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Abstract - Analogs of 3-(3-hydroxypheny1)-N-c-propylpiperidine (3-PPP) and 3-(3- 

hydroxypheny1)-N-(2-phenylethy1)piperidine (phenethyl 3-PP) i n  which carbon 4 

was replaced by s u l f u r  were synthesized and tested f o r  dopamine autoreceptor 

a c t i v i t y .  

Compounds t h a t  have s e l e c t i v e  s p e c i f i c i t y  f o r  dopamine (DA) receptors i n  t h e  b r a i n  have been sought 

a f t e r  as an approach t o  new therapy f o r  schizophrenia and parkinsonism. An autoreceptor f o r  DA has 

been recen t l y  i d e n t i f i e d  and pharmacological ly characterized.' Compounds t h a t  p r e f e r e n t i a l l y  

a c t i v a t e  t h e  DA autoreceptor i n  t h e  b ra in  reduce impulse f low, t r a n s m i t t e r  synthes is  r a t e  and 

4 re lease of DA i n  t h e  cen t ra l  nervous The paradoxical improvement i n  s c h i z o p h r e n i c  and 

i n  choreic5 p a t i e n t s  a f t e r  treatment w i t h  low doses o f  apomorphine i s  thought t o  be mediated by 

p re fe ren t i a l  a c t i v a t i o n  o f  t h e  OA autoreceptor. 6 

A se r i es  of hydroxyphenylpiperidines has been descr ibed and one o f  these, 3-(3-hydroxyphenyl- 

N-n-propylpiper id ine (3-PPP), was demonstrated t o  be a select ive,  c e n t r a l l y - a c t i n g  DA autoreceptor 

agonist." R e c e n t l y  t h e  N-phenethyl analog o f  3-PPP was shown t o  be 10-30 t imes more potent as 

a dopamine agonist .  *,13,14 This paper describes the preparat ion of analogs & and 8 of these two 

compounds i n  which carbon 4 has been replaced w i t h  a su l fu r .  Th is  s t r u c t u r a l  m o d i f i c a t i o n  was made 

as an attempt t o  g i ve  increased potency o r  a longer  dura t ion  of ac t ion .  

CHEMISTRY 

Thioether & was obtained by reac t i ng  benzyl c h l o r i d e  w i th  t h i o l  2. Reduction of t h e  amide 

group fol lowed by reac t i on  of the  r e s u l t i n g  amine 5 wi th  methyl chloroformate gave urethane &. 

The key s tep i n  t h e  sequence, base catalyzed c y c l i z a t i o n  of z, was successful ly effected i n  

te t rahydro furan us ing th ree  equivalents of l i t h i u m  diisopropylamide ( L D A ) . ' ~  Reduction o f  t h e  

r e s u l t i n g  lactam 3 r e a d i l y  gave thiomorphol ine which was demethylated w i t h  t r i m e t h y l s i l y l  

iod ide1 '  i n  modest y i e l d  a f f o r d i n g  t h e  t a r g e t  compound &. The f r e e  pheno l  c o u l d  be more 

convenient ly prepared using an a l l y 1  e the r  p ro tec t i ng  group. We envis ioned removal of t h i s  group 

us ing pal ladium cata lyzed cleavage;18 however, dur ing  t h e  c y c l i z a t i o n  of t o  &, a base induced 



i s m e r i r a t i o n  o f  t he  a l l y l i c  double bond occurred which y ie lded g d i r e c t l y .  Subsequent reduct ion 

and m i l d  acid hydro lys is  gave 2 i n  good y ie ld .  

3 

o R = CH,O 

b R = CHI = CHCH20 - 
c R = CH,CH = CHO - 
d R.H 
e_ R = O H  

R R J3.f) t 
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We reacted benzyl ch lo r ide  w i t h  2-mercaptoethylamine hydrochlor ide according t o  Rydon fi. 19 

t o  g i ve  amine 9. Reaction o f  t he  amine w i t h  phenacetyl ch lo r ide  y ie lded amide 10 which was reduced 

with borane-dimethyl~ulfide~~ t o  amine 11. Amine 11 was then converted t o  urethane 12 by react ion 

with methyl chlorofonnate. Treatment of 12 wi th  3 equivalents o f  LDA as previously described gave 

sane o f  t he  expected product (22%) and an amide (57%) which was shown by spectral  and elemental 

analyses t o  be the  N-dealkylated amide g. The NMR spectrum of t h e  crude product has signals 

corresponding t o  e thy len ic  protons suggesting t h a t  the  phenethyl group has been l o s t  as styrene. 
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At  f i r s t ,  i t  was not c l e a r  whether t h e  d e a l k y l a t i o n  occurred from 12 o r  from 2. When 12 was 

t r e a t e d  w i t h  2 e q u i v a l e n t s  of LDA we were a b l e  t o  i s o l a t e ,  i n  good y i e l d ,  t h e  amide z. 
Furthennore, t reatment of t h e  l a t t e r  w i t h  3 equivalents of LDA gave amide 3 i n  good y i e l d .  It 

seems f a i r l y  c lear ,  therefore,  t h a t  N-dea lky la t ion  occurs from amide 2. The mechanism f o r  t h e  

r e a c t i o n  has y e t  t o  be demonst ra ted,  b u t  we propose t h a t  amide 13 i s  formed w i t h  t h e  f i r s t  

equ iva lent  o f  LOR. The second equ iva lent  then removes the r e l a t i v e l y  a c i d i c  methine pro ton i n  1J 

t o  g i v e  15. The t h i r d  equ iva lent  of LDA removes a second pro ton t o  fonn t h e  d ian ion 16 which 

co l lapses as shown t o  g i ve  t h e  d ian ion  11 and styrene. 

