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ARTICLE INFO ABSTRACT

Article history Difluorocarbene is a very active and widely useédrnmediate in organic synthesis.this work
Received a room temperature difluorocarbemediated triclassification reaction

Received in revised form iododifluoroacetophenone2) and secondary amines with mild condition, short reactiione
Accepted (only 10 min) and high selectivity had been studigtich produced one oh¢ following thre

Available online substances: N-GH derivatives (up to 87% yield), formamides (82 yield) or the recycle
starting secondary amines. This phenomenon wasedelkm the structural stability of t
corresponding products. If unstable, it would bdrbiyzed to formamides first, and then furi
hydrolyzed to starting amine®ased on the geometric structure of the raw maseriae
corresponding prediction tree model was establisthdtich provided guidance for the furt

application of difluoromethylation of Vemurafenibe@ and AZD9291 Iff).
2009 Elsevier Ltd. All rights reserved
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1. Introduction analogues[19]), GPR109a agonist (thiobarbituric  acid

derivative[20]), PI3K Inhibitors (ZSTK474 and itshnalogues

Difluorocarbene (:C§, an electrophilic ground-state singlet 121)) " fungicide (pyrimidinamine derivatives [22]),PI3K
carbine[1], has been extensively used for the ggithof various  jnhipitors  (PQR530[23], PQR514[24], GDC-0077[25], O-
structures, such as: tetrafluoroethene[2], (B8], gem-  GicNAcase inhibitor  (MK-8719[26]), calcium  blocker
difluorocyclopropanes(4], gem-difluoroalkenes(S], (riodipine[27]), antibiotic (flomoxef [28]). The (hlished
trifluoromethylthio  group[6], ~ -SCkgroup[7], ~ difluoro-  Gifiyoromethylation reactions could be classifiedtoi these
substituted  — bicyclo[1.1.1]pentanes[8],  difluoromgéime — gyategies: ~ Cl/F-exchange  [29],  deoxofluorinatid)3
zwitterionic[9), trifluoromethylseleno 9roup[10], gifluorocarbene route[31] and radical-participasintleelectron-

trifluoromethoxyl group[11], cyanide anion[12]. Meularly, -
CFH derivatives are attracting more and more researuth
application interests in many fields such as medici
pharmaceutical and agrochemical research, as wethaterial
science[13], due to its distinctive physics, chemisand
biochemical characterization. The -EFgroup is the lipophilic
bioisostere of the carbonol, carbinol, alcoholpthhydroxamic
acid, or amide group [14]. Additionally, the -&F group is
weakly acidic [15] and can modulate the basicitypobximal
amines [16]. Furthermore, the introduction of ,8Fgroup into

transfer (SET) pathway[32].

Among the important organic compounds, formamides ha
become an important class of compounds becaudeenfwide
application in the synthesis of pesticides, hedagsiand drugs
[33]. Additionally formamides are significant inteediates
towards the synthesis of isocyanate[34], formami@itg
nitrile[34], quinolone antibiotics[36], and 1,2-
dihydroquinolines[37].

In this work, lododifluoroacetophenon®) recently reported

the molecules could improve their metabolic stahilinembrane
permeability and hydrogen interactions with protgits-16]. So,
there are several bioactive molecules with ;4 Froup have

as a building block in a series of radical readitmy our group
[38], was employed as a difluorocarbene source emmsidering
the reaction temperature and reaction rate togetie better

?pe:nn'[op(rjziaszi)?\e/[eﬁ](;, for egﬁ;?ﬁ}'gzi:esgggg_ 4 pump ii:r:?gifrperformance than the reported cqnditions [39]. Témction of
(roflumilast[18]). COXs/5-LOX  inhibitors  (celecoxib's compound 2 and secondary amines was a difluorocarbene-
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following three substances: N-¢H- derivatives, tormamides or 20 KO;) Y \a(j/*’ o "t Lomi 75
the starting secondary amines. The correspondiagsification : 0)( : 8(10/512 min
tree model and its application in pharmaceuticaéngistry 14 20 LOH(11 MeCN/H,O It 10min 62
research had been investigated in this work. .0) (10/1)
15 2.0 NaOH(1 MeCN/H,0 rt 10min 77
2. Results and discussion 1.0) (5/1)
16 2.0 NaOH(1 MeCN/H,0 rt 10min 77
Our initial study was the optimization of the reantio 1.0) (20/1)

condition of benzimidazoléa with iododifluoroacetophenorz  *Isolated yields. _ B

(Table 1). Firstly, a variety of reaction systemsravecreened No reaction, and after_th, compouhdnd it's decomposition product
(Table 1, enries 1-6), and only entry 6 fumisheae ([TREACERRIREIAREE I HE L e
corresponding producBa in 50% yield (entry 6). While ) y

increasing the reaction temperature, the yield3afwas not d|fluoroacetophenon((e)s CEH
~F2

improved obviously (Table 1, entry 7). Gratifyingiycreasing y X base N
the amount of led to the improvement of the yield (Table 1, @[ » * ©)S< " covent Temp. @[ >
entries 8-10). Using 2.0 equiv. of compouhidave a good yield N FF ' N
(77%)(entry 9), but when the amount of compouddwas

increased to 2.5 equiv.(entry 10), the yield3af(76%) was not ' _ S _
promoted. When anhydrous acetonitrile was used lasrdpthe E;a” X (eE;aS_e) Solvent I%TP Time \(f)'/e;g
; P . uiv. (4

y!eld decrease_d to 48% (Table 1, entry 11). In tamldi only 52% 0 Ci@)  NaOH(L1.0) MeCN/kD - Tomn =7

yield was achieved when the amount of NaOH was reduced to (10/1)

5.5 equiv. (Table 1, entry 12). Further optimizatistudies 2 Br5) NaOH(11.0) MeCN/HD r 10min 70
revealed that the yield &a decreased slightly when the KOH or (10/1)0

LIOH was used as alkali source. It is worth noting ttras 3 I(2) NaOH(11.0) MeCN/HO rt 10min 77
reaction takes only 10 minutes according to the itndng of (10/1)

= — — -
TLC. The reaction condition of different ratio of thel t T;&;aﬁl cases, the reactant conditions were sirtolthose of entry 9 in

mixture (MeCN/HO = 5/1, 10/1 and 20/1, v/v)( entries 15, 9 andvggjated yields.

16) was validated here with same product and thdasimield. With the optimum conditions in hand (Table 1, gr@}, the
Therefore, the ratio of the solvent mixture hanl'EHt influence. scope of the secondary amines was examined andethdts
Here, the option MeCNA®D(10/1, viv)jwas selected to form a were summarized in Table 3. Multifarious secondamyines,
certain concentration of aqueous NaOH (65 wt%). such as benzimidazoles, indoles, indazoles, beazotes,

Thereafter, the reactivity of reagehaind the similar potential IMides, aliphatic secondary ~amines, imidazoles — aNd
difluorocarbene reagents, including PhCQOIR4), PhCOCEBr meth_ylanlhnes, were |nvest|_gated. _The results _shoWEz_adl _the
(5), were compared (Table 2). It was found that comfedrand ~ '€action of secondary amines with under this optimized
5 were also able to act as difluorocarbene reagéntsslightly COI’ldItIO.nS, furnished different produ_cts, fallingta three main.
worse yields of3a were received. So, as shown in Table 2,categor|es: N-CJH products, formamides and recovered starting

compound2 showed the best reaction effect among these thre@aterials.

