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PO-Activated Olefination and Conversion of Aldehydes and Ketones to Higher Amines; II.

Synthesis of Arylethylamines

A. Heymes,* 1. Chekroun'

Chemical Research Department, Sanofi (Sapchim), Route de Gap, F-04200 Sisteron, France

The transformation of arylcarboxaldehydes andjor ~ ketones 2 by three
different routes into arylethylamines 3 and/or 4 is reported. According
to the first route, the intermediate iminophosphonates 9 react through a
classical PO-activated olefination. The second and the third involve the
rearrangement of the iminophosphonates 9 into the vinylphosphor-
amidates 12.

In the first part of this series,? we reported the rearrangement A
- B under basic conditions, for which we suggested possible
mechanisms.
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We were able to determine the scope of this transformation.
notably by demonstrating that it is favoured by higher tempera-
ture, that it does not occur if the substituent R is other than
hydrogen and, with regard to substituents X and Y studied
(alkoxy and phenyl), that the presence of at least one alkoxy
group appears essential.

In the present paper, we report the use of aminomethyl phospho-
nates 1 in the PO-activated olefination, enabling conversion of
aldehydes and/or ketones 2 to higher amines 3 and,or 4, by two
different routes, in a limited number of steps and in satisfactory
overall yields.
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If is noteworthy that the literature? relating to this transform-
ation emphasizes the lack of satisfactory alternatives to the
classical two-step procedure involving condensation of the
carbonyl derivative with nitromethane and subsequent
reduction.
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Moreover, the latter suffer from incompatibility in the presence
of numerous functional groups as a result of frequent usc of
vigorous reagents such as lithium aluminium hydride.

The reactions carried out with 1 and carbonyl compounds are
illustrated in Schemes A--C. According to Method A. (Schema
A}, conversion of 2 to 3 is effected without rearrangement of the
intermediate 2-aza-allyl anion 7. Compound 1, when reacted at
ambient temperature with aromatic aldehydes §in a solvent such
as toluene, quantitatively afforded imines 6 (Table 1). Anion 7,
generated from 6, either at ambient temperature under phase
transfer catalysis conditions, or at low temperature by means of
a base, such as n-butyllithium, did not rearrange and yielded 2-
aza-1.3-diene 8 (Table 2) after addition of carbonyl compound 2
to the reaction mixture under the same conditions. Sodium
borohydride reduction of 8 in ethanol! finally provided 3 in
satisfactory overall yield (Table 3).
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SYNTHESIS
According to Method B, see (Scheme B), conversion of alde- 0 0 o HOH 2 X 0
hydes2(R! = H)toamines 3(R! = R? = H)wascarriedoutby P, nn, * : -"27;0})—‘3— N N Afl
intermediary rearrangement of 2-aza-allyl anion 10 to vinyl- Y’ \]/ ) AT R - y, v
phosphoramidate anion 11. R®
1{R*=H) 2 (RIH) 9a-j
X 0
N7 0 toluene,rt. X //o
”P NH; " Arz/LL‘H — ;P N Ar X X 0 1
7
" E " o A = B
R -BH Y/ \/‘_l\:l“\/Ar lY/ \N'/:_\:-.‘AHJ
la-e ba-e 6a-f
10 11
X 0 (H)\ R!
8- N7 AR e A N a2 | GO R NaBHa/ CHsO Ry
T AINONSA| T 1T e eS| , ; 2 =500 a
BH Y \f)‘-\\/ ) ‘\P//C AT ) > X P Ar' J\rN\\/ e Ar’/\’N\/ Al
R¢ v/ \0, R - ; /P\O‘ RQ R2
7 - ;
8a-t 8 (R'=R%=H; 3ad.eg (R=RH)
R! .
NaBHg/C2HsOH, 1t~ 50°C P m A2 Scheme B (Metbod B)
-3, A T
RZ
0] X
B = base X h P//O + ifii(_jﬁf_, X \F‘/’ . 1
3a-f Y/ YNHZ Art R “HL0 v/ o N AAr
Scheme A (Method A) R?
o 1(R&H! 2(R'=H) 9
I R? X Y
. X 0
a H C,H0 C,H0 B N S 4 ‘
b CoHs C,H;0 C,H;0 B Ny v WA
c H i-C,H.0 i-C4H,0
d H -C3H,0 C H 1
e H C,Hs C,H; 10 !
o N ) NaBH, /CHe0H
Hy OF X\ 4 ma*ugozc X \p// ar!
- - r
2 A R’ 2 A R! YN Y/ \NN
a  2-thieny H e  S-bromo-2-thienyl  H . . 13a-j
. . . a-
b 2-thienyl CHj, f  anaphthyl H 12a-] !
¢ GCeH, H g 4-pyridyl H
d  4-CH,0C(H, H h  2-furyl H 0", 80- 85°C /\/Ar‘
0o HeN
4a-h
3,8 Af! R! Ar? R2 Scheme C (Mettod C)
a 2-thienyl H 2-CIC¢H, H .
b 2-thienyl CH,4 2-CICH, H 12,13 Ar X Y
c 2-thienyl H 2-CIC,H, CeH. : — - -
d 2-thienyl H 2-thienyl H a 2-thienyl G,H0 C;Hs0
e 2-thienyl H 2-furyl H b (:GHE (.,2}{50 CszO
f 2-thienyl H 4-pyridyl H ¢ CeH: ) i-C3H, -C5H,
g 2-thienyl H 2-0,N,H, H d 5-bromo-2-thienyl C,HO C,H;0
- € o-naphthyl C,H0 C,H0
f 4-CH,OCH, C,H,0 C,H0
— - g 4-pyridyl C,H50 C ZHS(_)
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c 2-furyl

