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The reactions of ketones (benzophenone, 4-methylbenzo-
phenone, acetophenone, acetone, and 2,2,4,4-tetramethyl-3-
pentanone) and C-acylimines with dimethylcyanamide in the
presence of titanium(IV) chloride were investigated. Benzo-
phenone and 4-methylbenzophenone react with dimethylcy-
anamide to give 4,4-disubstituted 2-dimethylamino-3-aza-1-
oxa-1,3-butadienes 5 and 4,4-disubstituted 2-dimethyl-
amino-1-N,N-dimethylcarbamoyl-1,3-diaza-1,3-butadienes

9. Ketones with enolizable hydrogen atoms undergo aldol re-

actions under these conditions. C-Acylimines 11b—11e, deri-
ved from benzil and substituted anilines, undergo [2 + 2]
cycloaddition to dimethylcyanamide with subsequent ring
opening to 1-(N,N-dimethylcarbamoyl)-2,3,4-triaryl-1,4-di-
aza-1,3-butadienes 15. 1,2-Diphenyl-2-(isopropylimino)etha-
none (1l1a) reacts with dimethylcyanamide to give 2-
dimethylamino-1-isopropyl-4,4-diphenyl-2-imidazolin-5-one
(23) in a hitherto unknown multistep reaction. The structure
of 23 was confirmed by an X-ray analysis.

Recently, we reported on the reaction of 1,2-diketones
with dimethylcyanamide in the presence of a Lewis acid. In
the presence of titanium(IV) chloride 1,2-diketones partici-
pate in [2 + 2] cycloadditions to dimethylcyanamide with
subsequent ring opening of the cycloadducts to N'-alkylid-
ene-N, N-dimethylurea derivatives!!l. We now investigated
the reaction of monoketones and C-acylimines (1,2-diphen-
ylethanodione monoimines) with dimethylcyanamide.

The reaction of monoketones with N, N-disubstituted cy-
anamides has been very rarely described in the literature. A
few reactions of monoketones with cyanamide are known.
Typical examples are the condensation reactions of simple
aliphatic ketones with cyanamide which give the corre-
sponding cyanoimines in moderate yield?~4. Reactions of
1,3-diketonesl], B-aminoenones!®l, a-hydroxy ketones!” 1%,
and o-amino ketones!! !l with cyanamide lead to 2-amino-
pyrimidine, 1,3-oxazole, and imidazole derivatives via cy-
anoimino compounds. Literature reports on the reaction of
N, N-disubstituted cyanamides with monoketones involve
the thermal reaction with perhaloketones!!3~15 and the re-
action with phosphorylated ketones!!®], Hermes and
Braun!'3! reported that the thermal reaction of perhaloke-
tones with disubstituted cyanamides leads to 2H-1,3,5-0x-
adiazine derivatives 8 (R = R! = CF;, CF,Cl, Scheme 1).
The results of Hermes and Braun are in contrast to those
of Burger and Simmerll'*15] who suggested the 4 H-1,3,5-
oxadiazine structure 10 as the structure of the reaction
product.

C-Acylimines can be regarded as 4-aza-1-oxabutadiene
systems which might undergo [4 + 2] cycloadditions with
electron-rich dienophiles, Diels-Alder reactions with inverse
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electron demand!"”!. The [4 + 2] cycloaddition of 4-aza-1-
oxabutadienes, bearing an oxygen and a nitrogen atom at
the diene termini, have not been investigated extensively.
With the exception of studies of o-quinone monoimines,
which display a high reactivity in [4 + 2] cycloaddition reac-
tions with electron-rich dienophilest!®!9l, only two [4 + 2]
cycloaddition reactions of 4-aza-1-oxabutadienes have been
reported, namely the reaction of benzilhydrazones with di-
phenylketene?® and the reaction of dimethyl 2,3-dioxosuc-
cinate monophenylimine with tetraethoxyethylene?!l. C-
Acylimines may, however, also be considered as potential
partners in [2 + 2] cycloadditions, reactions which have not
been described so far.

