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The solid-phase synthesis of 1,2,3-triazoles via 1,3-dipolar cycloaddition of polymer-bound azides to various
alkynes is reported. Polymer-bound azides were synthesized from polymer-bound halides and sodium azide
and reacted with alkynes to produce polymer-bound 1,2,3-triazoles. Cleavage of the triazoles was performed
with trifluoroacetic acid. A traceless synthesis of 1,2,3-triazoles was developed using 2-methoxy-substituted
resin (polymer-bound 4-hydroxy-2-methoxybenzyl alcohol). In addition, a synthesis of 4-hydroxybenzyl-
substituted 1,2,3-triazoles from the bromo-Wang resin (4-(bromomethyl)phenoxymethyl polystyrene) was
achieved.

Introduction substituent (the Wang resin) gave 4-hydroxybenzyl-substi-

The synthesis of heterocycles is of great importance in tuted 1,2,3-triazoles. This kind of cl_eavagg is typical fo.r the
pharmaceutical and medicinal chemistry. Combinatorial Wang resin, and there are reports in the literature of similar
libraries of drug candidates can be constructed when theS0lid-phase syntheses of 4-hydroxybenzyl-substituted com-
synthetic methods are developed on a solid phase. 1,3_p0unds in which Competlt.lve cleavage of the-Q bond of
Dipolar cycloaddition reactions are important in preparing &! benzyl ether occurs instead of other cleavages.

five-membered heterocyclic rings, such as the 1,2,3-triazoles, We report here the details of our solid-phase syntheses of
which are known for their antibacteri®, f-lactamase substituted 1,2,3-triazoles. A wide variety of 4- and 5-mono-

inhibitory 3 antiinflammatory-¢ antiviral? anticonvulsant, substituted and disubstituted 1,2,3-triazoles were prepared,
and muscarinitactivities. The synthesis of 1,2,3-triazoles €ither in traceless manner from the 2-methoxy resin or from
from azides and various alkynes has been widely studied inthe Wang resin with the 4-hydroxybenzyl substituent at
solution phasé®-12 However, there are only a few published Nitrogen.
reports on the solid-phase synthesis of 1,2,3-triazoles from
polymer-bound azid€'s; 16 alkynes!® '8 or enamines? Most
reported solid-phase syntheses of 1,2,3-triazoles describe Azide Chemistry. The polymer-bound azidésand8 were
substituted 1,2,3-triazoles in which the triazoles are attachedsynthesized from sodium azide and polymer-bound halides
to resins with various linkers and the linker-derived func- 1 and7 (Schemes 1 and 3). The reaction took place when
tionalities accompany the triazoles when the triazoles are the halide-functionalized resin was heated with an excess of
cleaved from the resin. sodium azide in DMF. The appearance of the azide func-
Finding an easy method to cleave the nitrogearbon tionality was conveniently monitored by IR spectrometry.
bond in the solid-phase synthesis of nitrogen-containing One reason for using the polymer-bound azide in the
heterocycles is essential. Recently, several reports havecycloaddition reaction was the explosive and toxic nature
appeared on so-called “traceless” syntheses of nitrogen-of sodium azide and the need to develop a safer medium for
containing heterocycles. The bond between the heterocyclethe synthesis of 1,2,3-triazoles. There are various com-
and the resin has been cleaved with use of reagents such agercially available halide-functionalized resins, and in our
2,3-dichloro-5,6-dicyanobenzoquinone (DB%jndo-chlo- experiments, we found the bromo-Wang (4-(bromomethyl)-
roethyl chloroformate (ACE-CH! linkers such as tetrahy-  phenoxymethyl polystyrene) resinwhich is easily available
dropyranyl (THP¥23 and silyl2* and resins such as trityl  in large amounts, suitable for the development of the solid-
type resing® acid-labile Rink resif® and 2-methoxy-4-  phase synthesis of 1,2,3-triazoles.
alkoxybenzyl-substituted resft?8 Cycloaddition Reaction. Azide acts as a 1,3-dipole in
We succeeded in cleaving the carbanitrogen bond cycloaddition reaction with alkynes or enamines. It is known
between the resin and the triazole using 2-methoxy- from earlier studies that the steric and electronic factors of
substituted resin (polymer-bound 4-hydroxy-2-methoxyben- alkynes affect the regiochemistry and reaction times of the
zyl alcohol). A similar resin but without the 2-methoxy cycloaddition reactions in 1,2,3-triazole synthée/sisin the
solid-phase synthesis of 1,2,3-triazoles, alkynes with electron-
o 175 11 Socpopde shou s i ceoe, Phodke 010 withciawing substients forcxampl, esier groups, eacied
in 5 h at 120°C, whereas alkynes with electron-donating

TViikki Drug Discovery Technology Center. ! ]
* Department of Chemistry. substituents reacted very poorly. Propargylamine, for ex-
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Scheme 22 Synthesis of 1,2,3-Triazoleta—j from the Wang Resin
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aReagents and conditions: (i) NakB—5 equiv), DMF, 70°C, ~15 h; (ii) alkyne (5-15 equiv), DMF, 80-120°C, 5-111 h; (iii) TFA—DCM 4:1 or
TFA—H20 9:1, rt 1 h toovernight.

Scheme 2 Synthesis of 1,2,3-Triazolék from Enamine5 as alkyne in the cycloaddition reaction. However, the
N O desilylation was not complete, and we obtained a mixture
O\Q\/ /@/\ 3 N of unsubstituted and trimethylsilyl-substituted triazofes
0 + O/ and4j.
2 g Enamines are also known to react with azides to produce
1,2,3-triazolines, which aromatize to 1,2,3-triazotes® We
l i studied the reactions of some enamines with polymer-bound

azide and obtained aromatized 4-hydroxybenzyl-substituted
O\@\/ NQ 1,2,3-triazoledk from the reaction betwet_an 1-(pyrrolidino)-
/O/\'l*hn N 1-cyclohexenes and polymer-bound azid2 (Scheme 2).
o Q 1-Pyrrolidino-1-cyclopentene reacted in the cycloaddition
or regloisomer reaction, too, but the cleaved product was a complex mixture.

