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Asymmetric Total Synthesis of Naphthospironone A

Jia-Xuan Liu*, Shi-Peng Zhang*, Feng-Sen Sun, Hui Li, Ya-Ling Gong,* Shi-Chao Lu,* and Shu Xu*

 Isolated from alkaliphiles thriving optimally at or above pH
Displayed cell cytotoxicity and antibiotic activity.

» Highly oxidised cage-like structure
Congested bicyclo[3.2.1]octane rings

« 5 contiguous chiral carbons, 4 tertiary oxygenated centres
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Previous Work: Org. Lett., 2015, 17, 3746.
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Step 3’ Decarboxylic Radical Addition
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J. Chem. Soc. Perkin Trans., 1981, 2091.
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Liebigs Ann. Chem., 1972, 763, 135.
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Step 5 Stille Cross-Coupling

PdY (catalytic) 1_2

2_ - R—-R

R'—Sn(alkyl), + R“=X igand +  X—Sn(alkyl);
Coupled product

R'= allyl, alkenyl, aryl; R?= alkenyl, aryl, acyl; X = Cl, Br, I, OTf, OPO(OR);

Mechanism: 6,7,41,43-46,12,47-53,27 54
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< Step 6 DBU-Promoted Epoxidation of Electron Deficient Alkenes
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Tetrahedron, 1995, 51, 8573.



< Step 8 Conditions tested on bromination of compound 41

o souce B
solvent
temperature
Entry Conditions Results (%))

1 NBS (1.0 equiv.), AIBN (0.05 equiv.), CCl4-DCE, 80°C, 16 h  Slab (15) + S2ab (10)I!
2 NBS (1.0 equiv.), AIBN (0.05 equiv.), DCE, 80°C, 2 h S1ab (40) + S2ab (40)!
3 Br; (0.9 equiv.), DCM, tt, 12 h NR

4 Br; (4.0 equiv.), DCE, 70°C, 21 h S3ab (64)91+ 4ab (24)
5 Br, (12.5 equiv.), CHCls, 50°C, 72 h 15ab (63)

6 Br, (5.0 equiv.), NaHCO; (1 equiv.), CHCI3, 45°C, 32 h 15ab (63)1+ 4ab (12)

[a] All starting material were 1:1 diastereomer mixture. [b] Isolated yield. [c¢] S1 and S2 were inseparable mixture. The
yields were calculated according to the '"H NMR ratio of the crude mixture. [d] 83% based on recovered starting material.

[e] 73% based on recovered starting material. NBS = N-bromosuccinimide, equiv. = equivalent, AIBN =
azobisisobutyronitrile, NR = no reaction.
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Mechanism:
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Step | Reformatsky-Type Reaction
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J. Chem. Soc. Perkin Trans., 2001, 2079.



Step | Conditions screened on Reformatsky-type cyclization of 15a

15a 16 17 2

Table S2. Conditions screened on Reformatsky-type cyclization of 15a

Entry Conditions Results
1 Zn (10 equiv.), THF, rt, 1h ; then ultrasonication, rt, 30 min NR
2 Zn (10 equiv.), TMSCI (excess), THF, rt, | h 16 (14%), 17 (8%!)
3 Et:Zn (3 equiv.), RhCI(PPh3); (0.1 equiv.), THF, rt to 70°C, 19 h Decomposed
4 In (3 equiv.), THF, rt, 2 h; then ultrasonication, rt, 30 min NR
5 In (3 equiv.), aq. HCI (1 M, 1 equiv.), THF, rt, 15 min 16 (62%™)), 17 (31%™), 2 (5%™))
6 In (2 equiv.), InBr (2.0 equiv.), THF, rt, 18 h 16 (25%(°1), 17 (16%!(°1), 2 (13%!<T)
7 Hj, Pd-C (0.22 equiv.), EtOAc, 1t, 1 h only 16 (quant.l)

[a] Calculated yield according to the ratio of isomers in the '"H NMR of the isolated mixture. [b] Isolated yield. [c]
Calculated yield according to the ratio of isomers in the "H NMR of the crude mixture.



Step Iv Mukaiyama Hydration
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Mukailyama Hydration

metal precatalyst (0.8 equiv.)
PhSiH5 (5 equiv.), O (1 atm)

solvent, rt

2, R=H
24 R=TMS
Table S3. Conditions screened on Mukaiyama hydration!®!

Entry R Metal Solvent Additive  Time (h) Yield of Yield of
precatalyst 18/25 (%)™ 19 (%)™

1 H Mn(dpm); iPrOH - 3 - 39

2 H Mn(dpm)3 iPrOH PPh; 2.5 - 42

3lel H Fe(acac); iPrOH NaHCO3 17 - -

[a] Reaction conditions: 2/24 (0.022 mmol), metal precatalyst (0.8 equiv.), PhSiH3 (5.0 equiv.) and O (1 atm, balloon)
at room temperature. [b] Isolated yield. [c] Methyl 4-nitrobenzenesulfonate (1.3 equiv.) was used instead of O,.[1 [d]
Using cobalt as a precatalyst resulted in complex products in which the phenol hydroxyl group of each product chelated
with cobalt (IT). Attempts to dissociate cobalt (IT) from the products were not successful. [e] Et3SiH (2.0 equiv.) was
used as hydride source instead.l?! [f] Mn(dpm); (0.2 equiv.). [g] Mn(dpm); (1.6 equiv.). dpm = dipivaloylmethanate,
acac = acetylacetonate.

