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Abstract

The synthesis of a series of new alkylsulfanyl plghinone and phthalazine derivatives
was is described. The target compounds were dftigisynthesized in a four step sequence
steps-reaction, consisting @) cyclization of 2-formylbenzoic acid with hydrazihgdrate to
form phthalazinone(2) the direct bromination of phthalazinone core viiBr3, then(3) the
alkylation reactions of the obtained 4-bromolact@viitsunobu procedure) to makée- and
alsoO-alkyl derivatives and finally4) the palladium-catalyzed coupling reactions of al
4-bromophthalazinone and 1-alkyloxy-4-bromophthalk@z derivatives with aliphatic
mercaptanes. Furthermore, the synthesis of 2-métgtopan-2-yl)sulfanyl-pyrido[3,4-
d]pyridazin-1(H)-one from 2-methyl-pyrido[3,4]pyridazin-1(H)-one via bromination
reaction with KBg and subsequent sulfanylation by isopropyl mercaptader catalyzed

coupling reaction conditions-was is also described.

Corresponding authors. Fax: +4842 6786583; E-mddresses: zbigmal@uni.lodz.pl (Z.
Malinowski)



1. Introduction

Phthalazin-1(Bi)-ones and phthalazines are nitrogen heterocydeshvhave aroused
great interest-since over many years, due to thgortant biological and pharmacological
properties, as well as due to their significance in otherdiiglsueh-ag.g. Aew in materials
chemistry’ It has been shown that phthalazinone derivativdsibé diverse—biological
activities, e.g. antidiabetic¢ anticancef, antiasthmati¢, anti-inflammatory, analgegicor
antimicrobial activities. Some of them have been used in medicirteeat cancer (Olaparib)
or diabetes (Zopolrestat)in the recent years, much attention was devoteti@cstudies on
the synthetic methods and properties of 4-substitalkyl, heteroaryl, amino) phthalazin-
1(2H)-ones>™* On the other hand, to date, the phthalazinonephtitalazines containing
sulfide or sulfone functional groups are a reldjivéttle-studied class of compounds.
However, the literature review proves that somé¢heim have shown interesting properties,
e.g. mesitylphthalazinel (Fig. 1) has exhibited a good antimicrobial acyiviagainst
Escherichia coliand Staphylococcus aureu@MIC = 12.5 pg/mL),*? phthalazinell has
exhibited a high cytotoxic activity (Kg= 2.3 M) against human breast cancer cell line
(MCF-7)" andtert-butylsulfanylphthalazinonél | has shown an activity as a modulator of
KCNQ potassium channéf.
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Fig. 1. Biologicallly tested phthalazinone"and phthalazderivatives Igontaining sulfanyl
moiety.

In continuing our work—n on the synthesis of newlypzanaphthalene derivatives
(phthalazinones, azaphthalazinones, quinazolindnes) also taking into consideration the
importance of sulfanyl compounds—ameng-etherthiag biologically active moleculé$,
alreadypartiallymentioned—above, we wished—tes@me-the investigate a route for the
synthesis of 2-substituted-4-alkylsulfanylphthatazies using palladium catalyzed C-S
coupling reactions. The first report describing tre@ladium catalyzed C-S bond formation
reaction was presented towards the end of 1970Mlibjta.’’ Since then, many reviews

describing the sulfanyl derivatives formation iracBons of aromatic halogenated species
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with various thiols have been publish&chowever these type of transformations were not
used to the synthesis of phthalazinones, contai@i®bonds. As a key intermediate for our
research, we chose 4-bromophthalazin-}{@8ne @, Scheme 1). Literature examples of the
synthesis of3, usually involved condensation of phthalic anhgdriwith unsubstituted
hydrazine, and next dibromination of formed phthale-1,4-dione, followed by
monohydrolysis® So far, synthetic utilities of 4-bromo- and alsdriflate- phthalazinone
derivatives-were have been demonstragegd,in a palladium or copper catalyzed coupling

reactions with amines, aryl- (heteroaryl-) boromiids or with aryl- (alkyl-) acetylenés* *°

2. Results and discussion

The planned synthetic route toward 4-bromophthata® @) consisted of the two-
steps,—as shown in Scheme 1 (Path A). The firgt steolved the condensation of 2-
formylbenzoic acid ) with hydrazine hydrate, in boiling propan-1-olelging phthalazin-
1(2H)-one @); in 77% yield™ ?° In the next stage lactath was subjected to bromination
reaction with various-agents, combinations of regsje®* such-as-g NBS/FeC} in MeCN,
Br, in AcOH, Br/FeBr in CCl, or B/NaCOs in THF. Unfortunately, in most instances the
results were not satisfying; only when NBS/Fefdl MeCN and B#N&CO; in THF were
used the target bromo derivati8dormed in a little amount (as judged ty NMR, TLC). -

WHataaetheSe—etihoa HSEeHE ir-thefurthehasinto - ge SIERISiSi dS.Aliterature

survey revealed that-BKBr various tribromide reagents, particularly psiaum tribromide,
can be-an effective—reagent agents for brominatibmeterocyclic compound$.?? The

treatment of phthalazin-1kB-one @) with Br,-KBr in water-as-an-environmentally-friendly
solvent, afforded a regioselectivity brominated duct 3, in a satisfactory yield (45%).

Moreover—an-attempt-to-carry-out-the-brominatibplahalazinohe—core The use of,B(Br

from-the—crude—material. The positien—substitutimnthe bromine atom in—4—pesition- of
pyridazinone moiety was-supperted confirmed'HyNMR spectroscopy. The spectrumf
revealed the absence of the singlet signal at g6 (DMSOéd;s) of 4-H H-4 pyridazinene
proton, characteristic of an unsubstituted phthatae?2.

Furthermore,—it-was—found-that we observed thab @snethylaphthalazin-1(9-one §)
(Scheme 1, Path B)—also underwent the reactiomimigion with potassium tribromide in
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water, to give exclusively the monobrominated patdd, substituted at 4 position of
pyridazinone ring, in 60 % yield. On the other hath@ introduction of the nitrogen atom into
the benzene ring condensed with pyridazinone maetgignificantly changed the reactivity
of obtained system that . 2-methylpyridopyridaz{@H)-one 8* #* (Scheme 1, Path G) ,
under-the-same-reaction-conditions, underwent bratioin-+reaction only in the pyridine ring,
leading to-afferded 8-bromo derivati9ein 52% yield.
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Reagents and conditions: Path A: i) fHH,, PrOH,A, ii) Method A:Br,, KBr, H,O, A, Method B:Br,, KBr, acetate buffer,
A; i) Method A:Mel, K,CO;s, acetonef, Method B:Mel, K,CO;, acetone, MW; Path- C B: iv) Mel,,RO;, acetone, MW,
V) Br,, KBr, H,0, A; Path-D C: vi) NHNH,, A, vii) Mel, KOH, methanolA, viii) Br,, KBr, H,O, A.

Scheme 1. The direct bromination reaction of phthalazin@&l-methylphthalazinon& and
N-methylpyridopyridazinon& with KBrs.

The mechanism of reaction KBwith 2, 5 and particularly witt8 is not obvious and
demands additional studies but . it can be assuhadn the case of halogenation of lactam
2, its lactim tautomeric forfi **plays-the a significant role—and The possible raaidm of
this transformation could be similar to the onepmsed for the—bremination reaction of
cinnolin-4(1H)-ones4-hydroxycinnoline with bromine in AcOH or in AcOK¢OH -2
Likewise-asfor2-the brominationprocess-of-cinnolinone-also wipobceeds selectively in

the heterocyclic ring and leads to the formatiorBdfromo-derivative cinnolinorf@.On the

other hand, phthalazinones could be treated likeaarazones, which bromination leads to



the-replacement-of-the-methine-hydrogen-and thedton of the corresponding hydrazonoyl
bromides’* %

demand

Fwo-syntheticroutes—were-employed-for The impdrigart of our studies was the

synthesis of thé&l-substituted phthalazinones and pyridopyridazinombe conversion ofi2-
pyridazin-3-one derivatives into correspondiNealkyl substituted products{Secheme—1-and
Fable-1). was performed using two synthetic ro(eheme 1, Table 1).

