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A study into the use of a chiral phase-transfer catalyst in
conjunction with acetone cyanohydrin to effect the enanti-
oselective formation ofa-amino nitriles from o-amido
sulfones is described. This novel catalytic asymmetric
Strecker reaction is analyzed with regard to the possible
mechanistic basis.

The Strecker hydrocyanation of imirigs the oldest known
synthesis for the preparation @famino acids in an economical
manner and under simple operational conditions.

Since a-amino acid derivatives are broadly used as chiral
building blocks with important applications in complex natural
products? the enantioselective variants of this reaction have been

poses important problems to be addressed particularly when
large-scale applications are considered. In this regard the
possibility of employing KCN as a cyanide source has also been

taken into consideration and very recently successfully applied,

among the others, to an organocatalyzed asymmetric Strecker
reaction®

Herein we disclose the first example of the use of cyanohy-
drins as a CN source in a organocatalyzed Strecker reaction
performed under phase transfer conditions and empldyiBgc
protectedo-amido sulfones as imine precursérs.

Acetone cyanohydrin is one of the simplest, most soluble,
cheap, and on large-scale commercially available cyanide
sources. To date its use as cyanide source has been described
for the regiospecific opening of 1,2-epoxides under mild basic
condition§ and as a new Mitsunobu reagent in the cyanation
of alcohols® Furthermore, more recently a convenient procedure
for the Pd-catalyzed cyanation of aryl halides has been
reportedto

We initiated our search for an appropriate reaction system
(see Table 1) with the.-amido sulfone of 3-phenylpropional-
dehyde2al! and acetone cyanohydrBa as model substrates
in order to develop the cyanation under biphasic conditions (K
CG;, organic solvent). Several chiral quaternary ammonium salts
derived from cinchona alkaloids were screened as potential
organocatalysts together with the effects of the imine nitrogen
substituent and of the addition of water.

The key elements for the success of the reaction were the
easily available quinine-derived catalykh and the presence
in it of an electron withdrawing group such as £& ortho
position of the benzyl group, which afforded the expected
product4ain excellent yield and 60% ee (entry 1 in Table 1).
On the contrary,lb, in which the same functional group was
installed at the para position, had significantly less efficient
results (16% ee, entry 2). Also the free hydroxyl group at the
position 9 plays a significant role in substrate activation since
the corresponding catalystc, whose OH group had been
protected in the form of benzyl ether, led to a racemic mixture
(entry 3).

Increasing steric hindrance in the cyanide source, such as in
benzophenone3p) and fluorenone 3c) cyanohydrins, was

intensively studied over the past years. Several successfuldetrimental for the enantioselection (compare entries 1, 4, and
achievements in catalytic asymmetric Strecker reactions were5 in Table 1). Finally it was possible to further improve the

reported by different groups within the past few years.
Noteworthy, the range of suitable catalysts is broad, covering
metal catalysts and, more recently, organocatafyskswever
most of the previously elaborated catalytic asymmetric meth-
odologies rely on the use of anhydrous hydrogen cyanide which
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enantioselectivity of the reaction by careful optimization of the
reaction conditions. For example, the ee of prodteicould

