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Synthesis of 2-substituted morpholines from dihydroxyalkylsulfamates 
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2-Substituted morpholines and hexahydro-l,4-oxazepines were prepared by cyclo- 
dehydration of potassium dihydroxyalkylsulfamates in concentrated sulfuric acid. 
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Various saturated nitrogen-containing heterocycles 
often serve as structural fragments of biologically active 
compounds. In particular, 2-substituted morpholines 
are components of antidepressants (Viloxazine) l and 
antibacterial drugs. 2 The synthesis of these morpholines 
involves cyclodehydration of the product of the reaction 
of epichlorohydrin with N-benzylethanolamine in con- 
centrated sulfuric acid followed by the replacement of 
the chlorine atom by the functional group and the 
removal of the protection at the nitrogen atom in the 
morpholine ring. z.3 

In the procedure proposed, the N-sulfo group is used 
as a protecting group. In this case, the closure of the 
morpholine ring and the removal of the sulfo group 
occur in one step. We proposed two ways of preparing 
morpholines. The pathway shown in Scheme 1 is based 
on the treatment of potassium N-(3-chloro-2-hydroxy- 
propyl)-N-(2-hydroxyethyl)sulfamate (1), which has been 
prepared previously, 4 with amine 2. The resulting 
aminosulfamate 3 is converted without isolation into the 
final morpholine 4 under the action of sulfuric acid. 
This scheme also allows one to prepare other XCH2- 
substituted morpholines, where X is the functional group. 

Another approach to the synthesis of morpholines as 
well as of hexahydro-l,4-oxazepines is based on the use 
of N-substituted potassium 3-chloro-2-hydroxypropyl- 
sulfamates (5), which have been prepared previously, 4 
as the initial compounds (Scheme 2). The spectra of 
the synthesized morpholines and the related hetero- 
cycles can be extended (for example, to hexahydro- 
1,4-oxazepines (4ij)) by replacing the chlorine atom in 
salts 5 by amino-alcoholic groupings and subjecting the 
corresponding amino derivatives 7 .to.zzyclodehydration 
in concentrated sulfuric acid. 

The preferential pathway of cyclodehydration of 
sulfamate 7k, which contains more than two hydroxyl 
groups and which was prepared from potassium 
N-(3-chloro-2- hydroxypropyl)- N-methytsulfamate and 
diethanolamine according to a procedure proposed by 
us previously, 5 is worth consideration. Aminosulfamate 
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Table 1. 2-Aminomethylmorpholines 4 prepared according to Scheme 1 

Corn- Yield B.p./~ * nD 20 Empirical Found (%) 
pound (%) (p/'rorr) formula Calculated 

M.p./~ C H N 

IH NMR, 

4a 36.1 90--91 (13) 1.4657 CTH}6N20 
[70--74 (6)] 

4b 34.1 112--1t3 (18) 1.4665 C9H20N20 
1100--101 (13)] 

4c** 33.1 179--181 1.4663 C6HI4N20 .2HCI-H20  ~1.83 8~00 --  
32.59 8.20 

4d 35.5 130--131 (11) 1.4923 CgHI~N202 -- -- I[5,54 
15.04 

4e 27 106--107 (2) 1.4907 C~IH22N20 -- --  14.21 
14.13 

2.35--2.84 (m, 10 H, 5 CH2N); 
3.50--3.88 (m, 7 H, CH20, CHO) 

0.85 (d, 3 H, CH3); 
0.97--1.65 (m, 6 H, CH~CH2CH2); 
1.97--2.85 (m, 9 H, 4 CH2N, CHN);  
3.25--3.90 (m, 3 H, CH20, CHO) 

" The published data are given in brackets. 2 
** In the case of compound 4c, the melting point and the data of elemental analysis are given for dihydroehloride monohydrate; 
nD is the value for free amine. 

7k was subjected  to c y c l o d e h y d r a t i o n  in sulfuric acid 
a c c o r d i n g  to a s tandard  p r o c e d u r e ,  in  this  case, e i the r  
l - m e t h y l a m i n o - 3 - m o r p h o l i n o p r o p a n - 2 - o l  (8), which has  
been  prepared  previously a c c o r d i n g  to an  al ternat ive 
p rocedure ,  5 or  4 - ( 2 - h y d r o x y e t h y l ) - 2 - ( N - m e t h y l a m i n o -  
m e t h y l ) m o r p h o l i n e  (4k) c a n  be  fo rmed  (Scheme  3). It 
was d e m o n s t r a t e d  by IH N M R  spec t roscopy of  t he  
mix ture  (wi thout  s epa ra t ion )  t ha t  m o r p h o l i n e  8 ac-  
c o u n t s  for 85% o f  the resu l t ing  mix ture  of  amines.  Th i s  
resul t  indica tes  tha t  c y c l o d e h y d r a t i o n ,  as would be ex-  
pec ted ,  p roceeds  more  rap id ly  wi th  the  par t ic ipa t ion  o f  
s ter ical ly  less h indered  p r i m a r y  hydroxyl  groups. 
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Hence ,  the  proposed p r o c e d u r e  for the synthesis  
us ing d ihydroa lky lsu l famates  as the  init ial  c o m p o u n d s  

allows one  to p r e p a r e  a series of  funct ional ly  subs t i tu ted  
sa tura ted  N, O-he te rocyc le s .  