Results and Discussion

We investigated the reaction of aliphatic and aromatic
ketones 1a—-1e with dimethylcyanamide in the presence of
titanium(IV) chloride. The reactions were carried out in
benzene at 25—75°C employing a ketone 1, dimethylcyana-
mide 2, and titanium(IV) chloride in a 1:1:1 ratio. We
found that under our conditions the reaction of benzo-
phenone 1a and 4-methylbenzophenone 1b with dimethyl-
cyanamide leads to 1:1 and 1:2 adducts, as shown by el-
emental analysis and mass spectrometry. In a similar reac-
tion of dimethylcyanamide with acetone 1d either at 25°C
or at 75°C only condensation products of acetone, 4-
methyl-3-penten-2-one,  4-hydroxy-4-methyl-2-pentanone,
and 2,6-dimethyl-2,5-heptadien-4-one were isolated in 82,
8, and 2%, respectively. In the reaction of acetophenone 1c
with dimethylcyanamide the condensation product of ace-
tophenone, 1,3-diphenyl-2-buten-1-one, was also isolated in
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10% yield. In this case the addition product of 1,3-di-
phenyl-2-buten-1-one and dimethylcyanamide could be de-
tected by the GLC/MS. The reaction of 2,2,4,4-tetramethyl-
3-pentanone le with dimethylcyanamide gives only traces
of the 1:1 and 1:2 adducts as observed by GLC/MS.
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The '*C-NMR spectra of the 1:1 adducts from 1a and
1b with 2 obtained in 8% and 49% yield exhibit signals at
ca. 6 = 163 and 169 which can be assigned to the C atom
of a CN double bond and the C atom of an amide carbonyl
group characteristic of structure 5. The presence of the two
signals excludes the oxazete structure 4. In the *C-NMR
spectrum two signals at ca. 3 = 35 and 36 are observed for
the dimethylamino group. The signals of all aromatic car-
bon atoms can only be observed at low temperature in the
BC-NMR spectrum. At 228 K the 'H-NMR and the '*C-
NMR spectrum of the 1:1 adduct from 1b and 2 show the
presence of two isomers. We assign structures (Z)-5b and
(E)-5b (Scheme 2) to these isomers, because the '*C-NMR
spectrum of the 1:1 adduct from 1a and 2 at 228 K shows
the presence of only one compound, which excludes an iso-
merization as shown in Scheme 3. The 1:1 adducts display
a characteristic IR absorption at about 1650 cm™! (C=N,
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N—-C=0). It can be stated that no other structure than 2-
dimethylamino-4,4-diphenyl-3-aza-1-oxa-1,3-butadiene 5Sa
and 2-dimethylamino-4-(p-methylphenyl)-4-phenyl-3-aza-1-
oxa-1,3-butadiene 5b is in agreement with the spectroscopic
data. Thus, after an initial [2 + 2] cycloaddition, an electro-
cyclic ring opening to S takes place.
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The second type of reaction product, the 1:2 adducts
from 1a and 1b with 2 isolated in 45% and 10% yield,
might possess either the 2H-1,3,5-oxadiazine structure 8§,
the 4H-1,3,5-oxadiazine structure 10, or the acyclic struc-
ture 9. The '*C-NMR spectra display, among others, three
signals at ca. 8 = 159, 162, and 169. The signals at ca. § =
159 and 162 can be assigned to the C atoms of two CN
double bonds and the signal at ca. 8 = 169 to the C atom
of the amide carbonyl group. The presence of these three
signals supports structure 9 for the 1:2 adducts. The ab-
sence of a signal with a 13C-chemical shift characteristic of
the sp® C atom in the heterocycles 8 or 10 excludes the
1,3,5-oxadiazine structure. In the *C-NMR spectrum one
dimethylamino group gives rise to two signals at ca. 8 = 35
and 36 whereas for the second dimethylamino group only
one signal at ca. & = 37 is observed. At higher temperatures
(383 K, DMSO), only one signal is observed each for both
dimethylamino groups at ca. 8 = 36 and 37, respectively. In
the 'H-NMR spectrum recorded at 294 K the proton sig-
nals of one dimethylamino group appear as a singlet at ca.
8 = 2.90 and those of the second dimethylamino group as
two singlets at ca. § = 2.30 and 2.60. At 383 K the second
dimethylamino group gives also rise to a singlet in the 'H-
NMR spectrum. The IR spectra show the presence of the
C=N bonds and the amide carbonyl vibration around
1570—1640 cm™!. 4 4-Disubstituted-2-dimethylamino-1-
N, N-dimethylcarbamoyl-1,3-diaza-1,3-butadienes 9 may be
formed in two ways, either via an intermediate 1,4-dipole 3
and electrocyclic ring opening of oxadiazine 8 or via a se-
cond [2 + 2] cycloaddition of 2 to 5§ and ring opening of
the oxazete derivative 6 or 7. We tested the reaction of 5a
and 5b with dimethylcyanamide in the presence of ti-
tanium(IV) chloride in order to check the latter hypothesis.
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It leads in only 2—5% yield to the 1:2 adduct 9, which may
be an indication that 9 is formed mainly via ring opening
of 8.

To summarize, we observed a strong influence of the
methyl group of the phenyl ring of 4-methylbenzophenone
on the relative yields of products 5 and 9. If the reactants
la—b and 2 were employed in a 1:1 molar ratio the yields
of isolated 1:1 adducts 5 ranged from 8% (benzophenone)
to 49% (4-methylbenzophenone), and the yields of isolated
1:2 adducts 9 from 45% (benzophenone) to 10% (4-methyl-
benzophenone). In the case of ketones bearing a hydrogen
atom in the a-position to the C=0 group a condensation
reaction takes place. Steric effects, for example in the case of
2,2 4 4-tetramethyl-3-pentanone, suppress the reaction with
dimethylcyanamide almost completely.

The C-acylimines used in this study were obtained by the
reaction of benzil with isopropylamine or aniline derivatives
substituted on the benzene ring. In the case of anilines car-
rying electron-withdrawing groups titanium(IV) chloride
was necessary for the reaction. The latter is a more effective
water scavenger than molecular sieves and it may also act
catalytically as Lewis acid to polarize the carbonyl bond.

