MJS 24.07.07

ionite?

te ...

Passmore Group Seminar: Who Cares About Dith

ioni

tation on sodium dithi

ia ci

Wikiped

Background

o R
21|25 2|IEWLLE]Y
{=3es Ul [g80) BB g o3 a7
SpIEIEH

S0 IOD0S

[}

-
(=2

Z

L8]

i

-

(L]

|oycajE ul S|gnjosul

pljos . ws B gLz

saadold

e lGaLd]

g T

S |DaEN

SHEfHDY NG

SE[oyns Wnipog
spynsoipdy wnipag
FEpiY SUUTIYHP WNIPos

Sudygle
SUoEpnpsy

urjoipdiy

L

SHUOIIP WIpog

julod yse|d
sprETEY LB

Latalk e g}

=1Em

ul figne

ssEyd puE i1

soussESdd
SES LU SE [T

B|NLUIDY JE|Ma3 |2

SSEL BUID

+ENC

nes] SHUI| [ELISS
suuslg =

g 0s|e 2ag
wabe Bune|sun (njsen B9 SNUSILIE SU0JSESY) pUs 'uon 1o AIgn|os Su)

sousyUS o} ) SMONE [ W SuonED (E1ew E.u_mh_._.“ pUE -9 ¥2) UQl SPUSIYNDR Syl Jo Aiuiye Buchs sy | - uos 235,

SE Ol DalR]=i S| E Sl SJUSIYlID wnipos Ag pemenxs ucl| ‘sousH €|EisUIWw lu__.uJ___.n. JELUES Ul DSIeRCORC0U] 10U <1 1EUT

UCdl Jo JUNoWE S4] SWs]lan O] SQus |_.._;HuH| ..._.n_L..In._r. [1os dl p=sn USyo S SHUDIyiD winigos A |BUSIHEDY (4 HD 1B
| SJUSLWIIEIXS Yons Ul (B2 WSy mE_N_U_vnu uUg 58 pssn h.__m.."m_._ =l mn_Lm...wu_h...nﬂ“_ WINISSEIDH )

AU BER g Hd 1B AW 0T F-

~ 3} |enusiad xopas sucnnjos Bulseo| jo suesw B s8 guaswisdee ABojoslyd U1 pesn usyo S1 SHUSIYIP WNIRDS
11e2] §32Uads _mu_mﬂ_ﬂ_m
sucijEsi|dde yo 26uss apim syl sousy pue “Byswb g 1B g5 g7 ool Mo SH o)

S| GEINGINIE 268 320 =i 9] sEyie duew pue AydeiBooyd 'siswdod 'spoo) 'BUIES| UM PSUSOUSO SSINSNPUL UL P3SN
g punodwoo siyy Agsnpul 311631 34T 01 UCIIPPE U| S0rnos uol wnipos o Juabe Buneuoyns & se s=es=008d [EIRSNPUI

U| pSEn 29 OS[E USZ ) digs pus ‘Buiueas 'uciEsyung eeB JusLES FBIEM IO} PESN 30 O5|E UBD [EDIWSUD 514 |

‘Bud

B2 U||CEN PUE '|TDOa "UCHDOD

F;
dind s=ded ‘SouElsul #oy ‘Ul ‘YDBS|Q E 58 PESN 24 O5|B UED }| AHEND 0|00 ||ERsc Buisosd Aoy ‘'quswbid

