
Synthesis and Pharmacology of a Series of l-l-lralkpl-3-buteiiylaillines' 

belie, of subhtitiited 1-beiq 1-3-biitenylaniines related to  alelamilie prepaid arid evaluated biologicdllj 
1 related series of 2-benzyl- foi analgetic, anticonvulsant, antihypertensive, and antiinflammatory activity. 

4-pentylamines was also prepared and evaluated. 

Allthough various aralkylemniei pc 
activity,2 they have not foulid cliiiical utilitj in the 
t re:itmcnt of pain mainly bcciiuie of low potency and 
undesirable effects 011 the central nervous 
I'revious reports3t4 from these 1:iboratories d 
the> :Lnalgetic effect. of l-herizy1-3-butenr lnmine 
(aletamincb) at doreb belon those producing overt 
.ymptomstology. 111 addition, this :mine poiyew': 
hypotenhive, antiinflammator) . anorexic, :itid anti- 
convulsant activities.3 

With the goal of erihaiiciiig m n e  of the propertiei 
of aletamhe, a ,ieries of tubstituted l-benzyl-3-buten> 1- 
:Imine- .i.\.as [)repared. X series of related 2-benzyl-l- 
pentenylamines was a lw  prepared and investigated 

Chemistry.--The qynthetic methods emploj ed (meth- 
od? -T) arc outlined hy repreieritative example- iu 
Scheme I. Alternate method- used for the preparation 
of intermediate citer-. acid,, :~iid amide3 (method- 
,J AI) are sh (~n  11 in Scheme 11. -111 of the compouiidi 
prcpared hy meihodh A 11 arc li.tcd in Table- I -1X. 

The cthj.1 a,a-tlisubstituted : icetoacctates (I) werc 
obtaincd hy all<) lation of ethyl ~odio-a-ullylacetc,- 
ncet:ttc with the appropriate benzyl chloride. The 
:mt \ , l  group of tlie di.ub.;tituted acetoacetatcs n-as 
re:tdily clcnved arid the ester. produced (11) wvcre 
convcbrtetl t o  :tcid> (111) by s:~pc)iiific:itioii. In -omc 

, t hc di-ubqtitut ed :Lceto:tcct:itci n.rre cwtivcrtetl 
directly t o  the. :Icids hy refluxirig \\it11 pot:i4iini 
l i j  clruxide iii aqueous dcohol .  

Ttie acid. (111) w r e  coiivertccl t o  :mid(+ (11') h j  
rcactioii of  their mixed niihydride. with ummonia. 
Hofmariii re:wr:irigerncii t of thcl amide- readily 
cluccd thc buicnylamitie\ (I?). 
c:Lrried out iti methanol, the> meth3-1 rarbatnate. (V 
\ v ( w  obtnincd. I n  wme cahe-, the corresponding 
huteiiylaminc w a s  d w  iv)ltitctl The methyl carha- 
mate.; (VII), :Jternatelj,, cc bc converted t o  the 
t)utctiylamirics (I-) by hydrol! 

The p~.iiteii),lui~iirie~ (VI) prepared by rcductioti 
oi the amidcs (11') with lithium aluminum hydride. 

.lryl tleriv:itivc. (VIII) of thc butenylamines (V) 
i w r ~  prc.pnrcd bj. ac) lation of the amine with the 
rcquirctl acid chloride Various othcr S-subbtituted 

of I-\mixj 1-3-1,uten? laniiiie were prepared. 
The,e :ire iiicluded i n  Table V I  :~nd  described sep- 
aratcl) in the Expc>rimcmt:il Section. 

\\-liw tlie reaction 

i IJ i ' I esen td  111 1JarL 1)rforr t l ic .  I)i \ i i ion u l  ~ I e d l c i n a l  Cliemlstr) at the  
1 i 3rd National Meetins o t  the imerican Clirmical &viet>, l l larni Beach, 
I l a  Ipril IObT 

( 2 )  f I 1 r l l o n 9  m L l  C> I I - l l \ o i ,  \ I rdic~nal  Clirrni 
\\ i l r )  an<l -OIL. I r i c  \ri\ 1 o ih  4 \ , IO51 p 140 
(i) I )  I )  ~ I ~ ~ L l I l l ,  L . k'atent,i,210424 I lOhi j  
( 1 )  I itieinano I .  I I l i t ( l i rn .  - CJ<jl,I,ieiii, ancl I \ I  Beilrr, I I L /  

/ , i f  l ' i , i r i i i~uodi ,n  l i r r  111 iiii". 

The miides (IT') n-ere :iltern:itel? prcpared :i- 

outlined in Scheme 11. 
The appropriatc diethyl a-aubFtituted malon:itc> 

(IX) ~ v a 4  alkylated with allyl bromide or a hubstituted 
bromopropene i o  form the diethyl a-allyl-a-substituted 
malonate.; (X) . The malonates w x e  hydrolyzed and 
dcc:~rhoxylsted to form the peiiterioic acids (111) which 
were converted to thc :imide- (IT) or wtws (11) l>y 
.tandard methotlq. 

Demethylatiori ot l - ( ~ - ~ i i e t h o x y b e i i z ~ l ~ - ~ ~ - b u l e i ~ ~ ~ l -  
amine (XI) resulted in a cycloalkylution reaction t o  
form "-amino-.l.-i-nethyl-G-hydrox!, -1,2,3,4-tetrahydro- 
naphthalene hydrobromide ( X I )  (Scheme 111). 

