Synthesis of 4-(4-dimethylaminophenyl)-2-methyl-1-pyrroline
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Addition of nitromethane to 4-(4-N,N-dimethylaminophenyl)-3-buten-
-2-one (II) afforded 4-(4-N, N-dimethylaminophenyl)-5-nitro-2-pentanone;
carbonyl group of the latter was protected, the nitro group was reduced with
lithium hydridoaluminate and the resulting amine was cyclized to the re-
quired 4-(4-N,N-dimethylaminophenyl)-2-methyl-1-pyrroline. Addition of
further C-acids to the double bond of compound /7 is also described;
derivatives of cinnamic acid isolated in this process originated by a retro-
gressive Michael addition.

B pe3ynbTaTe npucoeIMHEHNA HUTpOMeTaHa K 4-(4-N,N-numeTHiaMu-
HoeHun)-3-6yren-2-ony (/1) 6b11 momydyeH 4-(4-N,N-gEMeTUNaMHHO-
(eHmnT)-5-HUTPO-2-NIEeHTAaHOH; KapOOHWJIbHAs IpyIIa INocieqHero Obliia
3allMIIEHa, HUTPO-TPYNIIa BOCCTAHOBJIEHA aJIOMOTHIAPHUIOM JIUTHA, H
oOpa3oBaBIIHiiC aMUH IUKJIM3MPOBAJICA C 0Opa3oBaHHEM XKeJIaeMoro 4-
-(4-N, N-mumeTunaMuHOeHI)-2-MeTHI- l-THppoJHHAa. OmnucreiBaeTcs
TaKkxe npucoenuHenue C-KUCJIOT MO OBOMHOM CBSA3H coequHeHus //; mpous-
BOJHbIE KODHYHOM KHCJIOTHI, BBIIEJIEHHbIE B 3TOM Ipoliecce, 06pa3oBauch
B pe3yJibTaTe 06paTHOrO MpHCOoeqUHEeHns mo Muxas.

The steroidal alkaloid veracintine, isolated from the above-ground part of
Veratrum album ssp. Lobelianum [1] was found to be biologically active; its
antileukemic effect is subject to the presence of pyrroline ring [2]. Preparation
of some simple models having the pyrroline ring was stimulated by the need to
study the biological properties in more detail. This paper concerns the synthesis
of 4-(4-N,N-dimethylaminophenyl)-2-methyl-1-pyrroline (/). Synthon for the
synthesis, 4-(4-N,N-dimethylaminophenyl)-3-buten-2-one (II) displayed in its
UV spectrum absorption bands at A =340 nm and 251 nm and at V=
= 1660 cm ™' in the IR spectrum, both indicative of an a,B-unsaturated ketone.
The nitro derivative II1 resulting from nitration of /7 with nitromethane showed
in the UV spectrum only one band at A = 258 nm due to a disrupted conjuga-
tion, whilst the band of the carbonyl group in the IR spectrum was shifted to
V= 1715cm™". The carbonyl group of II1I was protected with ethylene glycol
under formation of the 1,3-dioxolane derivative IV Instead of the carbonyl
group absorption bands at Vv = 1200 cm™' (v{(C—0O—C)) and v = 820 cm ™'
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(v4(C—0—C)) characterizing the dioxolane grouping appeared in its IR spec-
trum; its four equivalent protons were seen in the 'H NM R spectrum as a singlet
at 6 = 3.90 ppm. Mass spectrum of IV had a prominent peak at m/z = 87
(CH;0,). It is generally known that nitro groups linked to an aliphatic residue
are more stable against hydrogenation than those bound to an aromatic system.
Methods suitable for reduction are e.g. the catalytic reductions over palladium
[3], Adams catalyst [4] and Raney nickel [S], reduction with complex hydrides [6],
hydrazine [7], etc. The nitro group of IV was reduced with lithium tetrahydri-
doaluminate in tetrahydrofuran. The resulting aminoketal ¥ was characterized
as the acetamide V1. The carbonyl group of V was freed by decomposition of
the dioxolane ring with dilute hydrochloric acid and intramolecularly cyclized
with the primary amino group to the 4-substituted 2-methyl-1-pyrroline I. This
compound reveals in the UV spectrum a band associated with the benzene ring
at A = 257 nm, and another one in the IR spectrum at ¥ = 1650 cm ™' due to
vibration of the C = N grouping. The peak of the radical ion is the parent peak
of I. Since the methyl group in I is bound te an sp® carbon, the signal of its
protons was downfield shifted in the 'THNMR spectrum to &= 2.08 ppm.
Signals of H-3a, H-3b, H-4, H-5a, H-5b protons form a five-spin system in which
also four-valent interactions among H-3a, H-3b and H-5a, H-5b were manifes-
ted in addition to two- and three-valent ones, this being indicative of closure of
the pyrroline ring. Due to great flexibility of the five-membered pyrroline ring
these values represent the mean values of coupling constants and therefore, the
exact conformation could not be ascribed at this stage.

