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Abstract: This paper reports the synthesis 
of a series of N-protected oxaziridines 
(N-Moc, Boc, Z or Fmoc) and discusses 
their ability to deliver their N-alkoxycar- 
bony1 fragment to  amines, enolates, sul- 
fur, and phosphorus nucleophiles (elec- 
trophilic amination). These oxaziridines 
are prepared by oxidation of the corre- 
sponding imincs with oxone or anhydrous 
MCPBA lithium salt as the source of oxy- 
gen. They transfer their N-protected frag- 
mcnt to primary and secondary amines to 
give protected hydrazines in fair to excel- 

lent yield. The nitrogen transfer to free 
amino acids (in form of their R,N+ salts) 
is particularly fast, even at  low tempera- 
ture, providing L (or D) N-protected a-hy- 
drazino acids. Enolates are C-aminated to 
give N-protected r-amino ketones, esters, 
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pseudopeptides 

or amides in modest yield, due to  a side 
aldol reaction of the unreacted enolate 
with the rcleased benzaldehyde. With ter- 
tiary amines (Et,N), sulfides (PhSMe), 
and phosphines (Ph,P), amination and 
oxidation proceed in a parallel way; the 
amount of amination product increases 
when the temperature i s  lowered (kinetic 
control). Some of the factors that can ori- 
ent the oxaziridine reactivity towards am- 
ination or oxidation of nucleophiles are 
considered. 

introduction 

The amination of nucleophiles by oxaziridines such as 1 derived 
from dialkylketones (Scheme I )  was first reported by Schmitz 
and coworkers in 1964."' This elegant electrophilic amination 
methodology,'21 which is actually involved in the industrial pro- 
duction of hydrazine from ammonia,[31 has been used in the 
commercial production of carbidopa (the a-hydrazino acid cor- 
responding to a-methyldopa) .[41 Owing to their instability, 
Schmitz oxaziridines are prepared in situ, and this circumstance 
somewhat restricts their utilization in organic synthesis. The 

dilute Et20 solution H2N-OSO3H O0 t i 2 0  / NaOH / E12: miH (unstable) 

1 

Scheme 1. Schmirz electrophilic amination methodology. 
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primary purpose of the present work was to  make this process 
more practical and to  extend the scope of its application. To this 
end, we focused on the design of oxaziridincs stable enough to 
be isolated, and which would deliver an N-protected group, 
rather than a free amino group, to the nucleophilic substrate. 
This last requirement is particularly desirable in the context of 
a-hydrazino acid synthesis and hydrazinopeptide chemistry, an 
area which is the object of current research interest.I5I In prelim- 
inary reports we have that these objectives could be 
met by means of the 3-aryl-N-alkyloxycarbonyl oxaziridines 2 a 
and 4a. These reagents are crystalline solids, which transfer 
their N-methoxycarbonyl (N-Moc) and N-tert-butoxycarbonyl 
(N-Boc) fragments, respectively, to nucleophiles such as  prima- 
ry and secondary amines, amino acids, and carbanions undcr 
mild conditions. Several applications of 2a and 4a, and of their 
N-benzyloxycarbonyl (N-Z) analogue 5, to the synthesis of car- 
bazates,[9] a-hydrazino acids,["* "] and hydrazinopeptides[12] 
have since been reported ; reagent 4a  has recently become com- 
mercially available. 

