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ABSTRACT 

Reactions of (1  -cyanocyclopropyl)diphenylphos- 
phine oxide (la) with -NH and -SH nucleophiles 
gave the anticipated ring-opened products, while 
those of (I-ethoxycarbonylcyclopropy1)diphenyl- 
phosphine oxide (1 b) or diethyl I-cyano- and l-ethox- 
ycarbonylcyclopropylphosphonates (lc-d) were often 
deflected by ester-exchange reactions. The ring-opened 
products of l a  by amines reacted with aromatic alde- 
hydes under. PTC conditions to  produce homoallylic 
amines in good yields. 0 1996 John Wiley & Sons, Inc. 

INTRODUCTION 
Electrophilic cyclopropanes can easily undergo ring- 
opening reactions under the attack of nucleophiles, 
and this reaction has been widely used in organic 
synthesis [ 1,2]. There are a few reports on the ring- 
opening reactions of some cyclopropylphosphonium 
salts with nucleophiles [l-71, but there is only one 
example of such a reaction of a phosphoryl-substi- 
tuted cyclopropane, that with Me,CuLi [8]. We 
report here a study of ring-opening reactions of 
some substituted cyclopropylphosphine oxides and 
cyclopropylphosphonates with -NH and -SH 
nucleophiles. 

*To whom correspondence should be addressed. 

RESULTS AND DISCUSSION 
Reaction of (I-Cyanocyclopropy1)diphenyl- 
phosphine Oxide (la) with Primary and 
Secondary Amines 
The ring-opening reaction of l a  by piperidine (2a) 
indicates that this reaction can take place in various 
solvents if the reaction temperature is higher than 
78°C and that the reaction is markedly accelerated 
with the increase of the reaction temperature. This 
reaction can also proceed smoothly without solvent 
(Table 1). 

CN R: R'\ 
+ NH - NC&C&CHP(O)Ph2 

D<P(o)Ph, Rb R i  dN 
l a  2a-k 3a-k 

r7 b:R1R2=OU . t a: R ~ R ~ = C ;  

c: R I R ~ =  WA ; d: R ~ R ~ = C  ; 

e: R1R2= . I: Rl=R2= Et; 
g: R1 =R2= j&; h: R1 =R2= cC6H11; 

i: R1= H, R2= n-pentyl; j: m=H, R2=cC6Hii; 
k: RI=H, RZ=Ph. 

(1) 

However, the structure of the amine has a great 
influence on the ring-opening reaction of l a  (Equa- 
tion l ,  Table l). In general, secondary amines are 
better ring-opening reagents than primary amines. 
Secondary amines, especially cyclic ones, such as pi- 
peridine (2a), morpholine (2b), and imidazole (2c), 
reacted with l a  at 150-160°C to produce the corre- 
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TABLE 1 Reaction of l a  with Primary and Secondary Amines (2) 

Nucleophiles Temperature Duration Yield 
(2) ld2" Solvent ("C) (h) ( % ) b  

2a 
2a 
2a 
2a 
2b 
2b 
2c 
2d 
2d 
2e 
2f 
2f 
2g 
2h 
2i 
2i 
2i 

2k 
2i 

1 13 
1 mmolA mL 

1 I3 
1 rnmol15 mL 
1 mmol13 mL 
1 mmol13 mL 

1 15 
1 rnmol15 mL 

1 15 
1 rnmol12 mL 
1 rnmol12 rnL 

115 
1 mmol12 mL 

111.1 
1 12 

1 mmol13 mL 
1 mmol13 mL 
1 mmol14 mL 
1 rnmoll4 mL 

xylene 

xylene 
- 

- 
- 
- 

xylene 

benzene 
- 

- 
- 

benzene 

xylene 
EtOH 

- 

- 
- 
- 
- 

reflux (1 38) 
reflux (1 15) 
145-1 50" 
145-1 50" 

reflux (129) 
160" 
160" 
160" 

reflux (80) 
160" 
160" 

reflux (80) 
16oC 

reflux (138) 
reflux (78) 

