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Abstract: A straightforward TMSCF;-catalyzed conversion of Weinreb amides into esters through the
treatment with sodium alkoxides is reported. The procedure documents a genuine selectivity for the
esterification of primary alcohols with Weinreb amides featuring diverse substitution pattern. The constitutive
N-methoxy fragment of these acylating agents is responsible for the unique reactivity they display, thus
enabling to explore alkoxides as competent nucleophilic elements. The protocol is compatible with the fully
transfer of stereochemical information embodied in the starting material, as well as, guarantees the preparation
of pharmaceuticals. Mechanistic investigations revealed that under the adopted reaction conditions (NaOR, R
primary) TMSCF; does not release the trifluoromethyl (CF;7) anion — as occurs with tertiary alkoxides — but
rather it catalytically activates the amidic bond.
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Introduction

The amide linkage constitutes the most ubiquitous
chemical functionality expressed in Nature."! As a
consequence of the delocalization between the nitrogen
lone pair and the carbonyl motif (ny—n*._, conjuga-
tion), amides exhibit high thermodynamic stability
(Scheme 1 — path 1).*! This constitutive characteristic
— making amides almost inert substrates according to a
classical paradigm in Chemistry™ — is responsible for
their widespread utilization as a robust functionality.™
Notwithstanding, the chemical modification of amides
in biological systems occurs under mild conditions in
the presence of (metallo)-enzymes."”) As a general rule,
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formal nucleophilic addition/elimination sequences on
amides deliver intrinsically more reactive products
(e.g. ketones) which may affect the chemoselectivity
of processes.'” In such a context, the esterification of
amides represents an attractive transformation due to
the reach portfolio of operations attainable with this
class of products.”! Before the advent of valuable
technologies enabling the challenging nucleophilic
attack to the amide carbonyl via electrophilic
activation,”™ the adoption of drastic conditions was
critical to ensure reactivity.”) Elegant work by Mashi-
ma showed the effectiveness of dinuclear Mn alkoxides
complexes for catalytically esterifying N,N-dialkyla-
mides at high temperatures (120-175°C),"” while by
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1) Amide bond constitutive effects due to ny — n*c-o conjugation
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C-N bond rotation barrier = 15-20 kcal/mol
Resonance energy = 19-26 kcal/mol

2) Esterification of amides: An intuitive rather challenging transformation

j\ , R3OH (o] - highly reactive products
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R, R? = alkyl - Mn alkoxides or CeO, catalysis (120-175 °C, Mashima)

3) Logics enabling the ground-state destabilization of N-C(O) bond

a) Transition-metal-catalyzed techniques [Ni (Garg, Huang) - Co (Danoun)]
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Scheme 1. Esterification of amides: state-of-the-art.

using CeO, also primary amides could undergo similar
processes (path 2)." In order to engage amides as
competent electrophilic synthons under less stressful
regime, it is essential overcoming the thermodynamic
barrier imparted by the N—C(O) delocalization.!”
Firstly explored rationales involved the complexation
of the nitrogen or the carbonyl lone pairs with
(stoichiometric) loading of metals."! Moreover, the
structural deformation of the amide bond — i.e. via
deviation from planarity by introducing twisted —
emerged as an attractive logic for the interconversion
of these building blocks under relatively mild tran-
sition-metal catalytic conditions.'* Despite these sig-
nificant advancements, enrolling more stable tertiary
amides as competent partners in esterifications proved
to be a huge challenge. A breakthrough was introduced
by Garg in 2015 who showed the oxidative addition of
a Ni(0)-NHC-catalyst for forming an acyl-metal inter-
mediate amenable for reacting with a nucleophilic
alcohol (path 3a)."' Conceptually analogous ground-
state destabilization of the N—C(O) bond has been
achieved through the use of cobalt-catalysis."® How-
ever, the productivity of the oxidative addition is
dependent on the substitution level of the amide, thus
making desirable establishing more general methods.
Although — in principle — deemed highly difficult, the
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adoption of transition-metal-free logics levered on the
assembly of tetrahedral intermediates, resulted an
excellent tool for esterifying substituted amides. Zeng
documented the use of a fluoride-catalyst acting as a
strong nucleophilic element for attacking the amide
carbonyl prior to the addition of the alcohol.!"” Szostak
demonstrated that the transition-metal-free esterifica-
tion of amides could be performed under highly
convenient mild conditions from rationally designed
twisted amides (path 3b)."" Furthermore, the employ-
ment of caesium carbonate as a catalyst enabled to
extend the strategy to aliphatic alcohols, as docu-
mented by Sessler and Lei.'” In recent years, the
N—C(O) linkage breaking®® of amides en route to
esters benefited from additional implementations such
as the hydrogen-bond assisted transition-metal-free
catalysis,”"! the Pd-catalyzed aerobic oxidative or, the
transition-free DMAP-mediated coupling with boronic
acids.*

