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A mild and effective new method for the preparation of a
variety of arylamides 3a—i as well as heterocyclic 5a,b and
6 and olefinic amides 7, 9 is described. The reaction of tri-
alkylstannyl-substituted aromatic, heterocyclic or vinylic hy-
drocarbons with aryl isocyanates in the presence of aluminium
trichloride provides the corresponding N-aryl-substituted am-

ides in good to excellent yields. The stannyl group serves as
a powerful leaving group superior to hydrogen by several
powers of ten which allows, via ipso substitution, to obtain
isomer patterns not accessible by normal electrophilic substi-
tution reactions, e. g. substitution in meta position with respect
to a methoxy group.

Increasing interest in the synthesis of natural products
has led to an extensive use of aromatic amides as synthons
in modern organic synthesis*?. Despite of this growing need
for mild and efficient synthetic methods for the preparation
of various amides most approaches® still require drastic
conditions like high temperature or strongly basic media.
To avoid this, Effenberger and Gleiter® have developed the
earlier method of Leuckart® which yields the para isomers
of N-substituted arylamides by reacting the corresponding
aromatic hydrocarbon with the appropriate isocyanate in
the presence of aluminium trichloride. The sole disadvantage
of this method is — besides the need of a 7—8-fold excess
of the aromatic hydrocarbon with respect to the isocyan-
ate — that it provides, in the examples investigated so far,
access only to the para-substituted amides according to the
normal rules for electrophilic aromatic substitution reac-
tions. To circumvent these problems we present in this paper
a new route to unusually substituted amides which makes
use of the trialkylstannyl group as a superior leaving group
in aromatic substitutions.

The ability of the trialkylstannyl group to act as a pow-
erful leaving group superior to hydrogen by several powers
of ten has first been demonstrated by Eaborn in kinetic
experiments”. The Sn—C bond is cleaved 10" times faster
than the corresponding H—C bond, thus allowing regio-
selective substitution reactions™. In our group this concept
has been extended to the ipso-selective synthesis of ketones
and aldehydes by tin-mediated Friedel-Crafts acylations
and Vilsmeier formylations'®. A number of compounds
have been obtained in high yields or isomer distributions
not obtainable in usual electrophilic substitution reactions.
These results have led us to the investigation of the reaction
of trialkylarylstannanes with the complex of aryl isocyanates
and aluminium trichloride. This purpose is backed by the

recent, efficient, and versatile methods to obtain the tri-
alkylstannyl-substituted precursors conveniently (for a com-
pilation, see ref.'),

Results and Discussion

Trialkylarylstannanes 1 react easily under very mild con-
ditions (20°C) with aryl isocyanates 2 in the presence of
aluminium trichloride to yield the corresponding N-substi-
tuted benzamides 3. Only the ipso isomer is obtained, eq.
(1), the yields are excellent. A comparison of the yields of
amides obtained from 1¢ and 1d shows that the toxicolog-
ically much less suspicious tributylstannyl group is at least
as effective as leaving group as the trimethylstannyl! group.
For spectroscopic reasons the methyl derivatives are still
used in this investigation in some cases. An excess of the
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aryl component™ is no longer necessary, and the reaction
conditions (formerly® up to 130°C) are considerably milder
now. Therefore, this method should be applicable also to
the synthesis of high-value natural compounds.

It is remarkable how easily the directive effects of sub-
stituents in the aromatic nucleus are overcome. The meta-
substituted compounds 1¢,d react with the isocyanates 2a,b
to the corresponding ipso-substitution products 3d, e exclu-
sively. The ortho/para directing effect of the methyl group
is not effective here. This demonstrates the efficiency of the
stannyl group as a leaving group. Even the effect of the very
strongly ortho/para directing methoxy group is overcom-
pensated to give the ipso products 3h,i in high yields and
exclusively. This has led us to the assumption that a close,
c-analogue complex between the electrophile and the stan-
nane with the extension of the coordination sphere of the
tin atom via the lone electron pair of the nitrogen atom is
responsible for this result. In other cases where such a com-
plexation is weaker or not possible, e.g. in acylations or
brominations of anisole, no ipso destannylations or desily-
lations has been observed****!%, which has led to the pos-
tulation that no such reactions can be carried out in meta
position with respect to a methoxy group'". However, our
results show that the ability of the tin atom to enlarge its
coordination sphere provides an additional effect for influ-
encing electrophilic substitutions.

