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Experimental Section 

General Information 

All commercially purchased reagents and solvents were used as received unless otherwise indi-

cated. Flash column chromatography was performed on either a Teledyne Isco RediSep® Rf or Biotage 

Isolera™ One system using Silica 60 M (0.04 – 0.063 mm) supplied by Macherey-Nagel. Thin-layer 

chromatographic analysis was conducted using pre-coated TLC sheets ALUGRAM® SIL G/UV254 sup-

plied by Macherey-Nagel. 1H, 13C, HSQC, HMBC, and COSY NMR experiments were all collected on 

a Bruker Biospin (Billerica, MA, USA) AVANCE 500 or 700 MHz spectrometer (Billerica,  MA,  

USA) fitted with a cryogenically-cooled 5-mm QCI (1H/31P/13C/15N) gradient probe with inverse ge-

ometry (proton coils closest to the sample). High-resolution mass spectra (HRMS) were collected in the 

University of Wisconsin-Madison Department of Chemistry Mass Spectrometry Lab on a Thermo Q 

Exactive™ Plus. 

Scheme 1 Detailed synthesis of the β-ether dimers used to determine DFRC yields. Abbreviations correspond to γ-acylating acids: pBA 
for p-hydroxybenzoic acid; pCA for p-coumaric acid; FA for ferulic acid; SA for sinapic acid. DH stands for "dihydro," denoting products 
that have been hydrogenated across the double bond in the DFRC process.
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Synthesis of γ-OH β-O-4 dimers: Compounds 1G/1S through 4GGOH/4GSOH/4SGOH/4SSOH were synthe-

sized as previously reported.1-4  

1G (11.2 g, 90%), white crystalline solid: 1H NMR (CDCl3) δ 7.59 (s, 1H, 2), 7.55 (d, J = 8.2 Hz, 1H, 5), 

7.12 (dd, J = 8.2, 1.1 Hz, 1H, 6), 3.88 (s, 3H, OMe), 2.59 (s, 3H, β), 2.33 (s, 3H, OAc); 13C NMR 

(CDCl3) δ 197.1 (α), 168.7 (OAc), 151.5 (3), 143.9 (4), 136.0 (1), 122.9 (6), 122.1 (5), 111.5 (2), 56.1 

(OMe), 26.7 (β), 20.8 (OAc); HRMS(ESI) m/z calcd for [M+H]+ = 209.0809, meas. 209.0814. 

1S (11.0 g, 91%), pale yellow crystalline solid: 1H NMR (CDCl3) δ 7.23 (s, 2/6), 3.89 (s, 6H, OMe), 

2.61 (s, 3H, β), 2.36 (s, 3H, OAc); 13C NMR (CDCl3) δ 197.0 (α), 168.4 (OAc), 152.4 (3/5), 135.3 (1), 

132.9 (4), 105.2 (2/6), 56.5 (OMe), 26.7 (β), 20.6 (OAc); HRMS(ESI) m/z calcd for [M+NH4]+ = 

256.1180, meas. 256.1180. 

2G (12.3 g, 79%), white crystalline solid: 1H NMR (CDCl3) δ 7.63 (d, J = 1.9 Hz, 1H, 2A), 7.58 (dd, J = 

8.2, 1.9 Hz, 1H, 6A), 7.16 (d, J = 8.2 Hz, 1H, 5A), 4.43 (s, 2H, β), 3.90 (s, 3H, OMeA), 2.35 (s, 3H, 

OAcA); 13C NMR (CDCl3) δ 190.4 (α), 168.5 (OAc), 151.8 (3), 144.6 (4), 132.8 (1), 123.2 (5), 122.5 

(6), 112.4 (2), 56.3 (OMe), 30.6 (β), 20.8 (OAc); HRMS(ESI) m/z calcd for [M+NH4]+ = 304.0179, 

meas. 304.0175. 

2S (9.2 g, 63%), pale yellow crystalline solid: 1H NMR (CDCl3) δ 7.25 (s, 1H, 2/6A), 4.42 (s, 2H, β), 

3.89 (s, 6H, OMeA), 2.36 (s, 3H, OAcA); 13C NMR (CDCl3) δ ; HRMS(ESI) m/z calcd for [M+NH4]+ = 

334.0285, meas. 334.0289. 

3GG (15.9 g, 79%), colorless oil: 1H NMR (CDCl3) δ 7.68 (d, J = 1.8 Hz, 1H, 2A), 7.63 (dd, J = 8.2, 1.9 

Hz, 1H, 6A), 7.14 (d, J = 8.2 Hz, 1H, 5A), 6.98 (ddd, J = 8.1, 6.9, 2.0 Hz, 1H, 1B), 6.92 (dd, J = 8.1, 1.4 

Hz, 1H, 2B), 6.86 (td, J = 7.5, 1.6 Hz, 1H, 6B), 6.83 (dd, J = 8.0, 2.0 Hz, 1H, 5B), 5.32 (s, 2H, β), 3.89 (s, 

3H, OMeA), 3.88 (s, 3H, OMeB), 2.34 (s, 3H, OAc); 193.7 (α), 168.6 (OAc), 151.8 (3A), 149.8 (3B), 

147.5 (4B), 144.4 (4A), 133.4 (1A), 123.2 (5A), 122.7 (1B), 121.5 (6A), 120.9 (6B), 114.9 (5B), 112.2 (2B), 

111.9 (2A), 72.2 (β), 56.2 (OMe), 56.0 (OMe), 20.8 (OAc); HRMS(ESI) m/z calcd for [M+H]+ = 

331.1177, meas. 331.1172. 

3GS (10.9 g, 71%), white solid: 1H NMR (CDCl3) δ 7.71 (d, J = 1.9 Hz, 1H, 2A), 7.64 (dd, J = 8.2, 1.9 

Hz, 1H, 6A), 7.10 (d, J = 8.2 Hz, 1H, 5A), 6.99 (t, J = 8.4 Hz, 1H, 1B), 6.56 (d, J = 8.4 Hz, 2H, 2B/6B), 

5.16 (s, 2H, β), 3.87 (s, 3H, OMeA), 3.78 (s, 6H, OMeB), 2.31 (s, 3H, OAcA); 13C NMR (CDCl3) δ 194.0 

(α), 168.5 (OAc), 153.2 (3B), 151.4 (3A), 143.9 (4A), 136.4 (4B), 133.9 (1A), 124.2 (1B), 122.8 (5A), 

121.6 (6A), 112.0 (2A), 105.2 (2B/6B), 75.3 (γ), 56.1 (OMeA), 56.0 (OMeB), 20.7 (OAc); HRMS(ESI) m/z 

calcd for [M+H]+ = 361.1282, meas. 361.1273. 
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3SG (2.74 g, 76%), white solid: 1H NMR (CDCl3) δ 7.34 (s, 2H, 2/6A), 7.00-6.96 (m, 1H, 1B), 6.92 (dd, J 

= 8.1, 1.1 Hz, 1H, 2B), 6.89-6.83 (m, 2H, 5B/6B), 5.28 (s, 2H, β), 3.88 (s, 9H, OMe), 2.36 (s, 3H, OAcA); 
13C NMR (CDCl3) δ 193.9 (α), 168.3 (OAcA), 152.5 (3A/5A), 149.8 (3B), 147.4 (4B), 133.4 (4A), 132.6 

(1A), 122.8 (1B), 121.0 (6B), 114.8 (5B), 112.2 (2B), 105.3 (2A/6A), 72.6 (β), 56.5 (OMeA), 55.9 (OMeB), 

20.6 (OAcA); HRMS (ESI) m/z calcd for [M+H]+ = 361.1282, meas. 361.1286. 

3SS (2.75 g, 71%), white solid: 1H NMR (CDCl3) δ 7.38 (s, 2H, 2A/6A), 7.03 (t, J = 8.4 Hz, 1H, 1B), 6.59 

(d, J = 8.4 Hz, 2H, 2B/6B), 5.14 (s, 2H, β), 3.88 (s, 6H, OMeA), 3.81 (s, 6H, OMeB), 2.36 (s, 3H, OAcA); 
13C NMR (CDCl3) δ 194.1 (α), 168.4 (OAcA), 153.4 (3B/5B), 152.4 (3A/5A), 136.4 (4B), 133.2 (4A), 

133.1 (1A), 124.4 (1B), 105.5 (2A/6A), 105.3 (2B/6B), 75.6 (β), 56.5 (OMeA), 56.2 (OMeB), 20.6 (OAcA); 

HRMS (ESI) m/z calcd for [M+Na]+ = 413.1207, meas. 413.1199. 

4GGOH (10.6 g, 61%), off-white solid: 1H NMR (CDCl3) δ 7.71-7.68 (m, 2H, 2A/6A), 7.13 (d, J = 8.5 Hz, 

1H, 5A), 7.02 (td, J = 7.8, 1.2 Hz, 1H, 6B), 6.93-6.89 (m, 2H, 2B/5B), 6.84 (td, J = 7.8, 1.4 Hz, 1H, 5B), 

5.41 (dd, J = 4.2, 6.2 Hz, 1H, β), 4.11-4.05 (m, 2H, γ), 3.87 (s, 3H, OMeA), 3.85 (s, 3H, OMeB), 3.02 (s, 

1H, OH), 2.33 (s, 3H, OAcA); 13C NMR (CDCl3) δ 195.5 (α), 168.6 (OAcA), 151.7 (3A), 150.6 (3B), 

146.9 (4B), 144.5 (4A), 133.7 (1A), 124.0 (6B), 123.1 (5A), 122.3 (6A), 121.3 (1B), 118.9 (2B), 112.5 (2A), 

112.4 (5B), 84.9 (β), 63.6 (γ), 56.2 (OMeA), 55.9 (OMeB), 20.8 (OAcA); HRMS (ESI) m/z calcd for 

[M+H]+ = 361.1282, meas. 361.1284. 

4GSOH (6.1 g, 52%), brittle white foam: 1H NMR (CDCl3) δ 7.74 (d, J = 1.8 Hz, 1H, 2A), 7.69 (dd, J = 

8.2, 1.9 Hz, 1H, 6A), 7.11 (d, J = 8.2 Hz, 1H, 5A), 7.03 (t, J = 8.4 Hz, 1H, 1B), 6.58 (d, J = 8.4 Hz, 2H, 

2B/6B), 5.09 (dd, J = 7.5, 3.1 Hz, 1H, β), 4.01 (dd, J = 12.0, 7.5 Hz, 1H, γ), 3.89 (s, 3H, OMeA), 3.73 (s, 

6H, OMeB), 3.83 (dd, J = 7.5, 3.1 Hz, 1H, γ), 2.33 (s, 3H, OAcA); 13C NMR (CDCl3) δ 195.6 (α), 168.6 

(OAcA), 152.8 (3B/5B), 151.5 (3A), 144.0 (4A), 136.5 (1B), 134.4 (1A), 124.6 (1B), 122.9 (5A), 122.2 (6A), 

112.5 (2A), 105.3 (2B/6B), 87.8 (β), 63.5 (γ), 56.2 (OMeA), 56.1 (OMeB), 20.9 (OAcA); HRMS (ESI) m/z 

calcd for [M+Na]+ = 413.1207, meas. 413.1212. 

4SGOH (2.28 g, 77%), brittle white foam: 1H NMR (CDCl3) δ 7.37 (s, 2H, 2A/6A), 7.02 (td, J = 7.8, 1.2 

Hz, 1H, 1B), 6.92 (dd, J = 8.1, 1.2 Hz, 1H, 2B), 6.91 (dd, J = 8.0, 1.5 Hz, 1H, 5B), 6.85 (td, J = 7.7, 1.2 

Hz, 1H, 6B), 5.36 (dd, J = 5.8, 4.8 Hz, 1H, β), 4.09 (s, 2H, γ), 3.84 (s, 9H, OMeA/B), 2.94 (s, 1H, OH), 

2.35 (s, 3H, OAcA); 13C NMR (CDCl3) δ 195.8 (α), 168.3 (OAcA), 152.5 (3A/5A), 150.6 (3B), 146.8 (4B), 

133.5 (4A), 132.9 (1A), 124.0 (1B), 121.4 (6B), 118.6 (5B), 112.4 (2B), 105.9 (2A/6A), 84.8 (β), 63.6 (γ), 

56.5 (OMeA), 55.9 (OMeB), 20.6 (OAcA); HRMS (ESI) m/z calcd for [M+NH4]+ = 408.1653, meas. 

408.1659. 

S4



 

4SSOH (2.25g, 77%), sticky white foam: 1H NMR (CDCl3) δ 7.39 (s, 2H, 2A/6A), 7.04 (t, J = 8.4 Hz, 1H, 

1B), 6.59 (d, J = 8.4 Hz, 2H, 2B/6B), 5.09 (dd, J = 7.4, 3.2 Hz, 1H, β), 4.03 (ddd, J = 11.9, 7.4, 4.5 Hz, 

1H, γ), 3.94 (dd, J = 9.0, 4.4 Hz, 1H, OH), 3.86 (s, 6H, OMeA), 3.82 (dd, J = 9.0, 3.1 Hz, 1H, γ), 3.75 (s, 

6H, OMeB), 2.36 (s, 3H, OAcA); 13C NMR (CDCl3) δ 195.6 (α), 168.3 (OAcA), 152.9 (3B/5B), 152.3 

(3A), 136.4 (4B), 133.6 (4A), 133.1 (1A), 124.6 (1B), 105.9 (2A/6A), 105.3 (2B/6B), 87.5 (β), 63.4 (γ), 56.5 

(OMeA), 56.1 (OMeB), 20.6 (OAcA); HRMS (ESI) m/z calcd for [M+H]+ = 421.1494, meas. 421.1494. 

Synthesis of γ-acylated β-O-4 dimers: β-O-4 dimer conjugates (p-acetoxybenzoates, p-coumarates, 

ferulates, and sinapates) 5GGpBA–5SSSA were synthesized as reported previously from the corresponding 

β-ether dimer intermediates 4GG-4SS and acid chlorides.5-6 

5GG-pBA (569 mg, 78%), white foam: 1H NMR (CDCl3) δ 7.97 (d, J = 8.7 Hz, 2H, 2C/6C), 7.87 (dd, J = 

8.3, 1.9 Hz, 1H, 6A), 7.82 (d, J = 1.8 Hz, 1H, 2A), 7.14 (d, J = 8.7, 3H, 3C/5C/5A), 7.00-6.96 (m, 2H, 

1B/5B), 6.86 (dd, J = 8.4, 1.3 Hz, 2B), 6.82 (td, J = 7.7, 1.5 Hz, 1H, 6B), 5.74 (dd, J = 7.0, 3.7 Hz, 1H, β), 

4.92 (dd, J = 11.9, 3.7 Hz, 1H, γ), 4.71 (dd, J = 11.9, 7.0 Hz, 1H, γ), 3.88 (s, 3H, OMeA), 3.68 (s, 3H, 

OMeB), 2.34 (s, 3H, OAcC), 2.32 (s, 3H, OAcA); 13C NMR (CDCl3) δ 194.8 (α), 169.0 (OAcA), 168.5 

(OAcC), 165.7 (9), 154.7 (4C), 151.6 (3A), 150.6 (3B), 146.8 (4B), 144.5 (4A), 133.8 (1A), 131.5 (2C/6C), 

127.2 (1C), 123.9 (1B), 123.2 (5A), 122.6 (6A), 121.8 (3C/5C), 121.1 (6B), 119.1 (5B), 112.7 (2A), 112.6 

(2B), 80.9 (β), 65.2 (γ), 56.2 (OMeA), 55.7 (OMeB), 21.3 (OAcC), 20.8 (OAcA); HRMS (ESI) m/z calcd 

for [M+NH4]+ = 540.1865, meas 540.1852. 

5GG-pCA (593 mg, 77%), white foam: 1H NMR (CDCl3) δ 7.85 (dd, J = 8.3, 1.9 Hz, 1H, 6A), 7.81 (d, J = 

1.8 Hz, 1H, 2A), 7.62 (d, J = 16.0 Hz, 1H, 7), 7.51 (d, J = 8.5 Hz, 2H, 2C/6C), 7.15 (d, J = 8.2 Hz, 1H, 

5A), 7.12 (d, J = 8.5 Hz, 2H, 3C/5C), 7.00-6.96 (m, 2H, 1B/5B), 6.87 (d, J = 7.5 Hz, 1H, 2B), 6.83 (td, J = 

7.7, 1.4 Hz, 1H, 6B), 6.38 (d, J = 16.0 Hz, 8), 5.71 (dd, J = 7.1, 3.7 Hz, 1H, β), 4.84 (dd, J = 12.0, 3.6 

Hz, 1H, γ), 4.60 (dd, J = 11.9, 7.1 Hz, 1H, γ), 3.89 (s, 3H, OMeA), 3.74 (s, 3H, OMeB), 2.34 (s, 3H, 

OAcA), 2.32 (s, 3H, OAcC); 13C NMR (CDCl3) δ 194.7 (α), 169.3 (OAcC), 168.5 (OAcA), 166.8 (9), 

152.4 (4C), 151.6 (3A), 150.6 (3B), 146.8 (4B), 144.7 (7), 144.5 (4A), 133.7 (1A), 132.0 (1C), 129.5 

(2C/6C), 123.9 (1B), 123.2 (5A), 122.6 (6A), 122.3 (3C/5C), 121.1 (6B), 118.9 (5B), 117.5 (8), 112.7 (2A), 

112.6 (2B), 80.8 (β), 64.7 (γ), 56.2 (OMeA), 55.8 (OMeB), 21.3 (OAcC), 20.8 (OAcA); HRMS (ESI) m/z 

calcd for [M+NH4]+ = 566.2021, meas 566.2032. 

