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1. General Information
Glassware was dried in an oven overnight before use. All reactions were carried out under an

argon balloon atmosphere. All solvents and reagents were used as supplied unless otherwise
stated. Benzyl azide was supplied by Alfa Aesar at 94% purity. Thin layer chromatography
was carried out on Polgram SIL G/UV254 silica-aluminium plates and plates were visualized
using ultra-violet light (254 nm) or KMnOQOyj solution. For flash column chromatography,
fluorochem silica gel 60, 35-70 mesh was used. NMR data was collected at 400 MHz for 'H;
101 MHz for "*C; 162 MHz for *'P and; 79 MHz for *’Si. Data was manipulated directly from
the spectrometer or via a networked PC with appropriate software. Reference values for
residual solvent were taken as 6=7.26 (CDCls) for '"H NMR; 6=77.00 (CDCl;) for °C NMR;
0=7.16 (C¢Dg) for 'H NMR; 6=128.06 (C¢Ds) for °C NMR. *'P-NMR shifts are reported
relative to phosphoric acid at 0.0 ppm. *’Si-NMR shifts are proton decoupled and reported
relative to tetramethylsilane at 0.0 ppm. NMR-yields were calculated relative to one
equivalent of 1,1,2,2-tetrachloroethane as an internal standard where appropriate; '"H NMR
(400 MHz, CDCls) 6 5.95 (s, 2H). Multiplicities for coupled signals are designated using the
following abbreviations: s=singlet, d=doublet, t=triplet, q=quartet, quin=quintet, sex=sextet,
br=broad signal and ap=apparent. The coupling constants are reported in Hertz. High-
resolution mass spectrometry data were quoted to four decimal places (0.1 mDa) with error
limits for acceptance of +5.0 ppm (defined as calcd/found mass 10 °). Mass spectra were
acquired on a VG micromass 70E, VG autospec or micromass LCTOF. Infrared spectra were
recorded on a Perkin—Elmer 1600 FTIR instrument as dilute chloroform solutions. Melting

points were recorded on a Stuart manual melting point apparatus.



2.1 Base-Catalysed Silyl Ester Formation

The formation of silyl esters from phenylsilane and carboxylic acids is a base-catalysed
procedure." The following supporting experiments demonstrate this reactivity.

Rudimentary hydrogen gas volume measuring experiments were performed by connecting a
stirring sealed flask containing the reagents to an upturned water-filled measuring cylinder in
a reservoir containing water, which was displaced upon gas evolution. The volume of gas
collected was read off the cylinder. The tube connecting the flask to the cylinder was packed
with calcium chloride to hinder the passage of water vapour back up the tube. The volume of
1 mole of hydrogen was approximated as 23 dm’. The identity of the gas was confirmed as
hydrogen by observing the characteristic combustion of a lit splint in the presence of the gas
and the resulting water condensation on the walls of the vessel as well as its "H-NMR shift of

4.57 ppm in d3-MeCN.

2.10 The base-catalysed dehydrogenative coupling reaction of carboxylic acid and

phenylsilane leads to species able to mediate amidation

-
Me” N7 Me 10 Mol% benzylamine

o H intermediates 1.0 equiv. Q
s Momeddes [0S
Me” “OH PhSiH; H rt,1h S
MeCN, r.t. 2 49%

~1 equiv (30 min)

MeCN-D; was filtered through magnesium sulfate into a dry flask under argon and acetic
acid (9.1 pL, 0.16 mmol) and 2,2,6,6-tetramethylpiperidine (2.2 uL, 0.016 mmol) were added
and the reaction mixture was stirred at room temperature. Phenylsilane (19.7 pL, 0.160
mmol) was then added and the flask sealed immediately with an adaptor as described above.
The volume of displaced water was measured over 21 h, with 3.7 cm’® gas approximately
equivalent to 1 equivalent of hydrogen. One equivalent of hydrogen was released within 30
min, corresponding to the complete formation of silyl esters. Due to adventitious water, 2.5
equivalents had been collected after 21 hr. Benzylamine (17.5 uL, 0.160 mmol) was then
added and the reaction stirred at r.t. for 1 h. 'H-NMR showed 42% vyield of N-

benzylacetamide relative to TCE as internal standard.



