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The analytical data of biphenyl derivatives

1. [1,1'-biphenyl]-4-ol (1f): "H NMR (400 MHz, DMSO) & 9.55 (s, 1H), 7.60 — 7.53 (m, 2H),
7.48 (d, J = 8.5 Hz, 2H), 7.40 (t, J = 7.6 Hz, 2H), 7.27 (t, J = 7.4 Hz, 1H), 6.84 (d, J = 8.5
Hz, 2H); MS, m/z (%): 170 [M™].
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Figure 1A: *H NMR (400 MHz, DMSO) of [1,1"-biphenyl]-4-ol (1f)
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Figure 1B: GC-MS spectrum of [1,1'-biphenyl]-4-ol (1f)

2. 4-(naphthalen-1-yl)phenol (2f): MS, m/z (%): 220 [M*].
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Figure 2A: GC-MS spectrum of 4-(naphthalen-1-yl)phenol (2f)



3. 4'-methoxy-[1,1'-biphenyl]-4-ol (3f): tH NMR (400 MHz, DMSO) § 9.45 (s, 1H), 7.49 (dd, J
=8.5, 1.5 Hz, 2H), 7.41 (dd, J = 8.4, 1.5 Hz, 2H), 6.97 (dd, J = 8.5, 1.5 Hz, 2H), 6.81 (dd, J
= 8.5, 1.5 Hz, 2H), 3.77 (s, 3H); 13C NMR (101 MHz, DMSO) & 158.11, 156.51, 132.76,
130.75, 127.24, 127.02, 115.64, 114.23, 55.12; MS, m/z (%): 200 [M*].
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Figure 3A: *H NMR (400 MHz, DMSO) of 4'-methoxy-[1,1'-biphenyl]-4-ol (3f)
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Figure 3B: GC-MS spectrum of 4'-methoxy-[1,1'-biphenyl]-4-ol (3f)
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Figure 3C: 13C NMR (101 MHz, DMSOQ) of 4'-methoxy-[1,1'-biphenyl]-4-ol (3f)

4. 4-methoxy-1,1'-biphenyl (4f) : tH NMR (400 MHz, DMSO)  7.61 (dd, J = 8.4, 3.1 Hz, 4H),
743 (t,J=7.5Hz, 2H), 7.31 (t, J = 7.3 Hz, 1H), 7.03 (d, J = 8.3 Hz, 2H), 3.80 (s, 3H.MS,
m/z (%): 184 [M™].
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Figure 4A: *H NMR (400 MHz, DMSO) of 4-methoxy-1,1'-biphenyl (4f)
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Figure 4B: GC-MS spectrum of 4-methoxy-1,1'-biphenyl (4f)

5. 1-(4-methoxyphenyl)naphthalene (5f): *H NMR (400 MHz, DMSO) & 8.03 — 7.96 (m, 1H),
7.92 (dd, J = 8.3, 1.2 Hz, 1H), 7.83 (dd, J = 8.3, 1.4 Hz, 1H), 7.60 — 7.37 (m, 6H), 7.14 —
7.06 (m, 2H), 3.84 (s, 3H).MS, m/z (%): 234 [M"].
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Figure 5A: *H NMR (400 MHz, DMSO) of 1-(4-methoxyphenyl)naphthalene (5f)
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Figure 5B: GC-MS spectrum of 1-(4-methoxyphenyl)naphthalene (5f)



6. 4,4'-dimethoxy-1,1'-biphenyl (6f): *H NMR (400 MHz, DMSO) & 7.83 — 7.16 (m, 4H), 7.09
—6.77 (m, 4H), 3.78 (s, 6H).MS, m/z (%): 214 [M*].
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Figure 6A: *H NMR (400 MHz, DMSO) of 4,4'-dimethoxy-1,1'-biphenyl (6f)
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Figure 6B: GC-MS spectrum of 4,4'-dimethoxy-1,1'-biphenyl (6f)



7. 1,1'-bipheny! (7f): 'H NMR (400 MHz, DMSO) & 8.06 (d, J = 0.9 Hz, 1H), 7.79 (dt, ] = 7.8, 1.3 Hz,
1H), 7.66 (dd, J = 8.2, 1.4 Hz, 2H), 7.47 (dd, J = 8.3, 7.1 Hz, 3H), 7.44 — 7.36 (m, 1H), 7.39 — 7.29
(m, 2H). MS, m/z (%): 154 [M*].
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Figure 7A: *H NMR (400 MHz, DMSO) of 1,1'-biphenyl (7f)
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Figure 7B: GC-MS spectrum of 1,1'-biphenyl (7f)



