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Abstract: Aminobenzoic acids show different types of multicomponent reactions when treated with a carbonylic component and an
isocyanide in an alcoholic solution. Anthranilic acid provides dibenzo-1,5-diazocine-2,6-dione derivatives by a double Ugi four

component reaction (U-4CR) or depending on the reaction conditions the U-5C-4CR product, a N-(carbamoylmethylanthranilic
acid ester. Whereas amhramhc acid reacts hardly with ketones in that kind of multicomponent reaction. Instead the preferred
reaction with isocyanides is the formation of 2-iminoindolin-3-ones. While 3-aminobenzoic acid shows no reaction, 4-aminobenzoic

acid forms ihe U-5C-4CR product exclusively. © 1998 Eisevier Science Ltd. All rights reserved.
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formuia 1 by a one-pot reaciion. The siructure of the final product depends on the transformation of the
a-adduct. The kind of the acid (e.g. carboxylic acid) determines the type of rearrangement. A special case of the
U-4CR is the reaction with an a-aminoacid [4,5]. Its a-adduct is not able to rearrange as usual, but the
nucleophilic solvent is acylated instead.

U-4CR: . R*
+
R'-CHO + R%NH, + R*-COOH === NH —Qe ,ll NH
-H0 R o R? R*T N7 \n’ R
|
(R‘-R‘:alkyt_; aryl) a-adduct R' R? ' o
U-5C-4CR: RZ O R? R

n2 \ V/4
K

+ R*NC H X NH_
Rico + w o \n/LNH/Hr R*
HN” NCOOH - H0 N/ +ux I

—_a . =1

(R' - R* = aikyi-; ary})

Scheme 1: Classical U4CR and U-5C-4CR with a-aminoacids (X: nucleophile like alcohol, sodium hydroxide, 1° and 2° amine).
" MCR 7 (previous articles: MCR 1-6); # Auszug aus der Dissertation [11].
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Many benzodiazepines have selective activities against diverse deseases. The 2,5-dioxo derivative flumazenil
functions as a benzodiazepine antagonist [6]. 1,4-Benzodiazepine-2,5-dione derivatives have also shown promise
as antithrombotics [7], as ethanol-intoxication antagonist [8] and as herbicides [9]. Further more they serve as
precursors for antitumor antibiotics of the anthramycin family [10]. Their backbone consists of an annelated ring
system of benzene and a seven-membered diazepine ring, a basic structure that appears in various natural
products. By a U-4CR a similar ring system can be synthesized, with the diazepine ring being enlarged for one
carbon atom. The one-pot reaction of anthranilic acid, an aldehyde and an isocyanide yields a dibenzo-1,5-
diazocine-2,6-dione [11].

1. Multicomponent reactions of anthranilic acid leads to dibenzo-1,5-diazocine-2,6-diones and
N-(carbamoylmethyl)anthranilic acid esters

Anthranilic acid undergoes MCR when treated with

equivalents of anthranilic acid, a carbonylic compound and an 1socyar eact in alcohol, forming dibenzo-
1,5diazocine-2,6-diones 4, N-{carbamoylmethyl)anthranilic acid esters 3 or alternatively 2-iminoindolin-3-ones §
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Oy a one-pot reaction. 1ne transition proauct, the imine, 1S condaensea iz sifu without need of isoiation of

purification. Three different routes of reaction are possible.
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Scheme 2:  Reactions of anthranilic acid yielding dibenzo-1,5-diazocine-2,6-diones, N-(carbamoylmethyl)anthranilic acid esters
or 2-iminoindolin-3-ones; " solvent.

Like a-aminoacids anthranilic acid cannot react in a classical U-4CR. So the expected reaction of anthranilic
acid with aldehyde and isocyanide in alcoholic solution is the U-5C-4CR in which the solvent is acylated by the
carboxylic group of the acid (see Scheme 1 and Scheme 2, route A). But only in case of sterically highly
hindered aldehydes (like pivalaldehyde) or in presence of isocyanides carrying an ester function (like isocyano
acetic acid methyl ester) the N-(carbamoylmethyl)anthranilic acid esters 3 are formed. Molecules like 3 were first
synthesized by L. Capuano in 1966 who treated an anthranilic acid or -acid ester with methyl- or phenyl
isocyanide and homologues of diazomethane [12].



Usually the reaction follows a different route (B) with two egivalents of each component forming a
Ugi 8 center 6 component product (U-8C-6C product) 4 in a double U-4CR. This condensation leads to a
tricyclus of dibenzo-1,5-diazocine-2,6-diones. These are derivatives of benzodiazepinediones [9] being enlarged
for one carbon atom. Instead of the seven-membered ring of the benzodiazepinedione basic structure they show
an eight-membered ring structure. The intermolecular condensation of an amino group and a carboxylic group of
two different molecules of anthranilic acid could be explained by the strong hydrogen bonds between them.

Ketones prefer to react in a different way (C) than aldehydes do. In a one-pot reaction with anthranilic acid,
an isocyanide, a ketone and alcohol, the two latter compounds only serve as a solvent, but do not join the
condensation. Anthranilic acid and isocyanide form a 2-iminoindolin-3-ones 5. The vields for the synthesis with

acetone and cyclohexanone to the 2-iminoindolin-3-ones lay between 50 and 60 %. The U-5C-4CR and 8C-6CR

» formed asg hv products (up to15 % each) only if the imine is precondensed in the presence of water
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excnuswely, while for other educis the double U-4CR is prelerrea Usuauy a mixture of both pTOOUCIS is formed.

