Problem Session (1) -Answer-
2023/09/30 Sota Mochizuki

Topic: Divergent total synthesis of illicium sesquiterpenes

Introduction
Isolation: illicium genus of plants

Bioactivity: anti-HBV activity (Henrylactone C, Anislactone B) ¢ ")

H
Total synthesis: Maimone's group (J. Am. Chem. Soc. 2017, 139, 17783-17786.) -
Henrylactone C
Problem
(1)
CO,Et 1. NaH,PO, (0.75 eq.)
Cl Na,HPO, (0.25 eq.) 12 13
+
o | HFIP/H,0 (3.9/1), rt C6HpsCIO; CioHagOs
11 26% 54%
2. NaBH4 (1.2 eq.)
CH,Cl,/MeOH (1/1), 0 °C
3. PIDA(1.5€eq.)
b (1.5€eq.)
CH,Cl, CO,Et
13 300 W sunlight lamp* 2
100% (2 st
C16H2604 00% (2 steps)
* The reaction vessel was HO
cooled by a water bath.
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Discussion 1: Cationic cyclization
1-1. Reaction mechanism
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1-2. Conditions

CO,Et
. yields (%) Cl
entry additive and solvent time (h)
1-2 1-3
HO
1 HFIP, THF/H,O 24 21 31
2 NayHPO,, NaH,PO,, HoO 96 0 0 1-2
3 HFIP, Na;HPO,4, NaH,PO,4, Hy0 48 26 54 CO,Et
4 n-Bu,BOTf 1 58 0
HO
Comparing entry 2 and entry 3, it is suggested that epoxide of 1-1 is activated by a
hydrogen bond with HFIP, and the activation is necessary for cationic cyclization. 1-3

Comparing entry 1 and entry 3, the yield of 1-3 was improved by adding a buffer. This
could be explained by neutralizing HCI released during the generation of 1-3. Lower buffer: pH = 6.72
concentration of H* may suppress side reactions.

In entry 4, Lewis acid was used instead of Brgnsted acid without H,O, and only 1-2 was
generated. This indicates that the activation by Lewis acid also can proceed cyclization,
but generation of 1-3 needs H,0.

1-3. Steroselectivity

favorable unfavorable disfavorable disfavorable
(chair conformation) (boat conformation) (twist-boat conformation) (twist-boat conformation)

114’ 1-20 1-20°

1-3 was a single product and epi-1-3 was not obtained.

- -------

It would be because 1-3 is generated through the transition
EtO. _O state 1-1a with the favorable chair conformation.
0] (In contrast, epi-1-3 would be generated through the
transition state 1-1b with the unfavorable boat
H-O conformation.)
12
epi-1-3




12

C12-B
O~__OEt
cf
~0 12 . .
H epi-1-3 would be generated through the transition
H state 1-1b’ with more stable chair conformation
114’ rather than 1-1b.

epi-1-3’ would be less stable than 1-3 because
1,3-diaxial interaction would be larger due to two
sp3 carbons.

epi-1-3”

(2) 1. TMSOTF (2.0 eq.)
(+)-BINAP (1.0 eq.)
Ac,0, -78 °C to rt, 61%
2. m-CPBA (1.35 eq.)
NaHCO3 (10 eq.)

CH,Cly, 0 °C to rt, 83% 0
CO,H 3. KN(TMS), (2.0 eq.)
THF, rt;
Davis reagent (2.0 eq.)
g@ -78°Ctort, 71%
HO
241 2-2
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Discussion 2: Skeletal reorganization
2-1. Reaction mechanism
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21 2-X 2-Y 2-3
yield (%)
entry Lewis acid additive & solvent & temperature time (h)
2-X 2Y 23
1 Bi(OTf); (2 eq.) Ac,0,0°C 0.5 80 10 2
2 Bi(OTf); (2 eq.) Ac,0O/AcOH (1:1), 0 °C 0.5 47 50 2
3 TMSOTf (2 eq.) Ac,0 (8 eq.), CH,Cl,, 0 °C 1.0 75 12 0
4 TMSOTf (2 eq.) Ac,0, -78 °C to 23 °C 8.0 19 6 30
5 TMSOTf (2 eq.) (%)-BINAP (1 eq.), Ac,0, -78 °C to 23 °C 8.0 3 4 61
6 TMSOTf (2 eq.) PPh3 (1 eq.), Ac,0, -78 °C to 23 °C 8.0 34 15 30

In entries 1-3, with no additive, 2-X was the major product. In the presence of AcOH, the yield of 2-Y increased.
In entries 4-6, reactions were conducted at —78 °C to 23 °C, and there was a tendency for the yield of 2-3 to
increase. Adding (+)-BINAP reduced the yield of 2-X and 2-Y, and increased the one of 2-3.