8. 1-phenylnaphthalene (8f): *H NMR (400 MHz, DMSO) & 7.99 (dd, J = 18.8, 8.2 Hz, 2H), 7.80 (d,
J=8.4Hz, 1H), 7.63 — 7.40 (m, 9H). MS, m/z (%): 204 [M*].
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Figure 8A: *H NMR (400 MHz, DMSO) of 1-phenylnaphthalene (8f)
Line#:3 R .Time:12.363(Scan=:1574) MassPeaks:165
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Figure 8B: GC-MS spectrum of 1-phenylnaphthalene (8f)

9. 4-methoxy-1,1'-biphenyl (9f): 'H NMR (400 MHz, DMSO) & 7.65 — 7.57 (m, 4H), 7.43 (dd, J =
8.3, 7.1 Hz, 2H), 7.31 (td, J = 7.2, 1.3 Hz, 1H), 7.07 — 7.00 (m, 2H), 3.80 (s, 3H); 13C NMR (101
MHz, DMSO) & 158.89, 139.84, 132.53, 128.86, 127.76, 126.70, 126.18, 114.36, 55.17; MS, m/z
(%): 184 [M*].
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Figure 9A: *H NMR (400 MHz, DMSO) of 4-methoxy-1,1'-biphenyl (9f)
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Figure 9B: GC-MS spectrum of 4-methoxy-1,1'-biphenyl (9f)
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Figure 9C: 13C NMR (101 MHz, DMSO) of 4-methoxy-1,1'-biphenyl (9f)



10. 4-nitro-1,1'-biphenyl (10f): *H NMR (400 MHz, DMSO) & 8.35 — 8.27 (m, 2H), 8.01 — 7.93 (m,
2H), 7.83 — 7.76 (m, 2H), 7.59 — 7.44 (m, 3H); 13C NMR (101 MHz, DMSO) § 146.46, 146.41,
137.61, 129.03, 128.85, 127.65, 127.06, 123.88; MS, m/z (%): 199 [M"].
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Figure 10A: *H NMR (400 MHz, DMSO) of 4-nitro-1,1'-biphenyl (10f)
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Figure 10B: GC-MS spectrum of 4-nitro-1,1'-biphenyl (10f)
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Figure 10C: 13C NMR (101 MHz, DMSQ) of 4-nitro-1,1'-biphenyl (10f)

11. 1-(4-nitrophenyl)naphthalene (11f): *H NMR (400 MHz, DMSO) & 8.38 (dt, J = 8.4, 1.9 Hz, 2H),
8.09 — 8.02 (m, 2H), 7.82 — 7.73 (m, 3H), 7.68 — 7.48 (m, 4H). MS, m/z (%): 249 [M™].
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Figure 11A: *H NMR (400 MHz, DMSO) of 1-(4-nitrophenyl)naphthalene (11f)
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Figure 11B: GC-MS spectrum of 1-(4-nitrophenyl)naphthalene (11f)

12. 4-methoxy-4'-nitro-1,1'-biphenyl (12f): 'H NMR (400 MHz, DMSO) & 8.26 (d, J = 8.6 Hz, 2H),
7.91(d,J=8.5Hz, 2H), 7.76 (d, J = 8.4 Hz, 2H), 7.09 (d, J = 8.3 Hz, 2H), 3.82 (s, 3H); 13C NMR
(101 MHz, DMSO) 6 160.20, 146.30, 146.02, 129.94, 128.60, 127.03, 124.12, 114.71, 55.34; MS,
m/z (%): 229 [M*].
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Figure 12A: *H NMR (400 MHz, DMSO) of 4-methoxy-4'-nitro-1,1'-biphenyl (12f)
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Figure 12B: GC-MS spectrum of 4-methoxy-4'-nitro-1,1'-biphenyl (12f)
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Figure 12C: 13C NMR (101 MHz, DMSO) of 4-methoxy-4'-nitro-1,1'-biphenyl (12f)
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13. [1,1'-biphenyl]-4-carbonitrile (13f): 'H NMR (400 MHz, DMSO) § 7.96 —7.84 (m, 4H), 7.78 - 7.71
(m, 2H), 7.56 — 7.49 (m, 2H), 7.49 — 7.41 (m, 1H).
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Figure 13A: *H NMR (400 MHz, DMSO) of [1,1'-biphenyl]-4-carbonitrile (13f)



