This article was downloaded by:

On: 28 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

=
| 4
K

s ey ) s g

VT e Y S

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

S}l!flll‘, and http://www.informaworld.com/smpp/title~content=t713618290

Silicon

and the Related Elements

i Organosulphur Phosphorus Acid Compounds. Part 7. Preparation and

i g Analytical Identification of Difluorobenzylphosphono-Sulfonic Acids
1 E. Montoneri; P. Savarino; P. Quagliotto; F. Adani; G. Ricca

To cite this Article Montoneri, E. , Savarino, P. , Quagliotto, P., Adani, F. and Ricca, G.(1998) 'Organosulphur Phosphorus
Acid Compounds. Part 7. Preparation and Analytical Identification of Difluorobenzylphosphono-Sulfonic Acids',
Phosphorus, Sulfur, and Silicon and the Related Elements, 134: 1, 99 — 108

To link to this Article: DOI: 10.1080/10426509808545455
URL: http://dx.doi.org/10.1080/10426509808545455

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iiable for any | oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509808545455
http://www.informaworld.com/terms-and-conditions-of-access.pdf

16: 36 28 January 2011

Downl oaded At:

Phosphorus, Sulfur and Silicon, 1998, Vol. 134/135, pp. 99-108 © 1998 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam N.V. Published under license by
Photocopying permitted by license only the Gordon & Breach Science Publishers imprint.

Printed in Malaysia

ORGANOSULPHUR PHOSPHORUS ACID
COMPOUNDS. PART 7. PREPARATION
AND ANALYTICAL IDENTIFICATION OF
DIFLUOROBENZYLPHOSPHONO-
SULFONIC ACIDS

E. MONTONERI®", P. SAVARINO?, P. QUAGLIOTTO?, F. ADANI®
and G. RICCA®

Dipartimento di Chimica Generale ed Organica Applicata Universitd di Torino,
Corso Massimo D'Azeglio 48-10125 Torino, Italy, bDiparn'mema di Fisiologia
delle Piante Coltivate e Chimica Agraria, Universitd di Milano, Via Celoria 2—
20133 Milano, Italy and Dipartimento di Chimica Organica e Industriale, Uni-
versitd di Milano, Via Venezian 21-20133 Milano, Italy

(Received 6 November, 1997)

Fifteen new difluorinated ghosphonic and sulfophosphonic acids have been synthesized and
characterized by 'H, 13C, 3'P and '°F n.m.r. spectroscopy. The results are discussed in rela-
tion to previous work on monofluorinated acids.

Keywords: Sulphonation; difluorobenzylphosphonic acid; difluorobenzylphosphono-sul-
fonic acid

Fluorobenzylphosphono-sulfonic acids have been proven to be useful
intermediates for the synthesis of layered metal salts with good solid state
proton conductivity.! In this context, the availability of difluorobenzyl-
phosphono-sulfonic acids is desirable in order to synthesize perfluorinated
salts and investigate the full potential of fluorine on conductivity proper-
ties. The present work therefore reports the synthesis and characterization
of several difluorobenzylphosphono-sulfonic acids and of parent difluor-
obenzylphosphonic acids.

* To whom correspondence should be addressed.
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RESULTS AND DISCUSSION

The synthesis and identification of the title products was accomplished as
described in the Experimental Part. Previous work? on sulfonation of
fluorobenzylphosphonic acids by liquid SO3 at room temperature showed
that the reaction is selectively ruled by the ortho-para mesomeric effect of
fluorine. The same reaction with diflurobenzylphosphonic acids did not
occur as selectively, yielding in most cases a mixture of isomeric products
as shown in Figure 1. Sulfonation by concentrated H,SO, required higher
temperature (140-150 °C). The results showed that, regardless of the sul-
fonating agent, the reaction occurs selectively with formation of one com-
pound only starting from 1124 and 1126 isomers (Fig. 1). These compounds
have a carbon atom available for substitution in ortho to one CF carbon
and in para to the other CF carbon and, in addition, this available carbon is
in ortho to a third CH carbon. Thus, each of these two phosphonic acids
have one carbon bearing the highest electron charge density, and not being
sterically hindered. The other difluorobenzylphosphonic acid isomers do
not have this feature, and yield mixtures of isomeric products upon sul-
fonation. Specifically, compound 1135 has the C2 carbon in ortho to F3 and
in para to F5, but this carbon is sterically hindered by the CH,PO3H, sub-
stituent. In compounds 1123, 1134, and II25 the electron charge density is
likely to be more evenly distributed over the ring. In this case, the
favoured reaction site appears the one being in para to the fluorine atom
and, at the same time, the least sterically hindered. Sulfonation by sulphu-
ric acid gave similar results, but some changes of the products yield ratio
starting from 1123, 1125, 1134 and I135.

