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cm-1. The nmr spectrum showed bands a t  7 1.85 (aromatic 
proton p to the carbonyl), 2.3-2.8 (nine aromatic protons), 7.35 
(J = 2 cps) (methylene protons), and 8.72 (gem-dimethyl 
protons). 
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The reaction of 3-bromo-2-benzal-1-indanone (1) with primary and secondary amines proceeds in two steps, 
giving initially 2-[ a-( X-amino)benzyl]-1-indenones (2) as the kinetically favored products, and then 3-( X-amino)- 
2-benzal-1-indanones (3) as the thermodynamically stable isomers. With diisopropylamine, only the aminoin- 
denone 2b is isolated, and the reaction of 1 + 2b has been found to be first order with respect to the bromo- 
indanone and the amine; the rate is equal to the rate of consumption of the amine and to the rate of appear- 
ance of the bromide ion. These data are accommodated by a variant of an S N ~ '  mechanism in which the entry 
of the amino group and the departure of the bromide ion are nearly synchronous, but the carbon to nitrogen 
bond making is running slightly ahead of the carbon to halogen bond breaking. 

In a previous paper2 Cromwell and coworkers re- 
ported that 3-bromo-2-benzal-1-indanone (1) reacted 
with piperidine, morpholine, and cyclohexylamine, in 
the absence of solvent, to give the direct substitution 
products 3-(X-amino)-2-benzal-l-indanones, 3. It was 
suspected, although not proved, that the reaction 
might proceed by an abnormal allylic substitution 
followed by rearrangement, Such a mechanism has 
recently been reported for the reaction of t-butylamine 
with trans-a- (bromomethyl) chalcone. Therefore, it 
seemed desirable to reexamine the substitution of 1 
by primary and secondary amines, particularly since 
this substrate has a fixed conformation and may in- 
volve the resonances of either the 2-benzal-1-indanone- 
or 2-benzyl-1-indenone systems in the reaction transi- 
tion state. 

Results 

I. Thermodynamically Favored Products.-A series 
of experiments was first carried out to study the over-all 
course of the reaction. The bromo ketone 1 was allowed 
to react, for approximately 24 hr, with a number of 
amines including t-butylamine, diisopropylamine, n- 
butylamine, piperidine, morpholine, and cyclohexyl- 
amine in an apolar medium at room temperature. Under 
these conditions, it was observed that the nature of 
the isolated product, depended upon the nature of the 
reacting amine. If the amine was bulky (tbutyla- 
mine, diisopropylamine) the compounds 2 or 3 were 
isolated. &Butylamine (2 equiv) was treated with 1 

(1) (a) For paper V in this seriea, see N. H. Cromwell and E.-M. Wu, 
(b) The author to whom all oorreapondenoe 

(2) B. D. Pearson, R. I?. Ayer, and N. H. Cromwell, ibid., 27, 3038 

( 3 )  R. P. Rebman and N .  H. Crornwell, Tetrahedron Lett., 4833 (1962). 

J .  0 7 0 .  Chem., 88,  1895 (1968). 
concerning thia artiole should be addressed. 

(1962). 

2a, R1 = H; Rz = t-butyl 3a, RI = H; Rz = t-butyl 
b, R1 = RB = isopropyl b, Rl = RZ = isopropyl 
c, R1 = Rz = morpholino c, R1 = Rz = morpholino 

e, Rl = H; R2 = n-butyl e, R1 = H; Rz = n-butyl 
f ,  Rl = H; RZ = phenyl f ,  R1 = H; RB = phenyl 
g, R1 = methyl; RB = g, Rl = methyl; RB = 

h, R1 = RZ = piperidino h, Rl = Rz = piperidino 
j, R1 = RZ = pyrrolidino j, R1 = RZ = pyrrolidino 
k, R1 = H; Rz = methyl k, R1 = H; RZ = methyl 

d, R1 = H; Rz = cy&- d, R1 = H; RB = cycle- 
hexyl hexyl 

phenyl phenyl 

in benzene solution to give 2- [a-(t-butylamino)benzyl]- 
1-indenone (2a). If 10 equiv of amine was used, 
3-(tbutylamino)-2-benzal-l-indanone (3a) was formed; 
compound 2a seemed to be an intermediate in this 
reaction since it reacted with t-butylamine to give the 
isomeric aminoindanone 3a.4 Spectroscopic evidence 
supported the structure of 2a. The uv absorption 
(mainly at  238 and 244 mp in n-hexane) was almost 
identical with that of 2-ethyl-l-indenone2s5 but differed 
appreciably from that of 2-benzal-1-indanone and deriva- 
tives.2 Further support for the indenone structure was 
provided by the ir carbonyl absorption at 1715 cm-' 
in carbon tetrachloride.6 

(4) N. H .  Crornwell and E.-M. Wu, ibid., 1499 (1966). 
(5) N. H .  Cromwell and R.  P. Ayer, J .  Amer. Chem. Soc.. 81, 133 (lW31). 
(6) C. S. Marvel and C. W. Hinrnan, ibid. ,  16, 5435 (1954). 
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The diisopropylamino group, as compared with the 
Gbutylamino group, seemed to favor the stability of 
the structure 2 under these reaction conditions. 
The bromo ketone 1 was treated with 2 (or 10) equiv of 
diisopropylamine at  room temperature to give only 
the aminoindenone 2b (RI = R2 = isopropyl); the 
isomeric aminoindanone 3b was never obtained in this 
experiment even at  higher temperatures and in polar 
solvents. 

With the less bulky amines, n-butylamine, cyclo- 
hexylamine, piperidine, or morpholine, only the non- 
rearranged products 3 were isolated under the same 
experimental conditions. Their ir and uv spectra were 
similar to those of 2-benzal-1-indanone or derivatives2 
and thus presented definite evidence for the assigned 
structures. The reaction of 1 with methanol was 
analogous and gave 3-methoxy-2-benzal-1-indanone. 

11. Kinetically Favored Products.-The second ap- 
proach was to follow the course of the reaction to detect 
any intermediate as well as to help in planning a 
kinetic study. This was carried out by using thin 
layer chromatography (tlc) and uv and nmr spectros- 
copy. Lower temperatures and apolar solvents were 
used to decrease the rate of the reaction. The series 
of reacting ainines included morpholine, piperidine, 
pyrrolidine, cyclohexylamine, n-butylamine, mono- 
methylamine, aniline, and N-methylaniline. 

These react ions were first systematically followed 
by tlc. In most cases (morpholine, cyclohexylamine, 
n-butylamine, monomethylamine) it was possible 
to separate the spot of a bright yellow product (at 
higher RJ from the noncolored spots of 1 and the 
aminoindanone 3. It was observed that the colored 
spot appeared first (or simultaneously with 3) then 
vanished as the amount of 3 increased. These colored 
spots were assigned to the corresponding aminoinde- 
nones (2) and were observed in every experiment 
(sometimes superimposed on the spot of 3).  

The preceding intermediates 2 were characterized, 
before isolation, using the great difference of uv ab- 
sorption between the structures 2 and 3. The re- 
action was quenched by dilution then analyzed by uv 
spectroscopy. In each case two very intense maxima 
appeared (in 1 he earlier spectra) at about 237 and 242 
mp, as in the spectra of 2a and 2b. 

