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Diastereoselective Synthesis and Functionalization of tert-
Butylsulfinyl-2-(Chlorodiphenylmethyl)Pyrrolidine

Davide Carboni,”’ Simone Di Remigio,” Arianna Quintavalla,*®® and Marco Lombardo

The addition of the carbenoid species
(chlorodiphenylmethyl)lithium to chiral N-(4-bromobutylidene)-
2-methylpropane-2-sulfinamide affords in high yield (up to
81%) and excellent diastereoselectivity (>99:1) the yet undis-
closed tert-butylsulfinyl-2-(chlorodiphenylmethyl)pyrrolidine.
Preliminary investigations into Sy1 solvolysis reactions of this
chloride with different alcohols revealed its potential for further

Introduction

The renaissance and advent of modern organocatalysis have
marked a major breakthrough in synthetic organic method-
ologies over the past two decades,!" culminating in the Nobel
Prize in chemistry jointly awarded to List and MacMillan in
2021, for their outstanding contributions to the development of
asymmetric organocatalysis. Diarylprolinol silyl ethers, inde-
pendently proposed by Jorgensen and Hayashi in 2005,%
undoubtedly play a central role in this field, being among the
most efficient and versatile chiral organocatalysts proposed
thus far (1, Figure 1). Not only are they easily prepared starting
from natural L-proline, but they are often also the most active
and stereoselective in both iminium and enamine activation
modes, maintaining their high efficiency even in dienamines,
trienamines and vinylogous iminium ions.”! Nonetheless, many
different structural modifications of these catalysts have been
proposed along the way, mainly to address the problem of low
chemical hydrolytic stability while trying to maintain their yet
unsurpassed catalytic activity.

Diphenylprolinol methyl ether 2 (Figure 1, Ar=Ph, Alk=
CH,) was first synthesized by Enders in 1988 as an intermediate
for the preparation of SAMP (1-amino-2-methoxymethylpyrroli-
dine)-related chiral auxiliaries,”” and further used by Gellman in
2005 as a highly enantioselective organocatalyst for the Michael
addition of aldehydes to enones.*™ The methylation of the
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functionalizations leading to differently substituted chiral
pyrrolidines, yet showing a relative lability of the tert-butylsul-
finyl chiral auxiliary under the employed reaction conditions.
Most notably, reactions with sterically hindered alcohols yielded
unprecedented derivatives, not easily obtainable using the
currently reported procedures for the stereoselective synthesis
of diphenylprolinol derivatives.
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Figure 1. Structures of diarylprolinol silyl ethers (1) and related organo-
catalysts (2-7).

highly sterically hindered tertiary alcohol was accomplished
using 5 equivalents of NaH and CH;l as the solvent.

Azide 3 (Figure 1, Ar=Ph) was prepared by Juaristi in
2008% and, together with related amines 4 (Figure 1, R=H, Ts,
Bz, Et, Bn), was later exploited as an organocatalyst in different
benchmark transformations.*®

Notably, azide 3 proved to be consistently more stereo-
selective than the derived amines 4, albeit less enantioselective
than 1 (Figure 1, Ar=Ph; R', R%, R®*=CH,). Trityl derivative 5
(Figure 1) was proposed by Maruoka in 2009 for the asymmetric
benzoylation of aliphatic aldehydes.” While effective in some
selected transformations, 5 proved to be less stereoselective
than 1 in most organocatalytic reactions, likely due to the
considerably smaller steric hindrance exhibited by the supple-
mentary phenyl substituent. The fluorinated derivative 6 (Fig-
ure 1) was prepared by Gilmour in the same year, and used as
an efficient catalyst for asymmetric epoxidation reactions.”
Similarly to 5, 6 also proved to be efficient only in some
selected transformations. In 2021, Hayashi prepared a series of
benzylic derivatives 7 (Figure 1, Ar=Ph; Ar'=Ph, 2-naphthyl,
anthryl) and tested them in the benchmark addition of aliphatic
aldehydes to nitrostyrenes.” All members of this family proved
to be more reactive than 1 (Figure 1, Ar=Ph; R', R%, R®*=CH,),
but less stereoselective. Notably, 2-naphthyl and anthryl
derivatives were only slightly less enantioselective than 1 (96—
98% e.e. vs 99%). The synthesis of alkyl derivatives 2 (Figure 1)
by etherification of the diarylprolinol proved to be more
challenging in the case of longer-chain aliphatic substituents,

