Journal of the Korean Chemical Society
Vol. 37, No. 11, 1993
Printed in the Republic of Korea

FHE A2 So0i& 0/28 cjE X E2(F ol2ine] viS

IoHEsE” - Pl FWME - TN - AR - 2R - R
AR eE o) Tt
tAQuRE FoE ARFA
(1993. 7. 29 A%)

Ruthenium Complex Catalyzed Reaction of Diols or
Triol with Amines

Sang Chul Shim*, Young Zoo Youn, Jae Wook Lee, Dong Yeob lee,
Jae Goo Shim, Ju Hee Kim, and Keun Tae Huh!
Department of Industrial Chemistry, Kyungpook National University,
Taegu 702-701, Korea
Y Department of Materials Science and Engincering, Kyungsung Unmiversity,
Pusan 608-736, Korea
(Received July 29, 1993)

£ ¢ 1634023 17-890)3 22 a0-H$L 1807, 242417, Folde] Fely AEE Aol A
o) xjoluls} whgstd F& PEEE st YA EQ tlo|gEo] iRk Tiotu|kH}EL
5§82 q0ueH olxle}ule] Bulo] ofsf odgE WPstow], it WS AAYP 2 vl Ak P
o) <38te Wik o ¢4l Sololx FHE-E28 Foje) HF dajepul Y 126-YAE
2 &8 180°C, 3417t WgA)711 AYH e 2 1-23.2.3| E&A] o He] FL& F#HFER FoJHT) o
AREe] A AL F o) YA EFAV Kok $AH 0 2 4hEjhe Ro{Rn Qe #5&2 }HE
olnle] W), el P LEE Hxrle] 4ol upe} Basiin

ABSTRACT. a,0-Diols such as 1,6-hexanediol and 1,7-heptanediol react with secondary amines in
the presence of catalytic amount of ruthenium complex at 180°C for 24 hrs to give the corresponding
diamino compounds in good yields. The yield of diamino compound was affected by the molar ratio
of aw-diol to secondary amine. The reaction was also affected by the nature of the phosphorus ligands
empioyed. On the other hand, aromatic primary amines react with 1,2,6-hexanettiol in the presence of
RuCls+ H,O-3PPh; at 180°C for 3 hours under argon atmosphere to give selectively 1-substituted aryl-
3-hydroxyperhydroazepines in good vields. Selective synthesis of these products show that two primary
hydroxy groups (1,6-positions) oxidize predominantly than secondary hydroxy group (2-position) by ruthe-
nium-phosphorus complex. The yields were decreased according to the order of para-, mela- and ortho-
substituent.
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Table 1. Reaction of sec-amine with 1,6-hexanediol or 1,7-heptanediol®

Exp. No.  Diof sec-Amine Product bp. Yield (%¥
1 A Pyrrolidine 1,6-Dipyrroridinohexane 94°C/0.5 mmHg 71
2 A Piperidine 1,6-Dipiperidinohexane 101°C/0.75 mmHg 65
3 A Morpholine 1,6-Dimorpholinchexane 92°C/0.75 mmHg 54
4 A Homopiperidine 1,6-Homopiperidinohexane tr
5 A Benzylmethylamine  1,6-Di(benzylmethylamino)hexane tr
6 A Diethylamine 1,6-Bis(dimethylamino)hexane tr
7 B Pyrrolidine 1,7-Dipyrroridinoheptane 102°C/0.5 mmHg 65
8 B Piperidine 1,7-Dipiperidinoheptane 118°C/0.5 mmHg 58
9 B Morpholine 1,7-Dimorpholinoheptane 116°C/0.8 mmHg 32

10 B Homopiperidine 1,7-Homopiperidinoheptane tr
11 B Benzylmethylamine  1,7-Di(benzylmethylamino}heptane tr
12 B Diethylamine 1,7-Bis(dimethylamino)heptane tr

