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ABSTRACT. A new route allowing the one-step synthesis of g2doarylphenyl)tetrazole and
fluorinated biphenyitetrazole derivatives is disel. By using 2 mol% of an air-stable diphosphine-
palladium catalyst [PdCI¢Es)(dppb)], potassium pivalate as base and dimetitglade as solvent, a
wide range of heteroarenes.q, thiazoles, (benzo)thiophenes, furans, pyrrakesl imidazo[l,2-
a|pyridine) and polyfluorobenzenes was easily cauipleh N-protected (2-bromophenyl)tetrazoles in
high yields.

INTRODUCTION

Angiotensin 1l receptor blockers (ARBs) are an imant class of medicinal drugs, which
modulate the renin—angiotensin system, prescribetedulate the high blood pressure, or
used in case of diabetic nephropathy or againsgjesiive heart failure. Nonpeptide ARBs
based on a biphenyltetrazole motif, such as Losaatad Candesartan, have emer%ed as
highly effective antihypertensives, which could leally administered (Figure 1.
Embusartan is an analogue containing a fluorinatellenyl unit? and Zolarsartan contains
an heteroaromatic ring (benzofuran) as spacer (&ig)®®! Due to their wide use and
relatively high cost, the discovery of new routesthe synthesis of ARBs represents a major
socio-economic challenge for pharmaceutical comggar@nd an important challenge for
academic research groups.
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Figure 1. Structure of Angiotensin Il Receptor Blockers

One of the most widespread disconnections of thgbenyl tetrazole motif involves the C—
C bond between the two phenyls of the biphenyl. ufiherefore, palladium-catalyzed cross-
coupling reactions using aryl halides in the preseof nucleophilic organometallic or main
group element reagents, represent an approprigt®agh for their preparatid‘H. In recent
years, the transition metal-catalyzed direct amytatvia a C—H bond activation, has become
one of the most sustainable methods for the C—Ql hormation™ Indeed, compared to
other classical transition metal-catalyzed reasti®such as Stille, Suzuki or Negishi
couplings, they do not require the preliminary bgsis of organometallic derivatives, and
only HX associated to a base is generated as ldupto In this line, Seki described an
elegant approach for the synthesis of 5-biaryltetiea derivatives involving ruthenium-
catalyzedortho C—H bond arylation oN-protected 5-phenyltetrazole in the presence df ary
bromides® The reaction proceeds in high yield using hydt&eiCk associated to PRas
catalytic system in the presence of potassium ceatieoas base iN-methylpyrrolidone.
However, only 4-bromobenzyl acetate has been usadlastrate leading to Valsartan in only
a few steps. [Ru@ICsHg)]2 was also found to be a very efficient catalysttfe C—H bond
activation/arylation ofN-protected 5-phenyltetrazoles and was applied & synthesis of
Losartant”! Using the same strategy, but with [Re(@lcymene)} as catalyst, Seki described
the environmental-friendly total synthesis of Casattan Cilexetif®! In 2013, Akermann and
co-workers demonstrated a significant rate-acceterdy using carboxylates as additives, in
ruthenium(ll)-catalyzed C—H bond arylation of 54&etrazoles. They employed a very broad
substrate scope including two heteroaryl bromide®-bromothiophene and 3-
bromopyridine)”) To our knowledge, the reverse C—H bond functiaagibn strategy,
namely the use of 5-(2-bromophenyl)tetrazole dékea and (hetero)arenes has not yet been
described, although it could open a new route &dinaightforward synthesis of novel (2-
heteroarylphenyl)tetrazole and fluorinated biphttydzole analogues. From this
consideration, we decided to explore the reactivily different N-protected 5-(2-
bromophenyl)tetrazoles in the palladium-catalyzedad arylation in the presence of a wide
range of heteroarenes and fluorobenzenes.

RESULTS AND DISCUSSION

First, the reaction between 5-(2-bromophenyl)teti@zand 2-ethyl-4-methylthiazole was
attempted in the presence of 2 mol% of Pd(QAc) PdCI(GHs)(dppb) as catalysts
associated to 2 equivalents of potassium acetda@A@ in DMA. However, no formation of
the desired coupling product was detected. Wibatad this lack of reactivity to the frééH

of the tetrazole moiety, which might poison the lg@dium catalyst by coordination.
Therefore, we decided to protect the tetrazole qugifferent protecting group. 5-(2-
Bromophenyl)tetrazole was treated by 2 equivalehtsodium hydride in DMF, then benzyl



bromide, pivaloyl chloride, or methyl iodide werstroduced to furnish the desirdd
protected 5-(2-bromophenyl)tetrazolies1cin good yields (Scheme 1).
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Scheme 1.Protection of 5-(2-Bromophenyl)tetrazole.

Having theN-protected 5-(2-bromophenyl)tetrazolég1c in hand, we next evaluated their
reactivities in Pd-catalyzed direct arylation wighset of (hetero)arenesN-benzyl-5-(2-
bromophenyl)tetrazoléa was firstly used as aryltetrazole source (ScheneTke arylation

of 2-ethyl-4-methylthiazole occurred at C5 positiom the presence of 2 mol% of
PdCI(GHs)(dppb) associated to 2 equivalents of PivOK in DkdAallow the synthesis &

in 75% yield. It is important to note that the wfeKOAc as base or Pd(OAcas catalyst
was less effective than the use of PivOK or of RG¢Hs)(dppb), as under these conditioBs,
was obtained in only 12% or 34% yields, respecyiveUsing 2 mol% PdCI(¢Hs)(dppb),
PivOK in DMA as reactions conditions, 2-isobutyéthole was also arylated at C5 position to
give the coupling produ@ in 79% yield. Then, we turned our attention te tarmation of
5-(2-(thiophen-2-yl)phenyl)tetrazole, which is alao important motif, as some of these
analogues display biological properties in reguolatiof blood pressure acting on the
Angiotensin Il receptors” 2-Methylthiophene, 2-acetyl-3-methylthiophene or
benzothiophene were arylated at their C5 or C2tiposi to allow the formation of
phenyl(benzo)thiophene analoguke$ in 69-74% yields. Furans are also suitable cogpli
partners. For examples,@butylfuran and 2-butanoylfuran in the presencéldfenzyl-5-(2-
bromophenyl)tetrazolela were arylated at C5 position to deliver the 5{(#dn-2-
yl)phenyl)tetrazole derivatives and 8 in 82% and 88% vyields, respectively.N-
Methylpyrrole was also successfully coupled with but 4 equivalents of this reactant were
used to preverthe 2,5-diarylation of pyrrole, affording selectivelye C2-arylated produ&

in an excellent yield. Imidazo[1@pyridine is an heterocycle present in many
pharmaceutical productsN-Benzyl-5-(2-bromophenyl)tetrazoléa smoothly reacted with
imidazo[1,2a]pyridine to afford10 in 98% vyield. Polyfluorinated molecules are uligus

in medicinal chemistry, owing to fluorine atom peotes (i.e., electronegativity, size,
lipophilicity, and electrostatic interactions), whiinduce a dramatic change in the molecules
behavior. However, the introduction of fluorineomis at specific positions of a molecule
remains challenging. Alternatively, the use oftstg materials containing fluorine atoms in
palladium-catalyzed C—H bond arylations offers ightiorward routes to (poly)fluorinated
molecules!™ We used similar reaction conditions to those waeé previously described for
the direct arylation of fluorobenzene derivati/é¥. Such conditions promoted the coupling
of pentafluorobenzene witha allowing the formation olL1 in 75% yield. The reaction was
also performed with 3,5-difluorobenzonitrile, are tsingle regioisomet2 was isolated in
67% yield. As expected, the arylation took platéha position flanked by the two fluorine
atoms, which is known to be the most reactive @iteer concerted metalation-deprotonation
mechanisnt*? It is important to note that, after benzyl depotion and nitrile reduction into
an amino group, the derivative2 could represent an intermediate for the preparatib
fluorinated analogues of Losartan, CandesartaBndyusratand.f., Figure 1).
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Scheme 2.Scope of (Hetero)Arenes in Pd-Catalyzed direct Atidn of 1a. [a] Pd(OAc) (2
mol%) was used instead of PdCH)(dppb). [b] KOAc was used instead of PivOK. [4]
Equiv. of N-methylpyrrole were used.

