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Figure 1. Structures of atpenin A5 (1) and 4-epi-atpenin AS (2).
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Scheme 1. Previous total synthesis of 2[°]
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Scheme 2. Retrosynthetic analysis of 2
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Scheme 3. Completion of the total synthesis of 2[4
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Scheme 4. Total synthesis of 17 via regioselective iodocyclizationl®!
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—| a-pyridone form y-pyridone form l—

CJ-16,169 (23)* (R = CH,OH)
Cladobotryal (24)* (R = CHO)

o 23
| = ”"—OH <
N o

2-6pECI-16.170 (25)1 2-6pi-CJ-16,169 (26)" : ;‘5::;2'“0

Figure 2. Structures of furopyridones 22, 23, 24, 25, and 26.

ZNODERMIEIZETFTHICHTZ0, BRI TH HAERIR T — RNER
EEOSIZH WD It@Eo R H & LT, v'U N 27 Za%E L7 (Scheme 5), Z®D
27 Z# L HHWI NIS TUHTLHZ LT, RHFTI—F=ULAF 28X
721 28Y DERT D EEZOND, ZDFE, Aldgtrain ° TIPS £k & DLIRE
EOHERK LY, I— =LA A2 28Y MEHRLTEKTSHEEZ B, 28Y
IZxt L, HEIEAFE F CIL 4R EREATRIL L T 30a 2, WHEIEGFET T
2 (R ERERA TERIL L T 30y 20L& K ONIRRINIICHEE TE 5 LB X 7,
Boilz 300 KT 30y 2HiE, ENEN 22 TN 26 ~LEIS ZENTED
EZZDBNDTEH, 22 KON 26 LAY E L TEIR L, (TE BRI 72 3 —
REMLIES Z i & 35 A e 2 Bith L7-,



TIPSO
NIS
OH /J or OH Me
Ph . Ip 4
| A T > —_— | AN H
OTIPS H
N o N/QQOH "+ Me
H H KIS
27 28Y
without R with without
base . ‘g base base
# A
|
= OTIPS
OTIPS o .
Ph :
N~ 0 H I
H
29y
(minor)

2-6pi-CJ-16,169 (26) CJ-16,170 (22)

Scheme 5. Synthetic strategy for 22 and 26
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31 32 65% (2 steps) 33 | H
1 34
quant
on
CHZCIZ MeOH 80 °C
I o o 88% (2 steps)
TIPSCI
37 R imidazole
DMF, 0 °C
27(R T'PS)) then MeOH
t, 83%

Scheme 6. Synthesis of key intermediate 27



D 27 1IZx L TH— FEBRALKG 27 7= (Table 1), HIEHEHFETT L %
ER&EEDE, -0 RUAROBRZIER 93% ThH 2, 29y & 30y & DOyBEREE
PRIREY (29y:30y=1:6.8) 157 (entry 1), — 7. HIEIFIET. NIS Z{EH &
5 E M 18% T 29y & 30y & DUBEREER v-v' U RUKDOIEEY 29y -
30y =1:40) 2, IR 60% T 29a & 300 & DOEEREE R a-B Y RAKDRE
B (290 : 300 =1:3.6) & ZINENFFTC (entry 2), %7 OB TIIAZ E SR
PMER L7z, sl ogEF A L v | 31FsE 0 O VAR KR O EEIRMET o- KDY
y-EU RARZED 3P 5 2 &R TE T,

OTIPS o OTIPS
Without 3 E
base
CHCly
OH //
Ph | O
OTIPS
N o
H
27
With base
CH,Cly
290 (undesired) 300 (desired)
conditions Regioselectivity diastereomeric ratiof®!
entry Yield (%)t a-pyridone y-pyridone
a vy (ratio) 29a : 30a° 29y : 30yl
0:93 .
1 I, CHyCly, 1t o - 1:6.8
2 NIS, CHCI/DBU (10: 1), t as1) 1:36 1:40

[a] Isolated yield. [b] determined by 'H-NMR. [c] inseparable mixture.

Table 1. Optimal reaction conditions for the key regioselective iodocyclization

BoNT=TT AT VARAEY 300 & 30y 2V, TEN 3 TREER T
Fo 38 KN 39 A8 LTc, ZOERETH - DY T AT LA ~v—& L THER
TE, B2 3 TROFREEHREITH) ZLICL, HD 22 LT 26 DA
BIERT D Z LN TE 72 (Scheme 7) Bl 572 22 KON 26 OFFifkasT —
A%, SIS b —Fr U RETTCTdh o 72 22 OMGILARRCE X, 2 i1 TN 34
iz S BETHD ERE LT,
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Scheme 7. Completion of the total synthesis of 22 and 26
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