In order to  explore further the scope of application and the 
structure- reactivity pattern of these reagents, we have extended 
these investigations to a number of new 3-aryl-N-protected ox- 
aziridines. We report here in details our results concerning the 
preparation, structure and reactivity of the N-Moc derivatives 
2a-h and 3, and of their N-BOG, N-Z ,  and N-Fmoc analogues 
4a-d, 5 and 6, respectively (Scheme 2). We have studied the 
reactivity of these compounds towards a variety of nucleophiles 
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including amines, aininoacids, enol ethers and enolates, alkenes, 
sulfides, and phosphines, and we confirm that these N-alkyloxy- 
carbonyl oxaziridincs generally transfer their amino group, 
rather than their oxygen, to these substrates. This behavior is 
unlike that of N-sulfonyl,['31 N-phosphinoyl,""] or N-fluoro- 
alkyl oxaziridine~,['~I which are used in organic synthesis to 
deliver their oxygen to a variety of nucleophilic substrates. We 
show that this difference in reactivity is the result of subtle 
effects, where the size of the substituent borne by the oxaziridine 
nitrogen, combined with the oxaziridine LUMO energy, and the 
nature of the incoming nucleophile all play a role in determining 
the initial course of the reaction as well as its subsequent devel- 
opment to the products. 

Results and Discussion 

Preparation of N-alkyloxycarbonyl oxaziridines: Although the 
oxaziridine ring can be prepared in a number of ways,[161 the 
insertion of oxygen into a -C = N- bond by means of conven- 
tional oxidizing reagents is certainly the most widely employed 
process for this purpose. When applied to an N-alkyloxycar- 
bony1 phenylimine (9, 12, 15, and 20 in Scheme 2), this reaction 
proved somewhat difficult to achieve, because in addition to the 
desired oxaziridine it also afforded the isomeric amide (16- 19), 
which in some cases was the major product. The differently 
substituted oxaziridines considered here were eventually synthe- 
sized according to three different oxygen insertion methods 
(A, B, and C in Scheme 2) depending on their substitution pat- 
tern. These methods utilize either basic buffered peroxymono- 
sulfate (oxone), m-chloroperoxybenzoic acid (MCPBA) , or the 
anhydrous MCPRA lithium salt, respectively, as the source of 
oxygen. 

Abstract in French: Nous prksentons la synthkse d'une sirie d'oxa- 
iiridines suhstituies sur I'azote par les groupes prntecteurs Moc, 
Boc, Z ou Fnioc et decriims leur cupacitk iC transfzrer leurgroupe 
N-protigk iC des nucliophiles comme les amines, les inolates, les 
sulfures ou Ies phosphines (amination ilectrophile) . Ces oxaziri- 
clines sont prkparkes par oxydation des imines correspondantes au 
moyen de 1'o.xone ou du sel de lithium anhydre de l'acide m-chlo- 
roperhenzoi'que. Elks trunsfkrent lcur groupe N-alkoxycarhonyle 
o u s  atnines primaires et secondaires pour donner des hydrazines 
protkgkes, avec des rendements moyens a excellents. La rkaction 
est particuli6retnent rapide mOme a basse tempirature sur les ami- 
noacides L (ou D )  . sous,fbrme de leurs sels d'arnmonium quater- 
riuires, et constiiue une i rks  honrie methode d h  
noucides N-prcttkgh L (ou D) . Lr groupe N-alkoxycarbonyle est 
iiussi trunsfibzble uux knolutes, pour donner les x-amino citones, 
esters ou amides N-protkgks aver des rendements moyens, en rai- 
son de la condensation purasite enire l'knolate et l'uldihyde lihkri 
par l'oxaziridine. Dans le cas des amines tertiaires (Et,N) , des 
.si~lfures ( PhSMe) et des phosphines ( Ph, P )  on ohsrrve non seu- 
lement le lrcinsfert du groupe N-ulkoxycurbonyle (aminntion) 
rnais aussi le transjert de 1'ox.yghne (oxydation) . Certnins des 
,fiirteurs pouvant orienter la rkactiviti des oxuziridines vers I'ami- 
nulion ou I'oxjdation de nuclkophiles sont mis en kvidenct,. 

2a-h (Moc = methoxycarbonyl) 
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4-CH3 : b 
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4 - 0  : d 
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Y -  0 

Scheme 2. Method A :  biphasic conditions: oxone and K,CO, in H,O N-alkyloxy- 
carbonyl imine in CHCI,; 0 4°C. Method B: hiphasic conditions; MCPRA in 
CHCI,/K,CO, in H,O; 20 'C. Method C. BuLi in hexane addcd to MCPBA in 

CH,CI,, -78 'C.  