The first approach involved the reactions of lagan8, 8 with alkyl halides. It is known that
phthalazinones as well as their azaanalogues cast ex two tautomeric forms
(lactantslactim) and thereby can be alkylated at the nitnoge at the oxygen atom to
produce bothN- and O-substituted products, depending on the reactiomditons. -On-the
other-hand—it-isknrewn-that It was found that pstam salts of phthalazinones selectively
react with methyl iodide or ethyl iodide at thet&mn nitrogen atom while their silver salts
give mainly O-alkyl phthalazine$? % Fhus, N-Methyl lactams4 and 5 were prepared by
direct alkylation of phthalazinone® 3 with methyl iodide in the presence oL®Os/dry
acetone under microwave or conventional heatingditons (Scheme 1, Path A, B).
Unexpectedly, carrying out the reactions under MWditions (55°C, 3.5 h) turned out to be
less effective than conventional heating and tlwelyets4, 5 were obtained in only moderate
yields (40% and 45%, respectively). The changdefreaction conditions (61, 8 h) led to

an increase in a yield dfup to 85%%%%@%%@%@559@49%—5

2-Methylpyridopyridazinone8 was prepared from pyridopyridazinoné according to
previously described procedure (Mel, KOH/MeOH) #96 yield® %* The formation ofN-
methylated produets was confirmed on the-base lohsieir FTIR spectra, which exhibited
bands in the region 1648—1665 Crattributable to C=0 group of lactams.

bsing
the Mitsunobu reaction.

In the second approach the alkylation of phthalzoore was carried out under
Mitsunobu reaction conditions. In our earlier papere -have demonstrated- an the

effectiveness of this procedure as a syntheticftoraihe alkylation of phthalazinone moieties
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with the primaryN-protected-aminoalcohofs.?’ In the present work, we focused on the
application of secondary alcohols, like butan-2g#ntan-2-ol and (-)-menthol. It is well-

known that in the case of secondary alcohols tmatMitsunobu reaction proceeds with the
inversion of configuration at the stereogenic ceatel thus, the-employ use of menthol leads

to neomenthyl derivatives.

Before attempting to synthesizeN-alkylated
bromophthalazinonesl3-15 (Table 1), we —there—was investigated the behawbr
unsubstituted phthalazinor#in the condensations with the mentioned-secendlghols.

All tests reactions were carried out in the preseat TPP and DEAB>® 2" at+eem
temperature, in THF as solvent and were completdiin24 hours-Atthe-beginning First,
we applied the procedure described by KAaat(Experimental, Table 1, Method A); the
analysis of the obtained post-reaction mixturesceteéd the presence of Mitsunobu products,
DEAD-H,, triphenylphosphine oxide, unreacted starting coumgls and others unidentified
substances. Despite the fact that reactions mamlysed at the phthalazinone nitrogen atom
the outcomes were moderate and produ®s12a were isolated only in 30-48% yields
(Table 1, Entry 1, 2, 3;-5, Method A). On the othand, it is possible that also corresponding
O-derivatives10b,11b and12b were formed in trace amount$NMR), but they were not
isolated. Next, we examined the effectiveness ofaklaylation of phthalazinon using
modified Sammaki®@ *° procedure —eonditions (Experimental, Table 1, MdthB).
Compoundsl0a and 11la were received with—meaningful better results (7a%a 85%,
respectively) but . unexpectedly, neomenthyl derreal?2a was-separated isolated in only
30% yield. The obtained results clearly showed fedrefore; in some cases, changes of in
the reaction temperature as well as the orderagewet addition, can result in an increase of
Mitsunobu products yields.

Finally, the condensations of 4-bromophthalazin-d{@ne @) with butan-2-ol, pentan-2-ol
and (-)-menthol-secoendary-aleehols were perfornsguthe second procedure (Method B,
Table 1)-the-same reaction-conditions-as2f@ethod-B) and led to the formation of product
mixtures ofN-alkyl-bromophthalazinone$3a-15a and O-alkyl-bromophthalazine43b-15b
(Table 1), in which the former largely predominated

Compoundsl3a-15a, 13b and15b were separated by flash chromatography and idehtify
NMR and HRMS spectroscopy. Only, the phthalaZidle was isolated in the mixture with
14a. The total yields of obtained produdi3a,b, 14a,b, and15a,b were 54%, 31% and 57%,
respectively.



Table 1. The alkylation reaction of phthalazinorizs3 under
Mitsunobu reaction conditions.

1
R
N N
| P |
NH ~N
(o] OH

2R'=H;3R*=Br

R*.OH
DEAD, TPP
THF, rt, 24 h
1 .
NN NN
N + N
—
| ~g?
O\RZ
10a-15a 10b-15b

Yield (%)
Method A Method B

R2

1 10a H YME 30 72
e

2 11a H Y 48 85

Entry  Compound R

3 12a 40 30

4 13a Br s - 48
5 130 Br s - 6
6 14a Br Y - 28
7 14b Br \/\ - ?

N Me

8 15a Br Me_<:> ,,,,,, { - 29
Me
S Me

9 15b Br Me_<:> ,,,,,, { - 28
Me

¢ Yield was given for isolated produatfter silica gel chromatography;
P Mixture with 14a (*H NMR).

T
<
@
g/\%
®

The structures olN-, O- isomeric alkyl derivatived3-15 were-explicitly characterized based
on the comparison oH NMR spectra. The major diagnostic value in thentification of

phthalazinone and phthalazine derivatives had tieenccal shifts of H-8 aromatic proton and
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methine proton of alkyl substituent, attached tdboa adjacent to nitrogen or oxygen atom.
In the case o013a-15a, the H-8 proton signals were appreciably more d@ldhshifted ¢ 8.4
ppm), than in the instance of correspondihglerivatives13b-15b (=~ 8.1 ppm)-£-8-4-ppm
and~8-1 ppm,—+espectively), while the methine protohsalkyl groups were more upfield
shifted forN-derivatives. For example, f@-derivative 15b the methine proton signal was
observed at 5.92 ppm, while foll5a at~ 5.43 ppm. Furthermore, in th# NMR spectra of
10b-12b13b-15b signals corresponding to the carbon of OCapd Csp-O moiety were
observed atc 74 ppm andx 160 ppm, respectively. Whereas fdrderivatives13a-15a,
signals of N-Cspand C=0 carbon atoms appeared &8 ppm and- 159 ppm, respectively.
Likewise as in the case bFmethyl derivatives, the FTIR spectra of thesubstituted lactams
13a, 14a, 15a showed-shewn the presence of C=0 band at in thgerd653—1660 crh
characteristic of the lactam carbonyl group, whigtre was absent in the FTIR spectra of
13b, 14b and15b.

From achieved reaction results (Table 1) it becahear that the chemical nature of
phthalazinones as ambident nucleophiles as wedllahols can have an influence on the
course of the Mitsunobu reaction and on the rafidoomed N-, O- isomeric products. In
particular,~we-have-found,-that the bromine atorthat4-position of the pyridazinone moiety
in 3 clearly increased the formation @-alkylated phthalazine in comparison with an
unsubstituted phthalazinone. In additien,—+r-thasecan amount of the produced phthalazine
derivative depended also on the kind of alcohoduse alkylation of3 precess (Table 1,
Entry-8,-10,42, 5, 7, 9) and it was the larges(fy-menthol.

A similar dual behavior of various ambident nucleiip components in Mitsunobu reaction,
was well documented in the literatdre’ but-a-tueid an explanation of this phenomenon and
especially the prediction of the amounts of forrmpeadducts is still problematic. The Hard and

Soft Acids and Bases (HSAB) conc&pfis one of more popular theory used for describing
reactivity of ambident nucleophiles—but—its—diraamd—uneriticalapplication—to—organic

a¥aYaa v ala a a¥a aa aYa a - N alaalal aalaira ia geg ala N AN N an

lead® According to the HSAB principle, an intermediatenfied from alcohol in Mitsunobu
reaction, as hard electrophilic species shouldrb&epentially attacked by harder nucleophilic
atom (oxygen), but our experimental data showedvahihe softer nucleophilic site in the
ambident phthalazinone anion was mainly alkylat€dbles 1 and 2). Ma$r * as well
Fletche?? ** have written-n-yourpapers-paid-attention thatdda theory better describes the

behavior of amide type species in alkylation precd3espite the fact that, the value of
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intrinsic barrier prefers the oxygen attack(isightlower-thanfor-nitregen), the course of
reaction through the nitrogen atom is thermodynatlyidavoured (amides are-typically-80

kol more stable than their tautomérs) and-it-is—in-accordance—with-our—experiment
results. Thus, direct and uncritical applicationtted HSBA theory to organic chemistry can
lead to wrong conclusions and it should be tremti¢ld caution®>

On the other hand, the HSAB-theory can-be-with gged results when applied to explain
the influence of the alcohol{their its hardnesssoftness, in fact) on the distribution of
isomericN-/O- alkylated products in the Mitsunobu reaction-etd-from3. Based on the
methodology presented by Meterf®>we closer examined the experimental data obtaioed f
4-bromoderivativesl3-15 (Tables 1 and 2). Approximately, the hardness/ssinof an
intermediate formed from alcohol in Mitsunobu réactcan be assessed based on'fae
NMR chemical shift of the corresponding—HCS-OH alobltarbon atom attached to the
hydroxyl group® ** The more the HC-OH carbon atom signal is downfiéhé harder it is
likely to be and-harder mox@- derivative should be also appeared—a-carboctilercenter
of an alcohol intermediate

Table 2. The ratio ofN-/O- alkylation of lactan8.

