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ARTICLE INFO ABSTRACT

Article history: There has been great interest in the chemistrythegas and reactivities of heteroaxyl-
Received difluoromethane. The present work is based on thiitian reaction ofdifluoromethyl anion:
Received in revised form which are generated directly from difluoromethyl tdrecycles, to benzophenone
Accepted benzaldehyde. As 1,2f8azoles and benzotriazoles can act as leavingpgrotwo reactic
Available online pathways are expected to exist: either the deseadtion route deprotonation (formation

difluoromethyl anion) or the unfavored reaction teou the formation of difluorocarbene. \
describe the chemistry for the selective additieactions of difluoromethyltriazoles to keto
and aldehydes without the formation of difluoroere. Addition reactions of 1-

Keywords: (difluoromethyl)-H-benzotriazolel to benzophenong2 using potassiunt-butoxide as a ba
Difluoromethyltriazole were found to proceed smoothly at 0 °C for 5 minthwhigh yields (8B8%). A plausibl
Addition reaction of difluoromethyltriazole mechanism for the addition reactions of 1-(difluosihyl)-1H-benzotriazolel and 1-
Addition reaction to ketone difluoromethyl-4-phenyltriazol& to benzophenones and benzaldehydes is proposed bk
Addition reaction to aldehyde deuterium-quenching experiments.

Difluorocarbene 2020 Elsevier Ltd. All rights reserved

1. Introduction anion reacts with benzaldehyde to provide additimupcts (34-
. ) ) ) . 55% yield) over 35 h with the temperature changiognf-10 °C

The introduction of the difluoromethyl group intaganic {5 40 °C. Instead of debromination, Roschenthateale used
compounds has been achieved recently due to ity special  gegilylation from heteroaryi-difluoromethyitrimethylsilane to
and important effects [1]. Synthesis of the diftuoethyl moiety o4y ce versatile sources of heteroawdifluoromethyl anions
in heteroatoms [2] and derivatization of difluordmg 4 e in reactions with carbonyl compounds [3tie Products

heterocycles [3] have been of great interest. Tiansmetal \yere obtained after the deprotection of silyl ether.
catalyzed difluoroalkylation strategies, includingnetal-

difluorocarbene couplings, have been developethiisynthesis Our work is based on the addition reaction of diftunethyl
of difluoroalkylated arenes [4]. In addition, numilic addition ~ anions, which are generated directly from difluortmye
reactions of difluoromethyl anion which was genataafter  heterocycles to benzophenone and benzaldehydehaagnsin
deprotonation of the acidic proton of £Fusing the base such as Scheme 1c. As heterocycles such as triazoles ammbtiiazoles
n-BuLi or LDA have been studied [5]. can act as leaving groups, we expect that theréwareeaction
. . . pathways: either the desired reaction route - depsedion
_As shown in Scheme 1la, when difluoromethanes sulsstitut (ormation of difluoromethyl anion) or the unfavdreeaction
with fluoro [2a], chloro [2b,c], trifluoromethanesoiate [2d],  1qte — the formation of difluorocarbene. Herein,describe the
sulfoximine compound [2€], and tmiputyl)ammonium chloride chemistry for the selective addition reactions of

[2f] are treated with a base and heteroatom nucleopthe  gifyoromethyltriazoles to ketones and aldehydesheuit the
formation of difluoromethylated products has beeported via  tqrmation of difluorocarbene.

the difluorocarbene pathway. The characteristichisf tnethod is
the removal of protons with strong bases, such as KGiQH, 2. Results and discussion

and NaH. )
Our plan for synthesis depends on whether ah@oton of

In 2000, Yagupolskii et al. reported the synthesis o difluoromethyl heterocycles is removed directly witle base to
heteroarylN-bromodifluoromethane and the formation of form difluoromethyl anions, which can lead to adsfitreactions.
heteroarylN-difluoromethyl anions, followed by their reaction To determine the feasibility of this plan for syesfs, we carried
with carbonyl compounds as electrophiles, as showclleme oyt an  addition reaction of  1-(difluoromethylipd
1b  [3a].  After  debromination of  heteroam-  penzofi[1,2,3]triazole () to 4-bromobenzophenon2a using
bromodifluoromethane produces a difluoromethyl anidhe  potassiunt-butoxide (KQBuU) as a base. After 5 min at 0 °C and
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2 h at rt, the result was very successful, and weindéd the Tablel1
desired producBa with a yield of 78% (Table 1, entry 1). Then, Optimization of the addition reactions of 1-(difleonethyl)-1H-
when we reduced the reaction time from 2 h at rOtonin (entry  benzotriazoleX) to 4-bromobenzophenonzaj.?
2) and 0 min (entry 3) after 5 min at 0 °C, theddgeincreased up 0
to 82% and 87%, respectively. Although another lpegassium
bis(trimethylsilyl)Jamide (KHMDS) was used (entry #)ge yield
was lowered to 53%. When LHMDS was used, a complex
mixture containing the starting materials was olgdinWhen
sodium methoxide was used, the reaction did notgedat all.
Sodium methoxide is not able to deprotonate theoprof the <
difluoromethyl group. The optimized condition fdrid addition FF
reaction was considered as entry 3.

previous work

a) difluorocarbene pathway via deprotonation
(difluoromethylation of heteroatom) [2]

base _ . H=Nu H Nu
—_— -CF2 _—
FF

HF,C-X

X=F, Cl, OTf Nu = N- or O- or S-nucleophile
o) +
,s_‘s“zNTs -'E—NnBu3
Ph ’ ClI™

b) heteroaryl-N-difluoromethyl anion pathway
via debromination and desilylation

B e B

FF F

Y = Br, TMS E = aldehydes or ketones

(o}
Yagupolskii, 2000 [3aﬁ
H
alkyl N
. o
alkyl N ETN
F TDAE
BrXN —>DMF
HO
F F -10t0 40 °C, 35 h
R'
34-55% vyield
alkyl = CH3, C3H7, CH,Ph
R'=H, Br, OCH3
Roschenthaler, 2001 [3b]

1) PhCHO
MesN*Fcat  ph

Ph.__N N
= 2) HCl F
Me3$i><\Nr\/) F N\/)

monoglyme

FFF
0°Ctort,10h HO™ "Ph

76% yield (2 steps)

This work

c) heteroaryl-N-difluoromethyl anion pathway
via deprotonation

o

RALRZ
H KOtBu 5
< THF K Hoi
FoF o°c,5min L7 F R OR?
Ar
Scheme 1. Previous work and this work.

Br
3a
entry bast temp time yield (%)
1 KOtBu O°Ctort 5min+2h 78
2 KOtBu 0°Ctort 5 min+ 10 min 82
3 KOtBu 0°C 5 min 87
4 KHMDS 0°C 5 min 53

@] 1O

&Conditions:1 (1.00 mmol), 4-bromobenzophenone (1.20 mmol) aaseb
(2.00 mmol) in THF (3.0 mL).

® |solated yield.

Scheme 2 shows two possible routes in this reactprihe
desired addition route and b) the undesired sideti@ route to
form difluorocarbene. It is well known that triazolend
benzotriazole act as leaving groups: 1) Triazole eat as a
leaving group instead of cyanide in the Bruylargaction [6].
Tertiary amine is synthesized using PhMgBr, s8IgCl, or
CH;MgBr from a compound that has triazole as a leagraup
[6]; 2) nucleophilic aromatic substituted purinese abtained
when an excessive amount of amine is reacted imesinvith
triazole [7]. 3) Benzotriazole also acts as a legvgroup in
insertion reaction and amidoalkylation reaction . [8Vhen
benzotriazole acts as a leaving group,
difluoromethylbenzotriazoles will decompose to diflacarbene
and benzotriazoled], as shown in Scheme 2, route b. However,
the triazole and benzotriazole groups did not actleaving
groups, and the reaction proceeded through theafitwm of N-
difluoromethyl anions by deprotonation and the tiddireaction
to ketones or aldehydes (route a).

