Electronic Supplementary Material (ESI) for Dalton Transactions.
This journal is © The Royal Society of Chemistry 2022

Phosphido-Borane-Supported Stannates

Keith Izod,* Atheer M. Madlool, Alex Craig, Paul G. Waddell

Main Group Chemistry Laboratories, School of Chemistry, Newcastle University, Newcastle
upon Tyne, NE1 7RU, UK

SUPPORTING INFORMATION

Contents:

S2-S20  'H, BC{'H}, "Li, "B{'H}, 3'P{'H}, and '"°Sn{'H} NMR spectra, as appropriate,
for compounds 2Li, 2Na, 2K, 3Li, 3Na, 3K, and 4Li.

S21-S23  'B{'H}, 3'P{'H}, and '"°Sn{'H} NMR spectra showing the decomposition of

3Liin THF.

S24-S25 Table S1. Crystallographic data for compounds 2Li, 2Na, 2K, 3Li, 3Na, 3K, and
4Li.

S26 Figure S1. Polymeric structure of 2K, with selected bond lengths and angles.

S27-S30  Figures S2-S8. Asymmetric units of 2Li, 2Na, 2K, 3Li, 3Na, 3K, and 4Li, with
40% probability ellipsoids.

-S1-



w [sels)] M~ L W M~ w
— =13 M~ o WO [o)] ~
© < = ™~ o= © ™
« oo = il o o
Y | \ 7 T
I|
e ,'I =
|
A
Il
\ | N
B ol b M M-y
7 ] T A R
70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)
"H NMR spectrum of 2Li in dg-THF.
o 10— <
I~ M= -0
™ 505
o W ~—m
w [ et BN oY B
‘ P

40 30 20 10

90 80 70 80 50
1 (ppm)

BC{H} NMR spectrum of 2Li in dg-THF.

-S2-



—-39.868

15 20 25 30 35 -40 45 50 55 60 65
1 (ppm)
I'B{!H} NMR spectrum of 2Li in dg-THF (*free phosphine-borane 2H due to partial
hydrolysis during sample preparation).

—-0.58

M1 10 9 8 7 6 5 4 3 2 1 0 -1 2 -3 4 -5 6 -7 -8 -9 -10 -11 -12 -13 -14
1 (ppm)

"Li NMR spectrum of 2Li in dg-THF.



W
(=] o (fe]
(e} w w
< Q ~
- a o
| | |

* ‘ ‘l hY

.'ﬂn I [ \
JN\ J \\.,.MMJI L_,J‘I WWWW
45 40 35 30 25 20 15 10 5 0 -5 -10 -15 -20 -25

1 (ppm)

3SIP{TH} NMR spectrum of 2Li in dg-THF (*free phosphine-borane 2H due to partial
hydrolysis during sample preparation).

—-161.141

—-174.188
—-187.250

—-200.291

-
e A Ww T

40 -0  -80 100 -120 -140 -160 -180 200 -220 -240 -260 -280 -300  -320
1 (ppm)

119Sn {"H} NMR spectrum of 2Li in dg-THF.

-S4-



—3.616
2,430
2.419

<

e

b

386 I ——e
16800

—1.776

—1.287
~~1.151

+5500

—0.550

5000

4500

-4000

3500

+3000

2500

+2000

r1500

~1000

+500

~-500

4.0

7.0 6.5 6.0 55 50 45 3.5 3.0

1 (ppm)

"H NMR spectrum of 2Na in dg-THF.

—68.386

/26,537
25.127
25.047

£22.038
21.863

.<

+21.690

?
|
\

~75000

19.468
19.282
19.093

~70000
-65000
60000
55000
-50000
-45000
-40000
-35000
30000
~25000
~20000
~15000
-10000

-5000

il

~-5000

35 30

55 50 45

75 70 65 80 40
1 (ppm)

BC{™H} NMR spectrum of 2Na in dg-THF.

-S5-

25

20 15 10 5



—-38.110
_-45.034
45526

B —————————————— e
S

———
R
——
—

8 -10 -12 -14 -16 -18 -20 -22 -24 -26 -28 -30 -32 -34 -36 -38 -40 -42 -44 -46 -48 -50 -52 -54 -56 -58 -60 -62 -64 -66 -68
1 (ppm)

I"B{!H} NMR spectrum of 2Na in dg-THF (*free phosphine-borane 2H due to partial
hydrolysis during sample preparation).

