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Tetrabutylammonium lodide Promoted Thioetherification of
Arylsulfonylhydrazides with 4-Hydroxycoumarins
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Zhu, Fuyuan

Abstract A facile approach for thioetherification of 4-hydroxycoumarins with arylsulfonyl hydrazides promoted by tetrabu-
tylammonium iodide in the presence of hydrochloric acid was developed generating a series of 3-arylthio-4-hydroxycoumarins
in 65%~94% vyields. Broad scope and easy availability of substrates, simple operation and high yields of products are the

advantages of this method.

Keywords arylsulfonyl hydrazide; 4-hydroxycoumarin; thioetherification; tetrabutylammonium iodide

TIAE VAL SR A R B T R D RE A R
BB RN, Ht C—S SRR B
eG4l C—S S LA H M. 8. W%E )RR
FI- AR vE 2 5 IR, R AL gy
17125 HEA ) B SR BT P O 05 L A A 858 i 5 i A5 0
TFR B =R ) C—S T, IR BH
Ptk frg iR

75 SERRE L Ak rT DLE I 75 RO B ER 3 A 5 R
IEB TR RSzl C—S BEMME. 5 Ml %
Ty REEEE SRR AR b, 7 IR A Ak EE
N RREMER S RN SRR 2, ATEAE— R B IR
IR IR, UTSSAER, 5 IEREIE O N —Fh K AR IR
O AR T C—S #M . 2013 45, HAILR
RV YRR TE T R LR BRI AL S N R R . B
Singh %0015 g2 7 DU G JE A0 2 2, e (0 Ik A S
2014 4F 3 [ A WA IFD Zhao HEEH 40 R IE T K
FLRE T B-ZE M) R A, M F) Bt B A S5 7 F SI2 56 45

* Corresponding author. E-mail: yanzh@ncu.cn

A-FRHEBGFRR—REZENEAIUE . PLE AP
FAEZ MRS, T BB e A RS
P, NI AT AR 4-7BEEGS RS RATEY. 4-5
B R R ERA R B R H A ) — AN 7 1. 2016 4,
Lee WAIZH HRAE T 4-F2 3 75 5 R AR EL1E T AN 4
TATBE IR R AL S B, AT TR TE — PP AE S B AR T 4-52
HEE RGN, B 4-525 & 581D T 3k
e | R R AR R AE F T R 5 A I D ) B L R B, AR
R RAER T 3-FHi-4-FRHEE TR
1 ZR51e
1.1 RREFHHML

Bk, PLA4-F3E 7§ & (1a, 0.3 mmol) Xt B 3k 4 it
I (2a, 0.36 mmol) A, 1, (0.15 equiv.)FIXT HI 21
I (p-TSOH, 1.0 equiv.) AR INFA, FABLRER], £
SR 120 CB6 h, LL62%1) 7= A Hh 15 2] H
FRred 3-XH RS H-4- A/ R (3a). BiJE, R T
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6 A R A AN — Bl A S P VE IS N S5 ()
B2 (Table 1, Entries 1~7). 4d FIBAL A0, Bifkie. R
A . ZBRBE [PhI(OAC) AT DY T 35 Ak i i)
P 3a BIFRERAUN 21%~45%. 2448 DU T SEpk
(TBANS, /=¥ 3a /= Z g mH] 67%. Hutnl W, fEpr%
SICMAF UL RR A, DT SRR 1 R
HBERCR BT, T RH G T AN E BRI I AE A i3k S Ty
T F 540 (Table 1, Entries 8~11). SZIG 45 R, AN
PR VS 0 R OB A R R Rg e, Horh LSRR (T
TN 6% ERIR) 1E s e HESUR B AR, PR
3a [P R m B T 75%. IR AN [EE I B B
FsZma I R B, 406 SRR A HOARAE T I, & A
AR 8K 3a 4 li(Table 1, Entries 12, 13). 4LIF % 2
SRR, 3a B> 245 H 9 46%F1 26% (Table 1,
Entries 14, 15). fHULRI W, 75T S0 JLFERIF, =
PRIRE R BCR . AT FT T 55 B R IR Ak 1) i N i
XiF 2 S 840 (Table 1, Entries 16~18), 455 &, XfH
RBEE I I I, PR AT BT, M
R RBEMFHAL

