Electronic Supplementary Material (ESI) for Dalton Transactions.
This journal is © The Royal Society of Chemistry 2019

Supporting Information

Mechanistic insights of anionic ligand exchange anfiillerene reduction with magnesium(l) compounds
Samuel R. Lawrence, David B. Cordes, Alexandra Mslawin, Andreas Stasch*

EaSICHEM School of Chemistry, University of & Andrews, North Haugh, S Andrews, KY16 9ST, United Kingdom. E-
mail: as41l1@st-andrews.ac.uk.

Table of Contents

1 Experimental Section 2
2 NMR spectroscopy

3 X-ray crystallography 41
4 References 43



1 Experimental Section

1.1 General considerations

All manipulations were carried out using standawhl&nk and glove box techniques under an
atmosphere of high purity argon or dinitrogen. Bevg toluenen-hexane,n-pentane and THF
were either dried and distilled under inert gasrdv@lH 4, sodium or potassium, or taken from an
MBraun solvent purification system and degassedrpo use.H, **C{*H}, and *)P{*H} NMR
spectra were recorded on a Bruker AV 300, Bruketl A0 or Bruker AV IlIl 500 spectrometer in
deuterated benzene, toluene or THF and were refedeto the residudH or **C{*H} resonances

of the solvent used, or external aqueoyP® solutions, respectively. Selected NMR spectra are
collected in section 2. IR spectra were recordeaeat solids using a Perkin EImer Spectrum GX
IR (ATR) spectrometer. Melting points were detereainn sealed glass capillaries under argon and
are uncorrected. Elemental analyses were perfobigetie Elemental Analysis Service at London
Metropolitan University. g was purchased from Alfa Aesar (99 %) and storeal ghove box. The
syntheses of [{{nacnac)Mg}] 1 (1a Ar = Dip,! 1b Ar = Dep? 1c Ar = Mes® 1d Ar = Xyl%)?®,
[({Ph.P(NDip)}Mg) ] 2°, and [{PhP(NDip)}Li] 6’ were performed according to literature
procedures. Syntheses of fffachac)Mg}Ces] complexes, [(°Pnacnac)MgMd{®hacnac)]4ac’
[(M*hacnac)Li]5¢™® and [(*'nacnac)Li]5d® have been reported previously. All other reagerese
used as received from commercial sources. Abbiiewsits = singlet, d = doublet, t = triplet, q =
guartet, sept = septet, br = broad, vbr = very dhroa= multiplet.

Attempts to isolate asymmetrically substituted nesgmnm(l) dimers 4, 7) as pure samples in
crystalline form from small scale reactions havéethso far and often, a symmetrically substituted

complex,e.g. 1c, was obtained.



1.2 Anionic ligand exchange reactions involving [f{nacnac)Mg}] 1 and [(*nacnac)Li] 5
species

1.2.1 Reactions of [{{'nachac)Mg}] 1 with [{(*" nacnac)Mg},] 1'

[(®Pnacnac)MgMg(®Pnacnac)] 4ab

[{(°Pnacnac)Mg}] 1a (11.4 mg, 12.9mol) and [{P*"acnac)Mg}] 1b (10.0 mg, 13.qumol) were
added to an NMR tube with J. Young valve and dis=sblin benzenés (0.6 mL). The tube was
charged with a catalytic amount ofsgC(1.0 mg, 1.4umol, 10.7 mol%) and the reaction was
followed using'H NMR spectroscopy at intervals. A stable equilibtifor the optimum formation
of [(°PPnacnac)MgMd{*"nacnac)]4ab was established after leaving the sample for selests at
70°C (approx*H NMR vyield: 30%). (N.B. Prolonged heating led ke tgradual decomposition of
{(*"* nacnac)Mg}] to "homoleptic" magnesium(ll) complexe$ft" nacnac)Mg].) Separation of
products was not possible so f4d. NMR (499.9 MHz, benzends, 294 K)é = 0.97 (dJ = 6.9 Hz,
12H; CH(MH3)), 1.10 (t,J = 7.6 Hz, 12H; CKCH3), 1.12 (d,J = 6.9 Hz, 12H; CH(El),), 1.46 (s,
6H; NCCHs3), 1.60 (s, 6H; NCE3), 2.24 (dg,J = 15.2, 7.6 Hz, 4H; B,CHs), 2.41 (dgJ = 15.2,
7.6 Hz, 4H; ®,CHg), 3.01 (sept) = 6.9 Hz, 4H; Gi(CHz),), 4.82 (s, 1Hy-CH), 4.87 (s, 1Hy-
CH), 6.88-7.15 (m, 12H; AH).