160" 
reflux (102) 

160" 
145" 

21 
10 
10 
10 
24 
24 
24 
24 
36 
24 
24 
25 
25 
62 
71 
20 
30 
24 
24 

84.5 
84.9 
95.9 
94.5 
75.3 
90.6 
89.7 

d 
73.3 

e 
d 

47.6 
13.3 

0 
17.0 

e 
f 
e 
e 

"Molar ratio unless otherwise indicated. 
%elated yield. 
"Conducted in sealed tube. 
Qecomposed and Ph,P(O)OH was isolated 
"The product was a complex mixture. 
'4 was isolated in a yield of 68.7%, see text. 

sponding ring-opened products in high yields. Pyr- 
rolidine (2d) and diethylamine (20 reacted with la  
under mild conditions to give good yields of the ring- 
opened products. However, when the reaction was 
performed in a sealed tube at a bath temperature of 
1 60°C, decomposition products were isolated. With 
the rise of steric hindrance, the ring-opening ability 
of secondary amines decreases quickly. Diisopropyl- 
amine (2g) could give only a poor yield of the desired 
product, and dicyclohexylamine (2h) did not react at 
all. 

Aliphatic and aromatic primary amines cannot 
undergo this reaction easily. n-Pentylamine (2i) re- 
acted with la  under refluxing in ethanol for 7 2  hours 
to produce a low yield (17%) of the desired product. 
When this reaction was carried out by using exces- 
sive n-pentylamine as the solvent under refluxing, 
one isolated product indicated that the addition re- 
action of the amine to the cyano group was the main 
reaction (Equation 2). 

NH 

4 

When this reaction was performed in a sealed 

tube at a bath temperature of 145"C, the products 
were too complex to be isolated. Reactions of n-hex- 
ylamine (2j), aniline (2k), and pyrrole (2e) with l a  
under similar conditions also led to complex 
mixtures. 

Reactions of (1  -Etkoxycarbonylcyclopropyl) 
dipkenylphosphine Oxide ( 1 b), Diethyl 
(I-Cyanocyc1opropyl)phosphonate (lc) and 
Dietkyl(1 -Etkoxycarbonylcyclopropyl) 
pkospkonate (Id) with Amines 
When lb was refluxed with an excess of 2a for 6 
hours, the desired product was obtained in a yield of 
72.6% (Equation 3 ) .  

COOEt 
O H 2  CH2 CHP(O)Ph2 

COOEt ( 3 )  

lb 5 

When the reaction time was prolonged, some es- 
ter-exchanged products were formed. 

Reaction of l b  with primary amines, such as n- 
pentylamine (2i), could only lead to a high yield of 
the ester-exchanged product (Equation 4). 
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TABLE 2 Reaction of 1 a with Thiophenol and Mercaptans (7) 

RSH 
fnfry (7) 

Temp. Yield 
1/7 Pyridine Solvent ("C) ( " / , ) a  

PhSH 
PhSH 

C,H,SH 
C,H,SH 

n-C,H,,SH 
n-C,H,,SH 
n-C,H,,SH 
n-C,H,,SH 

0.5 rnmol/0.5 mL 
0.5 rnmoVl.2 rnL 
0.5 rnmoV2 mrnol 
0.5 mmoV0.6 rnL 
0.5 rnmoV2 rnrnol 
0.5 rnrnol/2 mrnol 
0.5 rnrnol/l .O rnL 
0.5 rnmol/l .O rnL 

- 
0.1 rnL 

0.05 rnL 
- 

- 
-b 

0.05 rnL 
0.05 rnLb 

xylene 

xylene 

xylene 
xylene 

- 

- 

- 
- 

reflux 
160" 
reflux 
165" 
reflux 
reflux 
165" 
165" 

trace 
83.7 

0 
75.3 
0 

trace 
trace 
77.8 

'Isolated yield. 
O 1 0  mol% DMAP was added as catalyst. 
Conducted in sealed tube. 

reflux CONH(CH2)4CH3 

(4) 
k ( 0 ) P  h2 

l b  + 2i - 
6 

Ring-opening reactions of l c  and Id with 
amines were seriously inhibited by the ester-ex- 
change reactions. l c  or Id reacted with 2a at various 
molar ratios and at different temperatures always to 
produce complex mixtures. 