SpUSILILN DUE 'SPIX0 |ENRISS ‘S4D 555012 S]EUILULIS OF|8 SHUCIYIIP WNIpos Jo SSIp=doid uoIonpss 34| 'JES |E18W

||EX|E 2|3N|0S-4S1EM E Ul BSONESS 37 UED 34D 2|0n|0sU SR SAAUSYlD UE Ssya s=essood Buldip

|Elg=npUl SIS

ul yon= s€ pn = }| sucin|os snosnte ul uade Buionpss g 58 pesn =0 UED DUE '1|8E B|gN|CS S1EM E 51 punoduioD S14 ]
[ps] fusnpu
ups] suone s ddy
SHUI| [BUSIXT §
5|8 355 T
s=ousps [exfooig
fnsnpy| |0
sucnEslddy |
1 susuog
Aoz + Totsten — uz + TosHENE
wonoess Suimo)oy =43 fg psuisigo =g
UBD }| "SUDIIN|CS DIOE Ul PUE FS1EM 10U U] 350 a3 yBnayye DI1IPUCO JSOLW FBPUN S|gEIS 51} FOpD snonyns

¥ESM% B UlM Fpmod SU1||815500 S1YM D1M0T § 51 (31yd|nsoipdl wnipos E;__._mn:_;_._ WINIPSS S58] HUSIYIR WNIPGS




DITHIONITE STRUCTURAL FEATURES

Fig. 1. Four possible structures of the dithionite ion.

From Meyer et al, J. Molec. Struct. 1982

WVarious Isomers of Dithionous Acid

TABLE 1: Average Bond Lengths (pm), Valence Angles
(deg), and 0SS0 Torsion Angles T (deg) of the 5,04~ Anion
in Various Dithionites As Determined by X-ray
Crystallography (for cis-S;04~ T = 0°; Site Symmetries Are
Given; py = pyridine)

cation =5 530 0-5-0 5-5-0 r0550) ref
Na* 2303 1502 108.6 29.0 16 (C2) 7
MNa*t(2H:O0) 2208 1304 1004 97.3 36 (C2) 10
Zn™{py) 2386 1514 1104 26.7 0 8
Sn** 2350 1510 109.8 96.6 =20 {0 g

The two most serious problems with the production of sodivm
dithionite are its high reactivity toward oxygen (O4) and its acid-
promoted decomposition, which at 20 °C and pH values near 6
proceeds basically according to eq 1 to give thiosulfate and
sulfite 12

28,0, + H,0 —~ 580, 4+ 2HSO, (1)

From Steudel et al, J. Phys.Chem., 1998.

DITHIONITE SOLUTION BEHAVIOUR

Peter and Meyer, J. Molec. Struct., 1982: Comparison of the Raman spectra of solid
Na,S,04 with aqueous solution determines that the solid state structure (C,,) changes to (Cyp)

when dissolved in solution.

Lough and McDonald, Inorg. Chem., 1987: Prepare TetraEthylAmmonium Dithionite

[TEAD] for the first time. They report that it is:

*Soluble in non-aqueous solvents (DMF, DMSO and acetonitrile, solutions are air sensitive)
*Yellow solid and is brighter yellow as purity increases (EPR solid ~ 1% radical SO,-).
*EPR examination of TEAD solutions indicate that a solution equilibrium exists between the

dianion dimer and the radical monoanion:

2026 [Inorganic Chemistry, Vol. 26, No. 13, 1987

Table I. Values of K for [8:0,]* = 2[S0.])" in DMF, Me.SO.
and MeCM ar Ambient Temperature

init [S,04]%
solvent® conen, mM Ko mM
DMF 0.93 g
(36.7) .32 204
21.1 44,0
26.4 453
932 49.8
Me,S0 1.30 10,3
(46.6) 13.0 15,3
130 5.2
MeCh 1.44 2004
(36.2) 11.2 107
14.4 81
112 EN ]
144 3.5
H 08 L4 » 10°¢
(78.5)

#Dielectric constant in parentheses. From: Schneider, R. L. Easi-
man Org. Chem, Bull, 19758, 47, 1, *From rel 1.

Koy =[SO,/ ([8:04* Jin: — 0.5[S0,7])

{]

With initial [S;0,] ~ 0.1 M
Keq ~ 0.050 M in DMF

X = (-0.025 + 0.144)/2
And [SO,] ~ 0.06 M ?

With [S;042]~ > 0.07 M ?