Some amino alcohols were reported to have an antiarrhythmic effect [8], and
therefore amino alcohol VII was prepared by reduction of the nitroketone /11
with lithium tetrahydridoaluminate. The chalcone I/ was also the starting
material for additions of further C-acids to its double bond. Thus, malonodini-
trile in benzene furnished compounds VIII and IX in the presence of triethyl-
amine and the sole compound 7X when using pyridine. Compounds VIII
(C,sH5sN;) and IX (C,,H,,N;) displayed in their IR spectra absorption bands at
v=2200cm™' (v(C = N)) and molecular radical ion peaks (100% relative
intensity) in their mass spectra. The analysis of '"H and *C NMR spectral data
made it possible to assign the structure of (4E, 3-s-trans)-5-(4'-N,N-dimethylami-
nophenyl)-2-cyano-3-methyl-2,4-pentadienic acid nitrile to compound VIII,
and of 4’-N, N-dimethylamino-2-cyanocinnamic acid nitrile to 7X. Protons H-4
and H-5 of compound VIII resonate at 6 = 7.19 ppm and 7.25 ppm as an AB
quartet with coupling constant J, s = 15.5 Hz, this being in favour of their trans
arrangement. Signals of H-5 are broadened due to a four-valent interaction with
the benzene ring protons, as followed from the two-dimensional correlation
experiment optimized to long-range coupling constants [9]. The spatial interac-
tion between protons of the methylene group attached to C-3 and H’-5 protons,
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but not with H-4 protons could be observed in the two-dimensional NOE
spectrum; this observation backed the 3-s-configuration for VIII. The signal of
the quaternary carbon C-2 in the "CNMR spectrum was shifted towards an
extraordinarily low value (6 = 71.6 ppm) due to cumulative shielding effect of
two nitrile groups and the benzene ring. Signals of the nitrile groups at
6=116.0 ppm and 114.9 ppm in cis and trans position in respect to H-3,
respectively, were distinguished according to the magnitude of the three-valent
coupling constant '"H—"C (J(H-3, CN,,) = 8.1 Hz, J(H-3, CN,,,,,) = 13.7 Hz).
Two compounds were isolated after addition of methyl cyanoacetate to the
chalcone /7 double bond in methanol in the presence of sodium methoxide:
(2E)-4'-N,N-dimethylaminocinnamic acid nitrile (X) and (2E)-4’-N,N-di-
methylamino-2-cyanocinnamic acid (X7). Coupling constant J,; = 16.4 Hz for
compound X evidences the trans arrangement of protons H-2 and H-3. The
selective INEPT method [10] was employed for the unequivocal differentiation
of C-1 and C-1’ signals, where after a selective excitation of the H-3 proton a
nitrile group signal appeared at § = 119.7 ppm. This method was used also for
assignment of signals of carbons C-1’ and CN of acid XI. (2E)-Arrangement of
this compound is backed by the measured coupling constants *J(H-3,CN) =
= 12.5 Hz and *J(H-3, COOH) = 7.0 Hz. Whereas compound VIII is a con-
densation product of the carbonyl group of chalcone /7 with the malonodini-
trile, compound IX could be considered a product of retrogressive Michael
addition [11]. Formation of an adduct X7 is presumed in the first step of this
reaction; under the given reaction conditions X7/ can appear in some mesomeric
forms as e.g. XIII and X1V, which are unstable at higher temperatures and
decompose to form compound /X according to the proposed direction.

