Problem Session (3)
2020.5.9 Toshiya Nagai

Please explain each reaction mechanism and stereoselectivity.

(1)
1. A (3 eq.), B (10 mol%), hv (254 nm)
THF, rt, 62% (79% ee)
2.C (2 eq.), Pd(OAc), (7.5 mol%), Ag,CO3 (1 eq.)
t-BuOMe, 70 °C, 90%
3. NaOH (15 eq.), EtOH, 130 °C, 96%
0 4. NaClO, (3 eq.), NaH,PO4*H,0 (1.5 eq.)

tBUOH/H,0 (5:1), t, 65%
) N,
ﬁé 5-1*. TiCl, (6 eq.), MeLi (24 eq.)

CH,Cl,, —78 °C, 60% (1-2:epi-1-2 = 9:1)
5-2*. (i-PrO);TiCl (6 eq.), MeLi (6 eq.)
1-1 THF, —78 to 23 °C, 76% (1-2:epi-1-2 = 1:22) 1-2 epi-1-2

*TiMe4 or (i-PrO);TiMe is formed firstly.
Please explain the reversed diastereoselectivity with these conditions.

2) 1. D (10 mol%), CH,Cl,, 0 °C;
Bi(OTf)3 (20 mol%), MeNO,, 0 °C to rt
65% (dr = >20:1, 92% ee)
2. E (1.2 eq.), [Rh(COD)ClI], (2.5 mol%), LiOH*H,O (3 eq.) OMe

1,4-dioxane/H,0 (10:1), 60 °C Ph
P O 3.TBAF(1.2eq.), THF,0°Ctort
TBDPSO Z4 73% (2 steps, dr = >20:1) TBSO /)

“, o
o 4. DMP (1.3 eq.), CH,Cly, 0 °C to rt
= 5. NaClO, (5 eq.), NaH,PO4+H,0 (5 eq.) 1
2-methyl-2-butene/t-BuOH/H,0 (2:10:5), 0 °C to rt Ph™ 4

21 6. TCNHPI (1.1 eq.), DCC (1.2 eq.), DMAP (10 mol%)
CHJCl,, 0 °C to rt, 72% (3 steps) 2-2
7. NiCl,*DME (40 mol%), BPhen (80 mol%), F (3 eq.)
DMF/THF (2:3), rt, 40% (dr = >20:1)
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Problem session (3)- Answer 2020.5.9 Toshiya Nagai
Topic: Enantioselective total syntheses of cyclobutane-containing natural products
(for construction of bridged cyclobutane, see: 160910_PS_Masanori_ NAGATOMO)
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(1) 1. A (3 eq.), B (10 mol%), hv (254 nm)
THF, rt, 62% (79% ee)
2.C (2 eq.), Pd(OACc), (7.5 mol%), Ag,CO3 (1 eq.)
t-BuOMe, 70 °C, 90%

3. NaOH (15 eq.), EtOH, 130 °C, 96% o)
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5-2. (i-PrO)3TiCl (6 eq.), MeLi (6 eq.)
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« Clive et al.’® reported that NaClO,-mediated Achmatowicz-type reaction was inhibited by the addition of
scavenger (1,3-dihydroxybenzene) for HOCI. Therefore, HOCI should be generated firstly.
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step 5-2
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Discussion-1 (another reaction pathway in step 5-2)

The author proposed that epi-1-2 was formed by ligand exchange of the carboxylic acid of 1-28 with (iPrO);TiMe
followed by intramolecular delivery of the methyl group. (TiMe,: intermolecular addition)

MeTl(O/-Pr)
- 0
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iH \L

OTl(O/-Pr
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The ligand exchange to generate 1-43 would be revesible.
The reaction between carboxylic acid 1-28 and (i-PrO);TiMe should give (i-PrO)3;TiOCOR with release of CHy,
Therefore, | think that the intramolecular addition of Me™ shouldn’t occur in this condition.



) 1. D (10 mol%), CH,Cl,, 0 °C;
Bi(OTf)3 (20 mol%), MeNO,, 0 °C to rt
65% (dr = >20:1, 92% ee)
2. E (1.2 eq.), [Rh(COD)CI], (2.5 mol%), LIOH*H,0 (3 eq.)

1,4-dioxane/H,0 (10:1), 60 °C Ph
O 3.TBAF(1.2eq.), THF, 0°Ctort
TBDPSO. F 73% (2 steps, dr = >20:1) @ /)
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4. DMP (1.3 eq.), CH,Cl,, 0 °C to rt ™I
Ph~ 5. NaCIO, (5 eq.), NaH,PO,*H,O (5 eq.) |
2-methyl-2-butene/t-BuOH/H,0 (2:10:5), 0 °C to rt Ph™ K
2.1 6. TCNHPI (1.1 eq.), DCC (1.2 eq.), DMAP (10 mol%)
CH,Cl,, 0 °C to rt, 72% (3 steps) 2-2

7. NiCl,»DME (40 mol%), BPhen (80 mol%), F (3 eq.)
DMF/THF (2:3), rt, 40% (dr = >20:1)
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» proposed catalytic cycle-2 (SET —> transmetalation —> radical addition —> reductive elimination)
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In the author’s previous synthetic study?®), Bi(OTf); was found to be effective for the one-pot isomerization-
cycloaddition sequence. Other Lewis acids such as In(OTf); or Sc(OTf); were ineffective and only delivered
recovered allene 2-35. On the other hand, if the allene 2-35 was isolated prior to cycloaddition (free of thiourea
catalyst), Lewis acids such as In(OTf); or Sc(OTf); were comparable to Bi(OTf);. From this data, it is suggested that
In(OTf)3 or Sc(OTf); are sequestered by the thiourea catalyst whereas Bi(OTf)3 is not.
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