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BERAEXEPEFRE K

FEE W S menT
(LR PRI S50 BN RAP L AR S BB 712100)

WE PR T — S Hbe —iE R IR OB IR [S/6]H [AMA [ B SRS, 1 SRS BORAZ BRI B H B0
i, Johnson-Claisen BEHEFIMS AN S — R A SN, FEXT RS BEATRAL. 2B BA MR Wb MR s, kg
RERFEWI A B B BRI B 7.

KA SHLGI T, KA, SRR, Claisen EHE

Synthesis of Key Intermediate of Cyathane Diterpenes

Li, Ruoxin Han, Rui Gao, Jinming™
(Shanxi Key Laboratory of Natural Products Chemistry and Biology, College of Chemistry & Pharmacy,
Northwest A&F University, Yangling, Shaanxi 712100)

Abstract A synthetic plan of bicyclo[5/6] key intermediate of cyathane is reported. All the involved reactions, such as nu-
cleophilic substitution reaction, radical ring-closing reaction, Johnson-Claisen rearrangement and Grignard addition, were op-
timized for higher yields. The procedure provides a simple and efficient method for the synthesis of bicyclo-key intermediate

of cyathane. It is expected to have wide applications in the synthesis of cyathane.
Keywords cyathane diterpenes; natural product; nucleophilic substitution; Claisen rearrangement

S AR RIN YR R B Ayer T 1972
FEEIRMNERBEE Cyathus helenae [RUF=HIM 4355
2. RN EVBABERMPIRE . THR . TURIE KA
LB IR, VAT TP R 2 H ZURAT PR Hh HAT
TEMMER. B RIARF= AT R &H 20 Bk
J5F, JEHRA 5/6/7 =IRG5H LA ES: TR0
MR AR (B 1), SRR &AL KK GE. H M
Katherine {81201 T 2000 4F 14 VX & i Hi (£ )-sarcodonin
G J7, Philips!"', Danishefsky!'”). Masahisa!"’!. Stoltz!'*l,
R, AL AR U A AR 4k A R R R R 1 L
e i RIR ).

AT Z B EL B P B 1R B — R A G
B RIRA, RN AR E IR R BT A R VEREAT
WEFL. R T B — X A S PR T B 7T, A
ERE— k= U B R LR, 15 BRE R IR ) R If
WG TP, NS A i Fe e (A o 5
fitti.

FES B —w A 4E 1, BT HAA A IESESR
O, HWAM I T I E, 456 R E R
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Figure 1 Skeleton and structure of cyathane class terpenes
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D). BT OEE 1 W RE A 1 gl
Cope HHEF Aldol e SiFJEAFF]. B Rk 11
] F R F TR) 44 6 4233 Johnson-Claisen B HEM) 2. 1%
il H ) 44 6 T LA ER SN T A 7 a8 R AR S A B

[iEZNEA=E:IR
OH
cope rearrangement/
Aldol reaction J/

OH
1
Johnson-Claisen
rearrangement/
2 nucleophilic oHO
/@/ substitution
{—
known ketone 7 6

B 1 58 B A () I & e i

Scheme 1 Retrosynthetic analysis of skeleton of cyathane (1)
12 AL

S LA 7 AR A, EAT SRR R M,
FRFEMLEY 8. MjFl 5 dFEI L SN — P
RB 2B VAS R A1) 2 N A e [ N =R G = ]
Johnson-Claisen N & AETE B 1, KL EHAS 2%
AR AL T I 9. St EHEA G 9 HEATHS
BN, 75 20R0™ 4 10. {1 LiAlH, & LA 10,
75 2 BEIE R 1 7= M) 11,

LDA, 3-bromopropionitrile Zn, Cp,TiCl,
THF, rt. NC THF, rt.
o 99% o 82%
7 8
4-nitrophenol : CO,Me
TMOA ZnCly, AllylMgBr
OH Xxylene, 160 °C THF, -50 °C
42% 61%
(]
6 © 9
> Co,Me : OH
LAH
—_—
Et,O
on= 81% on=
10 1

