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ABSTRACT

Reaction of 1-chloro-2,2-dimethoxyethane with so-
dium azide affords 1-azido-2,2-dimethoxyethane
which, upon treatment with triphenylphosphine fol-
lowed by aromatic aldehydes, alkyl bromides, or iso-
cyanates, gives the corresponding dimethyl a-aryli-
mino-, a-alkylamino-, and a-carbodiimido-acetals,
respectively, in good to excellent yields.

INTRODUCTION

The Pomeranz-Fritsch reaction has been an im-
portant tool for the construction of the isoquino-
line nucleus, which appears ubiquitously in the
structures of various alkaloids and other physio-
logically active compounds [1-3]. The preparation
of the so-called Pomeranz—Fritsch intermediates 4
has uniformly relied on the condensation of 2-
amino-1,1-dialkoxyethane with the corresponding
aromatic aldehydes [3,4]. Cyclizations of N-(8,8-di-
alkoxyethyl)benzalimines 4 are well documented
[4,5].

In the course of our investigation of imino-
phosphorus reagents in organic synthesis [6-9], we
have developed a mild and efficient alternative
procedure for the preparation of compounds of types
4, 6, and 8, based on an adaptation of the Stau-
dinger transformation [10], in which N-triphenyl-
phosphoridenyl-2,2-dimethoxyethylamine (5) is re-
acted with the appropriate electrophiles.

*To whom correspondence should be addressed.

© 1994 VCH Publishers, Inc.

RESULTS AND DISCUSSION

Treatment of 1-chloro-2,2-dimethoxyethane (3) with
sodium azide and catalytic amounts of potassium
iodide in DMSO afforded the azido derivative 2 in
nearly quantitative yield. The catalytic function of
iodide ion was vital, as no reaction was observed
in its absence even at elevated temperatures. The
reaction of 2 with triphenylphosphine in tetrahy-
drofuran proceeded smoothly at room tempera-
ture and provided the iminophosphorane 5 after 5
hours (Scheme 1). As expected, 5 is highly sensitive
and attempts to purify it result in its rapid decom-
position. In the present procedure, 5 was treated
directly with electrophiles in situ. For example,
treatment of 5 with aromatic aldehydes afforded
the corresponding dimethyl a-aryliminoacetals 4
in excellent yields (Table 1). A variety of alde-
hydes, including 2-furanal, 1-pyrenecarboxalde-
hyde, and benzene-1,4-dicarboxaldehyde, were
employed and each reaction was complete within
12 hours at room temperature. After evaporation
of the solvent, the only by-product, triphenylphos-
phine oxide (Ph;P=0), was easily removed by trit-
uration of the reaction residue with diethyl ether,
followed by filtration. The products were then pu-
rified by either distillation or recrystallization (Ta-
ble 1). Reaction of 5 with alkyl bromides yielded
initially the corresponding triphenylphosphonium
bromides which were directly subjected to basic
hydrolysis to afford the corresponding dimethyl a-
alkylaminoacetals 8 in good to excellent yields. In
addition to cyclizing to the tetrahydroisoquino-
lines (for 8a,b), as mentioned previously, 8 are also
easily hydrolyzable protected equivalents of the
corresponding a-aminoaldehydes [11,12]. To fur-
ther assess its reactivity, iminophosphorane 5 was
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SCHEME 1
TABLE 1 Preparation of Dimethyl Arylimino-, Alkylamino-, and Carbodimido-Acetals
Yield Mp (°C) or Molecular Found (Required)
Entry Product (%) Bp (*C/mmHg) Formula C H N
4a Ve ))- CHecHCHOMe 86 95-97/0.2 C12HNO, 6951 836  6.67
)-cnecnmona (69.52 827  6.76)
ab it 91 89-91/0.1 C12H7NO; 6470 758 6.48
07~ CHaNCH,CH(OMe), (6455 767  6.27)
ac CH=NCHZCHOMa) 92 76~78/0.1 CoH1aNO; 5893 727  7.58
(59.00 715  7.65)
ad CHRNCHyCHIOMe)y 89 145-148/0.1 C1sH1,NO, 7372 695 589
(7405 704  5.76)
de I 87 71-73° CaiH1gNO, 7947 603  4.41
CH-NCHZCHOMe (7947 602  4.26)
4f 84 57-59° CieH24N204 62.69 7.79 8.73
(6232 7.84  9.08)
@'"‘”W“W (6406  6.84 13.58)
8a 94 82-83/0.1 Cy,H;,NO 6763 890 7.22
) mmanconer e 6766 878  717)
8b s 79 86-87/0.1 C12H1sNO, 6883 918 663
@— CHNHCH,CH(OMe), (68.87 9.15 6.69)
8c o HCHCH O 55 89-91/0.7 C12H2NO, (gg. ; ? 1 g,gg g'ii)

