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Abstract Attempts to synthesize the 4,5-spirocycle skeleton of Phainanoids by rhodium-catalyzed arylative cyclization of
alkynone 5 and the addition of Grignard reagent 9 to a-alkoxyl cyclobutone 8, followed by intramolecular SyAr reaction are
reported. Phainanoids, highly modified triterpenoids, were isolated from Phyllanthus hainanensis by Yue and co-workers.
They have been found to show intriguing immunosuppressive activities. The most potent of them, Phainanoid F, inhibit the
proliferation of T cells with an ICs, value of (2.0440.01) nmol/L and B cells with an ICs, value <(1.602£0.01) nmol/L. The
noteworthy activities and the lack of Phainanoids in nature resources make the synthesis of them for further biological evalu-
ation a challenge for chemists. Our synthesis started from known compound 1, after Birch reduction and alkylation to give
alkynone 5. The rhodium-catalyzed arylative cyclization of alkynone 5 to deliver tetrasubstituted cyclobutene 6 was per-
formed by the following procedure. Under an atmosphere of Ar, to an oven-dried Schlenk tube with [Rh(OH)(cod)], (35.5
mg, 0.078 mmol, 0.012#n5), phenylboronic acid (2.0 g, 16.3 mmol, 2.5#15), were added a solution of ketone 5 (1.9 g, 6.5 mmol,
1.0ns) in 1,4-dioxane (32.0 mL) and H,O (0.3 mL) at room temperature. The mixture was stirred at 35 “C for 12 h. Another
[Rh(OH)(cod)], (35.5 mg, 0.078 mmol, 0.012x5) and phenylboronic acid (2.0 g, 16.3 mmol, 2.5n5) was added to the mixture.
The mixture was stirred at 35 ‘C for 12 h. Subsequently, hydroxyl group was protected with ethoxymethyl (EOM) group to
furnish 7, followed by ozonolysis to generate ketone 8. Ketone 8 was reacted with fresh prepared Grignard reagent 9 in Fel-
kin-Anh model instead of the Cram’s chelation-control model to deliver alcohol 10. The explanation of the diastereoselectivi-
ty of this reaction could be illustrated from two aspects: (1) the rigid structure of a-alkoxyl cyclobutone 8 increased the ener-
gy barrier for the transition state of chelation between magnesium ions and alkoxyl substituent; (2) the magnesium ions were
not chelated with the alkoxyl substituent as well as the carbonyl oxygen was due to the intramolecular chelation with fluorine
atom. Alcohol 10 underwent intramolecular SyAr reaction and deprotection to deliver 4,5-spirocycle compound 18.
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9(2.04+0.01) nmol/L, B bk E24H Jfa 384 G 051 % 14 1T 1Cs0
/N F(1.60+0.01) nmol/L!M.

Phainanoid A: R'=H, R?=H

Phainanoid B: R'=0OH, R2=H
Phainanoid C: R' = OH, R = Me
Phainanoid D: R' = OH, R? = CO(CH,)s0H
Phainanoid E: R'=0OH, R?=A, R®= OH
Phainanoid F: R' = OH, R?= A, R®= OMe

Bl 1 Phainanoids A~F {451
Figure 1  Structures of Phainanoids A~F
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B2 FHIR I #Z 5T Phainanoids IR T & BT 78
Figure 2 Professor Dong’s and Nan’s model study towards Phainanoids
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Figure 3 Retrosynthetic analysis of the model compound 19
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b. KHMDS
PhSeBr, HMPA

c. Hy,O,, pyridine

40% for 2 steps

a. Li, NHg(l)

3]
0

H

d. KHMDS, Mel
e. Li, NHa())

50% for 2 steps

Reagents and Conditions: a) Li (3.571), NH;3(1), —40 C, 12 h; H,O (1.5ny),
—40 °C, 30 min, 2 (2.0ny), THF, —40 C, 12 h; b) KHMDS (1.5n3), THF,
0 C, 2 h, then HMPA (1 mL/mmol), PhSeBr (2.0n3), —78 C, 1 h; ¢) H,0,
(3.0n3), pyridine (10.0n3), THF, 0 C, 5 h; d) KHMDS (1.5n4), THF, 0 C to
50 °C, 2 h, then Mel (3.0n4), 0 'C to 25 °C, 12 h; e) Li (3.5n4), NH5(I), —
40 ‘C, 12 h. KHMDS = Potassium bis(trimethylsilyl)amide, HMPA =
Hexamethylphosphoramide.
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Figure 4 Preparation of the substrate 5
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FIECE R 2.5%0], US4 E 2 36%(3 1, Entry 2). [F]H}
REROBAFIRESR 2.5%, KRS Sns i, WFiE
B 42%(F 1, Entry 3). WS EIATHLE, 2N
fEfEmE 35 Chl, W dgm 3l 56%(E 1, Entry 4), 48
MAE AT, WY 5 A ER R sERITK
B, SR 2.5%M1[Rh(OH)(cod)], HEALTFIFT Sns 41
FR 5y PILIN N ZE IR BRI 5, 1E 35 CH&M R ik
R 12 h, BL 73%0AE EATICR IR =3 T 6(3% 1,
Entry 5).