N-/O-
Entry Alcohol PSS Lactam alkylation
(ppmy’ ratio”

HO
1 Y 67.0 95:5

Me

Me
HO
2 T e 68.5 92:8
Me

OH

3 Me 71.7 62:38
vod N < . :
Me

a_13C NMR chemical shift of HC-OH-carbon atom of alcohol;
b The ratio of the formel- andO- alkylated products was
determined bjH NMR analysis of the crude mixture.

The obtained values of chemical shifts of HC-OHboar for pentan-2-ol, butan-2-ol
and (-)-menthol (Table

ata implied that
the C-1 carbon atom of menthol should be harder tha C-2 carbon atoms of butan-2-ol or
pentan-2-ol and thereby, (-)-menthol can form mOrealkylated product. Indeed, these

predictions are in conformity with experimentalalat




In the next step bromolactams9, 13a, 14a and15a {Seheme-2) were subjected to the

palladium cross-coupling reaction with mercaptan#éh a view to synthesize target 2-alkyl-

4-sulfanyl- and 2-alkyl-8-sulfanyl- derivatives.

To optimization of the reaction conditions for tpalladium-catalyzed synthesis of sulfanyl

derivatives, we initially investigated the reactimind-bromo-2-methylphthalazin-1¥9-one4

with isopropyl mercaptan in the presence of Pd(QA&s)a palladium source and phosphine
ligand, like: XantPhos, DPEPhos, DavePhos (Table 3)

Table 3. Optimization of the C-S coupling reaction condigo

Me

S Me
\l?l e Pd/L/DIPEA \l?l
+
N\Rl Me Me  1,4-dioxane | N\Rl
o]
3R'=H 16 R'=H
4R'= Me 17 R'= Me
i Yield (%)
Entry = L Pd Pd/Lratio
(mol%) 16 17
1 Me DavePhos Pd(OAc) 10/10 - NR
2 Me XantPhos Pd(OAc) 10/10 - NR
3 Me DavePhos Pd(OAc) 30/30 - 10
4 Me XantPhos Pd(OAc) 30/30 - 8l
5 Me DPEPhos Pd(OAC) 30/30 - 78
6 H XantPhos Pd(OAc) 30/30 16 -
Reaction conditions: 4-bromophthalazinon® (0.209 mmol) or 4-bromo-2-

methylphthalazinond (0.209 mmol), isopropyl thiol (0.418 mmol), DIPEA.7 mL), 1,4-
dioxane (5 mL), 106C (26 h);

2 Yield determined byH NMR analysis of crude reaction mixture;
®Yield of isolated product;

NR - No reaction.
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Cy,P PPh, PPh,

g PPh, PPh,
® @7@ ‘;)O xr
NMe,

Me Me
DavePhos DPEPhos XantPhos

When the combination of Pd(OAcith DavePhos (Entry 1), or Pd(OAcyvith
XantPhos (Entry 2) in the ratio 10 mol%/10 mol%casalytic system were used to for the
coupling4 with mercaptan, the production bf was not observed—Fhe Further investigations
showed that-the an increased an amount of Pd(Cake) DavePhos up to 30 mol%/30 mol%
(Entry 3) resulted in the production &, which was observed in 10% vyield Byt NMR. In
the presence of Pd(OAcand XantPhos used in the same ratio (Entry 4)deulf7 was
formed as the major product, and finally was isdain 84% yield. The replacement of the
XantPhos by DPEPhos led to a slight decrease inetition yield (78%'H NMR, Entry 5).
Although both catalytic systems worked, Pd(OAXantPhos proved to be more productive
and gave the higher yield of the target prodirctMoreover, in this case the starting lactam
was observed only in trace amount, in the crudeti@amixtures byH NMR.

In addition,~ae it was observed that-the-cerregpan4-bromophthalazinor(Entry
6) also underwent sulfanylation in the presencBd{fOAc)/XantPhos system in the ratio 30
mol%/30 mol% and gavés, in 16% (H NMR) yield. Attempts to separation @6 by flash
chromatography—was were failed, and finally it walstained as a mixture witB and
characterized b{H NMR spectroscopy.

Based on the results presented in Table 3, broraotesz!, 9, 13a, 14a were subjected
to coupling reactions with various mercaptanesc#s be seen from Scheme 2, the palladium
catalyzed sulfanylation of, 9, 13a and 14a proceeded excellent with primary as well as
secondary aliphatic mercaptanes. Unexpectedly, r2apeopyridine was unreactive towards
4 and productl8 was not observed. The target alkylsulfanyl demest17, 19-22, 24 were
isolated in 75-92% vyields. The reactionl3& with propyl mercaptan surprisingly processed
in lower yield-than-in-ethereases and derivafi8avas isolated in 39% yield.

11



N{
1 R2
R
R*.SH, DIPEA o
XN RN Pd(OAc),, XantPhos 17-24
| |
7 | N\ g2 14-dioxane, 100 °c, 26 h
R® o
4,13a, 14a NI N \l?l
X = CH, R* = Br, R? = Me, *Bu, Pentan-2-yl, R®*= H = NS 2
N Rlon R2 3_
9X=N,R'=H,R°=Me, R*=Br .S 0

Me
t C [
PN ~
S Me S S Me
N NN N
| | |
N N N
“Me “Me “Me
o O o

17 (84%) 18 (0%) 19 (75%)
: Me

s s/\© SJ:Me

N N ™

| N N e NY\Me
(e} (0] (6] Me

20 (92%) 21 (79%) 22 (78%)
S/\/Me s > Me N| AN \,?‘
N N Me S (e}
(Y v Y h
O Me o Me Me Me
23 (39%) 24 (90%) 25 (81%)

Scheme 2. Synthesis of sulfanyl phthalazinone and pyridaggzinone derivatives.

Apart from bromophthalazinones, 1-bromophthalazmey be also transformed into
sufanyl derivatives. The treatment d%a as well, 15b with secbutyl mercaptan in the
presence of the previously used catalytic systaintdealkylsulfanylphthalazinon26 and
alkylsulfanylphthalazine 27 (Scheme 3) in 82% and 36% vyields, respectively.
Sulfanylderivatives26, 27 were obtained as mixturesf two diastereomers (dr = 1:iH
NMR) each, due to the presence of an additioneéstenic center from treecbutyl thiol.

. : . s tod

moiety-in-both
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Br Br
N » NN
| - |
NH —~N
(6] OH
3 |

Mitsunobu
reaction

. /\ .

Me\)\s Me\)\

. Br Br s S
Me_Me Bu-SH, DIPEA Voo  Me Bu-SH, DIPEA
\“Il Pd(OAC) 5, XantPhos \ll\l ~ \nll Pd(OAc),, XantPhos \,}1
I N, 1,4-dioxane, 100 °C, 26 h | N, ZN 1,4-dioxane, 100 °C, 26 h ZN
o o] o) wMe o) wMe
Me Me Me\p Me\p

Me Me
26a, b (82%) 15a 15b 27a,b (36%)

Scheme 3. Synthesis of neomenthyl derivativas 27.

Successful synthesis @ and 27 has confirmed our conjectures that the described

above strategy could be a useful tool for modifarag of various heterocyclic systems.