Even the deactivating effect of a chloro substituent (1b,f)
can easily be overcome. The powerful leaving ability of the
stannyl group allows substitutions in para (3b,¢) as well as
in meta (3g) position with respect to the chloro substituent.
Only the strong deactivating effects of a trifluoromethyl or
cyano group cannot be overcompensated by the stannyl
group?.

This method for synthesizing N-aryl-substituted amides
can easily be extended to polycyclic (4a,b), eq. (2), and het-
erocyclic (5a,b, 6) amides, eq. (3), as demonstrated by a few
typical examples. In each case the nonstannylated hydro-
carbons are much less reactive than the stannylated ones,
e.g. 1-methylnaphthalin yields only 16% 4b whereas with

+ PhNCO NHPH
SnMes 20 °C 2)
OO
CH2C|2 Me
75 -93 %
4
20 °C

OCN 0 (3
[ Ysmy -+ Q S R W
CH,Clp X NH_Q

Y 85 - 88 %
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1-methyl-4-trimethylstannylnaphthalin the yield of 4b is
93%.

Vinylstannanes have received considerable interest'™
since the beginning of modern organotin chemistry. Two
typical examples 7, 9, eqs. (4), (5), show that the reaction
described in this paper is also advantageous for the prepa-
ration of olefinic amides. Even stannyl-substituted alkynes
like 1-phenyl-2-(trimethylstannyl)ethyne react to yield the
corresponding amide 10, eq. (6), although earlier studies®®
showed that with an excess of isocyanate hydantoins can be
obtained. In both cases a N-stannyl-substituted amide may
be postulated as an intermediate.

20 °C 0

AICly
phr-STBUS 4 ppNCO — —— Ph/\)I\NHPh 4
CH,Cly

78 % 7

NHPh
+ PhNCO ————> (5)

O/SnMe3

20 °C
AICis //O
+ PhNCO ————> Ph-C=C-C (8)
CHoCly N
NHPh

Ph—C=C-SnMej

82 %
10

Since preliminary investigations® have shown that the tin-
mediated synthesis of amides is also possible with vinyl iso-
cyanates, further work concerning the expansion of this re-
action and the application to the synthesis of natural prod-
ucts are under investigation.

U. K. is grateful to the Studienstiftung des Deutschen Volkes for
a Postgraduate Fellowship. This work was supported by the Fonds
der Chemischen Industrie.

Experimental

All melting points were determined with a Biichi SMP 20. — IR
spectra: Shimadzu 3289. — NMR spectra: Varian EM 360 (60
MHz, 'H) and Bruker AM 300 (300 MHz, 'H, 75.47 MHz, *C, and
111.92 MHz, "Sn). — Mass spectra: Finnigan MAT 8230,
70 ¢V. — Elemental analyses: Carlo Erba 1106.

N-Arylbenzamides 3a—i. — General Procedure: The solution
of an aryl isocyanate (11 mmol) in 20 ml of anhydrous di-
chloromethane is treated under argon with sublimed aluminium
trichloride (11 mmol) at 20°C for 15 min. After adding a
trialkylarylstannane ' (10 mmol) during 5 min the mixture is stirred
at 20°C for 2 h. The solution is than poured on ca. 50 g ice and
stirred for 30 min. Separation of the organic phase is followed by
twofold extraction of the aqueous phase with 10 ml of dichloro-
methane. The combined organic phases are treated with 10 ml of
a satured solution of KF in water, stirred vigorously for 3 h, and
the precipitated R;SnF is filtered off. The filtrate is extracted thrice
with 10 ml of dichloromethane, the combined organic phases are
dried with 5g of MgSO, and after filtration concentrated at
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15 Torr/30°C. For purification the crude product is recrystallized
from the appropriate solvent.

