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Summary - The synthesis of diversely substituted ort/io-methyl A'^jA'^-diethylbenzainides using the orthometallation concept 
is described. A dramatic effect of the substituents and the additive TMEDA is observed during metallation ortho to the 
iVjiV-diethylcarboxamido group. Molecular modeling confirms the conformational effect of substituents. A role for the 
TMEDA additive is proposed. 

orthometallation / molecular modeling / ortho-methyl JV,iV-diethylbenzamide 

Resume - Synthese d'ortho-benzamides pentasubstitues via I'orthometalation: effets des bases et des substituants. La 
synthese d'oxiho-methylbenzamides substitues, fondee sur le concept d'orthometalation est decrite. Un effet important des 
substituants et de I'additif TMEDA est observe au cours de la metalation en ortho du groupe N,N-diethyl carboxamide. La 
modelisation confirme un effet conformationnel des substituants. Un role pour I'additif TMEDA est propose. 

orthom^talation / modelisation / ortho-methyl JV,iV-diethylbenzamide 

I n t r o d u c t i o n R e s u l t s 

In the course of our programme aimed at the synthe­
sis of an t i tumor agents based on natural ly occurring 
bioactive compounds, we needed highly subs t i tu ted 
benzoic acid derivatives. Our planned synthesis re­
quired the use of benzylic anions ortho t o a carboxylic 
group. According to the or thometal la t ion concept, ter­
t iary amides were a t t ract ive ta rge ts [1, 2]. Indeed, it 
should be possible to use this principle to introduce a 
methyl group at the ortho position of t he amide by an 
or thometal la t ion-methyla t ion sequence. Obviously, the 
ter t iary amide group would facilitate lateral l i thiation 
on the methyl group to secure the formation of t he re­
quired benzylic anions [3]. Al though some representa­
tives of highly subst i tu ted te t ra- or pentabenzamides 
have been described, we had to find new routes to the 
other examples. In the course of these investigations, 
we were faced with some problems of regioselectivity in 
the metal lat ion processes. Moreover, surprising results 
were obtained using different basic systems. We report 
here the results of these investigations, which shed the 
light on the role which could be played by N,N,N',N'-
te t ramethylethylenediamine (TMEDA) as an additive 
and by the subst i tut ion pa t t e rn of the aromat ic ring. 
Molecular modeling has also been used and could af­
ford a plausible explanation in te rms of conformational 
effects. 

Synthesis of tetrasubstituted benzamides 

In order to test t he impor tance of t h e subst i tuents on 
the aromat ic ring on the biological activity, we en­
visioned the preparat ion of 3,4-methylenedioxj'* and 
3,4-dimethoxy benzamides, which could be further sub­
s t i tu ted a t position 2 by a methoxy group (compounds 
III , fig 1) or leave unsubs t i tu ted (compounds I V ) . In 
the la t ter case, this position must be protected before 
introduction of the 6-methyl group (compounds II) . 
Thus the task was to prepare te t rasubs t i tu ted benza­
mides 3 , 4, 6 and 7 and then to introduce the methyl 
group. 

Amide 3 was prepared in two ways by modifica­
tion of l i terature procedures s tar t ing from either piper-
onal (l ,3-benzodioxole-5-carbaldehyde) via the corre­
sponding cyclohexylimine [4] or from piperonilic acid 
(piperidine-2-carboxylic a^id). In each case the copper-
catalyzed methoxylat ion a t position 2 was performed 
from the corresponding iodo derivative 2 obtained via 
or thometal la t ion and iodination of 1. The route from 
piperonilic acid was the most efficient in te rms of yields 

* For sake of homogeneity in the discussion, we use a 
nomenclature based on substituted benzamides rather than 
the correct lUPAC nomenclature based on benzodioxole 
compounds, which is used in the Experimental section. 

* Correspondence and reprints 



Table I. Orthometallation and methylation of tetrasubstituted aromatics 3, 4, 6 and 7. 