14. 4-(naphthalen-1-yl)benzonitrile (14f): *H NMR (400 MHz, DMSO) & 8.06 — 7.95 (m, 4H), 7.76 —
7.64 (m, 3H), 7.65 — 7.50 (m, 3H), 7.47 (dd, J = 7.1, 1.3 Hz, 1H). MS, m/z (%): 229 [M*].
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Figure 14A: *H NMR (400 MHz, DMSO) of 4-(naphthalen-1-yl)benzonitrile (14f)
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Figure 14B: GC-MS spectrum of 4-(naphthalen-1-yl)benzonitrile (14f)



15. 4'-methoxy-[1,1'-biphenyl]-4-carbonitrile (15f): *H NMR (400 MHz, DMSO) & 7.91 — 7.80 (m,
4H), 7.76 — 7.67 (m, 2H), 7.07 (dd, J = 8.7, 1.3 Hz, 2H), 3.81 (d, J = 1.1 Hz, 3H). MS, m/z (%):
209 [M™].
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Figure 15A: *H NMR (400 MHz, DMSO) of 4'-methoxy-[1,1'-biphenyl]-4-carbonitrile (15f)
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Figure 15B: GC-MS spectrum of 4'-methoxy-[1,1"-biphenyl]-4-carbonitrile (15f)

16. 4-methyl-1,1"-biphenyl (16f): *H NMR (400 MHz, DMSO) & 8.07 (s, 1H), 7.84 — 7.78 (m, 1H),
7.62 (s, 1H), 7.54 (s, 1H), 7.48 — 7.37 (m, 2H), 7.36 — 7.29 (m, 2H), 7.28 (s, 1H), 2.34 (s, 3H). MS,
m/z (%): 168 [M™].
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Figure 16A: *H NMR (400 MHz, DMSO) of 4-methyl-1,1'-bipheny! (16f)
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Figure 16B: GC-MS spectrum of 4-methyl-1,1'-biphenyl (16f)



17. 1-(p-tolyl)naphthalene (17f): *H NMR (400 MHz, DMSO) & 8.10 — 7.97 (m, 1H), 7.94 (d, J = 8.3
Hz, 1H), 7.82 (d, J = 8.3 Hz, 1H), 7.62 — 7.45 (m, 3H), 7.44 — 7.31 (m, 5H), 2.41 (s, 3H). MS, m/z

(%): 218 [M*].
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Figure 17A: *H NMR (400 MHz, DMSO) of 1-(p-tolyl)naphthalene (17f)
Line#:7 F. Time:13.020(3can®:1705) MassPeaks:426
Rawhlode: Averaged 13.015-13.025(1704-1706) BasePeak-218 95(8403205)
BG Mode:Calc. from Peak Group 1 - Event 1 Scan
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Figure 17B: GC-MS spectrum of 1-(p-tolyl)naphthalene (17f)

18. 4-methoxy-4'-methyl-1,1'-biphenyl (18f): *H NMR (400 MHz, DMSO) § 7.61 — 7.54 (m, 2H), 7.50
(d, J=7.9Hz, 2H), 7.23 (d, J = 7.9 Hz, 2H), 7.05 — 6.97 (m, 2H), 3.79 (s, 3H), 2.32 (s, 3H); 13C
NMR (101 MHz, DMSO) 6 159.08, 137.39, 136.29, 132.90, 129.87, 127.89, 126.42, 114.73, 55.57,
21.04; MS, m/z (%): 183 [M™].
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Figure 18A: *H NMR (400 MHz, DMSO) of 4-methoxy-4"-methyl-1,1'-biphenyl (18f)
Line#2 R Time:11.820(Scan#:1465) MassPeaks439
RawhMode:Averaged 11.815-11.8235(1464-1466) BasePeak:198.05(8378081)
BG Mode:Cale. from Peak Group 1 -Event 1 Scan
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Figure 18B: GC-MS spectrum of 4-methoxy-4'-methyl-1,1'-biphenyl (18f)