“Recyrstallized from hexane/ethyl acetate (10:1).
Recrystallized from hexane/ethyl acetate (6:1).

also treated with phenyl isocyanate under similar
conditions, and the phenylcarbodiimido derivative
6 was obtained in a yield of 92%. Attempts to ex-
tend this procedure to aromatic ketones and to
thiobenzophenone resulted in only recovery of the
starting material even at elevated temperatures.
In conclusion, the preparation of dimethyl a-

arylimino-, a-alkylamino-, and «-phenylcarbodi-
mido-acetals has been accomplished by the Stau-
dinger reaction of triphenylphosphoridenyl-2,2-di-
methoxyethylamine with the corresponding
aromatic aldehydes, alkyl bromides, and phenyl
isocyanate. The high yields, mild conditions, an.d
the generality demonstrated herein make this
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TABLE 2 'H NMR Data of Compounds 4a—f, 6, and 8a—c.
Compound CH =N NCH. CH(OMe), (OMe), Other Signals
4a 8.25 3.76 4.67 3.42 7.63 (d, 2H, J = 8.2 Hz),
(s, br, 1H) (dd, 2H, J; = 5.3 and (t, 1H, J = 53 (s, 6H) 7.21 (d, 2H, J = 8.2 Hz),
Jo» = 1.3 Hz) Hz) 2.37 (s, 3H)
4b 8.21 373 4.66 3.41 7.68 (d, 2H, J = 8.5 Hz),
(s, br, 1H) (dd, 2H, J;, = 5.3 and (t, 1H, J = 5.3 (s, 6H) 6.91 (d, 2H, J = 8.5 Hz),
Jo = 1.3 Hz) Hz) 3.81 (s, 3H)
4c 8.09 3.74 4.71 341 752 (s, 1H), 6.77 (d, 1H, J
(s, br, 1H) {dd, 2H, J, = 5.3 and {t, 1H, J = 5.3 (s, 6H) = 3.4 Hz), 6.47 (dd, 1H, J;
J = 1.2 Hz) Hz) = 3.4 Hz and J, = 1.8 Hz)
4d 8.93 3.90 4.78 3.45 8.86 (d, 1H, J = 8.3 Hz),
(s, br, 1H) (dd, 2H, J; = 5.3 and (t, 1H, J =53 (s, 6H) 7.91-7.87 (m, 3H), 7.60—
J> = 1.2 Hz) Hz) 7.48 (m, 3H)
4e 9.17 3.96 4.82 3.48 8.73 (@, 1H, J = 9.4 Hz),
(s, br, 1H) {dd, 2H, J, = 5.2 and {t, 1H, J = 5.3) (s, 6H) 8.44 (d, 1H, J = 8.0 Hz),
J = 1.1 Hz) 8.10-7.90 (m, 7H)
4f 8.30 3.79 4.69 3.42 7.79 (s, 4H)
(s, br, 2H) (dd, 4H, J; 5.3 and J, (t, 2H, J = 5.3 (s, 12H)
= 1.3 Hz) Hz)
6 — 3.46 4.56 3.40 7.32-7.26 (m, 2H), 7.19-7.10
(d, 2H, J = 5.4 Hz) (t, 1H, J = 5.4 (s, 6H) (m, 3H)
Hz)
8a 3.79° 274 4.48 3.35 7.32-7.21 (m, 5H), 1.50 {s,
(s, 2H) (d, 2H, J = 5.5 Hz) (t, 1H, J = 5.5 (s, 6H) br, 1H)
Hz)
8b 3.78% 2.78 4.49 3.36 7.30-7.14 (m, 4H), 2.34 (s,
(s, 2H) (d, 2H, J = 5.5 Hz) (t, 1H, J = 55 (s, 6H) 3H), 1.35 (s, br, 1H)
Hz)
8c 2.61° 2.73 447 3.39 1.53~1.44 (m, 2H), 1.35-1.25
t, 2H, J = (d, 2H, J = 5.5 Hz) t,1H, J = 5.5 (s, 6H) (m, 10H) 1.10 (s, br, 1H),
7.1 Hz) Hz) 0.88 (t, 3H, J = 6.5 Hz)
“Signals for RCH,NH-.
TABLE 3 'C NMR Data of Compounds 4a—f, 6, and 8a—c
Compound CH=N NCH, CH(OMe), OMe  Other Signals
4a 163.8 64.0 104.4 54.6 1414 1338 1296 1286 219
4b 162.6 63.4 103.9 54.0 161.6 129.7 1289 1138 55.2
4c 151.7 63.4 103.6 54.1 151.2 1447 1144 1114
4d 163.0 64.4 103.9 54.2 133.7 1315 1312 1310 128.7 1285
127.1 1259 1251 124.2
de 162.0 64.5 104.1 54.2 132.7 131.0 1304 1287 1284 128.35
128.31 1272 1262 1259 1257 1254
124.7 1246 1244 1223
4f 162.7 63.5 103.6 54.0 137.9 128.2
6 129.4% 47.5 102.6 53.8 129.2 1255 1245 1237
8a 53.7° 50.3 103.7 53.7 140.0 1282 1279 1268
8b 51.5° 50.8 103.8 53.8 138.0 136.2 1302 1283 1269 1258 188
8c 51.2° 50.0 103.9 53.9 31.8 30.1 29.4 292 272 226 14.0

aChemical shifts for N = C = N.