4-Methyl-N-phenylbenzamide (3a): From 4.0 g (10.5 mmol) of 1a,
1.4 g (11.7 mmol) of 2a, and 1.5 g (11.5 mmol) of AICls, 2.0 g (89%)
of 3a is obtained, recrystallisation from petroleum ether, m.p.
144°C (ref.% 145—146°C). — '"H NMR (CDCly): § = 2.35 (s, 3H,
Me), 7.2 7.6 (m, 9H, aromatic H), 8.2 (s, 1H, NH).

4-Chloro-N-phenylbenzamide (3b): From 2.0 g (7.3 mmol) of 1b,
1.3 g (10.9 mmol) of 2a, and 1.4 g (10.5 mmol) of AICl;, 1.4 g (81%)
3b is obtained, m.p. 197—198°C from petroleum ether (ref.*”
200—201°C). — 'H NMR (CDCL): 8 = 7.2—7.8 (m, 9 H, aromatic
H), 8.40 (s, 1H, NH).

4-Chloro-N-(3-chlorophenyl )benzamide (3¢): From 2.0g (7.3
mmol) of 1b, 2.2 g (14.5 mmol) of 2b, and 1.9 g (14.5 mmol) of
AlCl,, 1.5 g (78%) of 3¢ is obtained, m.p. 133°C from methanol
(ref.”® 137°C). — IR (KBr): ¥ = 1480 cm~', 1530, 1590, 1645,
3300. — '"H NMR (CDCly): 8§ = 7.15—~7.90 (m, 8 H, aromatic H),
8.50 (s, 1H, NH). — *C NMR (CDCl;): & = 118.39, 120.52, 124.81,
128.46,128.98, 134.68 (CH), 129.99, 132.75, 138.35, 138.73 (C), 164.92
(C=0).

3-Methyl-N-phenylbenzamide (3d): From 2.0 g (7.8 mmol) of 1¢,
1.1 g (9.2 mmmol) of 1a, and 1.2 g (9.2 mmol) of AICl;, 1.4 g (87%)
of 3d is obtained, m.p. 130°C from ethanol (ref.'¥ 129°C). — IR
(KBr): ¥ = 1330 ecm~!, 1440, 1490, 1535, 1595, 1650. — '"H NMR
(CDCly): 8 = 2.60 (s, 3H, Me), 7.1 —7.9 (m, 9H, aromatic H), 8.2
(s, 1H, NH). — *C NMR (CDCly): 8 = 21.2 (CHy), 1204, 124.0,
124.3, 127.8, 128.3, 128.8, 132.3 (CH), 134.7, 137.9, 138.3 (C), 166.3
(€C=0).

N-(3-Chlorophenyl )-3-methylbenzamide (3e): From 4.0 g (10.5
mmol) of 1d, 1.8 g (11.5 mmol) of 2b, and 1.5 g (11.5 mmol) of
AICL,, 2.2 g (88%) of 3e is obtained after recrystallisation from
petroleum ether, m.p. 84 —85% (ref.'® 79°C). — IR (KBr): ¥ =
1510 cm™~', 1580, 1650, 3280. — 'H NMR (CDCly): & = 2.40 (s,
3H, Me), 7.0—7.85 (m, 8H, aromatic H), 8.15 (s, 1H, NH). — 1°C
NMR (CDCly): & = 20,71 (CH,), 118.25, 120.19, 123.61, 123.99,
127.62, 127.85, 129.31, 132.05 (CH), 133.78, 134.13, 137.77, 139.41
(C), 166.29 (C=0).

2-Ethyl-N-phenylbenzamide (3f): From 4.0 g (10.1 mmol) of 1e,
1.3 g(10.7 mmol) of 2a, and 1.4 g (10.7 mmol) of AICl,, 1.6 g(72%)
of 3f is obtained, m.p. 134°C from ethanol. — IR (KBr): ¥ = 1540
cm~', 1595, 1640, 3260. — 'H NMR (CDCly): & = 140 (t, J =
8 Hz, 3H, CH;), 3.0 (g, / = 8 Hz, 2H, CH,), 7.2—8.0 (m, 10H,
aromatic H und NH). — '*C NMR (CDCl,): 8 = 15.8 (CH;), 26.2
(CH,), 1199, 124.4, 125.7, 126.5, 1289, 1294, 130.2 (CH), 136.1,
137.9, 142.3 (C), 168.3 (C=0).