5GG-FA (429 mg, 53%), white foam: 1H NMR (CDCl3) δ 7.85 (dd, J = 8.3, 1.8 Hz, 1H, 6A), 7.81 (d, J = 

1.8 Hz, 1H, 2A), 7.60 (d, J = 16.0 Hz, 1H, 7), 7.15 (d, J = 8.3 Hz, 1H, 5A), 7.09 (dd, J = 8.1, 1.6 Hz, 1H, 

6C), 7.07 (d, J = 1.4 Hz, 1H, 2C), 7.05 (d, J = 8.1 Hz, 1H, 5C), 7.00-6.96 (m, 2H, 1B/5B), 6.87 (dd, J = 

8.5, 1.1 Hz, 1H, 2B), 6.83 (td, J = 7.7, 1.2 Hz, 1H, 6B), 6.39 (d, J = 16.0 Hz, 1H, 8), 5.72 (dd, J = 7.0, 3.7 
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Hz, 1H, β), 4.84 (dd, J = 11.9, 3.7 Hz, 1H, γ), 4.60 (dd, J = 11.9, 7.0 Hz, 1H, γ), 3.89 (s, 3H, OMeA), 

3.86 (s, 3H, OMeC), 3.75 (s, 3H, OMeB), 2.33 (s, 3H, OAcA), 2.32 (s, 3H, OAcC); 13C NMR (CDCl3) δ 

194.7 (α), 169.0 (OAcA/C), 168.5 (OAcA/C), 166.7 (9), 151.6 (3A), 151.5 (3C), 150.6 (3B), 146.8 (4B), 

145.1 (7), 144.5 (4A), 141.7 (4C), 133.7 (1A), 133.2 (1C), 123.9 (1B), 123.4 (5C), 123.2 (5A), 122.5 (6A), 

121.6 (6C), 121.1 (6B), 118.9 (5B), 117.6 (8), 112.7 (2A), 112.6 (2B), 111.3 (2C), 80.7 (β), 64.7 (γ), 56.2 

(OMeA), 56.1 (OMeC), 55.8 (OMeB), 20.8 (OAcA/C); HRMS (ESI) m/z calcd for [M+NH4]+ = 596.2127, 

meas 596.2107. 

5GG-SA (598 mg, 70%), white foam: 1H NMR (CDCl3) δ 7.84 (dd, J = 8.2, 1.9 Hz, 1H, 6A), 7.82 (d, J = 

1.9 Hz, 1H, 2A), 7.57 (d, J = 16.0 Hz, 1H, 7), 7.15 (d, J = 8.2 Hz, 1H, 5A), 7.02-6.97 (m, 2H, 1B/5B), 6.88 

(d, J = 8.5, 1.3 Hz, 1H, 2B), 6.84 (td, J = 7.7, 1.5 Hz, 1H, 6B), 6.74 (s, 2H, 2C/6C), 6.39 (d, J = 16.0 Hz, 

1H, 8), 5.72 (dd, J = 6.9, 3.7 Hz, 1H, β), 4.84 (dd, J = 11.9, 3.7 Hz, 1H, γ), 4.61 (dd, J = 11.9, 6.9 Hz, 

1H, γ), 3.89 (s, 3H, OMeA), 3.85 (s, 6H, OMeC), 3.75 (s, 3H, OMeB), 2.35 (s, 3H, OAcC), 2.33 (s, 3H, 

OAcA); 13C NMR (CDCl3) δ 194.7 (α), 168.7 (OAcC), 168.5 (OAcA), 166.7 (9), 152.5 (3C/5C), 151.6 

(3A), 150.6 (3B), 146.8 (4B), 145.5 (7), 144.5 (4A), 133.7 (1A), 132.6 (1C), 130.6 (4C), 123.9 (1B), 123.2 

(5A), 122.5 (6A), 121.1 (6B), 118.9 (5B), 117.7 (8), 112.8 (2A), 112.6 (2B), 104.8 (2C/6C), 80.7 (β), 64.7 

(γ), 56.3 (OMeC), 56.2 (OMeA), 55.8 (OMeB), 20.8 (OAcA), 20.6 (OAcC); HRMS(ESI) m/z calcd for 

[M+NH4] = 626.2233, meas 626.2227. 

5GS-pBA (387 mg, 54%), white foam: 1H NMR (CDCl3) δ 7.91-7.87 (m, 3H, 6A/2C/6C), 7.86 (d, J = 1.8 

Hz, 1H, 2A), 7.12 (d, J = 8.3 Hz, 1H, 5A), 7.11 (d, J = 8.8 Hz, 2H, 3C/5C), 6.97 (t, J = 8.4 Hz, 1H, 1B), 

6.51 (d, J = 8.4 Hz, 2H, 2B/6B), 5.55 (dd, J = 6.5, 4.1 Hz, 1H, β), 4.82 (dd, J = 11.9, 4.1 Hz, 1H, γ), 4.76 

(dd, J = 11.8, 6.5 Hz, 1H, γ), 3.87 (s, 3H, OMeA), 3.63 (s, 6H, OMeB), 2.34 (s, 3H, OAcA), 2.31 (s, 3H, 

OAcC); 13C NMR (CDCl3) δ 195.1 (α), 169.0 (OAcC), 168.6 (OAcA), 165.5 (9), 154.5 (4C), 153.0 

(3B/5B), 151.4 (3A), 144.1 (4A), 135.9 (4B), 134.4 (1A), 131.4 (2C/6C), 127.4 (1C), 124.4 (1B), 123.0 (6A), 

122.9 (5A), 121.7 (3C/5C), 113.1 (2A), 105.1 (2B/6B), 82.5 (β), 65.2 (γ), 56.2 (OMeA), 55.9 (OMeB), 21.3 

(OAcC), 20.8 (OAcA); HRMS(ESI) m/z calcd for [M+NH4]+ = 570.1970, meas 570.1982. 

5GS-pCA (473 mg, 63%), white foam: 1H NMR (CDCl3) δ 7.87 (dd, J = 8.2, 1.8 Hz, 1H, 6A), 7.86 (d, J = 

1.7 Hz, 1H, 2A), 7.51 (d, J = 16.0 Hz, 1H, 7), 7.48 (d, J = 8.6 Hz, 2H, 2C/6C), 7.12 (d, J = 8.3 Hz, 1H, 

5A), 7.11 (d, J = 8.6 Hz, 2H, 3C/5C), 6.99 (t, J = 8.4 Hz, 1H, 1B), 6.53 (d, J = 8.4 Hz, 2H, 2B/6B), 6.30 (d, 

J = 16.0 Hz, 1H, 8), 5.50 (dd, J = 6.2, 4.3 Hz, 1H, β), 4.73 (dd, J = 11.8, 4.3 Hz, 1H, γ), 4.66 (dd, J = 

11.8, 6.3 Hz, 1H, γ), 3.88 (s, 3H, OMeA), 3.71 (s, 6H, OMeB), 2.34 (s, 3H, OAcA), 2.32 (s, 3H, OAcC); 
13C NMR (CDCl3) δ 195.2 (α), 169.3 (OAcC), 168.6 (OAcA), 166.5 (9), 153.1 (3B/5B), 152.3 (4C), 151.3 

(3A), 144.2 (7), 144.1 (4A), 135.9 (4B), 134.5 (1A), 132.1 (1C), 129.4 (2C/6C), 124.4 (1B), 123.0 (6A), 
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122.8 (5A), 122.3 (3C/5C), 117.8 (8), 113.1 (2A), 105.2 (2B/6B), 82.3 (β), 64.7 (γ), 56.2 (OMeA), 56.0 

(OMeB), 21.3 (OAcC), 20.8 (OAcA); HRMS (ESI) m/z calcd for [M+NH4]+ = 596.2127, meas 596.2112. 

5GS-FA (365 mg, 46%), white foam: 1H NMR (CDCl3) δ 7.88-7.84 (m, 2H, 2A/6A), 7.49 (d, J = 16.0 Hz, 

1H, 7), 7.12 (d, J = 8.5 Hz, 1H, 5A), 7.06-7.03 (m, 3H, 2C/5C/6C), 6.99 (t, J = 8.4 Hz, 1H, 1B), 6.54 (d, J 

= 8.4 Hz, 2H, 2B/6B), 6.31 (d, J = 16.0 Hz, 1H, 8), 5.50 (dd, J = 6.1, 4.4 Hz, 1H, β), 4.73 (dd, J = 11.8, 

4.3 Hz, 1H, γ), 4.67 (dd, J = 11.8, 6.1 Hz, 1H, γ), 3.88 (s, 3H, OMeA), 3.86 (s, 3H, OMeB), 3.71 (s, 6H, 

OMeB), 2.33 (s, 3H, OAcA), 2.32 (s, 3H, OAcC); 13C NMR (CDCl3) δ 195.2 (α), 169.0 (OAcC), 168.6 

(OAcA), 166.5 (9), 153.1 (3B/5B), 151.5 (3C), 151.3 (3A), 144.6 (7), 144.1 (4A), 141.6 (4C), 135.9 (4B), 

134.5 (1A), 133.3 (1C), 124.4 (1B), 123.4 (5C), 123.0 (6A), 122.8 (5A), 121.5 (6C), 117.9 (8), 113.1 (2A), 

111.2 (2C), 105.1 (2B/6B), 82.2 (β), 64.6 (γ), 56.2 (OMeA), 56.0 (OMeC), 56.0 (OMeB), 20.8 (OAcA/C); 

HRMS(ESI) m/z calcd for [M+NH4]+ = 626.2233, meas 626.2252. 

5GS-SA (466 mg, 49%), white foam: 1H NMR (CDCl3) δ 7.88-7.85 (m, 2H, 2A/6A), 7.47 (d, J = 16.0 Hz, 

1H, 7), 7.12 (d, J = 8.9 Hz, 1H, 5A), 6.99 (t, J = 8.4 Hz, 1H, 1B), 6.70 (s, 2H, 2C/6C), 6.54 (d, J = 8.4 Hz, 

2H, 2B/6B), 6.32 (d, J = 16.0 Hz, 1H, 8), 5.50 (dd, J = 5.8, 4.5 Hz, 1H, β), 4.73 (dd, J = 11.8, 4.4 Hz, 1H, 

γ), 4.67 (dd, J = 11.8, 5.9 Hz, 1H, γ), 3.88 (s, 3H, OMeA), 3.84 (s, 6H, OMeC), 3.71 (s, 6H, OMeB), 2.35 

(s, 3H, OAcC), 2.33 (s, 3H, OAcA); 13C NMR (CDCl3) δ 195.1 (α), 168.7 (OAcC), 168.6 (OAcA), 166.4 

(9), 153.1 (3B/5B), 152.5 (3C/5C), 151.3 (3A), 145.0 (7), 144.1 (4A), 135.8 (4B), 134.5 (1A), 132.7 (1C), 

130.5 (4C), 124.4 (1B), 123.0 (6A), 122.8 (5A), 118.0 (8), 113.2 (2A), 105.2 (2B/6B), 104.7 (2C/6C), 82.2 

(β), 64.5 (γ), 56.3 (OMeC), 56.2 (OMeA), 56.0 (OMeB), 20.8 (OAcA), 20.6 (OAcC); HRMS(ESI) m/z 

calcd for [M+NH4]+ = 656.2338, meas 656.2358. 

5SG-pBA (547 mg, 76%), white foam: 1H NMR (CDCl3) δ 8.00 (d, J = 8.8 Hz, 2H, 2C/6C), 7.56 (s, 2H, 

2A/6A), 7.15 (d, J = 8.8 Hz, 2H, 3C/5C), 7.00-6.95 (m, 2H, 1B/5B), 6.87-6.80 (m, 2H, 2B/6B), 5.74 (dd, J = 

7.3, 3.6 Hz, 1H, β), 4.99 (dd, J = 12.1, 3.7 Hz, 1H, γ), 4.68 (dd, J = 11.9, 7.3 Hz, γ), 3.86 (OMeA), 3.67 

(OMeB), 2.36 (OAcA), 2.32 (OAcC); 13C NMR (CDCl3) δ 194.6 (α), 169.0 (OAcC), 168.3 (OAcA), 165.8 

(9), 154.7 (4C), 152.5 (3A/5A), 150.5 (3B), 146.8 (4B), 133.5 (4A), 132.8 (1A), 131.5 (2C/6C), 127.2 (1C), 

123.8 (1B), 121.8 (3C/5C), 121.2 (6B), 118.6 (5B), 112.7 (2B), 106.1 (2A/6A), 81.0 (β), 65.3 (γ), 56.5 

(OMeA), 55.7 (OMeB), 21.3 (OAcC), 20.6 (OAcA); HRMS(ESI) m/z calcd for [M+NH4]+ = 570.1970, 

meas 570.1949. 

5SG-pCA (449 mg, 78%), white foam: 1H NMR (CDCl3) δ 7.64 (d, J = 16.0 Hz, 1H, 7), 7.55 (s, 2H, 

2A/6A), 7.52 (d, J = 8.6 Hz, 2H, 2C/6C), 7.13 (d, J = 8.6 Hz, 2H, 3C/5C), 7.01-6.94 (m, 2H, 1B/5B), 6.90-

6.80 (m, 2H, 2B/6B), 6.40 (d, J = 16.0 Hz, 1H, 8), 5.72 (dd, J = 7.4, 3.5 Hz, 1H, β), 4.91 (dd, J = 12.0, 

3.4 Hz, 1H, γ), 4.56 (dd, J = 12.0, 7.4 Hz, 1H, γ), 3.88 (s, 6H, OMeA), 3.75 (s, 3H, OMeB), 2.36 (s, 3H, 
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OAcA), 2.32 (s, 3H, OAcC); 13C NMR (CDCl3) δ 194.6 (α), 169.3 (OAcC), 168.3 (OAcA), 166.8 (9), 

152.5 (3A/5A), 152.4 (4C), 150.5 (3B), 146.8 (4B), 144.8 (7), 133.5 (4A), 132.7 (1A), 132.0 (1C), 129.5 

(2C/6C), 123.8 (1B), 122.4 (3C/5C), 121.2 (6B), 118.4 (5B), 117.5 (8), 112.6 (2B), 106.0 (2A/6A), 80.9 (β), 

64.9 (γ), 56.5 (OMeA), 55.8 (OMeB), 21.3 (OAcC), 20.6 (OAcA); HRMS(ESI) m/z calcd for [M+NH4]+ = 

596.2127, meas 596.2108. 

5SG-FA (277 mg, 45%), white foam: 1H NMR (CDCl3) δ 7.62 (d, J = 16.0 Hz, 1H, 7), 7.55 (s, 2H, 2A/6A), 

7.10 (dd, J = 8.1, 1.8 Hz, 1H, 6C), 7.08 (d, J = 1.6 Hz, 1H, 2C), 7.05 (d, J = 8.1 Hz, 1H, 5C), 7.01-6.96 

(m, 2H, 1B/5B), 6.89-6.83 (m, 2H, 2B/6B), 6.40 (d, J = 16.0 Hz, 1H, 8), 5.72 (dd, J = 7.3, 3.5 Hz, 1H, β), 

4.91 (dd, J = 12.0, 3.5 Hz, 1H, γ), 4.57 (dd, J = 12.0, 7.3 Hz, 1H, γ), 3.88 (OMeA), 3.86 (OMeC), 3.75 

(OMeB), 2.35 (OAcA), 2.33 (OAcC); 13C NMR (CDCl3) δ 194.6 (α), 169.0 (OAcC), 168.3 (OAcA), 166.8 

(9), 152.5 (3A/5A), 151.5 (3C), 150.5 (3B), 146.8 (4B), 145.2 (7), 141.7 (4C), 133.5 (4A), 133.2 (1C), 132.7 

(1A), 123.8 (1B), 123.5 (5C), 121.6 (6C), 121.2 (6B), 118.5 (5B), 117.6 (8), 112.6 (2B), 111.3 (2C), 106.0 

(2A/6A), 80.8 (β), 64.9 (γ), 56.5 (OMeA), 56.1 (OMeC), 55.9 (OMeB), 20.8 (OAcC), 20.6 (OAcA); 

HRMS(ESI) m/z calcd for [M+NH4]+ = 626.2233, meas 626.2216. 

5SG-SA (363 mg, 57%), white foam: 1H NMR (CDCl3) δ 7.58 (d, J = 16.0 Hz, 1H, 7), 7.56 (s, 2H, 2A/6A), 

7.01-6.96 (m, 2H, 1B/5B), 6.88 (dd, J = 8.3, 1.1 Hz, 1H, 2B), 6.84 (td, J = 7.7, 1.5 Hz, 1H, 6B), 6.74 (s, 

2H, 2C/6C), 6.40 (d, J = 16.0 Hz, 1H, 8), 5.72 (dd, J = 7.2, 3.5 Hz, 1H, β), 4.91 (dd, J = 12.0, 3.5 Hz, 1H, 

γ), 4.57 (dd, J = 12.0, 7.3 Hz, 1H, γ), 3.88 (s, 6H, OMeA), 3.85 (s, 6H, OMeC), 3.75 (s, 3H, OMeB), 2.35 

(s, 6H, OAcA/C); 13C NMR (CDCl3) δ 194.6 (α), 168.7 (OAcA/C), 168.3 (OAcA/C), 166.7 (9), 152.6 

(3C/5C), 152.5 (3A/5A), 150.5 (3B), 146.7 (4B), 145.6 (7), 133.5 (4A), 132.7 (1A), 132.5 (1C), 130.7 (4C), 

123.8 (1B), 121.2 (6B), 118.5 (5B), 117.7 (8), 112.6 (2B), 106.0 (2A/6A), 104.8 (2C/6C), 80.8 (β), 64.9 (γ), 

56.5 (OMeA), 56.3 (OMeC), 55.9 (OMeB), 20.6 (OAcA/C), 20.6 (OAcA/C); HRMS(ESI) m/z calcd for 

[M+NH4]+ = 656.2338, meas 656.2332. 

5SS-pBA (381 mg, 69%), white foam: 1H NMR (CDCl3) δ 7.90 (d, J = 8.8 Hz, 2H, 2C/6C), 7.57 (s, 2H, 

2A/6A), 7.12 (d, J = 8.8 Hz, 2H, 3C/5C), 6.97 (t, J = 8.4 Hz, 1H, 1B), 6.51 (d, J = 8.4 Hz, 2H, 2B/6B), 5.58 

(dd, J = 6.6, 4.1 Hz, 1H, β), 4.87 (dd, J = 11.9, 4.0 Hz, 1H, γ), 4.72 (dd, J = 11.9, 6.5 Hz, 1H, γ), 3.84 (s, 

6H, OMeA), 3.64 (s, 6H, OMeB), 2.36 (s, 3H, OAcA), 2.31 (s, 3H, OAcC); 13C NMR (CDCl3) δ 195.0 

(α), 169.0 (OAcC), 168.3 (OAcA), 165.6 (9), 154.5 (4C), 153.1 (3B/5B), 152.2 (3A/5A), 135.7 (4B), 133.6 

(1A), 133.2 (4A), 131.4 (2C/6C), 127.4 (1C), 124.4 (1B), 121.7 (3C/5C), 106.5 (2A/6A), 105.1 (2B/6B), 82.2 

(β), 65.1 (γ), 56.5 (OMeA), 55.9 (OMeB), 21.3 (OAcC), 20.6 (OAcA); HRMS(ESI) m/z calcd for 

[M+NH4]+ = 600.2076, meas 600.2092. 
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5SS-pCA (405 mg, 70%), white foam: 1H NMR (CDCl3) δ 7.56 (s, 2H, 2A/6A), 7.52 (d, J = 16.1 Hz, 1H, 

7), 7.48 (d, J = 8.6 Hz, 2H, 2C/6C), 7.11 (d, J =8.6 Hz, 2H, 3C/5C), 6.99 (t, J = 8.4 Hz, 1H, 1B), 6.54 (d, J 

= 8.4 Hz, 2H, 2B/6B), 6.31 (d, J = 16.1 Hz, 1H, 8), 5.54 (dd, J = 6.4, 4.1 Hz, 1H, β), 4.77 (dd, J = 11.9, 

4.1 Hz, 1H, γ), 4.63 (dd, J = 11.9, 6.4 Hz, 1H, γ), 3.85 (s, 6H, OMeA), 3.71 (s, 6H, OMeB), 2.36 (s, 3H, 

OAcA), 2.31 (s, 3H, OAcC); 13C NMR (CDCl3) δ 195.0 (α), 169.3 (OAcC), 168.3 (OAcA), 166.6 (9), 

153.2 (3B/5B), 152.3 (4C), 152.2 (3A/5A), 144.2 (7), 135.7 (4B), 133.6 (1A), 133.1 (4A), 132.1 (1C), 129.4 

(2C/6C), 124.4 (1B), 122.3 (3C/5C), 117.8 (8), 106.5 (2A/6A), 105.2 (2B/6B), 82.0 (β), 64.6 (γ), 56.4 

(OMeA), 56.0 (OMeB), 21.3 (OAcC), 20.6 (OAcA); HRMS(ESI) m/z calcd for [M+NH4]+ = 626.2233, 

meas 626.2256. 

