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acid by the method of Roth and Erlenmeyer.® 6-Methyl-
quinoline-2-carboxylic acid!® was prepared by a method similar
to that described by Kaslow and Stayner® for the synthesis of 4-
methylquinoline-2-carboxylic acid. 4-Methoxyquinoline-2-car-
boxylic acid?* was prepared by the methylation of kynurenic acid
with diazomethane. 2-Bromoquinoline-4-carboxylic acid?® and
2-chloroquinoline-4-carboxylic acid?® weré prepared by the action
of phosphorus halides on the 2-hydroxy acid.

pK, Values.—The pK, values were determined by potentio-
metric titration. pH Values were measured between 30 and 709,
neutralization using a Beckman Expandomatic pH meter. The
electrodes were standardized before each determination in
aqueous buffers, and the standardization was checked following
completion of the titration. A correction was applied to the pH
values for the medium effect and the residual liquid-junction
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error. The value for this correction (0.18 pH unit) was obtained
for 44.25%, ethanol by interpolation using values given by Bates$
for other aqueous ethanol solvents. A correction was also made
for hydrogen ion activity. The temperature of the solutions was
maintained at 25.0 4 0.1° by measuring the pH of the solutions in
a jacketed beaker through which was pumped water from a con-
stant-temperature bath. The average of values for six to nine
points in one titration constituted one determination.
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B-Dicarbonyl compounds (RCOCH;COR’) have been found to react with tetrakis(dimethylamino)titanium to
give complexes, enamine amides, enamine esters, ketenamines, and the previously unknown dienediamines and
dienetriamines depending on the nature of the R and R’ groups.

The amination of carbonyl containing organic com-
pounds by B(NR;);, P(NR,)s, As(lNRs)s, and Ti{NRy),
has recently been the subject of several papers.!=® In
the reactions with aldehydes, ketones, and carboxylic
acids, the relative order of reactivity has been found to
be TI(NR2)4 > AS(NRz)a > P(NR2)3 B(NRz)a and
P(NR,); react with g-diketones and p-keto esters
yielding enamino ketones and p-enamino esters or
amides, respectively.® This paper presents the results
of a study of the reactions of the much more reactive
Ti(NR,); with some representative g-diamides, g-
diesters, 8-ketamides, 8-keto esters, and B-diketones.

Results and Discussion

Tetrakis(dimethylamino)titanium reacts with g-di-
carbonyl compounds according to eq 1, 2, and 3, where
the nature of the products obtained depends upon the
substituents R and R’ and the ratio of Ti(NMe,), to
carbonyl compound. Reactions of all other aminating
agents studied with B-dicarbonyl compounds stop at
the enamine (II). However, with Ti{NMe,),, two new
classes of compounds, 1,3-diene-1,3-diamines (III) and
1,3-diene-1,1,3-triamines (III, R’ = NMe,), can be
formed.

N,N,N’,N’-Tetramethylmalonamide and dimethyl
malonate both react with Ti(NMe,), to yield deep red
complexes (I, R = R’ = NMe; and R = R’ = OMe,
respectively). These complexes are analogous to the
dihalo- and dialkoxybis(8-diketonato)titanium com-
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pounds,”~!! and their structure and properties will
presently be the subject of another paper.

Methyl acetoacetate and N,N-dimethylacetoaceta-
mide react with Ti[N(CH,).)s to yield methyl 3-(di-
methylamino)crotonate (II, R = CH; and R’ =
OCH;)* and 3-(dimethylamino)-N,N-dimethylcroton-
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TapLE I
Anal, %
Yield,® Caled ~ - Found: Mol Bp (mm), —~Ir, ec;n=1d—
Compound (no.) % N Ti (o] N Ti wtb °C n¥p Nmre (r) YCa0 7YCaC
75 42,2 6.6 7.0 12,1 42,4 6.8 7.3 12.0 398 + B87-89 (8) 5.39, 6.40, 1643 1614
(CHa)aN___ (mp) 6.61 (bd)d,s
ﬁg— (1:6:6)
HCY, TifN (CHy)2)2
CHINT |,
Bis(dimethylamino)bis(dimethylmalonato)titanium (1)
84 48.0 8.4 18.7 10.7 47.5 8.4 18.7 10.5 458k 119-120 (s) 5.74, 6 30 1574 1539
CH:O__ 101 (mp) (bd). 7
(1:6: 2
HC’ TN (CHiJala
CH30 A
Bis(dimethylamino)bis(N,N,N’,N’-tetramethylmalonamidato)titanium (2)