According to this plausible mechanism, the two roatesd b
proceeded differently depending on the base. While
benzotrialzole 4§) was not formed when KBu and KHMDS
were used4 was formed using lithium bis(trimethylsilyl)amide
(LHMDS). When we used KtBu as the base (Table 1, entry 3),
3a was obtained via route a. The base removed therprahd a
difluoromethyl anion was formed. The difluoromethghion
attacked the carbonyl carbon of 4-bromobenzophen@ag
producing3a with a yield of 87%. On the other hand, when we
used LHMDS as a base, benzotriazale §5%) was obtained,
presumably via route b, witBa (5%) via route a. We can explain
this difference as arising from the cation of thesda A lithium
cation is harder than a potassium cation. The dlifilmethyl
anion is considered to be a soft base, which caaltrés a
stronger interaction with potassium, consequentylileg to the
formation of a stable difluoromethyl anion via aftsoft
interaction with the potassium cation. The stabfeidiomethyl
anion is able to attack the carbonyl of 4-bromologhznone
(2a) due to its long retention period [9]. On the othand, the
interaction between the Li cation and difluorometéyion is less
stable compared to that with the potassium catikalyl leading
to decomposition to difluorocarbene.
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Scheme 2. Mechanism of the addition reactions of

difluoromethylbenzotriazoles to ketones and aldekydnd the
formation of difluorocarbene.

3

Under the optimized condition (Table 1, entry 3)e th
addition reaction of difluoromethylbenzotriazolé to 4-
bromobenzophenon@d) was rapidly completed over 5 min at 0
°C. Under this condition, we checked the scope foe th
benzophenones and aldehydes (Table 2). As
experiments involving changing the substituent o€ g@henyl
group of benzophenone, products were obtained wgth Yields,
80-88% vyield (entries 1-7), regardless of the edect
withdrawing and donating groups. In the case of twdhomey
groups, the starting material remained and the ywodvas
obtained with a yield of only 56%.

To check the applicability to various carbonyl carapds,
first, benzaldehydes were studied. Both the para arido
substituents led to the generation of addition potel with yields
of 68-76% (entries 9-11). In the case of heteroatgehydes,
starting materials remained with lower yields (estd2 and 13).
However, 4'-bromoacetophenone and cyclohexanone, viiaioh
an a-proton, did not proceed at all. A mixture of sid®@ducts
was formed whentrans-chalcone andtrans-cinnamaldehyde
were used as the starting ketones whether the 1, 24eddition
reaction occurred.

Table2 Table 3
Addition reactions of 1-difluoromethyl-4-phenyltri@e 5 to
Addition reactions of difluoromethylbenzotriazolel to benzophenonés.
benzophenones and aldehydes. o
0 M
JU _N R"” "R? n=N
N R R2 2 . 'T‘:N N;/)—Ph KOBU e F N\/)—Ph
\ KOtBu F N\Q H_N i
Ho N < THF HO
|:><|: THE Hoi FF 0 °C, 5 min, Ar 7 "R?
0°C, 5 min, Ar R" "R? ' ' R
5 6
1 3
entry R R product vyield
(%)° enty R R’ product  vyield (%)
1° CsHs p-Br-C¢H, 3a 87 1 CeHs p-Br-CeH, 6a 87
2 CeHs CsHs 3b 81 2 GeHs CsHs 6b 88
3 CeHs p-NO,-CgH, 3c 81 3 GHs p-CN-C¢H, 6d 85
4 CeHs p-CN-CsH,4 3d 80 4 GHs p-MeO-CGH, 69 81
5 C6H5 p'CI'C6H4 3e 86 5 p'MeO'QH4 p'MeO'QH4 6h 53
6 CeHs p-F-CeH, 3f 88 #Conditions:5 (0.50 mmol), an electrophile (0.60 mmol) and tRO (1.00
mmol) in THF (1.5 mL).
7 GHs p-MeO-GH, 39 85 P |Isolated yield.
8 p-MeO-GH,  p-MeO-CH, 3h 56
9 p-Cl-CeHa H 3 0 When the starting triazole was changed to triazglevhich
10 p-MeO-GsH, H 3 68 has a C5-proton, instead of benzotriazib)ethe a-protons of
difluoromethyl were removed by treatment with 80D,
11 o-MeO-GH,  H 3K 76 providing selective addition products with yields&if-88% from
12 furan-3-yl H 3l 62 benzophenone with one substituent (Table 3, entrié¢s In the
case of benzophenone with two methoxy groups, tHd giethe
13 6-chloro- H 3m 31 addition product was lower, at 53%, with the unreactiditing
pyridin-3-yl materials.

@ Conditions: 1 (0.50 mmol), electrophile (0.60 mmol) and #D (1.00
mmol) in THF (1.5 mL).

P|solated yield.

°The reaction was carried out at a 2-fold scale.

Triazole 5 has two acidic protons: thex-proton in
difluoromethyl and the C5 proton. When triazéleeacted with
benzaldehyde under the same conditions in THF,xunai of 6
and 7 was formed. We examined this reaction by changirg t
solvent. When we used the solvent as a mixture of:DIMF
(2:1), the addition product was selectively synthesized with
yields ranging from 56-77%. Two anions as nucle@zhil

results of
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(difluoromethyl anion and anion at C5 position) atwo
different electrophiles (benzophenone and benzgtthwere
formed. The difluoromethyl anion is a less stetjcddindered
nucleophile than the anion at the C5 position. Bphenone is a
more sterically hindered electrophile than benzajde. In
addition, a mixed solvent system of THF and DMF éases the
reactivity compared to pure THF. Two anions, théudifomethyl
anion and the anion at the C5 position, are inldgiwim. In the
reaction in THF and the benzophenone electropbilly; product
6 is formed, although two anions are formed. We cepiaén
these results by the fact that the anion at the pGSition
undergoes almost no attack due to the steric hicéraf both the
anion at the C5 position and benzophenone, conatgleading
to an attack of the difluoromethyl anion (Table IB)the reaction
in the mixture of THF and DMF and the benzaldehyd
electrophile, the increasing reactivity in the rang of THF and
DMF and the less sterically hindered benzaldehydpeedewith
the selective formation af (Scheme 3).

_N
OH N=
L b
o Ar
1 FFF
NN Ar H 6i-k, 0%
’ prh KOtBu .\
< THF/DMF (2:1)
FoF 0°C, 5 min, A =N
, 5 min, Ar
H N /) Ph
5 F><F
HO Ar

7i, Ar = p-CI-CgHy (73%)
7j, Ar = p-MeO-CgH, (56%)
7k, Ar = 0-MeO-CgH,4 (77%)

Scheme 3. Addition Reactions of 1-Difluoromethyl-4-
phenyltriazole5 to AldehydesConditions:5 (0.50 mmol), an
electrophile (0.60 mmol) and KBu (1.00 mmol) in THF/DMF
(2:1, 1.5 mL). The yields are given for the isothpgoducts.

_N
N/

H N\%Ph

<

FFF H
5

1. KOBu (2 equiv)
THF, -78 °C, 5 min, Ar

N=N N=N N=N
o N Ph+®N\%Ph+H NfPh
aSlle Y PaSiNe)
FF FF°F H FF

5"1 5"2 5"3

‘ 2. CH30D quenching

(70%) N=N
D _N-/

F F D (79%)

Ph

e
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To confirm the formation of a difluoromethyl aniand a C5-
position anion, a deuterium exchange experimemigusiazole5
was performed. K@u was added to a solution 6fat -78 °C,
and after 5 min, the reaction was quenched by addoajed
CH:OD at -78 °C. After the workup reaction mixture was
confirmed by 'H NMR, the proton of difluorocarbon was
replaced by D with a 70% vyield, and the C5-proton megéaced
by D with a 79% vyield, as shown in Scheme 4 (See Stipgo
Information (Sl), Figure S1-S3). The formation ofdanion
from 5 was confirmed by using ESI-MS (See SI, Figure S4 and
S5). Thus, both the difluoromethyl anion5-I;) and
difluoromethyl anions in the dianion5-(,) rapidly attack
benzophenone. Additionally, the difluoromethyl aniand the
anion in the C5 position are in equilibrium.

n=N

- LHMDS (2 equiv) n=N
I equiv I
H__N HN (1)
A S &
FFF
r, 8 h, Ar
1 4 (52%)
Ph
/E (2 equiv)
PH
N:N N;N
. '\\l LHMDS (2 equiv) HN @
< THF
FFF
rt, 20 h, Ar
1 4 (50%)
R F
Ph %
PH

not detected
Scheme 5. Experimental Evidence.