Next, we investigated the reactivity of 5-(2-brorhepyl)-1-pivalyltetrazold b as aryl source
in Pd-catalyzed direct arylation of a set of hedeenes and polyfluorobenzenes (Scheme 3).
In contrast to the benzyl protecting group that dam removed by Pd-catalyzed
hydrogenolysis'® pivaloyl protected tetrazoles can be deprotectedlen reductive
conditions! In almost all cases, higher yields were obtaiwét the pivaloyl tetrazoldb
than with 1a, which bears a benzyl as protecting group. Thghdr reactivity might be
explained by the electron withdrawing characterttod pivaloyl group. Indeed, thiazole
derivatives were easily coupled witth, affording 13 and 14 in 88% and 91% yields,
respectively. 2-Methylthiophene, 2-acetyl-4-methiglphene and benzothiophene also
displayed high reactivities, as the desired praslbtl7 were isolated in very high vyields.
The N-protected 5-(2-(furan-2-yl)phenyl)tetrazole® and19 were obtained in 95% and 97%
yields from 2n-butylfuran and 2-butyrylfuran, respectively. AgaN-methylpyrrole was
found to be a suitable coupling partner, albeigdiealents were required to affo® in an
excellent yield, without formation of the 2,5-diated pyrrole. Fluorinated biphenyls were
also synthetized by this route. The C—H bond atitm of 1,2,3,4-tetrafluorobenzene led to
21in 67% yield.
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Scheme 3.Scope of (hetero)arenes in Pd-catalyzed directaigh of 1b. [a] 4 Equiv. ofN-
methylpyrrole were used.

Fluorinated bipheny21 contains a reactive C—H bond in palladium catalyse., C-H bond
flanked by two fluorine atoms). Hence, the diragtlation of this reactive C—H bond was
attempted using 4-bromobenzonitrile. In the preseof the previous reaction conditions,
namely 2 mol% PdCI(¢Hs)(dppb) associated to 2 equivalents of PivOK in DMAe
triphenyl derivative22 was obtained in 63% yield (Scheme 4). This compocould allow,
after reduction of the nitrile group, the formatiohanalogues of Losartan, which contains a
1,2,3,4-tetrafluorophenyl unit as spacer.
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Scheme 4. Direct Arylation of21.

N-Methyl tetrazoles are very important motifs, endedl in many compounds with wide
range of applications in materials for enelgy, bioorganic chemistrf® and
pharmacology*”! Therefore, we decided to examine the reactivit$-62-bromophenyl)-1-
methyltetrazolelc as coupling partner in the presence of a set dérbarenes and
polyfluorobenzenes, for the efficient synthesidNahethyl 5-((hetero)biphenyl-2-yl)-tetrazole
derivatives (Scheme 5). Again, thiazoles wereategl at C5 position allowing the formation



of the 5-(2-(thiazol-5-yl)phenyl)tetrazol@3 and 24 in 89% and 93% vyields. 2-
Pentylthiophene also displayed a high reactivityguch couplings, as C5-arylated thiophene
25 was isolated in 81% yield. Furans such as 2-ntiettayy and 1-(furan-2-yl)propan-2-one
were smoothly arylated at the C5 position withto deliver the coupling producg6 and27

in 90% and 86% yields, respectively. It is impaotte note that the acidic $E—H bonds at
ortho position of ketone function of 1-(furan-2-yl)propa-one was not reactive under these
reaction conditions, as no other coupling prodhenh®7 was detected in the crude mixture.
Again the reaction betweelc and 4 equivalents dfl-methylpyrrole afforded C2-arylated
pyrrole 28 in an excellent yield of 93%. Finally, the syrdlseof 5-([biphenyl]-2-yl)-1-
methyltetrazole was surveyed. From pentafluorobeez1,2,3,4-tetrafluorobenzene and 3,5-
difluorobenzonitrile, the desired fluorinated biplyks 29-31 were obtained in 65-70% vyields,
through the activation of the C—H bond flanked thg two fluorine atoms.
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Scheme 5.Scope of (hetero)arenes in Pd-catalyzed directaigh of 1c. [a] 4 Equiv. ofN-
methylpyrrole were used.

CONCLUSION

In summary, this study demonstrates tNaprotected 5-(2-bromophenyl)tetrazoles can be
efficiently coupled with a wide variety of hetereaes (e.g., thiazoles, (benzo)thiophenes,
furans, N-methylpyrrole, imidazo[1,2]pyridine) under PdCI(€Hs)(dppb)-catalyzed C-H
bond arylation procedure. This procedure which legg an air-stable catalyst and an
inexpensive base is efficient, rapid and environiagnattractive. The major by-products are
pivalic acid and potassium bromide, instead ofrtietallic salts produced with more classical
cross-coupling reactions such as Suzuki, Stille Nagishi couplings. Moreover, the
preparation of an organometallic reagent is nouired, reducing the number of steps and
therefore the amount of waste in the preparatiothe$e molecules. This methodology is an
efficient tool for the synthesis of phenyltetrazotatho-substituted by heteroarenes or the
synthesis of fluorinated biphenyltetrazoles, and ails the products which have been
synthetized by this procedure are new, it couldhettinterest of medicinal chemists.



EXPERIMENTAL SECTION

All reactions were carried out under argon atmosplvweith standard Schlenk techniques.
DMA (N,N-dimethylacetamide) (99%) was purchased from Acr@Bd(GHs)Cl], (56.5%)
and dppb [1,4-bis(diphenylphosphino)butane] (98%jerpurchased from Alfa Aesar. These
compounds were not purified before uséd NMR spectra were recorded on Bruker GPX
(400 or 300 MHz) spectrometer. Chemical shifiy ere reported in parts per million
relative to residual CDGI(7.26 ppm (s) ppm fofH; 77.0 ppm for>C), constants were
reported in Hertz.'H NMR assignment abbreviations were the followisigglet (s), doublet
(d), triplet (t), quartet (q), doublet of doublétkl), doublet of triplets (dt), and multiplet (m).
3C NMR spectra were recorded at 100 or 75 MHz orsdmae spectrometer and reported in
ppm. All reagents were weighed and handled in air.

Preparation of the PdCI(dppb)(CsHs) catalyst™ An oven-dried 40-mL Schlenk tube
equipped with a magnetic stirring bar under argdamosphere, was charged with
[Pd(GH5)Cl]2 (182 mg, 0.5 mmol) and dppb (426 mg, 1 mmol). 10 of anhydrous
dichloromethane were added, then the solution wa®gd at room temperature for twenty
minutes. The solvent was removed in vacuum. Thdowelpowder was used without
purification.**P NMR (81 MHz, CDGJ) & (ppm) = 19.3 (s).