2.11 A base-catalyst is required for the generation of silyl esters

Benzoic acid, benzylamine and phenylsilane (0.38 mmol scale) were combined
stoichiometrically in all permutations in C¢Dg (0.63 mL) and refluxed for 10 minutes. After
this time, the solutions were transferred to a dry NMR tube and the '"H-NMR spectrum
recorded. For a, 48% amide was observed (relative to amine). For b, only the ammonium
carboxylate salt was observed. For ¢, no species were observed at all, and both phenylsilane

and benzylamine remained unreacted. For d, no new species were observed either.

a) PhSiH, )OL
PhCOH + H,N"Ph — pp” "N Ph + H,
CgDg, reflux H
10 min 11:48%
b)
A~
PhCO,H + H,N"ph —— Ph @NH e)—ph
C6D6s reflux
10 min 19

H
c) _ ~ H, Y _.Ph
PhSiH; + H,N” “Ph —X> Ph/\N Sle

CgDg, reflux @ H
10 min not observed
d)
PhCO,H + PhSiH; —7
CgDg, reflux
10 min

2.12 Proposed reactivity of basic iminophosphoranes is analogous to demonstrated role

of basic amine: an aminophosphonium carboxylate acts like an ammonium carboxylate
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2.2 Generation and Characterisation of Iminophosphorane 1 and Silyl Ester 8
The following reactions were conducted in oven-dried 5 mL flasks under an argon balloon,

and fitted with a water condenser when heating is used.

Phenylsilyl benzoate (8)

HH O

si.
Ph (o} Ph
Chloro(phenyl)silane (21.3 uL, 0.160 mmol) was added to a refluxing suspension/solution of
potassium benzoate (25.6 mg, 0.160 mmol) in CsDs (0.5 mL) for 30-60 min. The solution,
containing solid potassium chloride, was used without further manipulation (filtration leads to

hydrolysis of the sensitive silyl ester species). The major species was assigned as

phenylsilylbenzoate with the following signals selected from the NMR spectra:

"H NMR (400MHz, C¢Dg) & ppm 8.07 - 8.03 (m, 2H), 7.73 - 7.67 (m, 2H), 7.13 - 7.04 (m,
4H), 6.99 - 6.94 (m, 2H), 5.36 (SiH,, s, 2H); *C NMR (101 MHz, C¢Ds) 167.3, 135.8, 133.4,
131.3, 130.7, 130.6, 130.5, 128.6, 128.5; *Si NMR (79 MHz, C¢D¢) 5 —19.9.

1,3-diphenyldisiloxane, formed from the reaction of adventitious water, was also present,

typically up to 15%.

N-benzyl-1,1,1-triphenyl-A>-phosphanimine (iminophosphorane/ylide)3 1)

@
i
Sk

Commercial benzyl azide (Alfa-Aesar, 94%) (12.5 pL, 0.100 mmol) was added to a solution
of triphenylphosphine (0.100 mmol, 26.2 mg) in CsDs (0.5 mL) and the reaction refluxed for
1 h. The *'P-NMR spectrum of the solution indicated a 1:87:11 ratio (by integration) of
phosphine oxide(25.0 ppm): iminophosphorane(6.0 ppm):phosphine(-5.2 ppm). The solution

was used in further transformations without further manipulation.

"H NMR (400 MHz, C¢Dg) & 7.90 - 7.81 (m, 2H), 7.81 - 7.68 (m, 6H), 7.43 - 7.36 (m, 1H),
7.36 - 7.29 (m, 2H), 7.08 - 7.00 (m, 9H), 4.71 (d, J= 15.2 Hz, 2H); P NMR (162 MHz,
CeDs) 5 6.0.