be enhanced to 68% ee (entry 6) by simply using more dilute
conditions in conjunction with agueous base and lower tem-
perature 20 °C). The occurrence of an effective catalytic
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TABLE 1. Initial Screening and Optimization of Reaction TABLE 2. Asymmetric Catalytic Strecker Reactions with
Conditions? Cyanohydrin 3a and Catalyst 1&
= Hn-FC HO_ CN  1a(10mol%) Hn-C
H Br- + T A .
RO N* R)\so2 p-Tol X K;COs (aq.) R)*\CN
2a1 3a toluene, -20 °C 4a-l
_O N 7 XX
N~ = o-amido yield ee
1aX = 0-CFs, R = H entry  sulfone R PG  product %° %°
1b Xf p-CF3, Rf H 1 2a Ph(CH) Boc 4a 95 68
16 X =0-CFy, R = CHzPh 2 2b  PhCh 4b 95 79
3 2c Me 4c 85 78
B 4 2d CHsCH, 4d 88 80
HN" ¢ HO><CN 1a-c (10 mol%) un-BoC 5 2e  i-Pr de 92 82
* T TE——— 6 2f t-Bu 4f 85 88
ph/\/ksoz p-Tol R” R t'f)fg‘?é (52)5 oc PN cN 7 2g CHs(CHy)s 4g 95 72
2a 3a-c ' 4a 8 2h (CHs)2CHCH, 4h 90 68
yield ee 9 2i Cy 4i 95 50
10 2 Ph(C Cb 4] 79 40
entry cyanohydrin R catalyst time[h] %° %° (Ch). g
1 32 Me 1a 5 9% 60 2The reactions were carried out-aR0 °C for 42 h using 0.1 mmol of
5 2a Me 1b 5 89 16 o-amido sulfone, 0.2 mmol of cyanohydrin, 0.5 mmol of aqueouS®
3 32 Me 1c 5 90 0 (50% w/w) and 0.01 mmol of catalyst in 5 mL toluereYields are given
4 3b Ph 1a 18 80 20 for isolated products: The enantiomeric excess was determined by chiral
HPLC or GC.
5 3c —(9-fluorenyl)y— la 42 83 26
6 3a Me la 42 95 68
) . . . TABLE 3. Supplementary Experiments with Different Cyanide
aThe reactions were carried out at 26 using 0.1 mmol of-amido Sourced
sulfone, 0.2 mmol of cyanohydrin, 0.5 mmol 06®0Os(s) and 0.01 mmol _Boc . Boc
of catalyst in 2 mL toluene® Yields are given for isolated productsThe HN . Cyanide 1a (10 mol%) HN
enantiomeric excess was determined by chiral HPLReaction performed S0, p-Tol Source toluene, 25 °C ~ N
at —20 °C with 5 mL toluene and aqueous®O0s (50% wiw). 2f 2P >Q
behavior promoted b$a, was ascertained by the eightfold rate cyanide base time conversion ee
enhancement in the reaction with a catalytic loading of 10 mol entry  source (Sequiv)  acetone h % %
%, run under the conditions shown in Table 1, with respectto 1 3a KoCOs(s) 3 >95 70
the uncatalyzed reacti&hand highlighted the minor role played % ﬁg” 2.5 equiv 55 igg gg
_by t_he backgroun_d _react|on. Interestingly, the presence _of the TMSCN  KeCOx(s) 2 ~05 35
in situ gengrated imine was never de_tected, thus suggesting f[hat 5 TMSCN  K.COs(s) 2.5 equiv 2 >05 52
deprotonation fc.)lllowed by sulfinate ion release may occur in aThe reactions were carried out at 26 for the stated time using 0.1
the rate determining step. mmol of a-amido sulfone2f, 0.2 mmol of cyanide source, and 0.01 mmol

With these insights into the optimized reaction conditions, of catalystiain 2 mL toluene. Conversions determined Bid NMR.© The
we explored the scope of the reaction using a range of aliphatic "antiomeric excess was determined by chiral GC.
a-amido sulfones and acetone cyanohyd8a as starting
materials (Table 2). Catalydfa proved to be highly effective  leucine, a target of considerable utility as chiral building block,
for the hydrocyanation of a variety 6fBoc a-amido sulfones. by simultaneou$\-Boc deprotection and CN hydrolysis in acidic
The (§-configureda-aminonitriled were obtained throughout ~ medium*
with excellent yields and high ee’s, and the size of the aliphatic ~ As shown in Table 3, a few ancillary experiments carried
group did appear to slightly dictate the levels of enantioselec- out on 2f at room-temperature revealed that in all cases the
tivity (entries 1-9). No changes of the products ee’s were enantiomeric excesses, using more conventional~ Gbh
observed even after prolonged times, thus supporting thesources like KCN (entry 2) and TMSCN (entry 4), were
suitability of the reaction conditions employed-Boc proved substantially lower with respect to the value obtained with
to be the most suitable protection, since the reaction run with cyanohydrin3a (entry 1). Undoubtedly in these reactions the

N-Cbz a-amido sulfone2l led to a sizable decrease of the Operativity of other pathways leading to the Strecker product
enantioselection (compare entries 1 and 10). formation without recognition of the catalytic species is likely,

and a direct transfer of the nucleophile to the imine will probably
compete with that occurring vika/ CN~ ion pair (entries 2 and

4 in Table 3), as suggested by the moderate enantioselection
observed.