Ethyl-3-(1-pyrrolidino)acrylate did not react in the cyclo-
addition reaction, even when heated overnight at 420

Cleavage.The cleavages of the polymer-bound 1,2,3-

triazoles 3 and 9 were performed in trifluoroacetic acid
O\@\/ /Q/\".‘ N (TFA). We found that a second treatment of the resin with
o} N=N TFA increased the yield of the crude product and therefore
applied successive cleavage treatments with TFA. Either
3k TFA—DCM 4:1 or TFA—H,0 9:1 was used in the cleavage
) procedure; TFA-H,O 1:1 was not strong enough for the
| ! cleavage of 1,2,3-triazoles. Some of the residual resins were
analyzed by IR spectrometry after the cleavage procedure.
N,@ Despite the three TFA treatments and moderate yields of
,O/\ N=N the cleaved 1,2,3-triazoles, the spectra of the residual resins
HO still showed peaks typical of 1,2,3-triazoles, especially traces
ak of the various carbonyl functionalities, in addition to the TFA
aReagents and conditions: (i) polymer-bound aZ2dend enaminé ester peak at1780 cml,
(10 equiv), DMF, 120°C, 3 h; (ii) TFA-DCM 41, 1t, 1 h. Regiochemistry. When we used monosubstituted or
unsymmetrically substituted alkynes in 1,2,3-triazole syn-
ample, did not react properly after 6 days of heating at 80 thesis, we obtained from the Wang resin either a mixture of
°C. We monitored the reactions of the polymer-bound azide two regioisomers or one main regioisomer with 4-hydroxy-
by IR spectrometry, and the disappearance of the charac-benzyl substituent at nitrogen. The regiochemistry of the
teristic strong peak of azide at2100 cnm® was taken to cycloaddition reaction has been studied fairly well, and the
indicate a successful reaction. typical regiochemistry has been determined for several
Decarboxylatioh of the carboxyl group took place in the alkynes. The results that we obtained were consistent with
cycloaddition reaction. Propiolic acid acted as a synthetic the results reported for benzylic azides® with ethyl
equivalent of acetylene and yielded the unsubstituted 1,2,3-propiolate, phenylacetylene, or ethyl phenylpropiolate and
triazole4d (Table 1). The missing carbonyl peak in the IR for other azide&®43%40with methyl or ethyl propiolate,
spectrum of the polymer-bound triazole confirmed that the (trimethylsilyl)acetylene, phenylacetylene, or ethyl phenyl-
decarboxylation had occurred during the cycloaddition reac- propiolate. Methyl and ethyl propiolate reacted regioselec-
tion. Phenylpropiolic acid decarboxylated, as well, and gave tively and gave 4-substituted regioisomélsand4c as main
the same productée and4f with the polymer-bound azide products. (Trimethylsilyl)acetylene gave the 4-substituted
2 as did phenylacetylene. The unsubstituted 1,2,3-triazole regioisomewj, possibly because of steric reasth@-igure
was also obtained when (trimethylsilyl)acetyléffevas used 1). Phenyl-substituted acetylenes did not react regioselec-
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Scheme 3.Synthesis of 1,2,3-Triazolea—e from the 2-Methoxy Res#?
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aReagents and conditions: (i) SQEL0 equiv), PhMe, 6570 °C, 1 h; (ii) NaNs (3—5 equiv), DMF, 70°C, ~15 h; (iii) alkyne (5 equiv), DMF, 120
°C, 5-91 h; (iv) TFA-DCM 4:1 or TFA—-H,0 9:1, rt 1 h toovernight.”’Only one tautomeric structure of 1,2,3-triazdle is presented.

Table 1. N-Substituted 1,2,3-Triazolesfrom the Wang regioisomers were-60% of the total of the material obtained
Resin after chromatographic purification.
compd R RS yield (%  purity (%) The regiochemistry has often been assigned on the basis
da CO,Me CO:Me 23 92 of 'H NMR data, and typically, the H-5 proton in 4-substi-
4b COMe H 44 >97 tuted 1,2,3-triazoles is shifted downfield relative to the H-4
4c COEt H 57 =97 proton in 5-substituted 1,2,3-triazol€s2 This is what we
4d H H 58 798 observed. Two-dimensional NMR data (gHMQC and gH-
4 Ph A 57¢ 56 98 MBC) of the regioi furth f of the regio-
4f H Ph ; 90 gioisomers gave further proof of the regio
4q CHO Ph 20 926 chemistry because we could see the couplings between the
4h CO.Et Ph 31 >98 benzylic CH protons and the nearest C-5 carbon of the
4i CH,OH CHOH 46 % triazole ring. The regiochemistry was confirmed by deter-
2{( f'('\(/':ﬁz)r H g - o8 mination of the X-ray crystal structures of the purified
— _ N-substituted 1,2,3-triazoledlf, 4c, 4¢, 4g, 4h, and4j).
aBased on the original loading of the resirEvaluated on the . .
basis of the analytical resultsMixture of regioisomers from LC—MS A”a!YS'S of the Crude Products.In an analysis
phenylacetylene? Mixture of regioisomers from phenylpropiolic ~ Of some unpurified crude products by EMS, we found
acid. ¢ Decomposed during storage. that cleavage of both the carbeoxygen bond and the

