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Amination of aryl- and vinylacetylenic compounds 
catalyzed by rhodium(0 complexes 
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New rhodium-catalyzed amination reactions of arylacetylenes and cyclohexen- 
I-ylacetylene in the presence of strong bases with the use of carbon dioxide as an auxiliary 
are described. Secondary amines attack the terminal carbon atom of the triple bond followed 
by protonation of the adjacent carbon atom. Alternatively, the reaction can proceed further 
with the addition of the second alkyne molecule. The conditions for the selective synthesis of 
enamines (up to 87% yield) or ca-substituted propynylamines (up to 86% yield) are reported. 
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Amination of acetylenic compounds is an important 
goal of chemical research. The resulting enamines are 
versatile intermediates in organic synthesis. 1 However, 
with the exception of arylacetylenes containing elec- 
tron-withdrawing groups, which react spontaneously with 
amines, 2 the addition of amino groups to alkynes did not 
give satisfactory results. 3a'r  Platinum 3b or mercury 3e 
complexes were used as catalysts for amination of acety- 
lenic compounds. Generally,  reactions catalyzed by 
CuCI 4 afforded adducts of amine with two alkyne mol- 
ecules in substantial amounts.  The intramolecular 
amination with the participation of palladium was also 
described. 5 In this work, we report a simple procedure 
for the rhodium-catalyzed amination of arylacetylenes, 
which is free from the drawbacks of procedures reported 
previously and proceeds selectively. 

Results and Discussion 

We have found that aryl- and vinylacetylenes un- 
dergo smooth amination at the terminal position of the 
triple bond under the action of dialkylamines or ali- 
phatic cyclic secondary amines in the presence of 
rhodium(0 complexes. Aliphatic cyclic secondary amines 
react as dialkyl carbamates of strong bases (B) with 
logKt~ >_ 23 (such as tetramethylguanidine (TMG)),  
which were prepared directly in the presence of CO~ in 
acetonitrile at 75 ~ The reaction does not proceed in 
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the absence of carbon dioxide, which acts as a catalyst 
without being incorporated in the reaction product 
(Eq. (1)). 

[Rh], CO 2 = 
R2NH + ~ ' R" B 

1 2 

E_R2NCH=CHR, 2 ~  RzNCH(CH2R,)C~CR. ( l )  

3 4 

1: R 2 = Et 2 (a), (CH2) 4 (b), (OH2) 5 (e), ((CH2)2)20 (d), 
(CH2)3CH(CO2Me) (e) 

2: R" = Ph (a), p-CICsH 4 (b), p-MeC6H 4 (c), [-(CH2)4CH= C (d) 

[Rh] = RhCI(PPh3)3; B is base 

Primary amines do not enter into amination reac- 
tions at the triple bond. No reaction occurs with second- 
ary anfines with too low basicity (such as aromatic 
secondary amines), sterically hindered amines (st~ch as 
diisopropylamine and 2,2,6,6-tetramethylpiperidine), and 
in general, secondary amines that, although strongly 
basic, are not qucleophilic enough for these compounds 
to attack carbon dioxide. The reactions of amines 1, 
which are characterized by moderately low basicity, with 
substituted acetylenes 2 afforded predominantly com- 
pounds 4 (rather than compounds 3 as the major prod- 
uct), which formally results from the addition of the 
second acetylenic molecule to enamines 3. 

A secondary amine : phenylacetylene molar ratio of 
2 " 1 was found to give the best total yields of com- 
pounds 3 and 4. A higher ratio, such as 4 �9 I, led to 
better yields of enamines 3, while a lower ratio, such as 
1 : 1, resulted in a decrease in the yield of compound 3 
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Table 1. Reactions of secondary amines with terminal acetylenic derivatives in the presence 
of RhCI(PPh3) 3 (0.093 g, 0.1 minor), CO 2 (1 bar), and tetramethylguanidine (0.58 g, 
5 retool) in MeCN (25 mL) a 