difluoroacetophenones. ()  First of all, stable N-CJH products were generated
Table 1. Optimization of reaction conditions for the (T@ble 3, entries 1-12). All benzimidazoles derwesi were
difluoromethylation ofla succg_ssfully N-dn‘luoromethylateql under Fhe optmizreagtlon
condition. So, the corresponding N-difluoromethyértiary
H Q | base N,CFzH amines were obtained good vyield (up to 87%) by
@[/) +©)S( W ) difluoromethylation of the substrates with electrdonating
N FF ' N groups such as methyl, benzyl, mercapto and pwidirable 3,
1a 2 3a entries 2-4), while the yield of the substrates gittong electron
En 2 Base Solvent Temp Time  Yield withdraw group, such as nitro group, decreased oblyidiTable
try  (equiv.) (equiv.) (°C) (%) 3, entry 6). For indoles derivatives, the N-diflaprethylation
- could smoothly implement with good yields for thebstates
1 1.0 E'\”'\;(Z'O THF " 12h 0 substituted at their -3 or -6 site with meta-positig group of
2 1.0 NaH(1.2 DMSO rt 12h o aromatic electrophilic substitution reaction (TaBleentries 7, 9-
5) 10). Besides, the optimum condition of the reactieas applied
3 1.0 NaH(1.0) THF rt 10min 39 in the N-difluoromethylation of 5-bromo substitutiedlazolelk,
1.0 NaH(1.2 THE 1 10min 38 and producB3k was achieved in moderate yield (Table 3, entry
5) 11). To examine the reactivity further, the unsitbd
1.0 NaH(2.0) THF rt 10min 32 benzotriazole 1| was subjected to the reaction conditions
1.0 NaOH(1 MeCN/H0 rt 10min 50 furnishing the corresponding produ8t in 87% isolated yield
1.0) (10/1) (Table 3, entry 12).
7 1.0 NaOH(1 MeCN/H,0 50 10min 52
1.0) (10/1) (i) In addition, it was found that the N-methylanilinesre
8 15 NaOH(1 MeCN/HO rt 10min 65 converted into N-formamides in good yields (82-8946)hout
o - N;bolzl(l Me((l:(l)\l//ll-)lzo . omn 77 @y N-CRH derivatives (Table 3, entries 13-16), similar he t
: 1.0) (101) work of song and other groups [40]. As shown in Tahlehe
10 25 NaOH(1 MeCN/H,0 rt 10min 76 phenyl substituted N-methylanilindd) formed formamide6o
1.0) (10/1) with 89% vyield (Table 3, entry 15). When the substiit was
1 2.0 NaOH(1 MeCN rt 10min 48 naphthyl, the yield o6m was 88%, which was similar to that of

1.0)



60 (
decreased slightly to 82%, while the substituentroivas ethyl
(Table 3, entry 14). This might be because thelahyup was
larger than the methyl group. Moreover, it was fouhdt the
para-position was an electron-donating methoxy graunal the
yield of 6p (85%) was decreased slightly (Table 3, entry 16).
(i)  Finally, after a complex reaction, the starting eniatls
were obtained (Table 3, entries 17-30). For indalesvatives,
the desired difluoromethylated derivatives could n® obtained
when the ortho- or para-positioning group was takerd with
the disappearance of compouBdonly the raw materials were
recovered (Table 3, entries 17-21). Similarly, 8&1igl-
substituted and 5-amino-substituted indazoles arsiibstituted
indazoles were not converted into corresponding yotsdunder
these conditions, and just raw materials were obthifTable 3,
entries 22-24). Therefore, 5-substituted benzatteazould not
get the desired N-GH derivatives under this optimal condition
(Table 3, entries 25-26). In addition, imidetad), aliphatic
secondary amineslifb, 1co and imidazoles 1dd) failed to
achieve the N-difluoromethylation, too (Table 3trars 27-30).

In a word, these products could be divided intoetrategories:
stable difluoromethylation products, formamides astdrting
materials.

Table 3 .The reaction of secondary amines with compao2ind
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(tor detalls, see support information).

Entry? Substrate Product Yield
(%)b : . O H
3 6 ]]:I] difluoromethylation (“F:H hydrolyzation Y hydrolyzation H
21 H N ND ND R 'R 5 R VR, R VR, R R,
entries 1-12 entries 13-16 entries 17-30
1u Tu Scheme 1Plausible mechanism
22 H H ND ND . . .
N, N, The mechanism for  difluorocarbene-mediated N-
N N difluoromethylation using2 was proposed in Scheme 2.
=0 =0 lododifluoromethyl a_r!ion (CF) was gene_rate(_j from reagﬁ_]t
. under the nucleophilic attack by hydroxide ion, ghd CHl
v v species readily undergoeselimination of an iodine ion to
23 ¥ ¥ ND ND  release difluorocarbene (:QR1]. The difluorocarbene was
@LN @l,/N captured by7a to give the N-difluoromethylated tertiary amines
3 via anionic intermediate§b. Evidence for the proposed
1w 1w mechanism was provided by carrying out the reactioi,O
24 H H ND ND instead of HO. Comparison of théH NMR of 3a and its
/@[//‘N /@[//‘N deuterium producBa’ shown that3a had a characteristic triple
NH; NH; peak of -CEH (7.33 ppm (tJ = 60.30 Hz, 1H)) (Fig. 1), while
. . the corresponding peak area3# was small (D/H = 9/1) (Fig.
X x 2). No H/D exchange was found even to prolong the irraend
25 H H ND ND
N, N, add HO.
N N
B N H,0
OHT(C[N OHT(C[N PhCOCF,I + OH —> ’-CFZII —2 > HCF,I
o} o 2
-1
1y 1y l CFH
26 H H ND ND
o N " ek, ?F 1,0 _» RiNR2
/C[ N /C[ N ! ow 9 . 3
N N R/NR, R/NR, R/NR,
1 Ta 7b (IIFZD
1z 1z D,0 R/NR,
27 0.0 00 ND ND
8! 8! 3
o) o) s
1aa 1aa J / /]7
28 @ANAQ ©/\N/\© ND ND iy ATEEEEAEESS =
H H ) :::i;ﬁ::::: g
F#F N ey 1
1bb 1bb " Lot
29 \ \ ND ND @U ‘ ' M '
NH NH . ‘ 1 WM k L C—) CFH
iy a8 =3 &
J i u/ ;45 7:) 7‘}; 7.‘30 7‘25 ,‘7.‘20 7‘]5
©j A ﬂl ! {1 (ppm)
EEERERE
1cc 1cc 20 95 5.0 8.5 Q.o 7‘5 7‘0 6.5 n(s[.)(')m” 5.5 5.0 4‘.5 4‘.0 5‘.5 5‘.0 z‘s 2
30 NH NH ND ND Fig. 1. *H NMR spectroscopy da.
L) {3
N N EFPEREEEEE L | .
1dd 1dd ‘ (] T 0

2For all cases, the reactant conditions were sirtiléinose of entry 9 in Table o |

N i
L @u) i
Plsolated yields. | L/ = CF,D

°Reagen? was used in 4.0 equiv.