The reaction of the chalcone I7 with methyl cyanoacetate in alkaline medium
analogically gave a mixture of geometric isomers of 2-cyanocinnamic acid; its
(2Z) isomer is unstable, and decarboxylates and, therefore, only the nitrile X
and (2E)-acid XTI were isolated from the reaction medium.

Experimental

The melting points were determined on a Kofler micro hot-stage, the UV spectra were
run with Specord UV VIS (Zeiss, Jena), the IR spectra were recorded with a Perkin—
Elmer, model 457 spectrophotometer, the mass spectra were recorded with JMS-100 D
(Jeol) apparatus at 70 eV ionization chamber energy. Signals of '"H and *C NMR spectra
of CDCl, solutions measured with Bruker AM-300 apparatus at 30°C are relative to
tetramethylsilane. The reactions were monitored and the purity: of compounds was
checked on Silufol UV 254 sheets in chloroform—ethyl acetate—heptane (volume ratio
¢ =1:2:2, §,) and chloroform—ethyl acetate—heptane—ammonia (¢ = 15:30:30:1,
S;) and chloroform (S;),
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4-(4-N,N-Dimethylaminophenyl )-5-nitro-2-pentanone (I1I)

Nitromethane (45.2 g; 740 mmol) was added to 4-(4-N, N-dimethylaminophenyl)-3-
-buten-2-one (/1) (10.0 g; 53 mmol) in methanol (100 cm®) containing sodium metal
(0.5 g). The mixture was refluxed for 6 h, methanol was removed and the residue was
crystallized from acetone—water (¢ = 1:1) to yield 6.5 g (49 %) of I1I, m.p. = 108—
109°C, R; = 0.46 (S;). For C;;HjN,O; (M, = 250.3) w;(calc.): 62.40% C, 7.20% H,
11.20% N; w;(found): 63.15% C, 7.46% H, 11.26% N. UV spectrum (methanol),
Amax/nm (log {€}): 258 (4.13). IR spectrum, ¥/cm™': 3000, 2890, 2810, 1715, 1613, 1550,
1526, 1435. '"HNMR spectrum, §/ppm (CDCl;): 7.07 (2H, d, C-2—H + C-6'—H),
Jry=Js ¢ =85Hz, 666 (2H, d, C-3’—H + C-5—H), 4.65 (1H, m, C-5a—H),
Jasa=T10Hz, Js, 5, =12.0Hz, 4.55 (1H, m, C-5b—H), 391 (1H, m, C-4—H),
Jia=Js5a=7T0Hz, J,5,=7.2Hz, 294 (6H, s, N(CH;),), 2.87 (2H, d, C-3—H),
J3.4 = 7.0 Hz, 2.11 (3H, s, C-1—H). Mass spectrum (m/z (I./ %)): 250 (31), 203 (69), 189
(12), 162 (41), 146 (100), 133 (14).
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2-Methyl-2-[ 2-(4-N,N-dimethylaminophenyl )-3-nitropropyl ]-1,3-dioxolane (IV)