We reasoned that the reaction of an alkoxide with
Weinreb amides,”” a class of standard acylating
agents,™! would represent an attractive synthetic tool
for preparing esters through a conceptually intuitive
protocol (path 4). Remarkably, since the introduction
in 1981, their use as acylating platforms has been
almost restricted to carbon-centered” and hydride™*!
nucleophiles to access carbonyl and alkene motifs.
Except for the hydrolysis (yielding carboxylic
acids),”” to the best of our knowledge, acylation
operations with heteroatom-based nucleophilic ele-
ments remain unexplored. Of note, the inverse process
(i. e. conversion of esters to Weinreb amides) is one of
the best methods for preparing N-methyl-N-meth-
oxyamides."””! Herein, we document the chemoselec-
tive transformation of Weinreb amides into esters via
the reaction of primary alkoxides in the presence of
TMSCEF; as a competent Lewis acid catalyst.

Results and Discussion

The reaction between Weinreb amide la and a
commercially available solution of NaOMe in MeOH
was selected as the model case (Table 1). After 72 h in
THEF, the starting material was completely transformed
into ester 2, thus showing the feasibility of the process
(entry 1). Changing solvent or increasing temperature
had little effect on shortening the reaction time
(entries 2-4). The addition of Lewis acids such as
Sc(OTH); or B(C¢4Fs); for enhancing the amide carbonyl
electrophilicity — had a detrimental effect (entries 5-6).
However, the switching to the silicon-centered ana-
logue SiCl, was effective (entry 7) and enabled to
obtain 2 in considerably shorter times (overnight,
12 h), also when employed at catalytic loading (en-
try 8). While the weaker Lewis acid TMSCI was
ineffective (entry 9), an excellent performance was
observed with TMSCF; (Ruppert-Prakash reagent)"
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Table 1. Reaction optimization.
0

N/oMe NaOMe
éH3 Lewis acid

1a

o

©)L0Me

2

Entry Amide Lewis acid (equiv.) Solvent Reaction time (h) Yield of 2 (%)™
1 la - THF 72 78
20 la - THF 72 81

3 la - MeCN 72 53

4 la - MeOH 72 64

5 la Sc(OTf); (1.0) THF 72 26

6 la B(C¢F5); (1.0) THF 72 38

7 la SiCl, (1.0) THF 12 84

8 la SiCl, (0.2) THF 12 82

9 la TMSCI (0.2) THF 12 traces
10 la TMSCF; (0.2) THF 12 95

11 1b-1¢g TMSCEF; (0.2) THF 12 -

12 1h TMSCEF; (0.2) THF 12 61
130 la TMSCF; (0.2) THF 12 76
14 la TMSCEF; (0.2) THF 12 92

Amides screened in the reaction design

o o
N,OMe |\’Tl,Me
Me Me
1a 1b
o o
N N
©)L 0 @ O
1e 1f

[o] (o)
N’E' I\N,Ph
Et Ph
1c 1d
(o] (o]
QO
L_o =
1g 1h

[} Otherwise stated reactions were with NaOMe 25% wt solution in MeOH at room temperature. Yields refer to the isolated

product after eventual purification.
) Reaction performed at 50 °C.
[l KOMe 25% wt solution in MeOH was used.
@ LiOMe 1 M solution in MeOH was used.