How is it possible to have Raman of only
S,04%" under these conditions?




Hodgeman, Weinrach and Bennett., Inorg. Chem. 1991:Using samples provided by
Lough and McDonald confirm Meyer et al with dianion structural preference for C, in both

aqueous and non aqueous solution (see below).
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Figure 2. Raman spectra of (a) solid Na,S,0,, (b) aqueous Na,S,0,,

and (c) solid (Et,N),5,0,.
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Figure 3. Raman spectrum of {EuN);SiD. dissolved in acetonitrile.
Peaks marked with an X are due to 5,0,

Inorganic Chemistry, Vol. 30, No. 7, 1991 1613

Centrosymmetric $,0,% in the Solid State

Table Il. Observed and Calculated Frequencies for 5,0, and Potential Energy Contributions of Internal Coordinates

contribution to potential energy, %

freq, em™'
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OTHER REPORTS OF SOLUBLE DITHIONITE SALTS

Mincey and Traylor, BioInorg. Chem., 1978: Sodium dithionite and 18-crown-6 react to
give a soluble product (“clear” solution) and evaporate to a white solid that is not distinguished
from a simple mixture of the two reactants by IR, 1-H NMR and elemental analysis. Preparation
of soluble solutions with other crown ethers and with [NR4]+ (R = Me or But) were described as
less successful due to problems with purity.

Camps, Coll and Riba, J. C. S. Chem. Commun, 1979: Sodium dithionite solutions for
biological testing were prepared by addition of Adogen 464 [methyl, trioctyl ammonium
chloride] as a phase transfer reagent and indicate that previous solutions with simpler phase
transfer reagents were unsuccessful.

THEORETICAL CALCULATIONS ON THE DITHIONITE ANION

YEAR | GROUP | LEVEL COMMENT
1982 Passmore | CNDO/2 Not even close to reality. Need higher
/ Schriver level calculations

<1993 | Bennett |STO-3G/431-G Positive eigen values (not correct)

1989 Zerner 3-21G* Rotation of S-S bond requires very small
energy change. Staggered conformation

and the lowest energy rotamer.
Con -> Cy, AE = +38.5 k]
MP2/3-21G*//3-21G | “ We believe that further refinements
in the basis set will not change these
values greatly.”

1993 Bennett | LCAO- Xa Rotation of S-S bond requires very small
energy change calculated structures
related to vibrational spectra.

1998 Steudel MP2/6-311++G-d,p | Calculations on H,S,;04, S-S bond rotation
in a shallow saddle point. Other isomers
examined.

2002 Passmore | UMPW1PW91/6- Not published, full optimization confirms

/ Du 31+G* previous work.
2007 Passmore | PBEO//6-311G(d) C2h is only true energy minimum
/Mailman | B3LYP Cah -> Cyy AE = +20 kJ
Cl < C2h < C2 < C2v(E) < D2h << C2v
2007 Passmore | PBEQ//6-311G(d) PBEO//aug-CC-pVQZ highest level of
/Mikko PBEO//6-311++G(d) | calculation and gives best match
aug-CC-pVTZ vibrational frequencies. The lower level
Aug-CC-pVQZz basis set (6-311G(d)) gave best match to
and B3LYP the vibrational intensities.

What we need from the theoretical calculations:

1. Structure / Geometry (fit experimental S-S distance and rotation) where “correct” calculation

gives fit with experimental geometry and vibrational frequencies and intensities

2. Good values for the IP / EA of the species involved in the reaction.

3. Energetics of monomer / dimer equilibrium in gas/solid phases for VBT analysis
4, Energetics of monomer / dimer equilibrium in solution 2 [SO,] <=> [S,04]*




PASSMORE GROUP SYNTHETIC INTEREST IN DITHIONITE

The Passmore group began using sodium dithionite in 1984 in the reduction of heterocyclic
cations in liquid sulphur dioxide. The insolubility of the reducing agent required large excesses
of the reagent be used in reduction but allowed for facile removal from the reaction mixture by
simple filtration. The reduction by-products were either insoluble [NaAsF¢] or the solvent SO,.

