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General Synthesis Information 
 
All chemicals and reagents were purchased from commercial sources and used directly without 
further purification. Solvents were dried using standard procedures. All non-aqueous reactions 
were performed under an atmosphere of nitrogen in flame-dried glassware. Reaction progress 
was monitored by thin layer chromatography (TLC) using silica gel plates (silica gel 60 F254). 
Eluted TLC plates were visualized with UV light (254 nm) and the plate was developed with 
either KMnO4 or Ce(SO4)2 stain. Reaction products were isolated by silica gel flash column 
chromatography. NMR experiments were performed on a 400/100 MHz Bruker instrument. NMR 
spectra were processed through MestReNova 9.0 (Mestrelab Research). Chemical shifts are 
reported as ppm relative to CDCl3 (7.26 ppm for 1H, 77.0 ppm for 13C). 1H NMR coupling 
constants (J) are expressed in Hz, and multiplicity is described as follows: s = singlet; d = 
doublet; t = triplet; q = quartet; p = pentet; br = broad; m = multiplet. Due to the complex nature 
of steroid NMR spectra, only well-defined signals of resulting products are reported. Mass 
spectrometry experiments were recorded with atmospheric-pressure chemical ionization (APCI) 
unless noted otherwise. Melting points were determined with a Electrothermal Digital Mel-Temp 
3.0 melting point apparatus and are uncorrected. 
 
Supplemental Scheme 1. Synthesis of 2,2-dimethylprogesterone. a) n-BuLi, Et2O, -78 °C; b) 
MeI, -78 °C to room temperature (rt), 26%. 

 
 
Supplemental Scheme 2. Synthesis of 6α-methylprogesterone. a) Ethylene glycol, 
pTsOH·H2O, toluene, reflux, 24 h, 86%; b) m-CPBA, NaHCO3, DCM, rt, 30 min, 80% α-isomer 
and 16% β-isomer; c) MeMgBr, THF, reflux, 24 h, 45% (75% based on recovered starting 
material); d) 3M HCl, 3 h, 51%; e) SOCl2, pyridine, 0 °C, 10 min, 60%; f) 1M HCl, acetone, rt, 15 
min, 95% 
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Supplemental Scheme 3. Synthesis of 5α,6α- and 5β,6β-epoxyprogesterone. a) 3 M HCl, rt, 3 
h, 14 (70%) and 15 (58%)  

 
 
Synthetic Procedures 
 
2,2-Dimethylprogesterone (18). Progesterone (1, 500 mg, 1.59 mmol) was dissolved in 
anhydrous diethylether (50 mL) and chilled to -78 °C followed by dropwise addtion of n-
butyllithium (1.74 mmol) as a 2.5 M solution in hexanes. The solution was stirred for 30 min 
followed by dropwise addition of methyliodide (4.77 mmol, 0.296 mL) after which the 
temperature of the reaction was allowed to raise to rt and stirred for 24 h. A saturated solution 
of NH4Cl (5 mL) was used to quench excess alkyllithium reagent. After quenching, the contents 
of the flask were transferred to a separatory funnel and the organics were extracted with EtOAc 
(2 x 100 mL). The combined organics were washed with a saturated solution of NaCl (2 x 100 
mL) and dried over Na2SO4, after which the solvent was removed under reduced pressure to 
afford an off-white, viscous oil as the crude product. Purification by silica gel flash column 
chromatography (0 to 50% EtOAc in hexanes, followed by a second column at 0 to 20% EtOAc) 
yielded the target compound as a clear oil in 3.6% yield (26% based on recovered starting 
material). 1H NMR (400 MHz, CDCl3) δ 5.56 (dd, J1 = 2.45, J2 = 5.14, 1H) 2.52 (m, 3H), 2.13 (s, 
3H), 1.23 (s, 3H), 0.86 (s, 6H), 0.64 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 216.5, 209.4, 149.8, 
119.7, 63.6, 56.9, 48.8, 48.7, 44.0, 38.8, 37.1, 33.7, 32.1, 31.6, 31.5, 31.2, 30.2, 27.3, 24.49, 
22.9, 21.3, 19.3, 13.3; HRMS (APCI-TOF) m/z calcd for C23H38NO2

+ [M + NH4]+ 360.2897, found 
360.2903. 
 
