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The asymmetric addition of HCN to hydrazones is catalyzed in high yield and good-to-excellent enantioselectivity by the easily prepared
(PhPYBOX)ErCI; complex. This constitutes the first example of asymmetric catalytic hydrocyanation of hydrazones.

Hydrocyanation of carbonyl derivatives affords straight- with proven utility. For example, hydrazino acids, which can
forward access to chiral difunctional compounds with be viewed as aza-analogues Samino acids, have been
considerable synthetic utility, thanks in large part to the studied as inhibitors of certain amino acid-metabolizing
possibility of effecting high-yielding hydrolysis, reduction, enzymes. Recently, hydrazino acid-derived peptides have
or alkylation reactions of the nitrile group. Accordingly, been predicted to fold into defined secondary structures,
substantial effort has been directed over the past few yearsincluding conformationally unique helicésthus making
toward the development of effective catalysts for enantio- them attractive components for protein design and interesting
selective reactions of HCN, with notable successes achievedpotential surrogates for peptidic chemotherapeutic agents.
particularly in additions to aldehydes, ketones, and imines.  Existing routes to enantioenriched hydrazino acids rely
We turned our attention recently to the possible use of generally on elaboration of amino acid derivat®/er on
hydrazones as substrates for asymmetric hydrocyanatiortrapping of enolate derivatives with azodicarboxyldtés.
reactions, motivated in part by the increased air and
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contrast, approaches involving catalytic hydrocyanation of ||| NG

hydrazone deriva_ti_ves have received relatively little attention. 1 p1e 1. Enantioselective Hydrocyanation of Hydrazones
Uncatalyzed addition of HCN to hydrazones can be effected

i . . o]
under solvent-free conq[tlons orin glcohollc solutfdPhase- /H Ph  [(S-PhPYBOXJEICI, (5 mol%) JL
transfer-catalyzed addition of cyanide to ketohydrazones has )NI\ g TMSON @ oquiv) HN°Ph
been described, although enantioselective variants have notg” g © MeOH (2 equiv.) R")<NH
been disclosedl.More recently, Kobayashi reported the CHCl;, 0°C R™ CN
addition of HCN to hydrazones catalyzed by achiral hafnium = gntry R R ;ime yield ce (%)°
trifluoromethane sulfonate complex®s. (days) (%)

A survey of catalyst systems known to promote hydro- vead )b H 3 85 97
cyanation reactions afforded a promising lead result in the 2 B"O—@§' H 2 92 93
use of LuC}** with moderate levels of reactivity obtained 3 Ph~H 2 96 90
using anN-benzoyl-protected hydrazone as a substrate (eq .O
1)12 4 O H 2 quant.  90.5 (>98)
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Prompted by recent successes obtained in asymmetric 7w boH 3 87 80
hydrocyanation of aldehydes and epoxides using (PYBOX)- sis°
lanthanide complexé$,we carried out a systematic screen 8 B} H 2 90 83
of LnCl; complexes in the presence of tHg){-PrPYBOX MeO
ligand. An interesting trend was observed (Figure 1), with 9 @% H 2 96 79

_ 10 Me©§- H 2 98 80 (94)
11 "?; H 2 99 76
H H
N (FPr-PYBOX)LnClyxH0 unN e
©) o TMSCN, MeOH ©)\CN0 12 MeQ§~ H 3 89 76
CH,Cly e
13 o )+ H 3 94 84
14 Ph,CH H 2 98 69 (83)
15 +Bu H 2 98 66
16 PhCH, H 2 99 31
17 Ph Me 4 92 44°

a|solated yield? Ee of crude product. Values in parentheses are those
obtained after recrystallization. Stereochemical assignments were made by
analogy with that of the 4-bromophenyl derivative (Table 2, entry 1).
¢ Absolute stereochemistry not assigned.

Upon further optimization of the reaction conditions, it
/ . was found that hydrazone hydrocyanation could be per-
: . . . : \ \ x formed at 0°C in freshly purified chloroforri (0.25—0.10
% % s 2 e 66 e 7072 M) using TMSCN and methantl and 5 mol % [B)-
8 Yylewd Atomic Number PhPYBOX]ErCk * to give excellent yield of the adducts in

2—3 days (Table 1). A range ®-benzoyl-protected hydra-

zone derivatives underwent efficient reaction under these
conditions. Best results were obtained with aromatic hydra-
zones (entries-113), with electron-rich substrates affording

Figure 1. Lanthanide screen.

the yield of the product improving with increasing atomic : : :
. . . (9) Chiba, T.; Okimoto, MSynthesisl990, 209—211.
number; the ee followed a similar, albeit less regular trend, 10y vanabe, K.; Oyamada, H.; Sugita, K.; Kobayashi. ®rg. Chem.
reaching a maximum value with erbium and then decreasing 1999,64, 8054—8057.
; ; ; (11) Lanthanum triflates and alkoxides were found to be ineffective

sharply with metals of hlgher atomic number. catalysts, inducing only low substrate conversion.

