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Abstract—Reactions of sulfonamides RSEHR’ with chlorodifluoromethane and solid alkali give the corre-
sponding derivatives RS®N(CHF,)R’ containing a difluoromethyl group on the nitrogen atom. Sulfonamides
derived from 2-aminobenzothiazole and 2- and 4-aminopyridines react with chlorodifluoromethane at the
endocyclic nitrogen atom.

Difluoromethylation of phenols and benzenethiolsfonyl chloride. Under the given conditioni;methyl-
at the oxygen and sulfur atoms has been well docys-toluenesulfonamide reacted with CHGIuite
mented [1]. Analogous reactions at the NH group ofvigorously within 16-15 min, and the reaction mix-
some heterocyclic compounds have also been reportégie spontaneously warmed up t0o-900°C. Some
[2-4]. As a rule, compounds having a difluoromethylisonitrile was formed as by-product. The reaction of
group at exocyclic nitrogen atom readily undergoN-tert-butyl-p-toluenesulfonamide was characterized
hydrolysis, so that they were not obtained by direcby a weaker exothermic effect, and the yield of the
difluoromethylation [5, 6]. product was higher.

We anticipated that the presence of a strong elec- Sterically unhinderedN-aryl-p-toluenesulfonamides
tron-acceptor group at exocyclic nitrogen atom shouldeacted, as a rule, with self-heating to-80°C in
enhance the stability of the correspondiNegifluoro- ~ 15-20 min, and the yields of the products were high.
methyl derivatives, thus making it possible to isolatdiowever, the reactions oN-(3-nitrophenyl)- and
products of reactions of sulfonamides with difluoro-N-(3-trifluoromethylphenyl)e-toluenesulfonamides
carbene generated from Freon-22 in alkaline mediunyVith CHCIF, were accompanied by strong tarring, and
The only example of difluoromethylation df-methyl-  the yields of productdg and Ih were poor, 20 and
2-chlorobenzenesulfonamide was reported in paterf{’0, respectively. We also brought into reaction with
[7]. We examined this reaction with various sulfon- CHCIF, derivatives of 2-methyl-5-nitrobenzenesulfon-
amidesla—Iz,, including sterically hindered ones and@Mide. The presence of a nitro group in these sub-
very weakly nucleophilicN-difluoromethylsulfon- strates also induces appreciable tarring, béJt the yields
amides (Table 1). Sulfonamides are weakly nuclec@’ the target products were higher (85%) than
philic substrates; therefore, theieactions with the yield ofIlg. No tarring occurred in the reactions

Freon-22 were performed under more severe condeith thiophenesulfonamide derivatives, and the yields
tions than those appropriate for phenols and benzen&®® good (7080%).

thiols, namely with solid potassium hydroxide in ~ Sterically —hindered N-aryl-p-toluenesulfonamides
dimethylformamide (Scheme 1). The initial sulfon-having various substituents in thatho-position of

amides were prepared from accessipkoluenesul- the N-phenyl ring react with a weak exothermic effect,
and in some cases it is hecessary to heat the reaction

mixture to complete the process. The reaction time

increases to 3810 min. The yields of the target prod-

CHF, ucts are fairly high (7692%); a lower yield was
observed only for substrates containing the bulkiest

R’ tert-butyl group.

Ia-Iz, We also succeeded in effecting difluoromethylation

of sulfonamide having two methyl groups in both

For R and R see Table 1. ortho positions of theN-phenyl ring. The reaction

Scheme 1.

CHCIF,, KOH, DMF
RSO,NHR' RSO,N

N
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Table 1. Yields, melting points, temperatures of synthedi$,and1°F NMR data, and elemental analyses\sélifluoro-
methylsulfonamidesla—Iz,

. Reaction Chemical shifts?, m (J, Hz
Cr?(;np. R R’ Y'f/:d’ mp, °C | tempera- e 9 :
' ture, °C H 19¢
la 4-MeCGgH, |Me 57 49512 90-100( 7.00 t g = 60) |-100.05 d § = 60)
Ib 4-MeGgH, |t-Bu 62 86-88° 80-90 747 t J = 60) [-89.81 d § = 60)
Ic 4-MeGgH, |Ph 95 106-107 60-70 749t d =60) [-93.52 d § = 60)
Id 4-MeGgH, |4-FGH, 54 76-782 60-70 756 t J =60) [-94.02 d § = 60)
le 4-MeGgH, |4-CICgH, 63 69-702 60-70 769t J=160) [-9258 d § = 60)
If 4-MeGgH, |4-MeOGH, 68 74-76° 60-70 762t J=160) [-93.91 d § = 60)
Ig 4-MeGgH, | 3-NO,CgH,4 20 8283 50-60 777 t d = 60) [-93.72 d § = 60)
Ih 4-MeGgH, |3-CRCgH, 7 67-68% 50-60 764t J=160) [-93.70 d § = 60)
li 4-MeGH, |2-FGH, 77 92 94° 50-60 758 t 0 = 60) |-90 to-100°
lj 4-MeGgH, | 2-MeGgH, 78 85-87° 70-80 76410 = 60)f -101.39,-100.62 d.d § = 58),

