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The Chemistry of N-Substituted Benzotriazoles; Part 11.! The
Preparation of Tertiary Amines Containing Tertiary-Alkyl
Groups from Ketones, Secondary Amines, and Organometallic
Reagents

Alan R. Katritzky,* Zbigniew Najzarek,? Zofia Dega-Szafran®

Department of Chemistry, University of Florida. Gainesville, FL
32611, USA

The preparation of important pharmaceutically active highly branched
tertiary amines by the reaction of Grignard reagents with adducts of
cyclic ketones, benzotriazole (o1 pyrazole) and secondary amines is far
superior to previously available routes.

In continuation of our studies on the synthetic uses of N-
substituted benzotriazoles, we report here some transfor-
mations of the reaction products of benzotriazole, and of
pyrazole with cyclic ketones and heterocyclic amines. We have
previously shown that benzotriazole reacts with a variety of
aldechydes plus a primary or secondary amine, to form the
mono- and bis-N-[1-(1-benzotriazolyl)alkyl] derivatives of the
amines.*> However, the carbonyl groups of ketones were
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generally much less studied in these condensations with benzo-
triazole and primary amines in contrast to aldehydes.®

Now we report that an azole [benzotriazole (1) or pyrazole (5)].
a cyclic ketone 2, [cyclopentanone (2a), cyclohexanone (2b), or
cycloheptanone (2¢)], and an amine 3 [pyrrolidine (3a), piperi-
dine (3b), morpholine (3¢), or benzylamine (3d)] do react under
suitable conditions to produce the corresponding 1-amino-1-(1-
benzotriazolyl)cycloalkanes 4 or 1-amino-1-(1-pyrazolyl)cyclo-
alkanes 6, frequently in good yields (Scheme A).

Adducts 4a-e were obtained from cyclopentanone and cyclo-
hexanone in 50-88 % yield, but adduct 4f was isolated from
cycloheptanone in lower yield (35 %): cyclooctanone and mor-
pholine gave the enamine as the major product. The adducts 6
from pyrazole were obtained in slightly lower yields (5068 %)
(Table 1). All these adducts were very sensitive to water, and
they decompose to the keto-enamine and benzotriazole parti-
cularly readily in acidic or in alkaline media. Hence, their
purification is difficult, and completely good analyses could not
always be obtained. However they were stable in the crystalline
state at 10°C for several weeks.
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The 'H-NMR spectra of the 1-amino-i-(benzotriazolyl)
cycloalkanes 4 show two multiplets in the aromatic region (Table
1). These signals remain relatively unchanged as the ketone and
amine were varied. The benzotriazole proton chemical shifts of
the adducts differ slightly from those of unsubstituted benzo-
triazole (1).” The spectra in the aliphatic region are more
complicated: the four protons attached to the carbons « to the
nitrogen atom are observed at the lowest field, the others are
overlapped by the eycloalkane ring proton signals. Some broad-
ening of signals is observed, indicative of the exchange process
postulated below.

The '3C-NMR spectra (Table 2) of the Mannich bases 4 each
show just three aromatic carbon signals for the benzotriazole
ring. ® The quatemary carbons, approximately in the & = 85
region, are in some cases difficult to observe. Signals for the
morpholine, pyrrolidine, piperidine, and cycloalkyl rings are in
the expected regions.

The three signal pattern in the aromatic '3C-region for these
benzotriazoles suggest either (i) that they exist solely in the 1-
benzotriazolyl form 4 A, or (ii) that the tautomeric equilibria
4A 2 4B are rapid on the NMR time scale. To settle this
ambiguity, the }>*C-NMR spectrum of the morpholine adduct 8¢
was measured at low temperature (— 30°C). In the aromatic

Table 1. Compounds 4a-f and 6a, b Prepared
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region six additional new signals then appeared at 6 = 113.6,
115.5, 120.3, 124.0, 126.0, and 128.0. This shows that the
equilibrium between the 1- and 2-substituted benzotriazoles 4 is
fast on the NMR time scale at room temperature, and also that
this equilibrium favors the 2-substituted product 4B, as could be
expected on steric grounds. B

The mass spectra of adducts 4a, 4¢, 4d, 4e, and 6a show that the
initial fragmentation from the molecular ion is loss of the
benzotriazole or pyrazole moieties (M* —119), (M* —68),
respectively. The molecular ion (M ™) was not observed. -