3. Conclusion

In conclusion, we have demonstrated an efficiemtr®sis of 2-alkyl-4-alkylsulfanyl
phthalazinoned7, 19-24, 26 and 1-alkyloxy-4-alkylsulfanyl phthalazin27 via the direct
bromination of phthalazin-1f2)-one @) with potassium tribromide, followed by alkylatio
4-bromophthalazinong with methyl iodide or selected secondary alcollthe presence of
TPP and DEAD (Mitsunobu reaction) and further mhilan-catalyzed sulfanylation of
lactams4, 13a-15a and phthalazind5b with aliphatic mercaptanes. Furthermore, we have
demonstrated that 2-methylphthalazindheand 2-methylazaphthalazinorg& can be also
brominated with KB4, thereby providing for the possibility of the foetr synthesis of new
compounds under metal catalyzed coupling reactions.

4. Experimental section

Melting points were determined on a Boetius hogestapparatus and were uncorrectét].

13C NMR spectra were recorded on a Bruker Advancsg#ctrometer at 600 MHz and 150

MHz respectively. The residual CDGIr DMSOds signal was used for reference (Ch@t
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7.26 ppm or DMSQys at 2.50 ppm forH NMR and CDC} at 77.16 ppm or DMS@; at
39.52 ppm for*C NMR)2* 2D HomonucleatH, *H COSY spectra and heteronucl&dr °C
COSY spectra (HSQC and HMBC) were used to assignptbton and carbon signals. IR
spectra were recorded on a Nexus FT-IR spectromdierowave reactions were performed
in a Synthos 3000 microwave reactor from Anton PEE&HRMS analyses were performed
using an Agilent Technologies HPLC 1200 coupledato Agilent Technologies 6530
Accurate Mass Q-TOF LC-MS mass spectrometer eqdippth a JetStream Technology ion
source housed in the Institute of Nuclear Chemistngl Technology, Warsaw, Poland
(internal mass calibration was enabled, referenos of m/z 121.0509 and 922.0098 were
used) in the case of compoun8ls4, 9, 13a, 14a, 15a, 15b, 10a, 11a, 12a, 17, 19, 21 and
using an Agilent Technologies HPLC 1200 couplec@noAgilent Technologies 6538 UHD
Accurate Mass Q-TOF LC-MS mass spectrometer eqdippiéh a HPLC chip-cube ion
source housed in The Children’s Memorial Healthitate, Warsaw, Poland (internal mass
calibration was unenabled) for compourd@b, 20, 22, 23, 24, 25, 26, 27. The analytical thin
layer chromatography tests (TLC) were carried autMerck silica gel plates (Kiselgel 60
F254, layer thickness 0.2 mm) and the spots wesaalised using UV lamp. The flash
column chromatography purifications were perfornmd Fluka silica gel (Silica gel 60,
0.035-0.070 mm). All reactions with organopalladisompounds were performed under an
argon atmosphere using standard Schlenk technigehydrofuran (THF) and 1,4-dioxane
were distilled from sodium benzophenone ketyl prior use. Commercially available
reagents: 2-formylbenzoic acid, hydrazine monohiglidbromosuccinimide (NBS), methyl
iodide (Mel), butan-2-ol, pentan-2-ol, RRS5R)-2-isopropyl-5-methylcyclohexanol ((-)-
menthol), benzyl mercaptan, propyl mercaptagcbutyl mercaptan, isopropyl mercaptan,
cyclohexyl mercaptan, 2-mercaptopyridine, triphehgisphine  (TPP), diethyl
azodicarboxylate (DEAD),N,N-diisopropylethyl amine (DIPEA), palladium(ll) aed¢
(Pd(OAc)), 4,5-bis-(diphenylphosphino)-9,9-dimethylxanthene (XantPhos), 2-
dicyclohexylphosphino-20N,N-dimethylamino)biphenyl (DavePhos), (oxydi-2,1-
phenylene)-bis-(diphenylphosphine) (DPEPhos) wenechmsed from Sigma-Aldrich and

were used without further purification.

4.1. Synthesis of phthalazin-1(2H)-o2¢ (
A mixture of 2-formylbenzoic acidlj (£086-g, 6.66 mmol) and hydrazine monohydrate (3
mL), in propan-1-ol (15 mL) was heated with stigimnder reflux for 8 h. After the
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completion of the reaction (TLC check) the mixturas cooled and all volatile materials were
removed under reduced pressure. To the residue wateadded and neutralized with acetic
acid. The separated solid was collected by filbratiwvashed with water and then dried by
vacuum suction to give the pure prodRct

White solid; Yield: 750 mg, 77%; Mp: 186-18T, (lit. 182—184°C*"); FTIR (KBr): v =
3162, 3103, 1659 (C=0), 1559, tin"H NMR (600 MHz, CDC}): J = 10.75 (s, 1H, NH),
8.45 (d,J = 7.9 Hz, 1H, 8 Ar-H), 8.18 (s, 1H, 4-pyrid), 7-&783 (m, 1H, Ar-H), 7.81-7.78
(m, 1H, Ar-H), 7.73 (dJ = 7.9 Hz, 1H, 5 Ar-H)*H NMR (600 MHz, DMSO€s): = 12.62
(s, 1H, NH), 8.36 (s, 1H, 4-pyrid), 8.22 (= 7.8 Hz, 1H, 8 Ar-H), 7.94-7.90 (m, 2H, Ar-H),
7.87-7.82 (m, 1H, Ar-H)*3C NMR (150 MHz, DMSOds): d= 159.6 (C=0), 138.2, 133.6,
131.7,129.9, 127.5, 126.7, 125.3 ppm.

4.2. General procedure for the reaction of phthalanes4 (Path A) and5 (Path B) with
methyl iodide

Method A.

A mixture of 4-bromophthalazin-1k9-one @) (6-56—g, 2.22 mmol), potassium carbonate
(6-92g, 6.66 mmol) in dry acetone (20 mL) was deédb boiling for 30 min and next methyl
iodide (B-47-g, 3.33 mmol) was added. The reactioxture was heated and stirred under
reflux for 8 h.

Method B.

A mixture phthalazin-1#)-one @) (8-56-g, 3.42 mmol), caesium carbonate{(1-34.41 4
mmol) in dry acetone (20 mL) was charged to PTHiesy sealed in ceramic cases and placed
in the rotor. The reaction mixture was heated t8&G5held for 0.5 h at 5%C and then cooled
to 25°C. In the next step the methyl iodide{0-56 g, A3 3.77 mmol) was added and the
reaction was continued at 85 for 3.5 h.

After cooling to room temperature the separated seas collected by filtration and washed
with acetone (5 mL). The filtrate was concentrateder reduced pressure and then the crude
product was purified by flash chromatography.

4.2.1. 4-Bromo-2-methylphthalazin-1(2H)-ode (Path A).White solid; Yield: 451 mg, 85%

(Method A), 327 mg, 40% (Method B); Mp: 101-1t R (CHCk) = 0.34; FTIR (KBr):v =

3036, 2906, 1652 (C=0), 1572 tin'H NMR (600 MHz, DMSOdg): 5= 8.29 (d,J = 7.9 Hz,
15



1H, 8 Ar-H), 8.06-8.00 (m, 1H, Ar-H), 7.98-7.92 (&H, Ar-H), 3.71 (s, 3H, Me)**C NMR
(150 MHz, CDC}): J= 158.2 (C=0), 134.4, 133.2, 129.6, 128.1, 12127.5, 126.7, 38.9
ppm; HRMS (ESI) m/z: calcd forgBlsBrN,O [M + H]* 238.9814, found 238.9813.

4.2.2. 2-Methylphthalazin-1(2H)-onB)((Path B).White solid; Yield: 247 mg, 45% (Method
B); Mp: 111-114C, (lit. 112-114C*); R (CHCL/ACOEY/PE 6:1:1.5) = 0.46; FTIR (KBr):

= 3036, 2942, 1641 (C=0), 1590 tm'H NMR (600 MHz, DMSO¢s): J= 8.40 (s, 1H, 4-
pyrid), 8.25 (d,J = 8.0 Hz, 1H, Ar-H), 7.96-7.89 (m, 2H, Ar-H), 7-8883 (m, 1H, Ar-H),
3.72 (s, 3H, Me)®*C NMR (150 MHz, DMSOdg): d = 158.7 (C=0), 137.8, 133.4, 132.1,
129.6, 127.0, 126.8, 125.6, 39.0 ppm.

4.3. Synthesis of 2-methylpyrido[3,4-d]pyridazi2Hj-one )%
N-Methylpyridopyridazinone8, pyridopirydazinone7 and hydroxyazaisoindolinon@ were

prepared according to the procedure reportederalitire 21.

