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Details of the synthesis and characterization HPDP and HPPP.
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4-tert-Butyldiphenylsilylacetophenone (A):
O A mixture of 4-hydroxyacetophenone (1.50 g, 11.0
TBDPSO{<:>4< mmol), TBDPSCl (4.23 mL, 4.54 g, 16.5 mmol) and
imidazole (1.88 g, 27.6 mmol) was dissolved in dry
DMEF (15 mL) under N,. This mixture was stirred at rt for 3 h. At
this time the reaction was judged to be complete by TLC analysis.
The reaction mixture was then quenched with water (100 mL) and
extracted with EtOAc (3 x 100 mL). The combined organic extracts
were washed with brine (100 mL), dried over MgSO,, filtered and
concentrated in wvacuo to afford A as a white solid (4.00 g, 11.0
mmol, 100%). g NMR (300 MHz, CDCls) © 1.11 (s, 9H), 2.49 (s, 3H),
6.78 (d, J = 8.8 Hz, 2H), 7.37-7.39 (m, 6H), 7.68-7.75 (m, 6H); '°C
NMR (75 MHz, CDCls;) o 19.4, 26.3 (3C), 26.4, 119.6 (2C), 127.9 (4C),
130.1 (2C), 130.3 (2C), 130.6 (2C), 132.1, 135.4 (4C), 160.0, 196.9;
MS (m/z) calcd for CyqH,s0,Si (M") 374.1702, found, 374.1713.

4-tert-Butyldiphenylsilyloxyphenacyl bromide (B):
Benzyltrimethylammonium tribromide (4.17 g, 10.7

TBDPSO{(;}4€ mmol) was added to a solution of A (4.00 g, 10.7
Br mmol) in CH,Cl,-MeOH (5:2, 25 mL). The mixture
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was stirred at rt for 3 h. At this time the reaction mixture was
concentrated in wvacuo and H,O (15 mL) was added. The mixture was
extracted with diethyl ether (3 x 20 mL). The combined organic
extracts were washed with brine (15 mL), dried over MgSO,, filtered
and concentrated in vacuo. The residue was purified by silica gel
chromatography (hexanes:EtOAc, 3:1) to afford to afford B (3.97 g,
8.8 mmol, 78%) as a thick yellow oil. 'y NMR (300 MHz, CDClsz) & 1.10
(s, 9H), 4.32-4.57 (d, J = 75.4 Hz, 2H), 6.80 (d, J = 8.8 Hz, 2H),
7.37-7.40 (m, 6H), 7.68-7.75 (m, 6H); *°C NMR (75 MHz, CDCl;) 819.4,
26.3 (3Cc), 30.8, 120.0 (2C), 127.3 (4Cc), 130.2 (2C), 130.6 (20C),
131.0 (2C), 131.9, 135.3 (4C), 160.7, 189.9; MS (m/z) calcd for
C,4H,50,BrSi (M) 452.0807, found, 452.0794.

4-tert-butyldiphenylsilyloxy-a-hydroxyacetophenone (C) :
Sodium formate (1.71 g, 25.2 mmol) was stirred in
0 ethanol (120 mL) for 15 min and B (3.80 g, 8.5
TBDPSO{C>}<;OH mmol) was added. The mixture was stirred at 70 °C
overnight. At this time the reaction was judged
to be complete by TLC analysis. The solution was filtered hot and
concentrated in vacuo. The crude residue was purified by silica gel
chromatography (n-hexane:EtOAc, 6:1) to afford C (2.4 g, 6.1 mmol,
73%) as a viscous yellow oil. 'H NMR (300 MHz, CDClsz) o 1.10 (s,
9H), 3.51 (br, s, 1H), 4.73 (s, 2H), 6.81 (d, J = 8.8 Hz, 2H), 7.37-
7.40 (m, 6H), 7.67-7.71 (m, 6H); '°C NMR (75 MHz, CDCls) &19.4, 26.3
(3C), 4.9, 120.1 (2C), 128.0 (4C), 129.7 (2Cc), 130.2 (2Cc), 130.3
(2Cy, 131.9, 135.3 (4cy, 161.0, 196.7; MS (m/z) calcd for
C24H260381 (M) 390.1651, found, 390.1655.