In view of the above categories, the speculative hamism
was as follows. Firstly, N-GF derivatives3 were provided by ‘
secondary amines 1l via difluorocarbene-mediated N- 0 95 90 85 80 75 70 65
difluoromethylation, some of which were stable (EaB| entries
1-12), while others were completely hydrolyzed to the . .
corresponding formamide& Immediately, some formamides In otr.der to furtther exfpltz;e th? ;elat|onsr|p lbetwﬁ
from the first hydrolyzation were stable enough (€a® entries geometric - parameters ot the  starting -molecuars
13-16), and the others undergo the second hydridyrdo the categories of products, Gausian 03W was employedltulate
starting raw material& (Table 3, entries 17-30) (scheme. 1). Theb]?nrij lengths (B!‘ll’ i‘z’ E’L?’) ‘?‘”$ k:)(l)nd agleﬁa(, £b, 4]‘C)h
fluoride ions produced after hydrolysis could beed&ed by of the raw materials. As shown in Table 4 viRas the atom of the

6.0 53
fl (ppm)

Fig . 2 ."H NMR spectroscopy @a’.
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arol 12p8728
away from the aromatic ring. Based on the datumabld 4, a
tree model (Fig. 3) was proposed, as shown below: 1q 1.37889 1.00612 1.38547 125.57227 125.34609 108381
A)if Zc>120°, formamideSm-6p were formed,; 1r 1.44527 1.01800 1.46401 110.18062 110.14128 1086274
H < o .
B) On the contrary, it”c < 120°, there were three cases: 1s 1.37716 1.00646 1.38597 125.39113 125.28773 1095321
i) if 1.00700 < BL2 < 1.00800, the corresponding stable
difluoromethyl products were obtained; 1t 1.38039 1.00642 1.38316 125.41993 125.29001 100290
ii) when BL2 < 1.00700 or BL2 > 1.00900, it was cirtdhat 1u 1.40071 1.00914 1.38779 125.578 121.68211 112.74406
N-CF,H derivatives were failed to be achieved by this méth
1v 1.37334 1.00863 1.34214 127.98057 118.58547 1196433

such adg-1u, 1w-1xandlaa-1c¢

i) while 1.00800 < BL2 < 1.00900, it was uncertdirat the 1w 1.36761 1.00679 1.36083 128.43484 118.79363 11871

stable difluoromethyl

the optimal

products were obtained undbese
conditions, such aHl, and also might be to recover raw materials; 137137 1.00646 1.35679 128.51589 118.90866 112474
for examplelv, 1ly-1zandldd.

ly 1.36317 1.00812 1.36968 130.04939 118.93524 1124015

Based on the geometric information of secondarynamiand
tree model, the product of secondary amine was @restiunder 1z 1.36494 1.00824 1.36539 130.11038 118.94419 118345

conditions,

which provided guidance for

difluoromethylation or formamide modification ofetrequired laa ~ 1.80652 1.01292 137835 120.76067 119.50505 118415
molecules.

generation with a pyrimidoindole group [43], and ook its
compoundff, was selected to verify this
difluorocarbene-mediated triclassification and toeresponding

intermediates,

1bb 1.46342 1.01679 1.4637 109.44363 109.01026 113.7287

Vemurafenib {ed, with a 3, 5-substituted pyrrolopyridine
skeleton, was the ATP competitive BRAEF selective inhibitor 1cc 146129 1.01805 1.45844 108.59049 109.20728 1128185
[42]. In addition, AZD9291 was a potent EGFR inhibitf 3°

prediction tree model.

1dd 1.38219 1.00831 1.37175 126.02834 126.28243 10Z3%89

secondary amines

Table 4 .Bond lengths and bond angles of secondary amines

Zc > 120° Zc <\120°

| |
BL1 —>BL2 Za /b
.
BL3 ZLc
omp
BL1(A) BL2(A) BL3(A) Za(’) 2b(°) £c(%) 1.00700 < BLZ < 1.00800 1.00800 < BL2 < 1.00900
und BL2 < 1.00700
or BL2 > 1.00900
la 1.38468 1.00774 1.37738 126.8592  126.37298 108.767
Difluoromethyl Difluoromethyl
1b 1.3887 1.00786 1.37798 126.95361 126.51765 108528 derivatives (i) Raw materials(ii) derivatives
aw materials(iii
1lc 1.38119 1.00754 1.38893 126.07126 125.94739 1886l2
Fig .3 Tree model for the prediction of the products
1d 1.38218 1.00714 1.38394 125.90382 126.70491 143480
Firstly, the bond lengths and bond angles of comgelee
le 1.38501 1.00759 1.37793 126.96898 126.36797 186%6 gnd 1ff were calculated and the results were shown in Table 5
g According to the above mentioned tree model, thepmmdlee
1f 136171 1.00735 136559 12855083 118.70842 108474 .o belong to B-iii leaf node (uncertain to obtaihe t
corresponding stable N-GIF derivative3eg, and the compound
1 1.38866 1.00743 1.36847 125.28876 125.09469 16941 . i
g 1ff was belong to B-i leaf node (definitely to fotme stable N-
1h 1.37985 1.00700 1.37865 125.44173 125.43791 109512 CRH derivative3ff), respectively. It should be noted that there
are two types of secondary amines3ige and 3ff. Our strategy
1i 1.38623 1.00734 1.36909 125.32171 124.82842 108@4 selectively reacted with pyrrole ring without coniagt
sulfonamides or aryl-aryl secondary amines. Fotelga the
1j 14006  1.00747 1.35706 126.29907 126.16111 10733Ydroduct3eeand 3ff was successfully obtained in 70% and 55%
ield from lee and 1ff using this difluorocarbene-mediated
1k 1.36693 1.00701 1.35934 128.45793 118.82933 11231%ic|assification reaction (scheme. 3). This resmits consistent
1l 136476 1.00838 13657 130.04117 118.94554 111:013}/(N the examples shown in Table 3, which furtherarpths the
advantages of our strategy in the prediction antbctee
Im 139354 100956 145044 11366592 1134033 120msd9rmation of N-CEH compounds.
in 1.39255 1.01143 1.45449 113.66315 113.78608 121073
1o 1.3914  1.00949 1.44932 113.95861 114.65404 121.7517
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q BL1(A) BL2(A) BL3A) Za() 20(°) £c(°)
un

lee 1.38708 1.00883 1.36419 124.14938 126.47237 1024378

1ff 1.38375 1.00755 1.36563 125.59488 124.60402 1080790

2
NaOH,rt
MeCN-H,0

o]
I
HN‘HS/J\
[e]

Vemurafenib (1ee)

MeCN-H,0 N N=

’ ON

E
H
_ NH 7"‘/&
o = 2 o
/ N N N \
N SN NaOH,rt / &
N N= —N
/
ON

the intermediate of AZD9291 (1ff) 3ff, 55% yield

Scheme 3Synthesis of produc®eeand 3ff
Table 6. S-difluoromethylation with reage@t

o
RS*SH ©)S{I NaOH,rt R4 F H
Rz * F F MeCN-H,0 RZ/J\SXF
8 2 9
Entry? Substrate Product Yield
(%)
1 Br s F H 91
\C[ )—sH  Br s, F
N )—S
N
8a 9a
92

2 S
o=
N

8b

Oy
N

9b

3 OQN\C[S% ON R H 75
2>—SH 2 S F
RO v
N

8c

4 EtO. s R H 86
s mossps Y
O v

8d

5 s F H 90
SH Cl S F
\C[N)i \C[ /%s%
N

8e

6 s RH 89
)—SH s F
. (L
N

Me
Me
8f of
7 O, R H 91
)—SH o )F
@EN% @[ s
N
8g 99
8 0 R H 89
/@[%SH i
i N /C[ =S
cl N
8h oh

2 For all cases, the reactant conditions were sirtoléhose of entry 9 in
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PIsolated yields.