Method A allowed us to synthesize the N-Moc oxaziridines 
2a--h from the corresponding N-Moc imines 9a-h, these N- 
Moc imines being themselves prepared by acylation of the corre- 
sponding N-silylimines 8a-h in the presence of methyl chloro- 
formate (Table l).["] In method A, the N-Moc imine dissolved 
in chloroform is allowed to  react under biphasic conditions with 
a hasic aqueous solution of oxone and K,CO, at  0-4'C (the 
temperature is critical). We investigated in detail the conversion 
of the parent compound 9a to the oxaziridine 2a;  in this case the 
above conditions furnished the desired oxaziridine in 68 '/o yield, 
the main byproduct being the N-Moc benzamide 16a (23 ' / o ) .  

The photochemical, thermal, or catalyzed rearrangment of ox- 
aziridines to  amides is a well-documented reaction.['*] However, 
we did not observe evidence of isomerization of isolated 2a to 
16a under the different conditions used for the oxidation of 9a.  
When the oxone oxidation of 9 a  was carried out a t  room teni- 
perature, the major product was the hemiaminal 13a resulting 
from the addition of water to imine 9a.[19] The same hemiami- 
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Table 1 .  Synthesis of N-Moc oxaziridines 2a-g by method A 

Entry X Silyliminc Moc-imine Oxdziridine Amide 9:2  
substituent 8 a  h 9a-h 2a-h  16a-h ratio [a] 
in 7 ("/.I (Y") ("/) ("/I 

a: H 
b: 4-CH, 
c: 4-F 
d: 4-CI 
e: 4-CF3 
f .  4-CN 

h: 3 4 1  
g: 2 - 0  

84 
42 
71 
90 
55 
84 
73 
63 

80 
77 
77 
70 
56 
50 
79 
50 

68 23 <1 .99  
25 [bl 24 40 : 60 
61 25 h:94 
70 19 52:48 
52 39 26:74 
45 41 5:95 
78 0 30:70 
53 25 20:80 

-~ ~ ~ ~ 

[a] Thc imine v~ oxa7iridinc rdtio dfter 1 h reaction was determined by 'H NMR or 
the crude mixture [b] Aldehyde 7b (30% isolated) was formed from the ox- 
dziridine, which dccompowi during the chromdtogrdphlc workup 

nal was quantitatively obtained under homogeneous conditions 
by reaction of 9 a  with water in acetone; on reaction with basic 
buffered oxone, 13a was not convcrted to the benzamide 16a, 
which must therefore be formed by a different mechanism (see 
below). When neutrul (instead of basic) buffered oxone was 
employed in the oxidation of 9a, the amide 16a was the sole 
product, even at 0 "C. Oxidation of 9a by MCPBA under vari- 
ous conditions (CH,Cl,/K,CO,, - 50 "C; CH,Cl,/H,O/ 
K,CO,, 0 "C, method B) also gave 16a, although these oxidants 
have commonly been used for the conversion of N-alkyl, N-sul- 
fonyl, or N-phosphinoyl imines to oxaziridines. 

The N-Moc imines 9b-h were similarly converted by 
method A to the corresponding oxaziridines 2b-h in fair to 
good yield (Table 1). The conversion of 9b-h to  2b-h was 
slower than that of 9a, as seen by the value of the 9: 2 ratio after 
one hour of reaction. We suspected that this effect was due to an 
increased lipophilicity of the substituted aromatic ring decyeas- 
ing the concentration of imine 9 at  the water/CHCl, interface 
where oxidation is thought to take place, rather than to steric or 
electronic effects of the X substituent. However, the use of a 
phase-transfer catalyst (Bu,NBr) did not improve this, the addi- 
tion of water to imine 9 becoming the major reaction under 
these conditions. 