These new 1:1:1 Mannich type adducts 4 and 6 showad the
expected reactivity towards nucleophiles. Thus, reactions of 4
and 6 with sodium borohydride or with Gngna.rd reagents gave
cycloalkylamines 7 and (1-substituted cycloalkyl)amines 8 and
9, respectively, in good yields (Scheme B) (Table 3). The reaction
of the benzotriazole and pyrazole adducts 4 and§, respectively,
with Grignard reagents providesan easy route to physiologically
active compounds of types 8 and 9, respectively. However, when
the adducts 4b and 4e are tmated with Grignard reageats,
enamines are obtained as the major products. 1-(1-Phenyl-
cyclohexyl)piperidine (8b) is the well known used and abused
drug, phencyclidine (PCP).® A series of structural analogues
have displayed similar biological activity.!~ 1% ;

Product Yield mp (°C)* Appearance Molecular !H-NMR (CDCl,;/TMS)
(%) Formula® é, J(Hz)

4a 85 132-134 prisms C;sH,,NO 1.43-1.85 (m, 6H); 2.57 (m, 8H); 3.65 (t, 4H); 7.35 (m,
(286.4) 2H,0); 7.89 (g, 2H,,,)

4b 66 115-117 plates C,;sH,30N,O 1.73 (br s, 4H); 2.63 (t, 4H); 2.78 (br s, 4H); 3.68 (t, 4H);
(272.3) 7.40 (q, 2H,100)

4c 88 T1-74 microcrystals Cy6H,2N, 1.59 (br s, 10H); 2.58 (br s, 4H); 285 (s, 4H); 7.34 (m,
(270.4) 2H,00); 7.90 (m, 2H,,)

4d 50 108-112 microcrystals ~ Cy;H, N, 1.25-1.77 (m, 12H); 248 (t, 4H); 2.57 (t, 4H); 7.34 (m,
(284.4) 2H,,0m); 791 (m, 2H,,..)

4e 85 73-75 needles C,oH,,N, 1.47-1.59 (br m, 6H); 247 (t, 4H, J= 000); 3.81 (br s,
(306.4) CH,); 7.24 (5, 5H,om); 7.35 (m, 2H.,.) 7.85 (m, 2H,,,0)

af 35 41-43 needles CiH,; N O 1:43-1.66 (m, 8 H); 2.58-2.64 (m, 8H); 3.65(t, 4H); 7.41 (q,
(300.4) 2H,..); 791 (g, 2

6a 68 17-75 prisms C,3H,;;N;0 1.45 (m, 4H); 1.70 (m, 2H); 2.22 (m, 4H); 2.40 (t, 4H):
(235.3) 3.60 (t, 4H); 6.25 (m, 1 H,,o); 7.50 (m, 2H,..)

6b 50 47-53 plates C;;H 4N;0 1.82 (m, 4H); 2.51 (t, 4H); 2.82 (m, 4H); 3.60 (m, 4H);
(221.3) 6.26 (m, 1 H,,,); 7.55 (m, 2 H,,.)

* All products are recrystallized from petroleum ether. Compound 4a can also be recrystallized from cyclohexane and 4d from benzene/THF

2:1).
® Satisfactory microanalyses obtained: C +0.27, H +0.27, N +0.27.

Table 2. 3C-NMR Chemical Shifts (3) of Compounds 4a-d and 6a, b (CDCl,/TMS)

Product Aromatic ring Amine ring Cycloalkyl ring

Cla7a C56 C4,7 C. c, c, cr c2 cr o4
4a 1429 125.9 118.1 61.3 454 - 84.9 33.5 25 25.0
4b 140.7 1257 116.7 67.6 482 - 98.2 360 23 =
4 1421 1250 11700 453 25.0 - 35.5 25 240
4 1422 1249 117.0 455 %3 2%.7 z;mL 342 225 237
de 139.6 125.5 1166 48.6 (CH,) Z 46.1 35.5 252 . 241
i 1283 126.8 1279

140.5 125.5 113 67.3 46.3 - 493 357 2.6 23
6a 1269°  104.2° - 67.4 452 - 782 333 21 -
6b 1375 1272° - 66.6 455 §9.3 354 215 -
* C3f5.

b C4.
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Scheme B

The (1-substituted cycloalkyl)amines prepared have the ex-
pected spectral features. The 'H-NMR spectra (Table 3) show
cycloalkyl and aromatic protons in the usual regions.!* The
3C-NMR spectra possess the correct number of carbon re-
sonances (Table 4), and are in general agreement with previ-
ously reported data for similar compounds.!6~1°

