Reflector 1300V
Scan End 3000 m/z Skimmer 1 450V Set Flight Tube 9000V
Hexapole 1 243V Set Detector TOF 2295V
Intens.] +MS, 1.1min #(67)
x10% 535.3617
1.51
1.0
551.3711  5g7.3823
0.5 5125033

583.3562
600.5552

4653271 4844740
460 480 500 520 540 560 580 600 miz

Chemical Formula: C;;H5,NaO [M+Na]*
Exact Mass: 535.39159

Figure S3. HRESIMS spectrum of 1a.
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Mass Spectrum List Report

Analysis Info

Analysis Name — OSKVN04102019004.d Acquisition Date  10/4/2019 11:46:27 AM
Method Tune_low_POS_2019.m Operator Administrator
Sample Name PAF Instrument micrOTOF 72
P4F
Acquisition Parameter Set Corrector Fill 50V
Source Type ESI lon Polarity Positive Set Pulsar Pull 337V
Scan Range nfa Capillary Exit 2500V Set Pulsar Push 33TV
Scan Begin 50 miz Hexapole RF 400.0 Vv Set Reflector 1300V
Scan End 3000 m/z Skimmer 1 600V Set Flight Tube 9000V
Hexapole 1 243V Set Detector TOF 2295V
Intens. +MS, 1.1-1.2min #{68-72),
x10H
531.4003
2.5
553.3833 585.3726
2.01
1.5
1.0 567.3626 601.3494
057 517.3650

4893318

480 500 520 540 560 580 600 620 miz

Chemical Formula: C37H5,FO [M+H]*
Exact Mass: 531.40022

Figure S6. HRESIMS spectrum of 1b.




Z80'0-,
§88'8,
vz 9__
189 9.“r
268 01
Z16'0-
LL6'0 “_*.
6860’
T
19T'T
£8T' T/

0ET' 2.
TOT T

298z
ve8' T

vLO' L,
T60" L
BOT' £
EGE L.
oIt L
Tot L/

0ET'Z
9T’

z98'zZ-,
68 T

g | g
N-— ~p0'f| ©
o 7 (10°T_un
~ | fsog ©
Y ' M.E.n.
W= ¥0'E
(7] Lar) [=3] — el (=]
¢ R
= Eﬂ.ﬂlu
- an.n
_ 00'E_
™ ]
3
. »
g = <
= Um- 1 > 9
7 == LI
| T = r
] "
i — _L =9 [Ty
& ~
=
[y L
5 == =801
- . ™
B —=801 E -2
_ . e
5 ]
E n
T ed
L2
4 L
ES
R p
. ST "
o —=F-£0g ™
L3 ||I|.~_ s
1 =]
1 L™ 4
| [ ] -
! o
-+ &
\ " ™
Py T
| L =
P I
[ =
(3] llu.nl,wﬁﬂ Z [ | M
=EE0'T
[ [
< F
| A
! o
[ .9
e =g0°¢ ™
P 10T
G g TEOT
-

f1 (ppm)

Figure S7. 'H-NMR (CDCls, 500 MHz) spectrum of 1b.
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Mass Spectrum List Report

Analysis Info

Analysis Name  OSKVN04102019005.d Acquisition Date  10/4/2019 11:49:01 AM
Method Tune_low_POS_2019.m Operator Administrator
Sample Name  Trl Instrument micrOTOF 72
"
Acquisition Parameter Set Corrector Fill 50V
Source Type ESI lon Polarity Positive Set Pulsar Pull 337V
Scan Range n/a Capillary Exit 1800V Set Pulsar Push 337V
Scan Begin 50 miz Hexapole RF 400.0V Set Reflector 1300 vV
Scan End 3000 m/z Skimmer 1 600V Set Flight Tube gooo v
Hexapole 1 243V Set Detector TOF 2295V
Intens. ] MS, 0.7-0.8min #({44-47
104 553.3817 in #{44-47)
1.57
1] 539.3494
y 541.3645
0.5 543.3691 557.3562
537.3352 B45.3785, . 1202549-3673551 3626 559.3558

535.0 5375 540.0 5425 545.0 547.5 550.0 552.5 555.0 557.5 miz

Chemical Formula: C3;Hs,FNaO [M+Na]*
Exact Mass: 553.38216

Figure S9. HRESIMS spectrum of 1c.
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Figure S10. *H-NMR (CDCls, 500 MHz) spectrum of 1c.
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Mass Spectrum List Report