L i t h i um aluminum hydr ide  reduct ion  o f  compound 2 i n  tetrahydrofuran resu l t ed  i n  a 1 : l  mix tu re  o f  

amine 18 and t h e  enamine 19. However, i f  t h e  r e a c t i o n  i s  r u n  i n  d i e t h y l  e t h e r  o n l y  18 i s  

obtained. Presumably, 19 i s  formed by p a r t i a l  reduct ion of t h e  lactam t o  carbinolamine 20 and 

dehydrat ion of 3 dur ing  t h e  workup. 21 

I3 - 18 - 19 20 
The amin@ 18 c o u l d  a l s o  be prepared v i a  a l k y l a t i o n  o f  2. Amide 2, which can b e  r e a d i l y  

ob ta ined ,  22 '23 c o u l d  n o t  be reduced w i t h  l i t h i u m  aluminum h y d r i d e  d e s p i t e  r e p o r t s  t o  t h e  

nor  w i t h  d i b ~ r a n e . ' ~  However, dea l ky la t i on  of 3 w i t h  t r i c h l o r o e t h y l  chlorofonnate 25 

fol lowed by  reduc t i ve  cleavage o f  t h e  r e s u l t i n g  urethane 22 w i t h  z inc  i n  ace t i c  acid25 gave 21. 

This reacted smoothly w i t h  phenethyl bromide t o  g i v e  18. Removal o f  t h e  methyl group w i t h  excess 

t r i m e t h y l s i l y l  i o d i d e  i n  re f l ux ing  chloroform15 y i e l d e d  8 as a c r y s t a l l i n e  s o l i d .  



PHARMACOLOGY 

The t a r g e t  compounds were tes ted  i n  mice i n  a spontaneous motor a c t i v i t y  model s i m i l a r  i n  p r i n c i p l e  

t o  t h a t  p rev ious ly  used t o  examine dopamine autoreceptor a g ~ n i s t s . ~  Since dopamine autoreceptor 

agonists are known t o  i n h i b i t  t h e  accumulation of DOPA i n  r a t s  t r ea ted  w i t h  v -butyro lac tone 

( G B L ) , ~ ~  the t a r g e t  compounds were tes ted  i n  t h i s  model as we l l .  None of t h e  compounds were a c t i v e  

i n  e i t h e r  tes t .  Thus, s u b s t i t u t i o n  o f  s u l f u r  f o r  carbon 4 o f  t h e  p i p e r i d i n e  r i n g  resu l t ed  i n  

compounds which n e i t h e r  ef fected mouse spontaneous motor a c t i v i t y  no r  a l t e r e d  DOPA synthes is  i n  

GEL-treated rats.  

EXPERIMENTAL 

A l l  me l t i ng  po in t s  were determined i n  open c a p i l l a r y  tubes on a Thomas-Hoover c a p i l l a r y  me l t i ng  

point  apparatus and are uncorrected. I n f r a r e d  spectra were recorded on a Perkin-Elmer 521 g r a t i n g  

spectrophotometer as a neat f i l m  unless otherwise noted. Nuclear magnetic resonance spect ra  (CDC13 

with t e t rame thy l s i l ane  as i n t e r n a l  standard) were run on a Var ian FTBOA spectrometer. The standard 

drying agent was magnesium s u l f a t e  and so lvents  were removed i n  vacuo on a r o t a r y  evaporator. A11 

d i s t i l l a t i o n s  were performed on a Kugelrohr apparatus purchased from A l d r i c h  Chemical Company. 

Flash chromatography was e f f ec ted  as descr ibed i n  t h e  l i t e r a t u r e z 7  us ing 230-400 mesh, E. Merck 

s i l i c a  gel. 

N-[2-[[(3-Methoxyphenyl)methyl]thio]ethyllpropanamide m. A s o l u t i o n  of 3-methoxyphenylmethyl 

ch lo r i de  (3, 25.0 g, 0.16 M) and t h i o l  2 (21.3 g. 0.16 N) i n  ethanol (150 ml )  was t rea ted  w i t h  

t r i e thy lam ine  (32.2 g, 0.32 M) and s t i r r e d  a t  room temperature f o r  24 h. The solvent was removed 

and t h e  residue d i l u t e d  w i t h  water (400 ml )  and ex t rac ted  w i t h  d i e t h y l  e ther  (3  X 250 ml). The 

combined organic layers  were backwashed w i t h  10% aq hydroch lor ic  ac id  (2  X 150 ml), w i t h  Sat sodium 
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bicarbonate (2  X 100 ml) ,  d r i e d  and concentrated t o  a yellow l i q u i d  which was d i s t i l l e d  t o  g i ve  

(30.4 g, 75.2%), bp 210-215'C/0.3 T. I R  V: 3300, 1645. 1260 cmml. 'H-NMR 6: 1.12 (3H. t ) ,  2.11 

(2H, qu in te t ) ,  2.56 (2H, t ) ,  3.34 (2H, q), 3.66 (ZH, a), 3.75 (3H, s ) ,  5.80 (lH, b r  s), 6.62-6.94 

(3H. m), 7.17 (lH, t ) .  Calcd f o r  C13H19N02S: C, 61.63; H, 7.56; N, 5.53; S, 12.66. Found: C, 

61.56; H, 7.79; N, 5.31; S, 12.55. 

N-[Z-C~(2-Propenylox~)~hen~llmeth~llthioleth~llpropanamide (3b) was prepared as above and p u r i f i e d  

by f l a s h  chromatography. IR u: 3300, 1650, 1600, 1580, 1545 cm-'. 'H-NMR 6 : 1.10 (3H, t ) ,  1.72 

(IH, s ) ,  2.16 (ZH, q), 2.53 (2H, t ) ,  3.34 (ZH, q), 3.62 (2H, s ) ,  4.41-4.59 (2H, m) 5.09-5.50 (PH, 

m), 5.69 t 5.75-6.28 (2H, b r  s + rn), 6.62-6.94 (3H, m), 7.19 ( lH,  t ) .  Calcd f o r  C15H21N02S: C, 

64.45;.H, 7.58; N, 5.01; S, 11-45. Found: C, 63.80; H, 7.55; N, 4.84; S, 11.99. 