Another reaction using the LHMDS base without an
electrophile, as shown in Scheme 5, was carried out t
understand the reaction mechanism shown in Schem®rdlg
dedifluoromethylated benzotriazolewas obtained. To check the
formation of difluorocarbene, 1,1-diphenylethylemas added to
trap the difluorocarbene (Scheme 5, eq 2). Whitezbtiazole4
could be obtained in 50% of yield, 2,2-difluoro-1,1
diphenylcyclopropane was not identified'th NMR spectrum of
workup reaction mixture (see Supplementary data)emihwas
broken-down, further study is needed for the foromatiof
benzotriazolel and difluorocarbene.

3. Conclusion

We studied the addition reaction for the difluoranyg anion

of difluoromethyl heterocycles to benzophenone and
benzaldehyde. The addition reaction of N-
difluoromethylbenzotriazole to benzophenones and

benzaldehydes proceeded well and rapidly at 0 °C5fanin.

Scheme 4. Deuterium Exchange Experiment. Deuteration While N'-difluoromethylbenzotriazole has only one acidic

ratio was indicated b{H NMR spectra.

proton, N'-difluoromethyl-4-phenyltriazole has two acidic
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protons — thex-proton in the difluoromethyl and the C5 proton. o NN Prepared by modification of a
We determined the optimized condition for selectaddition prh literature procedure [11]. To a solution
reactions to benzophenone and benzaldehyde forehetion ) of ethyl 2-azido-2,2-difluoroacetate)(

mechanism using deuterium-labeling studies. Thesviktry and F F in CH.CN (21 mL) was added
mechanism  for the  addition reactions  of N- phenylacetylene (1.78 mL, 16.3 mmol) and Cul (284, th48
difluoromethylbenzotriazole and  N'-difluoromethyl-4-  mmol). N,N-Diisopropylethylamine (DIPEA, 0.515 mL, 2.96
phenyltriazole will be useful to understand the tedy of mmol) was slowly dropped to the solution at 0 °C. Phessure
difluoromethyl heterocycles. tube was tightly capped. After 5 min, the reactioxtare was
stirred at rt for 6 h. The mixture was transferredat 500 mL
round-bottom flask and concentrated in vacuo. Hexd06 mL)

4. Experimental section was added to the 500 mL round-bottom flask and teaie
solution was transferred to a 1000 mL round-botttaskfand the
4.1. General information. solution was concentrated in vacuo (3 times). Thledue was

) . purified by flash column chromatography on silicael g
All the chem|cals were purch_a.sed. from commer_clal GBBIN (hexane/EtOAc = 90/10) to afford the prod@cas a white solid
and used without further purification. All reactionsere (1.62 g, 41%): mp 59-60 °C NMR (400 MHz, CDC}) 5 8.20
monitored by TLC using Merck silica gel 6Qskplates and the (s, 1H), 7.87 (dJ = 7.6 Hz, 2H), 7.45 (0 = 7.4 Hz, 2H), 7.39 (,
plates were visualized with UV light. Flash column j_ ;, Hz, 1H), 4.51 (q) = 7.2 Hz, 2H), 1.41 (t) = 7.0 Hz,
chromatography was performed on Merck silica ge(Z&2D-400 3H); *C NMR (100 MHz, CDCJ) & 1585 (t,J = 34.3 Hz),
mesh). Melting points were determined on a Krusdingepoint 1485 1292 1291 129.0 126.2. 117.1 109.54t265.6 Hz)
apparatus'H and"’C NMR spectra were recorded on Varian 400gc 5 139 HRMS (ESI/,Q-TOF,) iz [M+Na] Calcd for
MHz NMR spectrometer. The High resolution mass specéie CusH11FNsO,Na 290.0712; Found: 290.0715. (CAS 1355965-07-

obtained from Bruker Compact Ultra High Resolutionl B8 g)°\gte: When the residue was purified, slight decositipn of
TOF mass spectrometer or Thermo Scientific LTQ @pitXL  g'y5 19 gccurred. When the compousdwas left at rt for long

high resolution mass spectrometer at Organic Chgmist periods of time, it slowly decomposedita
Research Center of Sogang University. The elememtalysis

was performed on Thermo Scientific FLASH 2000 elementa4.2.4. 2,2-Difluoro-2-(4-phenyl-1H-1,2,3-triazol-1-yl)acetic acid

analyzer at Organic Chemistry Research Center ofai®pg (20).
University. o NN To ethyl 2,2-difluoro-2-(4-phenylfi-
4.2. Synthesis of Substrates 1 and 5. &h‘,fph 1,2,3-triazol-1-yl)acetate 9( 1.00 g, 3.74

_ _ HO™ ¢ mmol) in a pressure tube was added
4.2.1. 1-(Difluoromethyl)-1H-benzo[ d] [ 1,2,3] triazole (1) [10] . solution of THF and water (viv= 1:1, 7.5

To an oven dried pressure tube containing 4nL) and the pressure tube was tightly capped. Tletien
stirring bar was added benzotriazole (625 mg mixture was stirred at 80 °C for 12 h. The mixtureasw

|

H><N 5.25 mmol), sodium chlorodifluoroacetate (1_60'concentrated and transferred to a freeze dry flals&. mixture in
FFF g, 10.5 mmol) and ¥CO; (1.09 g, 7.88 mmol). the flask was cooled at_-78 °C and c_iried t_)y freegerdior 6 h.
The pressure tube was fitted with a rubber septumpt kader ~ The productO was obtained as a white solid (848 mg, 95%): mp
vacuum, and purged with Ar. Anhydrous DMF (21 mL) was116.5-116.8C; 'H NMR (400 MHz, DMSOe) 5 9.32 (s, 1H),
added via syringe under Ar and the pressure tubetigagy /97 (d,J1=3 7.6 Hz, 2H), 7.49 (0 = 7.6 Hz, 2H), 7.40 (§ = 7.2
capped with a plug. The reaction mixture was stiee@s °C for ~ H2, 1H); “C NMR (100 MHz, DMSO¢,) 3 159.7 (t,J = 32.2

14 h. The mixture was added into water (400 mL) artcheted Hz), 147.4,129.2, 129.1, 128.9, 125.8, 119.9, 109.B= 266.0
with EtOAc (2 x 400 mL). The combined organic layer wasH?).- HRMS = (ESVQ-TOF) m/z: [M+N&] Calcd  for
washed with brine and dried over J8&,. The organic layer was C1oH7F2NsONa 262.0399; Found: 262.0396. (CAS 1989672-28-
concentrated and purified by flash column chromatplgy

(hexane/EtOAc = 95/5) to afford the producks a white solid 425 1-(Difluoromethyl)-4-phenyl-1H-1,2,3-triazole (5) [12].
(468 mg, 53%): mp 42.3-42°C; 'H NMR (400 MHz, CDCJ) &

n=N

8.14 (d,J = 8.4 Hz, 1H), 7.86 (t) = 58.6 Hz, 1H), 7.83 (d] = N To 2,2-difluoro-2-(4-phenyl-i-1,2,3-
8.4 Hz, 1H), 7.64 (tJ = 7.8 Hz, 1H), 7.50 (] = 7.8 Hz, 1H);“C 'T"\/)_ph triazol-1-yl)acetic acid 10, 718 mg, 3.00
NMR (100 MHz, CDC}) & 146.6, 130.1 (tJ = 1.9 Hz), 129.6, 5N mmol) and CsF (501 mg, 3.30 mmol) in a
125.7, 120.6, 111.4 () = 249.9 Hz), 110.9 (tJ = 1.6 Hz). FFF round-bottom flask was added DMF (4.1 mL).
HRMS (ESI/Q-TOF) m/z: [M+Nd] Calcd for GHsF,N;Na  The reaction mixture was stirred at 120 °C for 10te mixture
192.0344; Found 192.0346. (CAS 149243-57-2) was added into water (200 mL) and extracted withb@H(5 x