Entry Starting 
compound 

RLi/additive Solvent Yield % Product ratio 

1 3 sec-BuLi" or sec-BuLi/TMEDA'' THF 90 8 (100) -

2 4 sec-BuLi° THE 88 9 (40) 10 (60) 
3 4 5ec -BuLi" Hexane /Et20 1:1 78 9 (30) 10 (70) 
4 4 sec-BuLi then TMEDA" THF 87 9 (40) 10 (60) 
5 4 sec-BuLi/TMEDA" THF 81 9 (83) 10 (17) 
6 4 5ec-BuLi/TMEDA<^ THF 90 9 (85) 10 (15) 
7 6 irec-BuLi or sec-BuLi/TMEDA THF 70 11 (100) -

8 7 ^ec-BuLi/TMEDA" THF 90 12 (100) -

9 7 sec-BuLi" THF 90 12 (100) -

a) According to Procedure A; b) according to Procedure B; c) sec-BuLi was added to a solution of amide 4, 
then TMEDA was added; d) sec-BuLi was added to a solution of amide 4 and TMEDA. 
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and shortness. T h e t r imethoxy derivative 6 was pre­
pared from the corresponding acid via s t andard proce­
dures. 

The second set of te t rasubs t i tu ted aromatics needed 
the introduction of a removable subst i tuent at posi­
t ion 2. It is well known tha t this proton, which lo­
cated in between two powerful ort/io-directing groups 
(ether and carboxamide), is abs t racted first. Thus , tak­
ing advantage of this fact, the silyl-protecting group has 
been introduced by several groups [5, 6]. Or thometa l ­
lation of the amides 1 and 5 followed by quenching 
with chlorotrimethylsilane gave the known derivatives 
4 and 7. 

Methylation of tetrasubstituted benzamides 

Orthometal la t ion is often performed using butyll i thium 
or sec-butyllithium in te trahydrofuran in the presence 
of the additive T M E D A . Although the role of this ad­
ditive is still a ma t t e r of debate , T M E D A is postulated 
to be a good ligand of l i thium and is known to accel­
era te metallat ion reactions. Thus , we can assume tha t 
T M E D A can be added to li thiation reaction with good 
results, if any. For several reasons, we a t t empted to 
use sec-butyllithium alone to perform orthometal lat ion. 
Accordingly, compounds 3, 4, 6 and 7 were t rea ted 
with sec-butyllithium in te t rahydrofuran at —78 °C for 

15 min and methyl iodide was added. The reaction pro­
ceeded uneventfully with compounds 3 , 6 and 7 giv­
ing the expected 6-methyl derivatives 8, 11 and 12, re­
spectively. However, to our surprise, compound 4 gave 
a mixture of two compounds 9 and 10 in a 2:3 ratio. 
Because or thometal la t ion of 4 using T M E D A as an ad­
ditive has been described by Kallmerten to give only 
compound 9 [6], we decided to further investigate this 
reaction in more detail under different conditions. As 
seen from table I, changing the solvent from T H F to the 
less chelating hexane /e ther mixture led essentially to 
t he same results, compound 10 being the major product 
(compare entries 2 and 3). Addit ion of sec-butyllithium 
to a solution of the ter t iary amide 4 and addit ion of 
T M E D A a few minutes after, did not affect the prod­
uct rat io (entry 4). Finally addit ion of a preformed 1:1 
mixture of sec-butyllithium and T M E D A to the amide, 
a technique often used in the field, led to the forma­
tion of 9 and 10 as a 83:17 mixture (entry 5). Identi­
cal results were obtained when adding sec-butyllithium 
to a preformed solution of the amide 4 and T M E D A 
(entry 6). Another intriguing fact was the 'normal ' be­
havior of compound 7 which can be metal lated and 
methyla ted using either sec-butyl l i th ium/TMEDA [5] 
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or sec-butyllithium alone (compare entries 8 and 9) in 
excellent yields. 

From this rapid survey, it was concluded tha t the 
differences observed in the metal lat ion of 4 and 7 should 
be a t t r ibu ted to the na tu re of the subst i tu t ion pa t t e rn 
of the aromatic rings and to the base used, ie, sec-
butyl l i thium with or without T M E D A additive. 

D i s c u s s i o n 

Table II. Diliedral angles C6-C1-C-0 in energy-minimized 
conformations obtained from MOPAC calculations. 