N-[Z-[(Phenylmethyl)thio]eth~llpro~anamide (3dL was prepared as above i n  72.2%, mp 50-5l0C 

(ether-hexanel. IR "(Karl: 3300, 1645, 1545 cm-'. IH-NMR a :  1.12 (3H, t ) ,  2.14 (ZH, q), 2.55 

(2H, t ) ,  3.35 (2H, q), 3.66 (2H, 5). 8.88 (IH, b r  s ) ,  7.23 (5H, s). Calcd f o r  C12H17NOS: C, 

64.54; H, 7.67; N, 6.27; S, 14.36. Found: C, 64.69; H, 7.65; N, 6.05; S, 14.36. 

N-~2-~~(3-Methoxy~hen~l)meth~llthioleth~ll-l-propanamine (4al. A s t i r r e d  suspension o f  l i t h i u m  

aluminum hydr ide  (4.0 g; 0.14 M) i n  d ry  e the r  (500 ml)  was t r e a t e d  dropwise w i t h  a s o l u t i o n  o f  

amide 2 (29.3 9, 0.12 M) i n  dry  e ther  (150 ml). A f t e r  24 h t h e  excess reagent was decomposed by 

caut ious a d d i t i o n  of water then d i l u t e  aq sodium hydroxide. Magnesium su l f a te  was added. The 

s o l i d s  were removed by f i l t r a t i o n  and washed w i t h  ether. The combined f i l t r a t e  and wash was 

concentrated t o  a ye l l ow  l i q u i d  which was d i s t i l l e d  t o  give 5 (23.7 g, 85.6%). bp 160-167°C/0.3 1. 

IR v: 3300, 1670, 1600, 1260 cm-l. 'H-NMR 6 :  0.90 (3H, t) ,  1.31-1.66 (4H, m, has an exchangeable 

proton),  2.34-2.81 (6H, m), 3.66 (ZH, s), 3.77 (3H, s), 6.63-6.94 (3H, m), 7.16 (IH, t ) .  Calcd f o r  

CI3HZ1NOS: C, 65.23; H, 8.84; N, 5.85; S, 13.39. Found: C, 64.53; H, 8.87; N, 5.57; S, 13.31. 

N-~2-~~~3-(2-Propenyloxy)phenyllmethyllthiolethyl]-l-propanamine (4bl. This was prepared as above, 

p u r i f i e d  by f l ash  chromatography and i s o l a t e d  as a l i q u i d  i n  81.7%. I R  v: 1600, 1580 cm-l. 

'H-NMR 6: 0.91 (3H, t ) ,  1.22-1.75 (3H, m), 2.34-2.84 (6H, m), 3.62 (ZH, s), 4.34-4.56 (2H, rn), 

5.09-5.50 (2H, m), 5.75-6.28 (IH, rn), 6.62-6.94 (3H, m), 7.17 (IH, t ) .  Calcd f o r  C15H23NOS: C, 

67.88; H, 8.73; N, 5.28; 5, 12.08. Found: C, 67.51; H, 8.82; N, 5.14; S, 12.09. 

N-C2-~(Phen~lmethyl)thiolethyll-I-propanarnine (4d). This was prepared as above i n  95.1%. bp 

120°C/0.3 T. IR u: 1605, 1455 cm-l. 'H-NMR 6: 0.90 (3H, t ) ,  1.42 + 1.45 (3H, s + hexte t ,  has 1 

exchangeable pro ton)  2.38-2.81 (6H, m), 3.66 (2H, s), 7.55 (5H, s ) .  Calcd f o r  C12H19NS: C, 68.85; 

H, 9.15; N, 6.99; S, 15.32. Found: C, 68.86; N, 9.35; N, 6.41; S, 15.00. 

Methyl [2-[[[(3-Methylphenyl)methyllthio]ethyl]propyl] carbarnate (5a). A s o l u t i o n  of 5 (22.8 g, 

95.2 mM) and t r i e thy lam ine  (19.2 g, 0.19 M) i n  d r y  ether (750 m l )  was t rea ted  s lowly  w i t h  a 

s o l u t i o n  of methyl chlorofotmate (9.0 g, 95.2 nt4) i n  d ry  ether (50 ml). (Exothermic!) A f t e r  90 min  



the mix ture  was ex t rac ted w i t h  water (2  X 500 m l ) ,  w i t h  5% aq hydroch lor ic  ac id  ( 1  X 500 ml) ,  d r i e d  

and concentrated t o  a l i q u i d  which was d i s t i l l e d  t o  g i ve  5 (26.5 g, 93.6%), bp 180-186°C/0.25 T. 

I R  V: 1700 cm-l. 'H-NMR 6: 1.18 (3H, t ) ,  1.74 (2H, hexte t ) ,  3.01 (ZH, t ) ,  2.97-3.44 (4H, m), 

4.30-4.34 (SH, p r  s), 4.47 (3H, s) ,  7.79-8.18 (3H, m), 8.66 (IH, t ) .  Calcd f o r  C15H23N03S: C, 

60.58; H, 7.79; N, 4.71; 5, 10.78. Found: C, 60.34; H, 7.47; N, 4.52; S, 10.58. 

5. This was prepared as 

above and p u r i f i e d  by  f l ash  chromatography t o  g i v e  (79.6%) as a pa le  y e l l o w  l i q u i d .  IR v :  

1700, 1600, 1580 cm-l. 'H-NMR 6 :  0.84 (3H, t ) ,  1.47 (2H, hexte t ) ,  2.53 (2H, q ) ,  2.66-3.44 (4H, 

m), 3.63 + 3.66 (5H, p r  s)  , 4.41-4.56 (2H, m), 5.12-5.52 (2H, m) , 5.75-6.28 (IH, m) , 6.66-6.97 (3H, 

m), 7.19 (IH, t ) .  Calcd f o r  CI7Hz5NO3S: C. 63.13; H, 7.79; N, 4.33; S, 9.91. Found: C,  63.19; 

H.8.03; N,4.12; S, 9.84. 