© 2024 Wiley-VCH GmbH
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since the elimination of the halide becomes competitive with
the substitution reaction, given the high steric bulkiness of the
diarylprolinol nucleophile. Nevertheless, the reaction can be
successfully realized using primary halides, if large excesses of
both NaH and the electrophile (5-10 equiv.) are used. To the
best of our knowledge, only two cases have been reported so
far in the literature. In 2008, a patent from the Tokyo University
of Science reported the synthesis of O-butyl derivative 2
(Figure 1, Ar=3,5-bis(trifluoromethyl)phenyl; Alk=n-butyl) and
its use as an organocatalyst in the asymmetric Diels-Alder
reaction between cyclopentadiene and cinnamaldehyde, where
it proved to be only slightly less enantioselective than 1
(Figure 1, Ar=3,5-bis(trifluoromethyl)phenyl; R', R?, R*=CHj;
94% vs 97% e.e). n-Butyl-iodide (5equiv.) was inserted on
diarylprolinol in 78% yield using NaH (4 equiv.) in DMF:THF
(1:1.22 In 2020, Jamison immobilized diphenylprolinol on a
monolithic silica support and exploited it in a stereoselective
Mannich reaction under continuous flow conditions. For the
preparation of the supported catalyst, 5-bromo-1-pentene
(10 equiv.) was inserted on diphenylprolinol in 77 % yield using
NaH (10 equiv.) and tetrabutylammonium iodide (20 mol%) in
DMF.[%]

In 2018, Prasad proposed an alternative highly diastereose-
lective synthesis of alkyl-substituted diphenylprolinols 2, by
addition of organolithium compounds to aliphatic chiral
sulfinimine 8, which possesses an opportunely positioned
leaving group on the side-chain (Scheme 1).

Using this protocol, methyl and MOM (methoxymethyl)
substituents were successfully inserted with overall good yields
(73% and 79 %, respectively) and excellent stereoselectivity (d.r.

OAlk
)\ [ ym o
Ph
)
(S’j< n-BuLi, TMEDA Sso OA'k
THF, -78 °C, 0.5 h 9

Alk = CHz: 73%, d.r. > 99:1 HCI / MeOH
Alk = MOM: 79%, d.r. > 99:1 rt,4h

Ph
(R)
<'?‘> H-Ph
2a,Alk = CHy: 99% H  OAK

Scheme 1. Diastereoselective synthesis of methyl-substituted diphenylproli-
nol 2a.
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Scheme 2. Main side-products observed in the Prasad protocol, using bulkier
alkyl substituents.
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>99:1). The methyl-substituted intermediate 9 (Alk=CH;) was
further deprotected with HCI/MeOH to give the desired organo-
catalyst 2a in quantitative yield.

While this synthetic sequence is certainly very attractive and
highly efficient, it could not be generalized to any alkyl
substituent. Indeed, two problems mainly limit its general
application. First, sterically hindered organolithium nucleophiles
tend to act as bases, forming the corresponding aza-enolate
that promptly cyclizes to the known cyclopropyl-imine 10
(Scheme 2)."" Second, the lithiated reagent could easily under-
go [1,2]-Wittig rearrangement,'? especially in the case of
secondary alkyl substituents, consuming the organolithium
reagent and eventually fostering the formation of imine 10
(Scheme 2).

In 2012, Seebach reported the preparation of a series of
nitrogen, oxygen, phosphorous, and sulfur derivatives of
TADDOL (0,0,0',0'-tetraaryl-1,3-dioxolan-4,5-dimethanol) starting
from the corresponding diaryl tertiary monochloride. Notably,
the Sy1 reaction with hindered secondary alcohols smoothly
proceeded on these substrates. For example, simply by heating
the TADDOL-monochloride in i-PrOH as the solvent, in the
presence of Et;N, at 50°C for 15 h, the desired product was
isolated in 73 % yield (Scheme 3A)."* In 2017, kemoto prepared
some new diarylprolinol-derived amino perfluoroalkanesulfona-
mide catalysts and employed them in a highly stereoselective
aldol reaction. Notably, the precursor diarylprolinol-derived
tertiary amine was prepared by a Sy1 reaction of the chloride,
prepared from N-benzyl diarylprolinol and used in situ without
isolation (Scheme 3B).'¥

In this paper, we report a novel and highly diastereoselec-
tive synthesis of a diarylprolinol-derived chloride 13, and a
study on its reactivity in Sy1 reactions with different alcohols 14
(Scheme 3Q).