Reaction of 1 a with Mercaptans and 
Thiophenol 
Ring-opening reactions of la  with mercaptans are 
more difficult to effect than those of secondary 
amines. When la and thiophenol were refluxed in 
xylene for 72 hours, only a trace amount of the ring- 
opened product was formed. This reaction could 
give a good yield of the product only when an excess 
of pyridine was added to the reaction mixture (Equa- 
tion 5). 

Ethyl mercaptan reacted with la under similar 
conditions, while n-hexyl mercaptan could only yield 
a trace amount of the product. The reaction of n- 
hexyl mercaptan produced good yield of the desired 
product but only after an additional catalytic 
amount of p-dimethylaminopyridine (DMAP) was 
added to the reaction mixture (Table 2). 

Wittig-Homer Reaction of Some Ring-Opened 
Reaction Products 3 with Aromatic Aldehydes 
under PTC Conditions 
Since unsaturated amines are important synthons 
and building blocks of various natural products, 
there are many reports of the syntheses of such com- 
pounds [9-111. However, there is no systematic re- 
port on the syntheses of homoallylic amines. These 
compounds could be conveniently synthesized by 
the Wittig-Horner reaction of the ring-opened prod- 
ucts of la by amines with aromatic aldehydes. 

When the reaction was conducted by using solid 
K,CO, as the base, triethylbenzylammonium chlo- 
ride (TEBA) as the phase-transfer catalyst and ben- 
zene as the solvent, the desired homoallylic amines 
were obtained in good yields (Equation 6, Table 3). 

TEBNbenzene 3 + OHC+R3 A 
K2C03 - 

9 

R l  'NCH2 C& C =CH-(3-R3 
- 

R Y  AN 
1 Oa-d 

EXPERIMENTAL 
Melting points are uncorrected. 'H NMR spectra 
were recorded on a Varian EM-390L (90 M) spec- 
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TABLE 3 Reaction of 3 with Aromatic Aldehyes (9) 

Yield 
3 9 Temp. 10 ( % ) a  e/P 

3a 9a reflux 1 Oa 89.6 39/61 
3b 9a r.t. 1 Ob 88.3 43/57 
3b 9b reflux 1 oc 58.8 65/35 
3d 9a reflux 1 Od 77.3 73/27 

aIsolated yield. 
bDetermined by integral of 'H NMR. 

trometer unless otherwise indicated, TMS being 
used as an internal standard. NMR spectra were 
recorded on a JEOL FX-90Q (90 M) spectrometer, 
85% H,PO, being used as an external standard. IR 
spectra were recorded on a Shimadzu IR-440 spec- 
trometer. Elemental microanalyses were performed 
by the Analytical Laboratory of the Shanghai Insti- 
tute of Organic Chemistry. 

All reagents and solvents were purified by stan- 
dard methods. 

Materials 
( 1 -Ethoxycarbonylcyclopropyl)diphenylphosphine 
oxide (1 b) [ 121, diethyl (1 -ethoxycarbonylcyclopro- 
py1)phosphonate (Id) [ 121, and diethyl (l-cyanocy- 
clopropy1)phosphonate (lc) [ 131 were prepared ac- 
cording to literature methods. ( 1 -Cyanocyclo- 
propy1)diphenylphosphine oxide ( 1 a) was prepared 
in a similar way as lc from Ph,P(O)CH,CN and 
BrCH,CH,Br. After recrystallization from benzene, 
white crystals were obtained in a yield of 67.3%, mp 
172-173°C. 'H NMR (300 M, CDCl,) 6: 1.62 (m, 2H), 
1.87 (m, 2H), 7.55 (m, 4H), 7.88 (m, 6H) ppm. IR 
(KC1 wafer): 2210, 1585, 1440, 1310, 1250, 1200, 
1125, 960, 850, 735 cm-I. Anal. calcd for C,,H,,NOP 
(267.27): C, 71.90; H, 5.28; N, 5.24; P, 11.59; found: 
C, 71.79; H, 5.27; N, 5.12; P, 11.20. 31P NMR (CDCl,) 
6: 27.94 ppm. 