The structure of XI1 was verified by the Iimr 
hpectrum which exhibited a doublet centered at 1.27 
ppm, attributable to the methyl group, and signals in  
the aromatic region which integrated for three protom. 

The attempted acid hydrolysis of ethyl 2-(4-ni- 
troberiz!-l)-i-pentet~o~te (XIII) resulted in lactoni- 
zatioii to the y-l:xtotit~ (X1V)j (Scheme IT) .  

5 )  l,a( t(ini7atiun of olefuii i d 5  and ester. has been re\ le\% eil I)\ \ I  
\naPl lanr i  31. 14. Palmer, f )uarl .  Rei. (London), 38, 211 (1'161) I 
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TABLE 11 : DIETHYL 2-SUBSTITUTED 8-ALLYLMALONATES 
COzCzHs 
I 

ArCHzCCOzCzH5 R1 
I / 

CH&H=C 

No. Ar Ri Ri Method 54 
12 CaHs H CHI J 
13 C6H5 CH3 CHa J 
14 C6Hs H CH=CHCHa J 
15 C6Hll H H J 
16 1-CloH7 H H J 
17 I-ClOH7 H C6H5 J 
18 CsHs(CHz)z H H J 
19 Ce,H5CH=CH H CaHs J 

0 All analyses were for C, H. * C: calcd, 76.50; found, 75.99. 

SCHEME I 

COCH3 
NaH I NaOEt 

E t O H  
ArCHzCl + CH3COCHCOzC2H5 - ArCH2CCOZCzHs - 

hl12CH=CH2 CHzCH=CHz (method B) 
I (method A) 

I 

, yield 

86 
94 
66 
55 
87 
89 
91 
24 

Bp (mm), OC 

135 (0.25) 
122 (0.05) 

116 (0.3) 
160 (0.45) 

142 (0.2) 
198 (0.5) 

146-148 (0.15) 

222-224 (0.05) 

1 .  KOH 1. EtOCOCl NaOH, Brz 
(method E)  

ArCHzCHCOZC& ArCHzCHCOOH - ArCH2CHCONHz - ArCHzCHNH2 
I 

CHzCH=CHz 
I 2. NHa 

CHzCH=CH2 
I 

CHzCH=CH1 (method D) 
I 

CHzCH=CHz (method C )  
v ir I1 I11 IV 

ArCHzCHCHzNHz ArCHzCHNHCO2CH3 ArCH,CHNHCOR 
I 1 

CHzCH=C€Iz CHzCH=CHz 
VI VII. 

SCHEME I1 SCHEME I\' 
NaOEt 

ArCHzCH(COzCzEI~)z - + 
CH2=CHCH&r 

IX (method J) 

1. KOH 
ArCIIzC(COzCzH~)z ArCHzCIICOOH 

I 
&II,CH=CH, (method K) CHzCH=CH2 
x 

'' s y x ~ 4 ~ ~  (method L) I i i t O H ,  (method p-TsOH M) 

.4rCHzCHCOXHz ArC€IzCHC0zC2EI~ 

~ H ~ C H = C H ,  
I 

CHzCH=CHz 
I V  I1 

SCHEME I11 
I-\ 

CH,O ~ C H , ~ H N H ~  48% HBr 
reflux 

CHICH=CH, 

XI 

HO wNHz .HBr 

I 

CH3 
XI1 

Compound XIV was assigned the y-lactone structure 
rather than the isomeric &lactone structure on the 
basis of the nmr spectrum which showed a doublet 

I 
CH2CH=CHz 

VI11 

XI11 

N O Z ~ C H 2 \ 4 . : ,  

-CH, 

centered a t  1.47 ppm, from the methyl group of XIV. 
2-Benzyl-4-pentenamide (XV) was readily converted 

to 2-benzyl-4-pentenonitrile (XVI). The nitrile was 
converted to the amidine (XVII) and to the amidoxime 
(XVIII) by conventional procedures (Scheme V) . 

X I V  

SCHEME V 
C6HsCHZ HCONHz 

C H C H = C H 
'i 
CH,CH=CHz 

xv 

NH NOH 

C6H,CHzCHCNH2 
II It 

I 
C6HSCH2CHCNHz 

CH,CH=CHz 
I 
CH,CH=CH, 

XVII XVIII 



1: 

11 
11 
II 
11 
II 
T I  
11 
I I  
TI 
I1  
11 
11 
11 
11 
I1 
('ITJ 
11 
I1 
I1 
I I  
I1 
I T  

IT 
r J  

Biological Evaluation.-Coriipouridq of  the butenyl- 
miiiie and pentenylamine series were screened for 
their analgetic, :mticorivulsant, aiitihypertenqive, arid 
anti it if la inn in tor^, activitiey. ,I, iumrnnry of the coni- 
pouiid3 \\ hich were nctivr i t i  the preliminary w-ec>xiiiiq 
teits is 5hou 11 in Tiible X. 

('ompounds 81 :tnd 86 w i ~ !  active it1 both thc 
aidget ic  arid ~Lriticorivulsarit test<. ~:(JllipOLlIld 81 

(nletariiiiie) : t l~o  denion,trated weal< mtiinfiuniniatorj 
arid antihypertensive activity but did not meet the 
wtivity criteria. eqtablibhed for the screening testy. 

In  geiicral, 110 ignificant increase in pharmacological 
:wtivit:- ot)scrvetl for m y  of the hutenylamine or 
pentenylaminc aualogs of :detaniine; hence, no 
tmiatic -trucat we xctivity ciii.relatiotis could tw  
derived. 
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NO. 

