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Sulfur-containing Natural Products

Behar, V.; Danishefsky, S. J. J. Am. Chem. Soc. 1993, 115, 7017
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OMe

NH2·TFA

S S
S

SS

1. PhMe, reflux
2. DDQ

78%

NO2BF4

77%

1. LiOH
2. (COCl)2, DMF

3. xs CH2N2

79% (3 steps)

1. silver benzoate

2. LiOH
76% (2 steps)

1. BH3·THF
2. LiOH

3. BnBr, NaHCO3
TBAI
92%

1. TBDPSCl, Et3N

2. H2, Pd(OH)2
then H2, Pd/C, EtOH

94%

isoamyl nitrite
isoamyl alcohol

CS2

75°C
40%

1. TBAF, 93%
2. phthalimide, DEAD

PPh3

3. hydrazine, EtOH
4. (Boc)2O, DMAP

55% (3 steps)

S2Cl2

THF

then
HCl, MeOH

46%

Varacin

MeO
OMe

NH3

S S
S

SS

- Isolated from the marine asxidian 
Lissoclinum vareau in 1991 by Ireland 
and coworkers
- Potent antifunal activity and strong 
antitumor activity against human colon 
tumor cell line HCT-116 (IC90 = 0.05 
µg/mL)

isolation: J. Am. Chem. Soc. 1991, 113, 4709.
review: Chem. Rev. 2012, 112, 4, 2179.
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NMe2 Me2N
lissoclinotoxin F

dimeric lissoclinotoxin isolated 
from a Philippine didemnid 

ascidian with an IC50 value of 
1.5 µg/mL towards cell line 

MDA-MB-468
Tetrahedron 2003, 59, 2855
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lissoclibadin 1

tribenzotetrathiepin alkaloid 
isolated from the ascidian 

Lissoclinum sp.
Tetrahedron Lett. 2004, 45, 7015

S
SS

MeO

HO

NHN

OH

trithiane*

imidazole alkaloid isolated from 
an unidentified species of New 
Zealand ascidians Aplidium sp.

 Tetrahedron Lett. 1989, 30, 3703
J. Org. Chem. 2001, 66, 8257

Purification by reverse-phase HPLC 
(MeCN:0.1% aq TFA, 45:55) 
afforded varacin as its TFA salt

NMe2

*cis-5-Hydroxy-4-(40-hydroxy-30-methoxyphenyl)-4-(200-imi-dazolyl)-1,2,3-trithiane

R

R = isoamyl R = isoamyl
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Ford, P. W.; Davidson, B. S. J. Org. Chem. 1993, 58, 4522.; Ford, P. W.; Narbut, M. R.; Belli, J.; Davidson, B. S. J. Org. Chem. 1994, 59, 5955.
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Toste, F. D.; Still, I. W. J. Am. Chem. Soc. 1995, 117, 7261.
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1. Br2
HOAc
52%

2. CuSnBu
quinoline/py

160°C
63%

(MeO)2SO2
K2CO3
TBAI

DCM/H2O
99%

1. MeNO2, 
NH4OAc

80%

2. LiAlH4
3.TEOC-ONp
57% (2 steps)

1. Na/NH3
then S2Cl2

47%

2. TFA
86%

Varacin

NTS, HOAc

89%

tBu2Cu(CN)Li2

67%

nBuLi, TMEDA
then tBuSStBu

51%

S2Cl2, BaCO3

59%

TFAS2Cl2

Cl-

Brugierol Gymnorrhizolisolation: Tetrahedron Lett. 1972, 13, 203
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Burgess
reagent

H2O2

10% (overall)

4:1thermodynamically more stable
due to H-bond and lone pair 
repulsion

Tetrahedron Lett. 1972, 13, 2959

isolation: Tetrahedron Lett. 2004, 45, 5533
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HO OH
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1. Na2S2O3
H2O
60°C

2. H2O2
70% (2 steps)

Na2S2O3

H2O
60°C

1. Na2CS3, MeOH
2. 1N H2SO4

3. KOH, H2O H2O/THF
34%

Org. Lett. 2007, 9, 1715

NHTeoc NH2·TFA

NHBoc NHBoc NHBoc BocHN
NHBoc

NHBoc NHBoc

H

Br

Cl

Cl
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SK

SK

Bunte salt
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Phosphorus-containing Natural Products
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P(OMe)3, Br2
DMAP, py

75%

1. LHMDS, AcCl, 65%
2. DMAP, MeOH, 62%

3. NaI, MeCN
Amberlite IR120

99%

TsCl, py

<10% combined yield by NMR another isolated byproduct
(what could be the mechanism?)
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(OMe)2POCl
DIPEA

71%

1. DDQ, 75%

2. NaI, acetone
Amberlite IR120

99%

DCC, DMAP

55%
dr 1:1

H

H H

H

n-C16H33Br
TBAI (cat.)

