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Alkylation of aliphatic imides 5 by use of oxonium salts takes 
place at one of the carbonyl oxygen atoms, leading to alkoxy- 
substituted N-acyliminium salts 1. These new reactive inter- 
mediates are fully characterized by IR, ‘H- and 13C-NMR spec- 
troscopy and X-ray analysis. The stereochemical and dynam- 
ical properties of the model compounds 6, 7 are investigated 
by ab initio model calculations (MP2/6-31G *//6-31G*). The 
barrier of rotation around the central C-N bond in 6 is cal- 

culated to 10.2 kcal/mol. The reaction with CH acids 8 yields 
new types of enamides (9); primary amines 10 are converted 
to N-acylamidines 11. Primary amidines 12 react with 1 to form 
new 1,3-diazabutadiene derivatives 13. The reaction with 
primary amides 14 gives N,N-bisacylamidines 15. With pri- 
mary N-acylamidines 16 new doubly azavinylogous imides 17 
(l-oxa-3,5-diazahexatriene derivatives) are formed. 

N-Acyliminium salts are valuable electrophilic reactive in- 
termediates; they have found widespread use in organic syn- 
thesis, mainly in heterocyclic and natural product 

In comparison with iminium saltsL3], they are 
characterized by an enhanced electrophilicity, resulting from 
the presence of the electron-withdrawing acyl group at- 
tached to the iminium nitrogen atom. Therefore, N-acyl- 
iminium salts are usually not isolated, but generated and 
trapped in situ[1,21. Their structural and dynamic behavior 
in solution is known from spectroscopic investigations. Re- 
cently, X-ray studies of sufficiently stable derivatives have 
been reported[4951. The electronic structure and dynamics in 
the gas phase were studied by ab initio calculations, indi- 
cating the preference of a planar s-cis conformation and a 
barrier of rotation for the C-N bond of 8.7 kcal/mol, which 
is high compared to that of butadiene, but surprisingly low 
in comparison with amides[@. 

In this study we report on the synthesis, structural elu- 
cidation and reactions of alkoxy-substituted N-acyliminium 
salts 1; to our knowledge, there have been no previous re- 
ports on such systems in the literature. In these new salts 1, 
the C=NR-C=O skeleton of N-acyliminium salts is en- 
larged by an additional donor function, which will lower 
the electrophilicity at the iminium carbon atom (“push-pull 
iminium salts”), but will also serve as a potential leaving 
group. In this sense, the salts 1 may be understood as syn- 
thetic equivalents of the dications I, indicating considerable 
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synthetic potential. The synthesis and isolation of another 
species with a leaving group, an a-chloro N-acyliminium 
salt, derived from phthalimide, have been reported very 
recentlyL71. 

Imides 5 or alkoxy-substituted N-acylimines 2 (alkyl N- 
acylimidates) seemed to be the ideal precursors of these new 
salts. However, alkylation of N-acylimines 2 using oxonium 
salts 3 offers no synthetic route to the salts 1; instead, 0- 
alkylation is observed, yielding the unusually structured 1,3- 
dialkoxy-2-azapropenylium salts 4, which do not rearrange 
to the corresponding N-acyliminium 

E t  
N +  SbCI, 

P h  h P h  
0 

Contrary to this the cyclic imides 5[’0-’21, when treated 
with oxonium salts 3 in dichloromethane for 24-66 hours 
at room temperature, form after very careful addition of 
diethyl ether hygroscopic, well-shaped crystals of the salts 
1 growing at the interface of the two solvent layers. After 
completion of the crystallization they are collected in 
50 - 60 ?LO yield. Aromatic imides like phthalimide are un- 
reactive under these conditions. 
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According to IR-, 'H- and 13C-NMR spectroscopic data 
the alkylation products have the expected structure of the 
cyclic alkoxy-substituted N-acyliminium salts 1; isomeric 
1,3-dialkoxy-2-azapropenylium structures (like 4) can be 

salts without hetero substituent, the corresponding C=N 
bond length was determined to 1.287 A[41. 

There are no close contacts between chlorine atoms of 
the anion and ethyl hydrogen atoms of the cation (rH--CI > 
2.9 A). 
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The IR spectra are dominated by strong absorptions of 
the C=O valences at 1770- 1810 cm-'; the C=N bonds give 

02 

rise to characteristic resonances at 1560- 1660 cm-' with 
the strained five-membered ring systems showing the Figure 1. XS-molecular plot for lba with crystallographic number- 

ing (SHELX-PLUSr261); bond lengths [A]: C(1)-0(1) 1.262(6), 

of 1 ba are a direct proof of the postulated 0-alkylation (C, 0(2)-c(4) 1.184(10), C(l)-c(2) 1.477(7), N(I)-C(l) 1.308(7), 
C(2)-C(3) 1.505(12); bond angles r]: O(1)-C(1)-N(1) 118.2(5), 
N(l)-C(l)-C(2) 113.7(5), o(l)-C(5)-C(6) 108.4(6), C(l)-N(l)-C(4) 

indication of an ethyl migration from nitrogen to oxygen. 109.8(5), 0(2)-C(4)-N(l) 120.2(8), C(4)-N(I)-C(7) 123.3(5); tor- 
The alkylation of the imides 5 increases their electrophil- sional angles c"1: N(l)-C(I)-C(2)-C(3) 0.4(6), C(4)-N(l)- 

icity considerably. This is well documented by the shift of ~ ( 1 )  180.0(5), Cil)-N(l)-c(7)-C(8) - 104.8(6),' C(7)-N(l)-C(4)- 

higher values. Two sets of ethyl signals in the NMR spectra N(I)-c(~) 1.439(9), O(I)-C(~) 1.483(8), N(I)-c(~) i.483(7), 

symmetry). Even at higher temperature (loo OC) there is no 

C(l)-C(2) 0.0(6) C(l) -0(l)-C(5)-C(6) 130.9(6) C(5)-0(I)-C(l)- 

C(3) 179.7(5), C(I)-N(l)-C(4)-0(2) 179.7(6) the 13C resonance of the iminium carbon atom of salt l a a  
at 6 = 193.9 (imides 5: F = 172 - 177); the assignment for this 
line was achieved by a HOESY experiment, giving Nuclear 
Overhauser enhancements between the 0-ethyl protons and 
the iminium carbon signal at 6 = 193.9 (for NMR data of 
N-acyliminium salts, see ref.[l3]). The signal for the other 
carbonyl carbon atom remains at 6 = 175.6. 

Configuration and conformation of salt 1 ba in the crys- 
talline state were determined by X-ray crystallography (Fig- 
ure l)[141. 1 ba crystallizes in the monoclinic space group P2'/ 
c with four formula units in the unit cell. Hence, the pos- 
tulated N-acyliminium structure of 1 ba is well established. 
Its heterobutadiene O=C - NR=C - OR subunit shows an 
all-trans arrangement with twisted ethyl groups. The elec- 
tronic properties of the planar O=C -NR=C - OR system 
are reflected by the corresponding bond lengths (O=C: 
1.184, C-N: 1.439, N=C: 1.308, C-0: 1.262 A). The C-N 
bond linking the C=O and C=N part is relatively short, 
indicating strong conjugative interaction of these two 71 sys- 
tems. In acyclic systems, these bonds were found to be con- 
siderably longer (1.49 - 1.50 A), but these cations prefer non- 
planar C=NR-C = 0  structure^'^,^^. On the other hand, the 
alkoxy substituent at the iminium carbon atom of 1 ab con- 
tributes significantly to a stabilization of the positive charge 
in this part of the molecule as derived from the relatively 
long C=N and very short C-0 bond. In N-acyliminium 

Quantum-chemical ab initio Calculations 

In order to better understand the conformational and 
dynamic properties and to rationalize the crystallographic 
and spectroscopic results quantum-chemical model calcu- 
lations were performed. The 6-31G* basis setLt5' of the 
GAUSSIAN 92 program['61 was used throughout. Effects of 
electron correlation were estimated by using second-order 
Marller-Plesset theory (MP2)[17]. All molecules were com- 
pletely geometry-optimized within Cs symmetry. Alkyl 
groups at nitrogen and oxygen were replaced by hydrogen 
atoms; in the following section, results for the experimentally 
not easily accessible hydroxy-substituted N-acyliminium 
ions 6 and 7 (0-protonated diformylamine) are discussed 
(Table 1). The numbering follows the relative MP2 energies, 
on which the following discussion is based. 