Compound Dihedral angles values (°) 

3 - 7 8 - 7 2 +67 +106 
4 - -100 4^94 -

6 -108 - +66 +111 
7 - - 9 7 +103 -

13 - 9 6 +101 -13 in reference 7 - - +103 -

Role of the substituents 

One may assume tha t the acidities of H-6 protons are 
ra ther identical in compound 4 and 7. This should also 
be t rue for H-5 protons. Thus , differences appearing in 
the orthometal lat ion process might be related to steric 
hindrance ra ther than to the acidity of the protons. 
In other words, the more accessible proton should be 
abst racted in each case. Comparison of the normal 
reactivity of amide 3 and the abnormal reactivity of 
amide 4 using sec-butyllithium alone may be explained 
in te rms of steric hindrance on H-6 due to the presence 
of t he trimethylsilyl group in 4. This group should 
induce a change in the steric surrounding of H-6 by 
modifying the conformation around the amide bond. 

In order to find evidence of such conformational ef­
fects, nOe experiments were conducted on compounds 
3 and 4. An nOe effect of about 2% was detected be­
tween one aromatic proton, presumably H-6, and the 
CH2 group of the NEt2 subst i tuent in 4. No similar 
nOe effect can be detected for compound 3 . Accord­
ingly, proton H-6 in 4 is relatively close to the bulky 
NEt2 group and consequently kinetic deprotonat ion can 
occur on H-5 ra ther t h a n on H-6 in amide 4. Another 
possible consequence of such conformational effect in 
amide 4 would be t h a t the carbonyl group which is 
implicated in the orthometal lat ion process should not 
assume the correct orientation required for complex-
ation with base, thus lowering the ortho-divecting ef­
fect. This effect should no longer be present in amide 
3, where the methoxy group at C-2 should not force 
the amide group to adopt an unfavorable conforma­
t ion for orthometal lat ion. The influence of the geom­
etry around the amide bond has been studied recently 
by Beak et al [7]. It was shown t h a t the efficiency of 
the ortholi thiat ion process should be related to the di­
hedral angle between the C O bond and the aromatic 
ring. Thus , a silyl subst i tuent ortho to the ter t iary 
amide group decreases the efficiency of ortholi thiat ion 
by a factor of 1800 compared to benzamide itself. T h e 
ground s ta te conformation of an amide should reflect 
its ability to be metallated. Computa t ions performed 
by Beak showed a dihedral angle of about 103° for 
2-(trimethylsilyl)-iV,7V-diisopropylbenzamide 13 (fig 3e) 
with a weighted distance of 3.4 A between the H-6 pro­
ton and the oxygen of the amide group [7]. In order to 
have a be t t e r knowledge of our system, we performed 
energy calculations on amides 3 , 4, 6 and 7 bv varying 
the C6-C1-C-0 dihedral angle from - 1 8 0 ° to +180° by 
10° steps. As shown in a graphical form in figure 3, 
the to ta l energy of the 2-trimethylsilyl derivatives 4 
and 7 reaches two minima around - 1 2 0 ° and +120° , 
whatever t he C-3 and C-4 subst i tuents (compare fig 3c 

and 3d). Almost identical results were obtained with 
2-(trimethylsilyl)-A'',A'-diisopropylbenzamide 13, which 
correlate weU with Beak 's calculations (see table II). 

Interestingly, t he energy/dihedral angle profile of 
2-methoxy derivatives 3 and 6 (fig 3a and 3b) showed 
four energy minima for - 1 2 0 ° , - 5 0 ° , +50° and +140° 
and strongly differ from t h a t of amides 4 and 7. In each 
derivative, a dihedral angle of 0° always corresponds 
to an energy maximum. MOPAC calculations using 
A M I were then performed on these minimum conforma­
tions, which corroborate t he results of energj ' minimiza­
tion. The calculated dihedral angles are summarized in 
table II. 