1-Benzyl-5-(2-bromophenyl)tetrazole (1a):To a stirred suspension of NaH (60% in oil,
0.80 g, 20 mmol) in DMF (20 mL) was added in snpalttions 5-(2-bromophenyl)tetrazole
(2.25 g, 10 mmol) at 0 °C, and the mixture wasresdirat RT for about 1 hour until NaH
disappearance. To this sodio tetrazole mixturezyldmromide (2.05 g, 12 mmol) was added
and the resulting mixture was stirred at RT for 12 Then, the reaction mixture was
guenched with saturated NWEl solution (25 mL), diluted with water (25 mL), gaextracted
with AcOEt (3 x 50 mL). The organic phase was washéh brine (50 mL), dried (N&Oy)
and filtered. After removal of all volatiles, thesidue was purified by flash chromatography
on silica gel (pentane-gD, 85:15) to affordla (2.80 g, 89%) as a white solid (mp = 45-47
°C).’H NMR (300 MHz, CDGJ) & (ppm) 7.86 (dd) = 1.8 and 8.0 Hz, 1H), 7.75 (dil= 1.2
and 8.0 Hz, 1H), 7.50 — 7.37 (m, 6H), 7.37 — 7r801H), 5.87 (s, 2H)*C NMR (100 MHz,
CDCl) 6 (ppm) 164.4, 134.1, 133.2, 131.7, 131.2, 129.0.,2128.6, 128.4, 127.4, 122.1,
56.9. Elemental analysis: calcd (%) fog€:1BrN4 (315.17): C 53.35, H 3.52; found: C
53.45, H 3.21.

5-(2-Bromophenyl)-1-pivalyltetrazole (1b): To a stirred suspension of NaH (60% in oil,
0.80 g, 20 mmol) in DMF (20 mL) was added in snpalitions 5-(2-bromophenyl)tetrazole
(2.25 g, 10 mmol) at 0 °C, and the mixture wasretdirat RT for about 1 hour until NaH
disappearance. To this sodio-tetrazole mixtureglpi chloride (1.45 g, 12 mmol) was added
and the resulting mixture was stirred at RT for L2 Then, the reaction mixture was
guenched with saturated NEl solution (25 mL), diluted with water (25 mL), gaextracted
with AcOEt (3 x 50 mL). The organic phase was wadshéh brine (50 mL), dried (N&Oy)
and filtered. After removal of all volatiles, thesidue was purified by flash chromatography
on silica gel (pentane-g, 85:15) to affordlb (2.41 g, 78%) as a pale yellow ofH NMR
(400 MHz, CDC}) 6 (ppm) 7.96 (ddJ = 1.8 and 7.7 Hz, 1H), 7.76 (ddil= 1.3 and 8.0 Hz,
1H), 7.47 (dtJ = 1.3 and 7.5 Hz, 1H), 7.40 (ddi= 1.8 and 7.9 Hz, 1H), 1.52 (s, 9H}’C
NMR (100 MHz, CDCJ) 6 (ppm) 173.8, 163.6, 134.4, 132.3, 131.7, 127.%5.8,2121.6,
32.5, 28.2. Elemental analysis: calcd (%) fesHGsBrN,O (309.17): C 46.62, H 4.24; found:
C 46.89, H 4.31.

5-(2-Bromophenyl)-1-methyltetrazole (1c):To a stirred suspension of NaH (60% in oil,
0.80 g, 20 mmol) in DMF (20 mL) was added in snpalttions 5-(2-bromophenyl)tetrazole



(2.25 g, 10 mmol) at 0 °C, and the mixture wasretdirat RT for about 1 hour until NaH
disappearance. To this sodio-tetrazole mixture hghebdide (1.70 g, 12 mmol) was added
and the resulting mixture was stirred at RT for L2 Then, the reaction mixture was
guenched with saturated NEl solution (25 mL), diluted with water (25 mL), gaextracted
with AcOEt (3 x 50 mL). The organic phase was wadshéh brine (50 mL), dried (N&Oy)
and filtered. After removal of all volatiles, thesidue was purified by flash chromatography
on silica gel (pentane-g9, 85:15) to affordlc (2.18 g, 91%) as a white solid (mp = 43-45
°C).’"H NMR (400 MHz, CDGJ) & (ppm) 7.84 (dd) = 1.8 and 7.7 Hz, 1H), 7.73 (ddi= 1.3
and 8.0 Hz, 1H), 7.42 (di,= 1.3 and 7.6 Hz, 1H), 7.32 (ddi= 1.8 and 7.6 Hz, 1H), 4.43 (s,
3H). *C NMR (100 MHz, CDGJ) 5 (ppm) 164.3, 134.1, 131.7, 131.2, 128.5, 127.2,0,2
39.7. Elemental analysis: calcd (%) faHzBrN, (239.08): C 40.19, H 2.95; found: C 40.28,
H 3.06.

General Procedure. As a typical experiment, the reaction of tieprotected 5-(2-
bromophenyl)tetrazole (0.5 mmol), (hetero)arengg@nmol), and PivOK (140 mg, 1 mmol)
at 150 °C over 16 h in 2 mL of DMA in the preseméeof PdCI(GHs)(dppb) (6.1 mg, 0.01
mmol), under argon affords the coupling produckrafevaporation of the solvent and
purification on silica gel.

5-(2-(1-Benzyltetrazol-5-yl)phenyl)-2-ethyl-4-methithiazole (2): Following the general
procedure using 1-benzyl-5-(2-bromophenyl)tetrad@€158 mg, 0.5 mmol) and 2-ethyl-4-
methylthiazole (95 mg, 0.75 mmol), the residue \pasfied by flash chromatography on
silica gel (pentane-ED, 70:30) to afford the desired compouBd136 mg, 75%) as a
colorless oil. '"H NMR (400 MHz, CDC}) & (ppm) 8.05 — 7.94 (m, 1H), 7.55 — 7.47 (m, 2H),
7.47 —7.42 (m, 1H), 7.40 — 7.32 (m, 3H), 7.27 Jdt,2.4 and 6.8 Hz, 2H), 5.67 (s, 2H), 2.97
(q,Jd = 7.6 Hz, 2H), 1.95 (s, 3H), 1.36 (= 7.6 Hz, 3H). °C NMR (100 MHz, CDG)) &
(ppm) 170.7, 164.8, 148.4, 133.2, 132.4, 131.5,.(1,3029.8, 128.9, 128.9, 128.7, 128.4,
128.3, 128.1, 56.7, 26.8, 15.2, 14.2. Elementalyars: calcd (%) for €H19NsS (361.46): C
66.46, H 5.30; found: C 66.59, H 5.11.

5-(2-(1-Benzyltetrazol-5-yl)phenyl)-2-isobutylthiaple (3): Following the general procedure
using 1l-benzyl-5-(2-bromophenyltetrazdla (158 mg, 0.5 mmol) and 2-isobutylthiazole
(106 mg, 0.75 mmol), the residue was purified bgslii chromatography on silica gel
(pentane-E0, 70:30) to afford the desired compouh@48 mg, 79%) as a pale yellow oll.
'H NMR (400 MHz, CDCJ) 5 (ppm) 7.86 — 7.78 (m, 1H), 7.56 — 7.52 (m, 1H397(td,J =

1.9 and 7.0 Hz, 2H), 7.46 (s, 1H), 7.39 — 7.30%H), 5.72 (s, 2H), 2.79 (d,= 7.2 Hz, 2H),
2.05 (m, 1H), 0.99 (d] = 6.6 Hz, 6H)*C NMR (100 MHz, CDGJ) 5 (ppm) 170.6, 164.8,
140.8, 135.6, 133.2, 131.4, 131.3, 130.7, 130.92,012128.9, 128.5, 128.3, 127.1, 56.8, 42.3,
29.8, 22.3. Elemental analysis: calcd (%) feiHz:NsS (375.49): C 67.17, H 5.64; found: C
67.31, H 5.56.