Run Amine I Acetylene 2 TMG, 1 : 2 Conversion Yield (%)c 

(log Kt)) b (n/retool) n/retool (%)c 3 4 

I la (10.933) 2a (5) 5 2 95 5t 25 
2 la (10.933) 2a (5) 5 4 92 59 -- 
3 la (10.933) 2a (5) 5 1 96 18 42 
4 lb (11.305) 2a (5) 5 2 >99 87 (73) a 3 (1) ~ 
5 lc (11.123) 2a (5) 5 2 98 72 18 
6 le  (11.123) 2a (5) 10 2 96 67 13 
7 ie (11.123) 2a (5) 5 I 97 32 33 
8 le  (11.123) 2a (20) 10 0.5 76 20 24 
9 le e (10.64) 2a (5) 5 2 96 45 39 
10 ld (8.492) Za (5) 5 2 98 9 (6) a 86 (70) a 
II ld (8.492) 2a (5) 5 4 83 13 55 
12 lb (11.305) 2b (5) 5 2 97 78 1 
13 Ib (11.305) 2r (5) 5 2 98 81 1 
14 lb (I 1.305) 2d (5) 5 2 39 15 -- 

a Gaseous CO 2 was slowly passed through a solution of aeetonitrile, which contained 
amine 1 and superbase B, at -20 ~ for 1 h to generate carbamate. Then acetylenic 
derivative 2 (0.2 tool L - l )  and RhCI(PPh3) 3 were added. The temperature was raised to 
75 ~ The reaction was carried out with stirring for 15 h. 
b The values of logKt, (25 "C) were taken from the literature. 7 
c Determined by GC using an internal standard referred to the starting acetylenic substrate. 
d The yield of the isolated product is given in parentheses. 
e The reaction time was 20 h. 

in favor of  dimers  or  o l igomers  of  acetylenic  com-  
pounds. R h o d i u m ( 0  complexes ,  which were obtained by 
addition of different phosphine  ligands (PPh 3, bis(I ,2-di-  
p h e n y l p h o s p h i n o ) e t h a n e ,  bis( 1 , 3 - d i p h e n y l p h o s p h i -  
no)propane,  and b i s ( l ,4 -d iphenylphosphino)bu tane) )  to 
) a -d ich lo ro ( t e t r ae thy lene)d i rhod ium( t )  or  to cat ionic  
complexes,  such as b i s ( l ,5 -cyc looc tad iene) rhod iumO)  
te t ra l luoroborate  and the product  o f  the  reaction of  
t a - d i c h l o r o ( t e t r a e t h y l e n e ) d i r h o d i u m ( I )  wi th  sod ium 
tetraphenylborate ,  were tested under  the condit ions de- 
scribed above. However ,  no significant improvement  in 
tile yield compared  to that  obtained in the presence of  
RhCI(PPh3) 3 was achieved.  In the absence o f  phosphine 
ligands, poor results were obtained.  

Rhodium complexes  can coord ina te  a superbase. For 
example,  a complex  was prepared by the reaction of  
1 ,8 -d i azab i cyc lo [5 .4 .0 ]undec -7 -ene  ( D B U )  with di- 
ch loro( te t rae thy lene)d i rhodium.  6 However ,  this com-  
pound proved to be a poor  catalyst,  and it was necessary 
to add phosphine (2 moles  per  1 mole  o f  Rh) to attain 
the same result as with RhCI(PPh3)  3. Association of  
CO 2, te t ramethylguanid ine ,  and Rh I appears to be nec- 
essary for the react ion o f  catalyt ic  aminat ion  of  the title 
compounds  to occur.  Strongly act ivated acetylenic  com-  
pounds, such as methyl  p rop-2-ynoa te ,  are known to 
react spontaneously  with secondary amines  (without 
catalystst,Z), while less act ivated terminal  or  internal 
aIkylacetylenes,  such as l - h e x y n e  or  4 -oc tyne ,  were not 
able to afford vinylamines in the absence of  a catalyst. 
Alkylacetylenes did not  react under  the condi t ions  re- 

ported in this work. Tile results obtained in tile studies 
of  catalytic aminat ion  of  acetylenie  compounds  are given 
in Table I. 

