
J.  Org. Chem. 1982,47,  5395-5397 5395 

Table I. EtAlC1, Catalyzed Friedel-Crafts Acylation of Alkenesn 
alkene acylating agent products (% yield) 

a , R = C H ,  
b, R = (CH,),C=CH 
c, R = Ph 
d, R = CH,CH,CO,H 

CH,COCl a (54)  
( cH3c0)20 a (55 )  
(CH,),C=CHCOCl b (64 )  
[(CH,),C=CHCO],O b (60)  
PhCOCl c ( 4 0 ) b  

d ( 20)c 
4 

CH, COCl 
( cH3co)20 

-1 7 c  ,- /-.& CH3COCl 
( CH3C0 12' 

0 CH,COCl 

7 8 

(CH,),C=CHCOCI 
10 

... 11 

a Reaction for 1 h in CH,Cl, at  25 "C unless otherwise specified. Propiophenone was isolated in 23% yield. See 
70:30 E-Z. e 75:25 trans-cis. f Yield after reduction with NaBH,. Experimental Section for reaction conditions. 

saturated brine, dried (MgS04), and evaporated in vacuo (at 0 
"C in the case of volatile products). 

The spectral data for ketones 4a: 4b: 4c,17 5; 6,'* 7,3b 9: and 
10'" and alcohol llle are identical with those previously reported. 

Enone  4a was purified by evaporative distillation (75 "C, 8 
Torr). 

Enone 4b was purified by evaporative distillation (70 "C, 0.1 
Torr). 

Enone  4c was purified by chromatography on silica gel with 
91 hexane-ether as eluent. Propiophenone was also isolated in 
23% yield. 

Reaction with succinic anhydride was carried out in 15 mL 
of 1,2-dichloroethane for 16 h at  room temperature. The reaction 
was quenched with water, dichloromethane, and 10% hydrochloric 
acid. The aqueous layer was separated and extracted twice with 
dichloromethane. The combined organic layers were washed with 
brine, dried (Na2S0,), and evaporated to  give 474 mg of an oil, 
which crystallized slowly. Recrystallization from petroleum ether 
gave pure 4d as white needles (159 mg, 20%): mp 61-61.5 "C; 
NMR (CDC13) 6 5.67 (m, l ) ,  3.14 (m, l ) ,  2.55-3.0 (m, 4), 1.62 (9, 

3), 1.4-2.2 (m, 6); IR (KBr) 2500-3500, 1707 cm-'. Anal. (C, H). 
The rat io  of 5:6 was determined by analysis of the NMR 

spectrum. Evaporative distillation gave a mixed fraction (50 "C, 
20 Torr), followed by pure 6 (75 "C, 14 Torr). 

The ratio 7 8  was determined by analysis of the NMR spectrum 
and GC data. Pure samples were obtained by preparative GC. 
The data for 7 follow: NMR (CDClJ 6 3.15 (d, 0.3 X 2, J = 6 
Hz, cis isomer20) and 3.08 (d, 0.7 X 2, J = 6 Hz, trans isomerz0); 
GC tR = 4.4 min (140 "C, 45 mL/min). The data for 8 follow: 
NMR (CDC13) 6 4.32 (tt, 1, J = 7 and 7 Hz), 2.93 (dd, 1, J = 8 
and 16 Hz), 2.75 (dd, 1, J = 6 and 16 Hz), 2.19 ( 8 ,  3), 0.8-1.9 (m, 
9); GC t R  = 12.2 min (140 "C, 45 mL/min). 

The ratio of 910 and the stereochemistry of 10 was determined 
by analysis of the NMR spectrum and GC data. 9: GC tR = 8.0 

(17) Dufort, N.; Jodoin, B.; Lafontaine, J. Can. J. Chem. 1971, 49, 

(18) Hart, H.; Schlosberg, R. H. J. Am. Chem. SOC. 1968, 90, 5189. 
(19) Swigar, A. A.; Silverstein, R. M. 'Monoterpenes"; Aldrich Chem- 

(20) Hine, J.; Linden, S.-M.; Wang, A.; Thiagarajan, V. J. Org. Chem. 

1785. 

ical Co.: Milwaukee, WI, 1981, p 41. 

