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1. General Information

All reaction reagents or intermediates were carried out in dried glassware under atmosphere using 20 mL of Schlenk tube. n-
Hexane was purchase from shanghai titan scientific. Otherwise noted, other commercially available reagents were purchased from
Energy Chemical, Sigma-Aldrich or Bidepharm in the highest purity grade and used without further purification. Thin layer
chromatography (TLC) was performed on Energy Chemical silica gel GF-254 plates and visualized by fluorescence quenching under
UV light (254/366 nm) or iodine quenching under silica gel and iodine mixture. Column chromatography was performed on Qingdao
Ocean Chemical Co., Ltd. silica gel (300-400 mesh). 'H and '3C NMR spectra were recorded on a Bruker AC-400 FT or Bruker AC-
300 FT spectrometer using tetramethylsilane as an internal reference. NMR multiplicities are abbreviated as follows: s = singlet, d =
doublet, m = multiplet. Chemical shifts (6) and coupling constants (J) were expressed in ppm and Hz, respectively. High-resolution
mass spectra (HRMS) measurement was performed on Agilent Q-TOF 6520 mass spectrometer with electron ionization (El) and

electrospray ion source (ESI) as the ion source.

Abbreviations: TH = transfer hydrogenation, NIS = N-iodosuccinimide, TBAI = tetrabutylammonium iodide, TfOH =
trifluoromethanesulfonic acid, DCM = dichloromethane, EA = ethyl acetate, THF = tetrahydrofuran, MeCN = acetonitril, DIDMH= 1,3-
diiodo-5,5-dimethylimidazolidine-2,4-dione.

2. Preparation of Substrates
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Figure S1. Substrate structures.

2.1. Preparation of 5b-e, 5m-n, 5u
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To a solution of substituent aromatic ketones (10.0 mmol) in dry tetrahydrofuran (20 mL) under a nitrogen atmosphere at 0 °C was
added dropwise a solution of phenyl magnesium bromide in tetrahydrofuran (2.0 M, 7.5 mL, 15.0 mmol). The mixture was stirred at 0
°C for 10 min and then for another 2 h at room temperature. The mixture was added a saturated aqueous NH,CI solution (10 mL)
carefully, then extracted with ethyl acetate (3 x 20 mL). The organic layer was washed with brine, dried over anhydrous sodium sulfate,
filtered, and concentrated to give the crudes, which were purified by silica gel column chromatography, eluting with petroleum ether, to
give desired products 5g-h.

The crude product was dissolved in acetic acid (4 mL) at 0°C, and Con. H,SO,4 (2.0 mL) was added dropwise. The mixture was
allowed to warm to room temperature and stirred for 20 min. The reaction mixture was poured out into about 50 mL ice water, and

then extracted with ethyl acetate (3 x 15 mL). The organic layer was washed with brine, dried over anhydrous sodium sulfate, filtered,



and concentrated to give the crudes, which were purified by silica gel column chromatography, eluting with petroleum ether, to give

desired products 1b-e, 1n, 1p-q.

2.2. Preparation of 1f-l, 10
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To a solution of R3(Ph);Br (5.13 g, 15.0 mmol) in dry tetrahydrofuran (20 mL) under a nitrogen atmosphere at 0 °C was added
dropwise a solution of n-BuLi in tetrahydrofuran (2.5 M, 6.0 mL, 15.0 mmol). The mixture was allowed to warm to room temperature
and stirred for 0.5 h. Ketones (12.0 mmol) were dissolved in anhydrous and added into the above reaction mixture with a syringe, the
results mixture was stirred with another 2 h. After the reaction was completed, the mixture was added a saturated aqueous NH,CI
solution (10 mL) carefully, then extracted with ethyl acetate (3 x 20 mL). The organic layer was washed with brine, dried over anhydrous
sodium sulfate, filtered, and concentrated to give the crudes, which were purified by silica gel column chromatography, eluting with

petroleum ether, to give desired products 1f-l, 10.

2.3. Preparation of 1r

o

S
DCM
HS rt

1r

Cycloheptanone (1.12 g, 10.0 mmol) and P,0s5 (2.84 g, 20.0 mmol) were dissolved in 30 mL anhydrous DCM (30 mL), and p-
toluenethiol (1.37 g, 11.0 mmol) was added dropwise. Then, the mixture was stirred for 5 h at room temperature. The mixture was
quenched with 2N NaOH (30 mL) solution, then extracted with ethyl acetate (3 x 20 mL). The organic layer was washed with brine,
dried over anhydrous sodium sulfate, filtered, and concentrated to give the crude, which was purified by silica gel column

chromatography, eluting with petroleum ether, to give the desired product 1r.

2.4. Preparation of 50, 5, 59
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Substituents benzyl alcohol (10.0 mmol) and Et;N (2.77 mL, 20.0 mmol) were dissolved in anhydrous dichloromethane (30 mL) at
0 °C and acyl chloride/ sulfonyl chloride (15.0 mmol) was added dropwise. The mixture was allowed to warm to room temperature and
stirred for 3 h. Then, the mixture was extracted with dichloromethane (3 x 20 mL). The organic layer was washed with brine, dried over
anhydrous sodium sulfate, filtered, and concentrated to give the crude, which was purified by silica gel column chromatography, eluting
with ethyl acetate/petroleum ether (1: 5 to 1: 3 v/v), to give desired products 50, 5I, 5q.

2.5. Preparation of 5k, 5m
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To a solution of benzhydrol (1.84 g, 10.0 mmol) in toluene (20 mL) was added methanol/ethanol (30.0 mmol) and 3 drops Con.
HCI. The mixture was heated at 100 °C for 12 h, cooled to room temperature, and concentrated under reduced pressure to give the
crudes, which as purified by silica gel column chromatography, eluting with ethyl acetate/petroleum ether (1: 20 to 1: 10 v/v), to give

desired products 5k, 5m.

2.6. Preparation of 5b-e, 5i
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Ketones (10.0 mmol) were dissolved in MeOH (30 mL) at 0 °C, and NaBH, (757 mg, 20.0 mmol) was added slowly. The mixture
was allowed to warm to room temperature and stirred for 2 h. The mixture was quenched with 10 mL saturated aqueous NH,CI solution,
then extracted with ethyl acetate (3 x 20 mL). The organic layer was washed with brine, dried over anhydrous sodium sulfate, filtered,
and concentrated to give the crude, which was purified by silica gel column chromatography, eluting with ethyl acetate/petroleum ether
(1: 10 to 1: 4 v/v), to give desired product 5b-e, 5i.

