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FESelective Photochemical Isomerization of Medium-sized Alkene
using Adsorption Property of AgNOs-Impregnated Silica-Gel
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Medium-sized (£)-alkenes have aroused interest in structural organic chemistry and synthetic
organic chemistry because of their unique stereochemical properties and reactivity. However efficient
synthetic methods to approach medium-sized (%)-alkenes have been quite limited owing to their high
strain. To this end, we have developed F'selective photochemical isomerization using selective
adsorption property of AgNOs-impregnated silica-gel toward strained (£)-alkene, which allows
efficient synthesis of medium-sized (£)-alkenes from more accessible Zisomers.
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Fig. 2 Concept of photochemical isomerization in the
presence of Ag silica-gel.
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Fig. 3 Synthetic plan for orthocyclophenes and
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Fig. 4 Reaction apparatus for photochemical

isomerization in the presence of Ag silica-gel.
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Table 1 Photochemical isomerization of cyclooctene (1) in
the presence of Ag silica-gel.

UV (280 nm)

Ag silica-gel

DEIP (2.0 eq)

S D e
pentane, rt
(21 B-1
(0.27 mmol)
entry Ag silica-gel time (h)  (E-1/2-1  yield (%)?
AgNO3-content  amount (mg)

1 - none 42 23:77 87
2 5 wt% 400 42 75:25 81
3 10 wt% 400 42 93: 7 81
4 20 wt% 400 42 77:23 73
5 10 wt% 500 42 97: 3 88
6 10 wt% 500 24 67:33 72

2Combined yields of (E)-1 and (2)-1. Determined by GC analysis.

T, 10 wt%DERT U AV OEINE %500 mg
W0 U7 S, BRI MEA397:312 1M kL 72 (entry 5) .
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EN S {EFT TERMALD E T IR ET 5121342 FFRH
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(X = CHo) 9B X, TOBNICEE, HDHVITHESE
Eate~T v sy 1(£)-2b (X = NTs) & (£)-2¢ X=0)
2T, T 285k = L 8DRCM & BEINEIE
BAEALZ ARG DE CHERT D2 L ZRE L.
(B)-2aDBALHIEE A L L CidfilRo B AR 2L
RENAL DO RGICRET 22D TE 58" [Y
= C(SOzPh)o] Z IR L7z (K5) . ZHicH — AR
Grubbsfiltfi: 2 {Ef &4 5% Z & T(9)-2a' (Z = SOzPh)
EREL LT, FORVEUANKoAVER AR~ 7R
VU ATERITMICHRE L THE LN T2(D-2al LA
HFTF, %%%%%%Lt RV B AL ETINET
RIS EB 2> 5A0iE, BROBERIENMEL,
BZ=22:78 (£ *E"J)'Ga‘?)of_ﬁl, 10 wt%dRs U 7
NOMIFTICKIEZTH & BZ= 8911 (NFE88%) L £
BIRMEAKRE S M ELRD.

C orc’
PhO,S — z (2)-2a
PhO,S

Z)za (Z =S0,Ph) E)2a
Z)Za (Z=H)

c) without Ag silica-gel: (E)-2a/(2)-2a = 22:78 (quant)
") with 10 wt% Ag-silica-gel:  (E)-2a/(2)-2a = 89:11 (88%)

> |

X dord eore Z)Zb
Z)Zc

X =NTs: 3b X =NTs: (2-2b X =NTs: (E)-2b
X=0: 3c X=0: (9-2c X=0: (E)-2¢c

(E)-2b/(2)-2b = 26:74 (81

(E)-2¢/(2)-2¢ = 31:69 (79
€’) with 10 wt% Ag-silica-gel: (E)-2b/(2)-2b = 64:36 (67

(E)-2¢/(2)-2¢ = 74:26 (88%)

e) without Ag-silica-gel: %)
%)
%)

4Reagents and conditions: (a) Grubbs’ 1st generation catalyst, CH,Cl,, reflux, quant; (b) Mg,
MeOH, rt, 92%; (c) dimethyl isophthalate, 280 nm UV light, CH3CN, rt; (c’) DEIP, Ag silica-gel, 280
nm UV light, pentane, rt; (d) for 3b: Grubbs’ 1st generation catalyst, CH,Cl,, 0 °C to rt, 68%; (d’)
for 3c: Grubbs’ 1st generation catalyst, CH,Cly, rt, 21%; (e) dimethyl isophthalate, 280 nm UV
light, pentane-Et,0, rt; (¢) dimethyl isophthalate, Ag silica-gel, 280 nm UV light, pentane-Et,0, rt.