Table 1 Optimization of the reaction conditions

OH SO,NHNH; OH
catalyst S
_—
solvent

(O ©) temp. (O ©)

1a 2a 3a

2a/  Temp./ Yield

Solvent . .
v equiv. © %

Entry Catalyst  Acid

1 I,  p-TsOH i-PrOH 1.2 120 62
2 KI  p-TsOH i-PrOH 1.2 120 21
3 NHJ p-TsOH i-PrOH 1.2 120 29
4 1,05 p-TsOH i-PrOH 1.2 120 40
5 PhI(OAC), p-TSOH i-PrOH 1.2 120 36
6 TBAI p-TsOH i-PrOH 1.2 120 67
7  TBAB p-TsOH i-PrOH 1.2 120 45
8  TBAI CF;COOHi-PrOH 1.2 120 37
9 TBAI  HCl i-PrOH 1.2 120 75
10 TBAI  HBr i-PrOH 12 120 67
11 TBAI HI  i-PrOH 1.2 120 59

12 TBAI HClI  AcOH 1.2 120 Trace
13 TBAI HCI DMSO 1.2 120 Trace
14 TBAI HCl  Toluene 1.2 120 46
15  TBAI HCI MeCN 1.2 120 26
16  TBAI HClI i-PrOH 15 120 78
17 TBAI HClI i-PrOH 2.0 120 81
18  TBAI HClI i-PrOH 25 120 80
19  TBAI HClI i-PrOH 2.0 130 81
20 TBAI HClI i-PrOH 2.0 100 68
21°  TBAI HClI i-PrOH 2.0 120 80

2 All reactions were carried out in a sealed tube with 1a (0.3 mmol), TBAI
(0.15 equiv.), acid (1.0 equiv.), solvent (2.0 mL), in air, 6 h. Solated yields.
¢ Under nitrogen.
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&4 2.0 equiv.il, 3a (75K 81%. b4k, FEE [ R
6.7 (5% (Table 1, Entries 19, 20). 4558, 465
Fri®] 130 CH, RBSCRAB &L, T 24 & B FE PR
F| 100 CH, 3a By~ Z i TR, h 68%. &, W
TR IZ R BN 2 AU (Entry 21), 7EZUAETF,
FEY) 3a [FE AR 80%. LR BT, Stk RN
la (0.3 mmol), 2a (0.6 mmol, 2.0 equiv.), TBAI (0.15
equiv.), HCI (1.0 equiv.), 5 AEE(2.0 mL)JyiAHl, 120 C,
RAETE AU RN 6 h.

1.2 YA

TERIF B R AR, o 4-F3 34 5 3R 0 Je i
oL < 1] FRO B A S S P EAT 1B 5, AR LR 2.
M 2 R R LA, 6-FHk-4- 2B 75 T ORI 6-1R
-A-F2 R A TR RE SO0 HORTEEE SN, I DL R
PR FIBRERL =4 (3b, 3¢). 45K B 2,4- 553
WM 3 P T BRI IS, I DA eh 85 AR A B T AR R
7= 3. BE— BT TEACIL, AL IR AR
L) L RONEXT S RIS I AN R, TEi8 & 2 ]
(2L, FPEEE. BUT ISR TR, & IR,
ZHTFIE)IRELL 79%~93% 117 5 AL AR L A TR K AL
74 (3e~3K). I3 HEBHIME IR I ) UL BT e ()7 &
XN — R RS, 24 BURIE AR AR AL R E) L, AH S
FEYIRE SRS BT R B (BRI 3m). FRATH A T — AN 4R
TR TR k() -2- BB A 4-0 67 5 RN RO, 45
L 69%%25 T AHRLIK = (3n). BRI, Bl
LS ANIE & T IX AR e A S N
1.3 RNAIERYT