-88.92,-88.17 d.d { = 61)
Ik |4-MeGH, |2-MeOGH, | 72 | 8990° | 70-80 | 7.54 t 0 = 60) |-100.41,-99.67 d.d § = 58),
-89.22,-88.47 d.d { = 61)
Il |4-MeGH, |2,4-Me,CgHs | 71 | 104-105° | 70-80 | 7.63 t 0 = 60 |-101.40,-100.64 d.d d = 58),
-89.12,-88.31 d.d { = 61)
Im  |4-MeGH, |2-Naphthyl 92 | 130-131° | 70-80 | 7.60 d ¢ = 59), |-98.42,-97.29 d.d § = 59),
7.85 d 0 = 61) |-89.67,-88.48 d.d § = 61)
In  |4-MeGH, |2-Morpholino| 64 | 154-156° | 90-100 | 7.26 d ¢ = 58), |-99.71,-99.07 d.d § = 58),
phenyl 7.47 d (0 = 60) |-88.72,-87.96 d.d § = 60)
lo |4-MeGH, |2+-BuCgH, 42 | 120-121° | 90-100| 7.39 d 0 = 59), [-100.55,-99.42 d.d § = 59),
7.65 d (0 = 61) |-88.13,-86.98 d.d § = 61)
Ip  |4-MeGH, |2,6-Me,CgHy | 74 | 87-8% | 90-100| 7.72 t 0 = 60) |-93.39 d 0 = 60)

lg |2-Me-5- |4-CICgH, 48 | 1161174 | 4050 | 7.78 t ¢ = 60) |-93.10 d ¢ = 60)
NO,CgH

Ir |2-Me-5- |4-MeOGH, | 60 | 113114 | 4050 | 7.74 t 0 = 60) [-93.85 d ¢ = 60)
NO,CgH

Is |2-Me-5- |2-MeOGH, | 62 | 171-17F | 4050 | 7.52t § = 60 |-100.45,-99.32 d.d § = 59),
NO,CgH ~89.13,-88.00 d.d § = 60)

It |2-Me-5- |2-MeGH, 57 | 112114 | 4050 | 7.55t @ = 60F |-99.29,-98.18 d.d { = 59),
NO,CgH 88.72,-87.96 d.d { = 60)

lu |2-Me-5- |2-Naphthyl 42 | 168-16F | 4050 | 7.62 d ( = 59), |-98.50,-97.35 d.d { = 59),
NO,CgH 7.87 s ( = 62) |-89.23,-88.18 d.d { = 62)

v |2-Thienyl |Ph 72 | 10210 | 5060 | 7.49 t 0 = 60) |-94.02 d § = 60)

lw  |2-Thienyl |2-MeGH, 82 | 7981 | 5060 | 7.09d 0 =59), |-101.05,-99.86 d.d § = 59),

7.31d 0 = 61) |-89.72,-88.69 d.d = 61)
Ix |2-Thienyl |2-MeOGH, | 69 | 76-77 | 50-60 | 7.45t (0 = 60) |-100.98,-99.80 d.d § = 59),
-90.18,-89.02 d.d § = 60)
ly  [2-Thienyl |2-Naphthyl 70 | 110-11P | 5060 | 7.28 d 0 = 59), |-100.25,-99.48 d.d { = 59),
7.45 d 0 = 61) |-90.22,-89.44 d.d § = 61)
lz, |2-Thienyl |2,4-Me,CgH; | 52 | 62-63* | 5060 | 7.40 d ¢ = 59), |-101.47,-100.64 d.d § = 59),
7.62 d 0 = 61) |-89.12,-88.31 d.d { = 61)
Iz, |CF, 4-CICgH, 42 | 3637 | 3040 | 694t ¢ = 60) [-90 to —10C°

Iz, |CF, 4-BrCgH, 54 | 57.59% | 3040 | 6.94t § = 60) |-90 to —10C°
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Table 1. (Contd.)

