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Table 20 (continued). 
r’ ....A 

No. 

Coutzolling 
Acdvky 

�(%) 

373 100 

374 100 

378 100 

379 100 

380 100 

381 100 

.382 100 

386 100 

388 100 

390 100 
391 100 

393 100 

394. 100: 
396 ioo: 

397 100 

399 100. 

401 1.00 

402 1 100 

No. 
g 

AaMy 

403 100 

.404 100 

405 100 

408 100 

414 100 

417 100 

418 1.00 

423 10.0 

424 100 

427 100 

430 100 

439 100 

440 100 

451 100 

462 10.0 

465 100 

466 100. 

467 100 

Compowu 
No. 

Controlling 

477 1.00 

482 100 
492 100 
495 100 
.502 -.100 

08 100-

509 100 

513 1.00 

519 100 

523 100 

605 100 

606 100 

607 .io0 

708 100 
768 100 
77.0 100 

Coipaiathc 
EumpkX 
COmp*jjthc 
Esmpty  

so Claims 

1. An amino-acid amide derivative represented by the fwmula 

40 . 0 R3 .R5 R7 

� �lI - II� 1��J �- I 
R’ZCNWCHCNHC(C)m$(C)nQ 

I Ii �") I 
- R2 R4 R6 R8 

hi0 

[I] 

so wherein R1 represents 
a lower alkyl group (optionally having at least one same or different substlhient selected from the 

group consisting of a halogen atom, an alkoxy group. and a cyano group). 
a lower alkenyl group, 
a lower alkynyl group, 

so a cycloalkyl group (optionally having at least one same or different substftuent selected from the 
group consisting of methyl group and .a halogen atom), 

a cydoalkylaikyl group 
a cycloalkenyl group, 
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an alkylene oxide group, 
an aralkyl group (optionally having at least one same or different substituent selected from the 

group consisting of a methyl group, a cyano group, and a nitro group), 
a phenyl group (optionally having at least one same or different substituent selected from the group 

5 consisting of a halogen atom, 
a lower alkyl group which may be substituted with a same or different halogen atom, 
a lower alkoxy group which may be substituted with a same or different halogen atom, 
a cyano group, and 
a nitro group), or 

10 a heterocyclic group, 
R2 represents an ethyl group, an n-propyl group, an isopropyl group, an isobutyl group, a sec-butyl 

group, a tert-butyl group, an alkenyl group, a cycloalkyl group, a phenyl group (optionally having at 
least one substituent of halogen atom), 

R3 represents a hydrogen atom or a lower alkyl group, 
15 R4 represents a hydrogen atom, a lower alkyl group, or a cyano group, 

R5, R6, and R7 Independently represent a hydrogen atom or a lower alkyl group, 
R8 represents a hydrogen atom, a lower alkyl group, an aralkyl group, a phenyl group, an 

alkoxycarboriyl group, or a cyano group, 
1’ and Z2 independently represent an oxygen atom or a sulfur atom, 

20 Z3 represents 
an oxygen atom, 
a sulfur atom, 
a group NR1° (wherein fl’° represents a hydrogen atom, a methyl group, a methylcarbonyl group, 

a phenylcarbonyi group, a methoxycarbonyl group, or a methoxymethyl group), 
25 a sulfinyl group, 

a sullonyl group, 
a group COO, 
a group CONR1’ (wherein R1’ represents a hydrogen atom or a lower alkyl group), 
0 represents 

so a phenyl group [optionally having at least one same or different substituent selected from the group 
consisting of 

a halogen atom, 
a lower alkyl group which may be substituted with at least one same or different halogen atom, 
a lower alkoxy group which may be substituted with a same or different halogen atom, 

as a cyano group, 
a nitro group, 
a lower alkoxycarbonyl group, 
a methylsultonyl group, 
a methylsulfinyl group, 

40 a methylthio group which may be substituted with a halogen atom, 
a dimethyiamino group, 
a phenylsulfonyl group, 
an acyl group, and 
a phenyl group], - 

45 an alkylene oxide group, 
a heterocyclic group (optionally having a substituent selected from the group consisting of a 

halogen atom, an alkyl group, a trifiuoromethyl group, and a nitro group), or 
a condensed heterocyclic group optionally having a substituent selected from the group consisting 

of a halogen atom and a nitro group, 
so m represents an integer from 0 to 2, and 

n represents 0 or 1. 

55 

2. An amino-acid amide derivative as recited In claim 1. which is represented by the formuia: 

106 
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Z’ 0 R 3 R 5 R7 
H II I I I 

R 

I I I I 
cH R4R6 R8 
I’ 

10 R9 Cl-I3 [11] 

wherein R1 represents 
15 a lower alkyl group (optionally having at least one same or different substituent selected from the 

group consisting of a halogen atom and an alkoxy group), 
a lower alkenyl group, 
a lower alkynyl group, 
a cycloalkyl group (optionally having at least one substituent of methyl group), 

20 a cycloalkenyl group, 
an alkylene oxide group, 
an aralkyl group (optionally having at least one same or different substituent selected from the 

group consisting of a methyl group, a cyano group, and a nitro group), 
a phenyl group (optionally having at least one same or different substituent selected from the group 

25 consisting of a halogen atom, a methyl group, a methoxy group, a cyano group, a trifluoromethyl group, 
a trifluoromethoxy group, and a nitro group), 

or a heterocyclic group, 
R3 represents a hydrogen atom or a lower alkyl group, 
R4 represents a hydrogen atom, a lower alkyl group, or a cyano group. 

20 R5, R’, and R7 Independently represent a hydrogen atom or a lower alkyl group, 
H8 represents a hydrogen atom, a lower alkyl group, an aralkyl group, a phenyl group, an 

alkoxycarbonyl group, or a cyano group, 
R9 represents a hydrogen atom, a methyl group or an ethyl group, 
Z1 and Z2 independently represent an oxygen atom or a sulfur atom, 

05 Z3 represents an oxygen atom, a sulfur atom, a group N-fl11 (wherein R’° represents a hydrogen 
atom, a methyl group, a methylcarbonyl group, a phenylcarbonyl group, a methoxycarbonyl group, or a 
methoxymethyl group), a sulfinyl group, or a suffonyl group, 

0 represents 
a phenyl group [optionally having at least one same or different substituent selected from the group 

40 consisting of 
a halogen atom, 
a lower alkyl group which may be substituted with at least one halogen atom, 
a lower alkoxy group which may be substituted with at least one halogen atom, 
a cyano group, 

45 a nitro group, - 
a lower alkoxycarbonyl group, 
a methylsulfonyl group, 
a methylsulfinyl group, 
a methylthio group which may be substituted with a halogen atom, 

50 a dimethylamino group, 
a phenylsulfonyl group, 
an acyl group, and 
a phenyl group], 
a heterocyclic group (optionally having a substituent selected from the group consisting of a 

55 halogen atom and a nitro group), or 
a condensed heterocyclic group (optionally having a substituent selected from the group consisting 

of a halogen atom and a nitro group), 
m represents an integer from 0 to 2, and 
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n represents 0 or 1. 