1-Benzyl-5-(2-(5-methylthiophen-2-yl)phenyl)tetrazte  (4): Following the general
procedure using 1-benzyl-5-(2-bromophenyl)tetraztke (158 mg, 0.5 mmol) and 2-
methylthiophene (74 mg, 0.75 mmol), the residue pasfied by flash chromatography on
silica gel (pentane-ED, 70:30) to afford the desired compouhdl20 mg, 72%) as a pale
yellow oil. *H NMR (400 MHz, CDCJ) & (ppm) 7.70 (d,J = 7.7 Hz, 1H), 7.57 (dd]l = 1.5
and 7.7 Hz, 1H), 7.50 (d§,= 1.5 and 7.5 Hz, 1H), 7.43 t,= 7.5 Hz, 1H), 7.40 — 7.31 (m,
5H), 6.59 (dJ = 3.5 Hz, 1H), 6.55 (d] = 3.5 Hz, 1H), 5.77 (s, 2H), 2.42 (s, 3HJC NMR
(100 MHz, CDC}) & (ppm) 165.4, 140.4, 139.3, 135.1, 133.5, 130.8, 130.8,9,2128.8,
128.8, 128.3, 127.5, 126.8, 126.5, 125.3, 56.73.15Elemental analysis: calcd (%) for
Ci1oH16N4S (332.43): C 68.65, H 4.85; found: C 68.98, H 5.10



1-(5-(2-(1-Benzyltetrazol-5-yl)phenyl)-4-methylthiphen-2-yl)ethan-1-one (5):Following
the general procedure using 1-benzyl-5-(2-bromoyplietrazolela (158 mg, 0.5 mmol) and
1-(4-methylthiophen-2-yl)ethan-1-one (105 mg, On7siol), the residue was purified by flash
chromatography on silica gel (pentangekt60:40) to afford the desired compoundl39
mg, 74%) as a pale yellow oitH NMR (400 MHz, CDCJ) 5 (ppm) 8.08 — 8.01 (m, 1H),
7.60 — 7.49 (m, 2H), 7.46 — 7.40 (m, 1H), 7.37 337m, 3H), 7.32 (s, 1H), 7.27 — 7.21 (m,
2H), 5.66 (s, 2H), 2.52 (s, 3H), 1.71 (s, 3HJC NMR (100 MHz, CDGCJ) § (ppm) 190.6,
164.8, 145.5, 141.9, 136.4, 134.8, 133.3, 132.2.013130.0, 130.0, 129.2, 129.0, 128.5,
127.8, 56.8, 26.8, 14.1. Elemental analysis: céeéyfor GiH1sN,OS (374.46): C 67.36, H
4.85, found: C 67.49, H 5.19.

5-(2-(Benzop]thiophen-2-yl)phenyl)-1-benzyltetrazole (6): Following the general
procedure using 1-benzyl-5-(2-bromophenyl)tetrazdla (158 mg, 0.5 mmol) and
benzop]thiophene (101 mg, 0.75 mmol), the residue wasfipdrby flash chromatography
on silica gel (pentane-gD, 80:20) to afford the desired compoudd127 mg, 69%) as a
yellow solid (mp = 76-78 °C)*H NMR (400 MHz, CDCY) & (ppm) 7.85 (ddJ = 1.2 and 7.1
Hz, 1H), 7.76 (dddJ = 0.8, 1.8 and 7.0 Hz, 1H), 7.70 — 7.63 (m, 2H§07— 7.47 (m, 2H),
7.42 — 7.31 (m, 2H), 7.30 — 7.23 (m, 1H), 7.20157m, 4H), 7.08 (s, 1H), 5.68 (s, 2HYC
NMR (100 MHz, CDCJ) 6 (ppm) 165.0, 142.2, 140.5, 140.0, 134.7, 133.1,.4,3130.7,
130.1, 128.8, 128.7, 128.5, 128.2, 127.1, 124.2,112123.7, 123.6, 122.1, 56.7. Elemental
analysis: calcd (%) for ££H16N4S (368.45): C 71.71, H 4.38, found: C 72.00, H 4.39

1-Benzyl-5-(2-(5-butylfuran-2-yl)phenyl)tetrazole {): Following the general procedure
using 1-benzyl-5-(2-bromophenyl)tetrazda (158 mg, 0.5 mmol) and @butylfuran (93
mg, 0.75 mmol), the residue was purified by flakinomatography on silica gel (pentane-
Et,0, 80:20) to afford the desired compouh(L47 mg, 82%) as a yellow oiftH NMR (400
MHz, CDCk) 8 (ppm) 7.73 (ddJ = 1.3 and 7.9 Hz, 1H), 7.61 (ddi= 1.4 and 7.7 Hz, 1H),
7.51 (dt,J = 1.4 and 7.7 Hz, 1H), 7.47 — 7.37 (m, 4H), 786,0 = 1.3 and 7.6 Hz, 1H), 6.01
(d,J=3.2 Hz, 1H), 5.90 (d] = 3.2 Hz, 1H), 5.82 (s, 2H), 2.43 {t= 7.6 Hz, 2H), 1.55 - 1.40
(m, 2H), 1.39 — 1.21 (m, 2H), 0.92 {t= 7.3 Hz, 3H).**C NMR (100 MHz, CDGJ) § (ppm)
165.8, 156.6, 150.2, 133.4, 131.3, 131.1, 130.9,12128.9, 128.5, 127.7, 127.0, 124.4,
109.4, 106.5, 56.7, 30.0, 27.6, 22.2, 13.8. Elaaleanalysis: calcd (%) for &&H2.N4,O
(358.44): C 73.72, H 6.19, found: C 74.02, H 6.37.

1-(5-(2-(1-Benzyltetrazol-5-yl)phenyl)furan-2-yl)buan-1-one (8): Following the general
procedure using 1-benzyl-5-(2-bromophenyl)tetradaé158 mg, 0.5 mmol) and 1-(furan-2-
yhbutan-1-one (104 mg, 0.75 mmol), the residue wasfied by flash chromatography on
silica gel (pentane-gD, 70:30) to afford the desired compouh@l64 mg, 88%) as a brown
yellow oil. *H NMR (400 MHz, CDCJ) & (ppm) 7.86 — 7.70 (m, 2H), 7.58 (dt= 1.5 and
7.6 Hz, 1H), 7.52 (dt) = 1.4 and 7.6 Hz, 1H), 7.42 — 7.35 (m, 5H), 7.09(= 3.6 Hz, 1H),
6.28 (d,J = 3.7 Hz, 1H), 5.78 (s, 2H), 2.50 &= 7.3 Hz, 2H), 1.63 (sext),= 7.4 Hz, 2H),
0.93 (t,J = 7.4 Hz, 3H).**C NMR (100 MHz, CDG)) & (ppm) 189.5, 165.0, 155.6, 152.3,
133.1, 131.1, 130.3, 129.6, 129.2, 129.2, 129.9,11228.5, 125.9, 117.8, 111.0, 56.9, 40.1,
17.6, 13.8. Elemental analysis: calcd (%) festHGoN4O, (372.42): C 70.95, H 5.41, found: C
71.28, H5.17.

1-Benzyl-5-(2-(1-methylpyrrol-2-yl)phenyl)tetrazole (9): Following the general procedure
using 1-benzyl-5-(2-bromophenyl)tetrazdle (158 mg, 0.5 mmol) and-methylpyrrole (162
mg, 2 mmol), the residue was purified by flash amatography on silica gel (pentane&t
70:30) to afford the desired compoud@L45 mg, 92%) as a brown oitH NMR (400 MHz,
CDCl) 6 (ppm) 8.12 — 7.97 (m, 1H), 7.58 — 7.45 (m, 3H427- 7.36 (m, 3H), 7.36 — 7.28



(m, 2H), 6.60 — 6.50 (m, 1H), 6.22 — 6.13 (m, 16ip4 (dd,J = 1.8 and 3.5 Hz, 1H), 5.69 (s,
2H), 3.06 (s, 3H)*C NMR (100 MHz, CDG)) & (ppm) 165.3, 133.4, 132.9, 132.5, 132.5,
129.8, 129.6, 128.9, 128.8, 128.6, 128.2, 128.2,112108.7, 107.4, 56.6, 33.9. Elemental
analysis: calcd (%) for gH17Ns (315.37): C 72.36, H 5.43, found: C 72.36, H 5.22.