3-Chloro-N-( 3-chlorophenyl )benzamide (3g): From 20g (7.3
mmol) of 1f, 1.7 g (10.9 mmol) of 2b, and 1.5 g (10.9 mmol) of AlCl,,
1.6 g (86%) of 3g is obtained, m.p. 118°C from ethanol (ref.!”
120°C). — IR (KBr): ¥ = 1420 cm ™!, 1515, 1585, 1650, 3300. —
'H NMR (CDCly): 8 = 7.10—8.00 (m, 8H, aromatic H), 8.65 (s,
1H, NH). — C NMR (CDCl;): 8 = 118.03, 119.98, 123.65, 125.28,
127.09, 129.32, 131.09, 133.85 (CH), 129.32, 133.71, 136.06, 139.28
(C), 164.27 (C=0).

3-Methoxy-N-phenyl-benzamide (3h): From 2.0 g (7.6 mmol) of
1g, 1.1 g (9.2 mmol) of 2a, and 1.2 g (9.0 mmol) of AICL;, 1.3 g
(75%) of 3h is obtained, m.p. 121°C from methanol (ref.!®
120°C). — TR (KBr): ¥ = 1430 cm~!, 1470, 1530, 1585, 1645,
3250. — '"H NMR (CDCl;, 300 MHz): § = 3.00 (s, 3H, OMe),
6.3—6.9 (m, 9H, aromatic H), 7.60 (s, 1H, NH). — *C NMR
(CDCl3): & = 55.3 (OCH,), 112.4, 1179, 118.8, 120.4, 124.5, 128.9,
129.5 (CH), 136.3, 137.9. 159.7 (C), 165.9 (C=0).
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N-(3-Chlorophenyl )-3-methoxybenzamide (3i): From 2.0 g (7.6
mmol) of 1g, 1.8 g (11.4 mmol) of 2b, and 1.5 g (11.4 mmol) of
AlCl;, 1.9 g (96%) of 3i is obtained, m.p. 109°C from petroleum
ether (ref.'® 111 -112°C). — IR (KBr): ¥ =1425 cm !, 1475, 1530,
1590, 1645, 3250. — 'H NMR (CDCly): & = 3.85 (s, 3H, OMe),
7.0—7.8 (m, 8H, aromatic H), 840 (s, 1H, NH). — *C NMR
(CDCly): 8 = 553 (OCH3), 1124, 118.1, 1184, 118.8, 120.5, 124.5,
129.6, 129.9 (CH), 134.5, 135.8, 139.0, 159.8 (C), 166.0 (C=0).

N-Phenyl-1-naphthalenecarboxamide (4a): According to the gen-
eral procedure from 4.0 g (13.6 mmol) 1-(trimethylstannyl)naphtha-
lene, 1.7 g (14.4 mmol) of 2a, and 1.9 g (144 mmol) of AlCl;, 25 g
(75%) of 4a is obtained, m.p. 163°C from ethanol (ref.!”
164—164.5°C). — IR (KBr): ¥ = 1315 cm™!, 1430, 1500, 1590,
1640, 3280. — 'H NMR (CDCly): § = 7.10—8.20 (m, 12H, aro-
matic H), 8.40 (s, 1H, NH).

4-Methyl-N-phenyl-1-naphthalenecarboxamide (4b): According to
general procedure from 1.0 g (3.3 mmol) of 4-methyl-1-(trimethyl-
stannyl)naphthalene, 0.4 g (3.3 mmol) of 2a, and 0.4 g (3.3 mmol)
of AICI;, 0.8 g (93%) of 4b is obtained, m.p. 184°C from ethanol
(ref.’ 179°C). — IR (KBr): ¥ =1321 cm™1, 1439, 1524, 1596, 1647,
3275. — 'TH NMR (CDCly): 8 = 2.75(s, 3H, Me), 7.2—8.5 (m, 12H,
aromatic H and NH). — *C NMR ([D¢]DMSO): § = 19.4 (CHs),
120, 123.7, 124.6, 125.3, 125.6, 125.8, 126.4, 126.7, 128.8 (CH), 130.0,
132.3, 133.4, 136.7, 139.5 (C), 167.6 (C=0).