p-Toluenesulfonic acid (2.9 g; 17 mmol) and ethylene glycol (2.8 g; 45 mmol) were
added to solution of III (4.0 g; 16 mmol) in chloroform (150 cm?®). The mixture was
refluxed, the water having been simultaneously removed, cooled, the chloroform layer
was washed with a NaHCO, solution, water, dried with sodium sulfate and evaporated.
The residue was crystallized from benzene—heptane (p = 1 10). Yield = 3.4 g (72 %) of
IV, m.p. = 78—81°C, R; = 0.71 (S,). For C;sH»,N,0, (M, = 294.3) w;(calc.): 61.22% C,
7.48% H, 9.53% N; w;(found): 61.95% C, 7.56% H, 9.83% N. UV spectrum (metha-
nol), A.../nm (log {£}): 255 (4.07). IR spectrum (chloroform), ¥/cm™': 3025, 3000, 2880,
1615, 1550, 1520, 1445, 1200, 1170, 950, 820. 'H NMR spectrum, &/ppm (CDCl,): 7.08
(2H, d, C-2"—H + C-6"—H), J- » = J5- ¢ = 8.5 Hz, 6.68 (2H, d, C-3"—H + C-5"—H)),
483 (1H, dd, C-3’'a—H), J» 3, = 6.0 Hz, J3, ;, = 12.0 Hz, 4.47 (1H, dd, C-3'b—H)
Jy. 3 = 9.5 Hz, 3.95 (4H, s, C-4—H + C-5—H), 3.63 (1H, m, C-2’—H), 2.94 (6H, s,
N(CH,),), 2.08 + 2.03 (2H, m, C-'a—H + C-1'b—H) J;, 1, = 14.5 Hz, J,. ;,, = 5.2 Hz,
1.24 (3H, s, CHj;). Mass spectrum (m/z (I,/ %)): 294 (17), 279 (1), 250 (43), 204 (13), 203
(54), 161 (24), 160 (25), 148 (38), 147 (100).

2-Methyl-2-[ 2-(4-N, N-dimethylaminophenyl)-3-aminopropyl -1, 3-dioxolane ( V)

A solution of IV (2.0 g; 7 mmol) in tetrahydrofuran (50 cm®) was added to a suspen-
sion of lithium tetrahydridoaluminate (1.8 g; 47 mmol) in tetrahydrofuran (50 cm®) at
—12°C. The mixture was allowed to get the room temperature and then it was refluxed
for 1 h. The unreacted aluminate was decomposed by addition of water, the mixture was
made alkaline to pH = 9, the separated precipitate was filtered off and heptane (15 cm?)
was added to the filtrate. Concentration of the solution afforded 1.4 g (87 %) of the
brown amorphous substance ¥, which was characterized as the acetate VI prepared by
acetylation in acetic anhydride—pyridine mixture. M.p. = 59—61°C (ethyl acetate). For
Ci7H36N, 05 (M, = 306.4) w; (calc.): 66.64 % C, 8.55% H, 9.14% N; w; (found): 66.77 %
C, 8.48% H, 9.11% N. UV spectrum (methanol), A,,/nm (log {g}): 254 (4.02). IR
spectrum (chloroform), v/em™': 1710, 1670, 1610, 1520, 1445, 1225, 820. 'H NMR
spectrum, &/ppm (CDCly): 7.06 (2H, d, C-2"—H + C-6"—H), J,- 3 = Js ¢ = 8.5 Hz,
6.63 (2H, d, C-3"—H + C-5"—H) 6.09 (1H, s, —NHCO—), 3.91 (4H, s, C-4—H + C-5
—H), 3.70 (1H, m, C-2’—H), 3.10 (2H, m, C-3’—H), 2.93 (6H, s, N(CH,),), 2.03 (2H,
m, C-1'—H), 1.86 (3H, s, CH;CO—), 1.21 (3H, s, CH,). Mass spectrum (m/z (I,/ %)):
306 (6), 247 (100), 206 (6), 147 (4), 144 (13), 87 (83).

4-(4-N,N-Dimethylaminophenyl )-2-methyl-1-pyrroline (I)