Accordingly, amides 3 and 6 should be deprotonated 
more easily than 7 and 4 because the or</io-directing 
effect can be easier achieved on low energy conforma­
tions in which the amide carbonyl points towards the 
ortho proton. This conformation cannot be reached with 
2-trimethylsilyl derivatives in which the oxygen always 
points towards the C-2 subst i tuent in the more stable 
conformations. T h e question is the 'normal ' behavior 
of amide 7 in the or thometal lat ion. The trimethylsilyl 
subst i tuent should have the same effect on the orien­
ta t ion of the amido group as in 4. Nevertheless in this 
case, one may assume tha t the methoxy group at C-4 
hinders t he H-5 proton in such a way tha t kinetic de­
protonat ion of H-5 is disfavored and thus the powerful 
ort/io-directing amido group fully played its role. Indi­
rect evidence was obtained from nOe measurements on 
amide 7, which showed a strong effect (6.7%) between 
H-5 and the methoxy group at C-4. As a consequence 
deprotonat ion occurred only at C-6 as already shown 
by Snieckus [5]. It should be noted t h a t no significant 
nOe was detected between H-6 and the CH2 group of 
the amide. 

Role of TMEDA 

The role played by T M E D A in the regioselectivity of 
lithiation of benzamide 4 is much more difficult to ra-
t ionahze. Despite a number of reported examples of 
metallat ion in the presence of T M E D A , its role is not 
yet clearly defined as recently summarized by CoUum 
[8]. Nevertheless T M E D A has been reported to affect 
the ra te of metal lat ion [9] bu t also the metallat ion site 
of disubst i tuted aromatics [10]. Two different explana­
tions can be envisioned. T h e first is t ha t T M E D A , in 
complexing alkyllithium, induces deagreggation of the 
te t rameric butyl l i thium to form a more reactive dimeric 
form [11-13]. This smallest and more efficient base is 
more able to abstract even a sterically hindered proton 
such as H-6 in 4 [14]. Such an explanation has been 
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Fig 3 . Total energy as a function of dihedral angle C-6-C-1-C-0. 

proposed by Harmon and Shirley to explain the metal­
lation of 2-methylanisole wi th n-buty l l i th ium-TMEDA 
[15]. Another interesting proposal came from Slocum 
laboratories [10, 16] jus t after t he disclosure of our work 
in a preliminary form [17]. I t has been proposed tha t 
the slow step in t he or thometal la t ion process should 
be the complexation of the base on the heteroatom of 
t he ort/io-directing group. In our case, the oxygen of the 
amido group points in the direction of t he trimethylsilyl 
group, thus complexation could be slow allowing kinetic 
deprotonat ion at C-5. Upon addi t ion of T M E D A , ac­
cording to Slocum hypothesis, t he metal lat ion should 
not proceed via complexation of the he teroatom of the 
D M G but ra ther via direct reaction of a 'overriding 
base ' with the more acidic proton, ie, H-6 proton in 
compound 4. 

C o n c l u s i o n 

In fact bo th explanat ions advanced above are consistent 
wi th each other and one may propose t h a t t he role of 
T M E D A should be to form a s t rong base with butyl-
l i thium, which does not need any complexation with 
the D M G heteroatom to abs t rac t the more acidic pro­
ton, ortho to the DMG. This is part icularly t rue for 
sterically hindered proton located ortho t o t he diethyl-
amido group. T h e deaggregation of polymeric alkyl-

l i thium should be the major effect of T M E D A . In our 
case, the other observed effect came from the presence 
of the bulkyl trimethylsilyl group at C-2, which induces 
a par t icular conformation around the amide bond, pre­
venting the requisite complexation of the base to achieve 
ortho metal lat ion a t a sufficient ra te . 

E x p e r i m e n t a l s e c t i o n 

Melting points were recorded on a Tottoli apparatus and 
are uncorrected. IR spectra were recorded on a Perkin 
Elmer 1600 IR FT spectrometer. NMR spectra were 
obtained at 400 MHz using a Bruker Aspect 3000 spec­
trometer or at 250 MHz using a Bruker AC 250 spectro­
meter. ^^C NMR spectra were obtained at 62.9 MHz using a 
Bruker AC 250 spectrometer. Unless otherwise stated, spec­
tra were recorded in CDCI3 using tetramethylsilane as inter­
nal standard. Mass spectra (MS) were recorded in EI mode 
at 70 eV on a Nermag RIOIO. Preparative high-pressure liq­
uid chromatography (HPLC) used silica gel 60 H Merck, and 
open column chromatography used silica-gel 60 Merck 70-
230 mesh. sec-BuLi as solution in cyclohexane purchased 
from Aldrich Chemicals was titrated periodically against 
2,5-dimethoxybenzyl alcohol. TMEDA was dried and dis­
tilled from CaHa and stored over 4 A molecular sieves under 
argon. THF and E t20 were freshly distilled from sodium 
benzophenone ketyl prior to use. Microanalyses were per­
formed by the Service Central d'Analyse du CNRS at Ver-
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Molecular modeling 