58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 

Rl 

H 
H 
H 
H 
H 
H 
I-I 
H 
€1 
H 
H 
H 
H 
H 
CHI 
€1 
H 
II 
H 
H 
H 
H 

TABLE V 
2-SUBSTITUTED 4-PENTENAMIDES 

ArCH2CHCONH2 

CHzCII=C 1 8 '  
\ 

11 2 

Kz Method 70 yield 

H a 
H D 73 
H D 74 
H L 78 
H D 92 
H L 68 
H D 80 
I1 D 75 
II L 87 
H L 97 
H D 78 
H D 86 
H D 97 
CHI D 91 
CHa D 96 
C6H5 D 94 
CH=CHCHa D 60 
C6H5 D 90 
H L 94 
H D 82 
H D 56 
H D 69 

N p ,  oc 
72-74 
94-95 
54 

53-55 
104-106 
99-100 

113-115 
92-93 

149-150 
135-136 
81-83 
80-81 
96-96 
71-73 

1 17-1 18 
120-123 
176-177 
92-94 
89-9 1 

103-105 
153-154 

RSh 

A 
€3 
C 
B 
D 
E 
F 
G 
H 
F 
B 
B 
G 
G 
I 
A 
I 
G 
A 
D 
J 

a Previously reported: 
* Itecrystallization solvent: 
EtzO-C&4; H, EtOH; I, C6H6; J, EtOAc. 

1). D. Micucci, S. Avakian, E. Dietrich, J. 11. Beiler, and G. J. AIartin, Exp. X e d .  Slug., 11, 185 (1953). 
A, EtzO; B, CcH14; C, C6H12; D, C ~ H ~ - C ~ H I ~ ;  E, EtOH-EtzO; F, C6Hs-petroleum ether (30-60"); G, 

All analyses were for C, H, N. c :  calcd, 75.81; found, 76.48. 

Experimental Section 

Melting points were taken on a Thomas-Hoover capillary 
melting point apparatus and are corrected. Boiling points are 
uncorrected. The nmr spectra were run on a Varian A-60 nmr 
spectrometer using T N S  as the internal standard. Their spectra 
were obtained with a Perkin-Elmer Model 21 double-beam ir spec- 
trophotometer. Where analyses are indicated only by symbols 
of the elements or functions, analytical results obtained for those 
elements or functions were within 10.4% of the theoretical 
values. 

Biological Methods.-All compounds were administered by 
gavage either as a tragacanth suspension or in aqueous solution. 
The volume administered was 0.1 m1/10 g of body weight. The 
screening doses were selected from a preliminary mouse dose- 
range study and consisted of either the minimal symptomatic 
dose or a maximal dose of 250 mg/kg po. 

Analgetic Test.-The phenylquinone writhing test of Hender- 
shot and Forsaithc was used. Compounds protecting five or 
more of ten mice tested from the writhing syndrome were con- 
sidered active. 

Anticonvulsant Test.-The maximal electroshock seizure tesl 
of Swinyard, et aLJ7 was used. Active compounds were those 
which protected five or more of ten mice tested from the tonic 
hind leg extensor component of the seizure pattern. 

Antihypertensive Test.-Blood pressure was determined indi- 
rectly by a caudal plethysmograph system in rats rendered hyper- 
tensive by a modified Grollmans technique. Three rats were 
tested per compound and active compounds were those producing 
a mean fall in blood pressure of 2070 or more. 

Antiinflammatory Test.-The method used was that previously 
described by Goldstein and Schnall.9 Carrageenin (27,) was 
injected a t  the base of a rat's tail and 24 hr later the abscesses 

(6) L. C. Hendershot and J. Forsaith, J. Pharmacal. Exp. Ther., 126, 
237 (1961). 

(7) E. A. Swinyard, W. C. Brown, and L. 5. Goodman, ;bid., 106, 319 
(1952). 
(8) A. Grollman, Proc. SOC. Exp. Bid.  .Wed., 67, 102 (1944). 
(9) S. Goldstein and M. Schnall, Arch.  Int. Pharnacodyn.  Ther., 144, 269 

(1963). 

were removed and weighed. Five rats were tested per compound 
and active compounds were those which produced a mean decrease 
in abscess weight, compared to controls, of 307, or greater. 

General Methods for Preparation of Compounds of Tables 
I-IX. Method A. Ethyl 2-Substituted 2-Allylacetoacetates.-A 
mixture of 0.1 mole of NaH and 400 ml of C7H8 was stirred a t  
70-80" while a solution of 0.1 mole of ethyl 2-allylacetoacetate in 
30 ml of C ~ H S  was added, dropwise, during a 15-min period. The 
reaction mixture was refluxed 1 hr and cooled to 75", and 0.1 
mole of the appropriate chloro compound dissolved in 80 ml of 
C7Ha was added during a 15-min period. The mixture was 
refluxed 6 hr, cooled,and filtered through Celite, and the filtrate 
was washed with HZO. The C,Hs solution was dried (NaZSO4) 
and concentrated, and the residue was distilled. 

Ethyl 2-Substituted 4-Pentenoates.-A mixture 
of 0.5 mole of NaOEt, 500 ml of EtOH, and 0.5 mole of the ethyl 
2-substituted 2-allylacetoacetate was refluxed 6-8 hr. The EtOH 
was removed, 500 ml of HzO was added, and the oily product 
was extracted with Et'20. The Et '20 solution was dried (NazSOa) 
and concentrated, and t,he residue was distilled. 