3. Optimization of the Reaction Conditions

The template reaction of iodine-promoted transfer of dihydrogen from ketones to alkenes were performed.(Scheme S1, eq 1) Various
of ketones (2a-j) were tested for the hydrogenation reaction under the template reaction conditions.(Scheme S1, eq 2)
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[a] Reaction conditions: 1a (0.3 mmol), ketones (0.75 mmol), iodine (0.6 mmol) and n-hexane (0.5 mL) under the atmosphere for 4 h at 110 °C. [b] The yields are isolated yield.
[c] ND = not detected.
Scheme S1. The effect of ketones on hydrogenation reactions.

For the procedure, see below. The results are summarized in the following Table.

Table S1. optimization of the reaction condition(?!

‘)\‘ lodine (2 0 equiv.)
n- hexane 0 5mL

3a

Entryl@ Change from standard conditions Yield of 3a
[%] !
1 None 88
2 DCM instead of n-hexane 23



3 Toluene instead of n-hexane 80
4 CHCl; instead of n-hexane 18
5 MeCN instead of n-hexane 65
6 Lower the temperature to 90 °C 77
7 DIDMH instead of iodine 26
8 NIS instead of iodine 29
9 Hl instead of iodine 37
10 TBAIl instead of iodine NR
11 TfOH instead of iodine 62(48l)

[a] Reaction conditions: 1a (0.3 mmol), 2a (0.75 mmol), and Lewis acid (0.6 mmol) in n-hexane (0.5 mL), at 110 °C (oil bath), for 4 h. [b] Isolate yield. [c] 0.15
mmol TfOH, the isolated yield is 48%.

Table S2. Optimization of the reaction conditions.

(0]
O O lodine
¥
n-hexane, 0.5 mL O O
1a 2a

110 °C 3a
Entry cycloheptanone lodine Solvent T t Yield
(equiv) (equiv) (0.5 mL) [°C] [h] [%]
1 1 2 n-hexane 110 8 28
2 1.5 2 n-hexane 110 8 37
3 2 2 n-hexane 110 8 68
4 2.5 2 n-hexane 110 8 88
5 3 2 n-hexane 110 8 84
6 2.5 0.5 n-hexane 110 8 Trace
7 2.5 1 n-hexane 110 8 trace
8 2.5 1.5 n-hexane 110 8 38
9 2.5 3 n-hexane 110 8 79
10 2.5 2 DCM 110 8 23
11 2.5 2 Toluene 110 8 80
12 2.5 3 EA 110 8 NR
13 25 2 Dioxane 110 8 NR
14 2.5 2 THF 110 8 NR
15 2.5 2 CHCI3 110 8 18
16 2.5 2 MeCN 110 8 65
17 2.5 2 n-hexane 90 8 77
18 2.5 2 n-hexane 70 8 trace
19 2.5 2 n-hexane 110 2 56
20 2.5 2 n-hexane 110 4 89

According to the results, the amount of iodine and ketones is critical factors influencing the efficiency of the reaction. The amount
of cycloheptanone needs more than 2.0 equiv., otherwise the yield of 1,1-diphenylethane will reduced sharply. The amount of iodine is
also very important to the yield. The solvent of this hydrogenation reaction was compatible with n-hexane, toluene and MeCN. The

temperature of the reaction is also important, while the temperature is under 70 °C, the reaction will not take place.

4. General Procedure of Hydrogenation

4.1. General Procedure for the Hydrogenation of Alkenes and Alkyne
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To a solution of alkene derivatives (0.3 mmol) in n-hexane (0.5 mL) was added cycloheptanone (88.5 pL, 0.75 mmol) and iodine
(152.3 mg, 0.6 mmol). The mixture was heated at 110 °C (oil bath) under air in a sealed tube for 4 h, cooled to room temperature, and

purified by silica gel column chromatography, eluting with ethyl acetate/petroleum ether (0: 10 to 1: 10 v/v), to give the desired products.

4.2. General Procedure for Hydrogenation of of alcohol, ether, ester, amine et al.

, HOo R? R?
R\ ' R! R’
B lodine A =/
Hexane, 110 °C | AU |
5a-s 6a-g

To a solution of benzhydrol derivatives (0.3 mmol) in n-hexane (0.5 mL) was added cycloheptanone (88.5 pL, 0.75 mmol) and
iodine (152.3 mg, 0.6 mmol). The mixture was heated at 110 °C (oil bath) under air in a sealed tube for 4 h, cooled to room temperature,
and purified by silica gel column chromatography, eluting with ethyl acetate/petroleum ether (0: 10 to 1: 10 v/v), to give the desired

products.

5. Mechanism Studies

5.1. Compound 8 NMR and MS Characterization

+ Scan (0.293 min) POS-HR2.d
‘ 203.1427  205.1584

5y OO (M+H)+ 209.1898

41 201.1266

) 207.1744

oLl | | ‘ | ‘ | b
201 202 203 204, 205 206 @97, 208 209

Compound 8 HRMS (ESI) calcd for C14H2,O (M+H*) 205.1587, found 205.1584.
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H NMR (300 MHz, CDCl3) & 2.73 — 2.65 (m, 4H), 2.43 — 2.26 (m, 4H), 1.79 — 1.63 (m, 12H).
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3C NMR (75 MHz, CDCl;) 5 149.42, 121.51, 30.99, 28.93, 28.84, 26.88, 23.90.



5.2. General Procedure for Compound 9 Derivatives Synthesis and Reaction of -Hydroxyketones

o
(0]
2.0 equiv. of iodine OH
2
n-hexane, 20 mL
110 °C
29 9, 89%

To a solution of cyclododecanone (3.65 g, 20 mmol) in n-hexane (20 mL) was added iodine (10.15 g, 40 mmol). The mixture was
heated at 90 °C (oil bath) for 2 h, cooled to room temperature, and concentrated under reduced pressure to give the crudes, which was

purified by silica gel column chromatography, eluting with ethyl acetate/petroleum ether (1: 10), to give desired product 9.
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H NMR (400 MHz, DMSO) & 11.89 (s, 1H), 4.43 — 4.11 (m, 1H), 2.11 (t, J = 7.3 Hz, 2H), 1.91 — 1.70 (m, 3H), 1.44 — 1.37 (m, 3H),
1.27 — 1.05 (m, 34H).
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Compound 9 HRMS (ESI) calcd for C24H450, (M+H*) 365.3431, found 365.3429.