[(P®nacnac)MgMgM®hacnac)] 4ac

[{(®Pnacnac)Mg}] 1a(12.0 mg, 13.umol) and [{("*hacnac)Mg}] 1c (10.0 mg, 14.qumol) were
added to an NMR tube with J. Young valve, dissoliredenzeneads (0.6 mL) and left standing at
room temperature. The solution was left standingpain temperature and the reaction followed by
'H NMR spectroscopy at regular intervals. A verywslscrambling reaction was observed; an
equilibrium was reached approximately after two then(59 days) la:lc4ac ratio of 5:1:8)
accompanied by considerable decomposition{&Yjacnac)Mg] (ca. 25% of all species present in
solution). Repeating the reaction using an addili@atalytic quantity of ¢ (1.0 mg, 1.3Qumol,

10 mol%) allowed the reaction to proceed at a simihte, giving a comparable concentration of
products after 60 days at room temperatli@lC4ac ratio of 2:1:4), but with significantly less
decomposition product'{fhacnac)Mg] (ca. 4% of all species present in solutiol). NMR (499.9
MHz, benzenad, 295 K)§ = 1.01 (d,J = 6.9 Hz, 12H), 1.13 (d] = 6.9 Hz, 12H), 1.47 (s, 6H),
1.65 (s, 6H), 1.90 (s, 12H), 2.30 (s, 6H), 3.0(sé= 6.9 Hz, 4H), 4.83 (s, 1H), 4.88 (s, 1H), 6.77
(s, 4H), 6.95-7.15 (m, 6H)'H NMR spectroscopic data are identical to thoseonteg in the

literature®



[(P**nacnac)MgMgM*nacnac)] 4bc

[{(°*"hacnac)Mg}] 1b (26.2 mg, 34.qumol) and [{"**hacnac)Mg}] 1c (24.3 mg, 34.qumol) were
added to an NMR tube with J. Young valve, dissolvedenzeneads (0.6 mL), and left standing at
room temperaturé\n equilibrium of products was established aftar 22 h, as observed by
NMR spectroscopylp:1c.4bc ratio of 1:1:2).*H NMR (499.9 MHz, benzends, 294 K)J = 1.07
(t, J = 8.3 Hz, 12H; ®,CHs), 1.53 (s, 6HP*™NCCHS3), 1.57 (s, 6HM*NCCHs3), 1.90 (s, 12Hp-
CHs), 2.29 (s, 6Hp-CH3), 2.30 (dgJ = 15.2, 7.7 Hz, 4H; B,CHs), 2.33 (dgJ = 15.2, 7.7 Hz, 4H;
CH,CHs), 4.80 (s, 1HM®%-CH), 4.81 (s, 1HP*»-CH), 6.83 (s, 4HM®*Ar-H), 7.05-7.13 (m, 6H;
PePAr-H). *C{*H} NMR (125.7 MHz, benzenés, 295 K)J = 14.6 P°PNCCHSs), 19.3 ["*NCCH.),
21.1 {"*%-CHs), 23.2 {"0-CH3), 23.5 P**CH,CHs), 25.3 P**CH.CHs), 95.2 ["*CH), 95.6
(P*PCH), 124.6 PPAr-C), 126.1 PAr-C), 129.2 V'*Ar-C), 132.7 {***Ar-C), 137.3 P*PAr-C), 145.6
(MeSAr-C), 146.7 PePAr-C), 166.6 ®*NCCHs), 166.7 P*PNCCHy).

[(°*"nacnac)MgMg(*'nacnac)] 4bd

[{(°*hacnac)Mg}] 1b (9.7 mg, 12.6:imol) and [{(*'nacnac)Mg}] 1d (8.4 mg, 12.7umol) were
added to an NMR tube with J. Young valve, dissoliedenzeneads (0.6 mL) and left standing at
room temperature. An equilibrium of products watalelished aftecca. 19 h, as observed By
NMR spectroscopylp:1d:4bd ratio of 1:1:2).*H NMR (499.9 MHz, benzeneds, 295 K)J = 1.07
(t, J= 7.6 Hz, 12H; ©,CHs), 1.47 (s, 6H; NCE3), 1.57 (s, 6H; NCE3), 1.91 (s, 12H0-CHj),
2.31 (two overlapping dg} = 15.5, 7.7 Hz, 8H; CKCH3), 4.77 (s, 1H™'y-CH), 4.81 (s, 1HP®-
CH), 6.91-7.14 (m, 12H; AH); *C{*H} NMR (125.7 MHz, benzends, 295 K) 6 = 14.7
(P®PNCCH3), 19.4 (Y'NCCHS,), 23.2 (*'0-CHa), 23.5 P**CH,CHj3), 25.3 P*CH,CHs), 95.2 (Y'CH),
95.5 PPCH), 124.1 {'Ar-C), 124.6 P*PAr-C), 126.5 P*PAr-C), 128.5 {'Ar-C), 131.8 (Y'Ar-C),
137.3 P%PAr-C), 146.7 P°PAr-C), 148.3 (M'Ar-C), 166.4 {Y'NCCHs), 166.8 P°PNCCH).