Calculations were performed on a Silicon Graphics Indy 
using Insightll Biosym package. Energy minimization were 
performed in the Discover routine using a conjugate gradient 
algorithm. A constraint on the dihedral angle C6-C1-C-0 
was fitted and 36 conformations (-180° +180°, steps 10°) 
were energy minimized. Each minimized structure was then 
computed using the MOPAC routine (AMI calculations) of 
Biosym. Final dihedral angles C6-C1-C-0 are summarized 
in table II. 

• Procedure B 
A solution of TMEDA (2.5 mL, 17 mmol) in THF (100 mL) 
was cooled to - 7 8 °C under argon and sec-BuLi (1.2 M 
in cyclohexane, 13 mL, 17 mmol) was added. The resulting 
solution was stirred for 15 min and the benzamide (16 mmol) 
in THF (70 mL) was added dropwise. The reaction mixture 
was stirred for 15 min at —78 °C and then a solution of 
the appropriate electrophile (32 mmol, 2 equiv) in THF 
(20 mL) was added. The resulting solution was then allowed 
to warm to room temperature and worked up as described 
in Procedure A. 

Preparation of N,N-diethylbenzamides 

The desired substituted benzoic acid (10 mmol) was sus­
pended in SOCI2 (25 mL). When the solution became clear, 
the solvent was removed in vacuo. The resulting acyl chloride 
was dissolved in CH2CI2 (40 mL), the solution was cooled 
to 0 °C and diethylamine (5 mL) was added dropwise at 
such rate that the temperature did not exceed 5 °C. Af­
ter addition was complete, the reaction mixture was allowed 
to warm to room temperature and remain at this tempera­
ture for 3 h, then diluted with CH2CI2 (40 mL) and HCl 3 N 
(3 mL). The organic layer was separated, washed with water, 
dried over MgS04, filtered, and concentrated in vacuo. The 
residue was purified by chromatography using hexane/ethyl 
acetate mixtures. 

• N -Diethyl-1,3-benzodioxole-5-carboxamide 1 
Compound 1 (2.1 g, 95%) was obtained by treatment of 
piperonilic acid (1.66 g, 10 mmol) according to the gen­
eral procedure. Rf 0.35 (hexane/ethyl acetate 2:3). Mp 
62-65 °C. Lit [18]. Bp 130-135 °C (0.5 mm Hg). 

• N,N-Diethyl-3,4-dimethoxybenzamide 5 
Compound 5 (2.25 g, 95%) was obtained by treatment of 
3,4-dimethoxybenzoic acid (1.82 g, 10 mmol) according to 
the general procedure. Rf 0.50 (hexane/ethyl acetate 2:3). 
Mp 76-78 °C. Lit [5] Bp 130-132 °C (0.03 mm Hg). 

• N,N-Diethyl-2,3,4-trimethoxybenzamide 6 
Compound 6 (2.5 g, 95%) was obtained by treatment of 
2,3,4-trimethoxybenzoic acid (2.21 g, 10 mmol) according to 
the general procedure. Rf 0.28 (hexane/ethyl acetate 2:3). 
IR (film): 1655 c m ' ^ 
^H NMR (250 MHz): 6 1.02 (t , J = 7 Hz, 3H, Cffa 

amide); 1.24 (t, J = 7 Hz, 3H, CH3 amide); 3.18 (m, 
2H, CH2 amide); 3.4 (m, 2H, CH2 amide); 3.8-4.1 (m, 
9H, 3 OCHa); 6.7 (d, J = 6.5 Hz, IH, H-5); 6.89 (d, IH, 
H-6). 

