
(d )  j 3  > CFI-C=C- 2 ;  

That  the migration of the double bond in fact 
occurs as suggested in step (e) above is amply dem- 
onstrated for the case of &pinene. 

The structure of nopol (11) has been demonstrated 
by Bain4 and we have found that  the amine I11 pro- 
duced from nopol through the tosylate is in fact 
identical with that  directly produced from &pin- 
ene. The absence of carbon skeleton rearrange- 
ments suggests that  the steps (d) and (el must pro- 
ceed virtually simultaneously since a free carbo- 
nium ion of the type represented by the internie- 
diate (A) would be highly susceptible to carbon 
migration. 

iCH20 

CH?CH?OH 
I 

A 

+ I1 

--+ Tosylate 

Evidence for assigning the a-methylstyrene prod- 
uct the structure of 2-phenyl-4-piperidino-1-butene 
is based principally on the similarity of the infrared 
spectra of our compound to that  of 2-phenyl-1-bu- 
tene, rather than 2-phenyl-2-butene." 

For anethole, the intermediate (A) would be most 
stable if the positive charge could be on the carbon 
alpha to the aromatic ring and there would thus 
be no hydrogen on carbon 3 so that  step (e) could 
not occur and acetate ion would add instead by 
step (f). 

PHILADELPHIA, PESNA. 
NOTRE DAME, IND. 

(11) D. J. Cram, T H r s  JOCRNAI. ,  74, 2120 (1952) .  
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The Aminomethylation of Olefins. I. The Reaction of Secondary Amines, 
Formaldehyde, and Olefins 

BY CLAUDE J. SCHMIDLE AND RICHARD C. MANSFIELD 
RECEIVED APRIL 2, 1955 

New syntheses of 3-aryl-3-buten~~lamines, substituted cinnamylamines and I-aryl-3-aminopropanols by the reaction of 
t-nsaturated tertiary amines have substituted styrenes, formaldehyde and secondary amines in acetic acid are reported. 

been obtained from the reaction of several terpenes, formaldehyde and secondary amines. 

The facility with which a-methylstyrene reacts 
with formaldehyde in acetic acid solution' sug- 
gested the possibility that  this olefin would react 
with formaldehyde and secondary amines under 
comparable conditions. The reaction of a-niethyl- 
styrene, dimethylamine and paraformaldehyde was 
found to proceed readily in acetic acid solution 
to yield ?j,N-dimethyl-::-phenyl-:3-butenJ-13m 
(1). 

The structure of I was established by hydrogena- 
tion to N,N-dimethyl-3-phenylbutylamine' and the 
infrared spectrum which showed a strong absorp- 
tion of 11.17 p and had a close resemblance to that  
of 2-phenyl-1-butene2 indicating that  the double 
bond is in the terminal position. A series of %aryl- 
3-butenylamines prepared from a-methylstyrene 
and p,a-diinethylstyrene is given in Table I. 

(1) C. C. Price, I;. I.. Benton and C. J .  Schmidle, T H r s  J O I J R N ~ I . ,  71, 

(2) D .  J.  Cram. i b i d . ,  74, 2137 (1!)32), 
2860 (1929). 

CIIJCOOH , R'R" _- ----+ R - n - C = C H ?  + CH20  + H Y  * 
CIIP 

R-=-C-CH?--C It H~-XHR/R 

CH2 

Unsaturated tertiary amines were also obtained 
from a- and @-pinene, camphene and limonene. 
These are listed in Table 11. The amines from ,8- 
pinene, like the corresponding alcohol, nopol, ex- 
hibit optical activity. 

This reaction may be represented by a combina- 
of Wagner's3 hypothesis relating other acid-cata- 
lyzed reactions of secondary amines and formalde- 
hyde with that  of Price4 concerning the reaction of 
formaldehyde with olefins. 

Tertiary aminoalcohols were obtained from the 
reaction of p-methoxystyrene, anethole and isosa- 
frole with formaldehyde and secondary amines un- 

(3) E C Wagner. J Ovg C h e m ,  19, 18b3 (1'354) 
(4) C C Price, "Reactions a t  Carbon-Carbon Double Rands I '  

Interwience Piihlr-hrrs lnc h'ew York \' Y , 1940, p 45 
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TABLE I 
CHz 

