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Fig.S1 ORTEP diagram of complex 2-toluene showing an atom numbering scheme.
Thermal ellipsoids are drawn at the 20% probability level. The solvent molecule of

toluene and hydrogen atoms are omitted for clarity.
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Fig.S2 ORTEP diagram of complex 3-toluene showing an atom numbering scheme.
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Thermal ellipsoids are drawn at the 20% probability level. The solvent molecule of

toluene and hydrogen atoms are omitted for clarity.
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13C NMR spectrum (in THF-ds, 25 °C) of complex 3

- - ™~ 0 O O -
~ -~ O™ - - = M~ 9 m -
< Mmoo @0 oM A - B s ]
wy L I B B | - ®w M~ o @ 9 9
- T e = - o o A N
| ~~ e N ~h
]
|
]
|
|
1
! |
|
LA I
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 100 90 80 70 &0 50 40 30 20 10

140 130 120 |1Fo
1 (ppm)

S4



'H NMR spectrum (in

THF-dg, 25 °C) of diethyl

hydroxy(phenyl)methyl

phosphonate 6a
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Characterization of a-hydroxyphosphonates:
OH

_OEt
||\OEt
O

6a
Diethyl hydroxy(phenyl)methylphosphonate (6a).!
"H NMR (CDCl;,400 MHz, ppm): 6 7.49-7.47 (m, 2H), 7.37-7.28 (m, 3H), 5.03-5.00
(d, J =10.8 Hz, 1H), 4.08-3.94 (m, 4H), 3.61 (s, 1H), 1.28-1.24 (t, J = 7.1 Hz, 3H),
1.23-1.19 (t, J = 7.1 Hz, 3H).
OH

_OEt
||\OEt
O

CHj

6b
Diethyl hydroxy(2-methylphenyl)methylphosphonate (6b).
"H NMR (CDCl; 400 MHz, ppm): 6 7.65-7.63 (d, J = 7.6 Hz, 1H), 7.24-7.13 (m, 3H),
5.27-5.24 (d, J = 10.9 Hz, 1H), 4.09-3.87 (m, 4H), 3.65 (s, 1H), 2.37 (s, 3H), 1.28-
1.25 (t,J=7.1 Hz, 3H), 1.21-1.17 (t, ] = 7.0 Hz, 3H).

OH

_OEt
||\OEt
0]
HsC

6¢Cc

Diethyl hydroxy(4-methylphenyl)methylphosphonate (6¢).?
'"H NMR (CDCl; 400 MHz, ppm): J 7.37-7.35 (d, J = 8.1 Hz, 2H), 7.17-7.15 (d, J =
8.0 Hz, 2H), 4.98-4.95 (d, J = 10.5 Hz, 1H), 4.08-3.93 (m, 4H), 3.54 (s, 1H), 2.34 (s,
3H), 1.28-1.25 (t, J = 7.1 Hz, 3H), 1.23-1.19 (t, J = 7.1 Hz, 3H).

OH

_OEt
||\OEt
)

OCH;
6d

Diethyl hydroxy(2-methoxyphenyl)methylphosphonate (6d).?
'"H NMR (CDCl;, 400 MHz, ppm): J 7.54-7.50 (d, J = 7.53 Hz, 1H), 7.28-7.25 (t, ] =
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7.27 Hz, 1H), 6.99-6.96 (t, J = 6.98 Hz, 1H), 6.88-6.86 (d, J = 6.87 Hz, 1H), 5.43-5.40
(d, T = 12.0 Hz, 1H), 4.14-3.90 (m, 4H), 3.84 (s, 3H), 3.68 (s, 1H), 1.30-1.26 (t, J =
7.1 Hz, 3H), 1.18-1.14 (t, ] = 7.0 Hz, 3H).

OH

H,CO _OEt
||\OEt
O

6e

Diethyl hydroxy(3-methoxyphenyl)methylphosphonate (6e).2

'"H NMR (CDCl;, 400 MHz, ppm): ¢ 7.54-7.52 (d, J = 7.6 Hz, 1H), 7.29-7.25 (t, J =
7.7 Hz, 1H), 7.00-6.96 (t, J = 7.5 Hz, 1H), 6.88-6.86 (d, J = 8.3 Hz, 1H), 5.43-5.40 (d,
J=12.0 Hz, 1H), 4.15-3.98 (m, 4H), 3.89 (s, 1H), 3.84 (s, 3H), 1.31-1.27 (t, J = 7.1
Hz, 3H), 1.18-1.15 (t, ] = 7.0 Hz, 3H).