4.3.1. 2-methylpyrido[3,4-d]pyridazin-1(2H)-on8) ((Path C).Canary yellow solid; Yield:
197 mg, 55%; Mp: 175-17°C (lit. 180-182°C* %3; FTIR (KBr): v = 1665 (C=0) cm’; H
NMR (600 MHz, CDC})): 6 = 9.14 (s, 1H, 5 A-H), 8.96 (d,= 5.3 Hz, 1H, 7 Ar-H), 8.25 (s,
1H, 4-pyrid), 8.20 (dJ = 5.3 Hz, 1H, 8 Ar-H), 3.87 (s, 3H, MeJ’C NMR (150 MHz,
CDCly): 6 = 158.4, 151.3, 149.6, 135.6, 132.8, 124.4, 1180® ppm.

4.4. General procedure for bromination of phthatemes2, 5 and pyridopyridazinon8
Synthesis of compound@gPath A),4 (Path B) an® (Path C).

The reaction was carried out in a round-bottomkfigised with a magnetic stirrer bar. To a
suspension of phthalazin-H®one @) or 2-methylphthalazin-1{2)-one &) or
pyridopyridazinone8 (6.84 mmol) in water (55 mL) (Method A) or in tlaeetate buffer
solution pH = 5.8 (55 mL) (Method B), was addedasstum bromide (8.44 mmol) and
bromine (8.44 mmol) at an ambient temperature. Mhaure was then stirred for 6 h at an
ambient temperature, and next the whole was heatbdiling and stirred for 25 h until the
bromine colour entirely disappeared. After cooliogan ambient temperature (in the cas@ of
the mixture was adjusted to pH 7 with saturated G@k) the separated solid was collected
by filtration and washed with water (5 mL). The deuproduct was purified by flash

chromatography.
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4.4.1. 4-Bromophthalazin-1(2H)-on8) (Path A).White solid; Yield: 693 mg, 45% (Method
A), 1.02 g, 66 % (Method B); Mp: 279-28C, (lit. 277-279 °C° %273 °C*¥); R
(DCM/ACOEt/Hex 6:1:1) = 0.24; FTIR (KBr)v = 3022, 2931, 2892, 1671, 1659 (C=0),
1581 cm®; *H NMR (600 MHz, DMSOedg): = 12.94 (s, 1H, NH), 8.26 (d,= 7.9 Hz, 1H, 8
Ar-H), 8.06-8.01 (m, 1H, Ar-H), 7.97-7.91 (m, 2H;-K); **C NMR (150 MHz, DMSOdg):
J=159.1 (C=0), 134.8, 133.1, 129.9, 129.4, 12827.6, 126.5 ppm; HRMS (ESI) m/z:
calcd for GHeBrN,O [M + H]* 224.9658, found 224.9658.

4.4.2. 4-Bromo-2-methylphthalazin-1(2H)-od@ (Path B).White solid; Yield: 981 mg, 60%
(Method A); Mp: 101-104C; R (AcOEt/Hex 1:1) = 0.6.

4.4.3. 8-Bromo-2-methylpyrido[3,4-d]pyridazin-1(2bihe Q) (Path C).Cream solid; Yield:
854 mg, 52% (Method A); Mp: 220-222; R (AcOEt/Hex 10:3) = 0.56; FTIR (KBr)v =
3062, 2927, 1653 (C=0) ¢ 'H NMR (600 MHz, DMSOds): 6 = 9.22 (s, 1H, 5 Ar-H),
9.08 (s, 1H, 7 Ar-H), 8.54 (s, 1H, 4-pyrid), 3.7%) 8H, Me);*C NMR (150 MHz, DMSO-
dg): 0 = 155.8 (C=0), 154.1, 149.6, 135.4, 129.0, 1261®.6, 39.5 ppm; HRMS (ESI) m/z:
calcd for GH7BrNzO [M + H]* 239.9767, found 239.9765.

4.5. General procedure for the Mitsunobu reactidplathalazin-1(2H)-one& and 3 with the
secondary alcohols. Synthesis of compoui@ds.

Method A

The Mitsunobu reaction was carried out under ard@athyl azodicarboxylate (1.03 mmol,
solution in toluene & 40%) was slowly added to a stirred solution gbheanylphosphine
(1.03 mmol) in dry THF (10 mL) at the temperatuetvieen —1C and -5°C. Then a
solution of phthalazinon2 (0.684 mmol) in THF (10 mL) was added dropwisee Whole lot
was mixed for 15 min at this temperature and ne&tappropriate alcohol (0.753 mmol) in
THF (5 mL) was added at —10 - 26. The mixture was stirred during 2 h at this ctinds,
after which time the reaction mixture was warmedutabient temperature and stirred in this
conditions for 24 h. All volatile materials weremeved under reduced pressure, ethyl ether
(5 mL) was added to the residue, and the wholemas stirred for 0.5 h at an ambient

temperature. The separate white solid was colleoyeflirtation and washed with ether, and
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the filtrate was evaporated to dryness. The prodvas separated and purified by flash

chromatography.

Method B

The Mitsunobu reaction was carried out under argana round bottom flask were added
phthalazinon& or 3 (1.78 mmol), alcohol (2.67 mmol), triphenylphosphi(2.67 mmol) and
THF (40 mL). Then, the solution was cooled to tBmperature —26C for 15 min. and
diethyl azodicarboxylate (2.67 mmol, solution ifuene c= 40%) was added dropwise to the
solution. The reaction was stirred at “2Dfor 1 h, and then the cold bath allowed to slowly
warm to an ambient temperature and stirred indbrgditions for 24 h. All volatile materials
were removed under reduced pressure, diethyl étbemlL) was added to the residue, and the
whole lot was stirred for 0.5 h at an ambient terapge. The separate white solid was
collected by flirtation and washed with ether, dhd filtrate was evaporated to dryness. The

product was separated and purified by flash chrography.

4.5.1. 2-(Butan-2-yl)phthalazin-1(2H)-on#0g). Straw oil; Yield: 41.5 mg, 30% (Method A),
259 mg, 72% (Method B); {RACOEt/Hex 1:3) = 0.5; FTIR (thin film)r = 3044, 2968, 2933,
1644 (C=0), 1591 ci; *H NMR (600 MHz, CDCJ): ¢ = 8.43 (dJ = 7.8 Hz, 1H, 8 Ar-H),
8.20 (s, 1H, 4-pyrid), 7.80—7.71 (m, 2H, Ar-H), 7.@,J = 8.2 Hz, 1H, 5 Ar-H), 5.38-5.06
(m, 1H, N-CH), 1.95-1.86 (m, 1H, GH 1.77-1.68 (m, 1H, C§), 1.37 (d,J = 6.8 Hz, 3H,
Me), 0.84 (t,J = 7.4 Hz, 3H, Me)*C NMR (150 MHz, CDGJ): 6 = 159.6 (C=0), 137.7,
133.0, 131.5, 129.4, 128.0, 127.1, 125.9, 54.1 W;@8.4, 19.4, 10.9 ppm; HRMS (ESI)
m/z: calcd for GoH1sN,O [M + H]" 203.1179, found 203.1179.