3,3:20,20-Bis(ethylenedioxy)-pregn-5-ene (42). Progesterone (1, 5 g, 15 mmol) was dissolved 
in toluene (250 mL) containing a catalytic amount of p-toluenesulfonic acid (172 mg, 0.9 mmol). 
To this mixture was added ethylene glycol (40 mL). Using a Dean-Stark trap and heating the 
reaction was heated to 145 °C and held at that temperatire for 24 h. At this time, the reaction 
was cooled to room temperature and concentrated under reduced pressure to ca 25% of its 
original volume and then was transferred to a separatory funnel. A saturated solution of NaHCO3 
was added to the separatory funnel and the crude product was extracted with EtOAc (3 x 100 
mL). The organic layers were then combined, dried with Na2SO4 and concentrated under 
reduced pressure to give the crude product as an off-white solid which was then purified silica 
gel column chromatography (5 to 30% EtOAc in hexanes), affording 4.5 g (86% yield) of the 
desired bis-ketal as a white solid. mp 166-169 °C; 1H NMR (400 MHz, CDCl3) δ 5.35 (td, J1 = 
1.95, J2 = 1.95, J3 = 4.46, 1H), 4.02-3.83 (m, 8H), 2.56 (ddd, J1 = 2.89, J2 = 5.51, J3 = 14.10, 
1H), 2.11 (dd, J1 = 2.86, J2 = 14.19j, 1H), 2.06 (dt, J1 = 3.90, J2 = 3.90, J3 = 12.85 1H), 1.96 
(dddd, J1 = 2.96, J2 = 5.19, J3 = 5.19, J4 = 17.51, 1H), 1.30 (s, 3H), 1.03 (s, 3H), 0.78 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 140.2, 122.1, 112.0, 109.5, 65.2, 64.5, 64.24, 63.3, 58.2, 56.6, 
49.7, 41.8, 39.4, 36.7, 36.4, 31.7, 31.5, 31.1, 24.6, 23.9, 23.0, 20.9, 18.9, 12.9; HRMS (APCI-
TOF) m/z calcd for C25H39O4

+ [M + H]+ 403.2843, found 403.2860. 
 
3,3:20,20-Bis(ethylenedioxy)-5,6-epoxypregnane (4α- and 4β- diastereomers). m-
Chloroperoxybenzoic acid (mCPBA, 1.84 g, 10 mmol, accounting for 77% purity of mCPBA), 
was added at rt to a flask, covered with aluminum foil, containing 42 (1.01 g, 2.5 mmol) and 
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NaHCO3 (0.630 g, 7 mmol) dissolved in anhydrous CH2Cl2 (200 mL). The reaction was stirred 
for 2 h after which time sat. NaHCO3 solution (100 mL) was added. The contents were 
transferred to a separatory funnel where the layers were separated and the organics were 
washed twice more with sat. NaHCO3 (75 mL). The combined organics were washed with brine, 
dried over Na2SO4 and concentrated under reduced pressure to afford the crude product as a 
colorless solid. Purification by silica gel flash column chromatography (5% to 30% EtOAc in 
hexanes) gave 837 mg (80% yield) of 5α,6α-epoxide 43 as a white solid, the more polar 
diastereomer (Rf = 0.15 in 30% EtOAc in hexanes), compared to 167 mg (16% yield) of the 
5β,6β-epoxide 44 (Rf = 0.30 @ 30% EtOAc in hexanes) which was also a colorless solid. 
 
3,3:20,20-Bis(ethylenedioxy)-5α,6α-epoxypregnane (43). mp 175-178 °C; 1H NMR (400 
MHz, CDCl3) δ 3.93 (m, 8H), 2.81 (d, J1 = 4.22, 1H) 2.37 (d, J1 = 13.99, 1H), 1.99 (dd, J1 = 3.14, 
J2 = 11.62, 1H), 1.92 (ddd, J1 = 4.59, J2 = 6.61, J3 = 15.15, 1H), 1.27 (s, 3H), 1.07 (s, 3H), 0.71 
(s, 3H); 13C NMR (100 MHz, CDCl3) δ 112.1, 109.1, 65.3, 64.9, 64.7, 64.2, 63.4, 58.03, 57.6, 
56.9, 42.3, 42.0, 39.3, 39.2, 35.2, 31.5, 31.1, 29.5, 28.6, 24.7, 23.7, 23.0, 20.6, 15.8, 13.0; 
(APCI-TOF) m/z calcd for C25H39O5

+ [M + H]+ 419.2792, found 419.2803. 
 
