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80 OC in a sealed tube for 17 h. Evaporation of the methyl iodide 
left 100 mg of a yellow solid which was recrystallized from ace- 
tonitrile-ethyl acetate to give 92 mg (0.23 mmol, 87%) of meth- 
iodide 22: mp 258-260 "C; NMR, Table I. 

A 60-mg (0.15 mmol) sample of methiodide 22 was reduced with 
20 mg (2.8 mmol) of lithium in liquid ammonia as before to give 
30 mg of crude product which was filtered through silica gel in 
hexane+% ether to yield 27 mg of a pale yellow oil. Chroma- 
tography on alumina eluting with hexane-10% benzene afforded 
22 mg (0.099 mmol, 66%) of (&)-7-epi-a-eudesmol (21) as a 
colorless oil which showed a single peak on GC (150 "C) but would 
not crystallize: IR 3600,3465,2910,1460,1435,1375,1125,1100, 
940 cm-'; NMR, Table II; MS, m / e  (relative intensity) 222 (0.171, 
204 (17), 189 (15), 161 (loo), 149 (15), 133 (13), 122 (80), 107 (52), 
93 (22), 79 (56), 59 (44); molecular ion at 222.1981, calcd for 
CI6Hz6O 222.1983. 

To a 3.5" ID glass tube containing 150 pL of technical 
sulfolane were added 50 mg of KzCO3 and a solution of 61 mg 
(0.23 mmol) of oxazine 20 in 300 pL of methyl iodide. The tube 
was degassed, sealed, and heated a t  80-85 "C for 3 days. The 
lithium/liquid ammonia reduction and isolation procedure as for 
17 gave 3 mg of amine fraction and 30 mg of neutral fraction. 
Chromatography of the latter on silica gel-25% AgNO, gave 4 
mg (0.018 mmol, 8%) of 7-epi-a-eudesmol(21), and 15 mg (0.068 
mmol, 30%) of 7-epi-@-eudesmol (23) as a waxy solid: mp 62-64 
OC; IR 3625,3525,2920,1640,1465,1450,1390,1380,1260,890 
cm-'; NMR Table 11, in agreement with lit."gBb values; MS, m / e  
(relative intensity) 222 (0.18), 204 (36), 189 (42), 176 (16), 161 (68), 
149 (30), 133 (56), 122 (26), 107 (48), 91 (80), 79 (72), 59 (100); 
molecular ion at 222.1988, calcd for C1SH260 222.1983. 

Alkylation-Deamination of Oxazines 24 and 27. (*)-5- 
Epi-7-epi-a-eudesmol (26) and (&)-5-Epi-aeudesmol (28). A 
solution of 709 mg (2.70 mmol) of oxazine 24 in 25 mL of methyl 
iodide was left at 25 "C for 2 days. Evaporation of the methyl 
iodide and recrystallization of the residue from acetonitrile-ethyl 
acetate gave 945 mg (2.33 mmol, 86%) of methiodide 25: mp 
(sealed tube) 248-250 "C dec; NMR, Table I. A sample of 700 
mg (1.73 mmol) of 25 was reduced with 120 mg (17.3 mmol) of 

lithium wire in 100 mL of liquid ammonia for 3 h. Isolation as 
before afforded 387 mg (1.47 mmol, 85%) of oxazine 24 and 68 
mg of a neutral fraction. Chromatography of the latter on alumina 
eluting with hexane-lO% benzene gave 43 mg (0.19 mmol, 11%) 
of (*)-5-epi-7-epi-a-eudesmol(26) as an oil which crystallized from 
pentane at -20 "C: mp 45-47 "C; IR 3620,3450,2910,1455,1440, 
1370,1260,1100 cm-'; NMR, Table Q MS, m / e  (relative intensity) 
222 (0.9), 204 (21), 189 (la), 161 (16), 149 (35), 135 (ll), 121 (lo), 
109 (55), 93 (26), 81 (21), 59 (100); molecular ion at 222.1983, calcd 
for C1SH260 222.1983. 

A solution of 100 mg (0.38 mmol) of oxazine 27 in 2 mL of 
methyl iodide was heated at 70 "C in a sealed tube for 4 days. 
The solvent was evaporated and the residue was recrystallized 
from acetonitrile-ethyl acetate to give 144 mg (0.36 mmol, 95%) 
of 27.MeI: mp (sealed tube) 239-245 "C dec; NMR, Table I. A 
sample of 104 mg (0.257 mmol) of this methiodide was reduced 
with 20 mg (2.9 mmol) of lithium in liquid ammonia as above to 
give 49 mg of crude product which did not contain any oxazine 
27 (TLC). Chromatography of the oil on alumina eluting with 
hexane-10% benzene afforded 36 mg (0.16 mmol, 62%) of 
(&)-5-epi-a-eudesmo1(28) which crystallized from pentane at -20 
"C: mp 68-69 "C; IR 3600,3450,2920,1450,1370,900 an-'; NMR, 
Table II; MS, m / e  (relative intensity) 222 (O.l), 204 (la), 161 (64), 
149 (19), 122 (32), 109 (32), 93 (22), 81 (17), 59 (100); molecular 
ion at 222.1981, calcd for C1SH26O 222.1983. 

Registry NO. (*)-l, 69686-15-3; (&)-2,3287-59-0; 5,10485-70-8; 
(&)-6a, 95421-184; (*)-6b, 95421-19-5; (&)-7a, 95421-20-8; (*)-7b, 
95421-21-9; 8, 70038-03-8; 9, 38142-31-3; 9 (bromohydrin), 
95421-27-5; 10,38142-32-4; (&)-lla, 95421-16-2; (&)-llb, 95421- 
17-3; (&)-12, 95530-47-5; (*)-13, 95421-22-0; (&)-13CHJ, 
95529-61-6; (*)-14,95529-59-2; (*)-14*CHJ, 95529-62-7; (*)-15, 
95529-60-5; (&)-15*CHJ, 95529-63-8; (&)-16, 95421-23-1; (&)-17, 
95421-24-2; (&)-18, 95421-25-3; (&)-20, 95529-64-9; (*)-21, 
95529-68-3; (&)-22, 95421-26-4; (&)-23, 95529-67-2; (*)-24, 
95529-65-0; (*)-25, 95585-28-7; (&)-26, 69686-18-6; (*)-27, 
95529-66-1; (&)-27CHJ, 95529-69-4; (*)-28,69686-16-4; CHSN- 
HOH.HC1, 4229-44-1. 
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1,5-Pentanediol reacts with aliphatic and aromatic primary amines in the presence of a ruthenium catalyst 
modified with phosphine ligands to give N-substituted piperidines in fair to goods yields. The reactions were 
carried out at 15C-180 "C for 5 h in dioxane. The nature of the phosphorus ligands has a remarkable effect on 
the catalytic activity. For the reaction of aromatic amines, triphenylphosphine is effective, while for aliphatic 
amines more basic tributyl- or triethylphosphine is preferable. Amines also react with diethylene glycol and 
N-substituted diethanolamines in the presence of the ruthenium catalyst to give N-substituted morpholines and 
piperazines in good yields, respectively. 

