
Journal of Labelled Compounds and Radiopharmaceuticals-Vol. XVII ,  No. 6 

SYNTHESIS OF DEUTERIUM-LABELLED N,N-DIMETHYL-NORPHOLINIUM- AND N-METHYL- 

N-ETHYL-NORPHOLINIUM- 7,7,8,B-TETRACYANOQUINODINETHANE COMPLEXES. 

B.H. Kwant 
Department o f  P h y s i c a l  Chemistry, U n i v e r s i t y  o f  Groningen, 
Groningen, The Nether lands. 

SUMMARY 

Attempted exchange exper iments  o f  morphol ine,  N-methylmorpholine 
and N-e thy lmorpho l ine  w i t h  a deuter ium donor l e d  t o  no deu te r ium 
i n c o r p o r a t i o n  i n  t h e  morpho l ine  r i n g s .  Morpholine-dg i s  n o t  found 
i n  t h e  r e a c t i o n  o f  bromoethanol-d and ammonia, b u t  i t  can be 
prepared f rom e thy leneox ide-d4 an3 ammonia. These r e a c t i o n  con- 
d i t i o n s  a r e  g i v e n  f o r  t h e  H-analog. N-methylmorpholine-d i s  
p repared f rom e thy leneox ide-d4 and methylamine-d,-; N-ethbhorpho- 
line-d13 i s  p repared i n  an analogous manner. N-methyl-d3-morpholine 
i s  p repared f rom morpho l ine  and diazomethane-d 
and methy l iod ide-d  or from 2,2'-bis-(iodoethyl)ether and methy l -  

p repare2 f rom N-methylmorpho?.ine and e thy l iod ide-d5 .  M.E.M.-d16- 
i o d i d e  and M.E.M.-iodide a r e  ob ta ined  by a s i m i l a r  rou te .  
N,N-di-(methyl-d ) -morpho l in iumiod ide  i s  p repared f rom N-methyl-d - 
morpho l ine  and methy l iod ide-d3  and a l s o  f rom morpho l ine  and methy?- 
iodide-d3. M.E.M.-(T.C.N.Q.-d,) ; M.E.M.-d,-(T.C.N.Q.-d ) ; M.E.M.- 
d16-( T.C .N.Q.-d4)2; M.E.M.-d16-fT.C .N.Q.)2 and N, N-di-(&ghyl-d3)- 
morpholinium-(T.C.N.Q.) a r e  p repared f r o m  t h e  deu te ra ted  o r  
undeutera ted  morpho l i n ium iod ides  and T.C.N.0. 
A l l  s y n t h e t i c  methods a r e  desc r ibed  i n  d e t a i l .  

or f rom morpho l ine  

amine-d . N-methyl-N-ethyl-d 3 -morpholinium(M.E,M.-d5)-iodide i s  

3 

2 .  

Key Words: N,N-dimethylmorpholinium-, N-methyl-N-ethylmorpholiniumiodide, 
te t racyanoqu inod imethane,  morphol ine,  deuter ium- labe l led .  

I N T R O D U C T I O N  

I n  our P h y s i c a l  Chemistry Department, i n  c o l l a b o r a t i o n  w i t h  t h e  S t r u c t u r a l  

Chemistry Department,much fundamental  research  has been done on 7,7,8,8-tetracy- 

anoquinodimethane (T.C.N.Q.) complexes. To con t inue  t h i s  research  we needed f o r  

magnet ic  nuc lea r  resonance- and n e u t r o n - d i f f r a c t i o n  measurements deu te ra ted  

N-methyl-N-ethylmorpholiniurn-(T.C.N.Q.)2 complexes, which can be prepared from 

deu te ra ted  N-methyl-N-ethylmorpholinium (M .E.Pl. ) - i od ide  and T.C .N.Q. 

The s y n t h e s i s  o f  T.C.N.Q.-d i s  known', b u t  n o t h i n g  was found i n  the  l i t e r a -  4 
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t u r e  a b o u t  d e u t e r a t e d  r1.E.M.-iodides. 

There a r e  t h r e e  d i f f e r e n t  a p p r o a c h e s  f o r  t h e  p r e p a r a t i o n  o f  d e u t e r a t e d  

M.E.M.-iodides: f i r s t ,  by e x c h a n g e  o f  d e u t e r i u m  f rom a donor t o  m o r p h o l i n e ,  

N-me thy lmorpho l ine  o r  N - e t h y l m o r p h o l i n e ;  s e c o n d ,  by s y n t h e s i s  o f  d e u t e r a t e d  

m o r p h o l i n e ;  t h i r d ,  by s y n t h e s i s  o f  d e u t e r a i e d  N-methy lmorpho l ine  o r  N-ethyl- 

m o r p h o l i n e .  

Exchange  e x p e r i m e n t s  o f  N-methyl- a n d  N - e t h y l m o r p h o l i n e  w i t h  DC1/D20/Pt02 

o r  NaOD/D20/Pt02 a s  c a t a l y s t  l e d  t o  no d e u L e r i u m  i n c o r p o r a t i o n .  

The same e x c h a n g e  e x p e r i m e n t s  w i t h  m o r p h o l i n e  g i v e s  d e u t e r i u m  i n c o r p o r a t e d  

a t  n i t r o g e n .  These r e s u l t s  a r e  a l s o  f o u n d  on  a l l o w i n g  m o r p h o l i n e  a n d  c h l o r o -  

tris-(tripheny1phosphine)-iridium-I- o r  chloro-tris-(tripheny1phosphine)- 

rhod ium-I -complexes  t o  reac t  w i t h  d e u t e r i u m  

A s u c c e s s f u l  s y n t h e t i c  r o u t e  t o  d e u t e r a t e d  m o r p h o l i n e  i s  worked  o u t  a l o n g  

t h e  l i n e s  o f  t h e  f o l l o w i n g  scheme:  

Er-CD2-CD D O C C o 3  ( v )  

Br-CD2-CD20GCCD2Br ( V I )  

N.B.A.  "' D20/D SO' 2 

I C r C 1 2  N.B.A.  
C 0 2  Br-CD2-CO OD CaC2 + C D =  C D  CD~- 

O 2 O  
2 

OZO D2° 
I I 1  1 1 1  IV 

N H g  / C D 2 - C D  OH 1. D so /CD2-C0 2 4  2 

CD2-CD 2 
H N \  

Br-CD2-CD20D 4 H N 
H 2~ \ C D ~ - C D ~ O H  2.  K O H  

IV 

1. 0 2 5 0 4  

2. KOH 

,CD2-C0 OD CD2-COOC H 

CD2-COOL H CD2-CD200 

1 2 
NH3/CH30D r1 

CD2- ND2-CD2-C020D (X) 

'0' 

IX 1 . L i A 1 D 4  

2 5  
W2-CO2-C0OC2H5 -HN< A ON\ 

B r - C D 2 - C O O C  H 2 5 2.D20 
XI XI I XI11 XIV 

2 5  

A c e t y l e n e - d 2  ( 1 1 )  i s  p r e p a r e d  f rom CaC2 ( I )  a n d  D 0 , 4  e t h y l e n e - d 4  ( 1 1 1 )  
2 

f rom I1 a n d  c h r o m o u s c h l o r i d e / D  0.' I 1 1  c a n  a l s o  be p r e p a r e d  f rom I1  a n d  deu-  

t e r i u m  gas/Pd/C/150° 6and b r o m o e t h a n o l - d 5  ( I V )  f rom I I1  a n d  N-bromoacetamide 

(N.B.A.)/D20. 

a n d  N.B.A./D20. 

2 

7 
O t h e r  p r o d u c t s  (V) a n d  (VI)  a r e  f o u n d  f rom I 1 1  (D2/Pd/C/1500) 

2,2'-Iminodiethanol-l,l,lt,lt,2,2,2',2'-dB ( V I I )  i s  n o t  
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found from IW and ammonia8;however WII can be obtained from IX and NH3 (25% 

in water o r  anhydrous in ethanol) in CH OD. The high price o f  ethylene- 

oxide-d4 prevented us f r o m  doing these experiments and therefore the H-analog 

results (LIII) are given. 

3 

27 

2,2'-Iminodiethanol-dll (XIW) was not obtained on LiAlO reduction o f  4 

2,2'-iminodi-(acetic-d )-acid ethyleater (XIII). Attempts to prepare IX and 

X were not begun because of the availability o f  ethyleneoxide-d4 from commer- 

cial s c ~ r c e s , ~  the easy synthesis of N-methylmorpholine-dll, the difficulty of 

isolating 2-aminoethanol from KOHh 0 solutions and the results for the re- 

action o f  ethyleneoxide and ammonia as described above. 

