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Degradat:on Studies of Cyanex 301

Philippe Marc?, Radu Custelcean?, John R. Klaehn?,
Dean R. Peterman?, Laetitia H. Delmaul*

, » CYANEX 301, whose major component is Bis(2,4,4-trimethylpentyl) » Degradation experiments: ,.
dithiophosphinic acid, is a well-known commercial extractant. All the sample were stirred at 25°C, using a rotating wheel.

| » Thevarious applications of this extractant have led to many studies on its -~ | » NMR analysis: R
| stability in very different media. The volume of each sample was 500l | |
! All the NMR analyses were run with a 0.1M H;PO, in D,0O insert:
| » When CYANEX 301 is contacted with nitric acid, a survey of the literature v Thelock was done on D,O
ey suggests many different degradation products: v The signal corresponding to the phosphorous atom of H,PO, was used as a reference and | =
'_ CYANEX 301 has been thought to degrade directly in its oxo-equivalents CYANEX 302 and ‘ TWOSi?ltS?:uanFt)en(t)sp Ihrzrt]ve been used:
LR CYANEX 272. v The Bruker Avance 400 has been used for most of the analyses
More recently, a commonly accepted consensus appeared, assessing that the degradation of [ v The *P {*H} homodecoupled NMR analyses required three channels on the amplifier, and |~
R : . e . : have been conducted on a Bruker Avance 11l 400 Sy T

oA this molecule follows a two-steps process, the first step consisting in the formation of adimer | »~ ER
e ; made of two molecules of CYANEX 301 linked by a disulfide bridge resulting of the ‘ | | f—;‘a_:;}i?ﬁ.
e condensation of the —=SH groups of the two molecules. S
But, as far as we know, no study has ever clearly
sl identified this compound.
.|  Tnis poster presents the identification of this compound which has been made |+ RIS
using 3P {H} NMR analysis.

» 0.1M CYANEX 301 in toluene has been contacted with 1M HNO; for 3 hours. The » Degraded CYANEX 301 exhibits a complex multiplet at 8, = 80ppm. An increase of
: organic layer was then sampled and analyzed using 3P {{H} NMR. the number of scans (ns = 256) and the lowering of the line broadening value (Ib =
, > The obtained spectrum has been compared with those of pristine 0.1M CYANEX 0) has led to a clear spectrum of the degraded product. G
... 301intoluene, and of 0.1M CYANEX 302 and 272, also prepared in toluene. | » Despite the apparent complexity of the spectrum, a symmetry centered on the
The comparison exhibits a complete degradation of CYANEX 301, but invalidates ..+ | central peak in the position and integration of the peaks appears. This analysis |7

obtaining CYANEX 302 or 272 as degradation product. has also Ied to |dent|fy three peaks as smglets the other one being doublets.
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ISOI\/IERICAL LY PURIFIED CYAN EX 301 XRD ANALYSIS AND IMPACT ON THE DEGRADATION
> BIS(2 4 4 trlmethylpentyl)d|th|ophosph|n|c aC|d possesses two asymmetrlc > The ISsomeric purlflcatlon has a clear |mpact on the 31P {1H} NMR spectrum of CYANEX
-1 carbons, leading to four possible combinations: [R;R], [S;S], [R;S] and [S;R]. 301. It appears that each of the two peaks obtained for the racemic mixture corresponds |

.| Thefourisomers are present in equal proportions in the primary mixture. to a couple of enantiomers.
’ » An isomeric purification of this primary mixture has led to the first crystalized » The isomeric purification results also in a huge difference on the spectrum of the RERN
] CYANEX 301 ammonium salt: \ degraded product.
The crystal was found to
belong to the monoclinic C2/c
space group.
The crystal contains a 50:50
mixture of the RR and SS
enantiomers. Anions of the
same chirality (RR or SS) form
N-H---S hydrogen-bonds with
the ammonium cations,
e resulting in two-dimensional
PRl layers in the crystallographic
ab plane (Figure 1).
S Finally, layers of opposite
chirality alternate along the
W crystallographic c axis,
packing via van der Waals
i interactions (Figure 2).
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%4 » The superimposition of the | > Depending on the nature of the asymmetric carbons of the linked alkyl chains, the [ -
two spectra clearly shows phosphorous atoms can exhibit three different asymmetric characters:

that the removal of [R;S] A S S
| and[S;R] isomers has led to — ¢ Degraded purified CYANEX 301 e Non-Asymmetric {NAs} when the two
B ’ — : Degraded isomerically purified CYANEX 301 |0 . = asymmetric carbons have ‘ ‘ T ‘ ‘ T P S
S a spectrum where only the R e

central peak remains, with the same descriptor ([R;R] or [S;S]) \\“ / \ / \"’Rs
.~ small traces of other peaks {R} or {S}, defined by using an adapted
e (probably due to traces of SRS version of the Cahn, Ingold and Prelog
| [R;S]and [S;R] isomers still rules:
| present). | — | S A

——->

combinations of asymmetric carbons on the alkyl chains. It was also noted that

FRC R R v" P=S defines the axis and direction SR
;~ P | | | h\ /\ l TRy W R R
- .-_?‘?‘-_ . . ‘ || ‘I ||I || I| ' ’;.; ".‘;_ ‘if?i. 4 :_"7;-_:-;'.‘
..o This comparison shows that I T ‘t\ |'|,.'|| |"'.|"| | | AR v P-S has the priority on alkyl chains il
B the multiplet thal ned for | M | A |'. ;‘ | I | ,' | 3 v" An [R] chain has the priority on an [S] S P> B
~24 degraded purified CYANEX 301 | || \ eyl 21
“ : has for Qr|q|n the different S _;mm__f/ \k»J _ Y , RS 2 :’
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Degradation Studies of Cyanex 301

Philippe Marc?!, Radu Custelcean?, John R. Klaehn?, Dean R. Peterman?, Leetitia H. Delmau'*

PHOSPHOROUS ASYI\/II\/IETRY IN THE DISULFIDE
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> Given these rules, all the possible combinations of asymmetric carbons and their > These results have then been refined taking in account the symmetry of the |[.

Impact on the asymmetry of the phosphorous atoms, have been determined, leading disulfide, and grouped by phosphorous asymmetry. For each case, a probability of
to 16 different possibilities, presented in the table below. formation of the corresponding compound is given considering a racemic mixture
Phosphorusd  Phosphorus@ PBsymmetry Allocation of the four isomers of CYANEX 301, and an equiprobability of association of the

[R;R] [R;R] {NAs;NAs) Asymmetry® (P;P,) different isomers when condensing to yield to the disulfide.
[R;R] [S;S] {NAs;NAs} Phosphorus@ [Ri;R:] Case Comments Probability@fflormation

[R;R] [R;S] {NAs;S} Phosphorus [R3;R4] Made@ffiwo@nantiomersH[S;S];[S;S]}AndF[R;R];[R;R]}And@heir
[R;R] [S;R] {NAs;R} {NAs;NAs) diastereosimers,Bvhich@refdnfact@neinolecule[R;R];[S;S]}Hal
’ rotation@ives®[S;S];[R;R]} )P ossibility@o@istinguish@hel
: : : diastereoisomers@nMMRHNBome@ases.
[S;S] [R;R] {NAs;NAs}

[S;S] [S;S] {NAs;NAs} S S NAcRyangd MadeBfdnlyBwoRnantiomersH[R;S];[RRI}AndH[R;S];[S;S]}, Bheser]
[S;S] [R;S] {NAs;S} { RS,Ng n twolpossibilitiesAre@quivalentfconsidering@®ne®@nantiomer, AR 4
[S;S] [S;R] {NAs;R} {R;NAs} rotation@an@hange@NAs;R]An{R;NAs],Anditeversly).