A large variety of methods are known for building up 
piperidine,l morpholine,2 and piperazine3 rings. In these 
methods, substrates such as 1,5-dihalogenopentanes, 1,5- 
halogenoamines, diethanolamines, N-(2-hydroxyethyl)- 
ethylenediamine, and diethylenetriamines are used as the 

(1) Camdbell, N. 'Chemistry of Carbon Compounds"; Rodd, E. H., 
Ed.; Elsevier: Amsterdam, 1959; Vol. IV A, p 569. 

(2) Ramage, G. R.; Fbdd, E. H.; Landquiat, J. K. 'Chemistry of Carbon 
Compounds"; Rodd, E. H., Ed.; Elsevier: Amsterdam, 1960; Vol. IV C, 
p 1474. 

(3) Ramage, G. R.; Landquist, J. K. "Chemistry of Carbon 
Compounds"; Rodd, E. H., Ed.; Elsevier: Amsterdam, 1959; Vol. IV B, 
p 1338. 

starting materials, and the  hetero rings are  usually closed 
intramolecularly at the nitrogen or oxygen atom. 

We have reported the  syntheses of N-substi tuted pi- 
peridines from glutaraldehyde and primary amines with 
KHFe(CO), as a r e d ~ c t a n t . ~  This  reaction, however, re- 
quired a stoichiometric amount  of KHFe(CO),. We  have 
recently developed organic syntheses involving dehydro- 
genation of an alcohol by a ruthenium catalyst as a key 
step."' One possible feature of homogeneous ruthenium 

(4) Watanabe, Y.; Shim, S. C.; Mitaudo, T.; Yamashita, M.; Takegami, 
Y. Bull. Chem. SOC. Jpn.  1976,49, 2302. 
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Table I. Effect of Reaction Conditions on the Synthesis of 
1-Phenylpiperidine from 1,5-Pentanediol and Aniline" 

catalyst,b product 
run mol% molar ratioC temp, "C % 
1 1.0 1.5 180 89 (87Ie 
2 1.0 2.0 180 87 
3 1.0 4.0 180 79 
4 1.0 1.5 150 89 
5 1.0 1.5 120 5 
6 0.5 1.5 180 66 

"Aniline (1.8 mL, 20 mmol), 1,5-pentanediol, catalyst RuClZ- 
(PPh3)3, dioxane (5 mL), reaction time 5 h. bBased on an amount 
of aniline used. [1,5-Pentanediol]/ [aniline]. Determined by 
GLC based on an amount of aniline used. e Isolated yield. 

catalysis could be high catalytic activity for the hydrogen 
transfer from alcohols or amines.g26 However, this has 
not been fully utilized in organic syntheses. 

This paper deals with the catalytic syntheses of N- 
substituted piperidine, morpholine, and piperazine deriv- 
atives from primary amines and 1,5-diols such as 1,5- 
pentanediol, diethylene glycol, and ethanolamines. The 
homogeneous ruthenium catalyst shows high catalytic 
activity for these reaction. These 175-diols are commer- 
cially available and the reaction is controlled by phosphine 
ligands coordinated to the ruthenium catalyst. 

Results and  Discussion 
Piperidines from 1,5-Pentanediol and  Amine. An 

amine (1) reacted with 1,5-pentanediol(2a) in the presence 
of a catalytic amount of a ruthenium complex gives an 
N-substituted piperidine (3a) in good yield (eq 1). The 

b . Y . 0  
C .  Y = NR'  
d . Y = S  

3a. Y = C H Z  
b , Y = O  
c . Y = N R '  
d. Y = s  

reaction was investigated by employing aniline as the 

(5) Watanabe, Y.; Tsuji, Y.; Shida, J. Bull. Chem. SOC. Jpn. 1984,57, 
435. ~. 

(6) Tsuji, Y.; Ohta, T.; Minbu, H.; Ido, T.; Watanabe, Y. J.  Organomet. 

(7) Watanabe, Y.; Tsuji, Y.; Ige, H.; Ohsugi, Y.; Ohta, T. J.  Org. Chem. 
Chem. 1984,270, 333. 

1984,49, 3359. 
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229. 
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Table 11. Effect of Catalyst Precursor on the Synthesis of 
1-Phenylpiperidine from 1,5-Pentanediol and Aniline" 
run catalyst product yield,b % 
1 RuClZ(PPh3)3 89 (87)c 
7 RuC13.nHzO + 3PPhgd 88 
8 RuHCl(CO)(PPh3)3 51 

10 RuHz(PPh3)4 tr 
11 R U ( C O ) ~ ( P P ~ ~ ) Z  tr 

9 RuHCl(PPh,), 1 

12 Ru(cod) (cot) 0 
13 RuClg*nHzO 0 
14e 0 
15 RuCl3.nHzO + 3PBu3' 0 

"Aniline (1.8 mL, 20 mmol), 1,5-pentanediol (3.1 mL, 30 mmol), 
catalyst (0.20 mmol), dioxanne (5 mL), at  180 "C, for 5 h. 
bDetermined by GLC based on an amount of aniline used. 
'Isolated yield. dRuC13.nHz0 (0.20 mmol) and PPh3 (0.60 mmol). 
e Without catalyst. fRuC13.nH20 (0.20 mmol) and PBu3 (0.60 
mmol). 

