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Experimental Section
General experimental methods

All photoreactions were carried out in quartz reaction tubes irradiated by a
Matrix-10 photoreactor with sixteen ultraviolet lamps (10 W per lamp). For spectral
distribution of irradiance density for the UV lamps, see Figs S1-4.
Figure S1. The spectral distribution of irradiance density for the UV lamps

(185&254 nm) used in Matrix185-10 photoreactor
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Figure S2. The spectral distribution of irradiance density for the UV lamps (254

nm) used in Matrix254-10 photoreactor
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Figure S3. The spectral distribution of irradiance density for the UV lamps (313

nm) used in Matrix313-10 photoreactor

Figure S4. The spectral distribution of irradiance density for the UV lamps (365

nm) used in Matrix365-10 photoreactor
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Melting points were determined on a WRS-2 apparatus. IR spectra were recorded
on an Avatar 360 FT-IR spectrometer. 'H (400 MHz), and *C (100 MHz) NMR
spectra of samples were recorded on an AVANCE III HD 400 spectrometer using
CDClIs as solvent and TMS as internal standard. MS (EI, 70 eV) determinations were
carried out on a Agilent 5973N or GCT spectrometer. HRMS (EI) determinations
were carried out on a Waters Micromass GCT spectrometer. Dienes 1a,! 1b,? 1c,? 1d,*
le 1f° 1g° 1h° 2a,” 9.* 10,” and 11'° were prepared according to literature
procedures. CH2Cl2 was distilled from CaHz under argon.

Synthesis of dimethyl 3,4-dimethylcyclopent-2-ene-1,1-dicarboxylate (3a)!!

(General Procedure I)

o o o
hv (. = 1858254 nm)
MeO OMe  5mol% [Pd(ally)Cll, MeO OMe
/ N CH,Cly, rt, 11 h, 93%
1a 3a

[Pd(allyl)CI]2 (4 mg, 0.011 mmol), 1a (42 mg, 0.20 mmol) and anhydrous CH2Cl2
(10 mL) were added into a dried quartz tube under argon atmosphere and degassed
with argon for 10 minute. Then the mixture was irradiated at A = 185&254 nm at rt.
The photoreaction was completed after 11 h as monitored by TLC (eluent: petroleum
ether /ethyl acetate = 10:1). The solvent was removed and the residue was purified by
flash chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 40:1—20:1)
to afford 3a as a liquid (39 mg, 93%); 'H NMR (400 MHz, CDCl3) J 5.42 (s, 1 H),
3.73 (s, 3 H), 3.71 (s, 3 H), 2.82-2.62 (m, 2 H), 1.99-1.87 (m, 1 H), 1.73 (s, 3 H), 1.06
(d, /J=6.8 Hz, 3 H).

The following compounds were prepared according to General Procedure I.

(1) Diethyl 3,4-dimethylcyclopent-2-ene-1,1-dicarboxylate (3b)°

o o O O
hv (). = 1858254 nm)
EtO OFEt 5 mol% [Pd(allyl)Cll, EO OFt
P \ CH,Cl, t, 14 h, 76%
1b 3b

The reaction of [Pd(allyl)Cl]2 (4 mg, 0.011 mmol) and 1b (46 mg, 0.19 mmol) in
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anhydrous CH2Clz (10 mL) afforded 3b as a liquid (35 mg, 76%); '"H NMR (400 MHz,
CDCls) 6 5.42 (s, 1 H), 4.24-4.09 (m, 4 H), 2.79-2.64 (m, 2 H), 1.97-1.86 (m, 1 H),
1.73 (s, 3 H), 1.30-1.19 (m, 6 H), 1.06 (d, J = 6.8 Hz, 3 H),

(2) Diisopropyl 3,4-dimethylcyclopent-2-ene-1,1-dicarboxylate (3c)

o O
/L o O J\ hv (» = 1858254 nm) )\ /k
o 0 5 mol% [Pd(allyl)Cl], ° °
Z AN
1c

CH,Cl, 1t, 19 h, 73%
3c

The reaction of [Pd(allyl)Cl]2 (4 mg, 0.011 mmol) and 1c (49 mg, 0.18 mmol) in
anhydrous CH2Clz (10 mL) afforded 3¢ as a liquid (36 mg, 73%); '"H NMR (400 MHz,
CDCIl3) 6 5.40 (s, 1 H), 5.08-4.96 (m, 2 H), 2.76-2.67 (m, 2 H), 1.95-1.84 (m, 1 H),
1.72 (s, 3 H), 1.27-1.17 (m, 12 H), 1.05 (d, J = 6.4 Hz, 3 H); 3C NMR (CDCls, 100
MHz) 6 171.6, 171.2, 149.9, 122.2, 68.5, 68.4, 65.1, 41.9, 40.3, 21.5, 19.0, 14.6 ppm;
IR (neat) 1720 cm™'; MS (EL 70 eV) m/z 268 (M', 16.46), 181 (100); HRMS (EI)
calcd for C15sH2404 268.1675, found 268.1676.
(3) Di-tert-butyl 3,4-dimethylcyclopent-2-ene-1,1-dicarboxylate (3d)

e} e} (0] (0]
>L hv (L = 1858254 nm) >L j<
o) o) 5 mol% [Pd(allyl)Cll, O O
= X
1d