The reaction of 11 with 2 may produce four different
types of 1:1 cycloadducts: 1,2,4-oxadiazines 12, 1,3,4-oxad-
iazines 13, 4 H-1,3-oxazete derivatives 14, and 4 H-1,3-diaz-
ete derivatives 16 (Scheme 4). 1-N, N-Dimethylaminocarba-
moyl-1,4-diaza-1,3-butadiene derivatives 15 and 4-(N, N-di-
methylamino-N’-alkyl(aryl)-amidino)-2,3-disubstituted-4-
aza-1-oxa-1,3-butadiene derivatives 17 may be formed via
ring opening of compounds 14 and 16, respectively.
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In order to prove this C-acylimines 11a—11e were al-
lowed to react with an equimolar amount of dimethylcy-
anamide 2 in the presence of TiCl, and products which were
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1:1 adducts of compounds 11 and 2 according to the M*
peaks in the mass spectra could be isolated. No reaction
took place in the absence of the Lewis acid.

The reactions of the C-acylimines were carried out at
25—60°C in benzene employing the reactants and ti-
tanium(IV) chloride in a 1:1:1 ratio. Equimolar amounts of
the Lewis acid are required because the final products are
complexed in a 1:1 manner, as shown by MS analysis. From
these titanium complexes the 1:1 adducts were liberated by
hydrolysis. It was found that the adducts are subject to hy-
drolytic attack which lowers the yields of isolated products
(70-85%).

The products were fully characterized by elemental
analysis and spectroscopic methods. The spectral data show
that the compounds obtained from 11b—11e (1,2-diphenyl-
2-phenyliminoethanone and its substituted derivatives) and
2 have a structure different from that of the product isolated
in the reaction of 1,2-diphenyl-2-isopropyliminoethanone
11a and 2.

I3C-NMR spectra of the 1:1 adducts from 11b—11e and
2 exhibit signals at about & = 162, 165, and 169 which may
be assigned to two C=N carbon atoms and to the C atom
of an amide carbonyl group which are characteristic of
structure 15. The spectrum shows two signals at ca. § = 35
and 36 for the dimethylamino group. In the 'H-NMR spec-
tra the protons of the dimethylamino group appear as two
singlets. The chemical shifts of these singlets depend on the
substituent on the phenyl ring of the phenylimino group.
At high temperature (383 K, DMSO) the protons of the
dimethylamino group show only a singlet. All compounds
display a IR absorption at about 1650 c¢cm~™! (C=N,
N—-C=0). The mass spectra of the 1:1 adducts from
11b—11e and 2 obtained by the direct inlet system show a
base peak at a m/z of 180 (R = H), 194 (R? = 4-CH,), 214
(R? = 4-Cl), and 225 (R? = 3-NO,) in agreement with a
PhCNCH,R? fragment which is characteristic of structure
15 (Scheme 5). Another peak characteristic of structure 15
assigned to a PhCNCON(CHs;), fragment is present with
lower intensity because of its fragmentation to m/z of 103
and m/z of 72 in accordance with PhCN and CON(CH3),
fragments, respectively. The mass spectra of the initial C-
acylimines 11b—11e show a similar fragmentation pattern.
These spectra display two characteristic peaks at m/z in
agreement with PACNC¢H4R? and PhCO. The presence of
a peak at m/z = 72 in the mass spectra of the 1:1 adducts
from 11b—11e and 2 is also typical of 2,3-disubstituted
4-N, N-dimethylcarbamoyl-1-oxa-4-aza-1,3-butadienes and
2,3-disubstituted-1,4-di-(N, N-dimethylcarbamoyl)-1,4-diaza-
1,3-butadienes obtained by the reaction of 1,2-diketones
with dimethylcyanamide, the structure of the latter adduct
being established by an X-ray analysist!.

It can be concluded that no other structure than 1-A, V-
dimethylcarbamoyl-2,3,4-triphenyl-1,4-diaza-1,3-butadiene
15b and its derivatives 15¢—15e is in agreement with the
spectroscopic data. C-Acylimines 11b—11e, therefore, un-
dergo {2 + 2] cycloaddition to the C=0 bond to give 14
which further rearranges to 15. Interestingly, the mass spec-
tra of 15b—15e obtained by GLC/MS show a different frag-
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Scheme 5

q
PP—G=N—C—N(CH),
Ph—C=N—C,H,R?

+

_>[PhCNOON(CH3)2 + PhCNCsH4R2:|

15b-15¢ miz175 R2=H m/z 180
R2=4CH;  m/z194
R2=4-Cl m/z 214
R=3NO,  m/z225

mentation pattern than mass spectra obtained by the direct
inlet system (see Experimental).

The *C-NMR spectrum of the 1:1 adduct from 11a and
2 displays, among others, signals at & = 76, 162, and 183.
The first signal can be assigned to a sp® C atom and the
two latter signals to C=N and C=0 carbon atoms, respect-
ively. The presence of these signals suggested at first struc-
ture 16a (2-dimethylamino-3 H, 4 H-4-benzoyl-3-isopropyl-
4-phenyl-1,3-diazete). The absence of a signal for a second
C=N carbon atom excludes the formation of products 15a
and 17a. The resonances at 8 = 19 (CH;) and at 8 = 47
(CH) are assigned to the isopropyl group. In the 1*C-NMR
spectrum a signal at 8 = 40 is observed for the dimethylam-
ino group and the '"H-NMR spectrum shows a singlet at
d = 2.86. The doublet at 6 = 1.43 (CH3) and a septet at
5 = 3.98 (CH) in the 'H-NMR spectrum indicate the pres-
ence of the isopropyl group. The IR spectrum shows the
presence of a C=N bond at 1624 cm™! and a carbonyl vi-