()] iy
I & 2
= = o
| | |
w‘
|
* | ‘
'ﬁ : |
hl li "| rll" 'Il | |'.I't

| /\ [
B ghed A b s B g il gt “\-WM-WJ h‘»~m%»Mﬂwwwwmumwwwwvﬂw

50 45 40 35 3 25 20 15 10 5 0 5 10 -15 20 25
1 (ppm)

3SIP{'H} NMR spectrum of 2Na in ds-THF (*free phosphine-borane 2H due to partial
hydrolysis during sample preparation).

-S6-



§g§§ 40000
P 138000
S@m s
5 /' '\ i +36000
134000
132000
30000
128000
126000
124000
122000
120000
18000
16000
14000
12000
110000
-8000
5000
M . M“W | -4000
I WW““’M M‘WWWWWMMWMW
0
T T T T T T T T T T T T T T T T T T T T T 12000
100 60 20 -20 60  -100 -140 -180 -220 -260 -300 -340 -380  -420
1 (ppm)
119Sn{!H} NMR spectrum of 2Na in dg-THF.
~m <+ ™ =] r~ ©
@ WO - 0 =T w o (3] (o0
@M =3 A== © ©
™ ™M (o' M oY) ol il o [=] [=]
S N Sl T ]
."’I
1
— i _—'/_ - /‘Iﬁ ‘ — g2 B =
p'
l .|| \
/ -/
5L S S S | e
el T T T
= 8 0 o
™ w = [sa]

"0 65 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5

'"H NMR spectrum of 2K in dg-THF.

-S§7-



50000

—66.413
25.084
25.005

/
]

21.967
21.794
21,621
18.451
19.263
119,076
115,849

1?

45000

40000

r35000

30000

+25000

+20000

~15000

~10000

5000

~-5000

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0
1 (ppm)

BC{'H} NMR spectrum of 2K in dg-THF.

600000

—-39.785

550000
1500000
450000
i 1400000
l 1350000
| \ 1300000
[ 1250000
| | 200000
g -150000

i 100000

\ 50000
ri—/ e

e e 0

~-350000

10 5 0 -5 -0 15 -20 25 -30 35 -40 45 -50 -55 50 -65 70 -75 -80 -85 -0
1 (ppm)
B{H} NMR spectrum of 2K in ds-THF.

-S8-



—17.588

—9672
—1.750

~14000

~13000

~12000

~11000

~10000

9000

8000

r7000

-6000

-5000

+4000

+3000

2000

~1000

—1000

80 70 60 50 40 30 20 10 0 -0 20 -30 -40 -50 -60
1 (ppm)

3SIP{'H} NMR spectrum of 2K in ds-THF.

\~14519?
~-162.642
~-180.088
/-197.535

-70

| i
o e s s A i A A A oA /et b : Yt i b

50000

45000

40000

+35000

+30000

+25000

20000

+15000

+10000

+5000

0

+-5000

60 40 20 0 -20 -40 -60 -80 -100-120-140-160-180 -200 -220 -240 -260 -280 -300 -320 -340 -360 -380

f1 (ppm)

119Sn {"H} NMR spectrum of 2K in dg-THF.

-S9-



€02 1 — =

LL'L— e

|t ™

—  e— _vmo.m

- 906

—_— “lw?o.m

1.0 05 0.0

1.5

3.0 25 20

3.5

50 45

80 75 70 65 60 55

8.5

1 (ppm)

"H NMR spectrum of 3Li in ds-THF.

LEV 89—

69€'89—

620°8Z1
190'8Z1
101821
6EL'8ZL
LovezL’
1B6VEL:
FED'SEL
690°SEL
901'SEL
veg LEL

L6 LeL

_...._J'sz i

145 140 135 130 125 120 115 110 105 100 85 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1 (ppm)

BC{'H} NMR spectrum of 3Li in dg-THF.

-510-



5 40 35 30 25 20 15 10 5 O -5 -10 -15 -20 -25 -30 -35 -40 -45 -50 -55 -60 -65 -70 -75 -80 -85 -90 -95

1 (ppm)
"B{'H} NMR spectrum of 3Li in dg-THF.
o)
@
<
|
80 70 60 50 40 30 20 10 0 -0 20 -30 40 50 -60 70 -80
1 (ppm)

"Li{'H} NMR spectrum of 3Li in dg-THF.

-S11-



3394
3696
10.427
17142
\-17.457

201816 141210 8 6 4 2 0 -2 -4 -6 -8 -10-12-14-16-18-20-22 -24 -26 -28 -30 -32 -34 -36 -38 -40 -42 -44
1 (ppm)

3SIP{'H} NMR spectrum of 3Li in dg-THF.