30000
AP-31-PC

aLgsgy R/ 28000

—159.08
7
3.
1
2
i
2.
14
55.57
—iL04

SEAVAV Y | 6000

24000

22000

20000

r18000

16000

14000

12000

10000

8000

(6000

4000

2000

! '.:,'iii | i i

r0

-2000

T T T T - T T T - : T T T - T T T T - T T T -
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

Figure 18C: 13C NMR (101 MHz, DMSOQ) of 4-methoxy-4'-methyl-1,1'-biphenyl (18f)

19. [1,1'-biphenyl]-4-carbaldehyde (19f): *H NMR (400 MHz, DMSO) & 10.06 (s, 1H), 8.04 — 7.97
(m, 2H), 7.95 - 7.88 (m, 2H), 7.81 — 7.69 (m, 2H), 7.52 (dd, J = 8.3, 6.7 Hz, 2H), 7.49 — 7.41 (m,
1H).
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Figure 19A: *H NMR (400 MHz, DMSO) of [1,1'-biphenyl]-4-carbaldehyde (19f)

20. 4-(naphthalen-1-yl)benzaldehyde (20f): *H NMR (400 MHz, DMSO) 8 10.13 (s, 1H), 8.11 —7.99
(m, 4H), 7.78 (dd, J = 8.5, 1.2 Hz, 1H), 7.75 — 7.69 (m, 2H), 7.68 — 7.54 (m, 2H), 7.57 — 7.47 (m,
2H); 13C NMR (101 MHz, DMSO) & 193.09, 146.35, 138.47, 135.41, 133.63, 130.82, 130.60,
129.89, 128.72, 128.67, 127.31, 126.98, 126.38, 125.79, 125.10.
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Figure 20A: *H NMR (400 MHz, DMSO) of 4-(naphthalen-1-yl)benzaldehyde (20f)
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Figure 20B: 13C NMR (101 MHz, DMSO) of 4-(naphthalen-1-yl)benzaldehyde (20f)

21. 4'-methoxy-[1,1'-biphenyl]-4-carbaldehyde (21f): *H NMR (400 MHz, DMSO) & 10.03 (s, 1H),
8.00 — 7.93 (m, 2H), 7.92 — 7.85 (m, 2H), 7.79 — 7.71 (m, 2H), 7.12 — 7.04 (m, 2H), 3.82 (s, 3H).
MS, m/z (%): 212 [M*].
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Figure 21A: *H NMR (400 MHz, DMSO) of 4'-methoxy-[1,1'-biphenyl]-4-carbaldehyde (21f)
Lines:7 R.Time:13.035(Scan#:1708) MassPeaks:444
RawMode:Averaged 13.030-13.040(1707-1709) BasePeak-212.05(8362860)
BG Mode:Cale. from Peak Group 1 -Event 1 Scan
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Figure 21B: GC-MS spectrum of 4'-methoxy-[1,1'-biphenyl]-4-carbaldehyde (21f)

22. 1,1'-biphenyl (22f): *H NMR (400 MHz, DMSO) 5 8.05 (s, 1H), 7.82 — 7.76 (m, 1H), 7.66 (dd, 2H),
7.57 - 7.42 (m, 4H), 7.41 - 7.30 (m, 2H). MS, m/z (%): 154 [M*].
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Figure 22A: *H NMR (400 MHz, DMSO) of 1,1'-bipheny! (22f)

Line#:1 R.Time:9.800(Scan#:1061) MassPeaks:409

RawMode: Averaged 9.795-0.805(1060-1062) BasePeak:154.05(8360743)
BG Mode:Calc. from Peak Group 1 -Event 1 Scan
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Figure 22B: GC-MS spectrum of 1,1'-biphenyl (22f)



23. 1-phenylnaphthalene (23f): *H NMR (400 MHz, DMSO) & 8.10 — 7.93 (m, 2H), 7.84 — 7.77 (m,
1H), 7.68 — 7.36 (m, 9H). MS, m/z (%): 204 [M™].
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Figure 23A: *H NMR (400 MHz, DMSO) of 1-phenylnaphthalene (23f)
Line#-9 R Time:12 500{Scar#:1601) MassPeaks:420
Rawhlode:Averaged 12.495-12.505(1600-1602) BasePeak-204.05(8364540)
BG Mode:Cale. from Peak Group 1 -Event 1 Scan
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Figure 23B: GC-MS spectrum of 1-phenylnaphthalene (23f)