OH

_OEt
||\OEt
0]
H5CO

6f

Diethyl hydroxy(4-methoxyphenyl)methylphosphonate (6f).>
'"H NMR (CDCl;, 400 MHz, ppm): ¢ 7.42-7.39 (d, J = 8.8 Hz, 2H), 6.90-6.88 (d, J =
8.6 Hz, 2H), 4.95-4.93 (d, J = 9.9 Hz, 1H), 4.09-3.91 (m, 4H), 3.80 (s, 3H), 3.01 (s,
1H), 1.29-1.25 (t, J = 7.0 Hz, 3H), 1.23-1.20 (t, J = 7.1 Hz, 3H).

OH

_OEt
||\OEt
SN (@)

I
69

Diethyl hydroxy(4-dimethylaminophenyl)methylphosphonate (6g).

'"H NMR (CDCl;, 400 MHz, ppm): ¢ 7.35-7.33 (d, J = 8.7 Hz, 2H), 6.72-6.70 (d, J =
8.7 Hz, 2H), 4.89-4.87 (d, ] = 9.6 Hz, 1H), 4.11-3.90 (m, 4H), 2.95 (s, 6H), 1.31-1.27
(t, J=7.0 Hz, 3H), 1.23-1.19 (t, J = 7.1Hz, 3H).
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OH

_OEt
||\OEt
. o)

6h

Diethyl hydroxy(4-fluorophenyl)methylphosphonate (6h).*

"H NMR (CDCl; 400 MHz, ppm): ¢ 7.47-7.43 (t, J = 8.0 Hz, 2H), 7.05-7.01 (t, T = 8.6
Hz, 2H), 5.00-4.98 (d, J = 10.4 Hz, 1H), 4.53 (s, 1H), 4.09-3.96 (m, 4H), 1.27-1.24 (t,
J=7.1Hz, 3H), 1.23-1.20 (t, J = 7.1 Hz, 3H).

OH

_OEt
||\OEt
Cl ©

6i

Diethyl hydroxy(2-chlorophenyl)methylphosphonate (6i).3

'"H NMR (CDCl;,400 MHz, ppm): 6 7.76-7.74 (d, J = 7.8 Hz, 1H), 7.36-7.30 (m, 2H),
7.24-7.22 (d,J =7.4 Hz, 1H), 5.57-5.54 (d, J = 11.6 Hz, 1H), 4.20-3.92 (m, 4H), 3.55
(s, 1H), 1.32-1.29 (t, J = 7.1 Hz, 3H), 1.22-1.18 (t, J = 7.0 Hz, 3H).

OH

Cl _OEt
||\OEt
@)

6j

Diethyl hydroxy(3-chlorophenyl)methylphosphonate (6j).
'"H NMR (CDCl; 400 MHz, ppm): 6 7.47 (s, 1H), 7.33-7.30 (m, 1H), 7.24-7.23 (d,J =
5.0 Hz, 2H), 4.98-4.95 (d, J = 11.3 Hz, 1H), 4.08-3.97 (m, 4H), 3.84 (s, 3H), 1.26-

1.22 (t, 7= 7.1 Hz, 3H), 1.22-1.18 (t, J = 7.0 Hz, 3H).
OH

_OEt
||\OEt
O
Cl

6k
Diethyl hydroxy(4-chlorophenyl)methylphosphonate (6k).¢
'"H NMR (CDCl;,400 MHz, ppm): 6 7.41-7.39 (m, 2H), 7.32-7.28 (m, 2H), 4.99-4.96
(d, J=11.1 Hz, 1H), 4.80 (s, 1H), 4.05-3.96 (m, 4H), 1.27-1.24 (t, J = 6.9 Hz, 3H),
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1.22-1.19 (t, ] = 6.8 Hz, 3H).
OH

_OEt
||\OEt
Br ©
6l
Diethyl hydroxy(4-bromophenyl)methylphosphonate (61).”
'"H NMR (CDCl;, 400 MHz, ppm): ¢ 7.49-7.47 (d, J = 8.4 Hz, 2H), 7.37-7.34 (d, ] =
8.6 Hz, 2H), 4.99-4.96 (d, J = 10.9 Hz, 1H), 4.47 (s, 1H), 4.10-3.99 (m, 4H), 1.28-
1.25(t,J=7.0 Hz, 3H), 1.25-1.21 (t, J = 7.1 Hz, 3H).