2 

2 

Aminoethanoic-d2-acid ethylester (XI) is prepared from acetamidomalonic 

11 
4 acid diethylester'', bromoacetic-d2-acid ethylester (XII) from acetic acid-d 

and 2,2'-iminodi-(acetic-d )-acid ethylester (XIII) f r o m  XI and XII. 2 

(xu) P2-CD2, 

O\ CD2-C0,/ 

OBrh Br I (XWIII) 12. KOH 

C-CH 
CD2-C D2 B r 

O\ CD2-CD Br //M-CH\\ 
2 NH2-S0 -C C-CH 2 \  

M= CH' 
XWI XWII 

2,2'-Bis-(bromoethyl-d4) ether (XVI) is prepared from dioxane-d8 (XW) and 

D B r h B r  in a low yield. I2'l3 N-4-tosylmorpholine-dg (XWII) f r o m  XWI and 

4-toluene-sulfonic acid amide was not obtained as reported in the literature f o r  

the H-ana10g.l~ Hydrolysis o f  the water layer with HC1, saturation o f  this layer 

with KOH and extraction with diethyl ether g i v e s  no detectable amounts of VIII. 

The third approach for the synthesis of deuterated N-methylmorpholine and 

deuterated N-ethylmorpholine is given below: 
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/ C 0 2 - C D  00 2 CO - *-> CD2-NO-CD2-CD20D + C D  -N 
g O / c o 2  C D 3 N 0 2  \ C 0 2 - C D 2 0 0  

1. D2S04 

xx 1 2 .  K O H  

I X  X I X  

D/co2-cD2\ N-CD3 
J 0 2 - 9  \ / C D 2 - 9 \  - C 0 2 N 2  ( X X V )  

D ND _j 0 +NDH .BF4 
\CD2-C02/  H B F 4  \ C D 2 - C 0 2 /  ,CD2-CD ‘ c D ~ - c D ~ /  

X X I I I  X X I V  \q,;:-3” /r ID :yNaH 
/ C O  C D 2 1  ,CD2-CO 
0 
\ C D  - C 0 2 1  CD3ND2 \CD2-CD2/  

2- 

2 

X X V  X I X  X X I I I  

2-(Methylamino)-ethanol-dg ( X X )  and 2,2’-methyliminodiethanol-d13 ( X X I )  are 

easily prepared f r o m  ethyleneoxide-d4 ( I X )  and methylamine-d5 ( X I X ) . ”  Dehydra- 

tion o f  X X I  gives in 50% yield R-methylmorpholine-dll ( X X I I ) .  

X X I I  is also formed on allowing diazomethane-d2 ( X X V )  to react with rnorpho- 

linium-dg-fluoroborate ( X X I V )  in morpholine-dg ( X X I I I ) , 1 6  Two other methods are 

the direct d3-methylation o f  X X I I I  and the reaction o f  X I X  with 2,2’-bis-(iodo- 

ethyl-d4) ether ( X X V ) .  

The high cost o f  X X I I I  and X X V  forced us to test the reaction conditions 

with the H - a n a l o g s  of X X I I I  and XXV, as given below: 

C 0 3 N D 2  ( X I X )  

xxx X X X I  
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X X X I I I  xxxw X X X I I  

2,2’-Bis-(iodoethyl) ether ( X X X X I )  is prepared from 2,2’-bis-(chloroethyl) 

ether and K I , 1 7  N-methyl-d3-morpholine ( X X X I I )  from X X X I  and X I X ,  morpholinium- 

fluoroborate ( X X X I W )  f r o m  morpholine ( X X X Z I I )  and HBF4. 16 

X X X I W  and X X X I I I  with diazomethane-d (XXW)  gives X X X I I .  This product is 
2 

a l s o  found from t h e  reaction o f  X X X I I I  and methyliodide-d3. 

N,N-di-(methyl-d )- morpholiniumiodide (XXXW)  is prepared from X X X I I I  and 
3 

methyliodide-d and from X X X I I  and methyliodide-d3. 3 

X X X W I I  X X X V I  X X X V I I I  

0 P z - C D 2 .  N-CD3 -> 0 /cD2-co2:N,C D a .I- 
\ c D ~ - c D ~ /  C ~ D ~ I  \ c D ~ - c D ~ /  “2 5 

X X I I  X X X I X  

N-Methyl-N-ethylmorpholiniumiodide ( X X X W I I )  is prepared from X X X W I  and 

ethyliodide.’’ N4ethy l -N-e thy l -d5-morpho l in iumiod ide  ( X X X W I I I  ) from X X X W I  and 

ethyliodide-d5 and N-methyl-N-ethylmorpholiniumiodide-d16 ( X X X I X )  f r o m  X X I I  and 

ethyliodide-d5. 

1. LiA1D4 
9 CD3-NH2 CH ONa 

CH 2. D20 > CD3-NH2 .H C1 II 
q C H  \ 

CH 

3.  HC1 

xxxx  

CH 

CH ‘c,co\ C 2 D 5 1  CH \ 1. DC1 
11 NK > I  I N-C205 ->C 2 D 5- ND2 

CH 2. NaOD 
I 
CH 

CH X X X X I  

Methylamine-d3 

20,21 above. 

The needed D B r  

benzoylbromide and 

( X X X X )  and ethylamine-d7 ( X X X X I )  are prepared as given 

( X V I I I )  is prepared from deuterium gas and bromine 22 o r  from 

deuteriumoxide. 
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X X X X I  I X X X X I  I I 

H H  

c, (xxxxrv)  
CN CN 

H H  

T.C.N.Q.-d4 ( X X X X I I I )  i s  p repared f rom 1.4-cyclohexanedione-d8 ( X X X X I I )  i n  

1,23 
two s teps  and T.C.N.Q. ( X X X X I V )  i s  found s t a r t i n g  f rom 1.4-cyclohexanedi- 

one . 24 

N-Methyl-N-ethylmorpholinium-(T.C.N.Q. )2 (XXXXW) is prepared  f rom X X X V I I  and 

X X X X I  V25, N-methyl-N-ethyl-d5-morpholinium-( T. C. N .Q.-d ) 

and X X X X I I I ,  N-methyl-N-ethylmorpholinium-(T.C.N.4.-d ) ( X X X X W I I )  f rom X X X V I I  4 2  

and X X X X I I  I, the N-methyl-d N-ethyl-d5-morpholinium-d8-( T.C.N.Q. ) 2  ( X X X X W I  I I) 

from X X X I X  and X X X X I V  and N-methyl-d3-N-ethyl-d5-morpholinium-d8-(T.C.N.Q.-d ) 

( X X X X I X )  f rom X X X I X  and X X X X I I I .  

( X X X X W I  ) f rom XXX W I  I I 
4 2  

3- 

4 2  

N,N-Di-(methyl-d )-morpholinium-(T.C.N.Q.) ( L )  f rom XXXW and X X X X I V .  

CH30D ,CD2-CD20D 1. D SO ,CD CD 

3 2 

2- 2\o 

\ / 
C2D5-N 

CD2-CD200 2.KOH CD2-C02 
CD2- C2D5-N\ 

CD - < / C2D5ND2 
0 

I X  X X X X I  L I  L I I  

CH2-CH20H CH2-CH 
/ 2\ NHJCH~OH o r  / 1. H2S04 

CH - > HN y 7 2 -  HN \ \ 
0 NH OH /CH OH CH2-CH20H 2. KOH CH2-CH2 

L I I I  L I V  X X X I I I  

2,21-Ethyliminodiethanol-d15 ( L I )  i s  p repared f rom X X X X I  and I X ,  N-ethyl-  

morphol ine-d ( L I I )  f rom L I  a f t e r  dehydra t ion .  13 

Morpho l i ne  ( X X X I I I )  i s  p repared f r i m  LIW a f t e r  dehydra t ion ,  t h e  2,2'- 

i m i n o d i e t h a n o l  (LIW) f rom e thy leneox ide  ( L I I I )  and NH3/CH30H or NH40H/CH30H. 

E XP E R I M E  N TA L 

The a n a l y t i c a l  r e s u l t s  were ob ta ined  w i t h  t h e  f o l l o w i n g  i ns t rumen ts :  
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m.p., Mettler FP 5/51; mass spectra, AEI-MS 9; uv, Beckman, OBG; ir, Unicam SP 

1000, liquid samples between KBr plates, solid samples in a K B r  pellet; ESR, 

Warian E 4; refractive index, Abbe/Zaiss-Opton. 