Finally, some of the intermediary aminoindenones 2 
were isolated by quenching the reaction after mixing 
the reactants using chromatography on neutral alu- 
mina. Thus 2c (R1,R2 = morpholino), 2d (RI = H; 
R2 = cyclohexyl), 2e (R1 = H; R2 = n-butyl), 2f 
(R1 = H; It2 = phenyl), and 2g (R1 = methyl; 
R2 = phenyl) mere isolated and immediately charac- 
terized by uv and nmr spectra because of their in- 
stability. However, it was not possible to isolate the 
aminoindenones 2h (RI, R2 = piperidino), 2j (RI, 
RZ = pyrrolidino), and 2k (R1 = H; R2 = CHI) 
because these compounds undergo reaction too rap- 
idly with excess amine. The rates of the reactions 
1 + 3 can be classified approximately as follows: 
piperidine > pyrrolidine >> monomethylamine n- 
butylamine Y> morpholine > cyclohexylamine > an- 
iline - N-me1,hylaniline > &butylamine > diisopropyl- 
amine. 

It was thus established that, regardless of the na- 
ture of the amine, the reaction of 1 with amines in- 

volves an intermediary aminoindenone 2 in which the 
allylic system has been reversed. This intermediate is 
generally unstable and reacted further to give the 
stable aminoindanone 3. The Huckel A 1 0  calcula- 
tion method,’ applied to 2-benzal-1-indanone and 2- 
benzyl-1-indenone, confirmed that the latter com- 
pound, which is related structurally to 1-indenone 
and cyclopentadienone, would be the less stable.’ 

The third phase of the study dealt with the investi- 
gation of the mechanism of the reaction 1 --t 2;  the 
“amine-exchange reaction” 2 + 3 will be discussed in a 
following paper. 

Either of two mechanisms can be offered to ex- 
plain a priori the formation of the rearranged amino- 
indenones 2 : first, an abnormal nucleophilic sub- 
stitution (SN’) involving directly the halogenoallyl 
system and, second, a two-step process in which the 
a-enone system reacts (1,4-Michael addition) giving an 
adduct which is dehydrohalogenated in a second step. 
Consequently, we attempted to find an actual inter- 
mediate between 1 and 2. The reactions of 1 with 
morpholine, cyclohexylamine, and aniline were repeated 
and followed simultaneously by tlc and uv spectroscopy, 
but in all three cases both methods showed that 1 and 
3 were the only products. 

We then investigated kinetically the reaction of the 
bromo ketone 1 with diisopropylamine. This particu- 
lar example of aminoindenone formation was chosen 
because the reaction rate was the lowest observed, and 
because 2b does not react further under the reaction 
conditions.8 

2b 

A product study of the reaction was first carried out, 
at  room temperature. In benzene as well as in aceto- 
nitrile a tlc study showed that 2b appeared immediately 
and was the only product along with diisopropylamine 
hydrobromide. An nmr analysis of the crude material, 
after 24 hr of reaction, showed no unexpected product. 
In  addition the same reaction was run in deuterio- 
chloroform at about - 5” and the reaction medium was 
constantly analyzed by nmr spectroscopy. In the 
first 10% of the reaction (before the hydrobromide 
precipitation) no evidence was found for any other 
product than 1 and 2b, the starting amine and its hydro- 
bromide. 

The differences between the uv spectra of 1 and the 
aminoindenones 2 (see Figure 1) allowed us to follow 
the kinetics using uv spectroscopy. The results are 
recorded in Table I. As expected, the reaction showed 
second-order kinetics, first order in bromo ketone and 

(7) We have carried out rough calculations according to the method 
suggested in A. Streitwieser. ”Molecular Orbital Theory for Organic Chem- 
ists,” John Wiley and Sons, Inc., New York, N. Y.,  1961, pp. 271-272. 

(8 )  The special properties of the aminoindenone 4b (related to the bulky 
diisopropylamino group) will be discussed in a following paper. 
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TABLE I1 
VALUES FOR THE SECOND-ORDER RATE COEFFICIENTS Kz 

FOR BROMIDE I O N  FORMATION I N  THE REACTION OF Id 30 tl 
M 
G 
X 
w 

A 
Figure 1.-The ultraviolet spectra in acetonitrile of 1, - - - -; 

2, -; and 4, ---.-. 

TABLE I 
VALUES FOR THE SECOND-ORDER RATE COEFFICIENTS Ka 

I N  THE REACTION OF 3-BROMO-2-BENZAL-l-INDANONE WITH 
DIISOPROPYLAMINE I N  ACETONITRILE 

1 0 2 ~ ~  101K1'~ 

3-BROM0-2-BENZAL-1-INDANONE WITH 
DIISOPROPYLAMINE IN ACETONITRILE 

lOPKt 
(1 equiv 

of amine/ 
[Bromo [Diisopropyl- equiv of l ) ,  

Temperature, ketone], amine], I .  mol-' 
OC mol/l. mol/l. min -1  

16.4 0,00503 0.0496 2.2 
16.4 0.00607 0.0493 2 .3  
16.4 0.00622 0.0442 2 . 3  
16.4 0.00706 0.0448 2 . 1  
29.9 0,00628 0.0406 5 .  1 
29.9 0.00679 0.0472 4.7 
29.9 0.00689 0.0224 4 .9  
29.9 0.00731 0.0350 5 .2  
44.8 0,00529 0.0364 11.5 
44.8 0.00618 0.0304 11.5 

10'Kz' 
(2 equiv 

of amine/ 
equiv of l ) ,  

1. mol-1 
min -1 

2.2 
2 . 4  
2 . 4  
2 . 2  
5 . 5  
5 . 0  
5 . 3  
5 .5  

13.0 
12.5 

TABLE I11 
VALUES FOR THE SECOND-ORDER RATE COEFFICIENTS KZ 

(1 equiv (2 equiv FOR AMINE CONSUMPTION IN THE REACTION OF 
of amine/ of amine/ 

3-BROMO-2-BENZAL-l-INDANOSE WITH [Bromo [Diisopropyl- equiv of l ) ,  equiv of l ) ,  
Temperature, ketone] amine] 1. mol-1 I. mol-1 DIISOPROPYLAMINE IN ACETONITRILE 

" C  (mol/l.) (mol/l.) min -1 rnin -1 102Ks 102Kz' 
15.6 0.00598 0,0500 2 .3  2 .4  
18.7 0.00601 0.0489 2.9 2.9 
18.7 0 00602 0.0449 2 .7  2.7 Temperature, 
30.0 0 1090 0.1090 4 .6  O C  

30.2 0.00693 0.0342 4 . 8  5 .0  18.1 
30.4 0,00698 0.0223 5 .0  5 . 3  18.1 
30.4 0.00671 0.0411 5 .0  5 . 1  18.1 
44.1 0 .  00588 0.0299 9 . 9  10.5 18.1 
44.9 0.00578 0.0244 8 .6  9 . 3  30.0 
44.9 0.00521 0.0352 11.5 12.0 30.0 

30.0 
30.0 

0 K z  = Ae-E'RT; E =: 9.0 kcal/mol; A = 1.6 X lo5 1. mol-' 
b Kz' = .4e-E/RT; E = 9.3 kcal/mol; A = 2.5 X lo6 1. min-1. 

mol-' min-1. 

[Bromo 
ketone], 

mol/]. 

0,00715 
0,00996 
0.0114 
0.0145 
0,00752 
0,00898 
0.0125 
0.0146 

[Diisopropyl- 
amine], 
mol/l. 