Figure 1. ORTEP Representation of 1:1 adduct (23) from 11a and
2 according to the X-ray analysisf

(1 Selected bond lengths [A] and bond angles [°]: N(1)—C(l)
1.320(10), N(1)—C(3) 1.451(14), N()—C(4) 1.449(12), N(2)—-C(2)
1.502(16). N(2)~C(3) 1275(14), N(3)—C(3) 1.376(14), O(1)~C(1)
1.262(16), C(1H—-C(2) 1.526(17), C(2)—C(9)  1.539(15);
C(H-N(1)—C(3) 105.4(7), C(1)-N(1)-C(4) 125.8(9), C(3)—
N(H)—C(4) 126.8(8), C(2)—N{2)—C(3) 105.7(10), C3)—NB)—-C(7)
116.0(14), C(7)~N(3)—C(8) 115.6(10), N(1)-C(1)—-0(1) 125.4(10),
N(D-C(1)—C(2) 109.59), N(2)-C(2)—C(l) 103.0(8), C(1)—
C(2)—C(9) 109.4(12), O(1)—C(1)—C(2) 125.1(9), N(1)—C(3)—N(2)
116.3(9), N(2)=C(2)-C(15) 109.0(12), N(1)-C(3)~N(3) 118.4(9),
C()-C2)-C(15) 113.78), N(2)-C(2)-C(9) 108.2(7), N(1)—
C(4)—C(5) 110.7(10), C(2)—C(9)—C(14) 122.2(5).
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bration at 1720 cm™!. In order to prove structure 16a, de-
rived from the spectroscopic data, we carried out an X-ray
analysis, which showed structure 16a to be wrong. Instead
of a 1,3-diazete ring, 2-dimethylamino-1-isopropyl-4,4-di-
phenyl-2-imidazolin-5-one (23) represents the isolated 1:1
adduct of compounds 11a and 2. The question remains,
how this molecule is formed from 11a and 2 in the presence
of TiCl,. A hypothetical mechanism of a multistep reaction
involves formation of a bicyclic structure 21, which re-
arranges further to 23 (Scheme 6). A similar reaction co-
urse was observed earlier in the reaction of dimethyl-2,3-
dioxosuccinate with ethyl vinyl ether??, 2-Dimethylamino-
1-isopropyl-4,4-diphenyl-2-imidazolin-5-one has not been
described so far. Literature reports on the preparation of
other 2-aminoimidazolin-5-one derivatives involve the cycl-
ization of diaminomethylenchydrazones with dimethyl ace-
tylenedicarboxylate/?®], thermal ring closure of N-aryl-N'-
(B-arylvinyl)carbodiimides!**, reaction of carbodiimides
with 3-dimethylamino-2 H-azirines?’], cyclization of N-
methylamidinoglycine ethyl ester®®! and heating of 2-di-
methylamino-2-imidazolin-4-one with dimethyl sulfatel6],

Experimental

Melting points uncorrected. — 'H- and '*C-NMR spectra:
Varian Gemini 200 and a Bruker AMX 300 spectrometer; internal
standard TMS (solvent CDCl;, unless indicated otherwise). —
Mass spectra: Fisons VG Prospec 3000 and a Hewlett Packard HP
5971A MSD spectrometer. — IR spectra: Perkin-Elmer FT-IR 1600
spectrometer. — Column chromatography: silica gel 70—230 mesh
(Fluka), eluent benzene/ethyl acetate mixture (3:1) unless indicated
otherwise. Preparative TLC and analytical TLC: Merck Kieselgel
60 F,s4 plates (1 mm and 0.2 mm thick, respectively), eluent a ben-
zene/ethyl acetate (3:1).
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General Procedure for the Synthesis of Compounds 5 and 9: A
solution of TiCly (1.9 g, 0.01 mol) in 10 ml of dry benzene was
added dropwise to a well-stirred mixture of the ketone (0.01 mol)
and dimethylcyanamide (0.7 g, 0.01 mol) in 20 ml of dry benzene.
After the addition was complete the mixture was stirred at room
temperature for 1 h, heated at 70°C for 1 h, cooled to room temp.,
and the benzene was evaporated. About 50 ml of water was added
to the residue and the resulting solution was alkalized with 5%
NaOH and extracted with chloroform. The mixture of products
was separated by preparative TLC and crystallized from petro-
leum ether.