Ethyleneoxide-d4 was purchased from Rohstoff-Einfuhr GMBH, DQsseldorf, 

3 Germany; p-dioxane-d8, D20, LiA104, CH OD and acetic acid-d4 from E. Merck, 

Darmstadt, Germany; O2 gas from Baker, Deventer, The Nether1ands;methyl- 

iodide-d and ethyliodide-d5 from Aldrich, Milwaukee, USA; ethyliodide-d5 from 

Stabler Isotope Comp., Innerberg, Switzerland; methylamine-d5 from Merck Sharp 

& Oohme, Canada; ammonium-hexa-chloroiridate I11 from Alfa, Oanvers, Mass., 

USA and Deutero Diazald Prep. Set from Aldrich-Europe, Beerse, Belgium. 

3 

Acetylene-d2 (11): 

T o  I (100 9, 1.6 mol.) i,s slowly added under cooling and mixing deuterium oxide 

(40 g, 2 mol.); yield 9.5 1./76 cm Hg; ir, 10 cm gas cell, main bands: 6 8 0 ,  

1020, 1060, 2420 and 2460 cm-’. 

Ethylene-d4 (111); D2/Pd/C/1500 method: 

A mixture of I1 (6 1./76 cm Hg, 0.27 mol . )  and deuterium gas (9 1./76 cm Hg, 0.4 

mol.) is passed several times through a quartz tube at 150°, filled with 5% Pd/C 

and mineral-wool. Ir, 10 cm gas cell, main bands: 720, 1020, 1080, 2100 and 

2220 cm-l. 

Ethylene-d4 (111); Cr I1 chloride method: 

I1 (prepared from carefully degassed I ,  50 9, 0.8 mol. and deuterium oxide 

25 9, 1.2 m o l . )  is shaken with chromous chloride (0.1 m ~ l , ) ~ ~  during three days 

under an inert atmosphere (N2,0xygen free). h e  reaction is followed by gas 

chromatography and stopped when no more  I1 was found in the reactor. 

8romoethanol-d5 (IV): 

I11 (chromous chloride method, f r o m  0.8 mo l .  I) is stirred overnight with 

N-bromoacetamide (24 9, 0.17 m o l . ) ,  D20 (80  ml.) and D SO 

temperature. Solid KBr till saturation and solid NaHC03 till neutral are added. 

The water mixture is extracted 5 times with diethyl ether (60 m l . ) ,  the diethyl 

ether layer is dried with MgSO /K CO 

Yielding a colourless oil, 8,l 9; n;l” 1.4986; ir, 2095 and 2220 cm-l(CO), 

2500 cm-l(OD) and 3360 cm-l(OH); mass anal., m/e 130 (C2D50Br), m/e 128 

(1 m l . )  at room- 2 4  

and distilled, b,p. 44’/15 mm Hg. 4 2 3  
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(C D H OBr) a n d  small p e a k s  a t  m/e 1 7 4 ,  270  a n d  2 7 1  a r e  f o u n d .  2 3 5  
A c e t i c  acid-d,-2-bromoethyl-d -es ter  (V) a n d  a c e t i c  acid-d,-bromo-2-bromo- 

J 4 L 

e t h y l - d  e s t e r  ( V I )  m i x t u r e :  

1 1 1  (02/Pd/C/1500method, f r o m  0.2E mol .11 )  i s  s t i r r e d  w i t h  N-brornoacetamide (35 

g ,  0 .25 mol.), D2fl (90  ml.) a n d  D2S04 ( 2 . 5  g )  a t  room t e m p e r a t u r e ,  u n t i l  no a c e -  

t y l e n e - d 2  ( i r  m e a s u r e m e n t s )  i s  d e t e c t e d .  S o l i d  K8r t i l l  s a t u r a t i o n  a n d  s o l i d  

N a H C O  t i l l  n e u t r a l  a r e  a d d e d .  The water m i x t u r e  i s  e x t r a c t e d  5 times w i t h  d i -  

e t h y l  e t h e r  (100 m l , ) ,  t h e  d i e t h y l  e t h e r  l a y e r  i s  d r i e d  over  MgS04 a n d  d i s t i l -  

l e d .  8.p. 112'/98 rnm Hg; y i e l d  7.35 9; n;' 1 .4290 ;  i r ,  1 7 2 0  cm-l(CD), 2 4 0 0  cm-l 

( C D ) ;  mass  a n a l ,  m/e 1 7 4  ( C  D 0 Br = V ) ;  m/e 252 ,  2 5 1  (C4D6028r2 =VI). 

4- 

3 

4 7 2  

2,2t-Iminodiethanol-l,l,l',lt,2,2,2t,2t-d8 ( V I I ) :  

IV (7 .8  9, 0.06 m o l . )  a n d  ammonia (4 .5  m l . ,  25%, 0 . 0 3  mol.) a re  h e a t e d  i n  a 

s e a l e d  t u b e  a t  100' d u r i n g  2 h r s .  S o l i d  K CO 

d i s t i l l e d ,  b.p. 90-100°/76 cm Hg; y i e l d  100 mg; mass a n a l .  m/e 1 3 6 ,  137  a n d  1 3 5 ,  

no  m/e 1 1 3  was f o u n d .  This r e a c t i o n  c a n  b e  s u c c e s f u l ,  b u t  s t a r t i n g  w i t h  e t h y -  

l e n e o x i d e - d 4  i s  p r e f e r a b l e .  See t h e  d e t a i l s  g i v e n  f o r  t h e  H-ana log  L I V .  

E t h y l e n e o x i d e - d 4  ( IX)  a n d  e t h a n o l a m i n e - d 7  (X) a r e  n o t  p r e p a r e d .  

Aminoe thano ic -d2-ac id  e t h y l e s t e r  ( X I )  (qlycine-d,-ethylester): 

i s  a d d e d  a n d  t h e  m i x t u r e  i s  2 3  

L 

Acetarnidornalonic-d2-acid e t h y l e s t e r  (21.7 g ,  0.1 rnol.) i s  a d d e d  t o  a m i x t u r e  o f  

f r e s h l y  d i s t i l l e d  t h i o n y l c h l o r i d e  (30 r n l . )  a n d  D 0 ( 1 2 6  r n l . ) ,  r e f l u x e d  6 h r s  un- 

d e r  N2, c o o l e d  a n d  t h e  D2fl /H 0 d i s t i l l e d  o f f ,  t e t r a h y d r o f u r a n  a d d e d  a n d  t h e  

white  c r y s t a l s  f i l t e r e d  o f f ,  washed  w i t h  t e t r a h y d r o f u r a n  a n d  d r i e d ;  y i e l d  9.6 g ,  

glycine-deuterochloride-d5. Glycine-deuterochloride-d5 ( 8 . 2 5  g ,  0.07 mol . )  i s  

a d d e d  t o  a s o l u t i o n  o f  e t h a n o l ,  a b s .  ( 4 1  m l . )  a n d  t h i o n y l c h l o r i d e  (5.25 g ) , r e -  

f l u x e d  f o r  3 h r s ,  c o o l e d ,  d i e t h y l  e t h e r  a d d e d ,  t h e  s o l i d  f i l t e r e d  o f f ,  washed  

w i t h  d i e t h y l  e t h e r  a n d  d r i e d ;  y i e l d  10.3 g glycine-d2-ethylester.HC1. 

Glycine-d2-ethylester-hydrochloride (8  g ,  0.06 m o l . )  i s  a d d e d  t o  t r i e t h y l a m i n e  

(20 m l . )  a n d  D 0 (8  m l . ) ,  s t i r r e d  d u r i n g  30 min., d i e t h y l  e t h e r  (50 m l . )  i s  

a d d e d ,  t h e  u p p e r  l a y e r  is  d e c a n t e d ,  t h i s  e x t r a c t i o n  r e p e a t e d  t w i c e ,  t h e  s o l v e n t  

e v a p o r a t e d  t o  25  m l . ,  f i l t e r e d  a n d  t h e  f i n a l  s o l v e n t  i s  e v a p o r a t e d  u n d e r  vacuum 

a n d  d i s t i l l e d ,  b.p. 40°/40 mm Hg; y i e l d  2.3 g XI; i r ,  1 7 4 5  ~ m - ~ ( C 0 ) , 2 2 6 0 ,  2500, 

2 5 2 0 ,  3000 a n d  3380 cm-l ( C O ,  OH a n d  NH). 