*Diol (20 mmol), sec-amine (60 mmol), RuCl;-3H, (0.2 mmol), PBu; (0.6 mmol) and dioxane (10 m/) were stirred
180°C for 24 hours in stainless autoclave. *A: 1,6-Hexanediol, B: L.7-heptanediol, ‘Isolated yield,
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Fig. 1. Mass spectrum of 1-phenyl-3-hydroxyperhyd-
roazepine.
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Fig. 2. '"H-NMR spectrum of 1-phenyl-3-hydroxype-
rhydroazepine.
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Fig. 3. ®C-NMR spectrum of 1-phenyl-3-hydroxype-
rhydroazepine.
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Fig. 4. DEPT spectrum of 1-phenyl-3-hydroxyperhy-
droazepine.
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Table 2. Optimum conditions on the synthesis of 1-phenyl-3-hydroxyperhydroazepine from 1,2,6-trihydrohexane

and aniline

No. Catalyst® Triol/RNH?  Cat/PhNH; Temp. (°C} Thim (h) Yield (%Y
1 A 15 0.02 150 3 tr
2 A 15 0.02 180 3 60
3 A 15 002 200 3 19
4 A 15 0.02 180 2 44
5 A 1.5 0.02 180 4 58
6 A 15 0.02 180 5 47
7 A 1 0.01 180 15 23
8 A 1 0.01 180 5 42
9 A 0.7 0.02 180 4 27

10 B 15 002 180 3 4

11 C 15 002 180 3 tr

12 D 15 0.02 186 3 0

9A: RuCl;-3H,0+ 3PPhs, B: RuCl;-3H,0+ 3PBus, C: RuClz* 3H;0+3P(0EL)s, D: RuCly*3H:0. *Molar ratio. ‘Isola-

ted yield.
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Table 3. Synthesis of 1-substituted 3-hydroxyperhydroazepines from 1,2,6-trihydroxyhexane and aromatic primary

amines’
No. RCHNHAR= ) Product Yield (%)
2 H 1-Phenyl-3-hydroxyperhydroazepine 60
13 #-CH; 1-p-Tolyl-3-hydroxyperhydroazepine 67
14 m-CH, 1-m-Tolyl-3-hydroxyperhydroazepine 64
15 0-CH; 1-0-Tolyl-3-hydroxyperhydroazepine 59
19 p-Cl 1-p-Chlorophenyl-3-hydroxyperhydroazepine 56
20 m-Cl 1-m-Chlorophenyl-3-hydroxyperhydroazepine 53
21 o-Cl 1-v-Chlorophenyl-3-hydroxyperhydroazepines 50
16 p-OCH, 1-p-Anisidyl-3-hydroxyperhydroazepine 69
17 m-OCH, 1-m-Anisidyl-3-hydroxyperhydroazepine 57
18 0-OCH, 1-0-Anisidyl-3-hydroxyperhydroazepine 48

“Amine (5 mmol), 1,2,6-trihydroxyhexane (7.5 mmol), RuCl-3H,0 (0.1 mmol), PPh; (0.3 mmol) and dioxane (10 m/)
were stirred at 180°C for 3 hours in stainless steel autoclave. *Isolated vield.
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13~15). obJAIX(Anisidine)s] Aol ), of
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% el cHExp. Nos. 16~18). ot4e] Aas
< Agrlel] 2% JAB] HAr) kb ey
Ak - A Ao 3-8 =F A FpseopA R
FEAIE Qdoj B 2ol gk F2RebdRe) A
5 o2 WS oyl wl3] Wy o FEFol
WolA meh, el 3 o2 E.= 56, 53 I 50%=
FojFd ot dAFel Ayt Mg Ax epdg
BoF4cHEXp. Nos. 17~21).

Y38 FEEe EdE o3 2E s
& ALY 4 UArKScheme 1).