[(M**hacnac)MgMg(®'nacnac)] 4cd

{(M*hacnac)Mg}] 1c (8.0 mg, 11.2umol) and [{(*'nacnac)Mg}] 1d (7.4 mg, 11.2umol) were
added to an NMR tube with J. Young valve and dis=blin benzenes (0.6 mL). Within five
minutes an equilibrium of products was establishesl, observed byH NMR spectroscopy
(1c:1d:4cd ratio of 1:1:2)."H NMR (499.9 MHz, benzenes, 295 K)§ = 1.50 (s, 6HY'NCCHz),
1.55 (s, 6HM*NCCH3), 1.91 (br. s, 24H'0-CH3 + M*0-CH3), 2.28 (s, 6HM*p-CHs), 4.77 (s,
1H; *'y-CH), 4.80 (s, 1HM®%-CH), 6.84 (s, 4HM*Ar-H), 6.92-7.06 (m, 6H'Ar-H); *C{'H}
NMR (125.7 MHz, benzends, 295 K) 6 = 19.26 {'*NCCHs), 19.28 {*'NCCHs), 21.11 "*%-
CHs), 23.15 {*'0-CHa), 23.18 {"*0-CHa3), 95.4 CH), 124.2 (Y'Ar-C), 128.45 P'Ar-C), 129.22



(MeAr-C), 131.4 V*Ar-C), 131.8 (Y'Ar-C), 132.7 I**Ar-C), 145.4 "**°Ar-C), 148.1 M Ar-C),
166.3 (YYNCCHs), 166.6 ["**NCCHs).

{(M*hacnac)Mg}] 1c (5.0 mg, 6.99umol) and [{(*'nacnac)Mg}] 1d (4.6 mg, 6.9%umol) were
added to an NMR tube with J. Young valve and dig=iblin deuterated cyclohexane (0.6 mL).
Within five minutes an equilibrium of products wastablished, as observed By NMR
spectroscopy 1c:1d:4cd ratio of 1:1:2).*H NMR (499.9 MHz, cyclohexanér, 295 K) J =
1.43/1.44 (2 overlapping s, 6B NCCH3; 6H; M*NCCH3), 1.72 (s, 12HY®%-CHs), 1.77 (s, 12H;
*o-CHag), 2.27/2.28 (2 overlapping s, 6M®p-CHa), 4.60 (s, 1HM®-CH), 4.63 (s, 1H™'y-CH),
6.72 (s, 4HV®Ar-H), 6.82-6.86 (m, 6HY Ar-H).

[(M**nhacnac)Mg(THF)Mg(THF)(*'nacnac)] 4cd-THF

{(M*hacnac)Mg}] 1c (8.0 mg, 11.1&mol) and [{(*'nacnac)Mg}] 1d (7.4 mg, 11.22umol) were
added to an NMR tube with J. Young valve and dissbin THFds (0.6 mL), giving an orange-red
solution of1c-THF and 1d-THF. No scrambling reactivity was observed after lagvior seven
days at room temperature as judgedyNMR spectroscopy. Heating at 50°C was requirgdafo
significant proportion of an exchange product toxfand the reaction only proceeded very slowly.
For example, a ratio dfc-THF:1d-THF:4cd-THF 1:1:1.5 was reached after leaving the solution at
this temperature for approximately 29 day$.NMR (499.9 MHz, THFdg, 295 K)6 = 1.38 (s, 6H;
*INCCHSs), 1.38 (s, 6HM*NCCHj), 1.74 (s, 12HY*%0-CHa), 1.80 (s, 12H'0-CH3), 2.24 (s, 6H;
Meh-CHg), 4.53 (s, 1HM®-CH), 4.56 (s, 1H;¥'y-CH), 6.73 (s, 4HM*Ar-H), 6.79 (t,Juy = 7.4

Hz, 2H;™'p-Ar-H), 6.92 (d,Jun = 7.4 Hz, 4H'm-Ar-H). Note: some assignment of resonances to

Mes versus Xyl substituents is tentative only.
1.2.2 [("nacnac)Li] 5

[(M**hacnac)Li] 5c

A hexane solution ofi-butyllithium (1.6M, 5.96 mL, 9.53 mmol, 1.10 equiv.) was slowly adtied

a cooled (0°C) solution 8f*hacnacH (2.90 g, 8.67 mmol) irhexane (30 mL) and stirred for 16 h
at room temperature. Storing the reaction mixtarel@°C for one day afforded a white powder of
5¢ which was filtered off and dried under vacuum. Gmmtrating the filtrate t@wa. 10 mL and
storing at -40°C for a further day afforded a setorop of5c. Yield = 2.60 g (88 %)H NMR
(499.9 MHz, benzends, 295 K)d = 1.70 (s, 6H; NC@3), 2.04 (s, 12Hp-CHg), 2.32 (s, 6Hp-
CHs), 4.80 (s, 1Hy-CH), 6.94 (s, 4H; AH); *H NMR spectroscopic data are identical to those
reported in the literatureM.p.: yellow colouration ata. 135°C, some decomposition 182-184°C,
full melting at 192-196°C.