CH,Cly, rt, 10 h, 57%

3d

The reaction of [Pd(allyl)CI]2 (4 mg, 0.011 mmol) and 1d (56 mg, 0.19 mmol) in
anhydrous CH2Clz (10 mL) afforded 3d as a liquid (32 mg, 57%); 'H NMR (400 MHz,
CDCIs3) 0 5.36 (s, 1 H), 2.75-2.60 (m, 2 H), 1.88-1.81 (m, 1 H), 1.71 (s, 3 H), 1.45 (s,
9 H), 1.44 (s, 9 H), 1.04 (d, J = 6.4 Hz, 3 H); 3C NMR (CDCl3, 100 MHz) § 171.4,
171.0, 149.5, 122.6, 80.9, 80.8, 66.5, 41.9, 40.2, 27.9, 27.8, 19.1, 14.6 ppm; IR (neat)
1717 cm™; MS (EL, 70 eV) m/z 296 (M, 0.15), 57 (100); HRMS (EI) calcd for
C17H2804 296.1988, found 296.1993.

(4) Dibenzyl 3,4-dimethylcyclopent-2-ene-1,1-dicarboxylate (3e)°
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hv (. =185&254 nm)
BnO OBn 5 mol% [Pd(aIIyI)CI]%

_ N CH,Cl,, t, 12 h, 36%

BnO OBn

1e 3e

The reaction of [Pd(allyl)Cl]2 (4 mg, 0.011 mmol) and 1le (73 mg, 0.20 mmol) in
anhydrous CH2Clz (10 mL) afforded 3e as a liquid (26 mg, 36%); 'H NMR (400 MHz,
CDCl3) 6 7.33-7.19 (m, 10 H), 5.46 (s, 1 H), 5.17-5.04 (m, 4 H), 2.84-2.67 (m, 2 H),
2.00-1.93 (m, 1 H), 1.72 (s, 3 H), 1.04 (d, /= 6.4 Hz, 3 H).

(5) 2,3,8,8-tetramethylspiro[4.5]dec-1-ene-6,10-dione (3f)

hv (. = 1858254 nm)
o o _5mol% [Pd(ally)Cll o 0
CH,Cly, 1t, 10 h, 71%

\

X

1f 3f

The reaction of [Pd(allyl)Cl]2 (4 mg, 0.011 mmol) and 1f (42 mg, 0.19 mmol) in
anhydrous CH2Clz (10 mL) afforded 3f as a solid (30 mg, 71%); mp: 106.9-107.2 °C
(ethyl acetate / petroleum ether); '"H NMR (400 MHz, CDCl3) 6 5.31 (s, 1 H),
2.80-2.55 (m, 4 H), 2.54-2.41 (m, 2 H), 2.09-1.99 (m, 1 H), 1.67 (s, 3 H), 1.13 (s, 3 H),
1.06 (d, J= 7.2 Hz, 3 H), 0.87 (s, 3 H); *C NMR (CDCls, 100 MHz) § 206.32, 206.30,
150.1, 122.3, 78.7, 52.3, 52.0, 41.8, 33.7, 30.6, 29.9, 27.0, 19.1, 14.6 ppm; IR (neat)
1721, 1692 cm™'; MS (EIL, 70 V) m/z 220 (M", 53.00), 83 (100); HRMS (EI) calcd for
Ci14H2002 220.1463, found 220.1465.

(6) 3,3-bis(trimethylacetoxymethyl)-1,5-dimethylcyclopentene (3g)'!

j; t hv (). = 185&254 nm) j\/ t
0“0 0 o o0 o0 Yo

5 mol% [Pd(allyl)Cl],
CH,Clo, 1t, 24 h, 40%

= X
19 3g

The reaction of [Pd(allyl)Cl]2 (4 mg, 0.011 mmol) and 1g (63 mg, 0.19 mmol) in
anhydrous CH2Clz (10 mL) afforded 3g as a liquid (25 mg, 40%); 'H NMR (400 MHz,
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CDCls) 0 5.14 (s, 1 H), 4.11-4.04 (m, 1 H), 4.02-3.96 (m, 1 H) 3.94-3.85 (m, 2 H),
2.72-2.59 (m, 1 H), 2.13-2.02 (m, 1 H), 1.67 (s, 3 H), 1.20 (s, 9 H), 1.19 (s, 9 H), 1.05
(d, J=6.8 Hz, 3 H).

(7) 3,4-dimethylspiro[cyclopent-2-ene-1,9"-fluorene] (3h)°

hv (A = 185&254 nm) O O

5 mol% [Pd(allyl)Cl], .