Compound Found, % Calculated, %

no. Formula

C H N (S) C H N (S)
la 45.26 4.82 5.96 CgH;,FNO,S 45.93 471 5.98
Ib 51.82 6.11 5.19 C;,H;/FNO,S 51.96 6.18 5.05
Ic 56.27 4.40 4.84 C;4H13FNO,S 56.56 4.41 471
Id 52.98 3.72 (10.45) C;4H1,F3NO,S 53.33 3.84 (10.17)
le 50.71 3.65 4.56 C;4H1,C1FoNO,S 50.68 3.65 4.22
If 55.02 4,57 4.46 C;5H15FNOSS 55.04 4.62 4.28
Ig 48.98 3.54 8.21 Ci4H1oFoN,O4S 49.12 3.53 8.18
Ih 49.30 3.38 (8.96) C;5H1,FsNO,S 49.32 3.31 (8.76)
li 53.41 3.70 (10.54) C;4H1,F3NO,S 53.33 3.84 (10.17)
lj 57.90 5.06 (10.49) C;5H15FNO,S 57.87 4.86 (10.30)
Ik 55.01 4.86 4.49 C;5H15FNO,S 55.04 4.62 4.28
Il 58.69 5.26 4.43 Cy6H17/FNO,S 59.06 5.26 4.30
Im 62.52 4.67 (9.32) CygH15FoNO,S 62.24 4.35 (9.23)
In 56.83 5.28 (8.42) C1gHo0FoN,0O5S 56.53 5.27 (8.38)
lo 61.15 6.05 4.03 C;gH1FNO,S 61.17 5.99 3.96
Ip 59.23 5.00 4.40 Cy6H17/FNO,S 59.06 5.26 4.30
Iq 44.52 3.00 7.58 C;4H1,CIF;N,0,S 44.63 2.94 7.44
Ir 48.56 3.98 7.46 Cy5H14FoN,O5S 48.39 3.79 7.52
Is 50.03 4.08 7.48 Cy5H14FoN,0O5S 48.39 3.79 7.52
It 50.51 3.77 7.77 Ci5H14FoN,04S 50.56 3.96 7.86
lu 54.86 3.75 6.79 CigH14FoN,0O4S 55.10 3.60 7.14
Iv 45.74 3.17 5.00 C;1HgF,NO,S, 45.67 3.14 4.84
Iw 47.70 3.57 4,57 CioH11FNO,S, 47.51 3.66 4.62
Ix 45.20 3.41 (20.48) C;oH11FNOSS, 45.13 3.47 (20.08)
ly 53.25 3.20 (19.09) C;5H11FNO,S, 53.09 3.27 (18.90)
Iz, 49.18 4.19 (20.09) C;3H15FNO,S, 49.20 4.13 (20.21)
Iz, 31.22 1.72 4.37 CgHsCFsNO,S 31.03 1.63 452
Iz4 27.08 1.39 CgHsBrFsNO,S 27.14 1.39

& From hexane.

From 2-propaneihexane (1:1).

From 2-propanol.

From carbon tetrachloride.

Broadened signal.

The central component is broadened.

The central component is broadened and doubled.

Q@ -« o 2 o o

took 1 h at 96100°C, and the yield of productp  spectra of the products having bulkier substituents
was 74%. However, more sterically hindemdq2,4,6- (such astert-butyl, morpholino, and fused benzene
triboromophenyl)p-toluenesulfonamide failed to react ring), the CHF, proton appears as two doublets with
with chlorodifluoromethane. the corresponding coupling constants. The GHF

In all the difluoromethylation products obtained group in 2-methyl and 2-methoxy derivatives gives
from sterically hindered sulfonamides the fluorinerise to A triplet with broadened middle component
atoms in the CHE group become magnetically non- in the H NMR spectra.

equivalent. Thei®F NMR spectra display aAB part The '°F NMR spectrum ofi contains a broadened
of ABX spln system: two doublets of doublets withsignal between-90 and-100 ppm, and in thetH
different spir-spin coupling constants. In tHel NMR ~ NMR spectrum a triplet with a coupling constant of
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Scheme 2.
CHF,
N CHCIF,, KOH, DMF N
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NF | CHCIF,, KOH, DMF I\El
NS NS
NHTs NTs
v
I, R = H (8, MeO (), MeSQ, (c); Ill, R = H (@), CI (b).

