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General Procedures 
 
 Anhydrous solvents and reagents were purchased from commercial vendors and 
were used as received.  Flash chromatography was performed with Merck 60 grade silica 
gel, and preparative-scale HPLC was performed with a C8 or C18 reverse phase column, 
eluting with water-acetonitrile with 0.1% TFA added. 
 1H NMR were acquired at 400 MHz at Sunesis Pharmaceuticals, Inc, 13C NMR 
were acquired at 100 MHz at Acorn NMR, Pleasanton, CA.  High resolution mass 
spectral analysis was performed at UC Berkeley, Berkeley, CA. 
  
 
Improved Procedure for Synthesis of Compounds 2a-2b. 
 
 To a solution of 1a or 1b (7 mmol) in 100 mL dry CH2Cl2 was added pyridine (10 
mL).  The solution was cooled to -78 oC under N2 and stirred for 15 min, and bromine 
(2.5 eq) in dry CH2Cl2 (to 1.0 M) was added dropwise over 30 min.  The solution was 
allowed to warm to 0 oC over 2 h, and then quenched by the addition of 50 mL 10 mM 
sodium thiosulfate in H2O.  The organic phase was separated, washed 3x 75 mL 10% 
NaHSO4, 1x 100 mL sat. NaCl, dried on MgSO4, and evaporated in vacuo.  Flash 
chromatography (1:1 EtOAc:hexanes) afforded the product as a white solid.  Spectral 
characteristics of 2a and 2b were identical to those in reference 9.  2a: 46% (70% based 
on recovered s.m.), 2b: 55% (58% based on recovered s.m.) 
 
Synthesis of coumarin thioacid 5. 
 
 A 25 mL round bottom flask was charged with 771.7 mg (4.058 mmol) of 
coumarin-3-carboxylate and 10 mL SOCl2 added under inert atmosphere.  The solution 
was heated to reflux (~80 oC) for 2 h, cooled, and evaporated in vacuo.  The white 
residue was taken up in 10 mL dry CH2Cl2 and added dropwise via addition funnel, to a 
solution of NaSH•H2O (456.3 mg, 6.160 mmol) in 10 mL MeOH (0 oC).  The solution is 
stirred for 10 min on ice, then warmed to RT and stirred for 30 min, evaporated, and 
redissolved in 50 mL H2O.  The aqueous solution is acidified to pH 3 with 10 M HCl and 
extraced 3x 50 mL CH2Cl2.  The organic phases were combined, dried on MgSO4, and 
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evaporated in vacuo.  Flash chromatography (2:100 MeOH:CH2Cl2) afforded the product 
(375.4 mg, 1.822 mmol) as a yellow solid. 
 
General Procedure for Synthesis of Compounds 3a-3l and 6 (for characterization) 
 
 To a solution of 2a or 2b (10-100 mg) in CH2Cl2 (to 0.1 M) was added the 
nucleophile (1.05 eq).  The solution was stirred at room temperature for 15 min, and then 
evaporated.  Products were purified by RP-HPLC (0-90% CH3CN + 0.1% TFA).  
Fractions containing product were concentrated to remove acetonitrile, and then NaOH 
added to neutralize the aqueous solution (except with compounds 3f and 3j which were 
untreated).  The aqueous solutions were extracted 3x with CH2Cl2, and the organic phases 
were combined, dried on MgSO4, and evaporated in vacuo to give the products, generally 
as white solids or clear oils. 

