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2. Bevezetés

A kozponti idegrendszer betegségeinek gyogyitasaban nagy éattérést hozott az 1,4
-benzodiazepiek felfedezése. A Hoffmanba Roche cég avegy ¢l et csal §8d
gyogyszerét, a chlordiazeporidt 1968ban hozta forgalombaNem sokkal ezutan

piacra kerilt a diazepam, majd 1984n a ma is széles kérben alkalmazott alprazolam

(1. abra).

NHMe Me\ 0 N
N= N \(/ N
C S ~
—N
; ) ®
Cl

o =N
chlordiazepoxide diazepam alprazolam
(LibriumE, 1960) (ValiumE, 1963) (XanaxE, 1981)

1. &braklasszikus 1,benzodiazpinekszerkezete

Az 1,4 benzodiazepinek GABAa receptorona roéluk elnevezett kotési helybatnakés

a GABA neurotranszmitter hatasat fokozzak. Valtozatos hatasaik vannak: nyugtato
(szedativ), altato (hipnotikus), szorongasoldo (anxiolitikg8jcsoldd(antikonvulziv) és
izomrelaxdns &t 8sok a | egi smertebbek. Mi nt mi nde
ennek is ] -1 i smertek a nemk?vs8natos me |

tolerancia alakulhat ki.

Nem sokkal az 1/ enzodiazepinek bevezetése utan, az Egyesilt Gyogyézer
Tapszergyar (EGYT, ma EGIS) és a Gydgyszerkutatd Int§Z&YKI) kutatoi
Magyarorszagon is gyogyszerré fejlesztettek egy benzodiazepin szarmazékot, mely
alapvazéban ik ¢ 1 °nb° zi k :a23belinkRblii ektePli n sAbrkezet

Grandaxiff néven1974-ben kertilt forgalomba (2&bra). A tofisopami) szorongasoldd




gyogyszer, kiléndésen hatasos vegetativ tinetekkel jar6 szorongésbegseégek
gyogyitasdban. Nincs szeddtpnotikus, izomrelaxans és antikonvulziv hatasa,

al kal maz 8sa n e mlakuld&sahezt HathsgngchaRisn®iga mRig sem ismert.

szorong

tofisopam y _
(GrandaxinE) girisopam nerisopam

neuroprote

GYKI-52466 talampanel
4 5

2. abra 2,3benzodiazepin gyogyszerek szerkezete

A 2,3-benzodiazepinek kutatdsa a G¥kan és az EGI®en intenziven folytatodott,

tovabbi szorongasoldd vegyuletdkjirisopam (2), nerisopam (3)] jutottak klinikai
vizsgalatokig a piacraazonbannem. Egy ponton a kutatasok kettévaltak: a neasop

kozeli analogonja, a GYKbH2466(4) AMPA antagonista hatast mutatott és ezzel egy (j
fejlesztési iranyt nyitott megAz AMPA antagositdkf Rt er 8pi 8 s ter ¢l e
kovetkezmeényekent kialakul6zikémias kaszkadaltal okozott agyi karosodas kivédése

lehetneKlinikai vizsgalatokig ezen a hatésteriileten a talamp@élitott el




Chimirri és munkatarsaj el ent Rs gy gy s mléar egenekaai 23k ut at
benzodiazeph#-onok (6) ésitionok (7) teriletén 8. abra) A korabban megismert 2,3

benzodiazepinekhez hasonlé hatasokat ismertéttek.

3. &bra benzodiazephd-onok és tionok

Az Egis originalis kutatdsanakofnt o s c ®l ki 2Fe@sdmzepmeakielt a
szerkezeti rokonsagban allé vegyiiletek kumtBsn n e k s or §n ag8&Bdlanos t Tzt
k ® p | Z3t4benzotiadiazeph2,>-dioxidok e | R8§1 | 2 t § s Bz irodaldmban § br a)
csupan a szubsztituélatlan alapyi@gt ) volt ismert amelyetl971ben, heterociklusos
szulfonhidrazonok klérozasi reakcidkdanulmanyozasa soran allitdtta eKling és
munkatarsai (4. abrd)

0
\

3=0 .

R O /N—Rs d

NH
/
() g
R 9

8

4. dbra 2,3,4benzotiadiazepi?,2-dioxidok szerkezete

Doktori étekezésemben az u0R,3,4benzotiadiazeph2,2-dioxidok szintéziséhez

kapcsolodo kutatomunkam eredményeit ismertetem.
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3.C®l kit Tz ®s

Az Egis kutatasa altal megcélz@taltalanosk ® p INE}aikil-2,3,4benzotiadiazepin
2,2-dioxidokat® az 5. &brdn bemuttt retroszintetikus elemzés szerintla k ®p | et T
2,3,4benzotiadiazeph?,2-dioxidok N-al ki | ez ®s ®v e | | ehet el RS
vegyuletekhez 11 orto-aroil-ariimetanszulfonsavaknak (vagy szarmazeékaiknak)

hidrazinnal t°rt®nR gyTrTz8rg§sa vezet.

(0] (0]
\ \
s=0
NH
/

§=0
OH

11

ftalid

14
5. abra aN(3)-alkil-2,3,4benzotiadiazepi?,2-dioxidok retroszintetikus analizise

A 11 szul fonsavak ormaroirengilklagidokbbl R (2) nyer het Rk
al kg8l iszulfittal t °rt ®n R12rnegyiletekloelri Ime gt eb & ¢
orto-klormetil-benzoitkloridok (13) arilezésével (FriedeTrafts reakcioval, vagy aril
Grignardvegytulettel, illetve aril-litummal reagéltatva) juthatunk. Az orto-
-klérmetil-benzoitkloridok (13) pedig a megfld) ddithaddkefltRal @ d ok
Hil den ®s munkat 8rsai § |-dianoftalidkdl (4,0R'=5-GN) o t t m -
tionil-kloriddal  xilolban,  benz#rietlammoniumklorid és  boértrifluoridéterat
jelenlétében, 140Ch Rm®r s ®k | e t e n 4-ciape2-kidrmetil-eemzuitklorigict s e |
(13,R'=4CN)§ 1 | 2t Sttak el R.




A 2,3,4benzotiadiazepi?,2-dioxido k s zi nt ®zi s®nek kiindul §8si
ftalidok. Feladatom k¢l °nb°zRk®ppen szubs

értekezésemben az ezzel kapcsolatos msoikan elért eredményeimet ismertetem.

4. Irodalmi 6sszefoglalas

A ftalid vaz [2-benzofuan-1(3H)-on, Id. 5. &bra 14] gyakran képezi természetes
anyagok, igy gombak baktériumok metabolitjainak, névények alkaloidjainak
alapvazaf®® Napjainkig tobb mint1 80 ter m®szet ben el Rfor dul
azonos?2tottak ®s k°zel 140 ftalid sz8rmaz®e
gyogyszerkémidban szamos gyodgyszerjeldltnek, illetve m§ r forgal omban
gyogyszernek szerkezeti részA. ftalidok kémidjat 6sszefoglalé kozleméely is
ismertetk.!*** Az alabba k b an a f t afa alldimézotidelgfehBsabbreljagsols

irodalméat foglalom 6ssze.

A ftalidokat k®t fR m-dszerrel 8l12tj 8k el

D ftalsavszarmazékok ftelsav, ftalsavészter, ftalsavanhidrig ftalimid)

redukcigaval,

D benzilalkoholokodl, vagy benzosavszarmazékdddl orto-litialdsos modszesd
el R§ b-hidraximdtitb enzoesavsz8&§rmaz® ok gyTrTz§gr

4.1. Ftalsavszarmazékbokiinduld ftalid szintézisek

A ftalidoknak ftalsavsarmazékokbdlt © r t ® n R el R81 1 2t8s8ra sz

irodalomban.

4.1.1. Ftalidok szintézise szubsztitualatlan és szimmetrikusan

szubsztitualt ftalsavszarmazékokbal

Brewster és munkatarsai a ftalsalbd, 6. abra) cink-ecetsavas redukciojavgb
termdéssel (824) jutottak a szubsztitualatldtalidhoz (16a).'?




1517 R! R?

a | H|H
b H | Cl
c Cl | H
d Cl | CI

6. abra ftalidok szintéziseszimmetrikusan szubsztitualt ftalsavszarmazékbk

A 17 tipusu ftalsavanhiitlek redukciéjara a leggyakrabban natritetrahidridoboratot
haszn8ltak k¢l °nb°zR ol d-szerekbenl7a) Zhang
metanolTHF oldészeelegyben redukaltak ftaliddal6a, 70 %).*® Donati és munkatarsai

az 5,6-diklérftalsavanhidrid 1{7b) DMF-b a n t °nattiudrtetRahidridoboratos
redukcidjaval 96 %-os termeléssel kaptak az Soklorftalidot (16b).* Ugyanezzel a
modszerrel4,7-d i k1 - r f t 81 sl&av8lnih?itdortitd8bkRle (R Zhou ®s
diklorftalidot (16c) 75 %-os termeéssel> Hagiya és munkatarsai a 46,7
tetraklorftalsavanhidrid 1(7d) redukcidjat natriumtetrahidridoborattal izopropil-
-alkoholban 4,5,6/Tetrakl6ftalidda (16d) kivald, 94 %-os hozammal irtak K
Narasimharugyanezt a redukciot litivstetrahidridolorattal végezte tetrahidrofuranban,

86 %-0s hozamma(6. abra)'’

Kevésbeé szokvanyos redukald agensekkel is talalkozhamnikodalomban. Kim és
munkatarsa butilitium (BuLi) és dizobutil-aluminiumhidrid (DIBAL-H) reakciojaval

k ®p z R dkBmpl Aesxts z e i-Bu),AH] LB Yamada és munkatarsai indium
hidrid tipust redukaloszerekkel Liu és munkatarsai szabadalmukban oxidhordozés
nikkel tolteten 130220 °Gon, nagynyomasU katalitikus hidrogénezést alkalnfdzva
redukaltak a ftaavanhidrideti7a) ftalidda (L6a), kivalo termelégkkel.

10



Klasszikusrodalmi modszera ftalimid (18) cinki natron Y4g o s , nielRsoi@rsfalidot
kapak. Az egy évszazad megjelent kozlemény hozamot nem emlit* K®s Rb b i
munkékbanugyanet az atalakitastkataP t i k us me rsrulfat eRapdasaval® z
végzik? mely a cink aktivalasa révén sdwdi redukciot.|ly médon 71%-os termelést

értek el(7. abra)

0
[::I:é 1. zZn/ NaoOl [::I:;
NH > (@]
2. HCl
\\ \
o) o)
18 16a
7. abra ft8limidbRI kiindul - ftalid el

4.1.2 Aszimmetrikusan szubsztitualt ftalsavszarmazékokbodl
t°rt®nR ftalid el R8Il 2t 8sok

Az aszimmetrikuan s zubszt i t us8lt ft8l savsz8r maz®k okl
esetén fellép a regioszelektivitas problémaja. Szamos publikaciot ismeriink, amelyekben
azt el emzik, hogy a k¢lonf®l e reduk8l - sze

Kayser és Moran@® Makhlouf és Rickbor/#* valamint Soucy és munkatarsgkilonféle
redukaloszerekkel vizsgaltak -s2ubsztitudlt ftalsavanhidridek19) redukcidjanak
regoszelektivitasat 20 és 21 f t al i dok k ®p z RBd @saPA szamoar §ny §
el l ent mond8sos eredm®ny oka a k¢l °nb°zR kO

keresendR.

Nandhikonda és munkatarsas3ubsztitualt ftalsavanhidrideket chelcetsav rendszenbe
forralva redukaltak. AL9d ftalsavanhidrid (8. 4bra) redukciéja soran mintegy négyszeres
regioszelektivitast értek el a-skubsztitualt20d, a 19e ftalsavanhidrid redukcidja

esetében pedig aszubsztitual2leftalid javara®®

A kapott regioszelektitdsokat azzal magyaraztak, hogy amennyiben a szubsztituens és a
szubsztituens oldali karbonilcsoport oxigénje kézdsen komplexdljak a redukaldszert,
akkor a szubsztituens oldali redukdié® r t ®ni k meg nagyobb es®l

reduk8l - szer ek eset ®ben Vi szont a szub:

11



karbonilcsoport redukalédik gyorsabban. Bar egyes esetekben, a reduk@él@szer e z R

megvalasztasaval elérték, hogy valamelyik izomérnidy o m-

kivant ftalid tiszta kinyerése mégis komoly preparativ nehézségegjlent

R R 0
O
20

21

R o)
@ redu
O —_—
O

19

19 .

., hozam termékarany .
20 R redukcios rendszer (%) 20 - 21y irod.
NaBHJ/THF 77 57 43 23
a| Me NaBH4/THF 95 56 44 24
L-szelektrid/ THF 91 15 85 24
NaBH,/THF 52 87 13 20
b | OMe NaBH,/THF 93 ~50 | ~50 | 24
L-szelektrid/ THF 83 10 90 24
¢ | NMe, NaBH,/THF 45 80 20 23
LiAIH 4/ THF 80 67 33 23
NaBH,/THF 75 83 17 23
4| no NaBH,/THF 75* 83 17 25
2 | Naszelektrid/THF 85* 18 82 | 25
NaBH,/THF 70 70 30 23
Zn/AcOH 95 80 20 26
NaBH,,LICI/THF 49 84 16 23
e F Zn(BH,): 100* 66 34 25
Zn/AcOH 90 21 78 26
f Cl DIBAL -H 61* 12 88 25
g Br Zn(BH,), 98* 76 24 25
LiBH 4 99* (50 % diol)| 20 80 25
LiAIH 4 96* 55 45 25
DIBAL-H 40* (14 % diol)| 29 71 25
h ! Zn(BH,)2 84 84 16 25
Na-szelektrid 85* 12 88 25

*Az i1zol 81t hozam helyett a

8. abraaszimmetrikusan szubsztitualt ftalsahidridelobR  t °r t ® n R

el R81 12t 8sok

t°bbs®gben

szerzRk a

12

rodal

K (

m



Nandhikonda és munkatarsasZubsztitualt ftalsavanhidrideke?) is redukaltak,
szintén cinkecetsav rendszerben forralva. Ez esetben mintegy kétszeres

regioszelektivitast értek el agzubsztitualt ftatlok (24) javara (9. abrad’

O O
R
/ Zn/AcOH R R /
O ——  » O + 0]
17 6ra forralas
(@]

\
0]
22 23 24
22 termékaran
23 R hozam (%) ) y
23 : 24
24 . P T
a | Me 88 40 60
b | Cl 85 30 70
c |CR 84 30 70

9. dbra 4-szubsztitualt ftalsavanhidridekdukcidja

Me gl e p R mubdzttumilt fealimis szarmazékokb&iinduldé szubsztitualt ftalid
el R8I | 2t “whamegyapéldaivancsigah me | y et  tpliblikélt Yarme r z R i
és munkatérsai 4-aminoftélimicet (26) rézszulfattal aktivalt cinkel natriumhidroxid
oldatban forralva, majd saval kezele, 64 %-0s termeléssel8 | | 2t otzt 58 k el R
aminoftalidot(27, 10. bra)>’ Ezt a m-dszert egym§st - | f ¢gg
alkalmaztaR K70i 80 %-0s hozammal preparalté&k 5-aminoftalidot(27).22?° Szabadkai

98,6%-ostermeléssel végeztayanezeratalakitét>°

1.Zn/NaOH oldat H5N
redu du Cuso,, f ol 0
2. HCI \
0]

27

10. abra 4-aminoftalimid irodalmi atalakitasa@aminoftalidda

Mig a z e | Rz Rbenbemktettz eljdRasokhoz a-adninoftadlimidet 26) kalon
reakci -ban 8l 12tott 8§k -mtioflimid (25 fedukcidjaval h oz z ¢

Kumar ®s munkat 8rsai egyed®nyes elrgz28r 8§sba

13



szulfattal aktivalt cinkkel natriurhidroxid oldatbanelvégezték a -itroftalimid (25)

redukciojat 4aminoftalimiddé 26) , maj d a hRm®r sa@nknoftalidot t me g
(27) kaptak®*

¥sszefogl al va el mondhat -, hogy a ft8l sav:
szint®zis csak akkor res8lis, ha a megf el e

hozz8f ®r h et Rem®exzet izomer &alidok keleétkezéséhez.

4.2. Fémaganikus modszerekf t al i dok el R8I |

Ftalidok (28) orto-hidroximetitbenzoesav29 gy Tr Tz §r § «.8Minthbgy k ®p e z
benzol gyTr Tn wroditial@n rBakciokb&mind 2athidroximeticsoport,
mind a karboxilcsoport és szamos szarmanéto-helyzetbe iranyjt’ orto-hidroximetit
-benzoesavat (29) ®s belkB(29gy dkmadndb2ti umorgani kus

llymédoname g f el el R s z u bisbhenzilalkokot(30)-ogo-lithiasa,tm@jd a t
l 2tiumsz8r maz®k reakci-ja sz®ndioxiddal, é

29 orto-hidroximetil benzoesavon keresztil ftalidh@8)(vezet(11. abra)

R R

OH
o)
R2 R2 v
30 31
llitiélas J Iitialas
R R1 R
1. CH,O Li
OLi 1.co, OH 2
B —— -
U 2. H*, H,0 o 2. H* H,0 ©
2 2
R2 R OH R v

Y: OH, NHR, NR,, stb.

11.4bra f t al i dok el R8I | kus @eglkdzelitésdelet Rs ®g e i
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Hasonl - k®ppen, megf el el RBsalitidbszerrbl kanmpatihilia 8§ | t l
szarmazeékaik31) orto-litidlasa, majd a litiumszarmazék reakcidja formaldehiddel, savas
kezel ®s ( hi dr ol,fatidokat(28) grgdin@yézz §r §s) wut §n

4.2.1. Ftalidok e | R §-blkoloblg s @rto- b en
karboxilalasaval

A kil °nb°zRk®ppen ziakaehblak zHidroxinneBldsdportjab #tialasi
reakciokban viszonylag gyengeto-iranyitod tulajdonsagu. Tovabbi hatranya, hagy
ekvivalens i i um b8zi s fogy a hidroxilcsoport
azokban az esetekben alkalmazhaté, amikor a hidroxiosefgort mellett mas

Sszubsztituens is seg?2ti a k2v8nt helyzetbe

A szubsztitu8§l atl an Ilftisé Mayet ésiSkepalthiozodéa. ™ t ©r t @
benzitalkohol (32) litidlasat butil-litium/TMEDA litidloszerrel, petroléterben 11 orat
forralva végezték, majd za aril-litium széndioxiddal t ° r tr@gdaRatasa,végll

savanyitas utan 3%-os termeléssel kaptakiéa ftalidot (12. 4bra).

©/\OH BuLi, TMEDA ©f\ol_i 1C02 o
11 - r Li 2.H*

petro 59% o

32 16a

12.8bra  f t al i d e-blkkollitiakatagls a benzi |

Uemura és munkatarsd8 m-metoxibenzitalkoholok litidlasi rekcioit vizsgaltak és az
orto-litialt szarmazékokbdld) el R§ 1 | 2 t o036 ftafdékat 4B. abe)ff el el R
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R
. R. R ! ]®
OLi 1.co,
2 o)
.
1 . 3 L 2.H Y
R OH O ° ©
2t - 34 - 36
_ 0 1 RZ RS 1 RZ 3
R R
33 OLi 1.CO, OH
——
L 2.H* _©
o 3.CH,N, o o
~ ~

35

<o - o7 litialasi kérilmények

(%) (%)
1. a H H H 44 0 BuLi, hexan, 60 °C, 5 6ra 33
2. | a H H H 41 0 BuLi, hexan, 25 °C, 2 éra 34
3. a H H H 45 0 BuLi, éter, forralas, 24 6ra 35
4. | a H H H 15 0 BulLi, THF, szh., 20 perc 36
5. a H H H 53 6 BuLi, TMEDA, hexan, 60 °C, 5 6ra| 33
6. | b H Me H 62 14 BuLi, TMEDA, hexan, 60 °C, 5 6ra| 33
7. | ¢ H Me Me 46 20 BuLi, TMEDA, hexan, 60 °C, 5 6ral 33
8. | d | oMe H H 0 10 BuLi, TMEDA, hexan, 60 °C, 5 6ra| 33
9. e OMe Me H 8 24 BuLi, TMEDA, hexan, 60 °C, 5 6ra| 33
10.| f OMe Me Me 0 25 BuLi, TMEDA, hexan, 60 °C, 5 6ra| 33

13. 4bra szubsztitualtbenzd | Kk ohol okb -1 t°rt®nR irodaln

m-Metoxi-benzitalkoholt (33a) butil-litiummal hexanban60 °C-on, 5 éran atitialva,
majd a34a aril-litiumot széndioxiddal regiltatva savanyitas utan 44 -%s hozammal
kaptdk a 7metoxiftalidot @6a, 13. abra,tablazat 1. sor}® Ugyanezt a reakciét més
reakciokorilmények kozott végezu@bben isismerteték. Trost €s munkatarsai azonos
reagenseket és olddszert enyhébb kortlmények kozott alkalmazvaodliermeléssel
kaptak36a ftalidot (2. sor)** Dodsworth és munkatarsai bdiiummal, dietl-éterben 24
orat forralva képegk az aril-litiumot (33a), magd annak széd i oxi ddal t °r
reakci -j 8§t k?O°vet-Btesnessahprepardiasa ftalidog(8. sof)’® %

THF oldészerben,
szobahRm®r s ®k | 84a aritlitiun &gamzegs®reakcidjaval, savanyitast
k°vet Re+s tdrrbeléssel izolaltala ftalidot (4. sor)*® A tébbi irodalmi

Orito és munkatarsai a litidlast bdfiiummal, 20 percig,
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m-dszer n®I | ®nyegesen alacsonyabb ter mel
reakci -k°r ¢l m®nyeket 46zt aRk edt ed |RsSRIE AZB-b8asng r @r
hidroximetil1,3-benzodioxol 88) fenti korlilmények kozti litidlasa soran 83-d%
termeléssel kaptak4d ftalidot (14. abra).

OH BuLi oLi| 1€, o
szh., 20 perc Li 2.H*
9 THF o 9
o \_o 8% \_o O
38 39 40
14. 4bra 5-hidroximetit1,3-benzodioxdb - | t40fF &t &®NIRd el R81 | 2t §

Amikor Uemura és mukatarsaim-metoxibenzitalkohol @3a) litilasakor a butitlitium
mellett TMEDAt is alkalmazta®® ugyan jobbtermeléssel kaptaB6a ftalidot, de a
regioizomer litiumszarmazéRia) keletkezésére utaldra éstert is izolaltak (6%, 13.

abrag tablazat5. sor)diazometanos kezelés uté38b-t és 33c-t hasonld korilmeények

k°zo°tt l 2ti 8l va szint®n regioizomerek keve
36b és36cf t al i d h ard-litivme(&te és Fic) volt. A 33di f 3,5-dimetoxibenzit
alkoholok litidlasa soran ellenbérbar alacsony terasléssel a4-es hel yzet T | 2t

szarmazo6 termékéB7di f) izolaltak nagyobb mennyiségben. Ez arra utal, hogy a litialast

i az adott kérilmények kozditak ®t met oxi csoport eo®sebben
helyzegbe, mint egy metoxiés egy hidroxiratil-csoport (81 O . sor) . Megj eg
hogy az 13 abrdnat 8 bl 8 z at b demmelések evékengrétdRromatografias

elvalasztas soran izolalt anyagokra vonatkoznak.

Az irodalmi adatok alapjakimondhatjuk® hogyf t a | i d o kraaezl RaSrlolm§ts§ sgy T
mas szubsztituenst is tartalmdznzilalkoholokorto-l 2 t i 81 8s 8t keésaket R k a
akkor hatékony médszer h a a szubsztituensek Aegy¢tt

csoporttal a orto-litialasi reakcidéban, regioszelektiv litidlast eredmeényezve.

17



422. Ft al i dok el R8I | 2t 8§sa ortecar bo

litialasan keresztil

Mi nthogy n®h8ny benzoesav sz 8r mdodr&@kito ( pl
csoportnak bizonyult iranyitott litidlasi reakkiian, az irodalomban sokkal tobb példa

van ft adllithshra Kigy,hdgl® me gf el el R b e mdoditAas@itv s z §r
k°vet Ren vezet i-ceopanta, majd saviadkorilménymlekibzott vegzik a
benzoesav szarmazhldrolizisét benzoesavww®s a gy Tr Tz §r &sofortot A hi d

gyakran formitsoport redukciéjaval nyerik, minthogy amrto-litialt benzoesav

sz8rmaz®k formilez®se ®s az azt k°vetR re
v®gezhet R, mint a k°zvetlen hidroximetilez
Az irodalomban benzoesavakto-litialasa is ismert. Amdszer el Rnye, hog

gondoskodni mas karbonsavszarmazék (pl. amid) kialakitasaad hi dr ol,2 zi s ®r
hatranya, hogy legaldbb két ekvivalensnyi litidloszer szikséges a litialashoz. A litialast

altalaban szekbutl-litummal, TMEDA jelenlétében végzik,38394041424344

néhany
esetbenpedig LITMP bazist alkalmaznaf® Bonanomi és munkatarsai a 2Jikl6r-3-

metil-benzoesavat4() szekBuLi/TMEDA rendszerrel,i 78 °Gon litidltak, majd a
reakcidelegybe formaldehid gazt vezetve savanyitas utan-8 t&rmedssel kaptak az

5,7-diklér-6-metilftalidot (44, 15. abra.*°

Cl szek-Buli, | ¢ Li cl CH,OLi
TMEDA HCHO
OH — > OLi OLi
78 @ !
6
cl o) olddszer o o cl o
41 — 42 43 —
cl
o)
Cl o
44

15. dbra 5,7-diklor-6-metilftalide | R 8§ | | -8ikiog3sneetil-enzdesav litidlasaval
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A szabad benzoesavakrto-litidlasara és funkcionalizalasara vonatkozé irodalmi

korulményeket al6. abranfoglaltam Ossze. Ezekben az eseteklm képeztek

ftalidokat, de a modszek nyilvanvaléaralk al masak azok el R8I | 2t §s¢
3 B 3 . ]
R litialas R L
H
R R
R O R O
45 B 46 -
¢elektrofi|
3
R El
HYHO0 R El
-
OH :
R ) OLi
. R
R 0
R O
litidlasi koriimények elektrofil El
a Mel Me | 65 | 38
b : . (MeS), |SMe| 52 | 38
| H | H| H |szekBULITMEDA, THF,-78°C, 30 p X oI 28 | 38
d Br,CICCCL | Br | 55 | 38
e | H | u| o |SZeKBULITMEDA, THF,-78°C, 26 Mel Me | 84 | 43
szekBULi/TMEDA, THF, -78°C, 1 6 Mel Me | 78 | 39
f | CI | H| H |szekBuLi/TMEDA, THF,-78°C, 30p Mel Me | 65 | 44
g| H |Cl| H |LTMP, THF,-50°C, 46 Mel Me | 65 | 45
h | H | H|OMe| szekBuLiTMEDA, THF,-78°C,2 6 Mel Me | 73 | 40
i |OMe| H | H | szekBuLi/TMEDA, THF,-78°C,2 6 Mel Me | 61 | 40
j Ph | H| H | szekBuLi/TMEDA, THF,-78°C, 30 p Mel Me | 80 | 41
k | H |[CI| F |LTMP, THF,-50°C, 46 Mel Me | 71 | 45
| |OMe| H | F | szekBuLi/TMEDA, THF,-78°C, 30 p Mel Me | 12 | 42
16. abrairodalmi petak szubsztitualt benzoesawatko-funkcionalizalaséara
A benzoesavak szarmazékainakto-litialdssa | t Corta-fubkci@nalizalaa joval

gyakoribbaz iroddomban?’