Furthermore, iododifluoroacetophenoBewas applied in the
S-difluoromethylation of different heteroarylthiplsand the
desired difluoromethylated products were obtained’%92%
yield (Table 6). Moreover, the O-difluoromethylatiof eight
phenols was carried out smoothly in 62-82% yieldb(&a7).
Compared with the reported works [44], this reacti@ud the
advantages of short reaction time, mild conditiand high yield.
Therefore, it could be said that the reag@ntwas applied
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difluorocarbene-mediated reaction.

3. Conclusions

In summary, a mild, fast, selective difluorocarbemediated
triclassification reaction had been developed fecosdary
amines using compoun® as difluoromethylating agent, which
produced one of the following three substances: BHC
derivatives (up to 87% vyield), formamides (82-89B4id) or the
starting secondary amines. Subsequently, a treeeimags
proposed to predict the possible product structaceprding to
the geometric information of the starting molecularhis
difluorocarbene-mediated triclassification reactiomnd the
corresponding tree model were used to implementatieestage
modifications of medicinal drugs. In addition, thigethod was
successfully applied to the S- and O-difluorometdtighs to
obtain the corresponding S- and O.BFderivatives with
satisfactory yields.

4. Experimental section
4.1.General

All reagents were commercially available and used auith
further purification unless indicated otherwise. &ads were
purchased at the highest commercial quality andl wgithout
further purification, unless otherwise stated. Rieast were
monitored by thin layer chromatography (TLC) cadrieut on

7

§): 8
/.81 (ddJ = 5.75 Hz, 1H), /.71 (d] = 7.85Hz, 1H), 7.50 (1) =
58.20Hz, 1H), 7.45-7.38 (m,2H), 7.35 Jt= 56.25 Hz, 1H);"C
NMR (125 MHz, CDC)): 5 143.32, 139.20, 132.32, 125.68,
124.76, 122.21, 119.98 (e = 278.36 Hz), 112.12, 109.49 (t,
J'cr= 248.95 Hz);F NMR (470 MHz, CDGCJ): § -91.10 (dd,J
= 70.35 Hz, 2F);95.82 (dd,J = 72.99 Hz, 2F); IR (KBry: 1450,
1348, 1146, 1111, 1069, 935, 767, 743'cm

4.2.3 1-(difluoromethyl)-2-(pyridin-2-yl)-1H-benzishidazole
(3¢0)

Colorless liquid; Yield = 82%'H NMR (500 MHz, CDC)): §
9.20 (t,J =59.45 Hz, 1H), 8.65 (d] = 5.50 Hz, 1H), 8.48 (dJ
=8.00 Hz, 1H),7.89-7.83 (m,3H), 7.42-7.36 (m, 3HL NMR
(125 MHz, CDCJ): 5 149.18, 148.64, 148.24, 142.62, 137.39,
132.78, 125.14, 124.78, 124.69, 124.30, 120.49,5B13.10.63
(t, Jor = 248.29 Hz);*F NMR (470 MHz, CDCJ): & -97.46 (d,J
= 75.39 Hz, 2F); IR (KBry: 1452, 1438, 1366, 1336, 1172, 1077,
1041, 931, 766, 755, 742 mHRMS (EI-TOF) calculated for
CiaHgFoN3 [M]: 245.0764; found: 245.0759.

4.2.4 2-(3,4-dichlorobenzyl)-1-(difluoromethyl)-1H-benzp[d
imidazole@d)

White solid; mp. 185-188; Yield = 65%;'H NMR (500 MHz,
CDCLy): 6 7.80-7.76(m, 1H), 7.57-7.54 (m, 1H), 7.41-7.38 (m,
2H), 7.38-7.34 (m,2H), 7.21 (§, = 58.95 Hz, 1H), 7.11 (d] =
8.35 Hz, 1H), 4.36(s, 2H)"*C NMR (125 MHz, CDG): &

GF254 plates (1 mm layer thickness) using UV light a 149.91, 14242, 13523, 133.11, 132.18, 131.79,9B30130.48,

visualizing agent. Flash chromatography was perfarmvith
300-400 mesh silica gels. The NMR spectra'fér°C, and*F
were recorded in CDgbr DMSO4; at 500, 125, and 470MHz,
respectively. High
recorded under electron impact conditions using iardilass
GCT CA 055 instrument and recorded on a MicroMas3 TK2

resolution mass spectra (HRMS) wer

127.90, 124.57, 124.10, 120.32, 111.02, 108.6J.4t,= 247.68
Hz), 33.87;"°F NMR (470 MHz, CDCJ): 5 -93.96 (d,J = 70.03
Hz, 2F); IR (KBr)v: 1472, 1458, 1342, 1157, 1087, 1053, 1033,

31, 741crit; HRMS (EI-TOF) calculated for H;Cl,FN,

[M]™: 326.0189; found: 326.0186.
4.2.5 1-(difluoromethyl)-5,6-dimethyl-1H-benzo[d]imidde 3e)

spectrometer. HRMS (m/z) were also measured using ESI

techniques (Q-Tof positiveion$ff).
4.2.General synthetic method &d-3| and 3ee-ff

A mixture of 1 (1 mmol), NaOH(11 mmol, 0.44g) was
dissolved in CHCN(CH;,CN/H,0O= 10/1, V/V, 11mL) in an oven
dried 50 mL round bottom flask containing a stirr.ba
lododifluoroacetophenon) (2 mmol, 0.56g), was added to the
reaction mixture and stirred at room temperatune aioout 10
minutes. After the reaction was completed as indicéte TLC
the reaction mixture was removed under reduced presénd
then, the reaction mixture was diluted with water (B0) and
extracted with EtOAc (25 mL x 3), followed by brine (Bi.).
The organic extract was dried over NaSdiltered and
evaporated under reduced pressure. The crude prodas
further purified by silica gel column chromatogrgpising (pet
ether/EtOAc) to furnish the corresponding difluorohnyédtion
products3a-3land3ee-3ffin 65-88% yield.

4.2.11-(difluoromethyl)-1H-benzo[d]imidazol8%)

Light yellow liquid; Yield = 77%;*H NMR (500 MHz, CDC)):
8 8.13 (s, 1H), 7.86-7.82 (m, 1H), 7.62-7.59 (m, 1H}%277.36
(m, 2H), 7.33 (tJ = 60.30 Hz, 1H)*C NMR (125 MHz, CDGJ):
& 143.79, 139.25, 130.48, 124.80, 124.17, 120.821,0B1
109.05(t,Jc.r = 248.13 Hz);"F NMR (470 MHz, CDG)): & -
91.45 (d,J = 75.48 Hz, 2F); IR (KBry: 1607, 1458, 1285, 1227,
1204, 1102, 1046, 815, 743 ¢m

4.2.2 1-(difluoromethyl)-2-((difluoromethyl)thio)-1H-benzh[
imidazole 8b)

White solid; mp. 131-132; Yield = 83%;'"H NMR (500 MHz,
CDCly): 8 7.99 (s, 1H), 7.58 (s, 1H), 7.37 (s, 1H), 7.27J(&
60.40 Hz, 1H), 2.39 (s, 3H), 2.37 (s.3H3C NMR (125 MHz,
CDCL): & 142.48, 138.34, 134.19, 133.19, 128.99, 120.84,
111.25, 109.03 (tlc.r = 247.68 Hz), 20.51, 20.25F NMR (470
MHz, CDCL): & -93.78 (d,J = 75.62 Hz, 2F); IR (KBry: 1416,
1370, 1211, 1082, 1046, 1026, 866, 851cm

4.2.6 1-(difluoromethyl)-6-methyl-5-nitro-1H-benzdfd]dazole
(36

Yellow liquid; Yield = 55%:"H NMR (500 MHz, CDC)): &
8.37 (s, 1H), 8.35 (s, 1H), 7.64 (s, 1H), 7.49¢, 60.3 Hz, 1H),
2.58 (s, 3H);"*C NMR (125 MHz, CDC)): 5 149.65, 136.53,
135.15, 135.14, 127.85, 127.49, 112.51J)¢F = 246.25 Hz),
108.13, 20.317°F NMR (470 MHz, CDG): & -94.71 (d,J =
75.20 Hz, 2F); IR (KBr): 1528, 1323, 1144, 1044, 1893, 865,
cm’; HRMS (EI-TOF) calculated for El;/N;0, [M]™*:
227.0506; found: 227.0505.