Anal calc for C14H21NO4: C, 62.90; H, 7.92; N, 5.24. Found: 
C, 62.66; H, 7.83; N, 5.37. 

ortho-Lithiation of benzamides 

• Procedure A 
To a solution of benzamide (17 mmol) in THF (100 mL) 
under argon at —78 °C was added sec-BuLi (1.2 M in 
cyclohexane, 13 mL, 17 mmol). The resulting solution was 
stirred for 15 min and then treated with an excess of the 
appropriate electrophile (32 mmol, 2 equiv) in THF (20 mL). 
The resulting solution was then allowed to warm to room 
temperature. The reaction was quenched with a saturated 
aqueous ammonium chloride solution (10 mL) and extracted 
with ether. The organic layer was washed with water, dried 
over MgS04, filtered and concentrated in vacuo. The residue 
was purified by column chromatography using hexane/ethyl 
acetate mixtures. 

• N,N-Diethyl-4-iodo-l,3-benzodioxole-
5-carboxamide 2 

Compound 2 (2.8 g, 85%) was obtained by treatment of 
compound 3 (2.21 g, 10 mmol) according to Procedure A or 
B, using iodine as electrophile. Rf 0.3 (hexane/ethyl acetate 
2:3). Mp 76-78 °C. 
IR (film): 1660 c m ^ ^ 
' H NMR (250 MHz): S 1.25 (t, J = 7 Hz, 3H, CH3 amide); 

1.28 (t, J = 7 Hz, 3H, CH3 amide); 3.15 (q, J = 7 Hz, 
2H, CH2 amide); 3.35 (b s, 2H, CH2 amide); 6.05 (s, 2H, 
O-CH2-O); 6.70 (d, J = 7.5 Hz, IH, H-7); 6.80 (d, IH, 
H-6). 

^̂ Ĉ NMR (62.9 MHz): 6 12.67, 14.04 (CH3 amide); 39.12, 
42.97 (CH2 amide); 70.49 (C-4); 100.89 (C-2); 108.46 
(C-7); 120.38 (C-6); 135.98 (C-5); 145.99, 149.81 (C-3a, 
C-7a); 170.51 (CO). 

Anal calc for C12H14INO3: C, 41.52; H, 4.06; N, 4.03. Found: 
C, 41.85; H, 4.10; N, 4.08. 

• N,N-Diethyl-4'methoxy-l,3-benzodioxole-
5-carboxamide 3 

To solution of compound 2 (13 g, 40 mmol), dissolved in 
anhydrous MeOH (300 mL), were added a solution of sodium 
methoxide (4.3 g, 190 mmol, 5 equiv) in MeOH (200 mL) and 
Cul (730 mg, 3.8 mmol, 0.1 equiv). The mixture was heated 
under reflux overnight. The solvent was removed in vacuo 
and the residue was extracted with CH2CI2 (3 x 100 mL). 
The combined organic layers were washed with HCl 3 N, 
water, dried over MgS04, filtered and concentrated under 
reduced pressure. Chromatography (hexane/ethyl acetate 
2:3) gave compound 3 as a gum (8 g, 80%); Rf 0.26 
(hexane/ethyl acetate 2:3). 
IR (film): 1660 cm'"-. 
^H NMR (250 MHz): 6 1.05 (t, J = 7 Hz, 3H, CH3 amide); 

1.22 (t, J = 7 Hz, 3H, CH3 amide); 3.20 (q, J = 7 Hz, 
2H, CH2 amide); 3.55 (b s, 2H, CH2 amide); 3.98 (s, 3H, 
OCH3); 5.95 (s, 2H, O-CH2-O); 6.52 (d, J = 8 Hz, IH, 
H-7); 6.67 (d, J = 8 Hz, IH, H-6). 

" C NMR (62.9 MHz): 6 12.86, 13.99 (CH3 amide); 38.96, 
42.93 (CH2 amide); 60.04 (OCH3); 101.16 (C-2); 103.05 
(C-7); 120.46 (C-6); 136.39 (C-5); 139.81, 149.64 (C-3a, 
C-7a); 168.13 (CO). 

MS m/z 251 (M+), 220, 179, 164, 149, 134, 121, 106, 94, 78, 
65, 63, 53, 42. 

Anal calc for C13H17NO4: C, 62.12; H, 6.82; N, 5.58. Found: 
C, 62.03; H, 6.78; N, 5.61. 