3. An amino-acid amide derivative as recited in Claim 1. which is represented by the formula: 

z2 0 
II II 

R’Z’ 
10 I I I 

U-I R4 R6 

R9 CH3 

wherein RI R’ represents a Ci - C5 alkyl group (optionally having at least one same or different 
substituent selected from the group consisting of a halogen atom and an alkoxy group), a C2 - Cs 

20 alkenyl group, a C2 - Cr, alkynyl group, a C3 - Ca cycloalkyi group (optionally having at least one 
substituent of methyl group), a C2 - C8 alkylene oxide group, a C. - Cs aralkyl group (optionally 
having at least one substituent of methyl group), or a phenyl group (optionally having at least one same 
or different substituent selected from the group consisting of a halogen atom, a methyl group, a 
methoxy group, a trifluoromethyl group, a trifluoromethoxy group, and a nitro group), 

R4 represents a hydrogen atom, a C1 - C3 alkyl group, or a cyano group, 
RG represents a hydrogen atom or a Ci - C3 alkyl group, 
R9 represents a hydrogen atom, a methyl group, or an ethyl group, 
ZI and Z2 Independently represent an oxygen atom or a sulfur atom, 
Z3 represents an oxygen atom, a sulfur atom, a group N-R’° (wherein R’° represents a hydrogen 

30 atom, a methyl group, a methylcarbonyl group, or a phenylcarbonyl group), a sulfinyl group, or a 
suifonyl group, 

0 represents a phenyl group [optionally having at least one same or different substituent selected 
from the group consisting of a halogen atom, a Ci - Ca alkyl group which may be substituted with at 
least one same or different halogen atom, a Ci - Ca alkoxy group which may be substituted with a 

35 same or different halogen atom, a cyano group, a nitro group, a methylsulfonyl group, a methylsulfinyl 
group, and a methylthlo group], a pyrimidlnyl group, or a pyridyl group which may be substituted with a 
halogen atom, 

m represents 1 or 2, and 
n represents 0 or 1. 

40 

4, An amino-acid amide derivative as recited in Claim 1, which is represented by the formula: 

45 
 

11 R1- 
0- C-NH-CH- C -NH- CH- CH- 0-(3)-_ x 

C2H5 CH3 
60 

[’VI 

wherein R1 represents an isopropyl group, a tert-butyl group, a cyclopentyl group, or a phenyl 

55 group (optionally having at least one same or different substituent selected from the group consisting of 
a halogen atom, a methyl group, a methoxy group, and a nitro group), and 

X represents a halogen atom, a cyano group, or a nitro group. 
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5. An amino-acid amide derivative as recited In Claim 1, which Is represented by the formula: 

0 0 
H H 

RL OCNHCHCNWCHcHr o-(J_ x 
I I 
CH CH3 
/\ 10 

CH3 CH3 IV] 

wherein R1 represents an isopropyl group, a tert-butyl group, ü cyclopentyl group, a cyclohexyl 
15 group which may be substituted with a methyl group, or a phenyl group (optionally having at least one 

same or different substituent selected from the group consisting of a halogen atom, a methyl group, a 
methoxy group, a trifluoromethyl group, a trifluoromethoxy group, and a nitro group), and 

X represents a halogen atom, a cyano group, or a nitro group. 

20 6. An amino-acid amide derivative as recited in Claim 1, which is represented by the formula: 

25 RL O-C-NH-CH- C-NH- CHCHr X 

CH CH3 
/\. 

3° CH3 C2H5 [VI] 

wherein H1 represents an isopropyl group, a tert-butyl group, a cyclopentyl group, or a phenyl 
as group (optionally having at least one same or different substituent selected from the group consisting of 

a halogen atom, a methyl group, a methoxy group, and a nitro group), and 
X represents a halogen atom, a cyano group, or a nitro group. 

7. An amino-acid amide derivative as recited in Claim 1, which is represented by the formula: 
40 

0 .0 

R- 0-C-NH-Cl-I--C-NH-- CHCH- 0- Q 
45 I .1 

R2 CH3 

[VII] 
50 

wherein R’ represents a Ci - C2 alkyl group (optionally having at least one substituent cyano 
group), a C3 - C2 cycloalkyl group (optionally having at least one substituent halogen atom), a C4 - C8 
cycloalkyl Ci - C3 alkyl group, a benzyl group ora phenyl group (optionally having at least one same 

as or different substituent selected from the group consisting of a halogen atom and a difluoromethoxy 
group), 

H2 represents an n-propyl group, an isopropyl group, an isobutyl group, a tert-butyl group, an 
isopropenyl group, a C3 - C8 cycloalkyl group, or a phenyl group (optionally having at least one 
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substituent halogen atom), and 
0 represents a phenyl group (optionally having at least one substltuent cyano group), a pyridyl 

group (optionally having at least one substituent of a same or different halogen atom or trithloromethyl 
group), or a pyrimidinyl group (optionally having at feast one same or different substituent of a halogen 

6 atom or Ci - C3 alkyl group). 

8. An amino-acid amide derivative as recited In Claim 1, which is represented by the formula: 

10 0 0 
H H 

R’- O-C-NH-CH- C-NH- CH-Z --(CH- Q 
I I �’ 

15 R2 R4 

[VU!] 

20 wherein R1 represents a C1 - C5 alkyl group, a C3 - Cs cycloalkyl group, or a phenyl group 
(optionally having at least one substituent halogen atom), 

R2 represents an ethyl group, an isopropyl group, or a sec-butyl group, 
Ft4 represents a hydrogen atom or a C1 - C3 alkyl group, 
Z3 represents a group COO, a group CONR12 (wherein H12 represents a hydrogen atom or a Ci - 

as C3 alkyl group), 
Q represents a phenyl group (optionally having at least one same or different substituent selected 

from the group consisting of a halogen atom, a Ci - C3 alkyl group, a Ci - Ca alkoxy group, and a 
cyano group), and 

n represents 0 or 1. 
so 

9. A process for preparing an amino-acid amlde derivative represented by the formula: 

z2 0 R3R5 R7 

35 1111 II II I 
R -z 

R

 0

R R8 

40 
[J] 

wherein R’, R2, R3, H’, R5, H6, R, H8, Z’I Z2, Z3, 0, m, and n have the same meanings 
as defined 

45 in Claim i, 
comprising thi step of* reacting a compound represented by the formula: 

z2 o 50 

II 
H 

R Z’-C-NH-CH-c-OH 

". [IX] 65 - 

wherein H’, R2, Z1, and Z2 have the same meanings as defined in Claim 1, 
with a compound represented by the formula: 

110 



EP 0 648 740 Al 

R 3 R 5 R7 

5 
NHr C- Z- (- Q 

RR R8 

[X] 
10 

wherein R3, R4, Fl5, W. Fl1, Fl8, Z3, Q, m, and n have the same meanings as defined in Claim 1 

10. A process for preparing an amino-acid amide derivative represented by the formula: 
15 

0 R 
3 
R 
5
 R7 

S 

R’-Z’-C--NH-CH-C--NH-C-(C)m -2 -(C)-Q 
20 1 it I 

R2 R4R6 R8 

[I] 
25 

wherein F1’,  R2, Fl3, R4, R5, Ft6. Fl7, R8, Z’, 22, 23, Q, rn, and n have the same meanings as defined 
In Claim 1, 
comprising the step of: reacting a compound represented by the formula: 

30 

z2 

II 
R -Z’  -- CY 

35 

[XI] 

wherein V represents a halogen atom, a 4,6-dimethylpyrimidinylthio group, a group R’OC(0)O-, or 
40 a group -ON C(CN)Ph (wherein Ph represents a phenyl group), and R’, Z1, and 22 have the same 

meanings as defined in Claim 1, 
with a compound represented by the formula: 

46 0 R3R5 R7 
II I I I 

50 R2 R4 iZ6 R8 

[XI1]. 

as wherein A2. A3, A4, A5, Ft6, R7, R8, V. Q, m, and n have the same meanings as defined in Claim 1. 