RuCly-3H:0¢} PPl 28] AR FellF 38|
1,26-84tee) g2 64 T4b7]2 Akst ¥olol ¢
H dFas|seeFdly 3Eo] sz, -4
Ankgel A8 FulEd] NHE L FEAdTHV)
o] dojx|d ojulx} whg-dted ¥ Hx}ef o) A
%) 2 Schiff base 3-Z(V)e] WA=} Schiff base
2}-§¢] Hydride shiftol] 98 o}r|xdzE 247}t
AAFIe) o] 2708] 47| F Al E AA
B 14 A7) ebA] FelE 2HE(IV)e] BA s
2y 22 #ut-gintramolecular cyclization)el] ]
# 3 24 Eo] oA wiAHA JRUF o)
(IX)o] dolzich thA] Fio)ge] dojupr] 1-2] 8-
3-3|=84) dpiopAlRe] dojArin FAIAIL
ek whgoll A 1-9'd-3-8) = EA] A Ao} Al AN

Vol. 37, No. 11, 1993

//' V n;m,
YT )
(£ If‘]

v

; (IR

w%‘

: .?Ii‘“‘"]
[ i

u-nﬂ-‘uw"

Scheme 1.

ol Adxeg YAR FL 2W Al FHFE
ol ol3) 3}s)=] ¢do} Aldehydic amine 2HE2-&
Y37 77 WEez AE 4 sloh
A4 #
Alet % 2|7



972 HOARES © FHRAE - AR - FRK - YK - S - SFRME

Z+E olm), 1,6-¥4) L, 1,7-{%Y &, 126-¥4)
E2]%, PBu; PEt; @ PPhy& Aldrich % Wako
Alekg a2 Agstgl o fojql oSk AR
Aol FF38E. RuCly 3H,02 AldrichAl2 2 €
Fgen o o4k AAle A Wsich
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L,6-H4ICi® o L,7-MEC|E o olxjolRinte] wt
2

16-¥ 4] e ssjelde] vhgg diEA) H=
o}, A QH A A 2334100 md, Parr Instru-
ment)& A3 oL22 7]{3el A T 24H10 m)),
98] <d(59 g 60 mmol), 1,6-84t]&(236¢ 20
mmol)& W&l FUEZ Fete] RuCls 3H,0
(52.0 mg, 0.20 mmeo!, 10 mol%, A48 16-B4v) &
& 7]%), PBux(0.15 g, 0.60 mol, 30 mol%)2- 7}3tal
of. 2Pt o2& 23 AV F 180, 24
A17b wk-g-A1 ek, dkg- ¥ 80) & AAR F531
16-c)7] #H 2 ¥ 1H3.28 g, 65%)& Uic)

1,6-Dipyrrolidinchexane. Colerless oil, bp. 94
°C/0.5 mmHg; 'H-NMR(300 MHz) (CDCls) 6126
(m, 4H, 2CHj), 145(m, 4H, 2CH;), 1.67~1.72(m,
8H, 4CH,), 2.31~2.42(m, 12H, 6CH;); ®C-NMR
(75.5 MHz) (CDCly) & 23.25(4CHy), 27.80(2CH),
28.95(2CH,), 54.10(4CHz), 56.54(2CH;); Mass(m/z}
224(M*Y; Found : C, 7494; H, 1258: N, 1248%.
Caled, for CisHaaNz ¢ C, 74.92; H, 1.59; N, 12.49%.

1,6-Dipiperidinohexane. Colorless oil bp. 101
°C/0.75 mmHg; 'H-NMR(300 MHz) (CDCls) §1.23
~1.27(m, 4H, 2CH,), 1.37~1.46(m, 8H, 4CH,), 1.50
~1.55(m. 8H, 4CH,), 2.19~2.31(m, 12H, 6CH.);
2.27~2.44(m, 12H, 6CH;); C-NMR(75.5 MHz)
(CDCL3) & 24.3%(2CH,), 25.86(4CH,), 26.78(2CH,),
27.65(2CH,), 54.53(4CH,), 59.49%2CH,); Mass(m/z)

252(M*).