Hauser és munkatarsai felfedezték, hogiNametilbenzamidok 5 ekvivalens BulLimal
orto-litidlhat6ak?® ellentétben aN,N-dimetilbenzamidokkal, melyek butil-litiummal
arilbutilketont adnak® A s z e r N-é&tilbeazamidot 49) butil-litummal, THF
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oldészerben forralva képezték aril-litiumot (50), majd azt elektrofilekkel reagéltatva

kbzepesjo termeléssel nyerték amto-szubsztitualt benzoesavamid szarmazékdiht (

17. &bra. A

S z autdhbiRskarmazeékok toluolpsletve xilolos forralasaval néharp?

szer kfetzaeltiTdot i

H
N\

52

elektrofil

s el R8I 1 2tottak

BuLi/THF

-

15 perc reflux

Rl

R

Li

51
2 51

(%)

52
(%)

a PhCO Ph Ph 81 90
b PhMeCO Ph Me 43 73
c | p-Cl-CgH4 (Ph)CO| p-CI-CeH4 Ph 51 -

d ciklohexanon | spiro-1,1-ciklohexil - 27

17. dbrab52ad ftalidokf ® mor gani kus

benzamidokbol

m- d s z M-matile |

Hasonléirodalmi mddszer a karbonsaiwN-fenilbenzamidjanak53a-f) orto-litialasaval

tor or@hBl yzet T

c Bpspjio &s mbn&atarsd-enilbenzamidok §3a-f)
| 2ti §1 §s §v &dlidolt jo termedéssel B kébrag™? ARlitialast 21 ekvivalers
butil-littummal végezték 778 °C-on, THF oldészerben Elektrofilként DMFot

alkalmazak. A savanyitas utan kapott-r8droxi-2,3-dihidro-1H-izoindol-1-on (55a-f)

szarmazékok cinkkaligos kbzegbeh © r t ®n R

megfd e |l R

ftali d®&aBr maz®kokhoz

redukci

(

.jsval ,
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R R
R? R Li
H BuLi/THF Li
N\ - = N\
] Ph _78 oc ] Ph
R0 B R O a
53 54
1. DMF
2. H*, H,0
3
R 3
2 R OH
R R
1.Zn/LiOH
O <«—- N—Ph
\ 2. H*, H,0 (
1 o)
R R’ 0
56 55
53 1 2 3 | termelés (%)
55 ° | R R 55 5p
a| H H H | 82 | 67
b |[OMe| H H | 70 | 75
c| H |[oMe| H | 75 | 75
d | H H [omMe| 75 | 75
e |OMe| H Me 30 68
f Cl H H 82 66

18. dbra56af ftalidok fémorganikus médszerrélr t ®n R &4 R8I | 2t §s a
fenilbenzamidokbdl

Mar emlitettiik, hogyN,N-dimetilbenzamidok butilitiummal reagaltatvd a vartorto-

-litialas helyett arilbutilketont adnak. Hasonlo nem kivantreakdiber ¢ 1 het R akko
N,N-dietilbenzamidot szekBuLi-mal litidlunk. Beak' és Sniecku¥ kutatasainak
k°sz°niset8ieéml an s z i atttéetaki fed azsN,N-HietibenzaRido® g

litidlasan keresztil

A litidlas tipikusani 78 °Gon, szekBuLi-mal TMEDA bazis jelenlétében tortémk
Ezzel a médszerralzamosszubsztitualtftalid szintézigt leirtak az irodalombari*®>°657
Az 57 N,N-dietilbenzamidokabrto-litidltak, majd DMFdal reagaltatva j6 termelés<s

2-formil-N\Nd i et i | benzami dokat 811 2tot tnathum el R (
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tetrahidridoborattal 59 2-hidroximetikN,N-dietilbenzamidkka redukatdk, majd az

utébbiak savas ciklizacija soran jutottalszubsztitdlt 60 ftalidokhoz>®>°

R4 R4
R> 3
1.szek-Buli, TMEDA R CHO
R2 NEt 78 °C R2 NEt,
R' 0 2. DMF nol
57 8
l NaBH,
R R'  OH
3 3
R H*, H,0 R
7 ) NE
R2 RZ 2
R’ o R o
60 5o
termelés (%) .
57 V58 gk
89 74 56
a|OMe| H H H = o >
48 80 56
il I OMe™29 | 88 | 57
d| OMe | Me H H 69 56
e[|OMe| H |[OMe|OMe| 50 | 87 59

19.4braf t al i dok | 2t i umor gani k dbd-digtibedzmmidokol e |t

Ftalidokat ugyan nem 8112t ot tnafdntosBéaRes de
Brown kozleméng ?® amelybenN,N-dietilbenzamid(61a) és N,N-diizopropilbenzamid

(61b) orto-litialds@ak vizsgalt&adl szamoltak be(20. abra) A s z e r ANk az
dietilbenzamid esetében szekBuLi/TMEDA, az N,N-diizopropilbenzamid esetén
BuLi/TMEDA litialészert alkalmaztak a szubsztrathoz képest,11 ekvivalensnyi
mennyiségbenAz N,N-diizopropilbenamidok litialasa eseténnem volt sziikségzek

-BuLi alkalmazasara mivel az N,N-diizopropilkarbamoil csoport lényegesen
érzéketlenebb a nukleofthtmadasramint az N,N-dietilkarbamoitcsoport A’ sz er z Rk
megfigyelték, hogy amikor butlitiummal végezték aN,N-diizopropilbenzamid §1b)

l 2ti 81 §8s8t, kis mennyis®gT valerofenon i
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rendszerrel t°rt ®nR | At62a9 briglgium lektrdilekkeln e m ke
(DO, benzaldehidvégzettreakcidja sorarkdzepeskivald hozamokkal kaptak &3

orto-szubsztitualt benzamtat (20. abra)

. Li . El
| 2t ¢ elektrofil
NR, — = NRy
78 °C NR;

61 62 63

litialoszer elektrofil
a | Et szekBuLi/TMEDA D,O D 88
szekBULi/TMEDA | PhCHO | PhCH(OH)| 56
BuLi/TMEDA D,O D 90
b |i-Pr BuLi/TMEDA PhCHO | PhCH(OH)| 79
szekBuLi DMF CHO 90

20. 4braN,N-dietilbenzamidolésN,N-diizopropilbenzamidolorto-litidlas koveRorto-

funkcionalizalasa

Beak egy masik kozleményéb®n N,N-diizopropilbenzamid (61b) szekBuLi-mal
(TMEDA alkalmazasa neélkul)i 78 °C-on tetrahidrofurdnban valé litidlaséat irta le, a
k ® p z Ratillitiumot (62b) pedig DMF elektrofillel reagaltatva 9%-0s termeléssel
izolaltdk a 2formil-N,N-diizopropilbenzamidot@3b, EI=CHOQO, 20. abra)

BSr ftalidokat nem 8l 1| 2tottak otdliRalasmzen a
kapcsg§n felt®tleng¢l ® ietvg evieyerd’t e-ndisRz e B e ¢ h wiekn ¢
megfelldRbonsavkl oridb- | k ®t | ®p ®s ben

kar bonsavs z §r Zaalz &dincetd-4,5dihid@a-1,3oxazolok  64) orto-
metallalasarélszamoltak be (21. 4bra). A&daic oxazolinokat 1,1 ekvivalens butil

litummal orto-litidltak. Alitialdss  t i pi kus k©°r ¢ lTTO@sSi4dbedkozoth Rm®r s
l 2ti 81 8%,i5 i-drRa .l aBl-litk®Ez=R)D ¢t ekt r of il reagen
reakcidjaval a dihidrooxazaisoporthoz képestrto-helyzetbe 0j csoportokat vittek be jo
termelésekkelg6ai f). A kapott vegylletek savas hidrolizisével peditp-szubsztitualt
benzoesavaka6{ai f) nyertek. Az igy nyerorto-szubsztitualt benzoesav szarmazékokat
gyakran hasznglj &8k p®l d%%1 tovs§bbi gyTr T(k
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R’ R
R . R* Li
BuLi/éter
H
_N -45 °C _N
0o 1,5 6ra 0
64 — 65 —
i elektrofil
R’ R2
1
R El H' H,0 R El
-

elektrofil  El g? ggzﬁ‘/()m
Mel Me | a 71
a| Ch| H I, I | b | 66
b [OMe| H | DMF |CHO| ¢ | 77
D,O | D |d| 71
c|oMe|OMe| NCS | C |[e| 92
Me,S | SMe| f | 92

21. dbraoxazolinokorto-l 2 t i 81 8 s a, omodunkdionalizatasak ° v et R

A modszer alkalmazasa ellen széhogy a dihidrooxazetsoport kialakitasa
koralmeényesebb egiN,N-dialkilkarbamoitcsoport képzésénél, rdadasul 6sszehasonlitd
vizsgalatok kimutattak, hogy akl,N-dietilkarbamoilc s o p o r t megfel el R Kk
k°z°tt | ®ny atgiesytdmineadiRdrexaicsoport®

Az i rodal om al apj 8n a me g érte-l 1 R8I IBesr8Bz 0 el
hidroximetilez®s a | eg8ltal 8nosabban al kal
ftalidok &I REhI|I ?tU8kE8r&d R8I | 2t gsa8negkozealittsE ny ul
al kal mazt am. Az 8l talam el R8I 2tani k2v§8nt

fejezetekben targyalom.
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5. Kutatasi eredmeények éertékelése

5.1. Az5-klorftalid gyartoeljarasa’’

Amikor a benzotiadiazepii,2-dioxidok szintézisére amyulo projektbe bekapcsoldédtam,
felmer ¢l t az i g®n ioritaidgnyeomedierremasm méyet ° WayITh &t R

szintézimekkidolgozasét kaptarfeladatul

5.11. Az 5-klé6rftalid irodalmie | R8Ilil 2t §s a

Az 5-klorftalid (23b) szintézisére az irodattban tobbeljarasismert. A klasszikus
mobdszera 4.1.2 fejezetben (13. old.10. abra)ismertetet m-don el R8I I 2t
-aminoftalicdbdl (27) indul ki. Levy és StepheBandmeyereakcioval kagkb e | & 5- e
-kl6rftalidot (23b, 22. abry termelést nemdzoltek®®

H,N Cl
1. HONO
o o)
2. CuCl
o o)
27 23b

22.abra5k | - r ftal i d i r-amheftalichEandmeyReakciojadval 8 s a 5

Y

Az 5-aminoftalid @7) e | R $4ndk? te§ kilondsen a Sandmengakcionak a
m®r et n°vel ®se nem t Tn ezkazeljgygcsak akkoifjohéssbaa d at n a

hanemtaldlnk egyszer Tbb m-dszert.

Szintén nemalkalmas méretndvelésra ft 8l sav a7zahinddlg irodabmi | (
szint®zis. Verbiczky ®s mun&fazs§ kimwzissal c s a k
tudtek viszonylag j6 szelektitassal 4klorftalsavanhidridetZ2b) e | R%¥ Ezluddhbia n i
vegyllet redukcioja azonban, amint azt mad.4.2. fejezetben13. old, 9. abra)
bemutattam23b és24b ftalidok keverékéhez vez€23. abra)
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al cl Cl

400 /iC

17a 22b -

Zn/AcOH

vagy
NaBH,/DMF

O

Cl cl
o + 0
O
23b 24b

23.dbra 5-klorftalide | R81 1 2t 8§sa ft 8l savanhidrid g8zf 8§

A 4.2.2. fejezetbensmertettemd-klérbenzoesa\(456e szekBuLi-ma | terta®nR | 2t
maj d a k ®@pumRetiR} oadriidl el e k treatacigjat] dmely kI6r-2-r t ®n R
metilbenz@savhoz 486 vezet (9. old, 16. abra)Ez utdbbi vegyillet NB& | t°rt®nR
bromozasa soran kapott benzilbromid szarma@gk ( gy Tr Tz § r -Bl&famlidat k 2 v § 1
eredményez{24. abray®'Ez az el j §r §s semmi k®ppteet Rem k
hogy as zer zRk mi ®r t - vagynormiiceopartat wazettektbe la sikeres

l 2ti 8l 8s ut 8n a metil csopor t hattale vojna tat , 2 g
célvegyulethez.A 4-klérbenzoesav 456 mint kiindulasi anyag ellen sz6l, hogy
litidlasahoz szekBuLi-ot kell alkalmazni, tovdbba minimum 2 ne&livalenslitialo

szerre van szikség.

cl szek-BuLi .
TMEDA  |C! Li Lme O CH,  Bs C CH,Br
—_— .
OH o >
OLi OH OH
2. H ccl,
o o 3% o o
45e 46e 48e 68
? NaHCO,
60 %
Y
(CHO)
cl CH,OH cl
OH - \@O
(o) (6]

23b
24.&bra5k | - r ft al i d i r-ldobenzoesaorte-litidkdS8adn keteszBils a 4
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A tovabbiakban olyareljarasokat ismertetekamelyekel 5-klérftalidot nem Aallitottak

el R, de a m-dszer egy®rtelmTen al kal mas | e

Rodriguez ésnunkdarsaiismertettéka 4-klor-N-fenilbenzamid(69) BuLi-ma | t°rt ®nF
litidlasat, amely soram k® p z R@aRl-litiumot N-alkil-4-piperidonnal(71) reagéaltatva
3,3spiradiszubsztitualt Kl6rftalidokat (72a,b) kaptak 5. &bra)’® A reakcid
kiterjesztését& | - r f t al i d 2 eklivRlénk litidldsBszi&segessegealamint

a dilitio (70) vegytilet potencialisan rossz oldhatéségatt nem tartott k ¢ ®1 s zer Tn ek

cl cl L 1) O:CN_R cl

2 ekv. BuLi II_I ) 71 o
NHPh — —— N
THF “Ph 2.) HCl \
- 70

R
/

N

(0] o) (0]
69 70 72
: a: R = CH, (25%)
7 b: R = CH,Ph (17%)
Y
(CHO) o
cl CH,0H
.......................... . O
OH \
o
)

23b

25.abra5k | - rftalid | e hBrtNsfeBitbensamiebitoRtigaladariat 8 s a 4

Gschwend és munkatarsai kimutattak, hogy’&és 74 reakciojaval két |épésben

el R§ld4a Amaszk2rozotto kaa dinddmoxazelosapatSornoma z ® k
-helyzetébe litialhatd, amirdzt-a megf el el R el ektrofil ekkel
k°vet R hi dé7ads67lzvegylletktjoStenmeléssel torténtBIS 1 | 2t §sa i ga
(Id. 24. old,, 21. abraf® Ha a dihidrooxaal-csoportorto-helyzetébe hidroximetil vagy
formilcsoportot vezetn®nk be, 23bffalida (2. 8r a e
abra). Gschwend moédszerérekranyait at.2.2. fejezetben @ old.) ismertettem
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73 c

74

N

CI\(Z(CHN)

26. dbra 5-k |

1. TEA, DCM

—_— -

2. S0Cl,, bCM

Mel (I,)

P S —

71 % (66 %)

-rftal

d

64a

BuLi/éter
-45/C, 1,5 6ra

65a

(CHO)

cl CH,OH
?
...................................... N W@/Y
X

o

Cl< : ‘
O
O
23b

| ehet s®ges owrollithlddan kerés&tid a a m

Az N,N-dietil-4-klérbenzamid (75) orto-litidlasat Beak és Brown publikaltd A

metallalasti 78 °C-on szekBuLi-mal, TMEDA alkalmazasaval tetrahidrofuranban

végezték A regics z e | e k t 2 v7é aril-likue elekRdfilBkkelt ©r t ®n R
j6 hozanokkal vezettek be aaN,N-dietilkarbamoitcsoportorto-h el yz et ®b e

reakci

k¢l ©

szubsztituenseke(77a,b, 27. abra A modszer, amennyiben hidroximetilvagy

formilcsoportot vezetrm& be hasonlé médon, elvileg alkaln28bf t al i d

aszekBuLi méretndveltlkalmazasat mindenképpen el akartuk kerdlni.
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a: DZO

cl ) Cl Li Cl El
szek-BuLi/TMEDA b: PhZCO
NEt ; NEt = NEt,
2 THF, -718C 2

0 o o]
75 76 77
a:El=D 85 %
b: El = Ph,C(OH)- 60 %
7

(CHO) o
cl CH,OH
.............. - o
NEt,
o}
o

23b

27.dbra5k |l - rftalid | eNMdets-®doebenzaeidoRElitidlagah & s a

A
dii

4.2.2. fejezetben megemlitettem, hogy Beak és munkatarddiN-
zopropilbenzamidot Bul-imal TMEDA jelenlétében, vagyzekBuLi-mal orto-litialtak

(23. old., 20. abrd %' Az N,N-diizopropil-4-kl6rbenzamid(78) litialasarél Koch és

munkatarsai szamoltak b. A s z e r iZ/® RC-on, tetrahidrofuranban,terc-BulLi

liti

aloszerrelvégezék a litialast majd a 79 aril-litiumot cink-kloridos transzmetallalas

utan aril-triflat  (80) elektrofilekkel reagaltattak(28. abra) A reakciék soran jo

termeléssel kaptak&i bifenil szarmazékokatami a litalaskivalo regioszelektivitdsat és
hatasfokat is feltételeZt

Cl

R
terc-BuLi cl L LznCl, cl O
oz o | = e
THF, -78 AC ) (6]
. . R
N(i-Pr) 30 perc N(i-Pr) TfOQ N(i-Pr),
78 79 80 81
? termelés
i 78YS8
° “ ero a| 4OMe | 78
o )
\©j( C[fo b [4COEt| 85
o L. c| 4NO, | 76
23b 82 d H 80

28 dabra23bl e h et s ®g elN-dddgrogit4-kiériderzanadbrto-litialasan at
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Ha tehat79 aril-litumot DMF elektrofillll reagaltatnank, varhatéan jo kitermeléssel
kapnank82 orto-formil-benzamidot, amely ismert médon a kivant a kivakiositalidda
(23b) lenne alakithatoA modszeralkalmazasa ellen szol, hogyterc-BuLi-mal végzett
litidlds méretndvelése a reagens rendkivili gyulékonysagamalatizerkivitelezhe t R .

512. Uj laboratoriumi eljaras 5-szubsztitualt-ftalid ok
el R8ard 2t §s

Munk8m el R2DmRayglyFeren@mfesszorés kutatbcsoportja BME Szerves

Kémia és Technoldgia Tanszékenaz EGIS GyogyszergyarZrt. megbizasabol
laboratériumi eljarast @lgozott ki 5s zub szt i t u81l t fAz aleil dRld | elgRB
prioritas az =klorftalid 23b) el R81 | 2 t $nédazerkiterjedztettéknaa-fudr- a

ésbt ri fluormetil ftalidok el R8I 12t8&8s8ra is.

A kiindulasi N,N-diizopropil-4-klorbenzamidot 718) diizopropil-amin 4klorbenzoit
kloriddal /1) TEA j el enl|l ®t ®ben -08rt ®nRela®s $elz®8§P®
(29. abra) A szintézis kulcslépése #8 benzamid butdl 2 t i u mmaokto-liidfhsat ® n R
volt. A litidlast 175 °Gon, 1,2 ekvivalens biltlitiummal, tetrahidrofuranban, 1 6ran

keresztll végezték.A k ® p am-titigmot (79) paraformaldeid elektrofillel
reagéltattak A 83 hidroximetil szarmazékobszlopkromatografias tisztitdssal 42d%
termeléssel kaptald | 2 t i 81 8§st mdrsekp 2011 80K 78t °C)lel t R R

l 2ti 81 8§80, 60ipgr®k k EP Nnb°zR paraformal dehi d ad.
esetben is legfeljebb 54 -% termelést sikerult elérni a hidroximetil szarmazekd (
oszlopkromatografias tisztitAssdtz utObbi termelést 1,2 ekvivalengn butillitium
alkalmazaséavali 50 °Go n , 60 percig t°rt ®nRHRuillitdm 2 81 8s s
ekvivalens paraformaldehiddel valé reakcidja uténi oszlopkromatografids tisztitast
k°vet Ren ®rt®k el

Az irodalombol ismert, bgy a hidroximeticsoport kbzvetlen bevezetése arititiumra
gyakran al acsony kiter mel ®s T akkor I s, I
végbemegyEzért megvizsgaltdi9 aril-litium reakcidjaitDMF elektrofillel is. A 78 4-

klorbenzamidoti 50 °Gon, 1,2 ekvivalens butdlitiummal, tetrahidrofuranban, 1 éraig
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litidlva, majd DMF-dal reagaltatva 98 %os termeléssel kaptak a nye82 aldehidet
amely az8 t kr i st 81 y o s 2 trgcsdkkenk Bz \agdakRié imazdites hodz a
N,N-diizopropil-4-klorbenzamid ¢8) butil-litummal kivaléan litialhatd a N,N-
-diizopropilkarbamoilcsoportorto-helyzetében.

Cl Cl
iPr,NH
(0] (0]
TEA, toluol
77 %

(¢]] N(i-Pr),
73 78
BuLi, THF
-50 Ac
OH
cl HCHO cl Li DMF cl CHO
- szh. - szh.
0 o)
54 % © 98 % (nyers)
. oszlopkro
N(i-Pr) P N(-Pr), 66% (8t N(-Pr),
83 79 82

1,5 -ra,
2. HCl, H20,3- ra

Cl
Ty
(6]
23b

1. NaBH,,EtOH, H,0
‘ 78%

29. dbra laboratoriumi eljaras-& | - r f t al i & ,NdikoR&i-4 2t §s 8r a

klérbenzamidbdkiindulva, orto-litialdsos kulcslégsen keresztil

A 82 aldehid nétriuntetrahidridoboratos redukcidja 0,6 moélekvivalens redukalészerrel,

j eges h T m&sEl 6kaalatbneent végbe véanol rendszerberEz t k°vet Ren
vizet €s soOsavat adtak a reakcioelegyhez és harom orat forraltak, saw§vanyos
feldolgozast éseth c et 8§t b - | t°rt®nR 88 kldelhidsetsgamiyoti s 2 t § s
78 %o0s termeléssekaptak az Hlorftalidot (23b), egyedényes eljarassdyy az 5

klorftalid (23b) N,N-diizopropil-4-klorbenzamidraq{8) vonatkoztatti termelése 51 %.
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5.13.Ujgyartd eljaras5k | - rftalid el R81 12t §s

Az 5-kiorftalid (23b) el RzR fejezetben i1 smertetett |
eljarassa fejlesztése volt a feladatomlaboratoriumi eljaradegfeljebb 22 millimdlos

mére&t ~1 moélos méretig novelttkA f R el v8r 8s az vol t, h
adottsagokat figyelembe véve modositsam az egyes szintetikus |épésekben a feldolgozas
modjatésk ¢ sz°b°l jem ki az iparban ker ¢l endR ol

A 78 benzamidotaz e | Rz Re k b eddon TEAZ2 bhazis jelanlétében zaN,N-
diizopropilamin4-klérbenzoesakloriddal (73)t © r t ®n R a c i | aekilidlss@&v e | K ¢
a feldolgozéast érintette. Anyers 78 benzamid hexanEt OAc e lvegeet b R
atkristalyositéa helyett elégségesnek bizonyult anndkexanos kevertetésselvalo

tisztithsa mely 82 %-os termelésselolt megvalosithat@¢30. abra)

Az ipari méretekben végzett litialas a veszélyes reakciok kdzé tartozik, kilénos figyelmet
igényel. A litidlasi reakcid exoterm, ezért a litidl6 dgens adageddmsségelletve a

megf el el R hAE N,Rdiizogapil-4tklbrikenzamid 78) 1,2 ekvivalensbutil-

litiummali 78 °C-on ési 50°C-ont ° r {it@laskmajd 1,3 ekvivalensDMid al t °r t ®n |
reakcidja 0,15 molos kisérletbemyakorlatilag azonos termeléssel szolgaltatt®2a
formilvegylletet. Ez a medfigyelés arra engedett kdvetkeztetni, hogy a litialészer
adagolasa soran nem lesz probléheeah R m® r § 78 RGr& it50 °Gig emelkedik A

litidlds menetéra laboreljardshoz képeahnyit valtoztattunk, hogy50 °C helyetti 78

°Cra hTt°ott ol da tlitumat, majdegygt keévertettilkaz abl-litiunm |

DMF-dal végzett reakci6jatan kapott elegy feldolgozasat az ipari szempontokat
figyelembe vévei | ®ny egesen e g wsénge vizEssammeniwklggiddal A

t ©r t ®n Rutarb kapott ké&tfazisu reakcioelegslvalasztasa utan, a vizes fazis
tobbszori éteregirazasahelyett egyszeri etihcetattal tortéR e xt r ak ci - t al ka
mert a vizes fazisbanigy sem maradt s z 8§ mo t82 evoRnilbenzamid A
nyersteméeknekhexanésetOAc8:1 (V/V) aranylelegyevelt ° r ke®antdtédvd, majd

s z éBseliszta82 formilvegyiiletetkaptunk Ily modon 84%-os termelést értiink el.

Hasonldan elvégeztiik a reakiciomdl 78 benzamidsarzsméretbemnneksoran 86%-0s

termelésel izolaltuk 882 formilvegytletet(30. abra)

32



(i-Pr),NH

cl TEA cl BuLi cl Li
toluol M, — =
Cl o THF 0
82 % 78°C,1-r
o N(i-Pr), N(i-Pr),
73 78 79
1. NaBH,, MeOH
o CHO 0-5°C, 2 6ra
I
DMF 95 % c
0
- szh. o 5-10 °C, 1,5 6ra, szh. 2 6ra*
84 % (82 %) 92 %+ \
H 0
86 %* NEPR th.0, MeOH, +_HC °
82 : 2~ ' Tee 23b
6 -ra fo
0,
NaBH,, MeoH \82 % 0% 20 % el
0-5°C, 5 6ra 6 ora forr.
cl
OH
o)
* 1 moélos méretndwelés
N(i-Pr),
83

30. &bra a méretnovelt eljards sémaja

Akar tobb kilomolos, ipari méretekben bditiummal végzett litialas soran problémat
okozhatak ® pz Rd R but 8ng8z, a kibenl rgbbandeldgesképedhe®. k ut |
Ipari eljarasokban ezértbutii2 t i um hex8nos ol dl@omaheddros yet t
ol dat 8§t al kal mazni , ez esetben MAbhpexibni s h

-1 2tium tovs8bbi el Rnye, oftresgmintabatiittméos ol dat a

Az N,N-diizopropil-4-klorbenzamid 78) THF-os oldatat 78 °Gon 1,2 ekvivalens hel -

-littummal litidltuk, majd 1,3 ekvivalendDMF elektrofilld reagaltattuke z t k%avet Ren
butil-litiumos reakci6éval amos feldolgozads utaB2 %o0s termeléssel kaptulkB2

aldehidet. Kijelenthetjiuk tehat, hogy a bdtik t i um | 2t i 81 - sz-er hel
litummal, igy tovabbi méretnodvelés esetén alkalmazhaté ez az Uzembiztonsagi

szempontbdlényegesee | Rny° sebb reagens.

A kapott 82 o-formilbenzamidotmetanolban, natriurtetrahidridoborattal redukaltuk a

me g f e8B hidrdXimetil szarmazékkamelyet beparlas ésterese x t r ak ci - t k ©
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®t eres kevert adn®2 %-osve®nplé¢sseizotarul EzRa lényegesen
megjavitottuk a lab@tériumi eljarasban kapott 54 #s termelést, amelyet rdadasul

szanben a mi e gy s i aszlopkromatgg@fiagtisztitaskutéarakbptak.

A 83 hidroximetil szarmazékoR0 %o0s vizessOsawldatban 4 orat forralk, majd
diklérmetanos extrakciésbeparlasutan, a maradékdtexanésEtOAc 1:1 (V/V) aranyu

keverékévekevertete 76 %o0s termeléssel kaptudkristalyos5-klorftalidot (23b).

A 82 o-formilbenzamidotkétiépéses eljarasban 62-86 termeléssel tudtuR3b ftalidda

alakitani. Biztunk abbanhogy egyedényes eljarassal lényegesen jobb eredményre
juthatunk.Az egyedényes eljaras sor8@ formil szarmazéke ges f ¢r dRben ke
metanolos oldatdhoz masfél o6ra alathtriumtetrahidridoborét adagoltunk, majd

s z 0 b a h R m®&avabli R drae keeeriettik Ezutanvizet adtunk a reakcidelegyhez,

majda met anol t | ep 8r éstomanksosavadvaardéakcioelegyheg& g y r R |
-r8t forraltuk. A reakci - -elegyet l ehTtve
az S-klorftalidot (23b) k i s z Wiezel gnijdviz ésetanoll:1 (V/V) aranyu keverékével
mostuk,végulszaritottuk. Az optimalasosoran 93%-os termelést értiink el a két [épésre
vonatkoz6anA méretnovelt sarzsbakizel egy molnyiformilvegyllet 82) atalakitasat

végeztik eb-klorftalidda @3b) 92 %-os termeléssel.

Osszefoglalva: az altalunk kidolgozott gyartdeljarasban Sadorftalidot (23b) a

kiindulasi 78 benzamidravonakoztatva79 %-os hozammal§ | | 2 t o szembé&n ae | R,
laboreljarasnal kapott 5%-kal. Ki k ¢ sz°b°lt ¢k az iparkBgan mel
sz8mos extrakci-s | ®p®st. Ctkrist§lyos2t§

tisztasadgu termeéket nyernink. Igazoltuk, hogy tovabbemévelés esetén a biilium

helyett hexilitium alkalmazhatd.
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5.2.4,6Diklor-és46di f 1l uorftatid el R§I

A 4kl -rftalid el R8Il 1 2t 8s8r a al kal mazott €
irodalombol nem ismert 4,8iklor- és 4,6difluorftalid (86a, 86b)e | R 8 | (32. &bgap §r a

X X X
Li
—_— —_— — — O
o) o)
X X X
N(i-Pr), N(i-Pr), o
84 85 86
84-86 a b
X Cl F

3l.édbra c®l ftalidok ®s el R8I 12t 8si

Ez esetben kiindulasi vegyuleteinB4g, 84b) két, a savamiadsoporthoz és egymashoz
képestismetah el yz et ben | @il fuorhsaubsatitu@ et taftaknaznak, ami
i kulondsen a difluorszarmazék esetébeéne | v et i azt a | ehet Rs®ge

halogénatom kditi helyzetben is megtorténhet.

5.2.1. 3,5Dihalogeno-benzolszarmazekok litidlasi reakcioi az

irodalomban

Az irodalomban szamos példa vagy orto-irAnyité csoportot (Directing Metalation
Group, DMG") és hozzA képest kéietah e | y z e tillétve fkibrakamot tartalmazo
benzolszarmazékobrto-litialasara (32. abra) Az emlitett halogének i®rto-iranyitd

csoporok.

A 3,5difluoranizol (87) butil-litiummal, THF old6szerben,78 °C-on, 45 percigrégzett
litidlasa majd szérdioxiddal torténtreagaltatas@,6-difluor-4-metoxbenoesavat(89)
eredményezte 8% illetve 867 %-o0s termelésse(32. &bra) A litidlas tehat a két

fluoratom kozorto-helyzetében tortént.
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. Li HOOC
BuLi, THF 1.CO,
_—
E O/ -78 °C, 45 perc E O/ 2 H* E O/
87 88 89

YL

Pascal émunkatars® a 3,5-dikléranizolt @0) butil-litiummal TMEDA jelenlétéberi, 78
°C-on, THFban , 1,5 -rs8n 8t reag8ltatt gk, amaj d a
elegyét kapt&, melyetdiazometannaésztereztek majd kromatografidsan elvalasztottak.

lly médon 16 illetve 14 %os termeléssel nyert&Billetve 94 észtereket @ abra).

OMe — _

OMe OMe
BuLi/TMEDA, THF Li
' B} +
Cl Cl -i8'c, 1,
Cl Cl Cl Cl
91 92
1. CO,
2. H*, H,0
3. CH,N,
OMe OMe
COOMe
+
Cl Cl Cl Cl
COOMe
93 94

33. abraa 3,5dikl6ranizol irodalmi litidlasdutil-litiummal TMEDA jelenlétében

wao®az el Rbbi 98 gzekbusi-fitiumnsak TMEDA (elenktében; 95 °Gon
THF-ban 1 éran at litialta, majd-@fenilszulfonil)-1-(trimetilszilil)-etén(96) elektrofillel
kezelte, véglul TBAFdal végzett deszililezés utan 86-8% termeléssel kapta @7
fenilszulfonil vegylletet. A litialasilyen koérdlmények kozott regioszelektivnek

mutatkozott (&. abra). Amikor a 3,5-diklérfenol terc-butil-(dimetilszilil) (TBDMS)
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éeteréet(989) 1 2t i 8l ta az el Rb mad ugyanazzdl @6Raeitrefiiel k © z © t

reagaltatta deszililezéses feldolgozas utan1@0 fenolhoz jutott. Ez esetben tehit
szemben a 3;8ikloranizol litidlasanal tapasztaltakKala litialas a két klératom k6zos
orto-hel yzet ®ben t°rt®nt. o0ABDME Icsbpoth &lt@ gplkorott a

sztérikus arnyékolassal magyarafd. abra)

SiMes
OMe OMe L CH < OMe
2
szek-BuLi/TMEDA Li SO,Ph SO,Ph
THF 96
954, 1
Cl Cl cl o 2. Bu,N‘F- Cl Cl
90 - 95 N 07
e
.S B \Sij< L SiMe3
o” N\ _ 0"\ CH, OH
szek-BuLi/TMEDA SO.Ph
THF 9% 2
95 A 1
cl cl %, cl cl 2. BU,N'F Cl Cl
L Li _ SO,Ph
98 99 100

34. dbraa 3,5dikléranizol litidlasaszekbutil-litiummal TMEDA jelenlétébemajd

utélagos funkcionalizata

Marzi és munkatarsaizal,3difluor-5-(metoximetoxijbenzot (101) butil-litiummal,
dietil-éterben,i 75 °C-on 6 oOra litialtak, majd szérdioxiddal reagéltattdkA savas
feldolgozas soran a metoximetil csoport is lehgsadi y f Rt €03 ieRzods@in t
(61 %) kaptak 85. abra) Kis mennyiségberf2 %) 105 izomer sav is keletkezett.A
litidlas tehat talnyomorészt a metoximetoxi csoport és a fluor szubsztituensdktizos
-helyzetébe tdrtént. Ha azonban a litialast LICKOR szuperbazissal (BuLi &uKO
elegye)i 75 °Gon, THRban 2 6raig végezteknajd szérdioxiddal reagaltattak, savas
kezelés utarB3 %-os termeléssel izold@k 105 benzoesavat, igazolva, hogy ezuttal a

litium a két fluoratom kozosrto-helyzetébe épllt be
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OH

OCH,OMe
BuLi, DEE Li 1. CO, COOH
; —
-78/C,6- 1 a 2 H*
F E F F
OCH,OMe 102 103
= = OCH,OMe OH
101\ LICKOR, THF 1. CO,
/SC —_—
-78°C,2- r a F . 2 H . .
Li COOH
104 105
35. abra 1,3-difluor-5-(metoximetoxijbenzol butdl 2 t i u mma | t°rt®nR | 2

funkcionalizalasa

Kauch és Hoppe eljarast dolgozott ki -8lfluor- és -dikl6rfenolok N-izopropil-N-
(trimetilszilil)-karbamatjainak 106ab) orto-funkcionalasar&®* A litidlast butil-

littummal TMEDA jelenlétébeni 78 °C-on, 1 o6r&n at THF-ban végezték. DMigal
t°rt®nNR kezel ®s, maj d a kar b%aosSdrmeléssetl r ol 2 :
jutottak 108ailletve 108bszalicilaldehidekheg36. abra)

MesSis, J\ - MesSi_ )\
A A

0" o 0" o OH
BULI/TMEDA, THF Li 1. DMF CHO
- : 0 +
X X 78 C, 1 6ra X % 2. H*, H,0 X X
106 107 108

36. abra 106a,borto-funkcionalizalasa

Afentii r odal mi adatok alapj8n nem | 8thatjuk
diklér- és 3,5difluor-benzoesav amidokkal84a és 84b) végrehajtand6 litidlasi
reakciokban hogyan érhetjik el a kivant regioszelektivitast. Nyilvanvald, hogy mindez

erRsen f¢ggg a |2ti 81 8s k°r¢l m®nyeinek megyv
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Dabrowski és munkatarsaiunkaj&’ hivta fel a figyelmet egy, a fenti irodalmi példak
esetében nem vizsgalt fontos szempontra: a litialasi reakcid kinetikai és termodinamikai
Aeredm®nyeodo tanul m8§ny35aidrénmnizld0odfLDAvalpi85s § g §r a
°C-on, THRban ¢ rt ®n R | 2t i 8resgleteSan. AmenaybeasS | k ® gz Rd R
litumszarmazékoin situ TMSCI-dal reagaltattak111 szarmazeékot izolaltakamely110

aril-litume | sRdl eges kel @t dbm)A@e®tn ybhibz2an k®ttj ar §s
utdn adtak a reakielegyhez az elektrofjlil3a ni z o | k®pzRd®amely i s t
112 aiil-litiumbdl szarmaztathatdHo s s zabb | 2t i 813 fennyiséegeddR vV e | n
litidlasi reakciokban tehat kinetikaildilOk ® p z Rd®s e kezdem®nyezett

i dRvel §tal akul a XIl2izomeoréli nami kai |l ag stabil
OMe OMe OMe OMe
/@\ f Li elektrofil: TMSCI
LDA, THF DME
Br Br 85°C Br Br Br Br Br Br
Li El
109 110 112 113
El: TMS
in situ CHO
Me,SiCl
OMe

f SiMes
Br Br
111

37. abra 3,5dibrémanizoll 2t i 81 §sa sor 8n f el lugkpnRollki net i |

Schlosser 6sszefoglalé publikadbgn®* t © b b p®l d§t i s i smer
szubsztr8tumok | 2ti 8l 8si r dkandtikusan)k ®p z RdR | y
metllalt szarmazék egiermodinamikailagstabiisabb izomerré alakuf. ezt b8z i ci

cs®°kkent R i zbasiierlowernng sdmerizaidneyezte.
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5.2.2. 3,5DihalogenoN,N-diizopropil benzamidok  litialasi

reakcioinak vizsgalata

A 3,5diklor- és a 3,5difluor-N,N-diizopropilbenzamid §4ab) kiindulasi anyagok

el R81 1 2t 8s 8t azoproplaniRzak35kdikics, dletve i3,Rdiflyorbehzoit

kloriddal (114aill. 114 t ol uol ban t°r t ®n R illetvei7b %as®s ®v e |
hozammal, savmefkt R n e & ha3zEakunk38. bra).