NTHRERNAE, AT — R 5 H0 IR S5
(Scheme 1). &, T T H BRI R, 48R,
1E 1la F 2a e MiAR & HOINN 3.0 equiv. PU R IR e &UR
WHYITEMPO)S, M=) 3a =2 IFEA I &1 AR
b, #E—18H 3.0 equiv. 2,4- LT HEXFH ZEBY(BHT)
T TEMPO B}, JR M7= HAMIREA BRI
SEIOF I Tz N REANEE B B RS S TP
TRBE R BLHLE], TERRIE RN Z AT, FRATTERT B R M
FUMAKT IR BE S a) T A I 1a, [N JE, 705
BEWRIF=Y) C (26%)F1 D (72%), SR )54 C F1 D 435
ERRUEIR N &M T 4-F3F T R (la) N, BIRErs 5
HFRr=9) 3a. DM hlsei R, 2 [ Bk &k
FR AT T A A AFAE IS DL, A A B K
AL AR R SRR AT T DY T SRR B AN AT LE A T
N, 3ar= KN 35%. TR AR KA BEAFTE(H DY T Ak
MARAERIE LT, 3a 2y 129%. b Al WL, Bk
SRR B VY T I A A AR A DRI, o SR PR R g 2 SR A
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Table 2  Generality of substrates

SO,NHNH,
R1 XX R2-1— O/

1(X=0, NH)

i-PrOH, 120 °C

TBAI, HCI iil\)\I \O
R2

3(X =0, NH)

\mmrﬂugﬂkm©

3b (78%) C (84%)
3f (83%) 39 (79%)

3d (65%) 3e (85%)

5@@“}@@

3h (82%) 3i (93%)

m@[ﬂocmjmm

3j (81%) 3k (87%)

SRy

3n (69%)

31 (67%) 3m (74%)

OH
CKIS\/\/\/\/\
O (6]

30 (trace)

#Reaction conditions: 1 (1.0 mmol), 2 (2.0 mmol, 2.0 equiv.), TBAI (0.15 equiv.), HCI (1.0 equiv.), i-PrOH (2.0 mL), 120 °C, in air, 6 h. The reaction was conducted

in a sealed tube. Isolated yields.

BT, AN, 4 NAR b la FIPU T 3R RAL S FAS AR AE
i, 2a T NEEHFESRRAE T KA N AR C (62%)
D (19%). 4 Mk R la FMIERFREAAEER, 2a T
J N EE TP AE DD T BRI B R F R [RIRE R AR S AR I AR
B C (21%). K 6 50of HE S I6 45 SLFN LUAE: (1 4H 5 STk
3 BT SR AT 3% R HLER AT T A BRI 3
(Scheme 2). 1Z N ATREVS K BB AN I&AE. 1ok, 2a EK
A N TR T In# £ C F1 D, il 272 A4 11
C M1 D ¥JReH S lafEH 4 152 3a. Hix, C RN &
RECH AL A7 B8 TS A OB TR D, A= BRI B S 3 —
R 2a A C. XA TSR 1 VU T Bk # (i i3k

() 4-F5 375 . 2 (BRI AL SR
2 45ig

AT FERE R A BRIR, DU T B L s A R gk ), 7R
TRIRAFAE I SEIL T 4-F2 & H R 1 C-3 Milid b
B7, DL 65%~94%[1) /= 245 B — R | 3- 75 S Hs-4- R I A
SRAEY. ZINERARYEET JFERSRIE 515
R A T (50 R =40 72 2R iy SR R
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3 SIS
3.1 X5

'H NMR J C NMR &y Agilent 400 1% i 3EHR1X,
TMS /£ NI #%, CDCls B# DMSO-dg E 7. SE36FT i
VSR A5 FH I 22 e R AR BV R R bR 7 2 AT B FH 1
BRI 4-F2 5 T R S AT T . 2R
ik B LT A SRR SOk & RO ARE TS T GFosy T
fig, ¥EEMHEFT 200~300 H ke, WS AT 60~
100 HAHREERR, JEFFINA Rl 208 206 BITE G 7.
3.2 XWHE

76 25 mL EE R RN 4-373EEFE£0.3
mmol). 75 R IE0.6 mmol, 2.0 equiv.). PO T 3EmifL
£(0.15 equiv.). L2 (36%, 0.3 mmol, 1.0 equiv.)F15F A
B£(2.0 mL), 7£ 120 CHIZAMF FRML 6 h. REZE RS,
A SN R A R a0, 10 mL K FRRE, SRR A &
FREREEL (10 mLX3). A IFE A, FICKBREREN T 1.
IEyE, e 2R AR B LA, TRE SRR A E
oy, VRN A B R 2B (VIV =10/1), 15
P 3-FF I AE-4-RHF T R L HATEY.
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3.0 equiv. TEMPO

or 3.0 equiv. BHT
1a + 2a 3a

standard conditions
79% ~ 81%

2a standard conditions —@—#—S@ "
C (26%)