carbor-nitrogen bond occurs when the Wang-resin-bound
triazole 3 is treated with trifluoroacetic acid. In addition to
4-hydroxybenzyl-substituted 1,2,3-triazoléswe also ob-
tained N-unsubstituted triazole) as side products. The
1,2,3-triazole prepared from dimethyl acetylenedicarboxylate
was actually cleaved so that approximately equal amounts
of N-substituted 4a) and N-unsubstituted 108 1,2,3-
triazoles were obtained (Table 2). EG/S also gave further
information about the regiochemistry of methyl and ethyl
propiolates, and we could detect the 5-substituted regio-
isomers and N-unsubstituted triazoles as side products in
addition to the isolated main produetb and4c. The crude
products of the triazoles prepared from phenylacetylene and
phenylpropiolic acid were also compared. After the decar-
boxylation, the regioisomerse and4f were formed in equal
amounts for both alkynes, according to UV spectra. e
NMR analyses of the purified fractions of phenyl-substituted
triazoles confirmed these data. Furthermore, we could detect
. a small amount of carboxyl-substituted 1,2,3-triazole in the
Figure 1. View of the molecul&dj. Thermal ellipsoids have been crude prodch of the 1,2,3-triazole that was prepared from
drawn at 30% probability level. phenylpropiolic acid. The calculated values were based on
the atomic mass unit (amu) intensities of the main mass
tively, and we obtained mixtures of regioisomers. Phenyl- Peaks, because the sensitivity of the UV detector was not
acety|ene and pheny|pr0pio|ic acid gave_:l mixtures of sufficient to detect the impurities. It should be noted that

4- and 5-phenyl-substituted regioisoméesand4f. Phenyl-  these results are only approximate because of the probable
propargyl aldehyde and ethyl phenylpropiolate gave 5-phen- differences in the degradation behavior.
yl-substituted regioisomerég and4h as the main isolated Traceless Synthesis of 1,2,3-TriazoledVe found the

products, and the amounts of isolated 5-phenyl-substituted2-methoxy-substituted resi (Scheme 3) very valuable in
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Table 2. Percentages of Cleaved N-Substitutélgnd N-Unsubstituted1Q) 1,2,3-Triazoles in Crude Products from the Wang
Resin

entry alkyne R RS % (4)2 % (10)2
1° dimethyl acetylenedicarboxylate GKde COMe 60 @a) 40 (10a)
2 dimethyl acetylenedicarboxylate Glde COMe 50 @a) 50 (109
3 methyl propiolate CeMe H 70 @b) 10 (10b)
H COMe 20

4 ethyl propiolate CGEt H 70 @o 1
H CO,Et 20

5¢ phenylpropiolic acid Ph H 4@4e) 10 (109
H Ph 45 (4f)

6 phenylacetylene Ph H 5@ 10 (109
H Ph 40 (4f)

aBased on the amu intensities of the main mass peaRkeavage with TFA-DCM 4:1. ¢ Cleavage with TFA-H,O 9:1. 9 Side product
based on the MS dataAdditionally, 5% of Ph/COOH-substituted compouhdetected! Because of the insufficient separation, the ratios
of the regioisomers are based on the peak heights of the UV spectra.

Table 3. N-Unsubstituted 1,2,3-Triazole) from the Experimental Section
2 Methoxy Resin The resins were purchased from Novabiochem (4-(bro
compd R R yield (%;)a purity (% momethyl)phenoxymethyl polystyrene 100—-200 mesh,
18‘;‘ ggzzmg (l_:'OZMe gg 21 >gg Catalog no. 01-64-0186) and Sigma-Aldrich (4-hydroxy-2-
10¢c Ph H 17 >05 methoxybenzy! alcohol, polymer boursi 50—90 mesh,
10d CHO Ph 10 94 Catalog no. 54,073-0). The polymer matrix of both resins
10e COEt  Ph 29 >98 was polystyrene cross-linked with 1% divinylbenzene. Thin-

aBased on the original loading of the resirEvaluated on the  layer chromatography was performed with Merck TLC
basis of analytical result8 Cleaved with TFA-DCM 4:1. 9 Cleaved aluminum SheetS’ silica ge| GQdi Column Chromatography
with TFA—H,0 9:1. was performed with Merck silica gel 60 (0.040.063 mm).
Melting points were measured with a Bibby Stuart Scientific

our efforts to develop a traceless 1,2,3-triazole cleavageswIP3 melting point apparatus and are uncorretetiMR

without the attached 4-hydroxybenzyl linker. Owing to the 1 : : .
presence of the 2-methoxy substituent in the resin, the and™*C NMR were recorded on either Varian Unity 500 or

cleavage of the triazoles differed from that of the Wang resin, Varian Mercury 300 Plus spectrometers. Chemical shifts (

and we obtained N-unsubstituted triazol€Table 3). The are given in ppm relative to NMR solvent signals (DMSO-
2-methoxy-substituted resin was not commercially available ds 2.5 and 39.51 ppm, GIOD 3.31 and 49.15 ppm). IR
as a halide, so the polymer-bound alcohol was first chlori- spectra of the products were recorded on a Perkin-Elmer FT-