B2 REEhE A 11 & B
Scheme 2  Synthetic route of the key intermediate 11

1.3 REFHHMHK

TERANG R, SERZBURR N B AR B
Johnson-Claisen HHESE s 7= R, PRI A B £
R — R Y N T AR

Chin. J. Org. Chem. 2020, 40, 2148~2152

1.3.1 FHIBAARR R KK

NT U= RS EM A 8, MR N AT T
tk, SRR 1 . EY 78 0.2 mmol B, IIA
AT (20 mol%) A, PIMENE(1.5 equiv.) A3k X
A, AEARUT i DY SR I TR A v TRV &R ) V(-
BuOH)=10 : 1] =R &M 12 h, PL 8% KRS 3 H
FRrE) 8. FEURERA b, % TR A E AL . = Rk,
SUT BERN . SR — RN R E S (LDA) . 5K
B, RAENANEE 1, Entry 6)AREF BARS W, HAbJL
H(3 1, Entries 2~5)%15 2] HAxr=4 8. H A E L8
FIRCR BT, 2 BNCRATIAR] 22%. i e S A i
B, HEm G I R 2 S equiv. i, WCR AT LA S
36%(3K 1, Entry 7). MiFtm RMRE, AT 8 HficE
SBEIRGER 1, Entry 8), HENNH K & w24 IR 5
filg. Mt—2, KeormikRIE Sy 3- AR, fHTA
AALBR . SN LDA . XUFH Sk 3 2 S5 A 00 R R A
FEGILATEENH (K 1, Entries 9~14), [958, H
o LDA BRI, R TTIEE] 99%(% 1, Entry 13),
B NARZE 10 mmol B, EIF=HE%, WERFFZ 56%
2E FRTR, AR A LA 1.5 equiv. LDA B, LA 3-
RANE R A, 7EIIEPRE(THF)H, —78 CRM
16 h.

R SERIBARR B A AL

Table 1 Optimization of nucleophilic substitution reaction

base (x equiv.)
solvent, T NC
0 ,

O
7 8

Entry Base (x/equiv.) 7/C

1 +BuOK (0.2) rt.
2 tBuONa(0.2) rt.

Solvent (V' : V)  Yield/%

THF/-BuOH (10 : 1) 8
THF/+-BuOH (10 : 1) 21

3¢ KOH (0.2) rt. -BuOH 22
4 Et;N(0.2) rt. EtOH 14
5 LDA(0.2) —78~0 THF 5
6 NaH (0.2) Lt. THF NR®
7 KOH (0.2) Lt. -BuOH 36
8% KOH (0.2) 60 -BuOH 13
9 NaH (1.4) 0~rt. THF 32
10 LDA(2.0) —78~0 THF 33
11 NaHMDS (1.4) 0~rt. THF 36
12 LiHMDS (1.4) 0~rt. THF 39
13 LDA (1.4) —78  THF 99

© 2020 Chinese Chemical Society & SIOC, CAS

“Isolated yield.  NR=no reaction.  Acrylonitrile is 1.5 equiv. ¢ Acrylonitrile
is 5.0 equiv. “ 3-Bromopropionitrile is 3.0 equiv.

132 B s AR R 6 & HHmAL

W FE TP a6 48 ) — AL 82 (Sm) AL TN I A A5 31
H BRI 2, Entry 5). BB "=
TRER(Cp,TiCly, 0.3 equiv.), = I ELI(TMSCI). Zn