D (72%)

C + 1a standard conditions 3a

85%

D + 1a standard conditions 3a
78%

no TBAI
1a + 2a — 3a
standard conditions

35%
no HCI
standard conditions
12%
no TBAI

tandard diti c+b
standard conditions ., 19%

1a + 2a

no HCI

standard conditions 219%

Reaction conditions: 1a (0.3 mmol), 2a (0.6 mmol), TBAI (0.15 equiv.),
HCI (0.3 mmol, 1.0 equiv.), i-PrOH (2.0 mL), 120 °C, in air, 6 h. In a
sealed tube. Isolated yields.

B 1 sk

Scheme 1 Control experiments

(0]

% [Ref. 17] O
—@—S—NHNHZ - S-S +

o i-PrOH b

2a A c
—< >—s—s—< >—

D

1a TBAI + HCI 1a
3a / c k D ;—> 3a

[Ref. 17] [Ref. 18]
[Ref. 9] I,

HI, HOL N,  2a

B2 N SRR
Scheme 2 Proposed reaction mechanism
3-[(4-H FEFEIL)HFL-4- 2 FFH E R (3a): LHlHE
&, W% 81%. m.p. 161~162 ‘CCHkMED mp. 160~
161 °C);'H NMR (400 MHz, DMSO-dg) d: 7.92 (dd, J=
8.0, 1.6 Hz, 1H), 7.72~7.64 (m, 1H), 7.42~7.33 (m, 2H),
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7.08 (t, J=8.0 Hz, 4H), 2.21 (s, 3H); *C NMR (101 MHz,
DMSO-d) o: 168.46, 161.27, 153.39, 13558, 134.02,
132.64, 130.12, 127.33, 124.76, 124.68, 116.90, 116.12,
20.91.

6- I Jk -3-[(4- P 2 O 0 ) 35k )-4- F2 B T K (3b):
T A, U 78%. m.p. 180~181 ‘C(SCEAE™ m.p.
182~185 C);'H NMR (400 MHz, DMSO-dg) 4: 7.70 (d,
J=2.2 Hz, 1H), 7.47 (dd, J=8.5, 2.1 Hz, 1H), 7.27 (d, J=
8.4 Hz, 1H), 7.05 (s, 4H), 2.35 (s, 3H), 2.19 (s, 3H); °C
NMR (101 MHz, DMSO-dg) J: 168.47, 161.39, 151.52,
135.53, 134.88, 134.02, 132.66, 130.12, 127.17, 124.25,
116.69, 115.67, 95.36, 20.90, 20.78.

3-[(4- F BE A IE) 3 5 ]-6-1R-4- 7 He A/ % (3c): Lt
B4k, Y% 84%. m.p. 182~184 C(CkfE™ 183~
185 °C); 'H NMR (400 MHz, DMSO-dg) o: 7.98 (d, J=
2.5 Hz, 1H), 7.79 (dd, J=8.8, 2.5 Hz, 1H), 7.35 (d, J=8.8
Hz, 1H), 7.09~7.03 (m, 4H), 2.19 (s, 3H); *C NMR (101
MHz, DMSO-ds) &: 167.37, 160.90, 152.40, 136.24,
135.59, 132.47, 130.10, 127.33, 126.76, 119.30, 118.21,
116.34, 96.33, 20.91.

3-[(4-FH L F L) 3 K] -2, 4- Ihk —§(3d): (a4,
5% 65%. m.p. 295~296 C(SCEMEDY 295~297 C);
'H NMR (400 MHz, DMSO-dg) &: 11.57 (s, 1H), 11.09 (s,
1H), 7.86 (d, J=8.1 Hz, 1H), 7.52 (t, J=7.7 Hz, 1H), 7.27
(d, J=8.3 Hz, 1H), 7.15 (t, J=7.6 Hz, 1H), 7.02 (d, J=8.4
Hz, 2H), 6.98 (d, J=8.2 Hz, 2H), 2.17 (s, 3H); *C NMR
(101 MHz, DMSO-dq) J: 165.62, 162.06, 139.42, 134.95,
133.55, 132.43, 129.92, 126.86, 124.20, 121.93, 115.64,
114.68, 101.39, 20.88.