Fig. 5 Synthesis of (2-2 and its
isomerization.#
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2 Half-lives of optical activity in hexane at 25 °C.

Fig. 6 Stereohemical behavior of orthocyclophene 2.
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SERYT NV axy v T V(B IMMEFEIINCZE
REAEFDFTHD [~FH o H25 °ClBiT 5085
HEE D3 (B)-4a (R = Bu): 1.9, (B)-4b R =
Ph): 1,3754F110. Z DA AERCM T T 5 O L <,
FEEE, IR Y= U BORCMIZ(D-4D B % 5.2 72 (IK7) .
Z 2T, BRI Y B A R TR L AT -
7L A, (D-4an 513 EZ=89:11 (ILFEE61%) DIRA
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(2-4a (R = Bu) (E)-4al(2)-4a = 89:11 (61%)

(2-4b (R = Ph) (E)-4b/(2)-4b = >98:<2 (48%)

4Reagents and conditions: (a) Grubbs’ 1st generation catalyst, CH,Cly, rt, (2)-4a: 71%,
(2)-4b: 77%; (b) for (2)-4a: DEIP, Ag silica-gel, 280 nm UV light, pentane, t, ; (b’) for
(2)-4b: DEIP, Ag silica-gel, 280 nm UV light, pentane-Et,0, rt.

Fig. 7 Synthesis of (2-4 and its
isomerization.#
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Organic Compounds, Wiley, New York, 1994, pp.
1172-1175.

For representative reports, see: (a) A. T. Blomquist, L.
H. Liu, J. C. Bohrer, J. Am. Chem. Soc. 1952, 74, 3643.
(b) A. C. Cope, R. A. Pike, C. F. Spencer, J. Am. Chem.
Soc. 1953, 75, 3212. (c) J. A. Marshall, V. H. Audia, T.
M. Jenson, W. C. Guida, 7etrahedron 1986, 42, 1703.
(d) J. A. Marshall, J. Lebreton, J. Org. Chem. 1988, 53,
4108. (e) A. Sudau, U. Nubbemeyer, Angew. Chem. Int.
Ed. 1998, 57, 1140. (f) K. Tomooka, N. Komine, D.
Fuyjiki, T. Nakai, S. Yanagitsuru, J. Am. Chem. Soc.
2005, 727, 12182. (g) K. Tomooka, M. Suzuki, M.
Shimada, S. Yanagitsuru, K. Uehara, Org. Lett. 2006,
8, 963. (h) K. Tomooka, M. Suzuki, K. Uehara, M.
Shimada, T. Akiyama, Synlett 2008, 2518. (i) K.
Uehara, K. Tomooka, Chem. Lett. 2009, 38, 1028. (j) K.
Tomooka, K. Uehara, R. Nishikawa, M. Suzuki, K.
Igawa, J. Am. Chem. Soc. 2010, 132, 9232. (k) K.
Igawa, N. Ichikawa, Y. Ano, K. Katanoda, M. Ito, T.
Akiyama, K. Tomooka, J. Am. Chem. Soc. 2015, 137,
7294. (1) J. Hayashi, K. Uehara, Y. Ano, Y. Kawasaki,
K. Igawa, K. Tomooka, Heterocycles 2019, 99, 856. (m)
K. Igawa, Y. Kawasaki, Y. Ano, T. Kashiwagi, K.
Ogawa, J. Hayashi, R. Morita, Y. Yoshioka, K. Uehara,
K. Tomooka, Chem. Lett. 2019, 48, 726.

For representative reports on tetrazine click reaction
of medium-sized (£)-cycloalkenes, see: (a) J. L.
Seitchik, J. C. Peeler, M. T. Taylor, M. L. Blackman, T.
W. Rhoads, R. B. Cooly, C. Refakis, J. M. Fox, R. A.
Mehl, J. Am. Chem. Soc. 2012, 134, 2898. (b) R.
Selvaraj, J. M. Fox, Current Opinion in Chemical
Biology 2013, 17, 753. For representative reviews on
tetrazine click reaction of medium-sized cycloalkenes,
see: (¢) S. Liu, K. T. Dicker, X. Jia, Chem. Commun.
2015, 51, 5218. (d) J. Escorihuela, A. T. M. Marcelis, H.
Zuilhof, Adv. Mater. Interfaces 2015, 2, 1500135. (e) R.
Bucci, N. L. Sloan, L. Topping, M. Zanda, Fur. J. Org.
Chem. 2020, 5278.