2.3 Deconstructed Staudinger Ligation NMR Experiments

2.31 Amide formation via independent preformation of iminophosphorane (1) and silyl

ester (8)

a - Ph A
) 5 Ny~ >Ph y <
Ph”a’Ph — [ ©ON
tol, reflux, 1 h o 1 o
Ph” & ‘Ph
=
o - N e Ph)LN/\Ph
Cl )]\ OCOPh tol, reflux H
¢ Ph” “OK ; . 3
Ph’SII“H _ e |...Si [time]
H " tolreflux, Th [PR74H 13 h - 47%
- KCl | 8 i 50 min - 22%
b) 0 ] ) -
ol Ph)l\OK ocoph | Ny~ Ph 0
Sli Sli PPh3 10 mol% )j\ ~
o, ——»|p-Sic BRI
Ph”i"H tol, refiux, 1h | P4 F tol,reflux, 130 " N "
kel - 8 - 3 64%

Stoichiometric (a): The iminophosphorane (ylide) was preformed by stirring benzyl azide
(22.0 uL, 0.176 mmol) in toluene (0.5 mL) at reflux for 1 h in the presence of
triphenylphosphine (40.0 mg, 0.153 mmol). Phenylsilylbenzoate 8 was preformed as
described above, in toluene (0.5 mL), with 0.153 mmol of each component. The solution of
iminophosphorane was then added to the silyl ester and the reaction stirred at toluene reflux
for 13 h. After this time, the reaction was cooled, quenched with methanol and concentrated
in vacuo. The yield of amide was determined to be 47% amide by 'H-NMR by comparison to
tetrachloroethane as an internal standard. When the reaction was run for 50 min, 22% amide

was observed by 'H-NMR, and *'P-NMR showed 98% phosphine and 2% phosphine oxide.

Catalytic (b) (SCHEME 4C in manuscript): The silyl ester 8 (0.153 mmol) was preformed as
described above, in toluene (1.0 mL). Triphenylphosphine (4.0 mg, 10 mol%) was added, and
allowed to dissolve before adding the benzyl azide (22.0 pL, 0.176 mmol). The reaction
stirred at reflux for 13 h. After this time, the reaction was cooled, quenched with methanol
and concentrated in vacuo. The yield of amide was determined to be 64% amide by

comparison to 1,1,2,2-tetrachloroethane as an internal standard.



N-benzylbenzamide® (3)

SAas

The amide product was isolated and characterised as follows; the solvent was concentrated
and the residue taken up in ethyl acetate, washed once with each aqueous HCI (1 M),
saturated aqueous sodium carbonate and brine. The organics were dried over magnesium
sulfate, concentrated, and purified by flash column chromatography (8-20% EtOAc in petrol)

to give a white solid, consistent with literature data.

"H NMR (400 MHz, CDCl;) & 7.85 - 7.73 (m, 2H), 7.53 - 7.46 (m, 1H), 7.46 - 7.39 (m, 2H),
7.37 - 7.27 (m, 5H), 6.69 - 6.29 (m, 1H), 4.64 (d, J= 5.7 Hz, 2H); *C NMR (101 MHz,
CDCls) 6 167.3, 138.2, 134.3, 131.5, 128.7, 128.6, 127.9, 127.6, 126.9, 44.1; HRMS (ESI+):
Exact mass calcd for C;4H;3NNaO [M+Na], 234.0889. Found 234.0893, o = 0.0087; IR (cm”
" (CDCl3) 3452, 3011, 1658, 1519, 1487; Mp 101-102 °C (lit.*> 100-101 °C).



2.32 Phenylsilane rapidly reduces the aminophosphonium carboxylate (Scheme 3 in

manuscript)
PR A Ph B R
+ —— o) —> o yop
: -N Ph” % 'Ph Ph” 4 ‘Ph
Ph” s Ph ? Ph Fh
Ph
31 1 2
P: -5.2 ppm 31p: +6.2 ppm 31
. 106. P: +36.9 ppm
(CeDe) ________pp __________________
then: C Ph
1 PhSiH, on Q
) P. N " no amide 11
——>» ph7aPht ) + o
31p: +36.9 . Pt -
S — A Ph’EéPh prEh by H-NMR
—Hp, 1.3 equiv. 74% 1: 18% 4%

31p: -5.2 ppm 31p: +6.2 ppm 3'P: +25.0 ppm

In all cases, the components were prepared as above (0.38 mmol scale), and combined in

oven-dried flasks (5 mL) in CsDg (0.63 mL) under an argon atmosphere.

