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Experimental section

General Remarks: All melting points are uncorrected. 'H NMR spectra were recorded at 300 MHz
on a Nippon Denshi JEOL FT-300 NMR spectrometer in CDCls with Me,Si as an internal reference.
IR spectra were measured as KBr pellets on a Nippon Denshi JIR-AQ20M spectrometer. Mass
spectra were obtained on Shimadzu GCMS-QP5050A Ultrahigh Performance Mass Spectrometer
AOC-201I, 100V using a direct-inlet system. G.L.C. analyses were performed by Shimadzu gas
chromatograph, GC-2010.

Reagent list:
Al powder (53-150 p m, 99.5%) (Wako); Pt/C, Pd/C, Ru/C, Rh/C (5 %); Distilled water (Wako)

Typical procedure

The mixture of substrate (20 mg, 0.13 mmol ) (Wako), Al powder (500 wt%) (53-150 pm,
99.5%) (Wako) and Pt/C, Pd/C, Ru/C and Rh/C (20mg) (4.5 mole % metal) were added to water (0.5
mL) (Wako distilled water). After heating the mixture at 60-80 °C for 12-24 h, it was cooled to
room temperature. Then the solution was diluted with 1 mL water and stirrer for overnight at room
temperature in the sealed tube. After 24 h, the solution was extracted with diethyl ether (2 mLx 3).
The organic layer was combined, dried with MgSO, filtered through cotton layer and concentrated
in vacuum to give the corresponding hydrogenated product. The yields were determined by GLC
analysis by using the standard compound (1,2,34-tetrahydronaphthalene) and products were

identified by GC-MS.
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GC of Table 1: Entry 1

Intensity
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Fig S1: Reduction of biphenyl by using only Al powder and H,O at 60°C for 12h.

GC Condition:

Rate (°C/min) | Temperature (°C) | Hold (min)
- 100 -
2 2 200 5
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GC of Table 1: Entry 2
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Fig S2: Reduction of biphenyl by using Al powder, Pt/C and H,O at 60°C for 12h.
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Entry 2

GC Mass of Table 1
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Fig S3: Reduction of biphenyl by using Al powder, Pt/C and H,O at 60°C for 12h.
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GC of Table 1: Entry 3

Intensity
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Fig S4: Reduction of biphenyl by using Al powder, Pt/C and H,O at 80°C for 12h.
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GC Mass of Table 1: Entry 3
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Fig S5: Reduction of biphenyl by using Al powder, Pt/C and H,O at 80°C for 12h.
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GC of Table 1: Entry 4

Intensity
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Fig S6: Reduction of biphenyl by using Al powder, Pd/C and H,O at 60°C for 12h.
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GC Mass of Table 1: Entry 4
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Fig S7: Reduction of biphenyl by using Al powder, Pd/C and H,O at 60°C for 12h.
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GC of Table 1: Entry 5
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Fig S8: Reduction of biphenyl by using Al powder, Pd/C and H,O at 80°C for 12h.
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GC of Table 1: Entry 6
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Fig S9: Reduction of biphenyl by using Al powder, Ru/C and H,O at 80°C for 12h.
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GC of Table 1: Entry 7
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Fig S10: Reduction of biphenyl by using Al powder, Rh/C and H,O at 80°C for 12h.
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GC of Table 1: Entry 8
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Fig S11: Reduction of biphenyl by using Al powder, Pd/C and H,O at 60°C for 24h.
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Entry 8

GC Mass of Table 1
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Fig S12: Reduction of biphenyl by using Al powder, Pd/C and H,O at 60°C for 24h.
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GC of Table 1: Entry 9
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Fig S13: Reduction of biphenyl by using Al powder, Rh/C and H,O at 60°C for 24h.
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GC of Table 3: Entry 2

Intensity
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Fig S14: Reduction of diphenylmethane by using Al powder, Pd/C and H,O at 60°C

for 24h.
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GC Mass of Table 3: Entry 2