The dithionite reduction reactions were slow and in some cases did not “work” (the recovered
products were unreacted starting materials). It appeared that a pattern of reduction was related
to the lattice energy.

Cation m.p. (°C) Comment on reduction with Na,S,0, / SO,
HCSNSCH+ 216 (dec.) No reaction

HCSNSCCH3+ 195 (dec.) No reaction

HCSNSCCF3+ 162 (dec.) Reduction to complex mixture

CF3CSNSCCF3+ | 230 (dec.) Quantitative reduction

The H/H and H/CHj5 cations could be reduced in SO, solution by the combination of
NMe,Cl/SbPhs but the products could not be fully separated from the reaction mixture. In
general, a soluble reducing agent gives rapid reduction but difficult separation if the products
are also soluble. Our initial use of volume based thermodynamics to explain the observed
pattern were limited by the level of theoretical calculations (needed for IP / EA and ion
volumes) but did show increasing lattice energies for the smaller heterocycles leading to
decreasing favorability for the reduction with dithionite.

The synthetic consequence for these calculations was the proposal that a soluble dithionite
salt would offer rapid quantitative reduction in SO, solution and perhaps a simpler system for
separation of the products. The solubility of the dithionite should be directly related to the size
of the cation in the salt.

Mailman Preparation of TEAD, internal communication, 2007

A large excess of sodium dithionite (SDT) and tetraethylammonium chloride are loaded into a
vessel, sufficient SO is added and the reaction mixture is stirred overnight. The reaction
volatiles are removed to precipitate insoluble species generated in reaction. SO, recondensed
onto the reaction mixture and the soluble materials are removed by filtration and reduced to a
clear, yellow oil by evacuation. Dynamic evacuation with mild heating (T < 100°C ) produces a
beige, soluble solid that can be used as a soluble reducing agent equivalent. Note: large excess
of dithionite necessary since the reaction is dependent on the surface of the insoluble dithionite
salt and as insoluble NaAsF¢ generated further reaction is blocked.

Intended Synthetic Research By Schriver in Passmore Group Summer 2007

The use of volume based thermodynamics to explain the patterns of reactivity of heterocyclic
cations in SO, provides the weak basis for a publication. The paper would be stronger if ...

a) a series of higher level calculations could be used to provide insights into the reduction rxns
b) a soluble salt of dithionite could be produced and fully characterized (especially X-ray)

c) The soluble dithionite reacted with the suite of cations and new reaction schemes developed




Characterization and Raman Spectrum of "TEAD"” Produced in Passmore Group

A sample of TEAD (0.307g) provided by AM/MC was dissolved in SO2 (0.323g) to give a clear
yellow solution. The Raman spectrum was collected at Dal and MAU. No Raman peaks that
could be assigned to [S,04]° were observed in either spectrum.This is not a complete mystery
as there are a number of possible compounds that could come from the TEAD preparation that
would still be soluble and reducing without being dithionite.
Including: [NR4] SOs salt of decomposition or impurity in dithionite

[NR4] SO, salt of radical anion

[NR4] SO,-S0O, salt of reaction of radical anion with SO, (unknown but invoked)

Melting / Decomposition point of TEAD sample > 310 °C (not consistent with lit. and definitely
not an ionic liquid.)

A solubility test of the Passmore TEAD sample resulted in a thick yellow oil that on standing at
RT for two weeks precipitated clear colourless, thin rectangular crystals (currently in Stan
Cameron’s hands).

Recrystallisation of Sodium Dithionite

Commercial sodium dithionite is listed as being 85% pure. Meaning it is 15% impure. Several
procedures are published for the recrystallization of sodium dithionite. One author noted that
the purest dithionite obtained was ~90% and that “recrystallization did not much improve this
reaction”.