5SS-FA (197 mg, 51%), white foam: 1H NMR (CDCl3) δ 7.56 (s, 2H, 2A/6A), 7.51 (d, 16.0 Hz, 1H, 7), 

7.08-7.03 (m, 3H, 2C/5C/6C), 6.99 (t, 8.4 Hz, 1H, 1B), 6.54 (d, J = 8.5 Hz, 2H, 2B/6B), 6.32 (d, J = 16.0 

Hz, 1H, 8), 5.54 (dd, J = 6.1, 4.2 Hz, 1H, β), 4.78 (dd, J = 11.9, 4.2 Hz, 1H, γ), 4.63 (dd, J = 11.8, 6.2 

Hz, 1H, γ), 3.86 (s, 3H, OMeC), 3.85 (s, 6H, OMeA), 3.71 (s, 6H, OMeB), 2.35 (OAcA), 2.33 (OAcC); 
13C NMR (CDCl3) δ 195.0 (α), 169.0 (OAcC), 168.3 (OAcA), 166.5 (9), 153.2 (3B/5B), 152.2 (3A/5A), 

151.5 (3C), 144.6 (7), 141.6 (4C), 135.6 (4B), 133.6 (1A), 133.3 (1C), 133.1 (4A), 124.5 (1B), 123.4 (5C), 

121.5 (6C), 117.9 (8), 111.2 (2C), 106.5 (2A/6A), 105.2 (2B/6B), 82.0 (β), 64.6 (γ), 56.5 (OMeC), 56.1 

(OMeA), 56.0 (OMeB), 20.8 (OAcC), 20.6 (OAcA); HRMS(ESI) m/z calcd for [M+NH4]+ = 656.2338, 

meas 656.2312. 

5SS-SA (276 mg, 69%), white foam: 1H NMR (CDCl3) δ 7.57 (s, 2H, 2A/6A), 7.48 (d, J = 16.0 Hz, 1H, 7), 

7.00 (t, J = 8.4 Hz, 1H, 1B), 6.71 (s, 2H, 2C/6C), 6.55 (d, J = 8.5 Hz, 2H, 2B/6B), 6.33 (d, J = 16.0 Hz, 1H, 

8), 5.53 (dd, J = 5.9, 4.3 Hz, 1H, β), 4.77 (dd, J = 11.8, 4.2 Hz, 1H, γ), 4.63 (dd, J = 11.8, 6.0 Hz, 1H, γ), 

3.85 (s, 6H, OMeA), 3.84 (s, 6H, OMeC), 3.72 (s, 6H, OMeB), 2.35 (s, 3H, OAc), 2.34 (s, 3H, OAc); 13C 

NMR (CDCl3) δ 195.1 (α), 168.7 (OAcA/C), 168.3 (OAcA/C), 166.5 (9), 153.2 (3B/5B), 152.5 (3C/5C), 

152.2 (3A/5A), 145.0 (7), 135.6 (4B), 133.7 (1A), 133.1 (4A), 132.6 (1C), 130.5 (4C), 124.5 (1B), 118.0 (8), 

106.6 (2A/6A), 105.2 (2B/6B), 104.7 (2C/6C), 82.0 (β), 64.5 (γ), 56.5 (OMeA/C), 56.3 (OMeA/C), 56.1 

(OMeB), 20.6 (OAcA/C); HRMS(ESI) m/z calcd for [M+NH4]+ = 686.2444, meas 686.2451. 

Synthesis of γ-acetylated β-O-4 dimers: Acetylated dimers 5GG-Ac-5SS-Ac were synthesized from the 

corresponding β-ether dimer intermediates 4GG-4SS using acetic anhydride and pyridine as previously 

reported.2,4 

5GG-Ac (400 mg, 99%), white solid: 1H NMR (CDCl3) δ 7.79 (dd, J = 8.3, 1.9 Hz, 1H, 6A), 7.77 (dd, J = 

1.8 Hz, 1H, 2A), 7.13 (d, J = 8.3 Hz, 1H, 5A), 6.98 (td, J = 7.8, 1.4 Hz, 1H, 1B), 6.93 (dd, J = 8.0, 1.3 Hz, 

1H, 5B), 6.88 (dd, J = 8.1, 1.1 Hz, 1H, 2B), 6.83 (td, J = 7.7, 1.2 Hz, 1H, 6B), 5.62 (dd, J = 7.0, 3.8 Hz, 
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1H, β), 4.67 (dd, J = 11.9, 3.8 Hz, 1H, γ), 4.50 (dd, J = 11.9, 7.0 Hz, 1H, γ), 3.88 (s, 3H, OMeA), 3.75 (s, 

3H, OMeB), 2.33 (s, 3H, OAcA), 2.05 (s, 3H, OAcγ); 13C NMR (CDCl3) δ 194.7 (α), 171.1 (OAcγ), 

168.5 (OAcA), 151.6 (3A), 150.4 (3B), 146.8 (4B), 144.4 (4A), 133.7 (1A), 123.8 (1B), 123.1 (5A), 122.4 

(6A), 121.1 (6B), 118.5 (5B), 112.7 (2B), 112.6 (2A), 80.5 (β), 64.5 (γ), 56.2 (OMeA), 55.8 (OMeB), 20.9 

(OAcγ), 20.8 (OAcA); HRMS (ESI) m/z calcd for [M+NH4]+ = 420.1732, meas 420.1720. 

5GS-Ac (434 mg, 77%), white solid: 1H NMR (CDCl3) δ 7.81 (dd, J = 8.2, 1.9 Hz, 1H, 6A), 7.80 (d, J = 

1.8 Hz, 1H, 2A), 7.11 (d, J = 8.2 Hz, 1H, 5A), 6.99 (t, J = 8.37 Hz, 1H, 1B), 6.54 (d, J = 8.4 Hz, 2H, 

2B/6B), 5.40 (dd, J = 5.9, 5.0 Hz, 1H, β), 4.59-4.54 (m, 2H, γ), 3.88 (s, 3H, OMeA), 3.72 (s, 6H, OMeB), 

2.33 (s, 3H, OAcA), 1.96 (s, 3H, OAcγ); 13C NMR (CDCl3) δ 195.1 (α), 170.9 (OAcγ), 168.6 (OAcA), 

153.0 (OMeB), 151.3 (OMeA), 144.0 (4A), 136.1 (4B), 134.5 (1A), 124.4 (1B), 122.9 (6A), 122.8 (5A), 

113.0 (2A), 105.2 (2B/6B), 82.1 (β), 64.4 (γ), 56.2 (OMeA), 56.0 (OMeB), 20.9 (OAcγ), 20.8 (OAcA); 

HRMS(ESI) m/z calcd for [M+NH4]+ = 450.1759, meas 450.1773. 

5SG-Ac (407 mg, 94%), colorless oil: 1H NMR (CDCl3) δ 7.49 (2A/6A), 6.99 (ddd, J = 7.8, 7.8, 1.3 Hz, 

1H, 1B), 6.93 (dd, J = 8.0, 1.6 Hz, 1H, 5B), 6.88 (dd, J = 8.2, 1.4 Hz, 1H, 2B), 6.84 (ddd, J = 7.7, 7.7, 1.5 

Hz, 1H, 6B), 5.64 (dd, J = 7.5, 3.6 Hz, 1H, β), 4.73 (dd, J = 12.0, 3.6 Hz, 1H, γ), 4.46 (dd, J = 12.0, 7.5 

Hz, 1H, γ), 3.87 (s, 6H, OMeA), 3.76 (s, 3H, OMeB), 2.35 (OAcA), 2.07 (OAcγ); 13C NMR (CDCl3) δ 

194.5 (α), 171.2 (OAcγ), 168.3 (OAcA), 152.5 (OMeA), 150.3 (OMeB), 146.8 (4B), 133.4 (4A), 132.7 

(1A), 123.7 (1B), 121.2 (6B), 118.1 (5B), 112.7 (2B), 105.9 (2A/6A), 80.6 (β), 64.7 (γ), 56.5 (OMeA), 55.9 

(OMeB), 21.0 (OAcγ), 20.6 (OAcA); HRMS(ESI) m/z calcd for [M+NH4]+ = 450.1759, meas 450.1740. 

5SS-Ac (254 mg, 92%), white solid: 1H NMR (CDCl3) δ 7.49 (s, 2H, 2A/6A), 6.99 (t, J = 8.4 Hz, 1H, 1B), 

6.54 (d, J = 8.4 Hz, 2H, 2B/6B), 5.46 (J = 6.4, 4.6 Hz, 1H, β), 4.61 (dd, J = 11.7, 4.6 Hz, 1H, γ), 4.53 (dd, 

J = 11.7, 6.4 Hz, 1H, γ), 3.85 (s, 6H, OMeA), 3.72 (s, 6H, OMeB), 2.35 (OAcA), 1.97 (OAcγ); 13C NMR 

(CDCl3) δ 194.8 (α), 171.0 (OAcγ), 168.3 (OAcA), 153.1 (OMeB), 152.2 (OMeA), 135.9 (4B), 133.6 (1A), 

133.1 (4A), 124.4 (1B), 106.3 (2A/6A), 105.3 (2B/6B), 81.7 (β), 64.4 (γ), 56.4 (OMeA), 56.0 (OMeB), 20.9 

(OAcγ), 20.6 (OAcA); HRMS(ESI) m/z calcd for [M+NH4]+ = 480.1865, meas 480.1884. 

Procedure for reduction of α-ketone: The benzylic ketones in intermediates 5GG-Ac-5SS-SA were re-

duced as usual to afford 6GG-Ac-6SS-SA and used directly in the next reaction.3,7 

Procedure for deprotection of phenolic acetates: Acetates 6GG-Ac-6SS-Ac and trimers 6GG-pBA-6SS-SA 

were deprotected as previously reported.3,6 

7GG-pBA (40 mg, 51%), brittle white foam: (75:25 erythro:threo) 1H NMR (acetone-d6) δ 7.76 (d, J = 8.8 

Hz, 2H, 2C,t/6C,t), 7.72 (d, J = 8.8 Hz, 2H, 2C,e/6C,e), 7.18-7.14 (m, 3H, 2A,e/t/5B,t), 7.06 (d, J = 7.4 Hz, 1H, 
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5B,e), 7.00-6.91 (m, 6H, 1B,e/t/2B,e/t/6A,e/t), 6.89-6.81 (m, 6H, 3C,e/t/5C/e/t/6B,e/t), 6.79 (d, J = 8.1 Hz, 1H, 

5A,t), 6.79 (d, J = 8.1 Hz, 1H, 5A,e), 5.04-4.99 (m, 2H, ae/t), 4.75-4.71 (m, 1H, be), 4.65-4.61 (m, 1H, bt), 

4.57-4.43 (m, 3H, ge/t), 4.18 (dd, J = 11.9, 6.1 Hz, 1H, gt), 3.82 (s, 3H, OMee), 3.80 (s, 3H, OMet), 3.79 

(s, 3H, OMet), 3.76 (s, 3H, OMee); 13C NMR (acetone-d6) δ 166.44 (9e), 166.29 (9t), 152.07 (3B,e), 

151.82 (3B,t), 149.34 (4B,t), 148.85 (4B,e), 148.06 (3A,t), 148.03 (3A,e), 146.93 (4A,t), 146.67 (4A,e), 133.68 

(1A,e/t), 132.54 (2C,t/6C,t), 132.52 (2C,e/6C,e), 123.54 (1B,e/t), 122.32 (1C,e), 122.19 (1C,t), 121.76 (6B,t), 

121.69 (6B,e), 120.56 (6A,t), 120.31 (6A,e), 119.78 (5B,e), 119.46 (5B,t), 115.89 (3C,t/5C,t), 115.80 (3C,e/5C,e), 

115.27 (5A,t), 115.19 (5A,e), 113.59 (2B,e), 113.53 (2B,t), 111.41 (2A,t), 111.15 (2A,e), 84.55 (bt), 83.648 

(be), 73.99 (at), 73.24 (ae), 64.51 (gt), 64.30 (ge), 56.18 (OMee), 56.16 (OMet), 56.13 (OMee/t); 

HRMS(ESI) m/z calcd for [M+NH4]+ = 458.1810, meas. 458.1808. 

7GG-pCA (35 mg, 42%), white foam: (80:20 erythro:threo) 1H NMR (acetone-d6) δ 7.54-7.46 (m, 5H, 

7t/2C,e/t/6C,e/t), 7.44 (d, J = 16.0 Hz, 1H, 7e), 7.18-7.13 (m, 3H, 2A,e/t/5B,t), 7.06 (d, J = 8.0 Hz, 1H, 5B,e), 

7.02-6.91 (m, 6H, 1B,e/t/2B,e/t/6A,e/t), 6.90-6.76 (m, 8H, 3C,e/t/5C,e/t/5A,e/t/6B,e/t), 6.31 (d, J = 16.0 Hz, 1H, 8t), 

6.26 (d, J = 16.0 Hz, 1H, 8e), 5.00-4.95 (m, 2H, ae/t), 4.69-4.64 (m, 1H, be), 4.61-4.58 (m, 2H, aOHe/t), 

4.58-4.53 (m, 1H, bt), 4.46 (dd, J = 11.8, 6.8 Hz, 1H, ge), 4.39 (dd, J = 11.9, 3.4 Hz, 1H, ge), 4.36 (dd, J = 

12.5, 4.0 Hz, 1H, gt), 4.09 (dd, J = 11.9, 6.2 Hz, 1H, gt), 3.85 (s, 3H, OMet), 3.83 (s, 3H, OMee), 3.82 (s, 

3H, OMet), 3.81 (s, 3H, OMee); 13C NMR (acetone-d6) δ 167.27 (9e), 167.16 (9t), 160.45 (4C,e/t), 152.06 

(3B,e), 151.82 (3B,t), 149.39 (4B,t), 148.89 (4B,e), 148.02 (3A,t), 147.99 (3A,e), 146.74 (4A,t), 146.64 (4A,e), 

145.57 (7t), 145.41 (7e), 133.76 (1A,e), 133.63 (1A,t), 131.00 (2C,t/6C,t), 130.95 (2C,e/6C,e), 126.95 (1C,e), 

126.94 (1C,t), 123.57 (1B,t), 123.52 (1B,e), 121.81 (6B,t), 121.72 (6B,e), 120.56 (6A,t), 120.30 (6A,e), 119.69 

(5B,e), 119.44 (5B,t), 116.66 (3C,t/5C,t), 116.58 (3C,e/5C,e), 115.38 (8e), 115.26 (8t) 115.25 (5A,t), 115.16 

(5A,e), 113.59 (2B,e), 113.52 (2B,t), 111.39 (2A,t), 111.14 (2A,e), 84.59 (bt), 83.57 (be), 73.25 (at), 73.14 

(ae), 64.21 (gt), 64.00 (ge), 56.23 (OMet), 56.20 (OMee), 56.18 (OMee), 56.16 (OMet); HRMS(ESI) m/z 

calcd for [M+NH4]+ = 484.1966, meas. 484.1970. 

7GG-FA (63 mg, 75%), white foam: (80:20 erythro:threo) 1H NMR (acetone-d6) d 7.49-7.47 (m, 2H, 

ArOH/7t), 7.41 (d, J = 16.0 Hz, 1H, 7e), 7.30 (d, J = 1.8 Hz, 1H, 2C,t), 7.27 (d, J = 1.8 Hz, 1H, 2C,e), 

7.18-7.13 (m, 2H, 2A,t/5B,t) 7.15 (d, J = 1.8 Hz, 1H, 2A,e), 7.11 (dd, J = 8.1, 1.7 Hz, 1H, 6C,t), 7.09 (dd, J 

= 8.2, 1.8 Hz, 1H, 6C,e), 7.05 (dd, J = 7.9, 1.2 Hz, 1H, 5B,e), 7.03-6.91 (m, 4H, 1B,e/t, 2B,e/t), 6.93 (dd, J = 

8.1, 1.6 Hz, 2H, 6A,e/t), 6.91-6.83 (m, 4H, 5C,e/t/6B,e/t), 6.80 (d, J = 8.1 Hz, 1H, 5A,t), 6.79 (d, J = 8.1 Hz, 

1H, 5A,e), 6.35 (d, J = 15.9 Hz, 1H, 8t), 6.30 (d, J = 15.9 Hz, 1H, 8e), 5.00-4.95 (m, 2H, ae/t), 4.69-4.64 

(m, 1H, be), 4.58-4.53 (m, 1H, bt), 4.46 (dd, J = 11.8, 6.7 Hz, 1H, ge), 4.40 (dd, J = 11.8, 3.4 Hz, 1H, ge), 

4.36 (dd, J = 11.9, 3.4 Hz, 1H, gt), 4.09 (dd, J = 12.0, 6.2 Hz, 1H, gt), 3.92 (s, 6H, OMeC,e/t), 3.85 (s, 3H, 
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OMet), 3.83 (s, 3H, OMee), 3.82 (s, 3H, OMet), 3.81 (s, 3H, OMee); 13C NMR (acetone-d6) d 167.30 

(9e), 166.88 (9t), 152.03 (3B,e), 152.00 (3B,t), 149.96 (4C,e), 149.94 (4C,t), 148.85 4B,e/t), 148.75 (3C,t), 

148.66 (3C,e), 148.00 (3A,e), 147.98 (3A,t), 146.64 (4A,e), 145.94 (4A,t), 145.94 (7t), 145.78 (7e), 133.64 

(1A,e/t), 127.36 (1C,e), 126.61 (1C,t), 123.97 (6C,t), 123.93 (6C,e), 123.53 (1B,t), 123.51 (1B,e), 121.81 (6B,t), 

121.71 (6B,e), 120.28 (6A,e), 120.25 (6A,t), 119.57 (5B,e), 119.30 (5B,t), 116.40 (5C,t), 115.96 (5C,e), 115.57 

(8e), 115.46 (8t), 115.24 (5A,t), 115.17 (5A,e), 113.58 (2B,e), 113.55 (2B,t), 111.39 (2C,t), 111.29 (2A,t), 

111.22 (2C,e), 111.14 (2A,e), 83.51 (bt), 83.48 (be), 73.77 (at), 73.10 (ae), 64.17 (gt), 63.95 (ge), 56.29 

(OMe), 56.19 (OMe), 56.18 (OMe), 56.18 (OMe), 56.16 (OMe), 56.13 (OMe); HRMS(ESI) m/z calcd 

for [M+NH4]+ = 514.2072, meas. 514.2079. 