77%

cyclophostin

cyclipostin P

Org. Lett. 2011, 13, 3094

J. Org. Chem. 2008, 73, 8386
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1. HPO(OMe)2 
Et3N

2. ClCO2Me
py, DMAP

61% (2 steps)

methylacetoacetate
Pd2(dba)3

dppe

85%

1. Pd/C, H2, 
py, 99%

2. NaI, MeCN
3. Amberlite IR 

120

1. EDC, HOBt 
DIPEA, 73% 

(3 steps)

2. Pd/C, H2
99%
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- isolated from a fermentation solution of Streptomyces 
lavendulae (strain NK901093)
- potent inhibition of acetyl cholinesterase (AChE) from the 
housefly (CSMA strain)
- biosynthetically related to A-factor, virginiae butanolides, 
and the PLA2 inhibitor
- cyclophostin and cyclipostins analogues (CyCs) is recently 
reported to act as a new potent antimycobacterial agents

isolation: N. J. Antibiot. 1993, 46, 1315
myobacterial-related: Int. J. Antimicrob. Agents 2018, 51, 651

review:
Nat. Prod. Rep., 2022, 39, 1066
Tetradedron 1999, 55, 12237
Molecules 2019, 24, 866
J. Nat. Prod. 2018, 81, 423
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tagetitoxin
- first isolated from the plant pathogenic bacterium 
Pseudomonas syringae pv. tagetis
- first structure was proposed in 1983 by Mitchell 
and coworkers then revised in 1989
- Aliev and coworkers reported a new structure in 
2016 based on detailed NMR analysis
- the exact structure was confirmed by our group's 
synthesis in 2020 J. Am. Chem. Soc. 2020, 142, 32, 13683
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antibiotic FR 900137
phosphoramidate hydrazide 
isolated from Streptomyces 

unzenensis from Japanese soil
J. Antibiot. 1980, 33, 272

N
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H2N P
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sulphostin
phosphosulfamate isolated from 
culture broth of Streptomyces sp. 

MK251-43F3
J. Antibiot. 2001, 54, 744
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GB4 toxin
isolated from the red tide 

dinoflagellate Karenia brevis 
near the coast of Florida and 
identified as an ichthyotoxin

J. Am. Chem. Soc. 1982, 104, 
5232
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1983: Mitchell, et. al.
1989: Mitchell, et. al.
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Guanidine-containing Natural Products
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Kishi, Y. and coworkers Tetrahedron Lett. 
1970, 59, 5127
Tetrahedron Lett. 1970, 59, 5129
J. Am. Chem. Soc. 1972, 94, 9217
J. Am. Chem. Soc. 1972, 94, 9219

Isobe, M. and coworkers J. Am. Chem. Soc. 2003, 125, 8798
 Angew. Chem. Int. Ed. 2004, 43, 4782

 Du Bois, J. and coworkers J. 
Am. Chem. Soc. 2003, 125, 
11510
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Sato, K. and coworkers
J. Org. Chem. 2005, 70, 7496
J. Org. Chem. 2008, 73, 1234
Bull. Chem. Soc. Jpn. 2010, 83, 279

Fukuyama, T. and coworkers 
Angew. Chem. Int. Ed. 2017, 56, 1549

Yokoshima, S. and coworkers 
Angew. Chem. Int. Ed. 2020, 59, 6253

isolation: J. Pharm. Soc. Jpn 1909, 29, 587
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Trauner 2022
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1. DIBAL, 96%
2. OsO4, 98%

3. PTSA
dimethoxypropane;

then I2, PPh3
imidazole

91%

4. tBuLi
then MeNO2
then MsCl

Et3N

79%

5. PMBOH
nBuLi

then Boc2O
DMAP

86%

6. CAN, 93%
7. TMSCCLi

BF3OEt2;
then TBAF
NaH2PO4

70%

8. Boc2O, 96%
9. DDQ

hv (525 nm), 81%
10. K2CO3, MeOH

11. PTSA, dimethoxypropane
98% (2 steps)

12. SmI2, 1:1 THF/MeOH
13. TBSCl

91% (2 steps)

14. CpRu(PPh3)2Cl
PPh3, nBu4NPF6
NHS, NaHCO3

DMF, 85ºC

15. TMSOTf, lutidine
16. TBAF

76% (2 steps)

17. TMSCl, Et3N;
then isothiourea

HgCl2
92%

18. CrO3 19. 

3:1 TFA/H2O
93% (2 steps)

H
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Qi 2024
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3 steps from
D-glucopyranoside