2 

2 

2 
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Bromoacet ic-d,-acid e t h y l  e s t e r  ( X I I ) :  
L 

A c e t i c  a c i d - d 4  (10 9 ,  0.16 rnol.) a n d  r e d  p h o s p h o r u s  (0 .2  9 )  a re  h e a t e d  a t  95' 

a n d  b r o m i n e  (30 9 ,  0.19 mol . )  i s  s l o w l y  a d d e d .  The m i x t u r e  i s  h e a t e d  a t  95' f o r  

45  min ,  e x c e s s  b r o m i n e  d i s t i l l e d  o f f ,  e t h a n o l ,  a b s .  (15 m l . ,  0.26 mol . )  a d d e d ,  

t h e  r e a c t i o n  m i x t u r e  r e f l u x e d  3 h r s ,  c o o l e d  a n d  d i s t i l l e d .  8.p. 153-154'/76 cm 

Hg; y i e l d  5.8 9 ;  nZ3 1 . 4 4 9 1 ;  i r ,  1 7 5 0  c m - l ( C O ) ,  2 1 9 5  a n d  2300  c ~ - ~ ( C D ) ,  2920  a n d  

3000 cm-l(C2H5) a n d  a small p e a k  a t  3480  cm'l ( C O U H ) .  

D 

2,2 ' - Iminodiace t ic -d , -ac id  e t h y l e s t e r  ( X I I I ) :  
L 

XI (0.6 9, 4 m m o l . )  i n  e t h a n o l ,  a b s .  (30 m l . )  is f i l t e r e d  a t  40' a n d  t o  t h i s  so- 

l u t i o n  XI1 (1 .7  9, 10  mmol.) i s  a d d e d .  The m i x t u r e  i s  h e a t e d  15  min a t  40°, eva -  

p o r a t e d  till d r y n e s s ,  d i e t h y l  e t h e r  ( 2 5  m l . )  i s  a d d e d ,  s t i r r e d  a n d  f i l t e r e d .  

The s o l i d  p r o d u c t  i s  d r i e d ,  t r i e t h y l a m i n s  ( 1 0  m l . )  i s  a d d e d ,  a g a i n  e v a p o r a t e d  

till d r y n e s s  a n d  t h e  r e s i d u e  i s  u s e d  i m m e d i a t e l y  f o r  f u r t h e r  s y n t h e s i s .  

2,2'-Iminodi-(ethan-d4-ol) (XIV) :  

XI11 ( r e s i d u e  a b o v e ,  max. 4 mmol.) i s  b r o u g h t  i n  s o l u t i o n  w i t h  d i e t h y l  e t h e r  

(25 ml . )  a n d  L i A 1 D 4  ( 3 3 6  mg, 8 mmol.) is  a d d e d  i n  4 p o r t i o n s .  The m i x t u r e  is re- 

f l u x e d  f o r  30 min ,  c o o l e d  a n d  D20 (0.5 g )  i s  a d d e d .  The d i e t h y l  e t h e r  l a y e r  i s  

d e c a n t e d ,  t h e  water l a y e r  s t i r r e d  a n o t h e r  3 times w i t h  d i e t h y l  e t h e r .  The com- 

b i n e d  e t h e r  l a y e r s  a r e  d r i e d  o v e r  MgS04, f i l t e r e d  a n d  e v a p o r a t e d .  No XIW was 

f o u n d .  

2,2'-Bis-(bromoethyl-d4) e t h e r  (XUI): 

p-Dioxane-d8 ( X U ) ,  (10 ml., 0 .11  mol.), D B r  (1.0 9 ,  0.01 mol. )  a n d  H B r  (10 g ,  

0.13 rnol.) a r e  b r o u g h t  t o g e t h e r  u n d e r  c o o l i n g  i n  a 1 1. s t a i n l e s s  s t ee l  cy- 

l i n d e r .  The c y l i n d e r  i s  a l l o w e d  t o  come t o  room t e m p e r a t u r e ,  i s  s h a k e n  f o r  a 

s h o r t  time a n d  i s  p u t  a s i d e  f o r  32  d a y s .  A f t e r  t h i s  p e r i o d  t h e  p r e s s u r e  i s  re- 

l e a s e d  a n d  d i e t h y l  e t h e r  (5  t imes 100 m l . )  i s  a d d e d .  Each time t h e  r e s u l t i n g  

m i x t u r e  i s  f i l t e r e d  o f f ,  y i e l d i n g  a y e l l o w  powder  a n d  a d a r k  d i e t h y l  e t h e r  so-  

l u t i o n .  The combined  d i e t h y l  e t h e r  s o l u t i o n s  a r e  d i s t i l l e d ,  y i e l d i n g  two f r a c -  

t i o n s ,  b.p. 50°/15 mm Hg; 0.68 9;  n22 '51.4830;  i r ,  1 7 3 5  cm-'as a b r o a d  p e a k ,  

2090 a n d  2 1 2 0  cm-l ( C D ) ;  b.p. 60°/15 mm Hg; 0.48 9; n i2 '51 .5032 ;  i r ,  2080, 

2 2 0 0  cm-l(CD) a n d  a small amoun t  3500 cm-l(OH). 

D 

2.2'-8is-(bromoethyl-dq) e t h e r  (XVI) :  
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An a t t e m p t  t o  g e t  X W I  b y  m i x i n g  p - d i o a n e ,  b e n ~ o y l b r o m i d e ~ ~  a n d  0 0 i n  a 

pressure  v e s s e l  was n o t  s u c c e s s f u l .  

2 

N-4-Tosyl-rnorpholine-d, ( X V I I )  a n d  morpho l ine -d ,  ( W I I I ) :  " Y 

X U 1  ( 4 8 0  rng, 2 rnmol.), p - t o l u e n e s u l f o n a m i d e  ( 3 4 2  rng, 2 mmol.), KOH ( 1 1 2  mg,2 

mmol.) a n d  e t h a n o l ,  a b s .  (10  ml.) a re  r e f l u x e d  f o r  1 h r .  A n o t h e r  p o r t i o n  o f  K O H  

( 1 1 2  mg, 2 m m o l . )  i n  e t h a n o l ,  a b s .  (10 ml.) i s  a d d e d ,  r e f l u x e d  f o r  a n o t h e r  3 h r  

a n d  t h e  s o l i d  mater ia l  i s  f i l t e r e d  o f f ,  d r i e d ,  m.p. a b o v e  200°; i r ,  s p e c t r u m  

i d e n t i c a l  w i t h  p - t o l u e n e s u l f i n i c  a c i d  p o t a s s i u m  s a l t .  

The w a t e r  l a y e r  is  b r o u g h t  t o  pH 1, h e a t e d  a t  60' f o r  15 min ,  c o o l e d ,  s a t u r a t e d  

w i t h  KOH a n d  e x t r a c t e d  w i t h  d i e t h y l  e t h e r  (50 ml.). The d i e t h y l  e t h e r  l a y e r  i s  

d r i e d  o v e r  MgS04, f i l t e r e d  a n d  d i s t i l l e d .  There i s  no m o r p h o l i n e - d 8  d e t e c t a b l e  

i n  t h e  r e s i d u e .  

D e u t e r i u m b r o m i d e ,  D B r  ( X V I I I ) :  

D e u t e r i u m  g a s  s a t u r a t e d  w i t h  b r o m i n e  a t  room t e m p e r a t u r e  i s  s l o w l y  b u b b l e d  

t h r o u g h  a q u a r t z  t u b e ,  f i l l e d  w i t h  c e r a m i c  w o o l  a n d  h e a t e d  a t  700'. The D B r  i s  

d r i e d  over  mol.  sieves (4A) a n d  c o n d e n s e d  i n  a c o l d  t r a p  a t  -70'. The y i e l d  i s  

v e r y  low.  One gram i s  u s e d  f o r  t h e  s y n t h e s i s  o f  X W I .  Ir, a s  i n  t h e  l i t .  
28  

2-(Methylamino)-ethanol-d, ( X X )  a n d  2,2'-methyl iminodiethanol-d13(XXI) :  
2 

Methylamine-d5 ( X I X )  ( 4  g ,  111 m m o l . )  i n  CH30D ( 2 5  ml.) a t  -25' a n d  e t h y l e n e -  

ox ide -d4  ( I X )  (8  9 ,  250 mmol . )  i n  CH30D ( 2 5  ml.) a t  -20' a r e  b r o u g h t  t o g e t h e r  

i n  a 100  ml. s t a i n l e s s  s t e e l  c y l i i d e r .  The c y l i n d e r  i s  c l o s e d  a n d  a l l o w e d  t o  

come t o  room t e m p e r a t u r e  u n d e r  s t i r r i n g ,  t h e n  i s  h e a t e d  2 h r s  a t  l o o o ,  c o o l e d  

a n d  d i e t h y l  e t h e r  a d d e d .  The m i x t u r e  i s  d i s t i l l e d ,  b.p. 35-53O/10 mm Hg; y i e l d  

0.22 g ( X X ) ;  n i 5  1.4119; i r ,  2070 ,  2190 cm-'(CD) a n d  2 4 0 0  cm'l (OD/ND); mass 

a n a l . ,  m/e 8 4  (12%, C 3 D 9 N D ) ,  m/e 8 3  (37%,C3D8HNO), m/e 8 2  (38%, C3D7H2NO),m/e 

81 (7%, C D H N O ) ,  m/e 80 (€I%, C 3 D 5 H 4 N O ) .  B.p. 124-126°/10 mm Hg; y i e l d  4.5 g 

( X X I ) ;  n i 5  1 .4629 ;  i r ,  2070 ,  2 2 1 5  cm-'(CD), 2520 c m - l ( O D ) ,  2800 a n d  3 3 6 0  cm'l 

a r e  peaks a n a l o g o u s  t o  2,2'-methyliminodiethanol i n  small a m o u n t ;  mass a n a l . ,  

m/e 133 ( 3 % ,  C413CO13N02), m/e 1 3 2  (13%, C5D13N02), m/e 131 (22%, C5D12HN02), 

m/e 1 3 0  (23%, C5D11H2N02), m/e 129 (17%, C5D10H3N02), m/e 1 2 8  

m/e 1 2 7  (9%, C508H5N02) ,  m/e 126 (374 C 5 D 7 H 6 N D 2 ) .  