 
Compound Yield 

3a 47.0% 
3b 55.2% 
3c 61.1% 
3d 52.7% 
3e 43.8% 
3f 60.2% 
3g 82.8% 
3h 60.3% 
3i 61.4% 
3j 90.8% 
3k 64.0% 
3l 65.3% 

 
 
General Procedure for Analysis of Reaction Selectivity (Reaction of 1b and 2b to 
give products 3a-3l) 
 
 To a solution of 1b or 2b (1-10 mg) in 4:1 MeOH:buffer (50 mM HEPES, 100 
mM NaCl, 1 mM EDTA, pH 7.0) was added the nucleophile (1.05 eq).  The solution was 
monitored by RP-LCMS for formation of the adduct. 
 For reactions involving compound 2b, a reaction was judged to have taken place 
if less than 5% of the starting material remained and more than 95% of product 3a-3l was 
present after 24 h (note that the nucleophiles reported in this paper generally gave 
quantitative conversion in less than 10 min). 
 For reactions involving compound 1b, a reaction was judged to have taken place 
if more than 5% of the adduct forms in 24 h or if less than 95% of the starting material 
remained after 24 h.
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Compound 3a
Chemical Formula: C24H28N2O6S2

Exact Mass: 504.1389  
Compound 3a.  1HNMR (400 MHz, CDCl3) δ 1.06 (m, 6H), 2.34 (m, 1H), 2.93 (dd, 
J=8.3, 14.1 Hz, 1H), 3.40 (dd, J=2.9, 14.2 Hz, 1H), 3.76 (s, 3H), 4.34 (m, 1H), 4.56 (dd, 
J=4.9, 8.4 Hz, 1H), 5.11 (s, 2H), 6.35 (d, J=6.8 Hz, 1H), 7.34 (m, 5H), 7.51 (t, J=7.8, 2H), 
7.67 (m, 1H), 8.02 (m, 2H), 8.16 (d, J=7.8 Hz, 1H).  13CNMR (100 MHz, CDCl3) δ 
17.80, 19.25, 30.82, 42.62, 52.24, 53.81, 58.21, 67.04, 128.0, 128.16, 128.23, 128.59, 
129.08, 134.72, 135.24, 136.26, 155.74, 169.75, 171.92, 193.56. MH+ predicted for 
C24H28N2O6S2: 505.1462, found: 505.1480. 
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Compound 3b (1:1 d.r.)
Chemical Formula: C20H31N2O7PS2

Exact Mass: 506.1310  
Compound 3b.  1HNMR (400 MHz, CDCl3) δ 0.97 (m, 6H), 1.31 (t, 1.5 H, J=7.4 Hz), 
1.40 (t, 1.5 H, J=6.9 Hz), 1.93 (m, 3H), 2.23 (m, 1H), 3.06 (m, 1H), 3.21 (m, 0.5 H), 3.42 
(m, 0.5 H), 3.74 (s, 3H), 4.05-4.35 (m, 2H), 4.48 (m, 1H), 4.70 (m, 1H), 4.85 (m, 1H), 
5.15 (m, 2H), 6.14 (d, 0.5 H, J=7.4 Hz), 6.84 (d, 0.5 H, J=7.8 Hz), 7.37 (m, 5H), 7.92 (d, 
0.5 H, J=8 Hz), 8.55 (d, 0.5 H, J=8 Hz).  13CNMR (100 MHz, CDCl3) δ 16.24, 16.30, 
16.40, 15.45, 17.76, 17.92, 18.23, 19.11, 19.31, 30.75, 30.84, 42.37, 43.19, 52.07, 52.17, 
53.08, 54.30, 58.00, 58.07, 62.88, 62.96, 63.39, 63.45, 67.04, 67.13, 128.08, 128.12, 
128.25, 128.61, 136.32, 170.20, 171.93.  MH+ predicted for C20H31N2O7PS2: 507.1383, 
found: 507.1381. 
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Compound 3c
Chemical Formula: C24H27N3O6S2