which furnished ester 2 in nearly quantitative yield
(entry 10). Conducting the esterification on a Weinreb
amide was essential (vide infra): different analogues
including tertiary amides (1b-1d), acyl-azetidine
(1e),”"  acyl-pyrrolidine  (11),’” acyl-morpholine
(1g)"" — known to be acylating agents with C-
nucleophiles — were not suited for promoting the
reaction (entry 11). Although at a significant less
extent, the only substrate amenable for the trans-
formation was N-acypyrrole (1h) presumably as a
consequence of the higher electrophilicity of the amide
carbonyl resulting from diminished delocalization of
its nitrogen lone pair (entry 12).” Finally, it was
possible to use different alkali metal alkoxides, being
LiOMe comparable in terms of yield to NaOMe
(entries 13—14).

Having established the optimal conditions for
forming esters from Weinreb amides, the scope of the
method was then studied with either NaOMe and
NaOEt (Scheme 2), being also adaptable for preparing
the labeled CD; analogue 3. We were delighted in fully
maintaining (4) the optical information of the enantio-
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merically pure Weinreb amide — derived from the
common NSAID drug Ibuprofene — potentially suscep-
tible of sequential enolate formation/racemization at
the benzylic position. Wide flexibility on the nature of
substituents positioned on the starting materials was
allowed. Thus, methyl and ethyl esters presenting
halogen- (5-6), cyano- (7-8), nitro- (9—10), phenylazo-
(11) and aryl- (12) substituents were prepared in
efficient yields without affecting the chemical integrity
of these functionalities. Electron-donating substituents
(13-15) taming the amides electrophilicities were not
detrimental for the protocol. Notably, the presence of
sterically demanding elements [2,6-dimethylphenyl
(16-17 and mesityl (18)] did not alter the effective-
ness, thus allowing the rapid preparation of congested
esters. The selectivity of the protocol towards
carbonyl-containing Weinreb amides was superb. As
documented by models including ketones (19-21),
alkoxides performed selective attacks to the N-methyl-
N-methoxyamide site. Some additional points merit
mention: a) despite the acidity of acetophenone- (19—
20) and homobenzoate- derivatives, no enolization was
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o

o
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8
R =Me (9, 83%) R =Et (12, 97%)

R =Et( 10 85%) R =Me (11, 91%)
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Me O
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MOR MEYQ)L
M M
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R = Me (19, 91%)
[20 mmol scale (93%)]

R = Me (24, 94%)
R=Et (25 89 %)

(o]
i @ o
NH, (n-Bu);Sn

R = Et (28, 82%)

R =Me (14, 90%) R = Me (15, 86%)

R = Et (18, 87%) R = Et (21, 81%)

R = Me (26, 92%)

R = Me (22, 93%) R= Et(27 86%)

R = Me (23, 87%)

R = Et (29, 96%) R = Et (30, 93%)

Scheme 2. Scope of the reaction: synthesis of methyl and ethyl
esters from Weinreb amides.

evidenced; b) scaling up the methodology to 20 mmol
loading retained the efficiency (93% isolated yield); c)
running the reaction on a formyl derivative was equally
successful, giving the aldehyde-containing ester 22; d)
a mixed ester-Weinreb amide yielded the correspond-
ing diester product 23 under the optimized reaction
conditions, thus highlighting the compatibility with
esters, as well. As expected from the optimization
study, Weinreb acylating agents featuring diverse
amide functionalities [N,N-diethyl- (24-25) and N-
pyrrolidinyl (26)] were exclusively esterified at the N-
methyl-N-methoxyamide fragment, with no modifica-
tion on these pre-installed functional groups. More-
over, amine moieties [primary (28) and tertiary (N-
morpholinyl, 29)] were similarly tolerated. We were
pleased to validate the methodology also for a Weinreb
amide presenting a C-metal bond, as indicated by the
versatile stannyl analogue 30.
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The smooth preparation of sodium alkoxides
according to known protocols,”” allowed to further
extend the application of the Weinreb amide esterifica-
tion by strategically selecting the corresponding
hydroxy precursor (Scheme 3). Aliphatic alcohol of
variable length chain furnished esters with high
efficiency (31-33). With the aim to access esters
amenable for subsequent nucleophilic displacements, a
series of homologous aliphatic alcohols presenting -
chloro substituents were used for preparing under
remarkable chemocontrol the corresponding alkoxides
and, then coupled with the Weinreb amides. Although
potentially susceptible of chlorine-metal exchange
phenomena, the expected esters (34-38) were formed
in high yield. Analogously, glycol-type containing
nucleophilic elements underwent the acylation without
difficulties (39—40), as well as, a [-N,N-dimeth-
ylaminoethyl alcohol (41). Embodying a metal-carbon