3-(2-(1-Benzyltetrazol-5-yl)phenyl)imidazo[1,2a]pyridine (10): Following the general
procedure using 1-benzyl-5-(2-bromophenyl)tetrazdla (158 mg, 0.5 mmol) and
imidazo[1,2a]pyridine (89 mg, 0.75 mmol), the residue was purified by shla
chromatography on silica gel (pentangekt70:30) to afford the desired compout@(173
mg, 98%) as a yellow solid (mp = 170-172 °G} NMR (400 MHz, CDCJ) & (ppm) 8.35 —
8.21 (m, 1H), 7.67 — 7.58 (m, 4H), 7.59 — 7.53 {id), 7.43 (dJ = 7.0 Hz, 1H), 7.35 — 7.23
(m, 3H), 7.07 (ddd) = 1.3, 6.7 and 9.2 Hz, 1H), 7.05 — 6.98 (m, 2H356(dd,J = 6.7 and
6.8 Hz, 1H), 5.42 (s, 2H)**C NMR (100 MHz, CDGCJ)  (ppm) 164.2, 145.4, 132.9, 132.9,
132.7, 130.6, 130.0, 129.5, 128.9, 128.8, 128.4,712127.7, 124.4, 123.9, 123.6, 117.7,
111.8, 56.6. Elemental analysis: calcd (%) ferHzeNe (352.39): C 71.58, H 4.58, found: C
71.69, H 4.37.

1-Benzyl-5-(2',3',4',5',6'-pentafluoro-[1,1'-bipheryl]-2-yl)tetrazole (11): Following the
general procedure using 1-benzyl-5-(2-bromophestygrolela (158 mg, 0.5 mmol) and
pentafluorobenzen@26 mg, 0.75 mmol), the residue was purified lagll chromatography
on silica gel (pentane-gD, 70:30) to afford the desired compouhti (151 mg, 75%) as a
yellow solid (mp = 99-102 °C)*H NMR (400 MHz, CDCJ) & (ppm) 8.29 (ddyJ = 1.6 and
7.9 Hz, 1H), 7.64 (diy = 1.6, 7.6 Hz, 1H), 7.59 (di,= 1.6, 7.5 Hz, 1H), 7.47 — 7.34 (m, 4H),
7.28 — 7.21 (m, 2H), 5.67 (s, 2H}*C NMR (100 MHz, CDG)) & (ppm) 164.2, 144.3 (dnd,

= 253.1 Hz), 140.7 (dnd = 253.1 Hz), 137.4 (dnJ, = 253.1 Hz), 132.8, 131.8, 130.2, 130.0,
129.7, 129.1, 128.9, 128.4, 127.5, 125.1, 115.4 &,8.5 Hz), 56.8. Elemental analysis:
calcd (%) for GoH11FsN4 (402.32): C 59.71, H 2.76, found: C 59.98, H 2.51.

2'-(1-Benzyltetrazol-5-yl)-2,6-difluoro-[1,1'-biphenyl]-4-carbonitrile (12): Following the
general procedure using 1-benzyl-5-(2-bromophestygrolela (158 mg, 0.5 mmol) and
3,5-difluorobenzonitrile (104 mg, 0.75 mmol), theesidue was purified by flash
chromatography on silica gel (pentangékt80:20) to afford the desired compout2i(125
mg, 67%) as a yellow solid (mp = 172-174 °CH NMR (400 MHz, CDC}) 5 (ppm) 8.29
(dd,J = 1.7 and 7.5 Hz, 1H), 7.70 — 7.53 (m, 2H), 7.47.33 (m, 4H), 7.26 — 7.15 (m, 2H),
7.08 — 6.96 (m, 2H), 5.63 (s, 2H}>C NMR (100 MHz, CDGJ) & (ppm) 164.4, 160.0, (dd,

= 7.7 and 252.4 Hz), 133.0, 131.4, 130.1, 129.9.6,2129.2, 129.0, 128.4, 127.1, 126.2,
123.8 (t,J = 20.4 Hz), 116.8 (tJ = 3.5 Hz), 115.2 (d) = 31.8 Hz), 112.6 (t) = 12.8 Hz),
56.8. Elemental analysis: calcd (%) fogi13FNs (373.36): C 67.56, H 3.51; found: C
67.63, H 3.19.

5-(2-(1-Pivalyltetrazol-5-yl)phenyl)-2-ethyl-4-metlylthiazole (13): Following the general
procedure using 5-(2-bromophenyl)-1-pivalyltetra&zbb (155 mg, 0.5 mmol) and 2-ethyl-4-
methylthiazole (95 mg, 0.75 mmol), the residue \pasfied by flash chromatography on
silica gel (pentane-ED, 70:30) to afford the desired compoulii(156 mg, 88%) as a pale
yellow oil. 'H NMR (400 MHz, CDGJ) & (ppm) 8.14 — 8.07 (m, 1H), 7.59 — 7.47 (m, 2H),
7.43 (ddJ = 2.0, 6.4 Hz, 1H), 2.98 (d,= 7.6 Hz, 2H), 2.08 (s, 3H), 1.37 {t= 7.6 Hz, 3H),
1.25 (s, 9H).**C NMR (100 MHz, CDGJ) & (ppm) 173.5, 171.1, 164.4, 148.9, 132.5, 131.3,
131.0, 130.0, 128.9, 127.8, 125.1, 32.3, 27.9,,2664l, 14.3. Elemental analysis: calcd (%)
for C1gH21Ns0S (355.46): C 60.82, H 5.95; found: C 61.08, HL6.1

5-(2-(1-Pivalyltetrazol-5-yl)phenyl)-2-isobutylthiszole  (14): Following the general
procedure using 5-(2-bromophenyl)-1-pivalyltetrazdlb (155 mg, 0.5 mmol) and 2-
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isobutylthiazole (106 mg, 0.75 mmol), the residueswpurified by flash chromatography on
silica gel (pentane-ED, 70:30) to afford the desired compoub#l(168 mg, 91%) as a pale
yellow oil. 'H NMR (400 MHz, CDCJ) & (ppm) 7.98 (ddJ = 1.6 and 7.8 Hz, 1H), 7.61 —
7.49 (m, 3H), 7.47 (s, 1H), 2.86 (@~ 7.2 Hz, 2H), 2.17 — 2.06 (m, 1H), 1.30 (s, 9HQ3
(d,J = 6.7 Hz, 6H)."*C NMR (100 MHz, CDG)) & (ppm) 173.7, 171.0, 164.3, 140.7, 135.0,
131.7, 131.2, 131.1, 130.6, 128.8, 124.2, 42.43,329.7, 28.0, 22.3. Elemental analysis:
calcd (%) for GoH23Ns0S (369.48): C 61.76, H 6.27; found: C 62.07, Hb6.3