3-ARYL-3-BUTENYLAMINES, R 
Time, Yield, B.p. Carbon, % Hydrogen, % Nitrogen, % 

R -NR'R" hr. OC. Mm. ?I% Formula Calcd. Found Calcd. Found Calcd. Found 

N(CHdn 16' 60 

NC,H,O" 16' 30 

N(CHd2 6d 56 
X( C?Ha)? 16 34 

N(CH2)*CH2 16b 32 

Pc'lCH2)sCHz 16* 18 

K;(C?HJz 5b 33 

C G H ~ C H ~ K C H ~  16b 39 

NC~HBO" 1fi5 51 

L-J 

L A  

65-70 
145-146 
175-180 
140-150 
115-120 
110-115 
160-165 
145-148 

125-130 

0 . 5  
25 
15 

I 
6 
2 
4 
4 

2 

1.5225 
1.5126 
1.5439 
1.5615 
1.5209 
1.51% 
1.5407 
1.5363 

1.5384 

82.23 
82.70 
77.38 
86.01 
82.48 
82.89 
77.87 
83.78 

83.66 

82.22 
82 ,32  
77.20 
85.31 
82.10 
82.40 
78.40 
83.27 

83.03 

9 . 7 8  
10.41 
8 . 8 1  
8 . 4 2  

10.12 
10.67 
9 .15  

10.11 

9 .83  

10.01 
10.47 
8.87 
8 .48  

10.26 
10.90 
9 .23  

10.42 

9 .76  

7 .99  7.99 
6.89 6 .90  
6 .45  6 .47  
5.57 5 .48  
7.40 7 .36  
6.44 6 .44  
6 .06  5.86 
6 .11  5 .82  

6.51 6 .30  

a X,N,N',N'-Tetramethyldiaminomethane used as the source of amine and one-half of the required formaldehyde. * One 
d Dimethylamine sulfate used as the source of amine and one equivalent equiv. of phosphoric acid added. 

of sulfuric acid. 
c 4-Morpholinyl. 

TABLE I1 
REACTIOX OF TERPENES, FORMALDEHYDE AND SECONDARY AMINES 

Terpene 

u-Pinene 
E-Pinene 
Camphene 
d-Limonene 
Dipentene 

&Pinene 

Camphene 
&Pinene 
d-Limonene 

Secon,dary 
amine 

K-N(CH3)z 
H-N(CHa)z 
H-N(CH,)z 
H-N (CHI) z 
HN(CHi)aCHz 

I 

HN (CH?) rCH2 
L-J 

HNC4HsOC 
HKCdHsO' 
HNCaHsO' 

Time, 
hr. 

30 
2 

lc, 

1 G  

16 

1F 
16 
1G 

165 

Yield, 
% 

33 
65 
210 
24 
22 

28 

24 
44 
18 

B.p .  
OC. Mm. 

120-130 18 
133-143 20 
55-65 0 . 3  
70-80 0 . 3  

105-114 0 .75  

115-125 2 

87-97 0 . 6  
170-180 10 
100-110 0 . 3  

X Z 5 D  

1.4819 
1.4771 
1.4789 
1,4809 
1.5000 

1,4977 

1.5025 
1.4985 
1.5030 

Carbon, % 
Calcd. Found 

80.76 80.13 
80.76 80.05 
80.76 80.13 
80.76 79.58 
82.33 80.70 

8 2 . 3 3  81.90 

76.54 76.00 
76.54 74.32 
76.54 75.28 

Hydrogen, % 
Calcd. Found 

11.99 11.34 
11.99 12.32 
11.99 12.12 
11.99 12.12 
11.67 11.53 

1 1 . 6 7  11.64 

10.71 10.72 
10.71 10 .51  
10 .71  10.82 

Nitrogen, % 
Calcd. Found 

7 . 2 5  7 . 3  
7 . 2 5  7 . 6  
7.25 7.05 
7 . 2 5  7.2.1 
6.00 5.86 

0.00  G.05 

5 . 9 5  5 .93  
5 .95  6 , l O  
5 .95  5 . 7 8  

a 26% yield with dimethylamine sulfate. b Dimethylamine sulfate used as the source of amine and one equivalent of 
sulfuric acid. c hlorpholine. 

TABLE I11 
HO R R' 

I 1  
AMINO ALCOHOLS Ar-C!HCHCH?--&-RK 

Ar 
Time, Yield, B.p. Carbon, % Hydrogen, % Nitrogen, % 

R NR'R" hr. % OC. Mm. N z 5 D  Formula Calcd. Found Calcd. Found Calcd. Found 

9- Anisyl H NC4Ha05 1 36 175-185 2 . 0  1.5328 C I ~ H Z I X O ~  66 90 06 96 8 . 4 2  8.06 5.57 5.30 
p -  Anisyl CHI  N(CHa)i* 8 42 130-140 1 . 2  1.5144 ClaHziNOz 69.92 69.75 9 . 4 8  9 .44  6.27 R 34 
3,4-Methylene- 

dioxyphenyl CH3 N(CH3)z0 8 3L 125-135 0 , 4  1,5241 C I E H I ~ N O ~  G6.81 05.8g 8 . 0 7  8 .17  5 . 9 0  3 . 7 8  

4-Morpholinyl. b N,N.N',N'-Tetramethyldiaminomethane used as the source of amine and one-half of the formalde- 
hyde. Dimethylamine sulfate used as the source of amine and one equivalent of sulfuric acid. 

