Problem Session (14) 2022/10/08 MASANORI NAGATOMO

Please propose your synthetic route to trichodermol from a commercial compound.
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Problem Session (14)- Answer

Synthetic Plan of trichodermol
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‘Isolation: Acetylated compound trichodermine was Isolated from Trichoderma viride.

W. O. Godtfredsen, S. Vangedal, Proc. Chem. Soc. 1964, 188; idem, Acta Chem. Scand., 1965, 19, 1088.
-Bioactivities: Trichothecane sesquiterpenes exhibit specific biological activities, especially antifungal, antiviral,
cytotoxic, and anticancer effects.

-Structural features: 2-Oxatricyclo[7.2.1.038]dodec-4-ene core structure (ABC-rings). Cis-fused AB ring.
Oxabicyclo[3,2,1] structure (BC ring). Twe contiguous quaternary carbons (C5, C6). C12-exoepoxide.

-Total synthesis

trichodermin: Colvin, E. W.; Raphael, R. A.; Roberts, J. S. J. Chem. Soc. D: Chem. Commun. 1971, 858
(racemic). trichodermol: a) Still, W. C.; Tsai, M.-Y. J. Am. Chem. Soc. 1980, 102, 3654 (racemic). b) O’'Brien,
M. K.; Pearson, A. J.; Pinkerton, A. A.; Schmidt, W.; Willman, K. J. Am. Chem. Soc. 1989, 111, 1499 (racemic).
calonectrin: a) Kraus, G. A.; Roth, B.; Frazier, K.; Shimagaki, M. J. Am. Chem. Soc. 1982, 104, 1114 (racemic).
b) Tomioka, K.; Sugimori, M.; Koga, K. Chem. Pharm. Bull. 1987, 35, 906 (racemic). anguidine: Brooks, D. W.;
Grothaus, P. G.; Mazdiyasni, H. J. Am. Chem. Soc. 1983, 105, 4472. verrucarol: a) Schlessinger, R. H.;
Nugent, R. A. J. Am. Chem. Soc. 1982, 104, 1116 (racemic). b) Trost, B. M.; McDougal, P. G. J. Am. Chem.
Soc. 1982, 104, 6110 (racemic). c) Roush, W. R.; D'Ambra, T. E. J. Am. Chem. Soc. 1983, 105, 1058 (racemic).
d) Koreeda, M.; Ricca, D. J.; Luengo, J. I. J. Org. Chem. 1988, 53, 5586 (racemic, formal). d) Ishihara, J.;
Nonaka, R.; Terasawa, R.; Shiraki, K.; Yabu, H.; Kadota, Y.; Ochiai, K.; Tadano, K. J. Org. Chem. 1998, 63,
2679.

‘Reviews

a) Tori, M. J. Synth. Org. Chem. Jpn. 1981, 39, 642. b) Heathcock, C. H.; Graham, S. L.; Pirrung, M. C.; Plavac,
F.; White, C. T. In The Total Synthesis of Natural Products; ApSimon, J., Ed.; John Wiley and Sons: New York,
1983; Vol. 5, pp 238. c) McDougal, P. G.; Schmuff, N. R. Prog. Chem. Org. Nat. Prod. 1985, 47, 153.
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The first total synthesis of (t)-trichodermin by Raphael and Roberts (1971)
1. Birch red.

MeO 3. N,CHCO,Et H 4. NaOAc, EtOH
'V'eo\@\ 2. MeOH, TSOH  pmeO CuBr 0 - 9O 5. MeMgCl
R _ = —_—
then TsOH z OEt
R-1 R-2 acetone R-3°
OEt
OH 6. NaOH 8. LiC=CH(OEt), 11. AcOH then
o then H,SO,4 9. NaBH, NaOAc, H,O
—_— —_— —_—
: OEt 7.LDA, Mel 10. Birch red. OH 12. CrOg, pyridine
R-4
0 _0 13. CrO3, Hy,SO, 15. LiAIH(Ot-Bu); O. _H
acetone then Ac,0 16. H,C=PPh;3
—_— —_— —_—
@ 14. NaOAc 7% O
R-7 Ac,0 R-8 A R-9 OAc
XK
Various aldol conditions (of this era) did not afford the cyclized compound.
0 H (o) H then m-CPBA 0] H
17. NaOH Na,HPO,4 then Ac,0
—_—
R-10 OAc OH

