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N-Heterocyclic Carbene Catalyzed and N-Fluorobenzenesulfonimide
Mediated Oxidative Synthesis of Perester and Amide
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Abstract The first study of oxidative synthesis of simple fert-butyl peresters and amides enabled by N-heterocyclic car-
bene-catalysis using N-fluorobenzenesulfonimide (NFSI) as oxidant is described. The reaction proceeds with green, high yield,
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board substrate scope and room temperature.
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Scheme 1 NHC/NFSI catalyzed formation of acyl azolium

T 62 H %2 NFSI 5 HoAth = =AU s i 8 AL A iR
Rem. g5 REIR, MUATIE, By, AR VA
i, WCREHR(R 1, Entries 1~3), M24LL 3,3",5,5'-PU#L
13-4 4 BEOR BR (DQ)E S S AL TRI IS, e 2 m) BLIA B
51%(F 1, Entry 4), 24LL NFSI NEAAE, Bk
68%(3 1, Entry 5).

FEAG AT B AN [R] 4548 DA B2 H 7 308 R 28044
FEREAT T VPA, AR AR = AT (R 1, Entry
6), WHBK, [RINREREAH R4 4 AR RGREI P 4 52
it 22 3o G 2% R =k MU AR SEAZ AR L R AE R PR AR
1) EAIE R =), 248 = R = AR, B
TARFERRE = E MR LAANEE 1, Entry 7), ¥RTLATS
BRI H RIS RN 2,4,6- = SR IER,
R KT 95%(K 1, Entry 11).

R RBEFRL

Table 1 Optimization of reaction conditions

o cat. NHC
@/\)LH + H\O/Oj< oxidant, base w j< w j<
solvent, r.t.
1a 2a
_ C1: Ar=2,6-Et,CgH3
g =N +BF4 czf Ari Mes =
\7N\A C3: Ar=Ph M _N /N\M
C4: Ar = CgFs esT s Nes
c C5: Ar = 2,4,6-Cl3CgHy B
Entry ¢ Cat. Oxidant Base Solvent th  Yield"/% of 3a Yield’/% of 4a

1 C4 Phenazine K,CO;4 Toluene 96 <5¢ —
2 C4 Azobenzene K,CO;4 Toluene 96 <5¢ —
3 C4 Acridine K,CO;4 Toluene 96 <5¢ —
4 C4 DQ K,COs Toluene 96 51 —

5 C4 NFSI K,CO; Toluene 96 68 —
6 B NFSI K,CO3 Toluene 48 21 8

7 C3 NFSI K,CO4 Toluene 72 28 Trace
8 C2 NSFI K,COs Toluene 12 90 8

9 C1 NSFI K,CO; Toluene 12 82 13
10 C4 NFSI K,COs Toluene 48 92 Trace
11 C5 NFSI K,COs Toluene 12 97 Trace
12 C5 NSFI Et;N Toluene 12 Trace 0
13 C5 NSFI DBU Toluene 12 53 Trace
14 C5 NSFI KO7Bu Toluene 12 45 Trace
15 C5 NSFI NaCO;, Toluene 48 66 Trace
16 C5 NSFI Cs,CO5 Toluene 12 79 Trace
17 C5 NSFI K,CO, DCM 12 85 Trace
18 C5 NSFI K,CO;, CHCl, 12 86 Trace
19 C5 NSFI K,CO;, Dioxane 48 34 9
20 C5 NSFI K,CO;4 THF 48 18 Trace
21° C5 NSFI K,CO; Toluene 12 83 Trace

“ Reaction conditions: A mixture of 1a (0.20 mmol), 2a (0.60 mmol), oxidant (0.24 mmol), catalyst (5 mol%) and base (0.4 mmol) in the solvent (2.0 mL) was stirred
at r.t. for 12 h.” Isolated yield. © Determined by crude NMR. ¢ Reaction conditions: 1a (0.40 mmol), 2a (1.20 mmol), NFSI (0.48 mmol), K,CO3 (0.8 mmol), catalyst

(2 mol%) in toluene (4.0 mL) was stirred at r.t. for 12 h.
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TE GG Bl 1)k 2 R R I, 48 EHLR KoCO; B
(£ 1, Entry 11), =Rk B EHE (KT 95%). 12418 H
Et;N 1EBSES (58 1, Entry 12), WIZEARBA=AEK. 25
XA [FIRR AL R VAl R B, 4 4 B U T
VI — 5 N FR L DYERIG IS (35 1, Entries 19, 20), #(
RHECAFAE, 25 RARE] 34%F0 18%HINCE. HEMER
FI R e i (3R 1, Entry 11).