Methyl [2-~(Phen~lmethyl)thiolethyllpro~~lcarbamate (5dl. This was prepared as above t o  g i ve  

(92.4%). bp 180-185W0.5 T. I R  u: 1700 cm-l. 'H-NMR 6 :  0.84 (2H, t ) ,  1.41 (2H, d o f  hextets) ,  

2.52 (2H, d o f  d ) ,  2.94-3.41 (4H, m), 3.63 t 3.69 (5H, p r  s ) ,  7.30 (5H, s). Calcd f o r  C14H21N02S: 

C, 62.89; H, 7.92; N ,  5.24; S,.11.99. Found: C, 62.95; H, 7.89;N, 5.03; S, 12.19. ~. 

2-(3-Methoxyphenyl)-4-prop~l-3-thiomorphol inone (6a). A s t i r r e d  s o l u t i o n  o f  d i isopropylamine (28.2 

g. 0.28 M) i n  d ry  te t rahydro furan (500 ml )  cooled t o  - 7 8 Y  under an argon atmosphere. was t r e a t e d  

slowly w i t h  2.1 M bu ty l  l i t h i u m  (133 ml, 0.28 M). A f te r  15 min a s o l u t i o n  of 2 (27.7 g, 93.1 mM) 

i n  dry tetrahydrofuran (100 ml )  was added. The reac t i on  was al lowed t o  warm s lowly  t o  room 

temperature. A f te r  3 h t h e  reac t i on  m ix tu re  was poured i n t o  sa t  amnonium c h l o r i d e  (300 ml). The 

organic l aye r  was separated, d r i e d  and concentrated t o  a l i q u i d  which was d i s t i l l e d  t o  g i ve  & 

(21.8 g, 88.2%). bp 195-202°C/0.25 T as a greenish-yel low l i q u i d .  The c o l o r  was removed by a f lash 

chromatography g i v i n g  & (21.5 g, 87.0%). I R  v :  1655, 1640, 1595, 1260 cm-l. 'H-NMR 6: 0.99 

(3H, t ) ,  1.67 (2H, hex te t ) ,  2.89 (2H, t ) ,  3.12-3.69 (4H, m), 3.81 (3H, s ) ,  4.62 (IH, s), 6.67-7.06 

(3H, m), 7.22 (IH, t ) .  Calcd f o r  C14H19N02S: C, 63.36; H, 7.22; N, 5.28; 5, 12.08. Found: C, 

63.28; H, 7.28; N, 5.23; S, 11.88. 

2-[3-(l-Propenloxy)phenyl]-4-propyl-3-thiomorpholinone (6c). This was prepared as above and 

p u r i f i e d  by f l a s h  chromatography t o  g i v e  & (79.4%). IR v :  1655. 1635, 1600, 1565 cm-I. 

'H-NMR 6: 0.96 (3H, t ) ,  1.36-1.80 (SH, m), 2.84 (2H, t ) ,  3.06-4.03 (4H, m), 4.59 (IH, s ) ,  4.83 

(IH, q u i n t e t ) ,  6.22-6.47 (ZH, m), 6.75-7.38 (4H, m). Calcd. f o r  C16HZ1N02S: C, 65.95; H, 7.26; N, 

4.81; S, 11.00. Found: C, 65.96; H, 7.29; N, 4.80; S, 10.77. 

2-Phenyl-4-propyl-3-thiomorpholinone (6dL. This was prepared as above t o  g i ve  66 (80.8%) bp 

170-180°C/0.05 T. IR v : 1655, 1635 cm-l. 'H-NMR 6: 0.94 (3H, t ) ,  1.62 (2H, hexte t ) ,  2.84 (2H, 

t ) ,  3.12-3.75 (4H, m), 4.65 (IH, s), 7.00-7.50 (SH, m). Calcd f o r  C13H17NOS: C, 66.34; H, 7.28; 

N, 5.95; S, 13.62. Found: C, 66.29; H, 7.47; N, 5.89; S,  13.29. 
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2-(3-Methoxy~heny1)-4-~ro~~lthiomorpholine (7aL. A s t i r r e d  suspension of l i t h i u m  aluminum hydr ide  

(0.9 g) i n  d ry  e the r  (100 ml )  was t rea ted  dropwise w i t h  a s o l u t i o n  of 5 (5.1 g. 19.2 m) i n  d ry  

e the r  (50 ml )  and s t i r r e d  overnight.  The excess reagent was decomposed by caut ious  a d d i t i o n  of 

water and d i l u t e  aq sodium hydroxide. Magnesium s u l f a t e  was added. The s o l i d s  were f i l t e r e d  o f f  

and washed w i t h  ether. The combined f i l t r a t e  and wash was concentrated t o  a l i q u i d  which was 

d i s t i l l e d  t o  g i ve  (4.4 g. 91.1%). bp 160-162°C/0.05 T. IR v: 1600, 1580 cm-l. IH-NMR~ : 

0.88 (3H, t ) ,  1.50 (2H, sex te t ) ,  2.19-2.72 (5H, m), 2.83-3.28 (3H. m), 3.78 (3H, s), 4.00 (IH, d o f  

d l ,  6.62-6.97 (3H, m), 7.19 (lH, t ) .  Calcd f o r  C14H21NOS: C, 66.89; H, 8.42; N, 5.57; 5, 12.75. 

Found: C, 67.06; H, 8.48; N, 5.72; S, 12.83. 