• N,'N-Diethyl-4-trimethylsilyl-l,3-benzodioxole-
5-carboxamide 4 

Compound 4 (2.81 g, 96%) was obtained by treatment of 
compound 1 (2.21 g, 10 mmol) according to Procedure A 
or B, using TMSCl as electrophile. Rf 0.7 (hexane/ethyl 
acetate 3:2). Lit [6]. 
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• 'N,N-Diethyl-3,4-dimethoxy-2- (trimethylsilyl)-
benzamide 7 

Compound 7 (2.88 g, 93%) was obtained upon treatment of 
compound 5 (2.51 g, 10 mmol) according to Procedure A or 
fi, using TMSCl as an electrophile. Rf 0.70 (hexane/ethyl 
acetate 1:3). Mp 56.5-57 °C (hexane/ether). Lit [5]. Mp 
57-58 °C. 
IR (film): 1615 c m ^ ^ 

NMR (250 MHz): 6 0.28 (s, 9H, Si(CH3)3); 1.08 (t, 
J = 7 Hz, 3H, CH3 amide); 1.25 (t, J = 7 Hz, 3H, CH3 
amide); 3.21 (b s, 2H, CH2 amide); 3.51 (b s, 2H, CH2 
amide); 3.90 (s, 6H, OCH3); 6.90 (s, 2H, H-5, H-6). 

Methylation of amides 3_, 4 , 6 and 7 

• N,N-Diethyl-4-methoxy-6-methyl-l,3-benzodioxole-
5-carboxamide 8 

Compound 8 (2.3 g, 90%) was obtained by treatment of 
compound 3 (2.5 g, 10 mmol) according to Procedure A or B, 
using methyl iodide as an electrophile. Rf 0.3 (hexane/ethyl 
acetate 2:3). 
IR (film): 1 660 c m ' ^ 
^H NMR (250 MHz): S 1.05 (t, J = 7.5 Hz, 3H, CH3 amide); 

1.24 (t, J = 7.5 Hz, 3H, CH3 amide); 2.13 (s, 3H, CH3 
benzylic); 3.15 (q, J = 7.5 Hz, 2H, CH2 amide); 3.42, 
3.70 (2m, 2H, CH2 amide); 3.95 (s, 3H, OCH3); 5.95 (AB, 
J = 1.5 Hz, 2H, O-CH2-O); 6.40 (s, IH, H-7). 

" C NMR (62.9 MHz): 6 12.76, 13.85 (CH3 amide); 18.68 
(CH3 benzylic); 38.66, 42.56 (CH2 amide); 59.85 (CH3 
methoxy); 100.90 (C-2); 104.61 (C-7); 123.11 (C-4); 
128.56 (C-6); 134.05 (C-5); 139.33, 149.09 (C-3a, C-7a); 
167.83 (CO). 

MS: m/z 265 (M+), 250, 193, 178, 163, 77. 
Anal calc for C14H19NO4: C, 63.36; H, 7.22; N, 5.28. Found: 

C, 63.06; H, 7.33; N, 5.47. 

• N,N-Diethyl-6-methyl-4-(trimethylsilyl)-l,3'benzo-
dioxole-5-carboxamide 9 

Compound 4 treated according to Procedure A gave a mix­
ture of two compounds 9 and 10 in 2:3 ratio in 88% yield, 
which were separated by preparative HPLC (hexane/ethyl 
acetate 1:7). 

Compound 4 treated according to Procedure B gave a 
mixture of two compounds 9 and 10 in 83:17 ratio in 
81% yield which were separated by preparative HPLC (hex­
ane/ethyl acetate 1:7). Rf 0.30 (hexane/ethyl acetate 2:3). 
IR (film): 1660 c m ^ ^ 

^H NMR (250 MHz): 6 0.25 (s, 9H, Si(CH3)3); 1-00 (t, 
J = 7 Hz, 3H, CH3 amide); 1.22 (t, J = 7 Hz, 3H, CH3 
amide); 2.12 (s, 3H, CH3 benzylic); 3.12 (m, 3H, CH2 
amide); 3.90 (m, IH, CH2 amide); 5.75 (AB, J = 1.5 Hz, 
2H, O-CH2-O); 6.60 (s, IH, H-7). 