It is noteworthy that the ratio o f  products 3 : 4 can 
be reversed by varying only the basicity o f  the amine 
(see Table 1, runs 4 and 10). Tile secondary amine 
1 : alkyne 2 mola r  ratio also exerts an inf luence on the 
3 : 4 ratio, the latter decreas ing as the 1 : 2 ratio 
decreases (see Table 1, runs 1--3 and 5--8).  This  effect 
is less pronounced in the case of  base ld (see Table  I, 
rims 10--- 12). 

It is noteworthy that the total yield and relative 
amounts  of  products 3 and 4 depend in a comp lex  way 
on the basicity and the nature o f  the superbase as shown 
in Table 2. Thus,  it has been observed that in the 
presence of  1 ,5 ,7- t r iazabicyclo[4 .4 .0]dec-5-ene  (TBD) ,  
the total yield of  the products o f  the react ion of  piperi-  
dine l c  with phenylaeety lene  2a reached 97%. However ,  
when sterically hindered superbases, such as N-propyl -  
t e t r a m e t h y l g u a n i d i n e  ( P T M G ) ,  7 - m e t h y t - t , 5 , 7 - t r i -  
azabicyclo[4 .4 .0 ldee-5-ene  ( M T B D ) ,  and 2-tert-butyt- 
i m i n o - 2 - d i e t h y l a m i n o -  1 ,3 -d ime thy lpe rhydro -  t ,3 ,2-d i -  
azaphosphorine ( B E M P ) ,  were used, the total  yield of  
products 3 and 4 decreased al though the 3 : 4 ratio 
increased as the superbase basicity increased. Actually,  
strong bases can also activate alkyne CH bonds 8 toward 
dimerizat ion and polymerizat ion to a different extent ,  
and these side reactions would compe te  with the attack 
of  alkyne at the double bond of  the precursor  o f  el)am- 
ine 3 (Scheme 1). 
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Scheme i 

R2NCO2-BH* + [RhCI] ~ [R2NCOzRhCII-BH+ + HC-~-CR' 

I 
.% ] 

/ t  ...R] 
CI--Rh ~ N. .  | B H  + IL  

-CO 2 I 
_ 

R' :3 + [RhCI] + B 

N--R BH + C I~Rh  / ",~C-~CR" 

R - - 4  + [RhCI] + B 

Table 2. Reaction of piperidine lc (0.85 g, 10 mmol) with 
phenylacetyiene 2a (0.51 g, 5 mmol) in the presence of 
RhCI(PPh3) 3, CO 2, and different super'oases (5 mmol) a 

Superbase iogKb "t Conversion 
( %P  

Yield (%)n 

3 4 

TMG 23.75 98 72 18 
PTMG 25.00 88 18 19 
TBD 25.95 >99 88 9 
MTBD 25.44 89 33 16 
DBtJ 24.33 83 51 21 
BEMP 27.58 91 44 4 

o All reactions were carried out as reported in Note "a" in 
Table t. 
b Determined by GC using an internal standard referred to the 
starting phenylacetylene. 

We believe that  the  m e c h a n i s m  of  the  reac t ion  in-  
volves the  init ial  a t t ack  of  c a r b a m a t e  on  the  internal  
ca rbon  a tom of  the  t r iple  bond  to form a rhod ium 
e a r b a m a t e  complex  fol lowed by l ibera t ion  o f  C O  2 (see 
Sct~eme 1). The  add i t ion  o f  t he  s econd  ace ty len ic  mo l -  
ecule  to  form c o m p o u n d  4 requires  r h o d i u m  and,  prob-  
ably, involves oxidat ive  add i t ion  o f  a lkyne  to Rh. Coor -  
d ina t i on  of  o t h e r  l igands to the  Rh a tom is not  shown in 
S c h e m e  1. 