The retardation of the desired reaction occurring with substi- 
tuted imines raised an additional problem, due to  the relatively 
fast decomposition of oxone in basic aqueous solutionsrzo1 (we 
estimated the half-life of the reagent a t  15 min under the re- 
quired operating conditions). This problem was circumvented 
by discarding the aqueous phase every hour and replacing it by 
a fresh K,CO,-oxone solution until the conversion of imine 9 
was complete. In this way, the N-Moc oxaziridines 2c-h were 
obtained in 25-78"% yield (Table 1). The lowest yield (25%, 
entry 2) was in fact a result of partial decomposition of the 
p-methyl derivative 2 b to anisaldehyde during the isolation 
workup involving flash chromatography over silica gel. 
The isomeric N-Moc benzamides 16b-h were isolated in ca. 
20-25 % yields, except when strongly electron-withdrawing 
substituents were present on the benzene ring (entries 5 and 6, 
ca. 40%), and in the case of the 2-chloro derivative (entry 7) 
where no benzamide 16g was detected. 

The N-Moc imine 1 I ,  prepared by acylation of benzophenone 
imine 10 by methyl chloroformate, did not react in the presence 
of basic buffered oxone or  basic tetrabutylammoniuni peroxo- 
monosulfate.[211 The use of MCPBA in chloroform at  room 

temperature led to unidentified products. We cventually ob- 
tained oxaziridine 3 in 60% yield by using MCPBA under 
biphasic conditions (chloroform/water) with a basic (K,CO,) 
aqueous solution (method B). 

We now turn to the synthesis of the N-Boc oxaziridines 4a-d,  
which bear a more synthetically useful protecting than 
the M O C . [ ~ ~ ]  As the conversion of silylimine 8 a  to thc desired 
N-Boc imine 12e (using Boc,O or  even Boc-F) proved difficult 
to we focused on the aza-Wittig reaction between 
benzaldehydes 7 and the N-Boc iniinophosphorane 14. The re- 
action of 14 with moderately electrophilic aldehydes such as 
benzaldehyde itself was very slow (only 75 YO conversion to 12e 
after 1 1  1 h reaction in refluxing toluene), probably due to the 
electron-withdrawing character of the Boc group. We were able 
to improve on this significantly by using more electrophilic 
bcnzaldehydes (7, Y = 4-CN, 2,4- or 3,4-di-CI, 2,3,5-tri-CI); the 
reaction was then essentially complete after the reasonable times 
indicated in Table 2 ,  thc shortest being observed for the 4-CN 

Table 2. Synthesis of N-Boc-oxaziridines 4a-d. N-Z-oxazindine 5. and N-fmoc- 
oxaziridine 6. 

Entry Y or X Protccting [mine synthesis Oxidation Oxaziridinc. 
i n  7 group method Yu 

~~ 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

4-CN 

2,4-diCI 

3,4-diCI 
2,3,5-diCI 
H 
2,4-diCI 

Roc 12a 
12a 
12 a 
12b 
12b 
12b 
12c 
12d 

Z 15 
Fmoc 20 

aza-Wittig (17 h) [a] A 
B 
C 

am-Wittig (86 h) [a] A 
B 
C 

aza-Wittig (30 h) [a] C 
aza-Wittig (86 11) [a] C 
silylirninc 8 a  C 
silylimine 8i C 

4 a  50 
4a 0 [b] 

4b 0 [d] 
4b 1 5  [el 
4b 79 
4c 70 
4d 59 
5 35 
6 59 

4a 65 [c] 

[a] The aza-Wittig reaction of benzaldehyde 7 and iminophosphoranc 14 in refluxing 
toluene was complete after the time indicated in parentheqes. [b] Amide 17 a was isolated 
in 63% yield. [c] The overall yield from 4-cyanobenzaldehyde was 60%. [d] Iminr: 12b 
was recovered unreacted. [el Amide 17 b was isolated in 56 YO yield. 