R-11

OAc

(t)-trichodermolOH (¥)-trichodermin



Total synthesis of (*)-trichodermol by Still (1980)

1. LIN(TMS), 3. +-BuOOH 5. -BuOOH
0] HMPA, TBSCI TBSO 0] BnNMe3;OH (Triton B) TBSOCOzEtO BnNMe3;OH
65% 82% 92%
= ; o ; o
2. quinone, 5 days o] 4. NaOH, EtOH 6. Li, NH3
S-1 90% S-2 70% S-3 93%

9. BzCl, pyridine

TBSQCH OH TBSO OH OH OMs
7. ACZO pyridine OH 10. TBAF OBz 13. NaH, THF
8. HVIPA, HZO 11. K,CO3, MeOH 7 80%

hv (254 nm) 12. MsCl, Et5N
brsm 70% 84% (4 steps) S-6
Synthesis 1977, 774.
0 14. K2CO3, MeOH 16. 2% aqg. HQSO4
~ 0Bz — 15. t-BUOOH, VO(acac) o O acetopne
- - - 5
7 - 60% (2 steps) g 60%
BzO HO
S-7 S-8 S-9
17. MelLi, 80% 20. POCl3, pyridine, 60%
18. BzCl, pyridine, 86% 21. H,C=PPh;,
19. CrO5+2pyridine, 88% 22. NaOH
23. m-CPBA OH
S-11 (*)-trichodermol

Total synthesis of (*)-trichodermol by Pearson (1989)

1. Birch red. Fe(CO); Fe(CO);
MeO 2. MeOH, TsOH MO~ then PhsC*BF,”  MEO~~7
-, | - ‘@ OPFs
3. Fe(CO)s then NH,"PFg"
P-1 P-2 P-3
1. PhMe,SiLi, CuCN OTMS 2. MeLi then OSnBuj MeO
then TMSCI, Et:N BusSnCl then P-3

_ 0> ) — =

. 72%
P-4 PhMe,Si P-5 PhMe,Si P-6
4. LDA, MooPH MeO S

5. MsCl, pyridine 6. CuCl,, EtOH 7. MeMgBr, 70%
—_— _— —_—

80% (2 steps) 87% 8. PCC, 83%

PhMe,Si PhMe,Si PhMe,Si
P-8 P-9 P-10

12. Ph3PCH3Br, +-BuOK,
13. TBAF, 70%

9. HBF4'OEt2, 90%
10. i-Bu,AlH, 95%

_

14. 30% agq. H,0,, KF, NaHCO3, 80%
15. m-CPBA, Na,HPO,, 65%

11. PCC, NaOAc, 95%

(*)-trichodermol OH



Asymmetric total synthesis of anguidine by Brooks (1983)

/ 3. KNO,, 70% /
1. Bakers' yeast, 70% 4. TBSCI, imidazole 6. K,CO3, NalOy
0 o 2-TsCl, pyridine, 85%. DMAP, 90% ( oTBs  KMnO,, 75%
5. (CH,OH), o 7. CH,N,, 95%.
B-1 B-2 p-TSOH (cat.) B-3

CH(OEt)3, 90%.

0 ~ COZMe o < Cone
()6‘(“88 8. PhNMe3Br3, 95%. ()éinoms 10. 0s0,, NMO
° 9. DBU, 85%. o 95%

B-4 B-5
11. KOH, MeOH H O’> HO— H O’> 16. AcCHCH,
12. Ac,0 o BzO o 14. CH(NMey);, 99% o BzO| o i-Pr,NEt, 95%
60 % (2 steps) 15. AcOH, AcONa, 99% 17. LDA, 80%
13. BzCl, pyridine OTBS OTBS 48, mscl
B-7 B-8 imidazole, 80%
19. MeLi, 90% HO HO ™\ 23. p-TsOH (cat.), 90% H O’>
20. LiAIH,, 75% m o~ 24.Acy0, pyridine, 95% o
o o AcO AcO
:; g\fﬂzghp)gﬁlne, 95% HO OTBS AcO OTBS
. 4
MeOH, 75% B-10 B-11
25. 1M HCI
MeOH, 90% H/\g  29:Ac0 H o
26. H,C=PPh3, 75% yrldlne 95% L
- AcO AcO -
27. TBAF, 70% 30. 2M NH,OH HO OAc AcO
28. m-CPBA, 75% MeOH, 65% H OAc
B- 12 B-13 anguidine