2-Dimethylamino-4,4-diphenyl-3-aza-1-oxa-1,3-butadiene  (Sa):
Yield: 0.20 g (8%), m.p. 102—103°C. R; = 0.31. — 'H NMR (300
MHz, 294 K): 6 = 2.84 (s, 3H, NCH;), 2.85 (s, 3H, NCHs),
7.30—7.70 (m, 10H, aromatic H). — 13C NMR (75 MHz, 294 K):
& = 35.28 (NCHs;), 36.89 (NCH,), 128.21, 163.85 (C=N), 169.43
[0O=C-N(CH3),]. — 3C NMR (75 MHz, 228 K): § = 35.68
(NCHs), 37.39 (NCHjy), 128.19, 128.63, 128.79, 130.13, 130.53,
132.07, 136.04, 137.79, 164.36 (C=N), 170.15 [O=C-N(CH,);]. —
IR (KBr): ¥ = 2923, 1650, 1575, 1494, 1434, 1382, 1255, 1173,
1136, 1054, 1017, 943, 779, 697 cm™!. — MS; m/z (Y%o): 252 (7)
[M*], 208 (100), 180 (10), 175 (12), 165 (11), 147 (1), 105 (4), 77
(18), 72 (15), 51 (6), 44 (2). — C;gH ,N,0 (252.2): caled. C 76.19,
H 6.35, N 11.11; found C 76.40, H 6.43, N 11.10. — Mol. mass:
caled. 252.1261; found 252.1257 (HRMS).

2-Dimethylamino-4-( p-methylphenyl )-4-phenyl-3-aza-1-oxa-1,3-
butadiene (Sb): Yield: 1.30 g (49%), m.p. 98—99°C. Ry = 0.28. —
"H NMR (300 MHz, 294 K): 6 = 2.32 (s, 3H, p-CH3), 2.78 (s, 3H,
NCHj;), 2.80 (s, 3H, NCHj3;), 7.11-7.50 (m, 9H, aromatic H). —
'H NMR (228 K): & = 2.31, 2.32 [p-CHs;, isomers (E) and (Z)],
2.81, 2.82 [NCH,, isomers (E) and (Z)], 2.83, 2.86 [NCH,, isomers
(E) and (Z2)], 7.10—7.50 (m, 9H, aromatic H). — *C NMR (75
MHz, 294 K): § = 21.42 (p-CH3), 35.22 (NCH3), 36.83 (NCHs),
128.10, 128.88, 163.94 (C=N), 169.37 [0O=C-N(CH;),]. — '3C
NMR (228 K): & = 21.50, 21.54 [p-CHa, isomers (E) and (Z)],
35.08, 35.10 [NCHs;, isomers (E) and (Z2)], 36.79, 36.82 [NCH,;,
isomers (E) and (Z)], 127.54, 127.74, 127.98, 128.18, 128.75, 128.94,
129.54, 129.60, 129.85, 131.37, 132.61, 134.43, 135.59, 137.51,
140.32, 142.13, 163.94 and 163.97 [C=N, isomers (£) and (Z)],
169.50 and 169.85 [O=C-N(CH3;),, isomers (E£) and (Z)]. — IR
(KBr): ¥ = 2922, 1650, 1577, 1492, 1445, 1386, 1315, 1296, 1269,
1188, 1136, 1059, 996, 955, 829, 755, 700 cm™'. — MS; m/iz (%):
266 (6) [M*], 235 (1), 222 (100), 207 (1), 194 (6), 189 (5), 179 (5),
165 (2), 152 (1), 133 (1), 119 (2), 105 (1), 91 (8), 86 (7), 77 (7), 72
(12), 65 (5), 51 (3), 44 (2). — Cy7H3N,O (266.2): caled. C 76.69,
H 6.76, N 10.53; found C 76.85, H 6.84, N 10.50. — Mol. mass:
caled. 266.1418; found 266.1414 (HRMS).

2-Dimethylamino-1-dimethylcarbamoyl-4,4-diphenyl-1,3-diaza-
1,3-butadiene (9a): Yield: 1.45 g (45%), m.p. 110—111°C. R 0.06.
— 'H NMR (300 MHz, 294 K): & = 2.31 (s, 3H, NCH3), 2.63 (s,
3H, NCHy), 2.92 [s, 6H, N(CH3),], 7.30—7.50 (m, 10H, aromatic
H). — 3C NMR (75 MHz, 294 K): 8 = 35.23 (NCH,), 36.73
(NCHs;), 37.13 [N(CHj;).], 128.04, 128.28, 129.14, 129.14, 130.04,
130.56, 132.43, 137.22, 159.69 (C=N), 162.51 (C=N), 169.15
[O=C-N(CHj;),]. — IR (KBr): v = 2922, 1638, 1628, 1572, 1491,
1446, 1367, 1318, 1283, 1178, 1141, 1031, 966, 952, 924, 862, 823,
779, 762, 696, 683 cm™!. — MS; m/z (%): 322 (7) [M*], 278 (100),
208 (3), 180 (3), 165 (7), 104 (2), 77 (6), 72 (13). — C;sH»NLO
(322.2): caled. C 70.80, H 6.83, N 17.39; found C 71.03, H 6.90, N
17.35. — Mol. mass: calcd. 322.1792; found 322.1788 (HRMS).