(17 h) and 3,4-di-C1 (30 h) derivatives. This reaction suffers 
from a significant retardation (probably due to  steric hindrance) 
when the benzaldehyde bears a substituent on the ortho posi- 
tion. 

The reaction of the N-Boc imine 12a with basic buffered 
oxone according to method A was slower than that of the corre- 
sponding N-Moc imine 9 f, the observed oxaziridine/imine ratio 
being only 1 :9 after one hour (Table 2). After six to  ten cycles 
with fresh oxone solution, the conversion was complete and the 
N-Boc oxaziridiiie 4 a  was isolated in 50%) yield (similar to that 
obtained in ca. 1 h with the analogous 9f, Table 1). The slowing 
down is possibly due to the steric hindrance of the Boc group, 
and to  its increased lipophilicity with respect to the Moc group. 
This reaction also afforded the N-Boc benzamide 17 a (25 YO), 
which was easily separated from 4 a  by chromatographic filtra- 
tion on silica gel. In large-scale preparations, we did not tind it 
necessary to isolate the intermediate N-Boc imine 12a, and 
starting from 46 g of 4-cyanobenraldehyde we could consistent- 
ly obtain 34-36 g of pure 4 a  per batch (41 -44% yield from the 
aldehyde). 

Method A did not work with the dichlorinated imine 12b, 
which proved unreactive when treated with basic buffered ox- 
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one. With MCPBA under basic biphasic conditions (method B), 
a small amount (25 YO) of oxaziridine 4b was obtained, together 
with the benzamide 17 b (60 YO); under the same conditions, only 
benzamide 17a was formed from 12a (Table 2).  

At this stage, we found it necessary to look more closely at 
this reaction in order to identify some of the factors that direct 
its course towards oxaziridine or amide formation. I t  has been 
proposed that the formation of oxaziridines from an N- 
alkylimine and a peracid involves the addition of the latter to the 
C=N double bond to give intermediate I (Scheme 3), followed 

N-alkylirnines: 
\ .R 

N-al koxycarbonylirnines: 

\ e 
,C=N-C-OR 

0 

b a s e  

e 
C-OR 

II 111 111 

path 2 / \ - 
path 1 

\ Y 
C-N-C-OR 

/ ' I  0 

path 3 I 
Scheme 3. Oxidation of imines tn  oxaziridines and amides 

by an intramolecular attack of the nucleophilic nitrogen to  the 
peroxo bridge.12 'I We postulate that a similar mechanism holds 
for the oxidation of N-alkyloxycarbonyl imines. In the basic 
aqueous medium required for the reaction, we assume that in- 
termediate I1 (bearing a nucleophilic N - center) is first formed; 
in the presence of water, this strongly basic intermediate under- 
goes protonation to 111, in which the acylated nitrogen is no 
longer nucleophilic. For this reason. we consider that the ox- 
aziridine is formed from II  (path 1) rather than 111 (path 2), even 
though the equilibrium between I1 and 111 is shifted towards the 
latter. This explains why the presence of the base (K,CO,) is 
required, to keep a sufficient level of 11 a t  the chloroform/water 
interface (as reported above, no oxaziridine is formed under 
neutral conditions). When the C=N carbon is monosubstituted 
(as in 9,12,15,20), intermediate 111 can also fragment different- 
ly, leading to the amide (path 3). This path is favored when a 
peracid rather than a peroxosulfate reagent (oxone) is em- 
ployed, because a carboxylate ion is a poorer leaving group than 
a sulfate ion. It is also Favored when the presence of strong 
electron-withdrawing substituents on the benzene ring makes 
the C(H)- N hydrogen more acidic (Table 1,  entries 5 and 6). It 

is disl'avored in the presence of a sterically demanding sub- 
stituent on the ortho position of the benzene ring (Table 1, en- 
try 7; Table 2, entries 2 and 5 ) .  If our views are correct, a way to 
suppress the amide formation by path 3 is to form intermediate 
I1 under conditions where it cannot equilibrate to 111. This was 
achieved by the use of an organic peracid salt in aprotic medium 
(method C).  

