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Abstract

The aminocarbonylation of 2,5- and 2,3-diiodopyrali as well as 2-chloro-3,4-
diiodopyridine with carbon monoxide and variousyary and secondary amines was
carried outusing palladium-catalysed aminocarbonylation. The foromatof the
products containing carboxamide and ketocarboxamid@ctionalities was
accompaniedby the formation oimides whenortho-dilodo compounds were used as
substrates. In spite of sevelssiblereaction pathwaysnost of the productsere
synthesised as major product in yields of synthétierest by the appropriate

modification of the reaction conditions.
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1. Introduction

The activation of carbon monoxide and its use a®@lting block in various model reactions as well
as procedures of practical use is one of the saceéwmies of homogeneous catalysis. In this way,
carbonylations have become widely used text-boaktiens for the synthesis of carboxylic acids ameirt
derivatives (esters, amides), aldehydes and kefon®mce the early discovery of Heckt al?
aminocarbonylation of aryl halides and haloalkemesyell as that of their synthetic surrogates aslaryl
triflates and alkenyl triflates)jasproved to be an efficient tool for the synthesicafboxamides with various
structures. The most common catalysts used for the synthesisadfoxamides are based on Pd(0) ‘pre-
formed’ complexes oin situ formed systems. They show hidblerance regarding the structure M
nucleophiles and substrates (aryl halides/triflaaéieenyl halides/triflates).

Aminocarbonylation as a key reaction for the sysiheof a,3-unsaturated carboxamides and aryl
carboxamides was investigated also in our laboydt&ecently, the functionalization &f-heterocycles, due
to their practical importanéde.g the synthesis of indole- and quinoline-based @eatnides, nicotinamide
derivativesetc), is in the forefront of our research interest.

As a part of our continuing interest in the systemiavestigation of the synthesis of poly-subggtl
pyridine-based carboxamides, as well as to ex@oreture—reactivity and structure—selectivity tielas, the
aminocarbonylation of diiodopyridine derivatives regnvestigated in the presence of palladium cataly
Since a variety of side-reactions including doubdgbon monoxide insertion, intramolecular ring-ales
reactions,etc may take place using these substrates, a sfdeciad is given to the careful analysis of the
product composition (even to compounds in tracewant®) to analyse selectivity issues of the reaction

2. Results and discussion
2.1. Aminocarbonylation of 2,5-diiodopyridid¢({n the presence of various nucleophiles

2,5-Diiodopyridine 1) was reacted with carbon monoxide and various pgimraad secondary amines
asN-nucleophilestert-butylamine &), aniline p), piperidine €), morpholine ), methyl alaninatef)) in the
presence of palladium catalyst&cheme X1 Palladium(ll) acetate was used as catalyst psecuand its
reduction to catalytically active palladium(0) sigsctook place 'in situ' as described previofsly.

Based on detailed GC-MS studies, the formatiorhode different products was observed. In addition
to the expected 2,5-dicarboxamid®) (and 2-carboxamidB-ketocarboxamide(3) derivatives 5-iodo-2-
carboxamide4) product was also detected. Their ratio is strpuigipendent on the type of the amine. The less
reactive amine is the less badicproviding 5-iodo-2-carboxamide4ly) only from the abovementioned
carbonylated products with low conversion undercspimeric conditions in 24 hours. Using longer react
time 4b was converted to the expected 2,5-dicarboxanfit (entries 4 and b Applying 40 bar of carbon

monoxide pressure the distribution of the carbaegaroducts were similar as under atmosphericitond
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(entries 6 and ) However, practically full conversion was obtalne shorter reaction time (95 h) and the
2,5-dicarboxamide2p) product was selectively formeertry 7. Due to this low reactivity, the reaction
sequence can be clearly seen: the carbonylationpasition-2 takes place first, followed by the
aminocarbonylation in position-5 resultingdhb in highly selective reactiorefitries 3-5 and 67

Using more basic primarya) and secondary amines, (d) the mixture of carbonylated products was
obtained both at low and high CO pressure. Howewee, of the components can be synthesised as majol
productby the variation of the conditions. For instana@a/3a ratio of 66/34 was obtained at atmospheric
pressure which can be shifted towards carboxamedeckrboxamide producBd) (2a/3a =24/76) entries 1
and 2. It has to be noted that double CO insertionilegto ketocarboxamide functionality was observed i
position-5, exclusively. The iodoarene functionalégdjacent to 'ring-nitrogen' of the heteroaromainy
(position-2) underwent aminocarbonylation with siengCO insertion, exclusivelyeftries 8-1)1 Using
methyl alaninatef{ much lower reactivity was observed both undedraitd more severe conditions resulting
in the formation of 5-iodo-2-carboxamidéf accompanied with carbonylation in position-5 asliwThe
identification of thedf product was carried out by detailed NMR measurgésiacluding 2D NMR techniques
(HMBC, HSQC). As expected, an increased amounbabbk carbonylated product was detected at theehigh
CO pressureghntries 12 and 13 The formation o#f, applicable in further functionalization reactichse to

its 5-iodoaryl functionality, can be increased byucing the amine to substrate ratio to 1.1éht({es 14 and

15).
' CO, HNR'R" R'R"N
@ Pd(OAc)Z/PPhg

1

2a-2f O 3a-3f O

R’ R"
a H tBu |
b H Ph

O NR'R"

C -(CH2)5' N
d  -(CH2),0(CHy)z- 4a-4f O
f H CH(CH3)COOCH3

Scheme 1Aminocarbonylation of 2,5-diiodopyriding)



Table 1.Aminocarbonylation of 2,5-diiodopyridind)in the presence of Pd(OAc)2 PPh 'in situ' catalys?

Entry Amine R.time Pressure Conv.” Ratio of the carbonylated produéts(isolated yield”)
[h] [bar] [%6] [%]
2,5- 2-Amide-5- 5-lodo-2-
Dicarboxamide ketocarboxamide carboxamide4)
@) ©)

1 t-BuNH, (a) 24 1 100 6644);(60) 34 @Ba) 0 (4a)

2 t-BuNH, () 24 40 100 2473a) 76 (3a); (33) 0(4a)

3 aniline p) 24 1 28 02b) 0 3b) 100 @b)

4 aniline p) 50 1 60 272Db) 0 (3b) 73 @b)

5 aniline p) 170 1 100 1002p); (61) 0 @b) 0 @b)

6 aniline p) 24 40 81 197b) 0 Bb) 81 @b)

7 aniline p) 95 40 100 1002b); (61) 0 @b) 0 @b)

8 piperidine ¢) 24 1 100 6540 16 @30 19 @o

9 piperidine €) 24 40 100 4620); (35) 54 B0); (34) 0 do

10 morpholine d) 24 1 100 472Zd) 28 (3d) 25 @d)

11 morpholine d) 24 40 100 447d); (36) 56 Bd); (17) 0 ad)

12 AlaOMe §) 98 1 66 152f) 3 (3f) 739 (4f)

13 AlaOMe ) 24 40 88 16Zf) 22 3f); (12) 62 af)
14°) AlaOMe ) 94 1 66 1776); (9) <1 @f) 77" (4f)
159 AlaOMe () 24 40 76 62f) 12 3f) 82 (f); (13)

a) Reaction conditions (unless otherwise stated)niol substratel]), amine nucleophile: 6 mmol af(or 4
mmol ofb / 3 mmol ofc, d / 2.2 mmol off), 0.025 mmol of Pd(OAg) 0.05 mmol of PP# 0.5 mL of EtN,
10 mL of DMF, 50°C, 40 bar of CO.

b) Determined by GC-MS

C) Yields of the isolated target compound (basethersubstratelf)

d) 2-lodo-5-(-(1’-methoxycarbonylethyl)carboxamido)pyridine walso formed in 9%
e) 1.1 mmol of AlaOMe is used.

f) 2-lodo-5-(N-(1'-methoxycarbonylethyl)carboxamido)pyridine walso formed in 6%



2.2. Aminocarbonylation of 2,3-diiodopyriding) (

To investigate the structure—selectivity relationthe aminocarbonylation of diiodopyridines, a dtdis 6)
containing the two iodoarene functionalities antho position was aminocarbonylated under conditions
described in 2.1.9cheme R In order to achieve yields of synthetic interélsé reaction had to be carried out
under 40 bar carbon monoxide pressure in 24 hdimss, practically full conversion was obtained lincases
with a product distribution shown ifable 2 The primary amines behave in a completely difiengay: a
provided the two carboxamide derivativéga @nd 7a) accompanied by the formation of some imi&a) (
derivative, whileb, e-h gave the corresponding imide derivativéb,(8e-8h, respectively) in a highly
selective cycloaminocarbonylatioentries 3, 6-2 The imide formation goes probably via the 3-ido
carboxamide intermediate as detected in cage Dhat is,8g was formed via cycloamidocarbonylation of the
3-iodo-2-carboxamide derivativerftry §. (See als&cheme delow)

The secondary aminesc (and d) gave the 2-carboxamide-3-ketocarboxamide prodiéts and 7d,
respectively) as major, and the dicarboxamide dévigs 6c and 6d, respectively) as minor products.
Regarding the major products, their isomess, the 2-ketocarboxamide-3-carboxamide products vedso
detected as trace products by GC-MS.