5.3. General Procedure for Compound 9-1 Derivatives Synthesis

o (0]
i-PrMgCl (1.5 equiv.)
: O O
THF, 0°C HO
2a 9-1, 49%

To a solution of cycloheptanone (1.12 g, 10 mmol) in THF, and the mixture was stirred at 0 °C for 10 min. Then, i-PrMgCl (7.5 mL,
2.0 M in THF) was added, the mixture was stirred another 4h at 0 °C. After the reaction was completed, quenched with water and

extracted with EA, the organic extracts were dried over Na,SO,. The crude product was purified by silica gel chromatography using a
mixture of ethyl acetate and petroleum ether as eluent to get the desired products 9-1.
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£1 (ppm)

H NMR (400 MHz, DMSO) 6 4.31 (s, 1H), 2.70 (td, J = 12.0, 2.9 Hz, 1H), 2.30 (dd, J = 11.7, 4.6 Hz, 1H), 2.20 - 2.13 (m, 1H), 1.97 -
1.86 (m, 2H), 1.84 - 1.75 (m, 2H), 1.68 - 1.38 (m, 11H), 1.33 - 1.23 (m, 4H), 1.04 - 0.90 (m, 1H).
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BCNMR (101 MHz, DMSO) 6 216.7, 75.9, 62.7, 43.4, 39.4, 39.2, 30.3, 29.7, 29.6, 27.6, 26.6, 24.6,22.2,21.9.

+ Scan (1.161 min) POS-HR-4.d

207.1746 247.1673
0 (M+Na)+
1| CrO
HO
9.1
261.1462
0.5 223.0636 6 6
0,..\.”. \ I..‘|.. - ‘I

Lol

arge (m/z

Compound 9-1 HRMS (ESI) calcd for C14H,0, (M+Na*) 247.1669, found 247.1673.

5.4. General Procedure for Deuterium-Labeling Ketones 2k Synthesis

D D

H
N THF
+ DO + I/\) _—
rt

2g 2k

190 200 21%05%98\%3&‘384?08 0 260 270 280 290

To a round bottom flask, cyclododecone (20 mmol, 3.65g) was dissolved in 10 mL anhydrous THF, D,O (8.01g, 400 mmol) and
tetrahydropyrrole (142.2 mg, 2.0 mmol) was added. The reaction mixture was stirred at room temperature for 48 h. After the reaction
was completed, the mixture was acidic with 2 N HCI and extracted with DCM, the organic extracts were dried over Na,SO,. The crude
product was purified by silica gel chromatography using a mixture of ethyl acetate and petroleum ether as eluent to get the desired

products.
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THNMR
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£1 (ppm)

'H NMR (400 MHz, CDCl;) 6 2.48 — 2.39 (m, OH), 1.70 (t, J = 6.4 Hz, 4H), 1.37 — 1.21 (m, 16H).

6. Product Characterization

Ethane-1,1-diyldibenzene (3a)' was obtained as a colorless oil (48.1mg, 88%, from 1a; 53.0 mg, 97%, from 5g).

H NMR (300 MHz, CDCl3) 5 7.45 — 7.09 (m, 10H), 4.18 (q, J = 7.2 Hz, 1H), 1.67 (d, J = 7.2 Hz, 3H); 3C NMR (75 MHz, CDCl;) &
146.4, 128.4, 127.6, 126.1, 44.8, 21.9.

e

1-Fluoro-4-(1-phenylethyl) benzene (3b)? was obtained as a colorless oil (54.1 mg, 90% yield).

"H NMR (300 MHz, CDCl3) 6 7.43 — 7.35 (m, 2H), 7.30 — 7.24 (m, 5H), 7.06 (t, J = 8.7 Hz, 2H), 4.23 (9, J= 7.3 Hz, 1H), 1.71 (d, J =
7.2 Hz, 3H); '*C NMR (101 MHz, CDCI3) 5 162.5, 160.12, 146.2, 142.1, 142.1, 129.08, 129.0, 128.5, 127.6, 126.2, 115.2, 115.0, 44.1,
221.

Cl I I

1-Chloro-4-(1-phenylethyl) benzene (3c)? was obtained as a colorless oil (40.3 mg, 62% yield).

H NMR (400 MHz, CDCly) & 7.37 — 7.29 (m, 2H), 7.29 — 7.27 (m, 2H), 7.27 — 7.18 (m, 3H), 7.22 — 7.14 (m, 2H), 4.16 (q, J = 7.2 Hz,
1H), 1.65 (d, J = 7.2 Hz, 3H); '*C NMR (101 MHz, CDCls) & 145.9, 144.9, 131.8, 129.1, 128.6, 128.5, 127.6, 126.3, 44.2, 21.9.

12



1-Bromo-4-(1-phenylethyl) benzene (3d)® was obtained as a colorless oil (71.3 mg, 91% yield).

H NMR (300 MHz, CDCly) & 7.41 — 7.35 (m, 2H), 7.32 — 7.24 (m, 2H), 7.21 — 7.15 (m, 3H), 7.11 — 7.04 (m, 2H), 4.09 (q, J = 7.2 Hz,
1H), 1.60 (d, J = 7.3 Hz, 3H); '*C NMR (101 MHz, CDCl3) & 145.8, 145.4, 131.5, 1295, 128.5, 127.6, 126.3, 119.9, 44.3, 21.8.

fsae

1-lodo-4-(1-phenylethyl) benzene (3e)* was obtained as a white solid at room temperature (60.1 mg, 65% yield).

H NMR (400 MHz, CDCl3) & 7.68 — 7.65 (m, 2H), 7.40 — 7.31 (m, 2H), 7.29 - 7.24 (m, 3H), 7.06 - 7.02 (m, 2H), 4.16 (q, J = 7.1 Hz,
1H), 1.68 (d, J = 7.1 Hz, 3H); 1*C NMR (101 MHz, CDCl3) 5 146.2, 145.8, 137.5, 129.9, 128.6, 127.7, 126.4, 91.4, 44.4, 21.8.