Eight planar conformations are possible for the ion 6;  
according to frequency analyses, they all correspond to min- 
ima on the potential energy hyperface (Figure 2). Lowest in 
energy is structure 6 a, where an intramolecular hydrogen 
bridge leads to additional stabilization (Ere, = - 2.72 kcal/ 
mol); this form is therefore no model for the alkoxy deriv- 
atives 1. Among the other conformers, 6 b is best in energy 
and taken as the reference structure for all other forms 
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Table 1. MP2/6-31G*//6-31G* results for the C2H4NO$ confor- 
mers 6a-h and 7a, b Total energies (6-31G*//6-31G* and MP2/ 
6-31G*//6-31G*) [a.u.], relative energies [kcal/mol], torsional 

angles r ] ,  and dipole moments [Debye] 
~~ 

Nr. el[ai epl epl EreI Dipolmo- Ere1 
631G'//6- pcaV rnent k2/631G'/ [kcall 
31 G' moll [Debye] /6-31G' 1a.u.l rnol] 

- 
6a 
6b 

6c 

6e 

6d 

6f 

69 
6h 

0. 
0. 
180. 
1 ao. 
0. 
0. 
180. 
180. 

0. 
180. 
0. 
180. 
180. 
0. 
180. 
0. 

[a.u.] 

0. -281.98996 
180. -281.98723 
180. -281.98106 
180. -281.98036 
0. -281.98069 
180. -281.97862 
0. -281.97624 
0. -281.97138 

-1.71 5.038 
0.00 3.913 
3.87 7.390 
4.31 6.828 
4.10 5.472 
5.40 7.010 
6.90 4.299 
9.95 4.043 

-282.7365a 
-282.73224 
-282.72754 
-282.7271 8 
-2a2.72569 
-282.72564 
-282.72269 
-282.71 807 

- 
-2.72 
0.00 
2.89 
3.17 
4.1 I 
4.14 
5.99 
8.89 

7a 180. 180. 180. -358.92768 0.00 6.136 359.92663 0.00 
7b 180. 180. 0. -358.92561 1.41 4.637 -359.92403 1.63 

@ 1 -  - @ c = ~ - c = O ,  0 2  = @O-C=N-C, 0 3  = @H-O-C=N. 

6 d  

7a 

7 b  
Figure 2. Ab initio-optimized structures of the conformers 6b, d 
and 7a, b. Bond lengths [A], bond angles P I ,  torsional angles PI, 
and relative energies (Ere,) [kcal/mol] (MP2/6-31G*//6-31G* ab in- 

itio results) 

(Ere, = 0.00 kcal/mol) (Figure 2). It also has the lowest cal- 
culated dipole moment in this series. In comparison with 
the s-trans forms (6 c,d,g,h), the s-cis arrangement of the 
C=O and C=N units is favorable (6a,b,e,f), in a manner 
similar to that of simple N-acyliminium A hydroxy 
group showing s-trans conformation seems also to be a pre- 
ferred subunit (6 b,c,d,f), compared to an s-cis hydroxy 
group (6 a,e,g,h). Stereoelectronic effects and bond dipole 
compensations govern the relative energies of these species. 
The energy richest isomer 6 h suffers additionally from steric 
1,6-repulsions between two hydrogen atoms. 

To study the dynamic properties of 6 we also simulated 
the rotation around the C-N bond from 6b to 6d by a 
stepwise fixing of the C=N-C=O torsional angle and 
otherwise complete geometry relaxation (Figure 3). The bar- 
rier of activation for this process is calculated to 10.2 kcal/ 
mol, which is higher by 3.2 kcal/mol than in the unsubsti- 
tuted N-acyliminium ion['91 (see also since the HO- 
CH=NH- moiety is a more powerful electron donor than 
the simple H2C=NH- group, a stronger interaction be- 
tween both n systems is expected, raising the barrier of ro- 
tation (ground-state stabilization). In hydroxy-substituted 
N-acylimine~['~~~~], the neutral analog to 6 without a nitrogen 
substituent, a barrier of 3.7 kcal/mol is calculated['91, indi- 
cating the pre-eminent influence of the nitrogen lone pair 
on the energy of the transition state in these amide-type 
molecules. Similar effects of protonation on the rotational 
barrier of N-formylmethyleneamine were observed by Wi- 
berg et a1.[2'1. 

h 
2 
2 
W 

14 I I 

0 I 
0 30 60 90 120 150 180 

C=NH-C=O Torsional  Angle ["I 
Figure 3. Calculated energies [kcal/mol] for the interconversion of 
6 b  to 6d, depending on the C=NH-C=O torsional angle r]. 

0-0 6-31G*//6-31G*, 0 - 0 MP2/6-31G*//6-31G* 

The cations 7 are model compounds, which are more 
closely related to the experimentally studied salts 1 than the 
model ions 6. In Figure 2 the calculated bond parameters 
for 7 a are given; 7 a is the direct analogue to 1 ba, for which 
the crystal structure was determined (vide supra). A com- 
parison with structure 6 b shows, that in the cations 1 the 
energy-lowest conformation (s-cis) cannot be realized, but 
an additional strain of ca. 3 kcal/mol (as in 6d) is operative. 
The corresponding s-cis hydroxy conformer 7 b is only 1.6 
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kcal/mol higher in energy, whereas 6 g is 2.8 kcal/mol more 
energy-rich than 6 d. 

Reactivity of Alkoxy-Substituted N-Acylirniniurn Salts 

N-Acyliminium salts without an alkoxy group at the im- 
inium carbon atom are valuable electrophilic reagents for 
C-C bond formation[',21; the intramolecular addition to ar- 
omatic and heterocyclic systems is often the key step in 
alkaloid synthesesL2]. However, similar as with iminium salts 
3, the addition of metallated carbon nucleophiles (lithium 
alkyls, Grignard compounds) is difficult because of solubility 
problems and side reactions occurring in these cation-anion 
combination reactions. Much easier to perform are reactions 
of the salts 1 with C-H acids 8 in the presence of sterically 
hindered bases (Hunig bases[221). With malononitrile (8 a) 
and ethyl cyanoacetate (8 b) at room temperature an im- 
mediate reaction with the formation of 9 a  and 9 b  is ob- 
served. With the less reactive diethyl malonate (8 c) separate 
deprotonation with n-butyllithium and subsequent reaction 
with 1 in a heterogeneous mixture are recommended. 

8 

b a s e  
Me R' - E t O H  

+ - BFi - O e  R2 
R2  - 

'CH R '  '- 1 a b  

9 

C02Et 

Compound 9 b  was prepared earlier under much more 
drastic conditions[231. Wittig reactions of imides are known 
in the literature, but only unstabilized ylides are sufficiently 
nucleophilic. Substances like 9 with two electron-withdraw- 
ing groups are not obtainable by Wittig reactions[241. 

Reactions with different nitrogen nucleophiles are easy to 
perform and demonstrate the synthetic utility of the new 

Me 
NaHC03 

1 ab + H2N-R 
- EtOH 
- HBF4 

10 1 1  

salts 1. With primary amines 10 the corresponding cyclic N- 
acylamidines 11 are formed; again the ethoxy group serves 
as an efficient leaving group. Migration of the C=N double 
bond into the ring, giving the related a-amino enamides, has 
not been observed. 