Table 1 shows the products of some selected syntheses with diverse aldehydes and isocyanides.

carbonylic isocyanide anthranilic acid reaction 3:4:5 relation; yield (%
component R-NC mmol/ml solvent  conditions of the product)
R'-CHO time; AT: reflux
pivalaldehyde MeO,C-CH,-NC  (10/ 10) ethanol 3-4 WAT; 20 WRT 100:0:0 (3a=84 %)
pivalaldehyde Me-NC (10/ 10) ethanol 3-4 h/AT; 20 WRT 100:0:0 (3b=68 %)
isobutyraldehyde EtO,C-CH,-NC  (10/ 10) ethanol 3-4 h/AT; 20 RT 100:0:0 (3¢=80 %)
propionealdehyde MeQ,C-CH;-NC  (10/ 10) methanol  3-4 W/AT; 20 /RT  100:0:0 (3d=64 %)
cyclohexyl Me-NC (1/ 5) ethanol 3-4 WAT; 20 WRT 50:50.0 {(3e=46 %,
carvaldehyde 4e=47 %)
benzaldehyde t-Bu-NC (5/ 75) methanol 3-4 h/AT; 20 WRT 40:60:0 (3f=22 %;
4=32 %)
propionealdehyde Me-NC (10/ 10) methanol ~ 3-4 WAT; 20 WRT 10:90:0 (3g=9 %;
4g=80 %)
cyclohexyl t-Bu-NC (10/ 10) i-propanol  3-4 /AT; 20 WRT 0:100:0 (4h=79 %)
carbaldehyde
isobutyraldehyde t-Bu-NC (10/ 10) 6 d/RT 0:100:0 (4i=69 %)
tetrahydrofuran by product P-3CR
acetone Me-NC (5/ 50) ethanol 1 d/RT 0:0:100 (5j=59 %)
cyclohexane MeQO,C-CH,-NC  (5/ 10) methanol 1 d/RT 0:0:100 (5k=52 %)
acetone Me-NC (5/ 10) methanol 3-4 W/AT; 1 d/RT  20:20:60 (3l=18 Yo,

6 %,;

=1
§51=58 %)
S1=58 %)

Table 1: Multicomponent reactions with anthranilic acid leading to the products 3, 4 and 5.



Solvents like THF can also support the formation of the double U-4CR product. But mainly the ratio of the
U-8C-6CR to the U-5C-4CR product is defined by the sterical demands of the aldehyde and the isocyanide. So
the nature of the educts’ substituents determines the reactions pathway. Beyond that there is a risk of Passerini-
3 component reaction instead of U-8C-6CR by using nonpolar solvents.

In U-MCR a new carbon-carbon bond is formed accompanied with the formation of a new chiral center. As it
is supposed the U-SC-4CR products are obtained in racemic mixtures. In case of U-8C-6CR to N,N’-di-
(t-butylcarbamoylcyclohexylmethyl)dibenzo-1,5-diazocine-2,6-dione only two of four possible diastereomers are
synthesized. The purified product was crystallized from methanolic solution. The colourless monoclinic crystals
were examined by single crystal X-ray diffraction analysis showing the space group P2,/n and Z=4. Scheme 3
shows that the eight-membered ring of the dibenzodiazocine backbone has a boat shape, the two aromatic rings
facing one level. Furthermore one the opposite side one equivalent of intersticial water is trapped by the two

|

P 1€ €q sticial water 18 trapped Dy
carbonylic groups (O8 and Q12), one methanol (O81) and the bulky substituents. The asymmetric unit consists
of two more equivalents of methanol (081/C82; 083/C84). All acidic protens (N13-H; N33-H; O H;; CH;0H)
are involved in a complex hydrogen bonding system (d O-O/ON: 266 pm - 288 pm) building up a three-
dimensional network which will determine and dominate the reaction pathway B. In the case of molecule 4h only
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Scheme 3:  X-ray structure of N,N'-{di-1-{N-(t-butyl)}-carbamoyl] 1-cyclohexylmethyl }dibenzodiazocine-2,6-dione 4h.



Imines of aminobenzoic acids, stabilized by a conjugated m-electron system in the protonated state (the
carboxylic group being deprotonated), take part in three different MCR with isocyanides in alcoholic solution.
Both anthranilic acid and 4-aminobenzoic acid show MCR, whereas 3-aminobenzoic acid does not participate.

By treating 4-aminobenzoic acid in alcoholic solution with one equivalent of each, aldehyde and isocyanide,
the U-5C-4CR product is obtained. The aldehydes and isocyanides can be varied with nearly free choice of the
substitution exceptional very reactive aldehydes like furaldehyde or thiophene-2-carbaldehyde. As solvent all
homologues of alcohols can be chosen, as long as the excess can be removed at the end of the reaction. In
experiments all homologues of alcohol from methanol up to n-hexanol (R*: -CsHs) gave the general U-SC-4CR
products 6 in good vields (e.g. 37-80 %).
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Scheme 4:  4-Aminobenzoic acid in the U-SC~4CR to N-(carbamoylmethyl)p-aminobenzoic acid esters 6 (R - R® = alkyl-, aryl-).
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propyijp-aminobenzoic acid methyl esters éa are formed.

Scheme S:  ORTEP-plot of the X-ray structure of N-[(1-N-t-butylcarbamoyl)2-methylpropyl}4-aminobenzoic acid methyl ester 6a.