X
(i- Pr)zNH
84,114 a
O TEA, toluol S R—
X 2 szh., 24 6 X Cl
Cl
114

N(i-Pr),

38. &bra a kiindulasiN,N-diizopropilbenzamidok&4a,) el R81 | 2t §s a

Az N,Ndiizopropil-3,5diklorbenzamid  84a) litidlasat a N,N-diizopropil-4-
klérbenzamid 18) litialasinal bevalkorulmények koatt vegeztik A benzamid THFos

oldatahoz 78 °C-on hozz&adagoltuk zutil-litium 2,5 molos hexanos oldatdt6rés, 78

°Cont °rt ®n R k eavreakcioadegyRez DMBt &ltunk egy részletben, majd a

h Tt ®s tuntettié.g\ svart 2-formil-N,N-diizopropil-3,5-diklorbenzamiot (115a) 99

%-0s termeléssel nyertiik kA termék szerkezetét db-NMR spektrumbart,45 és 710

ppmn ® | megjelenR 1,8 Hz csatol §8si 8l 1l and - |
litidlas tehat a savamidcsaporto-helyzetébe torténBpa, 39. abrg.

Cl B Cl ] cl
BulLi Li
uLi DMF CHO
o) o)
THF
cl o Cl 99% cl °
N(i-Pr), 1 - N(i-Pr) N(i-Pr),
84a 85a 115a

39. abra 84aorto-litidlasamajd DMRFd al t °rt ®n R kezel ®se
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Ezt k ° v 85@flor-N,Naliizopropilbenzamidot &4b) a z el RzRekben
korilmények kozaottitialtuk. Azonos feldolgoassal 900-0s termeléssel tisztazintelen
kristalyos anyagot kaptunld kinyert formilszarmazékH-NMR spektrumaban azonban

az aromés tartomanyban csak egy multiplett jelentkezett 6,93nphnami arra utalt,

hogy a formilcsoport a két fluoratom kézéiéoe (117b, 40. 4bra).

E F
Li
DMF oHc
0

F E o

F N(i-Pr) N(i-Pr)
- 116b o 117b
¢
F
N(i-Pr); o ]
84b L
o
F
N(i-Pr),

85

40. abra a84borto-litialdsa,majd DMFd al t °rt ®n R kezel ®s e

A117bf or mi | sz8r maz®k k®pzRd®s®t k®tf ®l ek®pp:
3,5-difluor-N,N-diizopropilbenzamid §4b) az adott reakciékdrilmények kozott sed

helyzetben litidlodott és a DMF elektrofillel reagalva d#odnil benzamidot 117b)
szolgaltatta40. abra A A ¥t ) . De az is el k®pzel heesR, h o g
helyzetben tortént A B dit, 85b, kinetikusan kontrollalt termék), majd 1 6ra alatt

8t r ende zefRitRzetben l@ialt£zarmazekkdgb, termodinamikusan kontrollalt

termék), amely DMFdal reagalvd17b formilszarmazékoadta.

Minthogy a megfelel R ftal ifdmiszamazék® zalts ®h e z
szikségunk elhataroztuk, hogy részletesen tanulmanyozzuk alifl@gs-N,N-
diizopropilbenzamid®4b) | 2t i 81 8 s i reakci -j 8t . Az el sR
a | 2ti 8l 8si i dRt a | ehet Rlituneg8j°Gdrb an® lte®® R
beadagolasa utan azonnal hozzéadtuk a reakcidelegyhez aoDNfy a butil-litium
adagolasanak kezdete és az elektrofil hozzaadas kozott mintegy 5 perc telt el. Az

eredmény azonban nem valtozott: igy kl#@b 4-formil benzamidot preparaltu80 %-os
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termelésselTovabbra is kérdéses maradt, hogy kdzvetlenidea Aelyzetbe litialurk
e | s Rditidle qtermedier 8% | @ti K d AR at2s z €
8t r end e-itidtdlil6b) szarmazekka.

Ennek eldontése ugy lehetséges, ha egy olyan elektrofilt alkalmazunk, amely jelen lehet a

(116b) |

vagdgy

aZz

reakcioelegyben mar akkor, amikor bdtilummal litialunk, vagyis lyan elektrofit,

amely abutdl 2t i ummall

(TMSCI) elektrofi. En n e k

oldatot, majd 1 6ras78 °Go n

nem,

t°rt®nR

-k Tamn@p z PdAtitananislz er
An situ c s a p dr@ ASQ i situ quenchiny®™® alkalmas a trimetilsziliklorid
me g ,b-difluc-N,Rdizoprofilbenzamid §4b) és
felesl egbeni78°®@v& [ MS&l ddatdhdd Fdagoltuk a buftium

kevertet ®s

ut 8n f

%-0s termeléssel kaptuk H8b 2-trimetilszilil -benzamid szarmazékotl(4dbra). Ezzel

igazoltuk, hogy 3,4lifluor-N,N-diizopropilbenzamid §4b) az adott reakckdrilmények

koz©°tt

termodinamikailag stabilisabb (kevésbé bazikuk)6b aril-litiumbdl

Gazkromatografias

méréseink

e | s ddlyeethbenditélaodik,akinetikusan telddb a
V8rakoz8sunknak

més ditfalésl redkddeutan adtula a TMSICh
reakcidelegyhez, 78 9%s termeléssell19b 4-trimetilszilil-benzamidot kaptuk, amely a

szerint

mindkéeakcidéban

keletkezik.

rendkival j6

regioszelektivitas: a nyerstaékekben 418b/119b arany 100:1, illetve 1:64.

F

o

N(i-Pr),
84b

BuLi

—_—

THF, -78 iC

85b

Li

116b

Li TMSCI, in situ
o
0
NG-PY),
r a
T™MSCI
T
0
NG-Pr),

Me,Si

SiMe,

N(i-Pr),

118b

o
N(i-Pr),

119b

41. abra a 3,5-difluor-N,N-diizopropilbenzamiditidlasanak kinetikai vizsgalata

A 3,5difluor-N,N-diizopropilbenzamiddal §5b) v ®gz et t

k2s®r |l

kedvezR

a

el

t er |

etein

kovetkeztetést vonhatjuk le, hogy a molekutes2helyzetébe a fentiekben alkalmazott
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litiAlasos modszerrel csak akkor tudunk funkciés csoportot (pl. formil, hidroximetil)

bevezetni,

h aes helytetettmieiiiikg s

el

Rttt a 4

Mindezek utédn kivancsiak voltunk arrdnogy az N,N-diizopropil-3,5-diklérbenzamid

(843

termodinamikusan kontrollalt termék Annyi

litialasi

reak@jaban

kinetikusan kontrdél t
sz8r maz®kk 8§,
is kivalo termeléssel kaptuk as2ubsztitualt szarmazékdtiba).

mi

észlelt

ter m®kr RI

nt

a

bizonyos,

Aitium-szarnazék

van

megfelel R difluor

SZ -

kinetikusan  vagy

hogyha ez esetben s

, neniitidt endezF

anal

Ez eseten is elvégeztik a lifist TMSCI jelelétében és 88-86 termeléssel izolaltuk a
3,5-diklér-N,N-diizopropil-2-(trimetilszilil)benzamidot 118a, 42. abra). Ezutai84a 3,5
diklér-benzamidot 7 éran at reagaltattilk8 °Gon butiklitiummal, ezutan adtuk a

reakcbelegyhez a TMSGbt. igy 83 %-0 s

szarmazeékot 1(19a)

megt°rt®ni k

amel ynek

ter mel ®s s el
k ®pzRd®s e
k i n-@ium-széunsazék §5ak ® p&ztRrdePntdte z Rd ® s

termodinamikusan stabilisabBifium-szarmazékkal(6a).

Cl

Cl

84a

O

N(-Pr),

BulLi

—_—

THF, -78 C

Cl

Li

Cl

Cl

116a

Li

N(@-Pr),

kMgt uk a

igazol j a, h

Cl
TMSCI, in situ SiMe,
—_—
o)
Cl
NG-Pr),
118a
Cl
Me,Si
TMSCI 0]
Cl
N@i-Pr),
119a
DMF al
OHC
o
Cl
NG-Pr),

117a

42. abra az N,N-diizopropil-3,5-diklorbenzamiditidlasanak kinetikai vizsgalata
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Az izolalt TMSszarmazékok gazkromatografias analizise megint azt mutatta, hogy

mindkét reakcidban rendkivil jo volt a regioszelektivita85al116a arany 65:1, illetve

1:100. VegulB4a3,5diklor-benzamidot 7 6ran &78 °Gon butitlitiummal reagaltatva,

majd DMF elektrofilt adagolvaa 4formil-szarmazékot 1178 79 %o0s termeléssel

8l 1l 2tottuk el R.

Kisérletileg igazoltuk tehat, hogy mind8da 3,5-diklér-, mind pedig &84b 3,5difluor-

benzamid esetében a két halogénatom kozott litialt szarmazék a termodinamikailag

stabilisabb. Ez arra utal (amint varhatd), hogykét halogénatom kozotti hidrogén

savasabb a hal og®nek

®s

a karbamoil csopor:

litidloszer A4ltaldban rogton a legsavasabb hidrogént c8&rély azonnal a
termodinamikuan stabilisabb litiurs z § r ma z ®k  k ® p.% Re@Eidkieer B
igazolodott (8. abra):84a és 84b benzamidotLDA bazissal,i 78 °Gon, THFban, 1

oran atkevertetve majd TMSCI, illetve DMF elektrofillel readtatva j0 termeléssel
kapt uk a4-snedsgpfitidlt searnfRzéekokatly és119).

X B X ] X
LDA, Li elektrofil El
N 0 ST « o) « o)
N(i-Pr), N(i-Pr), N(i-Prk
84 B 116 - 117, 119
84| X eektrofil El termék termelés (%)
DMF CHO| 117a 81
a | Cl
TMSCI | TMS | 119a 93
o | DMF CHO| 117b 81
TMSCI | TMS | 119 83
43. abra84a,bLDA-v al t°rt ®nR | 21t i Bvhi@kezalése maj d

A két 3,5dihalobenzamid 84a 84b) litialasi reakcioinak kinetikajakozott tehat

nagyfoku hasonlosagot talaltunk. Mingkiitialasanalkinetikusana 2litio szaarmazék

k ® p z Rddatdlftio izomer volta termodinamikusan stabilisiindéssze aaril-litium

p8rok 8t al akul §s(85bYslaahsoiskal @/greabbynur@saY 186H).t ®r R
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5.2.3 4,6Diklor - és 4,edifluorftalid szintézise

5231.A46di kl -rftalid el R8I 2t §sa

El s Rk ® n-tiklériaalid 486d szintézisétvaldsitottuk meg (4. abra). A 84a
diklérbenzamid litidlasat, majd formilezédéa z el RzR fejezetben r ®
(5.2.2. fejezetd0. old., 39. abra)végeztik, igy99 %-os termeléssel nyertik a 3J&Ior-
2-formil-N,N-diizopropilbenzamidot (115a). A kapott 115a 2-formilbenzamid
szarmazékot natriuttetrahidridoborattal metanolban redukaltukl20a 2-hidroximetil
szarmazékka83 %-os termeléssel. A20a hidroximetil szarmazék sdésavas forralasa

pedig 78%-0s hozammal eredményezte a-dikorftalidot (86a).

cl cl
Li
BuLi
o — o —
cl THF, 78 @ | ¢ 99 %
. 1 - _
g4a  N(-Prp gsa  N(-Prj 115a  N(i-Pr),
cl
_ NaBH, CHOH 100 HCI
MeOH
83% 120a  N(i-Pry 78 %

44. abra a 4,6diklorftalid szintézise

Az 5-klorftalidhoz @3b) teljesen analog modon sikeri#hat a 4,&liklorftalid (86a)
célvegyllet szintézisea 84a benzamidra vonatkoztatott 6%-0s Ossztermelésseh

szintézistovabb nem optimaltuk.
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5232.A46di fl uorftalid el R8I 2t 8§8sa

A 3,5-difluor-N,N-diizopropilbenzamid &4b) litidlasi reakcidinak a5.2.2. fejezetben

ismertetett vizsgalata soran kiderult, hogy-eszhelyzet litialasara csak akkor van esély,

h a hel -0s@Patc sopor

vélasztottuk, amely a masodik litialasi reakcibban nem zavar és eltavolitasara az

te laR4e s yzetet megv®dj ¢ k.

irodalombol toébb moédszer is ismert.

A 3,5difluor-N,N-diizopropilbenzamid &4a) litialasat 178 °Gon, THFban butit
littummal, illetve LDA-val is elvégeztik. A TMSGbt mindkét esetben 1 6ra utan adtuk
a reakcidelegyhez. A -ds helyzetben trimetilszilitsoporttal szubsztitualtl19b
benzamidot amelyet 78, illetve 83 %s termeléssel kapturikbutil-litiummali 78 °G
on, THRban egy 6ran ditialtuk, mgd DMF elektrofillel reagaltattk. Ily médon 74 %
os hozammal kaptuk &21 formilszarmazékot, amelyet ezutan metanolban, natrium

tetrahidridoborattall22 hidroximetil vegyiletté redukaltunk, 92 -&& termedssel(45.

abra)
N 1.BuLi ~eo
1Bulivagy LDA S THE, -78 S CHO
—_— B ——
F 2.TMSCI F -78 AcC F
N(-Pry, -78 AC=> N(i-Pr), 74 % N(i-Pr),
78 vagy 83 %
84b 119b 121
F OH
CsF
ACN | ag.HCl
24 - ra le) 3 .r:
- | F OH 98 % F 92 % F
NaBH, /SI N(i-Pr),
- . N 120b e
o) >
MeOH, szh. F F
5 - . F
92% N(i-Pr) \éi 0
122 - CsF 86b
aq.HCl 0 ACN
6 -re¢ 24
93 % 0O 855[;
123 %

45. abra a 4,6difluorftalid szintézise
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Ezut 8n, a szint®zist k ®t Yt on folytattuk,
trimetil szil iAz egyk®at Rénygegephogyt ao kapott 3,5-difluor-2-
(hidroximetil)}-N,N-diizopropil-4-(trimetilszilil) benzamidrél (122) lehasibttuk a TMS

v ®d Rc s onpapl raz dgly kapott 120b hidroximetil vegyulet savas forralasaval

alakitottlk ki a kivant ftalidot(86b). A masike, hogy al22 hidroximetil vegylld savas

gy Tr Tawmlg 4,&difluor-5-(trimetilszilil) -ftalidot  (123) képeztink majd annak
deszililezésévelutdlag jutottunk a kivant 4&lifluorftalidhoz (86b). A TMS-csoport
eltavolitasa kaliumfluoriddal® vagy tetraetilammoéniurdfluoriddalf® THF-vizes

kbz egben, szobahRMmM®r M lsikedilt. eMegul @éziurfitiooddal a |l v a

acetonitrilberl’ j6 hozammal sikertiimindkét vegyiilet122 és123) deszililezés.

A termelések valamivel jobbak voltak, ha a deszililezést &2 szarmazékon
elvégeztiik. igy at,6-difluorftalidot 5 Iépésben84b 3,5-difluorbenzamidra szamitvail

%-0s termeléssel kaptuk.

Megj e gy z e n d-Bfluorftalaat B6b)a2018harti kdzleményiink megjelenése
utdni m8 s Yat owva egy bnieBkii IsZaliadalombarieirtak (46. abrg. 4-Amino-6-
fluorftalid (124) Balz-Schiemann reakcidjavall2s diazéniumso hexafluorofoszfatjan

keresztiilbszlopkromatografias tisztitassal, 39d%hozammal kaptak.

NH, NoprFre .
1.HCI, NaNO,, 150 °C
> O ——— O
F ( 2HPF 9% (
O 41 % o) o
124 125 86b

46. dbra Ujabbirodalmiuta4,edi f l uor ftal i d el R8I 1 2t

a7



53. Az 5H,7H-furo[3,4-f][2,1,3]benzotiadiazot5-on
(126) szintézise?

A bevezetésben emlitett, a kdzponti idegrendszerre hatbebBdiazepinek korében,

k¢l °n®sen a ki emel kedRen hat ®kony AMPA &
talalkozunk a benzolgyr T n ndiexi szubs@tituenssel (Id. pl. talampar@lpldal, 2.

abra). Bar a metiléndioxifenilszerkezeti rész szamos természetes anyas
gyogyszermolekufd részét képezipotencialisan toxiku$ minthogy metabolizmusa

soran inhibedlja citokrom P&0 enzim katalitikus ciklusaEz komoly kockézatot jelent

egy gyogyszer fejlesztése sordigy a metiléndioxifenil csoporh el yet t es2t het
fontos szempont. Mederski és munkatarsai megallapitottak, hogy a metiléndioxifenil és a
[2,1,3]benzotiadiazol szekezeti elem egymassal bioizosAéa7. abra), igy ez utébbi

al kal maz8s8val el ker¢l hetR az esetl eges en

o N
D) <100
0 N=
47. dbra ametiléndioxifenilésa [2,1,3]benzotiadiazazerkezeti elem bioizoszterek

Ennek megfel el Ren, az Yhenmotiadiazeph2, &diokidok et i z §
kérében a metiléndioxszarmazékok helyett al2s s z er k e z etindiazot 2, 1, 3
szarmazékok szintézisét terveztidl8.(dbra). Ez utdbbihoz pedigz 5. 4bran§; oldal)
bemutattt retroszintetikus elemzés alapjan, az irodalombol nem ish2§t ftalid

szintézisét kellett megoldanunk.

N
ST e e e S
N NZ (

Ar (e}
125 126

48. abra tiadiazola2,3,4benzotiadiazeph?,2-dioxidok kiindulasi anyaga 126 ftalid
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5.3.1. Irodalmi hatt ér

Az irodalombdl ismert, hogyorto-feniléndiaminok tionikloriddal®"?® vagy N-
tionilanilinne®t °© r g ® A R T z § rb&ngatiadidzpldkat 8redményetd(&bra)

HN SOCI, vagy PhNSO N
R s R
N~
H,N N

49 adbra2,1,3benzoti adi azol ok i rodal mi el |

Esetlinkben az 5;8iaminoftalid (29) ily m-don t°rt®nhketiai kl iz
126 cdvegyiletet (129Y 126), tehate | R s129°egyiilee t kel |l eunk (50e!| R8I |
abra)

1. HNO,
Zn/NaOH H3N H.SO,

NH —m 0 —>\ﬂ/ — 2 4y
2% 2. HCl

D
o)
127 S 26 %

H,N
1. Zn/HCI 2 Socl, N
[ JSOU - S 0
N =
2% N

50. dbra irodalomban leirtit az 5,6 diaminoftalidszintézisére

A 129 kulcsintermedieaz irodalomban leirt vegytleXurilo és munkatarsd® kézel 70
éve kozolték as zi nt ®zi s ®t , me | y touwdbloal az legyeésHep@sek n e h
termelési adatais hianyosak(50. abra). A s z e r znRdftalinidbdH (25 nagy
feleslegT cinkkel, | Yag 0 s -ahkifioftadidot IP@),na4.1.Rzve 8§
fejezetvégén (13. oldal, 10. abra) részletesebiserertetett médonA 27 aminoftalicbt
ecetsavanhidriddeN-acetlezték ( i r od al mi termel ®s 1 smeretl e
hozamu) A kapott 5acetilaminoftalidot 127) nitraltak, majdaz acetilaminecsoporot
dezacetiezék A két 1épés mindbdssze620-0s termeléssel szolgaltataz 5aminc6-

nitroftalidot (128), amelynek redukciéjaval nydek az 5,6diaminoftalidot (29).
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Kitermelést a cikk nem emlitleismétf e | t ®t, @dgye & rdukdid R hozamu A

nitralas alacsony kitermelése, tovabba az aminocsoport atmeneti megvédésenek
szukségessége amely szaporitia a szintetikus lépek szamat és igy csokkenti a
termelési motivalt minket arra, hog{29 diamind t al i dr a e gyonypbe | ent RS

0j szintézist dolgozzunk Ki.

5.3.2. Uj eljaras 5,6diaminoftalid el R§ 1 d 2é¢ 8a § r

tiadiazoloftalid szintézise

Az 8l tal unkiorfalidRBB) megbet el R ki i nduzl5%s i any
diaminoftalid(129) szintézighez(51. bra)

Az 5-klérftalidot (23b) irodalmi médszer szerinf ¢ st °© | g R éstanémykénsavms a v
elegyével nitraltuk® és 85 %os termeléssel preparaltuk Bxlor-6-nitroftalidot (130),

amelyet DMF-ban natriumaziddal reagaltatva aromas nukleofil szubsztiticiés
realcioban, 85 %0s hozammak | R § | | 25tapido6-nitdoftalidat (131, 51. abra

Ezt tisztitasnélkil (okét Id.a 5.3.3 fejezetben 52. olda) vittik tovdbba k° vet ke z R
reakcibba A pi r os p a,pnyérkl8l azdoaitrofialidot DMF olddszerben,

szobdh Rm®r sGAdC &taema] i z8t or | el dkub Bidra®dnezésselt ° r t ®

redukdltuk a kivant 5;8iaminoftalidda {29), 88 %-ostermeléssel

100 % HNO
H SO
O —> O —>
1 0 O AcC, DMF
0 -
85 %
23b 130
PdC _socl, N
S, 0 S53%
DMF toluol N=
szh.
(0]
88 %
129 83 % 126

51. abra Uj eljarasunk tiadiazoloftalidL@6) szintézisére
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A 129 diaminoftalidtoluolban, tionitk | or i dd gly Tt T BEU®E Raneléssel
eredményezta megcelzottl26 tiadiazollal kondenzalt ftalidotAz altalunk kidolgozott
eljarassal klorftalidbol (23b) kiindulva a 129 diaminoftalidot 64 %-o0s, mig a 126
célftalidot 3 %-0s termeléssel nyertiik

Uj szintézisiinkkell29 diaminoftalidi és ezaltal a26 ftalid is i sokkal kénnyebben
hozz8f ® het Rv® v§8lt, mi A26 ftakdhol elvégeztlilP50 mb - |
tiadiazepin(47. oldal, 48. abrajzintézisét’* ez azonban nemdrgya a disszertaciomnak.

A 129 diaminoftalidés al26f t al i d szinteti kus jelent Rs®ge
komplex heterociklusos gyTr Tr evind azzosor e k Kk i
fenilén-diaminokat! *°*'%* mind a ftalidokat''°>'°%1%" gyakran hasznaljak bonyolultabb

heterociklusos rendszerek kiindulasi anyagaiként. Ha mindkét szerkezeti elem egy

mol ekul 8ban van jelen, nm®araj °bb ilyen | ehe
HoN N c N CH;
/ 7 I
o — s o —— S )
N N~
H,N N Y N |
129 O 126 O o}
a d

H

N H,N CH,
CIC D

N \

H o (I)

H,N
H e
N CH, /
™
H |
o

52. abra a tiadiazoloftalices az 5,8liaminoftalidlehetséges felhasznalasa

~

heterociklusok szintézisére

A 129 diamino funkcigat © bbf ®l e gy Tr Tz 8&r §si reesci - ba
kivant atalakitasa kovethetA5abra,a ésbl ®p ®s ) . Ha azonban el Rbl
akarjuk maédsitani ugy, hogy az aminocsoportokat védeni kell2zéf t al i d megf el
kiindulasi vegyulet(c Iépés) A benzotiadiazolok ugyanis kdnnyen redukélhabéto-
feniléndiaminna, ezért védetirtof eni | ®ndi ami MW E tedukciosnt h et F

51



atalakitds zamos modszerrel, igy magnéziummal metangtBarkobalt(ll)-kloridi
natriumtetrahidridoborat rendszerr€® Raneynikkel jelenlétében végzettatalitikus
hidrogénezésset® cinki ecetsav rendszerrEtt vagy litiumtetrahidridoaluminattat?
el v®g ¢ddépés)tAR i | y m- d o nortdNenilésdmmirbal Kiaakithato a
k2vgnt gyé€lépés).endszer (

5.3.3. Az 5-azido-6-nitroftalid bomlasi reakciojanak vizsgalata

A fentiekben targyaltszintézisibn s z e r, erpdhldtnban nem ismerb-azido6-
nitroftalid (131) e | R &slatkristhlysitasi probai soréeifigyeltiink annak termikus
instabilitasarabgy t Tnt , hogy -kotaalehetlabazitiot kvistdlyositani. H F
Megfigyeltilk azonban, hogy az atkristalyositott anyaghdl fefietNMR spektrumban

az azid éles aromas jelei mellett, 0,093 ppmnyivel eltolédva egyegy széles

szingulett jelentkezik & abra).

131 aromas protonjai

Ake | e tvegyldeR
aromas protonjai

—>

131atalakulasa

ppm ppm

8,40 8,36 7,96 7,93 8,40 8,36 7,96 7,93

Friss131 oldatb6lmért'H-NMR spektrumaniarészlete Atkristalyositott131 *H-NMR spektrumanak részlete

53. 4bra 131 oldatanak'H-NMR spektruménak anomaligja

Felvettik az azid és el Rl e kel etkezett anyag t°megs
k¢l ©°nbs®get a ko®t anyag k©°z?©°gtj.anyaygdemiel e man
Osszetéte (CgH4N20O,) két nitrogén atommal kevesebb, mirt3l azido vegyuleté, azaz

egy nitrogénmolekula vesxs torténhetett az -&ido6-nitroftalid melegitésekorA
reakciot131THF-ban t°rt ®nR 4 - r8s Aktoeggl®EssaimTt stz
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meghat 8roz8st Vv®gsR soron e gérikel (3.taBrd)y r °nt
Bebizonysodtt, hog 5H,7H-furo[3,4-f][2,1,3]benzoxadiazeb-on 3oxidot (132
kaptunk @ 5-azido6-nitroftalid termikus bomlasa soran, mely az irodalomban Uj

vegyllet.

N
’ THE N
O — > 0 (@)
O,N E [“+
o) 2 "0 o)
4 6ra forr.
131 96 % 132
| -
OO RIC
L | |
) _
(PR o B
e i‘ 1

54.abraal31lt er mi kus boml §8sa s oseegkazetk el et ke z R

Az orto-azidonitrobenzol szarmazékoktermikus hat 8sr a b ddsénvwet ke z |
atalakulasaismertek az irodalombart®
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6. Osszefoglalas

Uj, gyarto eljarast dolgdank ki 5-klorftalid (23b) e | R & | | NeNedi&z@pi®pil-4-
klérbenzamidbdl (78) kiindulva, kulcslépésként orto-l 2 t i 81 §storto- k°vet
funkcionalizaladssallgazoltuk, hogy a laboratoriumi eljarasban a blitilmmal végzett

orto-l 2ti 81 8s m®retHh2velumetiRt®EIl aszbeurt i & t ech
hexil-l 2 t i umr a Megéallapita@ukhhegy Rarto-hidroximetil csoport kialakitdsa

jobb kitermel @®bel mvRPRger®bet ROeet R redukci
csoport kozvetlen bevezetéséveh z i ntermedierek tiszt2t 8¢
ki k¢gszobolt ¢k az i parbdarecmedol RgieamidlRagol @g
hozamu,kdrnyezetvédelmi szempontbkle dvez R egyed®nyes el j 8r §
orto-formil szarmazeék célvegyiletté alakitésdly modon 79%-0s termelést értiink el a

kiindulasiN,N-diizopropil-4-klérbenzamidrg78) vonatkoztatv&’

R2 R2
R1 R1 N
R R \ N
N(i-Pr), o ¢}
R1=Cl, R2=H:78 23b 126
RI=H, R2=Cl:84a 86a
RI=H, R2=F :84b 86b

55. abra: segédlet az 6sszefoglalashoz

A 4,6-diklor,- és4,6-difluorftalid (86a,b) e | R § | dz3-kio8tali@ 9zintézigvel azonos
modon kivantuk megoldai. A kulcslépés ez esetben &l,N-diizopropil-3,5
diklérbenzamid (84a), illetve a 3,5-difluor-N,N-diizopropilbenzamid (84b) 2-es
hel yzet bdtalasd, majd ®rmikRzéseA kisérletek soran kiderilt, hogy bér
kinetikusan mindkét esetben a kivane helyzetben litialt szarmazek keletkezik, ez
azonbana termodinamikailag stabilisabb, a két halogén kozotti pozicidldaes
helyzetben) litidlt szarmazékka alakul atA z 8t r e n d\eNedizdp®il-3,5a

diklérbenzamides et ®b en ol yan | as s %, hogy ey -r8s
helyzetben |- ter mel ®s s el formil ezhet R vo
Ahagyom8nyoso m- don 8,b-difluoriNdNtdiizdpropitbe®zpmid n i . /
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esetében a kinetikusan ket k eezsR hZ2x | yzet ben ' 2ti 81t Sz8§
S§trendezRd°tt a k®t @-eshhelyzabenjtialt skaPmazekkd. A p o z 2
formil csoport bevezetésétae2s hel yzet be ez ®rt Ygy-enl dot't
helyzetbe opdbStov®dRegzett ({nk be, majd ezt k?°
2-es helyzetbel’A TMS v®dRcsoportot a ftalid kialak
A 4,6-diklorftalidot (868 N,N-diizopropil-3,5-diklorbenzamitol (848 kiindulva 3

lépésben 68 %6s, a 4,&difluorftalidot (86b) 3,5-difluor-N,N-diizopropilbenzamitol

(84b) kiindulva,5 lépésben,51% s t er mel ®s <l §l 1 2tottuk el

Uj, hatékony eljarast dolgoztunk ki az &Bminoftalid (129 e | R&1 |1 2t §5 8§r a,
irodalomban nem ismert, tiadiazollal kondenzalt ftalid célvegyuletiink
kulcsintermedige. Az 5klorftalidbdl (23b) kiinduld 4 lépéses szintézis46%-0s

ter mel ®s s el szolg8ltatta a dioatenmetesséladial i dot
a célvegyiletetAz 5,6diaminoftalid(129 ® s az 8l tal unk Y onnan e
kondenzélt ftalid(126) s z 8§ mo s Yj l i ne8risan kondenz§gl t
hasznos ®p 2Meddllafitottek, Hogy l&eirntézisinknek az irodalomban nem

ismert intermedierje az 5azido6-nitroftalid (131) termikus hatasrébH,7H-furo[3,4-
f][2,1,3]benzoxadiazeb-on 3oxidda(132) alakul®

7. Kisérleti rész

Altalanos médszerek:
Az olvadaspontkat BichiB540 kapi |l | 8r ol vad8spont m®r R |

spektrumok felvétele Bruker IFBL3v FT spektrométerrel torténtek KBr pasztillas vagy

folyadékrétegbentH- és**C-NMR spektrumok felvétele Varian Unity Inova 50tH{

NMR: 500 MHz ill. ®*C-NMR: 125 MHz), illetve Bruker Avance llI*H-NMR: 400

MHz ill. ®*C-NMR: 100 MHz), vagy Varian Gemir200 ¢(H-NMR: 200 MHzill. *3c-

NMR: 50 MHz) készilékekkeltortént deuteralt dimetiszulfoxid OMSO-ds) vagy

CDClbol d- szereket, valamint belsR sztender dk
A kémiai eltolodasok(l) ppmben, a csatolasi allandokJY Hertzben ®r t end Rk .
elemanalizisel/ario EL Ill elemanalizatorral késziltek. A gazkromatogramok Agilent

6890N gazkromatograffal késziltek (kolonna: B¥625 30 nx0,25 mnx0,25 em;
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hRm®r s ®k | et °C R peoc,r28°Gipercc@lB00°C-ra, 300°C-on 20 percig
injektor h RACR® r sd®ktleektt:o r 2 ShORRsPlit s ®K1; aramlasi 3 0 0
sebesség: 1 mlL/perc; hélium). Reakcidkdvetésre analitikai B84 Wékonyréteg

kromatogéfias lapokat hasznaltunk.