) . 200 mL). The combined organic layer was dried ovesSida
4.2.2. Ethyl 2-azido-2,2-difluoroacetate (8). The organic layer was concentrated and purifieddshfcolumn

Prepared by modification of a literature chromatography on silica gel (hexane/EtOAc = 90/bd0afford

0 ; i . 1
PN &Ns procedure [11]. To NaN(1.92 g, 29.6 mmol) the product as a white solid (517 mg, 88%): r_np 8783 H
(@) dissolved in C|§CN (21 mL) in a pressure tube NMR (400 MHz, CDCD 4 8.15 (S, lH), 7.87 (d],— 7.2 Hz, 2H),
FF 7.59 (t,J = 59.2 Hz, 1H), 7.46 (t] = 7.2 Hz, 2H), 7.39 () = 7.2
.13,
14.8 mmol) and the pressure tube was tightly capfém  HZ 1H); "C NMR (100 MHz, CDC) 6 149.2, 129.21, 129.16,
reaction mixture was stirred at 110 °C for 48 he Thixture was 129_-1’ 126.2, 115.8, 110.0 {7 253.3 Hz). HRMS (ES!/Q'TOF)
cooled in a refrigerator. After further 2 h, the tobe was placed M2z [M+Na]' Calcd for ~ GH;F,N:Na 218.0500; Found
at rt for the next step. (CAS 153755-61-4) 218.0498. Anal. Calcd forgBl,F,Ns: C, 55.39; H, 3.62; N, 21.53.
Found: C, 55.44; H, 3.72; N, 21.52. (CAS 2242477-65-0)

was added ethyl bromodifluoroacetate (1.90 mL,

4.2.3. Ethyl 2,2-difluoro-2-(4-phenyl-1H-1,2,3-triazol-1- . .
yl)acetate (9). 4.3. General procedure for addition reactions.
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4.3.1. Method A (for solid ketones and aldehydes). 7.30-7.28 (m, 6H), 4.98 (s, 1H))C NMR (100 MHz, CDG)) &
To an oven dried 2-necked 10 mL round bottom flaskigg'éll’ iggg 3352(539225132?'; 1121?27 (%12:7'3? ?JZE; gi)7
containing a stirring bar was added substrate (OnB@ol, 1.0 (t J-:,25.4'H,z). H'RMS (ESI/LTQ 6rbitrép) miz: tM+F|}C’:aIc'd

equiv) and the carbonyl compound (0.60 mmol, 1.2iwqThe .
flask was capped with two rubber septa, purged withoArlD ?rHQ"FH,iIG%’_\If 585 %71236 4F3%l.mNd ﬁzéézz).uﬁ(?aé %ZI%%.fOHr
min, and left under Ar atmosphere. To the reactidxture was 20 1167 2178 - 2 PEes e B TSR T ST P TEeE

added anhydrous THF (0.5 mL) via a syringe at 0 ROtBu 411N, 11.89.
(2.0 M in THF, 1.0 mL) was slowly dropped to the ¢min at 0  4.3.5. 2-(1H-Benzo[ d][1,2,3] triazol-1-yl)-2,2-difluoro-1-(4-
°C. After stirring under Ar at 0 °C for 5 min, theartion was WoN nitrophenyl)-1-phenylethan-1-ol (3c).
guenched by an ice-cold water (1.5 mL). The mixives added N~ .
into water (100 mL) and extracted with EtOAc (3 x 100)m F N\Q Method A. The product was obtained
The combined organic layer was dried oves®@. The organic HO frpm 1 (84.6 mg, 0.50 mmol) and 4-
layer was concentrated and purified by flash column O n|trobenzophenopg 2¢, 136 mg, 0.60
mmol) and purified by flash column

chromatography on silica gel to afford the product. NO, chromatography on silica gel

4.3.2. Method B (for Liquid Aldehydes). To an oven dried 2- (hexane/EtOAc = 75/25) to give a pale-yellow soliéi1mg,
necked 10 mL round bottom flask containing a stgrbar was  81%): mp 66—-7FC; R 0.24 (hexane/EtOAc = 75/25¥1 NMR
added substrate (0.50 mmol, 1.0 equiv). The flask egpped (400 MHz, CDC}) 6 8.17 (d,J = 8.8 Hz, 2H), 8.11 (dJ = 8.4
with two rubber septa, purged with Ar for 10 min, aeft under  Hz, 1H), 7.78 (d,) = 8.4 Hz, 1H), 7.74 (d] = 8.8 Hz, 2H), 7.65
Ar atmosphere. To a 4 mL vial was added the aronaddiehyde (t, J= 7.8 Hz, 1H), 7.53-7.47 (m, 3H), 7.34-7.30 (m, 3H29%(s,
(2 mL). The vial was purged with Ar and left under Ar 1H); **C NMR (100 MHz, CDCJ) § 147.8, 146.7, 145.1, 139.1,
atmosphere. To the reaction flask was added anhgdrbiér (0.5 131.8, 130.1, 129.01, 128.97, 128.6, 127.3, 1288,3, 120.6,
mL) via a syringe at 0 °C. To the reaction mixtwas added the 119.9 (t,J = 264.7 Hz), 111.6 () = 3.6 Hz), 81.4 (t) = 25.5
aromatic aldehyde (0.60 mmol, 1.2 equiv) via a oggringe at 0 Hz). HRMS (ESI/LTQ Orbitrap) m/z: [M+N&] Calcd for
°C. KOtBu (1.0 M in THF, 1.0 mL) was slowly dropped to the C,H.4FN,OsNa 419.0926; Found 419.0926.

solution at 0 °C. After stirring under Ar at 0 °Crfd min, the . .
. C ; 4.3.6. 4-(2-(1H-Benzo[ d] [ 1,2,3] triazol-1-y1)-2,2-difluoro-1-
reaction was quenched by an ice-cold water (1.5 e hydroxy-1-phenylethylbenzonitrile (3d).

mixture was added into water (100 mL) and extracteth wi

EtOAc (3 x 100 mL). The combined organic layer wasdalover n=N Method A. The product was obtained
Na,SQ,. The organic layer was concentrated and purifietlash eEN from 1 (84.6 mg, 0.50 mmol) and 4-
column chromatography on silica gel to afford theduoict. HO cyanobenzophenone2d, 124 mg, 0.60
433, 2-(1H-Benzo[d][1,2,3] triazol-1-y1)-1-(4-bromophenyl)- O O mmol) and purified by flash column
2,2-difluoro-1-phenylethan-1-ol (3a) CN chromatography on silica gel
' ’ (hexane/EtOAc = 70/30) to give a white
N=N Method A (1.0 mmol scale). An oven solid (150 mg, 80%): mp 136.5-137.3 C; R 0.32
EE N dried 2-necked 25 mL round bottom flask (hexane/EtOAc = 70/30fH NMR (400 MHz, CDCJ) & 8.10 (d,
HO was used. Compound (169 mg, 1.00 J= 8.4 Hz, 1H), 7.75 (dJ = 8.4 Hz, 1H), 7.68-7.59 (m, 5H),

mmol) and 4-bromobenzophenorga,(313  7.52-7.45 (m, 3H), 7.33-7.29 (m, 3H), 5.24 (s, 1HE NMR

O O mg, 1.20 mmol) were used. The flask was (100 MHz, CDC}) & 145.1, 144.9, 139.1, 131.9, 131.8, 130.0,

Br purged with Ar for 20 min. Anhydrous THF 128.9, 128.7, 128.6, 127.3, 125.7, 120.6, 120.0%t264.8 Hz),
(1.0 mL) and K@Bu (1.0 M in THF, 2.0 mL) were used. The 118.4, 112.5, 111.6 (§, = 3.5 Hz), 81.4 (tJ = 25.5 Hz). HRMS
product was purified by flash column chromatographysilica  (ESI/LTQ Orbitrap) m/z: [M+H] Calcd for GyH:sFN,O
gel (hexane/EtOAc = 85/15) to give a white soli}d (8@, 87%): 377.1208; Found 377.1209.
mp 148-149C; R 0.29 (hexane/EtOAc = 85/15JH NMR (400 .
MHz, CDCL) § 8.09 (d,J = 8.4 Hz, 1H), 7.71 (d) = 8.4 Hz, 25 (1t Benaold][ 12,8 riazol-1-y1)-1-(4-chloropheny)
1H), 7.60 (tJ = 7.8 Hz, 1H), 7.50-7.37 (m, 7H), 7.30-7.29 (m, 22-difluoro-1-phenylethan-1-ol (3e).