1980, 45, 2821. 

min (140 "C, 40 mL/min). 10: GC tR = 22.1 min (140 "C, 40 
mL/min). 

Reaction of isoprene a n d  dimethylacryloyl chloride was 
carried out for 1 h at -20 "C. Normal workup gave 526 mg of 
crude product. Sodium borohydride (0.19 g, 5 mmol) was added 
to a solution of this material (347 mg) in 2-propanol (15 mL) and 
water (5 mL). The solution was stirred for 4.5 h a t  20 "C and 
poured into saturated brine. This mixture was extracted with 
3 portions of pentane, which was dried (Na2S04) and evaporated 
to give 328 mg of crude 11. Chromatography on silica gel with 
1:l hexane-ether as eluent gave 47 mg (12%) of pure ipsdienol 
(11). 
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Cinnamylamines are useful intermediates i n  organic 
synthesis but as a class cannot  be synthesized b y  one 
general  procedure. We recently had need for a series of 
various substituted cinnamylamines and tried some of the 
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known methods. In a four-step synthesis, thermal rear- 
rangement of an allylic trichloroacetimidic ester proceeded 
with poor yield.' Reduction of the appropriate nitrile with 
AlH: gave excellent yields of the amine but would be 
unuseable with groups not compatible with A1H3. The 
syntheses of the nitriles not commercially available gave 
mixtures of cis and trans isomers and in some cases the 
Cannizzaro reaction pred~minated .~  

Using Heck's method of oxidative addition of palladium 
to an aromatic halide and subsequent elimination, we 
found that Pd(OAc), catalyzed this coupling in the key 
step4* to give a short, high-yield, general synthesis of 
cinnamylamines as shown in Scheme I. 

The diversity of the aromatic residues that can be used 
in the coupling is broad, from heterocycles to benzene rings 
containing multifunctional groups, as shown in Table I. 
The trans olefin was the only product detected and iso- 
lated, except in the case of reactants having an ortho 
substituent, as with 2-chlorobromobenzene. In the latter 
case, a mixture of cis and trans isomers was formed, which 
was separated by column chromatography. No reaction 
occurred when there were two ortho substituents, as with 
2,6-dichlorobromobenzene, probably because of steric ef- 
fects. 

Electron-withdrawing and electron-donating groups on 
the aromatic ring had no apparent effect on the coupling. 
The exchangeable protons of phenol and aniline did not 
interfere in the reaction, and neither group needed pro- 
tection. Several heterocycles were tried. Of the pyridine 
series only the 3-substituted pyridine yielded a product.6 
The 2-bromopyridine coupled to form bipyridyl, and the 
4-bromopyridine gave no reaction, only recovered starting 
material. Bromopyrimidine and 2-amino-5-bromo- 
pyrimidine yielded products, as did furan and thiophene. 
The 2-thiophene and 3-thiophene yields reflect the sta- 
bilities of the starting bromides. 

With Pd(OAc), to catalyze the reaction, N-allyl- 
phthalimide (1) was coupled to an aromatic halide (2) in 
2 equiv of triethylamine or 1 equiv of triethylamine and 
an equal volume of acetonitrile. The amine (4) was gen- 
erated by refluxing 1 to 1.5 equiv of hydrazine hydrate with 
the phthalimide (3) in  ethanol and monitoring the reaction 
by TLC. Alkaline workup and extraction with ether or 
methylene chloride afforded the amines in good yield. The 

(1) L. E. Overman, J. Am. Chem. SOC., 98, 2901 (1976). 
(2) N. M. Yoon and H. C. Brown, J. Am. Chem. SOC., 90,2927 (1968). 
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(5) C. B. Ziegler and R. F. Heck, J. Org. Chem., 43, 2941 (1978). 
(6) W. C. Frank, Y .  C .  Kim, and R. F. Heck, J. Org. Chem., 43, 2947 

(7) K. L. Chung, F. G. Staken, B. A. Patel, and R. F. Heck, J. Org. 

Gokel, J. Org. Chem., 44, 4640 (1979). 

4078 (1979). 

(1978). 

Chem., 47, 1267 (1982). 