Similarly, amidines 12 react with 1 at the iminium center, 
giving rise to the formation of the 1,3-diazabutadiene deriv- 
atives 13. In these reactions, to obtain an optimum yield the 
addition of an additional mole of base is essential; otherwise, 
half of the amidine is blocked by the proton which is lib- 
erated during the reaction. 

1. + NRq 
Me 

I 

I 
R2 

I 
-HNR3' BF4' 
-EtOH 

NH2 

12 13 

In the presence of an additional base the salts 1, surpris- 
ingly, also react with simple primary amides 14 in spite of 
their low nucleophilicity at the nitrogen atom. In these re- 
actions diacylated amidines 15 are formed. Without an ad- 
ditional base, no reaction occurs. Obviously, the deproton- 
ation of the intermediate ammonium salts shifts the equilib- 
rium towards the products. 

Me 
1. + NR3 I ! 2. + NaHCOl n./-\,N N -  

- HNR,' BF4- -.- -v KPh 0 
lab + 

H2 N 

14 - E t O i  
15 

Finally, we used N-acylamidines 16 as nucleophiles in 
condensation reactions with the salts 1. After stirring for 10 
hours at room temperature the l-oxa-3,5-diazahexatriene 
derivatives 17 were isolated in 22 - 52 % yield. Again the 
presence of an additional base (triethylamine) is essential. 
The compounds 17 are not very stable, but decompose 
within two weeks forming black oils even at -25°C. 

Because of their electronic system (doubly azavinylogous 
imide) and their manifold structural possibilities the com- 
pounds 17 are of special interest to us. They are not subject 
to ring-chain tautomerism leading to the spiro-2H-1,3,5- 
oxadiazines 18[251. As the I3C-NMR spectrum (Table 2) def- 
initely confirms, quaternary signals between 6 = 157 and 165 
can only be attributed to the open-chain forms 17, but not 
to the spiro isomers 18, for which absorptions at lower field 
have to be expectedP5]. 

Thus, alkoxy-substituted N-acyliminium salts 1 are easily 
obtainable by 0-alkylation of imides with trialkyloxonium 
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a 
b 
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R '  
Me 
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Ph Ph 
Ph t B u  

CH3 Ph 

18 

1 ab 

Fi' A2 

16 

Me 

17 

K '  

16,17 I R' R2 

Table 2. Sclected ',C-NMR data of 17a, b, c 

6[C=N] 6 [C=Ol 
17a 159.8; 162.1 176.2; 180.4 

17b 157.0; 162.4 176.4; 195.0 

17c 161.1; 164.2 176.3; 179.1 

salts. Their reactions with amines, amidines and their deriv- 
atives provide especially good access to new types of aza- 
vinylogous systems, for which interesting chemical and 
structural behavior may be expected. Further work in this 
area is in progress. 

We thank the Fonds der Chemischen Zndustrie for financial sup- 
port and the BASF AG, Ludwigshafen, for supplying us with chem- 
icals. 

Experimental 
IR: Perkin Elmer PE 298. - 'H NMR: Bruker WM-300 (300 

MHz), internal reference tetramethylsilane or solvent. - I3C NMR: 
Bruker WM-300 (75.5 MHz), internal reference tetramethylsilane 
or solvent. - MS: Finnigan MAT C 312. - CHN: Perkin Elmer 
CHN Analysator 240. - All experiments involving N-acyliminium 
salts are carried out with the exclusion of moisture (Ar). - All 
solvents are rigorously dried by standard methods. 

General Procedure for the Synthesis of Alkoxy-Substituted N- 
Acyliminium Salts 1 by Alkylation of Zmides 5 with Trialkyloxoniurn 
Salts 3: 5 - 10 mmol of salt 3 is added to a solution of an equimolar 
amount of imide 5 in 30 - 60 ml of dichloromethane. The generation 
of the N-acyliminium salts 1 can be monitored by IR spectroscopy 
of the slightly turbid reaction mixture. At 25°C the salt is formed 
within a period of 24-66 h; after completion of the reaction the 
salts 1 are precipitated. 

5-Ethoxy-3,4-dihydro-l-methyl-2-oxo-2H-pyrrolium Hexachlo- 
roantimonate (laa): From 4.29 g (9.8 mmol) of Et30+SbCl, (3a) 
and 1.11 g (9.8 mmol) of N-methylsuccinimide in dichloro- 
methane (60 ml). After 24 h the reaction mixture is carefully covered 

with an upper layer of diethyl ether (20 ml) and kept for 12 h at 
- 25 "C. At the interface of the two layers, the salt 1 aa is formed 
as a microcrystalline colorless powder (2.43 g, 52%), which is col- 
lcctcd and dried under reduced pressure, m.p. 145 C (dec.). - IR 
(parafin): B = 1810 cm-' (s, C=O), 1580 (s, br, C=N), 1440 (s), 1360 
(s), 1280 (s), 1250 (s), 1120 (s), 1100 (s). - 'H NMR (CD3NOz): 
6=1.68(t,3H,3J=6.9H~,CH2CH3),3.19(ddd,3J=5.8,3J=2.9, 
'Jgem = 2.9 Hz, 2H, CHZCO), 3.31 (t, ' J =  1.1 Hz, 3H, NCH,), 3.61 
(m, 2H, CH2CH2CO), 5.10 (q, 3 J =  6.9 Hz, 2H, CH2CH3). - ',C 
NMR (CD~NOZ): 6 = 14.62 (CHzCH,), 27.36 (CH2CHZCO), 28.39 
(NCH,), 29.20 (CHZCO), 78.33 (CH,CH,), 175.6 (C=O), 193.9 
(C=N). - FD-MSD, m/z (YO): 127 [M' - CH,] (40), 113 [M+ - 
C2HJ (100). - C7H12C16N02Sb (476.6): calcd. C 17.68, H 2.33, 
N 2.94; found C 17.49, H 2.52, N 2.98. 
5-Ethoxy-3,4-dihydro-f-methyl-2-oxo-2H-pyrrolium Tetrafluoro- 

borate (lab): From 1.90 g (10.0 mmol) of Et30+BFh (3b) and 1.13 
g (10.0 mmol) of N-methylsuccinimide @a)['] in dichloromethane 
(60 ml). After 68 h the reaction mixture is carefully covered with 
an upper layer of diethyl ether (20 ml) and very shortly cooled down 
to -40°C. Now crystallization commences. After 12 h at -5"C, 
then 48 h at -25"C, the precipitated needles (lab) are collected by 
filtration and washed with ether (1.50 g, 66%); m.p. 105°C (dec.). 
- IR (paraffin): P = 1800 cm-' (s, br, C=O), 1620 (s, br, C=N), 
1440 (s, br), 1370 (s, br), 1100 (s, br, BF4). - 'H NMR (CD,NO,): 
6 = 1.64 (t, 3 J =  7.1 Hz, 3H, CHzCH,), 3.12 (ddd, ,J= 5.9, 3.0, 
2Jgem = 3.0Hz,2H, CHZCO), 3.26(~,3H, NCHJ, 3.52(ddd,3J= 5.9, 
,J= 3.0, 2Jgem = 3.0 Hz, 2H, CH2CH2CO), 5.02 (q, 3 J =  7.19 Hz, 
2H, CHzCH3). - I3C NMR (CD3N02): 6 = 14.42 (CHzCH,), 27.17 
(CHZCH~CO), 28.00 (NCH3), 29.17 (CH,CO), 77.71 (CHZCH,), 176.3 
(C=O), 194.4 (C=N). - FD-MS, miz (%): 142 [M'] (64), 113 [Mi 
- C2Hs] (100). - C7H12BF4N02 (229.0): calcd. C 36.72, H 5.28, 
N 6.12; found C 35.22, H 5.15, N 5.93. (Low carbon value because 
of tetrafluoroborate.) 
5-Ethoxy-l-ethyl-3,4-dihydro-2-oxo-2H-pyrrolium Hexachloroan- 