Made@f@nly@wo@nantiomers@[S;R];[RR]}And[S;R];[S;S]},Bhesel]|

L 3 1 2 -
. . . \\ / ‘y _ ,
[R;S] [R;R] {R;NAs} R 1\ / \ \ / Ra {NAs;SjEndE twolpossibilitiesAre@quivalentfconsidering@ne@nantiomer, Q2 4

[R;S] [S;S] {R;NAs} H2 S——S R4 {S;NAs} rotation@an@hangedNAs;S]An{S;NAs],And@eversly).

[R:S] [R:S] (R;S} SRS

[R;S] [S;R] {R;R} Each@ffhese@woossibilitiesfs@nadelvith@nly@®nefnoleculeitAsh ux’(
’ ’ ’ {R;R}@ANndR | impossiblefo@istinguish@he@wo@hosphorusi@Bvhenheyhavelhel 1Each I .‘
{S;S} samelBtereo-descriptor).fR;R]AnddS;S|@Arefldouble" poe ; ;,
[S;R] [R;R] {S;NAs} diastereoisomersE@onsidering@lkyl@hains,Andfhosphorus. rf?,
[S:RI [S:S] {S;NAs} Ll
[S;R] [R;S] {S;R} {R;S}AndE | Thesel@woossibilitiesArednfact@®nly®neinolecule.The@ouplesl 2 <o
[S;R] [S;R] (S;S} {S;R} {[R;S];[R;S]}@AndA[S;R];[S;R]}Are@quivalent.
T RN L s S e R LSS e L Ly s g A o a e (SR A B L e e S I S S R SR d {J",
» It has not been possible to ascribe a side for the {R} and {S} phosphorous atoms. » To validate that the origin of the doubled peaks is a coupling between two ?
That’s why they are designated with the letters {X} and {Y}. phosphorous atoms, we have run 3P {IH} homodecoupled NMR. The principle of |« "
» The attribution has been done considering that: these experiments Is presented below:

: . o v o - o « o 0o o . S [rradiation on the resonance 0 0

Coupling occurs only - =3 % i - i o i 0 ” ) frequency of one of the two “_Ll1<—“—> le, vy

between two 7 T Y T | O T Y | R\“\/ S—g \:Rs phosphorous (P, here) 5 R \S—S/ N /Rs R
stereoisomerically different \ / \ j \ l ) ks b
phosphorous atoms ‘ ‘ ‘ FE
Considering the mixture as - -

racemic, the integration of {NAs;NAs} . . The irradiation of one phosphorous nucleus will

! : ! The stereoisomeric difference between the ke i : ional on th . e T

the peaks must fit the two phosphorous nuclei induces a coupling _maxe lts associate signal on the spectrum e

: - . disappear, and suppresses the coupling with P, M

formation probability resulting in two doublets. turnine th dine sional int nolet B o
Considering a given (R S or . . - . .U.I'l’lll’lg e correspondaing 51gna INto a Singiet. ’

! » It Is possible to observe a loss of multiplicity on the peaks directly around the |7 =

NAs) phosphorous atom, N hich i | g lled Bloch Steric Eff
the impact on its chemical Irradiate one, whicn iIs nprma , dna calle OC ter__rEc ect. .
shift when bridged to a Peak turning in a singlet i
stereoisomerically different {NAs;Y} [Y:NAs}{Y:Y} Irradiation e gl i
phosphorous is all the X; NAS} {NAs;X} ¥ S ' RS . fAeEA

R more important as the {X;X} X ¥ v S
T difference of the chemical s 3 ] ! B
shifts of the associated ML J\)L/k v L A gl R
N shonet singlets is important. 1 2 1 2 4 2 AL {NAS X} LM L AUl e
s ] | | | | ranae] (X NAS} - {NAsy} {YXNAs} {  © XX}
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> Degraded CYANEX 301 was sent to Galbraith Laboratories for eIementaI anaIyS|s
| > Oxygen was not analyzed due to the presence of phosphorous atoms in the
compound.

1> Mass percentages were calculated for the disulfide, and also for all the possible
;i oxo-equivalents of the disulfide.

