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Asymmetric Total Synthesis of Aglacins A, B and E
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Figure 1. Podophillotoxin, etopodside, originally proposed aglacins and (+)-linoxepin.
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Scheme 1. Synthetic plan.



Scheme 2. Asymmetric Photoenolization/Diels—Alder (PEDA) Reaction and Total Synthesis of Perovskatone D
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Scheme 2. Construction of tricyclic core of aryltetralin lactone lignans
using asymmetric PEDA reactions.



Table S1. PEDA reaction: 14 as diene

Ar= dienophiles:
OMe Ph Ph OH Ar AT - ]
0 MEQTNSRT O PR P~ OH P
0 g Ti(Oi-Pr)s, L, toluene . >< OH | o
19’ - o PCOTK |
Me * hv (2 = 366 nm) A" CAr gy 'Bu 10 1;:1
OMe H a a
MeO
14 10 2 15 L
entry dienophile Ti(Oi-Pr), L time results
1 10a none none 4 h N.R.
2 10a 1.0 equiv. none 4 h N.R.
3 10a 1.0 equiv. 0.5 equiv. 4 h N.R
4 16a none none 4 h N.R
5 16a 1.0 equiv. none 4 h N.R
6 16a 0.4 equiv. 0.2 equiv. 4 h N.R
7 16b none none 4 h 15a, 9% yield
8 16b 1.0 equiv. none 4 h 15a, 32% yield
9 16b 0.4 equiv. 0.2 equiv. 4 h 15a, 32% yield, 0% ee
10 17 none none 4 h ND, 17 almost decomposed
11 17 1.0 equiv. none 4 h ND, 17 almost decomposed
12 17 0.4 equiv. 0.2 equiv. 4 h ND, 17 almost decomposed

Standard reaction conditions: aromatic aldehyde (0.05 mmaol, 1.0 equiv.), dienophile (0.75 mmaol, 1.5 equiv.), toluene (5 mL, 0.01 M),
30 °C. yield was determined by '"H NMR spectroscopic crude analysis using CH»Br, as an internal standard; The ee values were
determined by chiral HPLC analys.



Table S2. PEDA reaction of 13a and 10a

Ar Ar Ar =
OMe o - OMeOH, o o
MeO CHO d Ti(OJ-Pr)y, L, toluene‘h MeO H Pr. EE
I o . O P 07,
[ jMe hv (3. = 366 nm) ) m/ﬂmIr -
13a 10a 12a L
entry Ti(O-Pr)4 L time Conv. yield ee
1 none none 30 min 100% 33% -
2 1.0 equiv. none 30 min 100% 74% -
3 1.0 equiv. 0.5 equiv. 30 min 100% 89% 45%
4 0.4 equiv. 0.2 equiv. 30 min 100% 90% 8%
5 0.2 equiv. 0.1 equiv. 30 min 100% 42% 0%

Standard reaction conditions: aromatic aldehyde (0.05 mmol, 1.0 equiv.), dienophile (0.75 mmol, 1.5 equiv.), toluene (5 mL, 0.01 M),
30 °C, Conversion and yield were determined by 1H NMR spectroscopic crude analysis using CH2Br2 as an internal standard; The ee
values were determined by chiral HPLC analys



Table S3. PEDA reaction of 13b and 10a

Ar Ar Ar =
OMe 0 P OMe 9|-I—| O i 0
MeO CHO Ti(Oi-Pr)y, L, tolueni MeO A F‘FX g:
I o hv (. = 366 nm) O ProTwW
MeO Me MeO H Ar- Ar By ‘Bu
13b 10a 12b L
entry Ti(O-Pr)4 L time Conv. yield ee
1 none none 30 min 89% 7% -
2 1.0 equiv. none 30 min 100% 65% -
3 1.0 equiv. 0.5 equiv. 10 min 89% 65% 19%
4 1.0 equiv. 0.5 equiv. 20 min 99% 75% 17%
5 1.0 equiv. 0.5 equiv. 30 min 100% 65% 31%
6 0.4 equiv. 0.2 equiv. 30 min 86% 64% 19%
7 0.2 equiv. 0.1 equiv. 30 min 50% trace -
g 0.4 equiv. 0.2 equiv. 30 min 100% 64% 21%
9@ 0.2 equiv. 0.1 equiv. 30 min 100% trace -