^^C NMR (62.9 MHz): S -0 .17 (Si(CH3)3); 12.69, 13.58 
(CH3 amide); 19.04 (CH3 benzylic); 38.99, 43.03 (CH3 
amide); 100.23 (C-2); 111.16 (C-7); 116.16 (C-4); 127.21 
(C-6); 134.19 (C-5); 145.89, 151.27 (C-3a, C-7a); 170.99 
(CO). 

MS: m/z 307 (M+), 292, 278, 235, 163, 84, 49. 
Anal calc for CieHigNOsSi: C, 62.50; H, 8.20; N, 4.56. 

Found: C, 62.37; H, 8.38; N, 4.51. 

• l^jN-Diethyl-J-methyl 4-(trimethylsilyl)-1,3-benzo-
dioxole-5-carboxamide 10 

Rf 0.26 (hexane/ethyl acetate 2:3). Mp 70-72 °C. 
IR (film): 1 660 cmT^. 

^H NMR (250 MHz): 6 0.25 (s, 9H, Si(CH3)3); 1-06 (t, 
J = 7 Hz, 3H, CH3 amide); 1.21 (t, J = 7 Hz, 3H, CH3 
amide); 2.16 (s, 3H, CH3 benzylic); 3.21 (q, J = 7 Hz, 
2H, CH2 amide); 3.60 (q, J = 7 Hz, 2H, CH2 amide); 
5.90 (s, 2H, O-CH2-O); 6.49 (s, IH, H-6). 

i^C NMR (62.9 MHz): 6 0.64, 0.41, 0.21 (Si(CH3)3); 12.42, 
12.64 (CH3 amide): 14.35 (CH3 benzylic); 38.99, 43.44 
(CH2 amide); 99.97 (C-2); 113.93 (C-7); 119.02 (C-4); 
121.60 (C-6); 135.68 (C-5); 144.39, 152.48 (C-3a, C-7a); 
171.74 (CO). 

MS: m/z = 307 (M+), 292, 235, 177, 163, 73, 43. 
Anal calc for CigHisNOgSi: C, 62.50; H, 8.20; N, 4.56. 

Found: C, 62.43; H, 8.27; N, 4.51. 

• l<i,N-Diethyl-6-methyl-2,3,4-trimethoxy-
benzamide 11 

Compound 11 (1.97 g, 70%) was obtained by treatment 
of compound 6 (2.67 g, 10 mmol) according to Procedure 
A or B, using methyl iodide as electrophile. Rf 0.34 (hex­
ane/ethyl acetate 2:3). 
IR (film): 1630 cm'V 
iH NMR (400 MHz): 6 1.05 (t, J = 7.5 Hz, 3H, CH3 amide); 

1.26 (t, J = 7.5 Hz, 3H, CH3 amide); 2.2 (s, 3H, CH3); 
3.13 (m, 2H, CH2 amide); 3.58 (m, 2H, CH2 amide); 3.87 
(s, 6H, OCH3); 3.92 (s, 3H, OCH3); 6.5 (s, IH, H-5). 

MS: m/z 281 (M+), 265, 209, 166, 151, 72, 42. 
Anal calc for C15H23NO4: C, 64.04; H, 8.24; N, 4.98. Found: 

C, 64.17; H, 8.32; N, 4.92. 

• N,N-Diethyl-3,4- dimethoxy-6-methyl-
2- (trimethylsilyl) benzamide 12 

Compound 12 (2.9 g, 90%) was obtained by treatment of 
compound 7 (3.09 g, 10 mmol) according to Procedure A 
or B, using methyl iodide as electrophile. Rf 0.70 (hex­
ane/ethyl acetate 1:3). Lit [5]. 
IR (film): 1617 cm^^ 
^H NMR (250 MHz): 6 0.24 (s, 9H, Si(CH3)3); 1-02 (t, 

J = 7 Hz, 3H, CH3 amide); 1.24 (t, J = 7 Hz, 3H, 3H, 
CH3 amide); 2.17 (s, 3H, CH3 benzylic); 2.9-3.2 (m, 4H, 
CH2 amide); 3.90 (s, 6H, OCH3); 6.72 (s, IH, H-7). 
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