2-Dimethylamino-1-dimethylcarbamoyi-4-( p-methylphenyl )-4-
phenyl-1,3-diaza-1,3-butadiene (9b): Yield: 0.35 g (10%), m.p.
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107—108°C. R; 0.05. — 'H NMR (300 MHz, 294 K): & = 2.38
(broad s, 6H, p-CH,, NCH;), 2.68 (s, 3H, NCH3), 2.96 [s, 6H,
N(CH,),], 7.15-7.50 (m, 9 H, aromatic H). — C NMR (75 MHz,
294 K): § = 21.46 (p-CHa), 35.23 (NCH,), 36.50 (NCH3), 37.14
[N(CHa),}, 127.91, 128.20, 128.73, 128.98, 129.94, 130.32, 159.81
(C=N), 162.57 (C=N); 169.13 [0=C-N(CH;),]. — IR (KBr): ¥ =
2923, 1636, 1508, 1458, 1262, 1179, 1142, 1033, 799, 694 cm™". —
MS; miz (%): 336 (0.5) [M*], 292 (100), 264 (0.5), 222 (4), 181 (5),
165 (4), 152 (1), 119 (1), 91 (3), 77 (2), 72 (15). — CaH2N,O
(336.3): caled. C 71.43, H 7.14, N 16.67; found C 71.60, H 7.24, N
16.70. — Mol. mass: calcd. 336.1948; found 366.2008.

General Procedures for the Synthesis of C-Acylimines (11): a) A
solution of benzil (6.3 g, 0.03 mol) and the amine (0.03 mol) in
diethyl ether was kept over 4-A molecular sieves at 30°C. The
course of the reaction was monitored by TLC. The reaction time
was ca. 72 h. Diethyl ether was removed by evaporation and the
product was isolated by crystallization from n-hexane.

b) A mixture of the benzil (6.3 g, 0.03 mol) and the aniline de-
rivative (0.03 mol) was refluxed in 80 ml of benzene with continu-
ous removal of water by azeotropic distillation. The course of the
reaction was monitored by TLC. After ca. 15 h benzene was separ-
ated in a rotary evaporator and the product was isolated by column
chromatography or by crystallization from n-hexane.

¢) To a 0.5-1 four-necked flask fitted with stirrer, reflux con-
denser, thermometer, and dropping funnel 250 ml of solvent (ben-
zene or diethyl ether), benzil (6.3 g, 0.03 mol) and the aniline de-
rivative (0.03 mol) were added. Then a solution of TiCl; (2.8 g,
0.015 mol) in 20 ml of benzene was added to the reaction mixture
over a 20—60 min period. The temperature was kept between 0 and
10°C during this addition. When the TiCl, addition was complete,
the mixture was stirred at room temp. for 20 h. The reaction mix-
ture was filtered and the solvent was removed. The residual product
was crystallized from hexane or purified by column chromatogra-

phy.

1,2-Diphenyl-2-isopropyliminoethanone (11a): Procedure (a).
Yield: 4.52 g (60%), m.p. 86—87°C (ref.?] 86--88°C). R; = 0.4.

1,2-Diphenyl-2-phenylimino-ethanone (11b): Procedure (b). Yield:
0.85 g (10%). Procedure (c). Yield: 2.57 g (30%), m.p. 98—100°C
(ref.2% 103—-106°C). Ry = 0.8.

2-[ (4-methylphenyl )imino ]-1,2-diphenylethanone  (11c¢):  Pro-
cedure (b). Yield: 3.14 g (35%), m.p. 85—86°C. Ry = 0.78. — 'H
NMR (200 MHz): § = 2.17 (s, 3H, p-CHs), 6.80—7.00 (4H, aro-
matic H), 7.33—8.00 (10H, aromatic H). — 3C NMR (75 MHz):
§ = 20.50 (CHs), 120.33, 127.82, 128.52, 128.60, 128.81, 129.05,
129.65, 131.26, 132.81, 134.01, 134.66, 146.36, 161.21 and 165.61
[C=N, isomer (E) and (2)}, 197.83 (C=0). — MS: mlz (%): 299
(36) [M™], 194 (100), 105 (1), 91 (44), 65 (46). — Ca1H,,NO (299.4);
caled. C 84.28, H 5.68, N 4.68; found C 84.57, H 5.60, N 4.71.

2-[ (4-Chlorphenyl ) imino ]-1,2-diphenylethanone (11d): Procedure
(). Yield: 2.78 g (29%), m.p. 88—90°C. R; 0.70. — 'H NMR (200
MHz): 6 = 6.40—6.90 (4H, aromatic H), 7.00—8.05 (10H, aro-
matic H). — *C NMR (75 MHz): § = 121.31, 121.66, 127.98,
128.22, 128.35, 128.53, 128.83, 129.06, 129.69, 130.20, 130.41,
131.41, 131.85, 132.82, 134.27, 134.39, 134.68, 137.03, 162.10 and
166.81 [C=N, isomer (F) and (Z)], 196.08 (C=0). — MS; m/z (%):
319 (2) [M7], 214 (100), 111 (15), 105 (1), 75 (10), 51 (3). —
CyoH 14CINO (319.8): caled. C 75.23, H 4.39, N 4.39; found C
75.49, H 4.32, N 4.45.

2-[(3-Nitrophenyl jimino J-1,2-diphenylethanone (11e). Procedure
(c). Yield: 2.38 g (24%), m.p. 98—101°C. R;0.77. — 'H NMR (200
MHz): § = 7.15-7.95 (14H, aromatic H). — '*C NMR (75 MHz):
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8 = 115.20, 118.92, 126.09, 128.17, 128.84, 129.32, 129.69, 130.09,
13230, 132.75, 134.05, 134.17, 134.71, 148.06, 150.17, 168.41
(C=N), 195.86 (C=0). — MS: miz (%): 330 (1) [M*], 225 (100),
195 (6), 179 (24), 105 (2), 76 (20), 50 (4). — CaH,aN,0; (330.3):
caled. C 72.72, H 4.24, N 8.48; found C 72.50, H 4.17, N 8.50.

