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A New Method for the Synthesis of a-Substituted
Phenethylamines via Titanium Amide Complexes

Hiroshi Takahashi,* Takeshi Tsubuki, Kimio Higashiyama

Institute of Medicinal Chemistry, Hoshi University, 2-4-41, Ebara,
Shinagawa, Tokyo 142, Japan

Substituted phenethylamines (1-substituted 2-phenylethylamines) 4 are
obtained in high yields by a new, facile reaction of titanium amide
complexes with aldehydes and benzylmagnesium chloride.

The phenethylamine moiety is an extremely important compo-
nent in the structures of medicinal agents, and we have already
reported the synthesis and the analgesic activity of several a-
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substituted phenethylamines.!* Now, we wish to report a new
method for the synthesis of the a-substituted phenethylamines
from the aldehydes and benzylmagnesium chloride using
titanium amide complexes.

Method A
Ti{OC3H7~/)i/E1,0 Li* R2CHO
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b N(C,Hs), 4-CH,CGH,
¢ N(C,Hj), 4-CH;0—-C¢H,
d N(C,Hs), ¢-CgHy,y
e 1-pyrrolidinyl CgH;
f 1-pyrrolidinyl c-CgHy,

The preparation of the titanium amide complexes 2 from lithium
diethylamide or lithium pyrrolidide was accomplished in situ by
treatment with an equimolar amount of the commercially
available titanium tetraisopropoxide. The dialkylamido ligands
of complexes 2 were converted into dialkylaminomethanolato
ligands by reaction with an equimolar amount of the aldehyde to
form complexes 3. The structures of 2 and 3 are proposed on the
basis of the reported chloromagnesium tetrakis(dimethylami-
do)allyltitanate and (diethylaminomethanolato)tris(dimethyl-
amido)allyltitanate.? In the proposed reaction mechanism, the
titanium atom approaches the oxygen atom of the aldehyde, and
then the dialkylamido ligand is transferred to the carbonyl
carbon atom. The complexes 3 were finally converted into the
desired a-substituted phenethylamines 4a~f in 73-93 % yields
by addition of benzylmagnesium chloride and subsequent treat-
ment with water.

Method B
CITIOC;3H7 ~/);3 RZCHO
Et,0 {or THF) 15-25°C
. -20 to -10°C, 15min . ) 3-5h
LiNR) === [RIN-TIOC3H,-/)q]
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4 NR} R?
a N(C,Hjs), CeHs
d N(C,Hs), c-CeHyy
f 1-pyrrolidinyl c-CgHy,
g N(-C3H), CeHs
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Table. a-Substituted Phenethylamines 4a—g Prepared
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'H-NMR (CDCly/TMS)*

MS (CI/200eV)*
mjz (%)

0.9 (t, 6H, J = 7.1, NCH,CH,); 2.46 (q, 2H, J
=171, NCH,CHj);, 264 (q. 2H, J=71,
NCH,CH,);, 290 (dd, 1H, J=9.0, 132,
CHCH,Ph), 326 (dd, 1H, J=54, 132,
388 (dd, 1H, J=54, 90,
NCHCH,); 6.9-7.2 (m, 10H, o)

0.98 (t, 6H, J = 7.1, NCH,CH,); 2.25 (s, 3H,
CH,); 243 (g, 2H, J = 7.1, NCH,CH,); 2.63 (q,
2H, J = 7.1, NCH,CH,); 2.90 (dd, 1H, J = 9.0,
13.4, CHCH,Ph); 3.23 (dd, 1H, J = 5.6, 134,
CHCH,Ph); 387 (dd, 1H, J=56, 90,
NCHCH,); 6.9-7.2 (m, 9H,.)

0.99 (t, 6H, J = 7.1, NCH,CH,); 2.45 (q, 2H, J
=71, NCH,CH,);, 263 (g, 2H, J=11,
NCH,CH,); 2.88 (dd, 1H, J=93, 132,
CHCH,Ph); 323 (dd, 1H, J=51, 132,
CHCH,Ph); 3.71 (s, 3H, OCH,); 3.84 (dd, 1H, J
=5.1,9.3, CHCH,Ph); 6.7-7.2 (m, 9H,.om)
0.92 (t, 6H, J =71, NCH,CH,): 1.1-1.3 (m,
6H); 1.6-1.8 (m, SH); 2.50 (g, 4H, J =11,
NCH,CH,); 2.5-2.8 (m, 3H, NCHCH,Ph); 7.1-

1.7-1.9 (m, 4H); 2.3-2.7 (m, 4H); 2.89 (dd, 1H,
J =112, 13.6, CHCH,Ph); 32-3.5 (m, 2H,
CHCH,Ph); 6.7-7.2 (m, 10H,,,,,)

1.1-12 (m, 6H); 1.6-1.9 (m, 9H); 2.5-2.6 (m,
4H); 2.6-2.9 (m, 3H, NCHCH,Ph); 7.1-7.2 (m,