(12) Only N-benzoyl, N-2-furanoyl, andN-2-thiophenoyl hydrazones

(7) (a) Gennari, C.; Colombo, L.; Bertolini, @. Am. Chem. S0d.986, displayed any reactivity under these reaction conditions, with bbb
108, 6394—6395. (b) Evans, D. A.; Britton, T. C.; Dorow, R. L.; Dellaria, furanoyl and\-2-thiophenoyl derivatives undergoing hydrocyanation to very
J. F.J. Am. Chem. S04986 108 6395-6397. (c) Trimble, L. A.; Vederas, low conversion. Other hydrazones examined includietbsyl, N-nosyl,
J. C.J. Am. Chem. S0d.986,108, 6397—6399. N-formyl, N-acetyl,N-octoyl, N-phenylacetylN-phenyl,N-2,4-dinitrophenyl,

(8) Ziegler, F. E.; Wender, P. Al. Org. Chem1977,42, 2001—-2003. andN-Boc derivatives.
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highest ees (entries 1 and 2). Aliphatic substrates alsoljjj N NN

underwent reaction in high yield, albeit with significantly Table 2. Enantioselective Hydrocyanation of Slowly Reacting

diminished enantioselectivity (entries 14—16). Hydrazone Derivatives
Electron-deficient substrates displayed very poor reactivity H ((S)-PhPYBOXIErCl, (10 mol%) H
under the standard conditions. Substrates bearing strongly N,N\H/Ph TMSCN (@ equiv)) HN/N\H/Ph
electron-withdrawing aromatic substituents (e.g.;,Q¥FO;, J o MeOH (3 equiv.) J_ o
CO,Et, CH=NNHCOPh) proved to be completely unreac- R CHCl,, 0°C R ON
tive, whereas those bearing weakly withdrawing substituents entry R R’ time yield (%)? e,
(Cl and Br) reacted slowly but with high enatioselectivity. (days) (%)
In the case ofm- and p-bromo-substituted derivatives, 1 B"@%‘ Ph 3 quant[31]  93[91]
complete conversion to the HCN adduct could be ac- 5 (95)
complished by using elevated catalyst loadings (10 mol %) d
and 3 equiv of TMSCN/MeOH (Table 2). The diminished. 2 <% ™ s swe wl
reactivity of these substrates relative to their electron-rich Ph §_
counterparts suggests that complexation of the hydrazone to 3 Ph 2 quant [24] 77 [83]
the Lewis acidic catalyst may be rate-limiting in these
addition processes. 4 f'B“‘O'E‘ Ph 4 69 70
Other substrates displaying low reactivity are listed in
Table 2. With thep-biphenyl derivatives, as with brominated g gE 22tr::1err):'yl 3 gg HQ gg Ei%

substrates, simply increasing catalyst and cyanide loadings

resulted in ?Xce”em yields (entry 3). prever, other values in parentheses are those obtained after recrystallization. The
substrates failed to go to complete conversion even after 4stereochemical assignment of entry 1 was made by X-ray crystallography,
days under these conditions. and all others were made by analogy.

All of the hydrocyanation adducts obtained in this study
were found to be solids at room temperature, raising the | h developed the first catalvii
possibility of enhancing product enantiopurity through re- rs_sukr]ng]ary, wet_ avef he\(/je ope te Irs ca; ab>|/ Ic asytml-
crystallization. This proved to be possible with several metric hydrocyanation ot hydrazones (o give stabie, crystal-

selected substrates (Table 1, entries 4, 10, and 14, and Tablgne acyl hydrazino nitriles in excellent_ yield.and good-to-
2, entries 1 and 2). X-ray structural determination of the excellgnt ee. Further efforts are being directed toward
4-bromophenyl hydrocyanation adduct (Table 2, entry 1) exploring the Scope and mgchanlsm of lanthanil¥ BOX-
permitted unambiguous assignment of absolute stereochem-c""t"’1Iyzecj Cyanation reactions.

istry. In this manner, it was determined that th®,S)-
PhPYBOX ligand affords products &-configuration.

aValues in brackets are those obtained using 5 mol % catdl{.
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