General Procedure for the Synthesis of 1:1 Adducts from Com-
pounds 11 and 2: To a solution of a C-acylimine derivative (11a—e)
(3.3 mmol) in 20 ml of dry benzene, dimethylcyanamide (0.23 g,
3.3 mmol) was added. Then a solution of TiCly (0.67 g, 3.3 mmol)
in 20 ml of dry benzene was added dropwise to the well-stirred
reaction mixture. The mixture was stirred at room temp. for 3 h,
heated at 60°C for 1.5 h, cooled, and the benzene was evaporated.
to the residue, titanium complexes of the products, about 20 ml of
water was added. The mixture was alkalized with 5% NaOH and
extracted several times with chloroform. The products were puri-
fied by preparative TLC and crystallized from petroleum ether
(40-60°C).

1-Dimethylcarbamoyl-2,3,4-triphenyl-1,4-diaza-1,3-butadiene
(15b): Yield: 0.94 g (80%), m.p. 100—101°C. R; 0.40. — '"H NMR
(300 MHz): 6 = 2.41 (3H, s, NCHj), 2.76 (3H, s, NCHj;), 6.90—7.8
(m, 15H, aromatic H). — '*C NMR (75 MHz): 8 = 35.22 (NCH3),
36.27 (NCH;), 119.65, 128.40, 128.46, 128.50, 128.72, 128.80,
129.00, 130.99, 132.18, 135.78, 136.89, 150.05, 162.37 (C=N),
165.66 (C=N), 169.69 [O=C-N(CH3),]. — IR (KBr): v = 1654,
1616, 1576, 1447, 1388, 1263, 1153, 775, 695, 636 cm~'. MS; m/z
(%): (direct inlet system) 355 (12) [M*], 312 (4), 250 (4), 180 (100),
175 (1), 103 (4), 77 (36), 72 (21); (GLC/MS) 355 (100) [M*], 327
(72), 283 (56), 250 (39), 235 (4), 223 (32), 192 (8), 180 (39), 161
(41), 147 (95), 132 (50), 120 (39), 104 (7), 77 (49), 51 (12), 44 (6).
— CyH5 N30 (355.2): caled. C 77.72, H 5.95, N 11.82; found C
77.40, H 6.00, N 11.90. — Mol. mass: calcd. 355.1683; found
355.1686 (HRMS).

1-Dimethylcarbamoyl-4-( p-methylphenyl ) -2, 3-diphenyl-1,4-diaza-
1,3-butadiene (15¢): Yield: 1.04 g (85%), m.p. 54—55°C. R 0.36. —
'H NMR (200 MHz): § = 2.22 (s, 3H, p-CHa,), 2.40 (s, 3H, NCH,),
2.75 (s, 3H, NCH3), 6.80—7.00 (4 H, aromatic H), 7.34—7.83 (10H,
aromatic H). — 3C NMR (75 MHz): § = 20.84 (p-CH,), 35.19
(NCH3), 36.21 (NCHs), 119.72, 128.35, 128.43, 128.71, 128.80,
129.06, 130.84, 132.13, 134.13, 135.75, 137.03, 147.54, 162.43
(C=N), 165.23 (C=N), 169.89 [O=C-N(CHs),]. — IR (KBr): v =
1654, 1622, 1578, 1507, 1447, 1393, 1148, 1023, 690 cm™!. — MS;
m/z (%): (direct inlet system) 369 (13) [M™*], 325 (3), 194 (100), 180
(45), 175 (1), 103 (3), 91 (20), 77 (14), 72 (20), 65 (9); (GLC/MS)
369 (68) [M™], 341 (70), 297 (52), 264 (36), 237 (32), 221 (10), 194
(24), 180 (22), 161 (100), 146 (55), 134 (67), 118 (18), 77 (25). —
C,4H53N;0 (369.4): caled. C 78.02, H 6.27, N 11.37; found C
77.88, H 6.20, N 11.40. — Mol. mass: calcd. 369.1839; found
369.1824 (HRMS).

4-(p-Chlorophenyl)-1-dimethylcarbamoyl-2,3-diphenyl-1,4-diaza-
1,3-butadiene (15d): Yield: 1.05 g (82%), m.p. 115—118°C. R 0.36.
— 'H NMR (200 MHz): 6 = 2.58 (s, 3H, NCHs), 2.74 (s, 3H,
NCH,), 6.91-7.11 (4H, aromatic H), 7.34—7.81 (m, 10H, aro-
matic H). — ®C NMR (75 MHz): § = 35.24 (NCH,), 36.50
(NCH3), 121.17, 127.11, 128.31, 128.50, 128.69, 128.78, 129.86,
131.24, 132.41, 135.33, 136.64, 148.60, 162.27 (C=N), 166.06
(C=N), 169.71 [0=C-N(CHj3),]. — IR (KBr): ¥ = 1654, 1616,
1577, 1490, 1394, 1262, 1152, 1012, 692 cm™!. — MS; m/z (%):
(direct inlet system) 389 (12) [M*], 346 (3), 284 (3), 214 (100), 181
(3), 131 (3), 111 (18), 103 (3), 77 (7), 72 (31); (GLC/MS) 389 (51)
[M*], 361 (67), 317 (25), 312 (30), 284 (22), 257 (18), 214 (10), 181
(100), 166 (78), 154 (44), 118 (4), 77 (20), 44 (4). — C»3H,,CIN;0
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(389.8): caled. C 70.86, H 5.17, N 10.78; found 389.1380. — Mol.
mass: calcd. 389.1294; found 389.1380 (HRMS).