In the above manner, aldehyde 2 (R' = H) and compound 1
(R? = H) afforded imine 9 (Table 1). The latter was sub-
sequently reacted, at ambient temperature, in e.g. tetrahydro-
furan, with a base e.g. n-butyllithium, sodium hydride or
potassium s-butoxide. Anion 10 thus generated was converted
as it was formed into anion 11 to which aldehyde 5 was in turn

added to yield 2-aza-1,3-diene 8 (R' = R? == H). Upon reduc-
tion as before, the latter afforded amine 3 (R' =R* = H),
again in satisfactory overall yield (Table 3).

Finally, the third route (Method C, Scheme C) provides a more
direct means of converting an aromatic aldehyde 2 (R! = H)
into a primary arylethylamine 4, thereby avoiding the need to
hydrogenolyse the N-substituted amine 3 (R' = R2 = H).
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Table 1. "H-NMR Data of Compounds 6a-f and 9a-~j
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Product(s) Ar?/Ar’ R? "TH-NMR (CDCl,/TMS)

No. X Y d (ppm)

6a/9a C,H,0 C,H,0 2-CIC¢H, H 1.35 :’_ll,)()H); 4.2 (m, 6H): 7.1-7.8 (m, 3H); 8.0 (m, 1H): 8.7

’ @, 1

6b/9b C,H;0 C,H;0 2-thenyl H 1.35 (t, 6H); 3.9-4.45 (m, 6H); 7.0-7.8 (m, 3H): 8.5 (d,
1H)*

6¢ C,H0 C,H;0 2-CIC H, Collg 1.2 (t, 6H); 3.9 (m, 4H); 4.8 (d, 1H): 7.0- 7.8 (m, 3H); 8.1

’ (m, 1H); 8.85 (d, 1H)

6d/9¢ C,H0 C,H 0 2-furyl H 1.3 (t, 6H); 4.0 (m, 6 H); 7.0-7.5 (m, 3H); 8.3 (d. 1H

6e i-C3H,0 CeH; 4-pyridyl H 1.4 (dd, 6H); 4.15 (d, 2H); 4.7 (m, {H): 7.0-7.8 (m, 7H);
8.25 (d. 1H); 8.55 (d, 2H)

6f i-C3H,0 CeHs 2-NO,C¢H, H 1.5 (dd, 6H); 4.25 (d, 1H); 7.5-8.3 (m, 9!-1): 8.6 (d, 1H)

9d C,H0 C,H,0 CeHy H 1.3 (1, 6H); 4 (m, 6H); 7.2-7.8 (m, SH); 8.2 (d. 1H)