In general, it has to be noted that double CO tmsers favoured in position-3 while the aminocanbiation

of the 2-iodo functionality resulted in the higtdglective formation of the 2-carboxamide functidiyah all

(@] NR'R"
? o
| - ]
CO, HNRR §
’ NRIRH o )
(IO Pd(OAC), / PPhs O NRR O wre t (O] MR
NN N y 7
o o

cases.

5 6a-6h © 7a-7h 8a-8h
R' R" R' R"
a H tBu e H CH,COOCH,4
b H Ph f H CH(CH3)COOCH;
c -(CH,)s- g H CH(COOCHZ)CH(CHs3),
d -(CH5),0(CH,),- h H CH,(4-Py)

Scheme 2Aminocarbonylation of 2,3-diiodopyridingY



Table 2Aminocarbonylation of 2,3-diiodopyridin®)in the presence of Pd(OAck 2 PPh 'in situ’

catalys?

Entry Amine Substrate Ratio of the carbonylated produéts(isolated yielc)
[ amine [%0]
ratio 2,3- 2-Amide-3- Imide 8)
Dicarboxamide | ketocarboxamide
(6) ()
1 t-BuNH, (a) 1/6 86 6a);(48) 13 7a) 1(8a)
2 t-BuNH, (a) 1/3 93 6a);(54) 3 4(8a)
39 aniline @) 1/2 12 @h); (9) 0 (7b) 88 @8h); (66)
49 piperidine €) 1/3 39 60); (39) 60 70); (29) 0 8o
59 morpholine ¢) 1/3 12 6d) 81 (7d); (63) 0 @8d)
9 GlyOMe € 1/1.1 0 6¢ 0 (7¢ 100 8e); (57)
10 AlaOMe ) 1/1.1 0 6f) 0 (7f) 100 @f); (58)
1199 ValOMe (@) 1/1.1 0 69) 0 (79) 84 89g); (57)
12° | 4-picolylamine k) 1/1.5 0 6h) 0 (7h) 100 @h); (69)

a) Reaction conditions (unless otherwise stated)niol substrates), amine nucleophile: 3 or 6 mmol af
(or 2 mmol ofb / 3 mmol ofc, d / 1.1 mmol ofe, f, g, h), 0.025 mmol of Pd(OAg) 0.05 mmol of PP§ 0.5
mL of E&N, 10 mL of DMF, 5°C, 40 bar of CO. The reaction time was 24 h. Pealtyi complete
conversion was observed in all cases.
b) determined by GC-MS
c) yields of the isolated target compound (basethersubstratebf)
d) The reaction time was 116 h.
e) The 2-ketocarboxamide-3-carboxamide type pro¢itict was also detected in traces (<1%).
f) The 2-ketocarboxamide-3-carboxamide type prodtidt) was also formed in 14 %.

g) 3-lodo-2-carboxamide type product was deteatdtie reaction mixture (16 %).



2.3. Aminocarbonylation of 2-chloro-3,4-diiodopynd ©)

As a part of our structure—selectivity studies loa &minocarbonylation of heterocyclic iodoarenefyrther
diiodopyridine derivative, 2-chloro-3,4-diiodopyme Q) was reacted under conditions described in 2.&. Th
reaction carried out at atmospheric CO pressundtegsin the formation of dicarboxamid&Qj, 3-iodo-4-
carboxamide X1), imide (L2) and 4-carboxamidel®) derivatives $cheme 8 Compoundd0 and11 are the
expected carboxamide products obtained in the azarbonylation of both iodoarene (in position-3 af)d
and the less sterically crowded 4-iodoarene funelibes, respectively. The imide derivativé?) is also
generally formed when the two iodoarene functidrediare inortho-position. It has been revealed by detailed
analysis of the reaction mixture that some dehyalagdenation in position-3 took place. The 2-chloeoe
moiety remainedntact in case of all four products. The chemoselecgsitiowards the above products are
rather different depending on the amine nucleopdmig reaction conditions.

Carrying out the reaction usirgas nucleophile at atmospheric CO a strong depeeden the substrate to
amine ratio was observed. Using a ratio of 1/3 3edo-4-carboxamidel@a was the major product in 20 h
(entry 1), which can be converted fida and to the imide derivativel2 (entries 2 and B Changing the
substrate to amine ratio to 1/6 the amount of thele (128 substantially decreased and the formation of
dicarboxamide X0a was favoured gntries 4 and b In other words, the aminocarbonylation of both
functionalities tol0a is dominating over aminocarbonylation—amidocarbatign sequence providing2a
when the primary amine nucleophile is present icess. Applying 40 bar CO pressur@a is still the main
product accompanied by the formationl&a (entry 9. It is worth noting that the decrease in the amaint
imides cannot be explained by the nucleophiliccktiaf the amine used in excess,, by the conversion of
imides (2) to dicarboxamidesl1(Q). The isolated imides did not show any reactiothwhe corresponding
nucleophiles under the reaction conditions usedtla@dmides were recovered quantitatively.

The 2-chloro-4-carboxamido derivative, formed vehwdroiodination in position-3, was obtained inHagt
amount wherb was used as nucleophile although imid# was the major producelitries 7 and B Using
amino acid methyl esterd,(g) the 3-iodo-4-carboxamide intermediatdslf(and 11g) were detected in
substantial amount which can be converted to imiddsand12g in longer reaction time. As above, the 4-
carboxamide formed first acts as a nucleophileh@ tarbonylation of the adjacent 3-iodo functiayali
resulting in an intramolecular dicarbonylati@cheme $

The formation of the imide derivatives can be maditssed by a simplified catalytic cycl&¢heme ¥ The
oxidative addition of the 4-iodo functionality 6fonto the palladium(0) species resulted in theapaiim(Il)-
aryl derivative A) which reacts with carbon monoxide yielding thentmal carbonyl complexB). A
palladium(ll)-acyl intermediateQ) is formed via carbon monoxide insertion. Its teac with the activated
primary amine gave carboxamidil] and a palladium-hydrido-iodo intermediate whictdergoes reductive
elimination and the palladium(0) species are retmnicycle-l). The 3-iodo-4-carboxamide derivativd)(

entered into cycle-Il via oxidative addition of th&iodo functionality forming the corresponding
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palladium(ll)-aryl derivative D). It is followed by CO activationH) and its insertion into palladium-carbon
bond provided the acyl derivativ€)( The close proximity of palladium-acyl and 3-CR®R functionality
enables the nucleophilic attack of the amide moietyming 12 and hydrido-iodo-species. Reductive

elimination took place providing the palladium(@ykintermediate.

|
d' CO, HNR'R"

9 10a, 10b, 10e-10g 11a, 11b, 11e-11g 12a, 12b, 12e-12g
R R" R'R"N (e}
a H tBu
b H Ph O
f H CH(CH3)COOCH3 13a, 13b, 13e-13g
g H CH(COOCH3)CH(CHs3),

Scheme 3Aminocarbonylation of 2-chloro-3,4-diiodopyridirgg(

Cl
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| P NHR 9
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NR
NEt, NEt3
Cycle-ll Cycle-l
Cl
@Pdmn PdiL, C A N