Exact Mass: 517.1341  
Compound 3c.  1HNMR (400 MHz, CDCl3) δ 1.00 (m, 6H), 2.27 (m, 1H), 3.08 (dd, 1H, 
J=5.8, 14.2 Hz), 3.75 (s, 3H), 3.87 (dd, 1H, J=3.9, 14.2 Hz), 4.54 (m, 1H), 4.72 (m, 1H), 
5.10 (d, 1H, J=11.7 Hz), 5.20 (d, 1H, J=12.2 Hz), 7.1-7.5 (m, 9H), 7.95 (m, 2H).  
13CNMR (100 MHz, CDCl3) δ 18.03, 19.19, 31.07, 44.41, 52.27, 54.14, 58.01, 67.48, 
110.47, 119.08, 124.84, 128.23, 128.42, 128.53, 128.69, 136.09, 140.68, 152.69, 156.99, 
166.11, 170,40, 171.86.  MH+ predicted for C24H27N3O6S2: 518.1414, found: 518.1426. 
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Com pound 3d
Chemical Formula: C24H27N3O5S3

Exact Mass: 533.1113  
Compound 3d.  1HNMR (400 MHz, CDCl3) δ 0.91 (m, 6H), 2.18 (m, 1H), 3.27 (dd, 1H, 
J=4.8, 14.1 Hz), 3.6-3.7 (m, 4H), 4.54 (m, 1H), 4.70 (m, 1H), 5.0-5.1 (m, 2H), 7.16 (d, 
1H, J=4.1 Hz), 7.34 (m, 8H), 7.77 (s, 1H), 7.91 (s, 1H).  13CNMR (100 MHz, CDCl3) δ 
17.88, 19.02, 31.23, 43.24, 52.33, 54.50, 57.72, 67.49, 121.34, 122.28, 125.04, 126.46, 
128.38, 128.53, 128.67, 136.03, 153.55, 156.71, 169.97, 170.04, 171.90. MH+ predicted 
for C24H27N3O5S3: 534.1186, found: 534.1181. 
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Compound 3e
Chemical Formula: C21H26N4O5S2

Exact Mass: 478.1345  
Compound 3e.  1HNMR (400 MHz, CDCl3) δ 0.96 (m, 6H), 2.22 (m, 1H), 2.94 (dd, 1H, 
5.4, 13.7 Hz), 3.76 (s, 3H), 3.83 (dd, 1H, J=3.9, 14.1 Hz), 4.54 (m, 2H), 5.15 (m, 2H), 
6.97 (m, 1H), 7.37 (m, 5H), 7.71 (m, 1H), 8.17 (m, 1H), 8.55 (d, 2H, J=4.9 Hz). 13CNMR 
(100 MHz, CDCl3) δ 17.98, 19.12, 31.27, 44.81, 52.29, 53.99, 57.75, 67.45, 118.04, 
126.49, 126.71, 136.15, 156.78, 157.95, 170.42, 171.99, 172.20. MH+ predicted for 
C21H26N4O5S2: 479.1417, found: 479.1411. 
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Compound 3f
Chemical Formula: C23H27N3O 7S2

Exact Mass: 521.1290  
Compound 3f.  1HNMR (400 MHz, CDCl3) δ 0.96 (m, 6H), 2.23 (m, 1H), 3.11 (dd, 1H, 
J=5.9, 14.2 Hz), 3.58 (dd, 1H, J=4.4, 13.7 Hz), 3.76 (s, 3H), 4.5-4.7 (m, 2H), 5.16 (m, 
2H), 7.2-7.4 (m, 5H), 7.51 (d, 1H, J=8.3 Hz), 7.65 (m, 1H), 7.85 (m, 1H), 7.9-8.3 (br, 
1H), 8.15 (d, 1H, J=8.3 Hz), 9.14 (s, 1H).  13CNMR (100 MHz, CDCl3) δ 18.03, 19.09, 
31.22.43.45, 52.37, 54.37, 57.95, 67.49, 120.74, 123.30, 128.36, 128.68, 136.06, 138.01, 
151.56, 156.76, 165.03, 168.50, 170.65, 172.05. MH+ predicted for C23H27N3O7S2: 
522.1363, found: 522.1355. 
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Compound 3g
Chemical Formula: C22H27N3O6S2

