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The vicinal diamine structural moiety is a privileged framework OO O
in organic chemistry.Vicinal diamines have been used extensively (L7, (L .
as chiral auxiliaries and chiral ligands. Chiral vicinal diamines can e A ooy VAR B A S, VNS

also be found in anticancer agents and anti-influenza drugs, as well

as many other biologically active compounds. Researchers have

developed many methods for the synthesis of these diarhidas. Figure 1. VAPOL and VANOL phosphoric acids.
of the most direct methods for their synthesis is the ring-opening
of aziridines with nitrogen nucleophilésWhile many of these NHR
existing strategies have been successful, the development of O:NR+ TMS-N, 10 mol% (R)-PA-1 O’
catalytic, enantioselective methods for the openingnuoése RT, Solvent “Ng
aziridines has been much less studied. In 1999, Jacobsen and co- ! 2 3

Table 1. Optimization of Reaction Conditions’

workers reported the first enantioselective ring-openingnete Emrf; C: E%"I'E T"::’h % i':'db %:ec
aziridines with azidotrimethylsilane using a chiral chromium ; 1: Boé DCE 42 70 0
complex® Recently, Shibasaki and co-workers have reported the

use of chiral yttrium complexes for the desymmetrizatiomese 3 10'11)K©\ boM 26 72 35
azirdines in route to the synthesis of Tamiflin this communica- NO,

tion, we report the first example of a Brgnsted acid-catalyzed 4 ether 23 52 4

enantioselective ring-opening ofieseaziridines as well as pre- 5 o NO, CHsCN 46 85 43

liminary investigations into the mechanism of such reactions. 6 1d toluene 14 80 59

Organocatalysis, the use of small, chiral organic molecules as 7 No, ~ DCM 15 94 65

g - - 8 DCE 6 20 77
enantioselective catalysts, has been a fruitful area of research for

the past decadeln 2004, the research groups of Akiyafend od 0 DCM 22 96 90
Teradd independently reported that phosphoric acids derived from 1031e Y CFs DCE 21 97 95¢
BINOL could be used as enantioselective catalysts. Since the first n foluene 22 89 65

12 CFa PhCl 22 69 68

report, our group, as well as other groups, has shown that chiral
phosphoric acids are versatile catalysts for the addition of various
nucleophiles to imine%.List and co-workers have demonstrated aGeneral Procedure: molar ratio ®2 = 1:1.5 in 0.5 mL of solvent.
that amine salts of chiral phosphoric acids could be used for the " Isolated yieldc Determined by chiral HPLC analysi$Reaction performed
asymmetric reduction of enoriéand the dynamic kinetic resolution ~ USing @ molar ratio ofl/2 = 1.5:1.¢ Catalyst derived from§-VAPOL

. . . . . resulted in a reversal of the retention time for the major enantiom@iasf
of racemic aldehydeS. Chiral phosphoric acids as mediators for judged by chiral HPLC (see SI)DCM = dichloromethane, DCE- 1,2-
the enantioselective desymmetrizationméseaziridines would dichloroethane.
represent a new and powerful utilization of such catalysts as the
potential activation involves a non-imine-based electrophile.Our ~ We next turned our attention to the variation of the aziridine
initial investigation into the desymmetrization wfese aziridines (Table 2). Using the optimized reaction conditioR#-2 derived
involved studying the effect of substitution on the nitrogen atom from the VANOL framework proved to be a comparable catalyst
of the aziridine withPA-1 as the catalyst (Table 1). The screening for the desymmetrization of theneseaziridine derived from
of both Chz and BOC protecting groups on the nitrogen resulted cyclohexane aPA-1 (entries 1, 2). However, the use BA-2 for
in the formation of the product as the racemate in moderate yield ring-opening an aziridine derived from 1,4-cyclohexadiene resulted
(entries 1, 2). However, to our delight a 4-nitrobenzoyl-substituted in the formation of the product in much lower yield than using
imine resulted in the formation of the product in good yield and pA-1 but with similar enantioselectivity (entries 3, 4). Azide
moderate enantioselectivity (entry 3). Corresponding substitution addition to a cycloheptane aziridine resulted in the formation of
with a 3,5-dinitrobenzoyl group on the nitrogen (entries8y the ring-opened product in excellent enantioselectivity but with a
provided for the desired product in an excellent yield and moderate gecrease in the yield of the product (entry 5). Heating this reaction
ee. Our ideal conditions in terms of yield and enantioselectivity iy go°C resulted in the formation of the product in excellent yield
required the use of a bis-(3,5-trifluoromethyl)benzoyl group as @ 4ng moderate selectivity (entry 6). The reaction time for both
substituent (entries-910). However, the use of this substituent o4 ctions is much longer than the time required for the ring-opening
generally resulted in !onger reaction times. S.olvent stud|e§ revealedof the cyclohexane aziridine. Various aziridines derived from
that the use of 1,2-dichloroethane resulted in the formation of the cycloalkanes resuilted in the formation of the ring-opened product

product in the highest yield and enantioselectivity. in good yield and enantioselectivity. Aziridines containing acyclic
§ University of South Florida Interdisciplinary Nuclear Magnetic Resonance ahphatlc_ and aryl su_bStltuemS_ resulted in the form_at_lon of t_he
Facility. product in excellent yield and with good enantioselectivity (entries
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Table 2. Variation of Aziridine Substrate
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Entry Aziridine? Acid  Time,h %Yleld” % ee®
1 ONR 1e (SPA1 21 97 95
2 (RPA-2 21 90 94

3 (SPA-1 21 84 %2
NR 1f
4 (RPA-2 21 55 91

d -
5 QNR 19 (S)PA-1 91 64 91
gde (S)PA-1 72 95 69

7 C[:NR 1th (SPA1 55 68 84

89 ©:>NR1I (SPA1 48 ) 70
Me

9 )NR 1 (SPA1 21 88 86
Me
Ph

10 )NR 1k (SPA1 48 95 83
Ph

11 o/\;[*Nn 1 (SPA1 48 49 87

12 CszDNR 1m (SPA1 24 94 71

aGeneral conditions: molar ratio 0f/2 = 1.5:1.°Isolated yield.
¢ Enantioselectivity determined by HPLC analysisdolar ratio of 1/2 =
1:2. ¢ Reaction performed at 6TC.

9 and 10). Heterocyclic aziridines could also be employed in the
ring-opening reaction. The use of an aziridine derived from 2,5-
dihydrofuran resulted in a drastic decrease in yield of the product,
with the balance of mass attributed primarily to unreacted starting
material (entry 11).

Preliminary studies into the mechanism of the organocatalytic
desymmetrization ofmeseaziridines indicate that the presence of
the trimethylsilyl group is required for the formation of the ring-
opened product. It has long been known that compounds containing
an amide, sulfoxide, or a=PO double bond can activate silane
compounds into donating a nucleophifeThe reaction of the
aziridine with tetrabutylammonium azide and NgNthe presence
of the phosphoric acid resulted in no reaction. Notable is the fact
that the reaction does not occur with azidotrimethylsilane in the
absence of the phosphoric acid. However, the use of;Nalthe
presence of trimethylsilyl chloride resulted in the formation of the
product in moderate yield. Preliminaid NMR studies indicate
the presence of a new compound containing proton signals
indicative of the formation of the new TMS-containing compound

Scheme 1. Proposed Mechanism of the Organocatalytic
Desymmetrization of meso-Aziridines
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chiral silane that is generated in situ by the reaction of the chiral
phosphoric acid with azidotrimethylsilane. Future work will include
extension of the substrate scope and theoretical and experimental
studies into the mechanism of this and related transformations.
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