2-2-1. Reaction machanism of formation of 2-X and 2-Y

TfO~B./OTf
I
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In the absence of AcOH, E1 reaction would be the major O o
path in which acetate acts a base due to the low 0]
nucleophilicity of acetate. Y 0O )X\
In the presence of AcOH, deprotonation of 2-16 (in Path A) N\ 0)
would be slower due to the less basic condition. Thus, Sy1
reaction could proceed simultaneously. 2.X 2.y
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If path B is SN2 reaction, there would be two carbon
atom which could be attacked by acetate in SN2 reaction.
Thus, two pathways would be competitive, and the
compound 2-18 could be generated rather than 2-Y
because the less hindered secondary carbon could be
attacked more easily.

atom which could be deprotonated in E2 reaction.
Thus, two pathways would be competitive, and the
compound 2-17 could also be generated.

If path B is E1 reaction, on the other hand, generation
of 2-X would be prefferd bacause 2-X has a more
substituted olefin which could stabilize the carbocation . . If path B is Sy1 reaction, on the other hand, only 2-Y
would be generated bacause only more stable
secondary carbocation 2-15 could be generated

stereoselectively.

i If path A is E2 reaction, there would be two hydrogen :

2-2-2. Reactivity difference in acylium cation genaration and trapping
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Acetic anhydride and acid anhydride 2-W could produce corresponding acylium cations by activation by Lewis acid
respectively.

If Lewis acid coordinates acetic anhydride and acylium cation is generated, it would be trapped by 2-10
intermolecularly, and then 2-Z would be produced.

Acylium cation 2-14 could be produced more slowly because 2-W has a large substituted group.

Reactions at 0 °C (entries1-3) : LA

Lo
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Due to higher temperature, coordination of Lewis acid with large 2-10 and production of 2-14 could occur relatively
fast. Once 2-14 is generated, acylium cation would be trapped intramolecularly and following E1 or Sy1 reaction
would occur fast. Thus, 2-X and 2-Y would be generated selectively.

Reactions at =78 °C to 23 °C (entries 4-6):
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Due to lower temperature, the difference in reaction rate of generation of acylium cation between larger 2-10 and
smaller acetic anhydride would be more remarkable. Thus, production of 2-W and 2-14 (acylium cation generation)
and production of 2-Z (intermolecular acylium cation trapping) would become competitive, and 2-12 could also
become generated.

2-3. Role of (i)-BINAP
Accordind to P3' NMR, it is suggested that

Ph (x)-BINAP would chele;te Si atom of TMSOTTf, and
p ph 2 an active species generated by it would newly act
P Ph TMSOTf - as Lewis acid.
OTf Due to large substituted groups of (+)-BINAP, the
ph2 active species could coordinate acetic anhydride,
but could not coordinate 2-10. Thus, acetic cation
2-19

. (+)-BINAP and 2-3 would be selectively generated.
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It is suggested that not only TMSOTTf but acyl cation would Ph
be chelated by (x)-BINAP according to the fact that BuzP |2 o) 9]
could catalyze acylation with acetic anhydride. "¢ 9 P*:C”@ o )J\
The active species could also act as Lewis acid. FI’ AN @)
oL
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Discussion 3: Stereoslectivity and epimerization
3-1. Stereoselectivity on a-hydroxylation
OAc  KN(TMS), =04 o K \ 0, Ph\l/ SO,Ph
Ph\l/ ~S0,Ph
-78 °C
PhOgS’N Ph
2-23
@
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kinetic product
2-25



Davis reagent would react from the sterically less hindered face,
and 2-24 would be generated kinetically.

In fact, after work up at -78 °C, epi-2-2 was obtained. work up

epi-2-2
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2-28 (zepi-2-25) Thereby thermodynamically stable 2-28
would be generated, and a single
diastreomer 2-2 would be obtained.
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2-28 might be stabilized by cation chelation in two alcoxide.

In case that deacetylation would occur in work up, defferent deprotonation steps would be considered.

O o)) e
Ko 4/( \ o
00 Hﬁ ) y O 90&( 2-25-Ac
'Y (@] Ph., o H
S o [/8
Pho,s-N° % H >
K O 2-25-Ac
2-25-Ac 2.24'-Ac o
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