1.2.3 Reaction of [{{" nacnac)Mg}] 1 with [(*'nacnac)Li] 5

Method 1: [{(**'nacnac)Mg}] 1d (7.4 mg, 11.2amol) and [{"*hacnac)Li] (7.6 mg, 22.8mol,
1.99 equiv.)5c were added to an NMR tube with J. Young valvesaliged in benzends (0.6 mL)
and left standing at room temperature. No signifidyand exchange was observed'byNMR
spectroscopy at room temperature. Heating the sanopb0°C for six days gave a mixture of
products in varying concentrations: ffhacnac)Mg}] 1c, [{(*'nacnac)Mg}] 1d,[(M*hacnac)Li]
5¢, [ nacnac)Li]5d, and [["*hacnac)MgMgl'nacnac)lidcd. Over time a magnesium mirror was
deposited onto the inside of the NMR tube from rar decomposition of [{{nacnac)Mg}]
complexes and supported by concomitant formati¢tirfacnac)Mg}] complexes.

Method 2: [{(*hacnac)Mg}] 1c (8.0 mg, 11.2imol) and [(*'nacnac)Li]5d (7.0 mg, 22.3imol,
2.00 equiv.) were added to an NMR tube with J. Ypualve, dissolved in benzeng{0.6 mL) and
left standing at room temperature. No significaigamd exchange was observed 1y NMR
spectroscopy at room temperature. Heating the sangpb0°C for six days gave a mixture of
products in varying concentrations: ffnacnac)Mg}] 1c, [{(**'nacnac)Mg}] 1d, [(M*hacnac)Li]
5¢, [ nacnac)Li]5d, and [["*hacnhac)MgMgl'nacnac)lidcd. Over time a magnesium mirror was
deposited onto the inside of the NMR tube from rr decomposition of [{{nacnac)Mg}]

complexes and supported by concomitant formati¢tirfacnac)Mg}] complexes.

1.3 Anionic ligand exchange reactions involving coptexes with ("Nacnac) and
{Ph,P(NDip),} ligands

1.3.1 Reaction of [{{'"**nacnac)Mg}] 1c with [({PhoP(NDip)2}Mg) 2] 2

[{(M*hacnac)Mg}] 1c (9.0 mg, 12.6 pmol) and [{BR(NDip)Mg),] 2 (14.1 mg, 12.6 umol,
1.00 equiv.) were added to an NMR tube with J. Ypualve, benzends (0.6 mL) was added, and
the mixture was stored at room temperature. A#tardays, a near equilibrium mixture had formed
containing both starting materialslc and 2, and the mixed dimagnesium(l) species
[{Ph.P(NDip)}MgMg("*hacnac)]7c in an approximate 1:1:2 ratio, respectively. A Bramount

of decomposition product'{fShacnac)Mg] was presentca. 12%).

NMR data forf{Ph,P(NDip)}MgMg(“*hacnac)] 7c *H NMR (499.9 MHz, benzends, 295 K,)J
=0.96 (d,Jun = 6.4 Hz, 24HN"NCH(CH3),), 1.61 (s, 6HY**NCCHs), 2.08 (s, 12HY*%-CHs), 2.26

(s, 6H;M*-CHj), 3.60 (septJuy = 6.8 Hz, 4H:""NCH(CHs),), 4.88 (s, 1HM®%-CH), 6.74-6.93
(m, 8H;""NAr-H), 6.80 (s, 4HM*Ar-H), 7.04-7.12 (m, 4H""NAr-H), 7.14-7.21 (m, 4H'"NPhH);

%P NMR (202.4 MHz, benzend; 295 K)o = 5.75.



1.3.2 Reaction of [{{**nacnac)Mg}] 1c with [{Ph,P(NDip);}Li] 6: formation of
[{Ph,P(NDip)}MgMg( “**nacnac)] 7c

[{(M*hacnac)Mg}] 1c (6.4 mg, 8.9 umol) and [{RR(NDip)Li] 6 (9.7 mg, 17.9 pmol,
2.00 equiv.) were added to an NMR tube with J. Ypualve, benzends (0.6 mL) was added, and
the mixture was heated to 50°C. After three andal tiays at this temperature a mixture of
products in varying concentrations had formed:Y{§tacnac)Mg}] 1c, [(V**hacnac)Li] 5c,
[{Ph.P(NDip)}Li] 6, [{Ph.P(NDip)}MgMg(M*hacnac)]7c and [{PhP(NDip)}Mg),] 2. Over
time a magnesium mirror deposited onto the insifiehe NMR tube from partial thermal

decomposition of [LMgMgL'] to [LMgL'] complexes.