1-Methyl-4-(1-phenylethyl) benzene (3f)? was obtained as a colorless oil (46.5 mg, 79% yield).

H NMR (400 MHz, CDCl3) & 7.36 — 7.31 (m, 2H), 7.30 — 7.26 (m, 2H), 7.26 — 7.20 (m, 1H), 7.20 — 7.14 (m, 4H), 4.18 (q, J = 7.2 Hz,
H), 2.37 (s, 3H), 1.69 (d, J = 7.3 Hz, 3H); 3C NMR (101 MHz, CDCl3) 5 146.7, 143.5, 135.6, 129.1, 128.4, 127.7, 127.6, 126.0, 44.5,
22.0,21.1.

4,4'-(Ethane-1,1-diyl) bis(bromobenzene) (3g)° was obtained as a white solid at room temperature (65.3 mg, 64% yield).

"H NMR (300 MHz, CDCl;) 6 7.49 — 7.38 (m, 4H), 7.14 — 7.03 (m, 4H), 4.08 (q, J = 7.2 Hz, 1H), 1.61 (d, J = 7.2 Hz, 3H) ; '3C NMR
(101 MHz, CDCl;) 6 144.8, 131.6, 129.4, 120.1, 43.7, 21.7.

-(Ethane-1,1-diyl) bis(methylbenzene) (3h)> was obtained as a colorless oil (34.7 mg, 55% yield).

H NMR (400 MHz, CDCl3) 5 7.20 — 7.14 (m, 8H), 4.16 (q, J = 7.2 Hz, 1H), 2.38 (s, 6H), 1.68 (d, J = 7.2 Hz, 3H); 13C NMR (101 MHz,
CDCl;) 5 143.6, 135.3, 128.9, 127.3, 43.8, 21.9, 20.9.

1-Bromo-3-(1-phenylethyl) benzene (3i)¢ was obtained as a colorless oil (40.0 mg, 51% yield).

"H NMR (300 MHz, CDCl3) 6 7.39 (d, J = 1.7 Hz, 1H), 7.36 — 7.31 (m, 2H), 7.25 — 7.20 (m, 3H), 7.18 — 7.14 (m, 2H), 4.13 (9, J=7.3
Hz, 1H), 1.64 (d, J = 7.3 Hz, 3H) ; 'C NMR (101 MHz, CDCl;) 6 148.8, 145.5, 130.7, 129., 129.2, 128.6, 127.6, 126.4, 126.4, 122.6,

446, 21.7.
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ke

1-Methyl-2-(1-phenylethyl) benzene (3j)? was obtained as a colorless oil (53.0mg, 90% yield).

H NMR (400 MHz, CDCls) & 7.30 — 7.16 (m, 4H), 7.19 — 7.09 (m, 5H), 4.31 (q, J = 7.2 Hz, 1H), 2.23 (s, 3H), 1.60 (d, J = 7.2 Hz,
3H) ; 13C NMR (101 MHz, CDCl3) 5 146.3, 143.9, 136.2, 130.5, 128.4, 127.8, 126.8, 126.2, 126.1, 125.9, 41.1, 22.2, 19.8.

oY

5-Methyl-10,11-dihydro-5H-dibenzo[a,d] [7]annulene (3k)” was obtained as a colorless oil (41.8 mg, 67% yield).

(0

H NMR (300 MHz, CDCl3) & 7.26 — 7.17 (m, 2H), 7.18 — 7.04 (m, 6H), 4.42 (q, J = 7.4 Hz, 1H), 3.20 (s, 4H), 1.71 (d, J = 7.4 Hz,
3H) : 13C NMR (75 MHz, CDCly) & 143.3, 139.3, 130.1, 127.5, 126.4, 126.2, 77.3, 43.7, 33.3, 22.0.

XS

(1-Cyclohexylethyl) benzene (31)2 was obtained as a colorless oil (24.8 mg, 44% yield).

H NMR (400 MHz, CDCls) & 7.36 — 7.27 (m, 2H), 7.25 — 7.15 (m, 3H), 2.48 (p, J = 7.2 Hz, 1H), 1.99 — 1.87 (m, 1H), 1.83 — 1.73 (m,
1H), 1.72 — 1.60 (m, 2H), 1.50 — 1.40 (m, 2H), 1.36 — 1.22 (m, 1H), 1.27 (d, J = 7.1 Hz, 3H), 1.25 — 1.05 (m, 2H), 1.03 — 0.93 (m, 1H),
0.92 — 0.78 (m, 1H); 13C NMR (75 MHz, CDCl5) & 147.2, 128.0, 127.8, 125.7, 45.9, 44.2, 31.5, 30.7, 26.6, 26.6, 18.9.

Ph

&

Ethane-1,1,2-triyltribenzene (3m)8 was obtained as a white solid at room temperature (24.8 mg, 32% yield).

"H NMR (400 MHz, CDCl3) 6 7.30 — 7.28 (m, 3H), 7.27 —= 7.21 (m, 6H), 7.21 — 7.12 (m, 4H), 7.07 — 6.99 (m, 2H), 4.27 (t, J = 7.8 Hz,
1H), 3.40 (d, J = 7.8 Hz, 2H); '3C NMR (101 MHz, CDCl;) 6 144.6, 140.4, 129.2, 128.4, 128.2, 126.5, 126.3, 126.0, 53.2, 42.2.

&

(4-lodobutane-1,1-diyl) dibenzene (3n)° was obtained as a colorless oil (64.6 mg, 64% yield).

"H NMR (300 MHz, CDCl;) 6 7.32 — 7.14 (m, 10H), 3.91 (t, J = 7.9 Hz, 1H), 3.18 (t, J = 6.8 Hz, 2H), 2.25 - 2.09 (m, 2H), 1.86 — 1.69
(m, 2H); '3C NMR (101 MHz, CDCI;) 6 144.5, 128.6, 127.8, 126.4, 50.5, 36.5, 31.8, 7.0.

&

Butane-1,1-diyldibenzene (30)'° was obtained as a colorless oil (44.2 mg, 70% yield).