http://sioc-journal.cn/ 2149



BIHE

FEt;NHCLU N ISR (3 2, Entry 1), LA 30%U0% 43 2|
WA= EE 6. B Jo BE 8 i 0 55 D = A YR S
(TMSBr), Zn 7525 = 2 B S AL B (TEBA)I F- AR 15 2 H
PRI 2, Entry 6). SURMEALHIE, 24 Cp,TiCl, 1)
4 0.3 equiv.if, FEEE (K 2, Entry 3). H A
PRt J5 A R (3R 2, Entry 2) S8 LA A 3h R 14E 47 )5 Ab 2
(R 2, Entry 3)MICETE &, AT E 82%. %5 LATIA,
BB A N L Cp,TiCly (0.3 equiv.) N AL 7,
TMSCI. Zn F EGNHCI JNas A, 7P ki =
TR 24 h, WIER 2.0 5 Jb 38 s B, W3 mT A 2 82%.
2 HHBAEFRLPI &AL

Table 2 Optimization of radical ring-closing reaction

/\/@/ catalyst, additive
—_—_—
NC THF, T OH

% 3 Johnson-Claisen EHE N &AL

Table 3 Optimization of Johnson-Claisen rearrangement

(0]
8 6 ©
Entry Catalyst (x/equiv.) Additive 7/°C Yield"/%

1 Cp,TiCL (0.1)  TMSCI, Zn, E5N-HCI rt. 34
2 Cp,TiCL (0.3)  TMSCI, Zn, Et;N-HCl rt. 82
3 CpyTiClL (0.3)  TMSCI, Zn, Et;NsHCl 50  63¢
4  Cp,TiCL (0.5)  TMSCI, Zn, EN-HCl rt. 36
5 Sml, (1.0) — rt.  NRY
6  Cp,TiCl, (0.1) TMSBr, Zn, TEBA  rt.  NRY

acid (1.2 equiv.) COMe
OH xylene, T
6 ° O 9
Entry Acid 7/°C  c/(molsL™")  Yield/%

1 Benzoic acid 160 0.2 10
2 EtCOOH 160 0.2 10
3 Pyep-MeCcH,SO;H 180 0.2 10
4 2-Nitrophenol 160 0.2 33
5 4-Nitrophenol 160 0.2 36
6 CF;SO;H 160 0.2 NR
7  Pivalic acid 160 0.2 NR
8 4-Nitrobenzoic acid 160 0.2 NR
9 HCI 160 0.2 NR
10 CH;COOH 160 0.2 NR
11 4-Nitrophenol 140 0.2 23
12 4-Nitrophenol 180 0.2 34
13 4-Nitrophenol 160 1 34
14  4-Nitrophenol 160 0.5 17
15 4-Nitrophenol 160 0.1 42
16 4-Nitrophenol 160 0.05 26
17 4-Nitrophenol 160 0.02 26

“Isolated yield. NR =no reaction.

F 4 Grignard LS AL

“Isolated yield. ” Quenched by H;BO,. ¢ Quenched by HCL. “ NR =no reaction.

1.3.3 Johnson-Claisen & Hf R 89 & 444k

DA R N AEAGTR], = H ORISR, 76 160 C ik
1728, M REIRAIEEAT, (EALRELL 10%I0 R /3 2 EHE
FEYIlE 9(3K 3, Entry 1). 25 & FIER I 2 55 %5 1 SR 1) 56
W, GiEIEA HUER 2-RE ISR EY . KR XTRESE R HR
MERE A X FH ORISR . — RO e R . FR IR N, &
% DAL EALER HCL G, R IE F 4-RE 28 i i d
(3 3, Entry 5), MifdifH =P LEERR . SRR, FRKIR .
XIS AN BRI AR A3 B FEHE= (3R 3, Entries 6~
10). B 5% S SR (R 3, Entries 11, 12)PAK B
(3% 3, Entries 13~17)3HTiiE, A5 3| mHAAR N &AM
e A-TH IR AL ), 7R FZEHLL 0.1 mol/L )%
PMARETF 160 C M 36 h(5ERE 12 h #MH 0.5 equiv. 4-
TR, (R ) NIHAT), W 42%(3% 3, Entry 15).
1.3.4  Grignard %= s B 89 F- HHARAL