1-Dimethylcarbamoyl-4-(p-nitrophenyl)-2,3-diphenyl-1,4-diaza-
1,3-butadiene (15e): Yield: 1.04 g (79%), m.p. 132—133°C. R;0.33.
— TH NMR (300 MHz): 5 = 2.72 (s, 3H, NCH,), 2.79 (s, 3H,
NCHj;), 7.24-7.90 (m, 14 H, aromatic H). — '3C NMR (75 MHz):
8 = 3546 (NCHa,), 36.80 (NCHs;), 115.13, 119.02, 125.56, 127.38,
128.43, 128.66, 128.90, 129.30, 131.79, 132.77, 134.94, 136.10,
148.24, 151.29, 162.00 (C=N), 167.85 (C=N), 169.40 [O=C-
N(CH;),]. ~ IR (KBr): v = 1654, 1527, 1448, 1348, 1202, 1152,
684 cm~!. ~ MS; m/z (%): (direct inlet system) 400 (10) [M*], 225
(100), 175 (1), 122 (7), 103 (3), 77 (8), 72 (20); (GLC/MS) 400 (44)
{M™], 371 (51), 342 (25), 323 (33), 295 (42), 268 (24), 238 (6), 207
(21), 192 (100), 165 (77), 146 (40), 135 (21), 118 (25), 92 (6), 77
(32), 44 (20). — Cy3H;0N,O; (400.2): caled. C 68.99, H 5.03, N
13.99; found C 68.67, H 4.98, N 14.01. — Mol. mass: calcd.
400.1534; found 400.1580 (HRMS).

2-Dimethylamino-1-isopropyl-4,4-diphenyl-2-imidazolin-5-one
(23): Yield: 0.74 g (70%), m.p. 104—-105°C. R 0.38. — 'H NMR
(300 MHz): 6 = 1.43 [d, 6H, CH(CH;),, J = 6.88 Hz], 2.86 [s,
6H, N(CH.),], 3.98 [sept, 1H, CH(CHs),], 7.23—7.55 (m, 10H,
aromatic H). — 13C NMR (75 MHz): § = 19.46 [CH(CH,),], 40.65
[N(CHa;),], 47.35 [CH(CHj;),], 76.34 (C-sp® of imidazoline ring),
127.20, 127.22, 128.17, 128.80, 129.01, 129.90, 134.89, 141.65,
161.71 (C=N), 182.88 (C=0). — IR (KBr): ¥ = 1720, 1624, 1447,
1381, 1294, 1243, 1057, 702 cm™!. — MS; m/z (%): (direct inlet
system) 321 (40) [M*], 278 (50), 251 (2), 244 (7), 236 (36), 221 (14),
216 (9), 208 (7), 193 (7), 180 (16), 165 (18), 146 (18), 133 (9), 118
(21), 105 (100), 77 (25), 71 (33), 43 (10); (GLC/MS) 321 (100) (M *],
278 (67), 244 (11), 236 (50), 221 (33), 207 (27), 202 (26), 180 (18),
165 (43), 133 (15), 118 (34), 104 (16), 71 (47), 43 (7), 44 (4). —
CoH23N;0 (321.3): caled. C 74.74, H 7.21, N 13.07; found C
74.42, H 7.11, N 13.04. — Mol. mass: caled. 321.1840; found
321.1843 (HRMS).

X-Ray Diffraction Analysis of 23: The data of a crystal of 23
with the approximate dimensions 0.41 X 0.30 X 0.11 A? were ob-
tained with a Nicolet R3m/V four-circle diffractometer (Mo-K,
radiation, graphite monochromator) at 298 K. Cell dimensions
were refined from diffractometer angles of 50 reflections in the 2@
range 10—20°. Cell constants: a = 16.189(4), b = 8.009(2), ¢ =
15.735(3) A, o0 = 90, B = 115.582(10), v = 90°. V = 1840.0(11) A?,
space group Cc (Nr. 9), Z = 4, p.,. = 1.157 g/lem®, absorption
coefficient p = 0.07 mm™!, 2@,,,, = 45°, 2379 unique intensities,
of which 1204 (F, = 40(F,)) were observed, measured in 20:0-
scan technique. The structure was solved by using direct methods
and refined on F by using SHELXTL-Plus (Vers. 4.2). 194 param-
eters, anisotropic displacement parameters for all atoms except hy-
drogen atoms, groupewise isotropic displacement parameters all hy-
drogen atoms, treated as rigid groups. R = 0.0697, R, = 0.0701,
w:l = ¢%(F,) + 0.004 - F2, maximum residual electron density 0.35
¢/A3. Further details of the crystal structure investigations are avail-
able from the Fachinformationszentrum Karlsruhe, D-76344 Egg-
enstein-Leopoldshafen (Germany), on quoting the depository
number CSD-405388.
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