NHR P
PdIL,
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cl
NPty
L NHR D
\’ @F:I co)L,
o]

Scheme 4Simplified catalytic cycles leading to iodocarboxden(11) and imide {2) products
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Table 3Aminocarbonylation of 2-chloro-3,4-diiodopyriding) (n the presence of primary amiftes

Entry Amine Substrate/ Reaction Ratio of the carbonylated produéts(isolated yield) [%]
ami.ne time 2-chloro-3,4- | 2-chloro-3- Imide 2-Chloro-4-
ratio [h] di- iodo-4- (12 carboxamide
carboxamide | carboxamide (13
(10) (12)
19 | t-BuNH,(a) 1/3 20 12 109 67 (L14); (45) 6 (L23) 15 (139
29 | t-BuNH,(a) 1/3 70 17 109 43 (119 18 (129) 22 (133
39 | t-BuNH,(a) 1/3 96 17 109) 37 (119 20 (124); (13) 26 (133
49 | t-BuNH,(a) 1/6 20 86 109 2 (113 4 (129 8 (133
59 | t-BuNH,(a) 1/6 91 91 104a);(66) 0 (@13 2 (123 7 (133
69 | t-BuNH,(a) 1/6 24 71109 0 (118 8 (123 17 (139)
7 aniline p) 1/2 23 0 10b) 0 (11b) 65 (12b) 35 (13b)
8 aniline p) 1/2 46 0 10b) 0 (11b) 59 (12b); (36) 41 (3b)
9 GlyOMe €) 1/1.1 20 0108 30 (116); (18) | 64 (29); (34) 6 (130
10 AlaOMe ) 1/1.1 23 010f) 44 (111) 45 (12f) 11 (13f)
11 AlaOMe ) 1/1.1 70 010f) 0 (11f) 89 (12); (72) 11 (.3f)
12 VvalOMe () 1/1.1 21 0109 56 (119) 30 (129 14 (139
13 | ValOMe ¢) 1/1.1 44 0109 0 (119 84 (129); (54) 16 (39

a) Reaction conditions (unless otherwise state@)ntimol substraterf, primary amines, 0.025 mmol of
Pd(OAc), 0.05 mmol of PP 40 bar of CO, 0.5 mL of g, 10 mL of DMF, 50°C. Practically complete
conversion was observed in all cases.
b) Determined by GC-MS
c) Yields of the isolated target compound (basethersubstrated))
d) 1 bar of CO
e) 4% of carboxamide/ketocarboxamide type produas fermed.
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Conclusions

The reaction of 2,5-, 2,3- and 3,4-diiodopyridivggh carbon monoxide and various primary and seaond
amines provided the expected aminocarbonylated ugtedsuch as dicarboxamides and carboxamide-
ketocarboxamide derivatives. The formation of irsideere observed in the presence avtho-diiodo
compounds (2,3- and 3,4-diiodopyridines) using prynamines in double cycloaminocarbonylation. It is
worth mentioning that, in spite of several reaci@thways leading to various carbonylated deriestiymost

of the products can be synthesised as major promugtields of synthetic interest by the appropriate
modification of the reaction conditions (amine tdstrate ratio, temperature, carbon monoxide preksu

The different reactivity of the two iodoarene fupoglities enabled the synthesis of partially
aminocarbonylated intermediates (iodo-carboxamidadvdtives) which are applicable in further synitiet
reactions €.g cross-coupling reactions due to the iodoarenetiomality).

Although in general iodoarene functionalities canitwolved in both simple and double carbon monexid
insertion (even under mild reaction conditions) utesg in carboxamide and 2-ketocarboxamide
functionalities, respectively, double carbon moxexinsertion occurs favourably in position-3 oripos-5

(but not in position-2 adjacent to nitrogénj pyridine.

3. Experimental
3.1. General procedures

'H and**C NMR spectra were recorded in CR®h a Bruker Avance Il 500 spectrometer at 500 and
125.7 MHz, respectively. Chemical shiisre reported in ppm relative to CHEY.26 and 77.00 ppm foH
and °C, respectively). Elemental analyses were measomed 1108 Carlo Erba apparatus. Samples of the
catalytic reactions were analysed with a HewlettkBed 5830A gas chromatograph fitted with a capilla
column coated with OV-1 (internal standard: naplethe; injector temp 250 °C, oven: starting temp’60
(hold-time 1 min), heating rate 15 °C riinfinal temp 320 °C (hold-time 11 min); detectomfe 280 °C,
carrier gas: helium (rate: 1 mL mfi)).The FT-IR spectra were taken in KBr pellets gsim IMPACT 400
spectrometer (Nicolet) applying a DTGS detectothi@ region of 400-4000 ¢ the resolution was 4 c¢hn
The amount of the samples wes 0.5 mg.

The diiodopyridinesubstrates (2,5-diiodopyridine, 2,3-diiodopyrideaxed 2-chloro-3,4-diiodopyridine),
as well as the amine nucleophiles were purchasech f6igma-Aldrich and were used without further

purification.

3.2. Aminocarbonylation of diiodopyridine derivasrin the presence of various amines as N-nuclesphi
under atmospheric carbon monoxide pressure

In a typical experiment Pd(OAc]5.6 mg, 0.025 mmol), triphenylphosphine (13.1 @5 mmol), 2,5-
diiodopyridine () (331 mg, 1 mmol) (or 2,3-diiodopyridined)( (331 mg, 1 mmol) or 2-chloro-3,4-
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diiodopyridine 9) (182.75 mg, 0.5 mmaglamine nucleophile (see above in the tables) aethylamine (0.5
mL) were dissolved in DMF (10 mL) under argon itheee-necked flask equipped with a gas inlet, xeflu
condenser with a ballon (filled with argon) at tbe. The atmosphere was changed to carbon monokine.
reaction was conducted for the given reaction tirpen stirring at 50 °C and analysed by GC-MS (imaér
standard: naphthalene). The mixture was then cdrated and evaporated to dryness. The residue was
dissolved in chloroform (20 mL) and washed with evaB x 20 mL). The organic phase was dried over
NaSQy, filtered and evaporated to a crystalline matesrah waxy residue. All compounds were subjected to
column chromatography (Silicagel 60 (Merck), 0.@6300 mm), EtOAc/CHG] or EtOAc/MeOH/CHJ
(the exact ratios are specified in Section Charaetion (3.4) for each compound). It has to beedathat
some of the products are known compounds as iredidaf the appropriate references. However, duertees
novel analytical details the full characterizatisigiven also in these cases.

3.3. Aminocarbonylation of diiodopyridine derivas/in the presence of various amines as N-nuclesphi
under high carbon monoxide pressure

In a typical experiment, Pd(OAc)5.6 mg, 0.025 mmol), triphenylphosphine (13.1 (@5 mmol), 2,5-
diiodopyridine (331 mg, 1 mmol), 2,3-diiodopyridin@31 mg, 1 mmol) or 2-chloro-3,4-diiodopyridine
(182.75 mg, 0.5 mmol), amine nucleophile (see atwvke tables; 3 mmol @i/ 2 mmol ofb / 1.5 mmol of
c,d/ 1.1 mmol ofe, f, g, h) and triethylamine (0.5mL) were dissolved in DMI® (mL) under argon in a 100
mL autoclave. The atmosphere was changed to carlmmoxide and the autoclave was pressurized to the
given pressure by carbon monoxide. The reactionoeaducted for the given reaction time upon stiyrd 50
°C and analysed by GC-MS (internal standard: naétie). The mixture was then concentrated and

evaporated to dryness and worked-up as describ®dation 3.2.

3.4. Characterization of the products

2,5-Bis-(\-tert-butylcarboxamido)pyridine 26).° (Yield: 168 mg (60%); white crystals, mp. 181 °C;
[Found: C, 64.86; H, 8.58; N, 14.953;48,3N30, requires C, 64.95; H, 8.36; N, 15.15%]}; R0% EtOAc,
90% CHC}) 0.22;64 (500 MHz, CDC)) 8.87 (1 H, d, 1.4 Hz, Py), 8.20 (1 H, d, 8.1 Ry), 8.12 (1 H, dd,
8,1 Hz, 2.0 Hz, Py), 6.00 (1 H, brs, NH), 1.51 f8s, 2x C(CH)3); éc (125.7 MHz, CD() 164.4, 162.6
152.5, 146.6, 133.6, 131.1, 121.3, 52.3, 51.1,,2887 IR (KBr, v (cm™): 3329 (NH), 1642 (CON)MS
m/z (rel int.): 277 (22, M), 262 (100), 234 (8), 220 (6), 205 (35), 192 (227 (35), 162 (6), 149 (12), 121
(10), 105 (6), 77 (12), 57 (35).