3,3:20,20-Bis(ethylenedioxy)-5β,6β-epoxypregnane (44). mp 132-134 °C; 1H NMR (400 
MHz, CDCl3) δ 3.92 (m, 8H), 3.06 (d, J1 = 1.99, 1H), 2.33 (d, J1 = 14.02, 1H), 2.04 (ddt, J1 = 
3.18, J2 = 3.18, J3 = 14.46, J4 = 26.30, 2H), 1.28 (s, 3H), 1.00 (s, 3H), 0.74 (s, 3H); 13C NMR 
(100 MHz, CDCl3) δ 111.9, 108.9, 65.1, 64.7, 64.6, 64.1, 63.2, 57.9, 57.4, 56.7, 42.2, 41.8, 39.1, 
39.1, 35.1, 31.3, 31.0, 29.4, 28.4, 24.5, 23.6, 22.8, 20.4, 15.7, 12.9; HRMS (ESI-TOF) m/z calcd 
for C50H76NaO10 [Dimer + Na]+ 859.5331, found 859.5319. 
 
3,3:20,20-Bis(ethylenedioxy)-5α-hydroxy-6β-methylpregnane (45). To a solution of 43 (71 
mg, 0.17 mmol) dissolved in THF (5 mL) was added MeMgBr (1.3 mL, 20 equiv, 3.4 mmol) as 
a 3M solution in THF. The solution was then brought to reflux for 18 h, after which it was cooled 
to rt and excess Grignard reagent was quenched with a saturated NH4Cl solution (3 mL). 
Organics were then extracted with EtOAc (3 x 25 mL) and the organics were combined, washed 
with a saturated NaCl solution and dried over Na2SO4, then concentrated under reduced 
pressure to afford crude product as a clear, viscous oil. Purification by chromatography (0 to 
20% EtOAc in hexanes) yielded 33 mg (45%, 75% based on recovered starting material) of 45 
as a colorless powder. mp 187-189; 1H NMR (400 MHz, CDCl3) δ 4.25 (s, 1H), 3.92 (m, 8H), 
2.20 (d, J1 = 14.04, 1H), 1.29 (s, 3H), 1.02 (s, 3H), 0.98 (d, J1 = 7.8, 3H), 0.77 (s, 3H); 13C NMR 
(100 MHz, CDCl3) δ 112.02, 110.18, 76.33, 65.19, 64.35, 63.85, 63.19, 58.36, 55.71, 45.63, 
42.15, 40.43, 39.66, 39.51, 33.03, 32.56, 31.13, 30.14, 24.57, 23.82, 22.93, 20.90, 18.15, 17.18, 
13.19; HRMS (APCI-TOF) m/z calcd for C26H43O5

+ [M + H]+ 435.3105, found 435.3127. 
 