"H NMR (300 MHz, CDCl3) § 7.38 — 7.32 (m, 8H), 7.21 - 7.09 (m, 2H), 3.90 (t, J = 7.8 Hz, 1H), 2.14 — 1.93 (m, 2H), 1.38 — 1.18 (m,
2H), 0.92 (t, J = 7.3 Hz, 3H); '3C NMR (101 MHz, CDCl;) 6 145.4, 128.4, 128.0, 126.1, 51.2, 38.0, 21.2, 14.2.
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i

Dodecane-1,1-diyldibenzene (3p)'! was obtained as a colorless oil (78.4 mg, 81% yield).

H NMR (400 MHz, CDCls) & 7.30 — 7.19 (m, 8H), 7.19 — 7.11 (m, 2H), 3.87 (t, J = 7.8 Hz, 1H), 2.02 (q, J = 7.7 Hz, 2H), 1.34 — 1.18
(m, 20H), 0.87 (t, J = 6.8 Hz, 3H); '3C NMR (101 MHz, CDCl3) 5 145.4, 128.4, 127.9, 126.0, 51.4, 35.8, 31.9, 29.7, 29.7, 29.5, 29.4,

LR -

e

9-Butyl-9H-fluorene (3q)'2 was obtained as a colorless oil with (46.7 mg, 70%, from 1q; 35.0 mg, 53%, from 5h).

N
(o]
.
N
N
]
-
N
N

Ci

"H NMR (400 MHz, CDCl3) 6 7.85 - 7.78 (m, 2H), 7.57 (d, J = 7.4 Hz, 2H), 7.46 — 7.32 (m, 4H), 4.03 (t, J = 5.9 Hz, 1H), 2.12 - 2.02
(m, 2H), 1.36 — 1.32 (m, 2H), 1.28 — 1.19 (m, 2H), 0.89 (t, J = 7.2 Hz, 3H); '*C NMR (75 MHz, CDCl;) 6 147.7, 141.2, 126.9, 126.8,
124.4,119.8, 47.5, 32.8, 27.8, 23.1, 14.0.

S

v

Cycloheptyl (p-tolyl) sulfane (3r)'® was obtained as a colorless oil (52.2 mg, 79% yield).

"H NMR (300 MHz, CDCl3) 6 7.24 — 7.15 (m, 2H), 7.01 (d, J = 7.9 Hz, 2H), 3.17 (tt, J= 9.0, 4.1 Hz, 1H), 2.23 (s, 3H), 1.99 — 1.83 (m,
2H), 1.67 — 1.57 (m, 2H), 1.55 — 1.26 (m, 6H); '*C NMR (75 MHz, CDCl;) 6 136.6, 132.0, 129.5, 48.6, 34.6, 28.2, 25.9, 21.0.

B

1,2-Diphenylethane (3s)! was obtained as a colorless oil (13.1 mg, 24% from 1s; 4.9 mg, 9% from 1t; 20.8 mg, 38% from 1u).
"H NMR (300 MHz, CDCl;) 6 7.35 — 7.23 (m, 4H), 7.22 — 7.16 (m, 6H), 2.92 (s, 4H); 3C NMR (101 MHz, CDCl;) 6 141., 128.5, 128.3,

-
N
[¢)]
©
w
by
©

J

Diphenylmethane (6a)'* was obtained as a colorless oil (31.8 mg, 63%, from 5a; 44.4 mg, 88%, from 5k; 38.5 mg, 76%, from 5I;
100.3 mg, 99%, from 5m; 11.1 mg, 22%, from 5p; 25.3 mg, 50%, from 5q; 47.1 mg, 93%, from 5s).

"H NMR (300 MHz, CDCl;) 6 7.32 — 7.24 (m, 4H), 7.22 — 7.17 (m, 6H), 3.98 (s, 2H); '*C NMR (101 MHz, CDCl;) 6 141.2, 128.9,
128.5, 126.1, 42.0.

:

F
Bis(4-fluorophenyl) methane (6b)'* was obtained as a colorless oil (25.1 mg, 41% yield).

H NMR (300 MHz, CDCl3) & 7.29 (d, J = 8.6 Hz, 3H), 7.24 — 7.14 (m, 6H), 3.97 (s, 2H); 3C NMR (101 MHz, CDCl5) & 141.3, 129.52,
128.7, 126.3, 42.2.

]

Di-p-tolylmethane (6¢)'* was obtained as a colorless oil (31.2 mg, 53% yield).

"H NMR (300 MHz, CDCl;) 6 7.15 (s, 8H), 3.98 (s, 2H), 2.38 (s, 6H); '3C NMR (101 MHz, CDCl;) 6 138.5, 135.5, 129.2, 128.9, 41.2,
21.1.
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BrBr

Bis(4-bromophenyl) methane (6d)'® was obtained as a colorless oil (49.9 mg, 51% yield).

H NMR (400 MHz, CDCl3) & 7.39 — 7.30 (m, 4H), 7.31 — 7.21 (m, 4H), 4.05 (s, 2H); '3C NMR (101 MHz, CDCly) & 141.2, 129.0,
128.6, 126.2, 42.0.

:

Cl
1-Benzyl-4-chlorobenzene (6e)'® was obtained as a colorless oil (18.8 mg, 31% yield).

"H NMR (300 MHz, CDCl3) 6 7.29 (d, J = 8.6 Hz, 3H), 7.24 — 7.14 (m, 6H), 3.97 (s, 2H); 'C NMR (101 MHz, CDCl3) & 141.3, 129.2,
128.7, 126.3, 42.2.

Ph

5

Triphenylmethane (6f)'® was obtained as a white solid at room temperature with (69.6 mg, 95%, from 5f; 71.8 mg, 98%, from 5j; 56.4
mg, 77%, from 5n; 71.8 mg, 98%, from 50; 69.6 mg, 95%, from 5r).

"H NMR (300 MHz, CDCl3) & 7.33 — 7.14 (m, 9H), 7.16 — 7.07 (m, 6H), 5.55 (s, 1H); 'C NMR (75 MHz, CDCl;)  143.7, 129.3, 128.1,

N
)
o
-
o
o
3

5

9H-xanthene (6g)'” was obtained as a colorless oil (24.0 mg, 44% yield).

H NMR (400 MHz, CDCl3) & 7.27 — 7.16 (m, 4H), 7.11 — 7.01 (m, 4H), 4.08 (s, 2H); '*C NMR (75 MHz, CDCl3) 5 128.9, 127.6, 123.0,

N
-
o
(¢,
N
~
©

zo

Deuterium ethane-1,1-diyldibenzene (7a)'® was obtained as a colorless oil (42.9 mg, 78% yield).