3-FFI-4- I/ E K (3e): LM, Wk 85%.
m.p. 196~198 C(CHAMED 197~198 C); 'H NMR
(400 MHz, DMSO-dg) &: 7.93 (dd, J=8.0, 1.6 Hz, 1H),
7.74~7.64 (m, 1H), 7.44~7.34 (m, 2H), 7.30~7.08 (m,
5H); *C NMR (101 MHz, DMSO-dg) J: 168.90, 161.32,
153.45, 136.31, 134.13, 129.53, 126.57, 125.96, 124.79,
124.71, 116.94, 116.08, 94.67.

3-[(4-FAR LR IE) S L] -4- 2 L/ B K (3): Ll
&, W% 83%. mp. 122~123 C (k" 123 ~
125 C); H NMR (400 MHz, CDCls) 6: 7.88 (dd, J=8.2,
1.8 Hz, 1H), 7.62~7.55 (m, 1H), 7.38 (d, J=8.8 Hz, 2H),
7.33~7.26 (m, 2H), 6.78 (d, J=8.6 Hz, 2H), 3.72 (s, 3H);
3C NMR (101 MHz, CDCly) &: 166.13, 161.01, 159.64,
153.44, 133.67, 132.14, 124.37, 124.24, 123.41, 116.85,
114.98, 113.96, 99.10, 55.34.

3-[(4-H T R AR SR ]-4- 25/ &K (30): Ll

Chin. J. Org. Chem. 2019, 39, 1175~1180
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&, UKZE 79%. m.p. 206~208 C (3Cik(H " 207 ~
209 °C);'H NMR (400 MHz, CDCl,) 6: 7.90 (d, J=6.7
Hz, 1H), 7.61 (t, J=7.1 Hz, 1H), 7.37~7.22 (m, 6H), 1.24
(s, 9H); *C NMR (101 MHz, CDCl;) &: 166.72, 160.93,
153.56, 150.74, 133.82, 129.44, 128.76, 126.45, 124.40,
124.28, 116.92, 113.89, 95.75, 34.49, 31.16.

3-[(4- AR K ) FiHE]-4- 70 3 A E K (3h): o (B [ 4,
% 82%. m.p. 188~190 ‘C; ‘H NMR (400 MHz,
DMSO-dg) d: 7.93 (d, J=7.8 Hz, 1H), 7.68 (t, J=7.8 Hz,
1H), 7.42~7.33 (m, 2H), 7.25 (dd, J=8.6, 5.2 Hz, 2H),
7.11 (t, J=8.7 Hz, 2H); *C NMR (101 MHz, DMSO-d¢)
J: 168.64, 162.35, 161.30, 159.93, 153.43, 134.07, 131.77
(d, J=3.0 Hz), 124.48 (d, J=8.1 Hz), 116.90, 116.60,
116.38, 116.17, 95.51. HRMS (ESI) calcd for CysH1oFO3S
[M+H"]289.0329; found 289.0340.

3-[(4-E PRI S I ]-4- 52 3 & F R (3i): LB E A,
5% 93%. m.p. 187~188 C (k™ 187~188 C);'H
NMR (400 MHz, DMSO-dg) &: 7.93 (dd, J=8.0, 1.6 Hz,
1H), 7.69 (ddd, J=8.8, 7.3, 1.7 Hz, 1H), 7.43~7.34 (m,
2H), 7.30 (d, J=8.6 Hz, 2H), 7.19 (d, J=8.6 Hz, 2H); °C
NMR (101 MHz, DMSO-dg) d: 169.05, 161.25, 153.50,
135.62, 134.15, 130.55, 129.36, 128.45, 124.83, 124.68,
116.94, 116.22, 94.43.

3-[(4-RIE) B L] -4- 2 B B R (3)): IRFE lEA,
W% 81%. m.p. 197~199 C(CCER{E® 197~198 C);
'H NMR (400 MHz, DMSO-dg) d: 7.93 (d, J=7.8 Hz,
1H), 7.69 (t, J=7.5 Hz, 1H), 7.46~7.33 (m, 4H), 7.12 (d,
J=8.2 Hz, 2H); ¥C NMR (101 MHz, DMSO-dg) o
169.09, 161.25, 153.49, 136.20, 134.18, 132.23, 128.71,
124.83, 124.70, 118.73, 116.95, 116.21, 94.29.