0.0440 
0.0403 
0.0577 
0.0610 
0.0347 
0.0260 
0.0584 
0.0496 

(1 equiv 
of amine/ 

equiv of l ) ,  
I .  mol-' 
min-1 

2 . 7  
2 . 5  
2 . 5  
2.5 
5 . 1  
4 . 9  
5 . 2 
4 .7  

(2 equiv 
of amine/ 
equiv of l ) ,  

I. mol-l 
min -1 

2 . 8  
2.7 
2 . 7  
2 . 7  
5 .6  
.5 . 6 
5 .7  
5 . .5 

in amine (the rate constants of an assumed reaction, 
first order only in 1, showed considerable drifts). 
Therefore one molecule of amine is consumed in a bi- 
molecular substitution and subsequently a second 
molecule of amine js protonated. Although the di- 
isopropylamine hydrobromide remained completely 
in solution, its dissociation must be very limited and 
therefore the calculation of the rate constant should 
involve 2 equiv of amine/equiv of l .9 

The kinetics of bromide ion formation in the same 
reaction was also followed. Assuming the equality of 
the observed concentration of bromide ions with the 
corresponding concentration of 1 having reacted, the 
rate constants have been calculated. It was found 
(Table 11) that the kinetics are second order (first 
order with respect to 1 and the amine) and that the 
rate constants are nearly the same as in the first ki- 
netic study. 

In  addition, we studied the kinetics of the diisopropyl- 
amine consumption in the same reaction. Table I11 
shows the rate constants calculated by assuming that 
half the concentration of the consumed amine is equal 
to the concentration of 1 having reacted. Second- 

order kinetics were found; the rate constants were 
essentially the same as those for the two preceding kine- 
tic studies. 

Finally, in an attempt to determine to what extent 
the carbon to halogen bond breaking is involved in the 
transition state, we investigated the reaction of 
3-chloro-2-benzal-1-indanone (4) lo with diisopropyla- 
mine in acetonitrile. The product study (tlc and nmr 
spectrum) showed that the course of the reaction is 
very similar with that of the reaction with 1; the 
only detected products were the aminoindenone 2b 
and the diisopropylamine hydrochloride. Moreover, 
the reaction was followed by nmr analysis in deuterio- 
chloroform and no other product was detected before 
the precipitation of the hydrochloride. 

The uv spectra of 1 and 4 were very similar (see 
Figure 1) and we used uv spectroscopy to study the 
kinetics of the over-all reaction. The results (see 
Table IV) clearly supported second-order kinetics 
(first order in 4 and in amine), and the replacement of 
the bromine atom of 1 by a chlorine atom appeared to 
decrease the rate of the substitution by a factor of 
about 3.7 (at 30'). 

(9) W. G. Young, I. D. Webb, and H. L. Goering. J. Amcr. Chem. SOC. (10) The  synthesis of this compound will be reported in a forthcoming 
T4 ,  1076 (1951). paper. 
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TABLE IV 
VALUES FOR THE SECOND-ORDER RATE COEFFICIENTS Kz 

WITH DIISOPROPYLAMINE IN ACETONITRILE 
IN THE REACTION OF 3-CHLORO-2-BENZAL-l-INDANONE 

1O’Kz 10’Kz‘ 
(1 equiv (2 equiv 

of amine/ of amine/ 

Temperature, ketone], amine], 1. mol-’ (I. mol-’ 
[Bromo- [Diisopropyl- equiv of 1). equiv of I ) ,  

O C  mol/l. mol/l. min -1 min -1 

29.9 0,0111 0.0258 1 . 2  1 . 4  
29.9 0.0153 0.0487 1 . 2  1 . 4  
29.9 0.0176 0.0416 1 . 2  1 . 5  
29.9 0.0199 0.0544 1 . 2  1 . 4  
29.9 0.0219 0.0622 1 . 2  1 .3  
29.9 0.0241 0.0490 1 .1  1 . 3  

Discussion 

The preceding experimental results raised the fol- 
lowing points for discussion: (1) The normal S N ~  
reaction is unfavored (if it exists) and the abnormal 
substitution predominates in each case. (2) The 
rate of the reaction depends on the nature of the re- 
acting amine. (3) The reaction follows second- 
order kinetics; no evidence for the existence of an 
intermediate between 1 and 2 has been found. 

The 3-(X-amino)-2-benzal-l-indanones 3 may be 
formed from 1 by two different reactions, either by 
a normal S N ~  substitution or by the reaction of the first 
formed aminoindenones 2 with the amine in excess. 
However, no direct substitution product was isolated 
in the reaction of 1 with diisopropylamine where the 
intermediate 2b is unable to react further with the 
excess of amine. Moreover, it was observed in the 
other cases that 2 is always formed either before 3 or 
simultaneously. Thus, the S N ~  reaction appears to be 
unfavored. The easy occurrence of the abnormal 
substitution cannot be explained by steric reasons 
alone since the 3 position of 3-bromo-2-benzal-1-inda- 
none seems to be nearly as accessible as its 1’ position. 
This is in agreement with the observed relative unim- 
portance of the steric effects in the substitution of 
halogenoallyl systems by amines. l1 The electronic 
factor seems to be of major importance in our system. 
The electron-withdrawing effect of the carbonyl group 
attracts the exocyclic a electrons inside the five-mem- 
bered ring because of the normal resonance effect in 
the ground state of the molecule (see structure 5 ) .  
Moreover, in the transition state, the presence of the 
positive charge on the lateral chain appears more likely.’ 
These combined effects not only explain the orientation 
of the substitution but also the ease with which the re- 
action proceeds; see the kinetic and energetic con- 
stants. 

H Br 

@&H-l’h \ W g P h  + 

6- 
5 

0 

The nature of the amine does not change the course 
of the reaction 1 + 2 but it influences its rate. It was 
difficult to estimate even qualitatively the rate of the 
aminoindenone formation with the less bulky amines 

(11) R. H .  DeWolfe and W. G .  Young, Chem. Rev., 66, 753 (1956). 

because of the speed of the reaction, 2 + 3 in these 
cases. Nevertheless, the steric factor seems to pre- 
ponderate and the less bulky amines react more rapidly. 
The influence of the basicity of the amine was percep- 
tible in the reactions of 1 with the aromatic amines; 
the rates were lower than with the normal aliphatic 
amines. These conclusions need to be made more 
precise on the basis of quantitative kinetic studies of 
the reaction. 

The /3-keto allyl system appears to be composed of 
two “crossed” simpler systems, the a-halogeno allyl 
system and the +enone system. 

If it is considered that the reaction involves mainly 
the a-halogeno allyl system, the preceding experimental 
data satisfy the criteria of DeWolfe and Young for an 
S N ~ ’  mechanism,” namely, the formation of the ab- 
normal product, the occurrence of second-order ki- 
netics, and the absence of reactant or product rear- 
rangement. Thus, the reaction may be of an S N ~ ’  
type; this implies a nearly concerted process and a 
transition state in which the exocyclic 7~ electrons be- 
come partly endocyclic while the negative charge 
is dispersed to the leaving group and the oxygen 
of the carbonyl. It has been observed that the parent 
system of 3-haloalkylthiophene-1,l-dioxide (the allylic 
system here is also substituted by a strong electron- 
withdrawing group) reacts with primary and secondary 
amines in benzene to give S~2‘-type reactions. 12& 

The carbonyl group of 3-bromo-2-benzal-1-indanone is 
expected to greatly perturb the S N ~ ’  reaction because 
it can absorb the developing negative charge. This 
effect is responsible for the relatively low decrease of 
the reaction rate when the bromine atom is replaced 
by the chlorine atom (a ratio JGB~/JGcI = 40-50 is ex- 
pected in the case of a “pure” S N ~ ‘  reaction).12b 
Thus the rate-determining process is only partly in- 
fluenced by the departure of the halogeno group. 