General procedure for the synthesis of dialkyl phosphates D,
(Procedure A):

4-tert-Butyldiphenylsilyloxyphenacyl diethyl phosphate (D1):
0 To a solution of € (0.71 g, 1.8 mmol) in
(ﬁ%OEb pyridine (5 ml) was added diethyl phosphoryl
chloride (0.65 g, 3.8 mmol) dropwise at -5 °C
with constant stirring. The mixture was
allowed to warm to rt and stir under nitrogen
for 4 h. At thist time diethyl ether (10 ml) and water (5 ml) were
added to the mixture. The aqueous layer was separated and extracted
with additional diethyl ether (2 x 10 mL). The combined organic
extracts were washed sequentially with 1IN HC1 (10 mL), NaHCO; (10 mL)
and water (10 mL), dried over MgSO,, filtered and concentrated in
vacuo to afford D1 (0.56 g, 1.1 mmol, 58%) as a viscous yellow oil
after silica gel chromatography (n-hexane:EtOAc, 1:1). 'H NMR (300
MHz, CDCls;) & 1.10 (s, 9H), 1.33 (t, J = 7.0 Hz, 6H), 4.18 (m, J =
7.3 Hz, 4H), 5.17 (d, J = 9.9 Hz, 2H), 6.79 (d, J = 8.7 Hz, 2H),
7.37-7.40 (m, 6H), 7.66-7.70 (m, 6H); '°C NMR (75 MHz, CDCls;) & 16.0
(2¢c), 19.4, 26.3 (3C), 64.2, 68.3 (2C), 120.0 (2C), 127.9 (4¢c),
129.8 (2C), 130.2 (2C), 130.3 (2C), 131.9, 135.3 (4cCc), 160.7, 196;

MS (m/z) calcd for C,gH3sPOgSi (M") 526.1941, found, 526.1938.

TBDPSO
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4-tert-Butyldiphenylsilyloxyphenacyl diphenyl phosphate (D2):
This was prepared by procedure A wusing C

Q 9 (1.10 g, 2.9 mmol), diphenyl phosphoryl

OP(OPh:  .hioride (1.81 g, 6.7 mmol) and pyridine

(0.30 g, 4.4 mmol) in CH,Cl, (25 mL) to afford

TBDPSO D2 as white solid (1.4 g, 2.2 mmol, 75%)
after silica gel chromatography (n-hexanes:EtOAc, 9:1). 'H NMR (300

MHz, CDC13) & 1.10 (s, 9H), 5.31 (d, J = 9.8 Hz, 2H), 6.77 (d, J =
8.8 Hz, 2H), 7.25-7.40 (m, 16H), 7.66-7.69 (m, 6H); >C NMR (100
MHz, CDCls) & 19.4, 26.3 (3C), 69.6, 120.0 (4C), 120.1(2C), 125.4
(2C), 127.0 127.9 (4Cc), 129.7 (4C), 129.8 (2C), 130.2 (2C), 131.8
(2C), 135.3 (4C), 150.4 (2C), 160.8, 190.0; MS (m/z) calcd for
CseH3504PSi (M" - t-butyl), 566.1236, found, 566.1248.

General procedure for the synthesis of 4-hydroxyphenacyl dialkyl
phosphate 6, (Procedure B):

4-Hydroxyphenacyl diethyl phosphate (HPDP) :
e} 0 Tetrabutylammonium fluoride (TBAF) (1.2 mL of 1.0
/E::IJL\/0Q0502 M solution in THF, 1.2 mmol) was added to a
solution of D1 (0.56 g, 1.1 mmol) in THF (6 mL).
HO The reaction mixture was stirred at rt for 30
min. At this time the reaction was judged to be complete by TLC
analysis. The reaction mixture was quenched with water, extracted
with EtOAc, washed with satd NH,Cl, dried over MgSO,, filtered and
concentrated in vacuo to give a crude pale yellow solid. The crude
product was washed with n-hexane, filtered and concentrated in vacuo
to afford HPDP (0.25 g, 0.86 mmol, 79 %) as a white solid. 'H NMR
(400 MHz, CDCls) © 1.41 (t, J = 7.0 Hz, 6H), 4.28 (m, J = 7.3 Hz,
4"), 7.57 (d, J = 9.2 Hz, 2H), 5.17 (d, J = 11.7 Hz, 2H), 6.79 (d, J
= 8.7 Hz, 2H), 7.51 (d, J = 8.7 Hz, 2H), 9.08 (s, br, 1H); *C NMR
(100 MHz, CDCls) & 16.1, 64.9, 68.8 (2C), 115.9 (2C), 125.5, 130.0
(2C), 162.6, 189.9; MS (m/z) calcd for Ci»H17POs (M') 288.0763, found,

288.0760.