timonate (1 ba): From 2.53 g (5.8 mmol) of Et30+SbCla (3a) and 
0.74 g (5.8 mmol) of N-ethylsuccinimide (5 b)[*] in dichloromethane 
(30 ml). After 24 h the reaction mixture is carefully covered with 
an upper layer of diethyl ether ( 5  ml) and kept at 5 "C. The crystals 
formed are collected by filtration under reduced pressure, washed 
with ether and dried (1.80 g, 64%); m.p. 108°C. - IR (paraffin): 
0 = 1800 cm-' (s, C=O), 1590 (C=N), 1440 (s), 1370 (s), 1280 (s), 
1250 (m), 1010 (m). - 'H NMR (CD,NO,): 6 = 1.26 (t, 3J = 9.3 Hz, 
3H, NCHZCHJ, 1.69 (t, 3H, 3 J =  7.1 Hz, OCHZCH~), 3.17 (ddd, 3J 
= 5.8, ,J= 3.1, 'Jgem = 3.1 Hz, 2H, CHZCO), 3.59 (ddd, ,J= 5.8, 
' J  = 3.1, 2Jgem = 3.1 Hz, 2H, CH2CH2CO), 3.87 (q, ' J  = 9.3 Hz, 2H, 
NCH,CH3), 5.02 (q, ,J= 7.19 Hz, 2H, OCH2CH3). After warming 
up to 100°C the spectrum remains unchanged. - 13C NMR 
(CD3NO2): 6 = 12.07 (NCHZCH,), 14.42 (OCHZCH,), 27.39 
(CHZCH2CO), 29.33 (CH$O), 38.68 (N-CHZCH,), 78.71 
(0-CHZCH,), 175.7 (C=O), 193.0 (C=N). - MS (70 eV), miz (YO): 
490 [M+ of the cation + SbCl;] (7), 191 [M+ + Cl-] (38), 127 

calcd. C 19.58, H 2.88, N 2.85; found C 19.41, H 2.88, N 2.85. 
X-Ray Diffraction Analysis of 1 ba["]: A colorless, white plate of 

[C8H14N02]SbC16 (from diethyl ether), crystal size 0.3 x 0.2 x 0.1 
mm3, was measured at room temp. at the Institute fur Anorganische 
Chemie der Universitat Miinster by using an automatic CAD4 
Turbo diffractometer (Enraf Nonius) with Mo-K, radiation 
(h = 0.71073 A) and a graphite monochromator. 13664 reflexions 
were collected in the 2 0  range 4.0 < 2 0  < 60.0" (scan speed 
variable; 1.44 to 1.73"/min). Crystal system: Monoclinic, space 
group P2,/c, Z = 4, a = 10.858(2), b = 9.876(2), c = 16.383 A, 
p = 96.94(3)", V =  1743.9(6) A3, dcalc = 1.869 gcm-'. The structure 

[M+ - C2HJ (60), 84 (62), 52 (100). - CgH14ClsN02Sb (490.7): 
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was solved by direct methods (SHELXTL-PLUS program[261) using 
4155 observed reflexions [F > 3.90(8)] for the non-hydrogen at- 
oms. After the addition of the hydrogen atoms (coupled in position 
and temperature parameters to the corresponding carbon atoms), 
anisotropic refinement led to agreement factors Rf= 0.0609 and 
R, = 0.0671 [weighting with w-' = oZ(q + 0.0002 . F2]. The mo- 
lecular shape is presented in Figure 1. 

6-Ethoxy-t-ethyl-2,3,4,5-tetrahydro-2-oxopyridinium Hexachlo- 
roantimonate (lca): From 3.02 g (6.9 mmol) of Et,O+SbClC (3a) 
and 0.88 g (6.9 mmol) of 5d in dichloromethane (40 ml). After 
stirring for 66 h the solution is concentrated to half its volume 
under reduced pressure. A colorless precipitate is formed, which 
dissolves again after some hours. Careful addition of an upper layer 
of diethyl ether (10 ml) leads to crystallization. The solid is filtered 
off, washed with ether and dried undcr reduced pressure (2.00 g, 
59%); m.p. 137°C (dec.). - IR (paraffin): 0 = 1770 cm-' (s, C=O), 
1660 (C=N), 1440 (s), 1370 (s), 1300 (s), 1260 (m), 1170 (m), 1100 
(m), 1050 (m). - 'H NMR (CD3N02): 6 = 1.64 (t, ,J= 7.0 Hz, 3H, 
CHzCH3), 2.28 (quint, ' J =  6.4 Hz, 2H, CH2CHzCH2), 2.94 (t, ' J  
= 6.4 Hz, 2H, CH,), 3.40 (m, 5H, CH2, NCH3), 5.01 (q, ' J =  7.0 Hz, 
2H, CN2CH3). - I3C NMR (CDJNOZ): S = 14.48 (CH'CH,), 16.65 

170.2 (C=O), 188.8 (C=N). - FD-MS, m/z (%): 156 [M '3 (loo), 

H 2.88, N 2.85; found C 19.38, H 2.86, N 2.86. 
6-Ethoxy-l-ethyl-2.3.4,5-tetrahydro-2-oxo-pyridiniu~n Tetrajluo- 

roborate (lcb): From 1.33 g (7.0 mmol) of Et30'BF, (3b) and 0.89 
g (7.0 mmol) of 5 c  in dichloromethane (40 ml). After 44 h the 
reaction mixture is covered with an upper layer by careful addition 
of diethyl ether (30 ml), and the mixture is kept at -25°C for 2 d. 
The precipitated needles are filtered off, washed with ether and dried 
under reduced pressure (1.20 g, 70%); m.p. 88°C. - IR 
(CHZCICH2CI): 0 = 1780 cm-' (s, C=O), 1580 (s, C=N), 1480 (m), 
1380 (m), 1340 (m), 1100 (s, BF4). - 'H NMR (CD3N02): 6 = 1.65 
(t, 'J=6.9 Hz, 3H, CH2CH3), 2.24 (quint, ,J= 6.4 Hz, 2H, 
CH2CH2CH2), 2.91 (t, ' J  = 6.4 Hz, 2H, CH2), 3.36 (m, 5H, CH2, 
NCHJ), 4.90 (q, ' J  = 7.0 Hz, 2H, CHjCH,). - I3C NMR (CDjNOZ): 

(CH,), 76.00 (CH2CH3), 170.7 (C=O), 189.0 (C=N). - FD-MS, m/z 

(243.0): calcd. C 39.54, H 5.81, N 5.76; found C 37.72, H 5.81, 
N 5.24. (Low carbon value because of tetrafluoroborate.) 

General Procedure for the Reaction of the Salts 1 with C-H Acids 
(8). Method A :  To 5-6 mmol of 8 in dichloromethane (20 ml) an 
equimolar amount of ethyldiisopropylamine is added slowly at 0°C. 
At 0°C this mixture is transferred to an equimolar solution of 1 in 
dichloromethane (40 ml) by use of a syringe. After 1 h at 20"C, the 
reaction mixture is vigorously shacken with a satd. NaHC03 so- 
lution (50 ml); the phases are separated, and the aqueous layer is 
extracted several times with dichloromethane. The combined or- 
ganic layers are dried with K2C03, and the solvents are removed 
under reduced pressure. The crude product is purified by column 
chromatography. 

