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The CF; substituted B-nitronitriles having an all-carbon quaternary stereogenic center have been synthesized via
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asymmetric cyanation reaction. In situ generated chiral Ti" salen complexes were used as catalyst for asymmetric addition

of TMSCN to nitroolefins containing trifluoromethylated prochiral center in the B- position to afford the corresponding B-

nitronitriles in excellent yield (up to 93%) with good enantioselectivity (up to 99%). This newly developed catalytic protocol

led to the efficient synthesis of useful but challenging chiral a,a’-disubstituted B-amino acids.

Introduction

The Catalytic enantioselective construction of all-carbon
stereocenter containing CF; group is important from the
perspective of producing novel bio-active motifs for their
commercial exploitation. However, assembling these structural
motifs in an enantioselective manner is particularly challenging
and a current research of intense investigation. Despite the
challenges, the necessity of producing such CF; group
containing compound is driven by the fact that incorporation
of trifluoromethyl group to organic molecules improve their
lipophilicity, bioavailability, and metabolic stability thereby
bioactivity.1 Consequently, these facts clearly manifest its
importance in pharmaceuticals, agrochemicals, and material
science.’ Though, great progress has been made to
incorporate CF; group to organic scaffolds but surprisingly the
synthesis of CF; substituted quaternary carbon stereocenter
have received scant attention.? Shibata and coworkers for the
first time reported an asymmetric synthesis of an all-carbon
stereocenter bearing a CF; group through cyanation of B-aryl-
B-CF3-disubstituted enones.* Although different strategies
were followed to construct CFg—t:ontaining‘r’a"| and fluorinated™™
quaternary compounds however, to the best of our knowledge
a direct route for the synthesis of tetrasubstituted carbon
quaternary stereocenters via cyanation of CFs-bearing simple
disubstituted olefins, is not reported nevertheless there are

*Inorganic Materials and Catalysis Division, CSIR-Central Salt and Marine
Chemicals Research Institute, G. B. Marg, Bhavnagar- 364 002, Gujarat, India.

b‘Academy of Scientific and Innovative Research, CSIR-Central Salt and Marine
Chemicals Research Institute, G. B. Marg, Bhavnagar- 364 002, Gujarat, India

“ Analytical Division and Centralized Instrument Facility, CSIR-Central Salt and
Marine Chemicals Research Institute, G. B. Marg, Bhavnagar- 364 002, Gujarat,
India.

+ E-mail: khan251293@yahoo.int

Electronic  Supplementary Information (ESI) available: [details of any

supplementary information available should be included here]. See

DOI: 10.1039/x0xx00000x

This journal is © The Royal Society of Chemistry 20xx

only few reports available in literature for the synthesis of
chiral B-nitro nitrile by using simple nitroalkenes.® The
asymmetric addition of cyanide to activated olefins like a,B-
unsaturated ketones,7 a,fB -unsaturated imides,8 a,B-
unsaturated N-acylpyrroles,9 a,B - unsaturated esters,10 and
nitroalkenes are scarcely studied when compared to the
asymmetric cyanation of c=0"" and c=N*? double bonds. More
specifically, in our continus interest in the development of
enantioselective cyanation reactions, herein we are disclosing
the cyanation reaction which is synthetically different from the
other existing reports. In this report, we wish to describe an
efficient catalytic protocol for the enantioselective conjugate
Michael addition of TMSCN to B-CF;-B-disubstituted
nitroalkenes to give CFs-substituted B-nitro nitrile (Scheme 1).

Q CHNo, FeC OH  39Ck CFs
3 2 ridine
RJ\CF?, NEts, rt Rx/NozToluene, RT R)\
NO,
1a-l
§ Chiral Catalyst PG /N
Iral Catalys
RN+ TMsCN Y RSN,
N
1ad 02 2a-l

Scheme 1 Construction of CF; substituted quaternary stereocentres
via asymmetric cyanation reaction

Recently, we reported asymmetric addition of cyanide to nitro
olefins,Gf however in the present report, in order to
incorporate CF; group, we prepared desired nitroolefins 1a-I°
for their asymmetric cyanation. Thus obtained CF; substituted
nitro nitrile products can be readily transformed into
important compound like a-CF; substituted B-amino acid, CF;
substituted amino alcohol and trifluromethylated diammine.