7GG-SA (156 mg, 90%), white foam: (80:20 erythro:threo) 1H NMR (acetone-d6) d 7.80 (s, 1H, ArOHt), 

7.79 (s, 1H, ArOHe), 7.53 (s, 1H, ArOHt), 7.48 (s, 1H, ArOHe), 7.43 (d, J = 15.9 Hz, 1H, 7t), 7.38 (d, J = 

15.9 Hz, 1H, 7e), 7.18-7.12 (m, 2H, 2A,t/5B,t), 7.15 (d, J = 1.7 Hz, 1H, 2A,e), 7.05 (dd, J = 7.9, 1.3 Hz, 1H, 

5B,e), 7.04-6.89 (m, 10H, 1B,e/t/2B,e/t/6A,e/t/2C,e/t/6C,e/t), 6.88-6.83 (m, 2H, 6B,e/t), 6.80 (d, J = 8.1 Hz, 1H, 

5A,t), 6.79 (d, J = 8.1 Hz, 1H, 5A,e), 6.38 (d, J = 15.9 Hz, 1H, 8t), 6.32 (d, J = 15.9 Hz, 1H, 8e), 5.01-4.95 

(m, 2H, ae/t), 4.69-4.65 (m, 1H, be), 4.60 (d, J = 4.4 Hz, 2H, aOHe/t), 4.58-4.54 (m, 1H, bt), 4.46 (dd, J = 

11.9, 6.6 Hz, 1H, ge), 4.40 (dd, J = 11.8, 3.5 Hz, 1H, ge), 4.35 (dd, J = 11.9, 3.5 Hz, 1H, gt), 4.09 (dd, J = 

11.9, 6.1 Hz, 1H, gt), 3.89 (s, 12H, OMeC,e/t), 3.85 (s, 3H, OMet), 3.83 (s, 3H, OMee), 3.82 (s, 3H, 

OMet), 3.81 (s, 3H, OMee); 13C NMR (acetone-d6) d 167.27 (9e), 166.91 (9t), 152.02 (3B,e), 151.77 (3B,t), 

148.87 (3C,t/5C,t), 148.85 (3C,e/5C,e), 148.02 (3A,t), 148.00 (3A,e), 146.67 (4A,e/t) 146.28 (7t), 146.12 (7e), 

133.65 (1A,e/t), 126.06 (1C,e/t), 123.52 (1B,t), 123.47 (1B,e), 121.71 (6B,e), 121.70 (6B,t), 120.27 (6A,e), 

120.24 (6A,t), 119.61 (5B,t), 119.53 (5B,e), 116.72 (8t), 116.69 (8e), 115.92 (5A,t), 115.81 (5A,e), 115.18 

(2B,e), 115.17 (2B,t), 113.58 (2A,e), 113.54 (2A,t), 111.14 (2C,e/6C,t), 111.11 (2C,t/6C,t), 106.77 (4C,t), 106.71 

(4C,e), 83.57 (bt), 83.44 (be), 73.76 (at), 73.01 (ae), 63.94 (ge), 64.17 (gt), 56.63 (OMeC,e), 56.54 

(OMeC,t), 56.50 (OMet), 56.19 (OMe), 56.18 (OMe); HRMS(ESI) m/z calcd for [M+NH4]+ = 544.2178, 

meas. 544.2171. 

7GG-Ac (36 mg, 50%), colorless oil: (80:20 erythro:threo) 1H NMR (acetone-d6) δ 7.57 (s, 1H, ArOHt), 

7.52 (s, 1H, ArOHe), 7.12-7.09 (m, 3H, 2A,e/t/5B/t), 7.03-6.99 (m, 2H, 5B,e/2B,t), 6.99-6.96 (m, 2H, 

2B,e/1B,t), 6.96-6.92 (m, 2H, 1B,e,/6A,t), 6.92-6.86 (m, 2H, 6A,e/6B,t), 6.86-6.82 (m, 1H, 6B,e), 6.80-6.76 (m, 

2H, 5A,e/t) ; 13C NMR (acetone-d6) δ 170.92 (OAcγ,e), 170.80 (OAcγ,t), 152.00 (3B,e), 151.72 (3B,t), 

149.30 (4B,t), 148.75 (4B,e), 148.02 (3A,t), 147.98 (3A,e), 146.90 (4A,t), 146.62 (4A,e), 133.53 (1A,e), 133.05 

(1A,t), 123.55 (1B,t), 123.52 (1B,e), 121.81 (6B,t), 121.71 (6B,e), 120.49 (6A,t), 120.20 (6A,e), 119.55 (5B,e), 

119.25 (5B,t), 115.22 (A5,t), 115.16 (A5,e), 113.60 (2B,e), 113.52 (2B,t), 111.33 (2A,t), 111.07 (2A,e), 84.30 
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(bt), 83.33 (be), 73.59 (at), 73.09 (ae), 64.14 (gt), 63.88 (ge), 56.22 (OMe), 56.20 (OMe), 56.17 )(OMe), 

20.68 (OAce), 20.65 (OAct); HRMS(ESI) m/z calcd for [M+NH4]+ = 380.1704, meas. 380.1692. 

7GS-pBA (90 mg, 71%), white foam: (45:65 erythro:threo) 1H NMR (acetone-d6) d 9.19 (s, 1H, ArOHt), 

9.15 (s, 1H, ArOHe), 7.78 (d, J = 8.6 Hz, 2H, 2C,t/6C,t), 7.70 (d, J = 8.7 Hz, 2H, 2C,e/6C,e), 7.51 (s, 1H, 

ArOHt), 7.49 (s, 1H, ArOHe), 7.08 (d, J = 1.5 Hz, 1H, 2A,e), 7.06 (d, J = 1.6 Hz, 1H, 2A,t), 7.03 (t, J = 8.4 

Hz, 1H, 1B,e), 7.02 (t, J = 8.4 Hz, 1H, 1B,t), 6.93 (dd, J = 8.1, 1.7 Hz, 1H, 6A,t), 6.89 (d, J = 8.7 Hz, 2H, 

3C,t/5C,t), 6.87-6.83 (m, 3H, 3C,e/5C,e/6A,e), 6.79 (d, J = 8.1 Hz, 1H, 5A,e), 6.76 (d, J = 8.1 Hz, 1H, 5A,t), 

6.69 (d, J = 8.4 Hz, 2H, 2B,e/6B,e), 6.68 (d, J = 8.5 Hz, 1H, 2B,t/6B,t), 5.06 (dd, J = 7.3, 3.4 Hz, 1H, at), 

5.01-4.97 (m, 1H, ae), 4.64 (d, J = 2.8 Hz, 1H, aOHt), 4.63-4.60 (m, 1H, be), 4.58-4.51 (m, 2H, ge/t), 

4.48 (d, J = 3.7 Hz, 1H), 4.34-4.28 (m, 2H, bt/ge), 4.10 (dd, J = 11.9, 4.3 Hz, 1H, gt), 3.81 (s, 3H, 

OMeA,e), 3.79 (s, 6H, OMeB,t), 3.78 (s, 6H, OMeB,e), 3.74 (s, 3H, OMeA,t); 13C NMR (acetone-d6) d 

166.40 (9e), 166.25 (9t), 162.50 (4C,t), 162.38 (4C,e), 154.53 (3B,e/5B,e), 154.04 (3B,t/5B,t), 148.09 (3A,e), 

147.96 (3A,t), 146.88 (4A,t), 146.45 (4A,e), 137.79 (4B,t), 136.50 (4B,e), 133.01 (1A,t), 132.66 (1A,e), 132.51 

(2C,t/6C,t), 132.49 (2C,e/6C,e), 124.76 (1B,e), 124.71 (1B,t), 122.56 (1C,e), 122.42 (1C,t), 120.65 (6A,t), 119.61 

(6A,e), 115.87 (3C,t/5C,t), 115.71 (3C,e/5C,e), 115.34 (5A,e), 115.28 (5A,t), 111.40 (2A,t), 110.50 (2A,e), 106.29 

(2B,t/6B,t), 106.22 (2B,e/6B,e), 86.91 (bt), 84.53 (be), 74.68 (at), 72.90 (ae), 64.99 (gt), 63.75 (ge), 56.36 

(OMeB,e/t), 56.17 (OMeA,e), 56.07 (OMeA,t); HRMS(ESI) m/z calcd for [M+NH4]+ = 488.1916, meas. 

488.1911. 

7GS-pCA (125 mg, 74%), white foam: (50:50 erythro:threo) 1H NMR (acetone-d6) d 7.55 (d, J = 8.7 Hz, 

2H, 2C,t/6C,t), 7.49 (d, J = 8.6 Hz, 2H, 2C,e/6C,e), 7.46 (d, J = 16 Hz, 1H, 7t), 7.38 (d, J = 16.0 Hz, 1H, 7e), 

7.07 (d, J = 1.6 Hz, 1H, 2A,e), 7.06 (d, J = 1.8 Hz, 1H, 2A,t), 7.04 (t, J = 8.4 Hz, 1H, 1B,e/t), 7.03 (t, J = 8.4 

Hz, 1H, 1B,e/t), 6.92 (dd, J = 8.5, 2.2 Hz, 1H, 6A,t), 6.91-6.86 (m, 4H, 3C,e/t/5C,e/t), 6.84 (dd, J = 8.0, 1.5 

Hz, 1H, 6A,e), 6.80 (d, J = 8.1 Hz, 1H, 5A,e), 6.77 (d, J = 8.1 Hz, 1H, 5A,t), 6.71 (d, J = 8.4 Hz, 1H, 

2B,e/t/6B,e/t), 6.70 (d, J = 8.4 Hz, 1H, 2B,e/t/6B,e/t), 6.33 (d, J = 16.0 Hz, 1H, 8t), 6.21 (d, J = 16.0 Hz, 1H, 

8e), 5.01 (dd, J = 7.3, 4.0 Hz, 1H, at), 4.97-4.93 (m, 1H, ae), 4.60 (d, J = 2.8 Hz, 1H, aOHt), 4.59-4.55 

(m, 1H, be), 4.49-4.42 (m, 2H, ge/t), 4.26-4.23 (m, 1H, bt), 4.21 (dd, J = 11.8, 3.3 Hz, 1H, ge), 4.01 (dd, J 

= 12.0, 4.3 Hz, 1H, gt), 3.84 (s, 12H, OMeB,e/t), 3.84 (OMeB,e/t), 3.79 (OMeB,e/t); 13C NMR (acetone-d6) d 

167.17 (9e), 167.10 (9t), 160.46 (4C,e/t), 160.39 (4C,e/t), 154.55 (3B,e/t/5B,e/t), 154.03 (3B,e/t/5B,e/t), 148.04 

(3A,e/t), 147.93 (3A,e/t), 146.85 (4A,e/t), 146.42 (4A,e/t), 145.24 (7t), 145.01 (7e), 137.82 (4B,e/t), 136.46 

(4B,e/t), 133.87, 133.03 (1A,t), 132.63 (1A,e), 130.97 (2C,t/6C,t), 130.86 (2C,e/6C,e), 126.99 (1C,e/t), 124.79 

(1B,e/t), 124.73 (1B,e/t), 120.65 (6At), 119.64 (6A,e), 116.57 (3C,e/t/5C,e/t), 115.68 (8e), 115.52 (8t), 115.31 

(5A,e/t), 115.25 (5A,e/t), 111.38 (2A,t), 110.51 (2A,e), 106.28 (2B,e/t/6B,e/t), 86.93 (bt), 84.43 (be), 74.47 (at), 
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72.87 (ae), 64.74 (gt), 63.56 (ge), 56.46 (OMeB,e/t), 56.41 (OMeB,e/t), 56.18 (OMeA,t), 56.13 (OMeA,e); 

HRMS(ESI) m/z calcd for [M+NH4]+ = 514.2072, meas. 514.2068. 

7GS-FA (107 mg, 55%), white foam: (50:50 erythro:threo) 1H NMR (acetone-d6) d 8.17 (s, 1H, ArOH), 

8.14 (s, 1H, ArOH), 7.50 (s, 1H, ArOH), 7.48 (s, 1H, ArOH), 7.44 (d, J = 16.0 Hz, 1H, 7t), 7.36 (d, J = 

16.0 Hz, 7e), 7.33 (d, J = 1.8 Hz, 1H, 2C,t), 7.26 (d, J = 1.9 Hz, 1H, 2C,e), 7.14 (dd, J = 8.2, 1.9 Hz, 1H, 

6C,t), 7.08 (dd, J = 8.2, 1.9 Hz, 1H, 6C,e), 7.07 (d, J = 2.2 Hz, 1H, 2A,e), 7.06-7.01 (m, 3H, 1B,e/t/2A,t), 6.91 

(dd, J = 8.1, 1.8 Hz, 1H, 6A,t), 6.87 (d, J = 8.2 Hz, 1H, 5C,t), 6.85 (d, J = 8.2 Hz, 5C,e), 6.84 (dd, J = 8.1, 

1.7 Hz, 1H, 6A,e), 6.80 (d, J = 8.2 Hz, 1H, 5A,e), 6.77 (d, J = 8.1 Hz, 1H, 5A,t), 6.73-6.70 (m, 4H, 

2B,e/t/6B,e/t), 6.37 (d, J = 16.0 Hz, 1H, 8t), 6.24 (d, J = 16.0 Hz, 1H, 8e), 5.00 (dd, J = 7.4, 4.2 Hz, 1H, at), 

4.97-4.94 (m, 1H, ae), 4.61 (d, J = 2.8 Hz, 1H, aOHt), 4.59-4.55 (m, 1H, be), 4.48-4.42 (m, 2H, 

aOHe/ge/t), 4.23-4.20 (m, 2H, bt/ge), 4.01 (dd, J = 11.9, 4.0 Hz, 1H, gt), 3.93 (s, 3H, OMeC), 3.92 (s, 3H, 

OMeC), 3.85 (s, 12H, OMeB,e/t), 3.84 (s, 3H, OMeA), 3.79 (s, 3H, OMeA); 13C NMR (acetone-d6) d 

167.16 (9e), 167.11 (9t), 154.55 (3B/5B), 154.02 (3B/5B), 149.85 (4C,e/t), 148.68 (3C), 148.66 (3C), 147.85 

(3A,e/t), 146.41 (4A,e/t), 145.59 (7t), 145.34 (7e), 137.17 (4B,e/t), 132.64 (1A,e/t), 127.68 (1C), 127.44 (1C), 

124.79 (1B), 124.74 (1B), 123.94 (6C,t), 123.78 (6C,e), 120.65 (6A,t), 119.64 (6A,e), 115.97 (5C,e/t), 115.92 

(8e), 115.74 (8t), 115.30 (5A), 115.25 (5A), 111.38 (2A,t), 111.26 (2C,t), 111.19 (2C,e), 110.50 (2A,e), 106.28 

(2B,e/t/6B,e/t), 87.00 (bt), 84.42 (be), 74.51 (at), 72.84 (ae), 64.69 (gt), 63.49 (ge), 56.46 (OMeB), 56.41 

(OMeB), 56.31 (OMeC), 56.28 (OMeC), 56.18 (OMeA), 56.14 (OMeA); HRMS(ESI) m/z calcd for 

[M+NH4]+ = 544.2178, meas. 544.2180. 

7GS-SA (175 mg, 90%), white foam: (50:50 erythro:threo) 1H NMR (acetone-d6) d 7.79 (s, 1H, ArOH), 

7.77 (s, 1H, ArOH), 7.51 (s, 1H, ArOH), 7.48 (s, 1H, ArOH), 7.42 (d, J = 16.0 Hz, 1H, 7t), 7.32 (d, J = 

15.9 Hz, 1H, 7e), 7.08-7.02 (m, 4H, 2A,e/t/1B,e/t), 7.01 (s, 2H, 2C,t/6C,t), 6.94 (s, 2H, 2C,e/6C,e), 6.91 (dd, J = 

8.1, 1.7 Hz, 1H, 6A,t), 6.85 (dd, J = 8.2, 1.4 Hz, 1H, 6A,e), 6.80 (d, J = 8.1 Hz, 1H, 5A,e), 6.78 (d, J = 8.1 

Hz, 1H, 5A,t), 6.74-6.70 (m, 4H, 2B,e/t/6B,e/t), 6.39 (d, J = 15.9 Hz, 1H, 8t), 6.26 (d, J = 15.9 Hz, 1H, 8e), 

5.02-4.98 (m, 1H, at), 4.97-4.94 (m, 1H, ae), 4.61 (d, J = 2.7 Hz, 1H, aOHt), 4.59-4.55 (m, 1H, be), 

4.48-4.42 (m, 2H, ge/t), 4.23 (d, J = 11.8, 3.6 Hz, 1H, ge), 4.23-4.19 (m, 1H, bt), 4.02 (dd, J = 11.9, 4 Hz, 

1H, gt), 3.90 (s, 6H, OMeC), 3.89 (s, 6H, OMeC), 3.85 (s, 12H, OMeB,e/t), 3.84 (s, 3H, OMeA), 3.79 (s, 

3H, OMeA); 13C NMR (acetone-d6) d 167.11 (9e), 167.07 (9t), 154.55 (3B/5B), 154.02 (3B/5B), 148.83 

(3C,e/t/5C,e/t), 148.05 (3A), 147.95 (3A), 146.86 (4A,t), 146.41 (4A,e), 145.92 (7t), 145.66 (7e), 139.80 

(4C,e/t), 137.80 (4B), 136.45 (4B), 132.66 (1A,e/t), 126.14 (1C,e/t), 124.78 (1B), 124.74 (1B), 120.67 (6A,t), 

119.63 (6A,e), 116.17 (8e), 115.99 (8t), 115.30 (5A), 115.27 (5A), 111.39 (2A,t), 110.50 (2A,e), 106.74 

(2C,t/6C,t), 106.62 (2C,e/6C,e), 106.28 (2B,e/t/6B,e/t), 87.05 (bt), 84.43 (be), 74.56 (at), 72.84 (ae), 64.68 (gt), 
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63.45 (ge), 56.65 (OMeC), 56.62 (OMeC), 56.53 (OMeA), 56.46 (OMeB), 56.41 (OMeB), 56.19 (OMeA); 

HRMS(ESI) m/z calcd for [M+NH4]+ = 574.2283, meas. 574.2259. 