2-C3-(l-Pro~enloxy~phen~ll-4-~ro~~lthi~nr~holine ( 7 ~ ) .  This was prepared as above and p u r i f i e d  by  

f lash chromatography t o  g i v e  2 (95.1%) as a l i q u i d .  I R  v :  1665, 1660, 1585 cm-l. ' H - N M R ~  : 

0.88 (3H, t ) ,  1.19-1.81 (5H, m), 2.16-2.73 (5H, m), 2.84-3.28 (3H, m), 4.00 (IH, d o f  d), 4.85 (IH, 

d of q ) ,  6.25-6.53 (2H, m), 6.78-7.38 (4H, m). Calcd fo r  Cl6HZ3NOS: C, 69.27; H, 8.36; N, 5.05; 

S, 11.56. Found: C, 69.41; H, 8.29; N, 4.87; S, 11.43. 

2 -Pheny l -4 -p ropy l th iomorpho l i ne  ( 7 d l .  T h i s  was prepared as above t o  g i v e  76 (72.1%). bp 

120-125°C/0.1 T. I R  v :  1600 'H-NMR 6: 0.89 (3H, t ) ,  1.31 (2H, hexte t ) ,  2.11-2.73 (5H, m), 

2.81-3.28 (3H, m), 3.95 + 4.08 (IH, p r  d), 7.12-7.44 (5H, m). Calcd f o r  C13H19NS: C, 70.54; H, 

8.65; N, 6.33; 5, 14.48. Found: C, 70.84; H, 8.89; N, 6.59; S, 14.09. 

2-(3-Hydrox~phenyl)-4-prop~lthiomorpho1ine (7e). From. A s o l u t i o n  o f  3 (3.1 g, 12.3 rrM) i n  

chloroform (100 ml )  was t rea ted  w i t h  t r i m e t h y l s i l y l  iod ide (9.0 ml. 63.1 RFI) and kep t  under argon. 

A f te r  15 days more t r i m e t h y l s i l y l  i od ide  (4.0 ml)  was added. A f t e r  9 days t h e  v o l a t i l e s  were 

removed. The res idue was p a r t i t i o n e d  between 5% aq hydrochlor ic ac id  and ether. The aqueous l a y e r  

was separated and made basic w i t h  sa t  sodium bicarbonate. This m i l k y  mix ture  was ex t rac ted  w i t h  

e t h e r  (300 m l )  wh i ch  was d r i e d  and c o n c e n t r a t e d  t o  a l i q u i d  wh ich  was p u r i f i e d  by  f l a s h  

chromatography t o  an o i l  7e (0.91 g, 31.4%) which c r y s t a l l i z e d  on standing. IR v :  3100-2500. 

1595, 1450 cm-l. 'H-NMR 6: 0.84 (3H, t ) ,  1.53 (2H, hextet), 2.15-2.75 (5H, m), 2.84-3.41 (3H, m), 

4.00 (lH, d of d), 6.59-6.97 (3H, m), 7.19 (IH, t ) .  Calcd f o r  C13H19NOS: C, 65.78; H, 8.07; N, 

5.90; S, 13.51. Found: C, 65.78; H, 8.06; N, 5.96; S, 13.42. 

From 7c. A s o l u t i o n  o f  & (15.5 g, 55.9 mM), acetone (100 ml), 10% aq hydroch lor ic  ac id  (75 ml )  -- 
and water (300 ml )  was heated on a steam bath  u n t i l  t h e  s ta r t i ng  mater ia l  was gone (by TLC, ca. 1 

h). The s o l u t i o n  was cooled, made basic w i t h  sa t  sodium bicarbonate and ex t rac ted  w i t h  e the r  (1  X 

750 ml then 2 X 250 ml). The combined e the r  e x t r a c t  was washed w i t h  br ine ,  d r i e d  and concentrated 

t o  a l i q u i d  which was p u r i f i e d  as above and c r y s t a l l i z e d  from ether  t o  g i ve  7e (10.8 g, 81.4%), mp 

115-116°C i n  two croos. 



Sodium (12.0 g) was added i n  small po r t i ons  t o  

a so lu t i on  o f  2-mercaptoethylamine hydroch lor ide  (24.8 9, 0.218 M) i n  l i q u i d  amnonia (700 ml) u n t i l  

the b lue c o l o r  pers is ted.  A small quan t i t y  of amnonium ch lo r i de  was added t o  discharge t h e  c o l o r  

and 3-methoxyphenylmethyl c h l o r i d e  (34.1 g, 0.218 M) was added dropwise. A f t e r  1 h t h e  ammonia was 

allowed t o  evaporate. The residue was t r e a t e d  w i t h  e the r  (250 ml) and water (350 ml ) .  The organic 

layer  was dr ied,  t r ea ted  w i t h  charcoal, f i l t e r e d  and concentrated t o  a l i q u i d  which was d i s t i l l e d  

t o  g i ve  amine 9 (34.1 9, 79.1%), bp 120-125W0.1 T, as a co lo r l ess  l i q u i d .  IR v :  3360, 3290, 

1600, 1585 cm-'. 'H-NR 6: 1.33 (ZH, s), 2.52 (2H,t), 2.81 (2H,t), 3.67 (ZH, s), 3.79 (3H, s), 

6.76-6.81 (IH, m) , 6.86-6.9? (2H, m) , 7.22 (IH, t )  . Calcd f o r  C10H15NOS: C, 60.88; H, 7.66; N, 

7.10; S, 16.25. Found: C, 61.22; H, 7.56; N, 6.87; S, 15.81. 