3 6 3  

C5DgH4N02), 

N-Methylmorphol ine-dl l  ( X X I  I ): 
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2,2f-Nethyliminodiethanol-d13 ( X X I )  (4.3 g, 29 mmol.) is cooled to -20' and 

0 SO (9 ml., 96-98%) is added in small portions under stirring. A vigorous 

reaction sets in and after this has subsided, the mixture is heated 1.5 hrs at 

looo, cooled and diethyl ether (100 ml.) is added. The mixture is neutralised 

with NaOD (0.1 rnol.) in 0 0 (25 ml.) and NaOH (25 g, 0.5 mol.). The diethyl 2 

ether layer is decanted, another portion diethyl ether (20 ml.) is added to the 

water layer, stirred, decanted and the procedure is repeated another two times. 

The combined ether layers are dried over MgS04 for two hours, filtered and dis- 

tilled. B.p. 112-114O/76 cm Hg; yield 2.3 g; nio 1.4311; ir, 2030,2080, 2170 

and 2210 cm-l(CD). Peaks for the H-analog at 2790, 2850 and 2950 cm-'are not 

found. mass anal., m/e 113 (G%, C413C011NO), m/e 112 (74%, C5D11NO), m/e 111 

(8%, C ~ D ~ ~ H N O ) ,  m/e 110 (a%, c~D~H.~No), m/e 109 (3%, C ~ D ~ H ~ N O ) .  

2 4  

2,2'-8is-(iodoethyl) ether ( X X X I ) :  

2,2'-Bis-(chloroethyl) ether ( X X X )  (28.6 g, 0.2 mol.), sodium iodide (120 g, 0.8 

mol . )  and dry acetone (500 ml.) are heated under reflux and stirring during 10 

hrs. The acetone is evaporated, the residue stirred with diethyl ether (350 m l . )  

and filtered. The solid product is washed once more with diethyl ether (100 ml.), 

The combined diethyl ether layers are washed with aquous NaHS03,followed by 

water and then dried over  MgS04. The solid MgS04 is filtered off and the s o l u -  

tion is distilled, b.p. 130°/10 mm Hg; yield 17.5 g X X X I .  Ir, 690 cm-l(CC1) is 

absent. 

N-Methyl-d,-morpholine ( X X X I I ) ,  from 2,Zf-bis-(iodaethyl) ether: 
J 

X I X  (0.5 9, 14 mmol.) in ethanol, abs. (20 ml.), X X X I  (9 g, 28 mmol . )  and KOH 

(2 m l .  33% in water) are mixed at -20' in a stainless steel cylinder. The valve 

is closed and the cylinder is heated at 90-100' during 5 hrs. The cylinder is 

cooled, opened, diethyl ether (100 m l . )  and KOH (1.7 g, 30 mmol.) are added and 

the diethyl ether layer is decanted, The water layer is extracted another 4 

times with diethyl ether (100 m l . ) ,  the diethyl ether layers are combined,dried, 

filtered and distilled. 6.p. 90°/76 cm Hg; yield 420 mg; ir, 2210 cm-l(CO) and 

a large water peak at 3460 cm-'. 8.p. above 90°/76 cm; yield 100 mg; ir, 2210 

and 2550 cm-l(CD) and a large water peak at 3460 cmT1 Mass anal., m/e 104 (C5D3 

H8NO),also m/e 117, 131 and 162 are found f o r  both fractions in minor amounts. 
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2 so- methane-d2 ( X X V )  / d i e t h y 1  e t h e r  m i x t u r e  i s  d i s t i l l e d .  T h i s  d i azomethane -d  

l u t i o n  i s  p r e p a r e d  from D i a z a l d  (p-tolysulfonylmethylnitrosamide, 11 g, 51 mmol.) 

i n  d i e t h y l  e t h e r  ( 1 1 0  ml . ) ,  d r o p w i s e  a d d e d  t o  a m i x t u r e  o f  c a r b i t o l - d  (2-(2- 

ethoxy-ethoxy)-ethanol-d, 2 5  g ) ,  d i e t h y l  e t h e r  ( 1 0  m l . )  a n d  s o d i u m  d e u t e r o x i d e  

( 1 0  g, 30% i n  0 2 0 ) ,  s t i r r e d  m a g n e t i c a l l y  a t  50'. After t h e  D i a z a l d  s o l u t i o n  is  

a d d e d ,  d i e t h y l  e t h e r  ( 2 5  m l . )  i s  u s e d  twice f o r  c l e a n i n g  t h e  d i s t i l l a t i o n  a p p a r a -  

t u s .  The m i x t u r e  i n  t h e  receiver  s t a y s  y e l l o w ,  s o  a n o t h e r  p o r t i o n  o f  m o r p h o l i n e  

(1 .4  g ,  1 6  mmol., n o t  N - d e u t e r a t e d )  i s  a d d e d  a n d  i s  a l l o w e d  t o  r e a c t  30 min. D C 1  

(5 .5  m l . ,  20% i n  D20) a n d  D2S04 ( 2  ml., 9 8 % )  a r e  a d d e d .  The  c o l o u r l e s s  s o l u t i o n  

i s  e v a p o r a t e d ,  d i e t h y l  e t h e r  (50 m l . )  i s  a d d e d ,  f o l l o w e d  b y  c o n c e n t r a t e d  KOH so- 

l u t i o n  a n d  K O H  p e l l e t s .  The d i e t h y l  e t h e r  is  d e c a n t e d ,  a n o t h e r  p o r t i o n  o f  d i -  

e t h y l  e t h e r  ( 3 0  m l . )  i s  a d d e d ,  s t i r r e d  a n d  d e c a n t e d .  T h i s  p r o c e d u r e  i s  r e p e a t e d  

a n o t h e r  t ime, t h e  combined  d i e t h y l  e t h e r  l a y e r s  a r e  d r i e d  o v e r  MgS04, f i l t e r e d  

a n d  d i s t i l l e d .  8.p. 116'/76 cm Hg; y i e l d  1.5 g ;  n i 5  1.4370;  i r ,  2040,  2 1 8 0  a n d  

2 2 3 0  c m - l ( C D ) ,  2700,  2760  a n d  2 9 0 0  c ~ - ~ ( C H )  a n d  a small water peak a t  3250 cm-l; 

mass a n a l . ,  m/e 105  (6%, C4l3CD3H8N0), m/e 1 0 4  (53%, C5D3H8ND);  m/e 103 (32%, 

C ~ D ~ H ~ N O ) ,  m/e 102 (g%, C , D H , ~ N O ) .  

N-Methyl-d - m o r p h o l i n e  (XXXII ) ,  f r o m  m e t h y l i o d i d e - d ,  a n d  m o r p h o l i n e :  

XXXIII (1.0 g ,  11.5 mmol.) i n  D.M.F. ( 6  m l . )  a n d  NaH (0.4 g ,  55% o i l  d i s p e r -  

s i o n ,  9 mmol.) are mixed  a n d  m e t h y l i o d i d e - d 3  (1.0 g ,  6.9 mmol.) i s  a d d e d .  A 

v i g o r o u s  r e a c t i o n  s e t s  i n  a n d  a f t e r  t h i s  h a s  s u b s i d e d  t h e  s o l u t i o n  i s  re- 

f l u x e d  a n o t h e r  30 min ,  c o o l e d  a n d  d i s t i l l e d .  8.p. 90°/76 cm Hg; y i e l d  0.85 g ;  

i r ,  2020,  2170  a n d  2 2 1 0  cm-l(CD), 2860  a n d  2 9 5 0  c m - l ( C H ) ;  mass a n a l . ,  m/e 1 0 4  

(C5D3H8N0, 8 4 % ) ,  m/e 1 0 3  ( C  D H N O ,  1 6 % )  a n d  2 p e a k s  a t  m/e 108 a n d  1 8 6 ,  res- 

p e c t i v e l y  31% a n d  1 6 %  (m/e 104=100%) .  