For representative reports on RCM for synthesis of
see:(a), For
representative reviews, see: (a) A. Fiirstner, 7op.

medium-sized cycloalkenes,

FUNREFER S Biwe & B L&

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

FaE Fre 25

Catal 1997, 4, 285. (b) L. Yet, Chem. Rev. 2000, 100,
2963. (c) A. Michaut, J. Rodriguez, Angew. Chem. Int.
Ed. 2006, 45, 5740.

Pioneering works on photochemical isomerization of
(2-cycloalkenes: (a) J. S. Swenton, J. Org. Chem.
1969, 34, 3217. (b) Y. Inoue, S. Takamuku, H. Sakurai,
J. Phys. Chem. 19717, 81, 7. (¢) Y. Inoue, S. Takamuku,
Y. Kunitomi, H. Sakurai, . Chem. Soc., Perkin Trans.
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425.

M. A. Muhs, F. T. Weiss, J. Am. Chem. Soc. 1962, 84,
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Ser. 2011, 2, 2162.
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2012, 51, 10355. (b) K. Igawa, K. Machida, K. Noguchi,
K. Uehara, K. Tomooka, J. Org. Chem. 2016, 81,
11587.

K. Tomooka, S. Miyasaka, S. Motomura, K. Igawa,
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10 wt%Rs U I F NV OFBG LT VI RA NV THE oI
300 mL OHE T 7 A 2T /K (100 mL) & TEEER(1.0
QE ANTHE b ETHRIEL, TZIZ I BTV
(9.0 &Mz 5. ZOMREIKEZ 20 MR LI-%IC, »
— 2 Y=z NKRL—F—%H\T 55 °C TKRZEZWBIERE
L7z, &5, FANNRAT 90-110 °C [THE LD,
WEEAEZER 7 C 2 MR ST TRV Y 5V %
TR 72,

Pioneering works on (£)-2a: A. C. Cope, M. W. Fordice,
J. Am. Chem. Soc. 1967, 89, 6187.

(B)-2a0%&FEA~<7 hL7—4 : 1H NMR (CDCls, 300
MHz) §: 7.20-7.04 (m, 4H), 5.52 (ddd, J = 15.4, 10.7,
5.0 Hz, 1H), 4.65 (ddd, J = 15.4, 11.0, 3.9 Hz, 1H),
2.81-2.75 (m, 1H), 2.59-2.47 (m, 3H), 2.45-2.24 (m,
3H), 2.05-1.86 (m, 2H), 1.77-1.65 (m, 1H) ; 13C NMR
(CDCls, 300 MHz) 6: 145.3, 138.2, 131.37, 131.31, 130.7,
130.5, 126.2, 125.6, 36.01, 35.99, 34.1, 33.6, 29.7; IR
(neat) cm-1: 3012, 2929, 2856, 1488, 1443, 976, 801,
754; Analytical HPLC [column: CHIRALCEL OD-H
(4.6 mm x 25 cm), eluent: hexane, flow rate: 0.5
ml/min, detection: UV 254 nm, temperature: rt,
retention time: 14.7 min for (-)-(S)-isomer and 16.3
min for (+)-(R)-isomer]; HRMS (EI, positive): calcd for
CisHie [M]*+ 172.1252, found 172.1252.
(B)-2bD&FEA LY hL7—4 : 1H NMR (CDCls, 300
MHz) & 7.78-7.75 (m, 1H), 7.74 (d, J = 8.0 Hz, 2H),
7.36 (d, J = 8.0 Hz, 2H), 7.32-7.19 (m, 2H), 7.06 (dd, J
=17.5,1.8 Hz, 1H), 5.62 (ddd, J=15.8, 11.1, 5.4 Hz, 1H),
4.70 (ddd, J=15.8, 10.5, 4.5 Hz, 1H), 4.54 (d, J = 14.1
Hz, 1H), 4.32 (dd, J= 9.9, 4.5 Hz, 1H), 3.40 (d, J= 14.1
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Hz, 1H), 3.07 (dd, J= 10.5, 9.9 Hz, 1H), 2.86-2.78 (m,
1H), 2.60-2.52 (m, 1H), 2.47 (s, 3H), 2.45-2.35 (m, 1H),
1.82-1.70 (m, 1H); 13C NMR (CDCls, 300 MHz) §: 143.3,
138.9, 138.1, 136.7, 134.9, 131.6, 131.1, 129.8, 127.9,
127.4, 127.1, 126.1, 53.1, 46.6, 34.1, 34.0, 21.7; IR
(crystal using a diffuse reflector) cm-': 2938, 1926,
1721, 1598, 1447, 1271, 1187, 1017, 985; Analytical
HPLC [column: CHIRALCEL OD-H (4.6 mm X 25 cm),
eluent: hexane/EtOH = 1/1, flow rate: 0.5 mL/min,
detection: UV 254 nm, temperature: rt, retention time:
139 min for (+)-(S-isomer, 27.7 min for
(-)-(R)-isomer]; [alp* = +221.2 (¢ 1.37, CHCls) for
(S)-isomer (>98% ee); HRMS (EI, positive): caled for
C19H2:1NO3S [M]+: 327.1293, found: 327.1295.