T h e  func t ion  of  C O  2 is likely to be  t ha t  of  t ransfer-  
ring the  a m i n o  group  t h r o u g h  r h o d i u m 0 )  ca rbamate .  In 
this  respect ,  its role is qui te  d i f ferent  f rom tha t  which  
ca rbon  dioxide plays in the  c o r r e s p o n d i n g  reac t ion  with 
r u t h e n i u m ( n )  in which  i n t e r m ed i a t e  c a r b a m a t e  reacts 
wi th  a tkyne  at the  oxygen a t o m  to fo rm vinyl c a r b a m -  
ate. 9 Recent ly ,  we also repor ted  that  the  use of  superbases  
in the  absence  o f  meta l s  al lows the  d i rec t  i n t r amolecu la r  
inser t ion  o f  C O  2 at the  C - C  b o n d  o f  a m i n o - s u b s t i t u t e d  
ace ty lene  at  room t e m p e r a t u r e .  I~ This  t r ans fo rma t ion  is 
a n o t h e r  examp le  of  the  reac t ion  o f  t he  t r iple  b o n d  with 
the c a r b a m a t e  oxygen.  

Experimental  

ACS-grade reagents were used without fimher purification. 
Acemnilrile was dried over 3-A molecular sieves. The complex 
RhCI(PPh3)3, lla ~t-dichloro(tet raet hyle ne)dirhodiumfl) ,  lIb 
bis(I ,5-cycloocladiene)rhodium(I)  tetrafluoroborate, 12 and 

N-propyltetramethylguanidine 13 were prepared according to 
published procedures. Amines and superbases were commer- 
cially available research-grade reagents (Aldrich, Fluka, and 
Janssen). The melting and boiling points were not corrected. 

The IH NMR spectra were recorded on a Bruker AC 300 
spectrometer (300 MHz) i.n CDCI 3 with Me4Si as the internal 
standard. The mass spectra were measured on a Hewlett-- 
Packard 5971 spectrometer (70 eV) interfaced with a Hewlett-- 
Packard 5890 Series I I gas chromatograph. The Fourier trans- 
form IR spectra were recorded on a Nicolet 5PC spectropho- 
tometer. Distillation in vacuo was carried out using a Buchi 
G RK-SI Kugelrohr oven. Elemental analysis was carried out 
o11 a Carlo Erba Model EA 1108 instrument.  Gas-chromato-  
graphic analysis was performed on a Dani 3800 HR GC 
instrument equipped with a methylsilieone (OV-10I) capillary 
column, and the peaks were recorded on a Hewlett--Packard 
3390 A integrator. Quantitative G L C  determinations were 
carried out with the use of the internal standard method. Silica 
gel 60F plates (Merck) were used for analytical TLC, and silica 
gel 60F 254 plates (Merck) were used for preparative TLC. 

Reactions of secondary amines with terminal acetylenes in 
the presence of a Rh complex, COz, and a superbase in MeCN 
(general procedure). Gaseous CO 2 was passed through a solu- 
tion of pyrrolidine lb (0.71 g, I0 mmol) and tetramethyl- 
guanidine (0.58 g, 5 retool) in dry MeCN (25 mL), which was 
placed in a Schlenk tube, at atmospheric pressure at -20 ~ 
for l h. Then phenylacetylene (0.51 g, 5 mmol)  and 
RhCI(PPh3) 3 (0.093 g, 0.10 mmol) were added under a stream 
of CO 2, and the mixture was refluxed with stirring at 75 ~ for 
15 h. Tile solvent was removed in vacuo. The oily residue was 
diluted with ether (100 mL) and filtered off. The ethereal 
solution was shaken with 2 N HCI (50 mL). The aqueous layer 
was alkalized with I0 N NaOH and extracted with ether. The 
ethereal solution was dried and distilled in vacuo to afford 
compound 3 (R 2 = (CH2)4, R" = Ph) in a yield of 73% 
(0.832 g, 3.65 retool) as a pale-yellow oil along with I% of an 
admixture of compound 4. 

The compounds synthesized were identified by elemental 
analysis, IR and IH NMR spectroscopy, and mass spectrom- 
etry. Product 3 (R~ = (CH2)4, R" = Ph) 14 was identified by 
comparing with the published data. The spectroscopic data for 
the known products 3 (R 2 = (CH2) 5, R" = phI5  and R 2 = 
((CH2)2)20, R" = PhlS)  and 4 (R 2 = (CH2) 5, R" = Ph~b 
and R2 = ((CIt2)7)20, R" = Ph 6b) are reported below since 
they are lacking in the literature. 