5-(2-(5-Methylthiophen-2-yl)phenyl)-1-pivalyltetrazole (15): Following the general
procedure using 5-(2-bromophenyl)-1-pivalyltetrazdlb (155 mg, 0.5 mmol) and 2-
methylthiophene (74 mg, 0.75 mmol), the residue pasfied by flash chromatography on
silica gel (pentane-gD, 70:30) to afford the desired compourl139 mg, 85%) as a yellow
solid (mp = 88-90 °C)*H NMR (400 MHz, CDC}) & (ppm) 7.92 — 7.86 (m, 1H), 7.57 — 7.50
(m, 2H), 7.44 (ddd) = 3.8, 5.1 and 7.7 Hz, 1H), 7.01 — 6.24 (m, 2H472(s, 3H), 1.29 (s,
9H). *C NMR (100 MHz, CDGJ) 5 (ppm) 173.6, 164.9, 140.8, 138.9, 135.0, 131.1,0,3
130.6, 127.9, 126.6, 125.4, 123.8, 32.2, 27.9, .15Blemental analysis: calcd (%) for
C17/H18N4OS (326.42): C 62.55, H 5.56; found: C 62.75, HD5.6

1-(5-(2-(1-Pivalyltetrazol-5-yl)phenyl)-4-methylthbphen-2-yl)ethan-1-one (16):
Following the general procedure using 5-(2-bromaogt)el-pivalyltetrazolelb (155 mg, 0.5
mmol) and 1-(4-methylthiophen-2-yl)ethan-1-one (105, 0.75 mmol), the residue was
purified by flash chromatography on silica gel (f@ee-EtO, 60:40) to afford the desired
compoundL6 (153 mg, 83%) as a pale yellow ofiH NMR (400 MHz, CDCJ) & (ppm) 8.17
—8.11 (m, 1H), 7.64 — 7.54 (m, 2H), 7.49 (s, THR7 — 7.40 (m, 1H), 2.54 (s, 3H), 1.92 (s,
3H), 1.24 (s, 9H)."*C NMR (100 MHz, CDGJ) & (ppm) 190.2, 173.3, 164.0, 144.4, 142.3,
136.5, 134.2, 132.3, 131.8, 130.9, 129.7, 129.1,4232.0, 27.6, 16.5, 13.7. Elemental
analysis: calcd (%) for gH20N4O,S (368.45): C 61.94, H 5.47, found: C 62.09, H 5.11

5-(2-(Benzop]thiophen-2-yl)phenyl)-1-pivalyltetrazole (17): Following the general
procedure using 5-(2-bromophenyl)-1-pivalyltetra&zolb (155 mg, 0.5 mmol) and
benzop]thiophene (101 mg, 0.75 mmol), the residue wasfipdrby flash chromatography
on silica gel (pentane-g, 80:20) to afford the desired compoubd (143 mg, 79%) as a
pale yellow oil. *"H NMR (400 MHz, CDCJ) & (ppm) 8.01 (ddJ = 1.6 and 7.6 Hz, 1H), 7.82
(dd,J=2.0 and 7.5 Hz, 1H), 7.72 (d#i= 2.0 and 7.8 Hz, 1H), 7.67 (ddi= 1.5 and 7.7 Hz,
1H), 7.62 (dtJ = 1.6 and 7.5 Hz, 1H), 7.55 (dt= 1.5 and 7.5 Hz, 1H), 7.41 — 7.30 (m, 2H),
7.10 (s, 1H), 1.10 (s, 9H)**C NMR (100 MHz, CDGJ) & (ppm) 173.7, 164.6, 141.5, 140.3,
139.9, 134.5, 131.3, 131.2, 130.6, 128.8, 124.8,5,224.3, 123.6, 123.5, 122.0, 32.2, 27.7.
Elemental analysis: calcd (%) fordEl1sN4OS (362.45): C 66.28, H 5.01, found: C 66.49, H
5.34.

5-(2-(5-Butylfuran-2-yl)phenyl)-1-pivalyltetrazole (18): Following the general procedure
using 5-(2-bromophenyl)-1-pivalyltetrazold (155 mg, 0.5 mmol) and 2-butylfuran (93
mg, 0.75 mmol), the residue was purified by flasinomatography on silica gel (pentane-
Et,0, 80:20) to afford the desired compour&(167 mg, 95%) as a brown oitH NMR (400
MHz, CDCk) & (ppm) 7.76 (ddJ = 0.9 and 8.0 Hz, 1H), 7.71 (déi= 1.1 and 7.7 Hz, 1H),
7.56 (dt,J=1.4 and 7.7 Hz, 1H), 7.39 (dt= 1.3 and 7.6 Hz, 1H), 6.19 (@= 3.3 Hz, 1H),
6.02 (d,J = 3.3 Hz, 1H), 2.58 () = 7.5 Hz, 2H), 1.66 — 1.53 (m, 2H), 1.40 (s, 9H}O0 —
1.31 (m, 2H), 0.93 (t) = 7.5 Hz, 3H).*C NMR (100 MHz, CDGJ) & (ppm) 173.5, 165.0,
157.2, 149.8, 131.3, 131.2, 131.1, 127.8, 127.3,312109.5, 106.8, 32.4, 29.9, 28.2, 27.8,
22.3, 13.8. Elemental analysis: calcd (%) fesHGaN4O, (352.43): C 68.16, H 6.86, found: C
68.24, H 6.54.
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1-(5-(2-(1-Pivalyltetrazol-5-yl)phenyl)furan-2-yl)butan-1-one (19): Following the general
procedure using 5-(2-bromophenyl)-1-pivalyltetrazth (155 mg, 0.5 mmol) and 1-(furan-2-
yl)butan-1-one (104 mg, 0.75 mmol), the residue wasfied by flash chromatography on
silica gel (pentane-ED, 70:30) to afford the desired compout®l(178 mg, 97%) as a pale
green oil. ‘H NMR (400 MHz, CDCJ) & (ppm) 7.93 (ddJ = 1.5 and 7.8 Hz, 1H), 7.79 (dd,
= 1.4 and 7.8 Hz, 1H), 7.65 (dt,= 1.3 and 7.7 Hz, 1H), 7.57 (d&t= 1.3 and 7.5 Hz, 1H),
7.22 (d,J = 3.6 Hz, 1H), 6.49 (d] = 3.6 Hz, 1H), 2.70 (d] = 7.4 Hz, 2H), 1.73 (sext),= 7.4
Hz, 2H), 1.36 (s, 9H), 0.99 @,= 7.4 Hz, 3H).**C NMR (100 MHz, CDG)) 5 (ppm) 189.4,
173.7, 164.2, 155.1, 152.7, 142.1, 131.4, 131.6,512129.4, 122.8, 117.9, 111.1, 40.3, 32.4,
28.1, 17.6, 13.8. Elemental analysis: calcd (9%)GgH22N4O;3 (366.41): C 65.56, H 6.05,
found: C 65.87, H 6.35.

5-(2-(1-Methylpyrrol-2-yl)phenyl)-1-pivalyltetrazol e (20): Following the general procedure
using 5-(2-bromophenyl)-1-pivalyltetrazdle (155 mg, 0.5 mmol) and-methylpyrrole (162
mg, 2 mmol), the residue was purified by flash amatography on silica gel (pentane&t
70:30) to afford the desired compou@ (148 mg, 96%) as a red solid (mp = 80-83 °&.
NMR (400 MHz, CDC) & (ppm) 8.13 (ddJ = 1.7 and 7.3 Hz, 1H), 7.60 — 7.45 (m, 3H), 6.67
(dd,J=1.8 and 2.7 Hz, 1H), 6.18 (d#l= 2.7 and 3.6 Hz, 1H), 6.07 (ddi= 1.8 and 3.6 Hz,
1H), 3.29 (s, 3H), 1.29 (s, 9H)**C NMR (100 MHz, CDG)) & (ppm) 173.5, 164.9, 132.8,
132.5, 131.7, 130.9, 129.6, 128.3, 125.1, 122.9,110107.9, 33.9, 32.3, 27.9. Elemental
analysis: calcd (%) for GH19NsO (309.37): C 66.00, H 6.19, found: C 66.21, H 6.00