CLZ T NP, 6 —78 °C H4:3 I 7 2L IR A 85
(3 4, Entry 1), L 30%MUSCRAF B FCINE=4 10. B8
JEURIN 0.5 equiv. 1) Lewis BR EALEE, 7231 = & 40% (3R
4, Entry 2). @ S@ULEEME &, iR SER], THE
SR, R BTt mi(GR 4, Entries 3~5). 25 L AT
R, BRI S P 1.2 equivEALEE AL, 18
PUE kMg —50 °C M. 3 h.

2150
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Table 4 Optimization of Grignard addition

© 2020 Chinese Chemical Society & SIOC, CAS

CO,Me
COMe zncl, (x equiv.) 2
Solvent, T
0 oH
9 10
Entry x/equiv. Solvent 7/°C Yield/%
1 — Et,0 —78 30
2 0.5 Et,0 —78 40
3 1.2 Et,0 —78 50
4 1.2 THF —78 51
5 1.2 THF —50 61
“Isolated yield.
2 #Hig

GRS LR AR IEE Y A CAW AN EEEE S S 7Y 3
A1 Johnson-Claisen B HESE — R M =26, 7EAf
PRIPFEMIE LT, K T — 2 a1 ) 4 S i —
it B I e A 1 Vs

3 SCIOERSY
31 UBE5EHF

"H NMR #1 *C NMR Hi Bruker AMX-500 %A% i &
PRGN 5E . &5 P (HRMS) %4 i AB SCIEX LC-

Chin. J. Org. Chem. 2020, 40, 2148~2152
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30A Ttiple TOF5600" (ESI)ZY 5 Al 22 .

B AR 00 1 B, S8 BT AR 3 SR VR T i b i AR,
KRG PR ERAH, IR K TS
ASAT N HHT. TooK BRI SRR LA 4 Je B E
A, EGRSRY TZ& MG s ENERER H 8L
Silicycle P60 fiEfic EdkAT, Pt A ihEE i FE 60~90 C
W5y, WZENT(TLOMEM G IL A ERIR HSGF 254 |
HHAT, AR NaHCO; /KA & MR 1) £ B2
kL
3.2 ZLWAHE
321 3-(1,4-=F K 2-#H KL T -3-M-1- )R I (8)
a4 ) &

ERARYTT, ¥ 3,6-— I C-2-J4lH(7, 25 mg,
0.2 mmol)7& T THF (0.5 mL)H. MNIRLEREE—78 C
S, R A 2 Y DY SR R / T O e T R0, 14
mL, 0.28 mmol, 2 mol/L)iZ{# I R SR JE i 4 5 h. K
3-IRAE(50 uL, 0.6 mmol) N & Je Bk f5 T —78 ‘C k4
K16 h. NS IR S A8 /K 1(0.5 mL)
ORI, N 1 mL K7 ke, 2 Ba0AH, Ham®
L2 mL X 3)ZEHUKAH, &HAHIAH, HEMELK
WDV, ToKBRIREN T8, i, W46, HZEralifk
133 35 mg(77 2 99%) i EIHRYI(R=0.3, A1t Bk/ 218
5, Vi V=5:1). '"H NMR (500 MHz, CDCl;) 6: 5.66
(s, 1H), 2.30~2.17 (m, 4H), 1.83 (d, J=7.5 Hz, 5H),
1.78~1.69 (m, 2H), 0.99 (s, 3H); *C NMR (126 MHz,
CDCly) d: 202.05, 161.22, 125.01, 120.13, 77.57, 77.32,
77.06, 42.60, 33.18, 32.65, 27.92, 24.01, 21.54, 12.42;
HRMS caled for C;;H;(NO [M+H]" 178.1226, found
178.1198.