Exact Mass: 493.1341  
Compound 3g.  1HNMR (400 MHz, CDCl3) δ 0.88 (m, 6H), 2.17 (m, 1H), 3.1-3.4 (m, 
2H), 3.74 (s, 3H), 4.4-4.6 (m, 2H), 5.12 (s, 2H), 6.02 (d, 1H, J=8.3 Hz), 7.05 (d, 1H, 
J=7.8 Hz), 7.11 (m, 1H), 7.2-7.4 (m, 6H), 7.90 (d, J=8.4 Hz), 8.25 (d, 1H, J=6.4 Hz).  
MH+ predicted for C22H27N3O6S2: 494.1414, found: 494.1425. 
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Compound 3h
Chemical Formula: C22H28N2O7S

Exact Mass: 464.1617  
Compound 3h.  1HNMR (400 MHz, CDCl3) δ 0.95 (m, 6H), 2.20 (m, 1H), 2.65 (s, 4H), 
2.72 (dd, 1H, J=7.3, 13.7 Hz), 2.98 (dd, 1H, J=5.9, 13.7 Hz), 3.74 (s, 3H), 4.23 (m, 1H), 
4.48 (dd, 1H, J=5.4, 8.3 Hz), 5.13 (s, 2H), 5.75 (br, 2H), 6.44 (d, 1H, J=7.4 Hz), 7.3 (m, 
5H), 7.63 (d, 1H, J=7.4 Hz).  13CNMR (100 MHz, CDCl3) δ 17.94, 19.06, 30.40, 30.50, 
31.04, 37.40, 52.44, 55.14, 57.98, 67.52, 106.04, 128.11, 128.38, 128.68, 135.99, 156.78, 
170.68, 172.13. MH+ predicted for C22H28N2O7S: 465.1690, found: 465.1704. 
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Compound 3i (1:1 d.r.)
Chemical Formula: C25H33N2O7PS

Exact Mass: 536.1746  
Compound 3i.  1HNMR (400 MHz, CDCl3) δ 0.87-0.97 (m, 6H), 1.31-1.40 (m, 3H), 
2.13-2.22 (m, 1H), 3.0-3.4 (m, 2H), 3.71-3.73 (m, 3H), 4.23-4.31 (m, 2H), 4.47-4.58 (m, 
2H), 5.16 (m, 2H), 6.94 (d, 0.5H, J=4 Hz), 7.03 (d, 0.5H, J=8 Hz), 7.3-7.6 (m, 8H), 7.58 
(m, 1H), 7.86 (m, 2H).  13CNMR (100 MHz, CDCl3) δ 16.30, 16.37, 16.43, 17.80, 17.86, 
19.02, 19.11, 31.05, 31.17, 31.23, 31.77, 52.18, 52.21, 55.70, 56.01, 57.50, 57.58, 63.26, 
63.32, 63.39, 67.20, 128.12, 128.18, 128.21, 128.59, 128.75, 128.90, 130.72, 131.20, 
131.31, 131.37, 131.48, 132.22, 133.13, 136.40, 156.99, 170.09, 170.14, 171.90.  MH+ 
predicted for C25H33N2O7PS: 537.1819, found: 537.1817. 
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Compound 3j

Chemical Formula: C24H28N2O 7S2
Exact Mass: 520.1338  

Compound 3j.  1HNMR (400 MHz, CDCl3) δ 0.90 (m, 6H), 2.18 (m, 1H), 3.20 (m, 2H), 
3.76 (s, 3H), 4.56 (dd, 1H, J=5.9, 8.3 Hz), 4.64 (m, 1H), 5.15 (m, 2H), 5.93 (d, 1H, J=7.3 
Hz), 7.10 (d, 1H, J=8.3 Hz), 7.36 (m, 5H), 7.57  (d, 2H, J=8.3 Hz), 7.97 (d, 2H, J=8.3 
Hz).  13CNMR (100 MHz, d7-DMF) δ 17.80, 18.69, 41.34, 51.54, 54.32, 58.00, 66.01, 
125.74, 127.82, 127.95, 128.52, 129.39, 130.31, 137.41, 142.67, 167.42, 167.04, 170.51, 
171.98.  MH+ predicted for C24H28N2O7S2: 521.1411, found: 521.1421. 
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Compound 3k
Chemical Formula: C25H32N2O7S2