Table I. Coupling of N-Allylphthalimide 
with an Aromatic Halide 

yield, % (anal.) 
Ar Xa 3 4b 

C6HS 

p-Br-C,H, 

p-CI-C, H, 

o -CI-C,H, 
3,4-C1 ,-C,H, 
2,6-C1,-C,H3 
p-Me ,N-C, H, 

p-NO,-C,H, 
p-OH-C,H, 

3,4-( methy1enedioxy)-C,H, 

p-(MeS)-C,H, 

4-MeOCO-C6H, 
4-NH,-3-N02-C,H, 

4-CN-C,H, 

4-NH2-C, H, 

3-thiophene 

2-thiophene 

5-MeOCO-fury1 
3-pyridyl 
2-pyridyl 
4-pyridyl 
5-pyrimidyl 

2-amino-5-pyrimidyl 

-- 
I 
I 

I 

I 
I 
Br 
Rr 

I 
Br 

Br 

Br 

Br 
Br 

Br 

Br 

Br 

Br 

Br 
I 
Br 
Br 
Br 

Br 

70(ref 10)  - 
5 8 ( C . H .  - 

N', Ijr) ' 

10) 
70 (ref bO (ref 10)  

84 
8 0  80 (ref 1 2 )  

0 
50 (C, H, 70 (ref 1 2 )  

75 70 
68 (ref 72e (ref 1 3 )  

6 0 ( C , H ,  58 

78 (C, H, 56 

74d (ref 11) 

N) 

13)  

N) 

N, S) - . .  

95 
7 0 ( C , H ,  77 

N )  
7 2 ( C ,  H, - 

5 2 ( C , H ,  - 
N )  

N) 
71 ( C , H ,  96 

21 (C, H, 83 
N, S) 

N. S) . ,  
40 

0 
0 

80 74 f 

6 4 ( C , H ,  61 

6 5 ( C , H ,  44 
N )  

N )  
When R = Br, 2 equiv of (o-tol),P to  1 of Pd(OAc), 

was required; 1 mol % Pd( OAc), was used per mole of 
halide. Yields were not  optimized. The synthesis of 
the specified amine with a (-) was not attempted. 
trans ratio 1:6.  Based on  the trans isomer. e Yield 
based on the phthalazinedione-amine complex isolated. 

Yield based on  isolated HCI salt. 

products were homogeneous by TLC and NMR and were 
used without further purification. 

The method affords a general synthesis of cinnamyl- 
amines, tolerating a multitude of functional groups, in good 
to excellent yields.8 

Experimental Section 
N-[4-(thiomethyl)cinnamyl]phthalimide. N-Allylphthal- 

imide (19.4 g, 0.103 mol), 4-bromothioanisole (20.3 g, 0.100 mol), 
and triethylamine (28 mL, 0.2 mol) were placed in a glass bomb 
with palladium acetate (224 mg, 0.001 mol) and tri-o-tolyl- 
phosphine (608 mg, 0.002 mol), flushed with nitrogen, then heated 
a t  100 O C  for 18 h with shaking. The solid residue was washed 
well with water, then recrystalized from hot DMF, filtering 
through Celite to remove the fine black precipitate (PdO). The 
hot DMF filtrate was diluted with an equal volume of water, after 
which crystalization occurred. The crystals were washed with 
water and then ethanol and suction dried: yield 24.0 g (78%). 
When an iodo starting material was used, the phosphine was 
omitted. Otherwise, this procedure was used in all cases. 
4-(Thiomethy1)cinnamylamine. N-[ l - (Thiomethyl ) -  

cinnamyllphthalimide (6.2 g, 0.02 mol) and hydrazine hydrate 
(1.0 g, 0.02 mol) were refluxed in 75 mL of ethanol, until TLC 

Cis/ 

(8) At the suggestion of one referee, allylamine was reacted with io- 
dobenzene under the same reaction conditions. The iodobenzene was 
consumed, but only polymers were obtained. 



J. Org. Chem. 1982,47. 5397-5398 5397 

monitoring indicated all the starting phthalimide was consumed. 
The solid (phthalazinedione-amine complex) was fiitered, washed 
with ethanol, and then suspended in water to which 4 mL of 50% 
NaOH was added. After the mixture was shaken to dissolve all 
the solid, the oily product was extracted with two 100-mL portions 
of ethyl ether and one 100-mL portion of methylene chloride. The 
combined organic extracts were washed with water and dried over 
MgS04 and the solvent was removed in vacuo to yield 2.0 g (56%) 
of the product. Isolated as an oil, the product was homogeneous 
by TLC and NMR and ,was used without further purification. 