7.1 A5.1. fejezethez tartoz6 kisérlete¥

N,N-diizopropil -4-klérbenzamid (78)

Diizopropilamin (67 mL, 48,4 g, 480 mol) és trietilamin (67 mL, 48,6 g, 480mdl)

kever ®k ®t sz obahRM®r-lkddebenzadkload(73,M0,%Xnl;®58dja go | t u
319 mMmmoltoluolcs (600 mL) ol dat 8 hoz tkewrtetih @adid®& m®r s ® |
reakcioelegyhez toluolt (100 mL) és vizet (200 mL) adtunk. A fazisek/alasaittuk, a

szerves fazist vizes sésav oldattalv %, 150 mL) majctelitett vizes séoldattgL50

mL) moduk, MgSQ-on szaritottuk, bepéroltuk. Anaradékothexannal (100 mL)
eldorzsalik, a kivalt kristalyokakis z tiikr szaribttuk.

Termék: 62,5 g(82 %) szintelen kristalyok

Op.: 921 93°C (hexan), irod***op.: 85i 87 °C.

2-Formil -N,N-diizopropil -4-klérbenzamid (82)

i AmodszerBuli litialészerrel)

Butil-litium oldabt (756 mL; 25 M hexanos oldat190 mmol) hozzaadagoltulN,N-
diizopropil-4-klérbenzamid(78, 37,6 g; 156 mmol)THF-0s (360 mL)oldatahoZ 78 °C-

on Egy 6rasi78°C-on t °r t ®n R , Areakadeldgghee@ysrészletb&MF-

ot (16,1 mL; 153 g 208 mmdl) adtunk.EK® z b en a hiBOMM®ig sn@kde. t
Megsz¢nt et argakcicalegydiia gRysttuk szobahRm®r s®kl et r
a reakcioelegyhez telitett ammonikiorid oldatot(350 mL)adtunk, majd etiacetattal

(350, majd 2 x 120 mL) kiraztuk A szerves fazistelitett vizes sooldattal250 mL)

mostuk ésMgSQOy-on szaribttuk, beparoluk. A maradékohexan (120 mL)ésetl-acett

(15 mL)elegyével eldorzsoltila kapott kristl os anyagot kiszTrt ¢k,
Termék: 35,1 g (84%) szintelemmikrokristalyok.

Op.: 116/ 117°C (hexdn/EtOAC).

IR (KBr, cml): 1703, 1628.

56



'H-NMR (DMSO-ds, 500 MHz):U =9,96 (s, 1H), P9 (d, 1H J = 2,2 Hz), 779 (dd,1H,
J=8,2,22 H2), 741 (d,1H, J = 8,2 Hz), 360 (m, 1H), 346 (m, 1H), 148 (m, 6H), 105
(m, 6H) ppm.

13C-NMR (DMSO-ds, 125 MHz): Ui =1904; 1666; 1387; 1342; 1338; 1335; 1304;
1282; 51,0; 45,1; 20,2; 20,1 ppm.

ElemanalizisC14H1sCINO, (267,76): szamitott:C 6280; H 6,78, N 5,23, Cl 1324 %;
mert: C 6242, H 6,73 N 5,20; Cl 1334 %.

fi_BmodszerHexLi litidloszerrel)

Hexil-litium oldatot (826 mL; 2,3M-0s hexanos oldatl90 mmél) adagoltunkN,N-
diizopropil-4-klérbenzamid(78, 35,3 g 147 nmol) THF-0s (360 mL)oldatahoZ 78 °G

on. A reakci6 menetéovdbbiakbarma z onos az fAAO0 m-dszern®l al k
Termék: 32,2 g (82 %) szintelen kristalyok

Op.: 115117°C.

Méretndvelt eljaras:

Butil-litium oldabt (482 mL 25 M-os hexanos oldat;1,20 mol) kevertetés kdzben
hozzaadagoltulN,N-diizopropil-4-klorbenzamid(78, 2397 g 1,00 mél) THF-os (2290

mL) oldatahoz i 78 °C-on. Masfél 6ra 178 °C-0 n t°rt ®nR keverte:
reakcidelegyheegy részletbeidMF-ot (1026 mL; 96,8 g 1,30 mol) adtunk mikézben

a h Rm®T45 ®HglemdlkedettA reakcidelegyet hagytuk felmelegedrii5 °C-ig,

majd telitett ammoniurklorid oldatot (750 mL) és vizet (100 mL) hozzaadva
kevertettiik A reakcidelegyeetil-aceéttal (1000€s2 x 150 mL)extrahaltuk A szerves

fazist telitett vizes séoldatta]1000 mL) moguk, MgSQ, (110 g) és aktiv szén(10 g)
hozzdadasaval szaritottuk és ddtiite végul beparoltuk.A beparlasi maradékot
hexannal250 mL)eldorzsoltukA kapott kri st 8l yos anyagot
mostuk, szaritottuk.

Termeék: 2300 g (86%) szintelen kristaly.

Op.: 115117 °C

2-(Hidroximetil) -N,N-diizopropil -4-klor benzamid (83)
Jeges hTna®iemtdrahmdideborato(3,4 g 88,6 mmol) adagoltunk2-formil-
N,N-diizopropil-4-klérbenzamid(82, 17,9 g 66,9 mmal) metanolog150 mL)oldatahoz.
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Egy -ra m¥% va megszTntett ¢k a legyet@sajd, 4
vizet (80 mL) adtunk a beparlasi maradékhoz, végul detrrel (3 x 80 mL)
extrahdltuk. Az éteres fazisttelitett vizes soéoldatta{80 mL) mostuk MgSQ-on
szaritottuk, végul beparoltuld beparlasi maradékot dietdt er r e | e | Rdr°er z s © |
vittik, szaritottuk.

Termék: 14,8 g(82 %) szintelen kristaly

Op.: 81i 82°C (hexan).

IR (KBr, cm): 3298, 1608.

'H-NMR (DMSO-dgs, 500 MHz):l =7,52 (d,1H, J = 2,2 Hz), 733 (dd,1H,J = 8,1;2,2

Hz), 715 (d,1H, J = 8,1 Hz), 534 (t,1H, J = 5,7 Hz), 450 (dd,1H, J = 129; 4,7 H2),

4,40 (dd,1H,J = 136; 5,8 Hz), 352 (m, 2H), 144 (m, 6H), 106 (m, 6H) ppm.

3C-NMR (DMSO-ds, 125 MHz):ti =1680; 1410; 1354; 1328; 1269; 1268; 1264;

59,6; 50,7; 44,9; 20,5; 20,4, 20,3; 20,2 ppm.

Elemanalizs C;14H20CINO, (26977): szamitott:C 6233, H 7,47; N 5,19; Cl 1314 %;
meért; C 6204; H 7,59; N 5,10; Cl 1366 %.

5-Kl6r-2-benzofuran-1(3H)-on (5-klérftalid, 23b)
A Amdodsze(83hi dr oxi meti:l vegye¢l et bRI)

Vizes sOsav oldat(20 w/w %, 410 mL) és 2-(hidroximetil)-N,N-diizopropil-4-
klérbenzamid(83, 54,7 g 203 mMmdl) elegyétd oréat forraltuk A reakcidéelegyehagytuk
szobahRm®r s®k| et r e (4 x LOONnL) extrdhalkik. Az regyesitetn n a |
szerves fazistelitett vizes sooldatta200 mL) moguk ésMgSQOy-on széritottuk, végul
beparoltuk. A maradékot hexan és etil-acett elegyével (1:1 = V:V, 100 mL)

el d°rzs°lte¢k, majd.szTrRre vitte¢gk, sz8r2to
Termék: 26,0 g (76 %) szintelen kristalgk.

Op.: 1560 158°C (EtOH),irod.?® op.: 1535 °C (EtOH).

IR (KBr, cmi): 1754,

'H-NMR (CDCls;, 400 MHz):U =7,84 (d,1H, J = 8,7 Hz), 752 (m, 1H), 751 (m, 1H),

5,30 (s, 2H) ppm.

3C-NMR (CDCls, 100 MHz):ti =1697; 1481; 1407; 1298; 1268; 1242; 1225; 689

ppm.

ElemanalizisCgHsCIlO, (16858): szamitott:C 57,00; H 2,99; CI 2103 %;
mert: C 5691 H 3,03; Cl 21,15 %.
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A Bmodsze82f or mi | vegye¢el et bRI, egyed®nyes el j §
2-Formil-N,N-diizopropil-4-klérbenzamid(82, 26,9 g 0,100 mdl) metanolos(225 mL)
ol dat §8hoz | eges -tétrahid@ebor&t&(50ty®,633 mad adagoltumi
A jeges hTt®st megsz¢ntetve hagyt uddrats zobah

kevertettik. Ezutan vize{120 mL) adtunk a reakcidelegyhez, maja metanolt
ledesztillaltuk Tomény sésav oldatqBO mL) adtunk avizes maradékhgzamajd 6 oréat

forraltuk SzobahRm®r s®kl etre hTtve a reakci-eleg
Akrist8lyos any a@oa mbavégslzemolRi{20 mB) madekK,

szariottuk.

Termék: 16,0 g 05 %) szintelen kristalyos anyag.

Op.: 154 155°C, tisztasaga99 % (*H-NMR alapjan.

Méretndvelt eljaragegyedényes eljar@&2f or mi | viemgwvg)l et b R
2-Formil-N,N-diizopropil-4-klérbenzamid(82, 2300 g 0,86 mol) metanolog1900 mL)
oldatahoz natriumtetrahidridoboratot(42,7 g 1,13 mol) adagoltunk90 perc alatt,

mi k°zben a reakci 110 PCekozptt tdrtBRio®\ bea@ikgblatam t 5
hagytuk fel mel egedni 2 $ratkdvertbtighivizet ELRR M)t r e ,
adtunk az reakci6elegyhez, madnetanolt ledesztillaltukA vizes maradékhozémény

vizes so6sav oldato{685 mL) adtunk, majd 6 orat forraltuk A reakcidelegyet

szobh Rm®r s®k |l etre hTtve a kiv§gl - k(Bx 400 81 yos
mL) majdetanol és viz elegyévé:1=V:V, 2 x 200 mL) moduk, szariottuk.

Termék: 1334 g(92 %) szintelen kristalgk.

Op.: 155'156°C.

7.2.A 5.2. fejezetheztartoz6 kisérletek”

N,N-diizopropil -3,5-diklér benzamid (84a)

Diizopropil-amin (DIPA) (40 mL; 28,9 g; 285 mdl) és trietilamin (40 mL29,0 g; 287

mmol) elegyéts z 0 b a h R m@ozgaadadokuk &&iwklorbenzoitklorid (1143 45,0

g; 215 nmol) toluolos (370 mL) oldatdhoz.24r a s zobahRm®r s ®k | et en

utan vizet(150 mL) adtunk a reakcidelegyheA. szerves fazist vizes sosav oldaithd
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wiw %, 150 mL) majdtelitett vizes séoldattglL00 mL) moguk, MgSO4-on szaribttuk,
bepéroltuk. A beparlasi maradékotekannal (70 mL) el d°r zs°l ve ki sz Tr
hexannal masik, szariottuk.

Termék: 48,7 g 84 %) piszkosfehér kristalyk.

Op.: 132 133°C (hexdn, szintelen kristalyok irod**°op.: 127 129°C.

IR (KBr, cm'Y): 1634.

'H-NMR (DMSO-dg, 500 MH2: 0 =7,62 (t,1H, J = 1,6 Hz), 736 (d,2H, J = 1,6 Hz),
3,59 (m, H), 1,45 (m, 61), 1,14 (m, &) ppm.

13C-NMR (DMSO-ds, 125 MH2): Ui 2166,6; 1421; 1345; 1283; 1242, 50,9; 45,2; 20,3
ppm.

2-Formil -N,N-diizopropil -3,5-diklérbenzamid (115a)

N,N-Diizopropil-3,5-diklérbenzamid (84a 230 g 839 mmodl) THF-os (200 mL)
oldatdhozi78 °C-on butil-litium oldatot (2,5 M hexanban;405 mL; 101 mmdl)
adagoltunkA beadagolas utan 1 érat keverteti@8 °C-on, majdDMF-ot (8,4 mL; 7,93

g; 1085 mmal) adtunka reakcidelegyheagyrészletben.E° z ben a hoRM@®r s ®k |
ig emel kedett . Hagytuk szobahRm®r s®kl etr e
ammoniumklorid oldatot(170 mL)adtunk hozz4. Etihcetattal (170 mL é8 x 70 mL)
extrahaltuk Az egyesitett szerves fazigtlitett vizes sooldatta{120 mL) mostuk és
MgSOys-on  szaritottuk, beparoltukA maradékot hexanna(70 mL) elddrzsoltik, a
kristg&8lyokat kiszTrte¢k, sz8r2tottuk

Termék: 25,0 g (99 %) szintelen kristalgk.

Op.: 116/ 117°C (hexan/etl-acett).

IR (KBr, cm'%): 1702, 1630.

'H-NMR (CDClz, 500 MHz):i 0,41 (s, 1H), 745 (d,1H,J = 1,8 Hz), 710 (d,1H,J =

1,8 Hz), 353 (m, 1H), 3,47 (m,H), 1,58 (m, 6H), 113 (d, 6H) ppm.

13C-NMR (CDCl;, 125 MHz): U= 1883; 1665; 1424; 1404; 1389; 1300; 1274; 1254;

51,3; 46,0; 20,52; 20,2 ppm.

ElemanalizisC14H17CI,NO, (302,20): szamitott:C 5564; H 5,67, Cl 2326; N 4,63;
meért: C 5544; H 5,76, Cl 2355; N 4,60.

4-Formil -N,N-diizopropil -3,5-diklérbenzamid (117a)

ARAO m-dszer (Buli l 2ti 81 -szerrel):
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Butil-litum oldatot (2,5 M hexanos; 9,6 mL24 mmdl) hozzaadagoltunkN,N-
diizopropil-3,5-diklérbenzamid(84a, 5,48 g; 20 mol) THF-os (48 mL) oldatahoz78
°C-on. Ezutan 7 6rat kevertettiik’8 °C-on, majd DMFot (3 mL; 2,85 g; 39 mol)
adtunk a reakciéelegyheegy részletben, mikdzbeirb0 °C-ig mdegedett. Hagytuk a
reakci -el egyet szobahRmM®r s ®k lammoniemklone | e ged
oldattal (50 mL) megbontottuk, eticetattal (40 mL és X 20 mL) extrahaltuk. A
szerves fazistelitett vizes soéoldatta(50 mL) moguk, MgSQ-on széritttuk, végul
bepéroltuk Az igy kapottnyersterméket hexannal (15 mL) eld6rzsoltik, a kristalyos
any ag o ik, dearisttakT r

Termék: 4,77 g (7Pb) szintelen kristalyk.

Op.: 95/ 96 °C (hexan/etHacetét).

IR (KBr, cm'Y): 1710, 1634.

'H-NMR (DMSO-dgs, 400 MHz): ti =10,35 (s, 1H), 7,55 (s, 2H), 3,58 (m, 2H), 1,43 (m,
6H), 1,23 (m, 6H) ppm.

3C-NMR (DMSO-ds, 100 MHz):ti =189,1; 165,8; 144,21; 135,7; 130,2; 126,6; 51,0;
45,3; 20,2 ppm.

ElemanalizisCy4H17/CI,NO,-re (302,20):  szamitott: C 55,64; H 5,67; Cl 23,26; N 4,6
mért C 55,76; H5,73; Cl 23,51; N 4,55.

AB dmddszeLDA litialészerrel):

LDA oldatot (1,8 M THF/heptan/etilbenzud oldat 16,8 mL; 30 rmdl) hozzaadagoltunk
N,N-diizopropil-3,5-dikl6rbenzamid84a, 5,48 g; 20 mdl) THF-os (48 mL)oldatahoz
78 °C-on. Beadagolas utan egy oérat kevertettik Br&°C-on, majd DMFot (3,0 mL

2,85 g; 39 mol) adtunk a reakcidelegyhezgy részletben, mikézben55 °C-ig

mel egedett . Ezut 8n hagytuk szobahRm®r s ®k
ammoniumklorid (50 mL) oldattal megbontottuk és editetattal (40 mL é8 x 5 mL)
extrahaltuk. A serves fazisttelitett vizes sooldatta{80 mL) moguk, MgSQ-on
szaritottuk, beparoltuk. A nyersterméket hexannal (20 mL) elddrzsoltik, a kristalyos
any ag o ik, dearisttakT r

Termék: 4,90 g (81%) szintelen kristalyk.

Op.: 9596 °C (hexan/etHaceét).
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N,N-diizopropil -3,5-diklor -2-(trimetilszililbenzamid (118a)
N,N-Diizopropil-3,5-diklérbenzamid84a, 2,74 g 10 mmdl) ésTMSCI (38 mL; 3,27 g

30 mmoél) THF-o0s (24 mL) oldathhozi 78 °C-on butil-litium oldatot(2,5 M hexanos#,8

mL; 12 mmol) adagolunk. Egy 6rasi78°C-on t °rt ®nR kevertet ®s

féerdRt el t8vol 2tott uik) °Ca feimelegédniEzuténl veesy e t h
telitett ammoniurrklorid oldatot (40 mL) adtunk hozza. A reakcioelegyet editetattal
(30 mL és2 x 15 mL) extrahdltuk.A szerves fazistelitett vizes soéoldattal50 mL)
moguk, MgSOs-on szaritottuk, bepéaroltuld maradékohexannal10 mL) eld6rzsoltik,
maj d a kr i dsik$Sdanjouk.at ki sz Tr

Termék: 3,06 g(88 %) szintelen kristalgs anyag

Op.: 130/131°C (hexan).

IR (KBr, cm?): 1637.

'H-NMR (CDCls, 500 MHz):ti =7.33 (d,1H, J = 2,0 Hz), 6,96 (d,1H,J = 2,0 Hz), 367
(m, 1H), 350 (m, H), 1,54(d,3H,J = 6.9 Hz), 151 (d,3H,J= 6,9 Hz), 119 (d,3H,J =
6,7 Hz), 112 (d,3H, J= 6,2 HZz), 0,42 (s,9H) ppm.

13C-NMR (CDCl;, 125 MHz): Ui =1695; 147,:8; 1430; 1354; 1337; 1293; 124.3; 51,0;
46,0; 20,6; 20,2; 20,1; 20,0; 1,2 ppm.

ElemanalizisC16H25CI,NOSI (34638):  szamitott:C 5548, H 7,28, Cl 2047; N 4,04;
meért: C 5569; H 7,45, Cl 2043; N 4,05.

N,N-diizopropil -3,5-dikl6r -4-(trimetilszililbenzamid (119a)

i AmodszerBuli litialészerrel)

N,N-Diizopropil-3,5-diklérbenzamid(84a, 2,74 g 10 nmol) THF-o0s (24 mL) oldatahoz

178 °C-on butil-litum oldatot (2,5 M hexanban;4,8 mL;, 12 nmol) adagoltunk. A
beadagolas utan78 °C-on 7 oréat kevertettikmajd TMSCl-ot (2,0 mL; 1,72 g; 15,8

mmél) adt unk a reakci -elegyhez e gyiesr®igz| et be

melegedettA r eakci - el egyet hagyt ukmagrzizebtaliteR m®r s €
ammoniumklorid oldatot(50 mL) megbontottuk égtil-acetttal (25 mLés2 x 10 mL)

extrahaltuk A szerves fazisttelitett vizes soéoldattal40 mL) moguk, MgSOs-on

szaritottuk, beparoltuld kapott nyerstermékgientinnal (12 mL) eld6rzsoltik, a kapott

krist 8l yo,lszttottkki sz Trt ¢k

Termék: 2,87 g(83 %) piszkosfehér kristalyok.

Op.: 129 131°C (hexan, szintelen kristalyok
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IR (KBr, cm'): 1632.

'H-NMR (CDCls, 400 MHz):t =7,16 (s 2H), 3,73 (m, 1H), 360 (m, 1H), 143 (m, 6H),
1,23 (m, 6H), ®1 (s, 9H) ppm.

13C-NMR (CDCl;, 100MHz): U =167,7; 142,0; 141,3; 137,3; 1256; 51,1; 46,2; 20,6; 2,8

ppm.

ElemanalizisCy1gH2sCIoNOSI (34638): szamitott:C 5548, H 7,28; Cl 2047, N 4,04;
mért: C 5581; H 7,38; Cl 20,56; N 3,84.

fiB amodszeLDA litialészerrel)

LDA-t (1,8 M THF/hept@n/eilbenmdlos oldat; 16,8 mL; 30 nmol) adagoltunkN,N-
diizopropil-3,5-dikl6rbenzamid(84a 5,48 g 20 nmol) THF-os (48 mL) oldatahozi 78

°C-on. Beadagolas utan fél o6rat kevertetiid8 °C-on, majdTMSCl-ot (7,6 mL; 6,50 g

60 nmdl) adt unk hozz8 egy r®szl etbeib) °Cigi k°®zbe

emel kedett . SzobahRm®r s®kl etre mel egedve
klorid oldatal (80 mL) megbontottuk, majd eticetattal (60 mL é2 x 20 mL)
extrahdltuk. A szerves fazistelitett vizes soéoldatta(80 mL) mostuk és MgSQOz-on

szaritottuk, beparoltukA nyersterméket hexannéB0 mL) eldorzsadlik, a kristalyokat

k i stik, Bzariottuk.

Termék: 6,43 g(93 %) halvany barnépor.

Op.: 129 131 °C (hexan szintelen kristalyok

2-(Hidroximetil) -N,N-diizopropil -3,5-diklérbenzamid (120a)
Jeges f ¢r dRRéomil-NNdizepropiled 5-dikidtbenzamid (115a, 5,0 g
16,5 mmol) metamlos (80 mL) oldatahomatriumtetrahidridoboratof1,0 g 26,4 mmol)

adagoltunk. 5 6ra kevertetés utan a reakcidelegyet beparoltuk, majd a maradékhoz vizet
(40 mL) adtunk és dietitterrel(3 x 30 mL) extrahdltuk. Az éteres fazigtlitett vizes
sooldatta (40 mL) mostuk éMgSOq-on szaritottuk, végul beparoltul. nyersterméket
hexannal20 mL)elddrzséliik, a kapott kristalyos anyagkis z tiiky szariottuk.

Termék: 4,20 g(83 %) szintelen kristalgk.

Op.: 141 142°C (hexar).

IR (KBr, cm'%): 3510, 30691615.

'H-NMR (DMSO-ds, 200 MHz): i =7,58 (d,1H, J = 2,2 H2, 7,24 (d,1H, J = 2,2 Hz),

5,10 (dd,1H, J=55; 4,0 Hz), 459 (dd,1H,J= 117; 40 Hz), 445 (dd,1H,J=117; 59
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Hz), 355 (m, 1H), 33 (m, 1H),1,45 (d,6H, J = 6,6 Hz), 110 (d,3H, J = 6,6 Hz), 108
(d,3H,J=6,6 Hz) ppm.

3C-NMR (DMSO-ds, 50 MHz: Ui =1667; 1422; 1355; 1339; 1330; 1286; 1238;
57,8; 50,8, 45,0; 20,3; 20,1; 20,0; 19,7 ppm.

ElemanalizisC14H1oCIbNO, (30422):  szamitott:C 5527; H 6,30; Cl 2331 N 4,60;
mert: C 5535, H 6,39; Cl 2334; N 4,54.

4,6-Diklor -2-benzofuran-1(3H)-on, (4,6-diklérftalid, 86a)
2-(Hidroximetil)-N,N-diizopropil-3,5-diklérbenzamid(120a, 40,0 g 1315 nmodl) vizes
sésav oldatbar{10 w/w %, 215 mL) 10 oréat forraltuk.A s z o b a h Remm®@TrIst®k | e

reakcidelegyet diklormetanngB x 100 mL) extrahdltuk Az egyesitett szerves féti

telitett vizes soéoldattal200 mL) mostuk,MgSQOy-on szaritottuk, végll beparoltuld
maradékothexanetil-acett eleggyel (10:1 = V:V, 120 mL) eld6rzsoltik, a kapott
krist8l yostilasegriatigkot ki sz Tr

Termék: 20,9 g (78 %) szintelen kristalgk.

Op.: 871 88 °C (hexan/efl -acetét).

IR (KBr, cm'%): 1775.

'H-NMR (CDCls, 200 MHz):ti =7,81 (d,1H,J = 1,5 H2), 7,66 (d,1H,J = 1,6 HJ, 5,28

(s, 2H) ppm.

13C-NMR (CDCl;, 50 MHz): U =1685; 1428; 1364; 1338; 1295; 1291; 1242; 684
ppm

Elemanalizis CgH4Cl,0, (20303): szamitott:C 47,33, H 1,99; Cl 34,92;

meért; C 4736, H 2,03; Cl 34,89.

3.5-Difluor -N,N-diizopropilbenzamid (84b)

Diizopropilamin 7,8 mL; 20,07 g; 198,mm0l) és trietilamin {14h 27,8 mL; 20,18 g

1995 mmol) kever ®k ®t s z 0 b a h R m®3,5diffuorbemzoikklorid h 0 z z § &
(250 g 141,6 mmol) toluolos OB ML) ol dat 8hoz. SzobahRmM®r s ®Kk

kevertetés utan a reakcidelegyhez vizet (200 mL) adtunk. A faeigsalasztasa utan a

szerves fazist vizes s6sav oldattldW/w %, 150 mL) majdelitett vizes sooldattglL50
mL) moduk, aktiv szenesMgSOy-on szaritottukés deritettiik,végul beparoltuk. A
nyersterméket hidegentinnal kb. 120 °C, 40 ml) eldorzsdiik, akivalt kristalyokat
s ztiky szaribttuk.
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Termék: 25,6 g(75 %) szintelen kristalyok

Op.: 103104 °C (hexan).

IR (KBr, cm'): 1632.

'H-NMR (CDCls, 500 MHz):

6H), 1,26 (m, &) ppm.

3C-NMR (CDCls, 125MHz): t =167,9 (t, J = 2,5 Hz), 1629 (dd,J = 2509; 12,4 Hz),

1417 (t,J =83 Hz),114,0 (t,J = 25,4 Hz), 108 (dd,J = 200; 6,4 Hz), 5Q9; 46,1; 20,5

ppm.

ElemanalizisC;3H17FNO (24128): szamitott:C 6471; H 7,10; N 5,81;
mert: C 6438 H 7,22, N 571,

C«

=6,83 (m, 2H), 6,81 (m, 1H), 3,65 (MH® 144 (m,

3.5-Difluor -4-formil -N,N-diizopropilbenzamid (117b)

AA m-dszer (Buli l 2ti 8l -szerrel):
Butil-litium oldatt (2,5 M hexanos oldat20,9 mL; 52 nmal) hozzacsepegtetti,5
difluor-N,N-diizopropilbenzamid84b, 11,0 g 45,6 mmdl) THF-o0s(112 mL)oldatdhoz
78 °C-on. Beadagolas utan a reakciéelegyet tovabbi 1 orat keverfiet@®RC-on, majd
egy részletbenDMF-ot (4,72 mL 4,06 g 61 nmol) adtunk hozzaés hagytuk
s z 0 b a h RereGelnsel®dedni.Vizes telitett ammoniurkiorid oldattal (100 mL)
megbontottuk, majd etihcetattal(100 mLés2 x 50 mL) extrah&uk. A kapott szerves

fazist telitett vizes soéoldatta]l00 mL) moguk, MgSOs-on széritottuk, beparoltukd
nyersterméket ideg hexannalkb. 120 °C, 25 mL) eld6rzsdltik, a kristalyos anyagot
k i stik, Bzariottuk.

Termék: 11,2 g(91 %) szintelen kristalyok

Op.: 105 1055 °C (hexan/etacetat).

IR (KBr, cm'%): 1705, 1631.

'H-NMR (CDCls, 200 MHz):l =10,34 (s, H), 6,93 (m 2H), 361 (m, 2H), 133 (m, 12
H) ppm.

3C-NMR (CDCls, 50MHz): ti =1837 (t, J = 4,2 Hz), 166,6 (t) = 1,9 Hz), 163,1 (dd]
= 266,0; 5,7 Hz), 146,5 (§ = 9,9 Hz), 114,1 (tJ = 11,1 Hz), 109,8 (dd] = 23,2; 3,0
Hz), 50,9; 46,5; 20,5 ppm.

Elemanalizis C14H17F:NO, (26929): szamitott:C 62,44; H 6,36, N 5,20;
mert: C 6211, H 6,22, N 513.
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fi_BmodszeLDA litidloszerrel):

LDA-t (1,8 M THF/heptn/eilbenal elegyben;16,8 mL; 30 nmmdl) hozzacsepegtettiink
3,5-difluor-N,N-diizopropilbenzamid84b, 4,82 g 20 nmol) THF-o0s (48 mL) oldatdhoz

178 °C-on. Egy 6rai78°C-on t°rt ®n R BbMFRoE B0 @l B3 g 33 8 n
mmol) adtunk egy részletben a reakciéelegyhtagytuk a reakcioelegyet felmelegedni
szobahRm®r s®kl et r e, midgricddoldatat(40emd.) adtuald hozizée t t
majd etitacetattal(40 mL és 2 x 20 mL) extrahaltuk A szerves fazistelitett vizes

sooldattal(90 mL) mogduk, majd MgSOs-on szarivttuk, beparoltuk A nyersterméket

an

hideg hexannalkb. i 20 °C, 15 mL) el d°rzs°ltg¢k, @k kapotf

szariottuk.
Termék: 4,55 g (81%) piszkosfehér por.
Op.: 105/ 1055 °C (hexan/etil-acett).

3.5-Difluor -N,N-diizopropil -2-(trimetilszililbenzamid (118b)

Butil-litium oldatat(2,5 M hexanos12,35 mL; 30,9 mmdl) hozzaadagoltul,5-difluor-
N,N-diizopropilbenzamid(84b, 6,15 g 255 mmd) és TMSCI (965 mL; 8,35 g 76
mmol) THF-0s (63 mL) oldatahoz 78 °C-on. Beadagolas utan 1 orat kevertett8 °C-

onmajd a sz8razjeges f¢rdRt el t8vol2tva
melegedni. Vizes telitett ammonidkiorid oldattal (® mL) megbontottuk a
reakcidelegyet, majd dietdterrel (50 mL és2 x 30 mL) extrahaltuk A szerves fazist
telitett vizes sooldattglL00 mL)moduk, MgSOy-on szaritva beparoltuld nyerterméket
hideg pentannal (khi.20 °C, 25 mL) eldérzsolve kapott kri§tl y o s a n ytik,g o t
szaribttuk.

Termék: 6,31 g(79 %) szintelen kristalgk.

Op.: 1261 127°C (pentén).

IR (KBr, cm'%): 2970, 1626.