Furthermore, most interestingly, an addition of 2.5 equiv
acetone produced a remarkable enhancement of the enantiose-
lection (compare entries 2, 3 and 4, 5). This prompted us to
(12) The uncatalyzed reaction goes through itself in 40 hours. shed some light on the mechanism of this PTC reaction. The

(13) The absolute configuration of the optically active compoudidls : : ; ;
and 4h was determined by comparison of the measured optical rotation focus was first addressed toward the reaction pathway in which

with literature values: Boeijen, A.; Liskamp, R. M.Bur. J. Org. Chem.
1999 2127-2135. The remaining absolute configurations were assigned  (14) Banphavichit, V.; Chaleawlertumpon, S.; Bhanthumnavin, W.;
by analogy to further adducts. Vilaivan, T. Synth. Commur2004 34, 3147-3160.

Catalyst 1a displays a remarkably substrate scope in the
asymmetric hydrocyanation of aldimines, since it accommodates
substrates bearing-substituents ranging from methyl tert-
alkyl moieties. This would enable, among the others, a
straightforward synthesis of enantiomerically enrichted-
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SCHEME 1. Hypothetical Mechanism for the Strecker Reaction ofa-Amido Sulfones and Cyanohydrin 3a Catalyzed by la

path A path B
HSO,-pTol |
PG PG. _H
0--Q*/CN
>: R™, 'H R” *°CN
H3C 1
PG, -H ' o HC
PN a®90_ cN a® + =0
R” S0, p-Tol e I H4C
HsC~ CHj4
KX
®%
K@ @O><CN HO_ CN
organic phase HsC”,CHy | H3C  CHj

interface >/ AN ArAAARAAAn

solid phase KHCO, KoCO4

ao-amido sulfones are converted into imines: in the presence aliphatic aldimines using acetone cyanohydaas a cyanide
of K,CO3 and 10 mol % of phase transfer catalyst this reaction ion source. The ready preparation and stability of the simple
took place after more than 1 day, whereas the combinatien K chiral quininium salt, the convenient experimental procedure,
CO; /cyanohydrin/PTC afforded complete disappearance of the and the easy access to theamino acids in the naturalSf-
precursor within 3 h. A cyanohydrin-derived anionic species, form are good assets of the enantioselective Strecker process
generated at the interface, might therefore act as the effectivedescribed herein.
base in thex-amido sulfone-imine transformation. A sketch of
a mechanistic proposal is shown in Scheme 1. Experimental Section

According to this proposal the conjugate base of the cyano-

hylt_jrln IhT'ght form_ vlvlltf:hthte _Chlra:k?:atelrnary ag"lqmogrl\'u_m salt Reaction of a-Amido Sulfones 2a-| with Cyanohydrin 3a. To

a lipophilic ion pairii that in pa releases the Ion 3 solution ofa-amido sulfone2a—| (0.1 mmol) in toluene (5 mL)
promoting deprotonation of the precursor gnd its conversion into a5 added\-(o-trifluoromethyl)quininium bromidd.a (0.01 mmol,

an imine. The already mentioned catalysis promoted dyis 5.6 mg) followed by acetone cyanohydrin (0.2 mmold8. After
strongly suggestive of an intervention of the organocatalytic the resulting solution was cooled 20 °C, K,COs(aq) 50% w/w
species in this rate-determining st€pn the presence of the in (0.5 mmol, 9uL) was added in one portion. The reaction mixture
situ formed iminell will then deliver in pathB the CN- ion was then vigorously stirred at the same temperature without any
to the electrophilic carbon. The possibility that in ion pHir precaution to exclude moisture or air. After 42 h, the reaction was
the catalyst might accommodate in its chiral pocket a more quenched with saturated NaHgQand the aqueous layer was
complex anionic species than CNé supported by the lowering a"et:zcéﬁgg"gce?'ﬁgég’ fﬁtezrggjL)(élthgocnocngrt:;pai:doijgrijnef Pehdiscees d
ol el S reploseecly bserved Wi YV st T crud ot v hn i by chromatoran
a_cc_ommodation of these bulkier_systems would be much_ moreo Psrocciuc%s%(;b, 4d21.f, 4h,i are known compounds in literature
difficult. Furthermore, the beneficial effect on the enantiose- ang spectroscopical data are consistent with previously reported
lection owing to addition of acetone to the reactions in the values4 The absolute configuration of the optically active com-
presence of KCN or TMSCN (see Table 3), most likely leading pounds4b,h was determined by comparison of the measured optical
to in situ generation of, provides further support to the above- rotation with literature value’ All other absolute configurations
reported interpretation of the reaction pathways. According to were assigned by analogy to further adducts.