1
Na meta Ry O o
a meta i
(1.0 equiv)
R-OH R-ONa CHs AU
THF, 0°C,2h  (14equv) TMSCF; (0.2 equiv) R "OR
THF, rt, o/n
o o )OL o
PhJ\On-Pr Tol )LOn-Bu Tol” ~On-Hept Tol )J\o/\/\u
31 (85%) 32 (94%) 33 (78%) 34 (74%)
o
3y e © 2 )
. o
J\o & | Tol )J\o cl
N el

R = p-Tol (35, 76%)

R = 0-F-CqHj (36, 82%) 37 (75%) 38 (82%)

(o] J/ j (o] I\(Ie
Tol)l\o/\/OMe Ph)J\o/\/N‘Me

Tol 0 Cl

39 (90%) 40 (74%) 41 (85%)
o

o ™S o
B o
f g TMS dL o~

N el
R = p-Tol (42, 76%)
R = 0-F-CgH, (43, 82%)

o
0 }o 2 o
(o) S
J R)ko/\Ph \ /\©
Tol” O N
R =p-Tol (49, 94%)
R = n-Pr (50, 75%)

R = Bn (45, 83%)

44 (75%) R = p-Tol (46, 85%)

51 (73%)

o
/\
Et,N
o
52 (76%) 53 (85%) 54 (90%)

55 (87%)
[Difluocortolone valerate]
corticosteroid for topical administration

Scheme 3. Synthesis of diverse esters from Weinreb amides and

prepared alkoxides.
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bond in the alkoxide precursor was again possible, as
noticed for silyl analogues 42—44. Allyloxy sodium
was a competent reaction partner for both alkyl- (45)
and aryl- Weinreb amide (46); moreover, also prop-
argylic alcohol furnished the ester in high yield (47).
Diversifying the chemical nature of the primary
alkoxide further expanded the scope, as noticed in the
cases of epoxy-alcohol (glycidol, 48) and
(hetero)benzyl-type systems (49-51). The chemocon-
trol of the method was further observed in the
preparation of derivative 52 exhibiting a N, N-diethyl-
amide functionality inert under the esterifying con-
ditions. Cinnamoyl- (53) and its saturated analogue
(dihydrocynnamoil, 54) further strengthened the sig-
nificance of the technique. The broad utility of the
transformation is additionally validated by the smooth
preparation of the steroid pharmaceutical difluocorto-
lone valerate 55: despite the presence of a secondary
alcohol — among other potentially susceptible motifs
(e.g. ketones, alkenes) — only the primary one was
esterified. In this sense, the genuine chemoselective
profile for primary alcohols was confirmed by the lack
of reactivity of NaOsBu and NaQOiPr.

The mechanistic investigation revealed a dual
dependance from: a) the Weinreb amide functionality
and, b) the effect of TMSCF; (Scheme4). The

