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Total Syntheses of Rhodomolleins XX and XXII: A Reductive

Epoxide-Opening/Beckwith-Dowd Approach

Kuan Yu, Zhen-Ning Yang, Chun-Hui Liu, Shao-Qi Wu, Xin Hong, Xiao-Li Zhao, and
Hanfeng Ding*

rhodomollein XX (5): R = OH
rhodomollein XXII (6): R=H
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Rhodomolleins XX and XXII

Me (OH
rhodomollein XX ($). R = OH rhodomollein XX (5): R = OH
rhodomollein XXIl (6): R = H rhodomollein XXl (6): R = H

* |solated from Rhododendron molle G. Don (Ericaceae).
« An unusual [5.7.6.5] tetracyclic carbon framework.

e O stereogenic centers.

e 3 quaternary carbons.
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rhodomollein XX (5): R = OH
rhodomollein XXII (6): R = H
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Scheme 1. Retrosynthetic analysis of rhodomolleins XX (5) and XXII
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Dowd—Beckwith ring-expansion reaction
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- ) OTiPS 3
Me OH c) N,CHCO,Et 3 OTIPS g) cuitos), (17) CH.Cla, 0°C
SnClz, CHaCly, 1t Me” te toluene, 115 °C 70%
72%, 2 steps
BT%, 2 st
16 =] @ S-methyibut-2-enal 16 o0s 18
14 THF, 0 °C, 88%

g) NBS, THFH,0, 0°C
h) t-BuOK, Pd/C, Ha 65%, 2 steps

p— THF, <7810 30 °C

G,
e ~/ iy LDA, (excess)
)ﬁi ' *:zf_\. j) TBAF g\o MePO{OMe);
\ 5{ - THE, 0°C : (CH3Oln
— 7~
RS ‘{"’"‘

) -
o
1 —— -
"\f . then FPhi(OAC); THF, 0°C
_..-n_.-(\ MeQOH, 65 °C 820
22b 25%
X-ray of 22b
+

k) Smlp Iy DMDO
—_— — =
THFMeOH 2 Ev0H CHxCly, 0°C to rt
0°Ctort, 90% Me H 92%
22a T0% (determined by 20 NMR) 23

Scheme 2. Construction of keto-epoxide 12, DMDO = dimethyldioxirane, LDA = lithium diisopropylamide, NBS = N-bromosuccinimide, TBAF = te-
tra-n-butylammonium fluoride, tbs = N-tert-butylsalicylaldiminato, THF = tetrahydrofuran, TiPS =triisopropylsilyl, TMSOTf = trimethylsilyl trifluor-
omethanesulfonate, Ts = 4-toluenesulfonyl.
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a) Cp=TiClz, Mn

H ¢) CpaTiMe:
2,4 6-collidine=HCI g‘?H Q toluene, 85 °C
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[gram scale] Me H-TOR p-TsOHH20
24, 15% b) Acz0, EtsN L—_ﬁ{R = H), 61% 67%
4-DMAP, 96% 25 (R = Ac) Il
Q H e) Colacac):
f) TBSOTY, EtsN " PhSiH3, O, d) PhSeCl, Py
- Me .
CHCh, 0°C M=y oy PrOH, 0°C CH;Cly, 0°C
Me — HO 65% 93%
30 29
g) MeMgBr Cond. Pa-OH at C3
toluene, 0 °C DMDO 2.51
0s04/NMO 14 A\
MeRe0a/H,0.Py  >20:1 : ‘g‘-’ x__,\
B 7 . : . -
1o HO. MeH N, &/(Kﬂz'f'“
h) MeReO3, H,0;, Py then PPTS Me | il N\, Y ‘:-.{“*“
- ——- .
Me T
MeCN/ACOH, 0 °C 64%, 3 steps E N OH | t { Va
Me HO . -\, "‘H\K
- 3" - then HCI :2 M aq.) L 32 {EEH'OH} o rhodomallein XX {ﬁ: i _'1.‘ i ot
rhodomollein XXI {E] Ti%, 2 Stﬂps E X-ray of 25

Scheme 3. Late-stage syntheses of rhodomolleins XX (5) and XXII (6). acac = acetylacetonate, collidine = trimethylpyridine, Cp = cyclopentadiene,
DCE =1,2-dichloroethane, 4-DMAP = N,N'-dimethylaminopyridine, NMO = N-methylmorpholine N-oxide, PPTS = pyridinium 4-toluenesulfonate,
Py = pyridine, TBSOTf = tert-butyldimethylsilyl trifluoromethanesulfonate.
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Conditions
—h..

31
Entry Conditions Yield [%]!"
32 C3-¢pi-32 S-11

1 DMDO, CH:Cl,, =78 °C 15 6 0
2 m-CPBA, NaHCOj3, hexane, 0 °C 0 0 70
3 Davis’ oxaziridine, CHCls, 1t 0 0 62
4 CuCl, +-BuOOH, benzene, 0 °C 0 0 85
5 oxone, NaHCOs, acetone/H20 (1:1 w/v), 0°C 13 5 0
6 0s04, NMO, acetone, 1t 16 65 0
7 0504, NMO, pyridine, -BuOH, rt 13 54 0
glel TPPO, CH:Cls, 1t 0 0 0
9 MeReOs, H20:z, pyridine, MeCN/HOAc¢ 87 0 0

(95:5 viv), 0 °C

[a] Reactions were performed on 0.03 mmol scale; [b] Isolated yields; [c] Recovery of 31.
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Conclusion

Me H

HO,
r Q MV

Me " HO

rhodomollein XX (8): R = OH
rhodomollein XXIl (6): R = H

A new titanium(lll)-mediated reductive epoxide-opening/Beckwith—Dowd
rearrangement process.

A Cu(tbs), -catalyzed intramolecular cyclopropanation, a diastereoselective ODI-
Diels—Alder cycloaddition, and a MeReO, -catalyzed Rubottom oxidation.

First total syntheses of rhnodomolleins XX and XXII in 23 and 22 steps.
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