Results and Discussion

The preparation of the carbenoid species
(chlorodiphenylmethyl)lithium (12) starting from the inexpen-

A. Seebach, 2012

Ph Ph Ph_Ph Ph_Ph
><oj)40H PPhy , CCly ><oj)4(;| i-PrOH, EtsN ><oj)40,;pr
o, ~OH DCM o) 'u/,(OH 50°C, 15 h o~ ~OH
PR Ph 76% Ph Ph 73% PH ph

B. lkemoto, 2017
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Scheme 3. Stereoselective synthesis and Sy1 reactivity of diaryl tertiary
chlorides.
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Table 1. Addition of (chlorodiphenylmethyl)lithium 12 to chiral sulfinimine 8.

Ph

) [ \w
cl ¢l n-Buli cl Li 8 N -u</Ph
g = 9
Ph™ “Ph solvent |Ph” “Ph| t Sso cl
11 Tt 12 13

Entry 8 Solvent/T [°C] t,/t, [h] 13, Y* [%], d. r.©
1 (5)-8 THF/—95 0.5/16 38, >99:1
2 (5-8 Et,0/—95 0.3/1 12, n.d.@
3 (5)-8 Trapp/—115' 0.3/1 65, >99:1
40 (5)-8 Trapp/—115¢ 0.3/1 68, >99:1
5 (5)-8 Trapp/—1159 0.3/1 52,>99:1
6" (R-8 Trapp/—1159 0.3/1 81, >99:1
[a] Unless otherwise noted, all reactions were carried out on 1 mmol of imine 8, using 1.1 equiv. of 12. [b] Isolated yield after purification by flash-
chromatography on silica. [c] Determined by 'H-NMR on crude reaction mixture. [d] Not determined. [e] Trapp mixture=4:1:1 (THF:Et,O:n-pentane);
cooling bath: Et,0/liquid N,. [f] Reaction on 5 mmol of imine 8. [g] Reaction carried out in the presence of 1.05equiv. of TMEDA (N,N,N',N-
tetramethylethylenediamine). [h] Reaction carried out using 1.5 equiv. of 12.

sive dichlorodiphenylmethane (11, Table 1), and its use in THF
for the addition to fluorenone, was first reported by Empis and
co-workers in 1975."* Remarkably, after this seminal communi-
cation, no other report on the use of this reagent as a
nucleophile in other addition reactions has ever appeared in
the literature. Given the successful addition of oxygenated
diarylmethyl-lithium reagents reported by Prasad (Scheme 1),
we reasoned that 12 could undergo the same diastereoselective
addition to chiral sulfinimine 8, to afford a stable and stereo-
defined diarylprolinol-derived tertiary chloride (13). The results
obtained in the synthesis of 13 under different reaction
conditions are reported in Table 1.

We started by reacting 11 with n-BuLi, using THF as the
solvent at —95°C (Table 1, Entry 1), as described in the original
literature.” After 30 min of metalation, imine 8 was added and
allowed to react while gradually reaching room temperature.
The desired chloride 13 was isolated in 38% vyield as a single
diastereoisomer. The reaction in Et,O using similar conditions
afforded a considerably lower yield (Entry2). Since the
carbenoid species 12 is not stable above —100°C, we reacted it
at —115°C using a Trapp mixture (4:1:1=THF:Et,O:n-pentane),
as reported by Appel in the preparation of substituted bis-
methylene phosphoranes."® Under these conditions (Entry 3),
after 20 min of metalation, imine 8 was allowed to react for 1 h
at —115°C and, to our delight, product 13 was obtained in 65 %
isolated yield, once again as a single diasteroisomer. Notably,
the reaction was scaled to 5 mmol of starting imine (5)-8 with
almost identical results (Entry 4). The use of TMEDA (N,N,N',N'-
tetramethylethylenediamine) as an additive slightly lowered the
yield, most probably by making the carbenoid species 12 too
reactive and less stable to decomposition and dimerization
side-reactions (Entry 5). Finally, the reaction was applied to the
enantiomeric imine (R)-8 on 5 mmol scale, and we were
delighted to find that simply by using 1.5 equiv. of organo-
metallic reagent 12, the isolated yield of the desired product
could be raised to 81%, while maintaining a complete
diastereoselectivity (Entry 6).