4.2.71-(1-(difluoromethyl)-1H-indol-3-yl)ethan-1-on&g)

Yellow liquid; Yield = 81%;'H NMR (500 MHz, CDCJ): &
8.42-8.36 (m, 1H), 7.92 (s, 1H), 7.56-7.52 (m, 1H3977.34 (m,
2H), 7.33 (t,J = 60.68 Hz, 1H), 2.53(s, 3HY’C NMR (125 MHz,
CDCl): & 193.54, 134.41, 129.68, 126.61, 124.97, 124.17,
123.12, 120.14, 111.70, 109.728,- = 247.88 Hz) , 27.67°F
NMR (470 MHz, CDCJ): & -93.11 (d,J = 75.95 Hz, 2F); IR
(KBr) v: 1647, 1544, 1463, 1436, 1212, 1201, 1057, 1003, 8
748 cm'.

4.2.81-(difluoromethyl)-6-nitro-1H-indole3n)



8
C
8.52 (s, 1H), 8.13 (dd] = 4.35 Hz, 1H), 7.71 (d) =8.75 Hz,
1H), 7.56 (d,J =3.50 Hz, 1H), 7.34 () = 60.40 Hz, 1H), 6.75(d,
J =3.45 Hz, 1H);”®C NMR (125 MHz, CDCJ): § 144.31, 134.48,
132.64, 128.51, 121.55, 117.42, 109.76J¢; = 247.06 Hz),
107.70, 106.26'°F NMR (470 MHz, CDG)): & -91.46 (d,J =
75.53 Hz, 2F); IR (KBr)v: 1508, 1456, 1335, 1206, 1041, 798
cm’; HRMS (EI-TOF) calculated for ElgFN,O, [M]™*:
212.0397; found: 212.0398.

4.2.91-(difluoromethyl)-1H-indole-3-carbonitrile3()

Yellow liquid; Yield = 82%;'H NMR (500 MHz, CDCJ): &
7.82 (s, 1H), 7.78 (dl = 7.85 Hz, 1H), 7.62 (d] = 8.15 Hz, 1H),
7.47-7.40 (m, 2H), 7.31 (] = 60.35 Hz, 1H);"*C NMR (125
MHz, CDCk): & 133.04, 130.37, 127.77, 125.78, 124.15, 120.3
114.16, 111.63, 109.40 (@cr = 249.15 Hz), 91.14°F NMR
(470 MHz, CDC}): & -91.46 (d,J = 75.48 Hz, 2F); IR (KBr):
2229, 1462, 1421, 1369, 1182, 1140, 1052, 1032, 34D cnT;
HRMS (EI-TOF) calculated for @H¢FN, [M]": 192.0499;
found: 192.0500.

4.2.103-(2-chloropyrimidin-4-yl)-1-(fluoromethyl)-1H-indol¢3j)

Yellow solid; mp. 149-151; Yield = 70%;'H NMR (500
MHz, CDCL): & 8.50 (d,J = 2.65 Hz, 1H), 8.33 (1J = 5.00 Hz,
1H), 7.56 (t,J = 4.38 Hz, 1H), 7.47 (d] = 5.25 Hz, 2H), 7.40-
7.35 (m, 2H), 7.30 (&) = 60.65 Hz, 1H);*C NMR (125 MHz,

Tetrahedron

5, 1160,
1149, 1123, 1065, 1046, 1012 ¢nHRMS (EI-TOF) calculated
for C,4H1sCIF,N;05S [M]": 539.0694; found: 539.0696.

4.2.14 N-(4-(1-(difluoromethyl)-1H-indol-3-yl)pyrimidin-2-yl)
N*-(2-(dimethylamino)ethyl)-2-methoxy-Rethyl-5-
nitrobenzene-1,4-diamin@&ff)

Yellow solid; mp. 184-1861; Yield = 55%; H NMR(500
MHz, DMSOg): 612.12 (s, 1H), 8.88 (s, 1H), 8.34 Jt=
2.40Hz, 2H), 8.16 (s, 1H), 7.69 @,= 58.45Hz, 1H), 7.48
(d,J =8.10Hz, 1H), 7.34 (d) = 5.35Hz, 1H), 7.18 (] =
7.45Hz, 1H), 7.08 (t) = 7.55Hz, 1H), 7.05 (s, 1H), 4.04
(s, 3H), 3.91 (tJ = 6.10Hz, 2H), 3.75 (&) = 6.20Hz, 2H),

g3.36 (s, 6H), 2.84 (s,19; “C NMR (125 MHz, DMSO-

dg): 6163.11, 160.12, 157.56, 154.43, 142.74, 137.64,6835
129.75, 129.44, 128.87, 125.41, 122(61)c.r = 270.00Hz)
122.14, 121.10, 118.14, 113.67, 112.62, 108.59,.9504
58.01, 57.33, 48.43, 45.85, 43;15F NMR (470 MHz,
DMSO-dg): 6 -75.31 (s2F); IR (KBr) v: 1716, 1698, 1651,
1647, 1575, 1563, 1556, 1541, 1457, 1196, 113X tav
1; ESI-HRMS(m/z): calculated for £H,7F.N;O03(M+H)™:
512.2216, found: 512.2212.

4.3.General synthetic method @rih-6p

A mixture of 1 (1 mmol), NaOH(11 mmol, 0.44g) was

CDCly): 6 163.31, 161.47, 159.02, 134.88, 126.23, 124.83dissolved in CHCN(CH,CN/H,O= 10/1, V/V, 11mL) in an oven

123.74, 122.19, 116.39, 114.95, 111.81,109.8B(}, = 247.48
Hz); "F NMR (470 MHz, CDG)): § -92.78 (dd,J = 75.20 Hz,
2F); IR (KBr)v: 1574, 1364, 1320, 1219, 1160, 1042, 752 cm-1
HRMS (EI-TOF) calculated for GHiCIFN; [M]+: 261.0469;
found: 261.0435.