O,N _OEt
||\OEt
@)

6m
Diethyl hydroxy(3-nitrophenyl)methylphosphonate (6m).3
"H NMR (CDCl;, 400 MHz, ppm): J 8.40 (s, 1H), 8.16-8.14 (d, J = 7.6 Hz, 1H), 7.81-
7.80 (d, J =7.4 Hz, 1H), 7.54-7.50 (t, J = 8.0 Hz, 1H), 5.18-5.15 (d, J = 11.4 Hz, 1H),
4.18-4.06 (m, 4H), 3.71 (s, 1H), 1.31-1.27 (t, ] = 7.1 Hz, 3H), 1.27-1.23 (t, J = 7.0 Hz,

3H).
OH

_OEt
||\OEt
O
O,N

6n
Diethyl hydroxy(4-nitrophenyl)methylphosphonate (6n).>
'"H NMR (CDCl; 400 MHz, ppm): J 8.22-8.20 (d, J = 8.7 Hz, 2H), 7.67-7.65 (d, J =
8.8 Hz, 2H), 5.18-5.15 (d, J = 12.3 Hz, 1H), 4.48 (s, 1H), 4.16-4.02 (m, 4H), 3.84 (s,
3H), 1.30-1.27 (t, J = 7.1 Hz, 3H), 1.26-1.23 (t, ] = 7.0 Hz, 3H).

_OEt
HO
“OEt
60

Diethyl hydroxy(1-naphthyl)methylphosphonate (60).°
'H NMR (CDCl; 400 MHz, ppm): 6 8.09-8.07 (d, J = 8.3 Hz, 2H), 7.90-7.81 (m, 3H),
7.54-7.46 (m, 3H), 5.88-5.85 (d, J = 11.5 Hz, 1H), 4.08-3.73 (m, 4H), 1.22-1.18 (t, J =
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7.1 Hz, 3H), 1.06-1.03 (t, ] = 7.1 Hz, 3H).
OH

W Ot

o” Ok

6p

Diethyl hydroxy(furan-2-yl)methylphosphonate (6p).!
'H NMR (CDCl; 400 MHz, ppm): d 7.38 (s, 1H), 6.47 (s, 1H), 6.33 (s, 1H), 4.99-4.96
(d, ] = 13.5 Hz, 1H), 4.38 (s, 1H), 4.16-3.98 (m, 4H), 1.29-1.25 (t, J = 7.1 Hz, 3H),
1.22-1.19 (t,J = 7.1 Hz, 3H).

Diethyl 1-hydroxy-2-methyl-propylphosphonate (6q)."!
'H NMR (CDCls, 400 MHz, ppm): & 4.33 (s, 1H), 4.11-3.98 (m, 4H), 3.61-3.47 (m,
1H), 2.01-1.87 (m, 1H), 1.29-1.14 (m, 6H), 1.02-0.87 (m, 6H).

9/OE’[

“OEt
OH

6r
Diethyl hydroxy(benzyl)methylphosphonate (6r).!?

'H NMR (CDCl5, 400 MHz, ppm): J 6.97-6.88 (m, 5H), 4.99-4.96 (d, J = 13.5 Hz,
1H), 3.81-3.75 (m, 4H), 3.57 (s, 1H), 2.74-2.63 (m, 2H) 1.01-0.97 (t, J = 7.2 Hz, 3H),
0.95-0.92 (t, ] = 6.6 Hz, 3H).

HO CH,

_OEt
||\OEt

8a
Diethyl 1-hydroxy-1-phenyl-ethylphosphonate (8a).13
'H NMR (CDCl; 400 MHz, ppm): & 7.62-7.59 (m, 2H), 7.37-7.33 (t, J = 7.8 Hz, 2H),
7.30-7.27 (m, 1H)  4.13-3.84 (m, 4H), 3.45 (s, 1H), 1.84-1.80 (d, J = 15.4 Hz, 3H),
1.27-1.24 (t, ] = 7.1 Hz, 3H), 1.21-1.17 (t, J = 7.1 Hz, 3H).
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HO CH,

_OEt
||\OEt

Cl ©
8b

Diethyl 1-hydroxy-1-(2-chloro)phenyl-ethylphosphonate (8b).'*
'"H NMR (CDCl; 400 MHz, ppm): J 7.74-7.72 (d, J = 7.8 Hz, 1H), 7.37-7.35 (d, J =
8.3 Hz, 1H), 7.29-7.20 (m, 2H), 4.17-3.95 (m, 4H), 3.14 (s, 1H), 2.00-1.97 (d, J =

15.2 Hz, 3H), 1.31-1.27 (t, ] = 7.0 Hz, 3H), 1.24-1.20 (t, J = 7.0 Hz, 3H).

HO CHj

_OEt
||\OEt

(@]
Br
8c

Diethyl 1-hydroxy-1-(2-bromo)phenyl-ethylphosphonate (8c).!*

'H NMR (CDCls, 400 MHz, ppm): & 7.74-7.72 (d, J = 8.0 Hz, 1H), 7.59-7.57 (d, ] =
7.9 Hz, 1H), 7.31-7.28 (t, = 7.3 Hz, 1H), 7.13-7.09 (t, ] = 7.8 Hz, 1H), 4.15-3.99 (m,
4H), 3.40 (s, 1H), 2.00-1.96 (d, J = 15.2 Hz, 3H), 1.31-1.27 (t, J = 7.0 Hz, 3H),
1.26-1.22 (t, J = 7.1 Hz, 3H).