Eur. J. Org. Chem. 2024, 27, 202400208 (3 of 8)

To establish the relative stereochemistry of the obtained
products and assess their reactivity with alcohols, compounds
13 were reacted with methanol (14a) as the solvent (100 equiv.)
in the presence of Et;N (1.5 equiv.) for 12 h at room temper-
ature (Scheme 4). The desired products (S5,R)-9a and (R,S)-9a
were isolated in very high yield (95 and 96 %, respectively) after
purification by flash-chromatography on silica, and confirmed
to be enantiomers by comparing the values of their optical
rotations. Moreover, the (R) configuration of the newly formed
C2 stereocenter in (S,R)-9a was assigned by comparing the sign
of its optical rotation with one reported by Prasad™® (see
Supporting Information for details). The t-butyl-sulfinyl chiral
auxiliary was subsequently removed from product (S,R)-9a
under standard conditions (AcCl, MeOH), proving that the
corresponding free amine (R)-2a can be obtained in high
isolated yield (97 %).

While methanol reacted smoothly under mild conditions to
provide the corresponding ethers 9a in almost quantitative
yield, more sterically hindered alcohols such as n-butanol or i-
propanol failed to yield any product under these conditions.
Unfortunately, also heating the reaction mixture at 50°C, as
reported by Seebach," afforded low yield of the desired
substitution products in these cases. On the other hand, higher
temperatures (>70°C) led to the formation of complex reaction

[\wPh, [\afh,
N EtN N~ Ph AcCl, MeOH

(S) & Cl (S) & OMe
>rs\\o MeOH >rs\\o 0°Ctort,2h Ili OMe
rt, 12 h
(SR)-13 (S,R)-9a: 95% (R)-2a: 97%
Ph Ph
S (S)
(%Ph Et;N (R)'T‘ Ph
h\\-s\\o ' Meon >‘\~S\\O OMe
r,12h
(R,S)13 (R,S)-9a: 96%

Scheme 4. Synthesis of methoxydiphenylmethylpyrrolidines 9a and 2a.
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mixtures, either due to the thermal decomposition of the t-
butyl-sulfinyl auxiliary,’” or to the direct alcohol nucleophilic
displacement of the protecting group, as the corresponding t-
butyl-sulfinate esters were sometimes identified in the 'H-NMR
spectrum of the crude reaction mixtures.

Conversely, the more conformationally constrained allyl
alcohol (14b, Table2) gave promising results under the
conditions employed for methanol (40% NMR yield) and it was
consequently chosen for a series of optimization studies aimed
at finding the most suitable reaction conditions for the
synthesis of ethers 9 (Table 2).

The reaction carried out under the standard conditions
employed for methanol (Table 2, Entry 1) exhibited only a
partial conversion after 24 h (72 %), yielding 40% of the desired
product 9b. Additionally, a minor amount (6%) of the hydro-
lyzed prolinol 15 was detected in the 'H-NMR spectrum of the
crude, along with another species (16, 12%) derived from the
elimination of the t-butyl-sulfinyl protecting group (see Sup-
porting Information for details). The remained 14% of the
converted starting material formed unknown side-products,
likely deriving from decomposition pathways. The formation of
15 and of side-products deriving from elimination processes
using more hindered alcohols was not entirely unexpected.
Previous studies on the solvolysis reaction of related 1,1-
diphenylethyl derivatives concluded that, in most cases, the
substitution product forms from the solvent-equilibrated free

carbocation, while the elimination product is primarily formed
from the ion-pair intermediate.” In this scenario, when the
more hindered alcoholic solvent is not able to generate
sufficiently large amounts of solvent-separated carbocation,
side-reactions become competitive. Moreover, in this case, the
residual water present in the alcoholic solvent also becomes
competitive in separating the ion-pair intermediate, contribu-
ting to a measurable amount of hydrolyzed product 15.
Performing the reaction at 50°C (Entry 2) resulted in the
complete consumption of the starting chloride 13, but the yield
of 9b only marginally increased, with similar amounts of side-
products. Using imidazole as the base at room temperature
(Entry 3), especially when 30 mol% of DMAP (dimethylamino-
pyridine) were added to the reaction mixture (Entry 4), yielded
improved results. However, when the reaction was conducted
at 50°C (Entry 5), the yield slightly increased, accompanied by
the formation of 16 % of the deprotected product 2b alongside
9b, confirming the partial thermal lability of the t-butyl-sulfinyl
auxiliary. The use of 2,6-lutidine as the base at room temper-
ature gave better results, with a higher yield of the desired
product (61%) and cleaner reaction mixtures, where side-
products were minimized, as indicated by the comparison of
conversion with product vyield (Entry6). The addition of
30 mol% of Nal completely consumed the starting chloride 13,
nevertheless the final yield of 9b was unaltered and the
generation of decomposition side-products increased (Entry 7).