1-Pivalyl-5-(2',3',5',6'-tetrafluoro-[1,1'-biphenyl ]-2-yl)tetrazole = (21): Following the
general procedure using 5-(2-bromophenyl)-1-pivatyhzolelb (155 mg, 0.5 mmol) and
1,2,3,5-tetrafluorobenzen€l13 mg, 0.75 mmol), the residue was purified bgstil
chromatography on silica gel (pentangékt70:30) to afford the desired compowil(127
mg, 67%) as a pale yellow oil'H NMR (400 MHz, CDCJ) & (ppm) 8.31 — 8.17 (m, 1H),
7.74 — 7.56 (m, 2H), 7.44 (dd= 3.1 and 6.0 Hz, 1H), 7.15 (&= 7.3 and 9.5 Hz, 1H), 1.34
(s, 9H). *C NMR (100 MHz, CDGJ) & (ppm) 173.1, 163.5, 145.8 (ddh= 250.1 Hz), 143.9
(dm,J = 250.1 Hz), 132.0, 131.3, 129.9, 129.4, 126.8,2,2120.6 (dJ = 17.7 Hz), 105.6 (t,
J =225 Hz), 32.3, 27.9. Elemental analysis: cg¥l for GgH14F4sN4,O (378.32): C 57.14,
H 3.73, found: C 57.31, H 4.02.

2',3',5',6'-Tetrafluoro-2"-(1-pivaloyltetrazol-5-y I)-[1,1":4",1"-terphenyl]-4-carbonitrile

(22): Following the general procedure using 4-bromobeidlen(100 mg, 0.55 mmol) and 1-
pivalyl-5-(2',3',5',6'-tetrafluoro-[1,1'-biphenyB-yl)tetrazole 21 (189 mg, 0.5 mmol), the
residue was purified by flash chromatography oicaifjel (pentane-gD, 80:20) to afford the
desired compoun@2 (151 mg, 63%) as a yellow solid (mp = 207-209 °) NMR (400
MHz, CDCk) 6 (ppm) 8.31 — 8.17 (m, 1H), 7.88 — 7.78 (m, 2HY,57— 7.64 (m, 4H), 7.50
(dd,J = 3.2 and 5.9 Hz, 1H), 1.40 (s, 9H}*C NMR (100 MHz, CDG) & (ppm) 173.1,
163.3, 144.5 (dm] = 251.1 Hz), 143.6 (dmd = 251.1 Hz), 132.4, 132.2, 132.0, 131.3, 131.0,
130.1, 129.3, 125.8, 124.1, 120.3)t 16.4 Hz), 118.4 (d] = 15.0 Hz), 118.2, 113.1, 32.4,
28.0. Elemental analysis: calcd (%) fossl@,7/FsNsO (479.43): C 62.63, H 3.57; found: C
62.79, H 3.69.

2-Ethyl-4-methyl-5-(2-(1-methyltetrazol-5-yl)pheny)thiazole (23): Following the general
procedure using 5-(2-bromophenyl)-1-methyltetraZal¢120 mg, 0.5 mmol) and 2-ethyl-4-
methylthiazole (95 mg, 0.75 mmol), the residue \pasfied by flash chromatography on
silica gel (pentane-ED, 70:30) to afford the desired compow2®l(127 mg, 89%) as a pale
yellow oil. *H NMR (300 MHz, CDCY) & (ppm) 8.02 — 7.91 (m, 1H), 7.55 — 7.47 (m, 2H),
7.44 (ddJ = 3.5 and 5.8 Hz, 1H), 4.27 (s, 3H), 2.99J¢, 7.6 Hz, 2H), 2.02 (s, 3H), 1.38 (t,
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J = 7.6 Hz, 3H). °C NMR (75 MHz, CDGJ) & (ppm) 170.9, 164.7, 148.4, 132.5, 131.5,
130.1, 129.8, 128.7, 128.4, 128.1, 39.4, 26.8,,1643. Elemental analysis: calcd (%) for
C14H15NsS (285.37): C 58.92, H 5.30; found: C 58.72, H 5.45

2-1sobutyl-5-(2-(1-methyltetrazol-5-yl)phenylthianle (24): Following the general
procedure using 5-(2-bromophenyl)-1-methyltetrazale (120 mg, 0.5 mmol) and 2-
isobutylthiazole (106 mg, 0.75 mmol), the residueswpurified by flash chromatography on
silica gel (pentane-ED, 70:30) to afford the desired compou2wi(139 mg, 93%) as a pale
yellow oil. *H NMR (300 MHz, CDG}) & (ppm) 7.86 — 7.77 (m, 1H), 7.57 — 7.51 (m, 2H),
7.51 — 7.47 (m, 1H), 7.45 (s, 1H), 4.31 (s, 3HB42(d,J = 7.2 Hz, 2H), 2.09 (m, 1H), 1.00
(d, J = 6.8 Hz, 6H). **C NMR (75 MHz, CDC}) & (ppm) 170.7, 164.7, 140.8, 135.6, 131.5,
131.2, 130.7, 130.1, 128.6, 127.1, 42.3, 39.4,,2228. Elemental analysis: calcd (%) for
Ci1sH17NsS (299.39): C 60.18, H 5.72; found: C 60.11, H 5.49

1-Methyl-5-(2-(5-pentylthiophen-2-yl)phenyl)tetrazde (25): Following the general
procedure using 5-(2-bromophenyl)-1-methyltetrazbte (120 mg, 0.5 mmol) and 2-
pentylthiophene (116 mg, 0.75 mmol), the residus parified by flash chromatography on
silica gel (pentane-ED, 70:30) to afford the desired compow2isl(127 mg, 81%) as a pale
yellow oil. *H NMR (300 MHz, CDCJ) & (ppm) 7.68 (ddJ = 1.6 and 7.7 Hz, 1H), 7.59 (dd,
J=1.5and 7.7 Hz, 1H), 7.51 (dt= 1.6 and 7.4 Hz, 1H), 7.42 (k= 1.5 and 7.4 Hz, 1H),
6.69 (d,J = 3.5 Hz, 1H), 6.64 (d) = 3.5 Hz, 1H), 4.35 (s, 3H), 2.83 — 2.70 (m, 2HY6 —
1.58 (m, 2H), 1.44 — 1.30 (m, 4H), 0.92Jt= 6.7 Hz, 3H). °C NMR (75 MHz, CDCJ) &
(ppm) 165.3, 146.8, 139.0, 135.1, 130.9, 130.9,d,327.5, 126.6, 126.4, 124.1, 39.4, 31.3,
30.0, 22.4, 14.0. Elemental analysis: calcd (%)Qg/H20N4S (312.43): C 65.35, H 6.45;
found: C 65.49, H 6.72.

1-Methyl-5-(2-(5-methylfuran-2-yl)phenyl)tetrazole (26): Following the general procedure
using 5-(2-bromophenyl)-1-methyltetrazdle (120 mg, 0.5 mmol) and 2-methylfuran (62
mg, 0.75 mmol), the residue was purified by flasinomatography on silica gel (pentane-
Et,0, 70:30) to afford the desired compou2®l(108 mg, 90%) as a brown yellow oifH
NMR (300 MHz, CDC}) & (ppm) 7.75 (ddJ = 1.2 and 7.5 Hz, 1H), 7.62 (d#i= 1.5 and 7.5
Hz, 1H), 7.53 (dtJ) = 1.5 and 7.7 Hz, 1H), 7.38 (dt= 1.2 and 7.5 Hz, 1H), 6.07 (@= 3.2
Hz, 1H), 6.00 — 5.92 (m, 1H), 4.41 (s, 3H), 2.48.70 (m, 3H).**C NMR (75 MHz, CDC})

d (ppm) 165.6, 152.1, 150.4, 131.1, 131.1, 130.7,.82127.1, 124.3, 109.7, 107.5, 39.4,
13.6. Elemental analysis: calcd (%) forsld:,N4O (240.26): C 64.99, H 5.03; found: C
65.18, H 5.39.