Method B: From 5 - 6 mmol of the C-H acid 8 in diethyl ether 
(20 ml) and an equimolar amount of n-butyllithium in n-hexane a 
suspension of the lithium salt of the C-H acid is prepared. This 
mixture is added at -30°C to a suspension of an aliquot of 1 in 
diethyl ether (80 ml) by use of a syringe. After 24 h, precipitated 

(CHZ), 28.24 (CH,), 30.12 (NCH,), 32.79 (CHZ), 78.56 (CHZCH;), 

127 [M+ - C2HJ (10). - C R H ~ ~ C I ~ N O ~ S ~  (490.7): calcd. C 19.58, 

6 = 14.33 (CHZCH,), 16.55 (CH,), 28.00 (CHZ), 29.82 (NCH,), 31.66 

(Yo): 156 [M'] (loo), 127 [M+ - C,H,] (12). - CzH14BF4N02 

5-(Dicyanomethylene)-l-methyl-2-pyrrolidinone (9a). From 1.33 
g (5.8 mmol) of lab, 0.34 g (5.8 mmol) of malononitrile (8a) and 
0.75 g (5.8 mmol) of ethyl diisopropylamine (method A). The crude 
product is a yellow oil, giving solid 9a after flash chromato- 
graph~[ '~]  [diethyl ether, Rr (DC) = 0.41 (0.65 g, 71%); m.p. 157°C. 

C=O), 1580 (s, br, C=C), 1450 (s), 1420 (s), 1300 (s), 1260 (s), 1210 
(s), 1120 (s). - 'H NMR (CDCI,): 6 = 2.70-2.75 (m, 2H, CH2), 
3.10-3.15 (m, 2H, CHJ, 3.50 (s, 3H, NCH,). - I3C NMR (CDCI,): 

- IR (KBr): 0 = 2940 cm-' (W, CHaliph.), 2220 (s, CEN), 1765 (S, 

6 = 26.41 (CH,), 26.6 (CHZ), 30.77 (NCH,), 58.10 (C=C(CN)z), 112.0 
(C=N), 113.0 (C=N), 171.7 (C=O), 175.8 (C=C(CN)z). - MS (70 
eV), m/z (%): 161 [M'] (58), 159 [M' - 2H] (30), 134 (30), 133 
(28), 119 (22), 106 (38), 105 (58), 104 (40), 79 (54), 77 (52), 67 (40), 55 
(100). - CRH7N30 (161.2): calcd. C 59.62, H 4.38, N 26.07; found 
C 59.43, H 4.58, N 25.95. 

5-( (Ethoxycarbonyl)cyanomethylene]-1 -methyl-2-pyrrolidinone 
(9b): From 1.26 g (5.5 mmol) of lab, 0.62 g (5.5 mol) of ethyl cy- 
anoacetate (8b), and 0.71 g (5.5 mmol) of diethyldiisopropylamine 
(method A). The crude product is purified by flash chromato- 
graphy[271 [diethyl ether/dichloromethane, 4: 1, RADC) = 0.81 giv- 
ing 9b as a colorless solid (only one isomer) (0.86 g, 75%); m.p. 
121 "C. - IR (KBr): 3 = 2980 cm-' (w, CHaliph), 2940 (w, CHaliph), 
2205 (m, C=N), 1750 (s, C=O), 1700 (s, C=O), 1560 (s, C=C), 1480 
(w), 1460 (m), 1410 (w), 1380 (w), 1360 (w), 1290 (s), 1220 (s), 1090 
(s), 1030 (s ) .  - 'H NMR (CDC13): S = 1.33 (t, 3H, ,J= 7.3 Hz, 
CHZCH,), 2.60 (ddd, ' J  = 7.1, ' J  = 4.5, 'Jgem. = 4.5 Hz, 2H, CHzCHZ), 
3.38 (ddd, 3J=7.1, 'J=4.5, 'Jg,,=4.5 Hz, 2H, CH,CHz), 3.54 (s ,  
3H, NCH,), 4.25 (q, 35= 7.3 Hz, 2H, CH2CH;). - I3C NMR 
(CDCI,): S = 14.10 (CHzCH,), 26.42 (CH,), 27.28 (CHz), 29.70 
(NCH,), 61.32 (CH'CH,), 78.92 (C-CN), 115.6 (CEN), 163.7 
(C=C-CN), 170.8 (C=O), 177.0 (C=O). - MS (70 eV), m/z (%): 
208 [M'] (40), 179 [M+ - C2H,] (18), 163 [179 - 01 (50), 162 
(28), 136 (loo), 134 (75), 125 (22), 107 (SO), 106 (40), 80 (60), 79 (60), 
55 (76). - C10H12N203 (208.2): calcd. C 57.71, H 5.81, N 13.46; 
found C 51.66, H 5.76, N 13.54. 

5-[Bis (ethoxycarhonyl)methylene]-~-methyl-2-pyrrolidiiione (9c): 
From 1.40 g (6.1 mmol) of 1 ab, 0.98 g (6.1 mmol) of diethyl malonate 
(8c), and 3.81 ml (6.1 mmol) of a 1.6 M n-butyllithium solution in 
n-hexane (method B). The oily, yellow residue is purified by column 
chromatography [diethyl ether, RADC) = 0.51. A colorless oil is 
obtained, which crystallizes in the refrigerator (0.87 g, 56%); m.p. 
64°C. - IR (KBr): 0 = 2980 cm -' (w, CHaliph.), 2960 (w, CHallph), 
1745 (s, C=O), 1720 (s ,  C=O), 1700 (s ,  C=O), 1590 (s, C=C), 1460 
(m), 1430 (m), 1380 (m), 1300 (m), 1240 (s), 1210 (m), 1140 (s), 1090 
(s), 1040 (m), 1010 (m). - 'H NMR (CDCI,): S = 1.27 (t, ' J =  7.2 
Hz, 3 H, OCHZCH,), 1.35 (t, ' J  = 7.1 Hz, 3 H, OCH'CH,), 2.55 (ddd, 
35=7.5,3J=4.8,2Jp,,.=4.8 Hz,2H,CH,CH,), 3.07(s, 3H,NCH3), 
3.26 (ddd, 'J=7.5, 'J=4.8, 'J,,,=4.8 Hz, 2H, CHZCHZ), 4.19 (q, 
' J =  7.2 Hz, 2H, OCH,CH,), 4.29 (q, ,J=7.1 Hz, 2H, OCHZCH,). 
- "C NMR (CDC13): S = 13.74 (CH'CH;), 13.95 (CH2CH,), 25.79 
(CH,), 26.96 (CHz), 28.23 (NCH,), 60.25 (O-CH~CHJ), 61.35 
(O-CH,CH,), 101.8 [C=C(CO,Et)2], 158.3 [C=C(CO,Et)2], 164.6 
(C=O), 166.5 (C=O), 177.1 (C=O). - MS (70 eV), m/z (%): 255 
[M'] (20), 210 [M' - OC2HSI (40), 209 (42), 182 [M' - CO,Et] 
(28), 151 (30), 137 (74), 111 (60), 109 [I82 - COzEt] (70), 95 (38), 
82 (68), 68 (78), 55 (100). - C1zH17N0s (255.3): calcd. C 56.46, 
H 6.71, N 5.49; found C 56.75, H 6.89, N 5.43. 

LiBF4 is removed by careful extraction with satd. NaHCO, solu- 
tion. The layers are separated, the aqueous layer is extracted several 
times with diethyl ether, and the combined organic layers are dried 
with KZCO3. The crude product is purified by column chromato- 
graphy. 