'H-NMR (CDCls, 500 MHz):ti =6,71 (td,1H, J = 9,3; 2,2 Hz), 665 (dd,1H,J = 86; 2,4

Hz), 371 (m, 1H), 350 (m, 1H, 1,52 (6d,J+81Hz),11 6 (6H,J* 6,9 Hz),
0,34 (d,9H,J= 1,8 Hz) ppm.

3C-NMR (CDCls, 125MHz): ti =1695 (t,J = 2,9 Hz), 1684 (dd,J = 2437; 11,2 Hz),
1635 (dd,J = 2525; 139 Hz), 1473 (dd,J = 122; 7,3 Hz), 1193 (dd, J = 30,8; 4,0 Hz),
1090 (dd,J = 21,0; 3,4 Hz), 1031 (dd,J = 31,7; 234 Hz), 508; 46,0; 20,6; 20,3; 20,0;

0,4 (d,J=29 Hz) ppm.
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ElemanalizisCy¢H,sF,NOSi (313,47): szamitott:C 61,31, H 8,04; N 4,47;
mért:  C 61,20, H 823, N 4,36.

3.5-Difluor -N,N-diizopropil -4-(trimetilszililbenzamid (119b)

i AmodszelBulLi litialészerrel)

3,5-Difluor-N,N-diizopropilbenzamid (84b, 123 g 51 mmol) THF-0os (126 mL)
oldatahoz 178 °C-on butil-littum oldatot (25 M hexanban;24,7 mL; 61 nmmol)
adagoltunk.Egy orai 78 °C-on tortémR kevertetés utaegy részletbemMSCI-ot (19,3

mL; 16,7 g;152 nmol) adtunk a reakciéelegyhez, mikdzbeni&@Dd °C-ig melegedett.
Ezut 8n a reakci - el egy et melegednyédsunkgbostattokoveds R m®r ¢
telitett ammoniurklorid oldattal(100 mL) majd az elegyedietil-éterrel(70 mL és2 x
50 mL)extrahduk. A szerves fazistelitett vizes sooldattglL00 mL) moguk ésMgSOs-
on szaribttuk, beparoltuk A kapott nyertermékehideg pentannalkb. i 50 °C, 30 mL)
eldorzsoltiik, a kapott kristalyos anyagidegenk i stik, Wéguil szaripttuk.
Termék: 12,45 g(78%)s z2 nt el en t Ts kri st &l yok.
Op.: 80i 80,5 °C (pentn).

IR (KBr, cm'Y): 2975, 1632

'H-NMR (CDCls, 200 MHz):ti =6,74 (m, 2H),3,65 (m, 2H), 134 (m, 12H), B7 (s, H)
ppm.

13C-NMR (CDCls;, 50 MHz): ti =1682 (t,J = 2,7 Hz), 1669 (dd,J = 2457; 16,5 Hz),
1427 (t,J =95 Hz), 1192 (t,J = 53 Hz), 1084 (dd,J = 30,2; 2,3 Hz), 5Q7; 47,2; 20,6;
0,1 (t,J=27 Hz) ppm.

ElemanalizisCy6H25FNOSI (313,47): szamitott:C 61,31; H 8,04; N 4,47,
mert: C 60,89 H 823 N 4,38

fi B modszeLDA litialészerrel)

LDA oldawt (1,8 M THF/hep#én/eilbenadlos oldat;16,8 mL; 30 mmdl) adagoltuk3,5
difluor-N,N-diizopropilbenzamid84b, 4,82 g 20 mmol)THF-0s (48 mL) oldatahoz 78

°C-on. Beadagolas utan a reakcidelegyet egy oréat keverte®8RC-on, majdTMSCI-ot

(5 mL; 4,33 g 39 nmdl) adtunk hozza egsészletben A bhRM®Rs ®k | 16 e k©° z |
°C-ig emelkedett Hagyt uk szobahRm®r s®kl et r e mel eg
ammoniumklorid oldattal (40 mL) megbontottuk és etitetattal40 mL és2 x 20 mL)

extrahaltuk. A szerves fazigelitett vizes sooldatta(90 mL) moguk és MgSOs-on

67



szaritottuk, beparoltuk. A kapott nyersterméket hideg pentgkbali 50 °C, 15 mL)

el dorzs°olt ¢k, a kikszaribt®Bk. yos anyagot kiszTr
Termék: 5,20 g 83 %) piszkosfehér por.

Op.: 80i 80,5 °C (pentn).

3,5-Difluor -2-formil -N,N-diizopr opil-4-(trimetilszililbenzamid (121)
3,5-Difluor-N,N-diizopropil-4-(trimetilszilil)benzamid(119b, 10,3 g, 32,9 mma&l) THF-0s

(72 mL) oldatahozi 78 °C-on butil-litium oldatot (2,5 M hexanos oldat;15 mL; 37,5

mmol) adagoltunk. Egy 6r&78 °C-on valo kevesrtés utan a reakcidéelegyhBMmF-ot
B4mL321lgd4dmmolladt unk egy r®szl et ben.i60AC-r eakci
ra emelked#. A reakciéelegyethagytuks z oba h Rm®r s ®k |l et re mel eg

telitett ammaoniurrklorid oldattal (50 mL) megbontottukséetitacetattal(50 mL és2 x
20 mL) extrahaltuk. A szerves fazistitett vizes sooldattdP0 mL) moduk ésMgSOs-
on szaritottuk, végul beparoltuk. A kapott 11,1 g nyersterméket hideg pentidnrido
°C, 35 mL) elddrzsdlik, a kristalyos anyagot kisTuk, szaritottuk.

Termék: 8,25 g (74%) szintelen kristélyok.

Op.: 87 88°C (penan).

IR (KBr, cm'%): 2976, 1638.

'H-NMR (CDCls;, 500 MHz):ti =10,27 (s, 1H), 67 (d,1H,J = 7,9 Hz), 352 (m, H),
1,59 (m, 6H), 112 (d,6H,J=6,6 Hz

), 041 (t,9H,J = 1,3 Hz) ppm.

3C-NMR (CDCls, 125 MHz):U =1859 (d,J = 83 Hz),1701 (dd,J = 2557; 17,6 Hz),
1697 (dd,J = 2572; 17,6 Hz), 1666 (t, J= 1,0 Hz), 1439 (dd,J = 102; 1,9 Hz), 1173
(dd,J =127; 3,0 Hz), 1147 (t,J = 347 Hz), 1099 (dd,J = 28,8; 2,9 Hz), 512; 46,0;
20,4; 20,0; 0,0 (t,J = 2,6 Hz) ppm.

ElemanalizisC17H,5F,NO,Si-re (341,48): szamitott:C 5980; H 7,38, N 4,10;
mért: C6037,H742 N 4,11.

3.5-Difluor -2-(hidroximetil) -N,N-diizopropil -4-(trimetilszililbenzamid (122)
3,5-Difluor-2-formil-N,N-diizopropil-4-(trimetilszilil)benzamid {21, 6,0 g 17,6 mmdl)
metanolod50 mL), j eges f ¢r d Rb e matrkumrtetahidricombotoft,0 ol da't

g; 26,4 mmol) adagoltunk. 5 6ra kevertetés utan a reakcidelegyet beparoltuk, majd a

maradékhoz vizef40 mL) adunk és dietdéterrel (3 x 30 mL) extrahaltuk. Az éteres
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fazist telitett vizes séoldattal50 mL) mostuk ésMgSQOy-on szaritottuk peparoltuk.A
nyersterméket hexann&0 mL) elddrzsélilk, a kapott kristalyos anyagdds z tiky
szaribttuk.

Termék: 5,549 (92 %) szintelen kristalgk.

Op.: 110'111°C (hexan)

IR (KBr, cm'Y): 3283, 1621.

'H-NMR (CDCl;, 200 MHz): i =6,62 (dd,1H, J = 7,9; 0,9 Hz), 467 (m, 1H), 445 (m,
1H), 382 (m, 1H), 35 (m, 1H), 317 (t,1H, J = 6,7 H2), 1,55 (m, 6H), 115 (m, 6H),
0,38 (t,9H,J = 1,5 Hz) ppm.

3C-NMR (CDCls;, 50 MHz): i =1686 (dd,J = 3/4; 2,7 Hz), 1660 (dd, J = 2465; 164
Hz), 1654 (dd,J = 2473; 16,4 Hz), 1423 (dd,J = 88; 5,3 Hz), 1211 (dd,J =221, 3,8
Hz), 1144 (dd,J = 36,2; 33,9 Hz), 1076 (dd,J = 282; 4,2 Hz), 562 (d,J = 53 H2),
51,3;46,3; 20,8; 20,5; 20,5; 20,3; 0,1 (t,J= 3,1 Hz) ppm

ElemanalizisC,7H,7F.NO,Si (34349): szamitott:C 5945; H 7,92, N 4,08;
mert: C 5914; H 8,09, N 3,95.

3.5-Difluor -2-(hidroximetil) -N,N-diizopropilbenzamid (120b)

Céziumfluoridot (2,0 g; 13,2 mmdl) és 3,5 difluor-2-(hidroximetil)}-N,N-diizopropil-4-
(trimetilszilil)benzamid (122, 20 g 58 nmmol) acetonitriben (20 mL)

s z 0 b a h Rm®u6 $ratkkevertetdilnA reakcidelegyet bepéaroltuk, a maradékhoz
vizet (20 mL) adtunk, majd etibcetattal20 mL and 2x 15 mL) extrahaltuk Az éteres

fazisttelitett vizes sdoldatta(50 mL) mostuk éMgSOy-on széritottuk, végul beparoltuk.
A nyersterméket hexannglO mL)e | d°r zs° | t ¢ k, a kapadaikt kris
szariottuk.

Termék: 1,55 g(98 %) szintelen kristalyok.

Op.: 134 1345 °C (hexan/etiacetat).

IR (KBr, cm'%): 3346, 1618.

'H-NMR (CDCl;, 500 MHz): i =6,84 (~td, 1H, J = 9.3; 2,0 Hz), 6,71 (d,1H,J = 7,5
Hz), 469 (d,1H, J = 115 Hz),4,46 (d,1H,J = 115 Hz), 379 (m, 1H), 366 (m, 1H),
3,15 (m,1H), 1,57 (d,3H, J = 6,2 Hz), 154 (d,3H, J = 6,2 Hz), 1,20 (d,3H, J = 6,0 Hz),
1,14 (d,3H,J = 6,0 Hz) ppm.

3C-NMR (CDCl;, 125 MHz):li =1684 (d,J = 3,0 Hz), 1620 (dd,J = 2510; 12,2 Hz),
1616 (dd,J = 2520; 11,7 Hz), 1414 (dd,J =122; 11,7 Hz), 1218 (d,J = 17,5; 3,9 Hz),
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1081 (dd,J = 224; 3,9 Hz), 1043 (dd,J = 264; 25,0 Hz), 558 (d,J = 4,9 Hz), 514;
46,3; 20,8; 20,5; 20,3 ppm.

ElemanalizisCy4H19FNO;, (271,31): szamitott:C 61,98, H 7,06, N 5,16;
meért: C 6163 H 7,17, N5,07.

4,6-Difluor -5-(trimetilszilil) -2-benzofuran-1(3H)-on (123)
122 hidroximetil vegyiletet{4,0 g 11,6 mmal) vizes sosa oldatban(12 w/w %, 40 mL,
140 nmol) 6 oréat forraltuk A s zobahRm®r s®kl etre hTI(3

x 25 mL)extrahaltuk Az egyesitett szerves fazislitett vizes séoldattgdb0 mL) moguk
€s MgSOy-on szaritottuk, beparoltuld nyersternéket hideg hexanngkb. i 20 °C; 8
mL) eldorzséllk, a kapott kr i gk $drigttaks anyagot
Termék: 2,64 g(93 %) szintelen kristalyok

Op.: 821 83°C (hexan).

IR (KBr, cm'%): 1766.

'H-NMR (CDCls, 500 MHz): ti =7,33 (d,1H, J = 6,8 Hz), 532 (s, 2H), 043 (t,9H,J =
1,6 H2) ppm.

3C-NMR (CDCl;, 125MHz): Ui =1687 (dd,J = 4,9; 2,9 Hz), 1676 (dd,J = 2466; 12,7
Hz), 16Q4 (dd,J = 2485; 16,1 Hz), 1305 (dd,J = 11,2; 6,8 Hz), 1281 (dd,J = 249; 2,9
Hz),121.2 (ddJ = 36,6; 31,7 Hz), 1,8 (dd,J = 303; 4,9 Hz), 669 (d,J = 1,5 Hz),T
0,14 (t,J = 3,4 Hz) ppm.

ElemanalizisCy1H1,F,0,Si (24230): szamitott:C 5453; H 4,99:
mért:  C 5448 H 4,91.

4,6-Difluor -2-benzofuran-1(3H)-on (4,6-difluorftalid , 86b)

AAO m- W3ftaliel deszflilezésével):

Cézum-fluoridot (0,94 g 6,2 mmdl) és 123 ftalidot (0,80 g 3,3 mmal) acetonitriben(12
mL)szobahRmM®R4 s®&ktl ek enertett¢k. Az ol d-
vizet (20 mL) adtunk a maradékhoz és ietattal (20 mL majd 2 x 15 mL)

extrahdltuk. A szerves fazigelitett vizes séoldattal50 mL) mostuk, és MgSQOy-on
szaritottuk, végul beparoltukA nyersterméket hexannal (10 Mlelddrzsoltik, a
krist8l yostilgsegriatigkot ki sz Tr

Termék:0459g(80%) sz2nt stdlyekn t Ts Kkr i

Op.: 88i 89 °C (hexan).
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IR (KBr, cm'Y): 1761.
'H-NMR (CDCls, 500 MHz): Ui =7.44 (dd,1H, J= 6,6; 2,0 H2), 7,15 (td,1H,J = 86; 2,0
Hz), 535 (s, 2H) ppm.
13C-NMR (CDCls, 125 MHz): U =1684 (dd,J = 4,4; 2,5 Hz), 1636 (dd,J = 2524; 8,8
Hz), 1567 (dd,J = 54,9; 12,2 Hz), 1297 (dd,J = 103; 5,8 Hz),1284 (dd,J = 195; 2,9
Hz), 1096 (dd,J = 27,4; 22,9 Hz), 1085 (dd,J = 239; 4,4 Hz), 667 (d,J = 1,0 Hz) ppm.
ElemanalizisCgH4F,0, (170,12): szamitott:C 5648; H 2,37,
mért: C56,31; H 2,36.
ABO m-MWBbhedr oxi metil vegye¢let gyTrTz8r 8§s8v
120b hidroximetil vegyuletei(1,40 g 5,16 nmol) vizes sosav oldatbafi8 w/iw %, 12

mL, 60 nmdl) 3 orat forraltuk Mi ut 8n a reakci -el egy szobah
éterrel 8 x 10 mL) extrahaltuk Az egyesitett éteres fazisitett vizes séoldattahoduk,

MgSOs-on széritottuk, végubeparoltuk. A nyersterméket hideg hexannal (10) mL
eldorzsoltik, kapottk r i st §1 y o s tilg sedriattgko t ki sz Tr
Termék: 081 g(92%)s z2 nt el emk. t Ts krist§gly

Op.: 8889 °C (hexan).

7.3. A 5.3. fejezethez tartozo kisérlete¥

5-klér -6-nitro -2-benzofuran-1(3H)-on (5-klér-6-nitroftalid , 130)

Féstol gR s BB 27, Mg @AM mol)lés toménykénsavbol(1132 mL;
2083 g 2,12 mol) készitett nitraléelegyhei-klor-2-benzofuén-1(3H)-ont (23b, 25,48
g; 0,145 mdl) szértunk, majd a reakciéelegyet 4,5 6rat 2@Bon tartottuk A
szobahRm®r s ®k | et r geges Vizbe(1000 glackucgattuke b &igald e t
kri st 8§l yoskzaltr RengsQ0mi)mabeuk, végiilszariottuk.

Termék: 26,3 g (85 %) piszkosfehér kristalyk.

Op.: 1560 157°C (MeOH, fehér kristalyol, irod.'** op.: 150 152°C (AcOH).

IR (KBr, cm'): 3108, 1765, 1620, 1536.

'H-NMR (DMSO-ds, 200 MHz): U =8,54 (s, 1H), 816 (s, 1H), 50 (s,2H) ppm.
3C-.NMR (DMSO-ds, 50 MHz): Ui =1682; 1515; 1486; 1305; 1267; 1254; 1221;
67,0 ppm.

ElemanalizisCgH4CINO, (21358): szamitott:C 4499, H 1,89, N 6,56, Cl 16.6Q
mért: C 4481, H190; N 6,52; Cl 16.43
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5-Azido-6-nitro -2-benzofuran-1(3H)-on (5-azido-6-nitroftalid , 131)

Jeges f ¢r dRK3 558kge 0/261r mop DMFtog (200 mL) oldatahoz kis
részletekben natrivrazidot (1845 g 0,282 mol) adagoltunk ¥ag vy , hogy a b
hRm®r s ®KC aldttetartottk. Az adagolas utad orat kevertettik mikdzben
felengedt ¢k szobahRm®r s®kl| et rteegesvizrdk3@p ot t s
mL°ntotte¢k. A voero°s krist 8l @snL)anajgtadggppt ki s
etanollal(i 20 °C, 100 mL)mostuk, szodbaRm®r s ®k | et en sz 8r2tottuk
Termék: 48,9 g (85 %) vords, sargasvoros pddyerstermék tisztasageds %, *H-NMR

alapjan

IR (KBr, cm'): 3446, 3061, 2132, 1756, 1544.

'H-NMR (DMSO-dg, 200 MHz):ti 8,40 (s, 1H), 6 (s, 1H), 548 (s,2H) ppm.
3C-NMR (DMSO-ds, 50 MHz): Ui =1685; 1517; 141,7; 1393; 1222; 1217; 1163;
69,9 ppm.

Az olvadaspontja nem meghatahatd, miveloldatban(THF, EtOH) melegités hatasara

132 vegyiletté alakul.

5,6-Diamino-2-benzofuran-1(3H)-on (5,6-diaminoftalid, 129)

M&8gneses kever Rbotot LA ezidanitroftalid (484agui2® k 1 8 v b :
mol) DMF-os (520 mL)oldatahoz %-os Pd/Ckatalizatort(20 g)adtunk. Az autoklavot

hi drog®nnel (20 bar) feltoltott ¢k. A keve
hidrogénetiik. A reakciéelegyheperlitet (kb. 10 g) adtunk és par percig kevertettik,

majd sa&ATst k]| etkea mamecgo§ etandlldR00 mL) eldorzsolik, a

szil §rd atikysaagiatak. ki sz Tr

Termék: 318 g(88 %) mélybarna kristalyok.

Op.: 284 285°C (DMF, EtOH, fehér kstalyok), irod.**° op.: 273°C.

IR (KBr, cmit): 3458, 3421, 3365, 1713, 1507.

'H-NMR (DMSO-ds, 400 MHz):ti =6,83 (s, 1H), &7 (s, 1H), 30 (s, 2H), 35 (s, 2H),
4,84 (s, 2H) ppm.

3C-.NMR (DMSO-ds, 100 MHz): U 271,6; 1429; 1393; 1357; 1124; 107,6; 1045;
68,7 ppm.

ElemanalizisCgHgN,O, (164,17): szamitott:C 5853; H 4,91; N 17,06;
mért: C 5806, H 4,94; N 17,04.
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5H,7H-Furo[3,4-f][2,1,3]benzotiadiazol5-on (tiadiazoloftalid, 126)

5,6-Diamino-2-benzofurdnl(3H)-ont (129, 11,96 g 72,8 mmal) tionil-klorid (21,2 mL,
34,7 g 292 mmol) és toluo40 mL) elegyébenlO o6rat kevertettiik50 °C-on. A
reakcioekgyet szérazra péroltuk, majd diklormetédD0 mL)adtunk a maradékhoAz

oldhatatlarrészeken z ol dat b-1 sz Tr ®ssel tekl t §vol 2tott
Termék: 11,6 g (83%) halvany narancssarga kristalyok.

Op.: 1961965 °C (toluol).

IR (KBr, cm'Y): 1751, 1663, 1547.

'H-NMR (DMSO-ds, 500 MHz):ti =8,67 (d1H, J = 1,2 Hz), 833 (dd,1H,J = 1,6; 1,4

Hz),5,62 (d,2H,J= 1,5 Hz) ppm.

13C-NMR (DMSO-ds, 125 MHz): U =1694; 156,7; 154,1; 1440; 127,8; 1195; 1150;

69,6 ppm.

ElemanalizisCgH4N,SO; (192,20): szamitott:C 5000; H 2,10; N 14,58, S 1688;
mért: C 5045 H 2,18 N 14,79, S 1644.

5H,7H-Furo[3,4-f][2,1,3]benzoxadiazol5-on-3-oxid (oxadiazoloftalidN-oxid, 132)
A 131 azido vegyulet(2,00 g 9,08 mmdl) THF-os (40 mL) szuszpenzidjat 4 Oorat

forraltuk A reakcibelegyet szarazra paroltuiiF-al (5 mL) eldorzsoltik. A kristalys

any ag o ik, rkajdszaribtiuk.

Termék: 1,68 g(96 %) sargskristalyok.

Op.: 224i 225°C, bomlik (THF).

IR (KBr, cm'): 3497, 3000, 1756, 1542.

'H-NMR (DMSO-ds, 400 MHz):U =8,35 (brs, 1H), 793 (br s, 1H), 58 (s, 2H) ppm.

3C-NMR (DMSO-dg, 100 MHz, 303 K, 4096 scanji =167,6 (C-1), 698 (C-3) ppm; 6

szén jele hianyzik™*C-NMR (DMSO-ds, 100 MHz, 373 K, 3072 scanl: =1669 (C-1),

1443 (CG-3a), 129 (C7a), 1150 (C7), 1093 (C4), 692 (C3) ppm; 2szén jele

hianyzik

ElemanalizisCgHaN,04 (19213): szamitott: C 5001; H 2,10; N 14,58;
mért: C4971 H 220; N 1451.

73



8. Irodalomjegyzék

3. KRr ° s Chem. Ber1974 807, $883 3893

2 Tarnawa, P. Berzsenyi, F. AndBid®g.i ,
Med. Chem. Lettl993 3, 99 104

3 A. Chimirri, G. De Sarro, A. De Sarro, Bitto, S. Grasso, S. Quartarone, M. Zappala,
P. Giusti, V. Libri, A. Constanti, A. G. Chapmah Med. Chem1997, 40, 1258 1269

4J. F. King, A. Hawson, B. L. Huston, L. J. Dands, J. Kom&an. J. Chem1971,49,
943 955

® J. Fetter, F. Bertha, B. Main, Gy. Simig, J. Barkoczy, B. VolkGy. Lévay, I.
Gacsalyi, G. Gigler, H. Kompagne, B. Marké, K. Nagy, P. Kiricsi, L. G. Harsing, G.
Szénasi; PCT Intern. Pat. Appl. WO 201103952811 (Chem. Abstr.2011, 154,
410044)

® L. Hilden, T. Huuhtanen, P. RummakkA. Grumann, P. Pietikaeinen; UBatent
Appl. US 2002/0115872002(Chem Abstr2002 137, 154842)

" G. Blasko, D. Gula, M. Shamma; Nat. Prod.1982 45, 105 122 Chem. Abstr1982

97, 24046)

® D. GoldhabeiPasillas, R. Bye, V. M. Chavekvila, R. Mata; Plant Growth Regul.
2012 67, 107 119

®J. Liu, V. Zheng, X. Qin, L. Yang, Z. Dong, R. Wang, J. Tan; US. Patent Appl. US

2007/01558302007(Chem. Abstr2005 142 39220)

19R. Karmakar, P. Pahari, D. Ma&them. Rev2014 114, 62136284

1 G. Lin, S.S-K. Chan, H:S. Chung, SL. Li; Studies in Natural Products Chemistry
2005 32 (Bioactive Natural Products (Part L)), 6869 Chem. Abstr,2006, 146
517994)

123, H. Brewster, A. M. Fusco, L. E. Carosino, B. G. Corndar®rg. Chem1963 28,
498 501

133, Zhang, Y. Zhao, Y. Liu, D. Chen, W. Lan, Q. Zhao, C. Dong, L. Kia; J. Med.
Chem 201Q 45, 3504 3510

4 C. Donati, R. H. Prager, B. Webekust. J. Cheml989 42, 787 795

157.-L. Zhou, S. M. Kher, S. X. Cai, E. R. Whittemore, S. A. EspitisE. Hawkinson,
M. Tran, R. M. Woodward, E. Weber, J. F. W. KeaBaorg. Med. Chem2003 11,
17691778

18 K. Hagiya, Y. Aoyagi; PCT Int. Appl., WO 2010/13463M)10 (Chem. Abstr201Q
153 1468077)

7S, Narasimhartieterocycle4982 18, 131135

183, Kim, K.H. Ahn; J. Org. Chem1984 49, 17171724

M. Yamada, K. Tanaka, S. Araki, Y. Butsugdwetr. Lett 1995 36, 3169 3172

20 Y. Liu, W. Yan, G. Wang, J. Shi, J. Wang; Faming Zhuanli Shenging CN
2006/18842722006(Chem. Abstr2006 146, 142497)

L A. Reisset; Berichte1913 46, 1484 1491

22J. H. Gardner, C. A. Naylor JQrg. Synth 1936 16, 71i 72

74

P.



%M. M. Kayser, P. MorandCan. J. Chem198Q 58, 24842490

24 M. A. Makhlouf, B. Rickborn;). Org. Chem1981, 46, 48104811

%5 C. Soucy, D. Favreau, M. M. Kagrs J. Org. Chem1987, 52, 129 134

26 p. Nandhikonda, M. D. Heag@rg. Lett 201Q 12, 4796 4799

2’'N. Yang, QH. Wang, W-Q. Wang, J. Wang, F. Li, $. Tan, M-S. ChengBioorg.
Med. Chem. LetR012 22, 5356

28\W. Wu, Y. Zhou;Zhongguo Yaoy2011, 20, 6i 7 (Chem. Abstr2011, 156, 590610)
29 L. Lu, G-Q. Wu; Zhongguo Yaoxue ZazB007 41, 19051908 Chem. Abstr2007,
149, 200705)

30|, Szabadkai; Hung. Pat. Appl. HU 2003/0016@503 (Chem. Abstr.2007, 147,
277422)

31 N. Kumar, S. Nayyar, M. Gupta; PChtérn. Pat. Appl. WO 2006/10355Q006
(Chem. Abstr2006 145, 397353)

32 N. Meyer, D. SeebactAngew. Chem. Int. Ed. Endl978 17, 521522 Chem. Ber
1980 113 13041319)

%M. Uemura, S. Tokuyama, T. Sak&hem. Lett1975 11, 11951198

% B. M. Trog, G. T. Rivers, J. M. Gold]. Org. Chem198Q 45, 18351838

% D. J. Dodsworth, MP. Calcagno, E. U. Ehrmann, B. Devadas, P. G. Samines;
Chem. Soc. Perkih 1981, 21262124

% K. Orito, M. Miyazawa, H. Suginoméetrahedron 1995 51, 2489 2496 valamit a
cikkben talalhat6 613 irodalmi hivatkozasok

37 E. Marzi, A. Spitaleri, F. Mongin, M. Schlosséur. J. Org. Chem2002 15, 2508
2517

% B. Bennetau, J. Mortier, J. Moyroud, J. L. GuesdeChem. Soc. RT 1995 1265
1271

% p. L. Beaulieu, G. FazaB. Goulet, G. Kukolj, M. Poirier, Y. S. Tsantrizos; PCT
Intern. Pat. Appl. WO 2003/00794%)03(Chem. Abstr2003 138 153533)

“0T-H. Nguyen, N. T. T. Chau, AS. Castanet, K. P. P. Nguyen, J. Morti@rg. Lett
2005 7, 24452448

“D. Tilly, A. S. Castanet, J. MortiefChem. Lett2005 34, 446 447

2.3, Coulton, M. L. Gilpin, R. A. Polter; PCT Intern. Pat. Appl. WO 2007/1478867
(Chem. Abstr2007, 148, 78759)

“3D. Edgar, D. HangaueljS. Patent Appl. US 2005/0239828)05(Chem. Abstr2005
143 405817)

*E. Gohier, A. S. Castanet, J. MortiSynth. Commur2005 35, 799 806

*>F. Gohier, J. Mortier). Org. Chem2003 68, 20302033

%6 G. Bonanomi, D. Hamprecht, F. Micheli, S. Terrini; PCT Intern. Pat. Appl. WO
2004/0898972004(Chem. Abstr2004, 141, 366124)

*"V. SnieckusChem. Re 199Q 90, 879 933

“8\W. H. Puterbaugh, C. R. Hausér;Org.Chem.1964 29, 853 856

9 R. E. Ludt, T. S. Griffiths, K. N. McGrath, C. R. Hausér;Org. Chem1973 38,
1668 1674

*0J. Epsztajn, A. Jozwiak, K. A. 8zesniak Tetrahedronl993 49, 929 938

75



1 p.Beak, R. A. Brown;). Org. Chem1977, 42, 1823 1824

2P, Beak, V. Snieckugicc. Chem. Re4982 15, 306 312

>33, Collins, Y. Hong, G. Hoover, J. R. Veit; Org. Chem199Q 55, 3565 3568

*4V. SnieckusHetaocycles198Q 14,1649 1676

> J-L. Peglion, C. Poitevin, C. M. La Cour, D. Dupuis, M. J. Mill@iporg. Med.
Chem. Lett2009 19, 2133 2138

*® B. A. Egan, M. Paradowski, L. H. Thomas, R. Marqu®@gg. Lett 2011, 13, 2086
2089

7S, O.de Silva, J. N. Red, R. J. Billedeau, X. Wang, D. J. Norris, V. Snieckus;
Tetrahedronl992 48, 4863 4878

83, 0. de Silva, J. N. Reed, V. Sniecklsir. Lett 1978 51, 50995102

*9K. A. Parker, D. M. Spero, K. A. Koziski. Org. Chem1987, 54, 188 191

®0p. Beak, A. Bown;J. Org. Chem1982 47, 34 46

®1 C.-W. Chen, P. Beakl]. Org. Chem1986 51, 33253334

®2G. W.Gschwend, A. Hamded;, Org.Chem.1975 40, 2008 2009

®3A. I. Meyers, E. D. Mihelichd. Org. Chem1975 40, 3158 3159

% R. G.Harvey, C. CorteZTetrahedon 1997 53, 7101 7118

% M. Yamaguchi,T. Koga, K. Kamei, M. Akima, N. Maruyama, T. Kuroki, M. Hamana,
N. Ohi; Chem. Pharm. Bulll994 42, 1850 1853

% M. Reuman, A. |. MeyersTetrahedrorl985 41, 837 860

" F. Faigl, A. Thurner, B. Molnar, Gy. Simig, Bolk; Org. Proc Res. Dev201Q 14,
617 622

®8 | F.Levy, H. Stephenj. Chem. Sod 931, 867 871
%9 4-Kl6rftalsavanhidrid folyamatos eljaras: (a) M. ShigemiBull. Chem. Soc. Jpn.

1959 32, 691 693. (b) J. W. Verbicky Jr., L. Williams;, Org. Chem1983, 48, 2465
2468, valamint a cikkben talalhat6 irodalmi hivatkozasok

0's.Cherkez, J. Herzig, H. Yellint. Med. Chem1986 29, 947 959

"LF. Gohier, A. S. Castanet, J. Jacquesdrg.Chem 2005 70, 1501 1504

"2 A. Marxer, H. R. Rodriguez, J. M. McKennid. M. Tsai;J. Org. Chem1975 40,
14277 1433

3 p.Beak, R. A. Brown;). Org.Chem.1982 47, 34 46

K. Koch, R. J. Chambers, M. S. BiggeBynlett1994 347 348

> B. Molnér, Gy. Simig, B. VolkEur. J. Org. Chen2011, 1728 1735

8 C. AlonseAlija, M. Michels, K. Peilstocker, H. Schirofetr. Lett.2004 45, 95/ 98
""M. J. Fray, P. Allen, P. R. Bradley, C. E. Challenger, M. Closier, T. J. Evans, M. L.
Lewis, J. P. Mathias, C. L. Nichols, Y. M. 8a, H. Snow, M. H. Stefaniak, H. V.
Vuong;Heterocycle006 67, 489 494

8R. A. Pascal Jr., Y. C. J. Cheh Org. Chem1985 50, 408 410

M. lwac; J. Org. Chem199Q 55, 3624 3627

80 E. Marzi, J. Gorecka, M. Schloss&ynthesi2004 1609 1618

81 M. Kauch, D. HoppeSynthesi®006 1575 1577

82 M. Kauch, D.Hoppe;Synthesi2006 1578 1589

76



85 M. Dabrowski, J. Kubicka, S. Lulinski, J. SerwatowsKetr. Lett 2005 46, 4175

4178

8 (@) M. SchlosserAngew. ChenR005 117, 380 398; (b) M. SchlosseAngew. Chem.