15) (B)-2eD&FE A2 5 —4 : 1 H NMR (CDCls, 300

MHz) & 7.38-7.33 (m, 1H), 7.28-7.19 (m, 2H),
7.14-7.09 (m, 1H), 5.91 (ddd, /= 15.6, 11.4, 5.4 Hz, 1H),
4.84 (ddd, J= 15.6, 10.8, 3.9 Hz, 1H), 4.43 (d, J= 12.9
Hz, 1H), 4.36 (dd, /= 10.1, 3.9 Hz, 1H), 4.16 (d, J =
12.9 Hz, 1H), 3.89 (dd, J = 10.8, 10.1 Hz, 1H),
2.94-2.86 (m, 1H), 2.70-2.55 (m, 2H), 1.87-1.74 (m,
1H); 13C NMR (CDCls, 300 MHz) &: 142.7, 137.9, 136.7,
131.8, 131.2, 129.5, 127.8, 126.7, 72.6, 64.1, 35.1, 34.0;
IR (neat) cm-1: 3015, 2953, 2859, 1460, 1446, 1345,
1222, 1187, 1026, 985, 812, 766, 750; Analytical HPLC
[column: CHIRALCEL OD-H (4.6 mm X 25 cm), eluent:
hexane/iPrOH = 98/2, flow rate: 0.5 mL/min, detection:
UV 230 nm, temperature: rt, retention time: 11.4 min

for (-)-(S)-isomer, 18.6 min for (+)-(&)-isomer]; [alp2* =
—-96.3 (¢ 0.92, CHCI5) for (S)-isomer (>98% ee); HRMS
(EI, positive): caled for C12H14O [M]* 174.1045, found
174.1050.

16) (B)-4aD#FEA~7 FL5—4% : 1 H NMR (CDCl;, 300

MHz) &: 6.17 (ddd, J=15.3, 9.3, 5.7 Hz, 1H), 5.75 (ddd,
J=15.3,8.1, 6.3 Hz, 1H), 4.31-4.21 (m, 2H), 4.18-4.12
(m, 1H), 3.87-3.78 (m, 1H), 2.30-2.23 (m, 2H), 0.99 (s,
9H), 0.97 (s, 9H); 13C NMR (CDCls, 300 MHz) §: 139.0,
134.5, 65.6, 65.5, 36.6, 28.6, 28.0, 21.7, 21.3; IR (neat)
cm-1: 2930, 2857, 1652, 1473, 1358, 1240, 1099, 1047,
904, 827; HRMS (EI, positive): caled for CisHz602Si
[M]+ 242.1702, found 242.1704.

17) (B)-4bD#FE A7 kL5 —4% : 1 H NMR (CDCl;, 300

MHz) & 7.68-7.63 (m, 4H), 7.43-7.39 (m, 3H),
7.36—7.30 (m, 3H), 6.37 (ddd, J=15.0, 9.9, 4.5 Hz, 1H),
5.65 (ddd, /= 15.0, 11.7, 4.5 Hz, 1H), 4.67 (dd, J= 9.9,
9.9 Hz, 1H), 4.50 (dd, J=9.9, 4.5 Hz, 1H), 4.33 (dd, J=
10.5, 5.7 Hz, 1H), 3.88 (ddd, /= 11.7, 10.5, 3.3 Hz, 1H),
2.44 (dddd, J=11.7, 11.7, 11.7, 5.7 Hz, 1H), 2.25 (ddd,
J=11.7, 4.5, 3.3 Hz, 1H); 13C NMR (CDCl;, 300 MHz)
§:140.5, 135.4, 135.0, 134.9, 134.2, 133.7, 130.0, 129.8,
128.1, 127.7, 66.0, 65.8, 35.9; IR (neat) cm-: 3069,
2932, 1652, 1590, 1429, 1240, 1125, 1072, 1027, 903,
715, 643; HRMS (EI, positive): caled for Ci17H1s02Si
[M]+ 282.1076, found 282.1071.