7GS-Ac (134 mg, 67%), white foam: (50:50 erythro:threo) 1H NMR (acetone-d6) δ 7.06-7.00 (m, 4H, 

1B,e/t/2A,e/t), 6.88 (dd, J = 8.1, 1.8 Hz, 1H, 6A,t), 6.81-6.76 (m, 2H, 5A,e/6A,e), 6.76 (d, J = 8.1 Hz, 1H, 5A,t), 

6.71 (t, J = 8 Hz, 4H, 2B,e/t/6B,e/t), 4.94-4.90 (m, 1H, at), 4.90-4.87 (m, 1H, ae), 4.57 (s, 1H, aOH), 4.56 

(s, 1H, aOH), 4.52-4.48 (m, 1H, be), 4.36-4.32 (m, 2H, ge/t), 4.19-4.15 (m, 1H, bt), 4.06 (dd, J = 11.8, 

3.5 Hz, 1H, ge), 3.88 (dd, J = 11.9, 4.0 Hz, 1H, gt), 3.86 (s, 6H, OMeB), 3.85 (s, 6H, OMeB), 3.83 (s, 3H, 

OMeA), 3.81 (s, 3H, OMeA), 1.94 (s, 3H, OAct), 1.86 (s, 3H, OAce); 13C NMR (acetone-d6) d 170.81 

(OAce), 170.72 (OAct), 154.54 (3B,e/5B,e), 153.97 (3B,t/5B,t), 148.03 (3A,e), 147.47 (3A,t), 146.79 (4A,t), 

146.30 (4A,e), 137.78 (4B,t), 136.27 (4B,e), 132.98 (1A,t), 132.46 (1A,e), 124.84 (1B,e), 124.74 (1B,t), 120.61 

(6A,t), 119.55 (6A,e), 115.29 (5A,e), 115.22 (5A,t), 111.28 (2A,t), 110.41 (2A,e), 106.36 (2B/6B), 106.31 

(2B/6B), 86.63 (bt), 84.11 (be), 74.32 (at), 72.62 (ae), 64.63 (gt), 63.37 (ge), 56.49 (OMeB), 56.41 

(OMeB), 56.16 (OMeA), 56.15 (OMeA), 20.68 (OAce), 20.63 (OAct); HRMS(ESI) m/z calcd for 

[M+NH4]+ = 410.1810, meas. 410.1815. 

7SG-pBA (69 mg, 46%), white foam: (75:25 erythro:threo) 1H NMR (acetone-d6) d 7.79 (d, J = 8.9 Hz, 

2H, 2C,t/6C,t), 7.73 (d, J = 8.8 Hz, 2H, 8.8 Hz, 2C,e/6C,e), 7.17 (dd, J = 8.0, 1.3 Hz, 1H, 5B,t), 7.08-7.04 (m, 

1H, 5B,e), 7.01-6.92 (m, 4H, 1B,e/t/2B,e/t), 6.90-6.80 (m, 10H, 2A,e/t/6A,e/t/3C,e/t/5C,e/t/6B,e/t), 5.03-5.00 (m, 

2H, ae/t), 4.78-4.73 (m, 1H, be), 4.67-4.63 (m, 1H, bt), 4.57-4.50 (m, 2H, ge), 4.45 (dd, J = 12.0, 3.4 Hz, 

1H, gt), 4.19 (dd, J = 11.9, 6.0 Hz, 1H, gt), 3.80 (s, 3H, OMeB,t), 3.80 (s, 6H, OMeA,e), 3.77 (s, 3H, 

OMeB,e), 3.76 (s, 3H, OMeB,t); 13C NMR (acetone-d6) d 166.43 (9e), 166.30 (9t), 162.46 (4C,e/t), 152.02 

(3B,e/t), 148.86 (4B,e/t), 148.38 (3A,e/t/5A,e/t), 136.00 (4A,e/t), 132.63 (2C,t/6C,t), 132.53 (2C,e/6C,e), 123.50 

(1B,e/t), 122.36 (1A,e), 122.25 (1A,t), 121.77 (6B,t), 121.69 (6B,e), 119.66 (5B,e), 119.34 (5B,t), 115.90 

(3C,t/5C,t), 115.80 (3C,e/5C,e), 113.57 (2B,e), 113.53 (2B,t), 105.30 (2A,t/6A,t), 105.12 (2A,e/6A,e), 84.41 (bt), 

83.50 (be), 74.18 (at), 73.47 (ae), 64.54 (gt), 64.34 (ge), 56.56 (OMeA,e), 56.49 (OMeA,t), 56.17 (OMeB,t), 

56.13 (OMeB,e); HRMS(ESI) m/z calcd for [M+NH4]+ = 488.1916, meas. 488.1928. 

7SG-pCA (138 mg, 77%), white foam: (70:30 erythro:threo) 1H NMR (acetone-d6) d 7.53 (d, J = 8.7 Hz, 

2H, 2C,t/6C,t), 7.50 (d, J = 8.6 Hz, 2H, 2C,e/6C,e), 7.50-7.47 (m, 1H, 7t), 7.44 (d, J = 16.0 Hz, 1H, 7e), 7.17 

(dd, J = 8.0, 1.4 Hz, 1H, 5B,t), 7.14 (s, 1H, ArOHt), 7.10 (s, 1H, ArOHe), 7.06 (dd, J = 7.9, 1.3 Hz, 1H, 

5B,e), 7.03-6.92 (m, 4H, 1B,e/t/2B,e/t), 6.91-6.84 (m, 6H, 3C,e/t/5C,e/t/6B,e/t), 6.83 (s, 2H, 2A,t/6A,t), 6.82 (s, 2H, 

2A,e/6A,t), 6.33 (d, J = 16.0 Hz, 1H, 8t), 6.26 (d, J = 16.0 Hz, 1H, 8e), 5.00-4.94 (m, 2H, ae/t), 4.70-4.66 

(m, 1H, be), 4.62-4.55 (m, 3H, aOHe/t/bt), 4.46 (dd, J = 11.8, 6.7 Hz, 1H, ge), 4.41 (dd, J = 11.8 Hz, 3.5 

S15



 

Hz, 1H, ge), 4.36 (dd, J = 12.0, 3.4 Hz, 1H, gt), 4.10 (dd, J = 12.0, 6.2 Hz, 1H, gt), 3.85 (s, 3H, OMeB,t), 

3.82 (s, 3H, OMeB,e), 3.81 (s, 6H, OMeA,e), 3.80 (s, 6H, OMeA,t); 13C NMR (acetone-d6) d 167.29 (9e), 

167.18 (9t), 160.49 (4C,e/t), 151.96 (3B,e), 151.74 (3B,t), 149.32 (4B,e), 148.88 (4B,t), 148.39 (3A,t/5A,t), 

148.35 (3A,e/5A,e), 145.61 (7t), 145.43 (7e), 135.96 (4A,e/t), 132.57 (1A,e/t), 131.00 (2C,t/6C,t), 130.95 

(2C,e/6C,e), 126.92 (1C,e/t), 123.48 (1B,t), 123.44 (1B,e), 121.80 (6B,t), 121.71 (6B,e), 119.47 (5B,e), 119.18 

(5B,t), 116.58 (3C,e/t/5C,e/t), 115.36 (8e), 115.25 (8t), 113.54 (2B,e), 113.50 (2B,t), 105.27 (2A,t/6A,t), 105.09 

(2A,e/6A,e), 84.33 (bt), 83.37 (be), 73.92 (at), 73.36 (ae), 64.23 (gt), 64.05 (ge), 56.56 (OMeA,e), 56.53 

(OMeA,t), 56.22 (OMeB,t), 56.19 (OMeB,e); HRMS(ESI) m/z calcd for [M+NH4]+ = 514.2072, meas. 

514.2072. 

7SG-FA (129 mg, 63%), white foam: (75:25 erythro:threo) 1H NMR (acetone-d6) d 8.18 (s, 1H, ArOHt), 

8.16 (s, 1H, ArOHe), 7.47 (d, J = 16.0 Hz, 1H, 7t), 7.41 (d, J = 15.9 Hz, 1H, 7e), 7.30 (d, J = 1.8 Hz, 1H, 

2C,t), 7.27 (d, J = 1.8 Hz, 1H, 2C,e), 7.17 (dd, J = 8.0, 1.4 Hz, 1H, 5B,t), 7.12 (dd, J = 8.6, 2.2 Hz, 1H, 

6C,t), 7.09 (dd, J = 8.2, 1.9 Hz, 1H, 6C,e), 7.05 (dd, J = 8.0, 1.4 Hz, 1H, 5B,e), 7.03-6.92 (m, 4H, 

1B,e/t/2B,e/t), 6.91-6.80 (m, 12H, 2A,e/t/6A,e/t/3C,e/t/5C,e/t/5C,e/t/6B,e/t), 6.36 (d, J = 16.0 Hz, 1H, 8t), 6.30 (d, J = 

16.0 Hz, 1H, 8e), 5.00-4.95 (m, 2H, ae/t), 4.71-4.67 (m, 1H, be), 4.62-4.56 (m, 3H, aOHe/t/bt), 4.46 (dd, J 

= 11.9, 6.5 Hz, 1H, ge), 4.42 (dd, J = 11.8, 3.7 Hz, 1H, ge), 4.36 (dd, J = 12.0, 3.4 Hz, 1H, gt), 4.11 (dd, J 

= 12.0, 6.1 Hz, 1H, gt), 3.92 (s, 6H, OMeC,e/t), 3.85 (s, 3H, OMeB,t), 3.82 (s, 3H, OMeB,e), 3.81 (s, 6H, 

OMeA,e), 3.80 (s, 6H, OMeA,t); 13C NMR (acetone-d6) d 167.29 (9e), 166.89 (9t), 151.97 (3B,e), 151.74 

(3B,t), 149.95 (4C,e/t), 148.84 (4B,e/t), 148.66 (3C,e/t), 148.39 (3A,t/5A,t), 148.36 (3A,e/5A,e), 145.95 (7t), 

145.79 (7e), 135.96 (4A,e/t), 132.58 (1A,e/t), 127.36 (1C,e), 126.61 (1C,t), 123.94 (6C,t), 123.90 (6C,e), 123.47 

(1B,t), 123.44 (1B,e), 121.80 (6B,t), 121.71 (6B,e), 119.43 (5B,e), 119.12 (5B,t), 115.95 (5C,e/t), 115.58 (8e), 

115.48 (8t), 115.24 (3C,t/5C,t), 113.55 (2B,e), 113.50 (2B,t), 111.32 (2C,t), 111.25 (2C,e), 105.07 (2A,e/6A,e), 

105.05 (2A,t/6A,t), 84.26 (bt), 83.31 (be), 73.95 (at), 73.21 (ae), 63.95 (ge), 63.86 (gt), 56.56 (OMeA,e/t), 

56.30 (OMeC,e/t), 56.22 (OMeB,t), 56.18 (OMeB,e); HRMS(ESI) m/z calcd for [M+NH4]+ = 544.2178, 

meas. 544.2184. 

7SG-SA (85 mg, 47%): (80:20 erythro:threo) 1H NMR (acetone-d6) d 7.96 (s, 1H, ArOHt), 7.79 (s, 1H, 

ArOHe), 7.43 (d, J = 15.9 Hz, 1H, 7t), 7.37 (d, J = 15.9 Hz, 1H, 7e), 7.17 (d, J = 8.0 Hz, 1H, 5B,t), 7.15 

(s, 1H, ArOHt), 7.11 (s, 1H, ArOHe), 7.06 (d, J = 8.0 Hz, 1H, 5B,e), 7.04-6.92 (m, 8H, 

1B,e/t/2B,e/t/2C,e/t/6C,e/t), 6.92-6.80 (m, 6H, 2A,e/t/6A,e/t/6B,e/t), 6.38 (d, J = 15.9 Hz, 1H, 8t), 6.32 (d, J = 15.9 

Hz, 1H, 8e), 5.01-4.94 (m, 2H, ae/t), 4.71-4.67 (m, 1H, be), 4.63 (s, 1H, aOH), 4.62 (s, 1H, aOH), 4.61-

4.56 (m, 1H, bt), 4.49-4.41 (m, 2H, ge/t), 4.35 (dd, J = 11.9, 3.4 Hz, 1H, gt), 4.11 (dd, J = 12.0, 6.0 Hz, 

1H, gt), 3.89 (s, 12H, OMeC,e/t), 3.85 (s, 3H, OMeB,t), 3.82 (s, 3H, OMeB,e), 3.81 (s, 6H, OMeA,e), 3.80 (s, 
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6H, OMeA,t); 13C NMR (acetone-d6) d 167.26 (9e), 167.15 (9t), 151.95 (3B,e), 151.72 (3B,t), 149.27 (4B,t), 

148.88 (4B,e), 148.82 (3C/5C), 148.81 (3C,/5C), 148.41 (3A,t/5A,t), 148.35 (3A,e/5A,e), 146.29 (7t), 146.13 

(7e), 139.39 (4C,t), 139.27 (4C,e), 136.04 (4A,t), 135.94 (4A,e), 132.58 (1A,e), 132.01 (1A,t), 126.05 (1C,e/t), 

123.45 (1B,t), 123.43 (1B,e), 121.79 (6B,t), 121.71 (6B,e), 119.39 (5B,e), 119.06 (5B,t), 115.80 (8e), 115.70 

(8t), 113.54 (2B,e), 113.49 (2B,t), 106.76 (2C,t/6C,t), 106.70 (2C,e/6C,e), 105.27 (2A,t/6A,t), 105.05 (2A,e/6A,e), 

84.18 (bt), 83.26 (be), 73.98 (at), 73.30 (ae), 64.17 (gt), 63.90 (ge), 56.64 (OMeC,e/t), 56.56 (OMeA,e), 

56.54 (OMeA,t), 56.22 (OMeB,t), 56.18 (OMeB,e); HRMS(ESI) m/z calcd for [M+NH4]+ = 574.2283, 

meas. 574.2301. 

7SG-Ac (75 mg, 84%), white foam: (75:25 erythro:threo) 1H NMR (acetone-d6) d 7.29 (s, 1H, ArOHt), 

7.23 (s, 1H, ArOHe), 7.14 (s, 1H, ArOHt), 7.13-7.09 (m, 2H, 5B,t/ArOHe), 7.03-6.92 (m, 5H, 

1B,e/t/2B,e/t/5B,e), 6.89-6.81 (m, 2H, 6B,e/t), 6.80 (s, 2H, 2A,t/6A,t), 6.77 (s, 2H, 2A,e/6A,e), 4.94-4.91 (m, 1H, 

ae), 4.91-4.88 (s, 1H, at), 4.62-4.55 (m, 3H, be/aOHe/t), 4.52-4.48 (m, 1H, bt), 4.37 (dd, J = 11.9, 6.9 

Hz, 1H, ge), 4.26 (dd, J = 11.9, 3.2 Hz, 1H, ge), 4.23 (dd, J = 11.9, 3.4 Hz, 1H, gt), 3.99 (dd, J = 11.9, 6.4 

Hz, 1H, gt), 3.86 (s, 3H, OMeB,t), 3.83 (s, 3H, OMeB,e), 3.80 (s, 6H, OMeA,t), 3.79 (s, 6H, OMeA,e), 1.95 

(s, 3H, gOAct), 1.90 (s, 3H, gOAce); 13C NMR (acetone-d6) d 170.92 (gOAce), 170.80 (gOAct), 151.95 

(3B,e), 151.69 (3B,t), 149.26 (4B,t), 148.76 (4B,e), 148.40 (3A,t/5A,t), 148.34 (3A,e/5A,e), 136.05 (4A,t), 135.94 

(4A,e), 132.49 (1A,e), 131.96 (1A,t), 123.47 (1B,e/t), 121.80 (6B,t), 121.70 (6B,e), 119.44 (5B,e), 119.08 (5B,t), 

113.56 (2B,e), 113.50 (2B,t), 105.22 (2A,t/6A,t), 105.01 (2A,e/6A,e), 84.12 (bt), 83.20 (be), 73.70 (at), 73.20 

(ae), 64.18 (gt), 63.94 (ge), 56.61 (OMeA,t), 56.54 (OMeA,e), 56.22 (OMeB,t), 56.18 (OMeB,e), 20.70 

(gOAce), 20.68 (gOAct); HRMS(ESI) m/z calcd for [M+NH4]+ = 410.1810, meas. 410.1817. 

7SS-pBA (201 mg, 93%), white foam: (45:55 erythro:threo) 1H NMR (acetone-d6) d 7.81 (d, J = 8.7 Hz, 

2H, 2C,t/6C,t), 7.71 (d, J = 8.8 Hz, 2H, 2C,e/6C,e), 7.04 (t, J = 8.4 Hz, 1H, 1B,e), 7.03 (t, J = 8.4 Hz, 1H, 

1B,t), 6.91 (d, J = 8.7 Hz, 2H, 3C,t/5C,t), 6.85 (d, J = 8.6 Hz, 2H, 3C,e/5C,e), 6.76 (s, 2H, 2A,t/6A,t), 6.74 (s, 

2H, 2A,e/6A,e), 6.71-6.67 (m, 4H, 2B,e/t/6B,e/t), 5.06-5.03 (m, 1H, at), 5.01-4.98 (m, 1H, ae), 4.66 (d, J = 

2.8 Hz, 1H, aOH), 4.65-4.61 (m, 1H, be), 4.58-4.49 (m, 2H, ge/t), 4.34-4.29 (m, 2H, bt/ge), 4.12 (dd, J = 

11.9, 4.2 Hz, 1H, ge), 3.81 (s, 6H, OMeB,t), 3.79 (s, 12H, OMeB,e/OMeA,e), 3.71 (s, 6H, OMeA,t); 13C 

NMR (acetone-d6) d 166.40 (9e), 166.25 (9t), 162.49 (4C,t), 162.35 (4C,e), 154.51 (3B,e/5B,e), 154.05 

(3B,t/5B,t), 148.47 (3A,e/5A,e), 148.34 (3A,t/5A,t), 137.80 (4B), 136.48 (4B), 136.18 (4A), 135.81 (4A), 132.52 

(2C,t/6C,t), 132.49 (2C,e/6C,e), 124.73 (1B,e/t), 122.61 (1C,e), 122.46 (1C,t), 115.90 (3C,t/5C,t), 115.71 

(3C,e/5C,e), 106.33 (2B,t/6B,t), 106.22 (2B,e/6B,e), 105.30 (2A,t/6A,t), 104.45 (2A,e/6A,e), 87.02 (bt), 84.53 (be), 
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74.93 (at), 73.12 (ae), 65.07 (gt), 63.79 (ge), 56.55 (OMe), 56.43 (OMe), 56.39 (OMe), 56.36 (OMe); 

HRMS(ESI) calcd for m/z [M+NH4]+ = 518.2021, meas. 518.2025. 