Int. Ed.2005 44, 376 393

8 5. Caron, J. M. Hawkis;J. Org. Chem1998§ 63, 2054 2055

8 T. D. Krizan, J. C. Martin). Am. Chem. So&983 105, 6155 6157

87 F. Mongin, M. SchlossefTetrahedron Lett1997, 38, 1559 1562

8 T, Kaicharla, M. Thangaraj, A. T. Bij©rg. Lett.2014 16, 1728 1731

Y. Fujimoto, R. Itakura, H. Hoshi, H. Yanai, Y. Ando, K. Suzuki, T. Matsumoto;
Synlett2013 24, 2575 2580

'3, S. Bhojgude, A. Bhunia, R. G. Gonnade, A. T. Blug. Lett.2014 16, 676 679

1B, Wang, D. Chu; US Patent, US 2013/005338613 (Chem. Abstr2013 158,
359762)

92B. Molnar, Gy. Simig, T. Bakd, A. Dancs6, B. Volketr. Lett 2012 53, 29222924

% R. H. F. Manske,H. L. Holmes; In The Alkaloids. Chemistry and Physiology;
Academic Press Inc.; N. 1954 Vol. 4

% J. F. Miller, C. W. Andrews, M. BriegeE. S. Furfine, M. R. Hale, M. H. Hanlon, R. J.
Hazen, I. Kaldor, E. W. McLean,D. Reynolds, D. M. Sammond, A. Spaltenstein, R.
Tung, E. M. Turner, R. X. Xu, R. G. SherriBjoorg. Med. Chem. Let006 16, 1788

1794

%Y. Kumagai, J. M. Fukuto, A. K. Ch&urr. Med. Chem1994 4, 254 261

% W. W. K. R. Mederski, M. Osswald). Dorsch, S. Anzali, M. Christadler, -G.
Schmitges, C. WilmBioorg. Med. Chem. Let1998 8, 17 22

9T. Suzuki, M. Saito, HKawai, K. Fujiwara,T. TsujiTetrahedronLett 2004 45, 329

333

% J. L. Brusso, O. P. Clements, R. C. Haddon, M. E. ltkis, A. A. Leitch, R. T. Oakley, R.
W. Reed, J. F. Richardsoh; Am. Chem. So2004 126, 8256 8265

%'p. vanelle, C. T. Liegeois, J. Meuclde Maldonado, M. P. I@zet;Heterocycles 997,

45, 955 962

190\, E. Kurilo, M. M. Shemyakiny). Gen. Chentl945 15, 704 710 Chem. Abstr.

1944 40, 29275)

Wy . M. Yagupol 6ski il TroBskayalJ. GeK ICham&JBSRi k, V.
(Engl.Transl.}1964 34, 304 312. Chem. Abstr1964 60, 75778)

192 3. Fette, F. Bertha, B. Molnér, B. Volk, Gy. Simigl. Het. Chem2014 kozlésre
elfogadva (DOI 10.1002/jhet.2141)

193 K. Oisaki, Q. Li, H. Furukawa, A. U. Czaja, O. M. Yaghi;Am. Chem. So201Q
132 9264 9264

194R. Jonas, H. Priicher, H. WurzingByr. J. Med Chem 1993 28, 141 148

1955, Feng, C. A. Panetta, D. E. Gravé&sOrg. Chem2001, 66, 612 616

198 5. yamaguchi, M. Nedachi, M. Maekawa, Y. Murayama, M. Miyazawa, Y. Hirai;
Het. Chem2006 43, 2941

197 M. Napoletano, G. Norcini, F. Pellacini, F. Marchi®. Morazzoni, P. Ferlenga, L.
PradellaBioorg. Med. Chem. Let200Q 10, 2235 2238

77



1% M. Prashad, Y. Liu, O. RejgiTetr. Lett 2001, 42, 2277 2279

199y, Takeshi,Y. Tetsuya, N. Yuuya, S. Michinord, Am. Chem. So201Q 132, 7899
7901

H1OM. K. Chan, W H. Kwok, H. Zhang, M. DugnUs Patent US 2002/6376662002
(Chem. Abstr2002 136, 318381)

"R, Nomura, T. Takasu, S. Shitagaki, T. Suzuki, S. Seo; US Patent US 2009/02434786,
2009(Chem. Abstr2009 151, 414316)

112 Eunji, H. Zhegang, R. ddyoung, L Myongsoo;Chem. Eur. J2008 14, 6957
6966

113 (@) A. Monge, J. A. Palop, M. Gonzalez, F. J. Marti@espo, A. Lopez de Cerain,
Y. Sainz, S. Narro, A. J. Barker, E. J. HamiltdnHet. Chem1995 32, 1213 1218; (b)

I. M. Takakis, P. M. Hadjimihalakis;. G. TsantaliTetrahedron1991, 47, 71571 7170;
(c) T. Takabatake, H. Ito, A. Takei, T. Miyazawa, M. Hasegawa,M$airi;
Heterocycle2003 60, 537 550; (d) L. Bertelli, G. Biagi, I. Giorgi, QVlanera, O. Livi,
V. Scartoni, L. Betti, G. Giannaccini, Trincavelli, P. L. Barili;Eur. J. Med. Chem
1998 33, 113122

114G, Ulibarri, N. Choret, D. C. H. Biggynthesid996 11, 1286 1288

115G, Pagani, A. Baruffini, P. Borgna, M. Maz##armaco Ed.Scil971, 26, 965 982

78



Mellékletek



A Ph.D. értekezés tézisei

1. bj , M®r e teljafast edbldosamRki &K1 - r f t al i d -kKI6riNRNS | | 2t §
diizopropil-benzamidbdl kiindulva, a kulcslépésbere® helyzetbe iranyitott litialast,

majd formilezést alkalmazva. Uzemi szempontokat figyelembe véve maddositottam az
intermediereknek a laboratoriumi eljarasban kidolgozott tisztitasat, kikiiszéboéltem az

i parban mell RzendR ol d- szelthdbketj - tteehmel @
k°rnyezetv®del mi szempontb- | kedioend-R egyed
klor-N,N-diizopropilbenzamid célvegyiiletté alakitas&ra

2. Eljarast dolgoztam ki két, az irodalomban Uj ftalid, a-dil8orftalid és a 4,6

difluorftal i d el R81 | 2t §s § r-dihalogértl,N-dilmaprgpilberzamidBbl 3, 5
kiindulva, kulcslépéskeént-8s helyzetbe iranyitott litialast, majd formilezést alkalmazva.
Megallapitottam, hogy mind a 3¢klor-, mind a 3,&difluor-N,N-diizopropilbenzamid

butil-I2 t i umma | t°rt®nR | 2 tes pdziGdban liteloszé@mmazékok n e t i
keletkeznek, amelyek azonbdnl ® ny e gesen el ita®kétRhalagénateans s ®g g
kozotti4es hel yzetben | 2ti 8lt, termodi nami Kus e

é.t.75

3. Megdlapitottam, hogy a 3;8iklor-N,N-diizopropilbenzamid butiitiummal révidebb

l 2ti 81 §8si reakci -t k°vet Reaes hdlyretbén] hosszabbr me | ¢
l 2ti 81 §8si i dR ut 8n t ° rfdrn@ nsBArmdizékr keletkezetr ®s s e |
hozammal. lgazoltam, hogy a 3dfluor-N,N-diizopropilbenzamid butiitiummal

el s Rd| e ge s ees hedyzetbentlittalodik,aa-Itb szarmazék azonban olyan

gyor san §t rlitforsthenazélkd, kogyee®d4 hel yzet T f-esr mi | ez

helyz¢ megvédése utan valosithato meg. A-d6f | uor ftalid -esl R§1 | 2
helyzet 8t menet. megv ®d ®s ®v e | -dihalagénN,8-2 t ot t a
diizopropilbenzamidokbdl kiindulva, a 4diklérftalidot 3 Iépésben, a 4difluorftalidot

5léps&ben §ll2tottam €1 R, j- ©°ssztermel ®sekke

4. 5-Klorftalidbdl kiindulé Uj, hatékony, 4 |épéses eljarast dolgoztam ki az irodalombdl

ismert 56di ami noftalid el R81 | 2t §s SdiaminoftalildMe g 8 | |
szintézisink U0 intermedierje, az-agido6-nitroftalid instabilis, termikus hatasra
oxadazoloftalidN-oxidda alakul. A 5,&liaminoftalidbdl magas termeléssel allitottam

e | Rirogalbmban nem ismert tiadiazollal kondenzalt ftalid célvegyuletet, amely szamos

“%j, line8&risan kondemd$zer hkeda ez n@¥k®pstoRk 9y
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Summary of the Ph.D. thesis

A new scaleeup synthesis of &hlorophthalide has been elaborated starting frem 4
chloro-N,N-diisopropylbenzamide. The key step of the proceducetiso-lithiation of 4
chloro-N,N-diisopropylbenzamide, followed byortho-functionalisation. We have
confirmed, that theortho-lithiation carried out by butyllithium in the laboratory
procedure is suitable to be scalga and butyllithium can be replaced by hexyllithium,
which is technologically more advantageous. We have found, that the formatighaef
hydroxymethyl grap can be achieved with higher yield bstho-formylation followed

by sodium borohydride reduction than by direct hydroxymethylation. The purification of
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intermediates was simplified and the industrially undesirable solvents were avoided. We
have also elatrated a technologically more simple, environment friendly-mote
methodology for the formation of -&hlorophthalide from <£hloro-2-formyl-N,N-
diisopropylbenzamide with high yield. The overall yield of the synthesis starting from 4
chloroN,N-diisopropybenzamide was 79 %.

We have planned to synthesize -dj6hlorophthalide and 4s@ifluorophthalide
analogously to the synthesis ofcbBlorophthalide. The key step in these cases is the
lithiation of the corresponding 3dihalo-N,N-diisopropylbenzamiden the position 2

and subsequent formylation. During the experiments we found, that in both cases the
initially (kinetically) formed products were the-lihio compounds, however, they
isomerized to the thermodynamically more stablgo derivatives. Tle isomeration in

the case of Aithio-3,5dichloro-N,N-diisopropylbenzamide was so slow, that the 2
formyl derivative was obtained in high yield after one hour lithiation time and subsequent
formylation. The synthesis of the corresponding phthalide ccaildome as usual. In the
case of 3,Hifluoro-N,N-diisopropylbenzamide the kinetically formedithio derivative
instantaneously isomerized to thdithio isomer. The introduction of formyl group in the
position 2 was achieved by blocking the position ¥hwiMS protecting group and
subsequent lithiation and formylation. The TMS protecting group was removed before or
after the cyclisation to the corresponding phthalide.-Dighloroo and 4,6
difluorophthalides were obtained from the corresponding -dB&lo-N,N-
diisopropylbenzamides with 68 % (3 steps) and 51 % (5 steps) overall vyield,

respectively”

A new synthesis of 5;8iaminophthalide has been elaborated, which made the efficient
synthesis of the novel thiadiazolophthalidé], Bd-furo[3,4-f][2,1,3]benzothiadiazolb-

one possible. 5;®iaminophthalide was prepared frorrcblorophthalide in 4 steps in 64

% overall yield and cyclized to thiadiazolophthalide in 83 % yield. Both 5,6
diaminophthalide and the new thiadiazolophthalide have broad synthetiatiglotes
starting compounds for construction of new linearly condensed heterocyclic ring

systems?
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Organic Process Research & Development 2010, 74, 617-622

Manufacturing Synthesis of 5-Substituted Phthalides

Ferenc Faigl.*" Angelika Thurner,” Balazs Molnar.* Gyula Simig,* and Baldzs Volk*+

Research Group for Organic Chemical Technology, Hungarian Academy of Sciences at Budapest University of Technology and
Economics, P.O. Box 91, H-1521 Budapest, Hungary, and EGIS Pharmaceuticals Plc., Chemical Research Division, P.O. Box

100, H-1475 Budapest, Hungary

Abstract:

A manufacturing synthesis of 5-chlorophthalide has been elabo-
rated. The key step of the procedure is ortho-lithiation of 4-chloro-
N,N-diisopropylbenzamide, followed by formylation with dimethyl
formamide. Reduction of the formyl moiety and subsequent ring
closure, which can be carried out also in one pot, led to 5-chlo-
rophthalide in high overall yield. The procedure has also been
successfully adapted for the synthesis of the 5-fluoro and 5-trifiu-
oromethyl analogues. The compounds thus obtained are useful
building blocks in the synthesis of various heterocyclic ring
systems.

Introduction

Phthalide (2-benzofuran-1(3H)-one) skeleton is a common
motif in drugs and drug candidates. Besides the several hundreds
of phthalide derivatives in preclinical development worldwide,
this fact is best demonstrated by two marketed drugs: the
antiarthritic agent talniflumate' ~ and the immunosuppressant
drug mycophenolate mofetil.** Furthermore, 5-substituted
phthalide intermediates are used in the manufacturing process
of the blockbuster antidepressant drug citalopram®’ and its
optically active congener escitalopram.®

At our laboratory, we were interested in a viable manufac-
turing synthesis of 5-chlorophthalide (1a, Scheme 1). Phthalides
are useful intermediates for the synthesis of more complex
heterocyclic compounds® and several methods have been
developed for their synthesis.'®!! The classical approach to

phthalides is based on phthalic acid derivatives (phthalic
anhydride, phthalimide) and involves substitutions on the
aromatic ring, transformations of the primarily introduced
aromatic substituents and selective reduction of one of the
carboxylic functions. Various combinations of this chemistry
have been described in the literature for the synthesis of
compound 1a. Thus, 4-nitrophthalimide, obtained by nitration
of phthalimide,'>!* was hydrogenated to give 4-aminophthal-
imide, which was further reduced with zinc dust in aqueous
sodium hydroxide solution to afford 5-aminophthalide (Scheme
1, route A)."* Alternatively, these two steps can be performed
in one-pot (route B).'*'* Then, diazotization of the amino
compound, followed by Sandmeyer reaction led to the desired
compound 1a.'® Although this is the best classical procedure
for the synthesis of compound 1a, it is not efficient enough for
manufacture. The alternative methods, such as reduction of
4-chlorophthalic anhydride'” with zinc dust in acidic medium'®
or with sodium borohydride in DMF' leading to significant
amounts of regioisomeric byproduct (route C), or the synthesis*
starting from 4-chloro-2-methylbenzoic acid® (route D) are not
satisfactory even at laboratory scale.

As an alternative approach, a variety of phthalides was
obtained by directed ortho-lithiation methodology. A proper
choice of the directing group and the electrophilic reagent results
in ortho-disubstituted compounds suitable for further transfor-
mation to the required phthalides. Thus, ortho-carboxylation via
ortho-lithiation of benzylic alcohols and subsequent cyclization

2223

furnishes the corresponding phthalides™* (Scheme 2, route A).

* Authors to whom correspondence should be addressed. Telephone: +36 1
4633652, Fax: +36 1 4633649. E-mail: {Taigl@mail.bme.hu. Telephone: +36 1
2655543, Fax: +36 1 2655613, E-mail: volk.balazs@egis.hu.

" Hungarian Academy of Sciences at Budapest University of Technology and
Economics.

* EGIS Pharmaceuticals Ple., Chemical Research Division.
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Scheme 1. Literature procedures leading to 5-chlorophthalide
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Scheme 2. Directed ortho-lithiation methodologies for the synthesis of phthalides
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However, since some derivatives of benzoic acids (e.g., various
amides, dihydrooxazoles) proved to be much more powerful
directors in ortho-lithiation reactions than hydroxymethyl
groups, mostly they are used as starting materials for the
synthesis of phthalides. Ortho-lithiation of suitable benzoic acid
derivatives, followed by introduction of the optionally substi-
tuted hydroxymethyl moiety and subsequent acidic treatment
lead to phthalides (Scheme 2, route B).!0-20.24-26

Hauser discovered that N-methylbenzamide underwent N-
and ortho-metalation with butyllithium, in contrast to N,N-
dimethylbenzamide, which had been known to react in an
addition reaction with lithium reagents to form ketones.””

(23) Uemura, M.;
2069-2072.

(24) Snieckus, V. Chem. Rev. 1990, 90, 879-933.

(25) de Silva, S. O.; Reed. J. N.: Billedeau, R. J.; Wang. X.; Norris, D. J.;
Snieckus, V. Tetrahedron 1992, 48, 4863-4878.

(26) Marxer, A.: Rodriguez, H. R.: McKenna, J. M.; Tsai, H. M. J. Org.
Chem. 1975, 40, 1427-1433.

(27) Puterbaugh, W. H.; Hauser. Ch. R. J. Org. Chem. 1964, 29, 853-
856.

Nishikawa, N.; Hayashi. Y. Tetrahedron Lett. 1980, 21,
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4-Chloro-N-phenylbenzamide was lithiated with 2 equiv of
butyllithium in THF at —70 °C and the dilithio intermediate
was treated with N-alkyl-4-piperidinones to give 3,3-spiro-
disubstituted-5-chlorophthalides in low yield (Scheme 3).2°

From industrial point of view, the disadvantage of the use
of secondary benzamides as starting compounds for the
synthesis of phthalide 1 lies in the requirement of 2 equiv of
butyllithium for metalation and the possible insolubility of the
intermediate dianions.

Gschwend® and Meyers™ reported that 2-aryl-4.4-dimethyl-
4.5-dihydro-1,3-oxazoles® can be ortho-metalated with butyl-
lithium and treated with electrophilic reagents, leading after
hydrolysis to ortho-substituted benzoic acids. Ortho-metalation

(28) Phillion, D. P.; Walker, D. M. /. Org. Chem. 1995, 60, 8417-8420.

(29) Gschwend, G. W.; Hamden. A. J. Org. Chem. 1975, 40, 2008-2009.

(30) Meyers, A. L; Mihelich, E. D. J. Org. Chem. 1975, 40, 3158-3159.

(31) 2-Aryloxazolines were prepared from benzoyl chloride with the
appropriate amino alcohol, followed by cyclization of the amide with
thionyl chloride.
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Scheme 3. Lithiation of 4-chloro-N-phenylbenzamide

1) o
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Scheme 4. Application of the 4,4-dimethyl-4,5-dihydro-1,3-o0xazol-2-yl directing group

diethyl ether
-70°C,1h

O

Scheme 5. Lithiation of 4-chloro-N,N-diethylbenzamide

Cl Cl
s-BuLiTMEDA
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NEt, THF, -78°C

of 2-(4-chlorophenyl)-4.4-dimethyl-4.5-dihydro-1.3-oxazole was
carried out with butyllithium at —70 °C in diethyl ether®
(Scheme 4).

Using this methodology, phthalides were prepared from the
corresponding 4-fluorophenyl- and 4-(trifluoromethyl)phenyl
derivatives.’>~* The lithiations were carried out with butyl-
lithium, mostly at low temperature (—42 °C, —78 °C), presum-
ably in order to avoid the addition of the lithium reagent to the
C=N double bond. Considering this and the relatively circuitous
synthesis of 2-aryl-4.4-dimethyl-4,5-dihydro-1.3-oxazoles,*® we
decided to search for an alternative approach.

Thanks to the works of Beak® and Snieckus.” directed
ortho-metalation chemistry of N,N-diethylbenzamides has found
numerous synthetic applications. Comparative studies demon-
strated the superiority of the N,N-diethylcarbamoyl group to
the dihydrooxazole in its ability to direct ortho-lithiation.*® The
optimal reaction conditions for the ortho-lithiation of N,N-
diethylbenzamides require s-butyllithium/TMEDA for the meta-
lation at —78 °C in THF. Lithiation of the 4-chloro-N,N-

(32)
(33)

Newman, M. S.: Kannan, R. J. Org. Chem. 1979, 44, 3388-3390.
Yamaguchi, M.: Koga, T.: Kamei, K.;: Akima, M.;: Maruyama, N.:
Kuroki, T.: Hamana, M.; Ohi, N. Chem. Pharm. Bull. 1994, 42, 1850~
1853.

Harvey, R. G.: Cortez, C. Tetrahedron 1997, 53, T101-7118.
Newman, M. S.; Veeraraghavan, S. J. Org. Chem. 1983, 48,
3248.

For the synthesis of the 4-bromo analogue, see: Meyers, A. L: Temple,
D. L.: Haidukewych, D.: Mihelich, E. D. J. Org. Chem. 1974. 39,
2787-2793.

Beak, P.; Brown, R. A. J. Org. Chem. 1977, 42, 1823-1824.
Reuman, M.: Meyers. A. L. Tetrahedron 1985, 41, 837-860.

(34)

(35) 3246-

(36

-

(37)
(38)

\@;L  clecophie_ °'\©[(J<

E: CH, (71%)
I (66%)
L cl E
electrophile
—_— -

NE, NEt,

0

E: D (85%)

Ph,C(OH)- (60%)

diethylbenzamide under these conditions occurred adjacent to
the amide group (Scheme 5).%

Results and Discussion

We intended to elaborate a safe and robust manufacturing
process of phthalide 1a. Therefore, use of highly inflammable
s-butyllithium and fert-butyllithium, as the reagents in the
manufacture, was undesirable. Furthermore, because of its better
industrial applicability, it was our fixed intention — if there is
only one opportunity — to use hexyllithium as the reagent
instead of butyllithium. For this purpose, a suitable tertiary
benzamide starting compound had to be found for a high-
yielding phthalide production via ortho-lithiation reaction using
this lithiating agent.

In a detailed study on tertiary amides in directed ortho-
lithiation, Beak demonstrated that in the case of N,N-diisopro-
pylbenzamides, ortho-lithiation could be achieved with butyl-
lithium/TMEDA at —78 °C.* However, lithiation of our
potential starting compound 4-chloro-N,N-diisopropylbenzamide
(2a, Scheme 6) has only been described with fert-butyllithium

—78 °C in THE#

After all this, it was a revelation to find that 4-chloro-N,N-
diisopropylbenzamide (2a) could be smoothly lithiated simply
with butyllithium adjacent to the amide moiety. By benefiting
from this successful key reaction step, herein we report on the
simple manufacturing synthesis of 5-chlorophthalide (1a). It has

(39) Beak, P.; Brown, R. A. J. Org. Chem. 1982, 47, 34-46.
(40) Koch, K.: Chambers, R. J.; Biggers, M. S. Synletr 1994, 347-348.
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Scheme 6. Manufacturing synthesis of 5-substituted phthalides
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0,
4 O 82-99%
Table 1. Yields of the reaction steps (%)
3—=2 2—4 4—35 5—1
a 82 84 82 76
(86) 95 (92%)

b 84 97 97 86
c 82 71 99 89

« Scaled-up reaction (starting from 239.7 g of 2a). » Scaled-up reaction (starting
from 230.0 g of 4a).

been shown that the corresponding 5-fluoro- and 5-trifluoro-
methylphthalide (1b,c) could also be obtained under the same
conditions.

4-Chloro-N,N-diisopropyl-benzamide (2a) was obtained from
the corresponding acid chloride 3a, by reacting it with diiso-
propylamine in the presence of triethylamine (TEA). Contrary
to its diethyl analogue, 2a is a solid, easy-to-handle compound.
It was lithiated with butyllithium in THF, by maintaining the
temperature in the range of —78 °C to —50 °C during the
addition of the reagent (Scheme 6). Subsequent treatment with
DMF afforded formyl derivative 4a in good yield. Sodium
borohydride reduction of the formyl group gave the corre-
sponding hydroxymethyl derivative 5a. The alternative one-
step method, lithiation of benzamide 2a followed by hydroxy-
methylation with paraformaldehyde provided compound 5a only
in poor yield when compared with the overall yield of the two-
step sequence. Acidic treatment of hydroxymethyl derivative
5a led to the desired phthalides 1a. It has been demonstrated
that the corresponding 5-fluoro- (1b) and 5-trifluoromethyl-
phthalides (1¢) could be obtained analogously under the same
conditions (Scheme 6). Yields of the individual reaction steps
are summarized in Table 1.

For practical reasons mentioned above, the synthesis of
phthalide 1a has been further modified. Lithiation with hexyl-
lithium instead of butyllithium under the same conditions and
subsequent formylation gave similar results. Sodium boro-
hydride reduction of the formyl derivative 4a followed by acidic
cyclization, without isolation of the hydroxymethy! intermediate,
afforded phthalide 1a in 95% yield (Table 1).

Conclusion

In conclusion, the new synthesis elaborated at our laboratory
provides a convenient access to target compound S-chlo-
rophthalide (1a). Literature processes described for the synthesis
of 1a suffer from several disadvantages. Classical methods
usually include numerous reaction steps and, due to modest
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regioselectivity, the yields are either low or, in certain cases.
not reported in the literature. Moreover, considering the
environmental impact, industrial application of these processes
is to be avoided e.g. because of the use of carbon tetrachloride
or that of the large (4—5 equiv) excess of elemental zinc.
Alternative approaches in the literature, based on ortho-lithiation,
apply circuitously accessible starting materials or hazardous
lithiating agents. Using the new method described here, 1a can
be synthesised in two steps from the easily available benzamide
2a, in high overall yield (80%). The methodology is appropriate
for industrial scale-up, and it has successfully been adopted for
the analogous synthesis of 5-fluoro and S5-trifluoromethyl
congeners 1b.c. The compounds thus obtained are useful
building blocks in the synthesis of various heterocyclic ring
systems.

Experimental Section

All melting points were determined on a Biichi B-540
capillary melting point apparatus and are uncorrected. IR
spectra were obtained on a Bruker IFS-113v FT spec-
trometer in KBr pellets or in neat. '"H NMR and '*C NMR
spectra were recorded on a Varian Unity Inova 500 (500
and 125 MHz for 'H and "*C NMR spectra, respectively),
Bruker Avance IIT (400 and 100 MHz for 'H and '*C NMR
spectra, respectively) or Varian Gemini 200 (200 and 50
MHz for 'H and "*C NMR spectra, respectively) spec-
trometer. DMSO-d, or CDCI; was used as solvent and
tetramethylsilane (TMS) as internal standard. Chemical
shifts (d) and coupling constants (J) are given in ppm
and in Hz, respectively. Elemental analyses were per-
formed on a Vario EL III analyzer. The reactions were
followed by analytical thin layer chromatography on silica
gel 60 Fasy. All reagents were purchased from commercial
sources.

4-Chloro-N,N-diisopropylbenzamide (2a). A mixture of
diisopropylamine (67 mL, 48.4 g. 480 mmol) and triethylamine
(67 mL, 48.6 g. 480 mmol) was added to a solution of
4-chlorobenzoyl chloride (3a, 40.9 mL, 55.8 g, 319 mmol) in
toluene (600 mL). After stirring for 24 h at ambient temperature,
toluene (100 mL) and water (200 mL) were added. The organic
layer was separated, washed with an aqueous solution of
hydrochloric acid (5 w/w%. 150 mL) and brine (150 mL), dried
over MgSO,, and evaporated. The residue was triturated with
hexane (100 mL), and the crystalline product was collected by
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filtration to give 2a (62.5 g, 82%) as colorless crystals. Mp
92—-93 °C (hexane). lit.*' mp 85—87 °C.

N N-Diisopropyl-4-fluorobenzamide (2b).** This com-
pound was prepared analogously to 2a, starting from 3b (28.7
g. 204 mmol) to give 2b (38.6 g, 84%) as colorless crystals.
Mp 95-96 °C (hexane). IR (KBr. em™): 1620. 'H NMR
(CDCl,, 200 MHz): 6 7.31 (dd, J = 8.8, 5.5 Hz, 2H), 7.06 (t,
J = 8.8 Hz, 2H), 3.68 (br s, 2H), 1.34 (br s, 12H) ppm. “*C
NMR (CDCl;, 50 MHz): 0 167.4 (d, J = 242.3 Hz), 160.1,
1349 (d, / = 34 Hz), 137.6 (d, / = 84 Hz), 1152 (d, / =
21.7 Hz), 48.1 (br), 20.5 ppm. Elemental analysis for
C:HsFNO (223.29): calculated C 69.93, H, 8.13. N 6.27%;
found C 69.59, H 8.21, N 6.19%.

N,N-Diisopropyl-4-(trifluoromethyl)benzamide (2c).*?
This compound was prepared analogously to 2a, starting from
3¢ (39.6 g, 190 mmol) to give 2¢ (42.6 g, 82%) as colorless
crystals. Mp 64—65 °C (hexane). IR (KBr, em™): 1630. 'H
NMR (CDCl,, 400 MHz): 6 7.65 (d. J = 8.1 Hz, 2H), 7.42 (d,
J = 8.1 Hz, 2H), 3.64 (br s, 2H), 1.51 (br s, 6H), 1.20 (br s,
6H) ppm. “C NMR (CDCl;, 100 MHz): 6 169.4. 142.3, 130.7
(q.J=329Hz), 1259, 12554 (q.J =3.8 Hz), 1239 (q. / =
272.2 Hz), 50.6 (br), 46.0 (br), 20.6 ppm. Elemental analysis
for Cj,H,3F:NO (273.30): calculated C 61.53, H 6.64. N 5.13%:
found C 61.09. H 6.65, N 5.12%.

4-Chloro-N,N-diisopropyl-2-formylbenzamide (4a).
Method A. Butyllithium (75.6 mL of a 2.5 M solution in hexane,
190 mmol) was added to a solution of 2a (37.6 g, 156 mmol)
in THF (360 mL) at —78 °C. After stirring for 1 h at —78 °C,
DMF (16.1 mL. 15.3 g, 208 mmol) was added, while the
temperature of the mixture rose to —50 °C. After warming to
ambient temperature, the reaction mixture was diluted with a
saturated aqueous solution of ammonium chloride (350 mL)
and extracted with ethyl acetate (350 and 2 x 120 mL). The
organic layer was washed with brine (250 mL), dried over
MgSO,, and evaporated. The residue was triturated with a
mixture of hexane (120 mL) and ethyl acetate (15 mL). The
crystalline product was collected by filtration to give 35.1 g
(84%) of 4a as colorless crystals. Mp 116—117 °C (hexane/
EtOAc). IR (KBr, em™'): 1703, 1628. '"H NMR (DMSO-d,,
500 MHz): 6 9.96 (s, 1H), 7.99 (d. J = 2.2 Hz, 1H), 7.79 (dd,
J=182,22Hz, 1H), 741 (d, J = 8.2 Hz, 1H), 3.60 (m, 1H),
346 (m, 1H), 1.48 (m, 6H), 1.05 (m, 6H) ppm. “C NMR
(DMSO-d,,, 125 MHz): 6 1904, 166.6, 138.7, 134.2, 133.8,
133.5, 1304, 128.2, 51.0, 45.1, 20.2, 20.1 ppm. Elemental
analysis for C,,;H4CINO, (267.76): calculated C 62.80, H 6.78,
N 5.23, Cl 13.24%; found C 62.42, H 6.73, N 5.20, Cl 13.34%.

Method B. The reaction was carried out similarly to Method
A, starting from 2a (35.3 g, 147 mmol) and using hexyllithium
(82.6 mL, 2.3 M solution in hexane, 190 mmol) as the lithiating
agent to give 4a (32.2 g, 82%). Mp 115—117 °C.

Scaled-Up Process. Butyllithium (482 mL of a 2.5 M
solution in hexane, 1.20 mol) was added to a solution of
2a (239.7 g. 1.00 mol) in THF (2290 mL) at —78 °C.
After stirring for 1.5 h at this temperature, DMF (102.6
mL, 96.8 g, 1.30 mol) was added in one portion, while

(41) Ulibarri, G.: Choret, N.: Bigg, D. C. H. Synthesis 1996. 11, 1286
1288.