Compound ¥ (0.5 g; 2 mmol) was stirred with hydrochloric acid (20 cm?, 3 mol/dm?)
for 15 min. The pH was adjusted to 8.5 by addition of ammonia, the separated precipitate
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was filtered off, the filtrate was taken into chloroform, the solvent was distilled off and
the residue combined with the precipitate was crystallized from heptane. Yield = 0.38 g
(83%) of I, m.p. = 58—60°C, R;=0.22 (S,). For C,;H; N, (M, = 202.3) w;(calc.):
77.19% C, 8.97% H, 13.84% N; w;(found): 77.12% C, 9.04% H, 13.78% N. UV
spectrum (methanol), A,,,,/nm (log {&}): 257 (4.24). IR spectrum (chloroform), ¥/cm™":
3020, 2950, 2800, 1650, 1615, 1520, 1475, 1445. 'HNMR spectrum, &/ppm (CDCl;):
7.04 (2H, d, C-2’—H + C-6—H), J, 3 = Js ¢ = 8.7 Hz, 6.68 (2H, d, C-3—H + C-5’
—H), 4.20 (1H, m, C-5a—H), Js, s, = 15.0 Hz, J5, , = 8.5 Hz, J5, 5, = 3.0 Hz, Js, 3, =
= 1.7 Hz, 3.79 (1H, m, C-5b—H), Js, 4 = 6.3 Hz, J, 3, = 3.9 Hz, Jy, 3, = 1.9 Hz, 3.43
(1H, m, C-4—H), J, 3, =9.5 Hz, J, 3, = 7.0 Hz, 295 (IH, m, C-3a—H), J3, 3, =
= 17.0 Hz, 2.92 (6H, s, N(CH,),), 2.55 (1H, m, C-3b—H), 2.07 (3H, s, CH;). Mass
spectrum (m/z (I,/ %)): 202 (100), 201 (31), 148 (13), 147 (96), 146 (36), 134 (9), 118 (4).

5-Amino-4-(4-N,N-dimethylaminophenyl )-2-pentanol (VII)

The procedure described for preparation of ¥V was applied to synthesize VII as an
amorphous product, m.p. = 54—60°C. For C,;H,,N,O (M, = 222.3) w;(calc.): 70.23 %
C, 997% H, 12.59% N; w;(found): 70.15% C, 9.84% H, 12.45% N. UV spectrum
(methanol), A,.,/nm (log {&}): 257 (4.25). IR spectrum (chloroform), v¥/cm™': 3580,
3510, 3350, 2970, 1610, 1520, 1480. Mass spectrum (m/z (I;/%)): 222 (7), 204 (7), 193
(14), 192 (44), 176 (6), 148 (100).

(4E,3-s-trans)-5-(4'-N,N-Dimethylaminophenyl )-2-cyano-3-methyl-2,4-penta-
dienic acid nitrile (VIII)

A mixture of I (2.51 g; 13 mmol) and malonodinitrile (0.83 g) in benzene (200 cm®)
was left to stand with triethylamine (1 cm®) for 24 h at an ambient temperature and then
refluxed for 1 h. The solvent was evaporated and the residue was chromatographed
through an alumina-packed column, chloroform—ethanol (¢ = 99: 1) being the eluent.
The red-coloured fraction was crystallized from chloroform—heptane (¢ =1:5) to
afford violetred crystals of VIII. M.p. = 220—223°C, R; = 0.88 (S;). For C,sH,sN;
(M, = 237.3) w;(calc.): 75.98% C, 6.37% H, 17.70% N; w; (found): 75.92% C, 6.25%
H, 17.59% N. IR spectrum (chloroform), ¥/cm™': 2980, 2900, 2850, 2205, 1605, 1580,
1505. 'HNMR spectrum (CDCl), &/ppm: 7.50 (2H, d, C-2—H + C-6'—H),
Jy 3 =Js ¢ = 9.0 Hz, 7.25 (d, 1H, C-4—H), J, s = 15.5 Hz, 7.19 (d, 1H, C-5—H), 6.68
(2H, d, C-3—H + C-5—H), 3.08 (6H, s, N(CH,),), 2.42 (3H, s, C-3—CH,). "CNMR
spectrum (CDCl,), §/ppm: 122.0 C-1, 131.0 C-2" + C-6', 111.9 C-3' + C-5',152.6 C-4/,
40.1 N(CH;),, 114.3 C-1*, 78.5 C-2, 168.5 C-3, 118.5 C-4, 145.0 C-5, 17.6 C-3—CH;,
113.5 C-2—CN*. Mass spectrum (m/z (I,/%)): 237 (100), 236 (40), 211 (25), 193 (6).