9e -CyH,0 i-C,H,0 CeHy H 1.35(d, 12H); 3.95 (d, 2H); 4.5 (m. 2H); 7.2-7.8 (m, SH);
8.2 (d, 1H)

9f C,H.O C,H0 5-bromo- H 1.3 (1, 6H); 4.1 (m, 6 H); 7.0-7.15 (m, 2H): 8.2 (d. 1H)

9¢ C,H.C C,H.0 2-thienyl H 1.3 (1, 6H); 4.0 (m, 6 H); 6.9-8.1 (m, 7H): &.3 (d, 1 H)

2-naphthyl

9h C,H.0O C,H,0 4-CH,0CH, H 1.3 (1, 6H), 3.75 (s, 3H); 4.15 (m, 6 H): 5.90 (d, 2H); 7.75 (d.
2H): 8.30 (d, 1H)

9i C,H.0 C,H,0 4-pyridyl H 1.3 (t, 6H); 4.10 (m, 6H); 7.7 (d. 2H): 8.4 (4, 2H); 8.75 (d,
2H)

9§ i~C3H,0 CoHs, 2-thienyl H 1.4 (dd. 6H); 4.15 (d, 2H); 4.75 (m, 1 H): 7.8 (m. $H); 8.25
(@, 1H)

* Solvent for 6b: DMSO-d,.

Table 2. Physical and Spectral Data for Compounds 8a-g

Prod- Yield m.p.

Molecular "H-NMR (CDCl,/
uct %) (°C) Formula TMS)
No. d (ppm)
8a 72 il Cy,H,,CINS 8.6 (s, 1H); 8.0 (m,
(247.7) 1H); 6.9-7.9 (m, 8 H)
8 63 102 C,,H,,CINS 22 (s, 3H); 6.9-8.1
(261.8) (m, $H); 8.75 (d, 1H)
8¢ 52 18 C,H,CINS 8.85 (s, 1H); 6.95-8.1
(323.8) (m, 13H)
84 8 163 C,H,NS, 8.35 (s, 1H): 6.9-7.5
(219.3) (m, $H)
8e 100 oil C,,HgNOS -
(203.4)
8f 85 165  C,HoN,S 6.5-7.5 (m, TH); 8.4
(214.3) (s, 1H): 8.45 (d, 2H)
8g 8 ol Cy3H, oN,0,5 1.65 (s, 1H); 2.9 (1,
(258.3) 4H); 4.0 (s, 2H); 6.7-

7.9 (m, 7H)

As in the previous case the procedure involves initial formation
of anion I1. The vinylphosphoramidate 12 (Table 4), obtained
by acid hydrolysis of the reaction mixture, was reduced by
sodium borohydride in ethanol to the phosphoramidate 13
(Table 5). Treatment of 13 with hot 6 normal hydrochloric acid
afforded arylethylamine 4 with a single exception, the overall
yield of 4 from 1 (R? = H) lies in the range 45-71 % (Table 6).
In conclusion, we wish to emphasise the compatibility of this
new method with a wider range of functional groups when
compared with existing procedures.

Amines 3 from 1 and 2; Typical Procedures:

Method A: N-o-Chlorobenzyl-2-(2-thienyl)ethylamine Hydrochloride
(3ay

Diethyl N-o-Chlorobenzylideneaminomethylphosphonate (6a): A sohution
of 1a (16.7 g, 0.1 mol) and 5a (14.0 g, 0.1 mol) in toluene (200 ml) is
stirred for 0.5 h at ambient temperature. The water formed is separated.
the organic layer washed with saturated brine (50 ml). dried with
sodium sulfate and evaporated to give 6a as an oil (single spot in TLC
silica gel, ethyl acetate, R; = 0.45); yield: 29.0 g (~ 100%).
1-0-Chlorophenyl-2-aza-4-( 2-thienyl)-1,3-butadiene (8a): To a vigorous-
ly stirred mixture of 50 % aqueous sodium hydroxide (80 ml), toluene
(80 ml) and tetra-n-butylammonium iodide (1.47 g, 0.004 mol) at ambi-
ent tempcerature is added dropwise a solution of 6a (28.95 g, 0.1 mol)
and 2a (11.2g, 0.1 mol) in toluene (20 m!). The mixture is stirred at
40°C for 0.5 h and cooled. The aqueous phase is extracted with toluene
(2% 50 ml), the combined organic phase is washed with water (50 ml),
dried with sodium sulfate and evaporated to afford 8a as a yellow oil
showing essentially a single peak in GC; yield: 19.8 g (80 %).