The iminophosphorane of benzyl azide (1) and triphenylphosphine was formed as described
above (C'P-NMR, & +6.2 ppm). Added was benzoic acid (1 equivalent) and the solution in
CsDs was cooled to room temperature once the benzoic acid had dissolved. At this point, 3p
NMR showed the aminophosphonium carboxylate complex 2 *'P-NMR, & +36.9 ppm).
Addition of phenylsilane (1 equivalent) at room temperature was accompanied by 1.3
equivalents of hydrogen gas evolution within 4 min, measured as described above. At this
point, *'P-NMR showed oxide:iminophosphorane:phosphine (7:18:74) (8 25.0 : 6.8 : -5.2
ppm). No amide or the known monobenzoxysilyl ester was observed. After standing at room
temperature overnight in the NMR tube, the '"H-NMR of the sample showed 53% amide 3

and 47% benzylamine.

2.33 Thermal amidation (Scheme 2 in manuscript)

Preformed iminophosphorane 1 and benzoic acid were combined stoichiometrically (0.38
mmol scale) in toluene (0.63 mL). NMR analysis demonstrated formation of
aminophosphonium carboxylate 2. The reaction was refluxed over 20 h, taking aliquots for
NMR at 4 stages and mixing with enough C¢Dg for solvent locking. The spectra are shown in
SCHEME 2 in the main text, and demonstrate the formation of amide and phosphine oxide

over 20 h; 81% amide was formed after 20 h (with losses due to hydrolysis.)



2.34 Orthogonal formation of mixed silanamines and acyloxysilanamines

Ph expected from Rutjes work (O
(A)
I\N o) 'T' HsfH Ph)LOH
l® * Si —_— Sy~ —>» (B)
s Ph” 1 'H C.D fl Ph N Ph
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'® —_— SiL o~ (E)

1
[
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2
A) ylide + phenylsilane, reflux, 15 h )
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H-Si-N-H, 3 Hz yide 8 Hz

A M« A

B) reaction A + benzoic acid, rt, 30 min
H-Si-O species 8Hz
8 Hz
M A
C) ylide + phenysilyl benzoate, 80 °C, 30 min
8 Hz BzN(H)-Si
ylide 8 Hz broad t

8Hz

H-Si-O species
amide\JUL—j L i
A e " e

| P
D) ylide + 0.8 chlorophenyisilane, rt, 5 min
8 Hz

8 Hz|
H-Si-N-Hj 3 Hz
J L JUJU -

A
E) reaction D + benzoic acid, rt, 10 min

LM

H-Si-O H-Si-N-H
species 3Hz

EH_?ZHZ

T T T T T T
6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5
f1 (ppm)

(A) Preformed iminophosphorane 1 and phenylsilane were combined stoichiometrically (0.38
mmol scale) in C¢Dg (0.63 mL) in a 5 mL flask and heated at reflux for 15 h. After this time,
a 'H-NMR spectrum was recorded. Some iminophosphorane remained, and some
benzylamine was also present. A species with 8 Hz (silanamine) was also visible at ~4 ppm.

These data are in agreement with the catalytic Staudinger reduction reaction described by
9



Rutjes and co-workers.* Added to this mixture was benzoic acid, and the reaction stirred at rt
for 30 min. Another NMR spectrum was recorded, which showed two new 8 Hz doublets had

formed with higher shifts, likely mixed species of type 7. (B)

(C) Preformed iminophosphorane 1 and preformed silyl ester 8 were combined
stoichiometrically (0.38 mmol scale) in C¢Ds (0.63 mL) in an NMR tube, and a 'H-NMR

recorded after 30 min at 80 °C. Several 8 Hz doublets are visible.