Table 2 gives an overview over selected reactions with educts 6a-h. Aliphatic aldehydes or isocyanides give
high yields and purer products than aromatic compounds even at room temperature, while for the aromatic
educts heating under reflux is necessary. |

6X carbonylic component isocyanide alcohol reaction conditions yield (%)
R'-CHO R-NC R*-OH time; AT: reflux

a  isobutyraldehyde t-Bu-NC methanol 2d; RT 80
b  propionaldehyde Me-NC methanol 5d; RT; mol. sieves 66
¢  isobutyraldehyde Ph-NC methanol 1d; AT 62
d  benzaldehyde Ph,CH-NC methanol 3h; AT 42
e anisaldehyde MeO,C-CH,-NC  methanol 1d; AT 37
f  hexyiaidehyde aiiyi isocyanide  ethanoi id; RT 44
g cyclohexyl carbaldehyde t-Bu-NC isopropanol  5d; RT; mol. sieves 50
h  cyclohexyl carbaldehyde t-Bu-NC hexanol 1d; RT 43
Table2:  Multicomponent reactions with 4-aminobenzoic acid to the products Sa-h.

3. Discussion

Benzodiazocine diones can be synthesized by U-4CR in a one-pot reaction from three starting materials
anthranilic acid, aldehydes and isocyanides. With good stereoselectivity only the R.R and §,5-enantiomers are
obtained. As by products the reaction yields also the U-5C-4CR products. Ketones less reactive than aldehydes

have to be condensed to the imine before treated with isocvanide Qtherwise 2-iminoindolin-3-ones are built
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a-aminoacids, the solvent is involved in the acylation and the U-5C-4CR product is formed.
By a variety of educts of each component iarge chemical libraries can be created by these varations of the
Ugi reaction.

4. Experimentai

When the convertion was finished, the solvent was removed in vacuum. The residue was solved in dichloro

methane and washed with water twice. The organic layer was dried over magnesium sulfate, filtrated and the
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General procedure for the preparation of N-(carbamoylmethyl)anthranilic acid esters 3

685 mg (5 mmol) of anthranilic acid are solved in absolute alcohol and 5 mmol of each, aldehyde and
isocyanide were added. The mixture is stirred by heating under reflux for 3-4 h and another hour at room
temperature.

Physical data for N-(carbamoyimethyl)antiraniiic acid esters 3
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J'=6.5 Hz; J*= 18.2 Hz); 3.84 (dd; 1H; -NH-CHH-CO-; J'= 6.5 Hz, J*= 182Hz),367(s H,-CO,-CLL 35
(d; 1H; -CH-C(CHs)s; J= 4.5 Hz); 1.40 (t; 3H; -CH-CHs; J= 7.1 Hz); 1.19 (s; 9H; -C(CHs)s) ppm. BC NMR
(360 MHz, CDCl;): & 172.4 (-CO,-CHj,); 169.9 (-CO-NH-); 168.7 (Ar-CO»-); 150.2 (Ar: -C- 1); 134.7 (Ar: -C-
5); 131.4 (Ar: -C- 3); 116.3 (Ar: -C- 4);, 112.3 (Ar: -C-6); 111.3 (Ar: -C- 2); 68.0 (-CH-C(CH;)5); 60.5 (Ar-
COxCH-CH;), 52.0 (-CO-CHj;); 40.8 (-CH,-CO,-CHi); 34.2 (-C(CHs)); 27.2 (-C(CHz)s); 14.2 (Ar-CO»-
CH,-CH3) ppm. GCMS (EI): m/z for C1sH26N,0s M': 350.

3b. 'H NMR (360 MHz, CDCl;): & 8.33 (s (broad); 1H; -NH-CH-); 7.97 (d; 1H; Ar: -CH- 3; J= 8.5 Hz);
7.34 (t; 1H; Ar: -CH- 5; J= 7.1 Hz), 7.17 (s (broad); 1H; -CO-NH-); 6.72 (t; 1H; Ar. -CH- 4; J= 7.8 Hz), 6.53
(d; 1H; Ar: -CH- 6; J= 8.4 Hz), 4.35 (q; 2H; -CH,-CH;; J= 7.1 Hz); 3.52 (d; 1H; -CH-; J= 3.9 Hz); 2.76 (d; 3H;
-NH-CH,; J= 4.5 Hz), 1.41 (t; 3H; -CH,-CHs; J= 7.1 Hz); 1.15 (s; 9H, -C(CHs):) ppm. BC NMR (360 MHz,
CDChL): 8 172.8 (-CH-CO»-), 169.9 (-CO-NH-); 167.4 (Ar-CO,-); 141.2 (Ar: -C- 1); 135.3 (Ar; -C- 5); 131.9

(Ar: -C- 3); 117.0 (Ar: -C- 4); 112.6 (Ar: -C- 6); 108.3 (Ar: -C- 2); 68.5 (-NH-CH;); 60.9 (-CO,-CH,-); 37.4
{(-C(CH:),)Y: 27.7 (C(CH.:Y): 263 (-NH-CH,): 147 (.CH,-CH.) nom. GCMS (EI}: m/z for CiH.:N-O4
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3c. '"H NMR (360 MHz, CDCl;): 6 8.25 (s; 1H; -NH-CH-);

.95 (d; 1H; Ar: -CH- 3; J= 8.4 Hz); 7.39 (t; 1H;
Ar:; -CH- 5; J= 8.4 Hz), 7.08 (s (broad); iH, -LU-Nn—), 6. /5 (t; iH (
8 Hz