Table 2. Screening of conditions for the addition of allyl alcohol 14b to chloride (S,R)-13."”

HO > 14p Qf’f’, Men Q@/;hPh Ph
(SR):-13 base Ol o ©&  OH ¥ %Ph + side-products
- >r o >r Mo OH
(S,R)-9b (S,R)-15 16

Entry Base T[°C t [h] 14b [equiv.] 13, conversion [%)]"® 9b, Y [%]9 15, Y [%]
1 Et;N rt 24 100 72 40 6
2 Et;N 50 24 100 >99 57 (53) 6
3 Imidazole rt 24 100 83 52 2
4 Imidazole rt 24 100 87 60 3
5 Imidazole 50 24 100 >99 62¢ -
6 2,6-Lutidine rt 24 100 77 61 2
71 2,6-Lutidine rt 24 100 94 60 3
8 2,6-Lutidine rt 36 100 94 75 (71) 2
9 2,6-Lutidine rt 24 50 74 58 3
10 2,6-Lutidine rt 36 50 >99 65 -
11 2,6-Lutidine 50 6 50 99 529 9
120 2,6-Lutidine rt 24 20 86 5 traces
131 2,6-Lutidine rt 24 20 <5 - -
149 2,6-Lutidine 50 24 20 77 7 -

[a] Reactions carried out on 0.05 mmol of (S,R)-13, using 1.5 equiv. of base. [b] Determined by 'H-NMR analysis of the crude mixture, using triphenylmethane
as internal standard and integrating the signal of residual starting material. [c] Determined by 'H-NMR analysis of the crude mixture, using triphenylmethane
as internal standard and integrating the signals of the products. Isolated yields in parenthesis. [d] Reaction carried out by adding DMAP
(dimethylaminopyridine, 30 mol%). [e] 75:25 ratio between 9b and deprotected 2b. [f] Reaction carried out by adding Nal (30 mol%). [g] 10% of
deprotected 2b was detected by 'H-NMR. [h] Reaction carried out in MeCN (0.2 M) with 20 equiv. of 14b. [i] Reaction carried out in DMF (0.2 M) with
20 equiv. of 14b. [j] Reaction carried out in DMSO (0.2 M) with 20 equiv. of 14b.
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Allowing the reaction mixture to react slightly longer (36 h) at
room temperature, the conversion rose to 94% and the NMR
yield to 75%, providing a final 71% isolated yield of 9b
(Entry 8). Reactions with half the equivalents of the alcohol
showed only marginally lower yields both after 24 h (Entry 9 vs
6) and after prolonged reaction times (Entry 10 vs 8). Notably,
when these latter reactions were carried out at 50°C in an
attempt to increase the yields, some amount of deprotected 2b
was once again detected, accompanied by larger amounts of
side-products (Entry 11). Finally, reactions were tested with only
20 equiv. of the alcohol and using different polar aprotic
solvents commonly employed in Sy1 solvolysis reactions. In
acetonitrile at room temperature (Entry 12), as well as in DMSO
(dimethylsulfoxide) at 50°C (Entry 14), most of the starting
chloride 13 was consumed, but only decomposition products
were detected in the 'H-NMR spectrum of crude reaction
mixture. In DMF (N,N-dimethylformamide) at room temperature

(Entry 13), no reaction occurred, and all the unreacted starting
chloride 13 was recovered from the reaction mixture.

Based on these preliminary screening results, we opted to
use 100 equiv. of the alcohol as the solvent, 1.5 equiv. of 2,6-
lutidine as the base and room temperature (Table 2, Entry 8) as
the best reaction conditions for the subsequent screening of
the reactivity with different alcohols, as reported in Table 3.

Differently from allyl alcohol 14b, both ethanol (14c:
Table 3, entries 1,2) and n-propanol (14e: entries 4,5) required
longer reaction times (72 h) to afford acceptable isolated yields
(76 % for 9c and 47 % for 9e). Notably, in both cases, a relatively
small increase in conversion brought to a larger increase in
product yields, indicating that some of the side-products are
formed from the staring chloride 13 during the reaction work-
up. Trifluoroethanol 14d gave comparable results to those
obtained with ethanol after 36 h, affording the product 9d in
52% isolated yield (Entry 3 vs 1). Propargylic alcohols 14f and
1449 (Entries 6,7) gave very satisfactory results after 36 h (70%

Table 3. Addition of different alcohols 14 to (S,R)-chloride 13.”

ROH (14c-m, 100 equiv.)