2-(N-tert-Butylcarboxamido)-5-tert-butylglyoxylamido)pyridine 3a). Yield: 91 mg (33%); beige
crystals, mp. 145 °C; [Found: C, 62.77; H, 7.5018.,61; GeH.3N3Os requires C, 62.93; H, 7.59; N, 13.76%];
Rf (10% EtOAc, 90% CHGJ 0.60;64 (500 MHz, CDC}) 9.39 (1 H, d, 1.4 Hz, Py), 8.78 (1 H, dd, 8.2 Bf)
Hz, Py), 8.76 (1 H, d, 8.2 Hz, Py), 7.01 (1 H, bx$j), 1.51 (9 H, s, C(Chs), 1.47 (9 H, s, C(CHa); d¢c
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(125.7 MHz, CDCJ) 186.9, 162.2, 159.8, 153.8, 150.4, 140.1, 131P7,1, 51.9, 51.2, 28.6, 28R (KBr, v
(cmi®)): 3282 (NH), 1672 (br, CO + CONMS m/z (rel int.): 279 (71, ), 262 (100), 222 (9), 205 (36), 177
(36), 149 (12), 121 (10), 100 (5), 77 (12), 57 (29)
2,5-Bis-(N-phenylcarboxamido)pyridingb).*° \Yield: 193 mg (61 %); off-white crystals, mp. >250;
[Found: C, 71.76; H, 4.90; N, 13.05;815N30, requires C, 71.91; H, 4.76; N, 13.24%}, R0% EtOAc,
90% CHCH4) 0.22;64 (500 MHz, DMSO-¢) 10.78 (1 H, brs, NH), 10.65 (1 H, brs, NH), 9(21H, d, 1.6 Hz,
Py), 8.56 (1 H, dd, 8.1 Hz, 2.1 Hz, Py), 8.31 (1dH8.1 HzPy), 7.94(2 H, d, 7.7 Hz, Phoftho)), 7.80 (2 H,
d, 7.7 Hz, Phdrtho)), 7.43-7.36 (overlapping 4 H, m, Pim¢tg), 7.19-7.12 (overlapping 2 H, m, Ppafa));
dc (125.7 MHz, DMSO-¢) 163.9, 162.4, 152.3, 148.2, 139.1, 138.7, 13I38,5, 129.3, 129.2, 124.7, 124.6,
122.6, 120.9 (overlapping of two signal$i® (KBr, v (cmi?): 3362, 3317 (NH), 1642 (CONMS m/z (rel
int.): 317 (100, M), 281 (3), 225 (17), 198 (51), 120 (12), 105 @&),(25), 65 (10), 51 (7).
2,5-Bis-(N,N-pentane-1’,5'-diylcarboxamido)pyridine2¢). Yield: 106 mg (35%); off-white crystals,
mp. 146 °C; [Found: C, 71.26; H, 7.98; N, 14.56;HG3NsO> requires C, 71.55; H, 8.12; N, 14.72%};(R%
MeOH, 98% CH) 0.16;64 (500 MHz, CDCY4) 8.60 (1 H, s, Py), 7.81 (1 H, dd, 7.9 Hz, 1.5 Ry), 7.60 (1
H, d, 7.9 Hz, Py), 3.80-3.64 (4 H, brs,0H,), 3.45-3.39 (2 H, m, NGH,), 3.39-3.23 (2 H, brs, KGH,), 1.72-
1.61 (8 H, brs, Ch), 1.61-1.49 (4 H, brs, G dc (125.7 MHz, CDCJ) 167.0, 166.8, 155.3, 146.4, 135.8,
132.7, 122.9, 48.8, 48.3, 43.3, 43.2, 26.5, 26645,24.5, 24.4IR (KBr, v (cm?)): 1625 (br, CON)MS m/z
(rel int.): 301 (5, M), 273 (1), 256 (3), 234 (1), 217 (16), 190 (8)4 16), 131 (1), 84 (100).
2-(N,N-Pentane-1’,5’-diylcarboxamido)-N(N-pentane-1’,5'-diylglyoxylamido)pyridine (3c). Yield:
112.8 mg (34 %); orange viscous oil; [Found: C565H, 7.18; N, 12.55; {gH,3N303 requires C, 65.63; H,
7.04; N, 12.76%]; R(2% MeOH, 98% CHG) 0.51;54 (500 MHz, CDC4) 9.09 (1 H, d, 1.2 Hz, Py), 8,33 (1
H, dd, 8.1 Hz, 2.0 Hz, Py), 7.7 (1L H, d, 8.1 Hz),B/77-3.68 (4 H, m, N\GH,), 3.60-3.54 (2 H, m, NGH,),
3.36-3.29 (2 H, m, NGHy), 1.78-1.62 (12 H, mCH,); éc (125.7 MHz, CD() 189.5, 166.3, 164.1, 159.3,
150.1, 137.7, 128.9, 123.4, 48.2, 47.1, 43.3, 42653, 25.5, 25.4, 24.4, 24.R (KBr, v (cm™)): 1684 (CO),
1647 (br, CON)MS m/z (rel int.): 329 (7, M, 301 (3), 245 (7), 217 (3), 189 (2), 112 (10),(8@0), 56 (7).
2,5-Bis-(N,N-pentane-3’-oxa-1’,5’-diylcarboxamido)pyridir{@d). Yield: 100 mg (36%); white crystals,
mp. 160 °C; [Found: C, 59.26; H, 6.48; N, 13.6@:HGoN30, requires C, 59.01; H, 6.27; N, 13.76 %};(B%
MeOH, 97% CHGJ) 0.32;84 (500 MHz, CDC}) 8.61 (1 H, s, Py), 7.83 (1 H, dd, 8.0 Hz, 2.0 Ay), 7.81 (1
H, d, 8.1 Hz, Py), 3.89-3.70 (8 H, brs,@,), 3.70-3.64 (4 H, brs, KGH,), 3.64-3.50 (4 H, brs, KGH,); 6¢c
(125.7 MHz,CDCl;) 167.Q 166.5, 154.7, 146.6, 136.1, 131.9, 123.9, 66697,648.2, 47.7, 42.8, 42.1R
(KBr, v (cm?): 1626 (CON) MS mi/z (rel int.): 277 (22, K), 305 (19, M), 247 (1), 219 (34), 192 (38), 161
(2), 134 (7), 86 (100).
2-(N,N-Pentane-3’-oxa-1’,5'-diylcarboxamido)-B(N-pentane-3’-oxa-1",5-diylglyoxylamido)pyridine
(3d). Yield: 55 mg (17%); orange crystals, mp. 122 [Epund: C, 57.56; H, 5.59; N, 12.55;4819N30s
requires C, 57.65; H, 5.75; N, 12.61 %};(B% MeOH, 97% CHG) 0.24:5y (500 MHz, CDC}) 9.11 (1 H, d,
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1.3 Hz, Py), 8.36 (1 H, dd, 8.2 Hz, 2.1 Hz, PyB0O7(1 H, d, 8.1 Hz, Py), 3.81-3.78 (8 H, m,GBt), 3.72-
3.68 (4 H, m, NCH,), 3.62-3.58 (2 H, m, NGH,), 3.46-3.42 (2 H, m, NEH,); 6¢c (125.7 MHz, CD(J) 188.5,
166.1, 163.8, 158.2, 149.9, 138.0, 129.1, 124.3,6#.7, 66.6, 66.4, 47.7, 46.3, 42.8, 410 (KBr, v (cm
1): 1678 (CO), 1644 (CONMS m/z (rel int.): 333 (18, K), 305 (1), 247 (18), 220 (16), 191 (1), 161 (B41
(1), 114 (18), 86 (100)