322 T7a-##-3a,6-=F %-2,3,32,4,5,7a-5< A-1H-2h-
1-BR(6) 49 #1] &

EEASAYF, K& %%K©0.75 g, 3 mmol), =
LREETR ER(2.75 g, 20 mmol)FIE¥473(0.79 g, 12 mmol)i%
F THF (25 mL)H, ZEBFE S min J5, B0 A1E H RS20
BB SR, KA 8 (1.77 g, 10 mmol)Fll
TMSCLINA R JG IR SR N 24 h. RMNEEHJE I
TR A W% 7K R(0.25 mol/L, 40 mL, 10 mmol)4% ZE 45
£ 24 h. M 50 mL LR LEERRERNL, 4 26 LA,
F 2.8 2. B8(50 mL X 3)ZEHUKH, G- HLAE, FHR
SR, TR T, I8, R4, #*
EHTAEAFE] 1.48 g(75 R 82%) i iR MI(R=0.3, f1
Wi/ 2 W, Vi v=3":1). 'H NMR (500 MHz,
CDCly) &: 5.04~5.03 (m, 1H), 2.54 (s, 1H), 2.39~2.21
(m, 2H), 2.17~2.01 (m, 2H), 1.86~1.91 (m, 1H), 1.72 (s,
3H), 1.69~1.63 (m, 1H), 1.62~1.60 (m, 1H), 1.44~1.49

Chin. J. Org. Chem. 2020, 40, 2148~2152

© 2020 Chinese Chemical Society & SIOC, CAS

(m, 1H), 0.95 (s, 3H); C NMR (126 MHz, CDCl;) o:
219.28, 141.91, 119.38, 79.75, 77.28, 77.25, 77.03, 76.77,
39.78, 31.48, 28.80, 27.51, 26.01, 23.76, 22.20; HRMS
caled for C;H;c0O,Na [M—i—Na]+ 203.1043, found
203.1014.

323 FHA-2-(5,7a-=F HK-3-#4-2,3,5,6,7,7a-55 A -
1 H-26-5- ) T 8% B5 (9) 49 1 %

TGS, K& 6 (0.18 g, 1 mmol)s 4-fi
FERW0.15 g, 1.1 mmol)F i Z R = H§(0.65 mL, 5
mmol)¥AE T ZH 2K (10 mL)H, 160 CHiH: 36 h, REFE 12
h #MI0 4-F43E 23 (0.07 g, 0.5 mmol)FlJR 2./ = Ffig
(0.3 mL, 2.5 mmol). JxMN&ER GRS, F)EHTaiiis 3]
0.1 g(F=% %) AMRYI(R=0.4, F M/ L8
fig, V. ¥=3:1). '"H NMR (500 MHz, CDCl;) §: 6.38 (d,
J=1.6 Hz, 1H), 3.67 (s, 3H), 2.55~2.41 (m, 3H), 2.31
(dd, J=18.8, 8.4 Hz, 1H), 2.06~1.96 (m, 2H), 1.85~1.81
(m, 1H), 1.63~1.48 (m, 3H), 1.13 (d, J=2.4 Hz, 6H); "*C
NMR (126 MHz, CDCly) &6: 207.40, 171.46, 144.01,
137.37, 77.32, 77.07, 76.81, 51.42, 46.22, 38.95, 36.10,
35.85, 34.00, 31.18, 26.81, 24.51; HRMS calcd for
C1sH203Na [M+Na]™ 237.1485, found 237.1457.