H ';Ar -CH- 4; J= 7.8 Hz), 6.59 (d; 1H; Ar:
CH- 6; = 8.4 Hz); 4.03 (ddd; 2H; -CH,-CO,-; J'= 7.8 Hz; I*=5. . 1= 5.2 Hz); 3.89 (s; 3H; Ar-CO,-CH);
3.78 (d; 1H, -NH-CH-; J= 4.5 Hz); 3.69 (s; 3H; -CH,-CO,-CH); 2.09 (ddq; 1H; -CH-CHH-CH3; J'= 7.8 Hz;
1= 7.1 Hz; I*= 4.6 Hz); 1.92 (ddq; 1H; -CH-CHH-CH;; J'= 7.8 Hz, J>= 7.1 Hz; I’= 4.6 Hz); 1.10 (dt; 3H;

-CH-CH;-CHs; J= 7.1 Hz) ppm. ®C NMR (360 MHz, CDCls): 8 173.7 (-CH-CO5-); 171.5 (-CO-NH-); 169.5
(Ar-CO); 149.7 (Ar: -C- 1); 134.5 (Ar: -C- 5); 131.2 (Ar: -C- 3); 116.4 (Ar: -C- 4); 112.3 (Ar: -C- 6); 111.5
(Ar: -C- 2); 59.9 (-NH-CH-); 51.8 (-CH,-CO,-CH:); 51.4 (Ar-CO,-CH;); 40.8 (-CH,-CO,-CH;); 26.4
(-CH-CH,-CH3); 10.1 (-CH-CH,-CH;) ppm. GCMS (FAB), nv/z for C;sH2N,0s M": 308.

General procedure for the preparation of dibenzo-1,5-diazocine-2,6-diones 4
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Physical data for dibenzo-1,5-diazocine-2,6-diones 4

4e. '"H NMR (360 MHz, CDCL): & 7.34 - 7.00 (m; 8H; Ar: -CH- 3,3°,4,4°,5,5°,6,6’), 463 (d; 2H;
2#* -CH-c-Hex ; J= 13.7Hz); 2.84 and 2.73 (m; 2H; 2* c-Hex: -CH- 1; J= 10.6 Hz); 2.30 (d; 6H; 2* -NH-CHa),
2.00 - 0.70 (m; 20H; 2* c-Hex: -CH,- 2-6) ppm. 3C NMR (360 MHz, CDCl;): § 169.6 (2* Ar-CO-NH-); 169.1
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e £ ATEY o D). 120 A /MY A £Y A\, 12A N M. Ar: ~ 1\ 1ano I~ 1Mo N 1A
L™ “N\-IUR-=DRJ, 12748 (&7 AL - L), 1347 (LF I~ 1), 10U (L* ¢ Ar: -5‘- 0), 1280 (L* Ar: 'S“ 4),
127.2 (2% Ar: C- 5); i25.1 (2* Ar: -C- 3); 38.4 (2* -CH-c-Hex); 30.4 (2% c-Hex -CH-); 29.8 (2* c-Hex

-CH;- 2.6); 26.3 (-NH-CHs); 26.0 (2% c-Hex -QH 3,5), 25.8 (2* c-Hex -CHy 4) ppm. GCMS (EI), nvz for
CssHuoNOM™: 544

4f. "H NMR (360 MHz, CDCL;): 8 8.02 - 6.50 (m; 18H; Ar: -CH- 3,3°,4,4’,5,5°,6,6"; 2+ Ph); 4.23 (s; 2H; 2+
-CH-Ph); 1.38 (s; 18H; 2+ t-Bu) ppm. "C NMR (360 MHz, CDCl;): § 169.7 (2* Ar-CO-NH-); 169.3 (2¢ -CO-
NH-t-Bu); 139.4 (2+ Ar: -C- 2); 134.9 (2% Ar: -C- 1); 130.8 (2* Ar: -C- 6); 128.3 (2% Ar: -C- 4); 127.1 (2# Ar:
-C- 5); 125.2 (2* Ar: -C- 3); 64.1 (-CH-Ph); 51.2 (2* -C(CH,),); 28.6 (-C(CHs)s) ppm. GCMS (CI), m/z for
CisHyoN O M 616.

4g. '"H NMR (360 MHz, CDCh): 3

)

.

p|

/
- [l
N 2

(2+ A.r -C- 3), 60.2 (—CH-CH;—CH3) 26.4 (-NH-CHs,), 22 1(- CHz-), 10.7 (-CH:-CH;) ppm. GCMS (CI)
for C2eH2eN,Os M": 436.

4h. '"H NMR (360 MHz, CDCL): 8 7.24 - 7.14 (m; 6H; Ar: -CH- 3,3’,4,4°,5,5"); 7.05 (d; 2H; Ar: -CH- 6,6’;
J=17.5 Hz), 4.07 (d; 2H; 2* -CH-c-Hex ; J= 10.6 Hz); 2.63 (q; 2H; 2* c-Hex: -CH- 1; J= 10.6 Hz); 2.04 - 0.98
(m; 20H; 2* c-Hex: -CH,- 2-6); 1.38 (s; 18H; 2+ t-Bu) ppm. “C NMR (360 MHz, CDCL): & 169.6 (2% Ar-CO-
NH-); 169.0 (2* -CO-NH-t-Bu); 139.6 (2* Ar: -C- 2); 134.9 (2* Ar: -C- 1); 130.7 (2* Ar: -C- 6); 128.1 (2* Ar:
-C- 4); 127.0 (2* Ar: -C- 5); 125.1 (2% Ar: -C- 3); 51.3 (2* -C(CH3)s); 38.5 (2* -CH-c-Hex); 30.4 (2* c-Hex