"H NMR (400 MHz, CDCl3) 6 7.27 (t, J = 7.4 Hz, 4H), 7.25 - 7.18 (m, 4H), 7.17 - 7.15 (m, 2H), 4.15 (9, J = 6.7 Hz, 1H), 1.63 (t, J =
)-

o
©
T
N
N
T

:U

F
Deuterium 1-fluoro-4-(1-phenylethyl) benzene (7b) was obtained as a colorless oil (52.5 mg, 87% yield).

H NMR (400 MHz, CDCls) & 7.33 — 7.23 (m, 2H), 7.23 — 7.13 (m, 5H), 6.96 (t, J = 8.7 Hz, 2H), 4.12 (t, J = 6.1 Hz, 1H), 1.63 — 1.58
(m, 2H); IR (film): v 2924, 2860, 1606, 1508, 1446 cm'; HRMS (EI) calcd for Cq4H1.DF (M): 201.1064, found: 201.1075.

:U

Deuterium 1-iodo-4-(1-phenylethyl) benzene (7c¢) was obtained as a colorless oil (45.4 mg, 49% yield).
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H NMR (400 MHz, CDCl3) 5 7.58 (d, J = 8.1 Hz, 2H), 7.25 (s, 2H), 7.21 — 7.15 (m, 3H), 6.96 (d, J = 8.0 Hz, 2H), 4.19 — 4.02 (m, 1H),
1.65 — 1.55 (m, 2H); IR (film): v 3057, 3020, 2958, 2937, 1481, 1452, 1398 cm'; HRMS (EI) calcd for C14H1,DI (M): 309.0125, found:
309.0121.

D

g

Deuterium 5-Methyl-10,11-dihydro-5H-dibenzo[a,d] [7]Jannulene (7d) was obtained as a colorless oil (47.7 mg, 76% yield).

H NMR (300 MHz, CDCl3) 5 7.21 — 7.13 (m, 2H), 7.12 — 6.99 (m, 6H), 4.44 — 4.33 (m, 1H), 3.15 (s, 4H), 1.67 — 1.63 (m, 2H); IR (film):
v 3053, 3014, 2926, 2248, 2220, 1489, 1460 cm-'; HRMS (EI) calcd for CqgH1sD (M): 209.1315, found: 209.1325.

D

Br Br

Deuterium 4,4'-(ethane-1,1-diyl) bis(bromobenzene) (7e) was obtained as a white solid at room temperature (59.3 mg, 58% yield).

H NMR (300 MHz, CDCl3) & 7.40 — 7.36 (m, 4H), 7.04 (d, J = 8.4 Hz, 4H), 4.04 (t, J = 6.1 Hz, 1H), 1.58 — 1.54 (m, 2H); IR (film): v
2353, 1485 cm-'; HRMS (EI) calcd for C14H14DBr, (M): 338.9369, found: 338.9366.

D
Deuterium butane-1,1-diyldibenzene (7f) was obtained as a colorless oil (48.2 mg, 76% yield).
"H NMR (300 MHz, CDCl;) 6 7.26 - 7.22 (m, 5H), 3.89 (d, J = 6.8 Hz, 1H), 1.99 (d, J = 7.6 Hz, 1H), 1.25 (d, J= 7.1 Hz, 2H), 0.91 (t, J

= 7.3 Hz, 3H); IR (film): v 3062, 3028, 2954, 2926, 2872, 1600, 1490, 1448 cm™"; HRMS (EI) calcd for C4sH7D (M): 211.1471, found:
211.1470.
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8. Product NMR Spectra

H NMR
3a

=0'€

. .

)

ro'e

19



6 1¢—

8'bh—

'9el
N.NNHW
F821

A

3¢ NMR

3a

==

20

30

60

80

100 90
f1 (pmw

110

120

20



S9'L
vav

174 %
gL'y
8LY
%8
8691
6691
6691
00°.7
0041
00°Z1
L0 L1
c0'L
6lL°L
6L°L
0L
0c'L
V2L

€CL

V€ L]

3333

"H NMR

¢

3b

2

702
'S
202




}ae—

0'StLl
N.m_‘_‘v
N@Nw/
CFEARN
g8cl
062l
L'6cl
Levl
44
Ndvr\

L'091~
§Col—

3¢ NMR
3b

160 150 140 130 120 110 100 90

0

180 17

190

" 200

f1 (ppm)

22



79 L\

&0 %)

Sl P

AN 4

6LV

VAWA
VAWA
8l L]

8lLL
6lL'L
02 1
L2 L]

V2 L]
V2 L]
L2 L]
(AR
€2 L1
€2 L1

€CL
ve'L
ve'L
ve'L
SCL
AV
lCL
LCL
8C'L
6CL
0€'L
0e'L
0€'L
le'L
el
el

[AWA

AH NS

i iredl it

'\.

|

i
]

Cl

——me

TH NMR
3c

6°L
6°2
A A
(1 A

T

10.3

=05

0.0

1.0

10,0

0.3

f1 (ppm)

23



6l

Cl

3¢ NMR

3c

b b 4

o

120 110 100

T
130

0 160 150

T
[

1

200 190 180

210

f1 (ppm)

24



"H NMR
3d

0z
ma.n
261
-




145.8
145.5
131.5
129.5
128.5
127.6
126.3
119.9

(
J
¥

200 190 180 170 160 150 140 130 120 110 100 9 8 70
f1 (ppm)

26

-21.8

—44.3




Ol
_.\

L

oLy
8Ly
V2P
€Z'b1
901
90/
80'L|
80/
9z /1

1211 e
Trgh
82 L1
82 L1
62 L1
081
081
1g.
ze.
ze.
162
8¢’/
65,
6E°L .