2,5-Bis-(N-(1’-methoxycarbonylethyl)carboxamido)pyridir§gf). Yield: 29.7 mg (9%); yellow viscous
oil; [Found: C, 53.26; H, 5.50; N, 12.15;4H;9N30g requires C, 53.41; H, 5.68; N, 12.46%](R0% EtOAc,
50% CHC}) 0.31;64 (500 MHz, CDC}) 8.99 (1 H, d, 1.3 Hz, Py), 8.50 (1 H, d, 7.7 NH); 8.24 (1 H, dd,
8.1 Hz, 2.1 Hz, Py), 8.1 (1 H, d, 8.1 Hz, Py), 7(1H, d, 7.1 Hz, NH); 4.81o(erlapping, 2x quintef2 H, m,
N-CH); 3.81 (3 H, s, GEH3), 3.79 (3 H, s, GEH3),1.56 pverlapping, 2x doublet® H, t, 6.6 Hz, CIEHz); ¢
(125.7 MHz, CD(J) 173.4, 173.1, 164.4, 163.1, 151.5,147.3, 13&3,8, 122.0, 52.7, 52.6, 48.7, 48.2, 18.3,
18.2 IR (KBr, v (cm®): 3342 (NH), 1747 (COO), 1663 (CONYIS m/z (rel int.): 337 (1, §), 322 (1), 306
(1), 278 (100), 235 (30), 207 (31), 192 (1), 17p 162 (1), 148 (8), 133 (1), 120 (2), 77 (8), 33 (

2-(N-(1’-Methoxycarbonylethyl)carboxamido)-B¥(1'-methoxycarbonylethyl)glyoxylamido)pyridine
(3f). Yield: 45 mg (12%); yellow viscous oil; [Foun@, 52.40; H, 5.48; N, 11.25;;6H10N30; requires C,
52.60; H, 5.24; N, 11.50%];:R50% EtOAc, 50% CHG) 0.57;5y (500 MHz, CDC4) 9.49 (1 H, d, 1.3 Hz,
Py), 8.79 (1 H, dd, 8.1 Hz, 2.0 Hz, Py), 8.55 (1dH7.7 Hz, NH), 8.30 (1 H, d, 8.1 Hz, Py), 7.691d, 7.5
Hz, NH),4.82 (1 Houintet 7.4 Hz, NCH), 4.69 (1 H, qi, 7.4 Hz, \GH), 3.82 (3 H, s, GBHs), 3.81 (3 H, s,
O-CHs),1.58(3 H, d, 7.3 Hz, CEHj3), 1.56(3 H, d, 7.3 Hz, CEHs); 6c (125.7 MHz, CDGJ) 185.3, 172.9,
172.2, 162.8, 159.9, 152.7, 150.9, 140.1, 130.9,9,52.8, 52.6, 48.3, 48.2, 18.4, 18.0. IR (KB(cm™)):
3371 (NH), 1744 (overlapping COO, CO), 1676 (COMB m/z (rel int.): 365 (1, V), 334 (1), 306 (100),
288 (1), 263 (2), 235 (25), 208 (2), 192 (1), 1Zp 148 (17), 120 (2), 102 (17), 77 (17), 59 (10).

2-(N-(1’-methoxycarbonylethyl)carboxamido)-5-iodopynéi (4f). Yield: 45 mg (13%) off-white
viscous oil; [Found: C, 35.81; H, 3.57; N, 8.2511IN,O3 requires C, 35.95; H, 3.32; N, 8.38%}; R0%
EtOAc, 80% CHGJ) 0.78;54 (500 MHz, CDCY4) 8.80 (1 H, d, 1.7 Hz, Py), 8.37 (1 H, d, 7.1 NH); 8.19 (1
H, dd, 8.1 Hz, 2.0 Hz, Py), 7.95 (1 H, d, 8.1 Hy),M.79 (1 H, qi, 7.4 Hz, N\GH); 3.79 (3 H, s, O-
CHs),1.55(3 H, d, 7.3 Hz, CBHs): 5c (125.7 MHz, CDG)) 173.1, 163.4, 154.3, 148.3, 145.8, 124.0, 97.3,
52.5, 48.1, 18:4IR (KBr, v (cm™)): 3384 (NH), 1743 (COO), 1683 (CONYIS m/z (rel int.): 334 (1, ),
319 (1), 306 (1), 291 (1), 275 (100), 257 (1), 232), 204 ( 40), 191 (1), 177 (1), 164 (1), 148 33 (1),
120 (1), 105 (1), 92 (1), 77 (17), 64 (1), 50 (2).