this mechanism, the CNwill thus play the sequential role of (S)-tert-Butyl 1-Cyano-3-phenylpropylcarbamate (4a):* Ob-
catalytic base and stoichiometric nucleophile. This is also f@ined asawhite solid in 95% yield (24.7 mg). The ee of the product
consistent with the fact that the reaction described in Table 2 "_"agsqgt?{ m'ne? b%’ ';g ch_/us'.ng inZASZ'H CO'“ﬁ"frf;‘;ne%ProH

for 2f, performed with only 1.1 equiv of cyanohydriga, = 98:2, flow rate 0.75 mL/minj = M. Zing = *2. £ MIN,Zimin

. L . = 38.8 min); ]*> —11.4 € 0.38, dioxane), 68% ee.
afforded the expected-amino nitrile in 85% yield and 89% (S)-tertButyl 1-Cyano-2-phenylethylcarbamate (4b)4 Ob-

ee without any erosion of efficiency and enantioselectivity.  tained as a white solid in 95% yield (23.4 mg). The ee of the product
In conclusion, we have accomplished the first organocatalyzed was determined by HPLC using an AD-H colunmhexane/PrOH
phase-transfer enantioselective cyanation of in-situ-generated= 95:5, flow rate 0.75 mL/min} = 254 NM,tma; = 22.7 MiN,Tmin
= 21.3 min); p]*p —11.5 € 0.42, dioxane), 79% ee. [Lit.S(
(15) HPLC analysis performed on several samples at various reaction enantiomer): §]*% —16.4 € 0.98, dioxane)}®

times did not show evidences in favour of enantiomeric enrichment of the (_S)?tert-Buty_I 1-Cyanoethylcarbamate (4c).Obtained as a Whit_e
unreactedx-amido sulfone. solid in 85% yield (14.4 mg). The ee of the product was determined

General Procedure for the Catalytic Enantioselective Strecker
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by GC using a RT-BetaDEX-sm chiral column (isothermal 130
injector temp= 235°C, detector temp= 250°C, using N as carrier
gas,Tmaj = 17.0 mMin,zmin = 17.5 min); mp 10+103°C.H NMR
(300 MHz, CDC}): 6 (ppm) 4.78 (br s, 1H), 4.62 (br s, 1H), 1.54
(d, J = 7.2 Hz, 3H), 1.46 (s, 9H)!3C NMR (100 MHz, CDC}):

o (ppm) 154.4, 109.9, 81.1, 29.6, 28.2, 19.7. ESIMS8z 193 M

+ Na]*. Anal. Calcd for GH14N,O,: C, 56.45; H, 8.29; N, 16.46.
Found: C, 56.34; H, 8.31; N, 16.5@]F>% —54.3 (€ 0.36, dioxane),
78% ee.

(S)-tert-Butyl 1-Cyanopropylcarbamate (4d)1* Obtained as a
white solid in 88% vyield (16.2 mg). The ee of the product was
determined by GC using a RT-BetaDEX-sm chiral column (iso-
thermal 150°C, injector temp= 235°C, detector temp= 250°C,
using N> as carrier gasgmaj = 9.7 min, Tmin = 9.9 min); []?%
—50.5 € 0.49, dioxane), 80% ee.