At the other limit, we can consider that only the 
a,P-enone system is concerned. The resulting 1,4 
addition of a Michael-type adduct would involve the 
intermediates 6a and, by ketonization, 6b. In the 

1 2 

/ 3  

L 

6a 6b 

(12) (a) F. G. Bordwell and coworkers, Northwestern University, 
Evanaton, Ill., private communication, 1966. (b) A. Streitwieser, Jr., 
“Solvolytic Displacement Reactions,” McGraw-Hill Book Co.,  Inc., New 
York, N. Y., 1962, p 30. 
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"pure 1,4 addition," the lifetime of the anionic oxygen 
is expected to be short because of the probable establish- 
ment of a hydrogen bond between the oxygen and the 
proton of the entering amine, and then protonation of 
the oxygen. The addition of amine would be followed 
by elimination of bromide ion. It has been shown that 
the rates of bromide ion production and amine con- 
sumption are equal (within the experimental error). 
Noreover, no intermediate 6 has been detected, and 
2-benzal-1 indanone failed to react with diisopropyl- 
amine in the same conditions. Therefore the two-step 
mechanism appears unlikely. If an intermediate was 
involved the ratio KBJKCI might be very small, pos- 
sibly -1. 

A more acceptable interpretation results from a con- 
sideration of the &keto allyl system in its entirety. 
In  a nearly concerted process, the amine attacks the 
1' position of the halogeno ketone, which is polarized 
as implied by 5 ;  before the complete development of 
the negative charge, the carbonyl reverts to type and 
induces the leaving of the bromide ion. Thus this 
mechanism can be considered as a highly perturbed 
S N ~ '  type in which the entering of the amino group and 
the departure of the halogeno ion are nearly syn- 
chronous, but the carbon to nitrogen bond making 
is running slightly rahead of the carbon to halogen bond 
breaking. 

Although, it has been demonstrated in only one 
case,I3 it is generally accepted that the S N ~ '  mechanism 
involves a cis stereo relationship between the entering 
and the leaving groups in the transition state. There- 
fore, to test the S N ~ '  character of the reaction in our 
system, it would be interesting to carry out the re- 
action with an optical isomer of 1 and study the 
absolute configuration of the resulting aminoindenone 2. 

Experimental Section14 
Reaction of 3-Bromo-2-benzal-1-idanone (1) with Amines. 

Thermodynamically Favored Products.-The bromo ketone 1 
was prepared as previouslya and its physical properties compared 
with those of an authentic sample; ultraviolet maxima (aceto- 
nitrile) were found a t  230, 253, and 322 mp (E 16,500, 12,070, 
27,200). 

A. With t-Butylamine.-A 1.62-g sample of t-butylamine 
(0.022 mol) was added to a solution of 3.32 g (0.011 mol) of 1 
in 1200 ml of n-hexane a t  room temperature. After 24 hr the 
solvent was evaporated and the crude product extracted with 
ether to separate the amino ketone. The evaporation of the 
solvent left a yellow solid which was recrystallized from n- 
hexane to give 1.6 g (48%) of 2-[or-(t-butylamino)benzyl]-l- 
indenone (2a) as a yellow solid, mp 83-85'; ultraviolet maxima 
(n-hexane) were found a t  238, 244, 303, 314, 327, 389 mp 
(e 40,000, 41,600, 1100, 1200, 900, 800); an infrared absorp- 
tion (CCla) appeared a t  1715 cm-1 (C=O); and nmr peaks (CClJ 
were observed between T 2.4 and 3.2 (9 H aromatic and 1 H 
vinylic), a t  5.20 (1 H benzylic), and a t  8.95 (9 H t-butyl). 

Anal. Calcd for C Z ~ H ~ ~ N O :  C, 82.44; H, 7.26; N, 4.52. 
Found: C, 82.00; H,  7.24; N, 4.81. 

The same reaction in benzene as solvent gave 62% of Za after 
24 hr at  room temperature. In  acetonitrile, and under the same 
conditions, 32% of 2a was isolated; in addition, 8% of 2-[(u-(t- 
butylamino)benxyl] -1-indenone hydrobromide was separated, mp 
185-187'; ultraviolet maxima (methanol) were found at 240, 
245 mp (e 31,400, 36,600); an infrared absorption (KBr) 

(13) G. Stork, W. N .  White, J .  Amer. Chem. SOC., 16, 4119 (1963). 
(14) Melting points were read with a calibrated thermometer. Ultra- 

violet absorption spectra were determined with a Cary Model 11-MS apec- 
trophotometer. Infrared spectra were maseured with a Perkin-Elmer 
Model 21. Nmr spectra were determined with a Varian A-60 epectro- 
photometer. 

appeared a t  1712 cm-' (C=O); and nmr peaks (CDCla) were 
observed between T 2.0 and 3.9 (9 H aromatic and 1 H vinylic), 
a t  4.67 (1 H benzylic), and at 8.55 (9 H t-butyl). 

Anal. Calcd for CmHzpNOBr: C, 64.51; H, 5.92; N, 3.77; 
Br, 21.51. Found: C, 63.95; H, 6.17; N, 3.89; Br, 21.63. 

The same reaction from 1.5 g of 1 and 3.65 g of t-butylamine 
(10 equiv) in 40 ml of benzene a t  25' gave, after 24 hr, 97% of 
&butylamine hydrobromide and 81 '% of 3-t-( butylamino)-2- 
benzal-1-indanone (3a) as a pale yellow solid: mp 91-94'; 
ultraviolet maxima (isooctane) at 238, 245 (sh), 310 mfi (e 
14,400, 13,600, 24,200); infrared absorption (CClr) a t  3380 
(NH) and 1705 cm-1 ( C 4 ) ;  nmr peaks (ccl4) between T 
2.0 and 2.8 (9 H aromatic and 1 H vinylic), a t  4.63 (1 H methine, 
doublet, J = 2 cps), and a t  9.11 (9 H t-butyl singlet). 

Anal. Calcd for CzoH21NO: C, 82.44; H, 7.26; N, 4.52. 
Found: C, 82.12; H, 7.22; N, 4.66. 

The mother liquor was concentrated to dryness. The resulting 
oil was dissolved in ether and then treated with dry hydrogen 
chloride. A 0.4-g amount of hydrochloride of 3a was obtained 
and recrystallized from 95% ethanol, mp 235-238'; ultraviolet 
maxima (methanol) were found at  232, 268 (sh), 324 mfi (e 
16,200, 8500, 25,500); an infrared absorption (CHCla) appeared 
at 1703 cm-1 ( C 4 ) ;  and nmr peaks (CDCla) were observed 
between T 1.0 and 2.7 (9 H aromatic and 1 H vinylic), at 4.05 
(1 H methine), and a t  8.67 (9 H t-butyl). 

Anal. Calcd for CloH22NOCl: C, 73.30; H ,  7.02; N, 4.27; 
C1, 10.81. Found: C, 73.44; H, 6.91; N, 4.33; C1, 10.71. 

B. With Diisopropy1amine.-To a solution of 1.5 g of 1 in 
60 ml of benzene 1.0 g of diisopropylamine (2 equiv) was added, 
at room temperature. After 27 hr, 0.62 g of diisopropylamine 
hydrobromide was collected and the solvent evaporated. The 
residue, dissolved in n-hexane, yielded 0.93 g (58%) of 2-((~- 
diisopropylaminobenzy1)-1-indenone (Zb) as a red solid, mp 
96-97' [petroleum ether (60-70°)] ; ultraviolet maxima (aceto- 
nitrile) were found a t  238, 242, 269, 312 (sh), 330 (sh), 404 
mp (e 41,600, 46,450, 11,600, 1060, 840, 610); an infrared ab- 
sorption (CCla) appeared at  1715 cm-1 (C=O); and nmr peaks 
(CDCls) were observed between T 2.4 and 3.1 (9 H aromatic and 
1 H vinylic), a t  4.87 (1 H benzylic broad singlet), a t  6.69 (2 H 
tertiary isopropyl, quintuplet, by the near superimposition of 
two quadruplets, J = 6.5 cps), and at  8.92 and 9.01 (12 H 
isopropyl, two doublets, J = 6.5 cps). 