nated with thionyl chloride. The subsequent preparation of IR Spectrometer 1725X with KBr technique. EGIS
the azide and the cycloaddition reactions were similar to the &nalyses were performed with an HP1100 instrument with
reactions that were performed on the Wang resin. The UV detector wavelength of 220 nm and Merck Chromolith
cleavage of the polymer-bound triazéléook place smoothly ~ SP€€dROD RP-18 (58 4.6 mm) column and an API 3000
with trifluoroacetic acid, and we obtained N-unsubstituted iPle quadrupole LC/MS/MS mass spectrometer with Tur-
1,2,3-triazoles. A comparison of the two cleavage methods PolonSpray ion source. The mobile phase was a gradient of
showed that both TFADCM 4:1 and TFA-H,O 9:1 gave 5 mM NH4OAc buffer solution (pH 5) and MeOH. Elemental
N-unsubstituted 1,2,3-triazoles. Treatment with glacial acetic @nalyses were performed by Robertson Microlit Laboratories
acid at 100°C did not give any extra cleavageLC—MS Inc., Madison, NJ. Crystal structures were determined at the
of the crude product ofl0a showed no 2-methoxy-4- Department of Chemistry, University of Helsinki. Crystal
hydroxybenzyl-substituted 1,2,3-triazole, and this was an data were collected with a Nonius KappaCCD area-detector
indication that the linker of the resin had not accompanied diffractometer at 173(2) K using graphite monochromatized
the product. MoKa radiation, 0.71073 A: COLLECT Multiscan ab-
sorption corrections were made: SADABSSolutions were
Conclusions made by direct methods and refinement 8n SHELX9743

The cycloaddition reaction of various dipolarophilic All non-hydrogen atoms were refined with anisotropic
alkynes to polymer-bound azide was studied. Comparison diSPlacement parameters. Hydrogen atoms were refined on
was made of two resins differing in the presence and the calculated positions isotropically (riding model). The dis-
absence of the 2-methoxy group. A new method to synthesizePlacement factors of H atoms were 1.5 x for methyl -
1,2,3-triazoles in a traceless manner on solid support washydrogens) to that_ of the host atom. Put_)llcatlon material:
developed, and N-unsubstituted 1,2,3-triazoles were synthe-SHELX97 Graphics: SHELXTL (Sheldrick,1990}.
sized. In addition, N-substituted 1,2,3-triazoles were syn- General Treatment of Sodium Azide.Caution: Sodium
thesized from the Wang resin. Our studies of 1,3-dipolar azide is toxic and forms explesi compounds with hes
cycloadditions on solid supports will be continued with the metals and dichloromethane. It also liberates toxic hydrazoic
aim of developing an efficient methodology for preparing a acid gas in acidic conditionBefore disposal, the sodium
variety of nitrogen-containing heterocyclic compounds. azide waste was treated with an excess of a 20% solution of



830 Journal of Combinatorial Chemistry, 2003, Vol. 5, No. 6

sodium nitrite, acidified with a 30% solution of sulfuric acid,
and neutralized with a solution of sodium hydroxide.

General Preparation of Polymer-Bound 4-Hydroxy-2-
methoxybenzyl Chloride 7.Polymer-bound 4-hydroxy-2-
methoxybenzyl alcohdb (5.09 g, 0.4 mmol/g) was chlori-
nated with thionyl chloride (1.5 mL, 10 equiv) in toluene
(40 mL) at 65-70 °C for 1 h. The resin was filtered and
washed with toluene (& 10 mL), DMF (3x 10 mL), THF
(3 x 10 mL), and DCM (3x 10 mL) and dried.

General Preparation of Polymer-Bound Azides 2 and
8. 4-(Bromomethyl)phenoxymethyl polystyreh¢l.2 mmol/

g) or polymer-bound 4-hydroxy-2-methoxybenzyl chloride
7 (0.4 mmol/g) was treated with sodium azide-&equiv)

in DMF (~5 mL/g resin) at 70C for ~15 h. The resin was
filtered; washed with DMF (2), water (2<), DMF—water
(2x), MeOH (3x), THF (3x), and DCM (3«); and dried.
The filtered DMFwater mixture was treated like the sodium
azide waste (see above) before disposal. IR (KBr;%¢m
~2100.

General Preparation of Polymer-Bound 1,2,3-Triazoles
3 and 9.4-(Azidomethyl)phenoxymethyl polystyre2q1.2
mmol/g) or polymer-bound 4-hydroxy-2-methoxybenzyl
azide8 (0.4 mmol/g) was treated with various alkynes or
enamines (515 equiv) in DMF (5 mL/g resin) at 86
120 °C for 3 h to 5days. The resin was filtered; washed
with DMF (3x), MeOH (3x), THF (3x), and DCM (3x);
and dried.

General Cleavage of 1,2,3-Triazoles 4 and 10The
polymer-bound 1,2,3-triazole3 (1.2 mmol/g) and9 (0.4
mmol/g) were treated one to three times with THBCM
4:1 (1 h to overnight, room temperature) or TFA,0 9:1

Harju et al.

°C.H NMR (500 MHz, DMSO#s, ¢): 9.56 (s, 1H), 8.80
(s, 1H), 7.21 (dJ = 8.5 Hz, 2H), 6.74 (dJ = 8.5 Hz, 2H),
5.51 (s, 2H), 3.81 (s, 3H}3C NMR (125 MHz, DMSO¢l,
0): 160.6, 157.4, 138.6, 129.6, 128.7, 125.5, 115.4, 52.8,
51.6. IR (KBr, cml): 3131, 1729, 1522, 1235, 1061. EC
MS: [M + H]*, m/z234. Calcd for GH1:N303: C 56.65%,
H 4.75%, N 18.02%. Found: C 56.48%, H 4.51%, N
17.86%.
1-(4-Hydroxybenzyl)-1H-[1,2,3]triazole-4-carboxylic Acid
Ethyl Ester 4c. Resin2 (808 mg, 1.2 mmol/g) was treated
with ethyl propiolate (49QuL, 5 equiv) at 120°C for 5 h.
Triazole3c (852 mg, 1.2 mmol/g) was cleaved with TFA
DCM 4:1 (3x 5mL, 2 x 1 h and overnight), and 210.9 mg
of crude product was obtained after evaporation. The column
chromatography of 203.8 mg (eluent hexanE$OAc 1:1,
R value 0.18) yielded 140.1 mg (57%) 4€, mp 153-154
°C.H NMR (500 MHz, DMSOd, 6): 9.57 (s, 1H), 8.78
(s, 1H), 7.21 (dJ) = 8.5 Hz, 2H), 6.74 (dJ = 8.5 Hz, 2H),
5.50 (s, 2H), 4.28 (o = 7 Hz, 2H), 1.28 (tJ = 7 Hz, 3H).
13C NMR (125 MHz, DMSO#€s, 0): 160.1, 157.4, 138.9,
129.6, 128.6, 125.5, 115.4, 60.4, 52.8, 14.1. IR (KBr, fm
3136, 1729, 1520, 1235, 1060. E®IS: [M + H]t, m/z
248. Calcd for GH;13N30s: C 58.29%, H 5.30%, N 16.99%.
Found: C 58.37%, H 5.10%, N 16.98%.
4-([1,2,3]Triazol-1-ylmethyl)phenol 4d.Resin2 (880 mg,
1.2 mmol/g) was treated with propiolic acid (370 mg, 5
equiv) at 120°C for 96 h. Triazole3d (848 mg, 1.2 mmol/
g) was cleaved with TFADCM 4:1 (3x 5mL,2x 1 h
and overnight), and 241.8 mg of crude product was obtained
after evaporation. The column chromatography of 208.8 mg
(eluent EtOACR value 0.30) yielded 89.7 mg (58%) 4,