5 LA A3 B0 s e A% AR St b, s A A7) 0 FH
BE 2 mol%, RMIWCEITEL 5 mol%Ht(97%)4 Fi
b, AR REARBIK T 80% IS .

12 RNHERYSEE

P ) AT e e s I A, AT TX T JE 470 ) FH
O AT VAL, 1SRN S AR AT DAL, B AT
FW, MBI R T DS . A R
THUCHE ) A EE I (Table 2, Entries 1, 3, 4, 5), BELAK
T 90%HI A3 B H bR =), UEH A 4 BT 2R
2-OMe. 4-OMe. 4-i-Pr BUACH] PIAEEE IS (Table 2, Entries
2, 6, 7), WREIKT 70%, Tmifd i E BT 1 RAERATAE
Y)s&(Table 2, Entry 9)n] LATF 2] 70%HI/= 2. M %%
IR, BINK)JEYI(Table 2, Entries 10, 11)WAREAREE. /%
BLEREE T & A R B R AT A, W
3-pyridyl BRI AT LLAF 2K T 90 17 % (Table 2,
Entry 8). HIULATCAE H, 1% BT RAERE S R A
B BT 3G YR, Fodr DL A W R (0 IR RO B
.

M R 77N, A% SRR T DR GF AT, 2405
B A W H T FE ]I (Table 2, Entries 14~16, 20, 21)
WA AR 4F, 207 3 Bl A 45 H 1 2 IR AR R AR
(Table 2, Entries 13, 18, 19). [AIi, Z43RISHIME QnZEek
2. 2-furyl LA 2-thienyl )% (Table 2, Entries 22~24)
BIR B R, OO H, RN O A i DA R PR
TS 1) SR 38 A AR e 14 3 PR S L
1.3 EEREIE R

T IR N G T, B T SCR A i AR
TEELASL, FRATIE 22 P e A i ik ) DA FH T e Jie
AR, KT R AR A B 1 2 A1 3 |
Studer VAL R, B et siE Mg, SRS I
JHe ST Fc T A K e 049 B e fie. AT TR FH PRI R T 2%
(TR A DA B 2 R I 28 IR R DR AT IR J 1 5 e, LA A
F—2i%(Table 3, Entries 1~4)8k 2% (Table 3, En-
tries 5, 6)VENIEAZIAT . 2503 M, #AT LIS 2T 1)
H A=Yt i, W 4.
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AR BRAZ UG IR 2 B AR i SR, 73— 22
BRI, B Breslow HaMAARYE FHAMIIER,
MARKRE p AT, SRR TR F, &
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BATCAEIR R 52 A7, NFST A AT SL 0 DAE
NIENE AT Fe SR, 1% b EA SRR, PR
B JEYINE AR A, R I SR A LN
T A BT R 5B, JF B 2 A7 =
fRZ 2 mol % 75 A 55 =i 7= #.(83%), X TN 1% M.
HISLFTE 7. S5 T 8% = 52 /INF ST A A4 2R H0HT Bt
o AP R LA S B2 T SR BT AT 7 1.

3 SRRy

3.1 UE5HH

'H NMR, *C NMR #1 '°F NMR #£ Bruker spectrom-
eters (400 MHz) ElliE(WAR A TMS, CDCly i 7).
HRMS H Finnigan/MAT 95XL-T #5335 450 i .
2y R B H R BTh TS A, At
REH—DAH; HENTRA 300~400 H 1t ENHE
Ji2.
32 HEEHAMK