(42) Fong, C. W.: Grant, H. G. Aust. J. Chem. 1981, 34, 1205-1214. Only
C NMR spectra of 2b and 2¢ are described.

the temperature of the mixture rose to —45 °C. After
warming to —15 °C, the reaction mixture was diluted with
a saturated aqueous solution of ammonium chloride (750
mL) and then water (100 mL), and extracted with ethyl
acetate (1000 and 2 x 150 mL). The organic layer was
washed with brine (1000 mL), dried over a mixture of
MgSO, (110 g) and charcoal (10 g), and evaporated. The
residue was triturated with hexane (250 mL). The crystal-
line product was collected by filtration and washed with
hexane (100 mL) to give 230.0 g (86%) of 4a as colorless
crystals.

N.N-Diisopropyl-4-fluoro-2-formylbenzamide (4b). This
compound was prepared analogously to 4a, starting from 2b
(27.8 g, 124.5 mmol). The residue obtained after the final
evaporation was triturated with hexane (100 mL), and the
crystalline product was collected by filtration to give 30.1 g
(97%) of 4b as colorless crystals. Mp 101—102 °C (hexane/
EtOAc). IR (KBr, em™'): 1708, 1618. '"H NMR (DMSO-d,,
200 MHz): 4 9.96 (s, 1H), 7.74 (dd, J = 9.2, 2.4 Hz. 1H), 7.59
(td, J=8.2, 2.8 Hz, 1H), 7.45 (dd, J = 8.5, 5.5 Hz, 1H), 3.60
(m, 1H), 3.48 (m, 1H), 1.48 (m, 6H), 1.05 (m, 6H) ppm. “C
NMR (DMSO-d,, 50 MHz): & 190.3 (d, J = 1.9 Hz), 166.7,
161.7, (d, J = 247.3 Hz), 137.0 (d. J = 3.8 Hz), 1343 (d. J =
6.1 Hz), 128.7 (d, J = 7.6 Hz), 121.5 (d, J = 21.7), 116.6 (d,
J =22.1 Hz), 51.0, 45.2, 20.3, 20.1 ppm. Elemental analysis
for C,,H,;FNO, (251.30): calculated C 66.91, H 7.22. N 5.57%:
found C 66.74, H 7.13, N 5.53%.

N,N-Diisopropyl-2-formyl-4-(trifluoromethyl)benza-
mide (4¢). This compound was prepared analogously to 4a,
starting from 2¢ (38.8 g, 142 mmol). The residue obtained after
the final evaporation was triturated with hexane (100 mL), the
crystalline product was collected by filtration to give 4¢ (30.5
g. 71%) as colorless crystals. Mp 78—79 °C (hexane). IR (KBr,
cm™'): 1702, 1629. '"H NMR (CDCl;, 500 MHz): 6 10.12 (s,
1H), 8.20 (d, J = 1.3 Hz, 1H), 7.87 (dd, / = 8.1, 1.3 Hz, 1H),
744 (d, J = 8.1 Hz, 1H), 3.59 (m, 1H), 3.53 (m, 1H). 1.61 (d,
J =7 Hz, 6H), 1.13 (d, J = 64 Hz, 6H) ppm. *C NMR
(CDCl,, 125 MHz): 6 189.0, 166.8, 144.0, 132.7, 131.3 (q, J
= 33.7 Hz), 130.6, (q. J = 3.4 Hz). 126.6, (q, / = 3.9 Hz),
123.2, (q.J = 272.5 Hz), 51 4, 46.4, 20.5, 20.3 ppm. Elemental
analysis for C,sH;sFsNO, (301.31): calculated C 59.79, H 6.02,
N 4.65%: found C 59.55, H 6.11, N 4.59%.

4-Chloro-N ,N-diisopropyl-2-(hydroxymethyl)benza-
mide (5a). Sodium borohydride (3.4 g, 88.6 mmol) was added
to a solution of 4a (17.9 g, 66.9 mmol) in methanol (150 mL)
and cooled with ice—water bath. After stirring for 5 h, the
solvent was evaporated, water (80 mL) was added to the residue,
and the mixture was extracted with diethyl ether (3 x 80 mL).
The ethereal layer was washed with brine (80 mL), dried over
MgSO; and evaporated. The residue was triturated with diethyl
ether and collected by filtration to give 5a (14.8 g, 82%) as
colorless crystals. Mp 81—82 °C (hexane). IR (KBr, cm™'):
3298, 1608. 'H NMR (DMSO-d;, 500 MHz): ¢ 7.52 (d. J =
2.2 Hz, 1H), 7.33 (dd, J = 8.1, 22 Hz, 1H), 7.15 (d. J = 8.1
Hz, 1H), 5.34 (t, J = 5.7 Hz, 1H), 4.50 (dd, J = 129, 4.7 Hz,
1H), 4.40 (dd, J = 13.6, 5.8 Hz, 1H), 3.52 (m, 2H), 1.44 (m,
6H). 1.06 (m, 6H) ppm. *C NMR (DMSO-d,, 125 MHz): 6
168.0, 141.0, 135.4, 132.8, 126.9, 126.8, 126.4, 59.6, 50.7, 44.9,
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20.5,20.4, 20.3, 20.2 ppm. Elemental analysis for C,,H,,CINO,
(269.77): calculated C 62.33, H 7.47, N 5.19, CI 13.14%:; found
C 62.04, H 7.59, N 5.10, CI 13.66%.

N,N-Diisopropyl-4-fluoro-2-(hydroxymethyl)benzamide
(5b). This compound was prepared analogously to 5a, starting
from 4b (20.0 g, 79.7 mmol) to give 5b (19.9 g, 97%) as
colorless crystals. Mp 95—96 °C (hexane). IR (KBr, cm™'):
3425, 1617. "H NMR (CDCl,. 500 MHz): 6 7.14 (dd. J = 9.4,
2.6 Hz, 1H), 7.13 (dd. J = 8.4, 5.5 Hz. 1H), 6.97 (~td, J =
84, 2.7 Hz. 1H), 461 (m, 1H), 4.40 (m, 1H), 3.77 (t, /=54
Hz, 1H), 3.76 (m, 1H), 3.53 (m, 1H), 1.55 (m, 6H), 1.15 (m,
3H), 1.10 (m, 3H) ppm. “C NMR (CDCl;, 125 MHz): 6 170.3,
162.6 (d, J = 249.0 Hz), 141.2 (d, /= 6.8 Hz), 133.3 (d, J =
39 Hz), 126.7 (d,J =78 Hz), 116.2 (d, / = 21.5 Hz), 114.2
(d,J=215Hz),63.0(d, /= 1.5 Hz), 51.2, 46.2, 20.9, 20.6,
20.5, 20.4 ppm. Elemental analysis for C,,H,,FNO, (253.32):
calculated C 66.38, H 7.96, N 5.53%; found C 66.07, H 8.09,
N 5.45%.

N N-Diisopropyl-2-hydroxymethyl-4-(trifluoromethyl)-
benzamide (5c¢). This compound was prepared analogously to
5a, starting from 4c¢ (30.0 g, 99.7 mmol) to give 5¢ (30.1 g,
99%) as colorless oil. IR (neat. cm™'); 3299, 1611. '"H NMR
(DMSO-d,,, 500 MHz): 6 7.85 (s, 1H), 7.64 (d. J/ = 7.9 Hz,
1H). 7.37 (d, J = 7.9 Hz, 1H), 5.46 (t. J = 5.7 Hz, 1H), 4.59
(dd, J = 14.1. 5.1 Hz, 1H), 449 (dd, J = 14.1, 6.0 Hz, 1H),
3.58 (m, 1H), 3.47 (m, 1H), 1.47 (m, 6H), 1.08 (m, 6H) ppm.
C NMR (DMSO-d;, 125 MHz): 6 167.7, 1404 (q. J = 1.0
Hz). 139.9, 128.7 (q. / = 31.7 Hz), 125.6. 124.3 (q, J/ = 272.5
Hz), 123.8 (q. J = 3.9 Hz). 59.6, 50.8, 45.1, 20.4, 20.3, 20.3,
20.1 ppm. Elemental analysis for C,sH,,F;NO, (303.33):
calculated C 59.40, H 6.65, N 4.62%; found C 59.17, H 6.73,
N 4.56%.

5-Chloro-2-benzofuran-1(3H)-one (1a). Method A. A
mixture of 5a (54.7 g, 203 mmol) and aqueous hydrochloric
acid (20 w/w%, 410 mL) was refluxed for 4 h. After cooling
to ambient temperature it was extracted with dichloromethane
(4 x 100 mL). The combined organic layer was extracted with
brine (200 mL), dried over MgSO., and evaporated. The residue
was triturated with a mixture (1:1) of hexane and ethyl acetate
(100 mL) and collected by filtration to give 1a (26.0 g. 76%)
as colorless crystals. Mp 156—158 °C (EtOH), lit."> mp
153.5 °C (EtOH). IR (KBr, em™'): 1754. '"H NMR (CDCl,,
400 MHz): 6 7.84 (d. J = 8.7 Hz, 1H), 7.52 (m, 1H), 7.51 (m,
1H). 5.30 (s, 2H) ppm. *C NMR (CDCl,. 100 MHz): 6 169.7,
148.1, 140.7, 129.8, 126.8, 124.2, 122.5, 68.9 ppm. Elemental
analysis for CgHsClO, (168.58): calculated C 57.00, H 2.99,
Cl 21.03%: found C 56.91, H 3.03, CI 21.15%.

Method B. Compound 1a was also prepared in one pot,
starting from formyl derivative 4a (26.9 g, 0.100 mol) which
was dissolved in methanol (225 mL) and treated with sodium
borohydride (5.0 g, 0.133 mol) while cooling with ice—water
bath. After stirring for 2 h at ambient temperature, water (120
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mL) was added, and methanol was evaporated. Concentrated
aqueous hydrochloric acid solution (80 mL) was added, and
the mixture was refluxed for 6 h. After cooling to room
temperature, the crystalline product was collected by filtration
and then washed with water (100 mL) and ethanol (20 mL) to
give 1a (16.0 g, 95%) as colorless crystals. Mp 154—155 °C,
purity >99% ("H NMR).

Method B, Scaled-Up Process. Formyl derivative 4a (230.0
g, 0.86 mol) was dissolved in methanol (1900 mL). Sodium
borohydride (42.7 g, 1.13 mol) was added over a period of 90
min, while maintaining the temperature of the reaction mixture
between 5—10 °C. After stirring for additional 2 h at ambient
temperature, water (1020 mL) was added, and methanol was
evaporated. Concentrated aqueous hydrochloric acid solution
(685 mL) was added, and the mixture was refluxed for 6 h.
After cooling to room temperature, the crystalline product was
collected by filtration and then washed with water (3 x 400
mL) and a 2:1 mixture of ethanol and water (2 x 200 mL) to
give 1a (1334 g, 92%) as colorless crystals. Mp 155—156 °C.

5-Fluoro-2-benzofuran-1(3H)-one (1b). This compound
was prepared analogously to 1a (Method A), starting from
5b (19.2 g. 75.7 mmol) to give 1b (9.80 g, 86%) as
colorless crystals. Mp 122—123 °C (hexane/EtOAc), lit.*
mp 120—121 °C. IR (KBr, ecm™"): 1749.

5-Trifluoromethyl-2-benzofuran-1(3H)-one (1c¢). This com-
pound was prepared analogously to 1a (Method A), starting
from 5c¢ (29 g, 95.7 mmol) to give 1c (17.3 g, 89%) as
colorless crystals. Mp 74—75 °C (hexane), lit. mp 70—72
°C,#65—67 °C.* IR (KBr, cm™'): 1758. '"H NMR (CDCl,,
500 MHz): ¢ 8.07 (d. J = 8.0 Hz, 1H), 7.83 (d. J = 8.0
Hz, 1H), 7.80 (s, 1H), 5.41 (s, 2H) ppm. *C NMR (CDCl,,
125 MHz): 0 169.4, 146.8, 135.9 (q, J = 33 Hz), 129.0,
126.4 (q. J = 3.5 Hz), 123.3 (q. J = 274 Hz), 119.6, 69.5
ppm. Elemental analysis for CoHsFO, (202.13): calculated
C 53.48, H 2.49%: found C 53.28, H 2.48%.

Supporting Information Available

'H and “C NMR spectra of new compounds la—c, 2b—c,
d4a—c, and 5a—c. This material is available free of charge via
the Internet at http://pubs.acs.org.

Received for review February 15, 2010.
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(43) Synthesis of 1b starting from 5-amino-2-benzofuran-1(3H)-one is
described in ref 14.

(44) Compound lc¢ was prepared via hydrolysis of the hardly accessible
2-hydroxymethyl-4-(trifluoromethyl)benzonitrile, see: Bigler, A. J.:
Boegesoe. K. P.; Toft, A.; Hansen. V. Eur. J. Med. Chem. 1977, 12,
289-295.

(45) Compound lec was prepared by non-regiospecific lithiation followed
by carboxylation and cyclization, starting from m-(trifluoromethyl)-
benzyl alcohol, see ref 16.
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Synthesis of 4,6-Dichloro- and 4,6-Difluorophthalides: a Systematic Study on
the Lithiation of 3,5-Dihalo-/N,/N-diisopropylbenzamides

Balazs Molnar,'”! Gyula Simig,/”! and Balazs Volk*?!

Keywords: Synthetic methods / Lithiation / Regioselectivity / Oxygen heterocycles

By taking advantage of the N,N-diisopropylcarbamoyl moi-
ety as a versatile ortho-directing lithiation group, the prepa-
ration of 4,6-dichloro- and 4,6-difluorophthalides, starting
from the corresponding 3,5-dihalo-N,N-diisopropylbenz-

amides, is described here. The role of the lithiating agent,
the formation of kinetically and thermodynamically favored
products, and the marked difference between the dichloro
and difluoro derivatives are discussed in detail.

Introduction

The phthalide [2-benzofuran-1(3/)-one] skeleton is a
common motif in biologically active substances, as demon-
strated by two marketed drugs, the immunosuppressant my-
cophenolate mofetil'"-* and the antiarthritic agent talniflu-
mate.”** Furthermore, 5-substituted phthalide intermedi-
ates are used in the manufacturing process of the antide-
pressant drug citalopram!®? and its optically active form
escitalopram.®!

Recently, we reported the manufacturing synthesis of 5-
chlorophthalide (1, Scheme 1). The key step of the pro-
cedure is the selective ortho-lithiation of 4-chloro-~,N-di-
isopropylbenzamide (2) to produce lithio derivative 3, fol-
lowed by formylation with N, N-dimethylformamide
(DMF).PI The advantage of the N,N-diisopropylcarbamoyl
group as an ortho-directing lithiation group over the more
widely used N, N-diethylcarbamoyl analoguel’®*2l is that

butyllithium (BuLi) or hexyllithium (HexLi) can be applied
as the lithiating agents instead of sec-butyllithium (sBuLi),
thus opening the door to a less hazardous industrial imple-
mentation of the reaction.

As a part of our ongoing research project we aimed at
extending the route shown in Scheme | for the synthesis
of 4,6-dichloro- and 4.6-difluorophthalides (4, Scheme 1),
starting with ortho-directing lithiation of 3,5-dichloro- and
3.5-difluoro-N,N-diisopropylbenzamide.!'?]

Our literature search revealed that several examples have
been published for the lithiation of benzene derivatives ex-
hibiting both a directing metalation group (DMG) and also
the two fluorine or two chlorine atoms in the meta posi-
tions. Of course, the halogen atoms can also act as DMGs.
Lithiation of 3,5-difluoroanisole (5a, Scheme 2) with BuLi
(I equiv., 78 °C, 45 min) in tetrahydrofuran (THF) oc-
curred at the 4-position to give 6a, which was trapped with

Cl BuLi cl
(or HexLi) ome  © CHO NaBH,
N(Pr),  THF,-78°C (#Pr), 86% N(Pr), MeOH
1h
5 82%
2 3
X
cl CH,OH aq.Hol O
S B 0 o aX=Cl
NIPr,  reflux, 8 h X b:X=F
5 92% , © . ©

Scheme 1.

[a] EGIS Pharmaceuticals Plc., Chemical Research Division,
P. O. Box 100, 1475 Budapest, Hungary
Fax: +36-1-2655613
E-mail: volk.balazs@egis.hu
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carbon dioxide to give 2,6-difluoro-4-methoxybenzoic acid
(7a) in 81 %4151 and 86%!'® yield.

However, lithiation of 1.3-difluoro-5-(methoxymethoxy)-
benzene (5b) with BuLi (1 equiv., -75°C, 6 h) in diethyl

Eur. J. Org. Chem. 2011, 1728-1735
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ether occurred predominantly at the site adjacent to the
methoxymethoxy group to give 8b, as shown by the isola-
tion of benzoic acid 9a in 61% yield (Scheme 2). The for-
mation of the isomeric product 7b was also detected (ca.
2%). Compound 7b was prepared in 83% yield by met-
alation of 5b with the superbasic mixture LICKOR
(1 equiv. BuLi and [ equiv. potassium tert-butoxide) at
~75°C in THF for 2 h, followed by carboxylation and re-
moval of the protecting group in the course of workup.!'”!

Kauch and Hoppe elaborated an efficient method for the
ortho-specific derivatization of N-isopropyl-N-(trimethyl-
silyl)carbamates Sc¢ and 5d of phenols. Lithiation with BuLi
(2.0-2.2 equiv.) and N,N,N',N'-tetramethylethane-1,2-di-
amine (TMEDA, 2.0-2.2 equiv.) at —78 °C for 1 h,!'%:1?] fol-
lowed by treatment with DMF and hydrolysis of the carb-
amate moiety gave salicylaldehydes 9b (81%) and 9¢ (86%),
respectively.!'!

Deprotonation of 3,5-dichloroanisole (Se) with BulLi
(1.4 equiv.) and TMEDA (1.4 equiv.) at -78 °C in THF for
1.5 h and subsequent carboxylation yielded a mixture of
benzoic acids, which were separated after esterification to
give methyl esters 7¢ (16%) and 9d (14 %).12"! Lithiation of
the same substrate Se with sBuLi (1.05 equiv.) at -95 °C in
THEF for | h occurred regioselectively between the methoxy
and chloro groups producing 8e. In contrast, the fert-butyl-
dimethylsilyl (TBDMS) ether of 3.5-dichlorophenol (5f)
underwent lithiation under the same conditions (1.05 equiv.
sBuLi, -95°C, THF, 1 h) exclusively at the position be-
tween the two chlorine atoms to produce 6f This was due
to the steric hindrance of the TBDMS protecting group.!!

The results of the lithiation reactions shown above do
not give a consistent view and eventually differ from the
expectations based on the electron-withdrawing and coordi-

Eur. J. Org. Chem. 2011, 1728-1735
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e OMe Cl 9a OH F COOH
f OTBDMS Cl 9b OH F CHO
g OMe Br 9¢ OH Cl CHO
9d OMe Cl COOMe
9e OMe Br TMS
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nating properties of the substituents, the nature of the met-
alating agents, and the choice of the solvents. The role of
kinetic and thermodynamic control in the product distribu-
tion was not studied in these papers. It is not clear whether
the isolated products reflect a final distribution or just a
snapshot of the lithio intermediates at the time of quench-
ing.

Dabrowski et al. described a more detailed investigation
of the lithiation reaction of 3,5-dibromoanisole (5g) with
lithium diisopropylamide (LDA) at -85 °C in THF.*?! By
trapping in situ with chlorotrimethylsilane (TMSCI), the
prepared product 9e indicated the primary formation of
2 4-dibromo-6-methoxyphenyllithium (8g). However, when
the lithiation was carried out prior to the quench with an
electrophile (ca. -85 °C, 2 h), the formation of the isomeric
product 7d derived from lithio derivative 6g was also ob-
served. The amount of the latter compound 7d increased
after longer lithiation times. It was suggested that lithiation
at the 2-position was kinetically favored. However, the re-
sultant aryllithium compound 8g isomerized to form the
thermodynamically more stable 2.6-dibromo-4-methoxy-
phenyllithium (6g).1>*!

Schlosser mentioned several other examples in his review
for lithiations of various substrates, where the initially
formed metalated intermediate isomerized to the more
stable lithio species (basicity-lowering isomerization).!'3<l

Results and Discussion

We aimed at applying the manufacturing route leading
to S-chlorophthalide (1. Scheme 1) for the analogous prepa-
ration of 4,6-dichloro- and 4.6-difluorophthalides (4a and
1729
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4b, respectively) using the regioselective ortho-lithiation of
4,6-dichloro- and 4.6-difluoro-~,N-diisopropylbenzamide
(10a and 10b, respectively, Scheme 3). Our experiments re-
vealed that 4a could be obtained under similar conditions,
but the preparation of 4b necessitated the elaboration of a
modified synthetic approach. The results are described be-
low in detail.

Lithiation of 3,5-dichloro-N,N-diisopropylbenzamide
(10a) with BuLi in THF at —78 °C for | h (Scheme 3) and
subsequent treatment with DMF afforded formyl derivative
13a in 99% yield, demonstrating that lithiation occurred at
the 2-position to give 11a. Aldehyde 13a was transformed
to hydroxymethyl derivative 15 and then to the required
phthalide 4a by conventional methods.

However, when the 3,5-difluoro analogue 10b was treated
under the same conditions (BuLi, THEF, -78 °C, | h), lithi-
ation occurred at the 4-position flanked by two fluoro sub-
stituents giving 12b, as indicated by the formation of alde-
hyde 14b in 917% yield. This aldehyde is obviously unsuit-
able for the synthesis of the required 4.6-difluorophthalide
4b. To find a solution for our synthetic problem, we decided
to scrutinize the lithiation reactions of 3.5-dichloro- and
3,5-difluoro- N, N-diisopropylbenzamides 10.

On the basis of all this, we decided to investigate first
whether lithio derivative 12b was a kinetic or thermo-
dynamic product. In situ trapping with TMSCI of the lithio
species, formed when difluoro derivative 10b is treated with
BuLi (THF, 78 °C), afforded trimethylsilyl derivative 13d,
demonstrating the initial preference for the formation of the
1730
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2-lithio species 11b under these conditions. However, in ac-
cordance with the formation of aldehyde 14b, quenching of
the lithiation reaction (BuLi, THF, -78 °C) with TMSCI
after 1 h gave trimethylsilyl derivative 14d, showing that the
initially formed lithio intermediate 11b isomerized to the
thermodynamically more stable (less basic) species 12b. The
regioselectivities observed in both cases were practically
perfect. The ratios of 13d/14d in the crude products were
100:1 and 1:64, respectively, as shown by GC measure-
ments.

The isomerization of 3,5-dichloro-2-lithio derivative 11a
to the 4-lithio species 12a proceeded similarly to that of the
corresponding difluoro analogue, but much slower. In situ
quenching of the metalation mixture (BuLi, THF, -78 °C)
with TMSCI afforded 13c¢ in 88% yield, the 13¢/14c ratio,
shown by GC measurements, being 65:1 in the crude prod-
uct. However, when trapping was performed after 7h of
reaction time (BuLi, THF, -78 °C), the 13c¢/14¢ ratio, as
shown by GC measurements, was 1:100 in the crude prod-
uct, and isomer 14c was obtained in 83% yield. As ex-
pected,!**! LDA (THF, -78 °C) abstracted the proton from
the most acidic site of compounds 10a and 10b, resulting
after a short reaction time (1 h) in the formation of the
thermodynamically more stable lithio isomers in both cases,
as demonstrated by the isolation of compounds 14.

Due to the very fast displacement of the metal atom in
the initially formed lithio derivative 11b to the 4-position in
lithio derivative 12b, the required aldehyde 13b could not
be obtained without substantial amounts of isomeric impu-

Eur. J. Org. Chem. 2011, 1728-1735
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rity 14b. Therefore, we decided to synthesize the required
phthalide 4b starting from compound 14d using the tri-
methylsilyl moiety as a protecting group in the 4-position
(Scheme 4). Lithiation of compound 14d followed by for-
mylation afforded aldehyde 16 in high yield. which was re-
duced to hydroxymethyl derivative 17. The removal of the
protecting group with CsF'**2% could be carried out either
before or after the cyclization of the furan ring (see 18 and
19) to produce phthalide 4b in high overall yield.

Conclusions

Although numerous papers discuss the lithiation reac-
tions of 1,3,5-trisubstituted benzene derivatives 5§ with two
identical halogen substituents and an ortho-directing met-
alation group, very few systematic studies have investigated
the role of kinetic and thermodynamic control of the lithi-
ation reactions with this family of compounds. The system-
atic lithiation study of 3.5-dihalo-N,N-diisopropylbenz-
amides described here revealed that in the case of the 3,5-
dichloro derivative, the rearrangement of the primarily
formed 2-lithio intermediate was fairly slow; thus, deriva-
tives substituted adjacent to the benzamide moiety could be
prepared. By benefiting from this highly selective key reac-
tion step, title compound 4,6-dichlorophthalide was pre-
pared in high overall yield.

On the contrary, when lithiating the 3.5-difluoro conge-
ner, very fast isomerization of the initially formed 2-lithio
intermediate to the thermodynamically more stable 4-lithio
species was observed. In general, longer reaction times with
BuLi or the use of LDA led to the 4-lithio intermediate
by starting from either 3.5-dichloro- or 3,5-difluoro-»,N-
diisopropylbenzamide.

Eur. J. Org. Chem. 2011, 1728-1735
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The synthesis of 4.6-difluorophthalide via the 2-lithio-
benzamide intermediate has been carried out with the tem-
porary protection of the 4-position.

Experimental Section

General: All melting points were measured with a Biichi B-540 cap-
illary melting point apparatus. Infrared (IR) spectra were recorded
with a Bruker IFS-113v FT spectrometer in KBr pellets or neat.
'H and '*C NMR spectra were recorded with a Varian Unity Inova
500 (500 and 125 MHz for 'H and '*C NMR spectra. respectively).
with a Bruker Avance I11 (400 and 100 MHz for 'H and '*C NMR
spectra, respectively) or with a Varian Gemini 200 (200 and
50 MHz for 'H and '*C NMR spectra, respectively) spectrometer.
Deuterated dimethyl sulfoxide ([Ds]DMSO) or CDCl; was used as
the solvent, and tetramethylsilane was used as the internal stan-
dard. Chemical shifts (d) and coupling constants (J) are given in
ppm and in Hz. respectively. Elemental analyses were performed
with a Vario EL III analyzer. GC measurements were recorded
with an Agilent 6890N chromatograph (column = DB-5.625.
30m X 0.25 mm X 0.25 pm: temperature program 80 °C for
2 min, 20 °C/min to 300 °C, 300 °C for 20 min; injector temperature
= 250 °C: detector temperature = 300 °C; split = 50:1: flow rate =
1 mL/min; helium). The reactions were followed by analytical thin
layer chromatography on silica gel 60 F,,. All reagents were pur-
chased from commercial sources. Analytical samples of new com-
pounds were obtained by recrystallization from the solvents given
below. Procedures where the lithiation step used BuLi are referred
to as Method A and those using LDA are referred to as Method B.

3,5-Dichloro-N,N-diisopropylbenzamide (10a): A mixture of diiso-
propylamine (40 mL, 28.9 g, 285 mmol) and triethylamine (40 mL.
29.0 g, 287 mmol) was added to a solution of 3,5-dichlorobenzoyl
chloride (45.0 g, 215 mmol) in toluene (370 mL). After stirring at
ambient temperature for 24 h, water (150 mL) was added. The or-
ganic layer was separated, washed with an aqueous solution of hy-
1731
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drochloric acid (10%, 150 mL) and brine (100 mL), and then dried
with MgSO,. The solvents were evaporated and, the residue was
triturated with hexane (70 mL). The crystalline product was col-
lected by filtration to give 10a (48.7 g, 84%) as off-white crystals.
M.p. 132-133°C (hexane, colorless crystals); ref?®! m.p. 127-
129°C. IR (KBr): ¥ = 1634cm'. '"H NMR (500 MHz, [D]-
DMSO): 6 = 7.62 (1, J = 1.6 Hz. 1 H), 7.36 (d. J = 1.6 Hz. 2 H),
3.59 (m. 2 H). 1.45 (m, 6 H), 1.14 (m, 6 H) ppm. “C NMR
(125 MHz, [D,]DMSO): 6 = 166.6, 142.1, 134.5, 128.3, 124.2, 50.9,
45.2, 20.3 ppm.

3,5-Difluoro-N,N-diisopropylbenzamide (10b): A mixture of diiso-
propylamine (27.8 mL, 20.07 g, 198.3 mmol) and triethylamine
(27.8 mL 20.18 g. 199.5 mmol) was added to a solution of 3,5-di-
fluorobenzoyl chloride (25.0 g, 141.6 mmol) in toluene (208 mL).
After stirring at ambient temperature for 24 h, water (200 mL) was
added. The organic layer was separated, washed with an aqueous
solution of hydrochloric acid (10%. 200 mL) and brine (150 mL),
and then dried with charcoal and MgSO,. The solvents were evapo-
rated, and the residue was triturated with cold pentane (approxi-
mately —20 °C, 40 mL). The crystalline product was collected by
filtration to give 10b (25.6 g, 75%) as colorless crystals. M.p. 103-
104 °C (hexane). IR (KBr): v = 1632cm'. '"H NMR (500 MHz.
CDCl;): 6 = 6.83 (m, 2 H), 6.81 (m, 1 H), 3.65 (m, 2 H), 1.44 (m.
6 H), 1.26 (m, 6 H) ppm. *C NMR (125 MHz, CDCl;): 6 = 167.9
(t,J=2.5Hz), 162.9 (dd. J = 250.9. 12.4 Hz). 141.7 (1. J = 8.3 Hz),
114.0 (t, J = 254 Hz). 108.8 (dd, J = 20.0, 6.4 Hz), 50.9, 46.1,
20.5 ppm. C;3H,7F>NO (241.28): caled. C 64.71, H 7.10. N 5.81;
found C 64.38, H 7.22, N 5.71.

3,5-Dichloro-2-formyl-N,N-diisopropylbenzamide (13a): A solution
of BuLi (2.5 m in hexane, 40.5 mL. 101 mmol) was added to a solu-
tion of 10a (23.0 g, 83.9 mmol) in THF (200 mL) at -78 °C. After
stirring at —78 °C for 1 h. DMF (8.4 mL, 7.93 g. 108.5 mmol) was
added while the temperature of the mixture rose to —50 °C. After
warming to ambient temperature, the reaction mixture was diluted
with a saturated aqueous solution of ammonium chloride (170 mL)
and extracted with ethyl acetate (170 mL and 2 X 70 mL). The or-
ganic layer was washed with brine (120 mL) and dried with MgSO,.
The solvents were evaporated, and the resulting residue was tritu-
rated with hexane (70 mL). The crystalline product was collected
by filtration to give 13a (25.0 g, 99%) as colorless crystals. M.p.
116-117 °C (hexane/ethy] acetate). IR (KBr): v = 1702, 1630 cm'.
'H NMR (500 MHz. CDCl;): 6 = 1041 (s. 1 H), 745 (d. J =
1.8 Hz, 1 H). 7.10(d, /= 1.8 Hz, 1 H), 3.53 (m. | H). 3.47 (m, | H),
1.58 (m, 6 H), 1.13 (d, 6 H) ppm. "*C NMR (125 MHz, CDCl;): ¢
= 188.3, 166.5, 142.4, 140.4, 138.9, 130.0, 127.4, 125.4. 51.3, 46.0,
20.52, 20.2 ppm. C,,H,,CL,NO, (302.20): caled. C 55.64, H 5.67,
Cl 23.26. N 4.63: found C 55.44, H 5.76, Cl 23.55, N 4.60.