Ph,P(O)CH,CN was prepared according to the 
literature [14] or as described below: The crude 
product of Ph,PCH,CN [15], prepared from 25.8 g 
(0.1 mol) of Ph,PSiMe, [16] and 8.3 g (0.1 mol) of 
ClCH,CN, was dissolved in 50 mL of glacial acetic 
acid, and 17.0 g (0.15 mol) of 30% H,O, was added 
dropwise with stirring. Upon completion of addi- 
tion, the reaction mixture was stirred for an addi- 
tional hour at 70-75°C and then poured into 200 mL 
of cold water with stirring. The white crystals were 
collected under suction and washed with water; 20.8 
g (86.2%) of white crystals were obtained after re- 
crystallization from benzene. Mp 148-150°C ([ 141: 
151-152°C). 

Reaction of la with Pipevidine (2a) 

Reaction of la with Movpholine (2b) 

1. 

2. 

3. 

4. 

Typical procedure A: 0.267 g (1 mmol) of l a  
and 0.255 g (3 mmol) of 2a were refluxed in 
5 mL of anhydrous xylene for 21 hours. The 
solvent was removed in vucuo, and the resi- 
due was dissolved in 10 mL of dilute aq. HC1 
(v/v = l:l), washed with CH,Cl, (2 x 2 mL), 
neutralized with solid Na,CO,, and then ex- 
tracted with CH,Cl, (3 X 5 mL). The com- 
bined extracts were washed with water (2 x 
3 mL), dried (Na,SO,), and the solvent was 
removed. The crude product was chromato- 
graphed on silica gel (CHCl,/CH,OH = 10012 
as eluent) to give 0.298 g of [l-cyano-3-(l-pi- 
peridinyl)propyl]diphenylphosphine oxide 
(3a) as a brown oil; yield, 84.5%. IH NMR 
(CCl,) 6: 1.50 (brs, 8H), 2.35 (m, 6H), 3.60 (m, 
lH), 7.40-8.00 (m, 10H) ppm. IR (film): 2220, 
1440, 1190, 11 15, 730, 700 cm-I. Anal. calcd 
for C,,H,,N,OP (352.42); C, 71.57; H, 7.15; N, 
7.95; P, 8.79; found: C, 71.28; H, 6.94; N, 8.01; 
P, 8.55. 
According to procedure A, 5 mL of 2a was 
used instead of xylene as the solvent and the 
mixture was refluxed for 10 hours; yield, 
0.299 g (84.9%). 
Typical procedure B: 0.267 g (1 mmol) of la, 
0.255 g (3 mmol) of 2a and 5 mL of anhydrous 
xylene were stirred in a sealed tube at a bath 
temperature of 145-150°C for 10 hours. The 
tube was opened after having been cooled, 
and the reaction mixture was worked up as in 
procedure A; yield, 0.338 g (95.9%). 
According to procedure B, 5 mL of 2a was 
used instead of xylene as the solvent, and the 
mixture was stirred for 10 hours; yield, 0.333 
g (94.5%). 

1. 

2. 