HO CHj

_OEt
||\OEt
@]
NO,

8d
Diethyl 1-hydroxy-1-(2-nitro)phenyl-ethylphosphonate (8d).!3
'H NMR (CDCls, 400 MHz, ppm): & 7.79-7.77 (d, J = 8.0 Hz, 1H), 7.48-7.44 (1, J =
8.3 Hz, 1H), 7.39-7.34 (m, 2H), 4.23-4.01 (m, 4H), 3.22 (s, 1H), 1.91-1.87 (d, J =

15.4 Hz, 3H), 1.30-1.26 (t, ] = 7.0 Hz, 3H), 1.26-1.23 (t, J = 7.1 Hz, 3H).
HO CHs

O,N ~OEt
||\OEt
O
8e

Diethyl 1-hydroxy-1-(3-nitro)phenyl-ethylphosphonate (8e).!4
'H NMR (CDCl; 400 MHz, ppm): 6 8.51 (s, 1H), 8.15-8.13 (d, J = 8.6 Hz, 1H), 7.95-
7.93 (d, ] = 8.0 Hz, 1H), 7.54-7.50 (t, ] = 8.1 Hz, 1H), 4.72 (s, 1H), 4.19-4.07 (m, 4H),
1.87-1.84 (d, J = 15.4 Hz, 3H), 1.30-1.28 (t, J = 7.1 Hz, 3H), 1.26-1.24 (t, ] = 7.1 Hz,
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3H).

HO CHj

_OEt
||\OEt

O,N
8f

Diethyl 1-hydroxy-1-(4-nitro)phenyl-ethylphosphonate (8f).1
'H NMR (CDCl; 400 MHz, ppm): 6 8.21-8.19 (d, J = 9.0 Hz, 2H), 7.81-7.78 (d, J =
9.1 Hz, 2H), 4.29 (s, 1H), 4.18-4.01 (m, 4H), 1.87-1.83 (d, J = 15.4 Hz, 3H), 1.28-

1.24 (t, J = 7.0 Hz, 6H).

HO CHs

_OEt
||\OEt
@)

Br
&g

Diethyl 1-hydroxy-1-(4-bromo)phenyl-ethylphosphonate (8g).!4
'"H NMR (CDCl;, 400 MHz, ppm): 6 7.48 (s, 4H), 4.14-3.90 (m, 4H), 3.49 (s, 1H),
1.81-1.77 (d, J = 15.4 Hz, 3H), 1.25-1.25 (t, J = 7.0 Hz, 3H), 1.24-1.20 (t, J = 7.0 Hz,

3H).

HO CHs
_OEt
||\OEt
0]

8h
Diethyl 1-hydroxy-1-(4-fluro)phenyl-ethylphosphonate (8h).!4
'H NMR (CDCl; 400 MHz, ppm): & 7.60-7.55 (m, 2H), 7.05-7.01 (t, J = 8.7 Hz, 2H),
4.14-3.88 (m, 4H), 3.66 (s, 1H), 1.82-1.78 (d, J = 15.3 Hz, 3H), 1.28-1.24 (t, ] = 7.1

Hz, 3H), 1.23-1.19 (t, J = 7.1 Hz, 3H).

HO CH;

_OEt
||\OEt

)
FsC
8i

Diethyl 1-hydroxy-1-(4-trifluromethyl)phenyl-ethylphosphonate (8i).!4

'"H NMR (CDCl; 400 MHz, ppm): J 7.75-7.72 (d, J = 8.6 Hz, 2H), 7.61-7.59 (d, J =
8.6 Hz, 2H) 4.16-4.02 (m, 4H), 3.98 (s, 1H), 1.84-1.81 (d, J = 15.4 Hz, 3H), 1.27-
1.24 (t,J=7.1 Hz, 3H), 1.25-1.22 (t, ] = 7.1 Hz, 3H).
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HO CHs,