3H), 5.09 (s, 1H)"*C NMR (100 MHz, CDGJ) § 145.0, 139.6, n=N Method A. The product was obtained
139.0, 131.9, 131.3, 129.8, 129.5, 128.7, 128.3,4,2125.6, F F N from 1 (84.6 mg, 0.50 mmol) and 4-
122.9, 120.5, 120.1 (§, = 265.1 Hz), 111.6 (1) = 3.6 Hz), 81.4 HO chlorobenzophenone2¢, 130 mg, 0.60
(t, J = 25.4 Hz). HRMS (ESI/LTQ Orbitrap) m/z: [M+H[alcd mmol) and purified by flash column
for C,gH15BrF,N;O 430.0361; Found 430.0362. Anal. Calcd for O chromatography on silica gel
C,H1BrFN;O: C, 55.83; H, 3.28; N, 9.77. Found: C, 55.80; H, Cl' (hexane/EtOAc = 85/15) to give a white
3.34; N, 9.70. solid (1166 mg, 86%): mp 137-138; R 0.27 (hexane/EtOAc =
434, 2-(1H-Benzo[d|[12,3]triazol-1-yl)-2,2-cifluoro-1,1-  S/18)iH NMR (400 MHz, CDCJ) 3 8.09 (d.J = 8.4 Hz, 1H),

7.71 (d,J = 8.4 Hz, 1H), 7.60 (t) = 7.6 Hz, 1H), 7.50-7.44 (m,

diphenylethan-1-ol (3b). 5H), 7.30-7.28 (m, 5H), 5.08 (s, 1H¥C NMR (100 MHz,

n=N Method A. The product was obtained CDCl;) 8 145.0, 139.7, 138.5, 134.6, 131.9, 129.8, 1293,7],
F F N from 1 (84.6 mg, 050 mmol) and 1284, 128.3, 127.4, 125.5, 120.5, 120.2 &, 265.1 Hz), 111.6
HO benzophenoneb, 109 mg, 0.60 mmol) and (t, J= 3.4 Hz), 81.4 (tJ = 25.4 Hz). HRMS (ESI/LTQ Orbitrap)

purified by flash column chromatography m/z: [M+H]® Calcd for GHisCIF,N;O 386.0866; Found
O O on silica gel (hexane/EtOAc = 85/15) to 386.0867. Anal. Calcd for gH1,CIF,N3O: C, 62.27; H, 3.66; N,
give a white solid (14§|\’>_’| mg, 81%): mp 168— 10.89. Found: C, 62.24; H, 3.67; N, 10.85.
169 °C; R 0.27 (hexane/EtOAc = 85/15)1 NMR (400 MHz, . .
CDC) 5 8.07 (d,J = 8.4 Hz, 1H), 7.68 (d] = 8.4 Hz, 1H), 7.56 3-3-8- A lz'(llHr']Be”fng] [11’2’|3] gf'azo"l'y')'z'z'd'f' uoro-1-(4-
(t J= 7.6 Hz, 1H), 7.51-7.49 (m, 4H), 7.45 §t= 7.8 Hz, 1H), uorophenyl)-1-phenylethan-1-ol (3f).



Method A. The product was obtained
from 1 (84.6 mg, 0.50 mmol) and 4-
fluorobenzophenone 2{, 120 mg, 0.60
mmol) and purified by flash column
chromatography on silica gel
(hexane/EtOAc = 80/20) to give a white
solid (162 mg, 88%): mp 154-15&; R 0.38 (hexane/EtOAc =
80/20);'H NMR (400 MHz, CDC}) & 8.08 (d,J = 8.4 Hz, 1H),
7.70 (d,J = 8.4 Hz, 1H), 7.59 (tJ = 7.8 Hz, 1H), 7.49-7.45 (m,
5H), 7.30-7.28 (m, 3H), 6.98 (,= 8.8 Hz, 2H), 5.04 (s, 1H}’C
NMR (100 MHz, CDC})) § 163.9, 161.5, 145.0, 140.0, 135.7 (d,
J = 3.3 Hz), 132.0, 129.9 (§ = 1.8 Hz), 129.8, 128.6, 128.3,
127.5 (tJ = 1.9 Hz), 125.5, 120.5, 120.3 Jt= 265.2 Hz), 115.1
(d, J = 21.4 Hz), 111.7 (tJ = 3.7 Hz), 81.4 (tJ) = 25.5 Hz).
HRMS (ESI/LTQ Orbitrap) m/z: [M+H] Calcd for GoH1sF;N3O
370.1162; Found 370.1162. Anal. Calcd fosHG,F:NsO: C,
65.04; H, 3.82; N, 11.38. Found: C, 65.11; H, 3.761N21.

4.3.9. 2-(1H-Benzo[ d][1,2,3] triazol-1-yl)-2,2-difluor o-1-(4-
methoxyphenyl)-1-phenyl ethan-1-ol (3g).

Method A. The product was obtained
from 1 (84.6 mg, 0.50 mmol) and 4-
HO methoxybenzophenone2dq, 127 mg,

0.60 mmol) and purified by flash

O column chromatography on silica gel

OCH5 (hexane/EtOAc = 80/20) to give a white
solid (162 mg, 85%): mp 121-12€; R 0.29 (hexane/EtOAc =
80/20);"H NMR (400 MHz, CDCJ) 5 8.07 (d,J = 8.4 Hz, 1H),
7.68 (d,J = 8.4 Hz, 1H), 7.56 (t) = 7.6 Hz, 1H), 7.49-7.43 (m,
3H), 7.40 (dJ = 8.8 Hz, 2H), 7.29-7.27 (m, 3H), 6.81 (& 9.2
Hz, 2H), 4.91 (s, 1H), 3.77 (s, 3HJC NMR (100 MHz, CDG))
5 159.5, 145.0, 140.3, 132.04, 132.01, 129.6, 1228.4, 128.2,
127.6, 125.3, 120.5 (f, = 265.6 Hz), 120.3, 113.5, 111.8 {t=
3.7 Hz), 81.5 (tJ = 25.6 Hz), 55.3. HRMS (ESI/LTQ Orbitrap)
m/z: [M+Na] Calcd for G,H;;F,.N;O,Na 404.1181; Found
404.1180. Anal. Calcd for £H;/FNzO,: C, 66.14; H, 4.49; N,
11.02. Found: C, 66.06; H, 4.51; N, 10.89.

4.3.10. 2-(1H-Benzo[d][1,2,3] triazol-1-yl)-2,2-difluoro-1,1-
bis(4-methoxyphenyl)ethan-1-al (3h).

Method A. The product was
E obtained froml (84.6 mg, 0.50
HO mmol) and 4.4'-
dimethoxybenzophenongh, 145
O O mg, 0.60 mmol) and purified by
HsCO OCHs  flash column chromatography on
silica gel (hexane/EtOAc = 70/30) to give a whiteds@¢l15 mg,
56%): mp 116-117C; R 0.32 (hexane/EtOAc = 70/30jH
NMR (400 MHz, CDC}) 6 8.07 (d,J = 8.4 Hz, 1H), 7.67 (d] =
8.4 Hz, 1H), 7.56 () = 7.6 Hz, 1H), 7.45 (t) = 7.6 Hz, 1H),
7.39 (d,J = 8.8 Hz, 4H), 6.80 (d] = 8.8 Hz, 4H), 4.86 (s, 1H),
3.77 (s, 6H);C NMR (100 MHz, CDG)) § 159.5, 145.0, 132.3,
132.1, 129.5, 129.0, 125.3, 120.6)t 265.3 Hz), 120.4, 113.5,
111.8 (t,J = 3.7 Hz), 81.3 (tJ = 25.6 Hz), 55.3. HRMS
(ESI/LTQ Orbitrap) m/z: [M+H] Calcd for GHyFNzO;
412.1467; Found 412.1469. Anal. Calcd forHG4F,N;O5: C,
64.23: H, 4.66; N, 10.21. Found: C, 64.21; H, 4.7110\26.