A mixture of 0.267 g (1 mmol) of l a  and 3 
mL of 2b was refluxed for 24 hours; 0.267 g 
of [ 1 -cyano-3-( 1 -morpholinyl)propyl]diphen- 
ylphosphine oxide (3b) was obtained after a 
workup procedure as in procedure A. Yield, 
75.3%, pale yellow oil. 'H NMR (CC1,) 6: 1.78 
(m, 2H), 2.30 (m, 6H), 3.55 (t, 4H), 3.75 (m, 
lH), 7.30-8.10 (m, 10H). IR (film): 2240, 
1440, 1200, 1120, 730, 700 cm-I. Anal. calcd 
for C,,H,,N,O,P (354.39): C, 67.78; H, 6.54; N, 
7.91; P, 8.74; found: C, 67.48; H, 6.69; N, 7.67; 
P, 8.49. 
According to procedure B, 0.267 g (1 mmol) 
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of la and 3 mL of 2b were stirred in a sealed 
tube at a bath temperature of 160°C for 24 
hours to yield 0.32 1 g (90.6%) of 3b. 

Reaction of la with Zmidazole (2c) 
A mixture of 0.267 g (1 mmol) of la, 0.340 g (5 
mmol) of 2c, and 5 mL of anhydrous xylene was 
stirred under a nitrogen atmosphere in a sealed tube 
at a bath temperature of 160°C for 24 hours. The 
solvent was evaporated under reduced pressure. The 
residue was dissolved in CH,Cl, (10 mL) and washed 
with water until the water phase was neutral. The 
organic phase was dried over Na,SO,, and the sol- 
vent was evaporated. The crude product was recrys- 
tallized from ethanol to yield 0.301 g of [1-cyano-3- 
( 1 -imidazolyl)propyl]diphenylphosphine oxide (3c), 
white crystals, mp 168-1 70°C, yield, 89.7%. 'H NMR 
(CCl,) 6: 2.35 (brs, 6H), 4.10 (m, lH), 4.46 (m, 2H) 
7.20 (d, 3H), 7.58 (brs 6H), 7.70-8.10 (m, 4H). IR 
(KC1 wafer): 2220, 1505, 1435, 1220, 11 10, 830, 720 
cm-I. Anal. calcd for C,,H,,N,OP (335.35): C, 68.05; 
H, 5.41; N, 12.53; P, 9.24; found: C ,  67.97; H, 5.60; N, 
12.67; P, 8.97. 

Reaction of la with Pywolidine (2d) 
A mixture of 0.267 g (1 mmol) of la and 0.356 g (5 
mmol) of 2d was refluxed in 5 mL of benzene for 36 
hours to yield 0.248 g of [ l-cyano-3-( 1-pyrrolidiny1)- 
propylldiphenylphosphine oxide (3d), a pale yellow 
oil, yield, 73.3%. 'H NMR (CCl,)6: 1.60 (brs 6H), 2.35 
(brs, 4H), 2.70 (m, 2H), 3.74 (m, lH), 7.25-8.10 (m, 
10H). IR (film): 2220,1440,1190,1120,745,725,700 
cm~- ' .  Anal. calcd for C,,H,,N,OP (338.39): C ,  70.99; 
H, 6.85; N, 8.28; P, 9.15; found: C, 70.64; H, 6.91; N, 
8.10; P, 9.38. 

Reaction of' la with Diethylamine (20 
A mixture of 0.267 g (1 mmol) of la and 0.366 g (5 
mmol) of 2f was refluxed for 25 hours in 5 mL of 
anhydrous benzene to yield 0.128 g of [ l-cyano-3- 
(N,N-diethylamino)propyl]diphenylphosphine oxide 
(30, red oil, yield, 47.6%. IH NMR (CC1,) 6: 1.00 (t, 
6H), 1.60 (m, 2H), 3.45 (m, 6H), 3.61 (m, lH), 7.33- 
8.20 (m, 10H). IR (film): 2210,1440,1220,1120,785, 
725, 700 cm-I. Anal. calcd for C,,H,,N,OP (340.41): 
C, 70.57; H, 7.40; N, 8.23; P, 9.10; found: C, 70.25; H, 
7.29; N, 8.47; P, 8.93. 

