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ORGANIC PREPARATIONS AND PROCEDURES INT. 8(2), 75-80 (1976) 

THE PREPARATION OF OLEFINIC DERIVATIVES OF PHTHALIMIDE 

AND l W I R  USE AS THE PRECURSORS FOR HOMOALLYLIC MINES 

E.D.  Bergmann' and Y.  Migron* 

Department of  Organic Chemistry 
The Hebrew University of Jerusalem 

Jerusalem, ISRAEL 

4-Amino-1-butene (V,R1 =%=H) has been prepared by t h e  hydrazinolysis 

of 4-phthalimido-1-butene (IVDR1=R2=H)'. Although der iva t ives  of  I V  can be 

prepared by the Wit t ig  reac t ion  with phthalirnidopropanals (111), t h e  syn- 

t h e s i s  of these  aldehydes involves sane tedious s t eps .  For example, hydro- 

formylation of 3-phthalimido-1-propene y i e lds  a d i f f i c u l t y  separable mix- - 
t u re  of  two aldehydes'. The preparation of 3-phthalimidobutanal from 

ph tha l i c  anhydride and 3-aminobutyric ac id  requi res  severa l  s t eps  while 

condensation of  phthalimide with the  corresponding ci ,B-unsaturated alde- 

hydes i n  ethanol and E t O N a  a f fords  impure products. 
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We now repor t  t he  synthes is  of  Va as shown below 
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E. D. BERGMANN AND Y. MIGRON 

2-Methyl-3-phthalimidopropanal ( I I I a )  and 3-phthalimidobutanal ( I I I b )  were 

obtained through t h e  r eac t ion  of phthalimide and methacrolein (IIa) and 

crotonaldehyde ( I Ib )  r e spec t ive ly  i n  the  presence of a b a s i c  c a t a l y s t .  

T r i ton  B o r  trimethylbenzylammonium methylate i n  DMF afforded the  b e s t  

y i e l d  of aldehyde f r e e  of any impur i t ies .  N-(2-Methyl-3-butenyl)phthali- 

mide ma)  and N-(l-methyl-3-butenyl)phthalimide (IVb) were prepared by the 

Wit t ig  r eac t ion  using I I I a  and I I I b  and methylenetriphenylphosphorane. 

Experiments were conducted below 10' s ince  the  aldehydes a re  extremely 

s e n s i t i v e  t o  bases and may decompose t o  phthalimide and I I a  o r  I I b  respec- 

t i v e l y .  The y i e l d  of o l e f i n s  decreased considerably when t h e  mixtures were 

allowed t o  s tand  - even a t  0' - f o r  s eve ra l  hours.  I t  is notab le  t h a t  the 

y i e l d s  increased when the  phosphorane was added t o  the  aldehyde so lu t ion  

in s t ead  of the  usual reverse  procedure. Products were separa ted  on prepa- 

r a t i v e  s c a l e  by dry chromatography 

so lvent .  2-Methyl-3-butenylamine (Val was obtained from IVa by hydrazino- 

l y s i s  ( the  corresponding m i n e  1-methyl-3-butenylamine (Vb) was no t  pre-  

pared) .  The use of sodium t r i e t h y l  phosphonoacetate ins tead  o f  methyl- 

enetriphenylphosphorane y ie lded  t r ans  e thy l  5-phthalimido-2-hexenoate 

(VII) . 5-Phthalimido-2-hexenoic ac id  (VIII) was obtained from VII by 

5 on s i l i c a  ge l  with chloroform as 

6 

0 - N  a+ 0 

'I CH3 0 
IVb VI 

0 0 

V I  I VIII 

76 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
5
6
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



OLEFINIC DERIVATIVES OF PHTHALIMIDE 

a c i d i c  hydrolysis (bas i c  hydrolysis cleaves the  imidic bond). However, 

e t h y l  3-methyl-5-phthalimido-2-pentenoate ( I X )  could no t  be obtained from 

4-phthalimidobutane-2-one (X) by the  same procedure owing t o  t h e  rap id  

decomposition o f  X t o  phthalimide and butene-2-one. 