43.11. 2-(1H-Benzo[d][1,2,3] triazol-1-yl)-1-(4-chlorophenyl)-
2,2-difluoroethan-1-ol (3i).

N=N

E
N

F

Method A. The product was
obtained from1l (84.6 mg, 0.50
mmol) and 4-chlorobenzaldehyd,(
84.3 mg, 0.60 mmol) and purified by
flash column chromatography on
silica gel (hexane/EtOAc = 75/25) to give a whiteds¢l09 mg,

7
70%): mp 135.6-136.7C; R 0.36 (hexane/EtOAc = 75/25H
NMR (400 MHz, CDC}) 5 8.05 (d,J = 8.4 Hz, 1H), 7.73 (d] =
8.4 Hz, 1H), 7.58 (tJ = 7.8 Hz, 1H), 7.54 (dJ = 8.0 Hz, 2H),
7.45 (t,J = 7.6 Hz, 1H), 7.40 (dJ = 8.4 Hz, 2H), 5.99 (dJ =
17.2 Hz, 1H), 4.25 (s, 1HY*C NMR (100 MHz, CDGJ) 5 145.4,
135.4, 132.6, 131.8, 129.73, 129.71, 128.7, 12&0,0, 119.5
(t, 3= 260.3 Hz), 111.7 (ddl = 5.1, 2.3 Hz), 73.1 (dd} = 31.8,
23.9 Hz). HRMS (ESI/LTQ Orbitrap) m/z: [M+Na]Calcd for
CH1CIF,N;ONa 332.0373; Found 332.0375. Anal. Calcd for
C1H:CIF,N;0: C, 54.30; H, 3.25; N, 13.57. Found: C, 54.25; H,
3.29; N, 13.56.

4.3.12. 2-(1H-Benzo[ d][1,2,3] triazol-1-yl)-2,2-difluor o-1-(4-
methoxyphenyl)ethan-1-ol (3j).

oH N=N Method B. The product was
N\@ obtained from1 (84.6 mg, 0.50
/©/><F mmol) and p-anisaldehyde %,
HaCO 73.0 pyL, 0.60 mmol) and purified
by flash column chromatography
on silica gel (hexane/EtOAc = 70/30) to give a beigkd (104
mg, 68%): mp 94.7-95.2C; R 0.23 (hexane/EtOAc = 70/30);
'H NMR (400 MHz, CDC}) 5 8.08 (d,J = 8.0 Hz, 1H), 7.72 (d]
= 8.4 Hz, 1H), 7.57 () = 7.8 Hz, 1H), 7.49 (d] = 8.4 Hz, 2H),
7.45 (t,J = 7.8 Hz, 1H), 6.93 (d] = 8.8 Hz, 2H), 5.93 (dd] =
16.8, 3.2 Hz, 1H), 3.86 (br, 1H), 3.82 (s, 3H}C NMR (100
MHz, CDCkL) 6 160.4, 1455, 131.9, 129.54, 129.49, 126.2,
125.4, 120.0, 119.8 (8 = 260.0 Hz), 113.9, 111.7 (dd,= 4.9,
2.5 Hz), 73.5 (ddJ = 31.6, 24.2 Hz), 55.4. HRMS (ESI/LTQ

Orbitrap) m/z: [M+H] Calcd for GsH14F,N3;0, 306.1049; Found
306.1050. Anal. Calcd for @H13FN30,: C, 59.02; H, 4.29; N,
4.3.13. 2-(1H-Benzo[ d][1,2,3] triazol-1-yl)-2,2-difluoro-1-(2-
methoxyphenyl)ethan-1-ol (3k).
N mmol) ando-anisaldehyde2k, 81.7 mg,

OH E’ >\: 0.60 mmol) and purified by flash column
©\/><F (hexane/EtOAc = 70/30) to give a white

OCH;, solid (116 mg, 76%): mp 164-16€; R
8.10 (d,J = 8.4 Hz, 1H), 7.60-7.57 (m, 2H), 7.51 Jt= 7.8 Hz,
1H), 7.43 (tJ=7.6 Hz, 1H), 7.35 ( = 7.8 Hz, 1H), 7.03 (1) =
1H), 4.00 (br, 1H), 3.64 (s, 3H)°C NMR (100 MHz, CDGC)) &
157.5, 145.8, 132.0, 130.6, 129.7, 129.2, 125.2.01,2121.0,
70.0 (dd,J = 31.6, 26.1 Hz), 55.5. HRMS (ESI/LTQ Orbitrap)
m/z: [M+H]" Calcd for GHFN;O, 306.1049; Found
13.76. Found: C, 59.04; H, 4.32; N, 13.74.
4.3.14. 2-(1H-Benzo[ d][1,2,3] triazol-1-yl)-2,2-difluoro-1-(furan-

13.76. Found: C, 59.07; H, 4.34; N, 13.80.
Method A. The product was obtained frdm(84.6 mg, 0.50

chromatography on silica gel

0.30 (hexane/EtOAc = 70/303H NMR (400 MHz, CDC)) &

7.4 Hz, 1H), 6.82 (dJ = 8.0 Hz, 1H), 6.22 (dd] = 15.2, 4.8 Hz,

120.1, 119.9 (1) = 262.0 Hz), 111.6 (ddl = 4.1, 3.1 Hz), 110.8,

306.1049. Anal. Calcd for ¢H;5FN50,: C, 59.02; H, 4.29; N,

3-yl)ethan-1-ol (3I).

_N Method B. The product was obtained

OH E' from 1 (84.6 mg, 0.50 mmol) and 3-
(/\/]/S< furancarboxaldehyde2(, 45.7 uL, 0.60
o mmol) and purified by flash column

chromatography on silica gel
(hexane/EtOAc = 70/30) to give as a beige solid (82 62%):
mp 65-66°C; R 0.33 (hexane/EtOAc = 70/30% NMR (400
MHz, CDCL) § 8.11 (d,J = 8.4 Hz, 1H), 7.81 (dJ = 8.4 Hz,
1H), 7.64-7.60 (m, 2H), 7.50-7.45 (m, 2H), 6.58 (s,,164)1 (d,
J = 15.2 Hz, 1H), 3.71 (s, 1H}’C NMR (100 MHz, CDC)) 5
145.5, 143.6, 142.1, 131.8, 129.7, 125.6, 120.9,601 119.55
(t, J=259.5 Hz), 111.7 (dd = 4.8, 2.5 Hz), 109.6, 68.1 (ddi=
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32.2, 25.4 Hz). HRMS (ESI/LTQ Orbitrap) m/z: [M+HTalcd ~ mmol) and purified by flash column chromatography silica
for CyH;oFN:0O, 266.0736; Found 266.0736. Anal. Calcd for gel (hexane/EtOAc = 70/30) to give a white solid (174, 85%):
CoHgFNSO,: C, 54.34; H, 3.42; N, 15.84. Found: C, 54.29; H,mp 165-169C; R 0.31 (hexane/EtOAc = 70/3d}ﬂ NMR (400
3.39; N, 15.78. MHz, CDCL) § 8.12 (s, 1H), 7.80 (dl = 7.2 Hz, 2H), 7.67 (d)

. . = 8.8 Hz, 2H), 7.62 (d] = 8.0 Hz, 2H), 7.47-7.43 (m, 4H), 7.39
4|')3_'2152'_ dﬂ'fﬂ;&?ﬁﬁ!ﬂﬁéﬂf”az""1'y')'1'(6'0h'°r°py”d'”'3' (t J = 7.4 Hz, 1H), 7.34-7.33 (m, 3H), 5.23 (s, 14 NMR
V-2, ' (100 MHz, CDC}) & 147.8, 144.3, 138.6, 132.1, 129.3, 129.2,