7SS-pCA (155 mg, 90%), white foam: (50:50 erythro:threo) 1H NMR (acetone-d6) d 7.55 (d, J = 8.6 Hz, 

2H, 2C,t/6C,t), 7.49 (d, J = 8.5 Hz, 2H, 2C,e/6C,e), 7.48 (d, J = 16.3 Hz, 1H, 7t), 7.39 (d, J = 16.0 Hz, 1H, 

7e), 7.13 (s, 1H, ArOH), 7.11 (s, 1H, ArOH), 7.04 (t, J = 8.4 Hz, 1H, 1B), 7.03 (t, J = 8.4 Hz, 1H, 1B), 

6.92-6.86 (m, 4H, 3C,e/t/5C,e/t), 6.75 (s, 2H, 2A/6A), 6.73 (s, 2H, 2A/6A), 6.72-6.68 (m, 4H, 2B,e/t/6B,e/t), 

6.35 (d, J = 16.0 Hz, 1H, 8t), 6.21 (d, J = 16.0 Hz, 8e), 5.01-4.98 (m, 1H, at), 4.97-4.94 (m, 1H, ae), 4.63 

(d, J = 3.0 Hz, 1H, aOH), 4.61-4.57 (m, 1H, be), 4.49-4.43 (m, 2H, ge/t), 4.26-4.22 (m, 1H, bt), 4.22 (dd, 

J = 11.8, 3.4 Hz, 1H, ge), 4.04 (dd, J = 11.9, 4.2 Hz, 1H, gt), 3.85 (s, 12H, OMeB,e/t), 3.81 (s, 6H, OMeA), 

3.77 (s, 6H, OMeA); 13C NMR (acetone-d6) d 166.41 (9e), 166.27 (9t), 154.50 (3B), 154.04 (3B), 148.40 

(3A/5A), 148.34 (3A/5A), 145.31 (7t), 145.03 (7e), 137.78 (4B), 136.48 (4B), 136.27 (4A), 136.17 (4A), 

132.51 (1A), 132.48 (1A), 130.97 (2C,t/6C,t), 130.86 (2C,e/6C,e), 124.73 (1B,e/t), 115.90 (3C/5C), 115.71 

(3C/5C), 115.68 (8e), 115.51 (8t), 106.32 (2B/6B), 106.22 (2B/6B), 105.30 (2A,t/6A,t), 104.45 (2A,e/6A,e), 

86.99 (bt), 84.53 (be), 74.93 (at), 73.13 (ae), 65.07 (gt), 63.80 (ge), 56.55 (OMe), 56.42 (OMe), 56.39 

(OMe), 56.36 (OMe); HRMS(ESI) m/z calcd for [M+NH4]+ = 544.2178, meas. 544.2175. 

7SS-FA (112 mg, 72%), white foam: (50:50 erythro:threo) 1H NMR (acetone-d6) d 8.19 (s, 1H, ArOH), 

8.17 (s, 1H, ArOH), 7.46 (d, J = 16.0 Hz, 1H, 7t), 7.35 (d, J = 16.0 Hz, 1H, 7e), 7.33 (m, 1H, 2C,t), 7.26 

(d, J = 1.8 Hz, 1H, 2C,e), 7.16-7.11 (m, 3H, ArOHe/t, 6c,t), 7.09 (dd, J= 8.2, 1.8 Hz, 1H, 6C,e), 7.05 (t, J = 

8.4 Hz, 1H, 1B), 7.03 (t, J = 8.4 Hz, 1H, 1B), 6.87 (d, J = 8.2 Hz, 1H, 5C,t), 6.85 (d, J = 8.2 Hz, 1H, 5C,e), 

6.75 (s, 2H, 2A,t/6A,t), 6.73 (s, 2H, 2A,e/6A,e), 6.73-6.70 (m, 4H, 2B,e/t/6B,e/t), 6.39 (d, J = 15.9 Hz, 1H, 8t), 

6.24 (d, J = 15.9 Hz, 1H, 8e), 5.01-4.94 (m, 2H, ae/t), 4.65 (d, J = 2.8 Hz, 1H, aOH), 4.61-4.57 (m, 1H, 

be), 4.48-4.42 (m, 3H, aOH/ge/t), 4.24 (dd, J = 12.0, 3.7 Hz, 1H, ge), 4.25-4.21 (m, 1H, bt), 4.06 (dd, J = 

11.9, 4.0 Hz, 1H, gt), 3.93 (s, 3H, OMeC), 3.92 (s, 3H, OMeC), 3.85 (s, 12H, OMeB,e/t), (3.81 (s, 6H, 

OMeA), 3.77 (s, 6H, OMeA); 13C NMR (acetone-d6) d 167.15 (9e), 167.12 (9t), 154.53 (3B/5B), 154.01 

(3B/5B), 149.94 (4C), 148.69 (4C), 148.49 (3A/5A), 148.39 (3A/5A), 145.63 (7t), 145.33 (7e), 137.86 (4B), 

136.52 (4B), 136.25 (4A), 135.85 (4A), 131.93 (1A,t), 131.65 (1A,e), 127.43 (1C,e/t), 124.78 (1B), 124.76 

(1B), 123.89 (6C,t), 123.72 (6C,e), 116.04 (5C,e/t), 115.93 (8e), 115.75 (8t), 111.31 (2C,t), 111.24 (2C,e), 

106.31 (2B/6B), 106.27 (2B/6B), 105.30 (2A,t/6A,t), 104.43 (2A,e/6A,e), 87.07 (bt), 84.41 (be), 74.91 (at), 

73.13 (ae), 64.74 (gt), 63.48 (ge), 56.56 (OMeA), 56.51 (OMeA), 56.47 (OMeB), 56.43 (OMeB), 56.32 

(OMeC), 56.29 (OMeC); HRMS(ESI) m/z calcd for [M+NH4]+ = 574.2283, meas. 574.2264. 
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7SS-SA (193 mg, 89%), white foam: (40:60 erythro:threo) 1H NMR (acetone-d6) d 7.79 (s, 1H, ArOH), 

7.76 (s, 1H, ArOH), 7.42 (d, J = 15.9 Hz, 1H, 7t), 7.30 (d, J = 15.9 Hz, 1H, 7e), 7.13 (s, 1H, ArOHt), 7.11 

(s, 1H, ArOHe), 7.06 (t, J = 8.4 Hz, 1H, 1B,e), 7.05 (t, J = 8.4 Hz, 1H, 1B,t), 7.02 (s, 2H, 2C,t/6C,t), 6.94 (s, 

2H, 2C,e/6C,e), 6.76-6.71 (m, 8H, 2A,e/t/6A,e/t/2B,e/t/6B,e/t), 6.40 (d, J = 15.9 Hz, 1H, 8t), 6.25 (d, J = 15.9 Hz, 

1H, 8e), 5.00-4.95 (m, 2H, ae/t), 4.65 (d, J = 2.8 Hz, 1H, aOH), 4.60-4.56 (m, 1H, be), 4.47-4.41 (m, 2H, 

ge/t), 4.26 (dd, J = 11.7, 3.9 Hz, 1H, ge), 4.23-4.19 (m, 1H, bt), 4.07 (dd, J = 11.9, 4.0 Hz, 1H, gt), 3.90 (s, 

6H, OMeC,t), 3.89 (s, 6H, OMeC,e), 3.86 (s, 12H, OMeB,e/t), 3.81 (s, 6H, OMeA,e), 3.77 (s, 6H, OMeA,t); 
13C NMR (acetone-d6) d 167.09 (9e), 167.07 (9t), 154.54 (3B/5B), 154.02 (3B/5B), 148.91 (3C/5C), 148.89 

(3C/5C), 148.39 (3A,e/5A,e), 148.33 (3A,t/5A,t), 145.95 (7t), 145.65 (7e), 139.38 (4C,t), 139.16 (4C,e), 137.91 

(4B), 136.53 (4B), 136.27 (4A,t), 136.17 (4A,e), 131.89 (1A,e/t), 126.14 (1C,e/t), 124.76 (1B,e/t), 116.17 (8e), 

116.00 (8t), 106.74 (2C,t/6C,t), 106.61 (2C,e/6c,e), 106.32 (2B,t/6B,t), 106.28 (2B,e/6B,e), 105.33 (2A,t/6A,t), 

104.42 (2A,e/6A,e), 87.15 (bt), 84.41 (be), 75.01 (at), 74.90 (ae), 73.11 (gt), 73.00 (ge), 56.66 (OMeC,t), 

56.63 (OMeC,e), 56.56 (OMeA,e), 56.52 (OMeA,t), 56.47 (OMeB,e), 56.44 (OMeB,t); HRMS(ESI) m/z 

calcd for [M+NH4]+ = 604.2389, meas. 604.2381. 

7SS-Ac (143 mg, 79%), white foam: (50:50 erythro:threo) 1H NMR (acetone-d6) d 7.12 (s, 1H, ArOH), 

7.11 (s, 1H, ArOH), 7.05 (t, J = 8.4 Hz, 1H, 1B), 7.03 (t, J = 8.4 Hz, 1H, 1B), 6.74-6.69 (m, 6H, 

2A/t/6A,t/2B,e/t/6B,e/t), 6.68 (s, 2H, 2A,e/6A,e), 4.92-4.87 (m, 2H, ae/t), 4.59 (d, J = 3.1 Hz, 1H, aOH), 4.53-

4.49 (m, 1H, be), 4.40 (d, J = 3.8 Hz, 1H, aOH), 4.38-4.32 (m, 2H, ge/t), 4.20-4.16 (m, 1H, bt), 4.07 (dd, 

J = 11.8, 3.5 Hz, 1H, ge), 3.92 (dd, J = 11.9, 4.0 Hz, 1H, gt), 3.87 (s, 6H, OMeB,e), 3.85 (s, 6H, OMeB,t), 

3.80 (s, 6H, OMeA,e), 3.79 (s, 6H, OMeA,t), 1.96 (s, 3H, OAct), 1.86 (s, 3H, OAce); 13C NMR (acetone-

d6) d 170.82 (OAce), 170.74 (OAct), 154.53 (3B/5B), 153.97 (3B/5B), 148.42 (3A/5A), 148.31 (3A/5A), 

137.80 (4B,t), 136.37 (4A,e/t), 135.74 (4B,e), 131.91 (1A,t), 131.45 (1A,e), 124.82 (1B), 124.74 (1B), 106.36 

(2B/6B), 106.33 (2B/6B), 105.23 (2A,t/6A,t), 104.35 (2A,e/6A,e), 86.62 (bt), 84.11 (be), 74.51 (at), 72.82 (ae), 

64.69 (gt), 63.43 (ge), 56.54 (OMeA), 56.52 (OMeA), 56.49 (OMeB), 56.43 (OMeB), 20.71 (OAce), 20.67 

(OAct); HRMS(ESI) m/z calcd for [M+NH4]+ = 440.1916, meas. 440.1914. 

Procedure for the preparation of acetylated benzoic and cinnamic acids: p-Hydroxybenzoic, p-

coumaric, ferulic, and sinapic acids were acetylated by methods used previously.2,4,6 

Procedure for the preparation of deuteroacetylated benzoic and cinnamic acids: p-

Hydroxybenzoic, p-coumaric, ferulic, and sinapic acids were deuteroacetylated by methods used in pre-

viously.8 Sinapic acid (8.1 g, 36 mmol) was dissolved in pyridine (20 mL), after which acetic anhydride-

d6 (9.7 g, 90 mmol) was added to the mixture. The solution was allowed to stir at r.t. for 6 h, at which 
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point it was cooled to 0 °C. Absolute ethanol (20 mL) was added to the reaction mixture to cleave the 

mixed anhydride. After stirring the solution for 30 minutes, ice chips were added, followed by slow ad-

dition of 25 mL of conc. HCl. Yellow-white solids began to precipitate out of solution, and were collect-

ed via vacuum filtration through a class “M” sintered glass funnel. The solids were dried under high 

vacuum to afford deuteroacetylated sinapic acid 9SA in a yield of 9.30 g (96%): 1H NMR (acetone-d6) δ 

7.63 (d, J = 16.0 Hz, 1H, 7), 7.09 (s, 2H, 2/6), 6.57 (d, J = 16.0 Hz, 1H, 8), 3.88 (s, 6H, OMe); 13C NMR 

(acetone-d6) δ 168.44 (Ac-d3), 167.67 (9), 153.53 (3/5), 145.33 (7), 133.70 (1), 131.29 (4), 119.48 (8), 

105.77 (2/6), 56.60 (OMe); HRMS(ESI) m/z calcd for [M-H]- = 268.0906, meas. 268.0910. 

9pBA (1.66 g, 71%), white solid: 1H NMR (acetone-d6) δ 8.10-8.06 (m, 2H, 2/6), 7.29-7.25 (m, 2H, 3/5); 
13C NMR (acetone-d6) δ 169.35 (Ac-d3), 166.83 (7), 155.58 (4), 131.93 (2/6), 128.78 (1), 122.84 (3/5); 

HRMS(ESI) m/z calcd for [M-H]- = 182.0538, meas. 182.0539. 

9pCA (1.77g, 94%), white solid: 1H NMR (acetone-d6) δ 7.76-7.72 (m, 2H, 2/6), 7.68 (d, J = 16.0 Hz, 1H, 

7), 7.22-7.18 (m, 2H, 3/5), 6.52 (d, J = 16.0 Hz, 1H, 8); 13C NMR (acetone-d6) δ 169.51 (Ac-d3), 167.61 

(9), 153.37 (4), 144.43 (7), 133.02 (1), 130.13 (2/6), 123.26 (3/5), 119.28 (8); HRMS(ESI) m/z calcd for 

[M-H]- = 208.0695, meas. 208.0697. 

9FA (2.10 g, 99%), white solid: 1H NMR (acetone-d6) δ 7.65 (d, J = 16.0 Hz, 1H, 7), 7.47 (d, J = 1.8 Hz, 

1H, 2), 7.26 (dd, J = 8.2, 1.8 Hz, 1H, 6), 7.12 (d, J = 8.1 Hz, 1H, 5), 6.55 (d, J = 16.0 Hz, 1H, 8), 3.91 (s, 

3H, OMe); 13C NMR (acetone-d6) δ 168.87 (Ac-d3), 167.66 (9), 152.67 (3), 144.86 (7), 142.56 (4), 

134.34 (1), 124.12 (5), 122.09 (6), 119.38 (8), 112.36 (2), 56.37 (OMe); HRMS(ESI) m/z calcd for [M-

H]- = 238.0800, meas. 238.0804. 

Procedure for the sidechain saturation of cinnamic acids: Acetylated sinapic acid (666 mg, 2.5 

mmol) was dissolved in THF (50 mL). 5% w/w palladium on carbon (100 mg, 15% w/w) was charged 

to the flask, which was then put under positive pressure using a balloon filled with H2 gas. The mixture 

was stirred vigorously for three hours and filtered through Whatman 5 filter paper. The solids were 

rinsed with EtOAc (5 × 15 mL), and the resulting filtrate was concentrated under reduced pressure to 

afford 10DHSA (639 mg, 95%) as a colorless crystal: 1H NMR (acetone-d6) δ 6.65 (s, 2H, 2/6), 3.78 (s, 

6H, OMe), 2.87 (t, J = 7.8 Hz, 2H, 7), 2.64 (t, J = 7.8 Hz, 2H, 8), 2.20 (s, 3H, Ac); 13C NMR (acetone-

d6) δ 173.96 (9), 168.66 (Ac), 153.03 (3/5), 140.41 (1), 128.00 (4), 105.79 (2/6), 56.32 (OMe), 35.91 

(8), 32.02 (7), 20.28 (Ac); HRMS(ESI) m/z calcd for [M-H]- = 267.0874, meas. 267.0877. 

10DHpCA (2.97 g, 95%), colorless crystal: 1H NMR (acetone-d6) δ 7.29 (d, J = 8.6 Hz, 2H, 2/6), 7.02 (d, J 

= 8.5 Hz, 2H, 3/5), 2.91 (t, J = 7.6 Hz, 2H, 7), 2.62 (t, J = 7.6 Hz, 2H, 8), 2.23 (s, 3H, Ac); 13C NMR 
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(acetone-d6) δ 173.79 (9), 169.72 (Ac), 150.28 (4), 139.37 (1), 130.04 (2/6), 122.48 (3/5), 35.80 (8), 

30.83 (7), 20.95 (Ac); HRMS(ESI) m/z calcd for [M-H]- = 207.0663, meas. 207.0663. 

10DHFA (1.94 g, 93%), colorless crystal: 1H NMR (acetone-d6) δ 7.03 (d, J = 1.8 Hz, 1H, 2), 6.94 (d, J = 

8.0 Hz, 1H, 5), 6.83 (dd, J = 8.0, 1.9 Hz, 1H, 6), 3.80 (s, 3H, OMe), 2.90 (t, J = 7.8 Hz, 2H, 7), 2.63 (t, J 

= 7.8 Hz, 2H, 8), 2.21 (s, 3H, Ac); 13C NMR (acetone-d6) δ 173.90 (9), 169.07 (Ac), 152.07 (3), 140.85 

(1), 139.22 (4), 123.38 (5), 120.97 (6), 113.58 (2), 56.08 (OMe), 35.88 (8), 31.40 (7), 20.49 (Ac); 

HRMS(ESI) m/z calcd for [M-H]- = 237.0769, meas. 237.0770. 

Procedure for the sidechain saturation and deuteration of cinnamic acids: Deuteroacetylated p-

coumaric acid 9pCA (2.09 g, 10.0 mmol) was dissolved in THF (100 mL). 5% w/w palladium on carbon 

(300 mg, 15% w/w) was charged to the flask and put under positive pressure using a balloon filled with 

D2 gas. The mixture was allowed to stir at room temperature for 5 h, at which point it was filtered 

through Whatman 5 filter paper. The solids were rinsed with EtOAc (5 × 20 mL), and the filtrate was 

concentrated in vacuo to afford 10DDpCA (1.76 g, 86%) as a colorless crystal: 1H NMR (acetone-d6) δ 

7.30-7.27 (m, 2H, 2/6), 7.04-7.00 (m, 2H, 3/5), 2.93-2.87 (m, 1H, 7), 2.64-2.58 (m, 1H, 8); 13C NMR 

(acetone-d6) δ 173.85 (9), 169.74 (Ac-d3), 150.26 (4), 139.35 (1), 130.04 (2/6), 122.47 (3/5); 

HRMS(ESI) m/z calcd for [M-H]- = 212.0977, meas. 212.0980. 