Analysis Info

Analysis Name  OSKVN04102019001_1.d Acquisition Date  10/4/2019 11:40:50 AM
Method Tune_low_POS_2019.m Operator Administrator
Sample Name P4CI Instrument micrOTOF 72
P4CI
Acquisition Parameter Set Corrector Fill 50 V
Source Type ESI lon Polarity Positive Set Pulsar Pull 337V
Scan Range n/a Capillary Exit 2500V Set Pulsar Push 337V
Scan Begin 50 m/z Hexapole RF 4000V Set Reflector 1300V
Scan End 3000 miz Skimmer 1 60.0V Set Flight Tube 9000 V
Hexapole 1 243V Set Detector TOF 2285V
Intens. 4 +MS, 0.8min #(49)
%1 569.3529

44

3_

21 413.2645

1] 4412951

365.1111 4953474 586.4513

350 400 450 500 550 600

650

700 750 miz

Chemical Formula: C5;H5,CINaO [M+Na]*

Exact Mass: 569.35261

Figure S12. HRESIMS spectrum of 1d.
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Mass Spectrum List Report

Analysis Info

Analysis Name  OSKWVN04102019003.d Acquisition Date  10/4/2019 11:44:49 AM
Method Tune_low_POS_2019.m Operator Administrator
Sample Name NG1 Instrument micrOTOF 72
NG1
Acquisition Parameter Set Corrector Fill 50V
Source Type ESI lon Polarity Positive Set Pulsar Pull 33TV
Scan Range n/a Capillary Exit 2500V Set Pulsar Push 33TV
Scan Begin 50 miz Hexapole RF 400.0V Set Reflector 1300V
Scan End 3000 miz Skimmer 1 600V Set Flight Tube 9000 V
Hexapole 1 243V Set Detector TOF 2255V
Intens. +MS, 0.3-0.4min #{19-21)
x10 569.3520

257

2.07

1.57

1.04 413.2680

0.57 685.4380

: 296.9039 |. J.. 7621106 277012
..u.l.;.llu.ul i wopt b ki iy 4.1l|1|. el Rl
300 400 500 600 700 800 miz
Cl -
0]

Chemical Formula: C3;Hg,CINaO [M+Na]*
Exact Mass: 569.35261

Figure S15. HRESIMS spectrum of le.
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Figure S18. HRESIMS spectrum of 1f.
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Figure S19. *H-NMR (CDCls, 500 MHz) spectrum of 1f.
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Mass Spectrum List Report

Analysis Info

Analysis Mame  OSKVNO4102019008.d Acquisition Date 100472018 12:00:132 PM
Method Tune_low_POS_2018.m Operator Adrministrator
Sample Mame Ph4Br Instrument micrOTOF 72
FPh4Br
Acquisition Parameter Set Comector Fill 50
Source Type ESl lon Polarity Positve Set Pulsar Pull TR
Scan Range n'a Capillary Exit 2.0V Set Pulsar Push v
Scan Bagin 50 miz Hexapole RF 400.0 W Set Reflector 1300V
Scan End 3000 miz Skimmer 1 450V Set Flight Tube g000 v
Hexapole 1 243V Set Detector TOF 2295V
Intens. +M5, 0.5-0.5min &20-30)
w1l 615,245
3
2
1
SOT.2734 ¢ g T3 42T 631.2839 6354422
ik L ﬂz'PB' o 1 Lo o8 5.?1'19 Ll s TH.id
500 525 550 575 GO 625 50 75 TO0 725 miz
# miz 1 1% SiN Res.
1 1440884 2233 [ 148 T0OD
2 1450077 2052 i 135 10240
3 1610238 2060 62 137 13805
4 3532832 10374 313 741 4858
§ 3542874 2346 T4 162 4812
g 3312840 12268 2370 463 40900
T 3322088 2019 88 200 5088
4 3932:M8 5137 155 355 4705
9 41328309 14500 433 1003 4881
10 4142880 3988 120 270 4884
11 4252145 5286 160 358 4533
12 4412052 6786 204 456 44880
13 4473431 5305 180 355 4748
14 5025515 2172 6.4 1265 313e
15 5072734 3075 23 124 4581
18 5534117 36804 109 228 3557
17 5024043 2190 6.4 126 31144
18 6133022 3256 943 2208 4040

FEFEL.T T LT g A= 040

Chemical Formula: C3;H5,BrNaO [M+Na]*
Exact Mass: 613.30210

Figure S21. HRESIMS spectrum of 1g.
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Mass Spectrum List Report