1 LRA-=CH? J 

der reaction conditions sufficiently mild to avoid 
dehydration. 

Ar-CH=CH f CH?O + R'-XH --+ 
I I 

R R"  
Ar-CH-CH-CH~-SR' 

I 
R"  

I 1  
OH R 

These are listed in Table 111. 
The reaction of p-methoxystyrene, formaldehyde 

and dimethylamine sulfate in acetic acid gave, after 
18 hours refluxing, a 30% yield of N,N-dimethyl-p- 
methoxycinnamylamine (11). 

N, N-Dimethyl-3,3-di-p-anisylallylamine (I I 1) 
was obtained from the reaction of 1, l-bis-p-meth- 
oxyphenylethylene, formaldehyde and dimethyl- 
amine sulfate in acetic acid. 
N,N-Dimethyl-3-p-anisyl-3-phenylbutylamine 

(IV) was obtained from the reaction of N,N-di- 
methyl-3-phenyl-3-butenylamine (I) with anisole 
in the presence of zinc chloride. 
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Experimental 
The Reaction of Secondary Amines, Formaldehyde and 

Olefinic Compounds.-The following general procedure was 
employed to prepare the compounds listed in Tables I ,  I1 
and 111. One mole of the amine was dissolved in 400 g. 
(6.6 moles) of acetic acid and 31.6 g. (1 mole, 95% assay) 
of paraformaldehyde was added. The mixture was heated 
until a clear solution was obtained and one mole of the 
olefinic compound was added. The mixture was stirred and 
refluxed for the length of time indicated. After cooling, 
the mixture was poured into 1.5 1. of water and extracted 
with benzene. The aqueous layer was made basic with ex- 
cess sodium hydroxide solution. The amine was taken up 
in benzene, dried and distilled. 
N,iY,K',S'-Tetramethyldiaminomethane was employed 

in some cases as the source of dimethylamine and one-half 
of the required formaldehyde. The addition of one 
equivalent of sulfuric acid or phosphoric acid per mole of 
amine before the olefin was added appeared to  be advan- 
tageous with the less reactive systems. The more con- 
veniently handled dimethylamine sulfate was successfully 
employed in several instances. These variations are indi- 
cated in the tables. 
N,N-Dimethyl-3-phenylbutylamine.-Reduction of 75 g. 

of r\i,N-dimethyl-3-phenylbutenylnrnine ( I )  in 175 ml. of 
ethanol at 100 atm.  and 100' using 'i g. of Raney nickel 
gave 59.5 g. (?8Yo) of r\ ' ,N-dimethyl-3-plieii~lb~it~I~mine,2 
b.p. 110-113" (20 mm.),  n Z 5 ~  1.4940. 

Anal. Calcd. for CI?H19S: C, 81.30; H, 1O.SO; S, 7.90. 
Found: C, 81.10; H ,  10.85; ?;, 7.83. 
N, N-Dimethyl-p-methoxycinnamylamine (11). -A mix- 

ture of 70 g. (0.28 mole, 76% assay) of technical dimethyl5 
amine sulfate solution, 13 g. (0.41 mole, 9570 assay) of 
paraformaldehyde, 52 g. (0.39 mole) of p-methoxystyrene 
and 72 g. (1.2 moles) of acetic acid was stirred and refluxed 

( 5 )  R. Quelet, Bidl. sot .  c k i n . ,  7 ,  196 (1940). 

for 18 hours. After cooling, the mixture was poured into 
500 ml. of water and extracted with benzene. The aqueous 
layer was made basic with cxcess sodium hydroxide solution. 
The amine was taken up it1 benzene, dried and distilled to 
give 48 g. (64YO), b.p. 110--135' (3 mm.). This was rediq- 
tilled to give 22 g. (30;;) of N,N-dimcth!.l-p-rnethoxycin- 
namplamine, b.p. 120--125" ( 3  m m . ) .  

Anal. Calcd. for CIJ31;SO: C,  75.35; H, 8.96; N,  
7.32. Found: C,  75.28; H ,  9.29; S, 7.3. 