2,3-Bis-(N-tert-butylcarboxamido)pyridin€6a). Yield: 134 mg (48 %); cream-colored crystals; [Foun
C, 64.77; H, 8.18; N, 15.02;16H23N30, requires C, 64.95; H, 8.36; N, 15.15%]; mp. 113RZ(3 % MeOH,
97 % CHC}) 0.58;64 (500 MHz, CDCY) 8.54 (1 H, dd, 4.9 Hz, 1.4 HRy), 8.16 (1 H, dd, 7.7 Hz, 1.4 Hz,
Py), 7.68 (1 H, brsNH), 7.45 (2 H, overlapping dd és brs, 7.7 Hz, 4.9 Piz NH, 1.49 (9 H, sC(CHg)s3),
1.48 (9 H, s,C(CHg)s); oc (125.7 MHz, CD(J)165.9, 165.2, 148.8, 148.5, 139.0, 133.2, 125135,551.5,
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28.7, 28.6 IR (KBr, v (cmi%)): 3353, 3267 (NH), 1663, 1635 (CON). MS m/z (rel): 277 (4, M), 220 (4),
205 (30), 177 (26), 149 (100), 133 (5), 121 (4% 18), 93 (6), 58 (13).
2,3-Bis-(N-phenylcarboxamido)pyridingb) Yield: 27 mg (9%); off-white crystals; [Found: C1.76;
H, 4.59; N, 13.05; GH15N3O; requires C, 71.91; H, 4.76; N, 13.24%]; mp. 218-21; R (20% EtOAc, 80%
CHCI3) 0.46;6y (500 MHz, DMSO-¢) 10.66 (1 H, brs, NH), 10.43 (1 H, brs, NH), 8(0H, dd, 4.9 Hz, 1.4
Hz, Py), 8.08 (1 H, dd, 7.7 Hz, 1.4 HPBy), 7.82 (2 H, d, 7.7 Hz, Ploitho)), 7.75 (1 H, dd, 7.7 Hz, 4.9
Hz,Py), 7.69 (2 H, d, 7.7 Hz, Ploitho)), 7.37-7.31 (overlapping 4 H, m, Pinétg), 7.13-7.08 (overlapping 2
H, m, Ph para)); dc (125.7 MHz, DMSO-¢) 166.4, 163.3, 149.2, 148.9, 139.9, 139.0, 131334,2, 129.2,
129.1, 126.4, 124.3, 123.9, 120.5, 12000(KBr, v (cni')): 3311 (NH), 1672 (CON).
6-Phenyl-%-pyrrolo[3,4-b]pyridine-5,7(6)-dion (8b). Yield: 148 mg (66%); beige crystals; [Found: C,
69.46; H, 3.78; N, 12.35; 1gHgN,O, requires C, 69.64; H, 3.60; N, 12.49%]; mp. 213-2C; R (20%
EtOAc, 80% CHGJ) 0.54;54 (500 MHz, CDCY4) 9.06 (1 H, dd, 4.9 Hz, 1.4 HRy), 8.28(1 H, dd, 7.7 Hz, 1.4
Hz,Py), 7.71 (1 H, dd, 7.7 Hz, 4.9 HRyY), 7.55 (2 H, d, 7.7 Hz,Ploitho)), 7.50-7.41 (overlapping 3 H, m, Ph
(metd + Ph para)); 5c (125.7 MHz, CDCJ)165.2, 165.1, 155.8, 151.2, 131.7, 131.1, 12928.5, 127.8,
127.0, 126.5IR(KBr, v (cmi?)): 1745, 1712 (CON)MS m/z (rel int.): 224 (100, ), 196 (10), 180 (39), 167
(6), 154 (3), 140 (5), 119 (3), 105 (20), 91 (9),(%45).
2,3-Bis-(N,N-pentane-1’,5'-diylcarboxamido)pyridin€6c). Yield: 101 mg (34%); yellow crystals;
[Found: C, 67.66; H, 7.58; N, 13.753823N30, requires C, 67.75; H, 7.69; N, 13.94%]; mp. 94-86 R
(5% MeOH, 15% EtOAc, 80% CHg)I 0.40;64 (500 MHz, CDC}) 8.55 (1 H, dd, 4.9 Hz, 1.5 Hz, Py), 7.59 (1
H, dd, 7.7 Hz, 1.4 Hz, Py), 7.30 (1 H, dd, 7.7 &8 Hz Py), 3.70-3.62 (4 H, brs, GH,), 3.30-3.21 (4 H, m,
N-CH,), 1.67-1.58 (12 H, mCH,); ¢ (125.7 MHz, CDGJ) 166.9, 166.5, 152.9, 148.7, 134.4, 131.9, 123.1,
48.7, 48.2, 42.9, 42.8, 26.0, 25.9, 25.4, 25.35,224.4 IR (KBr, v (cmi‘)): 1635 (CON) MS m/z (rel int.):
301 (8, M), 277 (1), 245 (1), 231 (1), 217 (33), 188 (1H1117), 149 (8), 131 (8), 106 (17), 84 (100), BP (
2-(N,N-Pentane-1’,5’-carboxamido)-3(N-pentane-1',5’-diylglyoxylamido)pyridin€7c). Yield: 95 mg
(29%); orange viscous oil; [Found: C, 65.46; H,87.R, 12.61; GgH23N3O3 requires C, 65.63; H, 7.04; N,
12.76%]; R (5% MeOH, 15% EtOAc, 80% CH§l 0.51;64 (500 MHz, CDC}) 8.68 (1 H, dd, 4.8 Hz, 1.5
Hz, Py), 8.27 (1 H, dd, 7.9 Hz, 1.5 Hz, Py), 7.43H, dd, 7.9 Hz, 4.8 Hz, Py), 3.61-3.52 (4 H, mCN>),
3.59-3.56 (2 H, m, 2xN-C§), 3.41-3.35 (2 H, m, NGH,), 3.35-3.29 (2 H, m, NGH,); 1.66-1.60 (12 H, m,
CHy). 6¢c (125.7 MHz, CDGJ) 198.9, 166.5, 164.1, 156.2, 151.5, 138.9, 13023,8, 48.2, 47.2, 42.9, 42.5,
25.8, 25.7, 25.3, 25.2, 24.5, 24IR (KBr, v (cmY): 1684 (CO), 1642 (CONMS m/z (rel int.): 329 (1, §),
301 (1), 277 (1), 246 (1), 232 (1), 217 (100), 20y 189 (1), 161 (17), 134 (2), 106 (6), 84 (16D,(6).
2-(N,N-Pentane-3’-oxa-1’,5'-diylcarboxamido)-B¢(N-pentane-3’-oxa-1",5-diylglyoxylamido)pyridine
(7d). Yield: 210 mg (63%); off-white crystals; mp. %225 °C; [Found: C, 57.56; H, 5.66; N, 12.55;
C16H19N3Os requires C, 57.65; H, 5.75; N, 12.61%}, (8% MeOH, 15% EtOAc, 80% CHg0.16;64 (500
MHz, CDCk) 8.69 (1 H, dd, 4.8 Hz, 1.4 Hz, Py), 8.30 (1 H, d® Hz, 1.5 Hz, Py), 8.12 (1 H, dd, 7.9 Hz, 4.8
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Hz, Py), 3.82-3.75 (8 H, m, GH,), 3.71-3.66 (8 H, m, NEH,); &¢ (125.7 MHz, CD{) 187.8, 166.7, 164.0,
155.0, 151.1, 138.9, 131.6, 124.5, 66.8, 66.7,,@®H51, 47.8, 46.5, 42.6, 42.R (KBr, v (Cm'l)): 1763 (CO),
1677, 1642 (CON)MS m/z (rel int.): 219 (100, KM114), 191 (1), 183 (1), 148 (6), 114 (2), 106 @8,(4), 78
(11), 70 (8).

2-(N,N-Pentane-3’-oxa-1’,5’-diylglyoxylamido)-3N,N-pentane-3’-oxa-1’,5'-diylcarboxamido)pyridine
(7’d). Yield: 46 mg (14%); orange viscous oil; [Four@]: 57.46; H, 5.58; N, 12.45;,6H19N3Os requires C,
57.65; H, 5.75; N, 12.61%)];{K5% MeOH, 15% EtOAc, 80% CH§}10.08;64 (500 MHz, CDC}) 8.80 (1 H,
dd, 4.7 Hz, 1.4 Hz, Py), 7.79 (1 H, dd, 7.7 Hz,H# Py), 7.61 (1 H, dd, 7.8 Hz, 4.7 Hz, Py), 338%4 (8 H,
m, O-CHy), 3.70-3.66 (2 H, m, NGH,),3.62-3.60 (2 H, m, NEH,), 3.41-3.39 (2 H, m, NEH,), 3.25-3.22 (2
H, m, N-CHy); 6¢ (125.7 MHz, CDGJ) 190.6, 166.6, 165.6, 150.1, 147.5, 136.1, 13R®3,8, 66.6, 66.5, 66.3
(double intensity), 47.1, 46.1, 42.2, 41IR (KBr, v (cmi%)): 1702 (CO), 1650, 1644 (CONYIS m/z (rel int.):
247 (38, M-86), 219 (100), 191 (1), 185 (2), 148 (7), 114 ()6 (14), 86 (9), 78 (18), 70 (18).

Methyl-2-(5,7-dioxo-5{-pyrrolo[3,4-b]pyridine-6(H)-yl)acetate (8€).** Yield: 125 mg (57%); pale
brown crystals; [Found: C, 54.36; H, 3.78; N, 12.6xHsN.O, requires C, 54.55; H, 3.66; N, 12.72%]; mp.
100-101 °C; R(2% MeOH, 18% EtOAc, 80% CH#¢)10.68;5y (500 MHz, CDC}) 8.94 (1 H, dd, 4.9 Hz, 1.5
Hz, Py), 8.17 (1 H, dd, 7.6 Hz, 1.5 HRY), 7.63 (1 H, dd, 7.6 Hz, 4.9 HRY), 4.46 (2 H, sCH,), 3.71 (3 H, s,
OCHg); 8¢ (125.7 MHz, CDGJ) 167.3, 165.4, 165.2, 155.5, 151.5, 131.5, 12127,3, 52.8, 38:8R (KBr, v
(cmt)): 1792 (COO), 1759, 1721 (CONWIS m/z (rel int.): 220 (12, K), 189 (1), 161 (100), 133 (5), 106
(28), 78 (22), 51 (10).

Methyl-2-(5,7-dioxo-%1-pyrrolo[3,4-b]pyridine-6(H)-yl)propanoatg8f). Yield: 134 mg (58 %); white
crystals; [Found: C, 56.21; H, 4.18; N, 11.77;KGoN>O, requires C, 56.41; H, 4.30; N, 11.96%]; mp. 90-91
°C; R (2% MeOH, 18% EtOAc, 80% CHgI10,66;54 (500 MHz, CDCY) 9.00 (1 H, dd, 4.9 Hz, 1.4 HRy),
8.20 (1 H, dd, 7.7 Hz, 1.4 HRY), 7.66 (1 H, dd, 7.7 Hz, 4.9 HRY), 5.06 (1 H, g, 7.4 Hz NGH), 3.76 (3 H,

s, OCH3),1.74 (3 H, d, 7.4 Hz CE8H3). d¢c (125.7 MHz, CDCJ) 169.8, 165.4, 165.3, 155.5, 151.5, 131.5,
127.6, 127.2, 52.9, 47.7, 151R (KBr, v (cmY)): 1791 (COO), 1758, 1712 (CONYIS m/z (rel int.): 234 (4,
M*), 175 (100), 148 (22), 131 (15), 105 (11), 78 (H4) (5).