N-Phenyl-2-furancarboxamide (5a): According to the general pro-
cedure from 1.0 g (4.3 mmol) of 2-(trimethylstannyl)furan, 0.5 g (4.3
mmol) of 2a, and 0.6 g (4.5 mmol) of AICl,, 0.7 g (87%) of 5a is
obtained, m.p. 122°C from ethanol (ref.'” 124°C). — 'H NMR
(CDCLy): 8§ = 6.55 (t, 2 Hz, 1H, CH), 7.00 —7.80 (m, aromatic H),
8.20 (s, 1H, NH),

N-(3-Chlorophenyl )-2-furancarboxamide (5b): According to the
general procedure from 4.0 g (11.2 mmol) of 2-(tributylstannyl)-
furan, 1.8 g (11.7 mmol) of 2b, and 1.5 g (11.3 mmol) of AICl;, 2.1 g
(85%) of 5b is obtained after recrystallisation from ethanol/petro-
leum ether (1:2), m. p. 113°C (ref.?” 116°C). — IR (KBr): ¥ = 1426
cm™}, 1530, 1598, 1666, 3270. — 'H NMR (CDCl,, 300 MHz): § =
6.50 (m, 1H, CH), 7.05—7.77 (m, 6 H, aromatic H), 826 (s, 1H,
NH). — BC NMR (CDCl): 8 = 112.56, 115.55, 117.91, 120.00,
124.41, 129.92, 144.39 (CH), 134.57, 138.47, 147.30 (C), 156.06
(C=0).

N-Methyl-2-pyrrolecarboxanilide (6): According to the general
procedure from 2.0 g (8.2 mmol) of N-methyi-2-(trimethylstannyl)-
pyrrole, 1.0 g (8.4 mmol) of 2a, and 1.1 g (8.3 mmol) of AICI; besides
10% N,N’-diphenylurea, 1.4 g (88%) of 6 is obtained after recrys-
tallisation from petroleum ether, m.p. 117°C. — '"H NMR (CDCl,):
& = 38 (s, 3H, Me), 5.2, 5.7, 6.6 (s, je 1H, CH), 6.8—8.3 (m, 6H,
aromatic H and NH).

N,3-Diphenyl-2-propenamide (7): According to the general pro-
cedure from 4.0 g (10.2 mmol) of 1-(tributylstannyl)-2-phenylethene,
1.3 g (10.9 mmol) of 2a, and 1.4 g (10.5 mmol) of AICl;, 1.8 g (78%)
of 7 is obtained, m. p. 152°C from ethanol (ref.?” 153.5—154°C). —
'H NMR (CDCly): 8 = 6.1 (d, J = 17 Hz, 1H, CH), 7.0—8.3 (m,
12 H, aromatic H and NH).

1-(Trimethylstannyl)cyclooctene (8). To the Grignard reagent
prepared from 50.0 g (0.26 mol) of 1-bromocyclooctene and 6.4 g
(0.26 mol) of magnesium turnings in 250 ml of anhydrous THF is
added a solution of 40.0 g (0.20 mol) of Me;SnCl in 50 ml of an-
hydrous THF at 20°C during 30 min. After stirring at 66°C for 2 h
the solution is hydrolysed with 150 mi of a saturated aqueous
NH,CIl. Twofold extraction of the aqueous phase with 100 ml of
diethyl ether, drying of the combined organic phases with Na,SO,
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and fractionating distillation yield after some (11.2 g) cyclooctyne
(b.p. 62°C/ 15 Torr) 21.0 g (38%) of colourless 8, b.p. 70—75°C/
0.05 Torr. — 'H NMR (CDCl,, 300 MHz): 8 = 0.04 (s, 2Jsun =
52.9 Hz, 9H, SnMe,), 1.41 (s, 8H, CHy), 2.1 (m, 2H, CH,), 2.3 (m,
2H,CH,), 579 (t, / = 7.8 Hz, 1H, CH). — “C NMR (CDCl,): 8 =
—998 ({Jsc = 331.9 Hz, SnMe3), 25.78, 26.47, 26.96, 29.08, 29.25,
30.24 (CH,), 140.25 (CH, 2Js,c = 31.4 Hz, C-2), 144.06 (C, 'Jguc =
476.0 Hz, C-1). — '’Sn NMR (CDCl,): § = —34.10.