10DDFA (1.72 g, 71%), colorless crystal: 1H NMR (acetone-d6) δ 7.03 (d, J = 1.8 Hz, 1H, 2), 6.93 (d, J = 

8.0 Hz, 1H, 5), 6.83 (dd, J = 8.0, 1.8 Hz, 1H, 6), 3.80 (s, 3H, OMe), 2.92-2.86 (m, 1H, 7), 2.65-2.59 (m, 

1H, 8); 13C NMR (acetone-d6) δ 173.88 (9), 169.10 (Ac-d3), 152.07 (3), 140.80 (1), 139.21 (4), 123.38 

(5), 120.97 (6), 113.58 (2), 56.08 (OMe); HRMS(ESI) m/z calcd for [M-H]- = 242.1082, meas. 

242.1086. 

10DDSA (2.56 g, 94%), colorless crystal: 1H NMR (acetone-d6) δ 6.65 (s, 2H, 2/6), 3.78 (s, 6H, OMe), 

2.91-2.84 (m, 1H, 7), 2.66-2.59 (m, 1H, 8); 13C NMR (acetone-d6) δ 173.93 (9), 168.68 (Ac-d3), 153.03 

(3/5), 140.36 (1), 127.99 (4), 105.79 (2/6), 56.32 (OMe); HRMS(ESI) m/z calcd for [M-H]- = 272.1188, 

meas. 272.1190. 

Procedure for the preparation of acid chlorides: Acid chlorides 11pBA-DHSA through 11DDpCA-DDSA 

were prepared as previously described and used directly in the acylation step.6 

Procedure for the preparation of monolignols: Monolignols coniferyl (12G) and sinapyl (12S) alco-

hols were synthesized as reported previously.6 
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Procedure for the preparation of γ,γ-dideuterated monolignols: Ferulic acid (3.68 g, 15.4 mmol) 

was dissolved in EtOAc (100 mL) with the aid of Et3N (3.43 mL, 24.6 mmol). The resulting mixture 

was cooled to 0 °C, at which point ClCO2Et (1.77 mL, 18.5 mmol) was charged to the flask. A white 

precipitate immediately formed. This slurry was allowed to stir for one hour and then filtered through a 

class “C” sintered glass funnel. To the filtrates were added MeOD (10 mL), DMF (1 mL), and NaBD4 

(1.29 g, 30.8 mmol). Reaction monitoring by TLC showed complete consumption of the starting materi-

al after three hours. 60 mL of 1 M HCl were added to the mixture to quench residual borodeuteride. Af-

ter separating the two phases, the aqueous phase was extracted with EtOAc (1 × 40 mL). The combined 

organics were washed with brine (1 × 40 mL) and dried over Na2SO4. The organics were removed in 

vacuo, and the crude oil was dissolved in DCM and purified by flash column chromatography on 100 g 

SiO2. The product was eluted using a gradient of EtOAc/n-hexanes, from 20% to 60% over 20 column 

volumes. 12G-d5 was obtained in a yield of 2.64 g (75%) as a colorless oil: 1H NMR (acetone-d6) δ 7.17 

(s, 1H, 2), 7.00-6.96 (m, 2H, 5/6), 6.60 (d, J = 16.0 Hz, 1H, α), 6.39 (d, J = 16.0 Hz, 1H, β), 3.84 (s, 3H, 

OMe); 13C NMR (acetone-d6) δ 169.04 (Ac-d3), 152.34 (3), 140.18 (4), 137.18 (1), 131.29 (β), 129.43 

(α), 123.66 (5), 119.46 (6), 110.84 (2), 56.13 (OMe); HRMS(ESI) m/z calcd for [M+Na]+ = 250.1098, 

meas. 250.1096. 

12S-d5 (3.21 g, 81%), 1H NMR (acetone-d6) δ 6.79 (s, 2H, 2/6), 6.58 (d, J = 15.9 Hz, 1H), 6.41 (d, J = 

15.9 Hz, 1H), 3.82 (s, 6H, OMe); 13C NMR (acetone-d6) δ 168.61 (Ac-d3), 153.27 (3/5), 136.58 (1), 

131.37 (β), 129.84 (α), 129.04 (4), 103.74 (2/6), 56.37 (OMe); HRMS(ESI) m/z calcd for [M+H]+ = 

258.1384, meas. 258.1380. 

Procedure for the synthesis of natural abundance monolignol conjugates: Natural abundance con-

jugates were synthesized according to the method outlined above (Figure 3). Monolignol acetates have 

been characterized previously.6 

13G-pBA (511 mg, 48%): 1H NMR (acetone-d6) δ 8.11 (d, J = 8.8 Hz, 2H, 2/6pBA), 7.31-7.25 (m, 3H, 

3/5pBA/2G), 7.07 (dd, J = 8.1, 1.8 Hz, 1H, 6G), 7.02 (d, J = 8.1 Hz, 1H, 5G), 6.82 (d, J = 15.9 Hz, 1H, α), 

6.53 (dt, J = 15.9 Hz, 6.2 Hz, β), 4.99 (dd, J = 6.2, 1.3 Hz, 2H, g), 3.85 (s, 3H, OMeG), 2.30 (s, 3H, Ac-

pBA), 2.23 (s, 3H, AcG); 13C NMR (acetone-d6) δ 169.30 (AcpBA), 168.94 (AcG), 165.82 (7), 155.71 

(4pBA), 152.46 (3G), 140.83 (4G), 136.25 (1G), 134.05 (α), 131.77 (2/6pBA), 128.55 (1pBA), 124.68 (β), 

123.80 (5G), 122.96 (3/5pBA), 120.06 (6G), 111.14 (2G), 66.02 (g), 56.21 (OMe), 20.99 (AcpBA), 20.48 

(AcG); HRMS(ESI) m/z calcd for [M+Na]+ = 407.1101, meas. 407.1097. 
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13S-pBA (808 mg, 65%): 1H NMR (acetone-d6) δ 8.10 (d, J = 8.8 Hz, 2H, 2/6pBA), 7.29 (d, J = 8.8 Hz, 2H, 

3/5pBA), 6.89 (s, 2H, 2/6S), 6.79 (d, J = 15.9 Hz, 1H, α), 6.54 (dt, J = 15.9, 6.2 Hz, 1H, β), 4.99 (dd, J = 

6.2, 1.3 Hz, 2H, g), 3.83 (s, 6H, OMeS), 2.30 (s, 3H, Ac), 2.22 (s, 3H, Ac); 13C NMR (acetone-d6) δ 

169.31 (AcpBA), 168.52 (AcS), 165.81 (1pBA), 155.72 (7), 153.36 (3/5S), 135.63 (1S), 134.45 (α), 131.77 

(2/6pBA), 129.65 (4S), 128.54 (4pBA), 124.79 (β), 122.97 (3/5pBA), 104.19 (2/6S), 65.98 (g), 56.44 (OMe), 

20.99 (AcpBA), 20.26 (AcS); HRMS(ESI) m/z calcd for [M+Na]+ = 437.1207, meas. 437.1200. 

13G-DHpCA (513 mg, 57%): 1H NMR (acetone-d6) δ 7.28 (d, J = 8.6 Hz, 2H, 2/6pCA), 7.21 (broad s, 1H, 

2G), 7.03-6.99 (m, 4H, 3/5pCA/5G/6G), 6.66 (d, J = 15.9 Hz, 1H, α), 6.34 (dt, J = 15.9, 6.2 Hz, 1H, β), 

4.71 (dd, J = 6.3, 1.2 Hz, 2H, g), 3.85 (s, 3H, OMe), 2.95 (t, J = 7.6 Hz, 2H, 7), 2.69 (t, J = 7.6 Hz, 2H, 

8), 2.23 (s, 3H, Ac), 2.22 (s, 3H, Ac); 13C NMR (acetone-d6) δ 172.69 (9), 169.72 (Ac), 168.95 (Ac), 

152.43 (3G), 150.33 (4pCA), 140.77 (4G), 139.10 (1pCA), 136.26 (1G), 133.73 (α), 130.09 (2/6pCA), 124.82 

(β), 123.78 (5G), 122.51 (3/5pCA), 119.99 (6G), 111.06 (2G), 65.22 (g), 56.20 (OMe), 36.24 (8), 30.86 (7), 

20.95 (Ac), 20.48 (Ac); HRMS(ESI) m/z calcd for [M+NH4]+ = 430.1860, meas. 430.1854. 

13S-DHpCA (448 mg, 49%): 1H NMR (acetone-d6) δ 7.28 (d, J = 8.6 Hz, 2H, 2/6pCA), 7.01 (d, J = 8.6 Hz, 

2H, 3/5pCA), 6.83 (s, 3H, 2/6S), 6.64 (d, J = 15.9 Hz, 1H, α), 6.36 (dt, J = 15.9, 6.2 Hz, 1H, β), 4.71 (dd, J 

= 6.3, 1.3 Hz, 2H, γ), 3.83 (s, 6H, OMe), 2.94 (t, J = 7.6 Hz, 2H, 7), 2.69 (t, J = 7.6 Hz, 2H, 8), 2.23 (s, 

3H, AcpCA), 2.22 (s, 3H, AcS); 13C NMR (acetone-d6) δ 172.69 (9), 169.72 (AcpCA), 168.52 (AcS), 

153.34 (3/5S), 150.33 (4pCA), 139.09 (1pCA), 135.65 (1S), 134.18 (α), 130.09 (2/6pCA), 129.60 (4S), 124.90 

(β), 122.52 (3/5pCA), 104.10 (2/6S), 65.21 (γ), 56.44 (OMe), 36.24 (8), 30.86 (7), 20.94 (AcpCA), 20.26 

(AcS); HRMS(ESI) m/z calcd for [M+Na]+ = 465.1520, meas. 465.1514. 

13G-DHFA (691 mg, 52%): 1H NMR (acetone-d6) δ 7.21 (s, 1H, 2G), 7.04-7.00 (m, 3H, 2FA/5G/6G), 6.93 

(d, J = 8.0 Hz, 1H, 5FA), 6.82 (dd, J = 8.0, 1.6 Hz, 1H, 6FA), 6.67 (d, J = 15.9 Hz, 1H, α), 6.35 (dt, J = 

15.9, 6.3 Hz, 1H, β), 4.72 (dd, J = 6.2, 1.1 Hz, 2H, γ), 3.85 (s, 3H, OMeG), 3.78 (s, 3H, OMeFA), 2.94 (t, 

J = 7.7 Hz, 2H, 7), 2.70 (t, J = 7.7 Hz, 2H, 8), 2.23 (s, 3H, AcG), 2.21 (s, 3H, AcFA); 13C NMR (acetone-

d6) δ 172.74 (9), 169.08 (AcG), 168.95 (AcFA), 152.44 (3FA), 152.10 (3G), 140.78 (4G), 140.58 (1FA), 

139.27 (4FA), 136.25 (1G), 133.75 (α), 124.83 (β), 123.78 (5G), 123.43 (5FA), 121.02 (6FA), 119.99 (6G), 

113.57 (2FA), 111.06 (2G), 65.25 (γ), 56.20 (OMe), 56.08 (OMe), 36.27 (8), 31.39 (7), 20.49 (Ac), 20.48 

(Ac); HRMS(ESI) m/z calcd for [M+NH4]+ = 460.1966, meas. 460.1958. 

13S-DHFA (1.08 g, 76%): 1H NMR (acetone-d6) δ 7.02 (d, J = 1.5 Hz, 1H, 2FA), 6.93 (d, J = 8.1 Hz, 1H, 

5FA), 6.84-6.80 (m, 3H, 2/6S/6FA), 6.65 (d, J = 15.9 Hz, 1H, α), 6.37 (dt, J = 15.9, 6.3 Hz, 1H, β), 4.72 

(dd, J = 6.2, 1.1 Hz, 2H, γ), 3.83 (s, 6H, OMeS), 3.78 (s, 3H, OMeFA), 2.94 (t, J = 7.6 Hz, 2H, 7), 2.70 (t, 
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J = 7.6 Hz, 2H, 8), 2.22 (s, 3H, AcS), 2.21 (s, 3H, AcFA); 13C NMR (acetone-d6) δ 172.74 (9), 169.08 

(AcFA), 168.53 (AcS), 153.34 (3/5S), 152.10 (3FA), 140.58 (1FA), 139.27 (4FA), 135.64 (1S), 134.18 (α), 

129.60 (4S), 124.91 (β), 123.43 (5FA), 121.02 (6FA), 113.57 (2FA), 104.10 (2/6S), 65.22 (γ), 56.43 (OMeS), 

56.09 (OMeFA), 36.27 (8), 31.39 (7), 20.49 (AcFA), 20.26 (AcS); HRMS(ESI) m/z calcd for [M+NH4]+ = 

490.2072, meas. 490.2063. 

13G-DHSA (322 mg, 20%): 1H NMR (acetone-d6) δ 7.21 (s, 1H, 2G), 7.04-6.99 (m, 2H, 5G/6G), 6.68 (d, J = 

15.9 Hz, 1H, α), 6.64 (s, 2H, 2/6SA), 6.36 (dt, J = 15.9, 6.3 Hz, 1H, β), 4.73 (dd, J = 6.3, 1.3 Hz, 2H, γ), 

3.85 (s, 3H, OMeG), 3.76 (s, 6H, OMeSA), 2.93 (t, J = 7.7 Hz, 2H, 7), 2.71 (t, J = 7.7 Hz, 2H, 8), 2.23 

(AcG), 2.20 (AcSA); 13C NMR (acetone-d6) δ 172.77 (9), 168.96 (AcG), 168.66 (AcSA), 153.05 (3/5SA), 

152.44 (3G), 140.78 (4G), 140.16 (1SA), 136.23 (1G), 133.76 (α), 128.04 (4SA), 124.83 (β), 123.78 (5G), 

119.99 (6G), 111.05 (2G), 105.78 (2/6SA), 65.27 (γ), 56.32 (OMeSA), 56.20 (OMeG), 36.28 (8), 31.99 (7), 

20.48 (AcG), 20.28 (AcSA); HRMS(ESI) m/z calcd for [M+NH4]+ = 490.2072, meas. 490.2065. 

13S-DHSA (1.17 g, 66%): 1H NMR (acetone-d6) δ 6.83 (s, 2H, 2/6S), 6.65 (d, J = 16.0 Hz, 1H, α), 6.64 (s, 

2H, 2/6SA), 6.37 (dt, J = 15.9, 6.2 Hz, 1H, β), 4.73 (dd, J = 6.2, 1.2 Hz, 2H, γ), 3.83 (s, 6H, OMeS), 3.76 

(s, 6H, OMeSA), 2.93 (t, J = 7.6 Hz, 2H, 7), 2.71 (t, J = 7.6 Hz, 2H, 8), 2.22 (s, 3H, Ac), 2.20 (s, 3H, Ac); 
13C NMR (acetone-d6) δ 172.77 (9), 168.66 (AcS), 168.53 (AcSA), 153.35 (3/5S), 153.05 (3/5SA), 140.15 

(1SA), 135.63 (1S), 134.18 (α), 129.61 (4S), 128.04 (4SA), 124.92 (β), 105.79 (2/6SA), 104.09 (2/6S), 65.24 

(γ), 56.43 (OMeS), 56.33 (OMeSA), 36.28 (8), 31.99 (7), 20.28 (Ac), 20.26 (Ac); HRMS(ESI) m/z calcd 

for [M+NH4]+ = 520.2177, meas. 520.2173. 

Procedure for the synthesis of octa/deca-deuterated monolignol conjugates: Deuterium-labeled 

monolignol conjugates were synthesized according to the method outlined above (Figure 3). 

13G-d8: 1H NMR (acetone-d6) d 7.23 (d, J = 1.1 Hz, 1H, 2), 7.05-6.99 (m, 2H, 5/6), 6.69 (d, J = 16.0 Hz, 

1H, a), 6.36 (d, J = 16.0 Hz, 1H, b), 3.85 (OMe); 13C NMR (acetone-d6) d 170.78 (gAc-d3), 168.98 

ArAc-d3), 152.44 (3), 140.75 (4), 136.27 (1), 133.77 (a), 124.77 (b), 123.78 (5), 119.96 (6), 111.05 (2), 

56.19 (OMe); HRMS(ESI) m/z calcd for [M+NH4]+ = 290.1838, meas. 290.1836. 

13S-d8: 1H NMR (acetone-d6) d 6.85 (s, 2H, 2/6), 6.67 (d, J = 15.9 Hz, 1H, a), 6.38 (d, J = 15.9 Hz, 1H, 

b), 3.83 (s, 6H, OMe); 13C NMR (acetone-d6) d 170.78 (gAc-d3), 168.55 (ArAc-d3), 153.34 (3/5), 

135.66 (1), 134.19 (a), 129.58 (4), 124.86 (b), 104.09 (2/6), 56.43 (OMe); HRMS(ESI) m/z calcd for 

[M+NH4]+ = 320.1944, meas. 320.1942. 
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13G-pBA-d8: 1H NMR (acetone-d6) d 8.10 (d, J = 8.8 Hz, 2H, 2/6pBA), 7.31-7.26 (m, 3H, 3/5pBA/2G), 7.07 

(dd, J = 8.1, 1.6 Hz, 1H, 6G), 7.02 (d, J = 8.2 Hz, 1H, 6G), 6.82 (d, J = 16.0 Hz, 1H, a), 6.51 (d, J = 15.9 

Hz, 1H, b), 3.85 (s, 3H, OMe); 13C NMR (acetone-d6) d 169.33 (Ac-d3), 168.97 (Ac-d3), 165.83 (9), 

155.69 (4pBA), 152.45 (3G), 140.81 (4G), 136.23 (1G), 134.20 (a), 131.76 (2/6pBA), 128.55 (1pBA), 124.54 

(b), 123.79 (5G), 122.95 (3/5pBA), 120.06 (6G), 111.13 (2G), 56.20 (OMeG); HRMS(ESI) m/z calcd for 

[M+NH4]+ = 410.2049, meas. 410.2048. 