This procedure was used in all cases. The water-soluble amines 
were extracted continuously overnight with methylene chloride. 
For all the compounds reported in Table I, the analytical data 
were consistent for the assigned structures. Elemental analyses 
were obtained for the indicated phthalimides and appear in the 
Supplementary Material (see paragraph at the end of paper 
concerning Supplementary Material). All were homogeneous by 
TLC and NMR. The cinnamylamines were needed and used as 
the free base and were reacted immediately upon isolation. All 
were homogeneous by TLC and NMR. The final products formed 
from the amines all gave satisfactory elemental and spectral data? 
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During derivatization studies on the growth regulator 
maleic hydrazide (for gas chromatography purposes), 
methylation with diazomethane was investigated. Maleic 
hydrazide behaves as a monobasic acid1 and is thought to 
exist as structure 1A,, i.e., 6-hydroxy-3(2H)-pyridazinone, 
as opposed to  structure lB ,  i.e., 1,2-dihydro-3,6- 
pyridazinedione. Since diazomethane normally forms 
methyl ethers with weakly acidic hydroxy compounds such 
as enols, it was anticipated that the 6-hydroxy group would 
be preferentially methylated. 

However, treatment of maleic hydrazide with an ethereal 
solution of diazomethane yielded significant amounts of 
three different compounds. Characterization of these 
compounds and subsequent studies indicated that the 
initial reaction gave both oxygen and nitrogen methylation 
with a substantial preponderance of the latter. 

Results and Discussion 
The major product (45%) from reaction of ethereal 

diazomethane with maleic hydrazide was readily identified 
by comparison of its properties with a known sample as 
2-methyl-6-methoxy-3(2H)-pyridazinone (3).3 Identifi- 
cation of a second reaction product (16%) as 6-methoxy- 
3(2H)-pyridazinone (2) was suggested by its nuclear 
magnetic resonance (NMR) and mass spectral (MS) data. 
Confirmation of this supposition followed treatment of the 
compound with diazomethane. Although only a small 
percentage (approximately 1 2  % ) was converted, the new 
product proved identical in all respects with the 2- 
methyl-6-methoxy analogue 3. 

The third (9%) and most interesting product from the 
reaction of maleic hydrazide with diazomethane exhibited 
extreme sensitivity (Le., nanogram quantities) to gas 
chromatographic electron capture detection. This high 
sensitivity suggested the presence of strongly conjugated 
electrophores? a situation that could exist only if the en- 
edione system remained intact. MS data for the compound 
exhibited a molecular ion at mle  82 above that for maleic 
hydrazide. The NMR spectra indicated the presence of 
three distinct methyl groups and one aromatic hydrogen. 
These properties suggested structure 8 (5,6-dihydro- 
1,5,6-trimethyl-lH-pyrazolo[3,4-d]pyridazine-4,7-dione) for 
the compound. The formation of 8 may be rationalized 
by assuming initial N-methylation of the 1 and 2 positions, 
followed by cycloaddition of diazomethane5 across the 4,5 
double bond (Scheme I). The pyrazoline intermediate 6 
if thermally unstable could undergo intramolecular rear- 
rangement and oxidation.6 N-Methylation of the resultant 
pyrazole 7 would complete the sequence. 

To  help elucidate the reaction pathway for compound 
8, quantities of the presumed intermediates 2-methyl-6- 
hydroxy-3 (2H)-pyridazinone ( 4)2 and 1,2-dihydro- 1,2-di- 
methyl-3,6-pyridazinedione (5 )  were ~ r e p a r e d . ~  Treatment 
of compound 5 with diazomethane afforded 8 in good 
yields. Reaction of compound 4 with diazomethane also 

(1) Miller, D. M.; White, R. W. Can. J. Chem. 1956, 34, 1510. 
(2) Hashi, 0.; Mashima, M.; Kubo, M. Can. J. Chem. 1964, 42, 970. 
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(6) Lusch, L. J.; Houk, K. N. Tetrahedron Lett. 1972, 1925. 
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