CH,Cly, 1t, 33 h, 50%

3h

The reaction of [Pd(allyl)Cl]2 (4 mg, 0.011 mmol) and 1h (50 mg, 0.20 mmol) in
anhydrous CH2Clz (10 mL) afforded 3h as a solid (25 mg, 50%); 'H NMR (400 MHz,
CDCl3) ¢ 7.71-7.64 (m, 2 H), 7.41-7.21 (m, 6 H), 5.05 (s, 1 H), 3.19-3.07 (m, 1 H),
2.58-2.48 (m, 1 H), 2.08-1.98 (m, 1 H), 1.85 (s, 3 H), 1.26 (d, /= 6.8 Hz, 3 H).

(8) 3,3-bis(carbomethoxy)-5-deuterio-1-(deuteriomethyl)-5-methylcyclopentene
(3a-dz)"?

'e) e} (0] (0]
4 hv (. =185&254 nm) 4
MeO OMe MeO OMe
3 5 mol% [Pd(allyl)CI]» 3
6 2 > D
7 DD 4 CHxClp, rt, 11 h, 41% 6 2 1
D
10 3a-d2

98%D at C(2) and C(6)
24% recovered

The reaction of [Pd(allyl)Cl]2 (5§ mg, 0.014 mmol) and 10 (37 mg, 0.17 mmol) in

98%D at C(1) and C(6)

anhydrous CH2Cl2 (10 mL) after 11 h afforded 3a-d2 (15 mg, 41%) and recovered 10
(9 mg, 24%); 'H NMR (400 MHz, CDCls) 6 5.42 (s, 1 H), 3.73 (s, 3 H), 3.71 (s, 3 H),
2.76 (d,J=13.6 Hz, 1 H), 1.93 (d, J=13.6 Hz, 1 H), 1.71 (q, Jup = Jun = 2 Hz, 2 H),
1.05 (s, 3 H).

(9) 3,3-bis(carbomethoxy)-2,4,4-trideuterio-5-(deuteriomethyl)-1-methylcyclo

pente ne (3a-dq)'?
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hv (» = 185&254 nm) o 0

5 mol% [Pd(ally)Cll, Me0?, >X_ ;0Me
CH,Cl, 1t,11h,50%  DgQ D
6 2
7 1
D
11 3a-d4
98%D at C(3) and C(5) 98%D a1 o) 3?3)0(5)

The reaction of [Pd(allyl)Cl]2 (4 mg, 0.011 mmol) and 11 (40 mg, 0.19 mmol) in
anhydrous CH2Cl> (10 mL) after 11 h afforded 3a-ds as a liquid (20 mg, 50%); 'H
NMR (400 MHz, CDCl3) 6 3.73 (s, 3 H), 3.71 (s, 3 H), 2.76-2.65 (m, 1 H), 1.72 (s, 3
H), 1.08-1.01 (m, 3 H).

The following photoreactions were also carried out according to General
Procedure 1.

(1) The photoreaction of 2a under Condition A in the absence of 1a

O O O O
hv (. = 1858254 nm)

MeO OMe 5 mol% [Pd(allyl)Cl, ~ MeO OMe
CH,Cl,, rt, 17 h, 15%
2a 3a
The reaction of [Pd(allyl)Cl]2 (4 mg, 0.011 mmol) and 2a (39 mg, 0.19 mmol) in

anhydrous CH2Cl2 (10 mL) after 17 h afforded 3a (6 mg, 15%) and 2a (8 mg, 21%).

(2) The photoreaction of 2a under Conditions A in the presence of 1a

o 0 hv (. = 1858254 nm) Q Q

MeO OMe MeO OMe 5 mol% [Pd(allyl)Cl], (based on 1a+2a) MeO OMe
P N * CH,Cl,, rt, 14 h, 50% (based on 1a+2a)

1a 2a 3a

The reaction of [Pd(allyl)Cl]2 (4 mg, 0.011 mmol), 1a (19 mg, 0.09 mmol) and 2a
(21 mg, 0.10 mmol) in anhydrous CH2Clz> (10 mL) afforded 3a [20 mg, 50% (based
on la + 2a)].

(3) The photoreaction of 9 under Conditions A in the absence of 1a

0 e} 0] O
hv(.=1858254nm) on
e e
MeO | OMe 5 mo19% [Pd(allyl)Cll,
Z CH,Cly, 1, 11 h, 5%
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The reaction of [Pd(allyl)Cl]2 (4 mg, 0.011 mmol) and 9 (38 mg, 0.18 mmol) in
anhydrous CH2Cl2 (10 mL) afforded 3a (2 mg, 5%) and recovered 9 (16 mg, 42%).
(4) The photoreaction of 9 under Conditions A in the presence of 1la

0O O O O hv (. = 1858254 nm) o O
MeO OMe MeO OMe 5 mol% [Pd(allyl)Cl], (based on 1a+9) MeO OMe
ﬁ\ + ﬁ CH,Cly, t, 11 h, 49% (based on 1a+9) )ﬁk

1a 9 3a

The reaction of [Pd(allyl)Cl]2 (4 mg, 0.011 mmol), 1a (21 mg, 0.10 mmol), and 9
(18 mg, 0.09 mmol) in anhydrous CH2Cl2 (10 mL) afforded 3a [19 mg, 49% (based
on la + 9)].
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