Methyl-2-(5,7-dioxo-%1-pyrrolo[3,4-b]pyridine-6(H)-yl)-3-methylbutanoatg8g). Yield: 124 mg (57
%); beige crystals; [Found: C, 59.26; H, 5.57; N,60; G3H14N,0O,4 requires C, 59.54; H, 5.38; N, 10.68%;
mp. 82-83 °C; R(20% EtOAc, 80% CHG) 0.62;3y (500 MHz, CDCJ) 9.03 (1 H, dd, 4.9 Hz, 1.4 HPy),
8.22 (1 H, dd, 7.6 Hz, 1.4 HRy), 7.68 (1 H, dd, 7.6 Hz, 4.9 HRY), 4.68 (1 H, d, 8.3 Hz, 8H), 3.74 (3 H, s,
OCHs), 2.87-2.75 (1 H, mCH(CHs),), 1.19 (3H, d, 6.7 Hz, C{€Hs),), 0.95 (3 H, d, 6.8 Hz CI€Hs),); 5¢
(125.7 MHz, CDGJ) 168.9, 165.7, 165.6, 155.6, 151.3, 131.5, 127%,.0, 57.9, 52.5, 28.6, 20.9, 19.4.
IR(KBr, v (cmi™)): 1783 (CON), 1751 (CO0), 1720 (CONWS m/z (rel int.): 262 (7, M), 230 (3), 203 (100),
188 (13), 149 (42), 133 (13), 105 (20), 77 (22)(8p
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6-(Pyridine-4-ylmethyl)-54-pyrrolo[3,4-b]pyridine-5,7(6l)-dione 8h):'? Yield: 166 mg (69%); beige
crystals; [Found: C, 65.20; H, 3.98; N, 17.553H5N30; requires C, 65.27; H, 3.79; N, 17.56%]; mp.172-173
°C; R (3% MeOH, 97% CHG) 0.60;54 (500 MHz, CDC$) 9.00 (1 H, dd, 4.9 Hz, 1.4 HRy), 8.56 (2 H, dd,
4.4 Hz, 1.5 HzPy), 8.19 (1 H, dd, 7.7 Hz, 1.4 HRy), 7.65 (1 H, dd, 7.7 Hz, 4.9 HRy,), 7.31 (2 H, dd, 4.4
Hz, 1.5 Hz,Py), 4.90 (2 H, sCHy); 6c(125.7 MHz, CDCJ)165.7, 165.6, 155.6, 151.5, 150.3, 144.2, 131.5,
127.7, 127.3, 123.1 4Q.TR(KBr, v (cm™)): 1784, 1713 (CON)MS m/z (rel int.): 239 (100, K), 211 (17),
189 (31), 161 (6), 155 (7), 131 (3), 105 (18), 49)( 51 (7).

2-Chloro-3,4-bisd{-tert-butylcarboxamido)pyridine 109). Yield: 104 mg (66%); off-wihte crystals;
[Found: C, 57.66; H, 7.38; N, 13.35;48,,CIN3;O, requires C, 57.78; H, 7.11; N, 13.48%]; mp. 209 R
(3% MeOH, 97% CHG) 0.44;54 (500 MHz, CDC}) 8.22 (1 H, d, 5.0 Hz, Py), 7.32 (1 H, d, 5.0 Ry), 7.09
(1 H, brs, NH), 6.88 (1 H, brs, NH), 1.53 (9 H&{CHs)s), 1.42 (9 H, s, C(CHs): ¢ (125.7 MHz, CDGJ)
165.1, 163.6, 149.7, 147.9, 144.4, 129.8, 122.11,52.5, 28.5, 28:4R (KBr, v (cm?)): 3274 (CON), 1654,
1642 (CON) MS m/z (rel int.): 311 (2, M), 296 (1), 276/274 (9/3), 241/239 (6/18), 185/183/100),
167/165 (2/6), 140 (6), 112 (4), 74 (4), 58 (44).

2-Chloro-3-iodo-4--tert-butylcarboxamido)pyriding(11g). Yield: 77 mg (45%); yellow crystals;
[Found: C, 35.26; H, 3.78; N, 8.05;¢El1,CIIN,O requires C, 35.47; H, 3.57; N, 8.27%]; mp. 202RC(20%
EtOAc, 80% CHGJ) 0.56;8y (500 MHz, CDC}) 8.35 (1 H, d, 4.7 HRY), 7.12 (1 H, d, 4.7 HRY), 5.57 (1
H, brs, NH), 1.51 (9 H, s, GHs)s); 8¢ (125.7 MHz, CDG)) 166.4, 156.1, 154.5, 149.1, 120.2, 93.7, 52.9,
28.6. IR (KBr, v (cm™): 3297 (NH), 1657 (CON)MS m/z (rel int.): 340/338 (10/31, M 325/323
(15/45),285/283 (13/39), 268/266 (33/100), 240/2288), 213/211 (2/8), 177 (2), 140 (6), 112 (63,(82),
76 (7), 57 (12).

2-(tert-Butyl)-4-chloro-1H-pyrrolo[3,4-c]pyridine-1,3(Ri)-dione(123). Yield: 15 mg (13%); pale brown
crystals; [Found: C, 55.26; H, 4.58; N, 11.61;H;,CIN,O, requires C, 55.36; H, 4.65; N, 11.74%]; mp. 151
°C; R (20 % EtOAc, 80% CHG) 0.82;5y (500 MHz, CDCY) 8.79 (1 H, d, 4.7 HRYy), 7.67 (1 H, d, 4.7 Hz,
Py), 1.72(9 H, s, GTHs)3); ¢ (125.7 MHz, CDGJ) 166.4, 166.3, 155.1, 146.7, 142.8, 123.0, 115062, 28.9
IR (KBr, v (cmi): 1779, 1711 (CON)MS m/z (rel int.): 240/238 (27, W), 225/223 (34/100), 185/183
(34/98), 167/165 (10/29), 147 (15), 119 (3), 102)(B4 (19), 76 (14), 56 (17).

2-Phenyl-4-chloro-#i-pyrrolo[3,4-c]pyridine-1,3(R)-dione (2b). Yield: 45 mg (36%); orange crystals;
[Found: C, 60.20; H, 2.93; N, 10.65;48,CIN,O, requires C, 60.36; H, 2.73; N, 10.83%]; mp.250RZ(5%
EtOAc, 95% CHGJ) 0.59;6y (500 MHz, CDCY) 8.93 (1 H, d, 4.7 HRY), 7.85 (1 H, d, 4.7 HRY), 7.56 (2
H, t, 7.6 Hz, Phrpetd), 7.44 (2 H, d, 7.6 Hz, Ploitho)), 7.38 (1 H, t, 7.6 Hz, Ptpéra)): 6c (125.7 MHz,
CDCl;) 164.3, 163.9, 155.9, 147.8, 142.4, 130.8, 1228,8, 126.5, 122.8, 116.MS m/z (rel int.): 260/258
(34/100, M), 216/214 (13/39), 179 (32), 141/139 (4/13), 113/13/9), 104 (7), 84 (12), 76 (8).

Methyl-2-(4-chloro-1,3-dioxo-#-pyrrolo[3,4-c]pyridin-2(31)-yl)acetate 126. Yield: 43 mg (34%);
yellow crystalline solid; [Found: C, 47.06; H, 2;88, 10.85; GoH;CIN,O, requires C, 47.17; H, 2.77; N,
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11.00%]; mp. 133-134 °C;{R20% EtOAc, 80% CHG) 0.70;5, (500 MHz, CDC}) 8.89 (1 H, d, 4.7 Hz,
Py), 7.78 (1 H, d, 4.7 HZRY), 4.49 (2 H, sCH,), 3.81 (3 H, sCHy); 8¢ (125.7 MHz, CDG)) 167.0, 164.5,
164.1, 155.9, 147.5, 142.5, 123.2, 116.3, 53.@;3B. (KBr, v (cm?)): 1785 (COO0), 1749, 1727 (CONYIS
m/z (rel int.): 256/254 (3/10, &, 223 (1), 197/195 (34/100), 170/168 (1/3), 149/13/9), 114/112 (2/6), 84
(6), 76 (6), 59 (3).