Ar SR, ¥1b&% 1a (0.2 mmol)Fl 2a (0.6 mmol)
BT 2mL HZEH, IMARES R EMAF]. NFSLL Bx
FREF S NAR R, =i N 12~24 h, JEid TLC &
SN B NS TR K A e RN A R AT FR
B, U, JEDFH CHLCL Wedk, WRAGIEM, ET[HEF
N VCREE) @ V(LR LB =20 1 1~10 : 1], BiR&r
YI(E)-3- 7R 5 -2- TN M R ik 40U T IR (3a), TR 4L (iRl
A&, UE 97%. "H NMR (400 MHz, CDCl;) 6: 7.76 (d, J=
16.0 Hz, 1H), 7.54 (d, J=4.8 Hz, 2H), 7.43~7.37 (m,
3H), 6.41 (d, J=16.0 Hz, 1H), 1.38 (s, 9H); *C NMR (100
MHz, CDCLy) d: 165.4, 146.2, 134.2, 130.9, 129.1, 128.3,
113.3, 83.8, 26.3. HRMS (ESI) caled for C;3H;03Na
[M+Na]" 243.0997, found 243.0995.

A 3b~3y AW 3a TIEG R,

(E)-3-(2-Ti 5 2R J8)-2- TN I B i %0BU T R (3b): Bt
WRBAE, BE 94%. "H NMR (400 MHz, CDCl;) o: 8.18
(d, J=15.9 Hz, 1H), 8.08 (d, J=8.2 Hz, 1H), 7.73~7.61
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Table 2 Synthesis of zert-butyl perester

H t. C5, NFSI 0+
R« . o ‘ ca O/
R

O H-O KoCOg, toluene, r.t. 0
1 2a 3
Entry Product Yield/%"| Entry Product Yield/% | Entry Product Yield/%
OMe
7&( Cl
P OMO L
0-0 o—0
1 94 2 3c 83 3 3d 92

NO (6]
ata
3b
o) + ) + z +
4 3e
=
'
(o]
N\ / 5
3k

7 3h 84 8 3i 93 9 3] 70

F3C
94 5 3f 91 6 3g 72
N | = (o) < % (o)
O\o \O (e} ~0
o) + o) +

3( 8 e { >£

10 86 11 3 58 12 3m 89
(o] (0] (0]
§ H Y ) o 4
Oo—0 Oo—O 0—-0
13 3n 85 14 30 92 15 3p 98
(0] O (o]
M
)4 K o~ )4 —~ )4 K
O0—0 0—-0 O0—0
16 3q 99 17 3r 63 18 3s 89
MeO Cl Cl
(0] (o] (o]
{ < {H ~ L
Oo0—0 O0—0O O0—0
19 3t 85 20 3u 94 21 3v 86
O ] )
D A DY
o% s oo d o—o
22 3w 94 23 3x 85 24 3y 80

“The reaction was carried out with aldehyde 1 (0.20 mmol), 2 (0.60 mmol), NFSI (0.24 mmol), K,COj; (0.4 mmol), NHC (5 mol%) in the toluene (2.0 mL) at r.t. for
24 h. *Isolated yield.

(m, 2H), 7.61~7.52 (m, 1H), 6.34 (d, J=15.9 Hz, 1H), = HRMS (ESI) calcd for C;;H,sNOsNa [M+Na]" 288.0848,
1.38 (s, 9H); *C NMR (100 MHz, CDCly) 6: 164.0, 148.4,  found 288.0845.
141.4, 133.7, 130.8, 130.5, 129.3, 125.2, 118.9, 84.2, 26.3.
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Table 3 Synthesis of amide

0]

O  (1)cat. C5, NFSI, K,COs, HFIP, toluene, 25 °C 1
1 1
R1JLH (2)R'NH, (3.5 equiv.), 24 ~72h, rt. ~60°c R NHR
. 5
Entry Product Yield/%" | Entry Product Yield/% | Entry Product Yield/%
o)
o o NHBn
Q/VLNHBn /©)L NHBn
F cl OMe
1 5a 71 2 5b 72 3 5¢c 81
o) o) o)
N PN
N N N
SRR 0 jope:
cl cl
4 5d 61 5 5e 54 66

“ (1) The reaction was carried out with aldehyde 1 (0.20 mmol), HFIP (1,1,1,3,3,3-Hexafluoropropan-2-ol) (0.30 mmol), NFSI (0.24 mmol), K,CO; (0.4 mmol) and
NHC (5 mol%) in the toluene (2.0 mL) at r.t. for 12_h; (2) 0.7 mmol amine was added and the mixture was stirred at r.t.~60_"C for 24~72_h. *Isolated yield.