_—23.224
—--38.495
~-53.763
~-69.032

00 350 300 250 200 150 100 50 0 -60 -100 -150 -200 -250 -300 -350 -400 -450 -500 -550

1 (ppm)

119Sn {"H} NMR spectrum of 3Li in dg-THF.

-512-



6ELL—
861 —

868°L~,
ge6'L”

6vCE ¥
mhm,m\
LESET

|W.I7T LT

IWMT zoe

— | w2
i

e
J_ 8z |

8.0

8.5

00 -0

05

20 15 1.0

25

3.0

35

55 5.0

6.0

6.5

7.0

75

.0

'H{!'"B} NMR spectrum of 3Na in ds-toluene.

PGSl —

18962 —

#0099~
86089~

8.7'821
96821
2688217
geeee)
oores)

AP b

120

60 50 40 30 20 10

70
1 (ppm)

BC{'H} NMR spectrum of 3Na in ds-toluene.

100 90 80

110

130

140

-$13-



—-33.865

0 5 0 5 -0 -5 20 25 30 -35 40 45 -50 -55 -60 -85 -70 -75
1 (ppm)
""B{'H} NMR spectrum of 3Na in dg-toluene toluene (*free phosphine-borane 3H due to
partial hydrolysis during sample preparation).

—-17.750
—-29.293

—23.655

J'l *

M \ | o
WMMMWMMMWN*MWM WM&-.WMM NMWW w\wvwwmv.mwwwmm

6 -8 -0 -12 -14 -16 -18 20 22 -24 -26 28 30 ~-32 -3¢ -36 -38 -4
1 (ppm)

3SIP{IH} NMR spectrum of 3Na in ds-toluene toluene (*free phosphine-borane 3H due to
partial hydrolysis during sample preparation).

-514-



—-93.362

—-106.205

—-119.063
131.891

T W
At Ay A i i it St o, \W"lW\a"L'\v'k|“MMM"NMW““‘W"I%%WM-

-30 40 50 -0 -70 -80 -%0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
1 (ppm)

119Sn{H} NMR spectrum of 3Na in dg-toluene.

[5)] ™ [32] M~
o a2 1] N N~
%) ) 0 Mo
~ © = oa o
| I | S
7
[
r |
| | : /
' | f ro
| | f |
| ,‘ f f /
| |
| ﬁ |
| | ol
| )ﬁjl |H _jK\NJH
1 | LJI 1
4J\_/q_!_' "~ _’L_k R A N R _r‘;*mn..&._,u_“l
8 r(B w a fue)
- = o o @
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 00 -05

'H{!'B} NMR spectrum of 3K in ds-toluene.

-515-



AN ol i e )

—67.771
—25.831

e L“u ” WWWWWWWWW

145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1
1 (ppm)
BC{'H} NMR spectrum of 3K in dg-toluene.

_.32.656
39,408
39,798

0 -5 -10 -15 -20 -25 -30 -35 -40 -45

-50 -55 -60 -65 -70
1 (ppm)

B{™H} NMR spectrum of 3K in ds-toluene (*free phosphine-borane 3H due to partial
hydrolysis during sample preparation).

-516-



-25.847
-26.061

(2 Mo
N

14,067
-14.339
20.114

14 12 10 8 6 4 2 0 2 -4 £ -8 -10 12 14 -16 18 -20 22 -24 -26 -28 -30 -32 34 36 -3
1 (ppm)

3SIP{TH} NMR spectrum of 3K in dg-toluene (*free phosphine-borane 3H due to partial

hydrolysis during sample preparation).

—-66.996
—-80.066
—-93.136
—-106.204

| 'j ﬁ | ' ‘ W “'h HW ) 1
w ﬁ-‘";fh\#)l‘fi‘d'ﬂh'”‘m f ""W"W lwwl -’wﬁb *‘.1 nf'l‘]m"u,lﬁ.“('“ﬂw“ﬂﬂ! l"l,ﬂ wﬂlﬂlv ‘I ,,J' ‘n‘ wﬂjupm‘ EJL}JW“I*\;"J' | IJ’WJ“““"“"*FU"J'W’J MMWM W W m"'qWﬂmﬁh 'N“H‘ u"nluluhrj‘iiﬁﬂlhll

10 0 -1-0 -20 -30 -40 -50 -0 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -1%
1 (ppm)

119Sn {"TH} NMR spectrum of 3K in ds-toluene.

-S17-



879'e— m—

PO L~ L
9sL L

mmo.w/
Nmo.mv
mmo.m;\
8.0'8

— 206

7.5

8.0

8.5

0.0

05

20 15 10

25

3.0

35

6.0 55

6.5

7.0

0

"H{!'B} NMR spectrum of 4Li in ds-toluene.