N(CHa): 50 58,7 8.1 9.8 58.4 9.0 10.0 143 50 (0.15) 1,5250 (s) 5.08 (bd). 1604 1580
CHy—C=CH—CO:CH, 7.70'(1:3:5:6)

Methyl 3-(dimethylamino)crotonate (3)

N(CHaz): 51 61.5 10.2 18.4 61.9 9.9 18.1 158 94 (0.4) 1,5451 (5)75.529,775‘178, 1617 1577
CHy—C=CH—CON(CHj): (1:613:6)
3-{Dimethylamino)-N,N-dimethylerotonamide (4)

N(CHa)z N(CHy): 77 65.6 11.5 22.9 65.1 11.8 22,9 183 43 (0.4) 1.5129 <d)(5)868 6. 0(2) 1620

7; (8
CHy=:C—CH=C—N(CHs): 7.87, 7.41,
N,N,N’,N’N’/,N’’-Hexamethyl-1,1,3-butadienetriamine (5) 7.54
(1:1:1:6:6:86)

N(CHa): 64 74.0 11.8 6.8 74.3 11,3 6.6 211 49 (0.2) 1.4917 (5)84.721,87.9?63, 18456 1544
(CH):C—C=CH—COC(CHy)s {1:6:9:9)
3-(Dimethylamino)-2,2,6,6-tetramethyl-3-hepten-5-one (6)

N{(CHa): 75 35,7 3.0 6.0 35.4 3.1 6.4 235 48 (4) 1.4212 1'H (q) 45. 22, Jrr 1674 1588

= 0.5 cps,
CFy~C==CH—CQOC 7.57, JF% =
2-(Dimethylamino)-1 1,1,5 5,5-hexafluoro-2-penten-4-one (7) 0.8 cps (1:6)
19F (heptet) 66.1
ppm. JFE =
1.0 cps; (8)
77.6ppm (1:1)/
N(CHs): N(CHaj): 70 70,1 11,7 18.2 60.9 11.4 18.2 154 55 (1.2) 1.5108 (8) 5.46 (bd); 1830
6.28 (bd); (m)
CH=C~~CH=C~~CHa) 6.42; (3) 7.40,
N,N,N’'N’-Tetramethyl.1,3-pentadiene-2,4-diamine (8) 7.46; (d) 8.90
(1:1:1:6:6:3)0
N(CHs): N(CHai):2 70 177.8 9.2 13.0 77.4 9.2 13,0 216 82(0.3) 1.5653 (m) 2.36, 3.00; 1815
(m) 4.92, 6.20;
CHr=C==CH=C~—Cs1ils (d) 6.23; (s)
N,N,N’,N’-Tetmmethyl- -phenyl-1,3-butadiene-1,3-diamine (9) 15,4?, 17 163(5 o
(m) 2.38, 3,00;
(d) 4.82; (8,bd)
5.90; (14 6.17;
(8) 7.41,7.47
()¢

¢ No special effort was made to optimize yields.
TMS internal standard except where otherwise stated.
approximately the same chemical shifts.
plicity uncertain. ¢ Position uncertain.

amide (II, R = CH; and R’ = NMe,), respectively.
Reaction of the crotonamide with excess Ti[N(CH;): )
gives N,N,N’,N’,N’/,N’’-hexamethyl-1,1,3-butadiene-
triamine (III, R’ NMe, and R’/ = H). The same
product is obtained from methyl 3-(dimethylamino)-
crotonate, the reaction proceeding stepwise via the
amide.

B-diketones which have no hydrogens on the a-carbon
of the R or R’ groups react with Ti[N(CHjy):]s to give
enamino ketones. For example, dipivaloylmethane
and hexafluoroacetylacetone react to form 3-(dimethyl-
amino)-2,2,6,6-tetramethyl-3-hepten-5-one (II, R
R’ = t-butyl) and 2-(dimethylamino)-1,1,1,5,5,5-hexa-
fluoro-2-penten-4-one (II, R = R’ = CF;), respectively.

However, 8-diketones with hydrogens on the a-carbon
atom of either the R or R’ groups react vigorously with
Ti[N(CHs,):]s to give the previously unknown 1,3-diene-
1,3-diamines in good yield. Acetylacetone and benzoyl-
acetone form N,N,N’,N’-tetramethyl-1,3-pentadiene-

® Molecular weights were determined by mass spectroscopy.