4.5.2. 2-(Pentan-2-yl)phthalazin-1(2H)-orklg). Yellow oil; Yield: 71.0 mg, 48% (Method
A), 327 mg, 85% (Method B); {RHex/AcOEt 3:1) = 0.56; FTIR (thin film)r = 3051, 2960,
2331, 1653 (C=0), 1589 ¢ 'H NMR (600 MHz, CDCY)): 6 = 8.44 (d,J = 7.8 Hz, 1H, 8
Ar-H), 8.21 (s, 1H, 4-pyrid), 7.81-7.77 (m, 1H, B); 7.77-7.72 (m, 1H, Ar-H), 7.68 (d,=
8.0 Hz, 1H, 5 Ar-H), 5.37-5.27 (m, 1H, N-CH), 1.4787 (m, 1H, CH)), 1.71-1.62 (m, 1H,
CH,), 1.38 (dJ = 6.7 Hz, 3H, Me), 1.35-1.28 (m, 1H, @H1.25-1.17 (m, 1H, C}), 0.90 (t,

J = 7.4 Hz, 3H, Me)}*C NMR (150 MHz, CDGCJ): ¢ = 159.5 (C=0), 137.7, 133.0, 131.5,
129.4, 128.0, 127.2, 125.9, 52.4 (N-CH), 37.6, 1987, 14.0 ppm; HRMS (ESI) m/z: calcd
for CraH17N20 [M + H]* 217.1335, found 217.1331.
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4.5.3. 2-[(1S,2S,5R)-5-Methyl-2-(propan-2-yl)cydryi]phthalazin-1(2H)-one1@a). White
solid; Yield: 77.8 mg, 40% (Method A), 152 mg, 3Q®ethod B); Mp: 144-147C; R
(Hex/AcOEt 5:1) = 0.58; FTIR (KBr)v = 3066, 2952, 2930, 1638 (C=0), 1587 t¢mH
NMR (600 MHz, CDCY): 6 = 8.45 (d,J = 7.9 Hz, 1H, 8 Ar-H), 8.13 (s, 1H, 4-pyrid), 7-80
7.76 (m, 1H, Ar-H), 7.75-7.71 (m, 1H, Ar-H), 7.68, 0 = 7.7 Hz, 1H, 5 Ar-H), 5.63-5.38
(m, 1H, N-CH), 2.26-2.15 (m, 1H, GH 1.97-1.86 (m, 3H, Cy|, 1.78-1.72 (m, 1H, CH),
1.46-1.35 (m, 3H, C}), 1.06-0.97 (m, 1H, C}), 0.86 (d,J = 6.3 Hz, 3H, Me), 0.83-0.80 (m,
6H, 2xMe); **C NMR (150 MHz, CDG)): 6 = 159.7 (C=0), 135.6, 132.9, 131.2, 129.4,
128.0, 127.2, 125.6, 52.5 (N-CH), 47.0, 40.5, 32%3, 25.8, 25.7, 22.8, 21.5, 21.3 ppm;
HRMS (ESI) m/z: calcd for H2sN-O [M + H]" 285.1961, found 285.1960.

4.5.4. 4-Bromo-2-(butan-2-yl)phthalazin-1(2H)-ork3d). Yellow oil; Yield: 240 mg, 48%
(Method B), R (AcOEt/Hex 1:10) = 0.25; FTIR (thin film)v = 3074, 2968, 2933, 1660
(C=0), 1576 cr; *H NMR (600 MHz, CDGJ): 6 = 8.44 (ddJ = 7.9, 0.8 Hz, 1H, 8 Ar-H),
7.93 (dd,J = 8.0, 0.5 Hz, 1H, 5 Ar-H), 7.87-7.83 (m, 1H, 7-WAYy, 7.82-7.77 (m, 1H, 6 Ar-
H), 5.31-4.98 (m, 1H, N-CH), 1.96-1.86 (m, 1H, £{H.79-1.70 (m, 1H, C¥\, 1.39 (d,J =
6.7 Hz, 3H, Me), 0.87 (t) = 7.4 Hz, 3H, Me)®*C NMR (150 MHz, CDGJ): § = 159.0
(C=0), 133.7, 132.4, 130.0, 129.2, 128.6, 127.8,72,254.9 (N-CH), 28.4, 19.4, 10.9 ppm;
HRMS (ESI) m/z: calcd for GH14BrN,O [M + H]" 281.0284, found 281.0285.

4.5.5. 1-Bromo-4-[(butan-2-yl)oxy]phthalazind3p). White solid; Yield: 30.0 mg, 6%
(Method B), Mp: 88-90C; R (AcOEt/Hex 1:10) = 0.32; FTIR (KBr)v = 2966, 2919, 1537,
1408 cm*; *H NMR (600 MHz, DMSO€e): 6 = 8.21 (d,J = 7.9 Hz, 1H, Ar-H), 8.17-8.10
(m, 2H, Ar-H), 8.11-8.07 (m, 1H, Ar-H), 5.60-5.2%,(1H, O-CH), 1.90-1.82 (m, 1H, GH
1.82-1.74 (m, 1H, Ch), 1.42 (d,J = 6.2 Hz, 3H, Me), 0.99 (8 = 7.4 Hz, 3H, Me)**C NMR
(150 MHz, DMSO¢k): § = 160.0 (C-0), 142.3, 134.3, 133.9, 128.5, 12628.3, 121.0, 74.9
(O-CH), 28.3, 18.8, 9.4 ppm; HRMS (ESI) m/z: cafod C;;H14BrN,O [M + H]" 281.0284,
found 281.0289.

4.5.6. 4-Bromo-2-(pentan-2-yl)phthalazin-1(2H)-qida). Yellow oil; Yield: 147 mg, 28%
(Method B), R (Hex/AcOEt 5:1) = 0.62; FTIR (thin film)y = 3037, 2960, 2931, 1655
(C=0), 1576 cnt; 'H NMR (600 MHz, CDCJ): 6 = 8.44 (ddJ = 7.9, 0.7 Hz, 1H 8 Ar-H),
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7.92 (d,J = 8.0 Hz, 1H, 5Ar-H), 7.87-7.83 (m, 1H, Ar-H), 2-&.78 (m, 1H, Ar-H), 5.29—
5.21 (m, 1H, N-CH), 1.95-1.87 (m, 1H, ©H1.71-1.62 (m, 1H, C¥\, 1.39 (d,J = 6.7 Hz,
3H, Me), 1.36-1.29 (m, 1H Gl 1.29-1.20 (m, 1H CH, 0.92 (t,J = 7.4 Hz, 3H, Me)**C
NMR (150 MHz, CDCJ): § = 158.8 (C=0), 133.6, 132.3, 129.9, 129.0, 128%,.6, 127.5,
52.9 (N-CH), 37.3, 19.6, 19.5, 13.9 ppm; HRMS (B8I}: calcd for GsH1¢BrN2O [M + H]*
295.0440, found 295.0438.

4.5.7. 1-Bromo-4-[(pentan-2-yl)oxy]phthalazin&4lp). (The crude mixture withl4a after

chromatography); Yellow oil; Yield: 15.8 mg, 3% NMR, Method B), R(Hex/AcOEt 5:1)
= 0.59, 0.62; 1H NMR (600 MHz, CDglo = 8.46-8.42 (m, 1H, Ar-Hl4a), 8.23-8.19 (m,
1H, Ar-H), 8.14-8.11 (m, 1H, Ar-H), 7.96-7.83 (nH 4Ar-H, 14a, 14b), 7.82—-7.77 (m, 1H,
Ar-H, 14a), 5.69-5.57 (m, 1H, O-CH), 5.28-5.19 (m, 1H, N-CH4a), 1.95-1.85 (m, 2H,
CHy, 144, 14b), 1.74-1.63 (m, 2H, Ckl14a, 14b), 1.53-1.41 (m, 5H, CkIMe), 1.39 (dJ =

6.7 Hz, 3H, Me4a), 1.36—1.20 (m, 2H, CH14a), 0.96 (t,J = 7.4 Hz, 3H, Me), 0.91 (f =

7.4 Hz, 3H, Me14a); **C NMR (150 MHz, CDGJ): § = 160.5, 158.814a), 142.7, 133.6
(14a), 133.0, 132.7, 132.34a), 129.9 (4a), 129.4, 129.014a), 128.5 (4a), 128.1, 127.7
(14a), 127.6 (4a), 127.3, 123.7, 74.1 (O-CH), 52.944, N-CH), 38.3, 37.314a), 19.7, 19.6
(14a), 19.5 (4a), 18.7, 14.1, 13.914a) ppm.

4.5.8. 4-Bromo-2-[(1S,2S,5R)-5-methyl-2-(proparj2yglohexyl]phthalazin-1(2H)-one
(15a). White solid; Yield: 188 mg, 29% (Method B), Mp: &2°C; R (Hex/ AcOEt 5:1) =
0.60; FTIR (KBr):v = 2951, 2924, 1653 (C=0), 1576 ¢ntH NMR (600 MHz, CDC}): d =
8.45 (ddJ=7.9, 0.7 Hz, 1H, 8 Ar-H), 7.92 (d,= 8.0 Hz, 1H, 5 Ar-H), 7.87-7.84 (m, 1H, 7
Ar-H), 7.81-7.76 (m, 1H, 8 Ar-H), 5.51-5.34 (m, INCH), 2.22-2.12 (m, 1H, Ci} 1.97—
1.88 (m, 3H, CH), 1.79-1.73 (m, 1H C§), 1.46-1.36 (m, 3H, CH, 1.05-0.96 (m, 1H,
CHy), 0.89 (d,J = 6.3 Hz, 3H, Me), 0.83 (dl = 6.3 Hz, 3H, Me), 0.82 (d] = 6.4 Hz, 3H,
Me); *C NMR (150 MHz, CDGJ): 6 = 159.1 (C=0), 133.7, 132.2, 130.0, 128.6, 127.9,
127.4, 126.8, 53.0 (N-CH), 46.8, 40.3, 35.5, 2235, 25.5, 22.8, 21.4 ppm; HRMS (ESI)
m/z: calcd for GgH24BrN,O [M + H]* 363.1067, found 363.1065.