N Method A. The product was 128.8,128.7, 128.5, 127.1, 126.1, 118.52, 118148,43 (t,J =
OH N~ obtained from1 (84.6 mg, 0.50 269.1Hz), 118.41, 112.6, 80.9Jt 25.3 Hz). HRMS (ESI/LTQ
\@ mmol) and  6-chloropyridine-3- Orbitrap) m/z: [M+HT Calcd for GqH,7F.N,O 403.1365; Found
carboxaldehyde2(m, 84.9 mg, 0.60 403.1364.
mmol) and purified by flash column .
chromatography on silica gel (hexane/EtOAc = 65/85)ive a ‘113192 siﬁggl_i?;%-;ﬁ;irfgo(%ghenyl)-l—phenyl-2—(4—pheny|-
white solid (48 mg, 31%): mp 118-119 C; R 0.25 " ’

Cl N

(hexane/EtOAc = 65/35§H NMR (400 MHz, CDCYJ) & 8.60 (s, N Method A. The product was
1H), 8.08 (dJ = 8.4 Hz, 1H), 7.97 (d] = 8.4 Hz, 1H), 7.77 (d] F 'T"\/%ph obtained from5 (97.6 mg, 0.50 mmol)
=8.0 Hz, 1H), 7.62 (t) = 7.6 Hz, 1H), 7.48 (t) = 7.6 Hz, 1H), N and 4-methoxybenzophenongg( 127

7.43 (d,J = 8.4 Hz, 1H), 6.10 (d] = 17.6 Hz, 1H), 4.52 (br, 1H); HO mg, 0.60 mmol) and purified by flash
¥C NMR (100 MHz, CDCJ) § 152.3, 149.5, 145.4, 138.9, 131.8, O O column chromatography on silica gel
129.9, 129.6, 125.8, 124.4, 120.0, 119.4 &, 260.1 Hz), 111.7 ocH, (hexane/EtOAc = 80/20) to give a white

(dd, J = 5.3, 1.9 Hz), 71.2 (ddJ = 32.7, 24.1 Hz). HRMS solid (165 mg, 81%): mp 204-20%;
(ESI/LTQ Orbitrap) m/z: [M+H] Calcd for GsHiCIF,N,O R 0.28 (hexane/EtOAc = 80/20¥4 NMR (400 MHz, CDCJ) &
311.0506; Found 311.0507. 7.99 (s, 1H), 7.79 (d] = 7.6 Hz, 2H), 7.50-7.35 (m, 7H), 7.32-

7.30 (m, 3H), 6.84 (d] = 8.8 Hz, 2H), 4.77 (s, 1H). 3.78 (s, 3H);
¥C NMR (100 MHz, DMSOd,) 5 158.9, 145.8, 140.3, 131.9,
129.6, 129.0, 128.8, 128.5, 128.1, 128.0, 127.4.512121.3,
n=N Method A. The product was obtained 120.3 (t,J = 272.3 Hz), 113.3, 79.6 @,= 27.4 Hz), 55.1. HRMS
E F prh from 5 (97.6 mg, 0.50 mmol) and 4- (ESILTQ Orbitrap) m/z: [M+H] Calcd for GgH,oFoN3O,
HO bromobenzophenone2q, 157 mg, 0.60 408.1518; Found 408.1520. Anal. Calcd fogsHGeFN;O,: C,
O O mmol) and purified by flash column 67.81; H, 4.70; N, 10.31. Found: C, 67.85; H, 4.761024.
chromatography on silica gel : .

B (hexane/EtOAc = 85/15) to give a white ‘llggom azzolzf |fll)Lé(t)rr]g;i,ll_-(il?grl]r)nﬂhoxyphenyl)-Z-(4-phenyl-lH-
solid 6a (199 mg, 87%): mp 182-18%; R 0.30 (hexane/EtOAc Y '
= 85/15);"H NMR (400 MHz, CDCJ) & 8.06 (s, 1H), 7.80 (d} = n=N Method A. The product was
7.2 Hz, 2H), 7.48-7.43 (m, 6H), 7.40-7.37 (m, 3H), 77331 (m, e ,‘q\/fph obtained from5 (97.6 mg, 0.50
3H), 5.02 (s, 1H)®*C NMR (100 MHz, DMSOdy) & 145.9, HO mmol) and 4.4
139.5, 139.4, 130.9, 129.6, 129.5, 129.0, 128.8.412128.1, O O dimethoxybenzophenongh(, 145
HsCO OCHjs

4.3.16. 1-(4-Bromophenyl)-2,2-difluoro-1-phenyl-2-(4-phenyl-
1H-1,2,3-triazol-1-yl)ethan-1-ol (6a).

127.3, 125.5, 121.8, 121.3, 120.0Jt; 272.7 Hz), 79.6 (1) = mg, 0.60 mmol) and purified by

27.6 Hz). HRMS (ESI/LTQ Orbitrap) m/z: [M+H]Calcd for flash column chromatography on
CyHq/BrFN;O 456.0518; Found 456.0516. Anal. Calcd for silica gel (hexane/EtOAc = 70/30) to give a whiteds¢l17 mg,
C,H16BrFN,0: C, 57.91; H, 3.53; N, 9.21. Found: C, 57.95; H,53%): mp 180-181°C; R 0.37 (hexane/EtOAc = 70/30jH
3.55; N, 9.18. NMR (400 MHz, CDC}) 6 7.99 (s, 1H), 7.79 (dl = 7.6 Hz, 2H),

. . : 7.45-7.35 (m, 7H), 6.83 (d,= 8.8 Hz, 4H), 4.68 (s, 1H), 3.78 (s,

‘l‘j)lgthanz_'lz_'g'zggo'1'1'0"phe”y"2'(4'phe”y"1H'1'2'3't”az°" 6H); °C NMR (100 MHz, DMSOd,) 3 158.9, 145.8, 132.1,
: 129.6, 129.0, 128.7, 128.5, 125.5, 121.3, 120.3%t271.8 Hz),

N=N Method A. The product was obtained 113.2, 79.4 (tJ = 27.4 Hz), 55.1. HRMS (ESI/LTQ Orbitrap)
rF N/ Ph from 5 (97.6 mg, 050 mmol) and mM/z: [M+H]" Calcd for GHFN;O; 438.1624; Found
o benzophenone2b, 109 mg, 0.60 mmol) 438.1625. Anal. Calcd for G, FN:Oy: C, 65.90; H, 4.84; N,
O O and purified by flash column 9.61. Found: C, 65.92; H, 4.97; N, 9.51.
chromatography ~ on  silica el 4559 4 cporophenyl)(1-(difluoromethyl)-4-phenyl-1H-1,2,3-

(hexane/EtOAc = 80/20) to give a white

solid 6b (166 mg, 88%): mp 171-17€; R 0.26 (hexane/EtOAc triazol-5-ylymethanol (71).

= 80/20);"H NMR (400 MHz, CDCJ) & 7.99 (s, 1H), 7.78 (d} = n=N Method A. Anhydrous THF (0.5 mL)
7.6 Hz, 2H), 7.52-7.50 (m, 4H), 7.44 {t= 7.4 Hz, 2H), 7.37 (t, H. N/ D was replaced by anhydrous DMF (0.5
J=7.4 Hz, 1H), 7.33-7.31 (m, 6H), 4.86 (s, 1 NMR (100 F><F mL). The product was obtained frofm
MHz, CDCk) & 147.4, 139.4, 129.2, 129.1, 129.0, 128.7, 128.3, HO cl (976 mg, 0.50 mmol) and 4-
127.5,126.1, 119.0 (,= 270.0 Hz), 118.7, 81.2 d,= 25.4 Hz). chlorobenzaldehyde2i, 84.3 mg, 0.60