5α-Hydroxy-6β-methylpregnan-3,20-dione (22). To a stirring solution of Grinard product 45 
(96 mg, 0.221 mmol) in THF (2 mL) was added 3M HCl (1 mL). The reaction was stirred at room 
temperature for 3 h, after which it was diluted with EtOAc (50 mL) and neutralized with a 
saturated solution of NaHCO3. The layers were separated and the organic layer was washed 
with brine, dried over Na2SO4 and then concentrated under reduced pressure. Silica gel flash 
column chromatography (0 to 40% EtOAc in hexanes) afforded 39 mg (51% yield) of 22 as a 
colorless solid. mp 227-229; 1H NMR (400 MHz, CDCl3) δ 3.01 (d, J1 = 14.7, 1H), 2.55 (t, J1 = 
8.97, 1H), 2.36 (t, J1 = 6.29, 1H), 2.34 (d, J1 = 4.78, 1H) 2.13 (s, 3H), 1.25 (s, 3H), 1.09 (d, J1 = 
7.49, 3H), 0.66 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 211.4, 209.5, 80.0, 63.8, 56.0, 50.6, 46.4, 
44.3, 42.0, 40.0, 39.0, 38.0, 35.7, 33.4, 31.6, 30.6, 29.7, 24.6, 22.8, 21.4, 17.9, 13.6; HRMS 
(ESI-TOF) m/z calcd for C44H68NaO6 [Dimer + Na]+ 715.4908, found 715.4861. 
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6β-Methylprogesterone (19). Thionyl chloride (310 µL, 0.04 mmol) was added to a stirring 
solution of 22 (20 mg, 0.058 mmol) in pyridine (1 mL) at 0 °C. After 5 min, ice water (5 mL) was 
added to the reaction and organics were extracted with EtOAc (2 x 10 mL). The combined 
organics were then washed with brine (20 mL), dried over Na2SO4 and concentrated under 
reduced pressure. Purification by silica gel column chromatography (0 to 30 % EtOAc in 
hexanes) afforded 11 mg (60% yield) of 19 as a colorless solid. mp; 171-172; 1H NMR (400 
MHz, CDCl3) δ 5.76 (s, 1H), 2.65 (p, J1 = 7.01, 1H), 2.50 (m, 2H), 2.36 (ddd, J1 = 2.68, J2 = 3.84, 
J3 = 17.45, 1H), 2.12 (s, 3H), 1.26 (s, 3H), 1.22 (d, J1 = 7.57, 3H), 0.69 (s, 3H); 13C NMR (100 
MHz, CDCl3) δ 209.3, 199.8, 175.3, 125.2, 63.6, 56.1, 53.2, 44.0, 38.7, 38.4, 38.3, 37.7, 37.4, 
34.1, 31.5, 30.3, 24.5, 23.1, 22.8, 21.1, 20.4, 13.4; mp; 171-172; HRMS (APCI-TOF) m/z calcd 
for C22H33O2

+ [M + H]+ 329.2475, found 329.2483. 
 
6α-Methylprogesterone (20). After 6β-methylprogesterone (19, 11 mg, 0.033 mmol) was 
dissolved in ethanol (95%, 1 mL) with sonication, 1M HCl (0.1 mL) was added and the reaction 
was stirred under reflux for 2 h. The reaction was cooled and concentrated under reduced 
pressure. The resulting slurry was diluted with NaHCO3 (10 mL) and extracted with EtOAc (2 x 
10 mL). The combined organic layers were washed with brine (15 mL), dried over Na2SO4 and 
concentrated under reduced pressure. Purification by silica gel column chromatography (0 to 
30% EtOAc in hexanes) and HPLC (50% to 95% MeCN in H2O over 20 min) afforded 20 (10.5 
mg, 95%) as a colorless powder. mp 116-119 °C; 1H NMR (400 MHz, CDCl3) δ 5.80 (s, 1H), 
2.53 (t, J1 = 9.02, 1H), 2.12 (s, 3H), 1.85 (td, J1 = 3.95, J2 = 12.70, 1H), 1.19 (s, 3H), 1.07 (d, J1 
= 6.40, 3H), 0.67 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 209.3, 199.8, 174.1, 121.3, 63.5, 55.9, 
53.9, 44.0, 40.9, 38.9, 38.7, 36.0, 35.4, 33.9, 33.7, 31.5, 24.3, 22.9, 21.2, 18.4, 18.3, 13.4; HRMS 
(APCI-TOF) m/z calcd for C22H33O2

+ [M + H]+ 329.2475, found 329.2484. 
 
5α,6α-Epoxypregnan-3,20-dione (16). To a stirring solution of 43 (27 mg, 0.065 mmol) in THF 
(1 mL) was added 3M HCl (0.7 mL). The reaction was stirred at rt for 3 h, after which it was 
diluted with EtOAc (40 mL) and neutralized with a saturated solution of NaHCO3. The layers 
were separated and the organic layer was washed with brine, dried over Na2SO4 and then 
concentrated under reduced pressure. Silica gel column chromatography (0 to 40% EtOAc in 
hexanes) afforded deprotected product 16 as a colorless powder in 70% yield (15 mg). mp 193-
195 °C; 1H NMR (400 MHz, CDCl3) δ 3.82 (m, 1H), 3.37 (d, J1 = 15.49, 1H), 2.54 (t, J1 = 8.94, 
1H), 2.13 (s, 3H), 1.45 (s, 3H), 0.69 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 210.5, 209.3, 78.7, 
63.6, 63.4, 55.4, 50.7, 45.6, 44.2, 39.2, 38.8, 37.8, 35.3, 34.8, 31.5, 30.1, 24.4, 22.8, 21.3, 17.8, 
13.5; HRMS (APCI-TOF) m/z calcd for C21H34NO3

+ [M + NH4]+ 348.2533, found 348.2534. 
 