Total synthesis of ()-verrucarol by Schlessinger (1982)

3. LDA, TMSCI, OH
@] @) 4. NaHCO3;, m-CPBA O 7. Ph3sPCHS3Br, 5
mm NaBH,, 98% 85% (2 steps) EtCMeZONa
2. Me,C=CH, y5.0 OB 8. SeOz, t-BuOOH p
0] of 3 Bu O'Bu
(i)'S'1 H3PO4 S-2 6 Na|o4 CI"O3 HOZC 90% 4 Steps) HOZC S-4
BF3*OEt,, 99% AcOH/H,0
9. p-TsOH 0<_0 TMSO\[(\/ Os_O_ _H 13.MeLi, 93% HC HO., _H
10. LDA, H,C=0 14. LiAlH,
12. Amberlite IR-120
O
t t
S-5 O'Bu S-6 O'Bu
A similar DA strategy has been adopted for the total synthesis by the Roush group (1983).
Br
15. p-TsOH (cat.) OeM 16.nBs a O 18. m-crBA, 70%
73% (2 steps) 17. TiCly, 85% 19. Na, EtNH,, 62%
HO O'Bu OH
S-8 S-9 verrucarol



Total synthesis of (¥)-verrucarol by Trost (1982)

1. — 5. - -
Ho— ¢ \”/\/OTMS OTMS
0 p-TsOH o) = 0
160 °C, 93% 135 °C
— > Me0,C —_—
2. KMnO,
O 3.CH,N, o
T-1 4. DBU T-2

48% (3 steps)

H
6. NaBH, = OH OoTMS 9. LiTMP, TMSCI O OH
7. CrOg2pyridine  TMSO.,,/ 8.470 °C < 0 then Br,
_ " _ _— Br
92% (2 steps) v = 63% 0 10. CF3CO,H 0] -
P 0 o
7 15 T-6 T-7

A similar rearrangement??? strategy has been adopted for the total synthesis by the Tadano group (1998).
12. H,C=PPhs, 95%

0. _H 13- i-Bu,AlH, 95% 1y 18. K,CO3, MeOH

0]

11. TBAF 14. TBSCI, DMAP, 82% 31% (3 steps)
70% (3steps) i [/ © 15. TsCl, pyridine, 79% 19. Mo(CO)s,
o/\os‘ 16. EtCO,Cs, 150°C HO t-BuOOH, 85%
17. TBSCI, imidazole o:< 20. TBAF, 91%
T-8 T-9 - verrucarol
Formal total synthesis of (*)-verrucarol by Koreeda (1988)
7. TBSOTf
1. crotyl alcohol O 2,6-lutidine, 98%
Q p-TsOH (cat), 95% 5. Ph3PCH;Br 8. LDA, (PhS),
2. KMnO4 t-BuOK, 93% 0 HMPA, 95%
b |||H ——— i |||H —
3. CH3N, 6. Se0, 9. TBAF, 90%
o] 77% (2 steps) t-BuOOH, 75% : 10. Ph3P, DEAD
4. LIAIH(OBu)3, 95% OH BzOH, 91%
K-1 K-2 K-3 11. K,CO3, 95%

12. TIOEt, BrCH,COOEt, 95%
13. LDA, methacrolein, 80%

16. LiOH, (98%)
i 4<_/O
14. m-CPBA, NaHCOj, 17. Me,NCH(OCH,Bu) =

15. CaCOs, 75% (2 steps) HO CO,Et H 95% (crude)

neutral alumina
chromatography

83% (2 steps)

NN
0

K-7 = Trost's intermediate verrucarol




Our original synthetic plans are closed to the public.