Method C. 2-Substituted 4-Pentenoic Acids.-A mixture of 
0.5 mole of the ester, 1.5 moles of KOH, 500 ml of HzO, and 500 
ml of EtOH was refluxed 4-6 hr. The reaction mixture was con- 
centrated, and the residue was dissolved in H20, cooled, and 
acidified with HCl. The product was extracted with EtzO 
or C6H6 and dried (NazSOa), the solution was concentrated, 
and the residue was either distilled or crystallized. 

Compounds 35 and 45 were obtained directly from the keto 
esters 2 and 7 in this procedure. 

Method D. 2-Substituted 4-Pentenamides.-To a solution of 
0.1 mole of ethyl chloroformate in 100 ml of CHClp maintained 
at -30" was added a cold solution of 0.1 mole of the acid and 
0.1 mole of Et3N in 100 ml of CHCl, during a 40-min period. 
The reaction mixture was st.irred an additional 1.5 hr a t  -20 to 
5", and NH, was bubbled through t,he cold mixture for 20 min. 
After stirring an additional 30 min at Bo, t'he mixture was 
filtered and the solid was extracted with CHC13. The CHCI, 
extract was combined with the filtrate and washed twice with 
cold 5yo KaOH solution, then with HZO. The dried solution 
was concentrated and the residue was recrystallized from the 
appropriate solvent. 

Method B. 
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11 xo 
I1 46 

86 
3 8 
2 .i 

1 X l  

I I  7! )  

iMethod E. I-Substituted 3-Butenylamines.--A stirred solii- 
t i o i l  of 0.1 mole of Sa011 iii 109 nil of 1120 wa3 cooled to -3" aid 
Br:! ((1.04 mole) was added duriiig a 5-rniri period. Sfter the re- 
iwtioii mixtiire was stirred 30 niiii at O o ,  the solid amide (0.02 
inolo) w t i q  added mid stirring was contiriued 1.5 hr a t  0-5". 
The temperature was allowed to gradually increase l o  2 jo ,  aiid 
atirriiig was continued 16 hr. The mixtiire was heated a t  3.5" for 
I hr ,  cooled, and extract,ed with EtlO. The EtpO solutioii wab 
dried (Na2SOd) aiid concerit rated, and the yesidlie was distilled 
o r  coiiverted I O  the hydrochloride salt in Et,O. 

111 those cases iti which the aniide contaiiied oiie or more 
me( hoxy groups on the CG116 ring, it w-as generally necessary 
t o  hcat the mixtiire a t  .i0-70° for I hr, after the iemperat,iirr 
of t,lie reactioii mixtiire had reached 25'. 

Method F. N-Carbomethoxy-I-substituted 3-Butenylamines 
and 1-Substituted 3-Butenylamines.--A solutioii of 0.1 mole of 

rlie reqriirecl amide iii :iOO in1 of JIeOI-1 was treated in a dropwisc 
manner with a solittion of NaOCl prepared from 0.37 mole of 
XaOH, 0.24 mole uf Cln, atid 120 ml of ice-HnO. The mixt,ure was 
refluxed 1 hr. aiid colicelitrated i n  vucuo to remove MeOK 
The residiie was extracted with Et&, and the EtZO solution w-as 
washed with dilute HC1 aiid then with HzO. The dried Et20 
solution mas eoiiceritrat>ed and the residue was recrystallized 
from the appropriate aolvent. 

Compounds 120, 126, and 142 were isolated from the lIC1 
extract above by niakirig it basic with Na2C03 arid ext,ractioti 
with Et&. The dried Et,?O extract was acidified with dry IICl 
to precipitale the hydrochloride salts. 

Method G. I-Substituted 3-Butenylamines.--X mist lire of 
0.2 mole of the carbamate aiid 230 nil of 40y0 Pia011 soliitioii 
was refliixed 2 hi.. The ieaction mixture was steam dist.illed aiid 
the airiirie w w  exti,acted from the distillate with EtrO. T h e  
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TaBLE VI1 
1-SUBSTITUTED BENZYL-3-BUTENYLAMINES 

RCsH4CHzCHNRzRs 
I 

CHzCH=CHz 

K O .  

119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 

a Recrvstallization solvent: 

Rz 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
€I 
H 
H 
H 
CH3 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

R3 
H 
H 
COZCH, 
H 
H 
CH3 
COZCH3 
H 
CO~CHI 
H 
H 
CH3 
H 
CHI 
COzC2H5 
COCH2CI 
H 
H 
CH3 
CHI 
COzCHa 
H 
H 
H 
COzCH3 
CHI 
CO2CHa 

Method 

E 
F 
F 
E 
E 
H 
F 
F 
F 
E 
E 
H 
E 
H 
I 
I 
E 
E 
H 
H 
F 
E 
E 
F 
F 
H 
F 

% yield 

26 
14 
41 
30 
41 
81 
61 
18 
42 
50 
34 
74 
46 
88 
76 
68 
70 
62 
67 
74 
72 
80 
35 
13 
53 
32 
80 

BP (mm) 
or mp, OC 

161-163 
144-146 
116-119 (0.3) 
146-148 
188-190 
128-130 
57 

129-132 
46-50 

141-143 
102-104 
108-110 
122-123 
109-111 
127-130 (0.2) 
150-155 
165-166 
219-220 
126-128 
133-134 
58-60 

212-213 
142-143 
196-198 
86-87 

139-141 
132-136 

RSa 
A 

A 
A 
A 
B 

A 

C 

D 

E 
F 
A 
D 
G 
E 
H 
F 
G 
I 

A, EtOII-Et20; B, CsH14; C, i-PrOH-EtlO; D, EtCORle; E, EtOH; F, i-PrOH; G, EtzO: H. RIeCN: 
I, l Ie2C0.  a All analyses were for C, H, S. C: calcd, 48.59; found; 49.10. C:  

No. 