11. An agricultural or horticultural fungicidal composition which Includes an effective amount of an amino-
acid amide derivative as recited in Claim 1. 
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Datum Blatt Annietde-W.: 
Date 28.08.2007 Shoot 1 AppcaI1enNo.! 02 749 320.4 
Date Feufila Demande nG: 

1. The examination is being carried out on the following application documents: 

Description, Pages 
115-82 as originally filed 
2-4 as annexed to the Int. Prel. Examination Report 

Claims, Numbers 
2(parr), 3-15 as originally filed 
1, 2(part) as annexed to the mt. Prel. Examination Report 

2. Reference is -made to the following documents; the numbering will be adhered to In 
the rest of the procedure: 

Dl: WO 0146124 Al (for convenience, see the equivalent document 
U82004/0009982 in English) 

02; KYNE GRAHAM M. ET AL.: ’Enantioselective amino acid recognition using 
acyclic thiourea receptors’ JOURNAL. OF THE CHEMICAL SOCIETY, PERKIN 
TRANSACTIONS 1 no. 11, 2001, pages 1258 - 1263, XP002957636 

D3: WO 0105783 Al 
D4: WO 0240483 Al (for convenience, see the equivalent document EP-1 340757 

in English) 
D5: EP-A-0 648 740 (KUMIAI CHEMICAL INDUSTRY) 19 April 1995 (1995-04-19) 

3. The amendments annexed to the mt. Prel. Examination Report introduce subject-
matter which extends beyond the content of the application as filed, contrary to Article 
123(2) EPC. The amendments concerned are the following: 

A proviso has. been introduced in claims 1 and 2, removing from the claimed subject-
matter the compounds of formula (1) where Al is tert-butyl. This proviso does not appear 
to be present In the application as originally filed; a basis for said amendment was 
furthermore not Indicated by the applicant. 

The introduction of said proviso cannot be considered to be validly based on the prior 
art documents either, for the following reason: 

A disclaimer may be allowable in order to restore novelty by delimiting a claim against 
an accidental anticipation under Article 54(2) EPC; it should however not remove more 
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Dates F0UM6 D.mande n 

than is necessary to restore novelty (see 1/03). in the present case, although some 
isolated compounds corresponding to formula (1) where R1=tert-butyl are known from the 
prior art, disclaiming all the compounds of formula (1) where Ri 4ert-butyl leads to the 
exclusion of a large number of compounds which are presumably not part of the state of 
the art. 

The disclaimer introduced in claim 1 and 2, and the corresponding modifications on 
pages 2-4 of the description, are therefore unallowable under Article 123(2). 

4. Clarity 

The application does not meet the requirements of Article 84 EPC, because claims 1-
5 are not clear. 

Claim 1 contains a proviso removing from the claimed subject-matter compounds 
"where R3, R4, R5 and R6 all represent a hydrogen atom or where any one of R3, R4, R5 
and R6 represents a methyl group which may be substituted and the others represent a 
hydrogen atom". In this respect, the description (cf. pages 57-62) shows a large number of 
compounds corresponding to formula (1) of claim 1, where R4-R6=H and R3 Is !so-propyl 
of iso-butyl, I.e. a methyl substituted with alkyls. Thus said examples are excluded from the 
scope of claim 1 by said proviso, and do not fall within the scope of any other claim. 

This contradiction between the claims and the description renders the claims unclear. 

5. Novelty 

The present application does not meet the requirements of Article 52(1) EPC, 
because the subject-matter of claims 1-4 and 9-11 is not new In the sense of Article 54(1) 
and (2) EPC. 

5.1 Document Dl discloses (cf, compounds 8-19, table 1) compounds corresponding to 
formula (1) where Ri =alkyl, R2R3R4=R7H, R5R6=Me, R8 is a substituted aryl, and 
their use as insecticides. Dl thus anticipates claims 1-4, as well as claims 9 (the functional 
definition 0a fungicide" does not confer novelty here, since the ability to be a fungicide 
stems from the structure of the compounds) and 11 (Cf. Dl, production process 2). 
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5.2 As a result of the lack of clarity of the proviso (see 4. above), the subject-matter of 
claims 1-4, 9 and 10 cannot be clearly distinguished from the compounds and processes 
disclosed in documents D2 (cf. page 1259, compound 9) and D3 (of. compound 42, page 
40). 

5.2 The PCT application D4 published on 23.05.2002 claims the priority date of 
16.11.2000. It has been supplied to the European Patent Office In one of its official lan-

guages 

and the national fee provided for In Article 22. paragraph 1 or Article 39, paragraph 
1 of the Co-operation Treaty has been paid. The requirements of Article 158(2) EPC are 
thus fulfilled. 

Its content as filed is therefore considered as comprised in the state of the art 
relevant to the question of novelty, pursuant to Article 54(3) and (4) EPC. This earlier ap-
plication shows (cf. reference example 61, intermediates 3-7) compounds which, for the 
reason explained above (see 4.), cannot be distinguished from formula (1). 

Thus, D4 is prejudicial to the novelty of the subject-matter of claims’ 1-4, 9 and 11 of 
the present application insofar as the same Contracting States are designated. 

5.3 Owing to the fact that the International and European searches could not be 
completed over the whole scope of the claims, a further search, at a later stage of the 
proceedings, is likely to retrieve more documents relevant to the issue of novelty. 

6. Inventive step 

The present application does not meet the requirements of Article 52(1) EPC, 
because the subject-matter of claims 1-15 does not involve an inventive step in the sense 
of Article 56 EPC. 

The groups R1 -R8 in formula (1) of claim 1, as well as the groups R9, RIO, R15 and 
R16 of formula (9) of claim 5, are defined as being optionally substituted by any 
substituent. As a result of this unlimited optional substitution, the scope of claims 1 and 5 
is broadened to such an extent that it encompasses compounds which could not solve the 
technical problem underlying the application, i.e. the provision of fungicides. Non-limiting 
terms as cited above may include: 

- groups which are structurally so remote from those of the examples that the activity 

EPOFOMM 01 .91CSX 
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of the resulting molecules could not be predicted within the limits of qualitative structure-
activity relationships studies. 

groups which may Impart toxic or herbicidal properties to the resulting molecules, 
thus making its use as an Insecticide impossible. 

Thus claim 1 does not meet the requirement of article 56 EPC that the technical 
problem should be solved over the whole scope of the claim. 

7. The following deficiencies are additionally noted: 

To meet the requirements of Rule 27(1 )(b) EPC, the document 05 should be 
Identified in the description and the relevant background art disclosed therein should be 
briefly discussed. 

8. The applicant is invited to file new claims which take account of the above comments. 

In order to facilitate the examination of the conformity of the amended application 
with the requirements of Article 123(2) EPC, the applicant should clearly identify the 
amendments carried out, irrespective of whether they concern amendments by addition, 
replacement or deletion, and to indicate the passages, of the application as filed on which 
these amendments are based (see Guidelines E-ll, 1). 

lithe applicant regards it as appropriate these indications could be submitted in 
handwritten form on a copy of the relevant parts of the application as filed. 

EPO Farm 2008 Ot91CS* 
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Enantioselettive amino ’acid ’reeognitkth   
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A series of acycliâ thiourea derivatives, designed td crete a cleft with four hydrogen bond dono?rb suitable for  
carboxylate recognition, have been prepared, and their ability to bind to N.protected amino acid carboxylate salts  
has been investigated. The crystal structure of one of the thioureas has been determined showing that it forms a � ’ 

hydrogen bôæded centrosymmetricdimerin the solid-state, in a conformation appropriate for the? desired binding ’ 

Lof carboxylates. The thioureas show good discrimination between different amino acids and those thioureas 
incorporating chiral moieties show moderate enantioselectivity for a range& of amino acid derivatives. 