4 PhON solvent.
¢ bd, unusually broad peak.

i T'wo isomers present in 4:1 ratio.

¢ Benzene solvent,

In benzene solution the OMe and NMe; adsorption have
7 CFCl; as external standard. ¢ Neat material. * Multi-
¥ CsDg solvent. * Cryoscopy in benzene.

2,4-diamine? (II, R’ = H and R’ = CH;) and N,N,-
N’,N’-tetramethyl-1-phenyl-1,3-butadiene-1,3-diamine
(III, R = H and R’ = C¢H;), respectively. Similar
reactions were found to take place, on the nmr scale,
with dimedone and l-acetyleyclohexanone.

The physical and analytical properties of the com-
pounds prepared are collected in Table I and are all
consistent with the assigned structures. The vyc_o and
vc=c bands for the complexeswere assigned after Behnke
and Nakamoto.

Addition of Ti[N(CH,):}s to the g-dicarbonyl com-
pounds always gave an intense red coloration indicating
chelate formation which has been proposed as the first
step in this type of reaction.! This color faded rapidly
for the reactions of the titanium amide with methyl

(13) The reaction of tetrakis{dimethylamino)titanium with ferric acetyl
acetonate was also found to give N,N,N’ ,N’-tetramethyl-1,3-pentadiene-2,4-
diamine,

(14) G. T. Behnke and K. Nakamoto, Inorg. Chem., 6, 433 (1067).
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acetoacetate, hexafluoroacetylacetone, and the g-dike-
tones with hydrogen on the a-carbon of the R or R’
groups,’ all of which reacted rapidly at ambient temper-
atures. However, for the other reactions which re-
quired heating under reflux for various lengths of time,
the color persisted until the reaction neared its comple-
tion. Furthermore, for the slowest reaction, dipivaloyl-
methane with Ti[N(CH;);]s, the nmr spectrum showed
a singlet at = 4.0 and two multiplets in the {-butyl
region, as expected for a B-diketone titanium com-
plex,”~!! which slowly decreased in intensity as the
spectra of the product grew. Thus, the decomposition
of the B-dicarbonyl-titanium complex is probably the
rate-determining step of the reaction. The mechanism
proposed is analogous to that outlined elsewhere4 and
will not be discussed further here.

In only one example studied was evidence for the
formation of more than one geometric isomer obtained.
The nmr spectrum of N,N,N’,N’-tetramethyl-1-phenyl-
1,3-butadiene-1,3-diamine, as given in Table I, showed
the presence of two isomers in the ratio 4:1. Certain
of the peaks for the isomers present in low concentration
were partially hidden leading to uncertainties in the
multiplicity of one of the peaks and the chemical shift
of another. The isomers are apparently present in their
thermodynamic equilibrium concentrations since addi-
tion of a trace of acetic acid led to coalescence of the
separate spectra into one set of broadened peaks and
addition of strong base, Ti[N(CHj).]s, regenerated the
original spectra with no change in relative concentra-
tion.

Experimental Section

Synthesis.—All the compounds were synthesized in an atmo-
sphere of dry nitrogen. Analyses for C, H, N, and Ti were per-
formed in the Physical Sciences Center, Central Research De-
partment, Monsanto Co.

Bis(dimethylamino )bis(dimethylmalonato)titanium.—A solu-
tion of tetrakis(dimethylamino)titanium (2.24 g, 0.01 mol) in
20 ml of ether was added slowly, with stirring, to a solution of
dimethyl malonate (2.64 g, 0.02 mol) in 20 m!l of ether. After
removal of the solvent deep red crystals were obtained which were
recrystallized from pentane.

Bis(dimethylamino )bis(N,N,N’,N’-tetramethylmalonami-
dato)titanium.—A solution of tetrakis(dimethylamino)titanium
(2.24 g, 0.01 mol) in 20 ml of ether was slowly added, with
stirring, to a mixture of N,N,N’,N’-tetramethylmalonamide
(3.16 g, 0.02 mol) in 20 ml of ether. After removal of the solvent,
deep red crystals were obtained which were recrystallized from
pentane.