Anal. Calcd for C~ZHZ~NO:  C, 82.72; H, 7.89; N, 4.38; 
mol wt, 319.5. Found: C, 82.88; H,  8.08; N, 4.53; mol wt, 
331. 

The same experiment, repeated with 10 equiv of diisopropyl- 
amine, yielded only the aminoindenone 2b after 24 hr. 

C. With n-Butylamine.-The same experiment was run with 
1.2 g of 1 and 0.58 g of n-butylamine in 50 ml of benzene at  25' 
for 22 hr. The infrared spectrum (in cc14) of the oily residue 
showed absorptions at  1705 ( ( 3 4 )  and 1630 cm-' (C=C); 
the nmr spectrum (in CCL) showed bands between T 2.1 and 2.8 
(9 H aromatic and 1 H vinylic), a t  4.76 (1 H methine), and 
between 7.7 and 9.5 (10 H, n-butylaminogroup, multiplet). 

The hydrochloride of 3-n-butylamino-2-bend-1-indanone 
(3e) was obtained by treating an ether solution of the preceding 
residue with dry hydrogen chloride. The solid (1.1 g, 80%) was 
recrystallized from methanol-ether, mp 190-191'. An ultra- 
violet maximum (methanol) was found at 316 mp (e 34,400), 
and the carbonyl infrared absorption (CHCla) appeared at 1710 
cm-l. 

Anal. Calcd for CpoH2zNOCl: C, 73.30; H,  7.02; N,  4.27; 
C1, 10.81. Found: C, 73.47; H,  7.18; N, 4.21; C1, 10.70. 

D. With Piperidine.-A 0.51-g amount of piperidine was 
dissolved in a solution of 0.93 g of 1 in 1.2 1. of n-hexane. After 
20 hr a t  room temperature, 0.71 g (78%) of 3-piperidino-2- 
benzal-1-indanone (3h) w&s separated in the usual way, mp 
141-143'. A mixture melting point determination with an 
authentic sample showed no depression.2 Nmr peaks (CDCla) 
were found between T 1.85 and 2.75 (9 H aromatic and 1 H 
vinylic), a t  5.00 (1 H methine, doublet, J = 1.5 cps), a t  7.5 
(4 H ,  methylenes (Y to N,  as a multiplet), and a t  8.6 (6 H, 
methylenes, f l  and y as a multiplet). 

With Morpholine.-A 1.89-g sample of 1 left standing at  
room temperature for 16 hr with 1.05 g of morpholine in 75 ml 
of benzene produced 1.6 g (88%) of 3-morpholino-2-benzal-l- 
indanone (3c), mp 139-140'. A mixture melting point determina- 
tion with an authentic sample showed no depression.2 Nmr 
peaks (CDCla) were found between T 1.9 and 2.75 (9 H aromatic 
and 1 H vinylic), a t  4.92 (1 H methine, doublet, J = 1.5 cps), 
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a t  6.4 (4 H, methylene groups (Y to 0) and at 7.4 (4 methylene 
groups (Y to  N).  

With Cyclohexylamine.-The same experiment was carried 
out with 1.5 g of 1 and 1.0 g (2 equiv) of cyclohexylamine in 60 
ml of benzene at room temperature. A quantitative yield of 
cyclohexylamine hydrobromide was separated. After evapora- 
tion of the solvent the residue was extracted with n-hexane to 
give 1.45 g (91%) of 8-( cyclohexylamino)-2-benzal-l-indanone 
(3d) after recrystallization from methanol: mp 94-96O; ultra- 
violet maxima (isooctane) a t  228, 235, 315 mp (e 13,600, 12,200, 
21,900); infrared absorption (CCla) at 1705 cm-l ( C d ) ;  
nmr peaks (CCl4) between I 2.1 and 2.8 (9 H aromatic and 1 H 
vinylic), and 4.78 (1 H methine, doublet, J = 1.5 cps), a t  7.5 
(1 H, on carbon LY to N),  and between 8.6 and 9.1 (11 H cyclo- 
hexylamino). 

Anal. Calcd for CZLH2sNO: C, 83.28; H, 7.25; N, 4.41. 
Found: C, 82.98; H, 7.51; N,4.45. 

Attempted Reaction. 2-Benzal-1-indanone with Diisopropyl- 
amine.-To a solution of 88 mg (4.10-4 mol) of 2-benzal-l- 
indanone in 5 ml of acetonitrile, 80 mg (2 equiv) of diisopropyl- 
amine were added at  room temperature. The reaction was fol- 
lowed by tlc (silica gel, petroleum ether-ether 50:50) during 72 
hr. No other compound than the reactants were detected. In  
addition, the nmr spectrum of a solution of 88 mg of 2-benzal-l- 
indanone and 80 mg of diisopropylamine in 0.5 ml of CDaCN 
and 0.2 ml of CI>cl3 showed no change after 72 hr a t  room tem- 
perature. 

Reaction of 1 with Methanol.-A 0.3-g sample of 1 in 20 ml of 
anhydrous methanol was refluxed for 24 hr. The evaporation of 
the solvent left an oil which crystallized. The recrystallization of 
the solid (methanol-ether) gave 0.22 g (71%) of 3-methoxy-2- 
benzal-1-indanone: mp 65-67”; ultraviolet maxima (methanol) 
found a t  232, 328 mp; infrared absorption (CCla) a t  1708 cm-l 
(C=O); nmr peaks (CClr) between I 1.8 and 2.4 (9 H aromatic 
and 1 H vinylic), and 4.10 (1 H methine, doublet, J = 2 cps) 
and 7.15 (methyl). 

Anal. Calcd for CUH&: C, 81.58; H, 5.64. Found: C, 
81.51; H, 5.88. 

Reaction of 1 with Amines. Kinetically Favored Products. 
A. Tlc and Uv Analysis of the Reaction. General Procedure. 
-To a solution of 20 mg of 1 in 2 ml of the solvent (benzene-n- 
hexane, 50:50) 2 equiv of amine were added. I n  each case, the 
solution immediately became green-yellow and a white pre- 
cipitate of the amine hydrobromide appeared. Shortly after 
the mixing of the reactants, a sample of the reaction medium 
was collected and “quenched” by dilution (at least 200 times) 
generally in chloroform or n-hexane. The resulting solution was 
then analyzed by uv spectroscopy. Simultaneously, the reaction 
was followed by thin layer chromatography on silica gel G, using 
mixtures of petroleum-ether and ether as the eluent. 

1. With Morpholhe.-The uv spectrum of the reaction 
medium showed two intense maxima a t  242 and 248 mp (CHC13) 
characteristic of the aminoindenone 2c, and a weak maximum 
at  323 mp assigned to 1 and 3c. The tlc study (petroleum ether- 
ether 50: 50) showed that the bromo ketone is consumed after 
15 min. A bright yellow spot appeared, having the same Rf as 
a spot of 3c but not its color; thus, the spots of the isomeric 2c 
and 3c were superimposed in this case. 

2. With Piperidine.-In this case, thesample for the uv spec- 
trum must be collected immediately after mixing the reactants. 
The uv spectrum (isooctane) showed two intense maxima a t  
238 and 244 mp, characteristic of 2h and two weaker maxima at 
325 and 330 mp assigned to 1 and 3h. The tlc study (petroleum 
ether-ether 25: 75) showed the presence (in the early moments of 
the reaction) of a bright yellow spot, a t  higher Rf,  corresponding 
to the aminoindenone but having the same Rf as 3h. 

With Pyrrolidine.-Although very weak, the maxima a t  
235 and 243 mp appear in the uv spectrum (n-hexane) of a sample 
collected immediately after mixing the reactants. After 15 
min, the aminoindenone had vanished as seen in another uv 
spectrum in which the preceding maxima are absent. The tlc 
study (petroleum ether-ether 50: 50) did not permit the separa- 
tion of the spots of 2j (bright yellow) and 3j  (noncolored). 