~-[2-~~(3-~ethoxyphenvl)methyllthiolethyllbenzeneacetamide'(10~. A s t i r r e d  s o l u t i o n  of 9 (34.0 g, 

0.17 M) and t r i e thy lam ine  (26.1 g, 0.26 M) i n  d ry  e the r  was t rea ted  dropwise w i t h  a s o l u t i o n  of 

phenacetyl c h l o r i d e  (26.6 9, 0.17 Y) i n  d ry  e the r  (75 ml) .  A f te r  2 h t h e  mix ture  was ex t rac ted  

wi th  water ( 1  x 500 ml), w i t h  10% aq hydroch lor ic  ac id  ( 1  x 250 ml), d r i e d  and concentrated t o  a 

l i q u i d  which was d i s t i l l e d  t o  g i v e  10 (41.9 g, 77.0%). bp 215-220'~/0.15 T. IR v: 3300, 1650, 

1265 cm-'. 'H-NMR 6: 2.52 (ZH, T), 3.33 (2H, q), 3.56 (2H. s), 3.36 (ZH, s), 3.78 (3H, s), 5.75 

(IH, b r  s ) ,  6.66-6.97 (3H, m), 7.08-7.41 (6H, m). . Calcd f o r  C18H21N02S: C, 68.54; H, 6.71; N, 

4.44; 5 ,  10.16. Found: C, 68.82; H, 6.57; N, 4.36; S, 10.00. 

N-[2-C[(3-Methoxyphenyl)methyl3thioleth.vl]benzeneethanamine (11). A s t i r r e d  s o l u t i o n  of 10 (40.2 

g, 127 mM) i n  d ry  te t rahydro furan (370 ml) was t rea ted  dropwise w i t h  borane-dimethylsul f ide 

(32 ml. 0.32 M). A f t e r  24 h, methanol (65 ml)  was added dropwise. A f t e r  24 h t h e  so lvent  was 

removed b y  r o t a r y  evaporat ion and the residue was d isso lved i n  methanol (400 ml) and concentrated. 

The residue was d isso lved again i nme thano l  (100 ml) ,  t r ea ted  w i t h  20% aq hydroch lor ic  ac id  (300 

ml) and s t i r r e d  1 h a t  room temperature and 30 min on t h e  steam bath. The cooled m ix tu re  was made 

basic w i t h  concentrated amnonium hydroxide (200 ml) and heated b r i e f l y  on t h e  steam bath. The 

mixture was ex t rac ted w i t h  dichloromethane (3  x 250 ml) .  The e x t r a c t  was d r i e d  and concentrated t o  

a l i q u i d  which was d i s t i l l e d  t o  g i v e  2 (32.2 g. 83.8%). IR v: 1600, 1580, 1260 cm-l. 'H-NMR 6: 

1.53 (IH, b r  s, exchangeable), 2.41-2.84 (8H. m), 3.58 (2H, s), 3.72 (3H, s), 6.63-6.91 (3H, m), 

7.03-7.31 (6H, m). Calcd f o r  C18H23NOS: C, 71.72; H, 7.69; N, 4.65; 5, 10.64. Found: C, 71.25; 

H, 7.67; N, 4.51; S, 10.57. 

~2-[~(3-Methoxyphenyl)methyllthiolethyl][2-phenylethyllcarbamic Acid (122. A s t i r r e d  s o l u t i o n  of 

11 (16.5 g. 54.7 m), t r i e thy lam ine  (11.1 g, 0.11 M) and e the r  (500 ml) was cooled i n  an i c e  bath  - 
and t r e a t e d  dropwise w i t h  a s o l u t i o n  of methyl chloroformate (5.17 g, 54.7 nU) i n  e the r  (100 ml). 

Af ter  1 h the m ix tu re  was ex t rac ted w i t h  water (2 X 500 ml), w i t h  5% aq hydroch lor ic  ac id  ( 1  X 500 

01). d r i e d  and Concentrated t o  a l i q u i d  which was p u r i f i e d  by f l a s h  chromatography t o  g i ve  a ye l l ow  
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l i q u i d  L? (17.9 g, 90.9%). I R  v :  1700, 1600, 1580 cm'l. 'H-NMR 6: 2.31-2.91 (4H, m), 3.09-3.53 

(4H, m). 3.66 (5H, s). 3.78 (3H. s ) ,  6.66-6.94 (3H. m), 7.03-7.34 (6H, m). Calcd f o r  CZ0Hz5NO3S: 

C, 66.82; H, 7.01; N, 3.90; S, 8.92. Found: C, 67.04; H.7.13; N, 3.94; S, 8.84. 

2-(3-Methoxyphen~l)-4-(2-phen~leth~l)-3-thiomorpholinone (13). A s o l u t i o n  of urethane 12 (17.9 g, 

49.8 mM) i n  te t rahydro furan ( 1  L )  under an argon atmosphere was cooled t o  - 7 8 T  and t rea ted  w i t h  a 

s o l u t i o n  of 1.87 M l i t h i u m  di isopropylamide i n  cyclohexane ( f rom L i t h c o  Corp., 53.3 ml, 99.6 mM) 

The coo l i ng  bath  was removed and t h e  s o l u t i o n  s t i r r e d  2.5 h longer. Sat amnonium c h l o r i d e  (400 ml )  

was added. The organ ic  l a y e r  was separated, d r i ed  and concentrated t o  a ye l l ow  l i q u i d  which was 

p u r i f i e d  by f lash chromatography t o  g i ve  12 (2.6 g, 14.5%) and 12 (12.3 g, 75.5%). I R v  : 1700 

(w), 1660, 1630, 1580, 1480 cm-'. 'H-NMR 6: 2.70-2.84 (4H, d o f  t + p r  d ) .  3.40 (ZH, d of q ) ,  

3.64 (2H, d of t ) ,  3.83 (3H. s), 4.59 (IH, s), 6.69-7.38 (9H, m). Calcd f o r  C19H21N02S: C, 69.69; 

H, 6.46; N, 4.28; S, 9.79. Found: C, 69.46; H, 6.49; N, 4.06; 5 ,  9.54. 