09L'8l—

89962+
29692
992 12

i}

2l'8s—

WL

LreE'8CL~
BES'6ZL”
omr.mm—V
olegel

10

20

60 50 40

70

1 (ppm)

BC{'H} NMR spectrum of 4Li in dg-toluene.

120 110 100 90 80

130

140

-518-



/ \ "1
- Mt l\J4
) -4 8 12 -6 20 -24 -28 32 36 -40 -4 -48 52 56 60 64 6
1 (ppm)
""B{'H} NMR spectrum of 4Li in ds-toluene.
o
o)
<
(=]
|
3 30 25 20 15 10 5 0 5 -0 -15 20 25 30 -35
1 (ppm)

"Li{'H} NMR spectrum of 4Li in dg-toluene.

-519-



—-8.206
—-13.943
—-18.571

=
WM r/ \‘\“ HJ“‘..‘“

I
mumﬂwv“wwm-%mw\wm‘ww W,Wwv'\'/ V"“\,H\M\.f‘w.,.i"‘ﬂ L”V‘MWWWNUWWMNWMMwW

WﬁlwwwwwmwwMWWWWW e I b

||||||||||||||||||||||||||||||||||||

119Sn {"H} NMR spectrum of 4Li in ds-toluene.

-520-



32.904

B &
—— 735215
"-35.915

70 60 50 40 30 20 10 0 -0 -20 -30 -40 50 -80 -70 -80 -90
1 (ppm)

""B{'H} NMR spectrum of a solution of 3Li in THF, immediately after preparation.

o o <+ oo < w o
=  — © ~ o — o ©
= 0 W0 © (R ] o <t o
o L o <+ M~ I~ ol w -
- T ‘T R s €2 i s
| N | |l | | |
\
M I|I ||| o
! S TN T
25 20 15 10 5 0 -5 -10 -15 -20 -25 -30 -35 -40 -45 -50

1 (ppm)

3SIP{IH} NMR spectrum of a solution of 3Li in THF, immediately after preparation.

-S21-



—-23.949
—-39.203
—-54.467
—-69.738

|
| o
bttt *-W*f*w‘wwﬂ.'f'u b s sk Wbk At

20 70 50 30 10 -10 -30 -50 -70 -90 -110  -130 -150 -170 -180
1 (ppm)

119Sn {'H} NMR spectrum of a solution of 3Li in THF, immediately after preparation.

32.600

@
)
™~
<
<?

-35.426
0.062
-40.379

= =t

~
-
2

S

e

-4 -6 -8 -10-12 -14 -16 -18 -20 -22 -24 —éG -28 -30 -32 -34 -36 -38 -40 -42 -44 -46 -48 -50 -52 -54 -56 -58 -60 -62 -64
1 (ppm)

B{™H} NMR spectrum of a solution of 3Li in THF, after 84 hours.

-522-



& o onN O s Mm~wOMmF OO M—OA®C

o o owm o~ O Ot —al <t W—ID—FTOMmAN OO M@DO

o bl G LI L ) o S ey Pe [ i e e e e i M B PN

= 6 nu v o << ~~ o [ K A Ry Ry W Ty Mo} DO ODC

= oS e Wk o el e QRO e

| NN A el Sy i Tl S e
I
\ ) l

| P N Nt MM A
2 18 14 10 6 2 -2 -6 -10 -14 -18 -22 -26 -30 -34 -38 -42 -4¢

1 (ppm)

3SIP{'H} NMR spectrum of a solution of 3Li in THF, after 84 hours.

— DO < o0 ~ ol
© — - O 1D TOD L o
10 4 oW < 0o @ o
0 - ~ 0 @ oo ™ @
© ¢ oqga ooy 0 ©
| | de 7N | |

‘| | l
\MHbWw»{ﬁ%f “”WV*%”wMJm“*wwwwﬂﬁﬁﬁﬁﬁfAﬂﬂk“ﬂﬂﬁ”wmb¢“M*

|\ ||' |

] | /
v"ﬁ\\W |h~\\"w'\~'\ﬁ‘\u\rﬂ‘p4r‘«'m"mwﬂu‘r,|’\'ﬂ J’l,"\lv\,"f\‘ﬂm-m-'l ™ f\pj |'. \1'l“| \JH t\"If‘*ﬂ“r‘ ll-m'Lr““’) IVF"J

10 30 20 10 0 -0 20 30 40 50 80 -70 -80 90  -100
1 (ppm)

119Sn {H} NMR spectrum of a solution of 3Li in THF, after 84 h.