Cl 4 

5 2 9  

M o r p h o l i n e  (XXXII I ) :  

L I V  (5  g, 48 mmol.) a n d  H SO (10 m l . ,  96-98$) a re  m i x e d  a n d  h e a t e d  fo r  2 h r s  a t  

200' a n d  c o o l e d .  D i e t h y l  e t h e r  (50 ml.) i s  a d d e d ,  f o l l o w e d  by KOH ( 2 0  m l . ,  s a t u -  

r a t e d  i n  water)  a n d  K O H  (50  9, p e l l e t s ) .  The d i e t h y l  e t h e r  l a y e r  i s  d e c a n t e d ,  

a n o t h e r  p o r t i o n  o f  d i e t h y l  e t h e r  (30 m l . )  i s  a d d e d ,  s t i r r e d  a n d  d e c a n t e d .  T h i s  

p r o c e d u r e  i s  r e p e a t e d  t w i c e .  The combined  d i e t h y l  e t h e r  l a y e r s  a re  d r i e d  over  

MgS04, f i l t e r e d  a n d  d i s t i l l e d .  8.p. 35'/15 mm Hg; y i e l d  1.0 g ;  n i 5  1 .4520 ;  

2 4  
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ir, 2900 cm-l(CH) and 3320 cm-l(NH), identical with a commercial sample 

(Aldrich). 

Morpholiniumfluoroborate ( X X X I V ) :  

X X X I I I  (17.4 g, 0.2 mol.) and water (10 ml.) are cooled at 0' and under sti'r- 

ring tetrafluoroboric acid (H8F4, 41.2 ml., 48% in water, 0.2 mol.) is added in 

4 portions. The solution is stirred for 1 hr, poured in a mixture of T.H.F. 

(150 ml.) and diethyl ether (30 ml.) and cooled at -28' for 3 days, A small 

amount of white crystals is isolated. The mother liquor is evaporated, the resi- 

due and the small amount of white crystals are dissolved in boiling ethano1,abs. 

and cooled, The white crystals are filtered off under N2 and dried, Yield 23.5 

9; m.p. 143.0'; lit. 141-143'. 

N,N-Di-(methyl-d )-morpholiniumiodide ( X X X W ) :  
J 

3 X X X I I  (0.5 9, 5.7 mmol.) in diethyl ether (5 ml.) is mixed with methyliodide-d 

(1.0 9, 6.9 mmol.) and refluxed for 1 hr. The solvent is distilled off and to 

the residue diethyl ether (5 ml.) is added. The solid is filtered off, washed 3 

times with diethyl ether (5 ml.), dried, yielding 0.12 g X X X V .  Ir, 2250 cm-l 

(CD), 2880 and 2970 cm-'(CH). The solid is used for the next step without 

further purification. 

N,N-Di-(methyl-d,)-morpholiniumiodide ( X X X V ) ,  in 1 step from morpholine: 

Methyliodide-d3 (2.2 9, 15 m m o l . )  in D.M.F. (10 ml.) is stirred, X X X I I I  (0.65 g, 

7.5 mmol.) is added, followed by Ag20 (0.87 9, 3.75 mmol.). The solution becomes 

clear. After 5 min the solution is heated at 90' for 1 hr. On cooling a solid 

precipitates. This solid is filtered off, washed with ethanol, abs. and diethyl 

ether and dried. Yield 3 portions of product, 500, 700 and 250 mg. Ir, 2260 cm'l 

(CD), 2880 and 2970 cm-I(CH). C.H.-analysis: resulted in bad results, a l s o  after 

several recrystallizations from acetonitril; however the atomic ratios are 

correct. 

J 

N-Methyl-N-ethylmorpholiniumiodide ( X X X V I I ) :  

X X X V I  (20 ml., 0.16 mol.) is cooled at -10' and under stirring methyliodide 

(14 ml., 0.22 mol.) is added. Some ethanol, dry is added to give a solid, which 

is filtered off and recrystallized from ethanol, abs.. The white product is 

dried, yielding 15.1 9; ir, 2870, 2970 and 3030 crn-l(CH). 
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N-Methyl-N-ethyl-d,-morpholiniumiodide (XXXVIII): 
I 

X X X V I  (495  mg, 4.9 mmol.) a n d  e t h y l i o d i d e - d 5  (805 mg, 5 mmol.) a r e  mixed a n d  

h e a t e d  1 h r  a t  70'. A s o l i d  p r o d u c t  i s  formed on  c o o l i n g .  E t h a n o l ,  a h s .  ( 5  m l . )  

is added ,  t h e  m i x t u r e  is s t i r r e d  a n d  t h e  s o l i d  i s  f i l t e r e d  o f f ,  washed 3 t imes 

w i t h  c o l d  n-hexane (10 ml.) and d r i e d .  Y i e l d  180  mg; i r ,  2220 cm ( C D ) ,  2670,  

2970 and  3020 crn-l(CH); mass a n a l .  m/e 161  (C2051). T h i s  peak i s  from e t h y l -  

iod ide-d5 .  The M.E.M.-iodides a r e  n o t  v o l a t i l e  enough f o r  a mass s p e c t r u m .  

-1 

N-Methyl-d,-N-ethyl-d,-morphol inium-do-iodide (XXXIX): 
J J u 

XXII (2.0 9 ,  17.8 mmol.) i s  a d d e d  t o  e t h y l i o d i d e - d 5  (4.0 9 ,  25.2 m m o l . )  a t  0'. 

A f t e r  5 min t h e  m i x t u r e  i s  h e a t e d  1 h r  a t  70°, t h e  mix tu re  becomes s o l i d ,  n- 

h e x a n e  ( 5  ml.) i s  added .  The r e a c t i o n  m i x t u r e  i s  s h a k e n  a n d  r e f l u x e d .  A f t e r  

c o o l i n g  t h e  n-hexane i s  t a k e n  o f f  w i t h  a p i p e t t e ,  a n o t h e r  p o r t i o n  n-hexane (5  ml.) 

i s  added ,  s h a k e n  and  a g a i n  t h e  n-hexane i s  t a k e n  o f f .  h i s  p r o c e d u r e  i s  r e p e a t e d  

a n o t h e r  5 times. Then t h e  s o l i d  is  f i l t e r e d  o f f  u n d e r  N 2 ,  washed 3 times w i t h  

n-hexane (5  m l . )  a n d  d r i e d .  Y i e l d  1 .27  g w h i t e  p r o d u c t ;  i r ,  2110 c m - l ( C D ) ,  no 

p e a k s  a r e  found a t  2670,  2970 and  3020 cm-l ( C H  i n  t h e  H-analog);  ana l .  c a l c d . ,  

C, 30.8; D, 11.8; I ,  46.5; f o u n d ,  C, 30.5; D,  11.5; I ,  46.6; mass anal.,  a s  

X X X W I I  I. 

Methyl-d,-amine (XXXX): 

B e n z y l c a r h a m a t e  ( 1 7  9, 0.11 mol.) i n  d i e t h y l  e t h e r  (500  m l . )  i s  s t i r r e d  and  i n  

small p o r t i o n s  L i A l D  (20  9 ,  0.48 rnol.) i s  added .  Then i t  is  s t i r r e d  24  h r s  a t  

room t e m p e r a t u r e ,  c o o l e d  t o  0' and 020 (10  ml.) and K O H  (20  ml., 15% i n  D20) a re  

added  v e r y  s l o w l y .  The m i x t u r e  i s  a l l o w e d  t o  s t a n d  o v e r n i g h t  a n d  t h e  C D  NH 

d i s t i l l e d  o f f  by a d d i n g  K O H  ( 2 0  m1.,15% i n  D20, f o l l o w e d  by 40 g s o l i d )  t o  t h i s  

m i x t u r e .  The C D  NH 

A s o l i d  p r o d u c t  i s  formed,  which i s  f i l t e r e d  o f f  u n d e r  N2, washed w i t h  d i e t h y l  

e t h e r  and  d r i e d ,  y i e l d i n g  2.4 g C03NH2.HC1; i r ,  2300 cm-'(CD) a n d  3100 cm-l(NH). 

To p r e p a r e  a s o l u t i o n  of  X X X X ,  C03NH2.HC1 (2.4 9, 34 m m o l . )  i s  added  t o  D20. 