- A
o OH OH
/\/K(N /\)\(N Protonation /\/\(N
'\} N/>/ Ph ! y— . Pn ,\} pa
- ~ "N SO,Ph /N
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Q
;17"" Ph/\)KWNb/
N(\'\?/E oH_ | o AN
k4 g
N-N Ho /O\{/
o (0}
c
/\/lk Ph o~
Ph \~/ .
z N
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H...O ~N
o] D e

B L

Figure 1 Proposed mechanism

(E)-3-(2- AR B R IR)-2- I M B I S8 T 6 (3e): 78 C14H30sNa [M+Na]" 273.1103, found 273.1102.
PRI, K 83%. 'H NMR (400 MHz, CDCl;) J: (E)-3-(3-F R -2- I T ST iR (3d): kil
8.03 (d, J=16.2 Hz, 1H), 7.49 (d, J=7.6 Hz, 1H), 7.36 (t, Wifk, U 92%. '"H NMR (400 MHz, CDCl;) 6: 7.68 (d,
J=17.8 Hz, 1H), 7.01~6.84 (m, 2H), 6.51 (d, /=162 Hz, = J=16.0 Hz, 1H), 7.53 (s, 1H), 7.43~7.30 (m, 3H), 6.41
1H), 3.88 (s, 3H), 1.37 (s, 9H); °C NMR (100 MHz,  (d, J=16.0 Hz, 1H), 1.37 (s, 9H); *C NMR (100 MHz,
CDCly) d: 166.0, 158.7, 141.8, 132.0, 129.5, 123.2, 120.8,  CDCl;) J: 164.9, 144.5, 136.0, 135.1, 130.7, 130.3, 127.9,
113.8, 111.3, 83.7, 55.6, 26.3. HRMS (ESI) calcd for 126.6, 114.9, 84.0, 26.3. HRMS (ESI) calcd for C,3H;5ClI-

Chin. J. Org. Chem. 2016, 36, 105~112 © 2016 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 109
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0O3;Na [M+Na]* 277.0607, found 277.0601.

(E)-3-(4-( = 90 25 ) 25 35 )-2- T 1 TR i S B T i
(3e): A, WE 94%. mp. 60~62 C; 'H NMR
(400 MHz, CDCl3) 0: 7.77 (d, J=16.0 Hz, 1H), 7.74~7.58
(m, 4H), 6.48 (d, J=16.0 Hz, 1H), 1.38 (s, 9H); °C NMR
(100 MHz, CDCls) &: 164.8, 1443, 137.5, 132.1 (q, J=
32.5 Hz), 128.5, 126.1 (q, J=3.8 Hz), 125.3 (q, J=270.8
Hz), 116.1, 84.1, 26.31 (s); ’F NMR (376 MHz, CDCl;) 6
—62.92. HRMS (ESI) calcd for Ci,H;sF;0;Na [M+Na]"
311.0871, found 311.0866.

(E)-3-(4-F0 R 58 )-2- T M g 0k 4800 T TR (3M): vt
WAk, R 91%. "H NMR (400 MHz, CDCl;) 6: 7.72 (d,
J=16.0 Hz, 1H), 7.53 (t, J=6.2 Hz, 2H), 7.09 (t, J=8.0
Hz, 2H), 6.33 (d, J=16.0 Hz, 1H), 1.37 (s, 9H); *C NMR
(100 MHz, CDCly) §: 165.3, 1642 (d, J=250.4 Hz),
144.9, 130.5 (d, J=3.3 Hz), 130.2 (d, J=8.6 Hz), 116.2
(d, J=21.9 Hz), 113.1 (d, J=2.2 Hz), 83.9, 26.3; ’F NMR
(376 MHz, CDCl;) 6: —108.8. HRMS (ESI) caled for
Cy3H,sFOsNa [M+Na]* 261.0903, found 261.0901.

(E)-3-(4- AR 8- 2- TN I R Ik 8B T i 3g): %
EHRIBA, WE 72%. 'H NMR (400 MHz, CDCl;) o
7.71 (d, J=15.9 Hz, 1H), 7.49 (d, J=7.9 Hz, 2H), 6.91 (d,
J=17.9 Hz, 2H), 6.27 (d, J=16.0 Hz, 1H), 3.84 (s, 3H),
1.37 (s, 9H); *C NMR (100 MHz, CDCl;) d: 165.8, 161.8,
145.9, 130.0, 127.0, 114.5 110.6, 83.7, 55.5, 26.3. HRMS
(ESI) calcd for Ci4H;304Na [M—}—Na]+ 273.1103, found
273.1102.