Table 111. Synthesis of 1-Octylpiperidine from 
1,5-Pentanediol and OctylamineP Effect of Catalyst System 

run catalvst svstem vield. % b  

16 RuC13.nHz0 + 3 P B U ~ ~  57 (50)d 
17 RuCl3.nHzO + 3 PEt3' 58 
18 RuCls.nH20 + 3 PCy3' tr 
19 RuC13.nHpO + 3 PPh3' 14 
20 RuC12(PPh3)3 16 
21e RuClp(PPhs)n 18 
22 RuHz-(PPh3j4- 6 
23 RuClvnHoO + 3 P(o-Tol)qC 0 
24 RuCl,.nH;O + PhzP(CH2j2PPhd 0 
25 RuC13.nHzO + PhzP(CHz)3PPh2f 18 
26 RuClynH20 + 3P(OPh),' 0 
27 RuCl,.nH,O 0 

"Octylamine (3.3 mL, 20 mmol), 1,5-pentanediol (3.1 mL, 30 
mmol), catalyst (0.20 mmol), dioxane (5 mL), at  150 "C for 5 h. 
bDetermined by GLC based on an amount of octylamine used. 
RuC1,.nHzO (0.20 mmol) and phosphorus ligand (0.60 mmol). 

dIsolated yield. eAt 180 "C. fRuCl,.nH,O (0.20 mmol) and di- 
phosphine (0.20 mmol). 

amine (Table I). R u C ~ , ( P P ~ ~ ) ~  was an excellent catalyst 
to give 1-phenylpiperidine in high yield (run 1). A large 
excess of 1,5-pentanediol reduced the yield of the product 
(runs 2 and 3), although the selectivity to the product was 
still high. The same catalytic activity was maintained at  
150 "C (run 4). At 120 O C ,  however, the conversion of 
aniline and yield of 1-phenylpiperidine were reduced 
considerably (run 5). 

In this reaction, the catalyst precursor has a critical 
effect (Table 11). For aromatic amines such as aniline, 
RuCl,(PPh,), showed the highest activity (run 1). 
RuHCI(CO)(PP~,)~ had some activity. However, other 
ruthenium(I1) compounds such as RuHCl(PPh& and 
RuH2(PPh3), showed almost no catalytic activity. Ru- 
thenium(0) complexes such as RU(CO),(PP~,)~ and ($- 
1,3,5-cyclooctatriene)(~4-1,5-cyclooctadiene)ruthernium 
(Ru(cod)(cot)) were not active. With RuC13.nHz0 (run 13) 
all the substrates were recovered quantitatively. 

On the other hand, in the reaction of aliphatic amines 
such as octylamine, a drastic change in the catalytic ac- 
tivity was observed (Table 111). In this case, RuC1,-nH20 
combined with PBu, showed the highest catalytic activity 
(run 16). I t  is well-known that phosphorus(II1) ligands 
modify or improve activities of transition metal cataly~ts.'~ 
Employment of PPh, as the ligand led to a low yield of 
1-octylpiperidine (runs 19-21). Furthermore, surprisingly, 
by use of a RuC13.nH20-PBu3 system, aniline did not react 

(27) Emsley, J.; Hall, D. "The Chemistry of Phosphorus"; Harper & 
Row: London, 1976; Chapter 5. 
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Table IV. Synthesis of N-Substituted Piperidines from 1,5-Pentanediol and Amines4 
run amine catalystb product yield, % c  

28 
29 
30 
31 
32 
33 
34 
35 
36d 
37d 
38d 
39d 
40d 
41d 

p-toluidine 
m-toluidine 
o-toluidine 
p-anisidine 
o-anisidine 
p-chloroaniline 
o-chloroaniline 
phenethylamine 
phenethylamine 
phenethylamine 
phenethylamine 
cyclohexylamine 
benzylamine 
laurylamine 

A 
A 
A 
A 
A 
A 
A 
B 
B-1 
B 
C 
B 
B 
B 

1-(4-methylphenyl)piperidine 
1-(3-methylphenyl)piperidine 
1-(2-methylphenyl)piperidine 
1-(4-methoxyphenyl)piperidine 
1-(2-methoxyphenyl)piperidine 
1-(4-~hlorophenyl)piperidine 
1-(2-~hlorophenyl)piperidine 
1-(2-phenylethyl)piperidine 
1-(2-phenylethyl)piperidine 
1-(2-phenylethyl)piperidine 
1-(2-phenylethyl)piperidine 
1-cyclohexylpiperidine 
1- benzylpiperidine 
1-laurylpiperidine 

61 (72) 
82 (93) 
80 
76 
84 
61 (89) 
78 
tr 

(44) 
60 (62) 

(61) 
59 
48 (54) 
76 

"Amine (20 mmol), 1,5-pentanediol (3.1 mL, 30 mmol), dioxane (5 mL) at 150 "C, for 5 h. *Catalyst A, RuCl2(PPh3), (0.20 mmol); catalyst 
B, RuC13.nHz0 (0.20 mmol) and PBu, (0.60 mmol); catalyst B-1, RuC13.nHz0 (0.20 mmol) and PBu3 (0.20 mmol); catalyst C, RuC1,.nHZO 
(0.20 mmol) and PEt, (0.60 mmol). cIsolated yield. Figures in parentheses show GLC yields. dReaction at 180 OC. 

Table V. Ruthenium-Catalyzed Synthesis of N-Substituted MorDholine from Diethylene Glycol and Amines" 
run amine catalystb ("01) product yield, 
42 aniline A (0.20) 4-~henvlmor~holine 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

aniline 
aniline 
aniline 
aniline 
aniline 
o-chloroaniline 
p-chloroaniline 
o-anisidine 
p-anisidine 
o-toluidine 
p-toluidine 
octylamine 
octylamine 
laurylamine 

A (0.40) 
A (0.60) 
A (1.00) 
D (0.20) 
E (0.20) 
A (0.60) 
A (0.60) 
A (0.60) 
A (0.60) 
A (0.60) 
A (0.60) 

A (0.60) 
B-3 

B-3 

4-phenilmorpholine 
4-phenylmorpholine 
4-phenylmorpholine 
4-phenylmorpholine 
4-phenylmorpholine 
4-(2-chlorophenyl)morpholine 
4-(4-chlorophenyl)morpholine 
4-(2-methoxyphenyl)morpholine 
4-(4-methoxyphenyl)morpholine 
4-(2-methylphenyl)morpholine 
4-(4-methylphenyl)morpholine 
4-octylmorpholine 
4-octylmorpholine 
4-laurylmorpholine 