HRMS (ESI/LTQ Orbitrap) m/z: [M+H]Calcd for G,H;gF,N;0 mmol) and purified by flash column chromatography silica
378.1412; Found 378.1412. Anal. Calcd foyH;,F,N;O: C,  gel (hexane/EtOAc = 75/25) to give a white solid (222, 73%):
70.02; H, 4.54; N, 11.13. Found: C, 70.04; H, 4.631N08. mp 125-127C; R 0.30 (hexane/EtOAc = 75/25% NMR (400
4.3.18. 4-(2,2-Difluor o-1-hydr oxy-1-phenyl-2-(4-phenyl-1H- MHz, CDCE) 8 7.55 (t,J __57'8 Hz, 1H), 7'46-7'4i1 (m, 2H),
1.2 3-triazol-1-vDethvi)b itrile (6d 7.38-7.32 (m, 3H), 7.29 (d,= 8.8 Hz, 2H), 7.14 (d] = 8.4 Hz,
,2,3-triazol-1-y)ethyi)benzonitrile (6d). 2H), 6.42 (s, 1H), 4.33 (s, 1HC NMR (100 MHz, CDC)) 3
N=N Method A. The product was obtained 146.4, 137.6, 134.6, 134.4, 129.3, 129.1, 128.98,9b, 128.3,
£ FN_/ Ph from 5 (97.6 mg, 0.50 mmol) and 4- 127.4,109.1 (tJ = 255.1 Hz), 65.0. HRMS (ESI/LTQ Orbitrap)
HO cyanobenzophenone2d, 124 mg, 0.60

I I CN



m/z: [M+H]® Calcd for GgH;sCIF,N;O 336.0710; Found
336.0710.

43.22.  (1-(Difluoromethyl)-4-phenyl-1H-1,2,3-triazol-5-yl)(4-
methoxyphenyl)methanol (7j).

Nn=N Method B. Anhydrous THF (0.5
Ho N/ PR mL) was replaced by anhydrous DMF
F><F (0.5 mL). The product was obtained

HO from 5 (97.6 mg, 0.50 mmol) anp-

OCHs  anisaldehyde 2, 73.0 p L, 0.60

mmol) and purified by flash column chromatography silica
gel (hexane/EtOAc = 70/30) to give a white solid (98, 56%):
mp 113-116C; R 0.29 (hexane/EtOAc = 70/301 NMR (400
MHz, CDCk) & 7.61 (t,J = 58.0 Hz, 1H), 7.56-7.53 (m, 2H),
7.40-7.38 (m, 3H), 7.16 (d,= 8.4 Hz, 2H), 6.88 (d] = 8.8 Hz,
2H), 6.41 (s, 1H), 3.80 (s, 3H), 3.15 (br, 1H)C NMR (100

9
chromatography on silica gel (hexane/EtOAc = 90/aay
analyzed byH NMR (in CDC}).

4.6. Procedure for experimental evidence (Scheme 5, eq 1).

To an oven dried 2-necked 10 mL round bottom flask
containing a stirring bar was added 1-(difluoromgtiy-
benzof][1,2,3]triazole (, 84.6 mg, 0.50 mmol). The flask was
capped with two rubber septa, purged with Ar for 10,naind
left under Ar atmosphere. To the reaction mixture \added
anhydrous THF (0.5 mL) via a syringe at rt. LHMDSO(M in
THF, 1.0 mL) was slowly dropped to the solution atAfter
stirring under Ar at rt for 8 h, the reaction wasnghed by water
(2.5 mL). The mixture was added into water (100 naind
extracted with EtOAc (3 x 100 mL). The combined orgdayer
was dried over N&QO,. The organic layer was concentrated and
purified by flash column chromatography on silicael g

MHz, CDCl) 8 159.8, 154.9, 134.8, 131.2, 129.3, 129.1, 128.9(hexane/EtOAc = 50/50) to afford benzotriazé81 mg, 52%).

128.3, 127.5, 114.4, 108.8 (= 254.4 Hz), 65.7, 55.5. HRMS
(ESI/LTQ Orbitrap) m/z: [M+H] Calcd for G/HigFN3O,
332.1205; Found 332.1206.

4.3.23.  (1-(Difluoromethyl)-4-phenyl-1H-1,2,3-triazol-5-yl)(2-
methoxyphenyl)methanol (7K).

Nn=N Method A. Anhydrous THF (0.5 mL) was
Ho N/ PR replaced by anhydrous DMF (0.5 mL). The
F><F product was obtained frof (97.6 mg, 0.50

HO mmol) and o-anisaldehyde 2k, 81.7 mg,

H,CO 0.60 mmol) and purified by flash column

chromatography on silica gel (hexane/EtOAc
= 70/30) to give a white solid (128 mg, 77%): mp4002°C; R
0.25 (hexane/EtOAc = 70/30JH NMR (400 MHz, CDC)) &
7.78 (t,J = 58.2 Hz, 1H), 7.50-7.47 (m, 2H), 7.39-7.34 (m, 4H),
6.97-6.91 (m, 2H), 6.83 (d,= 7.2 Hz, 1H), 6.56 (d] = 2.8 Hz,
1H), 3.85 (s, 3H), 3.83 (d,= 3.2 Hz, 1H);:*C NMR (100 MHz,

4.7. Procedure for Scheme5, eq 2.

To an oven dried 2-necked 10 mL round bottom flask
containing a stirring bar was added 1-(difluoromgtiy-
benzof][1,2,3]triazole (, 84.6 mg, 0.50 mmol). The flask was
capped with two rubber septa, purged with Ar for 10,naind
left under Ar atmosphere. To a 4 mL vial was addett 1,
diphenylethylene (0.35 mL). The vial was purged withand
left under Ar atmosphere. To the reaction flask wadsled
anhydrous THF (0.5 mL) via a syringe at rt. To tleaction
mixture was added 1,1-diphenylethylene (0.18 mL2 Intimol)
via a syringe at rt. LHMDS (1.0 M in THF, 1.0 mL) svalowly
dropped to the solution at rt. After stirring underat rt for 20 h,
the reaction was quenched by water (1.5 mL). Theurgxtvas
added into water (100 mL) and extracted with EtOAc (B0
mL). The combined organic layer was dried over3@. The
organic layer was concentrated and purified by flaslumn

CDCl) 5 156.8, 145.7, 133.0, 130.5, 129.7, 128.71, 128-69chromatography on silica gel (hexane/EtOAc = 50/80afford

128.3, 127.5, 127.0, 121.2, 111.0, 108.4 &, 254.2 Hz), 64.2,
55.5. HRMS (ESI/LTQ Orbitrap) m/z: [M+H] Calcd for
CyiH16F:N3z0, 332.1205; Found 332.1207.

4.4, Procedure for Scheme 2 (Base: LHMDS)

Method A. KGBu (1.0 M in THF, 1.0 mL) was replaced by
LHMDS (1.0 M in THF, 1.0 mL). Compoundl (84.6 mg, 0.50
mmol) and 4-bromobenzophenora,(157 mg, 0.60 mmol) were
used. The organic layer was concentrated and pdirffieflash
column chromatography on silica gel (hexane/EtOAGAB) to
afford benzotriazolé (39 mg, 65%)and3a (11 mg, 5%). Note:
Benzotriazole 4 was identified by comparison with a
commercially available reagent (Aldrich).

4.5, Procedure for deuterium exchange experiment (Scheme 4).

To an oven dried 8 mL vial containing a stirringr beas
added 1-(difluoromethyl)-4-phenykt1,2,3-triazole %, 97.6
mg, 0.50 mmol). The vial was capped with a rubbertwsep
purged with Ar for 25 min, and left under Ar atmosghéfo the
vial was added anhydrous THF (0.4 mL) via a syriager8 °C.
KOtBu (0.9 M in THF, 1.1 mL) was slowly dropped to the
solution at -78 °C. After stirring under Ar at -78 for 5 min, the
reaction was quenched by -78 °C £H (1.5 mL). Half of the
reaction mixture was concentrated in vacuo and asedlypy'H
NMR (in DMSO-dg). The mixture in DMSQds was added into
water (50 mL) and extracted with EtOAc (3 x 50 mL). The
combined organic layer was dried over,8@, The organic
layer was concentrated and analyzedthNMR (in CDCL) and
ESI-MS. The residue was purified by column (pipet)

benzotriazole4 (30 mg, 50%). Note: Th&H NMR spectrum of
an authentic sample of (2,2-difluorocyclopropankt-1,
diyl)dibenzene was consistent with the previous re[d&].
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