General Procedure for the Reactions ofthe Salt lab with Amines 
(10): 5 - 10 mmol of lab is dissolved in dichloromethane (30-60 
ml) and treated with equimolar amounts of the respective amine. 
A slightly turbid solution is formed, which is vigorously shaken 
with a satd. NaHCO, solution (50 ml) after 3 h. The organic layer 
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becomes clear. After separation of the layers, the aqueous layer is 
extracted several times with dichloromethane. The combined or- 
ganic extracts are dried with K2C03. The solvent is removed under 
reduced pressure, and the crude products are purified as indicated. 

N'-(l-Methyl-5-oxo-2-pyrrolidiny/idene) -NZ-pheny/benzumidine 
(13a): From 1.53 g (6.7 mmol) of lab, 3.31 g (6.7 mmol) of N-  
phenylbenzamidine (12a)12*], and 0.68 g (6.7 mmol) of triethylamine. 
After 30 min a yellow oil is formed, from which a pure white solid 

5-(Zsopropylimino)-l-methyl-2-pyrrolidinone (11 a): From 1.45 g 
(6.4 mmol) of 1 ab and 0.38 g (6.4 mmol) of isopropylamine (loa) 
in dichloromethane (30 ml). The crude product is a yellow oil, which 
is purified by kugelrohr distillation (0.70 g, 70%); b.p. 7O0C/O.1 
mbar. - I R  (neat): 3 = 2960 cm-' (s, CHallph), 2940 (s, sh, CHaliph), 
2880 (m, CHaliph), 1740 (s, C=O), 1660 (s, br, C=N), 1430 (s), 1390 
(s), 1300 (s), 1250 (m), 11 50 (s), 11 20 (m). - 'H NMR (CDC13): 
6 = 1.15 (d, 'J=6.2 Hz, 6H, CH,), 2.56-2.61 (m, 2H, CH,), 
2.68-2.73 (m, 2H, CH,), 3.00 (s, 3H, NCH,), 3.60 (quint, ' J =  6.2 
Hz, 1 H, CH). - I3C NMR (CDCI,): 6 = 14.98 [C(CH,),], 21.49 
(CH,), 23.99 (NCH,), 28.03 (CH,), 49.59 (CH), 157.3 (C=N), 176.2 
(C=O). - MS (70 eV), m/z (YO): 154 [M'] (20), 139 [M' - CH,] 
(loo), 68 (30), 55 (20). - C8HI4N20 (154.2): calcd. C 62.31, H 9.15, 
N 18.17; found C 62.08, H 9.29, N 18.66. 

5-(Butyliminoj-l-methy/-2-pyrro/idinone (11 b): From 2.20 g (9.6 
mmol) of lab and 0.70 g (9.6 mmol) of n-butylamine (lob) in di- 
chloromethane (60 ml). The pure product is obtained after kugel- 
rohr distillation as a colorless oil (1.05 g, 65%); b.p. 75"C/0.01 mbar. 
- IR (neat): 3 = 2940 cm-' ( S ,  CHaliph.), 2920 ( S ,  CHaIIph), 2850 ( S ,  

cHaitph), 1730 (S, C=O), 1660 ( S ,  C=N), 1430 ( S ) ,  1380 ( S ) ,  1300 (s), 
1250 (m), 1180 (w), 1140 (s), 1120 (s), 1060 (m), 1000 (w), 960 (w), 
910 (m), 820 (m), 660 (m). - 'H NMR (CDCI,): 6 = 0.68 (t, ' J  = 7.2 
Hz, 3H, CH,), 1.12 (sext., 'J=7.2 Hz, 2H, CH,CH,), 1.32 (quint, 
,J= 7.2 Hz, 2H, CH2CH2CH2), 2.29-2.34 (m, 2H, CH2CH2CO), 
2.40-2.46(m,2H,CH2CH2CO),2.73(s, 3H,NCH3),3.20(t,)J= 7.2 
Hz, 2H, =NCH2). - NMR (CDCI,): 6 = 13.71 (CH,CH,), 20.30 
(CHI), 21.73 (CH,), 25.49 (NCH,), 28.17 (CH,), 33.10 (CH,), 49.31 
(CHI), 159.2 (C=N), 176.2 (C=O). - MS (70 eV), m/z (YO): 168 [M'] 
(30), 139 [M' - CzHs] (lo), 126 (62), 125 [M ' - C3H7] (loo), 97 
(38), 68 (33), 55 (22). - CgH16N20 (168.2): calcd. C 64.25, H 9.59, 
N 16.65; found C 64.02, H 9.66, N 17.23. 

5-~Cyclohexy/imino~-f-methy/-2-pyrro/idinone (11 c): From 1.72 g 
(7.5 mmol) of l ab  and 0.74 g (7.5 mmol) of cyclohexylamine (1Oc) 
in dichloromethane (50 ml). The crude product is recrystallized from 
diethyl ether/petroleum ether (1 : 1) and separated from N-methyl- 
succinimide by HPLC [tR value: 8-9 min; diethyl ether; flow: 15 
ml/min] (1.20 g, 84%); m.p. 78°C. - IR (KBr): = 2920 cm-' (m, 

1300 (m), 1290 (m), 1150 (w), 1130 (w), 920 (w). - 'H NMR (CDCI,): 
6 = 1.21 -1.43 [m, 5H, CH2(cyclohexyl~]r 1.56-1.62 [m, 3H, 
CH2icyciohexyi,lr 1.74- 1.78 [m, 2H, C H ~ ( C ~ C I O ~ ~ X ~ I ) ] ~  2.51 -2.56 (m, 2H, 
CH2CH2), 2.63-2.68 (m, 2H, CH2CH2), 2.91 (s, 3H, NCH,), 3.16 
(tt. ' J  = 10.0, 3J = 4.1 Hz, CH). - l3C NMR (CDCI,): S = 21.75 
(CH,), 24.35 (CH,), 25.64 (CH,), 25.88 (NCH3), 28.43 (CH,), 34.26 

cHai,ph), 2850 (In, CHallph.), 1730 (m, c=o), 1660 ( S ,  C=N), 1430 (m), 

(CH,), 58.19 (CH,), 157.5 (C=N), 176.4 (C=O). - MS (70 eV), m/z 
(Yo): 194 [M+ + H] (40), 193 [M'] (lo), 165 (28), 152 (22), 151 
(loo), 113 (98), 69 (38), 68 (40), 55 (40), 41 (22). - C ~ ~ H ~ ~ N Z O  (193.3): 
calcd. C 68.01, H 9.34, N 14.42; found C 67.79, H 9.43, N 14.13. 

General Procedure for the Reactions of the Salt lab with the Ami- 
dines 1 2  5-10 mmol of l ab  is dissolved in dichloromethane 
(30-60 ml) and treated with an equimolar amount of amidine 12 
in dichloromethane (80- 120 ml). After the addition of one aliquot 
of the tertiary base the solution is stirred for 30-60 min. The 
precipitated ammonium salt is removed by extraction with a satd. 
NaHCO, solution (50 ml). The layers are separated, and the aque- 
ous phase is extracted several times with dichloromethane. The 

is obtained after recrystallization from diethyl ether/dichlorome- 
thane (15:4) (1.39 g, 72%); m.p. 148°C. - JR (KBr): 3 = 3060 cm-' 
(w, CHarom), 3020 (w, cHarom), 2920 (w, CHaiiph), 1750 (m, C=O), 
1660 (s, br, C=N), 1590 (s, C=C,,,,), 1580 (s, C=C,,,,), 1560 (s), 
1480 (w), 1440 (m), 1430 (s), 1390 (m), 1340 (m), 1310 (m), 1290 (m), 
1260 (s), 1210 (s), 1170 (w), 1120 (s). - 'H NMR (CDCI,): 
6 = 2.27-2.32 (m, 2H, CH2), 2.37-2.42 (m, 2H, CH,), 3.05 (s. 3H, 
CH,), 6.98-7.03 (m, 3H, CH,,,,), 7.23 -7.29 (m, 2H, CHarom), 
7.42-7.46 (rn, 3H, CHarom), 7.95-7.98 (m, 2H, CHarOm). - 13C 
NMR (CDCI,): 6 = 25.11 (CH,), 25.86 (NCH3), 28.14 (CH,), 121.4 
(CHarom.), 123.3 (CHamm), 127.8 (CHarom.)? 128.3 (CHarom), 128.6 
(CHmom), 130.9 (CHarom)? 135.3 (Cipso), 149.1 (Ctpso), 159.1 (C=N), 
159.3 (C=N), 176.1 (C=O). - MS (70 eV), m/z (YO): 291 [M'] (38), 
290 [M+ - H] (48), 181 (20), 180 [PhC=NPh+] (62), 93 (22), 86 
(78), 84 (98), 77 [Ph+] (96), 68 (38), 57 (38), 51 (100). - CiXH17N30 
(291.4): calcd. C 74.21, H 5.88, N 14.42; found C 74.24, H 5.89, 
N 14.53. 