Cycloalkylamines 7 have been previously satisfactorily obtained
by the reduction of enamines using, e.g. formic acid or
Na,[ZnCl,(BH;CN),] with yields of 73-85%.2°~22

Table 3. 1-Substituted cycloalkylamines Prepared
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Previous routes to (1-substituted cycloalkyl)amines 8 and 9 are
less satisfactory.!! Ketones reacted with amines to give enamines
(80-90% yields for cyclic ketone),2® which were treated with
potassium cyanide (or alternatively either acetone cyanohydrin
or diethyl phosphorocyanidate) to give 1-amino-1-cyano-
cycloalkanes 10 (48-92 %).* 12425 In the third step, 1-amino-1-
cyanocycloalkanes 10 were reacted with Grignard reagents. to
afford the desired products 8 (22-63 %).'° The overall yield in
this 3-step method (Scheme B) usually does not exceed 35%. In
solution the carbonitrile intermediates 10 degraded rapidly with
loss of hydrogen cyanide.?®2” Moreover, Wall and Clark?®
showed by liquid chromatography that PCP-type compounds
prepared in this way are often contaminated by toxic unreacted
nitrile. Other methods afford low (or unstated) yields; thus
Bailey et al.!* obtained analogues of phencyclidine from the
corresponding cyclohexanone enamines via the p-toluenesulfo-
nic acid salts and the appropriate aryl Grignard reagent: no
yields were quoted.

Prod- Starting Materials Yield mp (°C)*  Appear-
uct (%) ance
Adduct Reagent

Molecular
Formula®
or Lit. mp (°C)

'H-NMR (CDCl,/TMS)
é, J(Hz)

Ta 4a NaBH, 82  256-258° micro- 257-25813 0.75-2.18 (br m, 11H); 2.55 (m, 4H); 3.78 (m, 4H)*
crystals
8a 4c PhMgBr 13 221-223°  micro- 221-222¢14 1.20-1.93 (m, 14H); 2.41 (q, 4H); 7.34 (m, 5H,,om)
crystals ]
8b 4d PhMgBr 73 44-45 plates 44-4511 1.24-1.56 (m, 10H); 1.69 (m, 2H); 1.98-2.09 (m, 4H);
225 (t, 4H); 7.28 (m, 5H,eom)
8c 4a PhMgBr 74 63-64 needles - 1.22-2.15 (m, 10H); 2.37 (t, 4H); 3.63 (t, 4H); 7.31 (m,
SHyom)
181-182°  micro- 188-1891¢ -
crystals
6a PhMgBr 62 63-64  needles
84 da 4-CH,C;H MgBr 85 54-56 needles  C,;H,NO 1.28-2.13 (m, 10H); 2.29-2.33 (m, 7H); 3.62 (t, 4H);
(259.4) 7.16 (m, 4 H, o)
6a 4-CH,CsH,MgBr 71 53-56 needles
8e 4a 4-CICcHMgBr 86 65-67 micro- C,sH,,CINO 1.21-2.11 (m, 10H); 2.29 (t, 4H); 3.61 (t, 4H); 7.29 (d,
crystals  (279.8) 2H,,0m); 732 (d, 2H,r0m)
6a 4-CICgHMgBr 68 63-67 Toicro-
crystals
8f 4f PhMgBr 13 42-44 needles  C,,H,sNO 1.37-1.76 (m, 8H); 2.03 (m, 4H); 2.42 (t, 4H); 3.57 (¢,
(259.4) 4H); 7.35 (m, 5H,rom)
% 4a PhCH,MgCl 72 77-78 plates 7713 0.78-1.80 (m, 10H); 2.46-2.68 (m, 6H); 3.70 (t, 4H);
7.72 (s, SHyrom)
6a PhCH,MgCl 65

* Solvents used for recrystallization: Petroleum ether for 8b-8f, 9a; EtOH/ether (1:1) for 7a - HCI, 8a - HCI; i-PrOH for 8¢~ HCL

b Satisfactory microanalyses obtained: C £0.20, H £0.07, N £0.25.
¢ Meiting point of hydrochloride salt.
4 Recorded as hydrochloride salt in DMSO-dg/TMS.

