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Abatrae-The enamines from ~y~Iopropyl-methyl-, -ethyl- and cyclopentylketone have been prepared by reaction 
of the ketone with a secondary amine and TiCL. Their vinylcyclopropane structure has been demonstrated by NMR. 
The reaction of dicyclopropylketone. cyclopropylphenylketone or cyclopropyl-a-thienylketone with secondary 
amines and TiCI, afforded homoallylic rearrangement products, namely l-cyclopropyl-, I-phenyl- and l-(a-thienyl)- 
IJ-diamino-I-butene, respectively. 

AS A part of our continuing interest in the chemistry of 
enamines, several enamines of cyclopropylketones have 
been prepared, to study the behaviour of the ~y~lopropyl 
group in view of possible occurrence of homoahylic 
rearrangement reactions. Moreover, the influence of the 
cyclopropyl group on the tautomerism of the correspond- 
ing enamines was of interest. 

The enamines derived from cyclopropylketones have 
received some attention, but an extensive investigation of 
this particular class of compounds has never been 
performed, several problems being still open. Cook et al. 
prepared in low yield the py~olidin~n~ine of cyclo- 
propylmethyIketone by reacting the ketone with pyr- 
rolidine in the presence of an acidic catalyst. The product 
was identified as 1 - pyrrolidino - 1 - cyclopropylethene, 
and the presence of the corresponding tautomeric I - 
pyrrolidino - 1 - cyclopropylidene - ethane could not be 
positively demonstrated. Higher yields can be obtained by 
the synthesis of White and Weingarten’ which has been 
used for the preparation of all the enamines described 
hereafter. 

Cy~lopropylmethyl-, -ethyl- and ~yclo~ntylketone 
easily afforded the corresponding enamines 13: 
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1: R = R’ = H; NR; = morpholino 
2: R = H; R’ = Me; NR; = diethylamino 
3: R-R’ = (CH&; NR’; = mo~holino 
4: R = H; R’ = 3 = CHI; NR: = morpholino 

A 
The NMR spectrum of 1, in accordance with the 

proposed structure, does not show signals associated with 
the tautomeric 1 - cyclopropylidene - 1 - mor- 
pholin~tb~e. From the reaction mixture of 1 no other 
products were generally isolated. Only if the crude 
reaction mixture was left standing for a long time before 
working up was a substantial amount of the enamine 4 
obtained together with 1. 4 is clearly formed through 
selfcondensation of 1 under the influence of the acidic 
amine hydrochloride, as has been reported for other 
enamines of methylketones.“b 

The enamines 2 and 3 are also formed free from the 

corresponding cyclopropylidene tautomers. This fact 
shows that the formation of an exocyciic double bond is 
not the preferred process. 

The enamine 2 is an equilibrium mixture of the E and 2 
isomers, as frequently occurs. In the NMR spectrum 
(CT,&) of 2 two signals are found at 4.58 S and 4.97 6 
(ratio 7 : 3) which can be associated with enaminic hydro- 
gens. The E-Z isomerism of the enamines of ketones has 
been extensively investigated”‘-“and the relationships be- 
tween the structure and the chemical shift of the olefinic 
protons are known. For ensmines of the general formula 5 
the NMR signa associated with the proton of the E 
isomer is always shifted to higher field, because the less 
steric interaction of the amine residue with the bulky R 
group bonded to the fl carbon atom allows better 
conjugation: 

R-y=CH-R’ - R-$--$H-R’ 

/“\ 
5 R = alkyl or aryl 

R’ = alkyl 

Accordingly, the E isomer is generally present in 
greater amount in the equilibrium mixture. According to 
the above facts, the signal at 4.58 S was associated with 
2-E. The above assignment is also confirmed by the 
observed values of the homoallylic coupling constants. 
For ZE ‘J = O-9 cps and for 2-Z ‘J = l-2 cps. It is known 
that generally J1,,,,tid is greater than J,,d.” The conforma- 
tional situation of Z-E and 2-Z can be inferred from the 
NMR data and examination of molecular models; the 
allylic coupling constant for Z-E is about 1.4 cps and for 
Z-Z about 1 .O cps. 
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The value-for ZZ appears to be in the normal range, as 
already observed in the case of the Z-enamines of 
diethylketone which show a typical value of 1.2 cps, 
whereas for the corresponding E-isomers JdlYr is 
remarkably small and not very different from 0 cps.’ This 
discrepancy is likely to be due to the different preferred 
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conformation of the cyclopropyl group in the two 
isomers, owing to the interaction with the methyl group in 
2_E_‘2.1J 

Another series of enamines was obtained from dicyc- 
lopropylketone and cyclopropylarylketones. In this case 
the cyclopropyl groups becomes involved in the enamine 
formation and homoallylic rearrangement products were 
isolated: 

