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Catalytic Asymmetric [4+2] Cycloaddition of o-Hydroxybenzyl Alcohols with
o—Hydroxyl Styrenes: Diastereo— and Enantioselective Construction of Chiral
Chroman Scaffold
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Abstract A chiral phosphoric acid-catalyzed asymmetric [4+2] cycloaddition of o-hydroxyl styrenes with o-quinone
methides (0-QMs) generated in situ from o-hydroxybenzyl alcohols has been established. O-Hydroxybenzyl alcohols could
transform into 0-QM intermediates under the catalysis of chiral phosphoric acid (CPA), which are easily activated by CPA via
hydrogen-bonding interaction. On the other hand, o-hydroxyl styrenes could also be activated by CPA via forming a hydrogen
bond between the hydroxyl group of styrenes and the phosphoryl oxygen of CPA. So, by selecting o-hydroxybenzyl alcohols
as precursors of dienes and o-hydroxyl styrenes as dienophiles under the catalysis of CPA, this catalytic asymmetric [4+2]
cycloaddition provided an efficient strategy for constructing enantioenriched chroman framework with two stereogenic cen-
ters. A variety of substituted o-hydroxybenzyl alcohols and o-hydroxyl styrenes bearing either electron-donating or elec-
tron-withdrawing groups could be applicable to the reaction, delivering chiral chroman derivatives in high yields, considera-
ble enantioselectivities and excellent diastereoselectivities (up to 78% yield, 72% ee, most of examples>95 : 5 dr). The
electronic nature of the substituents has some effect on the reaction. Namely, the electron-donating groups were beneficial to
both the reactivity and the enantioselectivity. Based on the control experiments, it is suggested that the o-hydroxyl styrenes
and the 0-QM intermediates generated from o-hydroxybenzyl alcohols were simultaneously activated by CPA via forming
double hydrogen bonds, thus facilitating the reaction in an enantioselective way. A representative procedure for the enanti-
oselective [4+ 2] cycloaddition reaction is as following: 1,2-dichloroethane (I mL) was added to the mixture of
o-hydroxybenzyl alcohols (0.1 mmol), o-hydroxyl styrenes (0.12 mmol), the chiral phosphoric acid (0.005 mmol), and 3 A
molecular sieves (100 mg). After being stirred at 50 ‘C for 12 h, the reaction mixture was filtered to remove the molecular
sieves, and the solid powder was washed with ethyl acetate. The resultant solution was concentrated under the reduced pres-
sure to give the residue, which was purified through flash column chromatography on silica gel to afford the pure chiral
chroman derivatives.
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Figure 2 Representative catalytic asymmetric reactions involving ortho-hydroxybenzyl alcohols
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Table 1 Optimization of conditions
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1,2- =& ZKE(DCE)I AT LLHE 7= #H ee {H(3 1, Entry
10), IO 3 A 20T 9% (100 mg)fE s izl Lt —4 24
3 ee (3R 1, Entry 11), 7EILIEAE EFHREZ 50 “Cw] LA
TELRFFE 72% ee fH I HEAT 32 =7 215 74%(3K 1, Entry
12). Frbh, s HERERRBIZM AR 1, Entry 12):
RNHRE RN 50 C, A~ 1 mL 1,2- & k8, A7)
95 mol% TR 4a, RV ELL N 1a & 2a=
1:1.2, KM 3 A% FiH(100 mg)fE NN, fEiZ it
S E TR SN [ 77 5N 74%, ee (N T2%, dr fH >
95 : 5.
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G 4a: G = SiPh3 ¢ ‘
OO 4b: G = 4-CICgH,4 o
O  4c: G = 9-Phenanthrenyl O—p~ o
o “OH 4d: G = 9-Anthracenyl O OH
4e: G = 1-Naphthyl ‘ o)
4f: G = 2-Naphthyl s _p-°
G 4g: G = 2,4,6-(i-Pr)3CeH, _ 0=
4h: G = SiPhg 5 OH
Ph OH
5mol% 4 or 5,25 °C
OH + A
solvent, additives
OH
1a 2a