Prod- Meth- Yield® mp ("C)* Molecular
uct  od (%) (solvent) or Formula® or é, J(Hz)
bp (°C)/Torr  Lit. Data
4a A 92 92-94/0.1 ~6f
B 93
CHCH,Ph);
4b A 90 192-193¢# C,H,sNHCI
(benzene) (303.9)
4 A 91 158-159¢ C,oH,sNOHCI
(benzene) (319.9)
4d A 93 125-1268 CgH,oNHCI
B 73 (benzene) (295.9)
7.2 (m, 5H,,,,)
4e A 75 115-118/0.5 125-127/0.87
4 A 73 195-196¢ C,sH,,NHCI
B 70 (benzene) (293.9)
5 Harom)
4g B 85 96--98/0.1 6.0

0.89 (d, 6H, J = 6.8, CH(CHS),); 1.05 [d, 6H, J
= 6.6, CH(CH,),J; 3.11 (dd, 1H, J = 8.8, 139,
CHCH,Ph); 3.16 (dd, 1H, J=59, 139,
CHCH,Ph); 3.2-3.4 [m, 2H, CH(CH,),]; 4.19
(dd, 1H, J = 5.9, 8.8, CH,CHPh); 7.0-7.3 (m,
10H, 1)

254 (MH*, 65); 162
[C(,HSCH=N+(C2H5)2,
100]

268 (MH™, 54); 176
[CH3C6H4CH =N+(C2H 5)2,
100]

284 (MH", 32); 192
[CH,0C¢H,CH=N"*(C,Hj),,
100]

260 (MH*, 81); 168
[CeHnCH =N +(C2H5)2,
100}

252 (MH*, 100); 160
(CeH;CH=N*C,H,, 78)

258 (MH*, 75); 166
(C4H,,CH=N"C,H,, 100)

282 (MH™, 55); 190
[CeHsCH =N+(C3H7)z-
100]

Yield of isolated product based on 1.

Uncorrected, measured with a Yanagimoto micromelting point
apparatus.

° Satisfactory microanalyses obtained: C +0.25, H +0.16, N +0.05.
Recorded on a JEOL JNM-FX100 spectrometer.

a

The titanium amide complexes 5 were prepared by treating
lithium diethylamide, lithium pyrrolidide, or lithium diisopropyl-
amide with an equimolar amount of chlorotitanium triisoprop-
oxide. The reaction of 5 proceeded smoothly with an equimolar
amount of the aldehyde to give 6. The structures of 5 and 6 are
proposed in analogy with the reported (dialkyl-aminomethanol-
ato)tris(dialkylamido)titanium* and (dimethylaminomethanol-
ato)bis(dialkylamido)methyltitanium. The reactions of 6 with
benzylmagnesium chloride afforded the o-substituted phen-
ethylamines 4a, d, f, g in 70-93 % yields.

The free bases of the new compounds 4b-d and 4f were
converted into the hydrochloride salts by treatment with hydro-
gen chloride methanol solution.

In conclusion, it was found that the synthesis of a-substituted
phenethylamines by means of titanium amide complexes, e.g.,
titanium amide tetraisopropoxide ate-complexes and titanium
amide triisopropoxides, is facile and proceeds in high yields.

a-Substituted Phenethylamines; General Procedure:

Method A (for 4a-f): A solution of titanium tetraisopropoxide
(142 ¢, 5mmol) in dry ether (2.5mL) is added dropwise to a stirring
mixture of LiNR; [prepared by addition at —78°C of BuLi (5 mmol) in
hexane (3.2mL) to a solution of amine (diethylamine or pyrrolidine;

¢ Recorded on a JEOL-D300 spectrometer by using chemical ioniz-
ation (isobutane).

f The bp was not reported.

¢ Hydrochloride salt.

5mmol) in ether (1.75 mL), and stirred at —20°C under a nitrogen
atmosphere for 20 min to give a light colored mixture. Successively, an
aldehyde (benzaldehyde, p-tolylcarbaldehyde, p-methoxyphenylcarb-
aldehyde, or cyclohexanecarbaldehyde; 5 mmol) is added dropwise to
this mixture. After the mixture has stirred at 20°C for 3-4 h, benzyl-
magnesium chloride (5 mmol) in ether (12.5 mL) is added dropwise and
stirring is continued for 1 h at room temperature. Then, the reaction
mixture is treated with a small amount of water (ca. 1 mL), the resulting
white precipitate is filtered, and the filtrate is dried (Na,SO,). Removal
of the solvent in vacuo gives colorless oil, which is subjected to column
chromatography on silica gel (n-hexane/EtOAc, 5: 1, as eluent) to give
4a-f as a colorless oils (see Table).

Method B (for 4a, d, f, g): A solution of chlorotitanium triisopropox-
ide (5 mmol) in ether (or THF; 5 mL) is added dropwise to the stirring
mixture of LiNR, prepared as described above (5 mmol), and stirred at
~20 to —10°C under a nitrogen atmosphere for 15min. An aldehyde
(benzaldehyde or cyclohexanecarbaldehyde; S mmol) is added dropwise
to the mixture, and stirring is continued at 15-20°C for 3~5h. After
the addition of the benzylmagnesium chloride (5mmol) in ether (or
THF; 12.5 mL), the reaction mixture is worked up as described above to
give 4a, d, f, g as colorless oils (see Table).

We thank M. Yuyama, T. Tanaka, and T. Ogata of Hoshi University for
'H-NMR spectra, mass spectra, and elemental analysis.
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