24. 4-methoxy-1,1'-biphenyl (24f): TH NMR (400 MHz, DMSO) § 7.64 — 7.56 (m, 4H), 7.43 (t,J=7.7

Hz, 2H), 7.35— 7.26 (m, 1H), 7.06 — 6.98 (m, 2H), 3.79 (s, 3H).
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Figure 24A: *H NMR (400 MHz, DMSO) of 4-methoxy-1,1'-biphenyl (24f)

25. 4-methoxy-1,1'-biphenyl (25f): MS, m/z (%): 184 [M™].

Line#:10 R Time:11.455(5can=:1392) MassPeaks:408
RawMode: Averaged 11.430-11.460(1391-1393) BasePeak:169.05(8377977)
BG Mode:Calc. from Peak Group 1 -Event1 Scan
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Figure 25A: GC-MS spectrum of 4-methoxy-1,1'-biphenyl (25f)



26. 1-(4-methoxyphenyl)naphthalene (26f): MS, m/z (%): 234 [M™].

Linez:13 RTime:13.870(Scan#:18735) MassPeaks:406
RawMode: Averaged 13.865-13.875(1874-1876) BasePeak:234.05(8182731)
BG Mode:Cale. from Peak Group 1 -Event | Scan
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Figure 26A: GC-MS spectrum of 1-(4-methoxyphenyl)naphthalene (26f)

27. 4,4'-dimethoxy-1,1'-biphenyl (27f): MS, m/z (%): 214 [M*].

Line#:10 R Time:12. 675(Scan=:1636) MassPeaks:423
RawMode: Averaged 12.670-12.680(1635-1637) BasePeak:214.05(8322858)
BG Mode:Cale. from Peak Group 1 -Event 1 Scan

100 R

80+

60— MeQ OMe

40 128

0] 0 156

51 B3 76
35 & |”51 f ,.\ |133 et T g 1L 326, 345 STOSK IS HIS 9 M9 4TS 40

Lo

20 40 60 80 100 120 14{] 160 180 ’DD 220 ’40 26(51280 360 32{] 34{] 360 380 400 4“0 440 460 480

Figure 27A: GC-MS spectrum of 4,4'-dimethoxy-1,1'-biphenyl (27f)

28. 1,1'-biphenyl (28f): MS, m/z (%): 154 [M™].

Line#:1 R Time?. 880(3can=:1077) MassPeaks:257
RanwMode:Averaged 9.875-9.885(1076-1078) BasePeak:154.10(52512)
BG Mode:Cale. from Peak Group 1 -Event 1 Scan
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Figure 28A: GC-MS spectrum of 1,1'-biphenyl (28f)



29. GC-MS spectrum of Hot filtration analysis.

D:\GCMSDATA\2.Method files\M-1 (product confirmation met|

Chromatogram AP-44-HF D/ GCMSDATA'S. Analysis result 0101283_AP-44-HF_28.qzd

TIC
78,116,524 -
33 e r
50 o 20 300 310
nun
Peak# R.Time Area Area% Height] Height% A/H| Name
1 8.751 1007292 0.07 7615 .52 1.32| Decane, 3,7-dimethyl-
2 0059 833305 0.06 610721 043 1.34| Dodecane, 2.6,11-trimethyl-
B 11.112 ; 2 ; ane
5 11.304 1407708 0.09 1148306 0.79 1.23 | Hexadecane
1488817 1.02 1.42| Cetene
8 13213 4130104 0. 15485 . s .1-dimethylethy] ester
9 15.206 14711980 0.97 1791267 1.23 8.21| Phenol, 2.4-bis(1.1-dimethylethyl)-. phosphit
10 15.610 245651422 16.27 46385905 31.86 3.30 | Bis(2-ethylhexyl) phthalate
1509602382 100.00 145579639  100.00
[1,1-biphenyl]-4-ol: MS, m/z (%): 170 [M*].
Line#7 R Time:11.950(Scan#1491) MassPeaks413
RawMode:Averaged 11.045-11 055(1400-1492) BasePeak:170.10(3326021)
BG Mode:Calc. from Peak Group 1 -Event 1 Scan
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