We prepared the lithium salt of MCPBA by adding a t  - 7s -C 
one equivalent of butyllithium to an anhydrous CH2C1, solu- 
tion of the pure peracid, and the resulting suspension was al- 
lowed to react in situ with the N-Boc imines 12a-d (Table 2). In 
this way, the oxaziridines 4a---d were isolated in 59-79Y0 yields, 
and the amount of isomeric benzamide 17a-d was small (0- 
15 %). We could successfully apply this method (method C) to 
the preparation of the N-2 oxaziridine 5 (Table 2, entry 9. 35 % 
yield from 7a). This oxaziridine had previously been prepared 
by the Schmitz method in only 1 2 %  yield from 7a.["' Most 
interestingly, method C allowed the oxidation of the base-sensi- 
tive N-Fmoc imine 20, prepared (98 YO) from silylimine 8i and 
Fmoc-CI; the resulting N-Fmoc oxaziridine 6 was isolated in 
59% yield, and no benzamide 19 was detected. 

Characterization and physical properties o f  N-alkyloxycarbonyl 
oxaziridines: N-alkyloxycarbonyl oxaziridines 2 -6 are colorless 
crystalline solids melting In the range 40-6OCC, cxcept 2f and 
6 which have higher m.p.s (118 and 100°C respectively) 
(Table 3). Their stability was probed by differential scanning 

Tablc 3. Physical properties. thermal stabilities, a n d  cic II'UIIJ equilibria oi'iV-alkyl- 
ovycarboiiyl oxaziridincs. 

Entry Protecting Oxaziridine M.p. Dccomp. cis:trrrns AG:c,"i - 'I1 
group ('C) [a] ( C) [b] (CDCI,. 27 'C)  (kcalniol-') 

I Moc 2a 41 75 9:91 17 4 
1 G ,  2b 48 54 9.91 
3 I j  2c 29 75 7:93 
4 '. 2d 39 75 7:93 
5 .* 2e 40 110 8.92 
6 <. 2f 118 121 7103 
7 I' 2g 45 100 10:90 
8 $ *  2h  31 95 7:93 
9 I, 3 61 80 

10 Boc 4 a  61 115 12:88 18.3 
1 I .. 4b 47 112 l9:Xl 
12 '. 4 c  51 91 8 :92  1X.l 
13 s. 4d 39 120 20.80 18.6 
14 z 5 56 80 12.88 
15 Fmoc 6 100 103 10:90 

[a] Recorded by differential scanning calorimetry (DSC). [b] Onset of the dcconi- 
poution exotherm observed by DSC at a heating rate of 5 Kinin- ' .  

microcalorimetry (DSC) . The onset of their decomposition 
exotherm at  a heating rate of 5 Kmin- '  was observed to occur 
in the range 75-120 "C (Table 3), depending on the substitution 
pattern of the aromatic ring. The most stable oxaziridines are 
those bearing strong electron-withdrawing substituents, such as 
2f, 4d, and 4a. All these oxaziridines (except 2b) have been 
stored for several years below 4 "C without decomposition. 

They were characterized by ' H  and 13C NMR spectroscopy. 
and by elemental analysis or mass spectrometry (see Experimen- 
tal section). An X-ray structure"b1 of a crystal of 2a grown 
from Et,O/pentane at  0°C (Figure 1) showed that the nitrogen 
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GOOhAe COOMe \ 108.2 
0 