"Amine (20 mmol), diethylene glycol (2.8 mL, 30 mmol), dioxane (10 mL), at 180 "C, for 5 h. bCatalyst A, R U C ~ ~ ( P P ~ , ) ~ ;  catalyst B-3, 
holated yield. Figures in parentheses RuC13.nH20 (0.60 mmol) and PBug (1.8 mmol); catalyst D, RuHC1(PPhJ3; catalyst E, R U H ~ ( P P ~ , ) ~  

showGLC yields. 

with 1,Bpentanediol a t  all (run 15, in Table 11). These 
striking differences may be attributed to the difference in 
the basicity of these amines. More basic aliphatic amines 
may require more basic phosphines% as the ligands. PEt, 
had the same effectiveness as PBu3, since they have almost 
the same basicity.28 However, addition of tricyclohexyl- 
phosphine (PCy3), having a large cone angleto did not 
generate catalytic activity (run 18). The steric effect30 of 
phosphine ligands would be also important in this reaction 
as well as basicity.% RuH2(PPh3), had only low catalytic 
activity (run 22).32 Other phosphorus ligands, such as 
bulky tri-o-tolylphosphine (P(o-Tol)J,m leas basic triphenyl 
phosphite (P(OPh),), and chelating diphosphorus(II1) 
ligands failed to enhance the catalytic activity (runs 23-26), 
RuC13.nH20 without phosphorus ligand also did not show 
catalytic activity in this case (run 27). The yield of 1- 
octylpiperidine was influenced by the molar ratio of PBu3 
to RuC13.nH20. The highest yield was realized at  the 
molar ratio of 2.0-3.0; the yield of 1-octylpiperidine was 
49% at  the ratio of 1.0 under the similar reaction condi- 
tions of run 16,57% at 2.0 and 3.0. The higher molar ratio 
~ 

(28) Basicities of the ligands are as PPh,, pKa 2.73; PBu,, 
pKa 8.43; PEt,, pKa 8.69; PCy,, pKa 9.70. 

(29) Streuli, C. A. Anal. Chem. 1960,32,985. 
(30) Larger cone angle shows larger steric size of the phosphorus lig- 

ands. The cone angle of the ligands are as P(o-Tol),, 194'; 
PCy,, 179O; PPh3, 143O; PBu,, 132O; PEt3, 132O; P(OPh)3, 121O. 

(31) Tolman, C. A. Chem. Rev. 1977, 77, 313. 
(32) Murahashi and co-workers reported the synthesis of I-hexyl- 

piperidine from 1,5-pentanediol and hexylamine in the presence of 
RuH2(PPh3), as the catalyst! However, low catalytic activity of RuH2- 
(PPh,), is indicated by run 22. 

reduced the yield of the product, 53% at the ratio of 4.0, 
and 28% at  8.0. However, a t  the ratio less than 0.5, the 
reaction did not proceed. 

The piperidine synthesis utilizing 1,5-pentanediol was 
carried out with various amines (Table IV). R U C ~ ~ ( P P ~ , ) ~  
was used as the effective catalyst for the aromatic amines 
(runs 28-34), while RuC13.nHz0 combined with PBu, or 
P E 5  is effective as the catalyst for aliphatic amines (runs 
35-41). Methyl, methoxyl, and chloro substituents in- 
troduced at the phenyl ring did not affect the reaction and 
the corresponding piperidines were obtained in good yields, 
even if the substituents were located at the ortho position. 
Thus, both aromatic and aliphatic amines can be converted 
into the piperidines by the present procedure, employing 
the ruthenium catalyst with the suitable phosphine ligand. 

Morpholines from Diethylene Glycol and Amines. 
Amines (1) reacted with diethylene glycol (2b) in the 
presence of a catalytic amount of a ruthenium complex to 
give N-substituted morpholines (3b) in good yields (eq 1). 
The results are listed in Table V. Aniline reacted with 
diethylene glycol in the presence of RuCl,(PPh,), at 180 
O C  to give 4-phenylmorpholiie in 58% yield (run 42). The 
yield of the product increased to 78% with increasing 
amounts of catalyst (runs 42-44). However, a larger 
amount of RuClZ(PPh3), reduced the yield (run 45). Em- 
ployment of RuHC1(PPh3), as catalyst was not successful 
and R U H ~ ( P P ~ ~ ) ~  did not show catalytic activity (runs 
46-47). From other substitued aminoarenes, the corre- 
sponding N-substituted morpholines were obtained in high 
yields (runs 48-53). Aliphatic amines also reacted with 
diethylene glycol in the presence of RuC13.nHz0 combined 
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Table VI. Ruthenium-Catalyzed Synthesis of N-Disubstituted Piperazine from N-Substituted Diethanolamines and Amines" 
run amine N-substituted diethanolamine catalystb product yield, %' 

58 aniline N-methyldiethanolamine A-3 N-methyl-N'-phenylpiperazine 32 
59 aniline N-ethyldiethanolamine A-3 N-ethyl-N'-phenylpiperazine 25 

57d aniline N-methyldiethanolamine A-3 N-methyl-N'-phenylpiperazine 0 

60 aniline N-phenyldiethanolamine A-3 N,N'-diphenyl piperazine 44 
61 octylamine N-methyldiethanolamine B-3 N-methyl-N'-octylpiperazine 19 

"Amine (30 mmol), N-substituted diethanolamine (20 mmol), dioxane (10 mL), at  180 "C, for 5 h. *Catalyst A-3, RuC12(PPh3), (0.60 
mmol); catalyst B-3, RuC13.nH20 (0.60 mmol) and PBu3 (1.8 mmol). 'Isolated yield. Based on an amount of N-substituted diethanolamine 
used. Aniline (20 mmol), N-methyldiethanolamine (30 mmol). 

with PBu, (runs 54 and 56). In these cases, similarly to 
the piperidine synthesis, PPh, was not a suitable ligand 
(run 55). 