146 
147 
148 
149 
150 
151 

152 
153 
1 .i4 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 

Ri 
SI 
CHI 
I T  
COnCH3 
H 
COnCH3 

H 
CO~CHI 
H 
H 
COpCH3 
H 
CH3 
COaCH3 
CO~CHI 
H 
H 
H 
H 
H 

RZ 
I€ 
H 
H 
H 
CHI 
H 

H 
H 
H 
H 
H 
I-I 
H 
H 
H 
H 
H 
H 
H 
H 

TABLE VI11 
1-SUBSTITUTED 3-BUTENYLAMINES 

ArCH2CHNHR1 
I 

CHZCH=CRzR3 

R3 

CH3 
CHI 

C6Hs 
CH3 
CH=CHCHs 

H 
H 
H 
H 
II 
H 
H 
H 
CsH5 
H 
H 
H 
H 
H 

C6H5 

Method X yield 

E 26 
H 58 
G 45 
F 57 
G 82 
F 

G 79 
F 65 
G 24 
G 83 
F 61 
G 30 
H 34 
F 59 
F 18 
E 23 
E 35 
E 41 
G 27 
E 

calcd, 52.85; found, 53.33. 

I3g (mm) 
or mp, O C  

140-142 
146-147 
191-192 
80-82 

109-111 
48-54 

138 (0.05) 

104 (0.03) 
141-146 

117-1 18 
188- 190 
40-42 

230-231 

84-85 
131-133 

125-129 
165-166 
118-119 
121-123 
178-180 
187- 190 

RS" 
A 
B 
A 
C 
C 

B 

B 
A 

B 
B 
C 
D 
B 
E 
B 
A 
F 

a Recrystallization solvent: A, RIeCN; B, EtOH-Et,O; C, C6H14; D, l leOH;  E, EtOAc; F, XIeOH-?*Ie2C0. A11 analyses were 
for C, H, N. C: calcd, 68.07; found, 67.55. Citrate salt. C: calcd, 51.07; found, 51.69. 

Et20 solution was dried over Na2SOa and acidified with dry HCl 
to precipitate the hydrochloride salt. 

1-Substituted 3-Butenylamines and 2-Substituted 
4-Pentenylamines.-To a stirred mixture of 0.2 mole of LiAlHa 
and 400 ml of THF was added, dropwise, a solution of 0.1 mole 

of the required amide or carbamate in THF. The reaction mix- 
ture was refluxed 6-8 hr and cooled, and, in tiirn, 10 ml of lOyo 
NaOH solution, 10 ml of saturated NazSOa solution, and 30 g of 
NazS04 were added. The mixture was refluxed 30 min and filtered, 
the solid was washed with THF, then with EtzO, arid the filtrate 

Method H. 
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was roncetitrated. The residiie w i a  extracted with Ety(.) ttiid 
the I.;t,,O solution was dried (Na2S04). After removal of the 
l s : t d ) ,  the product was purified by distillation lor converted t o  
the hydrochloride in Et2O. 

Compound 84.-The amide employed was 1-benzyl-N-acetyl- 
3-biitenylamine (102) atid the reaction mixtiire was refluxed 20 
hr; bp 67" (0.1 mm). 

Compound 85.-The amide employed was I-benzyl-Pi- 
ncr~-lo~-l-3-butenylamiiie (103) in a 1: 4 molar ratio to LiAltI4; 
bp 70" (0.1 mm). 

Compound 92.--The amide employed was l-benzyl-hT-(2- 
(~alhomethoxyet~hyl)-3-biitenylaniine (93) in a I :  4 molar ratio 
t o  TiAlII4 and the mixtiire was refluxed 24 hr;  bp 117" (0.025 
i i i m ) .  The fumarate salt was prepared by dissolving equivaleril. 
:miinitits of the base and fumaric acid in EtOH, followed by the 
:idditiuii of ether t,o precipitate the salt. 

Compound 98.-The amide employed \viis I -benzyl-S-acetyI- 
N-( 3-itcetoxyp~opylj-3-bu tenylamiiie and the mixtiire was re- 
nilxed 18 hr. 

Compound 117.--Tlie amide w:ts X-(5-benzyl-l-b~iten-4-y1)- 
siic,ciiiiniide (116) in a 1:5 molar rat,io to  LiA1134. The mixture 
was refluxed 16 hr: bp 80-86' (0.1 mm). The citrate salt 
w:~.? prepared in i-PrOIl-EtaO from equimolar amounts of the 
I~iise and citric acid. 

Method I. N-Acyl-1-substituted 3-Butenylamines.---A mixtiire 
of 0.03 mole of t,he appropriate amine, 0.03 mole of E;taK, arid 
200 nil of Et20 or C6R6 was cooled and stirred while the acid 
chloride (0.03 mole) wits added dropwise. The  reaction mixture 
\vas then stirred a t  25' for 5 hr and filtered, and the filt,rat>e mas 
washed with 107; HCl, 10% KOH solution, and then with II&. 
The filtrate was dried (lIgS04) and concentrated and the residue 
either was distilled or recrystallized. 