1.3.2 Reaction of [{PBP(NDip)2Mg),] 2 with [(M*hachac)Li] 5c: formation of
[{Ph,P(NDip)-}MgMg( “**nacnac)] 7c

[({PhoP(NDip)}Mg),] 2 (10.0 mg, 8.93 pmol) and M{hacnac)Li] 5¢c (6.1 mg, 17.9 pmol,
2.00 equiv.) were added to an NMR tube with J. Ypualve, benzends (0.6 mL) was added, and
the mixture was heated to 50°C. After six dayshat temperature a mixture of products in varying
concentrations was present:  Mfhacnac)Mg}] 1c, [(M*hacnac)Li]  5c,
[{Ph.P(NDip)}MgMg("*hacnac)] 7c, [{Ph.P(NDipp}Mg),] 2 and [{PhP(NDip)lLi] 6. Over
time a magnesium mirror was deposited onto thedensof the NMR tube from thermal
decomposition of [LMgMgL'] to [LMgL']. Heating theolution for longer only led to further

decomposition.

1.3.3 Reaction of [({PBP(NDip)Mg);] 2 with [(®'nacnac)Li] 5d: formation of
[{Ph,P(NDip)}MgMg(**'nacnac)] 7d

[({Ph,P(NDipp}Mg),] 2 (10.0 mg, 8.93 pmol) and *}{Nacnac)Li] 5d (5.6 mg, 17.9 umol,
2.01 equiv.) were added to an NMR tube with J. Ypualve, benzends (0.6 mL) was added, and
the mixture was heated to 50°C. The reaction méxtcinanged slowly over time towards an
equilibrium. After 39 days at this temperature atonie of products was observed containing:
{(*'nacnac)Mg}] 1d, [(™nacnac)Li] 5d, [{Ph,P(NDip}:}MgMg(**'nacnac)] 7d,
[{Ph2P(NDipk}Mg) o] 2 and [{PhP(NDipk}Li] 6. Over time a magnesium mirror was deposited
onto the inside of the NMR tube from partial thefrdacomposition of [LMgMgL'] to [LMgL']
complexes.

NMR data forf{Ph,P(NDip)-}MgMg(**'nacnac)] 7d *H NMR (499.9 MHz, benzends, 295 K,)5
=1.00 (d,Jun = 6.9 Hz, 24HNPNCH(CHa),), 1.56 (s, 6HX'NCCH3), 2.08 (s, 12H®'0-CHj3), 3.58
(sept,Ju = 6.9 Hz, 4HNPNCH(CHs),), 4.85 (s, 1H™'y-CH), 6.79-7.13 (m, 18H; AH), 7.26-7.34
(m, 4H;""NPhH); *'P NMR (202.4 MHz, benzeng; 295 K)d = 5.93.
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1.4 Reactions of [({PBP(NDip)2}MQ),] 2 with Cgp

[({Ph2P(NDip)2}Mg) 6Cecl 8

A mixture of Go (4.5mg, 6.22 umol) and [({BR(NDipx}Mg)2] 2 (20.9 mg, 18.65 pumol,
3.00 equiv.) were added to an NMR tube with J. Y¥pualve, and toluends (0.6 mL) was added
giving a black-brown reaction mixturéd and>*'P{*H} NMR spectra show full conversion @to
[{Ph,P(NDip)}MQg) ¢Csq] 8 after approximately six days at room temperat(keB.: A similar
reaction performed in benzedg+equired 2-3 weeks for completion.) Black-brownystals of a
solvate of8 suitable for X-ray crystallographic analysis wgrewn from a concentratadpentane
solution.

Preparative scale: Toluene (20 mL) was added to a mixture of [{P{NDip)}Mg) 2] 2 (107.0 mg,
95.5 umol, 2.99 equiv.) ands6(23.0 mg, 31.9 umol) and the black-brown mixtuswigorously
stirred at room temperature for two days. The tespkolution was concentrated ¢a. 2 mL and
layered withn-pentane (15 mL). After allowing to diffuse slowbwver three days, the brown
precipitate of [({PBP(NDip)}Mg) sCso] 8 was collected by filtration and dried under vacutield

= 64.5mg (50%)'H NMR (499.9 MHz, toluenes, 373K) d = 0.95 (d,J = 5.5 Hz, 144H;
CH(CH3),), 3.59 (sept) = 7.0 Hz, 24H; €I(CHs),), 6.89-6.99 (m, 48H; AH), 7.03-7.07 (m, 24H;
Ar-H), 7.25-7.32 (m, 24H; PhRP; “*C{*H} NMR (125.7 MHz, tolueneds, 373 K)J = 24.4 (br. s,
CH(CH3),), 30.2 CH(CHz3)), 124.1 (dJ = 2.3 Hz; ArC), 124.3 (dJ = 3.0 Hz; ArC), 128.2 (Ar-
C), 131.2 (dJ = 2.7 Hz; ArC), 132.9 (dJ = 8.4 Hz; ArC), 135.8 (dJ = 95.5 Hz; Ar€C), 140.9 (d,