S S J— |

6ELy ———=
7 —
1L
WL
L
191 -
89/

69'L] O
0L'L
VL

Ll AAHV

TH NMR

3e

Il

' 6L
m——— b

Az

~0'Z




NOOWOWOMNSS
G W6~ G DI G 3 . e
T FTONNNN - 3 b
T T T T ™ (0)] (o]
ST S e W | | |
YA SN
3¢ NMR
3e
]
|
I
]
II i
200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 -10

f1 (ppm)

28



89'L
0L}

R R

&h :
VAR 4
6l 1
174 WA
1WA
mﬁhd
WA
VAW S
8l
6l L
6l L
6L
AN
CC L
€211
1 ZAVA
ve'L
TAVA
=TV A
Vi A |
2G4
LG ——
Py o7 4
8C'.L
6C.L
6C L
Fﬁh_
cEl

Nm.g O
¢cEl
€541

5O
12°WA
WA
Ge L]
oL

S |

TH NMR
3f

=0'¢

=6°Z

(3 4
(3 7
A4
‘z'e

._0-5 .

f1 (ppm)

29



3¢ NMR
3f

—44.5

10 200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

30



69}
NQ«V

SOv
LoV —
(44

90'L
L0°L
80'L

A4
A
ev.
14
L

"H NMR
3g

L HIN-”

F6'¢

6t




32

® Q0 -

¥ <o o ~ ~

T [ep M o] o (o] -

- - L = (a]

| N/ | | |

Br I I Br
3¢ NMR
39

]

210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 50 40 30 20 10 10
f1 (ppm)



L9}
mQ—v

8e¢—

vl
SL'L
oL'L
LV

e

JAA
8lL'.
1A
0c'.

J T

TH NMR

3h

s

=Tt

F0'9

Fo'u

III

'8

f1 (ppm)

33



0w 0o m
O W00~ ® oo
<t OO (vp] - 0
- - o b~ & o
| | "1 | N
TH NMR
3h
1
I ]
L]
200 190 180 170 160 130 140 130 120 110 100 90 8 70 60 50 40 30 2 10 0
f1 (ppm)

34



810(')(")
) ©©©
o e Mt e

Sl
9L'L
LL'L
V2.
(A
€L
ve'lL
ve'L
el
el
el
€e'l
ve'L
S€'L
Se'L
€L
6E 'L
or'.
ov'L

—\l2—

J
j
y
]

|
|
|
!

'H NMR
3i

=0

P

A

p 0'Z

0t

J 3
0L




L\

9¢cl
v'ocl
14143
9.2l
982l
c¢6cl
00¢clL
L0gEL
SGvl~
88yl—

Br

3¢ NMR
3i

0 140 130 120 110 100

" 160

190 180 170

" 200

f1 (ppm)

36



s

='e

TH NMR
3

J

—= E0'}

0.0 0.5




86L~
gcc”

Viv—

m.mﬁ
F.mﬁw
z'ozl
8'9zL 4
8.2l
7821
S0¢)
zocl
0l
copl

P IR P A .

] A

e o1 et gt bt e v ok v

3¢ NMR

3)

140 130 120 110

" 150

" 160

0

190 180 17

" 200

" 210

f1 (ppm)

38



69 L~ . il
g i
oce— z

6Ev

L'y il
vy te
o'y

I-II

A

r6'¢

o)

0’9

Ve |

f1 (ppm)

39



© M0 T N
TOONNN o) [s2] ﬁ
L . ot ol ol <r (s ]

A | | |

oY

3¢ NMR
3k

s m—————

210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 2 10 0 -0
f1 (ppm)

40



A S

mmmmmg
©OOOOQ
I g N T

WM~~~
< © © ©
ENxiyee

8Y'¢;

052
257
i’

8lL'L
8L,
6lL°L
6lL°L
0z'L
12
NN.L
¢ZL
62 L]
0¢' L]
1g L]
1g /]
ze /]
g/
g /]

—

"H NMR

3l

6'0
%Qv
6"k
8'Z
L0
Az
16')
qu
0L
0'L

v 0'€
6’}

=

f1 (ppm)

41



o O M~ I~
~ o0 M~ O OoON WLMNOOO
S B NN [(e) g — O OWWwo
- - I DO NN «—
I b Nid N7 ==
3C NMR
3l
[}
1] L L] ” 1 " 1 ’ T * T - 1 ] - L] i T 2 T o T 2 | ki T I 1 ¥ ] 1 1 T L] 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 =10
f1 (ppm)

42



66°€,
MMF
20
€0/
€0'L
p0'L
50/
G/
9L/
oL/
LV 1]
LV 1]
8L
6l L
6L
0L
0Z'L
gy N ——
1ZL
L
€2'L
€2'L
€21
pT'L

52 L] a
6L

9z L]
1T L]

82L] 2 O
82L]
82'L]
0€'Z]
0g"2*

"H NMR

3m

oz

oL

Ve
8¢
LS
(1)

et

f1 (ppm)

43



3¢ NMR
3m

—53.2
—42.2

210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

44



€L}
SL')
8L)
6L}
08}
€8l
[4 X4
vie
SL¢c
LT
8L¢C
8L¢C
0cc
SL'e
0ce
88'¢
vaW
v6'€

WA
L.
91°L]
L.
L2
8l°L1
WA
0Z'L
0Z'L
A
A
1
vZ'L
TR
STAVA
TAVR
mm.g
0€'L
1eL
1e°L°

| P

TH NMR
3n

-9'6

5.0
f1 (ppm)
45



T} oo

<t o M~ © To} 0 © -

<t NN o 8 — »

-~ — [Te) o ~

I ~/~ | o | |
|
3¢ NMR
3n
il
I
L] . 1 i T T T i 1 b 1] el 1 . T - T i 1 ol ] g L - 1 L] 1 Ll T 1 1 ] 1
210 200 190 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10 -10
f1 (ppm)

46



) €0 @

.

.

.

QOO OANNNNNNNNS O DD
N e rerrerrererererer e OO0 00

S

l0°¢

{ i

J T

TH NMR
30

ez
Loz

f1 (ppm)

47



B o N o o o
b & (e N atNall oo [e 0] = ‘=f
— -— T [Te) o) o —
| ~/ -~ | | | [
3Cc NMR
30
I
200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 350 40 30 20 10 0 -l
f1 (ppm)



980
.80
680
'l
vel
vel
Sc'l
o'l
ra

6c')
0g'}
00¢C
[AV 4
€0¢
S0°¢C

98'€
68'c

WA
o WA
L L]
14WA
1WA
WA

aL'L
2)1
L7l
i
zT L
L
ez
vz L
vm.&
oz'L
82 L

8C'L

— —emm

I

TH NMR
3p

= 82
Firozt

k2

AL A

E o

f1 (ppm)

49



f1 (ppm)

50

3 T O
0 o0 I~ © <+ OO~ NUOT NN
<t (o e et -~ WN—OGO O OO <
— -— v L ODOONANANANANN —
1 ~/ - RN RSN A
3¢ NMR
3p
1
) | 4
‘ T i T o ] - T » 1 = T ” T . 1 b T - 1 i T e 1 ® T 5 1 b T . 1 L L] L] L] L]
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 20 40 30 20 10 -10



1801
8801
6801
0601
1607
6l

6L
0z’
1z’

ISENEN
NANN
T T, 7

.