Reaction of la with Diisopropylamine (2g) 
A mixture of 0.267 g of la and 2 mL of 2g was reacted 
in a sealed tube at a bath temperature of 160°C for 

25 hours to yield 0.049 g of [ l-cyano-3-(N,N-diiso- 
propylamino)propyl]diphenylphosphine oxide (3g), 
pale yellow oil, yield, 13.3%. 'H NMR (CCl,) 6: 1.00 
(t, 12H), 1.55 (m, 2H), 2.60 (m, 2H), 2.90 (m, 2H), 
3.65 (m, lH), 7.20-8.05 (m, 10H). IR (film): 2220, 
1440, 1200, 1125, 770, 725 cm-I. Anal. calcd for 
C,,H,,N,OP (368.46): C ,  71.72; H, 7.93; N, 7.60; 
found: C, 71.48; H, 8.05; N, 7.37. 

Reaction of la with n-Pentylamine (2i) 

1. A mixture of 0.267 g ( 1 mmol) of la  and 0.174 
g (2 mmol) of 2i was refluxed in 5 mL of an- 
hydrous ethanol for 71 hours to yield 0.060 
g of [ 1 -cyano-3-(n-pentylamino)propyl]di- 
phenylphosphine oxide (3i), red oil, yield, 
17.0%. 'H NMR (CDCl,) 6: 0.90 (t. 3H), 1.30 
(brs, 7H), 2.30 (m, 2H), 3.30 (t, 4H), 4.05 (m, 
lH), 7.20-7.95 (m, 10H). IR (film): 3340 (br), 
2950, 2860, 2210, 1440, 1200, 1125, 760, 725 
cm-I. 31P NMR (CDCl,) 6: 32.55. Anal. calcd 
for C,,H,,N,OP (354.43): C, 71.17; H, 7.68; N, 
7.90; found: C, 70.98; H, 7.75; N, 7.81. 

2. A mixture of 0.267 g (1 mmol) of la  and 3 mL 
of 2i was refluxed for 30 hours. The excess of 
2i was evaporated under reduced pressure. 
The residue was chromatographed on silica 
gel (CHCl,/CH,OH = 20/1 as eluent) to give 
0.243 g of N-n-pentyl 1-(diphenylphosphin- 
y1)cyclopropylamidine (4), red oil, yield, 
68.7%. 'H NMR (300 M, CDC1,)d: 0.80 (t, 3H), 
1.20 (brs, lOH), 3.00 (m, 2H), 6.06 (brs, 2H), 
7.45 (mc, 10H). IR (film): 3300 (br), 3040, 
2950,2840,1620 (br), 1440,1340,1180,1120, 
750 cm-'. Anal. calcd for CzlH,,N20P 
(354.43): C, 71.17; H, 7.68; N, 7.90; P, 8.74; 
found: C, 71.03; H, 7.43; N, 7.79; P, 8.52. This 
product has identical 'H NMR and IR spectra 
with the authentic sample prepared from la 
and 2i under the catalysis of AlC1, [ 171. 

Reaction of (1  -ethoxycarbonylcyclopropyl) 
diphenylphosphine oxide (1  b) with piperidine 
( 2 4  
A mixture of 0.157 g (0.5 mmol) of l b  and 1.5 mL of 
2a was refluxed with stirring for 61 hours (controlled 
by TLC). The excess of 2a was evaporated, and the 
residue was worked up in the same way as in pro- 
cedure A; 0.145 g of [ 1-ethoxycarbonyl-3-( l-piper- 
idinyl)propyl]diphenylphosphine oxide ( 5 )  was ob- 
tained as a yellow powder, mp 120-122"C, yield, 
72.6%. 'H NMR (CCl,) 6: 0.75 (t, J = 6 Hz, 3H), 1.32 
(brs, 4H), 1.65 (m, 4H), 2.12 (brs, 6H), 3.40 (m, lH), 
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3.65 (q, .7 = 6 Hz, 2H), 7.10-8.05 (m, 10H). IR (KCl Reaction of l a  with n-Hexyl Mevcaptan (7c) 
wafer): 1730, 1440, 1330, 1195, 1160, 1110, 1025, 
730, 710, 700 cm-I. Anal. calcd for C,,H,,NO,P 
(399.47): C, 69.15; H, 7.57; N, 3.51; P, 7.75; found: C, 
69.29; H, 7.55; N, 3.27; P, 7.65. 