4.2.11 5-bromo-1-(difluoromethyl)-1H-indazoRk)

Light yellow liquid; Yield = 69%;H NMR (500 MHz, CDC)):
8 8.27 (s, 1H), 7.85 (d] = 1.00 Hz, 1H), 7.60 (dJ = 9.25 Hz,
1H), 7.44 (tJ = 60.45 Hz, 1H), 7.39 (dd] = 9.25 Hz, 1H)®C
NMR (125 MHz, CDC)): 5 147.76, 131.99, 123.12, 123.00,
120.10, 119.32, 117.36, 111.57 J¢,- = 252.90 Hz);"F NMR
(470 MHz, CDCJ): & -93.91 (s, 2F); IR (KBr)y: 1508, 1364,
1147, 1138, 1113, 1081, 857, 804, 777'cm

4.2.121-(difluoromethyl)-1H-benzol[d][1,2,3]triazol8()

Light yellow liquid; Yield = 87%;'H NMR (500 MHz,
CDCl; ): 8 8.12 (dt,J = 4.20 Hz, 1H), 7.86 () = 58.50 Hz, 1H),
7.62-7.59 (d,) = 8.30Hz, 1H), 7.59-7.63 (m, 1H), 7.46-7.50 (m,
1H); °C NMR (125 MHz, CDG)): 5 146.48, 129.47, 125,57
120.48, 111.30 (tJer= 250.00 Hz), 109.31°F NMR (470 MHz,
CDCly): 8 -97.17 (d,J = 73.18 Hz, 2F); IR (KBr): 1456, 1388,
1296, 1137, 1108, 1074, 936, 823, 746'cm

4.2.13 O-(3-(5-(4-chlorophenyl)-1-(difluoromethyl)-1H-pyroml
[2,3-b]pyridine-3-carbonyl)-2,4-difluorophenyl)prape-1-
sulfonamide 3ee)

White solid; mp. 241-243; Yield = 70%:*H NMR (500MHz,
DMSO): & 8.84 (d,J = 2.10 Hz, 1H), 8.72 (s, 1H), 8.69 (@=
1.90 Hz, 1H), 8.20 (1) = 58.70 Hz, 1H), 7.84 (dd,= 19.0, 8.60
Hz, 4H), 7.58 (dJ = 8.50 Hz, 2H), 7.50 (&) = 8.70 Hz, 1H),
3.51 (t,J = 7.65 Hz, 2H), 1.84 -1.73 (m, 2H), 0.99J& 7.40 Hz,
3H); °C NMR (125 MHz, CDGJ)): & 180.65, 146.90, 145.29,
137.12 (d,Jcr = 10.4 Hz), 136.40, 134.35, 133.60, 131.75,
130.36, 129.78, 129.37, 128.86, 128.59, 118.97,411814.02,
113.28 (d,J’cr = 23.2 Hz), 110.76, 108.77, 107.08 dcr =
249.38 Hz), 55.92, 16.84, 12.75F NMR (470 MHz, CDC)): &
-96.17 (d,J = 75.20 Hz, 2F), -106.60 (dd, = 18.8 Hz, 1F), -

dried 50 mL round bottom flask containing a stirr.ba
lododifluoroacetophenon&) (2 mmol, 0.56g), was added to the
reaction mixture and stirred at room temperaturedoout 10
minutes. After the reaction was completed as indicéte TLC
the reaction mixture was removed under reduced presénd
then, the reaction mixture was diluted with water (B0) and
extracted with EtOAc (25 mL x 3), followed by brine (Bl.).
The organic extract was dried over NaSO4, filtered and
evaporated under reduced pressure. The crude prodas
further purified by silica gel column chromatogrgpising (pet
ether/EtOAC) to furnish the formamidém-6p.

4.3.1 N-methyl-N-(naphthalen-1-yl)formami6ie)

Brown liquid; Yield = 88%;'H NMR (500 MHz, CDC)): &
8.29 (s, 1H), 7.92 (dd] = 9.00 Hz, 1H), 7.89 (dJ = 8.30 Hz,
1H), 7.82 (d,J = 7.60 Hz, 1H), 7.61 — 7.54 (m, 2H), 7.50)&
10.00 Hz, 1H), 7.34 (d] = 7.20 Hz, 1H), 3.38 (s, 3H)*C NMR
(125 MHz, CDC}): 5 163.50, 138.31, 134.63, 130.50, 128.98,
128.64, 127.42, 126.81, 125.59, 125.22, 122.4®134.

4.3.2 N-ethyl-N-phenylformamidén)

Yellow liquidl; Yield = 82%:;'H NMR (500 MHz, CDCJ)): 8
8.35 (s, 1H), 7.41 (1 = 7.80 Hz, 2H), 7.29 (] = 7.50 Hz, 1H),
7.16 (d,J = 7.50 Hz, 2H), 3.86 (gl = 7.20 Hz, 2H), 1.16 (1 =
7.20 Hz, 3H);13C NMR (125 MHz, CDCJ): 5 162.05, 140.84,
129.64, 126.87, 124.28, 40.09, 13.05.

4.3.3N-methyl-N-phenylformamidéd)

Yellow liquid; Yield = 89%;'H NMR (500 MHz, CDCJ): &
8.47(s, 1H), 7.43-7.38(m, 2H), 7.29-7.25 (m, 1H), 771865 (m,
2H), 3.32 (s, 3H)**C NMR (125 MHz, CDG)): 5 162.36, 142.22,
129.64, 126.42, 122.40, 32.07.

4.3.4N-(4-methoxyphenyl)-N-methylformamiég)(

Yellow liquid; Yield = 85%:'™H NMR (500 MHz, CDCJ): 8
8.34 (s, 1H), 7.09 (d] = 8.90 Hz, 2H), 6.92 (d} = 8.80 Hz, 2H),
3.81 (s, 3H), 3.27 (s, 3H5?C NMR (125 MHz, CDG)J): & 162.48,
158.32, 135.28, 124.68, 114.78, 55.57, 32.71; IRr{K: 1674,
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CoH1iNO, [M] 1 165.0789; tound: 165.0791.

4.4.General synthetic method of S- and O-&HEerivatives

9
AHz,

CDCly): 6 7.65 (t,J = 56.00 Hz, 1H), /.66-7.64 (m, 1H), 7.32-
7.27 (m, 2H), 2.73(s, 3H);”*C NMR (125 MHz, CDG): &
155.42, 152.31, 135.95, 133.06, 127.18, 125.62,4B20 Jc.r =

A mixture of8 or 10 (1 mmol), NaOH(11 mmol, 0.44g) was 274.86Hz), 118.58, 18.3%F NMR (470 MHz, CDCJ): § -93.40
dissolved in CHCN(CH,CN/H,0= 10/1, V/V, 11mL) in an oven (d, J = 70.22 Hz, 2F); IR (KBr): 1466, 1083, 1019, 880, 782,
dried 50 mL round bottom flask containing a stirr.ba 766, 745 cnt; HRMS (EI-TOF) calculated for &i,F,NS, [M] "
lododifluoroacetophenon&) (2 mmol, 0.56g), was added to the 230.9988; found: 230.9989.

reaction mixture and stirred at room temperature doout 10
minutes. After the reaction was completed as indicéte TLC
the reaction mixture was removed under reduced presénd
then, the reaction mixture was diluted with water (B0) and
extracted with EtOAc (25 mL x 3), followed by brine (Bi.).
The organic extract was dried over NaSdQiltered and
evaporated under reduced pressure. The crude progas
further purified by silica gel column chromatogrgpising (pet
ether/EtOAC) to furnish the S- and O-EFRderivatives9a-9hand
11la-11h

4.4.16-bromo-2-((difluoromethyl)thio)benzo[d]thiazoles

Yellow liquid; Yield = 91%:;'H NMR (500MHz, CDC)): 8
7.96 (d,J = 1.90 Hz, 1H), 7.83 (d] = 8.70 Hz, 1H), 7.63 () =
55.80 Hz, 1H), 7.59 (dd} = 8.70 Hz, 1H) *C NMR (125 MHz,

4.4.7 2-((difluoromethyl)thio)benzo[d]oxazoRg)