(S)-tert-Butyl 1-Cyano-2-methylpropylcarbamate (4e)* Ob-

(9)-tert-Butyl 1-Cyano-3-methylbutylcarbamate (4h)#* Ob-
tained as a white solid in 90% yield (19.1 mg). The ee of the product
was determined by GC using a RT-BetaDEX-sm chiral column
(isothermal 140C, injector temp= 235°C, detector temp= 250
°C, using N as carrier gasimaj = 25.9 min, tmin = 27.4 min);
[0]%%5 —34.4 (€ 0.68, dioxane), 68% ee. [LitSenantiomer): §¢]%%
—58.9 (€ 0.98, dioxane)}3

(S)-tert-Butyl Cyano(cyclohexyl)methylcarbamate (4i)t* Ob-
tained as a white solid in 95% yield (22.6 mg). The ee of the product
was determined by GC using a RT-BetaDEX-sm chiral column
(isothermal 18CC, injector temp= 235°C, detector temp= 250
°C, using N as carrier gastmaj = 17.5 min, 7pmin = 17.7 min);
[0]?®% —13.8 € 0.68, dioxane), 50% ee.

Benzyl 1-Cyano-3-phenylpropylcarbamate (41).Obtained as
a white solid in 79% yield (23.2 mg). The ee of the product was
determined by HPLC using an AD-H column-fiexangPrOH=

tained as a white solid in 92% yield (18.2 mg). The ee of the product 95:5, flow rate 0.75 mL/min} = 254 NM,Tns = 30.4 MiN,Tmin =

was determined by GC using a RT-BetaDEX-sm chiral column
(isothermal 150°C, injector temp= 235°C, detector temp= 250

°C, using N as carrier gagms; = 9.7 min, tmin = 10.0 min); %%
—44.2 (€ 0.55, dioxane), 82% ee.

(S)-tert-Butyl 1-Cyano-2,2-dimethylpropylcarbamate (4f)14
Obtained as a white solid in 85% yield (18.0 mg). The ee of the
product was determined by GC using a RT-BetaDEX-sm chiral
column (isothermal 156C, injector temp= 235°C, detector temp
= 250°C, using N as carrier gagsmaj = 9.0 min, tymin = 9.4 min);
[a]?°p —48.8 € 0.57, dioxane), 88% ee.

(S)-tert-Butyl 1-Cyanoheptylcarbamate (49. Obtained as a
colorless oil in 95% vyield (22.8 mg). The ee of the product was
determined by GC using a RT-BetaDEX-sm chiral column (iso-
thermal 150°C, injector temp= 235°C, detector temp= 250°C,
using N> as carrier gasms; = 53.0 min,tmin = 55.1 min).*H NMR
(300 MHz, CDC}): 6 (ppm) 4.78 (br s, 1H), 4.56 (br s, 1H), 1:82
1.73 (m, 2H), 1.46 (s, 9H), 1.361.25 (m, 8H), 0.88 (tJ = 6.9
Hz, 3H).23C NMR (100 MHz, CDC}): 6 (ppm) 154.1, 119.0, 81.2,
42.3,33.4,31.4,28.4,28.2,25.2, 22.4, 14.0. ESIM#%z 263 M
+ Na]*. Anal. Calcd for GsH4N202: C, 64.97; H, 10.07; N, 11.66.
Found: C, 64.83; H, 10.05; N, 11.62a]f%» —26.6 € 0.88,
dioxane), 72% ee.
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36.4 min); mp 8383 °C. 'H NMR (300 MHz, CDC}): 6 (ppm)
7.38-7.17 (m, 10H), 5.14 (s, 2H), 5.00 (br s, 1H), 4.57 (br s, 1H),
2.82 (dt,J= 7.3, 1.9 Hz, 2H), 2.182.10 (m, 2H).13C NMR (100
MHz, CDCL): 6 (ppm) 155.0, 138.9, 135.5, 128.8, 128.6, 128.5,
128.4,128.3,126.8,118.3, 67.8, 42.3, 34.8, 31.4. ESIM&:317

[M + NaJ*. Anal. Calcd for GgH1gN,Ox: C, 73.45; H, 6.16; N,
9.52. Found: C, 73.57; H, 6.18; N, 9.5@]f> —10.0 € 0.12,
dioxane), 40% ee.
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