EXPERIMENTAL 

2-Methyl-3-phthalimidopropanal ( I I I a )  . - To a s t i r r e d  and preheated s o l -  

ution of phthalimide (29.4g, 0.2 mole) and methacrolein (14g, 0.2 mole) 

i n  DMF, was added portionwise a t  80' 2.5 m l  t r i t o n  B (40% i n  methanol) by 

means of  a p i p e t t e  with t h e  t i p  sunk i n t o  t h e  so lu t ion .  Addition l a s t e d  7 

min., a f t e r  which s t i r r i n g  was continued a t  the  same temperature f o r  15 

min. .The reac t ion  mixture w a s  cooled, neu t r a l i zed  with 3 m l  g l a c i a l  acid,  

poured i n t o  water, and ex t rac ted  with methylene chloride.  The organic 

phase w a s  washed with water, cold aqueous NaOH, d r ied  (MgS04) and t h e  

so lvent  evaporated. The last t r aces  of  solvent were removed i n  vacuum. 

The residue afforded 25.8g (59%) of an amorphous co lor less  powder, mp. 

84-5' (from isopropanol) . Since l a rge  losses  occurred during r e c r y s t a l l i -  

za t ion ,  t he  crude substance w a s  used f o r  t h e  next s t ep .  Mass spectrum 

(80eV) m/e 217 (M'). NMR (CDC13): 6 9 .7  (d, J = 2Hz,  l H ,  O=C-H), - 7.8  (m,  

4H, ArH), 3.93 (m, 2 H ,  AB o f  ABX pa t t e rn ,  CH2-N), - 3.0 (m, l H ,  CIj-C=O), 

1 .3  (d. J = 7Hz, 3H, C-or3). I R  (Nujol): 1705 (imide C=O, aldehyde C=O), 

1780 cm-l (imide C=O) . 
Anal. Calcd f o r  C12H11N03: C ,  66.36; H ,  5.07; N, 6.49. 

Found: C ,  66.16; H ,  5.09; N ,  6.61. 

3-Phthalimidobutanal ( I I Ib )  .- I I I b  w a s  prepared as described f o r  I I Ia ,  

except f o r  the  use of 2.5 m l  trimethylbenzylammonium methylate (40% i n  me-  

thanol) ins tead  of t r i t o n  B which gave lower y i e lds .  There w a s  obtained 

27.5g (62% yie ld)  of co lo r l e s s  c r y s t a l s ,  mp. 109-111 (from isopropanol).  

Recrys ta l l iza t ion  i s  unnecessary f o r  t he  continuation o f  the synthes is .  
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E. D. BERGMANN AND Y. MIGRON 

Mass spectrum (80eV) m/e 217 (M+) . NMR (CDC13) : 6 9 .7  ( t ,  J = 2 H z ,  l H ,  

0 = CH) - , 7.75 (m, 4H, ArH), 4.83 ( s e x t .  J = 7Hz, l H ,  CH-N) , 3.1 (m, 2H, 

AB of  ABX p a t t e r n ,  CH2-C = 0) ,  1.65 (d ,  J = 7Hz, 3H, CH ) .  I R  (Nujol) : 

1710 (aldehyde C=O), 1725, 1775 on-' (imide C=O). 

- Anal. Calcd f o r  C12H11N03: C ,  66.36; H ,  5 .07;  N, 6.49 

-3  

Found: C ,  66.20; H ,  5.29; N ,  6 .70.  