1.436 \ 1.492 

Figure 1, Stereoview of 2a in the crystal state kind dimensions of the oxairidinc 
ring 

atom is pyramidal (sum of angles a t  N :  279.8") with the length 
of the N - 0  bond being 1.49 A. These values are similar to  those 
found for a n  N-methyl oxaziridine (279.4" and 1.51 A),[271 sev- 
eral N-sulfonyl oxaziridines (278-283" and 1.49 or an 
N-phosphinoyl oxaziridine (279.9 ' and 1.51 A)."-91 The phenyl 
group and the Moc group are in a trans conformation, and the 
plane of the phenyl ring bisects the 0-C-N angle of the ox- 
aziridine ring. The N-CO bond in 2a (1.44 A) is longer than in 
a planar carbamate (1.33 A),[301 and approaches the length of 
an N-C bond in amines (1.47 A), indicating that the conjuga- 
tion between the nitrogen lone pair and the carbonyl group is 
weak. The carbamate C=O bond is particularly short (1.17 A); 
this seems to be in line with the unusually high IR frequency of 
the C=O stretching (see below). 

In solution, oxaziridines 2, 4, 5, and 6 exist as a mixture of 
trans (80-93 %) and cis (7-20%) conformers (Table 3); these 
conformers give separate H NMR resonances at room temper- 
ature due to  the slow inversion of the pyramidal nitrogen on the 
200 MHz spectrometer time In oxaziridines 2a and 
4a-d, the coalescence of the two 'H NMR signals of the hetero- 
cyclic hydrogen (6 = x 5 -6) occurs in the range 70- 80 "C 
(in (CDCI,),). The nitrogen inversion barrier AG* from trans 
to  cis was estimated from lineshape analysis[321 at  17.4- 
18.6 kcalmol- ' at  27 "C (Table 3). These barriers are lower than 
those reported["" for N-alkyl oxaziridines (22-34 kcalmol-'), 
and higher than those of N-acyloxaziridines (1 1 - 12 kcal mol I) .  

This finding can be rationalized by assuming that conjugation of 
the planar nitrogen with the CO(0R) group lowers the transi- 
tion state with respect to N-alkyl oxaziridines, but not as much 
as in N-acyl oxaziridines. The half-life of a conformer is of the 
order of 3 s at  20 "C,  and 35 min at  ~ 30 ' C ;  isolation of the pure 
trans and cis stereoisomers of N-alkyloxycarbonyl oxaziridines 
is therefore impossible in solution at  room temperature. In all 

these oxaziridines the strong I R  C=O stretching band observed 
in solution is split into two sharp bands (e.g., at 1777 and 
1753 cm ' for 2a, intensity ratio ca. 4:3); these bands probably 
originate from rotational conformers of the N ~ COzR g i - 0 ~ 1 ~  
rather than from the above discussed cis and tran.s isomers (this 
splitting is also observed in 3, which has no such c i s -  I I ' ( I I ~ . S  

isomerism). 

Amination of amines: In earlier reports["- we have shown that 
oxaziridines 2 a and 4a transfer their N-alkyloxyc~irbonyl group 
to amines to give the corresponding N,,-protccted hydrazines 
(Schcme 4). All new oxaziridines describcd herein were found to 

": lo\ R: 
.NH + Ar-cH-N-PG - ,N-NH-PG + Ar-CHO 

(PG = Moc, Boc, Z,  Frnoc) R' hydrazme R" 

I i fR '=H + R'-N=CH-Ar 

irnine 

Schcmc 4. Amination products and  by-products in the reaction ofoxa/ i r idincs  wl th  
amines 

bchave similarly, the only significant differences between them 
being the rate of transfer of the N-CO,R fragment. and to ;I 

minor extent the amount of by-products such as the imine 
(Schiff base) formed from the released bcnzaldehyde when the 
nucleophilic substrate is a primary amine. 