(S,R)-13 S OR
2,6-lutidine (1.5 equiv.) Sso
i, t
(S,R)-9
~NoH  FCTOH A~ OH  _z o

14c 14d

14g

14e 14f
OH
Z OH
/OH /\/\OH /r\/ ©/\
14h HO™ 14 14j
<OI>/\OH ©/OH YOH
o] 14k 141 14m

Entry ROH t [h] 13, conv. 9,Y 15, Y
[%][b] [%] [ [%][c]

1 14c 36 85 53 (52) 3

2 14c 72 95 78 (76) 5

3 14d 36 >99 54 (52) 1

4 14e 36 58 24 2

5 14e 72 62 49 (47) 5

6 14f 36 >99 71 (70) 20

7 14g 36 >99 65 (63) -

8 14h 36 19 7 2

9 14h 96 52 27 2

10 14i 72 >99 61 (44) -

19 14j 36 >99 93 -

1204 14k 36 >99 54 5

130 141 72 90 35(33) -

14 14m 72 10 - -

[a] Reactions carried out on 0.05 mmol of (S,R)-13. [b] Determined by 'H-NMR analysis of the crude mixture, using triphenylmethane as internal standard
and integrating the signal of residual starting material. [c] Determined by 'H-NMR analysis of the crude mixture, using triphenylmethane as internal
standard and integrating the signals of the products. Isolated yields in parenthesis. [d] Product separable from the alcoholic solvent after sulfinyl-removal
(see Supporting Information). [e] Reaction carried out in MeCN (0.25 M) with 50 equiv. of alcohol 14.
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and 63% isolated yield of 9f and 9g, respectively), with a
comparable reactivity to that displayed by allyl alcohol 14b
under the same conditions (Table 2, Entry 8). The considerably
more hindered n-butanol (14h) afforded only modest con-
version and yield after 36 h, and much longer times (96 h) are
required to afford 52 % conversion and 27 % yield of the desired
product 9h (Entries 89). Notably, (2)-1,4-butendiol 14i
smoothly reacted, giving the monofunctionalized product 9i in
61% NMR vyield and 44% isolated yield after 72 h (Entry 10).
Benzyl alcohol 14j displayed very high reactivity, affording the
corresponding product 9j in 93% NMR-yield after 36 h
(Entry 11). The analogue piperonyl alcohol 14k was solid,
therefore 50 equiv. of the alcohol were dissolved in acetonitrile
(0.25 M) giving product 9k in 54% NMR yield, despite a
complete conversion (Entry 12). The same protocol was applied
to solid phenol (141), leading to a very high conversion (90 %)
after 72h, but only a modest 33% isolated yield of the
corresponding product 91 (Entry 13). Not unexpectedly, steri-
cally hindered i-PrOH (14 m) provided only very poor conversion
under these reaction conditions and no trace of the substitution
product 9m.

Analysis of the results reported in Table 3 shows that
primary aliphatic alcohols are reactive up to three carbon atoms
and that reactivity decreases as steric hindrance and conforma-
tional mobility increase. The introduction of an unsaturation on
the side chain in allylic or propargylic positions restricts
conformational mobility, allowing C3 alcohols to smoothly react

(allyl and propargyl alcohols 14b and 14f vs n-propanol 14e)
and C4 alcohols to react with satisfactory yields, as indicated by
the larger reactivity of 2-butynol 14g and (2)-1,4-butendiol 14i
with respect to n-butanol 14h. Finally, benzyl alcohol (14j)
displayed the highest reactivity, while secondary alcohols such
as i-PrOH (14 m) showed no reactivity under these conditions.

To address the issue of low reactivity observed with
sterically hindered secondary alcohols, chloride (S,R)-13 was
reacted in the presence of silver salts. After an extensive
reactivity screening with AgNO,;, AgBr and Ag,CO; in different
solvents (see Supporting Information for details), we found that
the use of 1 equiv. of Ag,CO; in the presence of 100 equiv. of
the alcohol at room temperature for 24 h afforded the best
results, minimizing the starting material and product decom-
position. The results obtained under these conditions are
reported in Table 4.

The reaction with n-butanol (14 h, Table 4, Entry 1) smoothly
proceeded under these conditions, affording complete con-
version and a notable 75 % isolated yield of the desired product
9h, along with a minor amount of the hydrolized product 15
(89%). Similarly, the more hindered i-PrOH (14m) displayed
increased reactivity in the presence of Ag,CO; and the
corresponding product 9m was isolated in 57% yield after
purification (Entry 2). Once again, we observed that reactions
with poorly reactive alcohols were accompanied by an
increased amount of side-products deriving from chloride 13. 3-
Hydroxypropionitrile 14n showed a modest reactivity leading

Table 4. Silver-promoted addition of sterically hindered alcohols to (S,R)-chloride 13."