* May be interchanged.
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4’-N,N-Dimethylamino-2-cyanocinnamic acid nitrile (1X)

The yellow fraction coming from the column when preparing V111 was worked up and
crystallized from benzene to give 1.2 g of 1X, m.p. = 180—182°C, R; = 0.82 (S3). For
C,H| N3 (M, = 197.2) w;(calc.): 73.08% C, 5.62% H, 21.30% N; w;(found): 72.96 %
C, 5.49% H, 21.26% N. IR spectrum (chloroform), v/cm™': 2980, 2900, 2850, 2200,
1610, 1560, 1515, 1350, 1290, 945. 'H NMR spectrum (CDCl,), §/ppm: 7.81 (2H, d, C-2’
—H + C-6/—H), J» ; =Js ¢ =9.1 Hz, 7.47 (1H, s, C-3—H), 6.69 (2H, d, C-3'—
H + C-5—H), 3.14 (6H, s, N(CH,),). *CNMR spectrum (CDCl,), §/ppm: 119.2 C-1’,
133.8 C-2’' + C-6', 111.6 C-3' + C-5, 154.2 C-4’, 40.1 N(CHj;),, 116.0 C-1, 71.6 C-2,
158.0 C-3, 114.9 C-2—CN. Mass spectrum (m/z (I./ %)): 196 (100), 181 (8), 153 (8), 114
).

Reaction of methyl cyanoacetate with 4-(4-N,N-dimethylaminophenyl)-
-3-buten-2-one

Compound /7 (5.0 g; 26 mmol), methyl cyanoacetate (2.8 g; 28 mmol), and sodium
methoxide (0.63 g Na; 27 mmol) in methanol (150 cm®) were reacted at room tem-
perature for 48 h and then refluxed for 4 h. The solvent was distilled off under reduced
pressure, the residue was suspended in water and the insoluble product was filtered off
and crystallized from benzene. Yield = 0.52 g of X, m.p. = 182—184°C, R; = 0.85 (S3).
For C,\H|;N, (M, = 172.22) w;(calc:): 76.72% C, 7.02% H, 16.26% N; w;(found):
76.64% C, 6.95% H, 16.27% N. IR spectrum (chloroform), ¥/cm™": 3040, 2900, 2880,
2200, 1590, 1520, 1480. 'HNMR spectrum (CDCl;), §/ppm: 7.32 (2H, d, C-2—H +
+ C-6'—H), J, » = Js ¢ = 9.2 Hz, 7.27 (1H, d, C-3—H), J, ; = 16.7 Hz, 6.65 (2H, d,
C-3—H + C-5—H), 5.57 (1H, d, C-2—H), 3.03 (6H, s, N(CH,),). *CNMR spectrum
(CDCl,), é/ppm: 121.5 C-1, 129.0 C-2" + C-6", 111.7 C-3' + C-5, 152.5 C-4’, 40.1
N(CH,),, 119.7 C-1, 89.5 C-2, 150.5 C-3. The pH of the filtrate after separation of X was
adjusted to 6.5 by addition of acetic acid, the separated orange-coloured compound was
filtered off and crystallized from ethanol. Yield =2.2 g of XI, m.p. = 242—244°C,
R¢ = 0.05 (S3). For C,H,,N,0, (M, = 216.2) w; (calc.): 66.67% C, 6.59% H, 12.95% N;
w; (found): 66.53% C, 6.47% H, 12.87% N. IR spectrum (KBr), v/cm™": 3280, 2970,
2910, 2820, 2200, 1600, 1580, 1525, 1470, 1440, 1375, 1340. '"H NMR spectrum (CDCl,),
é/ppm: 8.11 (1H, s, C-3—H), 7.98 2H, d, C-2—H + C-6'—H), J» 3 = J5 ¢« = 9.1 Hz,
6.71 (2H, d, C-3’—H + C-5—H), 3.14 (6H, s, N(CH;),). "CNMR spectrum (CDCl,),
é/ppm: 120.1 C-1’, 111.5 C-2" + C-6’, 131.3 C-3' + C-5/, 151.7 C-4’, 164.3 C-1, 105.4
C-2, 147.9 C-3, 120.2 C-2—CN. Mass spectrum (m/z (I, %)): 216 (100), 215 (71), 172
(68), 171 (85), 156 (10), 128 (9).
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