5β,6β-Epoxypregnan-3,20-dione (17). To a stirring solution of 44 (16.8 mg, 0.04 mmol) in THF 
(1 mL) was added 3M HCl (0.7 mL). The reaction was stirred at rt for 3 h, after which it was 
diluted with EtOAc (40 mL) and neutralized with a saturated solution of NaHCO3. The layers 
were separated and the organic layer was washed with brine, dried over Na2SO4 and then 
concentrated under reduced pressure. Silica gel column chromatography (0 to 40% EtOAc in 
hexanes) afforded 7.3 mg (58% yield) of deprotected product 17 as a colorless powder. mp 154-
152 °C; 1H NMR (400 MHz, CDCl3) δ 2.18 (s, 3H), 0.96 (s, 3H), 0.65 (s, 3H); 13C NMR (100 
MHz, CDCl3) δ 211.08, 208.99, 208.52, 63.30, 57.49, 56.61, 53.30, 46.38, 44.34, 41.14, 38.38, 
38.08, 37.79, 37.35, 36.96, 31.48, 24.18, 22.78, 21.62, 13.41, 12.60; HRMS (CI-TOF) m/z calcd 
for C21H34NO3

+ [M + NH4]+ 348.2533, found 348.2538. 
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Supplemental Figure 1. Representative FLIPR traces showing inhibition of PGE1-, l-sirenin- 
and elevated K+-induced calcium influx by mibefradil in human sperm. (A) PGE1- and (B) l-
sirenin-induced calcium influx elicited by an EC80 concentration of each opener (PGE1 = 10 nM, 
l-sirenin = 3 µM). (C) Alkalinization/depolarization-induced calcium influx produced by addition 
of buffer containing 140 mM K+, pH 8.2. DMSO control wells received neither MBF nor opener. 
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Supplemental Figure 2. Representative FLIPR traces showing inhibition of PGE1-, l-sirenin- 
and elevated K+-induced calcium influx by ML218 in human sperm. (A) PGE1- and (B) l-sirenin-
induced calcium influx elicited by an EC80 concentration of each opener (PGE1 = 10 nM, l-sirenin 
= 3 µM). (C) Alkalinization/depolarization-induced calcium influx produced by addition of buffer 
containing 140 mM K+, pH 8.2. DMSO control wells received neither ML218 nor opener. 
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Supplemental Figure 3. FLIPR traces demonstrating that ML218 did not elicit calcium influx in 
human sperm. ML218 (100 µM) had a negibile effect on [Ca2+]i within 2 min. DMSO control wells 
received neither inhibitor nor PROG. The response produced by an EC80 concentration of PROG 
(30 nM) is shown for reference. 
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Supplemental Figure 4. Chemical structures of compounds in Table 2 
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Supplemental Figure 5. Ketalized steroids have little or no activity to elicit a calcium influx in 
human sperm. 42, 3,3:20,20-bis(ethylenedioxy)-pregn-5-ene; 43, 3,3:20,20-bis(ethylenedioxy)-
5α,6α-epoxypregnane; 44, 3,3:20,20-Bis(ethylenedioxy)-5β,6β-epoxypregnane; 45, 3,3:20,20-
bis(ethylenedioxy)-5α-hydroxy-6β-methylpregnane. Data are plotted as mean ± SEM of 3 
independent experiments and are expressed as a percent of the response produced by a 
saturating concentration of PROG (3 µM). 
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Supplemental Figure 6. Chemical structures of compounds in Table 3 
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Supplemental Figure 7. MPA inhibits PGE1- and l-sirenin-induced calcium influx in human 
sperm. (A) Representative FLIPR trace showing concentration-dependent reduction of 10 nM 
PGE1-mediated increase in [Ca2+]i by MPA. (B) Representative FLIPR trace showing 
concentration-dependent reduction of 3 µM l-sirenin-mediated increase in [Ca2+]i by MPA. An 
EC80 concentration was used for both activators to elicit calcium influx. This data is included in 
Fig. 7C and D.  
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Supplemental Figure 8. LNG inhibits PGE1- and l-sirenin-induced calcium influx in human 
sperm. (A) Representative FLIPR trace showing concentration-dependent reduction of 10 nM 
PGE1-mediated increase in [Ca2+]i by LNG. (B) Representative FLIPR trace showing 
concentration-dependent reduction of 3 µM l-sirenin-mediated increase in [Ca2+]i by LNG. An 