-CH-); 29.9 (2* c-Hex -CH>- 2.6); 28.9 (-C(_H3)3) 26.1 (2* c-Hex -CH»- 3,5); 25.6 (2% c-Hex -CH>- 4) ppm.
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a: Lyyaaam /zn 2ALT A 18 £  £TIT. A, MNIT 72122 A A2 C £°\. 7 NQ 71 ALT. A_. MIT £ 9.
A/l Il INIVIN OO0V IVH1Z, \.,U\.,laj 0 1.4 - I 1o\, on, N. -UI- 5,3 ,4,4,0,0 ), 1.U0 (Q, 4, AT, -Ln- 0,0,

J=17.1 Hz); 3.99 (d; 2H; 2% -CH-i-Pr ; J= 11.0 Hz); 2.98 (sept; 2H; 2+ CH-CH-(CHs),; J'= 6.5 Hz; J’= 5.8 Hz);
1.39 (s; 18H; 2* t-Bu); 1.16 and 1.04 (d; 12H; -CH-(CHs),; J= 6.5 Hz) ppm. ®C NMR (360 MHz, CDCl;): §
169.7 (2% Ar-CO-NH-); 169.0 (2* -CO-NH-t-Bu); 139.5 (2* Ar: -C- 2); 134.8 (2* Ar: -C- 1); 130.8 (2+ Ar:
-C- 6); 128.2 (2* Ar: -C- 4); 127.1 (2* Ar: -C- 5); 125.2 (2#* Ar: -C- 3); 51.3 (2# -C(CHa)s); 29.3 (-CH-(CHa)y);
28.6 (-C(CHs)s); 20.1 and 19.9 (-CH-(CH;s)2) ppm. GCMS (EI), m/z for Cs;HuNiOy M 448,

General procedure for the preparation of or 2-iminoindolin-3-ones 5

685 mg (5 mmol) anthranilic acid are solved in 20 ml of absolute alcohol. Then 5 mmol of the isocyanide are

addad Tha a hantad ciadar eaflive frr Ana Aoy B —fratinn coan ahnya
aaaea. 16nc uu)u.ulc lﬁ uczuw Unaer rIenux 1or one uay. » Of punmuauuu S€C avOVve.

Physical data for 2-iminoindolin-3-ones 5

5j. '"H NMR (360 MHz, CDCl:): 6 8.28 (d; 1H; Ar: -CH- 6; J= 8.0 Hz); 8.16 (s; 1H; -NH-); 7.74 - 7.71 (m,
2H; Ar: -CH- 3,4); 7.48 (m; 1H; Ar: -CH- 5); 3.57 (s; 3H; -CH;) ppm. C NMR (360 MHz, CDCL): 5 171.7
(-CO-); 161.3 (-C=N-); 150.8 (Ar: -C- 1); 134.3 (Ar: -C- 5); 131.8 (Ar: -C- 3); 116.5 (Ar: -C- 4); 116.0 (Ar:
-C- 6); 110.3 (Ar: -C- 2); 34.0 (-CHs) ppm. GCMS (EI), m/z for CsHsNO M": 160.

5k, 'H NMR (360 MHz, CDCls): § 8.31 (d; 1H; Ar: -CH- 6; J= 8.0 Hz); 8.07 (s; 1H; -NH-); 7.81 - 7.74 (m;

2H; Ar: -CH- 3,4); 7.53 (m; 1H; Ar: -CH- 5); 4.74 (s, 2H; -CH-); 3.81 (5; .-C(.)z Hs) ppm. 13C NMR (360
M2 ODCLY 8§ 175 1 (<COCH.)Y 173 .0 (-CO-): 167.7 (-C=N-) 151.0 (Ar: -C- 1): 134 R (Ar: ﬂ 132.0
ivii WARIAZS. U L7020 (TWVIZVVLAS ), LTJ.V TV T )y U7 T 457 ), EACEA i € AT Ay RSNG4 -
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(Ar: -C- 4); 116.3 (Ar: -C- 6); 110.3 (Ar: -C- 2); 52.9 (<COCHs); 47.3 (-CHz-) ppm. GCMS

5L =5j
£ oes amcml Dunnadizns £one sh - Do e rae ol AT L oo o B e AN 0 A __f_ _ 8 __.___
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1370 mg (10 mmol) of 4-aminobenzoic acid are solved in 10 ml of absolute alcohol and 10 mmol of each,

carbonvlic component and isocvanide are added. The mixture ig stirred at room temnerature one dav at
J "~ s d g Aol b d e - - an ARAaLEwwea W LN WVeaia W W N ALS mur“ NSV RAL W WAEWY —u, -e
mimmum_ In the nrmnm of nrnmnt ic al ]’l s or naraformaldahvde hsatinag under hyw i narsascary Tha
SAAssAssrwTmas. maa waaw WWWEAW W WA Wes W AW ABARSWAR s r‘.li“vlllm\lvll]“v amle MLEAWE L WALIWMA XD X J 11w
rnmnl@h- onnvnrhnn nffhﬂ Mnr'fﬂ 1 indicatad thranoh the miceino af tha charactaristic ndnne af tha iencvanida
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(For general purification see above.)
Physical data for N-(carbamoylmethyl)p-aminobenzoic acid esters 6