1,7-Dipyrroridinoheptane. Colorless oil, bp. 102
°C/0.5 mmHg; "H-NMR(300 MHz) (CDCly) § 1.21~
1.27(m, 6H, 3CH,), 1.40~14%m, 4H, 2CH,), 1.65~
1.71(m, 8H, 4CH,), 2.31~2.43(m, 12H, 6CH,); *C-
NMR(755 MHz) (CDCly) § 27.51(4CH,), 28.836(2CH>),
29402CH,), 54.06(4CH;), 56.53(2CH): Mass(m/z)
238(M™)

1,7-Dipiperidinoheptane. Colorless oil, bp. 118
°C/0.5 mmHg; 'H-NMR(300 MHz) (CDCL) 8115
~1.29(m, 6H, 3CH>), 1.36~1.42(m, 8H, 4CH;), 147
~154(m, 8H, 4CH,), 2.09~22%(m, 12H, 6CH,);
BC-NMR(75.5 MHz) (CDCly) 824.17(2CHy), 25.64
(4CHz), 26.56(2CH,), 27.35(2CH>), 29.21(CH), 54.30
(4CHy), 59.30(2CH,); Mass(m/z) 266(M™).

1,2,6-4LER|RR 2HE oluine] ¢k

2ld A Ay 334100 md, Parr Instru-
ment)dl] 1,2,6-¥AH=2]-3(1.01 g, 7.50 mmol), ¥
o}ul(5.00 mmol), RuClz+3H,0003g, 0.10 mmol),
PPhy(0.08 g, 0.39 mmol) R &rfal t]S-AK10 mi)&
Y 3kES 2YY F, 180°C, 3417 FU S
AlZe) WA F 4olg AARL Arrble
A ¢ 2ZoE2YHE B JdH22 wgde
SR F TLCE o]48A ¢+ 4A4EQ 1-
GY-3-3 = A BRI SE 48-67TR)E
<24ck

1-Phenyl-3-hydroxyperhydroazepine. 'H-NMR
(300 MHz) (CDCl;) 8 1.25~1.87(m, 7H, 3CH, and
OH), 3.01~3.1%m, 2H, CH,), 3.4%m, 2H, CHy),
4.02(m, 1H, CH), 6.63(m, 3H, Ar), 7.16(m, 2H, Ar);
BC.NMR(75.5 MHz) (CDCl3) 6 23.11(CH,), 26.03
(CHy); 29.55(CH), 49.22(CH,), 68.3%CH;), 76.14
(CH(OH)), 113.03(2CH), 117.31(CH),, 129.13(2CH),
149.3%C); Mass(m/z) 191(M™*); IR(von) 3395 cm™%;
Found:C, 7537: H, 893; N, 7.32%. Caled. for
CeHNO: C, 75.39; H, 8.90; N, 7.33%.

14{4-Methylphenyl)-3-hydroxyperhydroazepine. 'H-
NMR(300 MHz) (CDCl;) & 1.36~1.87(m, 7H, 3CH,
and OH), 3.01~3.19(m, 2H, CH,), 2.22(s, 3H, CH.),
2.98~3.17(m, 2H, CHy), 347(m, 2H, CHy), 39%(m,
iH, CH), 653(m, 2H, Ar), 6.98(m, 2H, Ar); BC-
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NMR(75.5 MHz) {CDCly) 6 20.30(CHs), 23.08(CH>),
26.00(CH,), 29.51(CH,), 49.60(CH>), 68.31(CH,),
76.10(CH(OH)), 113.202CH), 126.43(C), 129.57(2
CH), 149.0%(C); Mass(m/z) 205(M*); IR(von) 3395
cm™Y; Found : C, 76.12; H, 9.25; N, 6.84%. Calcd.
for CoH WNO : C, 76.10; H, 9.27; N, 6.83%.
1<3-Methylphenyl)-3-hydroxyperhydroazepine. 'H-
NMR(300 MHz) (CDCly) & 1.40~1.91(m, 7H, 3CH,
and OH), 2.30(s, 3H, CH,), 3.04~3.23(m, 2H, CH,),
3.52(m, 2H, CH,), 4.02(m, 1H, CH), 6.47(m, 3H, Ar),
708, 1H, Ar); PC-NMR(75.5MHz} (CDCl;) §21.53
(CHz), 23.11(CHp), 26.03(CHy), 29.54(CH,), 4923(CHy),
68.33(CH.), 76.16(CH(OH)), 110.18(CH), 113.81
(CH), 118.12(CH), 128.96(CH), 138.7%C), 14846(C);
Mass(m/z) 205(M*); IR(vor) 3395cm™".
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