TiC | } 4302001
f | | |
| I I
————— [inbathen i o e |
| | |
| 1 |
i | 1
| | |
,,,,, 0 Y I e
I t |
| |
I i |
| I |
_____ b — = ————r— e e
| I |
| | |
. ! |
N ! :
10 20 60
TIC } o 14141565
b | | |
I S R NN Lo
' | )¢ |
| | _ " |
Ly i _____________ 4? ____________ e
| I I
| | ! I |
| \€>_ I o
N SR = O | IS
| | ! !
| i { |
| | ! |
1 ! ; 1
9 ' 10 13 ' 14
Ry B 601 © NyIrFIL ;618
-8 155 {RIGEERT @ 11.000
~N-Zt-y _:55.15 (__ 28931)
55
1 I
I — Ll -y
67 2
____‘4‘._ _9% 80— oo
Ll L \}“ ] 109 124 16 17 |, 191 214 - 239 252 264 280 298 314325 345
50 100 150 200 250 300
Xy EE 700
E-s% 1301 (RIGRERA : 11.825
~N-ZE-y 9220 (720947)
9P »
__ﬁ_.v_._w~v-->‘A#777777777777,,;;4ﬁ,, _________________________________
55 : 2
91
0 S R S w1
|
6‘7 i ;
b Lol MY 129141152 476 196 231 250 262 277 300 312 325335345
50 100 150 - 200 250 300 350

S20



2%y EE ;808
U8 1300 {RFFEFRN 0 12.725
~=AE—7 1 167.25 (_ 879045)

65 B
51 1
115 3 .
| |\ Ll %2 L s ‘”H 182192 212 235 258 279 295 308 324 340
50 100 150 200 250 300 350

Fig S15: Reduction of diphenylmethane by using Al powder, Pd/C and H,O at 60°C
for 24h.

GC of Table 3: Entry 3
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Fig S16: Reduction of diphenylethane by using Al powder, Pd/C and H,O at 60°C
for 24h.
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GC of Table 3: Entry 4
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Fig S17: Reduction of fluorene by using Al powder, Pd/C and H,O at 60°C for 24h.
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Entry 4

GC Mass of Table 3

4227931

w

(=3

©3
8
LA
SES
X
<

Koo

© |
S35
Trtee L
w5
W e
SRR
) R
Kau <

307 328 350

300

245 260 271 282

202 214
200

250

150

350

100

50

S23



V-8 1219 {RFEFEERT : 13,
A-RE-7 1 129.15(  953450)
129

91 |
63 77 104 1
157
LT Dl 157 Jlso 196 21723 250 270282 308 323 342
50 100 150 200 250 300

Ay ES 1898 NyIr7guh 894
-8 ;188 {RFFRER : 13.475
~N=AE'-):97.20 32389)

(
9

———————————————— B L R T

L 19 134 149 163 ‘ 191 209223 250260 275 206 315_329 347
50 100 150 200 250 300

AxryBER 1462 N9IITYUN 1446
U-r% 1191 REFEERA . 18175
~N=At™=) :166.20 (_ 179533)

T t T T u T T T

| 139 -
], lﬁ 98 MSi6 7 mML 180 192 208 224234 254 283 299 325334 348
50 100 150 200 250 30 350

Fig S18: Reduction of fluorene by using Al powder, Pd/C and H,O at 60°C for 24h.
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GC of Table 3: Entry 4
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Fig S19: Reduction of 9,10-dihydroanthracene by using Al powder, Pd/C and H,O

at 60°C for 24h.
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Fig S20: Reduction of 9,10-dihydroanthracene by using Al powder, Pd/C and H,O
at 60°C for 24h.
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GC of Table 4: Entry 2
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Fig S21: Reduction of diphenylmethane by using Al powder, Pt/C and H,O at 80°C
for 12h.
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Fig S22: Reduction of diphenylmethane by using Al powder, Pt/C and H,O at 80°C
for 12h.