> Role of the acid and oxidizer: ~ Impact of the atmosphere:

Time@ontacted Atmosphere Analysis@fter@Bhours S MR

CYANEX®BO1@ontactedBvith 30@ninutes 3Mours Openfo@ir CD "-‘}:‘.»‘;5',;;. 1y

IM&C - ND Sealed@inder@ir CD (BT

IMENO, PD CD Sealed@inder@r ND s
1MBINO,BA O0mMmMaNO, CD -

1M@NaNO ;&FA0mMmNaNO, - ND

ND EiINo@Degradation
PDEPartial@egradation
CDEIfomplete@egradatior

Results match the disulfide formation

100% +

® Analyzed mass percentages

- | > Proposed reaction equation:

90% -+ ® Calculated mass percentages (disulfide)
80% - ® Calculated mass percentages (-S +0)
® Calculated mass percentages (-2S +20)

NO3_ + 4 H* + 3e e NO + 2 HzO 2

70% -+
60%
50% -+
40% +
30%
20%
10%
0% -

Calculated mass percentages (-3S +30)

Calculated mass percentages (-4S +40) — > P P + 2e¢ +  2HT 3

6 /| + |2NO; | +| 2 HY| ———

SH

Mass percentages

S
!:! +|2NO|+ 4H,0
L

Mﬂﬂmm NO + 1/,0, > NO, (1)

» Displacing equilibrium (1) NO 4 N N H20 ) o 2) 2
> Refueling the solution with 0+ NO; = 203 — 02 ,’J<

Role of the oxidizer

Role of the acid | «<—

Carbon Phosphorous Hydrogen Sulfur

18 2t
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Elements oxidative reagents (2) and (3) 2N0:—>1N; 04 S HN 0, + HNO; (3) SRR
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1M HNO3 + 0.1 mM 1M HNO3 + 0.1 mM

» 10mM of each Compound  Timecontacted nawo, compound Time contacted o, » ldentification of the degradation product:
compound ﬁ P hour T @ﬁ P hour P First time 3'P NMR analysis was used to study the degradation of CYANEX 301. 3
prepared %P\S” + b : \ troun : The hypothesis of the formation of a dimer of two molecules of CYANEX 301 linked by a
freshly have 24 houe : | 21 hours : disulfide bridge has been validated by the identification of the degradation product using \

elemental analysis. »*‘
The 3P {IH} NMR spectrum has been thoroughly explained, the last point to figure out being
the exact attribution of {R} and {S} phosphorous nuclei. o

S : Me : 0
b een us ed fo I 30 minutes 30 minutes PD (33%)
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d eg rad atl on 8 hours - e 8 hours -
. 24 hours - 24 hours -
wit h 1M HN 03 5 30 minutes o 30 minutes

| : .
+0.1mM GP ~— s 21;:;1 I 1 hour PD (very light)

TTsH 2 hours CD
4 hours 4 hours -
NaNoO, Q
8 hours 8 hours -
24 hours 24 hours -

FaC
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QP\SH 21;01“ I 21;‘0‘" oD (50%) Identification of two compounds remaining intact after 24 hours of contact.
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» Impact of some parameters on the degradation:

Demonstrated need of both an acid and oxidizer for the degradation to take place.
Identification of a role of the atmosphere, probably of oxygen, in the degradation process.

» First survey of the stability of some other substituted dithiophosphinic acids:

FsC 30 minutes 30 minutes
S
I 1 hour i 1 hour
i
TsH 2 hours P— o 2 hours CD R T AT R AL TN 7 :.,...__.‘_ ; i :.,..r__"‘_ P 7 - ¥ 7 B A R AT L R T AT R AR =

iy 4 hours 4 hours - P g
FiC 8 hours 8 hours - ot 1 L SRR . ..
24 hours 7<7J 24 hours : | We are thankful to Mike Brown from Bruker for writing the pulse program, and for
BRI his precious help for the homodecoupling NMR experiments.

No Degradation

PD (X%) Partial Degradadtion (estimation "with the eyes" of the degraded amount) ._v.' *,1“-
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