Results and Discussion

J. Name., 2013, 00,1-3 | 1
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In our quest to develop a simple catalytic system for carry out the asymmetric cyanation reaction under the above
asymmetric cyanation of B,B-disubstituted nitro alkenes our optimized condition (Table 2, entries 1-7), however toluene
first choice was the use of chiral Ti(O'Pr),:salen complexes as

catalysts as these have proven record in the cyanation of
11,6d

Table 1 Ligand Screening in the Model Reaction®’

carbonyls and activated olefins. Accordingly, various chiral CF, F.C ON
ligands (L1-L11, 10 mol%) (Fig. 1) with Ti(O'Pr), (10 mol %) were N Ligand (10 mol%) ¢ __NO,
used to in situ generate active catalyst for the cyanation of 1a N02+ TMSCN “Wefal source (10 mol%) ©)</
used as a model substrate and TMSCN as a cyanide source in 1a Toluene, RT o

toluene at room temperature (Table 1). We observed that the

yield and enantioselectivity of product 2a were greatly Entry Ligand Metal source  Time Yield® oet

affected by the substituents on the salen ligands: as shown in (10 mol%) (10 mol%) (h) (%) (%)
Table 1 (entries 1-11), the best salen ligand was L3, bearing ‘Bu

1 11 Ti(O'Pr)s 08 91 54
groups at the 3’- and the 5’-positions in the salicylidene phenyl 2 L2 Ti(O'Pr), 08 92 40
rings (90% vyield, 77% ee, entry 3). In addition, dimer (L6 & L7; 3 L3 Ti(O'Pr)s 08 90 77
entries 6 & 7), polymer (L8; entry 8) and macrocyclic (L9-L11; 4 L4 Ti(O'_Pf)A 24 Trace -
entries 9-11) salen ligands were not so effective both in terms 5 L5 Ti(O'Pr)a 12 82 67
of reactivity and enantioselectivity. Therefore, taking L3 as 6 L6 T|(OiPr)4 10 88 59
best among the screened ligand, and in order to further 7 L7 Ti(OPr)s 10 88 74
. . . . . 8 L8 Ti(O'Pr), 12 85 42
improve the results, we varied titanium metal sources viz., e
Ti(OEt),, Ti(OBu),, Ti(O'Bu), and TiCl, (entry 12-15) ° 9 Ti(OPr)s 12 82 40
& o 4 : a lemtry Lo-2a). 10 L10 Ti(O'Pr), 12 80 15
observed that the chiral L3 ligand in combination with Ti(O Bu) 11 L1 Ti(OPr)a 12 30 25
generates most effective catalyst to give the desired product in 12 13 Ti(OEt)s 08 90 74
95% yield and 80% ee (entry 14). 13 13 Ti(OBu)a 08 92 77

-
IS

L3 Ti(0'Bu), 08 95 80
L3 TiCly 14 80 75

N = N =
tsud0H Ho:%}gidm Hobtsu ? Enantioselective hydrocyanation reaction of 1a (0.1 mmol) was carried
By .y s Bu . out with Ti:salen catalyst in toluene (1 mL) using TMSCN (0.20 mmol) as a

source of cyanide. b |solated yield. ¢ ee were determined by chiral HPLC
using OD-H column

L2 _N‘ N= 7N( —

LaR1= Adamzant;nyl Ry= t-Bu ined th | f choi 1). T had

T e e o tBu on Ho— NS )—om o ®  remained the solvent of choice (entry 1). Temperature ha
tBu tBu w tBu tBu i ifi i ivi i

significant effect on enanatioselectivity of product (entries 1,

8-10). Lowering the temperature from room temperature to 0
o~~~ °c

-
v

tBu tBu 1 Table 2 Optimization of the reaction conditions®

Z‘
z

OH HO O’
K7

Bu 1By H N CFs F3C CN
n L3:Ti(O! X NO
Ls Kﬁ?/ ﬁ?/ N L, TMSCN Ss IT.((: E;Tu)4 2
NO, olvent, Temp.