N'- (l-Methyl-5-oxo-2-pyrro/idiny/idene)-2,2-dimethy/-Nz-phenyl- 
propanumidine (13b): From 1.35 g (5.9 mmol) of lab, 1.04 g (5.9 
mmol) of 2,2-dimethyl-N-phenylpropanamidine (12 b)l2*], and 0.76 
g (5.9 mmol) of ethyldiisopropylamine. After 45 min, a yellow oil 
is obtained, which is purified by flash chromat~graphy[~'] [diethyl 
ether, RADC) = 0.81. 13b forms a slightly yellow oil, which solidifies 
slowly (0.74 g, 46%); m.p. 55°C. - IR (KBr): 0 = 2920 cm-' (s, 
CHaliph), 1750 (s, C=o), 1660 (s, br, C=N), 1610 (s, br, C=N), 1580 
(s), 1470 (m), 1420 (s), 1380 (m), 1320 (m), 1290 (m), 1260 (m), 1240 

9H, C(CH3),], 2.26-2.29 (m, 4H, CH2CH2), 2.93 (s, 3H, NCH3), 
6.82-6.85 (m, 2H, CH,,,,), 6.91-6.94(m, IH,  CHar,,,), 7.15-7.18 
(m, 2H, CHarom), - 13C NMR (CDCl,): 6 = 25.65 (NCH3), 26.05 

(w), 1190 (w), 1120 ( s ) ,  1060 (w). - 'H NMR (CDCI,): 6 = 1.27 [ s ,  

(CH,), 28.09 [C(CH,),], 28.19 (CH,), 39.11 [C(CH,)J, 121.1 
(CHarom), 122.7 (CHarom.), 128.5 (CHarorn.)? 149.6 (CEpso), 156.4 (C=N), 
170.3 (C=N), 176.0 (C=O). - MS (70 eV), m/z (%): 271 [M'] (30), 

123 (lo), 104 (22), 93 (31), 77 [Ph'] (22), 68 (58), 55 (20). - 
C16HZ1N30 (271.4): calcd. C 70.82, H 7.80, N 15.49; found C 70.65, 
H 7.77, N 15.45. 

256 [M' - CHJ (lo), 215 (20), 214 [M+ - CdHg] (IOO), 160 (lo), 

N2-tert-Buty/-N*- (1 -methy/-5-oxo-2-pyrrolidinylidene) benzumi- 
dine (13c): From 1.33 g (5.8 mmol) of lab, 1.02 g (5.8 mmol) of N- 
tert-butylbenzamidine ( 1 2 ~ ) [ ~ ~ ] ,  and 0.59 g (5.8 mmol) of triethyl- 
amine. After 45 min a yellow solid is obtained, from which after 
recrystallization from diethyl ether/petroleum ether (1 : 1) 13c (col- 
orless needles) is isolated (0.83 g, 53%); m.p. 88°C. - IR (KBr): 
3 = 2960 cm-' (m, CHaliph.), 1740 ( S ,  c = o ) ,  1650 (s ,  C=N), 1610 ( S ,  

br, C=N), 1440 (m), 1420 (m), 1380 (m), 1350 (m), 1310 (s), 1290 (m), 
1250 (s), 1210 (m), 1120 (s), 1090 (w), 1070 (w), 1020 (w), 1000 (w). 
- 'H NMR (CDC13): 6 = 1.33 [s, 9H, C(CH,),], 2.18-2.33 (m, 2H, 
CH2), 2.48-2.54 (m, 2H, CH,), 3.20 (s, 3H, NCH,), 7.31-7.33 (m, 
3H, CH,,,,), 7.66-7.68 (m, 2H, CH,,,,). - 13C NMR (CDCI,): 

CC(CH3),1, 127.0 (CHarom.), 128.2 (CHarom), 129.4 (CHarom), 137.8 
(Cipso), 156.1 (C=N), 159.3 (C=N), 176.0 (C=O). - MS (70 eV), 
m/z (YO): 271 [M'] (22), 256 [M' - CH,] (40), 144 (60), 105 (20), 
104 (loo), 103 (20), 86 (38), 84 (52), 77 [Ph'] (40), 69 (24), 68 (62), 
57 [C,H,'] (88). - Cl6HZ1N30 (271.4): calcd. C 70.82, H 7.80, 
N 15.49; found C 70.74, H 7.92, N 15.49. 

6 = 24.35 (CH,), 25.85 (NCH3), 28.20 (CH,), 29.67 [C(CH,),], 54.31 

combined organic layers are dried with K2C03, and the solvent is N-(f -Methy/-5-oxo-2-pyrro/idiny/idene/ benzamide (15): 1.65 g 
removed under reduced pressure. (7.2 mmol) of l ab  is dissolved in dichloromethane (40 ml) and 
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treated with a suspension of 0.87 g (7.2 mmol) of benzamide (14) in 
dichloromethane (40 ml). Then 0.73 g (7.2 mmol) of triethylamine 
is added, and the mixture is stirred for 24 h at 20°C. The resulting 
yellow solution is washed with a satd. NaHC03 solution. The layers 
are separated, and the aqueous layer is extracted several times with 
dichloromethane; the combined organic extracts are dried with 
K2CO3. After removal of the solvent under reduced pressure, the 
grayish residue is recrystallized from diethyl ether/dichloromethane 
(3: I). It is not possible to remove benzamide thoroughly either by 
recrystallization or by chromatographic methods. Yield: 0.28 g 
(18%); m.p. 106°C. - IR (KBr): 0 = 3040 cm-' (w, CHaro,), 2980 
(w, CH,,,,,), 2920 (w, CHaliph), 1740 (s, br, C=O), 1650 (s, br, C=O), 
1580 (s, br, C=N), 1420 (m), 1240 (s), 1120 (m), 1050 (m). - 'H 
NMR (CDCI3): 6 = 2.66-2.70 (m, 2H, CH2), 3.06-3.10 (m, 2H, 
CHI), 3.20 (s, 3H, NCH3), 7.43-7.49 (m, 2H, CHa,,,m), 7.55-7.58 
(m, 1 H, CHarOm), 8.11 -8.14 (m, 2H, CHaro,). - I3C NMR (CDC13): 
6 = 24.79 (CH,), 26.33 (NCH3), 28.12 (CH,), 128.3 (CHarom), 129.8 
(CHarom), 133.1 (CHarOm), 134.6 (Cips,), 167.5 (C=N), 177.0 ( G O ) ,  
378.2 (C=O). - MS (70 eV), m/z (YO): 216 [M'] (20), 188 (20), 387 

[PhCO+] (IOO), 83 (38), 77 [Ph+] (90), 57 (66). - High resolution 
MS: C12H12N202: calcd. 21 6.089878, found 21 6.090038. 