2-Chloro-3-iodo-4--(1’-Methoxycarbonylmethyl)carboxamido)pyriding 1e. Yield: 30 mg (18%);
pale yellow crystals; [Found: C, 30.26; H, 2.48;M59; GHsCIIN,O3 requires C, 30.49; H, 2.27; N, 7.90%];
mp. 94-95 °C; R(20% EtOAc, 80% CHG) 0.26;54 (500 MHz, CDC}) 8.39 (1 H, d, 4.7 HRYy), 7.19 (1 H,
d, 4.7 Hz,Py), 6.56 (1 H, brsNH), 4.27 (2 H, d, 5.3 HEH,,), 3.84 (3 H, s, CH. ¢ (125.7 MHz, CDGJ)
169.5, 167.0, 156.4, 153.1, 149.1, 120.5, 93.77,501.6 IR (KBr, v (cm?)): 3281 (NH), 1738 (COO), 1646
(CON); MS m/z (rel int.): 356/354 (23/69, W 297/295 (15/45), 268/266 (34/100), 240/238 (B/223/211
(2/6), 167 (2), 142/140 (1/3), 113/111 (1/4), 86(8M), 76 (6), 59 (2).

Methyl-2-(4-chloro-1,3-dioxo-#i-pyrrolo[3,4-c]pyridin-2(3)-yl)propanoatel 2f). Yield: 96 mg (72%);
yellow viscous oil; [Found: C, 49.29; H, 3.54; N0.25; G31H¢CIN,O, requires C, 49.18; H, 3.38; N, 10.43%];
Rr (20% EtOAc, 80% CHG) 0.72;6y (500 MHz, CDCY) 8.88 (1 H, d, 4.7 HRY), 7.76 (1 H, d, 4.7 HRY),
5,03 (1 H, q, 7.4 Hz, NGH), 3.79 (3 H, s, QH3,), 1.74 (3 H, s, CBHj3); d¢c (125.7 MHz, CDJ) 169.4,
164.4, 164.1, 155.8, 147.4, 142.5, 123.1, 116.3),58.1, 15.1IR (KBr, v (cm®)): 1787 (COO), 1748, 1724
(CON); MS m/z (rel int.): 270/268 (1/3, W, 211/209 (33/100), 173 (17), 139 (6), 104 (6),(BA 76 (5), 59
(2).

Methyl-2-(4-chloro-1,3-dioxo-#i-pyrrolo[3,4-c]pyridin-2(3)-yl)-3-methylbutanoate(12g). Yield 80
mg (54%); yellow viscous oil; [Found: C, 52.44; #54; N, 9.30; @H13CIN,O, requires C, 52.62; H, 4.42;
N, 9.44%)]; R (5% EtOAc, 95% CHG) 0.60;54 (500 MHz, CDCY4) 8.87 (1 H, d, 4.7 HRy), 7.76 (1 H, d,
4.7 Hz,Py), 4.61 (1 H, d, 8.2 Hz, \GH), 3.73 (3 H, s, GHs,), 2.82-2.72 (1 H, mCH(CHs),), 1.15 (3 H, d
6.7 Hz, CHCHzs)), 0.91 (3 H, d, 6.8 Hz CldHs),); dc (125.7 MHz, CD{) 168.5, 164.8, 164.5, 155.8,
147.4, 142.3, 122.9, 116.3, 58.2, 52.7, 28.6 ,,210% IR (KBr, v (cm%)): 1785 (COO), 1748, 1725 (CON)
MS m/z (rel int.): 298/296 (2/7, W, 258/256 (4/11), 239/237 (33/100), 224/222 (6/1897/195 (8/24),
185/183 (16/48), 169/167 (6/19),141/139 (7/21), (3), 84 (9), 76 (7), 55 (17).

Acknowledgement: The authors thank the Hungarian Scientific Rese&nehd (K113177) for the
financial support, as well as Johnson Matthey liergenerous gift of Pd(OAC)This paper was supported by
the Janos Bolyai Research Scholarship of the Hisng#&cademy of Sciences. This work was supported by
the GINOP-2.3.2-15-2016-00049 grant. A. T. thankBAMPostdoctoral Research Programme for the findncia
support. The present scientific contribution is idatbd to the 650 anniversary of the foundation of the

University of Pécs, Hungary.

18



References

1. (a) Cornils, B.; Herrmann, W. A. (EdsApplied Homogeneous Catalysis with Organometallic
CompoundsWiley-VCH, Weinheim,1996 (b) Beller, M.; Bolm, C. (Eds.Jransition Metals for
Organic Synthesis (Vol. I-1l.WViley-VCH, Weinheim,1998 (c) Colquhoun, H. M.; Thompson, D.
J.; Twigg, M. V.Carbonylation. Direct Synthesis of Carbonyl CompsiPlenum Press, New York
and London,1991 (d) Arcadi, A. Carbonylation of Enolizable Ketones (Enol Triflgtesnd
lodoalkenegChapter 9) in Modern Carbonylation Methdésl. Kollar, L.), Wiley-VCH, Weinheim,
2008 pp. 223-250.

2. (a) Schoenberg, A.; Heck, R. . Org. Chem1974 39, 3327-3331(b) Schoenberg, A; Heck, R. F.
J. Org. Chem1974 39, 33273331.(c) Schoenberg, A.; Heck, R.B. Am. Chem. S0d 974 96,
7761-7764.

3. (a) Wu, X.F.; Neumann, H.; Beller, MChem. Rev2013 113 1-35.(b) Roy, S.; Roy, S.; Gribble, G.
W. Tetrahedror2012 68, 98679923.(c) Wu, X.F.; Neumann, H.; Beller, MChem. Soc. Re2011,
40, 4986-5009. (d) Magano, J.; Dunetz, J. Rhem. Rev2011], 111, 21772250.(e) Grigg, R.;
Mutton, S. P.Tetrahedron201Q 66, 5515-5548. (f) Brennfuhrer, A.; Neumann, H.; Beller, M.
Angew. Chem. Int. E@Q009 48, 4114-4133.(g) Barnard, C. F. JOrganometallic2008 27, 5402-
5422. (h) Skoda-Foldes, R.; Kollar, LCurr. Org. Chem 2002 6, 10971119. (i) Wu, X. F;
Neumann, H.; Beller, MChem. Eur. J2002 16, 97506-9753.

4. Gadge, S. T.; Bhanage, B. RSC Advance?014 4, 1036710389.

Takacs, A.; Farkas, R.; Kollar, Letrahedror?2008 64, 61-66.

6. (a) Markham, K. E.; Kohen, ACurr. Anal. Chem2006 2, 379-388(b) Ying, W. H.Front. Biosci
2006 3129-3148(c) Mukherjee, S. K.; Sonee, M.; Adams, J.L[tt. DrugDes. Discoy2005 2,
551-557.(d) Walsh, J. P.; Koch, R. BJ. Chem. Soc., Perkin Trans.2D02 2111-2115.e)
Fairlamb, I. J. S.; Grant, S.; McCormack, P.; Wift). Dalton Trans 2007, 859-865(f) Wu, G. G.
Z.;Wong, Y. S.; Poirier, MOrg. Lett 1999 1, 745-747.

7. Takécs, A.; Jakab, B.; Petz, A.; Kollar, Tetrahedror2007, 63, 10372-10378.

8. (a) Amatore, C.; Jutand, A.; M’Barki, M. AOrganometallics1992 11, 3009-3013. (b) Amatore,
C.; Carre, E.; Jutand, A.; M'Barki, M. A.; Meyer,. @rganometallics 1995 14, 5605-5614.(c)
Csakai, Z.; Skoda-Foldes, R.; Kollar, Inorg. Chim. Actal999 286, 93-97 and references cited
therein.

9. Schlecker, W.; Huth, A.; Ottow; E., Mulzer,Llebigs Ann1995 1441-1446.

10.Nongyi, C.; Qifan, Y.; Shuai, L.; Dahui, Zryst. Eng. Comn2014 16, 42654273.

11.Blanco, M.; Lorenzo, M. G.; Perillo, I.; Shapira, B. J. Het. Chem1996.33. 361-366.; Blanco, M.
M.; Levin, G. J.; Shapira, C. B.; Perillo, I. Heterocycle2002.57, 1881+1890.

12.Gutkowska, B.; Kabzinska, Z.; WasiakAtta Pol. Pharm1986.43, 331-333.

19