*  PPhj: prevent intermediate peroxide adduct from generating by-product

Nature 2016, 532, 90.

1,5-HAT
radical
fragmentation

[M]

[Fe'], O,
NaBH, [Fe'"] 0, .
. H —— -
& A [Fe"1-00+ g
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0, [Fe'] O’O ' cleavage OH °*
- e
of //l\/'\—[Fe'V] o *A/H ] hxcgogen//‘\)\
shi
[Fe"1-00 ¢ E
heterolytic It O,
[Feli? [Fe"] ll
[Fe™]= lcleavage NaBH,
OH
H] OH
4\)\ [Fe¥]=0 — [Fe'|
2a
monoalcohol 1,4-diol

1,5-HAT
Angew. Chem. Int. Ed., 2014, 53, 2730.



Step Iv Mukaiyama Hydration

O

OH Q OR metal precatalyst (0.8 equiv.)
PhSiH; (5 equiv.), O, (1 atm)
solvent, rt
0]
24?!RR:=T|_I\IAS 25:,8 R TMS *
Table S3. Conditions screened on Mukaiyama hydration!®!
Entry R Metal Solvent Additive  Time (h) Yield of Yield of
precatalyst 18/25 (%)®1 19 (%)™
4 T™MS Fe(acac)s EtOH - 3.5 - 30
5Ll TMS Co(acac), iPrOH - 3.5 - -
6% TMS Co(acac), iPrOH TBHP 2 - -
7 T™MS Mn(acac)3 iPrOH PPhs 7 9 22
8 TMS Mn(dpm); iPrOH PPh; 6 16 31

[a] Reaction conditions: 2/24 (0.022 mmol), metal precatalyst (0.8 equiv.), PhSiH3 (5.0 equiv.) and Oz (1 atm, balloon)
at room temperature. [b] Isolated yield. [c] Methyl 4-nitrobenzenesulfonate (1.3 equiv.) was used instead of 0.1 [d]
Using cobalt as a precatalyst resulted in complex products in which the phenol hydroxyl group of each product chelated
with cobalt (II). Attempts to dissociate cobalt (II) from the products were not successful. [¢] EtsSiH (2.0 equiv.) was
used as hydride source instead.! [f] Mn(dpm); (0.2 equiv.). [g] Mn(dpm); (1.6 equiv.). dpm = dipivaloylmethanate,
acac = acetylacetonate.



Step Iv Mukaiyama Hydration

metal precatalyst (0.8 equiv.)
PhSiH; (5 equiv.), O, (1 atm)

solvent, rt

2,R=H 18,R=H 19
24, R=TMS 25 R=TMS

Table S3. Conditions screened on Mukaiyama hydration!®!

Entry R Metal Solvent Additive  Time (h) Yield of Yield of
precatalyst 18/25 (%)™ 19 (%)M
9 T™S Mn(dpm);  DCM—iPrOH - 7 14 22
10t TMS Mn(dpm); iPrOH - 19 19 19
111el TMS Mn(dpm)s iPrOH - 3 20 20
12 TMS Mn(dpm); iPrOH - 6 33 26

[a] Reaction conditions: 2/24 (0.022 mmol), metal precatalyst (0.8 equiv.), PhSiH3 (5.0 equiv.) and Oz (1 atm, balloon)
at room temperature. [b] Isolated yield. [c] Methyl 4-nitrobenzenesulfonate (1.3 equiv.) was used instead of 0.1 [d]
Using cobalt as a precatalyst resulted in complex products in which the phenol hydroxyl group of each product chelated
with cobalt (II). Attempts to dissociate cobalt (II) from the products were not successful. [e] EtsSiH (2.0 equiv.) was
used as hydride source instead.?! [f] Mn(dpm); (0.2 equiv.). [g] Mn(dpm); (1.6 equiv.). dpm = dipivaloylmethanate,
acac = acetylacetonate.



Step viii

s R;P-Cu(l) cat
)I()H ‘BuOOBu -
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X = CH,, O, NR

)'()kll + | 'BuOH 5‘/
S : .

¢ strong base and acid free

Cu i
Oj[CliL o’ [Cul ¢ sulfur and selenium free
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L Lo o ¢ scalable and chemoselective
| catalytic enolization _| ¢ no over-oxidation
Q 20 mol% CuTc Q a
0 20 mol% CyPth . | 0 S (e
1.5 equiv DTBP o
CHis  phH,80°C, 12h Crfhis|  Cu~
1a 'standard’ conditions 2a. 82% CuTc

0.1 M

(81% isolated)

ao,B-Dehydrogenation of Ketones: Cu/DTBP

t t O
BuO-0O'Bu
induction period

'BuO-0Bu

X=0,N,C
Y = OAc, Tc
L = phosphine

2 [LCu'Y] A

OBu

[CllJ"I] C
t
O Bu Y
G Cl)u"
i 8

Y O + 'BUOH
/CU” X
L / D

H

E

p 9 g
TEMPO
H

J. Am. Chem. Soc., 2019, 141, 14889.
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