J = 3.2 Hz; ArC), 146.9 (d,J = 5.5 Hz; ArC), 155.3 Cso); N.B.: the NMR spectra also contain
resonances fon-hexane that was present from the crystallisatioj({®h,P(NDip)}MQg) 2] 2.
3p{*H} NMR (202.4 MHz, tolueneds, 295 K)5 = 9.70 (s); N.B.: NMR spectra recorded at room
temperature show some very broad resonances fomgtayl groupsH NMR (499.9 MHz,
benzeneads, 293 K)o = ca. 0.7-1.3 (vbr., 144H, CHKG),), 3.72 (sept) = 6.8 Hz, 24H; E(CHs),),
6.78-7.13 (m, 60H; AH), 7.18 (s, 12H; AH), 7.31-7.37 (m, 24H; AH); *C{*H} NMR (125.7
MHz, benzeneads, 293 K)o = 22-27 (vbr., CHCH3),) 29.9 CH(CHz3),), 123.9 (two overlapping d,

~ 3.5 and 2.1 Hz; 2 AG), 127.97 (ArC), 128.4 (ArC), 131.0 (dJ = 2.3 Hz; ArC), 132.4 (dJ =
8.3 Hz; ArC), 134.7 (dJ = 95.6 Hz; ArC), 140.4 (dJ = 3.0 Hz; ArC), 146.3 (dJ = 5.4 Hz; Ar-
C), 154.9 Ceo); **P{*H} NMR (202.4 MHz, benzenes, 293 K)5 = 9.77 (s); IR (nujol), v~/cift
2957 (m), 2921 (w), 2864 (w), 1589 (w), 1456 (m)33 (s), 1381 (m), 1358 (m), 1329 (m), 1254
(m), 1111 (s), 1055 (w), 1043 (w), 997 (w), 975,(@05 (m), 818 (m), 789 (s), 743 (s), 694 (s), 569
(w), 505 (m); M.p.. decomposition 216-220°C; eletaén analysis: calculated for
CoreH264MgeN12Ps: C, 81.23; H, 6.52; N, 4.12%; found: C, 80.95:6:65; N 3.96%.



2 NMR spectroscopy

2.1 General considerations

Unless stated otherwise, NMR spectra were reconmdatbuterated benzene. Chemical shifts are
given in ppm. Resonance labels in blue corresporitid compound in question, whilst grey labels
represent resonances belonging to by-products/itigaim solution. Some resonances in spectra of
reaction mixtures are labelled as follows; 'DipMBepMg’, 'MesMg' and 'XylMg' correspond to
complexeslad respectively, whilst 'Dip/DepMg’, 'Dip/MesMg’, 'PiMesMg’, 'Dep/XylMg' and
'Mes/XyIMg', or vice versa (‘Dep/DipMg" etc.), cespond to scrambled productab to 4cd,
respectively. Similarly, lithium complexeSc and 5d are represented as 'MesLi' and 'XylLi'
respectively. Complexes containing the {P{NDip)} ligand fragment are denoted as 'LiL&.
L1Mg corresponds to2, for example, whilst L1/MesMg corresponds fec. HMB =
hexamethylbenzene (used as an internal standarsbfoe reactions herein). Note that in several
reactions not all species may be soluble at aksime. they may not be fully dissolved (e ).
Further information has been provided in the Figuagtions.



2.2 NMR spectra of mixed magnesium(l) dimers f{nacnac)MgMg(" nacnac)] 4 from

scrambling reactions
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Figure S1.'H NMR spectrum (499.9 MHz, 295 K) of the equilibritbetween [{fPnacnac)Mg}]

1a, [{(°*hacnac)Mg}] 1b and [PPnacnac)MgMd{®*nacnac)]4ab, established after heating the
mixture of reactants,aandlb, in the presence of catalytiggX11l mol%), for seven days at 70°C.
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Figure S2.'H NMR spectrum (499.9 MHz, 295 K) of the mixture §f°"nacnac)Mg}] 1a,
{(M*hacnac)Mg}] 1c, [(PPnacnac)MgMd{®hacnac)]4ac, and other species after storing a
mixture of reactantsla andlc, for 53 days at room temperature. Note that aifssgnt quantity of

the magnesium(ll) complex'{thacnac)Mg] (CH singlet atd4.95 ppm) and Mg metal formed.
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[{(PPnacnac)Mg}] 1a, [{("*hacnac)Mg}] 1c and catalytic G (10 mol%) after 59 days at room
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reduced quantity of fthacnac)Mg] (CH singlet atd4.95 ppm) in comparison to spectrum Figure
S2 from decomposition reactions. Less Mg metal,mamed to the previous experiment, had formed

from decomposition by visual inspection.
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295 K) of the restingudirium between