Standard reaction conditions: aromatic aldehyde (0.05 mmol, 1.0 equiv.), dienophile (0.75 mmol, 1.5 equiv.), toluene
(5 mL, 0.01 M), rt; Conversion and yield were determined by TH NMR spectroscopic crude analysis using CH.Br; as
an internal standard; The ee values were determined by chiral HPLC analys.

“The reaction was conducted in 13b {0.075 mmol, 1.5 equiv.), 10a (0.05 mmol, 1.0 equiv.)



Table S4. PEDA reaction of 13a and 10b

Ar Ar Ar =
QMe O Ti(0i-Pr), L, tol ipry O
“ H
| 0 h = 366 nm rPr O “,
Me v } Ar/<ﬂr By ‘Bu
13a 10b L
entry Ti(O/-Pr), L time Conv. yield ee
1 1.0 equiv. 0.5 equiv. 30 min 100% 91% 96%
2 0.4 equiv. 0.2 equiv. 30 min 100% 60% 96%
3 0.2 equiv. 0.1 equiv. 30 min - decomposed -

Standard reaction conditions: aromatic aldehyde (0.05 mmol, 1.0 equiv.), dienophile (0.75 mmol, 1.5 equiv.), toluene (5 mL, 0.01 M),
30 °C; Conversion and yield were determined by "H NMR spectroscopic crude analysis using CH,Br» as an internal standard; The ee
values were determined by chiral HPLC analys.
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Table S5. PEDA reaction of 13a and 10b

OMe 0 - OMe gl_kﬂle 0] pr. O Ar :H +
CHO Me Ti(Oi-Pr)4, L, toluene MeO _ >< j,>(DH
) \éo hv (x = 366 nm) > . A j?(
Me MeO H Arr Ar gy
13b 10b 12d L
entry Ti(Oi-Pr),4 L time Conv. yield ee
1 1.0 equiv. 0.5 equiv. 10 min 83% 99% 98%
2 1.0 equiv. 0.5 equiv. 20 min 96% 74% 98%
3 1.0 equiv. 0.5 equiv. 30 min 100% 71% 97%
4 0.4 equiv. 0.2 equiv. 30 min 70% 8% 96%
5 0.2 equiv. 0.1 equiv. 30 min - N.R. -
62 0.4 equiv. 0.2 equiv. 30 min 100% 12% 97%
78 0.2 equiv. 0.1 equiv. 30 min - decomposed -

Standard reaction conditions: aromatic aldehyde (0.05 mmaol, 1.0 equiv.), dienophile (0.75 mmol, 1.5 equiv.), toluene

(5 mL, 0.01 M), 30 °C: Conversion and yield were determined by "H NMR spectroscopic crude analysis using CH,Br;
as an internal standard; The ee values were determined by chiral HPLC analys.
#The reaction was conducted in 13b (0.075 mmol, 1.5 equiv.), 10a (0.05 mmol, 1.0 equiv.).



Table S6. Substrate scope of the APEDA reaction with electronic properties of aromatic aldehydes

Ti(Oi-Pr)4 (1.0 equiv.) gI-LAe 0O L= Ar_ Ar
L (0.5 equiv.), toluene Pr. O OH
hv (A =366 nm) Rz‘mio . X OH
o . P 0O "';a(
r1H Ar” CAr
10b 12 Ar = 3,5-('Bu),CgH3
arylaldehyde:
OAcC OMe
Me MeO Me Bn
OMe
13e 13f 13g

MeO

OMe ph!

129, no reaction 12h, no reaction 12i, no reaction

Standard reaction conditions: aromatic aldehyde (0.05 mmol, 1.0 equiv.), dienophile (0.75 mmol,
1.5 equiv.), toluene (5 mL, 0.01 M), 30 °C.