Introduction I deficient aromatic amide to provide aromatic interactions with 
guests with aromatic sidechains 

Enantioselective recognition remains a major challenge for . . 

host�guest chemists.1The : ability to discriminate between 
enantiomers, using synthetic receptors, would, for example, 
allowseparation of raceinates by selective transport across .a 
membrane.’ We, and others, have previously utilised thioureas 
as a ’binding site for the ’carboxylate functionality,’ .and 
incorporation of thioureas into macrocydic structures has 
produced selective receptors for’crbóxylate derivatives such as 
amino acids.* Such receptors are, however, structurally inther  
compleI and deræanding to syæthesise. man effort to produce 
simpler, enantioselective receptors, for carboxylate derivatives 
we have now prepared a series of acyclic thioureas and have 
examined their ability to bind a range of amino acids.’ In these 
novel receptors the thjoureä functionality is linked to aryl 
amides to provide additional hydrogen bonds to the carboxylate 
moiety and it was anticipated that the formation of a well 
defined set of four hydrogen bonds around the carboxylate, 
binding to both the syn and anti lone pairs of the carboxylate,’ 
should also serve to create a cleft which, when chiral building 
blocks are incorporated, might discriminate effectively between 
enantiomeric guests (Fig. 1). The use of pyridyl aniides might 

further help to preorganise the chiral cleft since the desired 
U-shaped conformation may be stabilised by weak hydrogen 
bonding of the amide and thiourea hydrogens to the pyridyl 
nitrogen." In order to test this hypothesis we prepared the 
achiral receptors 5 and 6. We also prepared two chiral pyridyl 
receptors 7 and 15, the former incorporating a primary amide, 
derived from phenylalanine, to provide further hydrogen 
bonding functionality, and the latter incorporating an electron 

Results and discussion 

The thiourea receptors 54 were readily prepared (Scheme 1) 

_X I;-
0O2R ’ ’ ’ COR . ’ci. CO2R 

IX=CH,R=Me 3XCHRMe 740% 
2XN,REt - .’ ’’. �- 4XN,REt;’64% 

� "1........ 
N ?N 

TX 
N-?-N 

1 H H 

X 

T H

 HOOHTO 

.r.kro oyL 

11, Y Ph NH2 NH2 Ph 

715% 5X=CH 410/6. 
GX=N 99% 

Scheme 1 Reagents and conditions (i) CSC6 K2CO3, H20, CH2Cl 
(ii) 1, Et,N; (iii) CS, DCCj DMAP; (iv) nBuNH3; (v) UOH, &oxane 
H20; (vi) DPPA, (2S)-2-amino-3-phenylpropanaxnide. 

- . s by coupling of amino esters 1 or 2 to give the corresponding 
A. thiourea esters 3 and 4, which could be, converted directly to 

NN the butyl amides S and 6, o; in the case of 4, hydrolysed to the 
�’c _.1i..,,,,4!i �. ti .. 

. corresponding diacid, and coupled with (2S)-2-amino-3- 
phienylproparianside to give 7. Receptor 15 was -prepared from 

.. 

cls li H..N the protected diamie 8, derived fronIkphenylaIamne Treat-
I  

LttM.’R’ meat of 8 with hydrazine and coupling of the resulting amine 
’.jtyu ’r f.H R with p-nitrobenzoyl chloride gave linude 9 Removal W the 

flg"1 sJ Icariltbdlthioie Bo-protectingjduJi,’iiLd buIiæ ’i*ftii 1acdhldflde12 
r atsaelurlg}dip1’ gave 13 B.thdva1 ’bfth -phtlialuinde ?oupwith 1i’drazanØ’ 
� 

I.),,iIi 
’ 
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Tablel Hydrogenbonds for. thiourea 6[A and J..’;i:;:.ii  

dH A). d(D.. A) i L(DHA 

N(l)-H(1N)�.. O(2)#1 0.86(2) 2.24(2) ‘2.979(2)›144.3(18) 
N(4)-HN4- 0(2)#1 "0.85(2) 2.09(2) 2.897(2) 157.5(19) 
N(3)-HN3 0(2)#1 .-0.86(2) 2.34(2) .-.3.089(2) .... 145.9(19) 

Symmetry tiainisforrnations used to generate equivalent atoms: iii 
-x+2,-y+ 1,-z+ 1. . 

conversion of the resulting amine 14 to the isothioàyanate and 
coupling with a further equivalent ofthe amin’e, gave the 
desired thiourea 15 (Scheme 2). .. . 

BocNH BoCNH 
((’NPhth 

__\ 
L.N NPhth 

\HN 

Ph 
 

Ph 
COR .8 963% 

10 ROMe  
11 R = OH 34% i IV . -. 

V. VI 
N 02 

12R=CI 1000/6S
 

NR

 

TN 
H H 

OH3ONH 

- .. Ph FIN 0- 

0 NH Ph P11FIN 0 

I. .� 

� 
NO2 

13 R=Phth 79% 
NO2 15 25% (from 13) NO2 14 R= H2 

P11th = phthaloyl 

&benie 2 Reagents and conditions (1) H2NNH2, EtOH; (ii) p-
NO2CHCOCI, Et3N, DMAP; (iii) TMSCI Nat, CH3CN; (iv) SOCl2; 
(v) TFA, CH202; (vi) 12, DMAP; (vii) CSI, DCC, DMAP then further 
addition of 14. 

We were able to obtain a crystal structure9 of the achiral 
pyridyl receptor 6 which revealed that it forms a centro-
symmetric dinier in the solid-state, with one amide carbonyl 
forming a triple hydrogen bond motif (Table 1) with both of the 
thiourea NH’s and one amide NH of the other monomer unit 
(Fig. 2). The molecule adopts a folded conformation such that 
the three NH groups point inwards to an essentially planar 
cavity, into which the carbonyl of the second molecule can 
dock. Two of the pyridine rings experience intermolecular it-it 

stacking interactions with their centroids separated by 3.968 A 
and the angle between the least squares planes being only 0.03°. 
Thus the crystal structure reveals, in part, the desired hydrogen 
bond arrangement required for carboxylate recognition 
depicted in Fig. 1. Dilution studies with NMR samples of all 
the thioureas, however, showed that the dimerisation observed 
in the solid state is not occurring to any significant extent 
in solution. Furthermore, in neat CDC13, the signals of the 
NH’s for the pyridyl receptors 6 and 7 are considerably more 
downfield in comparison to those for receptor 5, consistent with 
the notion that -there are weak hydrogen bonds between the 
pyridyl nitrogen and. the -NH’s in the former case (Fig. 1). 
Addition ofJO%.(bytyolurne) ,C.D3SOCD3 to these .samples 
leads to significant do nfleld.ghifts for the signals. for both the 

,:amide and thiourea NH’sof.reptor.5,.but..on1y a small down-
3 field shiftfor.Ihe nile.iNI-Lot the yridy1)eceptor;6, and an 
.ppfle1d shift thç;pis  th4H.of,thi8 . nipound (Fig. 3) 

- 
? 

. .- .: �.�:. 

� ..;. . �- j:. 01 

’’ , .. 

: 

Fig. 2 Thermal ellipsoid plot (30% probability level) of 6 showing the 
hydrogen bonded centrosymnietric diner. 
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NI 

THON
 H.. 

0 

.o o..\..-L 58.81 ppm (COd3) 

(’ _�1:. 58.51 ppm 

Ph NH2i,.. NH2 Ph (10% CD3SOCD3ICDCI3) 

7 58.12 and 6.20 ppm (Cod3) 
58.03 and 6.78 ppm 
(10% CD3SOCD3ICDC1) 

Fig. 3 Comparison of the NMR shifts for the NH signals of thioureas 
5-7 in CDC13 and 101/o CD3SOCD-CDC13. 