(1 h to overnight, room temperature). The filtrate was mp 177178°C (lit. 173—176 °C®"). *H NMR (500 MHz,
evaporated and dried in vacuo. The crude product was DMSO-ds, 6): 9.50 (s, 1H), 8.09 (s, 1H), 7.71 (s, 1H), 7.16
purified by column chromatography and dried in vacuo to (d,J = 8 Hz, 2H), 6.74 (dJ = 8.5 Hz, 2H), 5.46 (s, 2H).

constant weight.
1-(4-Hydroxybenzyl)-1H-[1,2,3]triazole-4,5-dicarboxy-
lic Acid Dimethyl Ester 4a. Resin2 (1.071 g, 1.2 mmol/g)
was treated with dimethyl acetylenedicarboxylate (280
5 equiv) at 12C0°C for 5 h. Triazole3a (560 mg, 1.2 mmol/
g) was cleaved with TFADCM 4:1 3x 5mL,2x 1h

13C NMR (125 MHz, DMSOsdg, 0): 157.2, 133.3, 129.4,
126.2,124.4,115.3,52.2. IR (KBr, ci): 1518, 1271, 1241,
1116, 779. LCG-MS: [M + H]*, m/z 176. Calcd for
CoHgNzO: C 61.70%, H 5.18%, N 23.99%. Found: C
61.51%, H 5.13%, N 23.95%.

4-(4-Phenyl-[1,2,3]triazol-1-ylmethyl)phenol 4e and 4-(5-

and overnight), and 170.8 mg of crude product was obtained Phenyl-[1,2,3]triazol-1-ylmethyl)phenol 4f. Resin2 (806
after evaporation. The column chromatography of 168.3 mg mg, 1.2 mmol/g) was treated with phenylpropiolic acid (707

(eluent hexanesEtOAc 1:1,Rs value 0.22) yielded 44.3 mg
(23%) of4a, mp 162-164°C. *H NMR (500 MHz, DMSO-
ds, 0): 9.58 (s, 1H), 7.11 (d) = 8.5 Hz, 2H), 6.74 (dJ =
8.5 Hz, 2H), 5.65 (s, 2H), 3.88 (s, 3H), 3.85 (s, 3HC
NMR (125 MHz, DMSO#s, 6): 160.0, 158.5, 157.5, 138.8,
130.1, 129.5,124.6, 115.4, 53.5, 52.9, 52.4. IR (KBr, m
1733, 1467, 1355, 1247, 1069. EGIS: [M + H]t, m/z
292. Calcd for GsH13N3Os: C 53.61%, H 4.50%, N 14.43%.
Found: C 54.77%, H 4.13%, N 13.63%.
1-(4-Hydroxybenzyl)-1H-[1,2,3]triazole-4-carboxylic Acid
Methyl Ester 4b. Resin2 (816 mg, 1.2 mmol/g) was treated
with methyl propiolate (43%L, 5 equiv) at 120°C for 5 h.
Triazole3b (868 mg, 1.2 mmol/g) was cleaved with TFA
DCM 4:1 (3x 5mL, 2 x 1 h and overnight), and 212.9 mg

mg, 5 equiv) at 120C for 96 h. Triazole3e—f (828 mg,

1.2 mmol/g) was cleaved with TFADCM 4:1 (3 x 5 mL,

2 x 1 h and overnight), and 255.9 mg of crude product was
obtained after evaporation. The column chromatography of
231.4 mg (eluent hexane&tOAc 2:1, Rs values 0.10 for

4e and 0.06 for4f) yielded 127.5 mg (56%) ofe and 4f.

The amount of purele was 51.0 mg, the amount ¢ff
(~10% 4e) was 12.5 mg, and the rest was obtained as a
mixture of the two regioisomers. Resr{831 mg, 1.2 mmol/

g) was treated with phenylacetylene (56D, 5 equiv) at
120°C for 96 h. Triazole3e—f (885 mg, 1.2 mmol/g) was
cleaved with TFA-DCM 4:1 3 x 5 mL, 2 x 1 h and
overnight), and 268.1 mg of crude product was obtained after
evaporation. The column chromatography of 245.3 mg

of crude product was obtained after evaporation. The column (eluent hexanesEtOAc 2:1,R; values 0.10 fodeand 0.06

chromatography of 193.9 mg (eluent hexanE$OAC 1:1,
Rs value 0.13) yielded 98.2 mg (44%) db, mp 171-173