Diethyl 2-Substituted 2-Allylmalonates.--A solii- 
lion of NaOEt, prepared from 2 g-atoms of K a  and 1 1. of EtOEI, 
was treated with 2.0 moles of the 2-substituted diethyl malonate 
thiring a 2-hr period. The reaction mixture was refluxed 2 hr 
i t i id  cooled aiid t,he required bromo- or chloropropene was added 

Method J. 

tliirilig a '-111' period. After refliixing 6-S hr, t,he mist iiro bva, 
micentrated aiid the rehidue was mixed with 800 nil of 1T20 
:tiid 800 nil of EtzO. The Et20 layer was separated, dried over 
AIg801, and coiireritrated, and the residue was distilled. 

Conipoiind 19 was prepared from diethyl malonntc a n d  :;- 
c.~hloro-l-pheii~lpropeiie iising this procedure. 

Method K. 2-Substituted 4-Pentenoic Acids.-The procediire 
was similar to method C except :3.!j mcile~ of KOIl was used aiid 
the mixtiire \vas reflilxed 24 hr. The residue obtained was heated 
at 160-180' for 2-3 hr. The product, was purified by distillation 
or cryst allizat ion. 

Method L. 2-Substituted 4-Pentenamides.---A misirire of 
0.03 mole of the acid aiid 20 nil of SOCL lvas refliised 2 hr. SOCI? 
was removed and the :xiid chloride was distilled. SI13 was 
biibbled t hrorigh beiizerie nt 5-15' n-hile the acid chloride i n  
C611s roliit ioii w : ~  tttided dropwise. The reaction mixture was 
stirred 1 hr ai 2.j0, and the product \vas filtered aut1 washed with 
TT,O. 

In oiie instance (64), the acid chloride was poiired iiito c i k l  
SI14011 solution with stirring and the  product was filtered. 

Method M. Ethyl 2-Substituted 4-Pentenoates.---A mist tire 
of 0.1 mole of the acid, 40 ml of EtOII, 200 ml of CIICl,, 
and 0.5 g of p-TsOII was refliixed 16 Iir i i i  :t flask fitted with it  

f ferciiles t'rap. After  the theoretical :iinoiiiit of TlsO had h e r i  
cdec~t.ed, t h e  rnixtiii,e W R Y  rwicentr d. The i,esidiial oil was 
dissolved in E t 2 0  and washed with 11 X:LOH soliition arid theii 
\vit.h €fro.  The Et,O soliitioii n'as ed (K&(.)3) :ind (wiiwn- 
I rated and the eater was purified by distillation. 

1 -Benzyl-N-acetyl-3-butenylamine (102).-~--l-Beiizyl-:~-I~ii~eii~l- 
aruine (80) (10 g, 0.06 mole) W:LS added dropwise to 3 1  in1 of 
.1c20 with stirring. After the addition \viis complete, stirring 
was caoiitiniied for 1.5 mill, a i d  the rnixtui,e was poured int>o iw. 
The C61f6 extract  was dried (Ka2YOa) :tiid concentrated :tnd t ht, 

~t allized from Et2O-C7Il16 solution. 
2-propynyl)-3-butenylamine Hydrochloride (89). 

-A mixture of 40.3 g (0 .25  mole) of 1-benzyl-3-buten 
(80),  40.5 g (0.40 niole) of gt3X, and 100 ml of DMSO wa 
diiring a 75-niin period while 37.7 g (0.3 mole) of propargyl hro- 
Inide w:ts added. After the :dditiori was complete, the niixliiw 
was stirred 3 0  niin zit room temperatme and 30 min a t  95' a i d  
mixed with ire and the mixture was extracted with E W .  Thr  
EtzO solution was extracted with 10I;L HCI, the extract W:~S 
made basic with SOC;., NaOFI solution, and the basic solut,ion was 
extracted with Etn(). After drying (MgSOI), the Et20 WRE 
removed a i d  t h e  residrie (88) distilled;  ID 1.5277. 

The hydrochloridc was prepared in i-PrOIi-EtmzO. 
1-Benzyl-N-isopropylidene-3-butenylamine (86).-A inixturo of 

24 g (0.1 5 mole) of I-beiizyl-3-btitenylamirie (80), 50 In1 of Sle2C(.), 
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and 250 ml of CHCl, was refluxed 18 hr during which time H?O 
was removed from the reaction mixture by the use of an attached 
Hercules trap. After concentration, the residual oil was distilled. 

1-Benzyl-N-isopropyl-3-butenylamine Hydrochloride (S7).- 
To a stirred mixture of 7 g (0.16 mole) of LiAlH4 and 300 ml of 
EtzO, maintained a t  5-10', was added a solution of 26 g (0.13 
mole) of 1-benzyl-N-isopropylidene-3-butenylamine (86) in 120 
ml of E t 2 0  during a 2-hr period. The reaction mixture was 
stirred 48 hr a t  room temperature, ice-HpO and 10% NaOH 
solution in turn were added, the mixture was filtered, and the 
filtrate was dried with XazSOI. After removal of the EtzO, the 
residual oil was distilled, yield 15.3 g (587c), bp 65-80' (0.2 mm). 
The product was dissolved in Et20 and acidified with dry HCl 
and the precipitated salt was filtered. 