N-(2-Methyl-3-butenyl)phthalimide (IVa) . - A hexane s o l u t i o n  o f  b u t y l l i t h -  

ium (15%, 12.5 m l ,  0.02 mole) was added with s t i r r i n g  under argon t o  a 

precooled  suspension of triphenylmethylphosphonium bromide (7.14g, 0.02 

mole) i n  dry  THF (100 ml.). After 1 h r .  a t  O0 t h e  red-orange s o l u t i o n  was 

added, s lowly (20 min.; i n t e r n a l  temperature  0-5') t o  a s o l u t i o n  o f  I I I a  

(4.34g, 0.02 mole) i n  d r y  THF (100 ml) .  The heavy s l u r r y  was then  s t i r r e d  

a t  room temperature  f o r  30 min., water  (20 ml) was added and t h e  c l e a r  

s o l u t i o n  r e f l u x e d  f o r  30 min. The THF was evaporated,  water w a s  again 

added and t h e  r e a c t i o n  mixture  e x t r a c t e d  with methylene c h l o r i d e .  The 

r e s i d u e  w a s  p u r i f i e d  by dry  chromatography (absorbent :  Woelm s i l i c a  g e l  

f o r  dry  chromatography, r a t i o  of absorbent  t o  r e a c t i o n  mixture  i s  15-20:1 ,  

e l u e n t :  chloroform) t o  g ive  c o l o r l e s s  needles  i n  58% y i e l d ;  mp. 68O (from 

cyclohexane) .  Mass spectrum (70eV) m / e  215 (M'). NMR (CDC13); 6 7.8 (m, 

4H, ArH), 5 . 7  (m. l H ,  C = C!), 4.9 (m, 2 H ,  C = Cl12), 3.6 j d ,  J = 8Hz, 2 H ,  

CH2-N), 2.75 (m, l H ,  HC-C = C), 1 . 0 3  ( d ,  J = 7Hz, 3 H ,  W3) .  I R  (Nujol) : 

1710, 1775 (C = 0) , 1645 an- '  (C = C) . 
Anal. Calcd f o r  C13H13N02: C ,  72.56; H ,  6.04; N ,  6.51. 

Found: C ,  72.25; H ,  5.71; N ,  6.58. 

N-(l-Methyl-3-butenyl)phthalimide (IVb).- IVb was prepared i n  t h e  same 

manner as IVa. Triphenylrnethylphosphonium bromide (3.57g, 0.01 mole) ,  

b u t y l l i t h i u m  (0.01 mole), and I I I b  (2.17g,  0 .01 mole) a f forded  2.3g o f  t h e  

crude mixture ,  which was s e p a r a t e d  by dry chromatography ( c o n d i t i o n s  as 
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OLEFINIC DERIVATIVES OF PHTHALIMIDE 

IVa) t o  give 40% of a color less  l i qu id ,  bp. 100-110' (0.2 m).  Mass 

spectrum (70eV) m/e 215 (M'). NMR (CDC13) : 6 7.8 (m, 4H, ArH), 5.7 (m, ZH, 

HC - = C), 5.0 (m, 2H, H C = C), 4.5 (m,  l H ,  HC-N), - 2.7 (m, 2H,  CH2-C - = C), 

1.6 (d,  J = 7Hz, 3H, T3). I R  (SC): 1710, 1778 cm-' (C = 0) .  

- Anal. Calcd f o r  C13H13N02: C,  72.56; H ,  6.04; N ,  6.51. 

Found: C ,  72.74; H, 6.02; N ,  6.37. 

- 2  

5-Phthalimido-2-hexenoic acid (VIII) .-  A solut ion of e thy l  t r ie thylphos-  

phonoacetate (2.24g, 0.01 mole) i n  DMF (50 m l )  w a s  added a t  mom tempera- 

t u r e  t o  a suspension of N a H  (0.4g, 60% i n  pa ra f f in ,  0.01 mole) i n  dry DMF 

(50 ml). The suspension w a s  s t i r r e d  u n t i l  t he  evolution o f  hydrogen ceased 

and IIIb(2.17g, 0.01 mole) i n  dry DMF (SO m l )  w a s  added rapidly.  The 

react ion mixture w a s  heated a t  80' f o r  1 h r . ,  then cooled, poured i n t o  5% 

aqueous H C l ,  and extracted with methylene chloride.  The organic layer  w a s  

washed with water, dried (MgS04), and evaporated, t o  y i e ld  t r ans  e thy l  5- 

phthalimido-2-hexenoate (VII) as an o i l .  

