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Nucleophilic addition of readily available TMSCCI; to N-phosphinoyl benzaldimines allows preparation of
N-phosphinoyl-a-(trichloromethyl)benzylamines. Typically, the reaction in THF at room temperature
using tetrabutylammonium difluorotriphenylsilicate (TBAT) as a catalytic promoter, afforded very good
yields (65-95% range) for most derivatives within 1 h at room temperature.

© 2014 Elsevier Ltd. All rights reserved.

a-Trichloromethylamines are interesting biologically active
compounds used as: herbicides,! insecticides? or fungicides,® and
more recently have revealed dopaminergic neurotoxicity proper-
ties.* They also represent a key intermediate in the synthesis
of valuable organic molecules such as, o,0-dichloroimines®
and o-trichloromethyl imines,® 2,2-dichlorovinylamines and
(2-chloroethynyl)amines’ and 2,2-dichloroaziridines’”® and enami-
no esters.® a-Trichloromethylamines are directly synthesised by
nucleophilic addition of a trichloromethyl anion equivalent to an
imine. A few different sources of CCl3 can be used: trichloroacetic
acid,'° chloroform®!! or trimethyl(trichloromethyl)silane.'? Use of
trichloroacetic acid is limited by harsh decarboxylation conditions
while the use of CHCl; requires strong bases (t-BuOK and NaH-
MDS). Conversely, TMSCCl; only requires activation by a silylphilic
promoter, typically a fluoride ion. Following our recent improve-
ments on the synthesis of TMSCCl; (70% isolated yield),!® we aimed
to extend the use of this reagent to imines. Present nucleophilic
reactions of TMSCCl; with imines are limited to very few
examples: a low yielding (34%) 1,2-addition to a salicylaldi-
mine, using an intramolecular activation of the imine through
chelation of boron trifluoride etherate with the adjacent hydroxyl
group,'?® and Li’s diastereoselective addition of TMSCCl; to
N-(tert-butylsulfinyl)aldimines.'?”¢ We conceived that unprece-
dented nucleophilic addition of TMSCCl; to diphenylphosphinoyl
benzaldimines would be an efficient route to wuseful
N-phosphinoyl-o-(trichloromethyl)benzylamines.

* Corresponding author. Tel.: +44 (0)115 9513541; fax: +44 (0)115 9513564.
E-mail address: simon.woodward@nottingham.ac.uk (S. Woodward).
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We initially investigated the nucleophilic reaction of TMSCCl;
with  (E)-N-benzylidene-P,P-diphenylphosphinic amide (1a)
(Table 1). Initial trials revealed that TMSCCl; requires activation
by a silylphilic promoter; the fluoride ion from TBAT (tetrabutyl-
ammonium difluorotriphenylsilicate) was most effective here
(run 1 vs run 2). Further investigation showed that the reaction
could be efficiently carried out in THF at room temperature within
an hour, using only 1 mol % of TBAT (run 2 vs runs 3 and 4). Insol-
uble CsF was poorly effective (run 5). The diphenylphosphinoyl
benzaldimine starting materials 1 are accessed by titanium(IV)

Table 1
Optimisation of TMSCCl; addition to 1a°
Q Q
_PPh,  MSCCl _PPh,
N‘ (1.5 equiv.) HN
B ———_
©) Promoter ©)\ CCly
THF
1a 2a
Run Promoter Temp (°C) Time (h) 2a* (%)
1 None It 1-16 <5
2 TBAT (1 equiv) -50 1 >95
3 TBAT (10 mol %) ~50 1 >90
4 TBAT (1 mol %) It 1 >90 (89)
5 CsF rt 1-16 <10

2 Carried out on 1.0 mmol 1a (0.25 M); conversions to 2a determined by '"H NMR
spectroscopy; in run 4 the isolated yield of 2a is in parentheses.
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ethoxide promoted condensation between ArCHO and diphenyl-
phosphinic amide in refluxing THF in moderate to very good yields
(see Supporting information). Titanium(IV) chloride can also be
used as a Lewis acid but it is less convenient to handle (fuming
in air) and often leads to lower yields.'*

The spectroscopic properties of 2a are in accord with the addi-
tion of the trichloromethyl group. In particular, a low-intensity
quaternary signal at 6c 102.7 in the '*C NMR spectrum is assigned
to CCl; and the molecular ion of 2a shows the expected Cls isotope