N.N-Diethyl-7--g-phenylethenylamine (3: R = Et, R ' =  
Ph). Pale-yellow oil, b.p, 128--130 ~ (0.5 mbar). Found (%): 
C, 82.19; H, 9.69; N, 7.96. Ct~HI7N.  Calculated (%): 
C, 82.29; H, 9.71; N, 8.00. [R (film), v /cm-I :  3002 m, 2981 s, 
2942 s, 2859 s, 1625 s, 965 m. ~H NMR,  a: 1.18 (t, 6 H, 
2 Me, J = 7.1 Hz); 3.18 (q, 4 H, 2 CH 2, J = 7.1 Hz); 5.20 
(d, 1 H, =CH, J = 14.0 Hz); 6.78 (d, 1 H, = C t t ,  J = 
14.0 Hz); 6.94--6.99 (m, I H, CH arom.); 7.16--7.24 (m, 
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4 H, CH arom.). MS, m/z (lrel (%)): 175 [MI* (100), 160 
(72), 146 (15), 130 (55), 117 (20), 105 (32), 91 (28), 77 (19), 
56 (71). 

l-[2-E-(4-Chloropheuyl)ethenyl]pyrrolidine (3: R z = 
(CH2)4, R" = p-CIC6114). Pale-yellow oil, b.p. 148--150 *C 
(0.3 mbar). Found (%): C, 69.32; H, 6.72; N, 6.70. 
CI2HI4CIN. Calculated (%): C, 69.40; H, 6.75; N, 6.75. IR 
(film), v/cm-I: 2952 m, 2854 m, 1625 s, 1450 s, 965 m. 
tH NMR, 6:2.19--2,25 (m, 4 H, 2 CH2); 3.50--3.55 (m, 
2 H, CH2); 3.68--3.72 (m, 2 H, CH2); 5.44 (d, 1 H, =CH, 
J = 13.9 Hz); 7.28--7.43 (AA'XX" system, 4 H, CH arom.); 
7.31 (d, 1 H, =CH, J = 13.9 Hz). MS, m/z (Irel (%5): 209 
(38), 207 [M] + (755, 172 (95, 170 (12), 139 (16), 138 (25), 101 
(22), 75 (29), 55 (27), 43 (I00). 

l-[2-E-(4-Methylphenyl)ethenYllpyrrolidine (3: R 2 = 
(CH2), I, R" = p-MeC6H4). Pale-yellow oil, b.p. 132--134 *C 
(0.3 mbar). Found (%): C, 83.36; H, 9.04; N, 7.41. CI3HtTN. 
Calct, lated (%): C, 83.42; H, 9.09; N, 7.49. IR (film), 
v/era-I: 2932 m, 2854 m, 1625 s, 1450 s, 965 m. tH NMR, 6: 
1.88--1.93 (m, 4 H, 2 CH2); 2.92 (s, 3 H, Me); 3.16--3.21 
(m, 2 H, CH2); 3.25--3.29 (m, 2 H, CH2); 5.06 (d, 1 H, =CH, 
J =  13.8 Hz); 7.03 (d, 1 H, =CH, J =  13.8 Hz); 7.00--7.22 
(AA'XX' system, 4 H, CH atom.). MS, m/z (lret (%)): 187 
[MI + (100), 186 (42), 170 (6), 158 (5), 144 (7), 118 (29), 115 
(10), 91 (61, 77 (45. 