Conversion of 8a 1o 3a: To a solution of sodium borohydride (6.08 g
0.16 mol) in ethanol (150 ml) is added at ambient temperature a solution
of 8a(19.8 g, 0.08 mol) in ethanol (50 ml). The mixture s slowly heated to
50°C, held at this temperature for 1 h, then evaporated to dryness and the
residue is taken up in diisopropyl ether (200 ml). The solution is washed
with 1 normal aqueous sodium hydroxide (2 x 20 ml) dried with sodium
sulfate and evaporated to give the free base of 3a as a pale yellow oil;
yield: 20.0 g (~ 100%). Treatment of the oil with hot 6 normal hydro-
chloric acid (8.3 ml) followed by cooling, filtration and drying aifords 3a
as colourless crystals; yield: 20.4 g (71% overall).
N-2-Furfuryl-2-(2-thienyl) Ethylamine Oxalate (3e):

Diethyl N-2-Furfurylideneaminomethylphosphonate (6d): C ompound 6d
is prepared analogous to 6a as given above in quantitative yield.
1-(2-Furyl)-2-aza-4-( 2-thienyl)-1,3-butadiene (8e): To a solution of 6d
(27.4¢, 0.1mol) in anhydrous tetrahydrofuran (100ml) is aded at
— 78C under nitrogen a 2.8 molar solution of n-butyllithium in hexane
(35.7ml, 0.1 mol). After stirring at — 78°C for 0.5 h, a solution of 2b
(11.2¢g, G.1mol) in anhydrous tetrahydrofuran (20 ml) is added at
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Table 3. Preparation of Amines 3a-g from la~-e, 2a~b and Sa-e
Substrate Reaction Conditions Product Yield* m.p. Molecular Formula® Ref.
No. e No. (%) ‘0

Method Base
la A NaOH 3a G 143 C,3H,4CINS - HCI (288.2) 4.5
le A NaOH 3a ¢5 143 - ' 4.5
1a B 1-C4H,0K 3a 55 143 - 4,6
1d B NaH 3a “ 143 - 4,6,7
la A n-(i,‘}»[gl.@ 3b 44 120 CH, (CINS-HCL (302.3) 5
1a A n-C4HoLi 3¢ 27 214 C,oH,6CINS - HC1 (366.4) 5
la A NaOH 3d 73 230 (dec.) C,1H3NS, - HCI (259 .8) 5
¢ B t-C.JL,OK 3d 53 230 (dec.) - 6
la A n-CyHolLi 3e Rt 215 C;1H,3NOS - C,H,0,4 (297.3) 5
1a B NaH 3e 9 215 - 6
id A n-CyHgLi 3f 42 oil C,:H 4N,S-HCI® (254.8)
la B n-CyHgLi 3¢ 61 6

4 Yields are calculated based on compound 1 and are not optimized.
b Satisfactory microanalyses obtained: C +£0.3, H £0.3, N £ 0.3
¢ Not analysed.