(E)-3-(4- 7 TN FE 2R J6)-2- A M R ik S U T 6 (3h):
FOAK, BE 84%. 'H NMR (400 MHz, CDCl3) 6: 7.74
(d, J=16.0 Hz, 1H), 7.47 (d, J=8.0 Hz, 2H), 7.25 (d, J=
5.5 Hz, 2H), 6.36 (d, J=16.0 Hz, 1H), 3.03~2.80 (m,
1H), 1.38 (s, 9H), 1.26 (d, J=6.9 Hz, 6H); *C NMR (100
MHz, CDCls) d: 165.6, 152.2, 146.3, 131.9, 128.3, 127.1,
112.1, 83.6, 34.1, 262, 23.8. HRMS (ESI) calcd for
C16H»,05Na [M+Na]" 285.1467, found 285.1462.

(E)-3-(MEWE-3-J%)-2- A R I 00T R (3i): 38t
ARIAE, W% 93%. "H NMR (400 MHz, CDCl5) 6: 8.75 (s,
1H), 8.61 (d, J=4.6 Hz, 1H), 7.84 (d, J=7.4 Hz, 1H), 7.73
(d, J=16.1 Hz, 1H), 7.40~7.28 (m, 1H), 6.47 (d, J=16.1
Hz, 1H), 1.36 (s, 9H); °C NMR (100 MHz, CDCl;) o:
164.7, 151.5, 149.9, 142.5, 134.5, 129.9, 123.9, 115.6,
84.0, 26.3. HRMS (ESI) calcd for C;,H sNOs;Na [M—|—Na]+
244.0950, found 244.0947.

(E)-3-FHARZE -2- TR I R It S8R T B8 (3j): 28 i iR
Wifk, W 70%. '"H NMR (400 MHz, CDCl;) o: 7.65 (d,

110 http://sioc-journal.cn/
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J=15.9 Hz, 1H), 7.03 (s, 1H), 7.02 (d, J=7.8 Hz, 1H),
6.81 (d, J=7.8 Hz, 1H), 6.22 (d, J=15.9 Hz, 1H), 6.01 (s,
2H), 1.36 (s, 9H); >C NMR (100 MHz, CDCl3) §: 165.6,
150.1, 148.5, 145.9, 128.7, 1249, 111.1, 108.7, 106.6,
101.8, 83.7, 26.3. HRMS (ESI) caled for Ci,H;sOsNa
[M+Na]" 287.0895, found 287.0891.

(E)-3-(Z5-1-25)-2- TN BRI S0RU T TR (3K): % A drtR
WAk, W 86%. 'H NMR (400 MHz, CDCl5) d: 8.61 (d,
J=15.8 Hz, 1H), 8.19 (d, J=8.3 Hz, 1H), 7.92 (d, J=8.2
Hz, 1H), 7.89 (d, J=8.1 Hz, 1H), 7.78 (d, J=7.2 Hz, 1H),
7.66~7.41 (m, 3H), 6.51 (d, J=15.8 Hz, 1H), 1.41 (s,
9H); *C NMR (100 MHz, CDCl3) J: 165.3, 143.2, 133.8,
131.5, 131.5, 131.1, 128.9, 127.2, 126.5, 125.5, 125.3,
123.4, 115.9, 83.9, 26.4. HRMS (ESI) calcd for Cj;H,;50;-
Na [M+Na]" 293.1154, found 293.1151.

(E)-3-(3&-9-J5)-2- TN M BRI S0 T BR(3): 25 itk
Witk U 58%. '"H NMR (400 MHz, CDCl;) 6: 8.73 (d,
J=16.2 Hz, 1H), 8.48 (s, 1H), 8.22 (d, J=8.5 Hz, 2H),
8.03 (d, J=8.2 Hz, 2H), 7.56~7.48 (m, 4H), 6.43 (d, J=
16.2 Hz, 1H), 1.43 (s, 9H); *C NMR (100 MHz, CDCl;) ¢:
164.8, 143.7, 131.4, 129.5, 129.1, 129.0, 128.8, 126.7,
125.6, 125.1, 122.5, 84.0, 26.4. HRMS (ESI) calcd for
C,1H0sNa [M+Na]™ 343.1310, found 343.1306.