13S-pBA-d8: 1H NMR (acetone-d6) d 8.10 (d, J = 8.6 Hz, 2H, 2/6pBA), 7.29 (d, J = 8.6 Hz, 2H, 3/5pBA), 6.89 

(s, 2H, 2/6S), 6.79 (d, J = 15.9 Hz, 1H, a), 6.53 (d, J = 15.9 Hz, 1H, b), 3.83 (s, 6H, OMe); 13C NMR 

(acetone-d6) d 169.34 (Ac-d3), 168.54 (Ac-d3), 165.83 (9), 155.71 (4pBA), 153.36 (3/5S), 135.62 (1S), 

134.60 (a), 131.76 (2/6pBA), 129.64 (1S), 128.55 (1pBA), 124.65 (b), 122.97 (3/5pBA), 104.19 (2/6S), 

56.44 (OMe); HRMS(ESI) m/z calcd for [M+NH4]+ = 440.2155, meas. 440.2155. 

13G-DDpCA-d10: 1H NMR (acetone-d6) d 7.28 (d, J = 8.5 Hz, 2H, 2/6pCA), 7.21 (s, 1H, 2G), 7.03-6.99 (m, 

4H, 3/5pCA/5G/6G), 6.67 (d, J = 15.9 Hz, 1H, a), 6.33 (d, J = 15.9 Hz, 1H, b), 3.85 (s, 3H, OMe), 2.96-

2.90 (m, 1H, 7), 2.70-2.64 (m, 1H, 8); 13C NMR (acetone-d6) d 172.70 (9), 169.75 (Ac-d3), 168.98 (Ac-

d3), 152.43 (3G), 150.31 (4pCA), 140.76 (4G), 139.12-139.00 (m, 1pCA), 136.25 (1G), 133.87 (a), 130.08 

(2/6pCA), 124.69 (b), 123.78 (5G), 122.51 (6G), 119.99 (3/5pCA), 111.06 (2G), 56.20 (OMe); HRMS(ESI) 

m/z calcd for [M+NH4]+ = 440.2488, meas. 440.2476. 

13S-DDpCA-d10: 1H NMR (acetone-d6) d 7.28 (d, J = 8.4 Hz, 2H, 2/6pCA), 7.01 (d, J = 8.5 Hz, 2H, 3/5pCA), 

6.83 (s, 2H, 2/6S), 6.65 (d, J = 15.9 Hz, 1H, a), 6.35 (d, J = 15.9 Hz, 1H, b), 3.83 (s, 6H, OMe), 2.97-

2.90 (m, 1H, 7), 2.71-2.64 (m, 1H, 8); 13C NMR (acetone-d6) d 172.70 (9), 169.76 (Ac-d3), 168.55 (Ac-

d3), 153.34 (3/5S), 150.32 (4pCA), 139.09 (1pCA), 135.64 (1S), 134.33 (a), 130.08 (2/6pCA), 129.59 (1S), 

124.77 (b), 122.52 (3/5pCA), 104.10 (2/6S), 56.43 (OMe); HRMS(ESI) m/z calcd for [M+NH4]+ = 

470.2594, meas. 470.2578. 

13G-DDFA-d10: 1H NMR (acetone-d6) d 7.21 (broad s, 1H, 2FA), 7.04-6.99 (m, 3H, 2G/6G/5FA), 6.93 (d, J = 

8.1 Hz, 1H, 5G), 6.82 (dd, J = 8.0, 1.8 Hz, 1H, 6FA), 6.67 (d, J = 15.9 Hz, 1H, 7), 6.34 (d, J = 15.9 Hz, 

1H, 8), 3.85 (s, 3H, OMeFA), 3.78 (s, 3H, OMeG), 2.96-2.89 (m, 1H, 7), 2.72-2.65 (m, 1H, 8); 13C NMR 

(acetone-d6) d 172.76 (9), 169.11 (Ac-d3), 168.98 (Ac-d3), 152.43 (3FA), 152.09 (3G), 140.77 (4FA), 

140.54 (1FA), 139.26 (4G), 136.24 (1G), 133.89 (7), 124.70 (8), 123.78 (5FA), 123.42 (5G), 121.01 (6FA), 

119.99 (6G), 113.56 (2G), 111.06 (2FA), 56.20 (OMeFA), 56.08 (OMeG); HRMS(ESI) m/z calcd for 

[M+NH4]+ = 470.2594, meas. 470.2578. 
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13S-DDFA-d10: 1H NMR (acetone-d6) d 7.01 (d, J = 1.6 Hz, 1H, 2FA), 6.93 (d, J = 8.1 Hz, 1H, 5FA), 6.83 (s, 

2H, 2/6S), 6.83-6.80 (m, 1H, 6FA), 6.65 (d, J = 15.9 Hz, 1H, a), 6.36 (d, J = 15.9 Hz, 1H, b), 3.83 (s, 6H, 

OMeS), 3.78 (s, 3H, OMeFA), 2.96-2.89 (m, 1H, 7), 2.72-2.65 (m, 1H, 8); 13C NMR (acetone-d6) d 

172.76 (9), 169.11 (Ac-d3), 168.56 (Ac-d3), 153.34 (3/5S), 152.09 (3FA), 140.54 (1FA), 139.26 (4FA), 

135.63 (1S), 134.33 (a), 129.60 (4S), 124.78 (b), 123.43 (5FA), 121.02 (6FA), 113.57 (2FA), 104.10 (2/6S), 

56.43 (OMeS), 56.09 (OMeFA); HRMS(ESI) m/z calcd for [M+NH4]+ = 500.2699, meas. 500.2684. 

13G-DDSA-d10: 1H NMR (acetone-d6) d 7.21 (s, 1H, 2G), 7.04-7.00 (m, 2H, 5G/6G), 6.68 (d, J = 16.0 Hz, 

1H, a), 6.63 (s, 2H, 2/6SA), 6.35 (d, J = 15.9 Hz, 1H, b), 3.85 (s, 3H, OMeG), 3.76 (s, 6H, OMeSA), 2.94-

2.88 (m, 1H, 7), 2.72-2.66 (m, 1H, 8); 13C NMR (acetone-d6) d 172.79 (9), 168.99 (Ac-d3), 168.69 (Ac-

d3), 153.05 (3/5SA), 152.44 (3G), 140.78 (4G), 140.12 (1SA), 136.23 (1G), 133.91 (a), 128.03 (4SA), 

124.71 (b), 123.79 (5G), 119.99 (6G), 111.05 (2G), 105.78 (2/6SA), 56.32 (OMeSA), 56.20 (OMeG); 

HRMS(ESI) m/z calcd for [M+NH4]+ = 500.2699, meas. 500.2683. 

13S-DDSA-d10: 1H NMR (acetone-d6) d 6.83 (s, 2H, 2/6S), 6.65 (d, J = 18.0 Hz, 1H, a), 6.63 (s, 2H, 2/6SA), 

6.36 (d, J = 15.9 Hz, 1H, b), 3.83 (s, 6H, OMeS), 3.76 (s, 6H, OMeSA), 2.94-2.88 (m, 1H, 7), 2.73-2.66 

(m, 1H, 8); 13C NMR (acetone-d6) d 172.79 (9), 168.69 (OAc-d3), 168.56 (OAc-d3), 153.34 (3/5S), 

153.05 (3/5SA), 140.12 (1SA), 135.62 (1S), 134.33 (a), 129.60 (4S), 128.03 (4SA), 124.79 (b), 105.78 

(2/6SA), 104.09 (2/6S), 56.43 (OMeS), 56.32 (OMeSA), 36.18-35.71 (m, 8), 31.88-31.33 (m, 7); 

HRMS(ESI) m/z calcd for [M+NH4]+ = 530.2805, meas. 530.2796. 
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Figure S1 A) Acetylation of hydroxyl units and bromination of benzylic positions by AcBr/HOAc (derivatization) and two-electron 
reductive cleavage via Zn/HOAc in the DFRC method. Optimization of reaction kinetics was performed on extract-free corn stover. B) 
Product yields as a function of bromination time. C) Product yields as a function of Zn reduction time. Average values of G, S, and S-
DHpCA are reported in terms of mg/g (top) or mmol/g (bottom) of corn stover cell wall, with error bars corresponding to a sample size of 
n = 3. Back-ground color in graph corresponds to “optimized” bromination time (~2.5 h) used for all Zn reduction trials. Kinetic data for 
the final acet-ylation step are not included here, as any remaining alcohols are acetylated almost immediately after the addition of acetic 
anhydride and pyridine.
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Table S1. Chromatography program for GC/MS/MS characterization of DFRC product mix. 
Gas Chromatograph GC-2010 Plus 

Inlet 
250 °C 
Split liner with glass wool (Shimadzu 220-90784-00) 
Split injection (20:1) 

Column 
RXi-5Sil MS 30 m x 0.25 mmx 0.25 µm (Restek 13623) 
Helium carrier gas 
Constant linear velocity 45.0 cm/sec 

Oven Program 
150 °C, hold 1 minute, ramp 10 °C/minute to 300 °C, hold 29.0 minutes 
MS interface 300 °C 
Analysis time 45.0 minutes 

Mass Spectrometer GCMS-TQ8030 

Ion Source 300 °C 
Electron ionization (EI) mode, 70 eV 

Operation Mode 
Multiple Reaction Monitoring (MRM) 
Argon gas, 200 kPa 
Q1 resolution 0.8 u (Unit), Q3 resolution 0.8 u (Unit) 

Detector Electron multiplier 
0.97 kV 
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Table S2. MRM parameters for GC/MS/MS characterization of DFRC product mix. 
Compound Name Retention 

Time (min) 
Transition 

1 
CE 
1 

Rel. 
Int. 

Transition 
2 

CE 
2 

Rel. 
Int. 

Transition 
3 

CE 
3 

Rel. 
Int. 

Transition 
4 

CE 
4 

Rel. 
Int. 

4-acetoxycoumaryl acetate 
(H-Ac)

cis: 6.07    
trans: 6.63 

234→192 11 100 234→150 20 38 234→149 20 35 

4-acetoxyconiferyl acetate 
(G-Ac)

cis: 7.42  
trans: 8.21 

264→222 15 100 264→179 20 72 264→124 26 32 

4-acetoxysinapyl acetate
(S-Ac)

cis: 8.89  
trans: 9.78 

294→252 15 100 294→161 25 15 294→149 26 15 

4-acetoxyconiferyl p-
acetoxybenzoate (G-pB) 

cis: 15.52 
trans: 16.56 

342→121 10 100 342→163 15 168 342→179 5 191 

4-acetoxysinapyl p-acetoxy-
benzoate (S-pB) 

cis: 16.48 
trans: 17.91 

372→121 10 100 372→163 15 165 372→209 10 162 

4-acetoxyconiferyl 7,8-
dihydro-p-acetoxycoumarate 
(G-DHpCA)

cis: 16.70  
trans: 17.30 

370→131 22 100 370→179 10 27 370→163 14 76 370→107 30 24 

4-acetoxysinapyl 7,8-
dihydro-p-acetoxycoumarate 
(S-DHpCA)

cis: 17.86  
trans: 18.71 

400→161 18 100 400→193 14 63 400→149 18 57 400→107 30 49 

4-acetoxyconiferyl 7,8-
dihydro-4-acetoxyferulate 
(G-DHFA)

cis: 18.07 
trans: 18.51 

400→163 14 100 400→131 26 86 358→163 10 90 358→131 26 77 

4-acetoxysinapyl 7,8-
dihydro-4-acetoxyferulate 
(S-DHFA) 

cis: 18.93 
trans: 20.22 

430→161 26 100 430→193 14 89 388→161 22 120 388→193 10 147 

4-acetoxyconiferyl 7,8-
dihydro-4-acetoxysinapate 
(G-DHSA)

cis: 19.71 
trans: 21.21 

430→163 14 100 430→225 14 158 388→131 26 84 388→225 6 89 

4-acetoxysinapyl 7,8-
dihydro4-acetoxysinapate
(S-DHSA)

cis: 21.75 
trans: 23.36 

460→161 26 100 460→418 10 143 418→193 10 250 418→161 22 212 

γ,γ-dideutero-4-(d3-acetoxy)-
coumaryl-d3-acetate (H-d8) 

trans: 6.51 242→198 11 100 242→152 20 35 242→154 20 25 

γ,γ-dideutero-4-(d3-acetoxy)-
coniferyl d3-acetate (G-d8) 

trans: 8.11 272→228 15 100 272→182 20 66 272→126 26 17 

γ,γ-dideutero-4-(d3-acetoxy)-
sinapyl d3-acetate (S-d8) 

trans: 9.70 302→258 15 100 302→163 25 20 302→151 26 12 

γ,γ-dideutero-4-(d3-acetoxy)-
coniferyl p-(d3-acetoxy)-
benzoate (G-pB-d8) 

trans: 16.49 348→122 5 100 348→166 15 86 348→182 10 1 

γ,γ-dideutero-4-(d3-acetoxy)-
sinapyl p-(d3-acetoxy)-
benzoate (S-pB-d8) 

trans: 17.83 378→122 5 100 378→166 15 88 378→212 10 1 

γ,γ-dideutero-4-(d3-acetoxy)-
coniferyl 7,8-dideutero-p-
(d3-acetoxy)coumarate 
(G-DDpCA-d10) 

trans: 17.21 377→133 22 100 377→182 10 31 377→166 14 69 377→109 30 16 

γ,γ-dideutero-4-(d3-acetoxy)-
sinapyl 7,8-dideutero p-(d3-
acetoxy)coumarate (S-
DDpCA-d10) 

trans: 18.60 407→163 18 100 407→196 14 60 407→151 18 50 407→109 30 33 

γ,γ-dideutero-4-(d3-acetoxy)-
coniferyl 7,8-dideutero-4-
(d3-acetoxy)ferulate 
(G-DDFA-d10) 

trans: 18.40 408→166 14 100 408→133 26 82 364→166 10 65 364→133 26 55 

γ,γ-dideutero-4-(d3-acetoxy)-
sinapyl 7,8-dideutero-4-(d3-
acetoxy)ferulate 
(S-DDFA-d10) 

trans: 20.10 437→163 26 100 437→196 14 99 393→164 10 52 393→196 5 40 

γ,γ-dideutero-4-(d3-acetoxy)-
coniferyl 7,8-dideutero-4-
(d3-acetoxy)sinapate (G-
DDSA-d10) 

trans: 20.53 437→166 14 100 437→133 14 9 393→133 26 68 393→227 6 69 

γ,γ-dideutero-4-(d3-acetoxy)-
sinapyl 7,8-dideutero-4-(d3-
acetoxy)sinapate (S-DDSA-
d10) 

trans: 22.84 467→164 26 100 467→423 5 64 423→196 5 67 423→164 15 142 
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Table S3. MRM parameters for GC/MS quantitation of DFRC product mix. 
Compound Name Retention 

Time (min) 
Target ion Rel. 

Int. 
Reference 

ion 1 
Rel. 
Int. 

Reference 
ion 2 

Rel. 
Int. 

Reference 
ion 3 

Rel. 
Int. 

4-acetoxycoumaryl acetate (H-Ac) cis: 6.07    
trans: 6.63 

234 100 150 38 149 35   

4-acetoxyconiferyl acetate (G-Ac) cis: 7.42  
trans: 8.21 

264 100 179 72 124 32   

4-acetoxysinapyl acetate (S-Ac) cis: 8.89  
trans: 9.78 

294 100 161 15 149 15   

4-acetoxyconiferyl p-acetoxybenzoate (G-pB) cis: 15.52 
trans: 16.56 

342 100 163 168 179 191   

4-acetoxysinapyl p-acetoxybenzoate (S-pB) cis: 16.48 
trans: 17.91 

372 100 163 165 209 162   

4-acetoxyconiferyl 7,8-dihydro-p-acetoxycoumarate 
(G-DHpCA) 

cis: 16.70  
trans: 17.30 

370 100 179 27 163 76 107 24 

4-acetoxysinapyl 7,8-dihydro-p-acetoxycoumarate 
(S-DHpCA) 

cis: 17.86  
trans: 18.71 

400 100 193 63 149 57 107 49 

4-acetoxyconiferyl 7,8-dihydro-4-acetoxyferulate 
(G-DHFA) 

cis: 18.07 
trans: 18.51 

400 100 131 86 163 90 358 77 

4-acetoxysinapyl 7,8-dihydro-4-acetoxyferulate 
(S-DHFA) 

cis: 18.93 
trans: 20.22 

430 100 193 89 161 120 388 147 

4-acetoxyconiferyl 7,8-dihydro-4-acetoxysinapate 
(G-DHSA) 

cis: 19.71 
trans: 21.21 

430 100 225 158 131 84 388  89 

4-acetoxysinapyl 7,8-dihydro-4-acetoxysinapate 
(S-DHSA) 

cis: 21.75 
trans: 23.36 

460 100 418 143 193 250 161 212 

γ,γ-dideutero-4-(d3-acetoxy)coumaryl-d3-acetate 
(H-d8) 

trans: 6.51 242 100 152 35 154 25   

γ,γ-dideutero-4-(d3-acetoxy)coniferyl d3-acetate 
(G-d8) 

trans: 8.11 272 100 182 66 126 17   

γ,γ-dideutero-4-(d3-acetoxy)sinapyl d3-acetate 
(S-d8) 

trans: 9.70 302 100 163 20 151 12   

γ,γ-dideutero-4-(d3-acetoxy)coniferyl p-(d3-
acetoxy)benzoate (G-pB-d8) 

trans: 16.49 348 100 166 86 182 1   

γ,γ-dideutero-4-(d3-acetoxy)sinapyl p-(d3-acetoxy)-
benzoate (S-pB-d8) 

trans: 17.83 378 100 166 88 212 1   

γ,γ-dideutero-4-(d3-acetoxy)coniferyl 7,8-dideutero-
p-(d3-acetoxy)coumarate (G-DDpCA-d10) 

trans: 17.21 377 100 182 31 166 69 109 16 

γ,γ-dideutero-4-(d3-acetoxy)sinapyl 7,8-dideutero p-
(d3-acetoxy)coumarate (S-DDpCA-d10) 

trans: 18.60 407 100 196 60 151 50 109 33 

γ,γ-dideutero-4-(d3-acetoxy)coniferyl 7,8-dideutero-
4-(d3-acetoxy)ferulate (G-DDFA-d10) 

trans: 18.40 408 100 133 82 166 65 364 55 

γ,γ-dideutero-4-(d3-acetoxy)sinapyl 7,8-dideutero-
4-(d3-acetoxy)ferulate (S-DDFA-d10) 

trans: 20.10 437 100 196 99 164 52 393 40 

γ,γ-dideutero-4-(d3-acetoxy)coniferyl 7,8-dideutero-
4-(d3-acetoxy)sinapate (G-DDSA-d10) 

trans: 20.53 437 100 133 9 393 68 227 69 

γ,γ-dideutero-4-(d3-acetoxy)sinapyl 7,8-dideutero-
4-(d3-acetoxy)sinapate (S-DDSA-d10) 

trans: 22.84 467 100 423 64 196 67 164 142 
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