Table 4. 1*C-NMR Chemical Shifts (8) of 1-Substituted cycloalkylamines (CDCl;/TMS)

Product  Aromatic ring Amine ring Cycloalkyl ring

C-1" Cc2" c3” Cc4” C, Cs C, C-1 Cc-2 C-3' C4
Ta* - - - - 48.1 63.5 - 64.5 259 245 24.8
8a 138.1 1279 128.2 126.0 44.6 22.8 - 60.0 34.8 2.5 26.3
8b 139.8 127.3 127.3 1259 46.4 27.0 249 61.0 335 224 26.3
8¢c 139.2 127.6 1283 126.3 458 67.8 - 60.6 328 222 26.3
8d° 136.8 127.9 128.9 136.3 46.5 68.4 - 61.1 335 229 26.9
8e 138.1 128.7 127.7 1321 45.7 67.7 - 60.4 32.7 221 26.1
8f 1474 1273 127.6 125.9 46.9 68.0 - 23(5) :3;;1; ;(())2 %1;%

139.2 127.7 130.7 125.6 68.1 4.5 - X . . .
* 39.4 (CH,)

» Recorded as hydrochloride salt in DMSO-dg/TMS.

b Signal for CHj appears at § = 21.5.
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All melting points are uncorrected and were taken in open glass
capillary tubes with a Thomas-Hoover melting point apparatus. 'H-
NMR spectra were obtained at 200 MHz on a Varian XL-200 NMR
spectrometer with TMS as internal standard. *C-NMR spectra were
obtained at SOMHz on a Varian XL-200 spectrometer, referenced to
solvent CDCl; (0 = 77.0). Mass spectra were obtained on an AEI-Ms
30 mass spectrometer. Microanalyses were performed on a Carlo Erba
1106 elemental analyzer.

Commercially available amines and ketones were purified. Solvents were
dried by standard methods.

1-Amino-1-(1-benzotriazolyl)cycloalkanes 4 and 1-Amino-1-(1-pyrazo-
Iyl)cycloalkanes 6; General Procedure:

Benzotriazole (1; 5.96 g, 0.05 mol) or pyrazole (5; 3.4 g, 0.05 mol), the
cyclic ketone 2 (0.05 mol), and the amine 3 (0.05 mol) are heated under
reflux in dry benzene (10 mL) for 2 h, with azeotropic removal of water
using a Dean-Stark apparatus. The solvent is then evaporated under
reduced pressure. The residue solidifies and is used in the reaction with
Grignard reagents or NaBH, without further purification. Analytical
samples of Mannich adducts 4 and 6 are prepared by recrystallization
of the crude products from the solvents given in Table 1.

Reaction of Adduets with NaBH,: N-Cyclohexylmorpholine Hydro-
chloride (7a); Typical Procedure:
1-(1-Benzotriazolyl)-1-(4-morpholino)cyclohexane (4a; 1.43 g, 5 mmol)
and NaBH, (0.30 g, 5 mmol) and dry THF (20 mL) are heated under
reflux with stirring for 3 h. The reaction is monitored by TLC on silica
gel (acetone/EtOAc, 1:1; R, 0.42). The solvent is evaporated under
reduced pressure, and the residue is poured into ice-water (75 mL) and
extracted with benzene (100 mL). The organic layer is washed with
water (2x30mL) and dried (MgSO,). The solvent is evaporated (to
20mL), and the solution is then saturated with dry HCI to give 7a;
yield: 0.84 g (82%) (Table 3).

Reaction of Adducts 4 and 6 with Grignard Reagents; General Procedure:
To an aryl- or aralkylmagnesium halide (0.02 mol) in ether or. THF
(10 mL), is added the adduct 4 (0.015 mol) in dry benzene (40 mL) or in
a mixture of dry benzene (8 mL) and dioxane (12 mL). The mixture is
stirred at 20°C for 2-6h under argon [the reaction is monitored by
TLC onsilica gel (acetone/EtOAc, 1: 1], then 10 % aq. HCl is added till
pH = 1, and the mixture is evaporated to dryness at 50°C. The residue
is dissolved in water (10 mL), and 10% NaOH solution is added till
pH = 10, and the solution is extracted with benzene (3 x 20 mL). The
orgam'c layer is collected, and dried (MgSO,). The solvent is evaporated
to give the (I-phenylcycloalkyl)amines 8 or the (1 -benzylcyclo-
alkyl)amines 9, which are recrystallized from the solvents given in
Table 3.

Hydrochloride salts are obtained by precipitation from the ethereal
solution with HC] gas.
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