_OEt
||\OEt

H,CO ©

8j
Diethyl 1-hydroxy-1-(4-methoxy)phenyl-ethylphosphonate (8j).1
'"H NMR (CDCl; 400 MHz, ppm): J 7.52-7.50 (d, J = 9.0 Hz, 2H), 6.89-6.87 (d, J =
8.8 Hz, 2H), 4.12-3.87 (m, 4H), 3.80 (s, 3H), 3.27 (s, 1H), 1.81-1.77 (d, J = 15.4 Hz,

3H), 1.28-1.24 (t, J = 7.1 Hz, 3H), 1.22-1.19 (t, ] = 7.1 Hz, 3H).
HO CHs

_OEt
@/‘B\OB
HsC 8k
Diethyl 1-hydroxy-1-(4-methyl)phenyl-ethylphosphonate (8k).!
'H NMR (CDCls, 400 MHz, ppm): & 7.49-7.47 (d, J = 7.4 Hz, 2H), 7.17-7.15 (d, ] =
7.7 Hz, 2H), 4.08-3.89 (m, 4H), 2.72 (s, 1H), 2.34 (s, 3H), 1.82-1.78 (d, J = 15.2 Hz,
3H), 1.28-1.25 (t, J = 6.8 Hz, 3H), 1.22-1.19 (t, ] = 6.5 Hz, 3H).

)
I' OEt
HO ~—OEt

8l
Diethyl hydroxy-diphenyl-methylphosphonate (81).!3
'H NMR (CDCl; 400 MHz, ppm): & 7.68-7.66 (d, J = 7.4 Hz, 4H), 7.33-7.23 (m, 6H),

3.98-3.84 (m, 4H), 1.16-1.13 (t, ] = 6.9 Hz, 6H).
HO CHs

_OEt
o @]

N
8m

Diethyl 1-hydroxy-1-(pyridin-3-yl)-ethylphosphonate (8m).!>

'H NMR (CDCl; 400 MHz, ppm): & 8.79 (s, 1H), 8.48 (s, 1H), 7.94-7.92 (d, J = 8.1
Hz, 1H), 7.26 (s, 1H), 4.15-3.98 (m, 4H), 2.42 (s, 1H), 1.85-1.81 (d, J = 15.5 Hz, 3H),
1.25-1.21 (t,J = 7.0 Hz, 3H), 1.24-1.21 (t, ] = 7.0 Hz, 3H).
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HO CHj

7\ _OEt
||\OEt
© @)
8n

Diethyl 1-hydroxy-1-(furan-2-yl)-ethylphosphonate (8n).
"H NMR (CDCl; 400 MHz, ppm): 6 7.37 (s, 1H), 6.41 (s, 1H), 6.32 (s, 1H), 4.43 (s,
1H), 4.13-3.94 (m, 4H), 1.74-1.71 (d, J = 15.2 Hz, 3H), 1.29-1.25 (t, ] = 7.1 Hz, 3H),
1.22-1.19 (t, J = 7.1 Hz, 3H).

HO CHs

A\ _OEt
||\OEt
S O

8o
Diethyl 1-hydroxy-1-(thiophen-2-yl)-ethylphosphonate (80).!3
'H NMR (CDCl; 400 MHz, ppm): 6 7.26-7.25 (d, J = 5.6 Hz, 1H), 7.14-7.12 (t, ] =
3.5 Hz, 1H), 7.00-6.97 (t, ] = 4.3 Hz, 1H), 4.17-4.03 (m, 4H), 3.96 (s, 1H), 1.87-1.84
(d, J=14.9 Hz, 3H), 1.29-1.25 (t, J = 7.1 Hz, 3H), 1.28-1.25 (t, J = 7.1 Hz, 3H).
L Qom
><_TOEt
8p
Diethyl 1-hydroxy-1-methyl-ethylphosphonate (8p).!”
'H NMR (CDCl; 400 MHz, ppm): 6 4.42 (s, 1H), 4.06-3.95 (m, 4H), 1.31-1.24 (m,
6H), 1.17-1.14 (t, T = 7.1 Hz, 6H).
O
HO I' _OEt

é “OEt

8q
Diethyl 1-hydroxy-cyclopentanylphosphonate (8q).!

'"H NMR (CDCl;, 400 MHz, ppm): J 4.05-3.97 (m, 4H), 3.80 (s, 1H), 1.87-1.50 (m,
8H), 1.18-1.15 (t, J = 7.1 Hz, 6H).

(I?/OEt

Hoii ~OEt

8r
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Diethyl 1-hydroxy-cyclohexanylphosphonate (8r).!”
'H NMR (CDCl; 400 MHz, ppm): 6 4.20-4.13 (m, 4H), 2.69 (s, 1H), 1.86-1.57 (m,
10H), 1.35-1.31 (t, ] = 7.0 Hz, 6H).
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