-11(

-523-



Table S1. Crystallographic data for 2Li, 2Na, 2K, 3Li, 3Na, 3K, and 4Li.

Compound 2Li 2Na 2K 3Li 3Na 3K 4Li
formula C30H75B3LiO3P3Sn C22H61B3N30P3SH C22H61B3KOP3SH C40H47B3LiOP3SH C44H57B3N302P3SH C88H1 14B6K204P68n2 C43H77B3LiO4P3 Sn
M, 734.87 608.72 624.83 794.74 884.91 1802.05 909.01

cryst. size (mm)

cryst. syst.
space group
a (A)

b (A)

¢ (A)

a (deg)

B (deg)

v (deg)
V(A

Z

4 (mm!)

0.25x0.21 x 0.08
monoclinic

P2,/n

12.40488(9)
20.31668(13)

17.70719(13)

109.9907(8)

4193.79(5)
4

6.107

0.31x0.23x0.2

monoclinic
P2,/n

10.9480(3)
15.5585(3)

20.1127(5)

94.156(2)

3416.88(14)
4

0.913

0.32 x 0.14 x 0.08
monoclinic

P2,/n
11.09083(13)
15.64326(17)

20.3678(3)

95.5136(10)

3517.40(7)
4

0.993

0.2x0.16 x 0.11
orthorhombic
P2,2,2,
12.0937(3)
17.3507(5)

19.0102(6)

3988.99(19)
4

0.791

-524-

0.35x0.15 x0.13
triclinic

P-1
12.1003(2)
19.4551(4)
21.1123(4)
113.1030(19)
93.1405(17)
91.4023(16)
4558.93(17)
4

0.709

0.33x0.16 x 0.05
triclinic

P-1
12.5263(4)
12.8410(6)
16.3428(5)
83.991(3)
75.367(3)
62.619(4)
2258.33(16)
1

0.799

0.46 x 0.16 x 0.06
orthorhombic
Pbca

17.1453(3)
19.0113(2)

30.2806(5)

9870.1(3)

0.651



reflns. measd.
unique reflns.
Rine

refined params.
R (on F, F>>20)

R, (on F?, all
data)

goodness of fit

max, min

electron

density (e A=)

30391
7442
0.045
421
0.027

0.066

1.036

0.42,-0.37

28063
7728
0.046
321
0.035

0.078

1.078

0.77,-0.45

112187
9067
0.046
321
0.024

0.046

1.066

0.39,-0.27

21477
7674
0.047
484
0.037

0.072

1.043

0.76,-0.43

73117
20675
0.045
1176
0.037

0.080

1.100

0.70,-0.44

36224
10194
0.047
563
0.040

0.081

1.025

0.48,-0.49

151804
12235
0.059
664
0.040

0.094

1.011

0.96,-0.58
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Figure S1. Polymeric structure of 2K. Selected bond lengths (A) and angles (°): Sn(1)-P(1)
2.6341(4), Sn(1)-P(2) 2.6312(4), Sn(1)-P(3) 2.6352(4), P(1)-B(1) 1.9486(18), P(2)-B(2)
1.9454(18), P(3)-B(3) 1.945(2), K(1)--B(1) 3.0125(18), K(1)--B(2A) 3.0104(18),
K(1)--B(3B) 3.0617(19), K(1C)--B(2) 3.0104(18), K(1D)--B(2) 3.0618(19), K(1)-O(1)

2.6999(11), P(1)-Sn(1)-P(2) 103.646(12), P(1)-Sn(1)-P(3) 102.981(12), P(2)-Sn(1)-P(3)

103.026(12).
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Figure S2. Asymmetric unit of 2Li with 40% thermal ellipsoids and with minor disorder and

C-bound H atoms omitted for clarity.
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Figure S3. Asymmetric unit of 2Na with 40% thermal ellipsoids and with C-bound H atoms

omitted for clarity.

Figure S4. Asymmetric unit of 2K with 40% thermal ellipsoids and with C-bound H atoms

omitted for clarity.
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Figure SS5. Asymmetric unit of 3Li with 40% thermal ellipsoids and with minor disorder and

C-bound H atoms omitted for clarity.

Figure S6. One of the two independent molecules in the asymmetric unit of 3Na with 40%

thermal ellipsoids and with minor disorder and C-bound H atoms omitted for clarity.
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Figure S7. Asymmetric unit of 3K with 40% thermal ellipsoids and with minor disorder and

C-bound H atoms omitted for clarity.

Figure S8. Asymmetric unit of 4Li with 40% thermal ellipsoids and with minor disorder and

C-bound H atoms omitted for clarity.

-530-



-S31-