4.5.9. 1-Bromo-4-{[(1S,2S,5R)-5-methyl-2-(propaph2yclohexyl]oxy}phthalazine 1%b).
White solid; Yield: 181 mg, 28% (Method B), Mp: d012°C; R (Hex/ AcOEt 5:1) = 0.70;
FTIR (KBr): v = 2955, 2919, 1535, 1408 thn*H NMR (600 MHz, CDC}): 6 = 8.19 (d,J =
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7.9 Hz, 1H, Ar-H), 8.14 (d) = 7.9 Hz, 1H, Ar-H), 7.96-7.85 (m, 2H, Ar-H), 5:%189 (m,
1H, O-CH), 2.40 (ddJ) = 14.5, 2.6 Hz, 1H, C}), 1.94-1.83 (m, 2H, CHi, 1.76-1.61 (m, 3H,
CHy), 1.24-1.13 (m, 2H, CH|, 1.08-1.00 (m, 1H, CH, 0.95 (d,J = 6.7 Hz, 3H, Me), 0.89
(d, J = 6.7 Hz, 3H, Me), 0.84 (d] = 6.6 Hz, 3H, Me)*C NMR (150 MHz, CDG)): ¢ =
160.4, 142.8, 133.2, 132.9, 129.7, 127.5, 123.2,442714.4 (O-CH), 47.7, 38.1, 35.2, 29.9,
27.1, 25.6, 22.3, 21.2, 21.1 ppm; HRMS (ESI) m/atcd for GgH.BrN,O [M + H]”
363.1067, found 363.1067.

4.6. General procedure for the palladium-catalyzgdthesis of 4-sulfanylphthalazinorigs
19-26 and 4-sulfanylphthalazings.

The reaction was carried out under an argon atnewsph an oven-dried resealable Schlenk
flask. A resealable Schlenk flask was charged wdbppropriate 2-substituted-4-
bromophthalazinone 4, 10a-12a or 8-bromo-2-methylpyridopyridazinone® or 1-
bromophthalazinel2b (0.418 mmol), 5 mL freshly distilled 1,4-dioxanBd(OAc) (30
mol%), XantPhos (30 mol%), DIPEA (1.5 mL), and #ppropriate mercaptan (0.836 mmol).
The whole mixture was stirred and heated in abath at 100C for 26 h. After this time, the
reaction mixture was cooled to an ambient tempegaéund diluted with 5 mL chloroform.
The solid was removed by filtration and washed vatimL chloroform. The filtrate was
concentrated to dryness and the residue was pliifjeflash chromatography to give pure

product.

4.6.1. 2-Methyl-4-[(propan-2-yl)sulfanyl]phthalazi{2H)-one 17). Pale yellow solid; Yield:
82.3 mg, 84%, Mp: 80-82.%; R (AcOEt/CHCLK/PE 1:9:6) = 0.70; FTIR (KBr)v = 3072,
2960, 2923, 1648, 1576 ¢m*H NMR (600 MHz, CDCJ): 6 = 8.43 (dJ = 8.7 Hz, 1H, 8 Ar-
H), 7.90 (d,J = 7.4 Hz, 1H, 5 Ar-H), 7.79-7.70 (m, 2H, Ar-H)98-3.88 (m, 1H, S-CH),
3.83 (s, 3H, N-Me), 1.45 (d,= 6.8 Hz, 6H, 2xMe)**C NMR (150 MHz, CDGJ): = 159.0
(C=0), 144.2, 132.8, 131.7, 130.0, 127.5, 127.2.4,239.5, 36.0, 23.1 ppm; HRMS (ESI)
m/z: calcd for GH1sN,OS [M + HJ 235.0900, found 235.0897.

4.6.2. 4-[(Butan-2-yl)sulfanyl]-2-methylphthalazlf2H)-one 19). Light yellow solid; Yield:
77.9 mg, 75%, Mp: 40-42C; R (AcOEt/CHCK/PE 1:9:6) = 0.45; FTIR (thin fim)y =
3067, 2959, 2926, 1652, 1576 ¢mH NMR (600 MHz, CDCd): 0 = 8.44 (ddJ=7.0, 2.1
Hz, 1H, 8 Ar-H), 7.93 (ddJ = 7.1, 1.9 Hz, 1H, 5 Ar-H), 7.79-7.71 (m, 2H, AJ;}3.84 (s,
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3H, Me), 3.83-3.76 (m, 1H, S-CH), 1.85-1.78 (m, TH), 1.76-1.69 (m, 1H, CH, 1.44
(d,J = 6.8 Hz, 3H, Me), 1.06 (§ = 7.4 Hz, 3H, Me)**C NMR (150 MHz, CDGCJ): § = 159.1
(C=0), 144.3, 132.9, 131.7, 130.1, 127.5, 127.2,.6,242.3, 39.5, 29.7, 20.6, 11.6; HRMS
(ESI) m/z: calcd for @H17N,OS [M + HJ 249.1056, found 249.1052.

4.6.3. 4-(Cyclohexylsulfanyl)-2-methylphthalazi2id)-one g0). Yellow solid; Yield: 106
mg, 92%; Mp: 111-112C; R (DCM/AcOEt/Hex 6:1:1) = 0.54; FTIR (KBr)z = 3030,2943,
2918, 1651 (C=0), 1574 ¢m'H NMR (600 MHz, CDCJ)): § = 8.45-8.41 (m, 1H, 8 Ar-H),
7.95-7.92 (m, 1H, 5 Ar-H), 7.79-7.71 (m, 2H, Ar-B)84 (s, 3H, Me), 3.80-3.73 (m, 1H, S-
CH), 2.16-2.09 (m, 2H, CH 1.84-1.78 (m, 2H, Chl, 1.69-1.62 (m, 1H, C§), 1.60-1.51
(m, 2H CH), 1.49-1.41 (m, 2H, C#), 1.40-1.31 (m, 1H, CHt *C NMR (150 MHz,
CDCly): 6 = 159.1 (C=0), 143.9, 132.9, 131.7, 130.2, 121X,.2, 124.7, 44.0, 39.6, 33.3,
26.2, 26.0 ppm; HRMS (ESI) m/z: calcd forisB190N,OS [M + HJ 275.1213, found
275.1220.

4.6.4. 4-(Benzylsulfanyl)-2-methylphthalazin-1(2ie @1). Beige solid; Yield: 93.2 mg,
79%; Mp: 121-123C; R (CHCL/PE/ACcOEL 9:6:1) = 0.54; FTIR (KBr)v = 3059, 2925,
1644 (C=0), 1574 cit *H NMR (600 MHz, CDCJ): 6 = 8.45-8.40 (m, 1H, 8 Ar-H), 7.87—
7.81 (m, 1H, 5 Ar-H), 7.80-7.69 (m, 2H, Ar-H), 7.4, J = 7.5 Hz, 2H, Ar-H), 7.36-7.29
(m, 2H, Ar-H), 7.29-7.23 (m, 1H, Ar-H),4.39 (s, 28;CH), 3.85 (s, 3H, Me)}*C NMR
(150 MHz, CDC4): ¢ = 159.1 (C=0), 143.6, 137.1, 132.9, 131.8, 12928.4, 128.7, 127.6,
127.5, 127.3, 124.2, 39.3, 34.8 ppm; HRMS (ESI):ne&dcd for GgHisN,OS [M + HT
283.0900, found 283.0895.