for 4f) yielded 140.2 mg (57%) ofeand4f. The amount of
puredewas 36.4 mg, and the rest was obtained as a mixture
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of both regioisomersde mp 222-223°C (dec) (lit. 215- overnight), and 213.2 mg of crude product was obtained after
218°C9). 'H NMR (500 MHz, DMSO#s, 6): 9.55 (s, 1H), evaporation. The column chromatography (eluent BEM
8.56 (s, 1H), 7.83 (dJ = 7.5 Hz, 2H), 7.43 (tJ = 7.5 Hz, MeOH from 9:1 to 8:2Rs value, DCM-MeOH 9:1, 0.09)
2H), 7.31 (t,J = 7.5 Hz, 1H), 7.21 (dJ = 8.5 Hz, 2H), yielded 77.0 mg (46%) ofli, mp 158-159 °C (dec).'H
6.76 (d,J = 8.5 Hz, 2H), 5.49 (s, 2H)}*C NMR (125 MHz, NMR (500 MHz, DMSO¢g, 6): 9.48 (s, 1H), 7.11 (d) =
DMSO-ts, 0): 157.3, 146.5, 130.7, 129.5, 128.8, 127.7, 8 Hz, 2H), 6.72 (dJ = 8.5 Hz, 2H), 5.44 (s, 2H), 5.40 (t,
126.0, 125.1, 121.0, 115.4, 52.7. IR (KBr, th 3140, J=5.5Hz, 1H), 5.02 (tJ = 5.5 Hz, 1H), 454 (d) =5
1519, 1246, 1088, 765. LEMS [M + H]*, m/z 252. Calcd Hz, 2H), 4.49 (d,J = 5.5 Hz, 2H).13C NMR (75 MHz,

for CisH1aN3O: C 71.70%, H 5.21%, N 16.72%. Found C DMSO-ds, 6): 157.1, 145.0, 133.9, 129.3, 126.1, 115.3, 54.2,
71.41%, H 5.26%, N 16.49%4f: 'H NMR (500 MHz, 50.8, 50.7. IR (KBr, cmY): 3235 (broad), 1519, 1233,
DMSO<ds, 0): 9.45 (s. 1H), 7.91 (s, 1H), 7.487.44 (m, 1027, 1005. L&MS: [M + H]*, vz 236. Calcd for

5H), 6.82 (d,J = 8.5 Hz, 2H), 6.64 (dJ = 8.5 Hz, 2H), C1iH13N3Os: C 56.16%, H 5.57%, N 17.86%. Found: C
5.53 (s, 2H)."*C NMR (75 MHz, DMSO¢g, 9): 157.0,  5597%, H 5.56%, N 17.04%.
137.4,133.1,129.4,129.0,128.5,128.5,126.7,126.2, 1154, 4_4 Trimethylsilyl-[1 2,3]triazol-1-ylmethyl)phenol 4.

20.9. Resin2 (537 mg, 1.2 mmol/g) was treated with (trimethyl-
1-(4-Hydroxybenzyl)-5-phenyl-H-[1,2 3]triazole-4-car- silyl)acetylene (3x 450uL, 3 x 5 equiv) at 120°C for 3 x
baldehyde 4g.Resin2 (620 mg, 1.2 mmol/g) was treated 24 h and at room temperature overnight. Triaz8je(560
with phenylpropargyl aldehyde (458, 5 equiv) at 80°C mg, 1.2 mmol/g) was cleaved with TFADCM 4:1 (5 mL,
for 10 h. According to the IR spectrum of the isolated resin, 1h), and 211 mg of crude product was obtained after
the reaction was not complete. The treatment was repeatedevaporation. The column chromatography (eluent DEM
and the reaction was continued at 120 for 68 h so that MeOH 9:1, R, value 0.40) yielded 27.6 mg (17%) of pure
the azide peak d|§appeared. Triaz8g(674 mg, 1.2 mmol/ 4j, which partially decomposed téd during storage, and
g) was cleaved with TFAH,0 9:1 (3x 5mL, 2x 1hand 365 g of 15:85 mixture oflj and unsubstitutedd. tH
overnight), and 235.5 mg of crude product was obtained afteervIR (500 MHz, DMSO¥€, 0): 9.53 (s, 1H), 8.11 (s, 1H),
evaporation. The column chromatography (eluent hexanes 7.18 (d,J = 8 Hz, 2H), 6.74 (d,J = 8.5 Hz, 2H), 5.44 (s
EtOAc 2:1,Rs value 0.11) yielded 44.4 mg (20%) 48, mp 2H) 0_2’3 (s gH)_lgC NMR (75 MHz DMSO,de 6),: 157.3 '
139-140°C (dec).*H NMR (300 MHz, DMSO¢s, 6): 9.91 144’9 130 ’2 1297 126.3 115’4 52_110’ IR (KBr’
(s, 1H), 9.51 (s, 1H), 7.597.49 (m, 5H), 6.80 ((;IJ =85 cm—ll):' 167.4,'849. .L&:—MS; ’[M +.H’]+, Wz 248 '
|(_|725 l\z/lll—l-l)zeDEISvlzs(gfje 5?512222_1%7524715; le);g 6N I\l/lel’:{o 4 4(456 7-Tetrahydrobenzotriazol-1-yimethyl)phenol 4k.