Yellow liquid; Yield = 91%;'"H NMR (500MHz, CDCJ): &
7.71 (t,J = 55.65 Hz, 1H), 7.68-7.60 (m, 1H), 7.51-7.48 (m, 1H),
7.37-7.31 (m, 2H);*C NMR (125 MHz, CDC)): & 157.51,
151.99, 141.50, 125.46, 125.23, 120.059(¢; = 274.79 Hz),
117.85, 110.64°F NMR(470 MHz, CDCJ) : & -94.34 (d,J =
69.65 Hz, 2F); IR (KBr): 1511, 1453, 1371, 1138, 1073, 782,
744 cm,

4.4.85-chloro-2-((difluoromethyl)thio)benzo[d]oxazolgh)

Yellow liquid; Yield = 89%;'H NMR (500 MHz, CDCJ): &
7.70 (t,J = 55.55 Hz, 1H), 7.65 (d] = 1.85 Hz, 1H), 7.43 (m]
= 8.70 Hz, 1H), 7.31 (dd] = 8.65 Hz, 1H) }*C NMR (125 MHz,
CDCL): & 150.25, 142.24, 130.63, 125.50, 119.58 Jgr =

CDCl): & 158.23, 152.01, 137.70, 130.48, 124.10, 124.03275.30 Hz), 117.38, 111.06FF NMR (470 MHz, CDCJ): 5 -

120.29(t, Jor = 275.58 Hz), 118.09;]°F NMR (470 MHz,
CDCly): & -94.37 (dt,J = 70.22 Hz, 2F); IR (KBry: 1469, 1432,
1279, 1081, 998, 808, 775 ¢m

4.4.22-((difluoromethyl)thio)benzo[d]thiazol&lf)

Light yellow liquid; Yield = 92%:'H NMR (500 MHz,
CDCL): 5 8.00 (d,J = 8.10 Hz, 1H), 7.83 (dJ = 8.05 Hz, 1H),

93.33 (d,J = 69.84 Hz, 2F); IR (KBry: 1507, 1449, 1146, 1073,
919, 806, 781 cih

4.4.91-(3-(difluoromethoxy)-4-methylphenyl)ethan-1-ohtaj

Light yellow liquid; Yield = 81%:'H NMR (500 MHz,
CDCL): 5 7.69 (dd,J = 7.70 Hz, 1H), 7.65 (s, 1H), 7.31 @=
7.85 Hz, 1H), 6.57 (t) = 73.50 Hz, 1H), 2.57 (s, 3H), 2.34 (s,

7.64 (,J = 55.90 Hz, 1H), 7.51-7.47 (m, 1H), 7.42-7.38 (m, 1H) 3H); *°C NMR (125 MHz, CDGJ): 5 196.87, 149.80 (t)'cr =
3C NMR (125 MHz, CDC)): § 157.32, 153.19, 136.26, 126.94, 2.59 Hz), 136.48, 135.95, 131.59, 125.55, 118.16,00L(t, Jo.r

125.92, 123.14, 122.75, 120.55 J,+ = 275.35 Hz);"F NMR
(470 MHz, CDC})): § -93.26 (dd,J = 69.98 Hz, 2F); IR (KBr):
1465, 1427, 1311, 1287, 1071, 994, 782, 756, 726 cm

4.4.32-((difluoromethyl)thio)-6-nitrobenzo[d]thiazol&q)

Light yellow solid; mp. 94-95; Yield = 75%;"H NMR (500
MHz, CDCl): § 8.75 (d,J = 2.15 Hz, 1H), 8.35 (dd] = 9.00
Hz, 1H), 8.04 (dJ = 8.95 Hz, 1H), 7.79 (1) = 55.45 Hz, 1H);

= 258.14 Hz), 26.53, 16.52%F NMR (470 MHz, CDC)): & -
80.77 (dd,) = 91.98 Hz, 2F).

4.4.10 1-(2-(difluoromethoxy)-4-methoxyphenyl)ethan-1-amieY

Light yellow liquid; Yield = 78%;'H NMR (500 MHz,
CDCly): & 7.82 (d,J = 8.80 Hz, 1H), 6.77 (dd] = 8.80 Hz, 1H),
6.63 (d,J = 2.15 Hz, 1H), 6.59 (&) = 73.30 Hz, 1H), 3.84 (s,
3H), 2.57(s, 3H)**C NMR (125 MHz, CDGJ)): 5 196.66, 163.86,

¥C NMR (125 MHz, CDGJ)): § 164.83, 156.19, 145.02, 135.80, 151.73, 132.66, 123.47, 116.15 {tr = 258.21 Hz), 110.61,

122.74, 122.22, 119.72(@c.r = 275.94 Hz), 117.71*F NMR
(470MHz, CDC}): & -93.92(d,J = 69.28 Hz, 2F); IR (KBr)v:
1510, 1325, 1286, 1043, 1003, 742°tm

4.4.42-((difluoromethyl)thio)-6-ethoxybenzo[d]thiazoBdy
Light yellow soild; mp. 44-4€ : Yield = 86%4H NMR (500

105.60, 55.80, 31.13°%F NMR (470 MHz, CDCJ): § -80.82 (dd,
J =91.89 Hz, 2F).

4.4.111-(1-(difluoromethoxy)naphthalen-2-yl)ethan-1-ofh#c)

Light yellow liquid; Yield = 62%:'H NMR (500 MHz,
CDCL): § 8.25 (t,J = 4.33 Hz, 1H), 7.89 (t] = 4.48 Hz, 1H),

MHz, CDClL): & 7.65 (t,J= 56.00 Hz, 1H), 7.66-7.64 (m, 1H), 7.81(d,J =8.50 Hz, 1H), 7.70 (d] = 8.55 Hz, 1H), 7.64 (q] =

7.32-7.27 (m,2H); °C NMR (125 MHz, CDC)): & 157.51,
152.55, 147.54, 138.00, 123.58, 120.32J¢r = 275.61Hz),
116.55, 104.21, 64.18, 14.76F NMR (470 MHz, CDGC): 5 -

3.13 Hz, 2H), 6.62 () = 74.30 Hz, 1H), 2.72 (s, 3H}’C NMR
(125 MHz, CDCY): & 199.89, 145.41, 136.28, 130.05, 128.67,
128.05, 127.91, 127.74, 126.91, 124.92, 123.26,711{, Jc.r =

93.79 (d,J = 70.22 Hz, 2F); IR (KBry: 2982, 1601, 1483, 1470, 260.81 Hz), 30.67:"F NMR (470 MHz CDCL): § -80.27 (d.J

1449, 1394, 1258, 1225, 1085, 998, 940, 823, 782 cm
4.4.5 6-chloro-2-((difluoromethyl)thio)benzo[d]thiaz 9e)

Light yellow liquid; Yield = 90%:'H NMR (500 MHz,
CDCly): § 7.89 (d,J = 8.70 Hz, 1H), 7.80 (d] = 2.00 Hz, 1H),
7.63 (t,J = 55.80 Hz, 1H), 7.45 (dd), = 8.70 Hz, 1H) **C NMR

= 93.11 Hz, 2F).
4.4.121-(3-(difluoromethoxy)phenyl)ethan-1-orid d)

Light yellow liquid; Yield = 82%;'H NMR (500 MHz,
CDCly): 4 7.78 (d,J = 7.70 Hz, 1H), 7.68 (s,1H), 7.46 @,=
7.90 Hz, 1H), 7.32 (dJ = 8.10 Hz, 1H), 6.56 (tJ = 73.25 Hz,

(125 MHz, CDC)): & 157.79, 151.41, 137.02, 131.74, 127.50,1H), 2.59 (s, 3H);"C NMR (125 MHz, CDGJ): 5 196.89, 151.31,

123.49, 122.24, 120.04 (fz.-= 275.68 Hz)*F NMR (470 MHz,
CDCly): 8 -94.34 (d,J = 70.78 Hz, 2F); IR (KBry: 1434, 1085,
999, 817, 780 cth

4.4.62-((difluoromethyl)thio)-4-methylbenzo[d]thiazokf

138.82, 130.12, 125.37, 124.31, 118.96, 115.65:{= 259.20
Hz), 26.64.;°F NMR (470 MHz, CDGJ)): § -82.31 (d,J = 92.31
Hz, 2F).