ROH (14h,m-p, 100 equiv.)

(S,R)-13 (s OR
Ag,CO3 (1 equiv.) Sso
rt, 24 h
(S,R)-9
/\/\OH \(OH NC/\/OH
14h 14m 14n
OH
OH O/
140 14p
Entry ROH 13, conv. 9Y 15, Y
[%] [b] [%] [l [%] [l
1 14h >99 78 (75) 8
2 14m 94 59 (57) 17
3@ 14n >99 39 45
4ldel 14n >99 6 10
5 140 83 60 (56) 10
6" 140 >99 38" -
7 14p 20 traces 8
8e 14p 72 18 traces

[a] Reactions carried out on 0.05 mmol of (S,R)-13. [b] Determined by 'H-NMR analysis of the crude mixture, using triphenylmethane as internal standard
and integrating the signal of residual starting material. [c] Determined by 'H-NMR analysis of the crude mixture, using triphenylmethane as internal
standard and integrating the signals of the products. Isolated yields in parenthesis. [d] Product separable from the alcoholic solvent after sulfinyl-removal
(see Supporting Information). [e] Reaction carried out with AgNO, instead of Ag,CO,. [f] 28 % of deprotected 20 was detected by 'H-NMR.
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17a: R = CH3 18 19a: Y = 96%, d.r. =88:12, e.e. = 91%
17b: R = nPr 19b: Y = 86%, d.r. = 96:4, e.e. = 92%

Scheme 5. Benchmark Michael addition of aliphatic aldehydes to B-nitro-
styrene catalysed by amine (R)-2m.

to a 39% NMR yield of the desired product 9n accompanied by
a large amount of alcohol 15 (45 %, Entry 3). The use of AgNO,
instead of Ag,CO; resulted in even poorer results (Entry 4).
Hindered isobutyl alcohol 140 gave satisfactory results (56%
isolated yield of 90, Entry5). The same transformation
promoted by AgNO; led to 38% NMR yield of 90 along with
28% NMR yield of the deprotected product 2o (Entry 6).
Unfortunately, the more sterically hindered cyclohexanol (14 p)
provided unsatisfactory results even in the presence of silver
salts. While Ag,CO; failed to provide an acceptable conversion
and only traces of the desired product were detected in the
reaction mixture (Entry 7), AgNO; gave a much higher con-
version, but a very low NMR yield of the expected product 9p
(18 %, Entry 8).

As last remark, the yet undisclosed amine (R)-2m was tested
as an organocatalyst in the benchmark Michael addition of
aliphatic aldehydes 17a and b to B-nitrostyrene 18 (Scheme 5).
In particular, propanal 17a was reacted using the conditions
reported by Hayashi in 2021 (5 mol% of catalyst, toluene as the
solvent and p-nitrophenol as the additive),® while pentanal
17b was used as reported by Ma in 2008 (1 mol% of catalyst,
H,O as the solvent and benzoic acid as the additive).'” Amine
2m proved to be a competent organocatalyst, affording the
desired products 19a and b in high yields and very good
stereoselectivity (see Supporting Information for details).

Conclusions

In conclusion, this paper proposes a simple, efficient and highly
diastereoselective method for the preparation of tert-butylsul-
finyl-2-(chlorodiphenylmethyl)pyrrolidines 13, which have not
been previously disclosed. This method is characterized by
operational simplicity and has been successfully applied to both
enantiomers of the starting imine 8, yielding reliable results
even on a medium scale (5 mmol). For the first time, the
carbenoid species (chlorodiphenylmethyl)lithium (12) has been
effectively used in a diastereoselective addition to a chiral
imine, highlighting its potential for further functionalization
reactions. Moreover, the resulting tertiary chlorides 13 could
serve as interesting and versatile starting materials for the
prepartion of various differently substituted chiral pyrrolidines.
Here we presented a preliminary study on the Sy1 solvolysis
reaction of 13 with different alcohols, giving diphenylprolinol-
derived ethers 9. We have shown that the t-butyl-sulfinyl chiral
auxiliary is highly efficient in controlling the stereoselectivity in
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the addition reaction of 12 to 8, although it exhibits only
moderate stability as a nitrogen protecting-group, at least
under the reaction conditions required for the solvolysis with
sterically hindered nucleophiles. Notably, while derivatives of
MeOH, BnOH, n-BuOH or 5-hydroxy-1-pentene have been
previously reported in the literature and prepared using differ-
ent synthetic procedures, we have successfully reacted chloride
13 with several structurally different alcohols. In particular, the
sterically very hindered i-PrOH led to an unprecedent derivative
(9m) in acceptable yield. We believe that tertiary chlorides 13
could be exploited in a variety of useful synthetic trans-
formations, but a more stable sulfinyl auxiliary is necessary. We
have started some preliminary investigations using different
protective-groups, and the results will be reported in due
course.