Table 4. Physical and Spectral Data for compounds 12a-j

Prod- Yield* m.p. Molecular "H-NMR
uct (%) Q) Formula® (CDC1,; TMS)
No. ) (pplnl)
12a 75 oil - 1.3 (1. 6H); 3.95 (g,
4H); 535 (m, 1H);
6.9-7.5 (m, SH)
2 70 60 C,H sNOLP 1.3 (t, 6H); 4.05 (m,
(255.2) 4H);, 585 (d, TH)
6.65 (m, 2H); 7.15 (s,
SH)
12¢ 75 98 C 4 H3,NOSP 1.35 (d, 12H); 4.5 (m,
(283.3) 2H). 5.80 (4, 1H)
6.65 (m, 2H); 7.15 (s,
5H)
12d 88 oil
12¢ 73 oil 1.3 (1, 6H); 4.1 (qd,
4H); 6.7-8.9 (m, 2H);
7.0--8. (m, 8H)
1260 7 oil - -
12g 5t 75 C;{HsN,O5P 1.35 (t. 6H); 4.15 (dq,
(256.2) 4H); 5.80 (d, 1H);
6.95 (¢, 2H); 7.0 (dd,
1H): 8.25 (d, 2H)
20 73 ail - -
120 75 98 C,;,H{;CINO;P 1.3 (1, 6H); 4.1 (4, q.
{289.7) 4H); 6.0-6.5 (m, 2H);
6.8-7.5 (m, SH)
125 60 125 {1 sH,3NO,PS 1.35 (d, 6H). 4.8 (m,
(307.3) 1H); 6.9 (m. 1H); 6.2~

7.0 (m, 4H): 7.0-8.0
(m, 6H)

? Yield based on 1.
b Satisfactory microanalyses obtained: C +0.3, H +0.3, N £0.3.

— 78°C. The mixture is stirred at ambient temperature for 1 h and then
evaporated under reduced pressure. The residue is taken up in water
{100 ml) and extracted with diisopropyl ether (2 x 100 ml). The combined
organic phase is dried with sodium sulfate and evaporated to afford 8e as
a yellow oil; yield: 22 g (~ 100%).

168 CH,4N,0,8 - HCI (298.8)

Conversion of 8¢ to 3e: The preparation is carried out as given for the
conversion of 82 to 3a. The purification of the crude amine product via
the oxalate, gives 3e as colourless crystals; yield: 17.3 ¢ (58 % overall).

Method B: N-o-Chlorobenzyl-2-(2-thienyl)ethytamine Hydrochloride
(3a)

Diethyl N-2-Thienylideneaminomethylphosphonate (9b): To a solution of
1a (16.7 g 0.1 raol) in absolute ethanol (200 ml} is added 2a (11.2g,
0.1 mol) and the mixture is heated at reflux for 1 h. Evaporation of the
solvent under reduced pressure affords 9b as an oil (single spot in TLC,
silica gel, cthyl acetate); yield: 28.0 g (~ 100%).

1-{ 0-Chlorophenyl)-2-aza-4-( 2-thienyl)-1.3-butadienc (8 a): To a suspen-
sion of potassium #-butoxide (11.2g, 0.1 mol) in tetrahydrofuran
(160 ml) is added dropwise at 30~ 35°C a solution of 9b (27.9 g, 0.1 mol)
in tetrahydrofuran (40 ml). The mixture is heated at 45°C for 0.5 h anda
solution of 5a (14.05 g, 0.1 mol) in tetrahydrofuran (10 ml) stowly added.
The mixture is held at 45°C for 1 h, and then evaporated under reduced
pressure. The residue is taken up in diisopropy! ether (100 m!) and water
(100 ml) and the aqueous phase is re-extracted with diisopropy! ether
(2% 50 ml). The combined organic phase is washed with water (50 ml),
dried with sodium sulfate and evaporated to give 8a as an orange oil;
yield: 17.8 g (72%).

Conversion of 8a o 3a: This is carried out as given undet Mecthod A;
colorless crystals; yield: 15.9 g (55% overall).

Amines 4a~h from 1a, c¢—-d and 5a, ¢—g; Typical Procedure:
Method C: 2-¢-Chlorephenylethylamine Hydrochloride (4¢):

Diethyl N-o-Chlorobenzylideneaminomethylphosphonate (92): A similar
experimental procedure given under 6a is used.

Diethyl N-[p-{o-Citlorophenyl)-vinyllphosphoramidate (12i): To a sus-
pension of sodium hydride (50 % in 0il, 4.8 g, 0.1 mol) in tetrahydrofuran
(100 ml) is added at 25°C a solution of 9a (28.95g, 0.1 mol) in
tetrahydrofuran (40 mlj. The mixture is heated at 45°C for 2 hand, after
cooling to 25°C, pourcd into saturated agueous ammonium chloride
solution (600 ml) and extracted with diisopropyl ether (2 x 100 ml). The
combined organic phase is washed with saturated brine (50 ml). dried
with sodium sulfate and evaporated to an oil which is crystallized from
hexane to give 12i; yield: 21.7 g (75% from 1a).