N.m.r. spectroscopy for products and reagents confirmed previous find-
ings obtained for fluorobenzylphosphonic acids®3 on the effect of SO;H
functional group on chemical shifts and coupling constants. Ranges of val-
ues for deshielding of aromatic and CH,P protons by SO;H in difluor-
obenzylphosphonic acids (Table I) are 0.37 < dd < 0.73 for ring protons in
ortho to SO3H, d8 < 0.37 for farther ring protons, and 0.61 < dd < 0.77 or
dd £0.16 for protons in CH,P bonded to ring carbon, being respectively in
ortho to or farther from SO;H. Effects on 31p chemical shift were none or
small. SO;H moves upfield the chemical shift of I9% resonance by 0.9-8.4
p.p.m., but the effect does not readily appear to be correlated with the rela-
tive position of the sulfonic and fluorine substituents.
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TABLEI 'H magnetic resonance data for diﬂuorobenzylphosphonic acids (II) and sulfonated
derivatives (IH): chemical shift (8, p.p.m.),? coupling constant (J, Hz)'J and deshielding effect
of SO3H substituent (d8, p.p.m.)¢

cr & cH, ring protons
H2 H3 H4 H5 H6

1126 &¢ 3.24 o 7.00 7.33 7.00
1126 B 21.32 ;h 786 722 7.86

1126 hL 722

1126 hi 2.20

11263 5 3.40 8 7.80 7.15
111263 I8 21.05 b 8.57 8.86
111263 L 7.36
111263 ¥ 2.50

111263 ds 0.16 047 0.15
1134 5 3.16 ! 7.15 7.15 7.15
1134 ] 21.00
111346 5 37 5™ 752 7.88
111346 ] 22.08 AL T _ 9.41
111346 v ¥ 7.49 8.38
111346 ¥ 2.85
346  db 0.61 0.37 0.73

24 5 3.18 & 6.97 6.97 747
1124 J8 215 L 8.71 - 8T
124 ¥ - 8.00
1124 ¥ 2.70 270 - 276
111245 5 3.33 & 7.19 7.84
111245 I8 21.04 L 9.80
11245 3 o T8
111245 ¥ 275
m24s 48 015 022 037
123 5 3.26 8 7.19 7.19 7.19
23 18 21.70
1235 s 3.41 3 , 7.67 - 7.67
1235 i 21.43 '
111235 ds 0.15 0.48 0.48
m236 & 3.90 & 735 7.81
111236 J8 22.10 It 9.73
111236 3 8.11
11236 ¥ 2.16

111236 dd 0.64 0.16 0.62
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o £ cH, ring protons
H? H3 H4 HS H6

135 5 320 3" 6.97 6.84
1135 i 21.9 L 8.5 9.25
11352 8 3.97 8 7.09 7.12
111352 8 22.56 L 9.49 9.49
11352 R 2.68
111352 dd 0.77 0.25 0.15
354 & 335
354 18 22.56 4
1125 b 3.22 7.44Y 7147 7.14Y
125 I8 21.86
1254 & 335 5z 7.59 732
111254 BE 21.72 3 8.97 10.07
111254 I 5.86 5.67
111254 ¥ 275
111254 ds 0.13 045 0.18

2 CH,/Hi signal area ratios = 2 for 2 <i £ 6 in each compound n.m.r. spectrum; ring protons
numbered as the bonded carbons in Figure 1.
b Omitted coupling constants could not be picked out or assigned due to the complex
multiplicity and/or overlap of signals arising from the resonance of different protons.
°dd =&y — &y » &y and &y are chemical shifts for the same proton, respectively in the
groducl and in the parent compound shown in Figure 1.
Compound; key to legends in Figure 1.
¢ Doublet.
f I;alse triplet for H3 and H5, multiplet of five lines, each split into a doublet for H4.
&< J(PH).
b Ortho HH and/or FH coupling constant.
! Meta FH coupling constant.
J PH coupling constant.
¥ False triplet for H5; doublet of triplets, each signal further split into doublet, for H4.
! Very complex multiplet from 7.13 to 7.33 p.p.m. containing over 22 lines.
™ Doublet of doublets for H2 and HS, but each signal further split into doublet for H5.
2 Triplet showing further splitting for H3 and HS, complex multiplet for H6.
3 JHH and ¢ JFH.
P Triplet for H3; triplet of doublets for H6.
9 Complex multiplet of over 17 lines from 7.12 to 7.26 p.p.m.
f Overlapping multiplets due to H4 and H6 resonances covering the 7.61-7.73 p.p.m. range.
¢ Broad multiplets.
'3 JFH. .
Y Broad multiplet containing at least seven lines for H2 and H6, and triplet showing further
splitting for H4; J < 3 Hz omitted. :
¥ Broad triplet for H4, and broad doublet of doublets for H6.
%4 JHH and/or * JPH.
* Ring proton signals masked by main isomer pattern.
¥ Complex multiplet of over 20 lines from 7.0 to 7.3 p.p.m.
Z Doublet of doublets for H3; doublet of doublets of doublets for H6.
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TABLE II Chemical shifts (5, p.p.m.) and coupling constants (J, Hz) from H
noise-decoupled 3P and !°F resonance spectra® of difluorobenzylphosphonic acids (IF) and
sulfonated derivatives (III)