N,N-Dimethyl-3,3-di-p-anisylallylamine (III).-A iniw- 
ture of 9 g. (0.28 mole) of paraformaldehyde, 120 g. (2 
moles) of acetic acid, 61.5 g. (0.25 mole) of dimethylamine 
sulfate (76Y0 assay) was stirred and heated until a clear 
solution was obtained. Sixty grams (0.25 mole) of l>l-bis- 
p-plethoxyphenyleth~lenee was added. The mixture was 
stirred and refluxed 16 hr. The amine was isolated as in the 
previous examples and distilled to  give 36 g. (12%) of N,N- 
dimethyl-3,3-di-p-anisylallylamine, b.p.  195-205" (2.2 mm.)  
n ? j ~  1.5853. 

A d .  Calcd. for C1gH23N02: C, 76.71; H, 7.79; N, 
4.74. Found: C,  75.79; H, 7.47; N, 4.65. . .  

N,N-Dimethyl-3-anisyl-3-phenylbutylamine (IV).-Hy- 
drogen chloride was passed into a solution of 87.5 g.  (0.5 
mole) of S, Y-dimethyl-3-phenyl-3-butenylaniine ( I )  in 216 
g. (2  moles) of anisole with stirring and cooling to form the 
amine hydrochloride. The mixture was heated to 80" to 
effect solution of the amine salt and 70 g. of anhydrous zinc 
chloride \vas added slowly. An exothermic reaction took 
place and the temperature rose to 105'. Hydrogen chlo- 
ride was passed into the solution for one hour, during whit? 
period the temperature rose to 110' and then fell to 80 . 
The mixture was then heated a t  120' for 2 hours. After 
cooling, the mixture was mixed with 1 1. of water and 100 
g. of concentrated hydrochloric acid. The unreacted ani- 
sole mas separated from the aqueous layer which was then 
made basic with 500 ml. of 50To sodium hydroxide solution. 
The amine was taken up in benzene, dried, and distilled 
to give 103 g. (727,) of N,S-dimethyl-3-anisyl-3-phenyl- 
butylamine, b.p. 185-195" (4.5 mm.), n Z 6 ~  1.5561. 

.4neZ. Calcd. for ClsH25NO: C, 80.52; H, 8.89; K, 
4.94. Found: C, 80.26; H, 8fO; X, 4.95. 
. -. 

(17) R. Queltt  and J. Allard, ibi?., 7, 215 (1940). 
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The Stereochemistry of Radical-Olefin Addition Reactions. Reactions of cis- and 
trans-2-Butenes with Bromotrichloromethane 

BY PHILIP S. SKELL AND ROBERT C. WOODWORTH] 
RECEIVED JAXARY 3, 1955 

The light-initiated free-radical chain reactions of cis- and trans-2-butene with bromotrichloromethane have been examined 
in detail t o  elucidate the relative rates of the successive reactions and the structure of the chain-carrying 3-trichloromethyl-2- 
butyl radical. The reaction of cis- or trans-2-butene with bromotrichloromethane produces a mixture of identical quan- 
tities of the two diastereomeric 1 : 1 addition products. These results indicate that  the addition of a trichloromethyl radical 
to cis- or trans-2-butene produces the same mixture of diastereomeric 3-trichloromethyl-2-butyl radicals, CHI-CH( cc13)- 
CH-CHI. It seems likely that all aliphatic 
free radicals have the conventional open-chain structure. The addition of a .CCls radical t o  either of the 2-butenes pro- 
ceeds at comparable rates: k J k t  = 2.4. The rate of interconversion of the diastereomeric 3-trichloromethyl-2-butyl 
radicals by rotation about the c2-C~ bond must be greater than the rate of reaction of these radicals with bromotrichloro- 
methane. The rate of reaction of the diastereomeric radicals with bromotrichloromethane must be greater than the rate of 
dissociation of the radicals to .CCL and CrHs. A Dvramidal structure for the trivalent carbon of the 3-trichloromethyl-2- 

There is no evidence in support of a three-atom ring structure for this radical. 

. _  
butyl radical is suggested. 

It is a well-known experimental fact that  in polar 
media addition of bromine to olefins proceeds by a 
stereospecific course resulting in trans addition to 
the double bond. These facts have been ex- 
plained by assuming a positively charged three- 
atom ring intermediate which formally derives from 
the placement of a Br+ a t  a position approximately 

(1) Xational Science Foundation Fellow 

equidistant from the doubly bound atoms and 
above the plane of the double bond. This interme- 
diate then acquires the equivalent of a Br- which 
approaches from the free side of the double bond 
plane, thus resulting in the trans attachment of the 
two bromine atoms. 

The experimental basis for a similar discussion of 
the addition of radicals to olefins has not lent itself 