3-[(4- =5 PR R)H R 4-FHEFTRGBK): LE
[ 1k, Y% 87%. m.p. 183~185 C;'H NMR (400 MHz,
DMSO-d) d: 7.95 (d, J=7.9 Hz, 1H), 7.70 (t, J=7.9 Hz,
1H), 7.57 (d, J=8.1 Hz, 2H), 7.45~7.32 (m, 4H); °C
NMR (101 MHz, DMSO-dg) J: 169.63, 161.29, 153.61,
142.74, 134.26, 133.08, 126.39, 126.15 (q, J=3.7 Hz),
124.89, 124.69, 116.98, 116.84, 116.34, 93.06. HRMS
(ESI) calcd for CygHioF305S [M+H'] 339.0297; found
339.0291.

3-[(3-1R K HL) S -4- 2 5 A/ T K 3I): LA,
% 67%. m.p. 208~211 ‘C(CHkME" 208~210 C);*H
NMR (400 MHz, DMSO-dg) &: 7.93 (dd, J=7.9, 1.6 Hz,
1H), 7.71~7.64 (m, 1H), 7.44~7.28 (m, 4H), 7.23~7.14
(m, 2H); C NMR (101 MHz, DMSO-dg) J: 169.39,
161.37, 153.54, 139.47, 134.21, 131.41, 128.72, 128.44,
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125.50, 124.87, 124.68, 122.63, 116.97, 116.29, 93.66.

3-[(2-H 2 2R 3L ) 3 2 -4-F 2 T R (3m): o[
A&, W% 74%. m.p. 201~204 °C; H NMR (400 MHz,
DMSO-dg) d: 7.97~7.91 (m, 1H), 7.74~7.66 (m, 1H),
7.45~7.36 (m, 2H), 7.21~7.15 (m, 1H), 7.03 (dd, J=5.6,
3.4 Hz, 2H), 6.84 (dd, J=5.6, 3.5 Hz, 1H), 2.37 (s, 3H);
BC NMR (101 MHz, DMSO-dg) ¢: 169.02, 161.20,
153.48, 135.35, 135.18, 134.09, 130.57, 127.03, 125.57,
125.20, 124.72, 124.69, 116.94, 116.14, 94.17, 19.97.
HRMS (ESI) calcd for CigHy30:S [M+H'] 285.0580;
found 285.0587.

3-(MEWY-2-58) 5 A -4-F2 I A H R (3n): T A,
5% 69%. m.p. 189~191 °C(CHkEM™ 190~193°C); *H
NMR (400 MHz, DMSO-dg) &: 7.89 (dd, J=8.3, 1.6 Hz,
1H), 7.62 (td, J=7.5, 1.7 Hz, 1H), 7.49 (dd, J=5.3, 1.4
Hz, 1H), 7.37~7.29 (m, 2H), 7.26 (dd, J=3.6, 1.4 Hz,
1H), 6.95 (dd, J=5.3, 3.6 Hz, 1H); *C NMR (101 MHz,
DMSO-ds) &: 167.27, 161.14, 153.15, 134.11, 13353,
132.73, 129.89, 127.94, 124.84, 124.72, 116.85, 116.02,
98.58.

4- I BIRBARIAR S-(4-H LR 5L R (C): o talfl {4,
1% 26%. m.p. 75~76 C; 'H NMR (400 MHz, CDCl,)
d: 7.43 (d, J=8.1 Hz, 2H), 7.20 (t, J=8.6 Hz, 4H), 7.12
(d, J=7.9 Hz, 2H), 2.40 (s, 3H), 2.35 (s, 3H); °C NMR
(101 MHz, CDCl3) 6: 14459, 142.05, 140.31, 136.47,
130.19, 129.35, 127.56, 124.47, 21.68, 21.49.

Xt 28 TR R (D) R B ik, IR 72%. 'H
NMR (400 MHz, CDCI3) 6: 7.40 (s, 4H), 7.11 (d, J=7.8
Hz, 4H), 2.32 (s, 6H); *C NMR (101 MHz, CDCl,)
137.43, 133.85, 129.81, 128.48, 21.10.

= BhAF ElL(Supporting information) =% 3a~3n FlH
i fk C 5 D Mz HESLIR G Ak i, X EephklnT DL 7%
AT 35 (http://sioc-journal.on/) b R #.
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