R 1 IR S FSEAEAL T SIS T ©
Table 1 Optimization of the rhodium(I)-catalyzed arylative cyclization

of alkynone 5°
Meo/wO

Meo/wO

conditions
Ph
Me Me 6
Entry  n([Rh(OH)(cod)],)/ns n[PhB(OH),)/ns Temp./'C  Yield"/%
1 1.25% 2 20 21
2 2.5% 2 20 36
3 2.5% 5 20 42
4 2.5% 5 35 56
5¢ 2.5% 5 35 73

© 2020 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“Reactions were conducted on a 0.3 mmol scale in 1.5 mL dioxane/H,O(V . V,
100 : 1) in a 10 mL vial under Ar atmosphere for 18 h unless otherwise noted;
®Yield of isolated product 6; ¢ Reactions were conducted on a 0.3 mmol scale
in 1.5 mL dioxane/H,O(V : V, 100 : 1) in a 10 mL vial under Ar atmosphere.
1.25%ns [Rh(OH)(cod)], and 2.51ns PhB(OH), were added first, the reaction
was stirred for 12 h, then another 1.25%mns [Rh(OH)(cod)]; and 2.5ns
PhB(OH), were added, the reaction was stirred for another 12 h.

TEZ R NI CHEL AR, ST J 6 Rkt
1T GRS T I (EOM) RIS R W) 7, FPRUBEEAT A
SRS EIIA T A 8. ARk A SRR PR T e 8 5T &
s BRatsr 9 KA R, #38] T Felkin-Anh A5
Ty ST AR 3 B P e P 3R T R 101, T E Cram’s
chelation-control 5% %Y HH 88 B - b5 B BL AU i 7 A AR A e
AR EAA AT () SEAAE B IR Y, R R T R
10 FRIAEXS SRR B 8 5 B R ATT S S 56 () B uE () 5).

SCHR R TE [ PR AR T 0 40 Joe S8 2T 465 ) Jon i
H s i A B 1B 6). 1993 4=, Holger Butenschon 18 T
FHOL AL EE S5 410 FE AR BA T 11 4% Cram’s chelation
BRI ARV IR, 73305 T B 12(1 6a)!". 2000 47,
Louis S. Hegedus K18 | £ I 1R A EE 5 41 A B3R
THH 13 %18 Cram’s chelation AT ST ARG FRME AR, 15
FIFA T 14(& 6b)1H.

G B ERaE, FRATHEMIRS [T 9 S4Bk
FEIL T 8 K44I Cram’s chelation-control #2FY 34T 57
PRIE SN A2 BT 4% QIR 9 R B T S U T AT
TR EEAET N 70 N FE B
5EA R T IHITES G, S RIEAL A A I
G5 Rk A). HIGUESEHEN, FRA TR 8 Al 5
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a. EtOCH,CI
iPrNEt 1O

83% Ph

Reagents and Conditions: a) EtOCH,Cl (2.0n6), i-ProNEt (3.0n6), THF,
25 C, 12 h; b) O3, DCM, —78 °C, then Me,S (3.5n7), —78 ‘C, 1h;¢c)9
(6.0ng), THF, —78 ‘C,3 h.

K5 LMLEY 6 G 10 1FRLL
Figure 5 Synthesis of compound 10 from compound 6

(a) Holger Butenschon

MeO MeO Me

°© MeMgl "OH
7%
H Ph H Ph
1 12
(b) Louis S. Hegedus
0 HO

BrMg™ X

~
Ph. N Me — > PR Me
OMe 87% N OMe

Ph""<\ <\
o/&o Pr /go

13 14

Bl LA ik 2itin x4 FF AU R 3R T IR i ke
Figure 6 Reported a-methoxyl cyclobutone added by Grignard reagent
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BT SR ER T AR AL R B A IS e A2 (2)
R Il 9 e T SRR THHMT 70 TWES,
M B 8S 15 BRAEAR A e S B B

Meo/wO

15
confirmed by NOE

Meo/ﬁ b. PhAMgBr o Meo/z

EtO— THF, -78 °C
’ X 89% Phe/ >3
o Me HO Me
8 16
confirmed by X-ray
:
Mo
E O/\O\ <
t o |V|§-e
Me

Reagents and Conditions: a) BnMgBr (6.0ng), THE, —78 C, 3 h; b)
PhMgBr (6.0n5), THF, —78 C, 3 h.

B 7 A%l A b A RN T I 8 Ak
Figure 7 a-Alkoxyl cyclobutone 8 added by Grignard reagent

Meo/wo Meo/wO

b. CSA, THF . .
SI=e
60 °C ’

52%

Reagents and Conditions: a) +-BuOK (3.0n49), THF, 60 C, 10 h; b) CSA
(0.1n17), THF, 60 C, 10 h. CSA=Camphorsulfonic acid.

B8 a8 mamk
Figure 8 Synthesis of compound 18
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