Similarly for the chiral pyridyl receptor 7, addition of 10% (by 
volume) CD3SOCD3 to a sample in CDC13 gives just a small 
downfield shift for the thiourea NH signal and an upfield shift 
for the secondary amide NH signal, all of which is consistent 
with the notion that in the case of the pyridyl receptors 6 and 
7 there is substantial intramolecular hydrogen bonding. ...... 

The benzopompound 5 proved to be -rather,insoluble in 
deuteroehloroform :.and ,bindiqg -studis with 1this ompoupd 
were carried out ,in 40% ..CP3SPcD3-CDC13- .:,sol  
whercas .tbepyndy1 compounds were .sufficiently. kqjq,ble )o 
alioWtidies; hlso in neat CDC13aInitially Łcornpacd$e 

- )ci,Soç.-fPdd.  

� ......
 ..’-� . 

. 
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Table 2-Bindingconstants ’(X.) and free ’energies. Of comp1ext1ón ’Table 3 ’Bindingconatants (K,)’and free Ænergies:o(cohiptxifloiI 
/(-G..) for the 1 1 complexeS formed between thioureas 5 and 6 (-G) for the A r 1 complexes formed between -thiourea 7 and 

and tet butyl onuphenylacetate, in 10% CD3SOCD3-CDCI3 at tabutylanunoniUm salts of various amino acid derivatives.in CDCI3 
at 20C. - .........-

 ........... 

Receptor Substrate KWaFM -AG,,,IkJ moI’ Eitry Substrate’ K,’/M -AG,1kJ mg1’ 

phCH2CO NBu4°’... 740 - 16.1 . 1 N-Ac-L-Ala-CO NBu4 3450 19.8 
6 . 

. PhCH2COI NBu4 420 147 2 N-Ac-D-Ala.-CO NBu 2520 19.1 

Errors were estimated as b Errors were estimated as <02 W - 

NBU4+ 2990 ’19.5 
mol . .... . . 

. . N-Ac-L-Asn-0O2 NBu4 1690 18.1 
N-Ac-i>Asn-0O2" NBu4 800 . 16.3 

7 N-Ac-L-Gin.0O2 NBu4’ 9000 22.2 
8 N-Ac-p-GIn-C% NBu44 4520 20.5 

H H H N-Boc-L-GIn-CO5NBu4 1190 17.3 

Ni
 k?lyo

N N J L.. N 10 N-BocG1n-CO"NBu 810 16.3 
Ar Ph "!( N )( Ph 11 N-AC-L-Ser-CO2NB; 380 14.5 

12 N-Ac-n-Ser-0O2 NBu 480 15.0 
� . .. 

. 13 N-Ac-L-Trp-0O2 NBu 12400 23.0 
. ’ .,,.;, �. 14 . N-Ac-n-T-CO2 NBu4 14800 23.4 

Flg.4 Crabtree samon receptors. 
- 15 N-BOC-L-Trp-CO2 NBu4 3140 19.6 

16 N-Boc-D-Trp-CO" NBu4 2225 18.8 

binding properties of the achiral receptors 5 and 6. Using 

NMR titration experiments, monitoring the shift of both the 

NH and AM signals of tie receptors, we obtained binding 

constants for both 5 and 6 with the tetrabutylaminonium salt 

( ;ofphenylaC acid in 10% CD3SOCD3-CDC13 (Table 2).b0 For 

’ both receptors, binding with phenylacMc acid� carboxylate 

leads to significant downfield shifts of the signals for both the 

urea NH (-2 ppm for 5, >3 ppm for.6) and amide NH (-1 ppm 
for 5, -0.5 ppm for 6), indicating hydrogen bond formation, 
and smaller shifts (-0.2 ppm) of signals for the aromatic 
protons. The two binding constants are similar although 
binding with the pyridyl receptor 6 is slightly weaker. Thus the 
pyridyl receptor 6 may be more preorgaiised for binding 

as desired, but absolute binding of a carboxylate anion may be 
disfavoured by electrostatic repulsion -between the anion and 
the pyridine nitrogen lone-pair--as. suggeste by. Crabtree’s 
studies on binding of various anions with related receptors 16 
and. 17 (Fig. 4)11 

Binding studies with the chirÆl pyridyl receptor 7 and a range 

a Errors were estimated as <10%. I Errors were estimated as <0.2 kJ 

Table 4 Binding constants (K,) and free energies of complexation 
(G.,,) for the 1: 1 complexes formed between thiourea 15 and 
tetrabutylanimonium salts of various amino acid derivativeb, in CDCI, 
at 20 ’C 

Entry Substrate .. K,,,°/M‘  -AG,,,"IkJ mol" 

1 N-Boc-L-Trp-0O2’ NBu4 1925 18.4 
2 N-Boc-o-Trp-0O2 NBu4 3785 20.1 
3 (A)-Naproxen-0O2 NBu4 1570 17.9 
4 (S)-Naproxen-0O2 NBu4’ 1870 18.4 

’Errors were estimated as <I 01/6. b Errors were estimated as <0.2 Id 
mol. 

of amino acid derivatives, as the tetrabutylanimonium salts, reagents. Thus, for example, we prepared a CDC13 solution 
in neat CDCI3, were carried out and the results are presented in of receptor 6 with the tetrabutylanimoniuni salt of racemic 
Table 3. The receptor, is strongly selective for different amino N-Ac-Phe, which leads to two cleanly resolved signals for the 
acids (e.g. "30: 1 selectivity for N-Ac-L-Trp-0O2’ over N-Ac-i..- NCOCH3 group of the two resulting diastereomeric complexes 
Ser-0O2), but in general the receptor shows only moderate at 1.86 and 1.88 ppm. 
enantioselectivity with a general preference for L-ammo acids Thiourea 15 showed similar downfield shifts for the thiourea 
and a highest enantioselectivity for N-Ac-Gln-0O2 (L D = NH (-2 ppm), pyridyl amide NH (-0.5 ppm) and nitrobenz-
2: 1). Binding constants were also highest for amino acids with amide NH (-1.1 ppm) on titration with the enantiomers of 
sidechains incorporating hydrogen bonding functionality (N- N-Boc-Trp, and the receptor now showed a modest selectivity 
Ac-Gln-0O2") or an electron rich aromatic sidechain (N-Ac- for the D-enantiomer (Table 4). A probable contribution to 
Trp-0O2). The corresponding N-Boc derivatives gave reduced the binding from aromatic interactions is evidenced by 
binding constants, but gavebetter enantioselectivity in the case downfield shifts (-0.2 ppm) of the signals for both aromatic 
of N-Boc-Trp-0O3. For all substrates tested, binding resulted protons. from the p-nitrobenzamide on complexation. The 
in significant downfield shifts of the NH signals from the receptor also bound the enantiomers of naproxen (as the 
thiourea (1.6-2.1 ppm), the secondary amide (0.3-0.7 ppm) and tetrabutylanunonium salts), with associated shifts (-0.2 ppm) 
for one of the primary amide protons (1.2-1.5 ppm), and an for. the signals for the protons from the p-nitrobenzamide, 
upfield shift (0.3-0.7 ppm) Cf the other primary amideproton. but was unable to -discriminate effectively, between the 
This suggests that binding of the amino acids involves hyilrogen enantiomers. � :. � � . 