324 PR 2QC-MHAKAI-EES57-=F & -
2,3,5,6,7,7a-7< A-1H-1-5- ) L ER BE(10) 89 4] &

RS, B E% 9 (0.35 g, 1.5 mmol)F1 G
IKEAEE0.24 g, 1.8 mmol)iAT THF (6 mL)H, iR
FEBE 2 —50 °C. Kb 7 2 VR A0 85 1 DU SR I I (1
mol/L, 1.8 mL, 1.8 mmol)iZ¥ i I e Sk P, gk EEfiFE
3 h. JRWEEEHJE IR S AL B K TR(S mL)EE K %
R, JIA 10 mL /K7 HHE, 7 SA VA, H LR OB
(20 mL X3)ZEHUKAH, A IFANUAH, HUEFE ALK
WPk, oK T8, T8, W4E, HETaits
£]0.25 g(7= 2 61%)ik HE AHPRYI(R=0.8, f1iHEK LR
ZWE, V:v=1:2). '"H NMR (500 MHz, CDCl;) ¢:
5.83~5.75 (m, 1H), 5.48 (d, J=1.6 Hz, 1H), 5.19~5.06
(m, 2H), 3.69 (s, 3H), 2.53 (dd, J=13.5, 7.8 Hz, 1H), 2.38
(d, J=3.8 Hz, 3H), 2.04~1.91 (m, 3H), 1.78~1.63 (m,
7H), 1.52 (dt, J=13.5, 2.5 Hz, 1H), 1.37 (td, J=13.6, 3.2
Hz, 1H), 1.20 (s, 3H), 1.09 (s, 3H); °*C NMR (126 MHz,
CDCLy) 6: 172.30, 151.31, 149.20, 134.69, 134.62, 134.24,
134.08, 129.24, 126.62, 118.67, 118.05, 117.98, 79.15,
79.04, 77.33, 77.08, 76.82, 74.94, 51.30, 50.25, 47.46,
45.93, 45.67, 45.63, 45.13, 41.22, 41.17, 39.11, 38.77,
36.67, 36.51, 36.36, 35.30, 34.42, 34.16, 32.16, 31.42,
30.44, 27.79, 25.54, 25.15; HRMS calcd for C;7H,s03;Na
[M+Na]" 301.1774, found 301.1729.

http://sioc-journal.cn/ 2151
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325 1-M A K -6-Q-F A T H)3a6-= F K-
2,3,3a,4,5,6-5< A .- 1H-2p-1-B5 (11) 89 %) &

ERSRT T, BIUEA#0.42 g 11 mmol)iE T
LBF25 mL)H, RAMEERFZE 0 C. Bia 10 (2.78
g, 10 mmol)i& T ZE(5 mL)J5, ZM & PUE R4 24
Bk, dREEBiRE 4 h 5, FFREZEMAE 2 h RPg;
WS MUK (20 mL)yE KIS, 43 BEANAH, H R B
(50 mLX3)ZEHUKAM, AIFAHAHE, FHEFMEEAKE
WGk, JoKIRERANT-15, 8, W4, HIEraifs
B 2.1 g2 81%)H R YI(R=0.3, F i/ TR
ZBE, V:v=1:2). '"H NMR (500 MHz, CDCl;) ¢:
5.75~5.73 (m, 1H), 5.36 (d, J=1.3 Hz, 1H), 5.13~5.05
(m, 2H), 3.70 (t, J=6.9 Hz, 2H), 2.46 (dd, J=13.5, 7.8
Hz, 1H), 2.32 (dd, J=13.5, 6.6 Hz, 1H), 2.02~1.87 (m,
3H), 1.79 (td, J=14.2, 3.5 Hz, 2H), 1.70~1.57 (m, 4H),
1.36~1.27 (m, 2H), 1.17~1.08 (m, 4H), 0.96 (s, 3H); 1*C
NMR (126 MHz, CDCly) 6: 150.86, 134.53, 128.02,
118.27, 79.08, 77.31, 77.05, 76.80, 59.86, 45.59, 41.16,
38.81, 36.73, 34.87, 34.25, 31.04, 28.61, 25.69; HRMS
caled for CisHpsO,Na [M +Na]+ 273.1825, found
273.17717.

45 B #H (Supporting Information) L5476, 8, 9, 11
) 'TH NMR A1 C NMR 3 [, X ekl a] DL 3% A F]
I 3k (http://sioc-journal.cn/) b £,
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