Methyl 3-(Dimethylamino)crotonate.—A solution of tetrakis-
(dimethylamino)titanium (1.12 g, 0.005 mol) in 10 ml of ether
was added dropwise, with vigorous stirring, to a solution of
methyl acetoacetate (1.16 g, 0.01 mol) in 10 ml of ether. On
addition of the titanium compound a deep red coloration was

(15) Although the initial deep red color was rapidly lost after the initial
addition of 8-diketone, the solution slowly darkened as the addition was con-
tinued, presumably owing to the formation of side products conteining
large chromophores.
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obtained which rapidly disappeared on stirring to leave an orange
solution. After the addition was complete, stirring was con-
tinued for 2 hr and the reaction mixture was then left standing
overnight. The titanium dioxide, which slowly separated out,
was filtered off and the solvent was removed. Distillation of the
remaining oil gave the colorless product.
3-(Dimethylamino)-N,N-dimethylcrotonamide.—A solution of
tetrakis(dimethylamino)titanium (1.57 g, 0.007 mol) in 10 ml
of ether was slowly added, with stirring, to a solution of N,N-
dimethylacetoacetamide (1.61 g, 0.0125 mol) in 10 ml of ether
and the resulting deep red solution was heated under reflux for
48 hr. The solvent was then removed and distillation of the
remaining oil gave the pale yellow product. A small amount
(109%,) of N,N,N’,N’,N’/,N’’-hexamethyl-1,1,3-butadienetri-
amine was also isolated as a distillation forerun.
N,N,N/,N’,N’/,N’’-Hexamethyl-1,1,3-butadienetriamine.—A
solution of tetrakis(dimethylamino)titanium (0.9 g, 0.004 mol)
in 10 ml of ether was slowly added to a solution of 3-(dimethyl-
amino)-N,N-dimethylerotonamide (1.17 g, 0.0075 mol) in 10 ml
of ether and the resulting deep red solution was heated under
reflux for 96 hr. The solvent was then removed and distillation
of the residue gave the colorless produet.
3-(Dimethylamino)-2,2,6,6-tetramethyl-3-hepten-5-one.—A
solution of tetrakis(dimethylamino)titanium (1.34 g, 0.006 mol)
in 10 ml of ether was slowly added, with stirring, to a solution of
dipivaloylmethane (1.84 g, 0.01 mol) in 10 ml of ether and the
resulting deep red solution was heated under reflux for 5 days.
The solvent was removed and distillation of the residue gave the
pale yellow product.
2-(Dimethylamino)-1,1,1,5,5,5-hexafluoro-2-penten-4-one.—
A solution of tetrakis(dimethylamino)titanium (1.2 g, 0.0054
mol) in 10 ml of ether was slowly added, with stirring, to a solu-
tion of hexafluoroacetylacetone (2.08 g, 0.01 mol) in 10 ml of
ether and the resulting orange-red solution was left standing
overnight. The white precipitate which formed was filtered off,
the solvent was removed, and the residual oil was distilled to give
the pale yellow product.

N,N,N’,N’-Tetramethyl-1,3-pentadiene-2,4-diamine.—A solu-
tion of tetrakis(dimethylamino)titanium (1.5 g, 0.0067 mol) in
10 ml of ether was slowly added, with stirring, to a solution of
acetylacetone (0.6 g, 0.006 mol) in 10 ml of ether and the result-
ing deep red solution'® was left standing for 12 hr. The precipi-
tate of titanium dioxide, which slowly formed, was filtered off
and the solvent was removed. Distillation of the remaining oil
gave the colorless product.

N,N,N’,N’-Tetramethyl-1-phenyl-1,3-butadiene-1,3-diamine.
—A  solution of tetrakis(dimethylamino)titanium (1.2 g,
0.0053 mol) in 10 ml of ether was slowly added, with stirring, to
a solution of 1-benzoylacetone (0.81 g, 0.005 mol) in 10 ml of
ether and the resulting deep red solution®® was left standing for 12
hr. The precipitate of titanium oxide, which slowly formed, was
filtered off and the solvent was removed. Distillation of the re-
maining oil gave the colorless product.

Infrared Spectra.—A Beckman IR-4 was used and the spectra
of the liquids were obtained using thin films and sodium chloride
windows. The spectra of the complexes were obtained from
Nujol mulls.

Nuclear Magnetic Resonance Spectra.—A Varian A-60
spectrometer was used for the nmr measurements. Chemical
shifts are believed to be accurate to =0.02 ppm and the coupling
constants to #=0.2 e¢ps. The *F magnetic resonance measure-
ments were performed on a Varian A-56/60. Chemical shifts
are believed to be accurate to =0.1 ppm and coupling constants
to 0.2 cps.
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