Dicthyl N-(2-o-chlorophenylethyl)phosphorani idate, (13i): Reduction of
12i (14.5 g, 0.05 mol) with sodium borohydride (1.9 g, 0.05 mol) follow-
ing the example given carlier affords 13i; yield: 14.6 g (~ 100%).
Conversion of 13i to 4c: An efficiently stirred mixture of 13i (14.6 g,
0.05 mol) and 6 normal hydrochloric acid (100 ml) is heated at 80-85"C
for 1.5 h. After extraction of the cooled mixture with dichloromethane
(2 x 50 ml), the separated aqueous phase is basified with aqueous sodium
hydroxide and extracted with diisopropyl ether (2 x 50 mi). The com-
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Table 5. Physical and Spectral Data of Compounds 13a-j
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Table 6. Preparation of Amines 4a-h from la, c~d

Prod- Yield? m.p. 'TH-NMR Substrate Base Prod- Yield m.p. Lit.
uct (%) (CDCl,/TMS) No. Ar! uct (%) (C) mp.
No. ¢ (ppm) No. O
13a 75 oil 1.3(t, 6H); 3.1 (m, 5H); 4.05(q. 4H); l1a 2-thienyl -C4H,OK  4a 54 202 2028, 200.2°
6.75-7.2 (m, 3H) Id 2-thienyl +-C,H,OK  4a 55 202
13b 70 oil 1.33 (t, 6H); 3.0 (m, SH): 4.0 (yd, 1a CH, t-C,bH,OK 4b 66 222 22280
4H); 7.2 (s, SH) Ie C¢Hs n-C,HgLi 4b 71 222
13¢ 75 oil 1.35 (d, 12H); 4.5 (m, 2H); 580 (d, la 2-CIC{H, NaH 4c 67 145 1458 149!
1H); 6.65 (m, 2H); 7.15 (s, 5H) la 4-CH,0CH, C,H,OK 4d 53 217 2178 207"}
13d 50 oil 1.33 (1, 6H); 3.0 (m, SH); 4.0 (dg, la 5-bromo- t-C,H,OK  4de 30 20 2208
4H); 5.55 (d, 1H); 6.80 (d. 1H) 2-thienyl (dec.) (dec.)
13e " oil 1.3 (t, 6H), 3.2 (m, SH); 395 (qd, 1a a«-naphthyl -C,H,OK  4f 61 260 260%, 251312
4H); 7.2-8.0 (m, 7H) (dec.) (dec.) (dec.)
13f 69 oil 3.15 (m, 4H); 3.8 (s, 3H); 685 (d, 1la 4-pyridyl t-C,H,OK 4g 47 oit 814
2H); 7.3 (d, 2H) 1a 2-furyl +-C,H,OK 4h 45 204 2048, 19010
13g 50 oil 1.3 (t, 6H); 3.2 (m, SH); 4.15 (qd, —
4H); 7.9 (d, 2H): 885(d. 2H) 2 yields based on compound 1 and not optimized.
13h 57 oil 1.3(t, 8H); 3.0 (m, 5H): 4.0 (dq, 4H);
6.0 (d, 1H); 6.2 (d, 1H); 7.2 (d, 1 H)
13i 75 oil 1.3 (t, 6H); 3.0 (m, SH): 4.0 (qd, 4H); (1) New address: Synthelabo Company. Paris.
7.2 (m, 4H) (2) Heymes, A., Chekroun, I. Phosphorus Sulfur, in press.
13§ 60 oil 1.3 (d, 6H); 3.0 (m, SH): 485 (m.  (3) Mevers, A.1., Jagdmann, G.E., Jr. J. dm. Chem. Soc. 1982 104,

1H); 6.7-7.9 (m, 8H)

® Yield based on 1.

bined organic extract is dried with sodium sulfate and evaporated to an
oily residue which is treated with ethanolic hydrogen chloride to give 4¢;
as colourless crystals; yield: 8.65 g (90 %).
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