129.8, 129.0, 128.9, 125.1, 124.7, 115.4, 51.0. IR (KBr, Resin2 (316 mg, 1.2 mmol/g) was treated with 1-pyrrolidino-
Cmfl)Z 3153, 1708, 1517, 1273, 840. L®/S: [Nl + H]+, 1-cyc|ohexen05 (585 ul, 10 equiv) at 120°C for 3 h.
m/z 280. Calcd for GeH1sN3O2: C 68.81%, H 4.69%, N Triazole3k (318 mg, 1.2 mmol/g) was cleaved with TFA
15.04%. Found C 68.58%, H 4.56%, N 15.05%. DCM 4:1 (5 mL, 1 h), and 126.4 mg of crude product was
obtained after evaporation. The column chromatography
; : ; (eluent DCM-MeOH 9:1, R value 0.34) yielded 36.9 mg
boxylic Acid Ethyl Ester 4h. Resin2 (628 mg, 1.2 mmol/ .
g) was treated with ethyl phenylpropiolate (625 5 equiv) (429%) of4k, mp 183°C (dec).'H NMR (500 MHz, CQOD,
at 120°C for 18 h. Triazole3h (750 mg, 1.2 mmolig) was ~ ) 707 (dJ=8.5Hz, 2H), 6.75 (d)=8.5 Hz, 2H), 5.36
cleaved with TFA-H,0 9:1 3 x 5 mL, 1 h, 2 hand (5 2H), 2.65(tJ =5 Hz, 2H), 2.50 (] = 5.5 Hz, 2H),
overnight, and 250.4 mg of crude product was obtained after 1.78-1.77 (m, 4H).“C NMR (125 MHz, CROD, 9): 158.9,
evaporation. The column chromatography (eluent hexanes 144-8,134.1,130.4,127.3, 116.8, 52,5, 23.7, 235, 22.7, 21.2.
EtOAc 1:1,R; value 0.24) yielded 89.2 mg (31%) éh, mp IR (KBr, cm™): 2934, 1516, 1272, 1240, 787. EGAS:
149-150°C. 'H NMR (500 MHZ, DMSOde, (5) 9.49 (S, [M + H]+, m/z 230. Calcd for Q3H15N301 C 6810%, H
1H), 7.55-7.47 (m, 3H), 7.387.36 (m, 2H), 6.74 (dJ = 6.59%, N 18.33%. Found: C 67.87%, H 6.38%, N 18.21%.
8.5 Hz, 2H), 6.62 (dJ = 8.5 Hz, 2H), 5.36 (s, 2H), 4.13 (q, 1H-[1,2,3]Triazole-4,5-dicarboxylic Acid Dimethyl Es-
J =7 Hz, 2H), 1.09 (tJ = 7 Hz, 3H).*C NMR (75 MHz, ter 10a. Resin8 (1.880 g, 0.4 mmol/g) was treated with
DMSO-ds, 6): 160.3, 157.1, 140.7, 136.2, 129.9, 128.9, dimethyl acetylenedicarboxylate (46Q., 5 equiv) at 120
128.3,125.9, 125.2, 115.3, 60.2, 51.2, 13.8. IR (KBr, §m °C for 5 h. Triazole9a (920 mg, 0.4 mmol/g) was cleaved
1723, 1519, 1250, 1197, 1061. E®GIS [M + H]*, m/z with TFA—DCM 4:1 (3x 5—10 mL, 2x 1 h and overnight),
324. Calcd for GgH17N3Os: C 66.86%, H 5.30%, N 13.00%. and 83.7 mg of crude product was obtained after evaporation.
Found: C 66.67%, H 5.29%, N 12.92%. The column chromatography of 82.0 mg (eluent DEM
44 (4,5-Bis(hydroxymethyl)-[1,2,3]triazol-1-ylmethy} - MeOH 19:1,Rs value, DCM-MeOH 9:1, 0.12) yielded 28.1
phenol 4i. Resin2 (595 mg, 1.2 mmol/g) was treated with Mg (42%) 0f10a mp ~110 to 120°C (lit. 130-131°C*).
2-butyne-1,4-diol (307 mg, 5 equiv) at-8220°C for 43 h. 'H NMR (300 MHz, DMSO#¢, 6): 3.85 (s, 6H)*C NMR
According to the IR spectrum of the isolated resin, the (75 MHz, DMSOds, 0): 160.9, 137.6, 52.5. IR (KBr, cm):
reaction was not complete. The treatment was repeated, and 3239, 1742, 1389, 1304, 1086. E®IS: [M + H]*, m/z
the reaction was continued at 12Q for 68 h so that the  186. Calcd for GH;N3O,: C 38.93%, H 3.81%, N 22.70%.
azide peak disappeared. Triaz&e(599 mg, 1.2 mmol/g) Found: C 37.62%, H 3.47%, N 19.75%. TriazOke(1.008
was cleaved with TFAH,O 9:1 (3x 5 mL, 2 x 1h and g, 0.4 mmol/g) was cleaved with TFAH,0 9:1 (3x 5—10

1-(4-Hydroxybenzyl)-5-phenyl-H-[1,2,3]triazole-4-car-
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mL, 2 x 1 h and overnight), and 49.1 mg of crude product

Harju et al.

H,0 9:1 (2x 3—5 mL, 1 h and overnight), and 165.8 mg of

was obtained after evaporation. The column chromatographycrude product was obtained after evaporation. The column

(eluent DCM-MeOH from 19:1 to 9:1R: value, DCM-
MeOH 9:1, 0.12) yielded 15.5 mg (21%) &ba mp 123~
124 °C (lit. 130-131 °C*9). 'H NMR (500 MHz, DMSO-
ds, 0): 3.87 (s, 6H). LC-MS: [M + H]*, m/z186. Triazole
3a (621 mg, 1.2 mmol/g) was cleaved with TFA,O 9:1