Table 2
Scope of the trichloromethylation reaction®

Run Substrate Product Isolated yield (%)
gPh IZ?Ph
N/ 2 2
1 \ 84
CCI3
1b
Cl
G
PPh
N,PPh2 2
2 \ 94
CCI3
1c
F
Q
_PPh
N 2 PPh2
3 \ 68
CCI3
1d
F3C
Q
N,PPh2 PPh2
4 \ 72
CCI3
1e
NC
Q
N,PPh2 PPh2
5 \ 84
CCl3
9 O
N,Pth PPh2
6 | 72
CCly
& Q
N,PPh2 HN/Pth
7 \ 95
CCly
1h 2h
Q g
N,PPh2 PPh2
8 \ 18
CCI3
1i
tBu
Q
.PPh, PPh2

65
O CCly

@ Carried out on 1.0 mmol 1 (0.25 M), 1.5 mmol TMSCCls, 1 mol % TBAT, room
temperature, 1 h. Isolated yields.'”

pattern. The o-CH group is diagnostically shifted to lower frequen-
cies (64 4.95 in 2a) compared to its N=CH precursor (dy 9.33 in 1a).
A characteristic signal for the amine proton is seen at dy 4.07 in the
'H NMR spectrum, uncorrelated to any '*C NMR signal on HSQC.
The conditions of Table 1 (run 4) could be applied to a range of
diphenylphosphinoyl benzaldimine substrates, leading to various
addition products in 18-95% isolated yields (Table 2).

The reaction is tolerant to electron-withdrawing substituents in
para positions (runs 1-4: yields from 68% to 94%) and is also effec-
tive with electron-donating groups (runs 5-8: yields from 72% to
95%), only showing limitation with a tert-butyl group at the para
position (run 8, 18% yield). Lower yields were associated with iso-
lation issues under chromatography of these polar species rather
than underperforming catalysis. However, in many cases, the prod-
ucts could be isolated in analytically pure form by crystallisation.
For example, the connectivity of 2c was confirmed by an X-ray
crystallographic study (Fig. 1).

Figure 1. Molecular structure of 2¢ (CCDC 1014093). Selected interatomic distances
and angles: C(2)-C(10) 1.558, N(1)-C(2) 1.448, N(1)-P(14) 1.649 A; C(10)-C(2)-
N(1) 110.8, P(14)-N(1)-C(2) 124.1, N(1)-P(14)-C(16) 110.1°.
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Scheme 1. Proposed catalytic cycle.
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One proposed mechanism for the reaction is shown in Scheme 1.
Based on our recent mechanistic studies made on 1,4-addition of
TMSCCl; to nitroalkenes,'® we believe that TMSCCl; is initially
bound to N-phosphinoyl benzaldimine 1a by means of an elec-
tron-rich Si-O contact providing 3. Attack of an external nucleo-
phile, in this case fluoride ions, on 3 triggers CCl; transfer
presumably through a chair-like transition state, leading to the
N-phosphinimine anion 4 (1,4-addition mode) or its resonance
analogue N-phosphinamide 5 (1,2-addition mode). The former (4)
would itself be an excellent promoter of the reaction able to
replace fluoride in further conversion of 3 into 4. This would
explain why only a catalytic amount of TBAT is needed to reach full
completion in only one hour (with the concentration of 4 building
up over time). N-phosphinimine anion 4 can act as a promoter itself
or leave the promoter pool by reacting with TMSX (X = CCl3 or Nu, if
Nu is a suitable leaving group) and a final quenching of the reaction
leads to N-phosphinoyl-o-(trichloromethyl)benzylamine 2.

In conclusion, the use of TMSCCl; as a trichloromethylating
reagent has great potential in nucleophilic additions to
electron-deficient imines. We have achieved, here, the
unprecedented catalytic nucleophilic reaction of TMSCCl3 with
N-phosphinoyl benzaldimines for the synthesis of racemic
N-phosphinoyl-a-(trichloromethyl)lbenzylamines 2. Potential
development of enantioselective processes will offer significant
challenge since the kinetic N-phosphinimine anionic product 4 of
the reaction is acting itself as a highly effective catalyst of the reac-
tion, and finding a competitive chiral catalyst will be crucial for
success.
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