31

Cpdb pe F2 F3 F4 Fs F6
1123 5 235 -143.9 -140.7
123 I(PF) 4.8
23 J(FF) 20.1 20.1
11235 5 232 -137.5 -136.0
I(PF) 27 50
J(FF) 20.0 200
11236 5 234 -135.6 -133.1
J(PF) 2.7 5.0
I(FF) 20.0 20.0
1135 5 218 -112.1 -12.1
11352 ] 25.0 -103.7 -106.7
}PF) 2.6 26
I(FF) 117 1.7
11354 5 23.6 -1109 -1109
134 5 243 1406 -143.6
J(FF) 20.6 206
11346 5 2438 1342 -139.
1(PF) 18 5.0
J(FF) 23.0 23.0
1124 5 24.0 -115.0 -115.0
11245 5 24.1 -107.6 -114.0
IPF) 44 6.0
J(FF) 11.6 116
25 5 234 -121.0 -124.5
11254 5 232 -1215 -118.8
254  J(PF) 45 23
254  XFF) 18.0 18.0
111253 5 235 -122.7 -117.6
1253 (PP 45 23
I(FF) 18.0 18.0
26 5 229  -114.65 -114.6
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Cpdb 3pe F2 F3 F4 FS F6
1126 IPF) 43 43
1126 IFF) 18.8 18.8
111263 5 23.0 -108.1 -1120
263  I(PF) 44 4.4
163  JFP 9.4 9.4

® Omitted J values could not be picked out due to low resolution; other legends as in
Table L.

EXPERIMENTAL

Physical Measurements. 'H (at 200 MHz) and '3C (at 50.288 MHz) n.m.r.
spectra were recorded on Bruker AC 200 spectrometer. 31P_ (at 80.961
MHz) and 9p (at 188.154 MHz) n.m.r. spectra were recorded on Gemini
200 Varian Aerograph spectrometer. Solvents were D,0 for Il and MeOD
for II at room temperature. Sample concentration was ca. 10 % w/w. IH
and '3C chemical shifts were measured in p.p-m. from internal 1 % w/w
2-methyl-2-propanol (MP) and converted into values referred to TMS by
adding, to the measured 'H and 13C values, 1.29 and 31.30 p.p.m. respec-
tively for the H and '3C chemical shifts of the methyl group in MP from
TMS. 3!P chemical shifts are in p.p.m. from external 85 % w/w H;PO, in
D,0. °F chemical shifts were measured in p.p.m. from external fluor-
obenzene and converted to values from CFClj, the difference in chemical
shifts between these two reference compounds being 113.6. CFCl; could
not be used as reference due to overlap of its resonance chemical shift with
that of the investigated compounds. Conversion of chemical shifts from
fluorobenzene to chemical shifts from CFCly was performed in order to be
able tc2) compare experimental data from this work with data from previous
work.

Preparation and characterization of II and III. The phosphonic acids (II)
and the sulfonated products (III) were obtained respectively from parent
difluorobenzylbromides (Aldrich reagents) and by sulfonation of II with
liquid SOz under similar conditions reported for other phosphonic acids
and sulfophosphonic acids.? Both II and III were shown to decompose or
melt with decomposition at 180-300 °C. All products were characterized
by N.m.r. Chemical shifts assignments and product identification was per-
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FIGURE 1 Structure and distribution of product isomers in the synthesis of difluorobenzyl-
phosphono-sulfonic acid. Reagents and product isomers throughout the paper are identified
by the Roman numeral corresponding to the empirical formula, followed by two or three digit
Arabic numerals identifying respectively the two fluorine bearing carbons and the carbon
bonded to sulphur '
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formed as reported previously.2 Calculated 13C chemical shifts for Il were
obtained on the basis of the additivity of substituent effects, starting from
the experimental values of the parent II and adding the SO3H effect at each
carbon, i.e. 14.9 p.p.m. at the carbon bearing the C-S bond, and 2.4, 1.1

and 3.6 at the ortho-, meta- and para-carbon respc:ctive:ly.2

Missing experimental details are as previously reported. >3

TABLE III C magnetic resonance data for difluorobenzylphosphonic (II) acids and
sulfonated derivatives (I11):? experimental chemical shifts (5f, p.p.m.) and coupling constants