,,. � 

bonds to the thiourea, secondary amide and one of the primary In .summary we .have prepared a series of simple acyclic 
amide. NH’s, but also. involves breaking of an intramOlecular thiourea receptors which are both sidechain :selecfjve and 
hydrogen bond to. the àther  primary amide NH. Conversely, moderately enantioselective for a range of amino acid deriva-
binding ’of. the :tryptophan derivatives :led to’ a significant tives. Despite the modest: enantioselectivity ’observed the 
upfield � shift for .the iiidole NH signal (>1 ppm) presumably receptors are simple to prepare, and evidence from the NMR 
reflecting ;thebreaking ’of an intramoleculir hydrogen ’bond binding ’studies does suggest .that the tweezer. receptors ’do 
between jhe mdole NH and ’the carboxylate on binding, and indeed wrap around the substrates as desired ismg a coim 
sam1ar1yblnding’of.the 1utathineand .asparagine’:derivatiies bination ;of..several hyddenbotidingJintâns.:.ihŁse  
led’totüpfield’Ishifts  fłne pfthe’frunary anude’NHh in regultguidicate that more selective rtcepeorcmiyresuit froni 
each je4 hCT) Ł UI a’ it..c burr&..j asn theTIntroductlonof ’suitable, functionahtfor.more zspeciflc 
4As njbpisdenantioseIectrntylin bmdmg hitdractidntwith the sideohain fuidflonhhtyof’the.am1no hE1 
aminod Wfp w can be used as chiral shift guesi3) bnnotr,t’1 1. ’tiro’it idtrfli4iftdsflt1V. u - - 
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Exjier1fliefltaI  

General procedures , 
Xiitio wdre ôædcted 
in flame drid ilasswiri under a sttic, inert atmophere unless 
àtheiwfestatØd. ’CH2Cl2 was distilled from càlcium hidride 

idpetról AiÆs ’distilled’ and the ’fractionhoiling between 40 
and 60°C was uŁed. :All other solvents were of dominrciaI 
radd and were used without furthr ikification. Thin la’e 

cIroniatogrÆph’° wai’performed on plastic backed -sheets 
(Camlab) coated with silica &I (Si02: 0.25 mth): Flash cothmn 
chromatography was p’erformed on Sorbil ’Ca, 40-60 mesh 
silica. . 

hifra-red spectra were’ recorded 
on 

a PerkinLElmei 1600 
series FT-JR spectrometer. Proton NMR spectra were obtained 
at 270 MHz on aIEOL GX 270, at 300 MHz ona Bruker AC 
300, and at 360 MHz on a Bruker Aspect 3000 spectrometer. 
Spectra were tefei!9ndØd with respect to the’ ràsiduai  soWOnt 
peak for the deuterated sohçent con mcd; C R NM sp’ectra 
were obtained at 75 MHzon a Brüker AC 300 and at 100 MHz 
oii a Bruker DPX 400. çOSY spectra and 111-13C correlation 
spectra vŁ.re perfoænŁd on a Bruker AC 300. Mass spectra were 
obtained on a VG analytical 70-2507SE normal geometry 
double focusing mass spectrometer or on a Micromass Platform 
quadmupole mass analyser with an electrospray ion source 

Methyl 3-{((([3-niethoxycarhonyl)benzyl]aniino)th1ocarbouyI-
amlno]methyl}benzoate3.. S 

Based on a proindure originally reported by Anslyn,’2 a suspeti-
Sian of amine hydrochloride 1(0.84 g, 4.17 mmol) in CH202 
(15 mL) was added dropwise .to a vigorously stirred niixture 
of potassium carbonate (1.14 g, 8.34 mmol) in water (45 .mL) 
and thiôphOsene. (0.73 mL, 9.52 mniol) in CH2Cl2 (45 mL). 
The mixture was stirredat rt for 1 hour then heated at reflux for 
12 hduxs. After cooling to*.ft the 9rganic layer was separated, 
dried (MgSO4), filtered and concentrated in vacua to give crude 
isothioc’yaæate as an orange oil which was used in the next 
step without further purification. Amine 1(0.65 g, 3.24 mmol) 
was added to a stirred iolution of the isothiocyanate (0.67 g, 
3.31 mmol) and triethylamine (1.32 niL, 9.72 rnmol) in CH2Cl2 
(30 mL). The mixture was heated at reflux for 12 hours and 
after allowing to cool to rt was washed with 2.0 M HG (3 x 
20 mL), dried (MgSO4) and the solvent removed as vacua to 
give thiourea 3 as an orange viscous oil (1.15 g, 74%):. .R 0.47 
(ethyl acetate); ô11 (300 MHz, CDCI3) 3.83 (6H, s, CU3), 4.70 
(411, d, 15, ArCH2), 6.74 (211, br s, NH), 7.32 (2H, t, .18, Arfi), 
7.45 (2H, d, 1 8, ArH), 7.83 (211, s, ArH), 7.84 (211, d, .1 8, 
ArU); Ô, (75.5 MHz, CDCI3) 48.2, 52.4, 128.7, 129.0, 129.1, 
130.6,132.4, 137.9, 167.1, 182.9; ,n/z (ES) 373.5 (M + H)’, 
395.5 (M - Na)-’ ’HRMS: .found 372.1223. C,9H21N204S 
(M + H) requires 373.1222. 

N-1-Butyl-3-({1U3-E(butylamino)carbonyl]benzyl}amino)-
thiocarhonyl]amino}methyl)benzamide 5 

Dieser 3 (50 mg, 0.13 mmol) was dissolved in butylamine 
(5 mL) and heated at reflux for 12 hours. Alter cooling to rt the 
excess butylamine was removed in vacua to yield a white solid 
which was purified by crystallisation (ethyl acetate�methanol) 
to give thiourea 5 as Colourless crystals (25 mg, 41%): nip 88-
90°C (ethyl aeetate�methanol); R0.47 (ethyl acetate); 48 (300 
MHz, CDCI3) 0.94 (611, t,’J 7, CU3), 1.37 (411, sextet,J 7, 
CFI2CH2CH,), 1.55 (4H, quintet, 17, CH3), 3.32 (4H,q’J 7, 
CH3NHCO), 4.7 (411, d, 15, CH2NHCS), 6.38 (211, br s, 
N1ICS), 6.98 (211, br s, N}ICO), 7.32 (2Fd,.L$, Arl7..40 
(211, d, /8, ArH), 7.53 (211, d, /8, ArfI), 74(2H, s, 
3c{100 MHz (CD3)SO-CDC131O :’t90 v7’]}i1 13, 1&129.4 

- a7.8; 45.8 124.0;i24.l,’126 i128$ 133.0,136.7;466.8,I82.4; 
� v,,,Jcrnl.(nOat) 

I �’�3.l 
-aha 

1535;’thli (E)f455.’4(M l-H) (Fo1æd: C63:98;H79; 
N,-1 1.74 C’H3N4O2SMeOH.re4hires ’C, 64:17; 11, J7.87;N, 

4:j,3� .1 
’, 

, ¶, C. 
Ethyl 

rbonyl jam no}mthyI)pyrl&e-2-arboxylate 41. . 

Based on a procedure originally reported by AnØtyn,U L)MAP 
0.57 g, 4.70 mmol) was added to a suspension of amine hydro-

chloride salt 2 (0.41 g, 1.88 mmol), DCC (0.19’g,’6.94 mmol) 
and carbon disulfide (Q.40 mL, 6.58 mmol) in dry, cud3 

(10 mL) at �10°C The solution was ’stirred at rt for 1 hour 
then heated at reflux for 12 hours. The solvent was removed in 
vacua and the resultant orange oil was purified by flash column 
chromatography, eluting with ethyl acetate�petroleum etbeç 
(70: 30 to 100 : 0 vlv) to give thiourea 4 as a yellow solid 
(0.25 g, 64%): mp’103-104 °C (ethyl acetate�petroleum ether); 
.R 0.44 (ethyl acetate); 60 (300 MHz, CDCI3) 1.45..(6H, 1, J 7, 
cH3), 4.49 4H, q, /7, .CH2CH3), 5.02 4H, br s, CH2N); 7.50 
(2H; d, 1 8, pyz’H), ’7.83 (2H, t,J 8, pyrH), 8.02 (2H, d, / 8, 

s, pyrH), 8.56 -(2H, br NH); J (75.5 MHz, CDCI3) 14.4, 49.5, 
62.2, 124.09 125.7;138.0, 147.2, 157.4, l65.1, 183.3;  
(neat) 3545, 3300, 1705, and 1530; m/z (ES) 403.0 (M+14 
424.9. (M I-’Na)+ (Found: C, 56.69; H, 5.68; N, 13.63 
(H22N404S requfres C, 56.70; H, 5$ L; N,’ 13.92%). 