1-Benzyl-N-( pphenethyl)-3-butenylamine Hydrochloride (91). 
-The procedure was identical with the preceding experiment. 
In this instance the amide was crude l-benzyl-N-phenacy1-3- 
butenylamine, prepared by method I. 

l-Benzyl-N-(2-carbomethoxyethyl)-3-butenylamine (93) and 
1 -Benzyl-N ,N-bis( 2-carbomethoxyet hyl)-3-butenylamine (94) .- 
A solution of 433 g (3.0 mole) of 1-benzyl-3-butenylamine (SO) 
in 600 ml of MeOH was maintained a t  0-5' while 750 g (8.7 
moles) of methyl acrylate was added during a 1-hr period. The 
reaction mixture was allowed to remain a t  room temperature for 
1 week and concentrated and the residue was distilled, yield 540 
g (73%), bp 140-146" (0.15 mm). The bis addition product 
(94) was obtained as a higher boiling fraction. 

1 -Benzyl-N-( 2-carbomethoxyethyl)-N-piperidinoacetyl-3-b~- 
tenylamine (109).--A mixture of 75 g (0.3 mole) of l-benzyl- 
N-( 2-carbomethoxyethyl)-3-butenylamine (93), 30 g (0.3 mole) 
of E t 3 S ,  and 400 ml of C6Hs was maintained at  5' during a 1-hr 
period while a solution of 35 g (0.3 mole) of chloroacetyl chloride 
in 100 ml of CsH6 was added. The mixture was stirred 1 hr a t  
room temperature and filtered. The CGHB solution was added 
dropwise during a 2-hr period to a solution of 51 g (0.6 mole) of 
piperidine in 200 ml of Me&O and the reaction mixture was re- 
fluxed 24 hr. After concentration, the residue was mixed with 
1 1. of C6H6 and extracted with four 500-ml portions of H20. 
The c6116 solution was dried (NazS04) and concentrated and the 
residue distilled. 

1-Benzyl-N-acetyl-N-( 3-acetoxypropyl)-3-butenylamine.-A 
mixture of 21.9 g (0.1 mole) of l-benzyl-N-(3-hydroxypropyl)-3- 
butenylamine (92 base), 25 g (0.25 mole) of EtBN, and 400 ml 
of CHCb was stirred, maintained a t  O", and treated with a 
solution of 40 g (0.51 mole) of AcCl in 30 ml of CHC13 during a 
1-hr period. The reaction mixture was refluxed 1 hr, cooled, 
and extracted in turn with 100 ml of H,O, 100 ml of 10% HCl, 
100 ml of loc; SaOH, and 100 ml of H20. The CHC1, solution 
was dried (XgSOd) and concentrated, and the oil distilled; yield 
28 g (92YG), bp 170" (0.05 mm). Anal. Calcd for Cl8HZbNO3: 
N, 4.62. Found: S, 5.21. 

1 -Benzyl-N-( 3,3-diphenylpropionyI)-3-butenylamine ( 106).- 
The mixed anhydride of 3,3-diphenylpropionic acid was prepared 
by method D and allowed to react with an equimolar amount of 
1-benzyl-3-butenylamine ( S O ) .  The mixture was extracted with 
ITLO, 1056 HC1, and HzO. The dried CHC13 solution was con- 
centrated and the residue crystallized from EtzO. 

1-Benzyl-N-methyl-N-( 2-oxazolinyl)-3-butenylamine (loo),- 
.4 mixture of 13 g (0.053 mole) of l-benzyl-N-methyl-N-(2-chloro- 
ethylcai bamoyl)-3-bute1iylarnine, 50 ml of MezCO, and 500 ml 
of 1120 was refluxed 15 min, cooled, and made basic with 50% 
NaOH and the oil was extracted with EtzO. The EtzO solution 
was dried and concentrated and the residue was distilled, n*a~ 
1.5379. 

1-Benzyl-N-( 2-oxazolinyl)-3-butenylamine (99).-1-Benzyl-N- 
(2-chloroethylcarbamoyl)-3-butenylamine (15 g, 0.056 mole) 
was employed in the preceding procedure and the product was 
distilled, n*6~ 1.5487. 

N-( 5-Phenyl-1 -penten-4-yl)-3,4,5,6-tetrachlorophthalimide 
(118).-A mixture of 23 g (0.14 mole) of 1-benzyl-3-butenylamine 
(80), 40.9 g (0.14 mole) of 3,4,5,6-tetrachlorophthalic anhydride, 
and 150 ml of xylene was stirred and refluxed in a flask with a 
Dean-Stark trap attached. After a 4-hr period, the theoretical 
amount of H2O had been collected and the reaction mixture was 
concentrated. 

1-Benzyl-N-succinoyl-3-butenylamine (105).-A mixture of 
16.6 g (0.17 mole) of succinic anhydride, 25 g (0.17 mole) of 
1-benzyl-3-butenylamine (SO), and 400 ml of xylene was employed 
in the preceding procedure. In  this iiistance, HzO did not collect 
in the trap. 