after storing the mixture of reactantg andlc, for 19 h at room temperature.
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Figure S12.'H NMR spectrum (499.9 MHz, 295 K) of the "near diuium" between
[(M*hacnac)Mg(THF)Mg(THF{*hacnac)] 1c-THF, [(*'nhacnac)Mg(THF)Mg(THF)'nacnac)]
1d-THF and [{"*hacnac)Mg(THF)Mg(THF){'nacnac)]4cd-THF in THF-ds, established after
heating the mixture of reactanis-THF and1d-THF, for 29 days at 50°C.
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2.3 Ligand exchange reactions involving complexes7.
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Figure S15.2C{*H} NMR spectrum (125.7 MHz, 295 K) of the reactioh[{( "*hacnac)Mg}Cs(
3c with three equivalents of [{{'nacnac)Mg}] 1d showing a resting equilibriunc.f. *H NMR
spectrum Figure S14). Resonances labelled in goeyespond to LMgMgL' products whilst
resonances labelled in blue correspond to [{(LMIdMQ)e.ntCeq complexes (L and L' refer to
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Figure S16. Excerpts of the™C{'H} NMR spectrum (125.7 MHz, 295 K) in Figure S71.
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Figure S19. 'H NMR spectrum (499.9 MHz, 295 K) of [{fhacnac)Mg}] 1c and
[(Ph2P(NDipk}Mg) 2] 2 immediately after addition. Note: not alt was fully dissolved.
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Figure S20. *P{H} NMR spectrum (202.4 MHz, 295 K) of [{hacnac)Mg}] 1c and
[{Ph2P(NDipk}Mg) 2] 2 immediately after addition.
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Figure S21. 'H NMR spectrum (499.9 MHz, 295 K) of [{fhacnac)Mg}] 1c and
[(Ph.P(NDipk}Mg) 2] 2 after ten days at room temperature. Note: the Eamwas now fully
dissolved.
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Figure S22. 3P{*H} NMR spectrum (202.4 MHz, 295 K) of [[f*hacnac)Mg}] 1c and
[{Ph2P(NDip)k}MQg) -] 2 after ten days at room temperature.
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Figure S23."H NMR spectrum (499.9 MHz, 295 K) of f{hacnac)Mg}] 1c and two equivalents
of [{Ph,P(NDip)}Li] 6 before heating.
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Figure S24.%P{*H} NMR spectrum (202.4 MHz, 295 K) of [{{"hacnac)Mg}] 1c and two
equivalents of [{PEP(NDip)}Li] 6 before heating.
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Figure S25.'"H NMR spectrum (499.9 MHz, 295 K) of the reacti@iieen [{{"*hacnac)Mg}] 1c
and two equivalents of [{BR(NDip)}Li] 6 after heating at 50°C for 3.5 days.
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Figure S26. *P{*H} NMR spectrum (202.4 MHz, 295 K) of the reactiohetween
[{("*hacnac)Mg}] 1c and two equivalents of [{RR(NDip)}Li] 6 after heating at 50°C for 3.5
days.
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Figure S28.3'P{*H} NMR spectrum (202.4 MHz, 295 K) of [({BR(NDip)}}Mg),] 2 and two

equivalents of [{*hacnac)Li]5c before heating.
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Figure S32.3'P{*H} NMR spectrum (202.4 MHz, 295 K) of [({BR(NDip)}:}Mg).] 2 and two
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Figure S33. 'H NMR (499.9 MHz, 295 K) spectrum of the reactionixiure of
[({Ph.P(NDip)}Mg) ] 2 and two equivalents of fnacnac)Li]5d after heating at 50°C for 39
days.
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Figure S34. *P{*H} NMR spectrum (202.4 MHz, 295 K) of the reactiomixture of
[({Ph.P(NDip)}Mg) ] 2 and two equivalents of fnacnac)Li]5d after heating at 50°C for 39

days; further details see next pages.
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Figure S35.Partial'H NMR (499.9 MHz, 295 K) time plot spectra, two i@gs, of the reaction of
[({Ph.P(NDip)}Mg) 5] 2 with two equivalents of {¥'nacnac)Li]5d at 50°C over the course of 39
days. Top: the resonance @10 = 1.01 ppm (d) of the BR(NDip), CH(CH3), groups) decrease
over time whilst those for [{PIP(NDipp}MgMg(*'nacnac)] 7d (= 0.99 ppm (d)) and
[{PhoP(NDip)}Li] 6 (06 = 0.99 ppm (d)) increase. Bottom: the backb@r@H resonanceso(=
4.77 ppm) overlap for T'nacnac)Li] 5d, [{Ph,P(NDip}:MgMg(**'nacnac)] 7d and
{(**'nacnac)Mg}] 1d. The resonance f&@ (5 = 3.76 ppm (sept)) decreases over time whilstehos
for [{Ph,P(NDip)}MgMg(**'nacnac)]7d (5 = 3.59 ppm (sept)) and [{BR(NDip)}Li] 6 (6 = 3.59
ppm (sept)) increase.
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Figure S36. *P{'H} NMR (202.4 MHz, 295 K) time plot spectra of theeaction of
[({PhoP(NDip)}Mg) ] 2 with two equivalents of {'nacnac)Li]5d at 50°C over the course of 39
days accompanying thtH NMR spectra in Figure S33. The resonance Zofs = 7.2 ppm)
decreases over time whilst those for [{PENDipp}MgMg(™'nacnac)]7d (6= 5.9 ppm) and
[{Ph,P(NDip)}Li] 6 (6 =-6.7 ppm) increase.
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2.4 Fulleride complex [({PBP(NDip)2}Mg) 6Ceo] 8
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Figure S37.'H NMR spectrum (499.9 MHz, 293 K) of isolated [(#PNDip),}Mg) ¢Csq] 8.
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Figure S38.3'P{*H} NMR spectrum (202.4 MHz, 293 K) of isolated [¢#P(NDip)}Mg) ¢Csq] 8.
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Figure $39.2°C{*H} NMR spectrum (125.7 MHz, 293 K) of isolated [¢§P(NDip)}Mg) ¢Csq] 8.
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Figure S40. High temperature 'H NMR spectrum (499.9 MHz, 373 K) of isolated
[{Ph2P(NDip)}Mg) 6Csq] 8 in tolueneds.
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Figure S41. High temperature’®*C{*H} NMR spectrum (125.7 MHz, 373 K)
[{Ph2P(NDip)k}MQg) 6Ceq] 8 in tolueneds , plus 122-157 ppm region.
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3 X-ray crystallography