N-1-ButyI-64({[((6-I(buty1amlno)carbony1]-2-p),rid’i}iethyI) 
alno]thiocarbonyijamhio)mvthyl]pyridhse-2-carboxanside 6 

Diester 4(26mg, 65 unoi) was dissolved in butylaniine (4 mL) 
and the solution was heated at reflux for 12 hours. The excess 
butylaniine was removed in vacua and the resultant yellow solid 
was recrystÆllised from ethyl acetate�petroleum ether to give 
thiourea 6 as colourless crystals (32-mg, 100%): mp 95-96°C 
(ethyl acetate�petroleum ether); Rf 0.31 (ethyl acetate); a0 (300 
MHz, CDCI3) 0.80, (611, t; .1 7, CH3), 1.21 (4H, sextet, J 7, 
CHICHI), 1.44 (4H, quintet, 1 7, CH2CH2CH3), 3.26 (4H, 
q, 1 7, CH2CIJ2N), 4.98 (4H, ’s,’ CH2NHC=S), ’7.48 (211, d, 
J8, pyrH), 7.77 (211, t, .18, pyrH), 7.96 (214, d, /8, pyrH), 8.02 
(7H, br s, NH), 8.29 (2H, br s, NH); J (75.5 MHz, CDCI3) 
13.8, 20.3, 31.8, 39.6, 49.5, 121.3, 1212, 138.89 149.09155.9, 
164.1; v,Jcm (neat) 3360, 3300, 2950, 2860,, 2360, 1670, 
1640, 1570. and 1530; nilz (ES4) 457.4 (M + H)", 479.5 
(M + Na)4; HRMS (FAB): found 457.2384. C23H33N602S 
requires 457.2386. An X-ray crystal structure .was obtained 
(see text). S 

N-f(1.S’)-2-Amino-1-benzyl-2-oxoethyl]-6-({[(ff6-({[(1S)-2-
amlno-1-benzyi-2-oxoethyl]amlno}carbonyfl-2-pyridyi Imethyll-
amhm)thlocarbonyl]amino}methyi)pyridlne-2-carboxnmlde 7 - 

L1OH (20:1 mL of a 1 M soln, 20.1 mmol) was added to diester 
4 (0.81’g, 2.01 mmol) in 1,4-dioxane (23 mL) and the mixture 
was stirred for 1 hour. KHSO4 (20.1 mL of a 1 M soln, 20.1 
mmol) was added and the water was removed in vacua and by 
azeotroping with acetonitrile (20 mL). Methanol (5 niL) ’’as 
added to the resultant solid, the insoluble material was removed 
by filtration and the excess methanol was remoied as vacua 
to yield the diacid as a pale yellow’ solid (0.70 g, 100%) which 
wä used in the next reaction ’without further purification. 
Dipbenylphosphoryi azidØ’ (DPPA) (0.42. –IIL , 1.92 mznol) 
followed by triethyiamine (0.53 ml.; 3.83 minol) were added o 
a stirred mixture of the diacid (0:30 j, 0.87 minol) and (2S)-
24znino-3-phenylpropanannde (0.31’;g,"1:92,,   mmol) in DMF 
(0.5 lntyat0°C.The  nthiture iasstirredat o°ç  for’.2 hoür 
and at rt for 2 days. The solvent was’rernoi,&f in thctdand the 

t’oi0:90i1i/vi 

as a l,vhite soha 84mg 1tl5% æip’l2-hl8 fC 
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Rf 043 [incthanol-CH2Cl2 (10 901v/v)][a]’-36 Od (c1 in 
CH2Cl2);CH4 
HBPh), 3.17 (2H, dd, .17, 14,CHAHBPh); 4.87 (2H, appüent q, 
.1 7, CONHH, 4.99 (4H, m, CSNHH2, 6.34 2H, br s, 
NHAHB), :;47(2H, .brs, HH5), 7. 1-7.25. lOHm, ArH, 
7.43 (2H, d, J8,1Ar1),7,74 (2H,.t,48, pyrfi), 7.91. (2H,cl,J8, 
pyrH, 8.00 (2H, br ó, cSNH), §.80 (211, d, .1 8, CONHCH; 
ö 75.5 MHz,’ cD13 39.4, 50.0, 55.6, 1213, ’125.9, 127.8, 
129.4,130.2,130.4,138.0,139.3,149.6,158.6,-165.8 and 175:69; 
v../cm 2395, 2360, 1660,1650 and 1515; m(z (ES) 639.6 
(M + H), 661.6 (M + Na)4, 677.5 (M – K); HRMS (FAB): 
found 661.2311 C33H.,N8O4NaS requires 661.2321. 

6-L(1,3-Dloxo-2,3-dihydro-1H-lsoindol-2-yl)InethyI]PyTidine-
2-earboxylic acid 11 

Based on ’a procedure orig!nally reported by Olah,n chloro-
trimethylsilane (16.6.xnL, 0.13 mol) was added to a solution 
of ester iOi (10.1 g,.32.7 mmol) and sodium iodide (19.6 g, 
0.13 mol) in acetonitrile (50 mL) at 0 C. The reaction mixture 
was allowed to warm to dind heated at reflux for 4 days. After 
allowing to cool to rt, water (200 mL) was added, the reaction 
mixture was diluted with CH2C12 (100 mL) and was washed 
successively with water (100 mL) followed by aqueous sodium 
thiosulfate (150 niL). The organic phase was extracted with 
saturated sodium hydrogen carbonate (50 mL) and the aqueous 

ase acidified to pH 3 using 2.0 M HC1. The acidic solution 
extracted jrith 6ethanol-CH2CL2 [3 X 150 mL (5: 95 vfv), 

dried (MgSO4) and the sOlvent removed in"vacuà to give acid 11 
as a white solid (3.12 g, 341/6): nip 219-221 °C (from methanol-
CHCI3); Rf 0.21 [methanol-CH2C12 (10: 90 v/v)]; J11 {400 MHz, 
[(CD3)2S0-CDC13 10: 90 v/v]) 5.03 (2H, s, PhthNCH2), 7.33 
(IH, dd, 1.1, 8, pyrH),. 7.73 (2H, dd, I 3,5, ArH), 7.77 (1H, 
t, 18, pyrH), 7.82 (2H, dd, J 3, 5, ArH), 7.96 (IH, dd, J 11 81 
pyrH); 6c (100 MHz, CD3OD) 42.5, 123.1, 123.2, 123.7, 131.5, 
134.0, 137.8, 147.6, 155.51 165.7, 167.5; v.,,,Jcnf (neat) 3360, 
1750, 1705, 1600 and 1420 (Found: C, 64.07; H, 3.55; N, 9.95. 
C15H10N204 requires C, 63.83; H, 3.57; N, 9.92%): 