a) Effect of the constitutive presence of N-alkoxy group
R!
o Me o o Me o

: 4 )k 0: Na'
(,.0: - - _—
CH, 3 0
o NaOMe (1.4 equiv)
___OEt TMSCF; (0.2 equiv) o
Ph)l ) : Ph*OM
56 CHs THF, rt, o/n, 72% 2 N
b) Plausible reaction mechanism
Me Na*
Me\s‘_ Me me Meye o
° o Si~CF, o Si~CF, By
L., OMe TMSCF; R'ONa RO ~ H,0 1+ TMSCF.
gy OMe L gy OMe O ome M2 RToR SCF3
CH; | CHy 1 (‘:HJ + MeNH(OMe)
c) Activation of TMSCF; towards Weinreb amides with different Lewis bases
o TMSCF, o . [release of CF5" anion]
Me OMe (0.2 equiv) Ve ~n-OMe | TMSCF; (1.05 equiv)
| - | b
N N M
MeO™ > © g:i“:jiv) MeO™ > ¢ CsF (0.1 equiv) (ref. 36b)
O 55 (as%) THF, rt, oin o 57 Tol, 0°Ctort, 24 h
TMSO_ CF;
d) Activation of TMSCF3 towards an aldehyde and a Weinreb amide Me ~n-Me
| h
OH N_ OMe
MeO
TMSCF; (1.05 equiv] St
% Ph/kCFa [release of CF3” anion] o 59 (77%)
) tE qui
j\ THF. 1t ol 62 (91%) TMSCF; (0.2 equiv)
PR H T NaOMe (1.1 equiv)
61 THF, rt, o/n
TMSCF; (1.05 equiv) OMe | yo' O then, TBAF, H,0
NaOMe (1.1 equiv) | ph” O ph)kH 50°C,2h
THF, , o/n 63 61(93%) 9
no release of CF3” anion;
o [ 3 ] CFs
MeO
L ome TMSCF; (1.05 equiv) ) ©
Ph” N’ —————————————>= no reaction o 60 (83%)
1a CHy ! ‘E Bu (1.1 equiv) [release of CFy anion but not intercepted
THF, t, o/n by Weinreb amide]
e) llar ition fo ir CF3” anion
[¢] [¢]
[.__om Q  TmscF (1 i OH M
o OMe 4 Ph)kH SCF; (10.0 equiv) . )\CF + ppiyOMe
CH; [ 3 3 CH;
1a 61 THF, 1t, o/n 62 (95%) 1a
(1 equiv) (1 equiv) fully recovered

Scheme 4. Mechanistic investigations and role of TMSCF;.
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constitutive N-methoxy group could coordinate the
cation thus, enabling the attack of the alkoxide to the
carbonyl (path a). This element is consistent with the
experimental result that even in the absence of
TMSCEF;, the reaction is productive, though longer
times are required (Table 1). It also explains the unique
reactivity of Weinreb amides compared to other
screened systems lacking the coordinating N-methoxy
element (see above, Table 1). As an additional proof,
the use of the modified Weinreb amide [N-ethoxy-/N-
methyl- congener (56)]”* furnished the desired product
(2), thus confirming the requirement for a N-alkoxy
functionality in the starting amide. The role of
TMSCF; is more intriguing. It is well known that it
represents a reservoir of the labile CF; anion*
delivered upon the collapse of a pentacoordinate
silicon-ate complex resulting from the attack of a
Lewis base to the electrophilic silicon.”” Indeed, in the
present case, the carbonyl oxygen of the Weinreb
amide could attack — spurred by mesomerism — the
silicon, giving complex I (path b). Therefore, the
alkoxide would perform the nucleophilic addition/
elimination sequence (II), finally yielding the ester and
regenerating TMSCF; able to commence the esterifica-
tion of a new Weinreb amide molecule. This would
explain the afore-mentioned unproductivity of secon-
dary and tertiary alkoxides whose bulkiness would
hamper the efficient attack for forming the tetrahedral
intermediate II.