Reaction of lb with n-Pentylamine (2i) 
A mixture of 0.157 g (0.5 mmol) of lb  and 1.5 mL of 
2i was refluxed with stirring for 30 hours. The excess 
of 2i was evaporated under reduced pressure, and 
the residue was dissolved in CH,Cl, (1 5 mL), washed 
with delute aq. HC1 (v/v = 1:l) (2 x 3 mL) and H,O, 
dried (Na,SO,), and the solvent was evaporated. The 
residue was recrystallized from benzene to give 
0.162 g of N-n-pentyl [( 1-diphenylphosphiny1)- 
cyclopropyl]formamide (6), white crystals, mp 104- 
105"C, yield, 91.2%. 'H NMR (CCI,) 6: 0.76 (t, 3H), 

A mixture of 0.134 g (0.5 mmol) of la, 1 .O mL of 7c, 
0.05 mL of pyridine, and 0.006 g (0.05 mmol) of 
DMAP was reacted in a sealed tube at 165°C for 24 
hours to give ( 1 -cyano-3-n-hexylthiopropyl)diphen- 
ylphosphine oxide (8c) as a brown oil; yield, 77.8%. 
IH-NMR (CC1,) 6: 0.75 (t, 3H), 1.20 (brs, 8H), 1.90 
(m, 2H), 2.25 (q, 2H), 2.55 (m, 2H), 3.80 (m, lH), 
7.70 (mc, 10H). IR (film): 2210, 1590(d), 1440, 1200, 
1120, 750, 730, 700 cm-I. Anal. calcd for 
C,,H,,NOPS (385.51): C, 68.54; H, 7.32; N, 3.63; P, 
8.03; S, 8.32; found: C, 68.56; H, 7.43; N, 3.44; P, 8.25; 
S, 8.30. 

Reaction of [l -Cyano-3-( 1 -pipevidinyl) 
propyl]diphenylphosphine Oxide (3a) with 
Benzaldehyde (9a) 

Reaction of la  with Thiophenol(7a) 
A mixture of 0.134 g (0.5 mmol) of la, 1.2 mL of 7a, 
and 0.1 mL of pyridine was heated at a bath tem- 
perature of 160°C in a sealed tube under a nitrogen 
atmosphere for 24 hours. The excess of 7a was evap- 
orated in vacuo, and the residue chromatographed 
on silica gel (CHCl, as eluent) to give 0.158 g of (1- 
cyano-3-phenylthiopropy1)diphenylphosphine oxide 
(8a) as a pale yellow oil; yield, 83.7%. 'H NMR (CC1,) 
6: 1.90 (m, 2H), 2.90 (m, 2H), 3.85 (m, lH), 7.30 (mc, 
15H). IR (film): 3070,2870,2230, 1590, 1485, 1445, 
1200, 1120, 1070, 1025, 1000, 730, 700 cm-'. Anal. 
calcd for C,,H,,NOPS (377.45): C, 70.01; H, 5.34; N, 
3.71; P, 8.21; S, 8.50; found: C, 69.65; H, 5.18; N, 3.60; 
P, 8.30; S, 8.33. 

Reaction of l a  with Ethyl Mevcaptan (7b) 
A mixture of 0.134 g (0.5 mmol) of la, 0.6 mL of 7b 
and 0.05 mL of pyridine was reacted in a sealed tube 
at 165°C for 24 hours to give 0.124 g of (l-cyano-3- 
ethylthiopropy1)diphenylphosphine oxide (8b) as a 
yellow oil; yield, 75.3%. IH NMR (CC1,) 6: 1.10 (t, 
3H), 1.95 (m, 2H), 2.35 (9, 2H), 2.60 (m, 2H), 3.80 
(m, lH), 7.55 (mc, 10H). IR (film): 2230, 1590, 1480, 
1440, 1200, 1120, 730, 700 cm-I. Anal. calcd for 
C,,H,,NOPS (329.40): C, 65.63; H, 6.12; N, 4.25; P, 
9.40; S, 9.73; found: C, 65.62; H, 6.1 1; N, 4.29; P, 9.67; 
S, 9.68. 