Analysis Info

Analysis Mame  OSKVNO4102018007.d Acquisition Date 10042019 11:58:24 AM
Method Tune_low_POS_2018.m Cwperator Administrator
Sample Mame Ph3Br Instrument micrOTOF 72
Ph3Br
Acquisition Parameter Set Comector Fill T
Source Type ESl lom Polarity Positive Set Pulsar Pul 33TV
Sean Range n'a Capillary Exit 2500V Set Pulsar Push 33TV
Secan Begin 50 miz Hexapole RF 4000V Set Reflector 1300 W
Scan End 3000 mfz Skimmer 1 450V Set Flight Tube booa v
Hexapole 1 243V Set Detector TOF 2205 W
Intens. +MS, 1.2-1.2min #(T2-T4)
§15.3018
000
4000
2000 5320828 Sez4e74 oo13188 gozpeos  T2.ITIS
502 205 4450
500 550 GO0 &50 Too miz
# miz | 1% S/MN Res
1 892530 2433 378 163 13765
2 1154493 2235 347 148 15033
3 1297839 2552 398 171 14564
4 1448783 2258 350 151 13888
5 206B57d 2356 368 174 20012
8 3932002 1374 291 138 447
7 4142859 2506 403 102 BT
3 4422083 4076 632 208 5118
9 4473425 3744 581 274 4H23
10 5913188 1903 205 132 4064
11 5933201 1397 294 132 5002
12 8133021 6437 900 465 4780
13 0143097 2520 392 178 4707
14 8153019 o444 1000 468 4743
15 6163038 2819 408 1B5 5104
14 6202839 13852 287 128 5142
17 7267715 1907 288 138 41163

B

FERET-T insg Qe a4 s naTng

Br

Chemical Formula: C3;H5,BrNaO [M+Na]*
Exact Mass: 613.30210

Figure S24. HRESIMS spectrum of 1h.
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Figure $25. *H-NMR (CDCls, 500 MHz) spectrum of 1h.
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Mass Spectrum List Report

Analysis Info

Analysis Name  OSKWVYMN04102019006.d Acquisition Date 102019 11:51:43 AM
Method Tune_low_POS5_2018.m Operator Administrator
Sample Mame Ph2Br Instrument micrOTOF 72
FPhZBr
Acquisition Parameter Set Comector Fill 50V
Source Type ESl lon Polarity Puositive Set Pulsar Pu T
Scan Range nia Capillary Exit 2500V Set Pulsar Push 3T
Secan Begin 50 mfz Hexapole RF 400.0 v Set Reflector 1300V
Scan End 3000 miz Skimrmer 1 800V Set Flight Tube gooa v
Hexapols 1 243V Set Detector TOF 2205V
Intens. +M 5, 0.3-0.2min #(15-16)
wnd
&15.3001
15
10 §45.2637
0s
50263 RE2 4050 T26.7652 TE2.0135
i, TR RN L L, ) L dullill L L L l
500 550 B00 50 700 T50 miz

# miiz 1 1% SN Res.
1 2088552 2837 141 186 20055
2 3022048 2071 158 200 4370
3
4

4132048 7OBT 428 532 4314

4422004 13410 15 886 4801
5 4473433 2005 160 18B 4750
8 8013175 58360 .3 348 4340
7 8023117 2513 134 145 4852
4 5023104 5040 M7 353 4308
9 8123023 18192 @70 1106 4785
10 6143048 7504 400 452 4338
11 8153001 18752 1000 1144 40473
12 8163050 7158 3B2 431 4011
13 6272704 2082 150 177 4508
14 6202851 B485 248 303 4308
15 6302883 31 168 186 5500
186 6312805 4484 230 270 4N17
17 ALl IRAT JA51 14 1 15R 4071

Br

Chemical Formula: C3;H5,BrNaO [M+Na]*
Exact Mass: 613.30210

Figure S27. HRESIMS spectrum of 1i.
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Mass Spectrum List Report

Analysis Info

Analysis Name  OSKWVN04102019009_1.d Acquisition Date  10/4/2019 12:04:42 PM
Method Tune_low_POS_2019.m Operator Administrator
Sample Name P4N Instrument micrOTOF 72
P4AN
Acquisition Parameter Set Corrector Fill 50V
Source Type ESI lon Polarity Positive Set Pulsar Pull 337V
Scan Range n/a Capillary Exit 2800V Set Pulsar Push 33TV
Scan Begin 50 miz Hexapole RF 4000V Set Reflector 1300 V
Scan End 3000 miz Skimmer 1 450V Set Flight Tube 000V
Hexapole 1 243V Set Detector TOF 2285V
Intens. +MS, 0.4-0.4min #{24-26)
X100 580.3769
1.00
0.757
0.504
3 513.3518 596.3540
0.25 5413627 562.3963 626.4038541 9333 659.2864
mlll Miabin IJ.A i HILIJn .l.l