4.6.5. 2-(Butan-2-yl)-4-[(butan-2-yl)sulfanyl]phtlaain-1(2H)-one 22). Brown-yellow oil;
Yield: 94.7 mg, 78%; Diastereoisomers ratio = R1{AcOEt/Hex 1:4) = 0.44; FTIR (thin
film): v= 3056, 2962, 2922, 1652 (C=0), 1575 ¢mH NMR (600 MHz, CDCJ): 6 = 8.48—
8.41 (m, 1H, 8 Ar-H), 7.92-7.86 (m, 1H, 5 Ar-H)78-7.69 (m, 2H, Ar-H), 5.27-5.15 (m,
1H, N-CH), 3.85-3.76 (m, 1H, S-CH), 1.96-1.88 (i, CH,), 1.87-1.81 (m, 1H, CH\
1.76-1.67 (m, 2H, Ch), 1.47-1.42 (m, 3H, Me), 1.40-1.35 (m, 3H, Mep9t1.04 (m, 3H,
Me), 0.88-0.85 (m, 3H, Me)?C NMR (150 MHz, CDGJ): § = 158.7 (C=0), 144.0, 144.0,
132. 8, 131.5, 129.3, 127.6, 127.5, 124.2, 54.18,411.8, 29.7, 29.6, 28.6, 28.5, 20.5, 20.4,
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19.7, 19.6, 11.6, 11.6, 11.0, 10.9 ppm; HRMS (B8 calcd for GeHaaNoOS [M + HJ
291.1526, found 291.1534.

4.6.6. 2-(Butan-2-yl)-4-(propylsulfanyl)phthalazi2H)-one 23). Dark yellow oil; Yield:
45.1 mg, 39%, R(Hex/AcOEt 5:1) = 0.44; FTIR (KBr)v = 3057, 2964, 2929, 1653 (C=0),
1578 cm*; *H NMR (600 MHz, CDCY): 6 = 8.46 (dJ = 7.7 Hz, 1H, 8 Ar-H), 7.88 (d,= 7.6
Hz, 1H, 5 Ar-H), 7.80-7.71 (m, 2H, Ar-H), 5.26-5.48, 1H, N-CH), 3.16 (tJ = 7.2 Hz, 2H,
S-CHp), 1.95-1.87 (m, 1H, C¥), 1.84-1.78 (m, 2H, CH, 1.78-1.70 (m, 1H, CH|, 1.38 (d,J

= 6.6 Hz, 3H, NCH-Me), 1.08 (§ = 7.4 Hz, 3H, Me), 0.87 (f = 7.4 Hz, 3H, Me)**C NMR
(150 MHz, CDC}): ¢ = 158.8 (C=0), 143.7, 132.8, 131.6, 129.0, 12727.5, 124.0, 54.2,
32.0, 28.5, 22.8, 19.6, 13.7, 11.0 ppm; HRMS (E8M: calcd for GsH2:N,OS [M + HJ'
277.1369, found 277.1379.

4.6.7. 2-(Pentan-2-yl)-4-(propylsulfanyl)phthaladi(2H)-one 24). Brown-orange oil; Yield:
109 mg, 90%, R(Hex/AcOEt 5:1) = 0.44; FTIR (thin film)v = 3066, 2962, 2931, 1653
(C=0), 1578 cnt; *H NMR (600 MHz, CDGJ): 6 = 8.44 (d,J = 7.4 Hz, 1H, 8 Ar-H), 7.87
(d,J = 7.7 Hz, 1H, 5 Ar-H), 7.81-7.69 (m, 2H, Ar-H)38-5.22 (m, 1H, N-CH), 3.23-3.06
(m, 2H, S-CH), 1.96-1.87 (m, 1H, GH1.84-1.75 (m, 2H, CH, 1.69-1.59 (m, 1H, CH)
1.37 (d,J = 6.6 Hz, 3H, SCH-Me), 1.34-1.27 (m, 1H, §HL.25-1.18 (m, 1H, C}), 1.08 (t,

J = 7.4 Hz, 3H, Me), 0.90 (f] = 7.4 Hz, 3H, Me)}*C NMR (150 MHz, CDGJ): 6 = 158.6
(C=0), 143.6, 132.8, 131.6, 129.0, 127.6, 127.8.9,252.4, 37.6, 32.0, 22.8, 19.9, 19.6,
14.1, 13.7 ppm; HRMS (ESI) m/z: calcd forg823N,0S [M + H[ 291.1526, found
291.1536.

4.6.8. 2-Methyl-8-[(propan-2-yl)sulfanyl]pyrido[3:d]pyridazin-1(2H)-one Z5). Yellow
solid; Yield: 79.7 mg, 81%; Mp: 94-9%; R (CHCIL/AcOEt/Hex 6: 1:1) = 0.22; FTIR
(KBr): v=23076, 2969, 2929, 1644 (C=0), 1594 ¢niH NMR (600 MHz, CDCY): § = 8.74
(s, 1H, 5 Ar-H), 8.66 (s, 1H, 7 Ar-H), 8.13 (s, 1#pyrid), 3.79 (s, 3H, Me), 3.75-3.66 (m,
1H, CH), 1.47 (dJ = 6.6 Hz, 6H, 2xMe)**C NMR (150 MHz, CDGJ): § = 158.6 (C=0),
145.1, 142.5, 137.8, 135.4, 128.8, 125.5, 39.83,32.4 ppm; HRMS (ESI) m/z: calcd for
C11H14N30S [M + HT 236.0852, found 236.0852.
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4.6.9. 4-[(Butyl-2-yl)sulfanyl]-2-[(1S,2S,5R)-5-Nigt-2-(propan-2-yl)cyclohexyl]phthalazin-
1(2H)-one R6a, 26b). Brown oil; Yield: 128 mg, 82%; Diastereoisomersiaa= 1:1; R
(Hex/AcOEt 5:1) = 0.48; FTIR (thin film)v = 2956, 2924, 1653 (C=0), 1578 €mH NMR
(600 MHz, CDC}): § = 8.45 (ddJ = 7.7, 1.2 Hz, 1H, 8 Ar-H), 7.97-7.92 (m, 1H, 54),
7.79-7.68 (m, 2H, 6, 7 Ar-H), 5.58-5.52 (m, 1H, G&)C3.98-3.65 (m, 1H, S-CH), 2.16—
2.08 (m, 1H, CH), 1.99-1.63 (m, 6H, CHl, 1.51-1.34 (m, 6H, CiIMe), 1.10-0.99 (m, 4H,
CH,), 0.88-0.84 (m, 3H, Me), 0.84-0.79 (m, 6H, 2xM&E, NMR (150 MHz, CDG)): d =
159.0 (C=0), 142.7, 142.6, 132.8, 131.5, 129.5,82927.7, 127.7, 127.6, 124.6, 124. 6,
52.5, 52.4, 46.6, 46.5, 41.9, 41.7, 40.5, 40.44,385.4, 29.9, 29.9, 29.8, 29.3, 29.3, 25.9,
25.9, 25.8, 25.8, 22.7, 22.7, 21.5, 21.2, 21.21,220.9, 11.6, 11.6 ppm; HRMS (ESI) m/z:
calcd for GoH33N-OS [M + HJ 373.2308, found 373.2316.

4.6.10. 4-[(Butan-2-yl)sulfanyl]-1-{[(1S,2S,5R)-5%thyl-2-(propan-2-yl)cyclo-hexyl]oxy}
phthalazine 27a, 27b). White solid; Yield: 79.7 mg, 36%; Diastereocisomeao = 1:1; Mp:
>315°C (decomposition); RACOEt/Hex 1:10) = 0.68'H NMR (600 MHz, DMSOdg): 6 =
8.19-8.16 (m, 1H, Ar-H), 8.06-8.02 (m, 1H, Ar-H)08-7.97 (m, 2H, Ar-H), 5.78-5.72 (m,
1H, O-CH), 4.17-4.07 (m, 1H, S-CH), 2.23 (W= 13.6 Hz, 1H, CH), 1.87-1.55 (m, 7H,
CHy), 1.46-1.40 (m, 3H, Me), 1.25-1.14 (m, 2H, £4H..08-0.98 (m, 4H, CK Me), 0.92 (d,

J = 6.7 Hz, 3H, Me), 0.86-0.83 (m, 3H, Me), 0.81 J& 6.6 Hz, 3H, Me)*C NMR (150
MHz, DMSO-dg): 0 = 158.0, 154.0, 133.0, 133.0, 127.3, 123.3, 121310,1, 72.4, 46.6, 39.9,
39.8, 39.7, 39.5, 39.4, 39.2, 39.1, 29.3, 28.94,284.8, 22.0, 20.8, 20.5, 20.5, 11.3 ppm;
HRMS (ESI) m/z: calcd for §H33N,0OS [M + H]" 373.2308, found 373.2317.
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