I-[2-E-(l-Cyclohexen-l-yl)ethenyl]pyrrolidine (3: R 2 = 
(CH2).I, R" = cycio-C6Ht2). Pale-yellow oil, b.p. 126-- 128 ~ 
(0.5 mbar). Found (%): C, 81.28; H, 10.70; N, 7,86. Ct2HIgN. 
Calculated (%): C, 81.36; H, 10.73; N, 7.91. IR (film), 
v/era-z: 3002 m, 2924 m, 2854 m, 1625 s, 1450 s, 965 m. 1H 
NMR, 8:1.52~1.66 (m, 4 H, 2 CH2); 1.89--1.94 (m, 4 H, 
2 CH2); 2.07--2.14 (m, 4 H, 2 CH2); 3.20--3.25 (m, 4 H, 
2 CH2); 5.12 (d, 1 H, =CH, J = 13.9 Hz); 6.t6--6.19 (m, 
I H, =CH); 7.03 (d, I H, =CH, J =  13.9 Hz). MS, m/z 
(/r~ (%)): 177 [M]* (52), 176 (39), 149 (38), 148 (40), 134 
(55), 120 (94), 77 (50), 71 (37), 70 (82), 55 (47), 44 (92), 
41 (I00). 

l-(2-E-Phenylethenyl)piperidine (3: R z = (Ct12) 5, R" = 
Ph). Pale-yellow oil, b.p. 135--136 ~ (0.5 mbar). Found (%): 
C, 83.35; H, 9.01; N, 7.39. Ct3HITN. Calculated (%): 
C, 83.42; H, 9.09; N, 7.49. IR (film), v/cm-I: 3001 m, 2922 
m, 2854 m, 1630 m, 1450 s, 1025 w, 966 m. IH NMR, & 
1.57--1.64 (m, 6 H, 3 CHT); 3.01--3.05 (m, 4 H, 2 CH2); 
5.36 (d, 1 H, ---CH, J = 14.1 Hz); 6.66 (d, 1 H, =CH, J = 
14.1 Hz); 6.96--7.04 (m, 1 H, CH atom.); 7.18--7.21 (m, 
4 H, CH atom.). MS, m/z (/reJ (%)): 187 [M] + (I00), 186 
(53), 130 (41), 110 (7), 104 (51), 91 (9), 83 (9), 77 (6). 

4-(2-E-Phenylethenyl)mo~holine (3: R 2 = ((CHz)z)zO, 
R" = Ph). Orange solid, re.p_ 74--76 ~ Found (%): C, 76.12; 
H. 7.89; N, 7.36. CI2HtsNO. Calculated (%): C, 76.19; 
H. 7.94; N, 7.41. IR (film), v/cm-t:  3006 m, 2965 s, 2860 s, 
1628 s, t381 s, 1350 s, 1320 s. IH NMR, 5:2.95--3.07 (m, 
4 H, 2 CH2); 3.71--3.87 (m, 4 H, 2 CH2); 6.77 (d, I H, =CH, 
J = 16.1 Hz); 7.23--7.39 (m, 5 H, CH atom.); 7.64 (d, 
I H, =CH,  J = 16.1 Hz).  MS, m/z (Irel (%)): 189 [M] + (91), 
158 (9), 131 (27), 130 (1005, t04 (27), 91 (14), 77 (21). 

Methyl ester of l-(2-E-phenylethenyl)proline (3: Rz = 
(CH2)3CH(COOMe), R" = Ph 5. Pale-yellow oil, b.p. 138-- 
139 ~ (0.5 mbar). Found (%): C, 72.70; H, 7.35; N, 6.00. 
ClaHI7NO 2. Calculated (%): C, 72.73; H, 7.36; NI 6.06. 
IR (film), v/cm-t:  3002 m, 2957 m, 2858 m, 1738 s, 1625 s, 
966 m. tH NMR, 5:1.66--t_73 (m, 2 H, CHz); 1.75--1.82 
(m, 1 H, CHHt; 2.02--2,tl  (m, I H, CHH.); 2.82--2.88 (m, 
I H, C!J.H); 2.99--3.03 (m, 1 H, CH!:[); 3.66 (s, 3 H, OMe); 
3.64--3.74 (m, I H, CH); 5.14 (d, I H, =CH, d = 14.0 Hz); 

7.01 (d, 1 H, =CH, J = 14.0 Hz); 7.16--7.20 (m, 5 H, CH 
arom.). MS, m/z (/ret (%)): 231 [MI § (18), 172 (100), 170 
(34), 130 (9), 103 (13), 9l (12), 77 (19). 