With n-Butylamine.-The uv spectrum (isooctane) of the 
reaction mediunl showed the presence of 2e at 235 and 242 mp 
and of 1 and 3e at  about 320 mp. The separation of 2e 
(higher Rt) and 3e was possible by tlc (petroleum ether-ether 
50:50). It was observed that the aminoindenone has some 
stability under these conditions, and was still present in a 
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sample collected 5 hr after the beginning of the reaction. After 
15 hr, only 3e was detected. 

5. With Cyclohexylamine.-The sample for uv analysis was 
collected 1 hr after the beginning of the reaction. The amino- 
indenone 2d, relatively stable under these conditions, was 
detected by its maxima a t  239 and 245 mp (chloroform). Com- 
pounds 2d (yellow spot a t  higher Rf )  and 3d were separated by 
tlc (petroleum ether-ether 50: 50). 

6.  With Monomethylamine.-The uv spectrum (n-hexane) 
of the reaction medium presented two intense maxima at 236 
and 243 mp (aminoindenone, 2k) and a weaker maximum at 318 
mp (assigned to 1 and 3k). The thin layer chromatogram showed 
the presence of three products, an aminoindenone product 2k 
(yellow spot a t  higher Rf), the aminoindanone 3k, and an un- 
known compound at  lower Rf.  The bromo ketone 1 was com- 
pletely consumed after 30 min, whereas after 3 hr only 3k re- 
mained in the reaction medium. 

7. With Aniline.-The reaction was relatively slow since a 
significant amount of aminoindenone 2f appeared only after 20 
min. The maxima of the corresponding uv spectrum are in the 
range of 230-240 mp. The tlc study showed that two main prod- 
ucts appeared (yellow spots) after 15 min and were still present 
after 2 hr. 

8 .  With n-Methylanilhe.-This case parallels the preceding 
one. Two uv spectra run after 20 min and after 2 hr presented 
two intense maxima at 236 and 242 mp (n-hexane) characteristic 
of the structure 2g. By tlc it was observed that two yellow 
products appeared 10 min after mixing the reactants. After 
1.5 hr, only one (at lower Rr) remained. 

Isolation of the Aminoindenones 2.-The preceding re- 
actions of 1 with amines were repeated on a larger scale and a t  
lower temperature (0-5’). After filtration of the hydrobromide 
the reaction was quenched by evaporation of the solvent a t  room 
temperature. The remaining oil was dissolved in the minimum 
of benzene and chromatographed rapidly on a column of neutral 
alumina with benzene as eluent. 

1. With Morpholhe.-From 0.45 g of 1, 0.23 g of hydro- 
bromide was collected (90yo) and 0.10 g of 2c was separated by 
chromatography. The product, a green viscous unstable oil, 
was analyzed immediately by tlc and proved to be pure: ultra- 
violet maxima (n-hexane) a t  238, 244, 316, 327 (sh), 387 mp 
(E 42,000, 44,000, 2300, 1600, 1000); nmr peaks (CDCl,), 
between I 2.3 and 3.1 (9 H aromatic and 1 H vinylic), a t  5.71 
(1 H benzylic, broad singlet), a t  6.28 (4 H, methylenes a to 0, 
complex triplet), and at  7.54 (4 H, methylenes (Y to N,  multiplet). 

2. With Cyclohexylamine .-The same experiment was 
carried out with 0.27 g of 1 and 0.21 g of cyclohexylamine in 15 
ml of the same solvent. A 0.14-g amount of hydrobromide (85%) 
WBS collected. The chromatography gave 90 mg of a green- 
yellow, viscous oil which was proved to be pure 2d by tlc (only 
one spot, the Rf of which is different from the Rf of the isomeric 
aminoindanone); ultraviolet maxima (n-hexane) were a t  237, 
243, 317, 375 mp (e 32,000, 33,000, 2500, 2200, 2500); nmr 
peaks (CDC13) were observed between I 2.3 and 3.2 (9 H aromatic 
and 1 H vinylic), a t  5.10 (1 H benzylic, doublet, J = 1.5 cps), 
between 7.3 and 9.2 (12 H cyclohexylamino), and at  7.62 (1 H, 
carbon 01 to N). 

3. With n-Butylamine.-From the same experiment with 250 
mg of 1 and 90 mg of n-butylamine (1.5 equiv) in 10 ml of the 
usual solvent, 90 mg of hydrobromide was removed by filtration 
(70%). The evaporation of the solvent gave an oil which was 
two times chromatographed; finally, 60 mg of a green-yellow, 
unstable oil were collected. A tlc study showed that the amino- 
indenone 2e was present in the sample, with a slight amount 
of an impurity a t  higher Rf; several successive chromatographies 
of the same sample did not completely purify the aminoindenone. 
The isomeric aminoindanone 3e was completely absent in the 
chromatogram. Ultraviolet maxima (n-hexane) were found a t  
237 and 243; nmr peaks of 2e (in CDC1,) were found a t  I 5.31 
(1 H benzylic, doublet, J = 1.5 cps) and at 7.43 (2 H methylene 
(Y to N,  complex triplet). 

4. Monomethylamine. First Experiment.-The usual ex- 
periment was carried out with 0.50 g of 1 and 0.21 g of mono- 
methylamine (4 equiv) in 20 ml of solvent and 0.12 g of hydro- 
bromide were collected (65%). The chromatography gave 0.30 
g of a yellow oil. The nmr spectrum (CDCL) of this oil showed 
that the main product is compound 3k, described hereafter. 
After 2 days in a refrigerator, a pale yellow solid precipitated 
and was recrystallized in n-hexane-benzene, mp 107’ (homo- 
geneity checked by tlc). Ultraviolet maxima (isooctane) were 
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found at 228, 231 (sh), 272 (sh), 309 and 321 (sh) mp (e 12,700, 
12,000, 11,000, 23,000, and 17,500). This spectrum w&p, char- 
acteristic of the structure 3k. Nmr peaks (CDCl,) were found 
between T 1.9 and 2.8 (9 H aromatic and 1 H vinylio), a t  4.67 
(1 H methine, doublet, J = 1.7 cps), a t  8.00 (3 H,  N-methyl, 
singlet), and at  8.18 (1 H,  NH). 

Anal. Calcd for ClrHIJNO: C, 81.90; H ,  6.06; N, 5.62. 
Found: C, 82.19; H ,  6.18; N,  5.80. 

Second Experiment.-The same procedure and the same 
amounts of reactants were used, except for monomethylamine of 
which 80 mg (1.5 equiv) were used. A 0.70-g amount of hydro- 
bromide was collected (55%). The residue, after evaporation 
of the solvent, was analyzed by the usual technique. The 
chromatography gave the following results. 

The first fraction (eluent, benzene) contained two products, 
A and B [Rr (A) > Rr (B)] ; nmr peaks (CDCla) were found be- 
tween 7 2.0 and 3.1 (axomatic H), at 4.23 (1 H,  doublet), a t  
5.06 (2 H ,  singlet), a t  6.13 (2 H, doublet), and a t  7.92 (3 H, 
methyl). A partial assignment was possible since a small amount 
(20 mg) of B was purified and immediately analyzed by nmr 
(CDC13) spectroscopy; nmr peaks were found between 7 2.3 
and 3.1 (20 H, aromatic and vinylic), a t  5.05 (2 H, singlet), and 
at  7.86 (3 H,  methyl) Tentatively, B seemed to be the di- 
indenoamino compound resulting from the attack of 1 by 2k. 
The second fraction upon tlc analysis showed the presence of 
three compounds B, C, and D. Compound D was identified 
by tlc as 3k. 