Suitable crystals d8' were mounted in silicone oil and were measuredguaiRigaku MM-007HF
High Brilliance RA generator/confocal optics withtaKAB P100 (Cu K radiation). Data was
collected using CrystalCleat.Data were processed (including correction for htzgpolarization
and absorption) using CrysAlisPfoThe structures was solved by dual-space (SHELXT82)"
methods and refined by full-matrix least-squaresiresy F*> using SHELXL-2018/3* Non-
hydrogen atoms were refined anisotropically exdeptthe disordered & unit. Hydrogen atoms
were placed in calculated positions (riding mod&kverely disordered solvent of crystallisation
(hydrocarbons) was removed using the SQUEEZE refitifthe removed solvent electron-density
is not included in the formula, densitlf(000) etc. A description of the individual SQUEEZE
details including the volume, number of electroemmoved and some residual electron density
peaks etc are included in the CIF-file. All caldidas were performed using either the
CrystalStructur® or Olex2” interface, except for SQUEEZE, which was accesi@®LATON®
Detail on the structure determination and refinetvage given below, and in the CIF-file. CCDC
1914904 contains the supplementary crystallograplaita for this paper. These data can be

obtained free of charge via https://www.ccdc.camldstructures/.

Compound 8'

Crystallographic data: Chemical formula: »768126dMgsN12Ps, Formula weight: 4080.87,
Temperature/K: 173(2), Wavelength/A: 1.54184, Cilysystem: Trigonal, Space group:3, Cell
dimensionsa/A: 21.4770(2),b/A; 21.4770(2),c/A: 45.3378(5), Unit cell volume/A 18110.8(4),
No. of formula units per unit celf: 3, Density (calc)/ Mg/fh 1.122, Absorption coefficient/mmnm’

1 0.995,F(000): 6498, Theta range/°: 2.568 to 68.294, Reflas collected: 64511, Independent
reflections: 7370,R.:: 0.0467, Completeness (to theta)/%: 99.9 (67.68B3Jta / restraints /
parameter: 7370 / 447 / 502, Goodness of fiEGnl.060, FinaR; value (I > 2(1)): 0.0544, Final
WR(F?) value ( > 25(1)): 0.1509, FinalR; value (all data): 0.0627, FinalR(F?) value (all data):
0.1582, Largest diff. peak and hotd(€: 0.630 and -0.511, CCDC number: 1914904.

The complex [({PBP(NDipk}Mg) 6Cesol 4CsH12, 8', see main text, crystallised with one sixth of the
molecule in the asymmetric unit. A space-filling aebis shown in Figure S40. The independent
[{Ph,P(NDip)}Mg] * unit is well ordered though thegfunit is severely disordered. It was

modelled by constructing two independent fufp @odels (with one-sixth-occupancy atoms and
with bonds to symmetry-related atoms suppresseamhstained to idealised geometries, in the

asymmetric unit and their contributions were freegfined isotropically to 68.7 and 31.3%,
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respectively, resulting in twelve positions for lkeaarbon atom in §. The final model was refined
with restraints to thermal motion for thesgCsection. Although no information about NI
interactions can be taken from this structure, @rall approximate octahedral arrangement of the
[{Ph,P(NDip:}Mg] © heterocycles around thesdQunit is observed. Thus it is likely that NI
interactions involving five-membered rings, six-mmred rings and C-C bonds are present due to
symmetry. Solvent of crystallisationspentane, was removed using the SQUEEZE routinkv¢80
Accessible Volume per unit cell = 2663, A Electrons Found in S.A.V. = 488).

Figure S42.Space-filling model (two views) fd@' (Cgo red, P violet, Mg green, N blue, C grey).
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