. e 133, R'= OMe, R = H i o 10b,R=Me o 10f, Ar=4-Me-CgH, o 13:2 .ni;agggf::m
R CHO  43p,R'=OMe,R?=OMe i R 10c,R="Bu ,_ 109, Ar = 3-Me-CgHs 101, Ar = 3F-CeH,
A 13¢, R'= H, R? = OMe : | o 10d,R=Alyl | o 10h, Ar=2-Me-CgH, | O 10m Ar= 2-F-Col
R Me  13d,R'=H, R? = OAc : 10e, R =Bn 10i, Ar = 3-OMe-CgH, 10n, Ar = 3.CI-OgH
‘ 1 I et - UL
OMeOH, o OMeQH, o OMeOH, o
Mo : Me e MeO S

MeO AcC

12¢, R? = H, 91%, 96% ee
12d, R® = OMe, 71%,. 97% ee

12e ?,

49%, 97% ee

Ar!
OMeOH, o OMe OH,/

Ar'! = electron-rich
phenyl groups

22 R? =H, 78%, 98% ee
23, R? = OMe, 75%, 97% ee

20, R? =H, d.r. > 20:1, 82%, 92% ee
21, R? = OMe, d.r. > 20:1, 88%, 95% ee

3
MeD. H

Mel

Ar? = electron-deficient
phenyl groups

30, Ar* = 3-OMe-CgH,, 48%, 95% ee 30, X-Ray

H
12f 2, 549, 96% ee

18, R€=H, d.r. = 8:1, 81%, 99% ee
19, R% = OMe, 79%, 99% ee

24, Ar' = 4-Me-CgHs, R = H, d.r. > 20:1, 0%, 97% ee
25, Ar! = 4-Me-CgH4, R? = OMe, d.r. > 20:1, 78%, 96% ee
26, Ar! = 3-Me-CgHy, R? = OMe, 54%, 98% ee

27, Ar' = 2-Me-CgHy, R? = H, 90%, 94% ee

28, Ar! = 2-Me-CgH,, R? = OMe, 85%, 96% ee

29, Ar' = 3-OMe-CgHg, RZ = H, d.r. > 20:1, 57%, 95% ee

31, Ar® = 3-CF5-CgHa, R? = H, 76%, 96% ee

32, Ar® = 3-CF3-CgH4, R? = OMe, 78%, 93% ee

33, Arz = 4*F"‘CBH4| RZ =H, 50%, 91% ea

34, Ar? = 4-F-CgH4, R? = OMe, 90%, 98% ee

35, Ar® = 3-F-CgH,, R? = H, 89%, 97% ee

36, Ar® = 3-F-CgH,, R® = OMe, 90%, 94% ee

37, Ar? = 2.F-CgH,, R? = H, 79%, 85% ee

38, Ar? = 2-F-CgHy4, R? = OMe, d.r > 20:1, 59%, 97% ee
39, Ar? = 3-CI-CgHg4, R? = H, 69%, 91% ee

40, Ar® = 3-Cl-CgHg4, R? = OMe, 65%, 98% ee

Table 1. Building a small library of aryltetralin lactones. Standard reaction conditions: aromatic aldehyde (0.30 mmol, 1.0 equiv.), dienophile (0.45 mmal,
1.5 equiv.), Ti(O-Pr)s (0.30 mmol, 1.0 equiv.), L (0.15 mmol, 0.5 equiv.), toluene (30 mL, 0.01 M), 30 °C, 50 min. Isolated yields are shown. The ee

values were determined by chiral HPLC analys, ® 0.05 mmol scale.
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Scheme 4. Total synthesis of (+)-aglacins A, B and E.
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Scheme 5. Total synthesis of (+)-linoxepin and 7,8-dihydroisojusticidine
B. DMP = Dess-Martin periodinane, DEAD = diethyl azodicarboxylate.