®Chemical shifts for RCH,NH-.
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method a useful complement to the existing pro-
cedures. Previously, few examples of the prepara-
tion of the imines derived from polynuclear aro-
matic aldehydes, dialdehydes, or heteroaromatic
aldehydes have been reported. Despite the good
yield (80%) of (4f) obtained when 2-amino-1,1-di-
methoxyethane (1) was condensed with benzene-
1 4-dicarboxaldehyde, the modest improvement in
the yield realized by the present procedure, to-
gether with the generality demonstrated by the al-
dehydes herein, underlines the value of this method.
Additionally, for the preparation of 8, our method
obviates the reduction step employed in the clas-
sical procedure (4 — 8). This is important if the
substrate contains other reducible functional
groups. Also, reaction of a primary amine such as
1 with alkyl bromides generally gives complex
mixtures. Finally, no previous method was avail-
able for the preparation of compounds of type 6.

EXPERIMENTAL

Melting points were determined on a Bristoline hot-
stage microscope and are uncorrected. 'H NMR
spectra were recorded on a Varian VXR-300 spec-
trometer with tetramethylsilane (TMS) as an in-
- ternal reference. >*C NMR spectra were recorded
at 75 MHz on the same instrument using the sol-
vent peak (CDCl;, 8 = 77.0 ppm; DMSO-d,, 6 = 39.50
ppm) as reference. Microanalyses were carried out
using a Carlo Erba 1106 elemental analyzer.

2-Azido-1,1-dimethoxyethane (2)

A mixture of 2-chloro-1,1-dimethoxyethane (12.7 g,
100 mmol), sodium azide (7.8 g, 120 mmol), po-
tassium iodide (1.2 g, 7.2 mmol), and DMSO (80
mL) was heated to 90°C and maintained at this
temperature for 4 days. The mixture was poured
into ice-water (150 mL) and extracted with diethyl
ether (3 x 100 mL). The organic layer was washed
with water (5 X 50 mL), dried (MgSOQ,), and evap-
orated under reduced pressure to afford the almost
pure product as a colorless liquid, yield 95%. 'H
NMR (CDCl;): 6 448 (t, 1H, J = 5.3 Hz), 342 (s,
6H), and 3.26 (d, 2H,J = 5.3 Hz).*C NMR (CDCl,):
102.9, 54.1, and 51.5.

Preparation of Arylimino- (4a—f) and
Phenylcarbodiimido-dimethyl (6) Acetals

General Procedure. Triphenylphosphine (10.5
g, 40 mmol) was added to a solution of 2-azido-1,1-
dimethoxyethane (5.24 g, 40 mmol) in dry tetra-
hydrofuran (70 mL), and the mixture was stirred
at room temperature for 5 hours. Aldehydes (for
4a—e, 40 mmol; for 4f, 20 mmol) or phenyliso-

cyanate (for 6, 40 mmol) were added, and the mix-
ture was allowed to stand at room temperature for
12 hours. Evaporation of the solvent under re-
duced pressure gave a residue to which dry diethyl
ether was added. The insoluble white solid (Ph;P=0)
was filtered off, and the solvent was evaporated to
afford the crude product which was then purified
as described in Table 1.

greparation of Alkylamino Dimethyl Acetals
a—c

General Procedure. Triphenylphosphine (10.5
g, 40 mmol) was added to a solution of 2-azido-1,1-
dimethoxyethane (5.24 g, 40 mmol) in dry tetra-
hydrofuran (70 mL), and the mixture was stirred
at room temperature for 5 hours. Alkyl bromides
(40 mmol) were added, and the mixture was stirred
at room temperature for 12 hours. The white solid
precipitated was collected by filtration, washed with
diethyl ether (1 X 50 mL), and dried.

The white solid obtained was added to aqueous
sodium hydroxide (200 mL, 5 M), and the mixture
was refluxed overnight. The mixture was extracted
with diethyl ether (3 X 40 mL), and the ether ex-
tracts were washed with water (2 X 40 mL), dried
(MgS0,), and evaporated under reduced pressure.
Diethy! ether (50 mL) was added to the residue,
and the insoluble white solid (Ph;P=0) was fil-
tered off. Evaporation of the solvent gave the crude
product which was then purified as described in
Table 1.
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