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Problem 1: Total synthesis of (−)-zygadenine
1. i-PrCH2OCOCl (1.17 eq)
    N-methylmorpholine (1.17 eq), THF, 0 ℃;
    1-2 (1.05 eq), Et3N (2.5 eq), THF, 0 ℃;
    H2O (12 eq), reflux, 92%
2. AIBN (1.0 eq), n-Bu3SnH (2.0 eq)
    benzene, reflux; concentrated;
    NaBH4 (5.0 eq), MeOH, 0 ℃, 89%

1-1 1-3a: R1 = TMS, R2 = H
1-3b: R1 = H, R2 = TMS
1-3c: R1 = R2 = H
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3. CS2 (5.0 eq), NaN(TMS)2 (3.0 eq), THF, −78 ℃;
    MeI (5.0 eq), −78 ℃, 66%
4. AIBN (2.0 eq), n-Bu3SnH (5.0 eq)
    benzene, reflux, 85%
5. NaN(TMS)2 (8.0 eq), THF, −78 ℃;
    O2 (bubbling), −78 ℃;
    phosphate buffer (pH 7);
    sat. aq. Na2SO3, rt
    1-3a + 1-3b: 46% (1-3a:1-3b = ~2:1)
    1-3c: 29%
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Discussion 1:
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Although there is large steric repulsion both in 1-15 and 1-16,
a chair conformer 1-16 would be more favored due to less torsional strain.

O
OMe

O
H

O
H

BH3-n(OMe)nHhindered by
Me group

BH3-n(OMe)nH

H OMe

NC

concave

1-17

; NaBH4, MeOH

MeO
H

CN
O

O
HO

H

H

N
O H OTMS

H

1-18 (89%) step 2

path b (minor)

MeO
H

CN
O

O

H

H

N
O H OTMS

H

; NaBH4, MeOH O
11

C11 ketone of 1-19 was not reduced.
The difference of reactivity
between 1-17 and 1-19 is shown
in Discussion 2.1-19 (9%)
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-> Mixture of 1-36a, 1-36b and 1-36c was generated.
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Discussion 1: Stereoselectivity of Diels-Alder reaction
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Restrictions for conformation of 1-6
- F-ring is chair-form.
- Tetrasubstituted C20 carbon should be oriented to equatrial position.
- Highlighted sp2 atoms should be in the same plane to be conjugated.
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Discussion 2: The difference of reactivity between D-2-1 and D-2-2
Experimental results
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D-2-3: 89%, D-2-2: 9%
D-2-4 was not obtained.

D-2-4: 70% The higher temperature was required
to reduce D-2-2 than D-2-1.
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KOH (118 eq), MeOH/THF (2/1), 60 ℃

2-1 2-2a: α-H (S) at C9, 2-2b: β-H (R) at C9

Problem 2: Total synthesis of (+)-heilonine

2-2a: 43%, 2-2b: 26% H
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Reaction mechanisms
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