4.4.13 4-(difluoromethoxy)-1,1'-biphenyil€)
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CDCI3): 6 7.60 (t,J = 8.75 Hz, 4H), 7.48 (U = 7.53 Hz, ZH), \IJ) | VVGIIU, 1. LUUYU, J. 11U, T. VVQIIU, I.o. N\ISlnianay. \J\Jg, S.K.
7.39 (1,3 = 7.30 Hz, 1H), 7.22 (] = 8.35 Hz, 2H), 657 (U = Oo1D) 1689157, - ast: GA. Olah Angew. Chem. Bt 50 (31
73.85 Hz, 1H);"C NMR (125 MHz, CDCJ): 8 150.67, 140.10, (6] (a) G. He, Y-H. Jiang, X. Xiao, J-H. Lin, X. Zher@-B. Du, Y-C. Cao,
138.63, 128.92, 128.54, 127.51, 127.07, 119.86,0B1@, Jc.c= J-C. Xiao, J. Fluor Chem. 230 (2020) 10948%450;
258.01 Hz);"*F NMR (470 MHz, CDCJ): & -80.69 (d,J = 92.45 (b) Z. Liu, J. Long, X. Xiao, J-H. Lin, X. Zheng;Q Xiao, Y-C. Cao,
Hz, 2F). Chin. Chem. Lett. 30 (3) (2018) 4717-4719.

[7] Q. Xie, Z. Zhu, C. Ni, and J. Hu, Org. Lett. 22)%2019) 9138-9141.
4.4.141-(difluoromethoxy)naphthalen&if) [8] (@) R. M. Bychek, V. Hutskalova, Y. P. Bas, O.Aapbrozhets, S.
Zozulya, V. V. Levterov, and P. K. Mykhailiuk, J.r@ Chem. 84(23)

Colorless liquid; Yield = 70%'H NMR (500 MHz CDCly): (2019) 15106-151%7
§ 8.23-8.18 (m, 1H), 7.90-7.85 (m, 1H), 7.72 Jd= 8.30 Hz, (b) X. Ma, D. L. Sloman, Y. Han, and D. J. Benn@tg. Lett. 21(18)
1H), 7.60-7.54 (m, 2H), 7.43 (8, = 7.95 Hz, 1H), 7.21 (d] = (2019) 7199-7203.

. 13 [9] V. O. Smirnov, A. D. Volodin, A. A. Korlyukov, @ A. D. Dilman,
7.55 Hz, 1H), 6.68 () = 74.05 Hz, 1H);"C NMR (125 MHz, Trapping of Difluorocarbene by Frustrated Lewisr®aAngew. Chem.

CDCl): & 147.48, 134.75, 127.79, 126.99, 126.65, 126.49, |nt. Ed. (2020). hitps://doi.org/10.1002/anie. 202884,
125.41, 125.36, 121.64, 116.63J%,-= 256.73 Hz), 113.70°F  [10] X-Lei. Chen, S-H. Zhou, J-H. Lin, Q-H. Deng and JXlao, Chem

NMR(470 MHz, CDC}): 4 -80.90 (d,J = 94.28 Hz, 2F). Comm. 55 (10) (2019) 1410-1413.
[11] J. Yu, J-H. Lin, D. Yu, R. Du & J-C. Xiao, Nature@m. 10 (1) (2019)
4.4.15 1-bromo-2-(difluoromethoxy)naphthalef#g) 5362-5369.
) ) ] [12] Y-X. Zhang, X. Xiao, Z-H. Fu, J-H. Lin, Y. Guo, Xao, Y-C. Cao, R-B.
White solid; mp. 55-56 ; Yield = 70%H NMR (500 MHz, Du, X. Zheng, J-C. Xiao, Synlett. 31(7) (2020) 7Tz
CDCly): 6 8.29 (d,J = 8.55 Hz, 1H), 7.84 (t) = 7.05 Hz, 2H), [13] K. Muller, C. Faeh, F. Diederich, Science. 35846) (2007) 1881-1886.
7.64 (t,J = 7.30 Hz, 1H), 7.54 () = 7.50 Hz, 1H), 7.40 (d] = [14] D. E. Yerien, S. Barata-Vallejo, A. Postigchén. Eur. J. 23 (59) (2017)
8.85 Hz, 1H), 6.63 (tJ = 73.60 Hz, 1H)*C NMR (125 MHz, 14676-14701,

[15] Y. Zafrani, D. Yeffet, G. Sod-Moriah, A. Benmler, D. Amir, D. Marciano,
CDCly): & 146.04, 132.80, 132.22, 129.23, 128.21, 128.19, " g Gershonov, S. Saphier, J. Med. Chem. 60 (2)7(2097—804.

127.19, 126.57, 120.57, 116.30J4,r= 260.95 Hz), 114.69°F  [16] N. A. Meanwell, J. Med. Chem. 61 (14) (2018p3-5880.

NMR (470 MHz, CDC)): 6 -80.75 (dJ = 92.21 Hz, 2F). [17] (a) K. Bernhard, S. Ernst, K. Kurt, R. Richafd Volker, R. Georg, S.
) ) Hartmann, $8. Joerg, Eur. Pat. Appl. (1986), EP 166287;
4.4.161-(difluoromethoxy)-3,5-dimethoxybenzelris) (b) R. Y. Narasimaha, C. Sirisha, S. K. J. S. VV8itha, V. Sravanthi,

. L 1 T. Lavanya, J. Pharm. Pharm. Sci. 8 (6) (2019) 245-
Light yellow liquid; Yield = 80%;"H NMR (500 MHz, 18] D. P. Tashkin, Expert Opin. Pharmacother. I)5(2014) 85-96.

CDCly): 8 6.49 (t,J = 74.05 Hz, 1H), 6.30 (m, 1H), 6.27 (m, 2H), [19] (a) M. A. Chowdhury, Z. Huang, Khaled R. A. édlatif, Y. Dong, G.
3.78 (m, 6H);"*C NMR (125 MHz, CDGJ): § 161.50, 153.06, Yu, C. A. Velazquez, E. E. Knaus, Bioorg. Med. Chdrett. 20 (19)

116.01 (tJe.r= 257.00 Hz), 97.80, 97.32, 55.5FF NMR(470 (2010) 57765780;

. _ (b) M. A. Chowdhury, K. R. A. Abdellatif, Y. Dondp. Das, M. R.
MHz, CDCL): 5 -80.67 (ddJ = 92.64 Hz, 2F). Suresh, and E. E. Knaus, J. Med. Chem. 52 (6) (20625 529;

(c) M. A. Chowdhury, K. R. A. Abdellatif, Y. Dondp. Das, M. R.
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Highlights:

e A mild, rapid and selective difluorocarbene-mediated triclassification of
iododifluoroacetophenone with secondary amines was developed to achieve the

N-CF,H derivatives, formamides from appropriate secondary amines.

* The corresponding prediction tree model was based on the geometry structure of

raw materials.

e This difluorocarbene-mediated triclassification reaction and the corresponding
tree model were used to implement the late stage modifications of medicina

drugs.
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