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ABSTRACT. Primary amines react with 1,6- hexanediol at 180 °C for 5 h under argon atmosphere
in the presence of both RuCl;-3H,0 and PR, to give N-substituted perhydroazepine derivatives in good
yields, For aromatic amines such as anilines, RuCly-3H,0 combined with PPh, showed the highest cata-
Iytic activity. On the orther hand, in the reaction of aliphatic amines, RuCly-8H;0 combined with PBu
showed the highest catalytic activity. These differences may be attributed to the difference in the basic-
ity of these amines. Less basic aromatic amines may require less basic phosphines, while more basic aliphatic
amines may require more basic phosphines as the ligands.
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N-Phenylperhydroazepine(1). Bp 66°/0.18
mmHg ; 'H-NMR(CCL) : $ 1.01~157(m, 8H, 4
CH,), 2.56(m, 4H, 2CH,), 6.52(m, 3H, 3CH), 7.03
{m, 2H, 2CH). : MS(m/e) ; 175(M*). ; Anal Ca-
led. for CiHyN;C, 8229:;H, 971:N. 800
Found : C, 8227 : H, 9.75: N, 7.98.

N-(4-Tolyl)perhydroazepine(15). Bp 62°/0.12
mmHg : '"H-NMR(CCL,) : § 1.03~165(m, 8H, 4
CH,), 2.24(s. 3H, CHy), 2.90(m, 4H, 2CH,), 6.53
(m, 2H, 2CH), 6.89(m, 2H, 2CH).: “C-NMR
(CDCYy) © & 21.05(q, CH;), 25.34(t, 2CH,), 30.90(t,
2CH,), 55.21(t, N-(CH;),), 128.01(d, 2CH), 129.00
(d, 2CH), 136.19(s, C), 137.64(s, C).; MS(m/e)
1189(M*).
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N-(4-Anisidyl)perhydroazepine(18). Bp 87°/0.
24 mmHg ; 'H-NMR(CCL) : § 1.06~1.67(m, 8H, 4
CH;), 290(m, 4H, 2CH), 3.74(s, 3H, OCH,), 6.54
(m, 4H, 4r). ; BC-NMR(CDCl,) : § 21.67 (t, 2CH
2}, 34.66(t, 2CH,), 55.66(g, OCHj), 114.31(d, 2
CH), 114.81(d, 2CH), 142.85(s, C). s MS(m/e) :
205(M*). 5 Anal Calcd. for C,;HsNO : C, 76.10;
H, 927: N, 683 Found : C, 76.05: H, 924 : N,
6.85.

N-(4-Chlorophenyl ) perhydroazepine(21). Bp
75°/0.16 mmHg ; 'H-NMR(CCL,) : 6 1.04~1.67(m,
8H, 4CH,), 2.78(m, 4H, 2CH,), 6.54(m, 2H, 2CH),
7.03(m, 2H, 2CH). ;s MS(m/e) : 209(M*), 211{M
*+2).: Anal Caled. for Cp,HiCIN © C, 6890 H,
7.65: N, 6.70. Found : C, 68.82; H, 766 : N, 6.72.

N-Benzylperhydroazepine(23). Bp  75°/025
mmHg : 'H-NMR(CCL) : §1.59(m, 8H, 4CH,), 2.
75(m, 4H, 2CH,), 360(s, 2H, CH,), 7.29~7.33(m,
5H, Ar). : BC-NMR(CDCL) : § 25.32(t, 2CH;), 30.
87(t, 2CH,), 54.19(t, N-(CH,)), 55.18(t, N-(CH,),
126.79(d, CH), 128.06(d, 2CH), 140.59(s, C). ; MS
(m/e) 1 189(M™). ; Anal Caled. for CisHyN : C,
82483 H, 10.12 ; N, 7.40. Found : C, 82.49; H, 10.
103 N, 741

N-(2-Penylethyl) perhydroazepine(28). Bp

WS - LB - FR% - I - RS

71~72°/0.18 mmHg ; 'H-NMR(CCl,) : 8 1.07~
1.72(m, 8H, 4CH,), 2.14~2.83(m, 8H,(CH,).), 7.24
(s, SHAr). i "C-NMR(CDCly) : § 25.24(t, 2CH,),
30.83(t, 2CH,), 36.08(t, 2CH,) 51.20(t, N(CH,),),
54.42(t, N-CH,), 125.90(d, CH), 128.34(d, 2CH),
12852(d, 3CH), 139.84(s, C). : MS(m/e) : 203(M
*}. s Anal Caled. for CHyN : C, 8276: H, 10.
34 N, 6.90. Found : C, 8281 H, 10.31: N, 6.88.
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Table 1. Synthesis of N-substituted perhydroazepines from aromatic amines and diols?