(D) Preformed iminophosphorane 1 and chlorophenylsilane were combined
stoichiometrically (0.38 mmol scale) in C¢Ds (0.63 mL) in an NMR tube, and a 'H-NMR
recorded. This time the silyl hydrides are visible as 3 Hz doublets. Benzoic acid was added at

room temperature and an NMR recorded after 10 min (E) generating further species.

All the 8 Hz species formed are various benzylaminosilicon species. Note that, in the reaction
mixture, the ammonium carboxylate salt 2 may react with the acyloxysilanamine species (e.g.
of type 7) rather than with a silyl ester, which will expend the final hydride and generate a

range of species of type 7.

2.4 Supporting Information from the Literature

2.41 Comparison of literature assignments supporting the current assignments

a) . b)

: 'H§ 1.8 (app. br. t
N : (app. br. t)
Ph”” >N° : X .H
1 ' Ph N
SIMeg : SI
CDCl, l Ph” ‘;hH
'H 6 3.94 (d, 2H, 3Jyy = 8.3 Hz) ! TH$ 5.6 (d)

RUQ Ph 453744
'H85.65.7 Ph-,ShN*"H (d, 8 Hz)
(d, 3 Hz) H N H

H & ~2.4 ppm, (dt or app. br. t), 3 Hz, 8 Hz)
(shift sensitive to H-bonding)

Figure S1: (a) and (b) Literature shifts for known compounds; (c) Some NMR shifts and J
values for typical species proposed to be acyloxysilanamines.>
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2.42 Literature examples of silyl ester and silanamine exchangeHO

The final acyloxysilanamine species of type 7 may undergo various exchange reactions under
the thermal/acidic conditions. Some known examples are shown below.

a) Kozuka: Rates measured for exchange by monitoring "H-NMR Me signal

0 0
U R
1 i i 2
HO™ 'R Me—Si~Me CDCl3 Me=Si~Me HO™ 'R
Me 34 °C Me

base-catalysis accelerates rate of exchange (> x 700 for acetoxy to chloroacetoxy)

b) Riihimann: Bimolecular exchange reactions of thioesters and silanamines

0]
RZ .R! Me o)
N Re Me-Si-§ I Rre
. + 1 —_— 7 . + 3 .
-Si- Si. Me"  Si-Me R N
Me 1 Me Me/ I Me /
Me Me Me" Me R?

c) Ruhimann: Amidation and exchange reactions of silyl esters and silanamines

R%N,R1 ')

1 +
J(j)\ / Me’S."Me HO)I\
R2Z R + R¥O = e

R3

N M-S
e” 5 "Me
'\I/Ie \ fl\ ) (I)H
-R i
RN * Me-S*Me
R Me
d) Riihimann: Silanol or water degradation of sensitive amino/acyloxysilanes
acyloxy/amino
OH Me. Osg.Me
~Si« + i — > Me S T *Me T acid/amine
Me '\IAeMe Me/fI/:;Me Me Me

11



3. Computational Details

Calculations were performed using Spartan *10'' (PC version) using the B3LYP/6-31G*
theoretical model in the gas phase. Stationary points were characterised by frequency
calculations. Structures 4 and 5 (minima) had no imaginary frequency. Structure TS 6
(transition structure) has a single imaginary frequency. The energies reported in Scheme 2C
of the manuscript are relative electronic energies with zero point energy correction.

Coordinates are given below.
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4. NMR spectra
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BC NMR (101 MHz, C¢D¢): Phenylsilyl benzoate (18) (formed in situ, major species)
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"H NMR (400 MHz, C¢Ds): N-benzyl-1,1,1-triphenyl-A’-phosphanimine (ylide) (7)

(formed in situ: contains traces of triphenylphosphine oxide and triphenylphosphine (slight
excess used in formation of iminophosphorane.))
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3P NMR (162 MHz, C¢Dg): N-benzyl-1,1,1-triphenyl-A’-phosphanimine (ylide) (7)
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"H NMR (400 MHz, CDCLs): N-benzylbenzamide (11)
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BC NMR (101 MHz, CDCl;): N-benzylbenzamide (11)
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