6a. 'H NMR (360 MHz, CDCl): 5 7.84 (d; 2H; Ar: -CH- 3,5; J= 8.4 Hz); 6.64 (d; 2H; Ar: -CH- 2,6; J=8.4
Hz), 6.36 (s (broad); 1H, -NH-CO-); 4.76 (s (broad); 1H, -CH-NH-); 3.85 (s; 3H; -CO-OCHa), 3.60 (d; 1H;
-CH-CH(CHs),; J= 4.9 Hz); 2.31 (dsept; 1H; -CH(CHa),; J'= 4.9 Hz; J*= 6.6 Hz and 6.2 Hz); 1.31 (s; 9H;
-C(CHs)s); 1.03 and 1.04 (d; 6H, -CH(CH:),; J= 6.6 Hz and 6.2 Hz) ppm. °C NMR (360 MHz, CDCl;): &
171.0 (-NH-CO-); 167.1 (-CO»-CH3); 151.2 (Ar: -C- 1); 131.4 (Ar: -CH- 3,5); 119.3 (Ar: -C- 4); 112.4 (Ar:
-CH- 2,6); 64.3 (-CH-CH(CH:),); 51.4 (-OCHs); 51.0 (-C(CHa),); 31.1 (-CH(CH,),); 28.4 (-CH(CH;)s); 19.3

el NS rar =S ENSET TS

and 17 8 (-CH(CH‘;))) DDm GCMQ l(‘]\ m/z for (‘l']H‘)‘N‘)OI W 306

wAI AR 27 L MV L 1L

6b. 'H NMR (360 MHz, CDCL): § 7.86 (d; 2H; Ar: -CH- 3,5, J= 8.4 Hz), 6.67 (d; 1H; -CH-NH-;

I=4AAHz:- 88844 2H Ar- L'H_ 26 I=2A4AH2): 465 (d 1TH- NH.LOO.- T=4 0 Ha) Y 88 (e IH OO O

FTTNTT ARGy VIO NSy Mk i, IA3 ., TNCRAT LyUy I C.T ALLJ, T.VI (M, 111, TINAATUNIS, 4 . T LM, J.UJ D, JLA, '\/V‘V\/llgl,
Q2L (on 1LY LY LY OLT - T A A L) D70 (A4 20T, NIT NIT - T A Q LI 2 NN Fde. 1TLT. MLTIT . T— 7 1 LT\
2,69 Ul 111, UL ILp-LIl3, J— 9.9 11L), &. 77 U, J11, =INDR-UI13, J— 4.7 114), &.VV (UL, 111, =~Uidl-, J= /.1 114),
1T =mn s 1. 1YY ST Y "7 L XYY N 1 N A . ATT ANTY Fad & SR N, 3-8 & S5 Y - _— 13" ATA ST /A A L ITY Fa aYal BN [~4
L/8 (Ot 1 -Lnl-, J= /.0 1Z), 1.04 (1, 1, -U-Ul, J= /.0 HZ) ppo. U NMK (300 MHz, LUUL) O

-CH- 2,6), 59.9 (-&H—LH:-CHg) 51.5 (-(x,u ) 6.5 (-CHy-); 26.0 (-NH-CHs); 10.3 (-CH;-
(C), m/z for C13H1sN2Os M': 250.

6c. 'H NMR (360 MHz, CDCly): & 8.28 (d; 1H; Ph; -CH- 4; J= 9.3 Hz); 7.88 (d; 2H; Ar: -CH- 3.5; J= 8.4
Hz); 7.48 (2H; Ph: -CH- 2,6; J= 8.0 Hz); 7.11 (t; 2H; Ph: -CH- 3,5; J= 7.5 Hz); 6.68 (d; 2H; Ar: -CH- 2.6;
J=8.4 Hz); 6.37 (m (broad); 1H; -NH-CO-); 4.52 (s (broad); 1H; -CH-NH-); 3.86 (s; 3H; -CO-OCHa); 3.80 (d,
1H; -CH-CH(CHs),; J= 4.9 Hz); 2.50 (dsept; 1H; -CH(CHs),; J'= 4.9 Hz; J>= 6.6 Hz and 6.2 Hz); 1.11 and 1.07
(d; 6H; -CH(CH:); J= 6.6 Hz and 6.2 Hz) ppm. *C NMR (360 MHz, CDCls) 6 171.2 (-NH-CO-); 167.3 (-CO-
OCHjz); 151.0 (-CO-C¢Hy-NH-: -C- 1); 137.0 (Ph: -C- 1); 131.5 (-CO-CsH,-NH-: -CH- 3,5); 128.9 (Ph: -C- 2);
124.5 (Ph: -C- 4); 121.0 (Ph: -C- 3); 119.5 (-CO-C¢H,-NH-: -C- 4); 112.6 (-CO-CsHi-NH-: -CH- 2,6); 64.7

(-CH-CH(CHa),); 51.5 (-OCH,); 31.5 (-CH(CHs),); 19.4 and 17.9 (-CH(CH;),) ppm. GCMS (CI), m/z for
C.H,-N,O. M 326,
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benzyl: -CH-); 6.50 (d; 2H, Ar: -CH- 8. 5. .90
4.37 and 4.28 (m; 2H; -CH,-); 3.77 (s; 3H; -CO-OCHs) ppm. “C NMR (360 MHz, CDCl ) 5