(5 m l . )  a n d  d i e t h y l  e t h e r  (500 ml,). To t h i s  m i x t u r e  sodium rnethoxide (2.0 9 ,  

37  mmol.)  i s  added .  T h i s  d i e t h y l  e t h e r  s o l u t i o n  i s  s t o r e d  a t  Oo and u s e d  i n  a 

f u r t h e r  e x p e r i m e n t .  

4 

3 2 is 

i s  a b s o r b e d  by a d i e t h y l  e ther /HCl  s o l u t i o n  i n  t h e  receiver. 3 2  

Ethylamine-d,  (XXXXI): 
4 
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P o t a s s i u m  p h t h a l i m i d e  (10 g ,  5 4  mmol., d r i e d  a t  200') a n d  e t h y l i o d i d e - d 5  ( 6  9 ,  

3 7  rnmol.) a re  s e a l e d  i n  a n  a m p u l  a n d  h e a t e d  a t  110' d u r i n g  2 4  h r s ,  t h e n  2 4  h r s  

a t  120' a n d  t h e r e a f t e r  c o o l e d .  The a m p u l  i s  o p e n e d ,  water (50 ml.) i s  a d d e d ,  t h e  

s o l i d  i s  f i l t e r e d  o f f ,  w a s h e d  w i t h  water a n d  c r y s t a l l i z e d  f r o m  e t h a n o l ,  a b s . .  

Y i e l d  4.2 g N-e thy l -d5 -ph tha l imide ;  i r ,  2 1 1 0 ,  2140 a n d  2 2 3 0  c m - l ( C D ) ;  m.p. 

74.9'; mass anal . ,  m/e 1 8 0  (CloD5H4N02. T h i s  N-e thy l -d5 -ph tha l imide  (4.2 9 ,  23 

mmol.) a n d  D C 1  (9 .3  m l . ,  4 4  mmol., 20% i n  D 0 )  a r e  r e f l u x e d  4 h r s .  The m i x t u r e  

i s  c o o l e d ,  CH ONa (2.7 g ,  50 rnmol.) a n d  CH OD (5 m l , )  a r e  a d d e d  a n d  t h e  l i q u i d  

i s  d i s t i l l e d  up  t o  100'. B e f o r e  t h e  d i s t i l l a t i o n  i s  s t a r t e d ,  CH30D (1 m l . )  i s  

a d d e d  i n  t h e  r e c e i v e r .  A t  t h e  e n d  o f  t h e  d i s t i l l a t i o n  t h e r e  was 11 m l .  i n  t h e  

r e c e i v e r ,  Mass a n a l . ,  m/e 52 ( 7 % ) ;  m/e 51 ( 1 7 % ) ;  rn/e 50 ( 2 4 % ,  C 2 D 7 N ) ;  m/e 49  

(27%, C 2 D 6 H N ) ;  m/e 4 7  (5%, C 2 D 4 H 3 N ) ;  m/e 4 8  (20%, C 2 D 5 H 2 N ) .  T h i s  11 m l .  i s  

s t o r e d  a t  0' a n d  u s e d  i n  f u r t h e r  e x p e r i m e n t s .  

Tetracyanoquinodimethane-dq (XXXXIII) :  

2 

3 3 

X X X X I I  ( 4 .0  9 ,  33 mmol., p r e p a r e d  a n a l o g o u s  t o  a n  e a r l i e r  p u b l i c a t i o n L ' )  a n d  

m a l o n i t r i l e  (4 .76 9 ,  7 2  m m o l . )  a re  m e l t e d  t o g e t h e r  a n d  a d d e d  i n  3 p o r t i o n s  t o  a 

m i x t u r e  of p - a l a n i n e  ( 4 0  mg, 0 .4  mmol.) a n d  water (8 m l . )  h e a t e d  a t  looo. 

A s o l i d  f o r m s ,  t h e  m i x t u r e  i s  a l l o w e d  t o  r e a c t  f o r  a n  a d d i t i o n a l  15 min ,  t h e n  

c o o l e d  a n d  f i l t e r e d  o f f  u n d e r  N 2 .  The s o l i d  i s  washed  w i t h  a small  a m o u n t  o f  

water a n d  d r i e d ,  y i e l d i n g  8.2 g p r o d u c t ;  m.p. 214.3'. T h i s  p r o d u c t  i s  a d d e d  t o  

a c e t o n i t r i l ,  d r y  ( 1 3 4  ml.) a n d  b r o m i n e  (12 .8  9 ,  1 6 0  mmol . ) .  T h i s  s o l u t i o n  i s  

c o o l e d  b e l o w  10' a n d  over 15 min  p y r i d i n e  (12 .8  ml., 1 5 8  mmol.) i n  a c e t o n i t r i l e  

( 2 0  ml.) i s  a d d e d  w i t h  s t i r r i n g .  After 30 rnin two  t h i r d s  o f  t h e  a c e t o n i t r i l e  i s  

d i s t i l l e d  o f f  a n d  t h e n  D20 (30 m l . )  i s  a d d e d .  The s o l i d  i s  f i l t e r e d  o f f ,  washed  

twice w i t h  D 0 (10  ml.) a n d  o n c e  w i t h  a c e t o n i t r i l e  (10  ml.). The s o l i d  i s  

c r y s t a l l i z e d  f r o m  b o i l i n g  a c e t o n i t r i l e  u n d e r  N 2  a n d  s u b l i m e d  twice,  y i e l d i n g  3.5 

9 ;  i r ,  2 2 8 5  cm-'(CD) a n d  2 2 1 0  c m - l ( C N ) ;  mass a n a l . ,  m/e 2 0 8  (C12D4N4); a n a l .  

2 

c a l c d .  C ,  69.2; 0, 3.9;  N ,  26.9;  f o u n d  C ,  69.4;  D, 3.9; N ,  26.5. 

Tet racyanoqu inod imethane (XXXXIV): 

P r e p a r e d  a n a l o g o u s  t o  XXXXIII f r o m  1 . 4 - c y c l o h e x a n e d i o n e  (150  g ,  1 . 3 4  m o l .  

m a l o n i t r i l e  ( 1 7 8  g ,  2.7 mol. )  a n d  a s o l u t i o n  o f  p - a l a n i n e  (1.5 9, 1 7  m m o l  

water ( 3 0 0  m l . ) ,  y i e l d i n g  2 4 2  g i n t e r m e d i a t e ,  m.p. 208-212°. 

9 

) i n  
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In several portions the intermediate is converted to X X X X I V ,  yielding 207 9. 

After 2 recrystallizations from acetonitrile is the yield 1 4 5  g; ir, 2210 cm-l 

(CN) and 3050 cm-'(CH). Mass anal.,m/e 2 0 4  ( C 1 2 H 4 N 4 .  A typical conversion of the 

intermediate is given below: 

Intermediate (24 g, 0.12 mol.) in acetonitrile ( 4 0 0  ml.) and bromine (34.8 9, 

0.48 mol.) are cooled at 0'. Under stirring is added in 15 min a mixture of 

pyridine (38 .4  ml., 0,48 mol.) and acetonitrile (60 ml,). A solid precipitates. 

Stirring is continued 30 min at 0' and the mixture is warmed up t o  room tempera- 

ture in 1 hr. The mixture is poured into cold water (600 ml.), the solid is fil- 

tered off, washed with cold water and dried. After crystallization from aceto- 

nitrile green-yellow crystals are obtained. Yield 25.5 g X X X X I V .  

N-Methyl-N-ethylmorpholinium-( T.C .N.Q. l2 ( X X X X V ) :  

X X X V I I  (510 mg, 2.0 mmol.) in acetonitrile, pure (5 ml.) is heated to reflux 

under N and then a boiling mixture of X X X X I V  (160 mg, 0.8 m m o l . )  and aceto- 

nitrile, pure (25 ml.) is added, A dark solution is formed, which is filtered 

hot and cooled, The dark solid is filtered off, washed with a little acetoni- 

trile and dried, yielding 110 mg dark needles. Ir, 2160 cm-l(CN), a characte- 

ristic peak for M.E.M.-(T.C.N.Q.)2 complexes; anal, calcd. C, 69.1; H ,  4.5; N, 

23.4;  found C ,  68.9; H, 4.5; N, 23.25; uw, in acetonitrile, 1 cm quartz cell, 

1 absorption max. at 742  and 394 nm; N-methyl-N-ethylmorpholinium-(T.C.N.Q.) 

gives absorption max. at 742  and 420 nm; ESR, a normal E S R  signal for X X X X V  

is found31 , consisting of one line at G= 2.0030 2 0 ,0002 ,  for a powder 

spectrum at room temperature, 

2 

N-Methyl-N-ethyl-d,-morpholinium-(T.C.N.Q.-d4)2 ( X X X X V I ) :  
J 

X X X V I I I  ( 1 8 0  mg, 0.69 mmol . )  in boiling acetonitrile ( 3  m l . )  is added to a 

boiling solution of X X X X I I I  (70 mg, 0.34 mmol.) in acetonitrile (15 ml.); 

boiling is continued 5 min. The dark solution is filtered hot, cooled,yielding 

50 mg dark crystals. Ir, 2160 cm-'(CN); anal. calcd. C, 67.5;  H+D, 6.8; N, 22.8;  

found C ,  66.7; H+O, 6 .8 ;  N, 22.8;  uw and ESR as XXXXV. 