washed with benzene. The filtrate was washed with 
water, dried (Na,SO,), and evaporated. The residue 
was chromatographed on silica gel (CHCl,/CH,OH 
= loo/ 1 as eluent) to give 0.2 15 g of 1 -phenyl-2-cy- 
ano-4-( 1-piperidiny1)-1-butene (10a) as a red oil; 
yield, 89.6%, e/z = 39/6 1, 'H NMR (CC1,) 6: 1.43 (brs, 
6H), 2.40 (m, 8H), 6.77 (s, 0.61H), 7.07 (s, 0.39H), 
7.25 (s, 3H), 7.58 (m, 2H). IR (film): 2220, 1440, 
1115, 750, 700 cm-I. Anal. calcd for C,,H,,N, 
(240.35): C, 79.96; H, 8.39; N, 11.65; found: C, 79.57; 
H, 8.39; N, 11.34. 

Reaction of [ I  -Cyano-3-( 1 -movpholinyl)pro- 
pyl]diphenylphosphine Oxide (3b) with 9a 
The reaction was carried out according to procedure 
C, but it was performed at room temperature for 30 
hours, to yield 1 -phenyl-2-cyano-4-( 1 -morpholinyl)- 
1-butene (lob) as a blue oil; yield, 88.3%, e/z = 43/ 
57. IHNMR(CC1,)6: 2.42 (m, 8H), 3.55 (m, 4H), 6.82 
(s, 0.57H), 7.12 (s, 0.43H), 7.30 (m, 4H), 7.60 (m, 
1H). IR(fi1m): 2190, 1440, 11 15,750,690 cm-I. Anal. 
calcd for C,,H,,N,O (242.32): C, 74.35; H, 7.49; N, 
11.56; found: C ,  74.61; H, 7.44; N, 11.20. 

Reaction of 3b with p-Methylbenzaldehyde (9b) 
According to procedure C, the reaction was carried 
out under reflux for 7 hours to yield 1-(4-methyl- 
phenyl)-2-cyano-4-( 1 -morpholinyl)- 1 -butene (1Oc) 
as a brown oil; yield, 58.8%, elz = 65/35. 'H NMR 
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(CCl,) (5: 2.42 ( s ,  3H), 2.80 (mc, 8H), 3.60 (m, 4H), 
6.68 ( s ,  0.35H), 6.80 (s, 0.65H), 7.26 (m, 4H). IR 
(film): 2220, 1630, 1440, 1120, 815 cm-I. Anal. calcd 
for C,,H,,N,O (256.35): C, 74.97; H, 7.86; N, 10.93; 
found: C, 74.62; H, 7.65; N, 10.70. 

Reaction o f  [ I  -Cyan0-3-(l-pywolidinyl)pi-o- 
pyl]diphenvlphosphine Oxide (3d) with 9a 
According to procedure C, the reaction was carried 
out under reflux for 10 hours to yield 1-phenyl-2-cy- 
an0-4-( 1 -pvn-olidiny1)- 1 -butene ( 10d) as a red oil; 
yield, 77.390, e/z = 73/27. 'H NMR (CC1,) 6: 1.02 (brs, 
2H), 1.52 (brs, 4H), 2.39 (m, 6H), 6.54 (s, 0.27H), 
6.92 ( s ,  0.73H), 7.10 ( s ,  5H). IR (film): 2210, 1445, 
755,730,700 cm I .  Anal. calcd for C,,H,,N, (226.32): 
C, 79.60; H,  8.02; N, 12.38; found: C, 79.75; H, 7.93; 
N, 12.05. 
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