Piperazines from Diethanolamines and Amines. 
N-Substituted diethanolamines (2c) could be used as the 
source of l,&diols for the synthesis of N,N'-disubstituted 
piperazines (3c) (eq 1). The results are shown in Table 
VI. In constrast to the reaction of 1,5-pentanediol, the 
piperazines were not obtained when the diethanolamines 
were used in excess (run 57). Use of excess amine suc- 
cessfully gave the product. N-Methyldiethanolamine re- 
acted with aniline to give N-methyl-N'-phenylpiperazine 
in moderate yield when the ratio of aniline to the 1,5-diol 
was 1.5 (run 58). A larger excess of aniline did not increase 
the yield of the product. N-Ethyl- and N-phenyldi- 
ethanolamine also reacted with aniline to give N-ethyl- 
"-phenyl- and N,iV'-diphenylpiperazine, respectively (runs 
59 and 60). From octylamine and N-methyldiethanol- 
amine, N-methyl-N'-octylpiperazine was obtained only in 
low yield in the presence of RuCl,.nH,O-PBu, catalyst 
(run 61). However, use of diethanolamine without a sub- 
stituent a t  the nitrogen only gave intractable mixtures of 
unidentified organic products. 

An attempted synthesis of N-substituted thio- 
morpholines from thiodiethanol (2d) and amines (1) was 
unsuccessfu1 (eq 1). Sulfide group may deactivate the 
catalyst. 

The present reaction was applied for syntheses of two 
biologically active substances. 4-[2-(Benzhydry1oxy)- 
ethyllm~rpholine,~ an antihistamic reagent, was obtained 
from 2-aminoethyl benzhydryl ether and diethylene glycol 
in 47% yield as isolated and purified material (eq 2). 
N-Methyl-N'-benzhydrylpiperazine (Valoid, C y c l i ~ i n e ) , ~ ~ ~  
a drug for alleviating travel sickness, was synthesized from 
benzhydrylamine and N-methyldiethanolamine in 19 % 
yield in a pure form (eq 3). 

RuC13 t 3 P B u 3  Ph 

Ph/ 
\ C H O C H ~ C H ~  N H ~  t HO-O-OH 

Ph 
\CHOCH2CH2 Nmo ( 2 )  

Ph' LJ 
RuC13 t 3 P B u 3  

\ C H N H ~  t H O - ~ ~ O H  
/ I 

Ph 

P h  CH3 

h\C H Nn 
Ph/ ( 3 )  

Possible Reaction Pathway. In a previous paper,7 we 

(33) US. Pattent 2453729, 2454092 (1948 to Parke, Davis). Brit. 

(34) Baltzly, R.; DuBreuil, S.; Ide, W. S.; Lorz, E. J.  Org. Chem. 1949, 

(35) Clubiey, M.; Henson, T.; Peck, A. W.; Riddington, C. Br. J .  Clin. 

Patent 605915 (1948). 

14, 775. 

Pharmacol. 1977, 4, 652; Chem. Abstr.  1978, 88, 16093k. 

Scheme I 

5 

1 1\ H20 

I 
c y c l e  A 

( R u i n )  

fY\ r- Y 7 

9 

f c y c l e  B 

investigated the reaction of aromatic amines with simple 
primary alcohols, such as ethanol, 1-butanol, and benzyl 
alcohol. From the kinetic features of the reaction, the 
possible catalytic cycle which includes the nucleophilic 
attack of the aromatic amine on an aldehyde intermediate 
was propo~ed.~ In the present reaction, a similar catalytic 
cycle is postulated and described in Scheme I. One of the 
hydroxy group of the 1,5-diol2 oxidatively coordinates to 
the active catalyst center (4). Such an oxidation pathway 
via an alkoxohydrido complex has been proposed by sev- 
eral a ~ t h o r s . ~ ~ - ~ ~  The nucleophilic attack of the amine 
(I) to the resulting aldehyde intermediate ( 5 )  yields the 
Schiff base complex (6). The hydrogenation of the Schiff 
base intermediate gives amino alcohol derivative 7. Suc- 
cessively, 7 is cyclized intramolecularly to give the product 
3 via imminium intermediate (9) in cycle B in a similar 
manner. When the reaction is interrupted a t  shorter re- 
action time, intermediates (7) were isolated in some cases 
as exemplified by eq 4 (see Experimental Section), and this 
5-(pheny1amino)pentanol is converted to l-phenyl- 
piperidine quantitatively. 

(36) Sasson, Y.; Blum, J. J. Chem. SOC., Chem. Commun. 1974, 309. 
(37) Sasson, Y.; Rempel, G. L. Tetrahedron Lett. 1974, 3221. 
(38) Chatt, J.; Shaw, B. L.; Field, A. E. J. Chem. SOC. 1964, 3466. 
(39) Speier, G.; Marko, L. J.  Organomet. Chem. 1981, 210, 253. 
(40) Kaesz, H. D.; Saillant, R. B. Chem. Reu. 1972, 72, 231. 
(41) Candlin, J. P.; Taylor, K. A.; Thompson, D. T. "Reaction of 

Transition metal Complexes"; Elsevier: Amsterdam, 1968; pp 299-301. 
(42) Lappert, M. F.; Miles, S. J. J.  Organomet. Chem. 1981,212, C4. 
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127.5 (d), 128.6 (s), 130.5 (d), 148.9 (9). Anal. Found C, 60.73; 
H, 6.18; N, 7.26; 0, 8.04; C1, 17.87. Calcd for CloH12NOC1: C, 
60.76; H, 6.12; N, 7.09; 0, 8.09; C1, 17.94. IR (neat) 1118 cm-' 

4-Octylmorpholine: colorless oil; bp 78 "C (0.60 mmHg); 'H 
NMR (100 MHz) (CDCI,) 0.88 (t, 3 H, CH3), 1.28 (m, 12 H, CHJ, 

(VC-0-C). 

2.42 (t, 6 H, N-CHJ, 3.71 (t, 4 H, O-CHZ); 13C NMR (25.05 MHz) 
(CDC13) 14.1 (4, CH3), 22.6 (t, CH,), 26.4 (t, CHJ, 27.6 (t, CH,), 
29.3 (t, CH,), 29.6 (t, CH,), 31.9 (t, CHZ), 53.8 (t, 2 N-CH,), 59.2 
(t, N-CH,), 66.8 (t, 2 O-CHz). Anal. Found C, 72.61; H, 12.93; 
N, 7.03; 0, 7.85. Calcd for C12H,NO: C, 72.31; H, 12.64; N, 7.03; 
0, 8.03. IR (neat) 1121 cm-' (VC-). 