- 

NMR (CDC13): 6 7.75 (m, 4H, ArH),  6.80 (m, l H ,  CH = C-COO), 5.75 (d, 

J = 16Hz, l H ,  C = CkJCOO), 4.45 (m, l H ,  CH-N) - , 4.10 (9, J = 7HZ, 2H,  

CH2-O), 2.96 (m, ZH, C = C-CH2), - 1.55 (d,  J = 7Hz, 3H, N-C-CH3), - 1.25 ( t ,  

J = 7Hz, 3H, OCH2CH3). The crude e s t e r  V I I  w a s  hydrolyzed without p u r i f i -  

cation. The solut ion of V I I  i n  acetone (50 ml), water (35 ml),  and conc. 

HC1 (15 ml) w a s  heated under r e f lux  f o r  1.5 h r s . ,  the  acetone was evapo- 

ra ted and the  organic material extracted with methylene chlor ide,  washed 

with aqueous NaHC03,  a c id i f i ed  with conc. HC1 t o  pH 2-3, dr ied (MgS04) and 

the solvent evaporated. The residue (1.4g, 53% from Jvb c rys t a l l i zed  on 

standing, mp. 115-116O (from aqueous ethanol).  NMR (CDC13) : 6 7.7 (narrow 

m ,  4H, k H ) ,  6.7 (m, 1 H ,  Ctj = C-COOH), 5.73 Cd, J = 16Hz, l ~ ,  c = CH-COW), - 
4-45 (m, 1 H ,  P -N) ,  2.90 (m, 2H, CH2-C=C), - 1.60 (d, J = 7Hz, 3H, C-CH3). 

I R  (Nujol) : 3200-2850 (carboxylic OH and CH) , 1778, 1768 (imide C = 0), - 
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E. D. BERGMA” AND Y. MIGRON 

1700 cm-l (carboxylic C = 0). 

Anal. Calcd f o r  C14H1$04: C ,  64.68; H ,  5.01; N ,  5 .40.  

Found: C ,  64.66; H ,  5.04; N ,  5.14. 

2-Methyl 3-butenylamine (Va) .- A so lu t ion  of IVa (10.7g., 0.05 mole) and 

hydrazine hydra te  (2.5g.,  0.05 mole) i n  95% aqueous ethanol (200 ml) was 

heated  under r e f l u x  f o r  2.5 h r s . ,  (2-Methyl-3-butenylaonium ph tha laz i -  

na t e  s t a r t e d  t o  p r e c i p i t a t e  a f t e r  30 min). The r eac t ion  mixture w a s  cooled, 

a c i d i f i e d  with conc. HC1 t o  pH 2-3, f i l t e r e d  and the f i l t r a t e  concentra- 

t ed .  F i l t r a t i o n  was repeated and water w a s  added t o  the f i l t r a t e .  This 

procedure was repeated once more u n t i l  a c l e a r  so lu t ion  w a s  obtained. 

F ina l ly  the  mixture was evaporated t o  dryness and the  residue b a s i f i e d  

with 50% aqueous NaOH. The upper l aye r ,  & the amine Va, separa ted  as a 

l i q u i d  (2.5g, 60% y i e l d ) ,  bp. 70-75’ (Q700 mn). Mass spectrum: m/e 85 (M’) . 
NMR (CDCI ) : 6 5.7 (m, l H ,  CI-! = GI2), 5.2 (m, l H ,  CH = CH t r ans  t o  H) , 

5.0 (m, l H ,  CH = M c i s  t o  H), 2.65 (d, J = 6.5Hz, 2H, M2-N), 2.15 (m, 

6 

H- - 3 

H- - - 
\ l H ,  ~ a ) ,  - 1.1 (d ,  J = ~ H z ,  3H, C-CH,). 

Anal. Calcd f o r  C5HI1N: C ,  70.58; H ,  12.94; N ,  16.47. 

Found: C,  70.47; H, 12.80; N ,  16.25. 

1. 

2 .  

3. 

4. 

5 .  

6 .  
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