tert-Butyl-N-{(1S)-1-benzyl-2-[(4-nitrobenzoyl)amlno]ethyl)-
crbamate9 

Hydrazine hydrate (90 j.iL, 1.88 mmol) was added to a solution 
of phthaliniide 88 (0.48 g, 1.26 mmol) in ethanol (25 niL) 
and the mixture heated at reflux for 6 hours. After cooling to 
rt the insoluble material was removed by filtration and the 
excess solvent removed in vacuo to give the amine as a pale 
yellow solid, which was suspended in dry CH2Cl2 (20 mL). 
4-Nitrobenzoyl chloride (0.52 g, 2.82 mmol) followed by tn-

iylamine (0.39 mL, 2.82 mmol) and DMAP (50 mg, 0.41 
"itmmol) were added. After stirring at rt for 12 hours solvent 

was removed in vacuo and the crude material was purified by 
flash column chromatography eluting with ethyl acetate-
petroleum ether (30:70 v/v) to give amide 9 as a white solid 
(0.31 g, 63%): nip 184-186°C (ethyl acetate); Rf 0.5 (ethyl 
acetate-petroleum ether (30:70 v/v)]; ö (300 MHz, 
[(CD3)5S0-CDCI3 10: 90 v/v]} 1.29 (9H, s, C(CH3)3), 2.69 (1H, 
dd, J9,14, CH4H5Ph), 2.80 (IH, dd, J6,14, CHAHBPh), 3.38-
3.33 (2149 m, CH2N), 3.93 1H, dt, J6,9, CHCH2), 6.81 (1H, d, 
J9, NHCH), 7.31-7.16.(5H, as, ArH), 8.07 (21-L d, 19, ArH), 
8.32 (2H, d, 19, ArH), 8.80 (1H, t .1 5, NHCH2); ô (100 MHz, 
DMSO-d6) 26.5, 36.1, 42.0, 49.7, 75.8, 1121.7, 124.2, 126.3, 
127.1, 127.4. 137.2, 138.6; 147.2, 153.6, 163.2; VmjOni  (neat) 
330, 1690, .1644, 1550 And 1525; nilz’(ES) 400.4 (M +. H) 
Fouiidiç,  3.28;.H, 6.62; N,. 10.44. C31HN3O5 fequires C, 
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0 °C and the mixture was stirred for 12 hours at ç.Theo1yent 
was removed In ’vàcuo and the resulting oil was triturated vith 
ethr (2 X 10 mL) to give the amine TFA salt is a pale yello.v 
oil. Acid 11 0. 19g, 0.68 rnmo1 was heated at reflux in thionyl 
chloride (2 mL) for. 8 hours then cooled and stirred at rt for 
12 hours. The excess thionyl chloride was removed In vacuo to 
give acid chloride 12 as a white solid, which was dissolved in dry 
DMF (5 mL) and added dropwise to a solution of amine TFA 
salt and DMAP (70 mg, 0.57 mmol) in DMF and the mixture 
was stirred at rt for 2 days. Solvent was removed in vacuo and 
the brown residue was purified by filtration through a pad of 
silica gel, eluting with ethyl acetate, to give amide 13 as a white 
solid (0.23 g, 79%): Rf 0.59 (ethyl acetate); mp 174-176°C  
(CHCI3-hexane); [a1 -11.3° (c 1 in CH2Cl2); ô (400 MHz, 
CDCI3) 2.78 (1H, dd, 18, 15, CHAHBPh), 2.82 (U-I, dd,J7, 15, 
CHAHBPh), 3.38 (IH, ddd, 13,4, 14, NHCHACHB), 3.63 (1H, 
ddd, .15, 10, 14, NHCHACHR), 4.37 (1H, m, NHCHCH2), 4.97 
(2H, s, CH2Phth), 7.11-7.25 (5H, in, ArH), 7.40 (2H, d, 1 8, 
pyrH), 7.72 (2ff, dd,.1 3, 5, ArH),7.76 (1 H. t, 18, pyrH), 7.84 
(2H, dd, .13,5, ArH), 7.86-7.90 (3H, m, ArH and NHCH2CH), 
7.96 (1H, d, .18, pyrH), 8.12 (1H, d, /8, NHCHCH2), 8.17 (2ff, 
d, /9, ArH); öc (100 MHz, CDCI3) 39.3,43.0,47.3, 51.5, 121.6, 
124. 0, 124. 1, 125.3, .127.5, 128.7, 129.5, 129.3, 132.4, 134.9, 
136.9, 139.0, 140.1, 149.0, 149.9, 154.7, 165.7, 166.1, 168.4; 
v,,Jcnf’ (neat) 3350, 2360, 1685, 1644, 1600 and 1550; mlz 
(ES4) 564.3(M + H)4. HRMS: found 564.1879. CSIHThNSOS 
(M + H)4 requires 564.1883. 

N-2-{(1.S)-1-Benzyl..21(4-nifrobenzoyl)ainino]ethyl}-6- - 

(({6-(({(1.S)-1-benzyl-2-((4-nitrObenzoyl)amino]ethyl}anilno)- - 

carbonyl]-2-pynidyl}methyl)amino]thiocarbonyl}amino)-
methylj-2-pynldinecarboxamide 15 

Hydrazine hydrate (17 IlL, 0.35 mmol) was added to a solution 
of phthalmmide 13(0.20 g, 0.35 mmol) in ethanol (5 mL) and the 
mixture heated at reflux for 12 hours. The insoluble material 
was removed by filtration and the filtrate concentrated fri vacuo 

to give amine 14 as a yellow residue which was used in the 
next step without further purification. Carbon disulfide (74 iL, 
1.21 mmol) was added to a solution of the amine (75 mg, 
1.73 Ilmol), DCC (36 mg, 174 imo1) and DMAP (43 mg, 0.35 
mmol) in dry CH2C12 (2 mL) at -10°C and the mixture was 
stirred for 1 hour. After warming to rt the excess solvent and 
carbon disuffide were removed in vacuo. The resultant orange 
oil was dissolved in dry CH2C12 (2 mL) and further amine 
14 (75 mg, 1.73 lunol) was added. After stirring at rt for 5 days 
the solvent was removed in vacuo and the brown residue 
was purified by flash column chromatography eluting with 
methanol-CH2Cl2 (1: 99 to 10 : 90 v/v) to give thiourea 15 as 
a pale yellow solid (60 mg, 25%): R1 0.59 (ethyl acetate); 
[a] + 36.0° (c 2 in CH2Cl2); 5H (400 MHz, CDC13) 2.90 (1H, 
dd, 18, 14, CH4H5Ph), 3.22 (1H, dd, 16, 14, CHAHBPh), 3.58 
(1ff, dd, .13, 14, CHAHBNH), 3.80 (1H, dd, .1 10, 14, CHAHB-
NH), 4.51 (2ff, m, CHCH2Ph), 5.02 (2ff, d,.1 17, CHAHBN-
HCS), 5.10 (2H, d, .1 17, CHAIIB HCS), 7.22-7.35 (10H, m, 
ArH), 7.56 (2H, d, 1 8, pyrH), 7.73 (2ff, br s, CH2NHCO), 
783 (4ff, d, J 9, ArH), 7.89 (2H, t, 1 8, pyrH), 8.07 (2H, d, 
.18, pyrff), 8.11 (4H, d, /8.5, ArH), 8.44 (211, br as, NHCS), 
8.89(2H, d, 15, NHCH); ô (100 MHz, CDC13) 37.3,42.7,47.2, 
51.0, 120.0, .122.3, 123.9, 125.5, 126.7, 127.4, 127.7, 135.5, 
137.7, 146.4; 148.1, 154.1, 162.6, 165.9, 182.3; vJcm’ (neat) 
3285, 1650, 1595 and 1518; rn/a (ES’) 910.4 (M + H (Found: 
C, 62.38; H, 5.10; N, 15.46. C47HN10O8S’MeOH requires C, 
62.10; H,4.88;N 15.41%). 
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