5.  With Aniline.--Under the usual conditions with 0.50 P 
of -1 and 0.31 g of aniline (2 equiv) in 20 ml of solvent, 0.13 
(50aj0) of hydrobromide were collected after 15 min. Column 
chromatography of the crude product gave fraction 1, 120 mg of 
an orange solid A, pure by tlc; fraction 2, 50 mg of a mixture of 
two products, A and B [Rf (A) > Rr (B)] ; fraction 3,160 mg of 
an orange solid which was pure B. The solid A was recrystallized 
in n-hexane-benzene, mp 143-144'. The structure 2f was as- 
signed to this compound on the basis of the spectroscopic data. 
Ultraviolet maxima (n-hexane, saturated solution) were found at  
237, 243, and 278 (sh) mp; (CHCl,) a t  246, 285 (sh), 320 (sh) 
334 (sh) and 409 mp (e 48,000, 4300, 1800, 1400, and 1000). 
Infrared absorption (C112C12) was observed a t  3370 (NH) and 
1714 (C=O) cm-1. Nmr peaks (CDCla) were seen between 7 

2.4 and 3.5 (14 H aromatic and 1 H vinylic), a t  4.66 (1 H benzylic, 
relatively broad singlet), and at  5.89 (NH; by adding D20, this 
peak is broadened and shifted). 

Anal. Calcd for C22H~JVO: C, 84.86; H,  5.50; N,  4.50. 
Found: C, 84.58; H ,  5.60; N,  4.36. 

The solid B was 3f. It was recrystallized from n-hexane- 
benzene, mp 161-162'. Ultraviolet maxima (n-hexane) were 
found a t  230 (sh), 237,244,300 (sh), 311, and 320 (sh) (t 20,000, 
22,000,29,000,25,500,27,500, and 24,000). Nmr peaks (CDCla) 
were between 7 2.1 and 3.4 (14 H aromatic and 1 H vinylic), 
at 4.08 (1 H methine, doublet J = 1.5 cps), and a t  6.11 (NH). 

Anal. Calcd for Cd31,NO: C, 84.86; H, 5.50; N, 4.50. 
Found: C, 84.79; H, 5.64; N, 4.50. 

6 .  With N-Methyladine.-From 0.50 g of 1 and 0.35 g of 
N-methylaniline (2 equiv) in 20 ml of solvent, 0.18 g (55%) of 
hydrobromide was separated after 30 min a t  room temperature. 
The chromatography gave fraction 1, 30 mg of brown-red, 
viscous oil, pure by tlc (product A); fraction 2, 110 mg of a 
mixture of A and B [Rt (A)  > Rf (B)]; fraction 3, 220 mg of 
an orange solid (B) pure by tlc. 

The aminoindenone 2g (compound A) crystallized in a re- 
frigerator, giving a red solid, mp 105-106' (n-hexane). Ultra- 
violet maxima (CHCL) were found at 243, 257 (sh), 295 (sh), 
331 (sh), and 416 mp ( t  42,000, 15,000, 3600, 9500, and 330). 
Ultraviolet maxima (n-hexane) were found a t  237, 242, and 328 
mp (E 43,000,48,000, and 2000). Infrared absorptions (CH2C12) 
were found at  1723 cm-1 (C=O). Nmr peaks (CDCla) were 
seen between 7 2.4 and 3.3 (14 H aromatic and 1 H vinylic). 
a t  4.00 (1 H benzylic, broad singlet), a t  7.17 (3 H, N-methyl). 

Anal. Calcd for C231&&O: C, 84.89; H, 5.89; N, 4.30. 
Found: C, 85.09; H, 5.55; N, 4.35. 

The solid B (3g) w&s recrystallized from n-hexane-benzene, 
mp 152-153". Ultraviolet maxima (n-hexane) were found a t  
230 (sh), 236, 241, 305 (sh), 312, and 321 (sh) (e 16,500, 18,000, 
23,000, 24,500, 25,500, and 21,000). Nmr peaks (CDCL) were 
seen between 7 1.9 and 3.2 (14 H aromatic and 1 H vinylic), 
a t  3.67 (1 H methine, broad singlet;, and at 7.70 (3 H, N-methyl). 

Anal. Calcd for C2all1,NO: C, 84.89; H,  5.89; N,  4.30. 
Found: C, 84.87; H, 6 00; N, 4.32. 

7. With Piperidine.-In this case it was not possible to isolate 
the corresponding aminoindenone. The reaction, carried out 
with 0.45 g of 1 and 0.27 g of piperidine, gave, after rapid chro- 
matography, only 0.39 g (84%) of 3-piperidino-2-benzal-l- 
indanone (3h). The nmr spectrum was exactly superimposable 
with the spectrum of an authentic sample. Another experiment 
was run at lower temperature (-5') with 130 mg of 1 and 80 
mg of piperidine, in 0.6 ml of CDCla. The reaction medium wm 
analyzed by nmr a t  -5', immediately after mixing the reactants 
but only the signals of 1, 3h, and piperidine were detected. 

8.  With Pyrrolidine.-The experiment a t  5' did not give the 
aminoindenone, but only 3j. Nmr peaks (CDC13) were found 
between T 1.9 and 2.6 (9 H aromatic and 1 H vinylic), a t  4.48 
(1 H methine, doublet, J = 1.6 cps), a t  7.3 (4 H,  methylene 
cy to N, multiplet), and 8.3 (4 H ,  methylene 6 to N, multiplet). 

Another experiment was run at  -5' with 170 mg of 1 and 80 
mg of pyrrolidine in 0.7 ml of CDC4. The nmr analysis a t  
-10' showed the signals of 1, 3j, pyrrolidine, and 2j (at 4.81, 
1 H benzylic). 

Kinetic Studies of the Reaction of 3-Halogeno-2-benzal-i- 
indanones 1 and 4 with Diisopropylamine in Acetonitrile. 
Product Study. Reaction of 3-Bromo-2-benzal-I-indanone (1 ) 
with Diisopropy1amine.-To a solution of 0.75 g of 1 in 30 ml of 
acetonitrile, 0.50 g of diisopropylamine was added a t  room 
temperature. The reaction was followed by tlc (petroleum ether- 
ether 75:25). During 18 hr, only 1, 2b, the amine, and the hy- 
drobromide were detected. A 0.33-g amount of diisopropylamine 
hydrobromide was filtered (72%); then, the evaporation of the 
solvent left 0.68 g of a red oil. A nmr spectrum of the crude 
product showed only the signals of 1 and the aminoindenone. 
The aminoindenone 2b was purified by fast chromatography of 
the crude material on neutral alumina (eluent, benzene); a 
red solid (0.42 g) resulted, mp 95-96', which was shown to be 
pure, by tlc and nmr analysis. 

The same reaction was followed at  lower temperature by nmr 
analysis. To a cooled solution of 72 mg of 1 in 0.5 ml of CDCla in 
an nmr tube, 58 mg of diisopropylamine was rapidly added, and 
the reaction medium immediately analyzed by nmr spectros- 
copy a t  -5'. The solution turned pale red (color of the amino- 
indenone) as soon as the reactants were mixed. During 15 min 
only the signals of 1 and the amine were recorded. Then the 
signals of 2b began to appear (benzylic H and isopropyl H). 
After 85 min, when the hydrobromide began to precipitate, no 
other signals than those of 1,2b, diisopropylamine, and its hydro- 
bromide were observed. 

Reaction of 3-Chloro-2-benzal-1-indanone (4) with Diiso- 
propylamine.-The chloro ketone 4 was preparedlo from the 
action of chloride ions on the hydrochloride of 3b. Ultraviolet 
maxima (n-hexane) were found at  229, 227 (sh), 235, 242 (sh), 
307 (sh), 315, and 327 m p  (e 15,000, 14,100, 14,000, 10,750, 
22,850, 28,350, and 24,050). 