S30



GC of Table 4: Entry 3
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Fig S23: Reduction of fluorene by using Al powder, Pt/C and H,O at 80°C for 12h.
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Fig S24: Reduction of fluorene by using Al powder, Pt/C and H,O at 80°C for 12h.
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GC of Table 4: Entry 4
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Fig S25: Reduction of 9,10- dihydroanthracene by using Al powder, Pt/C and H,O
at 80°C for 12h.

S34



GC Mass of Table 4: Entry 4

TIC | | 8765244
| |
1 ! 4
_____ o] S S
! |
[ }
1 !
_____ | — = —— e —_— e e e e
| 1
| |
i 1
| |
_____ — e —— —— e e
! |
e i
10 ' ‘ 60 '
TIC i Y B176533
! 1 |
| | |
———————— e B ———— Tt T TP
| 1
i 1 |
| | !
I
. .Y Y T T SR
SSSK \ i
1 N | |
1 R | |
| { I
777777777 4____—4_\7 - g S it
| | l
| . | f
{ i | |
‘ ' | A
T J‘_,;,. IJ\—‘—/ T =
. 14 22 24
ARy/ES 1144
E-7% 1301 {REFRERT ; 15.525
~A—AE'- :135.10 ( 445971)
. 135
_____________________________________ 92
]
,,,,,,,,,,,,,,,,,, T
.|1 11, 163 177 | o1 235 249 64 279 308 338
150 200 250 300 - 350
&y EE 11316
=% 300 {RIGEFR : 16.958
~=AE'—y ;135.10 (__1282806)
| 135
SO0
216 240251 264 285 303 326 341
250 300 350

S35



Ree S 1382
v-s% 301 {REFRERT : 17.508
~A'=ZE-7 :135.10 ¢ 164023)

135
e (X
121 ,
T S % ] ‘ ____________________________________________________________
| } ﬂw? ? I?O 163 ' ;
il T | 163 v | 213 228 242 261 281 200 391 337347
T T T T T T T T T T T T T T
50 100 150 200 250 300 350

Fig S26: Reduction of 9,10- dihydroanthracene by using Al powder, Pt/C and H,O
at 80°C for 12h.

GC of Table 4: Entry 5
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Fig S27: Reduction of diphenylether by using Al powder, Pt/C and H,O at 80°C for
12h.
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Fig S28: Reduction of diphenylether by using Al powder, Pt/C and H,O at 80°C for
12h.
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Fig S29: Reduction of diphenylamine by using Al powder, Pt/C and H,O at 80°C
for 12h.
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Fig S30: Reduction of diphenylamine by using Al powder, Pt/C and H,O at 80°C

for 12h.
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Fig S31: Reduction of fluorene by using Al powder, Pt/C, Pd/C, Ru/C, Rh/C and
H,0 at 80°C for 12h.
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Fig S32: Reduction of 4-methylbiphenyl by using Al powder, Pt/C and H,O at 80°C
for 12h.
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Fig S33: Reduction of 4-methylbiphenyl by using Al powder, Pt/C and H,O at 80°C
for 12h.
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Fig S34: Reduction of 4-methoxybiphenyl by using Al powder, Pt/C and H,O at
80°C for 12h.
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Fig S35: Reduction of 4-methoxybiphenyl by using Al powder, Pt/C and H,O at

80°C for 12h.
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GC of Table 5: Entry 4

Intensity
100000-] E e
75000 N ’
50000 N
25000—_ I g . . :(

| ﬂ ~—

0 ]
T T T T [ T T T T T T 1 [ L T T [" T LR L T T I L LR A T | v T
0 10 20 30 40 50

min

VB R A B BE BN v/ DR e

1  5.865 101698203 38529755  98.700

2 40.299 343993 54537  0.334

3 41.867 252117 39742  0.245

4  42.554 648746 101337  0.630

5 45.800 95102 15184 0.092
A& 103038161 38740555

Fig S36: Reduction of 4-fert-butylbiphenyl by using Al powder, Pt/C and H,O at
80°C for 12h.
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Fig S37: Reduction of 4-tfert-butylbiphenyl by using Al powder, Pt/C and H,O at
80°C for 12h.
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