167.1 (-CO-OCHa), 150.0 (Ar: -C- 1), 13
-C- 4); 112.6 (Ar: -CH- 2,6); 62.2 (-C

CxnH»nN0; M': 374,
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6e. 'H NMR (360 MHz, CDCl): § 7.74 (d; 2H; Ar: -CH- 3,5; J= 11.4 Hz); 7.30 (d; 2H: CHsO-Ar: <CH- 3.5
J= 11.4 Hz); 6.80 (d; 2H; CH;0-Ar: -CH- 2,6; J= 10.5 Hz); 6.49 (d; 2H; Ar: -CH- 2,6; J= 11.4 Hz); 5.19 (d;
1H; -CH-NH-; J= 4.4 Hz); 4.79 (d; 1H; -NH-CO-; J= 4.4 Hz); 4.02 (ddd; 2H; -CHCO,CHs; J'= 7.92 Hz;
J*=7.02 Hz); 3.80 (d; 1H; -NH-CH-; J= 4.4 Hz); 3.74 (s; 3H, -CO-OCH); 3.68 (s; 3H; Ar-OCH:); 3.61 (5; 3H;
-CH»-CO,-CHs) ppm. “C NMR (360 MHz, CDCl;) § 171.3 (-CH»-COx); 169.9 (<CO-NH-); 167.1 (Ar-CO»-);
159.8 (Ar-OMe: -C- 1); 129.7 (Ar-OMe: -C- 4); 128.5 (Ar-OMe: -C- 3,5); 114.6 (Ar-OCHs: -C- 2,5); 150.1
(Ar: -C- 1); 131.3 (Ar: -CH- 3,5); 119.7 (Ar: -C- 4); 112.7 (Ar: -CH- 2,6); 61.8 (-NH-CH-); 55.2 (Ar-OCH5);
52.3 (-CH,-CO,CHs); 51.6 (Ar-CO,CHs); 41.2 (-CHy-) ppm. GCMS (CI), m/z for CpHzN;Os M": 386.

6f. lH NMR (360 MHZ. ('D("lﬂ' o 7.87 (d' 2H; Ar: -CH- 3, S J=84 H:\ 694 (q (hrnnd\ 1H; -NH-(‘()-\

6.60 (d; 2H; Ar: -CH- 2,6; J= 8.4 Hz); 5.78 (dokt; 1H; CH,=CH-; I'= 6.2 Hz; J*= 5.7 Hz; J’= 5.3 Hz); 5.13 (s
(broad); 1H; -NH-CH-); (dd; 2H; -CH>-CH=CHy);, 5.08 (d, 2H, CH,=CH-; J= 6.2 Hz);

SO ¢
AVeEvSie sy, 2aa, a 735 \wwey awaay T aaFTNsa LA Ly} s Wode ARRiaJy .V T VA N Jy ARA,
CH-NH-): 431 {(da: 2H: -CO-QCH, '=71 Hz P=44 Hx) 186 (+ 1H NHCH.CO.: I= §7 Hz) 108
AAT ), TF.O R My, &XR, TRASSNSNULLG, v LR B ¥ Y .9 fid), 4.0V \I, id1, TINICOLASOUS, J .7 KLLj, 1.7C0
(deaw TH- QO e §7H, P g1 W, P40 172 fdeny: 1H- O O e € 7 1 P51 Hy
\UovA, 151, TUSITUL LT, J J.I KL, I O K1, J .7 NAL), 170 (UdCA, HI1, “UKISU T, J J.1 1L, I J.2 114,

5

P=49Hz);153-1.04 (m; 6H; hexyl: 3* -CH>-), 0.87 (t; 3H, -CH,-CHs; J= 7.1 Hz); 0.82 (m; 3H; hexyl: -CHs)
ppm. *C NMR (360 MHz, CDCls) 8 172.7 (-NH-CO-); 166.6 (-CO,-CHs); 151.0 (Ar: -C- 1); 132.1(-CH=CHy);
131.5 (Ar: -CH- 3,5); 116.2 (Ar: -C- 4), 113.7 (-CH=CH,); 112.4 (Ar: -CH- 2,6); 60.3 (-CO,CH-), 58.9
(-NH-CH-); 41.5 (-CH>-CH=CH,); 33.4 (-CH-CH;"), 31.4 (-CH-CH,-CH-); 25.6 (CHs-CH,-CH-); 22.3
(CH;-CHz-); 14.3 (-C0O,-CH,-CH;) ppm. GCMS (CI), n/z for C1sHN,03 M': 354,

6g. '"H NMR (360 MHz, CDCls): & 7.85 (d; 2H; Ar: -CH- 3,5; J= 8.4 Hz); 6.59 (d; 2H; Ar: -CH- 2,6; J= 8.4
Hz); 6.25 (s (broad), 1H; -NH-CO-); 5.20 (sept; 1H; -CH-(CHs),; J= 6.2 Hz); 4.53 (s (broad), 1H, -CH-NH-);
3.53 (dd; 1H; -CH-C¢H,1; J= 4.4 Hz), 2.0 - 1.1 (m; 11H; C¢Hp1); 1.37 - 1.29 (m, 6H; -CH-(CHa)»); 1.30 (s; 9H;
-C(CH:)s) ppm. PC NMR (360 MHz, CDCl) & 170.9 (-NH-CO-); 166.1 (-C0,-CH;); 151.0 (Ar: -C- 1); 131.4
(Ar: -CH- 3,5); 120.7 (Ar: -C- 4); 112.4 (Ar: -CH- 2,6); 67.4 (-CO,-CH-); 64.3 (-CH-c-Hex), 51.1 (-C(CH:)s),

41.0 (c-Hex: -CH-); 30.0 (c-Hex: -CH,- 2.6); 28.7 (-CH(CH3)3) 26.1 (c-Hex -CH,- 3,5); 26.0 (c-Hex:

-CH;- 4); 22.0 (-CH-(CH3),) ppm. GCMS (CI), m/z for C»,H3:N,0, M': 374,
&k L NMR (360 MHz CDCLY § 787 (d- 2H:- Ar -CH-35 J=84 H2) 660 (d- 2H: Ar -CH-26: J=84
Whike AL ANAVARN \JU\I L'ul‘l, NsRIN LS } AV AN \\l, Qll’ 4 RR . \'ll._l. J,-—" ' . IL‘I’, N IS \“, HLL, i RE et ¥ H,U, o 7,
LI»}- £ V& {a (hraad)- 1LI. NI NN A 82 74 1L ML ‘l\TLI T A A ‘LJ-.\ A2 (+ P2 OO - T= A & H?)-
1L, U.&U \B W0ilaly, ir1, =iNLi~U -y, 7.9 \U, 113, ~UXI-iNGI-, 9 7.7 N1Zj, 5.40 (3, &8, SUWVSUNILRTS, 07 VLU XL,
3.53 (t; 1H; -CH-C¢Hy; J= 4.9 Hz); 2.00 - 1.10 (m; 17H; hexyl: 4*~CH -, CéHir: -CH- and 4*-CH>-), 1.31 (s;
9H, -C(CHs)s); 1.00 - 0.82 (m; 5H; hexyi: -CHs; Ceti1: -CH>- 4) ppm. ° BC NMR (360 MHz, CDCls) & 170.7

(-NH-CO-), 166.6 (-CO,-CHzs), 151.1 (Ar: -C- 1), 131.3 (Ar: -CH- 3,5); 120.2 (Ar: -C- 4); 112.4 (Ar: -CH
2,6); 64.3 (-CO-CH;-); 64.3 (-CH-c-Hex); 51.0 (-C(CHs)3); 41.0 (c-Hex: -CH-); 31.4 (-CO,-CH>-CH>-); 30.0
(c-Hex: -CH»>-2,6); 28.8 (-CH(CH;);), 28.6 (CHs-CH;-CH;-CH-); 26.1 (c-Hex: -CH,- 3,5); 26.0
(CH;-CH,-CH3-); 25.6 (c-Hex: -CH,- 4); 22.5 (CH3-CH,-); 13.9 (CH;3-CH2-CH»-) ppm. GCMS (CI), m/z for
C2sHyN,0: M': 416.

X-ray analyses

Cilonly necotnla ~F
auxglc b.ly I.IH ()

solution of the compound.
diffractometer, using graphite-monochromated Mo-K, radiation, A=71.073 pm. Crystal data:
2%0

C3sHs:N4O4#H,0#2CH;0H, M=711, monoclinic, colorless crystal of 0.5*0.2#0.2 mm, space group P2,/n (No.
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1AY A—1KLTE "TIEN B QAN &f1) OO0 7O\ oou D_1NA AIMI1ANO YI_Anntszave 1 n6
1%y, G=1U/0.1\J), U= 042.N1), CTLrL0.0{(0) pm, p—xu‘f.lllu.:) » V=AUUL(L)*1V pm (rrom 25 setung
- el ___ta 10 NO_-x _~~m AD\ a4 N 1an a3 e ~ -1 gty
eflections with 18.0°<8<22.4°), Z=4, D.=1.180 g cm™”, F(000)=1544, p=0.8 cm™. A set of 8073 data was

collected in @ scan mode width (0.85 + 0.15+tan@®)° + 25% for background determination, of these 7792 were
unique (R;x=0.0214), 4793 observed with I>2.0*c(1). The structure was solved by direct methods and refined by
full-matrix least squares (51 non-H atoms anisotropic, 56 H atoms refined isotropically, 684 variables) of all
data, converging at R1(F, obs. data)=0.0476, wR2(F>, all data)=0.1247, goodness of fit 1.026; residual electron
density Appax=0.22, Apai=-=0.24 eA”. SHELXS-86 and L-93 software were used [13].

Single crystals of 6a suitable for an X-ray diffraction study were grown by slow evaporation of a methanolic
solution of the compound. The diffraction study was carried out at -11013 °C (16313 K) on a CAD4 (Nonius)
diffractometer, using graphite-monochromated Cu-K, radiation, A=154.184 pm. Crystal data: C,;HxN,0;,

M=306. monoclinic. nale vpllnw crvstal fraoment of 0.84x051%0.38 mm. snace groun P2./n (No 14),
~s B B AN WA , v.lv v J LA a5 ol AWiAL wa W ew & . RARSE ll, WV‘W alvuy A -ll Al ‘A W, l"'
=016 T(1) b= 1207 U1} +,=1812 2\ nm R=108 17E/AY U=1721 O/ Na100 nm3 (L 0n 98 setting refl .
[ A AR Y LIVL. I 1), L SR L L) PLIL PTRIVI ILU\U) , VTL/01.2¢J )71V Pl oIl &0 1113 lcuwuu [N
wzmtl. ©1 EOAMNMOAAMNL A FT_A THh_1 1A __ 1_-3 THANNN\_LCA et Y _.__-l A a4 ~_OArao1 A_a_ "
Willl 01.0 <LO<F0.47 ), £L74, LU™1.142 g cm, f{DUU)=004, 11=0.0 cm . A set of 3081 aata w. as collecied in

©/20 scan mode width (1.00+0.20*tan®)° + 25% for background determination, of these 3380 were unique
(Rix=0.0198), 2821 observed with I>2.0*c(I). The structure was solved by direct methods and refined by fuil-
matrix least squares (22 non-H atoms anisotropic, 26 H atoms refined isotropically, 303 variables) of all data,
converging at R1(F, obs. data)=0.0537, wR2(F*, all data)=0.1483, goodness of fit 1.085; residual electron
density Apuau=0.23, Apmi=-0.29 eA”. SIR-92, MoleN and SHELXL-93 software were used [13].
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