The reaction of 20 mg of 4 and S2 mg of diisopropylamine (4 
equiv) in 2.0 ml of acetonitrile was followed by tlc (petroleum 
ether-ether 50:50) a t  room temperature during 27 hr. Only 
the chloro ketone, the aminoindenone 2b, diisopropylamine, and 
its hydrobromide were detected (the elutionl of the plate must 
immediately follow the spotting because of the possible de- 
composition of 2b under these conditions. 

In another experiment, the reaction of 95 mg of 4 and 75 mg of 
diisopropylamine in 0.45 ml of CDC13 w&s followed by nmr at  
room temperature. The signals of the aminoindenone 2b began 
to appear after 10 min. After 40 min, the hydrochloride of the 
amine precipitated. All the signals, in each spectrum, were 
assigned to 4, 2b, the amine, or its hydrobromide. 

Fifteen hours after the beginning of the experiment, the mix- 
ture was poured into ether and the hydrochloride (40 mg, 78%) 
removed by filtration. The solvent was evaporated and the 
red solid residue was analyzed by nmr (CDCla) spectroscopy; 
the spectrum showed the peaks of the amine, the aminoindenone 
2b, and the chloro ketone. A subsequent tlc analysis confirmed 
the presence of 4 and 2b; in addition, a slight amount of un- 
identified product was found (coming probably from the partial 
decomposition of the aminoindenone). 

Kinetic Procedures.-The bromo ketone 1 was recrystallized 
from CCla and its melting point, uv and nmr spectra, and thin 
layer chromatogram were identical with those of a pure sample. 
The purity of the chloro ketone 4 was verified on the basis of the 
analysis and the spectra. The diisopropylamine was distilled 
once from BaO, then fractionated twice with a Vigreux column. 
We used the acetonitrile (Spectrograde) of Eastman as solvent. 
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The stabilities of 1,4, and 2b were checked under the conditions 
of the kinetic runs. It was found that 1 and 4 are stable, whereas 
the aminoindenone 2b showed a slight decomposition, a t  45" 
after 12 hr. The dilution (100 times or more) at room tempera- 
ture, quenched the studied reactions. 

Two different techniques were used depending on the tempera- 
ture. For the kinetics run at  30' or below, asealed bulb containing 
the amine was crushed in the solution of 1 (or 4); then the level 
was rapidly adjusted. Collecting of the samples was done by 
direct pipeting, and the reaction was quenched by dilution. At  
least eight measurements were made in each run. The kinetiw 
run above 30" were carried out using the sealed-bulb method. 
The bulbs were filled with a special weight buret a t  low tempera- 
ture to avoid the loss of amine. 

In  the case of the kinetics followed by uv spectroscopy, the 
concentrations of the reactant (1 or 4) and the product (2b) were 
deduced from the optical densities a t  four wavelength. It was 
noted that only the optical densities of the maxima give significant 
results. From an average of these values the concentrations of 
reactant and product were calculated. 

For each experiment the following expressions were plotted 
against time: log [ a / (a  - z)], - a)] log [a(b - z)/b(a - 
z)] (second-order and 1 equiv of amine per 1 equiv of halogeno 
ketone); [ l / ( b  - Za)] log [a(b  - 2z)/b(a - z)] (second-order 
and 2 equiv of amine per 1 equiv of halogeno ketone); a and b 
are the initial concentrations of the ketone and the amine re- 
spectively; x is the concentration of the product. The kinetic 
constants were determined by the least-squares method; the 
precision is estimated at  about ~ t30 /~ .  

The titration of the bromide ions was carried out as follows. 
A sample (5 or 10 ml) of the reaction medium was poured into 
80 ml of benzene. The bromide ions were carefully extracted 
three times with 15 ml of distilled water, and the organic solvents 
were removed under vacuum at  room temperature. The bromide 
ions were titrated by Volhard's method. This procedure per- 
mits a selective titration of the bromide ions, without interference 
with any other component. 

The amine-consumption was followed by titrating the re- 
maining amine. The sample was poured in a separating funnel 
containing 10 ml of 4 X N HCl solution covered by 70 ml 
of benzene. After shaking, the aqueous layer was collected and 
the benzene layer was extracted three times by 15 ml of distilled 
water. The organic solvents were removed from the water solu- 
tion under vacuum and the remaining acid was titrated (using 
methyl red as indicator) by an 8 x 10-3 N solution of morpholine 
in methanol. This procedure prevented the formation of the 
hydrochloride of the aminoindenone 2b and permitted the 
selective titration of the diisopropylamine. 

Registry No.-1, 5387-50-8; 2a, 5387-51-9; 2a HBr, 
15982-75-9; 2b, 15982-76-0; 2c, 15984-15-3; 2d, 15982- 
77-1; 2e, 15982-78-2; 2f, 15982-79-3; 2g, 15982-80-6; 
3a, 5387-52-0; 3a HCI, 15982-82-8; 3c, 15982-83-9; 3d, 
15982-84-0; 3e HC1, 15982-85-1; 3f, 15982-86-2; 3g, 
15982-87-3; 3h, 16031-03-1 ; 3j, 15982-88-4; 3k, 
15983-89-8; 4, 15983-91-2; 3-methoxy-2-benzal-l- 
indanone, 15984-14-2. 
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2-[~-(Substitutedamino)benzyl]-l-indenones are shown to undergo a second-order amine-exchange reaction with 
certain amines to produce 3-substituted amino-2-benzal-1-indanones. For example, 2-[4 diisopropy1amino)- 
benzyl]-1-indenone undergoes this aminotropic allylic rearrangement with the less space-demanding amines 
(morpholine, piperidine, pyrrolidine, and t-butylamine) but not with diisopropylamine. The course of the reac- 
tions was followed by employing nmr, tlc, kinetic, and ultraviolet absorption techniques. I t  is proposed that 
these aminotropic allylic changes are best explained by a variant of an sN2' mechanism. A novel amine-cata- 
lyzed prototropic rearrangement of the 34 substituted amino)-2-benzal-l-indanones to 3-( substituted amino)-% 
benzyl-1-indenones was also established. 

In the preceding paper of this series,la it has been 
shown that the reaction of 3-halogeno-2-benxal-1-inda- 
nones (1) with primary and secondary amines proceeds 
in two steps to give first the 2-(a-aminobenzyl)-l-inde- 
nones (2) then the isomeric 3-amino-2-benzal-1-inda- 
nones (3). 

On the basis of various kinetic studies, a nearly con- 
certed bimolecular mechanism was assigned to the first 
allylic rearrangement 1 -P 2. In  the present paper, 
the results of our studies of the second allylic rearrange- 
ment 2 -+ 3 are reported. 

The displacement of allylic amino groups with amines 
is expected to be relatively difficult, and reports of the 

(1) (a) For paper VI in this series, 8ee G .  Maury, E.-M. Wu, and N.  H .  
Cromwell, J .  O w .  Chem., 88,  1900 (1968); (b) Abstracted in part from the 
Ph.D. thesis of E.-M. Wu, University of Nebraska, Lincoln, Neb., 1966; ( 0 )  

the author to whom all correspondence concerning this article should be 
addressed. 
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sa, R1, Rz = morpholino 
b, R1, Rz = piperidino 
c, R1, R, = pyrrolidino 
d, R1 = H; RZ = t-Bu 
e, R1 = H; RZ = i-Pr 

2a, Rt = RZ = i-Pr' 
b, R1 = H; Rz t-BU 
c, R1 = H; Rz = i-Pr 

use of an amine as the displacing reactant are very rare 
in the literature. Some allylamines resulting from the 