N-Ethyl-N'-phenylpiperazine: colorless oil; bp 72 "C (0.20 
mmHg); 'H NMR (100 MHz) (CDC1,) 1.11 (t, 3 H, CH,CHJ, 2.45 

6.57-7.36 (m, 5 H, Ph); 13C NMR (25.05 MHz) (CDCl,) 12.0 (9, 

115.8 (d), 119.4 (d), 128.9 (d), 151.2 (9). Anal. Found: C, 75.45; 
H, 9.83; N, 14.66. Calcd for C12H18N2: C, 75.75; H, 9.53; N, 14.72. 

N-Methyl-N'-octylpiperazine: colorless oil; bp 86 "C (0.45 
mmHg); 'H NMR (100 MHz) (CDCl,) 0.88 (t, 3 H, CH3), 1.27 (m, 
12 H, CH,), 2.20 (t, 2 H, N-CH,), 2.28 (s, 3 H, N-CH,), 2.46 (m, 

(4, 2 H, N-CH&H,), 2.58 (t, 4 H, N-CHZ), 3.21 (t, 4 H, N-CH,), 

CH2CH3), 49.0 (t, 2 N-CHd, 52.2 (t, N-CHZCH,), 52.8 (t, 2 N-CHd, 

8 H, N-CHZ); 13C NMR (25.05 MHz) (CDC13) 14.1 (q, CH3), 22.7 
(t, CH,), 27.0 (t, CH,), 27.7 (t, CHZ), 29.3 (t, CHJ, 29.6 (t, CHZ), 
31.9 (t, CHd, 46.0 (4, N-CHJ, 53.3 (t, 2 N-CHJ, 55.2 (t, 2 N-CH,), 
58.8 (t, N-CH2). Anal. Found: C, 74.06; H, 13.47; N, 12.36. Calcd 
for C13H28N2: C, 73.52; H, 13.29; N, 13.19. 
4-[2-(Benzhydryloxy)ethyl]morpholine. 2-Amino- 

benzhydryl ether49 was prepared from 24hydroxyethyl)phthal- 
imidem and benzhydryl bromide according to the methods in the 
literature. 2-(Aminoethy1)benzhydryl ether (4.55 g, 20 mmol), 
diethylene glycol (2.8 mL, 30 mmol), RuC13.nHz0 (0.147 g, 0.60 
mmol), PBu3 (0.45 mL, 1.8 mmol), and dioxane (10 mL) were 
charged into the reactor and stirred magnetically a t  180 "C for 
5 h under an argon atmosphere. The column chromatography 
of the reaction mixture on silica gel (Merck, No. 9385) with a 
hexane/ethyl acetate mixture as eluent (gradient from 98:2 to 2:l 
in volume) gave the crude product, which was further purified 
by Kugelrohr distillation (Shibata, GTO-250RS); pot temperature 
210 "C (0.45 mmHg). Thus, 2.82 g of 4-[2-(benzhydryloxy)- 
ethyllmorpholine was obtained in 47% yield based on 2-amino- 
benzhydryl ether used: yellow oil; 'H NMR (100 MHz) (CDC13) 

3.69 (t, 4 H, 0-CH,), 5.36 (s, H, 0-CH), 7.25-7.36 (m, 10 H, Ph); 
2.50 (t, 2 H, N-CH,), 2.65 (t, 4 H, N-CH,), 3.60 (t, 2 H, 0-CHp), 

13C NMR (25.05 MHz) (CDC13) 54.0 (t, 2 N-CHJ, 58.3 (t, N-CHZ), 
66.8 (t, 0-CH,), 67.0 (t, 2 0-CH,), 84.0 (d, 0-CH), 126.9 (d), 127.4 
(d), 128.3 (d), 142.1 (9). Anal. Found: C, 76.57; H, 7.88; N, 4.92; 
0, 10.97. Calcd for ClgHBN02: C, 76.74; H, 7.79; N, 4.71; 0,10.76. 
IR (neat) 1121 cm-' (uC-). 

N-Benzhydryl-N'-methylpiperazine. A mixture of ben- 
zhydrylamine (5.2 mL, 30 mmol), N-methyldiethanolamine (2.4 
mL, 20 mmol), RuC13.nH20 (0.147 g, 0.60 mmol), PBu, (0.45 mL 
1.8 mmol), and dioxane (10 mL) was placed in the reactor and 
stirred magnetically a t  180 "C for 5 h under an argon atmosphere. 
The column chromatography of the evaporated reaction mixture 
on silica gel (Merck, No. 15111) with a hexane/ethyl acetate 
mixture as eluent (gradient from 98:2 to 2:l in volume) gave 
N-benzhydryl-N'-methylpiperazine. The pure product (1.01 g, 
3.8 mmol,l9% yield based on N-methyldiethanolamine used) was 
obtained by further Kugelrohr distillation: pot temperature 150 
"C (0.09 mmHg); white crystal; mp 106 "C; 'H NMR (100 MHz) 
(CDC13) 2.25 (s, 3 H, N-&!H3), 2.42 (s, 8 H, N-CH,), 4.20 (s, H, 
N-CH), 7.11-7.46 (m, 10 H, Ph); I3C NMR (25.05 MHz) (CDCl,) 

N-CH), 126.7 (d), 127.7 (d), 128.3 (d), 142.6 (8). Anal. Found: 
C, 81.04; H, 8.47; N, 10.44. Calcd for C18Hz2N2: C, 81.16; H, 8.32; 
N, 10.52. 
5-(Pheny1amino)pentanol. The reaction time of run 4 in 

Table I was shortened to 1 h (eq 4). 5-(Pheny1amino)pentanol 
(1.1 g, 6.2 mmol) was isolated in 31% yield based on aniline used 
by column chromatography (silica gel, Merck, No. 7734, hex- 
ane/ethyl acetate gradient from 982 to 2:l in volume); colorless 
oil; Kugelrohr pot temperature 120 "C (0.10 mmHg); 'H NMR 

45.9 (4, N-CH,), 51.8 (t, 2 N-CH,), 55.3 (t, 2 N-CHJ, 76.1 (d, 

(49) Japan Patent 2242 (1951); Chem. Abstr. 1953, 47, 5448. 
(50) Billmann, J. H.; Parker, E. E. J. Am. Chem. SOC. 1943, 65, 761. 