N,N-Diethyl(l-benzyl-3-phenylprop-2-ynyl)amine (4: R --- 
Et, R" = Ph). Pate-yellow oil, b.p. 157--159 *C (0.3 mbar). 
Found (%): C, 86.56; H, 8.27; N, 4_98. C20H23N. Calculated 
(%): C, 86.64; H, 8.30; N, 5.05. IR (film), v/cm-Z: 3002 m, 
2962 m, 2851 m, 2212 w, 1450 m. 1H NMR, 5 :1 .10  (t, 
6 H, 2 Me, J =  7.1 Hz); 2.65--2.72 CAB system, 2 d, 
2 H, CH 2, J = 3.8 Hz); 3.14 (q, 4 H, 2 CH2, J == 7.1 Hz); 
3.95 (s, I H, CH); 7.08--7.45 (m, 10 H, CH arom.). MS, m/z 
(/re ~ (%)): 277 [M] + (38), 262 (35), 248 (6), 232 (5), 200 (33), 
182 (26), 146 (21), 115 (23), 91 (100), 77 (16), 44 (76). 

l -( l-Benzyl-3-phenylprop-2-ynyl)piperidine (4: R z = 
(CH2)5, R" = Ph). Pale-yellow oil, b.p. 165--167 ~ 
(0.3 mbar). Found (%): C, 87.17; H, 7.94; N, 4.80. C21H23N. 
Calculated (%5: C, 87.20; H, 7.96; N, 4.84. IR (film), 
v/cm-t: 3001 w, 2921 s, 2855 s, 2111 w, 1450 s. IH NMR, 6: 
1.58--1.70 (m, 6 H, 3 CH2); 2.65--2.76 (m, 2 H, CH2); 
2.94--3.02 (m, 4 H, 2 CH2); 3.94 (br.s, I H, CH); 7.23--7.41 
(m, I0 H, CH atom.). MS, rn/z (Ire~ (%)): 289 [MI § (46), 288 
(33), 212 (54), 198 (100), 130 (29), 115 (31), 91 (78), 77 (12). 

l-(l-Benzyl-3-phenylprop-2-ynyl)morpholine (4: R z 
((CH2)z)20, R" = Ph). Pale-yellow solid, m.p. 69--70 ~ 
Found (%): C, 82.40; H, 7.20; N, 4.76. C20H.~INO. Calcu- 
lated (%): C, 82.47; H, 7.22; N, 4.81. IR (film), v/era-I: 
3001 m, 2974 s, 2861 s, 2112 w, 1241 m. tH NMR, 6: 2.69-- 
2.85 (m, 2 H, CH2); 2.93--3.07 (m, 4 H, 2 CH2); 3.37 (br.s, 
1 H, CH); 3.71--3.87 (m, 4 H, 2 CH2); 7.26--7.50 (m, 
10 H, CH atom.). MS, m/z (Irr (%)): 291 [M] + (41), 260 
(12), 232 (15), 214 (16), 200 (81), 184 (68), 128 (23), 115 
(57), 91 (1005, 77 (27). 

Methyl ester of 1-(l-henzyt-3-phenylprop-2-]myt)proline 
(4: R z = (CHz)3CH(COOMe), R" = Ph). Pale-yellow ~olid, 
m.p. 86--88 ~ Found (%): C, 79_21; H, 6.88; N, 4.014. 
C22H23NO 2. Calculated (%): C, 79.28; H, 6,91; N, 4.20. 
IR (film), v/cm-I: 3002 w, 2956 m, 2851 m, 2110 w, 1739 s. 
IH NMR, ,5:1.66--1.75 (m, 2 H, CH2); 1.77--1.83 (m, 
I H, CHH); 2.02--2.11 (m, 1 H, CHH); 2.62--2.74 (m, 
2 H, CH2); 2.84--2.97 (m, I H, CH__H); 3.0l--3.40 (m, 
I H, CHIt); 3.71 (s, 3 H, OMe); 3.72--3.78 (m, I H, CH); 
7.14--7.31 (m, 10 H, CH atom.). MS, rn/z(Ir~l (%)): 333 [M]" 
(14), 275 (19), 274 (100), 183 (17), 115 (20), 91 (31), 77 (8). 
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