2-(3-Methoxyphenyl)-3-thiomorphol inone (14). From a-Chloro-3-methoxybenzeneacetyl Chloride. A 

magnet ica l ly  s t i r r e d  mix ture  of a-chloro-3-methoxyphenacetyl c h l o r i d e  (35.6 g, 0.163 M) and 

2-mercaptoethylamine S-acetate hydroch lor ide  (25.3 g, 0.163 M) and ch loro form (400 ml )  was t rea ted  

s lowly  w i t h  a s o l u t i o n  of t r i e thy lam ine  (32.8 g, 0.326 M) i n  c h l o r o f o n  (500 ml). A f t e r  6 h t h e  

mix ture  was ex t rac ted  w i t h  water (2 X 200 ml), w i t h  10% aq hydroch lor ic  ac id  (2  X 200 ml) ,  w i t h  sa t  

b icarbonate ( 1  X 250 m l ) ,  d r i e d  and concentrated t o  a red-brown l i q u i d  (ca. 48 g) which was used 

wi thout  p u r i f i c a t i o n .  

The above product (ca. 0.159 M) i n  te t rahydro furan (100 ml)  was d i l u t e d  w i t h  methanol (200 ml)  then 

t rea ted  w i t h  sodium methoxide (8.59 g, 0.159 M). A f te r  18 h t h e  s o l i d  was f i l t e r e d  o f f  and washed 

w i t h  methanol. The combined f i l t r a t e  and wash was concentrated. The residue was d isso lved i n  

dichloromethane (250 ml ) ,  washed w i t h  water (2  X 100 ml) ,  d r ied ,  t r ea ted  w i t h  charcoal, f i l t e r e d  

and concentrated t o  a l i q u i d  which was p u r i f i e d  by f l a s h  chromatography t o  g i ve  amide 1Q (5.79 g, 

16.3%). mp 116-117°C. IR v: 3200, 1650, 1610, 1585 cm-l. 'H-NMR 6: 2.80 (2H, d o f  d ) ,  3.44-3.69 

(2H, m, co l lapses t o  d o f  d w i t h  D20), 3.75 (3H, s), 4.56 (IH, s ) ,  6.66-7.00 (3H, m), 7.11 + 7.19 

(2H, b r  s + d of d, has 1 exchangeable p r o t o n ' a t  7.11). Anal. Calcd f o r  C11H13N02S: C, 59.17; H, 

5.87; N, 6.27; S, 14.36. Found: C, 59.06; H, 5.90; N, 6.17; S, 14.40. 

From. A s o l u t i o n  o f  urethane 12 (4.269, 11.8 mM) i n  tetrahydrofuran (15 m1) was added t o  a 

s o l u t i o n  of l i t h i u m  di isopropylamide (35.4 mM, from 3.59 g of d i iospropylamine and 15.5 ml of 2.3 M 

b u t y l  l i t h i u m )  i n  te t rahydro furan (150 m l )  cooled t o  -78'C. A f t e r  0.5 h, t h e  c o l d  bath  was removed 

and t h e  reac t i on  s t i r r e d  2.5 h more. Sat amnonium ch lo r i de  (60 ml )  was added. The organic l a y e r  

was separated, d r i e d  and concentrated t o  a y e l l o w  l i q u i d  which was p u r i f i e d  by f l a s h  chrmatography 

t o  g i ve  13 (0.9 g, 22.5%) and 1Q (1.5 g, 56.6%). 



When the react ion was repeated using 4.1 g (11.4 RN) Of 12 i n  150 ml o f  te t rahydrofuran and 3.5 

equivalents o f  l i t h i u m  diisopropylamide s o l u t i o n  (from L i thco  Corp), amide 14 (1.3 g, 51%) was 

obtained as the  so le  product. 

Frrm 13. A so lu t i on  of amide 13 (3.25 g, 9.92 RN) i n  te t rahydrofuran (50 ml) under an argon 

atmosphere was cooled t o  O°C and t reated w i t h  1.87 M l i t h i u m  diisopropylamide (15.9 ml. 29.8 mu). 

the coo l ing bath was removed and t h e  so lu t i on  s t i r r e d  fo r  2.5 h and the  react ion worked up as above 

t o  give a ye l low l i q u i d  which on f l a s h  chromatography gave recovered amide 3 (0.5 g, 15.4%) and 

dealkylated amide 14 (1.6 g, 72.2%) iden t i ca l  w i t h  authent ic 14 (see below). 

6-(3-Metho&vphen~l)-4-(2-phen~lethvl-3.4-dihydro-2H-1,4-thiazine (191. A s t i r r e d  suspension o f  

l i t h ium aluminum hydride (2.0 g, 52.6 RN) i n  tetrahydrofuran (100 ml) was t rea ted  w i t h  a so lu t i on  

of amide 13 (3.05 g, 9.34 RN) i n  te t rahydrofuran (25 ml) and s t i r r e d  overnight a t  room temperature. 

Usual work up afforded a mixture o f  products which was separated by f lash chrmatography t o  g ive i n  

order of e lu t i on :  enamine 19 (0.8 g, 27.6%). I R  v :  1615, 1590 cm-l. 'H-NMR 6 :  1.42 (IH, s). 

2.66-3.03 (4H, m), 3.13-3.58 (4H, m), 3.75 (3H, s), 6.50 (IH, s ) ,  6.58-7.35 (9H, m). Calcd fo r  

C,9H21NOS: C, 73.27; H, 6.80; N, 4.50; 5, 10.30. Found: C.73.38; H, 7.02; N, 4.29; S, 9.76. 

Amine 8 (1.0 g, 34.5%) i d e n t i c a l  w i t h  authent ic  sample (see below). 