PhNH-OH ( 4 )  

Experimental Section 
The amines, 1,5-pentanediol, diethylene glycol, N-substituted 

diethanolamines, and the solvent were commercial materials and 
were purified by distillation or recrystallization before use. 
RuC1,.nH20 (mainly, n = 3) was purchased from Engelhard 
Chemicals and used without further purification. R U C ~ ~ ( P P ~ ~ ) ~ , ~  
R U H , ( P P ~ ~ ) ~ , ~  R U H C ~ ( P P ~ , ) ~ , ~ ~  R u H C I ( C O ) ( P P ~ , ) ~ , ~ ~  Ru- 
(C0)3(PPh3)2,47 and R u ( c o d ) ( ~ o t ) ~ ~  were prepared according to 
the methods in the literatures. 

General Reaction Procedure. A typical reaction of aniline 
with 1,5-pentanediol will be described here to exemplify the 
general reaction procedure. A stainless steel reactor (50 mL, 
Taiatau Glass Industry, TVS-1 type) containing a glass liner was 
used in the reaction. Under argon stream, dioxane (5 mL), aniline 
(1.8 mL, 20 mmol), 1,5-pentanediol (3.1 mL, 30 mmol), and 
RuC12(PPh3), (192 mg, 0.2 mmo1,l.O mol% based on aniline) were 
added with a magnetic stirring bar into the glass linear set in the 
reactor. After the reactor was sealed, an air purge was confirmed 
by pressurization (10 atm)-depressurization sequences with argon. 
The reactor was heated to 150 "C in 30 min in a mantle heater 
and thermostated a t  this temperature with stirring for 5 h. The 
reaction was terminated by rapid cooling and the reactor was 
discharged. At  the bottom of the resulting clear brown solution, 
unreacted 1,5-pentanediol was separated out as a lower layer and 
it was discarded. A flash column chromatography (hexane-alu- 
minium oxide 90, Merck, No. 1076) of the evaporated reaction 
mixture gave 1-phenylpiperidine in 87% yield. Some products 
were isolated by a vacuum distillation. 

Analytical Procedure. All boiling points were uncorrected. 
The identification of products was made by 'H, 13C NMR, IR 
spectra, and elemental analysis. The 'H and 13C NMR spectra 
were recorded at  100 and 25.05 MHz, respectively, with a JEOL 
JNM FX-100 spectrometer. Samples were dissolved in CDCl,, 
and the chemical shifts were expressed relative to Me4Si as an 
internal standard. The IR spectra were measured on a Nicolet 
Model 5MX Fourier transform infrared spectrometer. Elemental 
analyses were performed a t  Microanalytical Center of Kyoto 
University. The GLC analysis was made by Shimadzu GC-4CM 
with a column (3 mm X 3 m) packed with Apiezon Greese L (10%) 
on Neopack lA, 60-80 mesh. In some cases, the yield was de- 
termined by the internal standard method according to the 
caliblation curve obtained for each product in a separate ex- 
periment. 

1-Phenylpiperidine: colorless oil; bp 81 "C (0.90 mmHg); 'H 
NMR (100 MHz)(CDC13) 1.51 (m, 2 H, CH,), 1.65 (m, 4 H, CH,), 
3.08 (t, 4 H, N-CH,), 6.74-7.22 (m, 5 H, Ph); 13C NMR (25.05 
MHz) (CDCl,) 24.3 (t, CH,), 25.8 (t, 2CH2), 50.5 (t, !2 N-CH,), 
116.4 (d), 119.0 (d), 128.8 (d), 152.1 (9). Anal. Found: C, 82.04; 
H, 9.53; N, 8.69. Calcd for C11H15N C, 81.93; H, 9.38; N, 8.69. 

1-Laurylpiperidine: colorless oil; Kugelrohr pot temperature 
62 "C (0.10 mmHg); 'H NMR (100 MHz) (CDCI,) U.88 (t, 3 H, 
CH3),1.26 (m,18 H, CH2),1.50 (m, 8 H, CH,), 2.32 (m, 6 H, CH,); 
13C NMR (25.05 MHz) (CDC1,) 14.1 (q, CH,), 22.7 (t, CH,), 24.6 
(t, CH,), 26.0 (t, 2CH4, 27.0 (t, CH2), 27.9 (t, CHz), 29.4 (t, CHp), 
29.7 (t, 5CH2), 32.0 (t, CHZ), 54.7 (t, 2 N-CHZ), 59.7 (t, N-CH,). 
Anal. Found: C, 80.27; H, 14.02; N, 5.32. Calcd for C17H35N: 
C, 80.56; H, 13.98; N, 5.52. 
4-(%-Chlorophenyl)morpholine: colorless oil; bp 82 "C (0.15 

(t, 4 H, O-CH2), 6.88-7.40 (m, 4 H, Ph); 13C NMR (25.05 MHz) 
"Hg); 'H NMR (100 MHz) (CDCl3) 3.03 (t, 4 H, N-CH,), 3.86 

(CDCl,) 51.6 (t, 2 N-CHZ), 67.0 (t, 2 0-CHZ), 120.1 (d), 123.7 (d), 

(43) Hallman, P. S.; Stephenson, T. A.; Wilkinson, G. Inorg. Synth. - .  
1970, 12, 231. 
(44) Yong, R.; Wilkinson, G. Inorg. Synth. 1977,17, 75. 
(45) Hallman, P. S.; McGarvev, B. R.; Wilkinson. G. J. Chem. SOC. A 

1968, 3142. 

Synth. 1974, 15, 48. 

H. J. Organomet. Chem. 1984,272, 179. 

(46) Ahmad, N.; Levison, J. J.; Robinson, S. D.; Uttley, M. F. Inorg. 

(47) Chatt, J.; Venanji, L. M. J. Chem. SOC. 1957, 4735. 
(48) Itho, K.; Nagashima, H.; Ohshima, T.; Ohshima, N.; Nishiyama, 
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(100 MHz) (CDC13) 1.34-1.68 (m, 6 H, CH2), 3.02 (t, 2 H, N-CH2), 
3.35 (s, 2 H, NH and OH), 3.52 (t, 2 H, CH20H), 6.51-7.21 (m, 
5 H, Ph); 13C NMR (25.05 MHz) (CDC1,) 23.3 (t, CH,), 29.1 (t, 

117.1 (d), 129.1 (d), 148.3 (s). Anal. Found: C, 73.92; H, 9.80; 
N, 7.57; 0, 9.09. Calcd for C11H17NO: C, 73.70; H, 9.56; N, 7.81; 
0, 8.93. 