Entry Cat. Solvent Additives Yield”/% dr® eel%
1 4a CHCl; — 36 >9515 54
2 4b CHCl; — 70 >9515 12
3 4c CHCl; — 64 >9515 9
4 4d CHCl; — 74 >9515 6
5 4e CHCl; — 15 >9515 6
6 4f CHCl; — 24 >9515 6
7 4g CHCl; — 58 >9515 2
8 4h CHCl, — 37 >95:15 50
9 5 CHCl; — 29 >95:15 9
10 4a DCE — 58 >95:15 68
11 4a DCE 3AMS 58 >95:5 72
12°¢ 4a DCE 3AMS 74 >95:5 72
“Unless indicated otherwise, the reaction was carried out in 0.1 mmol scale in a solvent (1.0 mL) at 25 ‘C with additives (100 mg) for 12 h, and the mole ratio of
1a :2a was 1 : 1.2. *Isolated yield.  The dr value was determined by 'H NMR. ¢ The enantiomeric excess (e¢) value was determined by HPLC. ¢ Performed at
50 C.
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Table 2 Substrate scope of ortho-hydroxybenzyl alcohols
R OH
R1\©\)\OH . @/\ 5 mol% 4a, 50 °C
OH CH,CICH,CI
3AMS
1 2a
Entry 3 R/R'(1) Yield”/% dr® ee’l%
1 3aa Ph/H (1a) 74 >95:5 72
2 3ba p-FCsHy/H (1b) 59 >95:5 68
3 3ca p-CIC¢Hy/H (1¢) 50 >95:5 66
4 3da p-MeC¢H4/H (1d) 70 >95:5 70
5 3ea p-MeOCH4/H (1e) 75 89 [ 11 72
6 3fa m-MeCgH4/H (1f) 69 >95:5 70
7 3ga m-MeOCgHy/H (1g) 59 >95:5 66
8 3ha Ph/4-Me (1h) 78 >95:5 70
9 3ia p-FCsHa/4-MeO (1i) 55 >95:5 66
10 3ja p-CICeHa/4-MeO (1)) 50 >95:5 66
11 3ka Ph/4-MeO (1k) 70 >95:5 70
12 3la p-MeCgHa/4-MeO (11) 78 >95:5 68
13 3ma m-MeOCgH4/4-MeO (1m) 61 >95:5 60
14 3na Me/4-MeO (1n) 65 88 :12 70

“Unless indicated otherwise, the reaction was carried out in 0.1 mmol scale in CH,CICH,Cl (1 mL) for 12 h in the presence of 3 A MS (100 mg), and the mole ratio
of 1 : 2awas 1 : 1.2. ”Isolated yield. ¢ The dr value was determined by "H NMR. “ The enantiomeric excess (ee) value was determined by HPLC.
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R3 ARHEIRZIENR YR ¢
Table 3 Substrate scope of o-hydroxyl styrenes

Ph OH 5 mol% 4a
50 °C
OH + NX—
CH,CICH,CI
OH 3AMS
R
1a 2
Entry 3 R(2) Yield*/% ar ee’/%
1 3aa H(2a) 74 >9515 72
2 3ab Cl(2b) 60 >95:5 64
3 3ac  Br(2¢) 62 >9515 60
4 3ad Me(2d) 74 >95:5 60
5 3ae MeO (2e) 75 >95:.5 70

© 2016 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“Unless indicated otherwise, the reaction was carried out in 0.1 mmol scale in
CH,CICH,CI (1 mL) for 12 h in the presence of 3 A MS (100 mg), and the
mole ratio of 1a : 2 was 1 : 1.2. *Isolated yield.  The dr value was determined
by 'H NMR. “ The enantiomeric excess (ee) value was determined by HPLC.
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879); (k) Duan, D.; Yin, Q.; Wang, S.; Gu, Q.; You, S. Acta Chim.
Sinica 2014, 72, 1001. (B7EI, %), Fs¢lE, BUX, #H7, &
F523%, 2014, 72, 1001.); (1) Shi, L.; Ji, Y.; Huang, W.; Zhou, Y.
Acta Chim. Sinica 2014, 72, 820. (77, W, #30%, Kk,
L 5 4R, 2014, 72, 820.); (m) Lv, J.; Qin, Y.; Cheng, J.; Luo, S.
Acta Chim. Sinica 2014, 72, 809. (B &, Zi, FEE:, =,
wF R, 2014, 72, 809.); (n) Wang, S.-G.; You, S.-L. Angew.
Chem., Int. Ed. 2014, 53, 2194; (o) Wang, S.-G;; Yin, Q.; Zhuo,
C.-X.; You, S.-L. Angew. Chem., Int. Ed. 2015, 54, 647.

(a) Chen, X.-H.; Zhang, W.-Q.; Gong, L.-Z. J. Am. Chem. Soc. 2008,
130, 5652; (b) He, L.; Chen, X.-H.; Wang, D.-N.; Luo, S.-W,;
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