EC80 concentration was used for both activators to elicit calcium influx. This data is included in 
Fig. 7C and D. 
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Supplemental Figure 9. ALDO inhibits PROG-, PGE1- and l-sirenin-induced calcium influx in 
human sperm. (A) Representative FLIPR trace showing concentration-dependent reduction of 
30 nM PROG-mediated increase in [Ca2+]i by ALDO. (B) Representative FLIPR trace showing 
concentration-dependent reduction of 10 nM PGE1-mediated increase in [Ca2+]i by ALDO. (C) 
Representative FLIPR trace showing concentration-dependent reduction of 3 µM l-sirenin-
mediated increase in [Ca2+]i by ALDO. An EC80 concentration was used for the activators to elicit 
calcium influx. This data is included in Fig. 7B, C, D. 
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Supplemental Figure 10. T-type CCBs produce an insurmountable block, but MPA, LNG, and 
ALDO produce a surmountable inhibition of PGE1-induced calcium influx in human sperm. 
Increasing concentrations of mibefradil (A) and ML218 (B) reduce the PGE1 Emax in a 
concentration-dependent manner while the EC50 values remain unchanged from control, 
indicating an insurmountable inhibition. Increasing concentrations of MPA (C), LNG (D), and 
ALDO (E) increase the observed EC50 values for PGE1 with little change in Emax (left panels). 
The same data is plotted in the Schild analyses (right panels) indicating a surmountable 
inhibition. Emax, EC50, and n values are provided in Table 5 and pKB values are shown in Table 
6. The data are plotted as the mean ± the SEM and expressed as a percent of the response 
produced by a saturating concentration of PGE1 (1 µM). 
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Supplemental Figure. 11. T-type CCBs produce an insurmountable block, but MPA, LNG, and 
ALDO produce a surmountable inhibition of l-sirenin-induced calcium influx in human sperm. 
Increasing concentrations of mibefradil (A) and ML218 (B) reduce the l-sirenin Emax in a 
concentration-dependent manner while the EC50 values remain unchanged from control, 
indicating an insurmountable inhibition. Increasing concentrations of MPA (C), LNG (D), and 
ALDO (E) increase the observed EC50 values for l-sirenin with little change in Emax (left panels).  
The same data is plotted in the Schild analyses (right panels) indicating a surmountable 
inhibition. Emax, EC50, and n values are provided in Table 5 and pKB values are shown in Table 
6. The data are plotted as the mean ± the SEM and expressed as a percent of the response 
produced by a saturating concentration of l-sirenin (150 µM).  
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Supplemental Figure 12. T-type CCBs and steroid antagonists do not block the calcium influx 
produced by the calcium ionophore A23187 in human sperm. Cells were treated with 10 µM 
A23187 alone or with 30 µM of inhbitor. PROG (30 nM) was included for reference. DMSO wells 
did not receive A23187, inhibitor or PROG. Traces shown are representative examples of three 
independent experiments. 

 
Supplemental Figure 13. T-type CCBs and steroidal CatSper antagonists inhibit PGE1-induced 
hyperactivated motility (HAM) in human sperm. HAM was induced in isolated sperm incubated 
with 100 nM PGE1 under capacitating conditions. The steroidal CatSper antagonist MPA 
diminished the percentage of sperm cells displaying HAM to the level of the vehicle control, 
whereas LNG and ALDO were less potent. The T-type CCBs mibefradil (MBF) and ML218 
reduced the percentage of sperm cells displaying HAM to zero. Data are presented as means ± 
SD and are expressed as a percent of the total sperm cell population analyzed. Asterisks 
indicate differences from the PGE1 only control with the following statistical significance: * p < 
0.05, ** p < 0.005, *** p < 0.0005, and **** p < 0.0001. 
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1H, 13C, DEPT, NOESY NMR spectra 
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