Exp. Aromatic

No. amine Catalyst Product Yield (%)?
1 Aniline RuClAPPhy); N-Phenylperhydroazepine 88
2 Aniline RuCl;-3H,0 + 3PPh; N-Phenylperhydroazepine 87
3¢ Aniline RuCl3-3H,0 + 3PPhy N-Phenylperhydroazepine 92
44 Aniline RuCl3-3H;0 + 3PPh; N-Phenylperhydroazepine 64
5 Aniline RuCl3-3H,0 + 3PBug N-Phenylperhydroazepine 9
6 Aniline RuCl3-3H,0 + 1.5DPPE N-Phenylperhydroazepine 7
7 Aniline RuCl3-3H;0 + 3M(OE); - 0
8 Aniline RuCl;3H,0 — 0
9 Aniline - - 0

10¢ Aniline RuCl3-3H,0 + 3PPhy N-Phenyl-2-Methyl- 13

perhydroazepine
i1 Aniline RhCl3-3Hz0 + 3PPhy - 0
12 Aniline PdCly + 2PPh, - 0

¢ Aniline(20 mmol), diol(30 mmol}, RuCly-3H,0(0.2 mmol}, PPh40.6 mmol), dioxane (5 m, 180°C, 5h. *Isclated yield.

€20 k, 4150°C, ¢1,6-heptanediol.
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Table 2. Synthesis of N~substituted perhydroazepines from substituted anilines and diold

E’;" Amine Catalyst Product Yield (%)
13 0 - Toluidine RuCly'3H,0 + 3PPhy N-(2- Toly)perhydroazepine 35
14 » - Toluidine RuCty-3H,0 + 3PPhy N-(3-Tolyl)perhydroazepine 65
15 2~ Toluidine RuCl3:3H30 + 3PPhg N—{4-Tolylperhydroazepine 77
16 o— Anisidine RuCl3-3H,0 + 3PPh3 N-(2- AnisidyD)perhydroazepine 29
17 m - Anisidine RuCl;-3H,0 + 3PPh; N-(3-Anisidylperhydroazepine 48
18 #~ Anisidine RuCly-3H,0+ 3PPh3 N-(4- Anisidyl)perhydroazepine 78
19 o— Chlorcaniline RuCly3H,0 + 3PPh; N—{2-Chlorophenyl)perhydroazepine 22
20 m - Chloroaniline RuCl;-3H, 0 + 3PPhy N-(3-Chlorophenyl)perhydroazepine 62
21 2 - Chloroaniline RuCl3:3H,0 + 3PPhg N-{4-Chlorophenyl)perhydroazepine 65
22 p— Aminopyridine RuCly-3H20 + 3PPh, N-(4- pyridylperhydrazepine 23

2 Amine(20 mmol), dio30 mmol), RuCly:3H,0(0.2 mmol), PPh4(0.6 mmol), dioxane(5 md), 180°C, 5h. #solated yield.

Table 3. Synthesis of N-substituted perhydrazepine from diols and aliphatic amines?

g’;"‘ Amine Catalyst Product Yield (%)
23 Benzylamine RuCl;-3H;0 + 3PBu; N-Benzylperhydroazepine 44

24 Benzylamine RuCl;-3H;0+ 1.5 DPPE N-Benzylperhydroazepine 34

25 Benzylamine RuCl33H,0 + 3P-{OEt) N-Benzylperhydroazepine 8

26 Benzylamine RuCly-3H;0 + 3PPhg N-Benzylperhydroazepine 12
279 Benzylamine RuCl3-3H20 + 3PBu; N-Benzyl-2-methylperhydroazepine  trace
28 2-Phenethylamine RuCl;-3H,0+ 3PBug N-{(2-Phenethylperhydroazepine 35

29 Furfurylamine RuCly-3H,0 + 3PBu, N~Furfurylperhydroazepine 41

30 Laurylamine RuCl33H,0 + 3PBug N-Laurylperhydroazepine 24

@) Amine (20 mmol}, diol(30 mmol), RuCl;-3HQ(0.2 mmol), dioxane (5 md), 180°C, 5h. Vlsolated yield. 91,6~hep-

tanediol.
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