That said, the recrystallization of dithionite according to a literature procedure was done three
times and the product used in a preparation of TEAD with no observable improvement in the
reaction. This project needs a reputable analysis for dithionite to proceed (in progress).

Preparation of TEAD

An attempt to prepare TEAD according to the Mailman procedure without the large excess of
dithionite did not give the material normally called TEAD. The large excess is necessary.

Preparation of a soluble dithionite: Tetrabutylammonium dithionite [TBAD]

Lattice calculations indicate that the lattice energy of TBAD would be very low (potential for
ionic liquid or spontaneous formation of the monomer salt by S-S bond cleavage). One reaction
was done to explore the synthesis following the Mailman procedure. On warming to RT the
reaction mixture (SDT: 1.77g, 10.5 mmol; TBAC 0.286 g, 1.75 mmol; SO, 9.7 g) gave a clear
pink solution over a white solid. Separation of the soluble materials and evaporation gave a
viscous brown solid/oil (currently being characterized) no TBAC remaining in drybox (on order)

Preparation of a soluble dithionite: Silver dithionite

Na,S;04 + 2 AgAsFs > 2 NaAsFs + Agy5,04

Na,S,04 + 2 AngFs - 2 NaSbFg + A925204
It was agreed that the reaction to give Ag,S,04 was worth the attempt so the reaction was
attempted from two directions. There was an immediate reaction to deposit a black solid. All the
reaction products were insoluble and there was a net mass loss corresponding to the loss of two
equivalents of SO, based on the BCE above.




S,04 & > 250, + 2e- E° = 0.420 V
Ag:S,04 > 2 Ag + 2 SO, Agt +e- > Ag E° = 0.800 V
NET E°=1.220V

Something between a well trained Labrador retriever and a second year inorganic student could
have predicted this reaction but in general you have to try these things out “just to be sure”

Preparation of a soluble dithionite: 18-crown-6 dithionite

According to Mincey and Traylor (1978) sodium dithionite is soluble in water and alcohols when
mixed with 18-crown-6 in a 1 : 2.2 ratio. As an extension of this rather poorly described
reaction the reaction of 18-crown-6 according to the Mailman procedure for TEAD was done

twice.

2 C12H2406 Na,S,0,4 [C12H2406-Na]2S;04
18-Crown-6 —
FW = 264.32 FW =171.11 FW = 699.75

RMS07-9 2.41g 1.69g 2X excess dithionite
9.1 mmol 9.7 mmol

RMS07-10 |4.269g 10.96 g 8X excess dithionite
16.1 mmol 63.0 mmol

Both reactions (solids mixed in SO,) showed an immediate reaction on warming to RT to give
green or yellow solutions over white insoluble solids. Stirring at RT followed by filtration and
evaporation give thick red-orange oils (currently being characterized, RMS07-10 precipitating
crystals from oil).

Experimental Issues on the Characterization of Soluble Dithionites

Preparation: The point is to relate to dithionite chemistry in SO, but it is clear that all products
following the Mailman procedure initially give oils. It is possible that recrystallisation from a
different non-aqueous solvent will give the crystals.

Analysis: The literature reports two methods of analysis for dithionites:

a) Uv-visible analysis using the strong 313 nm absorbtion (e = 8000 Mcm™, but there is some
disagreement on the molar absorbtivity). b) chemical oxidation (essentially what we did with
silver) We need a facile, quantitative method to assess the purity of the dithionites that we
prepare.

NMR: Once we have solutions that have a reliable analysis for dithionite we can use Evan’s
method to quantitatively determine the amount of SO2- radical in the solutions produced.

Raman: A full Raman analysis of the solutions at various temperatures and concentrations can
give values for K¢q for comparison with literature work.

DSC: The calculated low energy conformational changes in the dianion may be revealed by
solid-solid phase changes and a true melting point may reveal an ionic / paramagnetic liquid.