N-(5-Phenyl.l-penten-4-yl)succinimide (116).-A mixture of 
20 g (0.08 mole) of 1-benzyl-N-succinoyl-3-butenylamine (105) 
and 250 ml of AcsO was refluxed 3 hr. The reaction mixture was 
concentrated and the oily residue was distilled. 
N-(5-Phenyl-l-penten-4-yl)urea (Ill).-A solution of 8 g 

(0.1 mole) of KOCN in 50 ml of H,O was added dropwise to a 
stirred solution of 19 g (0.1 mole) of 1-benzyl-3-butenylamine 
hydrochloride (81) in 100 ml of HzO. The reaction mixture was 
stirred for 75 min, cooled, and filtered; yield 18 g (90'%), mp 
76-84'. After two recrystallizations from Et3N, there was 
obtained 16.5 g (81%), mp 88-90'. 
N-Phenyl-N'-(5-phenyl-l-penten-4-yl)urea (112).-A solution 

of 16 g (0.1 mole) of 1-benzyl-3-butenylamine ( S O )  in 70 ml of 
EtOH was stirred while 12 g (0.1 mole) of phenyl isocyanate was 
added, dropwise. After the addition, the reaction mixture was 
allowed to remain a t  room temperature for 16 hr. The mixture 
was cooled and filtered; yield 26 g, mp 109-114'. After re- 
crystallization from hleOH there was obtained 24 g (86%), mp 
124-127". 

N-Phenyl-N'-(5-phenyl-l-penten-4-yl)thiourea (lll).-The 
reaction was carried out as in the preceding example using phenyl 
isothiocyanate in place of phenyl isocyanate. 

N,N-Dimethyl-N'-(5-phenyl-l-penten-4-yl)guanidine Hydro- 
chloride (115).-A mixture of 19.7 g (0.1 mole) of l-benzyl-3- 
butenylamine hydrochloride (Sl), 16.1 g (0.1 mole) of l-benzyl- 
3-butenylamine (SO) ,  7.0 g (0.1 mole) of (CH,),NCN, and 70 ml 
of n-BuOH was refluxed 8 hr. The reaction mixture wa5 con- 
centrated and the residual oil crystallized from hIenC0-petroleum 
ether (30-60'). 

2-Benzyl-4-pentenonitrile.-A mixture of 189 g (1.0 mole) of 
2-benzyl-4-pentenamide (58), 500 ml of C&, and 110 ml of 
SOClz was refluxed 4.5 hr. The reaction mixture was poured into 
ice and made basic with 50% NaOH, the C6Hs layer was dried 
and concentrated, and the residual oil was distilled; yield 136 g 
(SO%), bp 86-88' (0.3 mm). Anal. (CI2HlaN) C, HI  N. 
2-Benzyl-4-pentenamidine Hydrochloride.-Cold MeOH (80 

ml) was saturated with dry HCI, mixed with 15 g (0.09 mole) of 
2-benzyl-4-pentenonitrile, and stored in a stoppered bottle at 
room temperature for 24 hr. The reaction mixture was concen- 
trated, and the oily residue was dissolved in 80 ml of MeOH 
and saturated with "3. After remaining a t  room temperature 
for 48 hr in a pressure bottle, the mixture was heated a t  55" for 
7 hr and concentrated to one-half volume. The solution was 
diluted with EtzO, and the precipitate was filtered and recrystal- 
lized in turn from H20 and EtOH-EtsO; yield 8.6 g (447,), 
mp 163-164'. Anal. (ClZH16N2.HC1) C, HI  N. 
2-Benzyl-4-pentenamidoxime Hydrochloride.-A mixture of 

85.6 g (0.5 mole) of 2-benzyl-4-pentenonitrile, 86.9 g (1.25 moles) 
of PU"TOH.HC1, 53 g (0.5 mole) of XazCOs, 600 ml of EtOH, 
and 500 ml of H2O was stirred and heated at  70-80" for 23 hr. 
The reaction mixture was concentrated and the residue was 
dried by azeotropic distillation with C6H6. The residue was 
converted to the hydrochloride in ether. The product was re- 
crystallized from i-PrOH-Et,O; yield 54 g (457,), mp 145-146'. 
Anal. (c~&&-,o.HCl)  H, N; C: calcd, 59.87; found, 60.37. 

2-Amino-4-methyl-6-hydroxy-l,2,3,4-tetrahydronaphthalene 
Hydrobromide.-A mixture of 26.7 g (0.14 mole) of l-(Pmethoxy- 
benzyl)-3-butenylamine (128 base) and 50 ml of 48y0 HBr was 
refluxed 2 hr. The mixture was concentrated in vacuo and the 
residue was mixed with CsH6 three times followed by concentra- 
tion in vacuo. The residue was dissolved in EtOH, cooled, and 
filtered; after recrystallization from 2-PrOH, mp 265-267"; 
yield 20.4 g (56%); XLlP' 3.1 (OH), 11.6, 12.3 p (1,2,4-substituted 
benzene); nmr, doublet 1.27 (3 H, CHI) ( J  = 6.5 cps), multiplet 
6.8 pprn (3 H, 1,2,4-substitutedben zene). Anal. (C11H1,NO. 
HBr) C, H, N. 

B-(p-Nitrobenzyl)-&hydroxyvaleric Acid Lactone.-A mixture 
of 20 g (0.076 mole) of ethyl 2-(4-nitrobenzy1)-4-pentenoate (23) 
and 150 ml of concentrated HC1 was refluxed 18 hr. The oil was 
separated, washed with HZO, and triturated with Et20 whereupon 
it  solidified. After three recrystallizations from C&-CsH14 the 
product melted a t  123-125"; yield 8.5 g (47%); At:: 5.7 ,U (y- 
lactone C=O); nmr, doublet 1.47 ppm (3  H, CH,) ( J  = 6.5 
cps). Anal. (Cl2Hl3NO4) C, H, N. 
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