R-CO 
-3 

W-JR; R-C=CH-CH,-CH~-NR; 
TlCl 1 rs K 

6: R = Ph; NR; = morpholino 
7: a-thienyl; NR; = morpholino 
8: R = cydopropyl; NR; = dimcthylam~no 
9: R = cyclopropyl; NR; = diethyI~ino 

10: R = cycfopropyl; NR; = pyrrolidino 
11: R = cyclopropyl; NR; = morpholino 

According to the accepted mechanism of the enamine 
formation from ketones, amines and TiCL” and by 
analogy with the already-observed homoallylic rearrange- 
ments in the reaction of dicyclopropylketone with 
Grignard reagents,‘%” the course of the above reaction 
can be formulated as follows+: 

D- ‘-NR; - fi 
O\Ti(NR’& R;NG 

R 

- CH,-CHI-_CH=C-NR; 

R:IJ 

In all the above enamines, with the exception of 9, a 
single isomer is present, as demonstrated by NMR. 

The chemical shifts associated with the enamine 
protons are in the range of 4.50 8, showing that this is the 
E-isomer. Only 9 contains a detectable amount of both 
9-E and 9-Z. As expected the signal associated with the 
enaminic hydrogen of 9-Z is about O-4 6 at lower field 
with respect to SE. 

The enamines 8-11 represent a useful source of the 
corresponding cyclopropyl - (y - aminopropyllketones 
which are readily obtained by acidic hydrolysis: 

8 
“20 

H’ D- CO-CH2-CH2-CH2--NMe2 
12 

The above results show that the allylic rearrangement 
occurs only when the starting ketone is structurally 
prevented from giving an enamine leading the a,@ double 
bond (with respect to the cyclopropyl ring). 

The fact that the reaction of dicyclopropylketone with 
propylamine in the presence of TiCL readily affords the 
corresponding imine 13, free from rearrangement pro- 
ducts 

tThe exact stere~hemist~ of this re~~gement deserves 
further investigation, since it is difficult to obtain data from the 
reaction products as in the case of other homoallylic rearrange- 
ments” owing to the easy cis-frans isomerization of enamines.” 

is an indication that the homoallylic rearrangement 
involves the ketone-titanium complex rather than the 
ketone itself. 

NMR spectra were recorded with a Varian A-60 spectrometer 
operating at 60 MHz in C,D, with TMS as internal standard. 

Ketones. Cyclopropylmethylketone, dicyclopropylketone, cyc- 
lopropylphenylketone and cyclopropyl - o - thienylketone were 
commercial products. Cyclopropylethylketone was prepared 
according to the literature.‘s Cyclopentylcyclopropylketone was 
obtained by reacting cyclopropylcyanide with cyclopentylmag- 
nesium bromide in ether following the method employed for 
cyclopropylethylketone. Yield 35%. Colourless liquid, bp 
98-100°C (35 toIT). 

General procedure for the p~pa~tion of enamines. The ketone 
(0.1 mole) was dissolved in anhydrous n-per&me (ca. 100 ml). The 
secondary amine (0.6 mole) was then added, followed dropwise, 
with stirring under nitrogen, by a solution of titanium tetrachloride 
(0.05s mole) in anhydrous n-pen&me (ea. 30ml). After complete 
reaction (GLC), the reaction mixture was filtered and the filtrate 
was evaporated. The crude enamine was distilled at reduced 
pressure. The purity of all products was confirmed by GLC. The 
properties of the enamines are shown in Table I. 

Table I. 

Com~und Yield% bp (torr) &CH= 

2 
3 
4 
6 
7 
8 
9 

10 
11 

31 8.5 (3) 3.87 (s) and 3.91 (s) 
40 70 (3) 458 (q) (E) and 497 (q) (2) 
71 150(3) - 
60 210 (3) 4.47 (m) and 570(m) (=CHJ 
56 170 (05) 459 (m)(E) 
4s 205 (35) 4.70 (m) (E) 
59 102 (35) 4.55 (m) (E) 
44 I65 (35) 4.55 (m)(E) and 4.93 (m)(Z) 
41 170(4) 4,35(m)(E) 
41 I65 (3) 4.50(m)(E) 

4 - Dimefhylamino - 1 - cyclopropyl - I - butanone 12. The 
enamine 8 (I g) was stirred with 8 ml of 5% HCI for 20 h, the 
solution was hasified. and extracted with ether. The ethereal 
solution was distilled under reduced pressure. The aminoketone 
I2 was isolated in 20% yield as a colourless liquid. bp 65°C (2 torr). 
Found: C, 69.70: H, 11.35; N, 9.21. C,H,,NO requires: C, 69.63; 
H. It&t: N, 9.02%. 

N - Dicyclopropylmethylydene - n - propylamine 13. This 
compound was prepared following the general procedure emp- 
loyed for the preparation of the enamines. 13 was isolated as a 
pure liquid (GLC), bp 130-14@‘C (35 torrf. Found: C, 7966; H, 
11.57: N, 899. &H,,N requires C, 7940; H. 11.34; N, 9.26%. 
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