\/\ ~_O
1a 2a
EtOOC gOOEt EtOOC COOEt
o} O.
" £ “tBu tBu 1 Nl r £ ~tBu tBu” i ﬁ
N OH OH N N
K(érsu fBu\gj/’ k(éteu tBU\?/I
EtOOC COOE! EtOOC COOE(
L10 L11
Fig. 1 Ligands used in the model reaction
Having established, the combination of L3:Ti(O'Bu), as
effective catalyst, we experimented on optimization of solvent,
temperature and catalyst loading. First we screened solvents
viz., toluene, benzene, CH,Cl,, CHCl;, DCE, THF, and dioxane to
2| J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx
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Ent  Catalyst Solvent Temp. Time VYield®  eef Entry R Time (h)  Yield® (%) ee’ (%)

ry loading (°c) (h) (%) (%) 1 CeHs (1a) 24 91 89 (99)d (s)°

(mol%) 2 3-MeCgH, (1b) 24 87 83

1 10 Toluene RT 08 95 80 3 4-MeCgH,4 (1c) 24 92 88

2 10 Benzene RT 08 91 78 & 2-MeOCgH, (1d) 60 52 75

3 10 CH,Cl, RT 08 92 52 5 4-MeOCgH, (1e) 24 93 88

4 10 CHCl; RT 10 86 54 6 4-CICgH,4 (1f) 24 86 82

5 10 THF RT 16 73 58 7 4-FCeH, (18) 24 88 83

6 10 1,4-Dioxane RT 20 70 59 8 3-FCgHa (1h) 24 87 79

7 10 DCE RT 20 76 48 9 2-FCeH, (1i) 24 80 99

8 10 Toluene 10 16 93 85 10 3,4-FCeHs (1j) 24 88 74

9 10 Toluene 0 24 92 89 11 3-CF3CeH,4 (1k) 24 85 80

10 10 Toluene -10 48 76 89 12 CsHsCH, (11) 36 82 53

11 2 Toluene 0 48 trace - 139 CeHs (1a) 24 91 89

12 > Toluene 0 8 > 89 ? Enantioselective hydrocyanation reaction of 1a-l (0.1 mmol) was carried
13 7 Toluene 0 36 70 89 out with L3: Ti(O'Bu)4 catalyst (10 mol%) in toluene (1 mL) using TMSCN
14 15 Toluene 0 16 93 86

?Enantioselective hydrocyanation reaction of 1a (0.1 mmol) was carried out
with L3: Ti(0'Bu), catalyst using TMSCN (0.20 mmol) as a source of cyanide.
b Isolated yield. ¢ ee were determined by chiral HPLC using OD-H column

showed beneficial effect on the product ee (from rt 80% to
89%) though the reaction took longer time (24 h, entry 9) to
reach completion. A further lowering of the temperature (-10
°C) did not have any positive impact on the product ee at the
same time reaction became very sluggish (48 h, entry 10).
Therefore, 0 °C (entry 9) was taken as optimum for further
studies on catalyst loading varied through 2, 5, 7, 10 and 15
mol% (entries 11-13, 9 and 14 respectively). However, 10
mol% catalyst loading (entry 9) was found to be optimum.

To further improve the results we considered using different
like N-oxides, phenols, molecular sieve (4A) but the results
(Table S1) were rather not very encouraging (see ESI).