SSRABIRA
NNv"vl-v"v—v—v-x—

©
) O
o

-

TH NMR

3q

||Il% Z'E

J0'C
=0'C

f1 (ppm)

51



ovl—

L'€c—
8Ll =
6 CE~ =

Sly—

8611

NAMe

4c1aN

v

8'9¢l
m.wN_.W

clvl—

VAVA 4 =

3c NMR
3q

90

110

120

f1 (ppm)

52



e

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
ﬁ.
W..
W.
|
|
|
|
|
|

.

DONT—TODNT—OD O DN ©LW
i s e T T e Rt Bt B e T i R s T

3

.
"

4 L L

i

OQN— OO0 M~LW
CRoR R R R R

nomLw
—NO®
OO N —

LL°€]
8l €]
6691
[AVA
8l L]
8l L]
6L
02'.]
T

TH NMR
3r

AL
Lz
ke
s -

Loy

f1 (ppm)

53



© oW
© oo © ON®»O
Mo 0 I[LT
- <t N Ao
N A I Y

3C NMR
3r

T 1 T——

210 200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 0 -l0
f1 (ppm)

54



¢6¢—

9L/
LV
LV 1
8L/
61,1
02 1
0z'L
\2'L
\2'.
2L
9z'L
i
8Z'L
82 L
AR
¢’
S.L
L€'
)

H NMR
3s




© 0o
- 0 0 0 o
b o NN [o0]
-~ - [op]
| Byt |
3¢ NMR
3s
1
|
200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 =
f1 (ppm)

56



86°€—

JAY
JAY
8l'L
6l'.
XAVA
'l

4

Ll
lCL
8C¢'L
8CL
0€L
0€L
L€'

TH NMR

6a

=02

“ow




129.0

—141.2
L1285
\126.1

13C NMR
6a

200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 30
f1 (ppm)

58

—42.0



S6€—

f1 (ppm)
59



~162.8
~160.3

OO0,

3¢ NMR
6b

136.7

‘[136.7
130.3
(130.2
1185

{1153

—40.3

—_—

200

190 130 170 160

150 140 130 120 110 100 90 8 70 60 50
f1 (ppm)

60

[=F



gee— —

86¢

(A
ew
Sl

LV'L
8l'L
8lL'L

——

J T

TH NMR
6¢c

=0'9

Fie

8L

-0.5




f1 (ppm)

62

010 o
™ O NN ok, -
N 1 SN | I
3C NMR
6c
200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 0 -k



QO DOPONIOLWLW0 S0
2 MOOOOOONNNNANNNN
L T S S R S o S S T g

"H NMR
6d

—4.05

4.0
4.3

Pt
=
L]
w
(1]
(=]
=
(i)
[#1]
il
(=]
=]
w
|
o
[=2]
o
(7]
=

-0.3



64

o - O
— o o O 5
=T NN o
-— D s <
| o S |
BrBr
13C NMR
6d
200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 2 10 =4
f1 (ppm)



16— j

L.
8lLL
6l'L
V2L —
lTL
0eL
0g'L

Cl

TH NMR

be

%o.N

€9

8z |

= b

-0.5




“ AN®
—- OO N
A o NNy (9]
-~ ~— =<t
| L VAP |

“ ‘i ~clI
13¢ NMR
Ge
200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

66



G5'5—
oL'L
)
i)
AW
o)
Ll
8l'L
6L’

0z'L
4l
L
A
mm.&
€2'L,
szl
ST L
82 L
AR
WA
0g L

"H NMR

6f

f1 (ppm)

67



P Lt 3 el
%) » o0 © L
< NN Eg
- —r—Tr—
| o e |
3¢ NMR
6f
]
]
|
v, I l Ao
210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 350 40 30 20 10 0 -10

f1 (ppm)

68



- =

S0°Z3
S0°Z]
90'/]
90'L]
L0°L]
£0°L7
80°L1
60°L
6L'L
6l
6l
0z'L
IZL
12l

2z L]
L
cez] ¢
T L 3
T L

el &_v

TH NMR
6g

Bl

Fo'Z

v6'¢
e




®©ouw
0 I~ ™ © (o]
NN — I~
™ ™ ™ (a]
\— 7 |
3C NMR
6g
|* l
]
210 200 190 180 170 160 150 140 130 120 110 100 80 70 60 50 40 30 20 10 -10
f1 (ppm)

70



191
191
€9l N .

=60°Z|

=00°L

(1A
%Q@.ﬂ

£€6°C

f1 (ppm)

71



891
65}
65l
09’}
19°1L
o'l
€9l

€69
969
669
oL'L
L.
8lL'L
6l'L
0L
9L
8CL
6C.L
0gL

I

D
F
TH NMR
7b

=002

00°}|

H16.«.

v S6°P

fge°L

._.0‘5 ,




0L

-00°L

f1 (ppm)

73



hmmgm
LRG R BB
T

SL'e—

gy
LY

€0'.
0L
0L
S0'L
S0°.L
S0°L
904
0L
80°L
80°L
SL'.
1
L.
8lL'L

TH NMR

7d

-1!Mwwoo&.

N

— V16

== %ean|

~L0'Y|

~ =00°}|

f1 (ppm)

74



CO(DlOg
) 10 10 W)
N g g

20y
90'Y

[A\
€0'L
S04y
ot

LELy—

LEL
oL
ov'L

-

"H NMR
Te

~107C

~00'L

=gy

~86°¢|




68'0
S.ow
760
2zl
ﬁ;w
1zl
96'L
mm;w

S0¢

98¢
m@mW
06°€

A%
14
JAA
8l

74

n\.||\IL Foe

Feorg|

— Woo.r |

4 A
ve'L
9L
6C'L

"H NMR

7f

0676,