General Procedure for the Reaction f o  the Salts lab with N-Acyl- 
umidines (16): 3-6 mmol of lab is dissolved in dichloromethane 
(20-40 ml) and treated with an equimolar amount of 16, dissolved 
in dichloromethane (40-60 ml). After the addition of one aliquot 
of triethylamine the mixture is stirred for 10 h at room temp. Then 
the mixture is washed with 50 ml of a satd. NaHC03 solution. After 
separation of the layers and extraction of the organic layer with 
dichloromethane, the combined organic extracts are dried with 
K2C03. Evaporation of the solvent under reduced pressure yields 
oily residues. 

N2-Benzoyl-N'- (l-methyl-5-oxo-2-pyrrolidinylidene) benzamidine 
(17a): From 1.31 g (5.7 mmol) of lab, 1.28 g of N-benzoylbenza- 
midine (16a)1291, and 0.58 g (5.7 mmol) of triethylamine. The crude 
product is a viscous, brown oil, which is purified by column chro- 
matography [ethyl acetate/petroleum ether, 1 : 3, RdDC) = 0.61. The 
product 17a is a colorless oil, which solidifies slowly (0.80 g, 44%); 
m.p. 102°C. - IR (KBr): 0 = 3050 cm-' (w, CHaro,), 2980 (w, 
CHahph), 2940 (w, CHallph), 1750 (s, C=O), 1620 (s, br, C=N, C=O), 
1460 (s), 1440 (s), 1430 (s, sh), 1380 (m), 1320 (s), 1250 (s, br), 1170 
(s), 1120 (s), 1070 (m), 1040 (m), 1020 (m), 1000 (m). - 'H NMR 
(CDC13): 6 =2.58-2.63 (m, 2H, CH,), 2.83-2.88 (m, 2H, CH2), 
2.93 (s, 3H, NCH3), 7.40-7.55 (m, 6H, CHarom), 7.95-8.01 (m, 4H, 
CHar,,,). - 13C NMR (CDCl3): 6 = 24.29 (CHI), 25.84 (NCH3), 28.22 

(22), 149 (30), 139 [M+ - Ph] (40), 111 [M+ - PhCO], (34), 105 

(CHI), 128.3 (CHaco,,,), 128.6 (CHaro,), 129.2 (CHaro,), 132.1 
(CHarom), 132.8 (CHarcm), 133.0 (Cipso), 133.2 (Cipso), 159.8 (C=N), 
152.1 (C=N), 176.2 (C=O), 180.4 (C=O). - MS (70 cV), m/z (YO): 
319 [M+] (20), 301 (48), 272 (22), 242 [M+ - Ph] (20), 139 (22), 
105 [PhCO+] (IOO), 103 (50), 77 [Ph+] (92), 76 (42), 67 (28), 51 
(58). - C19H17N302 (319.4): calcd. C 71.46, H 5.37, N 13.16; found 
C 71.23, H 5.39, N 12.91. 

N1-  ( l-Methy1-5-0~0-2-pyrroEidinylidene) -N2-pivaloylbenzamidine 
(17b): From 0.75 g (3.3 mmol) of lab, 0.67 g (3.3 mmol) of N- 
pivaloylbenzamidine (16b)13'], and 0.33 g (3.3 mmol) of triethyl- 
amine. The crude oil is purified by flash c h r o m a t ~ g r a p h y ~ ~ ~ ]  [ethyl 
acetate/petroleum ether, 3: 1; RXDC) = 0.81. 17b is obtained as a 
colorless oil, which solidifies slowly (0.50 g, 52%); m.p. 106°C; it is 
not stable even at -25"C, but decomposes within two weeks to 
form a black oil. - IR (KBr): 0 = 3060 cm-' (w, CH,,,,), 2960 (m, 
CHallph), 2860 (w, CHalIph), 1740 (s, C=O), 1670 (s, br, C=O, C=N), 
1610 (C=N), 1570 (m), 1480 (m), 1440 (m), 1430 (m), 1380 (w), 1330 
(w), 1310 (w), 1290 (w), 1250 (s), 1150 (s), 1130 (s), 1070 (m), 1050 

(m), 1020 (w). - 'H NMR (CDC13): 6 =  1.23 [s, 9H, C(CH3),], 
2.57-2.62 (m, 2H, CH2), 2.78-2.83 (m, 2H, CHI), 3.08 (s, 3H, 
NCH3), 7.26-7.50 (m, 3H, CH,,,,), 7.82-7.85 (m, 2H, CHaro,). - 
13C NMR (CDCI3): 6 = 24.16 (CHI), 25.81 (NCH3), 27.11 [C(CH3)3], 
28.25 (CHI), 41.56 [C(CH3)3], 128.1 (CHaro,.), 128.5 (CHaro,), 131.7 
(CH,,,,.), 133.2(C,p,,), 157.O(C=N), 162.4(C=N), 176.4(C=O), 195.0 
(C=O). - MS (70 eV), m/z (YO): 299 [M'] (8), 243 (60), 242 [M+ 

(go), 130 (28), 111 (28), 104 (40), 96 (24), 83 (34), 77 [Ph'] (40), 69 
(60), 68 (80), 57 [C4H$] (70), 55 (82). - C17H21N302 (299.4): calcd. 
C 68.21, H 7.07, N 14.04; found C 68.23, H 7.18, N 13.89. 

N2-Benzoyl-N'- (l-methyl-5-0xo-2-pyrrolidinylidene)acetamidine 
(17c): From 1.26 g (5.5 mmol) of 1 ab, 0.89 g of N-benzoylacetami- 
dine (16c)"11, and 0.56 g (5.7 mmol) of triethylamine. The crude 17c 
is a reddish solid, which forms a colorless powder after recrystal- 
lization from dichloromethane/petroleum ether (1 : 1) (0.30 g, 22%); 
m.p. 152°C. At -25°C 17c decomposes within two weeks to give 
a black oil. - IR (KBr): 0 = 3040 cm-' (w, CH,,,,,), 2940 (w, 
CHallph), 1740 (s, C=O), 1640 (s, br, C=N, C=O), 1440 (m), 1430 (s), 
1340 (m), 1310 (m), 1290 (s), 1270 (m), 1250 (s), 1220 (s), 1170 (m), 
1130 (s), 1090 (s), 1060 (m). - 'H NMR (CDC13): 6 = 2.21 (s, 3H, 
C-CH3), 2.65-2.69 (m, 2H, CHJ, 2.93 (s, 3H, NCH3), 3.03-3.05 
(m, 2H, CH2), 7.45-7.50 (m. 2H, CH,,.), 7.47 (m, l H ,  CH,,,,), 
7.94-7.97 (m. 2H, CHar,,,,,). - 13C NMR (CDC13): 6 = 22.75 

- C4H9] (loo), 214 [M+ - C4H9COI (20), 201 (20), 171 (22), 139 

(C-CH3), 23.80 (CH,), 25.83 (NCH3), 28.12 (CHz), 128.3 (CHaro,.), 
129.2 (CHarom), 132.9 (CHarom,), 133.1 (Cipso), 161.1 (C=N), 164.2 
(C=N), 176.3 (C=O), 179.1 (C=O). - MS (70 eV), m/z  (YO): 257 
[M'] (60), 239 (36), 180 [Mf - Ph] (60), 152 [M+ - PhCO] 
(72), 138 [M' - ONCPh] (68), 119 [M' - 1381 (58), 131 (70), 
105 [PhCO+] (loo), 95 (70), 85 (64), 83 (90), 69 (90). - C14HIsN302 
(257.3): calcd. C 65.36, H 5.88, N 16.33; found C 65.53, H 6.03, 
N 16.58. 

* Dedicated to Prof. Dr. Alan R. Katritzky FRS on the occasion 
of his 65th birthday. 
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