2-(3-Methoxyphenyl~-4-(2-phenylethyl)thiomorpholine (18). When the  reduct ion was run as above 

usfng t h e  same quan t i t i es  of reagents but  s u b s t i t u t i n g  ether as the  solvent t h e  react ion gave amine 

18 (2.4 g, 81.6%) iden t i ca l  w i t h  authent ic sample (see below). - 
2,2,2-Trichloroethvl 2-(3-methoxypheny1)-4-thimorpholinecarbo~late (22). A s t i r r e d  so lu t i on  o f  

7a (25.1 g, 0.10 M) and t r i c h l o r o e t h y l  chloroformate (26.3 g, 0.12 M) i n  toluene (950 ml) was - 
heated a t  r e f l u x  temperature under an argon atmosphere. Af ter  08 h the  cooled react ion mixture was 

extracted w i th  10% aq hydroch lor ic  acid, (2  X 125 ml), w i th  water ( 1  X 150 ml), dried, t reated w i th  

charcoal and concentrated t o  a yellow-brown l i q u i d  &' which could be used d i r e c t l y  i n  the  next 

step. An a n a l y t i c a l  sample o f  22 was prepared by f l a s h  chromatography. I R  v :  1720 cm-l. 

'H-NNR 6: 2.41-3.22 (4H, m), 3.42 (3H, s),  3.92 (IH, d of d), 4.34-4.88 (4H. m), 6.66-7.00 (3H, 

m), 7.22 (lH, t ) .  MS m/z (E I ) :  383 c l u s t e r  (parent, appropriate c l u s t e r  f o r  3 chlor ines).  Calcd 

fo r  CI4Hl6Cl3NO3S: C, 43.71; H, 4.19; N, 3.64; S, 8.33. Found: C, 43.64; H, 4.34; N ,  3.43; 5 ,  

8.02. 

2-(3-Methoxyphenyl)thiomorpholine (21). A so lu t i on  of crude urethane 22 (38.3 g)  i n  ace t i c  ac id  

(200 m l )  was t reated i n  por t ions w i t h  z inc  dust (55.8 g). The react ion i s  exothermic. Af ter  3.5 h 

the react ion was d i l u t e d  w i th  water ( 1  L) and f i l t e r e d .  The f i l t r a t e  was made basic w i t h  amnonium 

hydroxide and then ext racted w i th  dichloromethane (4 X 250 ml). The cmbined organic ex t rac t  was 

washed w i t h  d i l u t e  amnonium hydroxide, dried, t rea ted  w i t h  charcoal and concentrated t o  a l i q u i d  

which was d i s t i l l e d  t o  g i ve  21 (12.8 g, 61.2% from 7a, bp 135-138'C/0.025 T. IR v : 3310, 1600, 

1 5 1 2 -  
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1580 cm-l. 'H-NMR v :  1.73 (IH, s, exchangeable), 2.59 (IH, d o f  t ) ,  2.84-3.50 (5H, m), 3.81-3.91 

(4H, s t d o f  d), 6.66-6.98 (3H, m), 7.22 (IH, q). Calcd f o r  ClIHl5NOS: C, 63.12; H, 7.22; N, 

6.69; S, 15.32. Found: C,' 62.80; H, 7.30; N, 6.32; S,  14.50. 

2-l3-Methoxyphenyl)-4-(2-phenylethyl)thiomorpholine (18). A s t i r r e d  m ix tu re  o f  3 (12.8 g, 61.1 

mM), 2-bromoethylbenzene (11.9 g, 64.3 mM) and potassium ca rbona te  (8.88 g, 64.3 mM) i n  

dimethylformamide (100 ml )  was heated a t  80 t 1°C. After 18 h t h e  solvent was d i s t i l l e d  o f f  under 

h igh  vacuum. The residue was p a r t i t i o n e d  between water (100 m l )  and dichloromethane (250 ml). The 

organic l a y e r  was washed w i t h  water (100 ml)  and extracted wih 10% aq hyd roch lo r i c  ac id  (2  X 

100 ml). The combined a c i d i c  e x t r a c t  was made bas i c  wi th amnonium hydroxide and ex t rac ted  w i t h  

dlchloromethane. The organic l a y e r  was d r i e d  and concentrated t o  a l i q u i d  which was p u r i f i e d  by 

f l a s h  chromatography t o  g i ve  18 (13.8 g, 85.2%) as a l i q u i d .  I R v :  1600. 1580, 1270 cm-l. 

'H-NMR 6 : 2.25-2.94 (8H, m), 3.00-3.34 (2H, m), 3.75 (3H, s ) ,  3.98 (IH, d o f  d), 6.62-7.34 (9H, 

m). Anal. Calcd fo r  ClgHZ3NOS: C, 72.80; H, 7.40; N, 4.47; S,  10.23. Found: C, 72.87; H, 7.42; 

N, 4.38; S, 9.94. 

2-(3-Hydroxyphenyl)-4-(2-phenylethyl)thiomorpholine (8). A s t i r r e d  s o l u t i o n  o f  18 (12.4 g, 39.6 

M) i n  ch loro form (300 ml)  under argon was t rea ted  w i t h  t r i m e t h y l s i l y l  i od ide  (28.9 ml )  and heated 

under r e f l u x  f o r  72 h. More t r i m e t h y l s i l y l  i od ide  (14 m1) was added and r e f l u x i n g  cont inued 72 h 

more. The v o l a t i l e s  were removed and t h e  res idue dissolved i n  dichloromethane (300 ml)  and 

ex t rac ted  w i t h  sa t  sodium bicarbonate (500 ml). The aqueous l a y e r  was backwashed w i t h  

dichloromethane (2  X 250 ml). The combined organic l a y e r  and wash was dr ied ,  t r e a t e d  w i t h  charcoal 

and concentrated t o  a l i q u i d  which was p u r i f i e d  by f lash chromatography and c r y s t a l l i z a t i o n  t o  g i ve  

1 
8 (3.55 g. 30.1%), mp 136-137'C (acetone-hexane). I R v ( K 8 r ) :  3100, 2500, 1600, 1455 cm' . - 
'H-NMR 6: 2.25-3.47 (IOH, m), 4.02 (IH, d o f  d), 6.59-7.34 (10H. m). Anal. Calcd f o r  C18H21NOS: 

C, 72.20; H, 7.07; N, 4.68; S, 10.71. Found: C, 72.00; H, 7.09; N, 4.59; S, 10.69. 
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