Cy;H»Sn (273.0) Caled. C 48.38 H 8.14
Found C 48.17 H 8.01

N-Phenyl-1-cyclooctenecarboxamide (9): According to the general
procedure from 2.0 g (7.3 mmol) of 8, 0.9 g (7.5 mmol) of 2a, and
1.0 g (7.5 mmol) of AICl,;, 0.75 g (45%) of 9 is obtained, m.p.
96°C. — 'H NMR (CDCl,;, 300 MHz): 8 = 1.45—1.62 (m, 8H,
CH,), 2.13—-2.20 (m, 2H, CH,), 2.43—247 (m, 2H, CH,), 6.56 (t,
J = 83 Hz, 1H, CH), 7.03 (t, 1 H, aromatic H), 7.23 (m, 2H, aro-
matic H), 7.62 (d, 2H, aromatic H), 8.48 (s, 1H, NH). — *C NMR
(CDCL): 8 = 25.07, 25.50, 26.13, 26.58, 28.63, 29.13 (CH,), 120.00,
123.44, 128.22, 135.70 (CH), 137.06, 138.13 (C)), 167.61 (C=0).

CisHipNO (2294) Caled. C 78.55 H 8.37 N 6.11
Found C 7829 H 8.18 N 6.27

N,3-Diphenyl-2-propyneamide (10): According to the general pro-
cedure from 2.5 g (9.4 mmol) of 2-(trimethylstannyl)ethyne, 1.2 g
(10.1 mmol) of 2a, and 1.3 g (9.8 mmol) of AlCl;, 1.7 g (82%) of 10
is obtained, m.p. 129°C (EtOH) (ref.?? 128°C). — IR (KBr): ¥V =
1444 cm~?, 1550, 1596, 1629, 2215, 3230. — 'H NMR (CDCl;, 300
MHz): 8 = 7.07—-7.73 (m, 10H, aromatic H), 9.31 (s, 1H, NH). —
B3C NMR (CDCly): 8 = 83.40, 86.05 (C=C), 120.13, 124.55, 128.18,
128.70, 129.90, 132.35 (CH), 119.69, 137.49 (C), 151.64 (C=0).

CAS Registry Numbers

la: 31614-66-1 / 1b: 14064-15-4 / 1c: 937-01-9 / 1d: 68971-88-0
le: 127686-16-2 / 1f: 17315-41-2 / 1g: 17113-78-9 / 2a: 103-71-9
2b: 2909-38-8 / 3a: 6833-18-7 / 3b: 6833-15-4 / 3c: 2447-96-3 / 3d:
23099-05-0 / 3e: 96749-32-5 / 3f: 56776-51-3 / 3g: 10286-92-7 / 3h:
6833-23-4 / 3i: 91612-04-3 / 4a: 6833-19-8 / 4b: 127686-13-9 / 5a:
1929-89-1 / 5b: 2008-49-3 / 6: 123862-94-2 / 7: 3056-73-3 / 8:
127686-14-0 / 9: 127686-15-1 / 10: 7342-02-1 / Me,SnCl: 1066-
45-1 / 1-(trimethylstannyl)naphthalene: 944-85-4 / 4-methyl-1-(tri-
methylstannyl)naphthalene: 127686-17-3 / 2-(timethylstannyl)fu-
ran: 51583-40-5 / 2-(tributylstannyl)furan: 118486-94-5 / N-methyl-
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2-(trimethylstannyl)pyrrole: 107311-71-7 / 1-(tributylstannyl)-2-
phenylethene: 79159-76-5 / 1-bromocyclooctene: 4103-11-1 / 2-(tri-
methylstannyl)-1-phenylethyne: 1199-95-7
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