Experimental Section

Cyclization of Chiral Sulfinimine

In a three-necked round-bottom flask dried under vacuum and
filled with argon, dichlorodiphenylmethane 11 (7.5 mmol, 1.43 mL,
1.5 equiv.) and the Trapp mixture (THF:Et,O:n-pentane=4:1:1,
0.33 M) were added. The solution was cooled down to —115°C
using liquid nitrogen and a Et,0O bath, n-BulLi (2.5 M in n-hexane,
8.25 mmol, 3.3 mL, 1.65equiv.) was added dropwise and the
reaction was stirred for 20 minutes at —115°C. A solution of the
imine 8 (5 mmol, 1 equiv.) in the Trapp mixture (0.5 M) was added
dropwise at —115°C and the reaction was stirred at the same
temperature for 1h. The reaction was then quenched with
saturated NH,Cl at 0°C and after reaching room temperature the
organic layer was separated and the aqueous layer was extracted
with Et,0 (3%x20 mL). The combined organic extracts were dried
over Na,SO,, filtered on cotton plug, and concentrated in vacuo.
Purification of the crude product by flash chromatography on silica
gel afforded the desired product 13.

Sy1 Reaction with Unhindered Alcohols

To a 4 mL screw cap vial equipped with a magnetic stirring bar the
reagents were added in the following order: (tert-butylsulfinyl)-2-
(chlorodiphenylmethyl)pyrrolidine 13 (0.05 mmol, 1 equiv.), alcohol
14 (100 equiv.) under a stream of inert gas (N, or Ar), and 2,6-
lutidine (1.50 equiv.). The vial was closed, sealed with parafilm®
and the reaction mixture was stirred at room temperature until
complete consumption of the starting material, as determined by
TLC analysis. After the reported time, the reaction was diluted with
ca. 5 mL of dicholoromethane and added to a separatory funnel
containing 5 mL of a saturated aqueous solution of Na,CO,. The
organic layer was separated and the aqueous layer was extracted
with dichloromethane (3x5 mL). The combined organic extracts
were dried over Na,SO,, filtered on a cotton plug, and concentrated
in vacuo. Purification of the crude product by flash chromatography
on silica gel afforded the desired product 9.

Sy1 Reaction with Hindered or Poorly Reactive Alcohols
Mediated by Silver Salts

To a 4 mL screw cap vial equipped with a magnetic stirring bar the
reagents were added in the following order: (tert-butylsulfinyl)-2-
(chlorodiphenylmethyl)pyrrolidine 13 (0.05 mmol, 1 equiv.), Ag,CO;
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(1 equiv.) and, under a stream of inert gas (N, or Ar), alcohol 14
(100 equiv.). The vial was closed, sealed with parafilm® and stirred
at room temperature. After the reported time, the reaction was
diluted with ca. 5mL of dicholoromethane and added to a
separatory funnel containing 5 mL of a saturated aqueous solution
of Na,COs. The organic layer was separated and the aqueous layer
was extracted with dichloromethane (3x5 mL). The combined
organic extracts were dried over Na,SO,, filtered on a cotton plug,
and concentrated in vacuo. Purification of the crude product by
flash chromatography on silica gel afforded the desired product 9.

Removal of the Sulfinyl Group

To a 4 mL screw cap vial equipped with a magnetic stirring bar the
product 9 (0.05 mmol, 1 equiv.) and 0.5 mL of methanol as solvent
were added. The reaction mixture was cooled down to 0°C, acetyl
chloride (5 equiv.) was added dropwise and it was stirred at room
temperature for 2 h. The reaction was diluted with ca. 5 mL of
dicholoromethane and added to a separatory funnel containing
5 mL of a saturated aqueous solution of NaHCO,. The organic layer
was separated and the aqueous layer was extracted with dichloro-
methane (3x5 mL). The combined organic extracts were dried over
Na,SO,, filtered on a cotton plug, and concentrated in vacuo.
Purification of the crude product by flash chromatography on silica
gel afforded the desired product 2.
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