1. EDCI
(-)-(1S)-camphanic acid

DMAP, 90%

2. maleic anhydride
isopropyl ether

55ºC
d.r. > 20:1

3. quinine, MeOH
tol:CCl4 (1:1)

0ºC to r.t.
87% (2 steps)
4. OsO4, NMO

then 2,2-DMP, PTSA

77%

5. EDCI, NHPI, DMAP;
then Ru(bpy)3Cl2

TEMPO, Hantzsch ester
36W Blue LED, 62%

6. K2CO3, MeOH, 95%
7. I2, PPh3, imidazole

89%

8. SmI2
then LiAlH4

58%

 Trauner, D. and co-workers Science 2022, 377, 411

 Qi, X. and co-workers Nat. Commun 2024, 15, 679

then oxone
EA/MeCN/H2O

71%
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Me Me
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Qi 2024 (continued)
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9. TBDPSCl, 85%
10. Zn, AcOH, 90%

11. 2-methoxyacetic acid
DEAD, PPh3, 89%

12. OsO4, 66%
13. DMP, 98%

14. LDA, DCM;
then NaHMDS

PMBBr
15. NaN3

15-crown-5

46% (2 steps)

mechanism?

16. Lithium acetylide

66%
d.r. = 15:1 (a:b)

18. IBX;
then PPTS

CH3C(OMe)3

88%

19. RuCl3, NaIO4;
then EDCI, MeOH

48%

20. Pd/C, H2;

then isothiourea
HgCl2, Et3N

88%

PMB 21. TFA

H2O
60 ºC
65%

Yokoshima 2020
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1. 40ºC

99%

TBSO

OMe

2. L-Selectride, 89%
3. NaHMDS, BnBr;

then TBAF, 72%
4. LHMDS, TMSCl
then 1M HCl, 67%

5. LDA
Comins reagent, 76%

6. Pd(PPh3)4, LiCl
BnOCH2Sn(n-Bu)3

62%

7. O2, hv
rose bengal;

then Zn, AcOH

64%

8. Ti(Oi-Pr)4
TBHP, 72%

9. DMP, 87%

10. L-Selectride, 87%
11. Ac2O, py, 84%

12. TBAF, 81%

13. CuI, TMSN3

DMF/MeOH
100 ºC
34%

14. [Rh(COD)Cl]2
tol, reflux

69%

15. PIDA
MeCN/H2O

65 ºC
82%

Me N
OH

mechanism?

16. HgCl2, Et3N
79%

17. HCl
80%

NHCbz

NCbzMeS

H

OO

MeMe

O O
Me Me

O
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PMB
OH

N3

17. MnO2;

then NaBH4
51%

d.r. = 1:2 (a:b)

a b

Yokoshima, S. and coworkers Angew. Chem. Int. Ed. 2020, 59, 6253
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Yokoshima 2020 (continued)
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18. H5IO6

19. DMP
68%

(2 steps)

20. HCl

THF/H2O
81%

21. Et3N
MeOH/H2O

22. H2, Pd/C
MeOH

92% (2 steps)

Fukuyama 2017
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(−)-TTX
O

O

MeMe

O O
Me Me

O O
NHBoc

OMe

O

then NaBH4
CeCl3
62%

TMS

2. isopropenyl
acetate

lipase PS
IM Amano

Et3N

89%

3. TBSCl
4. K2CO3

MeOH
99% (2 steps)

5. PDC

6. n-Bu3SnCH2OMOM
nBuLi

73% (2 steps)

7. OsO4
90%

OH

8. p-TsOH, CuSO4
acetone;

then Jones’ reagent
9. TMSCH2CO2Et

LDA

10. 160ºC
11. DIBAL

38% (4 steps)

12. Cl3CC(O)NCO
then Et3N, MeOH

98%
13. TFAA, DIPEA

then LiOtBu
79%

14. OsO4
then Pb(OAc)4

75%

15. EtMgBr, 88%

16. H2, Pd/C
quinoline

TsN
OTBS

17. CsF
18. TMSCl
19. AcOH

S
O O

Me N
Na

Cl

20. O3;
then NaClO2

NaH2PO4, tBuOH
then PnBu3

21. BnBr, K2CO3
60% (2 steps)

22. NiCl2, NaBH4
then AllocCl

23. Pb(OAc)4
MeOH

24. Pd(PPh3)4, PhSiH3
then NaNO2, aq. HCl

40% (3 steps)
25. PPTS, MeC(OMe)3

MeOH, 78%

26. H2, Pd/C
27. Et3N

78% (2 steps)

28. TMSI
29. isothiourea

HgCl2, Et3N

97% (2 steps)

30. TFA, H2O
73%

31. H2, Pd/C
96%

Fukuyama, T. and coworkers Angew. Chem. Int. Ed. 2017, 56, 1549

68% (4 steps)
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