(2EAE)-2,4- ) CROE SBUT BR(3m): 3 ik
Wik, WCE 89%. 'H NMR (400 MHz, CDCl3) 6: 7.37~
7.26 (m, 1H), 6.23~6.17 (m, 2H), 5.75 (d, J=15.1 Hz,
1H), 1.87 (d, J=4.8 Hz, 3H), 1.34 (s, 9H); >C NMR (100
MHz, CDCly) J: 165.8, 146.4, 140.8, 129.8, 114.1, 83.6,
26.3, 18.8. HRMS (ESI) calcd for C,oH;,0;Na [M+Na]"
207.0997, found 207.0992.

3n~3s, 3u~3x YHEHEE 5 A ks —50°.

3- R IR AR I 0B T R (3t): V4 38 (A R Ak,
% 85%. '"H NMR (400 MHz, CDCl5) d: 7.53 (d, J=8.0
Hz, 1H), 7.50~7.45 (m, 1H), 7.36 (t, J=8.0 Hz, 1H),
7.15~7.09 (m, 1H), 3.86 (s, 3H), 1.42 (s, 9H); °C NMR
(100 MHz, CDCl3) d: 164.6, 160.0, 129.8, 129.1, 121.5,
119.8, 114.1, 84.2, 55.7, 26.4. HRMS (ESI) calcd for
C,H,60,Na [M+Na] 247.0946, found 247.0941.

R AU T BE (y): 2 (R A4, 1L 80%.
'H NMR (400 MHz, CDCl;) 0: 7.61 (dd, J=1.7, 0.8 Hz,
1H), 7.20 (dd, J=3.5, 0.8 Hz, 1H), 6.53 (dd, J=3.5, 1.7
Hz, 1H), 1.39 (s, 9H); *C NMR (100 MHz, CDCl;) ¢:
157.2, 146.9, 141.6, 118.6, 112.0, 84.6, 26.3. HRMS (ESI)
caled for CyH;;O,Na [M + Na] " 207.0633, found
207.0630.
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3.3 EERMERK

Ar K F, Bib&4 1a (0.2 mmol) Il HFIP (0.3
mmol)¥F T 2 mL AR, AN ZEE AR E M.
NFSI. BREREF I NVAR R, Zild TR 12~24 h, J@id
TLC A& 5 07 T 58 S I 45 5. 5 Ml iy B i o i e 7
&, EEREL60 C, AIIE R M) 24~72 h, i
I TLC Al B & ) M 45 AR, H & b ik [ Mk &
BEATHRE, 1LUE, JEVEA CHL.CL, PRk, IRZGIEW, T
[BEWLF VCAMEE) @ MR BR)=5 1 1~2 & 1] R4
P2 W) (E)-N-"F 55 -3-(4- 5 R 5 )-2- T4 M ;i (), 3 €[]
&, W 71%. mp. 116~118 C; 'H NMR (400 MHz,
CDCl;) 6: 7.63 (d, J=15.6 Hz, 1H), 7.45 (dd, J=8.6, 5.4
Hz, 2H), 7.37~7.25 (m, 5H), 7.04 (t, J=8.6 Hz, 2H), 6.35
(d, J=15.6 Hz, 1H), 6.07 (s, 1H), 4.56 (d, J=5.8 Hz, 2H).
C NMR (100 MHz, CDCl3) d: 165.8, 163.7 (d, J=250.3
Hz), 140.3, 138.3, 131.2 (d, J=3.4 Hz), 129.7 (d, J=8.4
Hz), 128.9, 128.0, 127.7, 120.4 (d, J=2.2 Hz), 116.05 (d,
J=21.8 Hz), 44.0; '°’F NMR (376 Hz, CDCl;) 9: —110.6.
HRMS (ESI) caled for C;¢H;FNONa [M + Na] *
278.0957, found 278.0955.

WA Sb~5f ZHENEDY Sa TTEA K, PEEL
W5 B kAR IE — 2

% B4 B (SupportingInformation)  Fi & S Hi L&)
ff) "H NMR, "C NMR PAK "F NMR B[, ik s}y
LA 2 MAS F1] 9 3345 (http://sioc-journal.cn/)_E R %K.
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