(J, Hz) from 4 noise-decoupled spectra, and calculated chemical shifts (S¢, p.p.m. )

Le magnetic resonance data

ring carbons

PCH,

ci c2 c3 c4 cs c6
1123 S 1246 1504 1521 1163 1253  128.1 28.7
1123 JPC) 88 8.5 136.5
123 LyFC) 2413 2464
123 2(FC) 140 128 128 171
111235 8 1249 1520 1514 1155 1406 1257  29.2
111235 5. 1257 1540 1532 1139 1402 1257
111235 IPC) 110 132.5
111235 J(FC) 2557 250.6
m3s  4cH 10 10 123 196
111236 & 117.3 27.6
111236 8. 1222 1515 1557 1174 1231 1430
111236 21(FO) 16.9
1135 & 1390 1139 1643 1028 1643 1139 358
135 IPC) 85 72 72 135.0
1135 5cR 246.2 246.2
1135 2J(FC) 25.8 25.6 258
1135 3iFC) 832 127 12.7
111352 & 1364 1276 1624 1058 1645 1166 329
111352 5. 1366 1288 1619 1039 1679 1150
111352 I(PC) 131.0
111352 1)CR) 253.6 253.6
352 2AFC) 27.0 21.8
111352 35CP) 13.2 12.9
111354 5 1411 1156 156 332
111354 5. 1430 1150 1619 1177 1621 1150
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Be magnetic resonance data

ring carbons

PCH,

cl c2 c3 c4 cs c6
111354 J(PC) 130.8
1ss4  4(FC) 24.8 248
1126 8 1111 1628 1122 1297 1122 1628 233
126 IpC) 8.7 8.5 8.5
1126 1)(CPh) 247.5 247.5
1126 2CH 200 24.0 24.0
1126 3ep 8.5 9.5 8.5
111263 & 11200 1589" 12821 1297 130 1644t 236
11263 5, 1122 1604 1271 1273 1133 1664
111263 JPC) 106 1346
111263 3 (el 249.1 2542
111263 LEFC) 206 16.4 252
nme3  3(Cp 10.6
125 8 1238 1585 1192 1175 1600 1159 287
125 IPC) 8.7 6.8 8.8 137.0
1125 (P 2416 241.1
125 2)CFH) 178 26.3 216
1125 e 87 8.5 8.8
111254 8 1273 1559 1212 1314 1574 1169 293
11254 5. 1274 1596 1168 1324 1576 1170
1254 IPC) 99 131.6
111254 J(FC) 246.8 244.1
254 2(CH 264 254 18.1 27.3
111254 3eR 99
111253 & 154.5 1158 1588 1230
111253 3. 1249 1561 1341 1150 1611 1195
11253 I(CF) 2445 254 2480 268
1124 8 1178 1635 1045 1625 1122 1340 280
1124 IPC) 100 11.3 1382
1124 i ((83) 245.5 245.5
1124 2CH 189 26.2 224 5.2
1124 3)CP 114 11.3
111245 & 1179 1640 1070 160.1 1281 1328 285
111245 5. 1189 1672 1055 1601 1273 1316
111245 ICP) 75 1345
111245 (83 251.8 252.7
245  A(CFh 219 26.6 14.6
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e magnetic resonance data

ring carbons

PCH,
cl (o7] c3 c4 cs c6

111245 3I(CF) 123 12.3
1134 8 1274 1181 1530 1506 1198 1321 35.1
1134 I(CP) 135.4
1134 1(CF) 2454 2437
1134 2(CPH 16.8 10.1 10.1 173
134 35(CF) 52
111346 8 1294 1189 1526 1496 1221 1400 322
11346 8, 1250 1192 1566 1517 1174 1470
111346 J(cp) 133.8
11346 11(CF) 2509 2487
11346 2J(cP) 19.7 120 123 19.1

2 Compounds legend and carbon atoms numbered as in Figure 1; quaternary carbon atoms
identified from 'H noise-coupled '*C spectra.
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