480 500 520 540 560 580 600 620 640 660 m/z

Chemical Formula: C3;H5,NNaO; [M+Na]*
Exact Mass: 580.37666

Figure S30. HRESIMS spectrum of 1j.
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Mass Spectrum List Report

Analysis Info

Analysis Name  OSKVN04102019010d Acquisition Date  10/4/2019 12:07:46 PM
Method Tune_low POS _2019.m Operator Administrator
Sample Name  P2N Instrument micrOTOF 72
P2N
Acquisition Parameter Set Corrector Fill 50V
Source Type ESI lon Polarity Positive Set Pulsar Pull 33TV
Scan Range n/a Capillary Exit 2800V Set Pulsar Push 337V
Scan Begin 50 miz Hexapole RF 4000V Set Reflector 1300 V
Scan End 3000 miz Skimmer 1 450V Set Flight Tube 3000V
Hexapole 1 243V Set Detector TOF 2295V
Intenss__ +MS, 0.8-0.8min #{49-501)
x10 580.3764
2,51
2.07
1.5
1.04
0.51
00 413.2632
' 200 300 400 500 600 700 800 900 1000  miz

Chemical Formula: C;;H5,NNaO; [M+Na]*
Exact Mass: 580.37666

Figure S33. HRESIMS spectrum of 1k.
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Mass Spectrum List Report

Analysis Info

Analysis Name  OSKVMN04102019011.d Acquisition Date  10/4/2019 12:11:49 PM
Method Tune_low POS 2019.m Operator Administrator
Sample Name P40Me Instrument micrOTOF 72
P40Me
Acquisition Parameter Set Corrector Fill 50V
Source Type ESI lon Polarity Positive Set Pulsar Pull 33TV
Scan Range n/a Capillary Exit 1800V Set Pulsar Push 337V
Scan Begin 50 miz Hexapole RF 4000V Set Reflector 1300V
Scan End 3000 m/z Skimmer 1 450V Set Flight Tube 9000 v
Hexapole 1 243V Set Detector TOF 2295V
Intens. +MS, 1.2-1.2min #(73-T4)
x104] 565,4027

1.0+

0.8

0.6

0.4 543.4199

g 562.3977
0.2 5472168 5507444  s547635 00 4018 570.2124

540 545 550 555 560 565 570 miz

Chemical Formula: C3gH54NaO, [M+Na]*
Exact Mass: 565.40215

Figure S36. HRESIMS spectrum of 11.
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Mass Spectrum List Report

Analysis Info

Analysis Name  OSKWN04102019016.d Acquisition Date  10/4/2019 12:27:29 PM
Method Tune_low_POS_2019.m Operator Administrator
Sample Name  Trang Truong (TT) Instrument micrOTOF 72
Lu8
Acquisition Parameter Set Corrector Fill 50
Source Type ESI lon Polarity Positive Set Pulsar Pull 337V
Scan Range n/a Capillary Exit 2500V Set Pulsar Push 33TV
Scan Begin 50 miz Hexapole RF 4000V Set Reflector 1300V
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Hexapole 1 243V Set Detector TOF 2295V
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Chemical Formula: C3yH,gNaO, [M+Na]*
Exact Mass: 463.35520

Figure S39. HRESIMS spectrum of 2.
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Exact Mass: 587.45765

Figure S42. HRESIMS spectrum of 3a.
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Figure S47. HRESIMS spectrum of 3b.
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Figure S62. HRESIMS spectrum of 3e.
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Figure S66. HMBC (CDCly) spectrum of 3e.
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Figure S67. HRESIMS spectrum of 3f.
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Figure S68. *H-NMR (CDCls, 500 MHz) spectrum of 3f.
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Figure S69. *C-NMR (CDCls, 125 MHz) spectrum of 3f.



©

F1 (ppm)

6'
8'
s
[
= ogh °

o

. : : . - : : : - - : : .
&0 75 70 &5 &0 55 50 45 40 35 30 25 A0 15 1.0 05 00
f2 (ppm)

Figure S70. HSQC (CDCls) spectrum of 3f.
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Figure S71. HMBC (CDCls) spectrum of 3f.
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