CHZ), 32.3 (t, CHZ), 43.8 (t, N-CHZ), 62.2 (t, 0-CHJ, 112.8 (d), 

Supplementary Material Available: NMR data and 
analyses of 1-(4-methylphenyl)piperidine, 1-(3-methylphenyl)- 

piperidine, 1-(2-methylphenyl)piperidine, 1-(4-methoxyphenyl)- 
piperidine, 1-(2-methoxyphenyl)piperidine, 1-(4-chlorophenyl)- 
piperidine, 1-(2-chlorophenyl)piperidine, 1-octylpiperidine, 1- 
(phenylethyl)piperidine, 1-cyclohexylpiperidine, l-benzyl- 
piperidine, 4-phenylmorpholine, 4-(4-chlorophenyl)morpholine, 
4- (2-methoxyphenyl)morpholine, 4-(4-methoxyphenyl)morpholiie, 
4-(2-methylphenyl)morpholine, 4-(4-methylphenyl)morpholine, 
4-laurylmorpholine, N-methyl-”-phenylpiperazine, N,N‘-di- 
phenylpiperazine (6 pages). Ordering information is given on any 
current masthead page. 
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The photochemical reactivity of 1,4-benzoxazin-2-ones 1 with electron-poor olefins 2 such as cyanoolefins and 
vinyl carboxylates is described. Irradiation of 1,4-benzoxazin-2-ones la-c in the presence of electron-poor olefins 
2a-e afforded azetidine derivatives 3-1 1’ via (2 + 2) photocycloaddition of the carbon-nitrogen double bond 
of 1 to olefin. The photoreaction of the 1,4-benzoxazin-2-one la  with olefin 2a occurs from a triplet state. 

Although (2 + 2) photocycloadditions of olefins to car- 
bon-carbon1,2 and carbon-oxygen double b ~ n d s ~ , ~  are 
common, synthetically useful reactions, similar photo- 
cycloadditions to the carbon-nitrogen double bond are rare 
and are known only for cyclic imines, which are conjugated 
with imino4 and carbonyl groupss7 on both nitrogen and 
carbon atoms, and a heteroatom such as n i t r ~ g e n ~ , ~  and 
oxygens on the nitrogen atom. Recently, an additional case 
has been shown by Ohta et al.9 that 6-cyanophenanthridine 
underwent photocycloaddition with electron-rich olefins 
to give the expected four-membered ring compounds. In 
view of the limited occurrence of photocycloaddition to the 
C=N double bond linkage, we have investigated the gen- 
erality of this process in quino~alinones.~ We report here 
the photocycloaddition of the 1,4-benzoxazin-2-ones 1 to 
electron-poor olefins 2. 

Irradiation of a mixture of 3-methyl- 1,4-benzoxazin-2- 
one (la) and an excess of methacrylonitrile (%a) in benzene 
with a high-pressure mercury lamp through a Pyrex filter 
under a nitrogen atmosphere at room temperature for 15 
h gave two stereoisomeric azetidine derivatives (3 and 3’) 
in 11% and 74% isolated yields, respectively. The 
structures for these photoproducts were supported by 

(1) Baldwin, S. W. ‘Photochemistry”; Padwa, A,, Ed.; Marcel Dekker: 

(2) Turro, N. J. “Modern Molecular Photochemistry”; Benjamin/ 

(3) Jones, G., 11. ‘Photochemistry”; Padwa, A., Ed.; Marcel Dekker: 

New York, 1981; Vol. 5, p 123. 

Cummings: Melano Park, CA, 1978; p 415. 

New York, 1981; Vol. 5, p 1. 
(4) Tsuge, 0.; Tashiro, M.; Oe, K. Tetrahedron Lett. 1968, 3971. 

Tsuge, 0.; Oe, K.; Tashiro, M. Tetrahedron 1973,29,41. Oe, K.; Tashiro, 
M.; Tsuge, 0. Bull. Chem. SOC. Jpn 1977,50, 3281. 

(5) Howard, K. A.; Koch, T. H. J .  Am. Chem. SOC. 1975, 97, 7288. 
Rodehorst, M.; Koch, T. H. Ibid. 1975, 97, 7298. Koch, T. H.; Higgins, 
R. H.: Schuster. H. F. Tetrahedron Lett. 1977, 431. 

(6)’Swenton; J. C.; Hyatt, J. A. J .  Am. Chem. SOC. 1974, 96, 4879. 
(7) Nishio, T .  J.  Org. Chem. 1984, 49, 827. 
(8) Kumagai, T.; Shimizu, K.; Kawamura, Y.; Mukai, T .  Tetrahedron 

(9) Futamura, S.; Ohta, H.; Kamiya, Y. Bull. Chem. SOC. Jpn. 1980, 
1981, 37, 3365. 

55, 2190. 

elemental analyses as well as their spectroscopic properties. 
Characteristically, these photocycloadducts and others to 
be described show a carbonyl stretch at around 1760 cm-’ 
and no carbon-nitrogen double bond in the infrared 
spectrum. 

The regiochemistry of cycloaddition was suggested by 
the chemical shifts of the azetidine ring methylene protons 
of the (2 + 2) photocycloadducts.1° Thus the azetidine 
3 showed methylene protons at 6 2.94 (d, 1 H, J = 12.2 Hz) 
and 3.15 (d, 1 H, J = 12.2 Hz) and 3’ showed methylene 
protons at 6 2.59 (d, 1 H, J = 12.2 Hz) and 3.29 (d, 1 H, 
J = 12.2 Hz).l0 The stereochemistry of the photocyclo- 
adducts 3 and 3/ was assigned as shown in eq 1 on the basis 

la R = M e  2a Me CN 
lb:  R =  Bu 
1c.R. iso-Am 2t H CN 

2b Me COzMe 

Id . R =  Ph 2d H C02Me 
2e H CO;CH=CHz 

5b 
3-11‘ 

124 R = Me 
12b. R = iso-Am 

(10) Batterham, T. J. “NMR Spectra of Simple Heterocycles”; Taylor, 
E. C., Weissberger, A., Eds.; Wiley: New York, 1973; p 144. Chemical 
shifta of methylene protons of another regioisomer (3”) would be at lower 
field due to the electronegativity of adjacent nitrogen. @qI 

R *  

3‘ 
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