3,5-Dichloro-N,N-diisopropyl-2-(trimethylsilyl)benzamide (13c): A
solution of BuLi (2.5 m in hexane, 4.8 mL, 12 mmol) was added to
a solution of 10a (2.74 g, 10 mmol) and TMSCI (3.8 mL. 3.27 g,
30 mmol) in THF (24 mL) at -78 °C. After stirring at —78 °C for
1 h, the cooling bath was removed, and the temperature of the reac-
tion mixture rose to —20 °C over a period of 1.5 h. After dilution
with a saturated aqueous solution of ammonium chloride (40 mL),
the reaction mixture was extracted with ethyl acetate (30 mL and
2% 15 mL). The organic layer was washed with brine (50 mL) and
dried with MgSO,. The solvents were evaporated. and the residue
(13¢/14¢ = 65:1 by GC) was triturated with hexane (10 mL). The
crystalline product was collected by filtration to give 13¢ (3.06 g,
88%) as colorless crystals. M.p. 130-131 °C (hexane). IR (KBr): ¥
=1637cm'. 'H NMR (400 MHz. CDCl,): 0 = 7.33 (d. / = 2.0 Hz,
1 H), 6.96 (d. / = 2.0 Hz, 1 H), 3.67 (m, 1 H). 3.50 (m, 1 H), 1.54
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(d. J =69 Hz, 3 H), 1.51 (d, /=69 Hz, 3 H), 1.19 (d. J = 6.7 Hz,
3 H). 1.12 (d, J = 6.2Hz, 3 H), 042 (s. 9 H) ppm. '*C NMR
(100 MHz, CDCls): 6 = 169.5, 147.8, 143.0, 1354, 133.7, 129.3,
124.3, 51.0, 46.0, 20.6, 20.2, 20.1, 20.0, 1.2 ppm. C,sH,sCL,NOS1
(346.38): caled. C 55.48, H 7.28, Cl 20.47, N 4.04; found C 55.69,
H 7.45, C] 20.43, N 4.05.

3.,5-Difluoro-N,N-diisopropyl-2-(trimethylsilyl)benzamide (13d): A
solution of BuLi (2.5 m in hexane, 12.35 mL, 30.9 mmol) was added
to a solution of 10b (6.15 g. 25.5 mmol) and TMSCI (9.65 mL,
8.35g., 76 mmol) in THF (63mL) at —78 °C. After stirring at
—78 °C for 1 h, the cooling bath was removed, and the temperature
of the mixture rose to ambient temperature over a period of 1.5 h.
After dilution with a saturated aqueous solution of ammonium
chloride (50 mL). the reaction mixture was extracted with diethyl
ether (50 mL and 2% 30 mL). The organic layer was washed with
brine (100 mL) and dried with MgSO,. The solvents were evapo-
rated, and the residue (8.35 g, 13d/14d = 100:1 by GC) was tritu-
rated with cold pentane (approximately —20 °C, 25 mL) to give of
13d (6.31 g. 79%) as colorless crystals. M.p. 126-127 °C (pentane).
IR (KBr): v = 2970, 1626 cm'. '"H NMR (500 MHz, CDCl): ¢ =
6.71 (td. J = 9.3, 2.2 Hz, 1 H), 6.65(dd, J = 8.6, 2.4 Hz, 1 H), 3.71
(m, I H). 350 (m, 1 H), 1.52(=t,J=8.1Hz, 6 H), l.Ll16 (=t.J =
6.9 Hz, 6 H). 0.34 (d. J = 1.8 Hz, 9 H) ppm. '*C NMR (125 MHz,
CDCl;): 6 = 169.5 (1. J = 2.9 Hz), 168.4 (dd, J = 243.7, 11.2 Hz),
163.5 (dd, J = 252.5, 13.9 Hz), 147.3 (dd. J = 12.2, 7.3 Hz), 119.3
(dd, J = 30.8, 4.0 Hz). 109.0 (dd, J = 21.0, 3.4 Hz), 103.1 (dd. J =
31.7. 23.4 Hz). 50.8, 46.0, 20.6, 20.3, 20.0, 0.4 (d, J = 2.9 Hz) ppm.
C,H2sFaNOSI (313.47): caled. C 61.31, H 8.04, N 4.47; found C
61.20, H 8.23, N 4.36.

3,5-Dichloro-d4-formyl-N, N-diisopropylbenzamide (14a). By Method
A: A solution of BuLi (2.5m in hexane, 9.6 mL. 24 mmol) was
added to a solution of 10a (5.48 g. 20 mmol) in THF (48 mL) at
~78 °C. After stirring at -78 °C for 7h, DMF (3mL, 2.85¢g,
39 mmol) was added while the temperature of the mixture rose to
—50 °C. After warming to ambient temperature, the reaction mix-
ture was diluted with a saturated aqueous solution of ammonium
chloride (50 mL) and extracted with ethyl acetate (40 mL and
2% 20 mL). The organic layer was washed with brine (50 mL) and
dried with MgSO,. The solvents were evaporated, and the residue
was triturated with hexane (15 mL). Filtration of the crystalline
product gave 14a (4.77 g, 79%) as colorless crystals. M.p. 95-96 °C
(hexane/ethyl acetate). IR (KBr): v = 1710, 1634 cm'. 'H NMR
(400 MHz, [Dg]DMSO): 6 = 10.35 (s, 1 H). 7.55 (s. 2 H). 3.58 (m,
2 H), 1.43 (m. 6 H), 1.23 (m, 6 H) ppm. '*C NMR (100 MHz, [D}-
DMSO): 6 = 189.1, 165.8, 144.21, 135.7, 130.2, 126.6, 51.0. 45.3,
202 ppm. C,,H,,CLNO, (302.20): caled. C 55.64, H 5.67, Cl
23.26, N 4.63; found C 55.76, H 5.73, Cl 23.51, N 4.55. By Method
B: A solution of LDA (1.8m in THF/heptane/ethylbenzene,
16.8 mL, 30 mmol) was added to a solution of 3.5-dichloro-N,N-
diisopropylbenzamide (10a, 5.48 g, 20 mmol) in THF (48 mL) at
78 °C. After stirring at -78 °C for 1 h, DMF (3.0mL, 2.85¢,
39 mmol) was added while the temperature of the mixture rose to
—55°C. After warming to ambient temperature, the reaction mix-
ture was diluted with a saturated aqueous solution of ammonium
chloride (50 mL) and extracted with ethyl acetate (40 mL and
2% 15 mL). The organic layer was washed with brine (80 mL) and
dried with MgSO,. The solvents were evaporated. and the resulting
residue was triturated with hexane (20 mL). The crystalline product
was collected by filtration to give of 14a (4.90 g. 81%) as colorless
crystals. M.p. 95-96 °C (hexane/ethyl acetate).

3,5-Difluoro-4-formyl-NV, N-diisopropylbenzamide (14b). By Method
A: A solution of BuLi (2.5 m solution in hexane, 20.9 mL, 52 mmol)

Ewr. J Org. Chem. 2011, 1728-1735



Synthesis of Dihalophthalides: Lithiation Study of Dihalobenzamides

Eur|OC

was added to a solution of 10b (11.0g, 45.6 mmol) in THF
(112mL) at -78°C. After stirring at -78°C for 1h, DMF
(4.72 mL, 4.06 g, 61 mmol) was added while the temperature of the
mixture rose to —55 °C. After warming to ambient temperature, the
reaction mixture was diluted with a saturated aqueous solution of
ammonium chloride (100 mL) and extracted with ethyl acetate
(100 mL and 2 X 50 mL). The organic layer was washed with brine
(100 mL) and dried with MgSO,. The solvents were evaporated,
and the residue was triturated with cold hexane (approximately
-20 °C, 25 mL). The crystalline product was collected by filtration
to give 14b (11.2 g. 91%) as colorless crystals. M.p. 105-105.5 °C
(hexane/ethyl acetate). IR (KBr): ¥ = 1705, 1631 cm'. 'H NMR
(200 MHz, CDCl;): 6 = 10.34 (s. 1 H), 6.93 (m, 2 H), 3.61 (m, 2
H). 1.33 (m. 12 H) ppm. *C NMR (50 MHz, CDCl,): 6 = 183.7
(t. J = 4.2 Hz), 166.6 (1, J = 1.9 Hz), 163.1 (dd. J = 266.0, 5.7 Hz),
146.5 (1, J = 9.9 Hz), 114.1 (t, J = 11.1 Hz), 109.8 (dd, J = 23.2,
3.0 Hz), 50.9, 46.5, 20.5 ppm. C,4H;F;NO;, (269.29): caled. C
62.44, H 6.36. N 5.20; found C 62.11, H 6.22, N 5.13. By Method B:
A solution of LDA (1.8 m in THF/heptane/ethylbenzene, 16.8 mL.
30 mmol) was added to a solution of 10b (4.82 g, 20 mmol) in THF
(48 mL) at —78 °C. After stirring at 78 °C for 1 h, DMF (3.0 mL,
2.83 g, 39 mmol) was added while the temperature of the mixture
rose to —60 °C. After warming to ambient temperature, the reaction
mixture was diluted with a saturated aqueous solution of ammo-
nium chloride (40 mL) and extracted with ethyl acetate (40 mL and
2 %X 20 mL). The organic layer was washed with brine (90 mL) and
dried with MgSO,. The solvents were evaporated, and the resulting
residue was triturated with cold hexane (approximately —20 °C,
15mL). The crystalline product was collected by filtration to give
14b (4.55 g. 81 %) as an off-white solid. M.p. 105-105.5 °C (hexane/
ethyl acetate).

3,5-Dichloro-N,N-diisopropyl-4-(trimethylsilyl)benzamide (14c). By
Method A: A solution of BuLi (2.5 m in hexane, 4.8 mL, 12 mmol)
was added to a solution of 10a (2.74 g. 10 mmol) in THF (24 mL)
at —78 °C. After stirring at —78 °C for 7h, TMSCI (2.0 mL, 1.72 g,
15.8 mmol) was added while the temperature of the mixture rose
to —65°C. After warming to ambient temperature, the reaction
mixture was diluted with a saturated aqueous solution of ammo-
nium chloride (50 mL) and extracted with ethyl acetate (25 mL and
2 x 10 mL). The organic layer was washed with brine (40 mL) and
dried with MgSO,. The solvents were evaporated, and the resulting
residue (14¢/13c = 100:1 by GC) was triturated with pentane
(12 mL). The crystalline product was collected by filtration to give
14c (2.87 g. 83%) as off-white crystals. M.p. 129-131 °C (hexane.
colorless crystals). IR (KBr): ¥+ = 1632 cm . '"H NMR (400 MHz,
CDCly): 6 = 7.16 (s. 2 H), 3.73 (m, 1 H). 3.60 (m. 1 H), 1.43 (m, 6
H). 1.23 (m, 6 H), 0.51 (s, 9 H) ppm. *C NMR (100 MHz, CDCl;):
0 = 167.7, 142.0, 141.3, 137.3. 125.6. 51.1, 46.2, 20.6, 2.8 ppm.
C,H,sCl,NOS (346.38): caled. C 55.48. H 7.28, C1 20.47. N 4.04;
found C 55.81. H 7.38, Cl 20.56, N 3.84. By Method B: A solution
of LDA (1.8 m solution in THF/heptane/ethylbenzene, 16.8 mL,
30 mmol) was added to a solution of 10a (5.48 g, 20 mmol) in THF
(48 mL) at 78 °C. After stirring at —78 °C for 30 min, TMSCI
(7.6 mL, 6.50 g, 60 mmol) was added while the temperature of the
mixture rose to —60 °C. After warming to ambient temperature, the
reaction mixture was diluted with a saturated aqueous solution of
ammonium chloride (80 mL) and extracted with ethyl acetate
(60 mL and 220 mL). The organic layer was washed with brine
(80 mL) and dried with MgSO,. The solvents were evaporated, and
the resulting residue was triturated with hexane (30 mL). The crys-
talline product was collected by filtration to give 14¢ (6.43 g, 93%)
as pale brown crystals. M.p. 129-131 °C (hexane. colorless crys-
tals).
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3,5-Difluoro-N,N-diisopropyl-4-(trimethylsilyl)benzamide (14d). By
Method A: A solution of BuLi (2.5 M in hexane, 24.7 mL, 61 mmol)
was added to a solution of 10b (12.3 g. 51 mmol) in THF (126 mL)
at —78 °C. After stirring at 78 °C for | h, TMSCI (19.3 mL, 16.7 g.
152 mmol) was added while the temperature of the mixture rose to
—60 °C. After warming to ambient temperature, the reaction mix-
ture was diluted with a saturated aqueous solution of ammonium
chloride (100 mL) and extracted with diethyl ether (70 mL and
2 x50 mL). The organic layer was washed with brine (100 mL) and
dried with MgSO,. The solvents were evaporated, and the resulting
residue (15.95 g. 14d/13d = 64:1 by GC) was triturated with cold
pentane (approximately —50 °C, 30 mL) to give 14d (12.45 g. 78%)
as colorless needles. M.p. 80-80.5°C (pentane). IR (KBr): v =
2975, 1632cm'. '"H NMR (200 MHz, CDCl,): ¢ = 6.74 (m, 2 H).
3.65 (m, 2 H). 1.34 (m, 12 H), 0.37 (s, 9 H) ppm. *C NMR
(50 MHz, CDCls): 0 = 168.2 (t, J = 2.7 Hz), 166.9 (dd. J = 245.7,
16.5 Hz), 142.7 (t. J = 9.5Hz). 119.2 (t, J = 5.3 Hz), 108.4 (dd. J
= 30.2, 2.3 Hz), 50.7, 47.2, 20.6. 0.1 (t, J = 2.7Hz) ppm.
C,H,sF,NOSi (313.47): caled. € 61.31, H 8.04, N 4.47; found C
60.89, H 8.23. N 4.38. By Method B: A solution of LDA (1.8 m
solution in THF/heptane/ethylbenzene, 16.8 mL, 30 mmol) was
added to a solution of 10b (4.82 g, 20 mmol) in THF (48 mL) at
~78 °C. After stirring at —78 °C for 1 h, TMSC] (5mL. 433 g,
39 mmol) was added while the temperature of the mixture rose to
—60 °C. After warming to ambient temperature, the reaction mix-
ture was diluted with a saturated aqueous solution of ammonium
chloride (40 mL) and extracted with ethyl acetate (40 mL and
2 %20 mL). The organic layer was washed with brine (90 mL) and
dried with MgSO,. The solvents were evaporated, and the residue
was triturated with cold pentane (approximately —50 °C, 15 mL).
The crystalline product was collected by filtration to give of 14d
(5.20 g, 83%) as an off-white solid. M.p. 80-80.5 °C (pentane).

3,5-Dichloro-2-(hydroxymethyl)-N, N-diisopropylbenzamide (15): So-
dium borohydride (1.0 g. 26.4 mmol) was added to a solution of
13a (5.0 g, 16.5 mmol) in methanol (80 mL), and the reaction mix-
ture was cooled in an ice/water bath. After stirring for 5h, the
solvent was evaporated. water (40 mL) was added to the residue,
and the mixture was extracted with diethyl ether (3 X 30 mL). The
ethereal layer was washed with brine (40 mL) and dried with
MgSO,. The solvents were evaporated, and the residue was tritu-
rated with hexane (20 mL). The product was collected by filtration
to give 15 (4.20 g, 83%) as colorless crystals. M.p. 141-142 °C (hex-
ane). IR (KBr): ¥ = 3510, 3069, 1615cm'. '"H NMR (200 MHz.
[Dg]DMSO): 6 = 7.58 (d. /= 2.2Hz, 1 H). 7.24 (d. /= 2.2 Hz. 1
H), 5.10 (dd, J = 5.5, 40Hz 1 H), 459 (dd. J = 11.7, 4.0 Hz, |
H), 4.45 (dd. J = 11.7, 59 Hz, 1 H), 3.55 (m, 1 H), 3.53 (m, | H).
1.45(d. J = 6.6 Hz, 6 H), 1.10 (d, J = 6.6 Hz, 3 H). 1.08 (d. J =
6.6 Hz, 3 H) ppm. *C NMR (50 MHz. [DJDMSO): 6 = 166.7.
142.2, 135.5. 133.9, 133.0, 128.6. 123.8, 57.8, 50.8. 45.0, 20.3, 20.1.
20.0, 19.7 ppm. C,,H,,CL,NO, (304.22): caled. € 55.27. H 6.30. Cl
23.31, N 4.60; found C 55.35, H 6.39. Cl 23.34, N 4.54.

r

3,5-Difluoro-2-formyl-N,N-diisopropyl-4-(trimethylsilyl)benzamide
(16): A solution of BuLi (2.5 M in hexane, 15 mL, 37.5 mmol) was
added to a solution of 14d (10.3 g, 32.9 mmol) in THF (72 mL)
at =78 °C. After stirring at 78 °C for 1 h, DMF (3.4 mL, 3.21 g,
44 mmol) was added while the temperature of the mixture rose to
—60 °C. After warming to ambient temperature, the reaction mix-
ture was diluted with a saturated aqueous solution of ammonium
chloride (50 mL) and extracted with ethyl acetate (50 mL and
2 %20 mL). The organic layer was washed with brine (50 mL) and
dried with MgSO,. The solvents were evaporated. and the residue
(11.1 g) was triturated with cold pentane (approximately —50 °C,
35mL) to give 16 (8.25 g, 74%) as colorless crystals. M.p. 87-88 °C
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(pentane). IR (KBr): ¥ = 2976, 1638 cm'. 'H NMR (500 MHz,
CDCL,): & = 10.27 (s, 1 H), 6.67 (d, J = 7.9 Hz, 1 H), 3.52 (m, 2
H), 1.539 (m, 6 H), 1.12 (d. J = 6.6 Hz, 6 H), 0.41 (1, /= 1.3Hz. 9
H) ppm. *C NMR (125 MHz. CDCly): 4 = 185.9 (d, J = 8.3 Hz),
170.1 (dd, J = 255.7. 17.6 Hz), 169.7 (dd, J = 257.2. 17.6 Hz), 166.6
(t, J = 1.0Hz), 143.9 (dd, J = 10.2, 1.9 Hz), 117.3 (dd. J = 12.7,
3.0 Hz), 114.7 (t. J = 34.7 Hz), 109.9 (dd. J = 28.8, 2.9 Hz), 51.2,
46.0, 20.4, 20.0, 0.0 (t. J = 2.6 Hz) ppm. C;;H,sF.NO,S1 (341.48):
caled. C 59.80. H 7.38, N 4.10; found C 60.37, H 7.42, N 4.11.

3,5-Difluoro-2-(hydroxymethyl)-N,N-diisopropyl-4-(trimethylsilyl)-
benzamide (17): Sodium borohydride (1.0 g, 26.4 mmol) was added
to a solution of 16 (6.0 g, 17.6 mmol) in methanol (50 mL). and
the reaction mixture was cooled with an ice/water bath. After stir-
ring for 5 h, the solvent was evaporated. water (40 mL) was added
to the residue, and the mixture was extracted with diethyl ether
(3 x40 mL). The ethereal layer was washed with brine (50 mL) and
dried with MgSO,. The solvents were evaporated, and the residue
was triturated with hexane (20 mL). The product was collected by
filtration to give of 17 (5.54 g. 92%) as colorless crystals. M.p. 110
111 °C (hexane). IR (KBr): v = 3283, 1621cm'. 'H NMR
(200 MHz, CDCl;): 6 = 6.62 (dd. J = 7.9, 0.9 Hz, |1 H). 4.67 (m. 1
H). 445 (m, I H), 3.82 (m, 1 H). 3.55 (m, 1 H), 3.17 (t. / = 6.7 Hz.
1 H), L.55 (m, 6 H). 1.15 (m, 6 H), 0.38 (t, / = 1.5 Hz, 9 H) ppm.
13C NMR (50 MHz, CDCls): 6 = 168.6 (dd. J = 3.4, 2.7 Hz), 166.0
(dd, J = 246.5. 16.4 Hz), 165.4 (dd. J = 247.3, 16.4 Hz), 142.3 (dd,
J =88,53Hz). 121.1 (dd, J = 22.1, 3.8 Hz), 114.4 (dd. J = 36.2,
33.9 Hz), 107.6 (dd, J = 28.2. 4.2 Hz), 56.2 (d, J = 5.3 Hz), 51.3,
46.3, 20.8, 20.5, 20.5. 20.3, 0.1 (t. J = 3.1 Hz) ppm. C;;H>;F>NO,Si
(343.49): caled. C 59.45. H 7.92. N 4.08: found C 59.14, H 8.09, N
3.95.

3,5-Difluoro-2-(hydroxymethyl)- N, N-diisopropylbenzamide (18): A
mixture of 17 (2.0g 5.8 mmol) and cesium fluoride (2.0g,
13.2 mmol) in acetonitrile (20 mL) was stirred at ambient tempera-
ture for 16 h. The solvent was evaporated, water (20 mL) was added
to the residue. and the mixture was extracted with ethyl acetate
(20 mL and 2 X 15 mL). The organic layer was washed with brine
(50 mL) and dried with MgSO,. The solvents were evaporated, and
the residue was triturated with hexane (10 mL). The product was
collected by filtration to give 18 (1.55 g. 98%) as colorless needles.
M.p. 134-134.5°C (hexane/ethyl acetate). IR (KBr): v = 3346,
1618 cm . 'TH NMR (500 MHz, CDCl,): = 6.84 (app. td. J = 9.3.
2.0Hz 1 H), 6.71 (d. J = 7.5Hz, | H), 4.69 (d. / = 11.5 Hz, 1 H),
446 (d, J = 11.5Hz, 1 H), 3.79 (m, 1 H), 3.56 (m, 1 H), 3.15 (m,
1 H), 1.57(d. J = 6.2 Hz, 3 H), 1.54 (d. J = 6.2 Hz, 3 H), 1.20 (d,
J = 6.0Hz, 3 H). 1.14 (d, J = 6.0Hz, 3 H) ppm. “C NMR
(125 MHz, CDCl,): 6 = 168.4 (d. J = 3.0 Hz), 162.0 (dd. J = 251.0,
12.2 Hz), 161.6 (dd, J = 252.0, 11.7Hz). 1414 (dd, J = 12.2,
11.7 Hz), 121.8 (d, J = 17.5, 3.9 Hz), 108.1 (dd. J = 22.4. 3.9 Hz),
104.3 (dd. J = 26.4, 25.0 Hz), 55.8 (d. J = 4.9 Hz), 51.4, 46.3, 20.8,
20.5, 20.3 ppm. C, H,,F,NO, (271.31): calcd. C 61.98, H 7.06, N
5.16: found C 61.63. H 7.17, N 5.07.

4,6-Difluoro-5-(trimethylsilyl)-2-benzofuran-1(3H)-one (19): A mix-
ture of 17 (4.0 g. 11.6 mmol) and aqueous hydrochloric acid (12%,
40 mL. 140 mmol) was heated to reflux for 6 h. After cooling to
ambient temperature, the reaction mixture was extracted with
dichloromethane (3 X 25 mL). The organic layers were combined,
extracted with brine (50 mL), and dried with MgSO,. The solvents
were evaporated, and the residue was triturated with cold hexane
(approximately —20 °C, 8 mL). The product was collected by fil-
tration to give 19 (2.64 g, 93%) as colorless crystals. M.p. 82-83 °C
(hexane). IR (KBr): v = 1766 cm-!. '"H NMR (500 MHz, CDCl;):
0=733(d, J=68Hz, 1 H), 532 (s, 2H), 043 (t. /= 1.6 Hz, 9
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H) ppm. *C NMR (125 MHz. CDCl;): 6 = 168.7 (dd, J = 4.9,
2.9 Hz), 167.6 (dd, J = 246.6. 12.7 Hz), 160.4 (dd. J = 248.5,
16.1 Hz), 130.5 (dd. / = 11.2, 6.8 Hz). 128.1 (dd, J = 24.9, 2.9 Hz),
121.2 (dd, J = 36.6, 31.7 Hz), 107.8 (dd, J = 30.3. 4.9 Hz), 66.9 (d,
J = 1.5Hz), -0.14 (. J = 3.4 Hz) ppm. C,,H,5F,0,Si (242.30):
caled. C 54.53, H 4.99; found C 54.48, H 4.91.

4,6-Dichloro-2-benzofuran-1(3H)-one (4a): A mixture of 15 (40.0 g,
131.5 mmol) and aqueous hydrochloric acid (10%, 215 mL) was
heated to reflux for 10 h. After cooling to ambient temperature, the
reaction mixture was extracted with dichloromethane (3 X 100 mL).
The organic layers were combined. extracted with brine (200 mL),
and dried with MgSO.. The solvents were evaporated, and the resi-
due was triturated with a mixture of hexane/ethyl acetate (10:1,
120 mL). The product was collected by filtration to give 4a (20.9 g,
78%) as colorless crystals. M.p. 87-88 °C (hexane/ethyl actate). IR
(KBr): v = 1775cm'. '"H NMR (200 MHz, CDCl;): 0 = 7.81 (d. J
= 1.5Hz. | H), 7.66 (d. J = 1.6 Hz, 1 H). 5.28 (s, 2 H) ppm. '*C
NMR (50 MHz, CDCL;): 6 = 168.5, 142.8, 136.4, 133.8. 129.5,
129.1, 124.2, 68.4 ppm. C,H,CL,O, (203.03): caled. C 47.33, H
1.99. Cl 34.92; found C 47.36. H 2.03. Cl 34.89.

4,6-Difluoro-2-benzofuran-1(3 H)-one (4b). By Deprotection of 19: A
mixture of 19 (0.80 g, 3.3 mmol) and cesium fluoride (0.94 g,
6.2 mmol) in acetonitrile (12 mL) was stirred at ambient tempera-
ture for 24 h. The solvent was evaporated., water (20 mL) was added
to the residue, and the mixture was extracted with ethyl acetate
(20 mL and 2 X 15mL). The organic layer was washed with brine
(50 mL) and dried with MgSO,. The solvents were evaporated, the
residue was triturated with hexane (10 mL), and the product was
collected by filtration to give of 4b (0.45 g. 80%) as colorless need-
les. M.p. 88-89 °C (hexane). IR (KBr): ¥ = 1761 em'. '"H NMR
(500 MHz, CDCl,): 6 = 7.44 (dd. J = 6.6. 2.0 Hz. 1 H). 7.15 (td. J
= 8.6, 2.0Hz, 1 H), 5.35 (s, 2 H) ppm. '*C NMR (125 MHz,
CDCL;): 6 = 168.4 (dd. J = 4.4, 2.5 Hz). 163.6 (dd, J = 2524,
8.8 Hz), 156.7 (dd, J = 54.9, 12.2 Hz). 129.7 (dd, J = 10.3, 5.8 Hz),
1284 (dd. J = 19.5, 2.9 Hz), 109.6 (dd, J = 27.4, 22.9 Hz), 108.5
(dd, J = 239, 44 Hz), 66.7 (d. J = 1.0Hz) ppm. CsH,F,0,
(170.12): caled. C 56.48, H 2.37: found C 56.31, H 2.36. By Cycliza-
tion of 18: A mixture of 18 (1.40 g, 5.16 mmol) and aqueous hydro-
chloric acid (18%, 12 mL, 60 mmol) was heated to reflux for 3 h.
After cooling to ambient temperature. the reaction mixture was
extracted with diethyl ether (3 X 10 mL). The ethereal layers were
combined, extracted with brine (15 mL), and dried with MgSO,.
The solvents were evaporated, and the residue was triturated with
cold hexane (approximately —20 °C, 5mL). The product was col-
lected by filtration to give of 4b (0.81 g, 92%) as colorless needles.
M.p. 88-89 °C (hexane).
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A new and efficient synthesis of 5,6-diaminophthalide and a novel thiadiazolophthalide has been accom-
plished. Both molecules are useful starting compounds for the construction of more complex heterocyclic
systems and for the preparation of bioisosteres of methylenedioxypheny! derivatives.

© 2012 Elsevier Ltd. All rights reserved.

In continuation of our studies on the synthesis of halogen-substi-
tuted phthalides,'? we report here on a practical route for the
synthesis of new thiadiazolophthalide, 5H,7H-furo[3,4-f][2,1,3|ben
zothiadiazol-5-one (1) (Scheme 1), which benefits from an im-
proved preparation of the key intermediate, 5,6-diaminophthalide
(2) [5,6-diaminoisobenzofuran-1(3H)-one). The synthetic potential
of both molecules as starting compounds for various heterocyclic
derivatives is considerable as discussed below.

o-Phenylenediamines®~ and phthalides® ™ are frequently used
intermediates for the synthesis of more complex heterocyclic
compounds. The presence of both functionalities in the same mol-
ecule provides scope for a wide range of synthetic possibilities.
Various cyclisations can be carried out on the diamino function,
followed by transformation of the phthalide moiety (Scheme 1,
steps a and b). However, if temporary protection of the o-diamino
function is required prior to the construction of a new moiety from
the furanone ring, thiadiazolophthalide 1 is a suitable starting
compound (Scheme 1, step c¢). Next, [2,1,3]benzothiadiazoles can
easily be reduced to 1,2-benzenediamines (step d), as described
for other compound families,*>'° and further transformed into
various heterocycles (step e).

Besides being a useful precursor, the [2,1,3]benzothiadiazole
structural unit has also found application due to its role in bioisos-
teric replacement. Since it has been demonstrated that the metabo-
lism of the methylenedioxyphenyl group, a rather common building
block in natural''~'* and medicinal’*"'” compounds, might inhibit

# Corresponding author. Tel.: +36 1 8035874; fax: +36 1 8035613.
E-mail address: volk.balazs@egis.hu (B. Volk).

0040-4039/$ - see front matter @ 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org(10.1016/j.tetlet.2012.03.088

the catalytic cycle of cytochrome P450 enzymes, efforts were made
to study bioisosteres of the methylenedioxyphenyl group.'® Meder-
ski et al. discovered that [2,1,3|benzothiadiazole was suitable for
this purpose.'®?° Thus, phthalide 1 may also serve as a starting com-
pound for the synthesis of bioisosteres of compounds possessing a
methylenedioxyphenyl moiety.

The cyclisations of various o-phenylenediamines with thionyl
chloride®*?! or N-thionylaniline?? to afford [2,1,3]benzothiadiaz-
oles are already known. The reaction could easily be extended to
the transformation of 5,6-diaminophthalide (2) into the new tricy-
clic derivative 1. The synthesis of key intermediate 2 was previously
described starting from 4-nitrophthalimide (3) (Scheme 2, route A).
Reduction of the nitro group and subsequent acetylation gave com-
pound 4, which was nitrated at the o-position and after removal of
the acetyl group, gave o-nitroaniline derivative 5.2* Reduction of the
nitro group with Zn/HCl provided diamino compound 2.?* This
method suffers from the low yield of the nitration reaction as well
as from the necessity of additional reaction steps required for the
temporary protection of the amino substituent.

We have previously elaborated a large scale synthesis of 5-chlor-
ophthalide (6)." It occurred to us that this compound might serve as
a suitable starting material for the synthesis of diamine 2. Indeed,
nitration of compound 6 gave 5-chloro-6-nitroisobenzofuran-
1(3H)-one (7) in high yield (Scheme 2, route B). Replacement of
the chlorine atom via an aromatic nucleophilic substitution reaction
with azide anion provided azido-nitro compound 8 in good yield.
Crude 8 could be used without purification, and its catalytic reduc-
tion afforded diamino derivative 2 in one step in 88% yield. Finally,
ring closure of 2 to thiadiazolophthalide 1 was carried out using
thionyl chloride in 83% yield.
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Scheme 2. The literature route (route A) and the novel synthesis (route B) of the versatile phthalide building blocks 1 and 2.

It is noteworthy that attempted recrystallisation of 8 from
ethanol or tetrahydrofuran led to the corresponding oxadiazole
N-oxide 9 (Scheme 1) in quantitative yield, the structure of which
was unambiguously proven by single-crystal X-ray diffraction (see
Supplementary data). Similar transformations of aromatic ortho-
nitro azides upon heating?? are known in the literature.

In conclusion, we have elaborated an efficient synthesis of
diaminophthalide 2 and thiadiazolophthalide 1 starting from 5-
chlorophthalide (6). Both phthalides 1 and 2 are versatile building
blocks in heterocyclic and medicinal chemistry.
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5-Chloro-6-nitroisobenzofuran-1(3H)-one (7)

To a mixture of fuming HNOz (18.2 mL, 27.7 g, 0.44 mol) and
concentrated HSO4 (113.2mL, 208.3 g, 2.12mol) was added
5-chloroisobenzofuran-1(3H)-one (6) (25.48 g, 0.145 mol), and
the mixture heated at 100 °C for 4.5 h. After cooling to ambient
temperature, the mixture was poured onto ice-water (1000 g),
the resulting precipitate collected by filtration, washed with H,0
(500 mL) and dried to give 7 (26.3 g, 85%) as off-white crystals.
Mp 156-157 °C (MeOH, white crystals), Lit*> mp 150-152°C
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