59.5 Hz is observed. This inconsistence between the We also examined difluoromethylation of sulfon-
'H and '°F NMR spectra is explained by different amides containing a heterocyclic fragment on the
relaxation periods of théH and !°F nuclei. nitrogen atom, i.e., an additional nucleophilic center.
The reactions of trifluoromethanesulfonamides withThe reactions ofN-(2-benzothiazolyl)- andN-(2- or
CHCIF, and solid alkali should be performed on 4-pyridyl)sulfonamides with CHCI=and KOH in
cooling, for the initial sulfonamide undergoes partialDMF involved mainly the heterocyclic nitrogen atom
hydrolysis in strongly alkaline medium above°@ (Table 2). In the'®F NMR spectra of crude reaction
and further reaction with Freon-22 leads to formatiorproducts we observed only small signals—32b)
of the corresponding isonitrile. belonging to isomeric compounds with a CHifoup

The N(CHR,)SO,CF; group gives in thd’F NMR 0N the exocyclic nitrogen atom (Scheme 2). Hetero-
spectrum a narrow singlet from the trifluoromethylcyclic derivativeslla-lic, llla, lllb, and IV are
group and a broadened diffuse signal from the GHFYellow-orange substances with higher melting points
group between-90 and-100 ppm. In thelH NMR than those of pl’OdUCtQ—lZ?,. The S|gnal from the
spectra of such compounds, the difluoromethyl grouplifluoromethyl group in thé°®F NMR spectra ofla—
appears as a triplet with a coupling constant of 59 Hzllc, llla, Illb , andIV is located in a stronger field

Table 2. Yields, melting points!H and 1°F NMR chemical shifts, and elemental analyses of compoliadsic, llla ,
b, and IV2

Chemical shiftsd (Jy , H2) Found, % Calculated, %
mp °C Formula
H 19¢ C|H/| s C|H/| s

Comp/| Yield,
no. %

lla | 55 |150-151| 8.1t (57) | —-104.83 d (57)|50.64| 3.23 |18.17|C;<H;,F,N,0,S, |50.83| 3.41 |18.09
lb | 48 |130-132| 8.00 t (58) | —~104.37 d (58)|49.84| 3.61 |16.35|C;¢H;,F,N,05S, |50.00| 3.67 [16.68
llc | 53 |245-247| 8.14 t (58) | ~104.42 d (58)|44.45| 3.30 |22.31|C;¢HFoN,0,S; |44.44| 3.26 |22.24
lla | 25 |147-149| 7.99 t (59) | -104.74 d (59)|52.17| 4.27 |11.03| C;4H;,F,N,0,S  |52.34| 4.05 [10.75
llb | 30 |174-176| 8.02 t (59) | —-104.18 d (59)|46.95| 3.29 | 9.46|C,4H,,CIF,N,0,S|46.92| 3.33 | 9.64
IV 57 |210-212| 7.94 t (58) | —102.76 d (59)|52.23| 3.99 |10.74|C;H,,F,N,0,S |52.34 4.05 |10.75

& The difluoromethylation was carried out at -B0°C.
® From 2-propanol.
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(¢ —104 t0o-107 ppm), and in théH NMR spectra, separated as an oily substance which was extracted

in a weaker field § ~8 ppm), as compared to the cor- with diethyl ether (250 ml), the extract was dried

responding signals ofa-lz,. over MgSQ, the solvent was evaporated, and the
Thus the difluoromethylation of sulfonamides residue was distilled under reduced pressure. A frac-

derived from aliphatic, aromatic, and heterocycliction with bp 95-97°C (0.1 mm) was collected and was

amines is a general reaction ensuring preparation #fen crystallized from hexane.

various compounds with a difluoromethyl group on

the nitrogen atom. REFERENCES
EXPERIMENTAL 1. Yagupol'skii, L.M., Aromaticheskie i geterotsikli-
cheskie soedineniya s ftorsoderzhashchimi zamestite-
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eter (300 MHz for H) using tetramethylsilane and ~ Dumka, 1988, p. 318.
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and Iz;, the mixture was cooled; in the synthesis of ~ no. 1, pp. 6378.
lj—Ip, the mixture was maintained at a temperaturé. Yagupolskii, L.M., Petko, K.Il., Maletina, I.I., and

specified in Table 1 for each particular compound. Retchitskii, A.N.,J. Fluorine Chem.,1996, vol. 76,
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