Exact Mass: 536.1651  
Compound 3k.  1HNMR (400 MHz, CDCl3) δ 0.90 (m, 6H), 2.15 (m, 1H), 3.06 (dd, 1H, 
J=6.8, 14.1 Hz), 3.22 (dd, 1H, J=5.3, 13.7 Hz), 3.75 (s, 3H), 3.88 (s, 3H), 3.90 (s, 3H), 
4.51 (m, 1H), 4.57 (m, 1H), 5.09-5.18 (m, 2H), 5.61 (m, 1H), 6.70 (d, 1H, J=7.4 Hz), 
6.82 (d, 1H, J=8.3 Hz), 7.19 (m, 2H), 7.37 (m, 5H).  13CNMR (100 MHz, CDCl3) δ 
17.81, 18.99, 31.26, 40.32, 52.32, 53.92, 56.06, 56.09, 57.53, 67.32, 111.58, 114.79, 
124.76, 127.46, 128.16, 128.37, 128.67, 136.12, 149.49, 149.90, 169.94, 171.88.  M+ 
predicted for C25H32N2O7S2: 536.1651, found: 536.1641. 
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Compound 3l
Chemical Formula: C24H30N2O5S2

Exact Mass: 490.1596   
Compound 3l.  1HNMR (400 MHz, CDCl3) δ 0.90 (m, 6H), 2.16 (m, 1H), 2.73 (dd, 1H, 
J=6.4, 13.7 Hz), 2.82 (dd, 1H, J=6.7, 13.7 Hz), 3.75 (s, 3H), 3.93 (m, 2H), 4.41 (m, 1H), 
4.50 (dd, 1H, J=4.9, 8.8 Hz), 5.16 (s, 2H), 5.55 (d, 1H, J=6.9 Hz), 6.69 (d, 1H, J=6.9 Hz), 
7.2-7.4 (m, 9H).  13CNMR (100 MHz, CDCl3) δ 17.83, 18.99, 31.31, 39.68, 43.19, 52.33, 
54.34, 57.44, 67.41, 127.76, 128.26, 128.40, 128.68, 128.75, 129.53, 136.10, 136.93, 
169.89, 171.92.  MH+ predicted for C24H30N2O5S2: 491.1669, found: 491.1668. 
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Compound 5
Chemical Formula: C10H6O3S

Exact Mass: 206.0038  
Compound 5.  1HNMR (400 MHz, d6-DMSO) δ 7.27-7.32 (m, 2H), 7.52 (m, 1H), 7.70 
(d, 1H, J=7.4 Hz), 7.94 (s, 1H).  13CNMR (100 MHz, d7-DMF, partially hydrolysed) δ 
115.86, 116.42, 116.45, 119.23, 119.77, 124.57, 124.65, 128.68, 128.81, 128.92, 131.46, 
131.60, 132.13, 134.58, 139.51, 144.41, 153.43, 154.12, 159.4, 160.21, 206.42. 
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Compound 6
Chemical Formula: C24H30N2O8S2

Exact Mass: 538.1444
MH+ predicted: 539.1516

Found: 539.1513

 
Compound 6.  1HNMR (400 MHz, CDCl3) δ 0.9-1.1 (m, 6H), 1.43 (s, 9H), 2.29 (m, 1H), 
2.97 (m, 1H), 3.33 (m, 1H), 3.75 (s, 3H), 4.27 (m, 1H), 4.56 (m, 1H), 5.88 (m, 1H), 7.43 
(m, 2H), 7.75 (m, 3H), 8.67 (m, 1H).  MH+ predicted for C24H30N2O8S2: 539.1516, found: 
539.1513. 
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