Experimental  

The IH NMR spectra were recorded on Bruker WM-250 
and Bruker AM-300 instruments (250.13 and 300.13 MHz, 
respectively) in D20 with HMDS as the internal standard (8). 

2-(N,N-Dimethylaminomethyl)mo~holine (4a). A solution 
of KOH (0.92 g, 14 mmol)  in H20 (2 mL) and a 20% aqueous 
solution of dimethylamine (8 mL) were added to a solution of 
sulfamate 1 (4.1 g, 15 mmol)  in H20 (4 mL) and the reaction 
mixture was kept at -20 ~ for two days. Then the reaction 
mixture was concentrated and the residue was extracted with 
MeOH (30 mL). The extract was concentrated and 95% H2SO 4 
(9.2 g, 90 mmol) was added to the residue. Then the reaction 
mixture was kept at 150 ~ for 3 h. After cooling, the reaction 
mixture was poured into water, and the pH was adjusted to 12.6 
by adding a KOH solution. An equal amount of EtOH was 
added to the resulting solution, the precipitate was filtered off, 
the filtrate was concentrated, the residue was twice extracted 
with a mixture of EtOH (1 mL) and Et20 (I0 mL), and the 
extracts were concentrated. Compound 4a was obtained in a 
yield of 0.78 g (36.1%), b.p. 90--91 ~ (13 Ton'). Compounds 
4b--e were prepared analogously (Table 1). 

2-(N-Ethylaminomethyl)-6-methylmorpholine (4h). A solu- 
tion of KOH (0.55 g, 9 retool) in H20 (1 mL)and  2-hydroxy- 
propylamine (3 g, 40 mmol) were added to a solution of 
potassium S~( 3.~chloro.~ 2-hydroxypropyl)-Nret.hylsulfamate 
(2.56 g, 10 retool) in H20 (2 mL) and the reaction mixture 
was kept at -20 ~ for one day. Then KOH (0.2 g) was added 
to the reaction mixture, the mixture was concentrated, and the 
residue was extracted with MeOH (10 mL). The insoluble 
precipitate was filtered off, the filtrate was concentrated, and 
the residue was washed with a mixture of EtOH (3 mL) and 
Et20 (10 mL) and dried in vacuo. Then 95% H2SO4 (7.5 g, 
70 retool) was added to the resulting aminosulfamate 7h con- 
taining a small amount of  inorganic salts and the mixture was 
kept at 150~ for 5 h. After cooling, the reaction mixture was 
poured into water, and the pH was adjusted to 12.5 by adding a 
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T a b l e  2. 2-Aminomethylmorphoiines and hexahydro-l,4-oxazepines 4 prepared according to Scheme 2 

Corn- Yield B.p./~ * n D 2 0  Empirical Found (%) 
pound (%) ~'p/Torr) formula Calculated 

C H N 

IH NMR, 

4c 572 92--93 (13) 1.4663 C6H 14N20 

4f 55.7 102--103 (19) 1.486l CsHI2N20 

4g •* 44.1 89--90 (207 1.4704 C6H t4N20. 
�9 2HCI �9 0.5H20 

4h 40.5 107--108 ( 1 5 7  1.4688 CsHIsN20 

4i 37.4 112--114 (28) 1.4858 C6H14N20 
[88--89 (10)1 

4j 41.6 112--113 (22) 1.4742 CTHI6N20 

- -  - -  24.24 
-- -- 24 .12  

34.01 7.91 13.55 
33.97 8.08 13.21 

--  17,67 
17.70 

- -  19.42 
19.42 

w 

2.38--2.9 (m, 6 H, 3 CH~_N); 
3.42--3.90 (m, 3 H, CH~O, CHO) 

2.22 (s, 3 H, MEN); 
1.83--2.8 (m, 6 H, 3 CH2N); 
3.47--3.96 (m, 3 H, CH20, CHO) 

1.04--1.26 (m, 6 H, 2 Met; 
2.32--3.1 (m, 8 H, 4 CH2N); 
3.64--4.07 (m, 2 H, 2 CHO) 

1.82--2.03 (m, 2 H, CH~.C,A:[2CH2); 
2.35 (s, 3 H, MEN); 
2.47--3.10 (m, 6H, 3CH2N); 
3.62--3.86 (m, 2 H, CH20); 
3.92--4.10 (m, I H,CHO) 

* The published data are given in brackets, z 
** In the case of compound 4g, the data of elemental analysis are given for dihydrochloride hemihydrate and the remaining 
characteristics are given for free amine. 

solution of KOH. An equal amount of EtOH was added to the 
resulting solution, the precipitate that formed was filtered off, 
the filtrate was concentrated, the residue was twice extracted 
with a mixture of EtOH (I mL) and Et20 (I0 mL), and the 
extracts were concentrated. Compound 4h was obtained in a 
yield of 0.66 g (40.5%), b.p. 107--108 ~ (15 Torr). Com- 
pounds 4e,f,g,i.j were prepared analogously (Table 2). 
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