1-(5-(2-(1-Methyltetrazol-5-yl)phenyl)furan-2-yl)propan-2-one  (27): Following the
general procedure using 5-(2-bromophenyl)-1-megindrolelc (120 mg, 0.5 mmol) and 1-
(furan-2-yl)propan-2-one (93 mg, 0.75 mmol), thesidtee was purified by flash
chromatography on silica gel (pentangct70:30) to afford the desired compowid(121
mg, 86%) as a brown yellow oiffH NMR (300 MHz, CDCJ) & (ppm) 7.76 — 7.64 (m, 2H),
7.54 (dt,J = 1.5 and 7.7 Hz, 1H), 7.43 (d&t~= 1.4 and 7.5 Hz, 1H), 6.30 (d~ 3.3 Hz, 1H),
6.22 (d,J = 3.3 Hz, 1H), 4.42 (s, 3H), 3.61 (s, 2H), 2.143d). **C NMR (75 MHz, CDCJ)

d (ppm) 203.8, 165.3, 152.3, 148.2, 131.1, 130.6.1,3128.3, 127.8, 125.0, 110.1, 109.6,
43.3, 39.5, 29.2. Elemental analysis: calcd (%)GgH14N4O, (282.30): C 63.82, H 5.00;
found: C 64.08, H 4.97.

1-Methyl-5-(2-(1-methylpyrrol-2-yl)phenyl)tetrazole  (28): Following the general
procedure using 5-(2-bromophenyl)-1-methyltetrazale (120 mg, 0.5 mmol) and\-
methylpyrrole (162 mg, 2 mmol), the residue wasfiaa by flash chromatography on silica
gel (pentane-EO, 70:30) to afford the desired compow8(110 mg, 92%) as a yellow solid
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(mp = 99-101 °C).*H NMR (400 MHz, CDC}) 5 (ppm) 8.09 — 7.92 (m, 1H), 7.63 — 7.41 (m,
3H), 6.67 — 6.64 (m, 1H), 6.17 (dil= 2.7 and 3.5 Hz, 1H), 6.03 (d#l= 1.8 and 3.5 Hz, 1H),
4.29 (s, 3H), 3.25 (s, 3H)**C NMR (100 MHz, CDGJ) & (ppm) 165.2, 132.9, 132.5, 129.8,
129.7, 128.2, 128.2, 122.0, 108.8, 107.4, 39.42.34Elemental analysis: calcd (%) for
Ci3H13N5 (239.28): C 65.25, H 5.48; found: C 65.34, H 5.79.

1-Methyl-5-(2',3',4',5',6'-pentafluoro-[1,1'-biphenyl]-2-yl)tetrazole (29): Following the
general procedure using 5-(2-bromophenyl)-1-mettndrzolelc (120 mg, 0.5 mmol) and
pentafluorobenzen@26 mg, 0.75 mmol), the residue was purified laglil chromatography
on silica gel (pentane-gD, 70:30) to afford the desired compou2@ (113 mg, 69%) as a
yellow solid (mp = 72-74 °C).*H NMR (400 MHz, CDC})) & (ppm) 8.35 — 8.21 (m, 1H),
7.71 — 7.54 (m, 2H), 7.41 (td,= 1.9 and 7.2 Hz, 1H), 4.31 (s, 3H°*C NMR (100 MHz,
CDCl3) 6 (ppm) 164.2, 144.4 (dnd, = 253.2 Hz), 140.9 (dmJ = 253.2 Hz), 137.6 (dm] =
253.2 Hz), 132.0, 130.2, 130.0, 129.7, 127.4, 12516.4 (m), 39.5. Elemental analysis:
calcd (%) for G4H7FsN4 (326.22): C 51.54, H 2.16; found: C 51.74, H 2.06.

1-Methyl-5-(2',3',5",6'-tetrafluoro-[1,1'-biphenyl] -2-yl)tetrazole (30): Following the
general procedure using 5-(2-bromophenyl)-1-mettndrzolelc (120 mg, 0.5 mmol) and
1,2,3,5-tetrafluorobenzen€l13 mg, 0.75 mmol), the residue was purified bgstil
chromatography on silica gel (pentangkt70:30) to afford the desired compous@(100
mg, 65%) as a yellow solid (mp = 178-181 °CH NMR (400 MHz, CDC}) 5 (ppm) 8.26
(dd,J = 2.3 and 7.4 Hz, 1H), 7.68 — 7.57 (m, 2H), 7dd,§ = 2.0 and 6.8 Hz, 1H), 7.11 (&,
= 7.3 and 9.7 Hz, 1H), 4.29 (s, 3HYC NMR (100 MHz, CDGJ) & (ppm) 164.3, 145.9 (dm,
J = 248.4 Hz), 144.0 145.9 (drh= 248.4 Hz), 131.8, 130.1, 129.8, 129.7, 127.3,42d,J
= 22.7 Hz), 105.2 (tJ = 22.5 Hz) 39.4. Elemental analysis: calcd (%) @4HsF4N4
(308.23): C 54.55, H 2.62, found: C 54.76, H 2.49.

2,6-Difluoro-2'-(1-methyltetrazol-5-yl)-[1,1'-biphenyl]-4-carbonitrile (31): Following the
general procedure using 5-(2-bromophenyl)-1-mettndrzolelc (120 mg, 0.5 mmol) and
3,5-difluorobenzonitrile (104 mg, 0.75 mmol), theesidue was purified by flash
chromatography on silica gel (pentang&kt80:20) to afford the desired compouditd(104
mg, 70%) as a yellow solid (mp = 205-208 °G} NMR (400 MHz, CDCJ) & (ppm) 8.33 —
8.21 (m, 1H), 7.70 — 7.56 (m, 2H), 7.48 — 7.37 (M), 7.31 — 7.21 (m, 2H), 4.27 (s, 3H).
13C NMR (100 MHz, CDG) & (ppm) 164.3, 160.3 (dd,= 8.7 and 251.2 Hz), 131.5, 130.1,
129.9, 129.6, 127.1, 126.1, 124.1Jt 20.6 Hz), 116.8 (t) = 3.6 Hz), 115.4 (dJ = 30.1
Hz), 112.9 (tJ = 11.9 Hz), 39.5. Elemental analysis: calcd (%) @sHoF2Ns (297.26): C
60.61, H 3.05; found: C 60.46, H 3.08.
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Reactivity of N-Protected 5-(2-Bromophenyl)tetrazoles in PalladiurCatalyzed Direct
Arylation of Heteroarenes or Fluorobenzenes.

S. Chikhi, S. Djebbar, J.-F. Soulé,* H. Doucet*.

R2
6 examples 23 examples
PdCI(C;Hs)(dppb) (2 mol%) 1
1 ; PivOK (2 equiv.) R = PhCHj, Piv, or Me
R =PhCH,, Piv, or Me DMA, 150 °C, 16 h Y=S. 0 NMe
X=CHorN

N-protected 5-(2-bromophenyl)tetrazole derivativeasenbeen used as aryl sources in C-H
bond arylation of a wide range of heteroarenes somle polyfluorobenzenes, using an air-
stable diphosphine palladium catalyst to afforch€2eroarylphenyl)tetrazoles and fluorinated
biphenyltetrazoles in high yields.
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Highlights.

- N-protected 5-(2-bromophenyl)tetrazoles can be efficiently coupled heteroarenes
- The poisoning effect tetrazole was inhibited using N-alkyl or N-acyl substituents
- 30 novel (2-(hetero)arylphenyl)tetrazol e derivatives were synthetized.