N-Methyl-N-ethylmorpholinium-(T.C.N.Q.-d4~ ( X X X X V I I ) :  

X X X V I I  (1.5 9, 5.8 mmol.) in boiling acetonitrile (10 ml.) is added to a boiling 

solution of X X X X I I I  (580 mg, 2.8 m m o l . )  in acetonitrile (150 ml.). The mixture 
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is filtered hot, cooled, filtered off, washed with acetonitrile and dried. 

Yield 409 mg; ir, 2160 cm-l(CN)f anal. calcd. C, 68.11 D t H ,  5.9; N, 23.1; 

found C, 68.2; D t H ,  5.9; N, 22.6; uv and ESR as XXXXV. 

N-Methyl-d,-N-ethyl-d,-morpholinium-d,-(T.C.N.Q.), ( X X X X V I I I ) :  
.J 4 u L 

X X X I X  (64 mg, 0.25 mmol . )  in acetonitrile (1 m l . )  is heated to re f lux  and then 

a boiling mixture of X X X X I V  (28 mg, 0.14 mmol.) and acetonitrile (10 ml.) is 

added. The mixture is filtered hot and cooled. The next day the solid is fil- 

tered off, washed with a small amount of acetonitrile and dried, yielding 15 

mg dark needles. Ir, 2160 cm-l(CN); anal, calcd. C, 67.1; DtH, 7.3; N, 22.7; 

found C, 67.2; D+H, 7.1; N, 22.5; uv and ESR as XXXXV. 

N-Methyl-d,-N-ethyl-d,-morpholinium-d,-(T.C.N.Q.-d4~~ ( X X X X I X ) :  
J J u 

X X X X I X  (200 mg, 0.73 mmol.) in boiling acetonitrile (2 ml.) is added to a 

boiling solution o f  X X X X I I I  (77 mg, 0.37 mmol.) in acetonitrile (20 ml.). 

The dark solution is filtered hot and slowly cooled, The solid is filtered o f f ,  

washed with a small amount of acetonitrile and dried, Yield 98 mg; ir, 2160 cm'l 

(CN); anal. calcd. C, 66.2; 0, 8.6; N, 22.4; found C, 66.0; 0, 8.5; N, 22.2; 

uv and ESR as XXXXV. 

N,N-Di-(methyl-d J )-morpholinium-fT.C.N,~,)(L): 

X X X v  (120 mg, 0.48 mmol.) in acetonitrile (2 ml,) is heated to reflux and added 

to a boiling solution of X X X X I V  (60 mg, 0.27 mmol. )  in acetonitrile (10 ml.) ,  

filtered hot and cooled. The very fine needles are filtered, washed with a small 

amount of acetonitrile and dried, yielding 42 mg. Ir, 2170 cm-'(CN); anal. 

calcd. C, 67.9; H+D, 5.3; N, 23.8; found C, 66.6 ; H+D, 5.5; N, 23.0; a better 

analysis was not obtained by recrystallization from acetonitrile. This purifica- 

tion problem is also found for the H-analog. 

2,2'-Ethyliminodiethanol-d15 ( L I ) :  

Ethylamine-d5 ( X X X X I )  (0.75 g ,  1 4  mmol . )  in CH30D (6 m l . )  and D20 ( 5  ml.) is 

brought in a 100 m l .  stainless steel cylinder, cooled at -20' and ethylene- 

oxide-d4 ( I X )  (1.6 g, 50 m m o l . )  is condensed in the cylinder. The valve is clo- 

sed, the products are stirred and allowed to come to room temperature, next 

heated at 100' f o r  45 min and cooled. The CH30D is distilled off, yielding 0.1 

9; ir, 2100 and 2230 cm-l(CO), 2540 cm-l(OO), the peaks at 2830, 2950 and 
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3400  cm-l are f rom t h e  s t a r t i n g  IX; mass a n a l . ,  m/e 1 4 9  (7%, C513CU,5N02), 

m/e 1 4 8  (20%, C6015N02), m/e 1 4 7  (26%, C6D14HN02) ,  m/e 1 4 6  (2296, C6013H2N02) ,  

m/e 1 4 5  ( l a % ,  C6012H3N02), m/e 1 4 4  (7%, C6D11H4N02). 

N-Ethylmorphol ine-d13 ( L I I  ) : 

LI (0.1 9 ,  0.7 m m o l . )  i s  c o o l e d  a t  -20° a n d  D SO ( 2  m1.,96-98%) i s  a d d e d .  The 

m i x t u r e  i s  h e a t e d  a t  100' f o r  9 0  min ,  c o o l e d  a n d  d i e t h y l  e t h e r  ( 2 5  m l . )  a d d e d ,  

f o l l o w e d  by small p o r t i o n s  o f  KOH ( 6  9 ) .  The u p p e r  l a y e r  i s  d e c a n t e d  a n d  t h e  

l o w e r  l a y e r  i s  e x t r a c t e d  twice w i t h  d i e t h y l  e t h e r  ( 2 5  ml.) .  The combined  

d i e t h y l  e t h e r  l a y e r s  a re  d r i e d  over  MgS04, f i l t e r e d  a n d  c o n c e n t r a t e d  t o  1 m l . ,  

t h i s  s o l u t i o n  i s  u s e d  f o r  mass a n a l y s i s .  Mass a n a l . ,  m/e 129 (7%, C513CD13NO), 

m/e 1 2 8  (64%, C6D13NO),  m/e 1 2 7  (12%, C6D12HNO) ,  m/e 1 2 6  (17%, C6D11H2NO). 

The r e s u l t s  a r e  a n a l o g o u s  t o  N - e t h y l m o r p h o l i n e .  

2 4  

2 , 2 ' - I m i n o d i e t h a n o l  ( L I V ) ,  f rom NH OH a n d  e t h y l e n e o x i d e :  4 

L I I I  (8  9 ,  1 8 2  mmol.) i n  m e t h a n o l  (100 m l . )  i s  c o o l e d  a t  -30°, ammonia (10 ml., 

25% i n  water, 1 3 4  mmol.) i s  a d d e d .  The s t a i n l e s s  s t e e l  c y l i n d e r  i s  c l o s e d ,  a l -  

l o w e d  t o  come t o  room t e m p e r a t u r e  a n d  t h e n  h e a t e d  a t  150-200° f o r  l h r .  After 

c o o l i n g  

1 3  mm Hg; y i e l d  3.4 9 ;  i r  a n d  N M R  a s  a d i s t i l l e d  c o m m e r c i a l  p r o d u c t  ( F l u k a ) ;  b.p. 

140-150°/13 m m  Hg; y i e l d  2.7 9 ;  i r  a n d  N M R  a s  a b o v e ;  mass a n a l . ,  m/e 118, 100 ,  

7 4  a n d  a small amoun t  m/e 143 .  

t h e  s o l u t i o n  i s  removed  a n d  d i s t i l l e d  i n  two f r a c t i o n s ,  b.p. 120-140°/ 

2 , 2 ' - I m i n o d i e t h a n o l  ( L I V ) ,  f r o m  N H ,  a n d  e t h y l e n e o x i d e :  
J 

LIII  ( 9  9 ,  205 mmol.) i n  m e t h a n o l  (50 m l . )  i s  r e a c t e d  a s  a b o v e  w i t h  N H 3  i n  e t h a -  

n o 1 , a b s .  ( 4 0  m l . ,  2.5 mmol. N H 3 / m l  e t h a n o l ) ,  The s o l u t i o n  i s  d i s t i l l e d  i n  two 

f r a c t i o n s ,  b.p. 120-140°/13 mm Hg; y i e l d  4.8 9 ;  i r  a n d  N M R  a s  a b o v e ;  b.p. 140-  

150°/13 mm Hg; y i e l d  2.2 9 ;  i r  a n d  N M R  as  t h e  4.8 g. Mass a n a l . ,  m/e 1 1 8 ,  1 0 0  

a n d  74,  m/e 1 4 3  i s  f o u n d  i n  a v e r y  small  amoun t .  The r e s u l t s  a r e  a n a l o g o u s  t o  

t h e  l i t e r a t u r e  . 32 
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