(3 x 5mL, 2 x 1 h and overnight), and 150 mg of crude

product was obtained after evaporation. The column chro-

matography (eluent DCMMeOH 19:1,R; value, DCM-
MeOH 9:1, 0.12) yielded 24.2 mg (18%) &0a mp 124~
126 °C (lit. 130—131 °C*9). *H NMR (500 MHz, DMSO-
ds, 0): 3.87 (s, 6H). LC-MS: [M + H]*, m/z 186.
1H-[1,2,3]Triazole-4-carboxylic Acid Methyl Ester 10b.
Resin 8 (1.012 g, 0.4 mmol/g) was treated with methyl
propiolate (18QuL, 5 equiv) at 120°C for 5 h. Triazole9b
(1.007 g, 0.4 mmol/g) was cleaved with TFA,O 9:1 (3
x 5—10 mL, 2 x 1 h and overnight), and 44.8 mg of crude

product was obtained after evaporation. The column chro-

matography (eluent hexaneEtOAc 1:1, Rr value 0.18)
yielded 14.4 mg (28%) ol0b, mp 140-141 °C (lit. 145
°C*9). 'H NMR (500 MHz, DMSO#, 9): 8.55 (s, 1H), 3.84
(s, 3H).:3C NMR (75 MHz, DMSOs¢s, 0): 161.1, 137.9,
131.4,51.7. IR (KBr, cmY): 3143, 1703, 1349, 1217, 1026.
LC—MS: [M + H]t, m/z 128. Calcd for GHsN3O,: C
37.80%, H 3.97%, N 33.06%. Found: C 38.64%, H 3.78%,
N 32.32%.

4-Phenyl-1H-[1,2,3]triazole 10c.Resin8 (1.002 g, 0.4
mmol/g) was treated with phenylacetylene (220 5 equiv)
at 120°C for 91 h. Triazole9c (0.979 g, 0.4 mmol/g) was
cleaved with TFA-H,0O 9:1 (3x 5—10 mL, 2x 1 h and

overnight), and 65.4 mg of crude product was obtained after

evaporation. The column chromatography (eluent hexanes
EtOAc 2:1,R value 0.20) yielded 9.4 mg (17%) &Dc mp
146 °C (lit. 148 °C*). IH NMR (500 MHz, DMSOds, 6):
8.34 (s, 1H), 7.86 (dJ = 7 Hz, 2H), 7.46 (tJ = 8 Hz, 2H),
7.35 (t,J = 7 Hz, 1H).3C NMR (75 MHz, DMSOd, 9):
129.0, 128.1, 125.6. IR (KBr, cn): 3161, 2964, 2873, 767,
695. LC-MS: [M + H]*, m/z 146. Calcd for @H;N3: C
66.19%, H 4.86%, N 28.95%. Found: C 66.62%, H 4.64%,
N 28.00%.

5-Phenyl-1H-[1,2,3]triazole-4-carbaldehyde 10dResin
8 (1.028 g, 0.4 mmol/g) was treated with phenylpropargyl
aldehyde (25QcL, 5 equiv) at 120°C for 91 h. Triazole9d
(1.050 g, 0.4 mmol/g) was cleaved with TFA,O 9:1 (3
x 5—=10 mL, 2x 1 h and overnight), and 31.3 mg of crude

product was obtained after evaporation. The column chro-

matography (eluent hexaneEtOAc 2:1, Rr value 0.11)
yielded 7.3 mg (10%) ofl0Od, mp 181182 °C (dec) (lit.
189-189.5°C*). IH NMR (500 MHz, DMSO#, 6): 10.17
(s, 1H), 7.96 (dJ = 6.5 Hz, 2H), 7.547.53 (m, 3H).13C
NMR (75 MHz, DMSO4g, 0): 185.0, 129.8, 128.7, 128.5.
IR (KBr, cm™): 3436, 1697, 1480, 776, 695. LMS: [M
+ H]*, m/z 174. Calcd for GH/N3O: C 62.42%, H 4.07%,
N 24.26%. Found: C 62.71%, H 4.30%, N 22.03%.
5-Phenyl-1H-[1,2,3]triazole-4-carboxylic Acid Ethyl Es-
ter 10e.Resin8 (1.00 g, 0.4 mmol/g) was treated with ethyl
phenylpropiolate (33QuL, 5 equiv) at 120°C for 20 h.
Triazole 9e (1.05 g, 0.4 mmol/g) was cleaved with TFA

chromatography (eluent DCMeOH 9:1, R; value 0.41)
yielded 35.9 mg (39%) ofl0e The purified product was
washed three times with hexane, yield 26.6 mg (29%), mp
92-93 °C (lit. 91—92 °C*). 'H NMR (300 MHz, DMSO-

ds, 0): 7.78-7.74 (m, 2H), 7.5%7.46 (m, 3H), 4.29 (q)

= 7 Hz, 2H), 1.25 (tJ = 7 Hz, 3H).23C NMR (75 MHz,
DMSO-ds, 0): 160.9, 129.3, 129.1, 128.2, 60.7, 14.0. IR
(KBr, cm™1): 1718, 1484, 1245, 1180, 765. EGAS: [M

-+ H]*, m/z218. Calcd for GiH1:N30,: C 60.82%, H 5.10%,

N 19.34%. Found: C 60.55%, H 4.98%, N 18.97%.

Acknowledgment. Dr. Katariina Vuorensola is thanked
for the LC—MS analyses and Mr. Olli Aitio, for the NMR
analyses with a Varian Unity 500. The work was supported
by the Research Funds of the University of Helsinki, the
Finnish Work Environment Fund, and the Academy of
Finland (Grants 75527, 79890).

Supporting Information Available. Crystallographic
files in CIF format. This material is available free of charge
via the Internet at http://pubs.acs.org.

Abbreviations

Ac, acetyl; amu, atomic mass unit; DCM, dichlo-
romethane; DMFIN,N-dimethylformamide; DMSO, dimethyl
sulfoxide; gHMBC, gradient heteronuclear multiple bond
correlation gHMQC; gradient heteronuclear multiple quan-
tum coherence; Ph, phenyl; rt, room temperature; TLC, thin-
layer chromatography.
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