With the aim to decipher the role of TMSCF;, an
investigation of its reactivity in the presence of differ-
ent Lewis bases activators was performed. We would
exclude the genesis of the trifluoromethyl anion (CF;")
under our reaction conditions. In this sense,
Leadbeater™ and Grellepois-Portella®” reported the
preparation of CF;-ketones from Weinreb amides and
initiators such as CsF, TBAF or TBAT, thus high-
lighting the critical role of the Lewis base in
determining the reaction outcome.”® By reacting bis-
Weinreb amide 57 with NaOMe (0.95 equiv.), ester-
ification took place at only one of the two possible
positions, yielding p-methoxycarbonyl Weinreb benza-
mide 58 (path c). Moreover, also by increasing the
loading of TMSCF,, no trifluoromethylketone was
obtained.’***! These experiments were consistent with
no formation of the CF;™ anion, thus suggesting that a
primary alkoxide is not suited for activating TMSCF;
towards the carbanion release. Conversely, when the
same amide 57 is treated under Leadbeater’s conditions
(CsF),P®) adduct 59 featuring a hemiaminal moiety™”
resulting from the attack of the CF;  anion to the
Weinreb amide was generated. The subsequent addi-
tion of TMSCF; (0.2 equiv.) to 59 — but followed by
the treatment with NaOMe — furnished p-(trifluoroace-
tyl) benzoic acid methyl ester 60, thus confirming the
hypothesis that the system TMSCF;/NaOMe does not
generate CF; . In order to generalize these conclusions,
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we therefore run TMSCF;-mediated operations on (the
more electrophilic) benzaldehyde 61 (path d). When
NaOfBu was employed — as the initiator —
trifluoromethylated alcohol 62 was easily formed,
whereas by using NaOMe the aldehyde motif was
recovered, presumably due to the formation of a
unstable hemiacetal 63 which collapsed restoring the
carbonyl group (61). Collectively, these experiments
confirm two key features: i) a tertiary alkoxide
(NaOrBu) efficiently activates TMSCF; towards the
release of CF;~ which — being a weak nucleophile —
can attack only strong electrophiles (aldehydes) where-
as, i) a primary alkoxide (NaOMe) is at all not a
competent activator for TMSCF;. Additional evidence
arises from an intermolecular experiment (path e)
consisting in treating a 1:1 mixture of Weinreb amide
1a and benzaldehyde 61 with an excess of TMSCF;
and NaOsBu. Exclusively trifluoromethyl-alcohol 62
was formed, while the Weinreb amide 1a — a weaker
electrophile — was fully recovered.

Conclusion

In summary, we have disclosed a conceptually intuitive
conversion of Weinreb amides into esters via the
straightforward treatment with alkoxides in the pres-
ence of the Ruppert-Prakash reagent acting as a
versatile catalyst. The protocol documents a wide
substrate scope, being flexible for productively engag-
ing as competent partners variously substituted Wein-
reb amides and sodium alkoxides. Of note, the
complete transfer of the stereochemical information
embodied in the starting amide and, the genuine
chemocontrol observed with materials featuring poten-
tially sensitive functional groups, including the steroid
agent difluocortolone valerate. The methodology is
paved on the unique constitutive effect of the N-alkoxy
moiety of the Weinreb amide acting as a coordinating
element for the alkoxides, thus formally enhancing
their nucleophilicity. The catalytic role of TMSCF; is
presumably ascribed to the formation of an ate
complex with the amide carbonyl, thus formally
boosting its electrophilicity. Mechanistic investigations
are consistent with the exclusion of the formation of
the trifluoromethyl anion under the reaction conditions.
Finally, this work introduces new acylating sequences
for well-known and easy to prepare Weinreb amides,
thus extending the portfolio of these valuable acylating
agents also to non-carbon centered or hydride nucleo-
philes.
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Experimental Section

General Procedure for the Esterification of Weinreb
Amides with a Primary Sodium Alkoxide

To a solution of Weinreb amide (1.0 equiv.) in dry THF (3 mL)
cooled at 0°C, trimethyl(trifluoromethyl)silane was added
(0.2 equiv.) under Argon atmosphere. After 5 min, the solution
of the competent alkoxide (1.4 equiv.) was added dropwise
during a period of 15 min and, the stirring was continued
overnight at room temperature. Subsequently, the mixture was
quenched with saturated (ag.) NH,Cl (3 mL) and extracted with
dichloromethane (3 mL). The organic layer was washed with
saturated (ag.) NaCl (5 mL), dried over anhydrous Na,SO,,
filtered and concentrated under reduced pressure to give the
crude compound purified as indicated below.
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