Having established the reaction parameters for the use of the
L3:Ti(O'Bu)4 catalyst in the asymmetric cyanation reaction
with the substrate 1a and TMSCN at 0 °C, we next extended
this protocol to a range of trifluoromethylated nitroalkenes
(1a-l1) to check the general applicability of our system and the
results are summarized in Table 3. Both electron donating and
withdrawing substituents at different positions on the aryl ring
of the trifluoromethylated nitroalkenes (entries 2-11) afforded
the products in high yields and enanatioselectivities. The
results of these studies do not indicate any pronounced effect
of electronic properties of the substrates used herein.

(0.20 mmol) as a source of cyanide. b Isolated yield. ¢ ee were determined
by chiral HPLC using OD-H column. 9 ee were determined after
crystallization by chiral HPLC using OD-H column. ¢ The absolute
configuration was determined by single-crystal X-ray structure. f The
reaction of 1d was carried out at room tempreture for 60 h. ¢ Reaction of
1a carried out in 10 mmol scale.

Moreover, benzyl susbstituted nitroalkene (1) gave product
with 53% ee though in good yield (82%; entry 12). Since these
products are new we have characterized them with fully,
however for determining absolute configuration single-crystal
X-ray structure of product 2a was determined, which was
found to be S with (+) rotation. For rest of the compounds the
rotation was found to be (+) but in the absence of single
crystals of these compounds absolute conference was not
determined. However, based on the absolute configuration of
2a, a working model for asymmetric induction is proposed (Fig.
2) where the

4\%/4
[~ ' NG, CF

N--- S3
. ﬁ)o< _NO2

(OleN

N >

oo |l_rg= BN 2a
FoC

Re-face approch

Fig. 2 Proposed model for asymmetric induction

Table 3 Substrate scope in the synthesis of B-nitro nitrile using L3: Ti(O'Bu),

catalyst?
CFs
L3 (10 mol%) FsC CN
RT™ + TMSCN G50, (10 mol %) R~NO2
NO, Toluene, 0 °C
1a-1 2a-l

This journal is © The Royal Society of Chemistry 20xx

nitro group of alkene weakly coordinates to Ti(lIV) and due to
the presence of tBu-groups in the catalyst only Re-face is open
to attack of cyanide at the B-position of the nitroalkene.
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N0, Zn, 6N HCI o~ NH2
EtOH

2a 3a

89%
oee 75% HySO,

0OC, CF
HOOC, CFay i. (Boc),0, NaOH SN
® N O -~ ©) 3
\[( \’< ii. H+
o}

5a
yield 36%
89% ee

4a

Scheme 2 Synthetic transformations of product 2a

As a showcase we have subjected the nitrile product 2a to
reduction, hydrolysis and Boc-protectionsa'Gd to produce
enantioenriched N-Boc protected trifluoromethylated B-amino
acid 5a where no racemization of the intermediates was
noticed under the reaction conditions used for this conversion.
(Scheme 2) Analogous B-amino acids are very important
molecules in pharmaceuticals.13

Experimental Section

Different aldehydes and reagents were used as received. All
the solvents used in the present study were dried by known
purification tet:hnique.14 NMR spectra were obtained with a
Bruker F113V spectrometer (500 MHz / 200 MHz) and are
referenced internally with TMS. Splitting patterns were
reported as s, singlet; d, doublet; dd, doublet of doublet; t,
triplet; m, multiplet. Enantiomeric excess (ee) were
determined by HPLC using Daicel Chiralcel OD-H chiral columns
with 2-propanol/hexane as eluent. Optical rotations were
determined by automatic polarimeter. For the product
purification flash chromatography was performed using silica
gel 100-200 mesh. Differrent ligands L1-L4,°*% L6-L8,"*°® and
L9-111"" were synthesized according to the previously
reported methods. Trifluoromethylated nitroalkenes (1a-l)
were prepared according to the reported literature.>

Synthesis of Ligand L5

(i) Synthesis of 4-(Adamantan-1-yl)-2-(tert-butyl)phenol (A1):
To a solution of 2-tert-Butylphenol (10 mmol) and 1-
admantanol (10 mmol) were dissolved in DCM (20 mL). Con.
H,S0, (0.6 mL) was added dropwise slowly to reaction mixture
at 0 °C over 10 minutes. The reaction mixture was stirred two
hours at room temperature and neutralized by adding 5%
aqueous sodium hydroxide solution. The resulting mixture was
extracted with DCM (40 mL x 3) and organic phase washed
with brine and dried over anhydrous sodium sulphate. After
removing solvent, crude product was purified by silica gel
chromatography using EtOAc/hexane to afford the desired
product (yield 42%).