4-Hydroxyphenacyl diphenyl phosphate (HPPP):

o o This was prepared by procedure B using D2 (4.21 g,

I 6.8 mmol) and tetrabutylammonium fluoride (TBAF)
OPOPh: (5.3 mL of 1.0 M solution in THF, 3.3 mmol) in THF
HO (40 mL) to afford HPPP as pale yellow solid (1.90
g, 4.9 mmol, 73%) after silica gel chromatography
(CH,Cl,:MeOH, 18:1).

'H NMR (300 MHz, CDC13) & 1.82 (br, 1H), 5.31 (d, J = 11.3 Hz, 2H),
6.75 (d, J = 8.7 Hz, 2H), 7.22-7.37 (m, 10H), 7.58 (d, J = 8.7 Hz,
2H); YCc NMR (75 MHz, CDC13) & 70.0, 115.8 (4C), 120.2 (2C), 125.7
(2Cc), 129.7, 129.9 (4Cc), 130.2 (2C), 150.3 (2C), 161.9, 189.1; MS

(m/z) calcd for C,0H;70¢P (M" - OPh), 292.0500, found, 292.0458.
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Figure 1S
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Figure 2S
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Figure 3S
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Figure 4S
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Figure 5S.
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Figure 6S.
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Figure 8S.
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Figure 9S
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Table 1S

Bond length (A) | Bond angle (degree) Dihedral angle (degree)

P1=02 1.479 102=P1-0O3 117.2 |02=P1-03-C6 -59.4
P1-03 1.601 |O2=P1-O4 116.3 |O2=P1-04-C8 -37.4
P1-04 1.597 |02=P1-0O5 114.6 |02=P1-05-C10 -0.3
P1-05 1.610 |[P1-O3-C6 119.9 |P1-0O3-C6-C7 173.6
03-Cé6 1.449 |P1-0O4-C8 122.3 |P1-04-C8-C9 -125.7
04-C8 1.459 |P1-0O5-C10 120.9 |[P1-O5-C10-Cl11 91.3
05-C10 1.426 |03-C6-C7 107.7 |05-P1-03-C6 176.8
C6-C7 1.515 |04-C8-C9 109.0 |O5-P1-04-C8 91.6
C8-C9 1.514 |O5-C10-Cl11 111.3 |O3-P1-05-C10 1254
C10-C11 | 1.528 |O3-P1-O5 99.2 |04-P1-05-C10 -130.2
Cl11-C13 | 1.424 |O4-P1-O5 106.4 |05-C10-C11-012 -17.1

C11=012 | 1.262 |C10-C11-C13 | 119.7 |O5-C10-C11-O13 164.5
C13-C14 |1.480 |C10-C11=012 | 119.2 |C10-C11-C13-C14 [-178.2
Cl14-C15 |1.356 |012=C11-C13 | 121.1 |012=C11-C13-C14 | 3.5

C15-C16 |1.428 |C11-C13-C14 |119.5 |C11-C13-C14-C15 | 179.5

Cl16-C17 |1.441|C13-C14-C15 |120.6 |C13-C14-C15-C16 0.3

C17-C18 |1.354 |C14-C15-C16 | 120.7 |C14-C15-C16-019 | 179.8

C13-C18 | 1.466 |C16-C17-C18 |120.5|C15-C16-O19-H20 | -0.3

C16-019 |1.350 |C13-C18-C17 |120.8 |C11-C13-C18-C17 |-179.4

C14-C13-C18 |117.4|C10-C11-C13-C18 2.6

C15-C16-019 |123.3 |C10-C11=012-H39 |-1754

C16-019-H20 |110.0 |C13-C11=012-H39 | 3.0

C11=012-H39 | 140.6 |C11-O12-H39-0O38 | -65.5

012-H39-038 | 165.0 |O12-H39-038-H37 | -40.6

Total Energy (including ZPE): -1336.611877 (Hartree)
H-bond Energy: 5.74 kcal/mol

Table 2S
excitation energy (nm) oscillator strengthen (f)
Excited state 1 369.13 0.0000
Excited state 2 354.08 0.0007
Excited state 3 298.83 0.0000
Excited state 4 273.63 0.2155
Excited state 5 249.06 0.0034
Excited state 6 235.06 0.0448
Excited state 7 233.26 0.0273
Excited state 8 231.28 0.0000

Completion of Ref. 47
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