4| J. Name., 2012, 00, 1-3
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(ii) Synthesis of
hydroxybenzaldehyde (A2):

5-(Adamantan-1-yl)-3-(tert-butyl)-2-

A mixture of 2,6-lutidine (2.0 mmol), SnCl,; (1.0 mmol) and 4-
(adamantan-1-yl)-2-(tert-butyl)phenol (3.5 mmol) in 15 mL of
dry toluene was stirred at room temperature under inert
atmosphere. After 1 h paraformaldehyde (1.3 mmol) was
added to reaction mixture and heated under reflux for 8 h and
the reaction progress was checked on TLC. Once the reaction
was completed, the reaction mixture was allowed to cool to 25
°C and mixture of water and diethyl ether (40 mL) each was
added to it. The resulting emulsion was filtered through a pad
of celite and the layers were separated. The organic phase was
washed with water, brine, and dried over anhydrous Na,SO,,
and then concentrated on rota-evaporater. The crude product
was purified by silica gel chromatography using EtOAc/hexane
as eluent to afford the desired product (yield 88%).

(iii) (R, R)-(-)N,N-Bis(5-Adamantyl-3-tert-butylsalicylidene)-1,2-
cyclohexanediamine (L5):

5-(Adamantan-1-yl)-3-(tert-butyl)-2-hydroxybenzaldehyde
(Immol) was dissolved in 3 mL of ethanol/DCM (9:1). The
solution of (1R, 2R)-(-)-cyclohexanediamine (0.5 mmol) in
ethanol (0.5 mL) was added slowly to reaction mixture, and
stirred at room temperature for 6-8 h. After completion of
reaction, the resulting solution was concentrated on rota-
evaporater and yellow solid washed with cold ethanol to give
desired compound (yield 87%).

Typical procedure for asymmetric cyanation of
trifluoromethylated nitro olefins:

Ti(OtBu)4 (10 mol%, 0.01lmmol) was added to stirring solution
of ligand L3 (10 mol%, 0.01 mmol) in freshly dry toluene (1 mL)
under inert atmosphere at room temperature. After stirring
for 45 min, substrate (0.1 mmol) was added and resulting
solution was cooled to 0 °C. To cooled solution TMSCN (0.2
mmol) was added slowly drop wise over 20 min. The reaction
was monitored by TLC, after the completion of the reaction,
aqueous NaHCO; was added to quench the reaction and
extracted with DCM (15 mL x 3). The organic layer was washed
with brine, dried over anhydrous Na,SO, and solvent was
removed on rotavapor. The residue was purified by silica gel
column chromatography using EtOAc/hexane (10:90) to afford
the desired product. The purified new products are
characterized by *H NMR, '*C NMR and *°F NMR and LCMS,
HRMS.

Single-crystal X-ray structure determination

CCDC 1412289 contains the supplementary crystallographic
data for this paper. For more detailed crystallographic
information see ESI

Conclusions

We have developed an enantioselective hydrocyanation
reaction of PB-trifluoromethyl-B-disubstituted nitroalkenes

This journal is © The Royal Society of Chemistry 20xx
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using TMSCN catalyzed by a Ti(lV) salen complex. In the
present protocol we have disclosed the first and efficient
enantioselective transformation to synthesis B-nitronitrile
containing all-carbon quaternary stereogenic centers bearing a
trifluoromethyl group with very good enantioselectivity (up to
99%). The product B-nitronitrile was conveniently transformed
to the corresponding trifluoromethylated B-amino acids.
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