The reaction of these oxaziridines with secondary amines 
such as morpholine, ephedrine and pseudoephedrinc, proline 
methyl ester, prolinamide, the dipeptide H-Pro-Val-OMc, 
and (S)-2-methoxymethylpyrrolidine, proceeded rapidly at 
room temperature and afforded the N,,-protected hydrazines 
21-27 in 58 -92% (isolated) yields (Table 4, entries 1 11, and 
Scheme 5 ) .  We took advantage of the Fact that the reaction with 
morpholine was particularly smooth and clean ;it room tempel-- 
ature to perform competitive amination cxperiments using ox- 

Table 4. Amination ot secondary. primnry. and mmii t ic  amiiics hq oxi;i7iridincs 

Entry Protecting Oxaziridine Amination Kcaction Ilydr;rniie 
group product ("A])  conditions imine 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
I 6  
17 
18 
19 
20 
21 
22 
23 

M oc 
Roc 
Z 
knioc 
MOC 
Roc 
M oc 
M oc 
Moc 
Moc 
Roc 
M oc 
Moc 
Moc 
M O C  

Moc 
M oc 
BOC 

Boc 
Boc 
Moc 
BOC 
M0c 

2 a  
4a 
5 
6 
2 a  
4a 
2a 
2a 
2a 
2 a  
4a 
2s  
2a 
2a 
2d 
2 g  
2h 
4a 
4 c  
4d 
2a 
4a 
2a 

2111 
21 h 
21 c 
2ld 
22 a 
22 h 
23 
24 
25 
26 
27 
28 
29 
30 a 
30 a 
30 B 
30 a 
30 b 
30 b 
30 b 
31 
32 
33 

91 
92 
89 
x9 
77 
70 
76 
60 
58 
79 
7x 
80 
75 
57 

80 
44 

25 
67 
76 

RT: 0 . 5  I1 
RT, 0 5 h 
RT; 0.5 11 
KT: 0.5 h 
KT: 5 I1 
RT: 5 h 
RT: S h 
RT: 1.5 h 
RT: 3 ti 

RT: 2 h 
RT: I h 
RT: 0 7 h 
RT; I li 

60 C : 3 h 
R'I : 74 h 
RT, 74 h 
RT: 24 h 
KT. 4X h 
KT: 4X 11 
KT. 24h 
RT. 4 h 
KT: 4 h 
R Y :  24 h 

X5:15 
90 , I0 
70: 30 
75::s 
xu: 20 
90: 10 
jS:3i 
59.41 
5 x 4 2  
5o:so 
70.30 

Clirm EUI J 1997, 3, N o  10 ( WILEY-VCH VeiIng GmbH, D-69451 Weinhelm, 1997 0947-6519 97 0310-1695 $ 1 7  50f 5 0  0 1695 



J. Vidal, A. Collet et al. FULL PAPER 

(Frnoc :21d 

H3c,N-NH-PG 

Moc : 22a 
Boc : 22b 

PG= [ 

y 
Phi\(  
H3C,N-NH-M~~ 

23 

I 

$H 25 $H 26 )" 
Moc Moc 

yH 24 
Moc 

NH-NH-Moc 
29 

NH-NH-MOC 

28 

YH 27 
Boc 

NH-NH-PG 
NH-NH-Moc 

T C 0 2 M e  

Moc : 30a 
Boc : 30b 

PG= { 

NH-NH- Boc ~ ' N - N H - M ~ ~  Et,N+-N\ 
Moc 

/\C02CH3 32 NJ 33 34 

Scheme 5. Amination of amines. 

aziridine 2a as the reference. The ratio of the benzaldehydes 
resulting from the reaction with morpholine with an excess of 
1 : 1 mixture of 2a and another oxaziridine provided the relative 
amination transfer rates listed in Table 5.  In the Moc series 
2a-f. the rate of the amination reaction followed a linear Ham- 
mett correlation ( r 2  = 0.997) with a positive slope ( p  = 0.83); 
we will return to  this result below. The presence of electron- 
withdrawing substituents on the phenyl ring speeds up the ami- 
nation reaction significantly. This is particularly true for the 
4-cyano derivative 2f, which delivers its nitrogen group four 
times faster than 2 a. Probably because of the steric requirement 
of the terr-butyl group, the N-Boc oxaziridine 4a  is less reactive 
than its Moc analogue 2f, but is still slightly more reactive than 
2a. In the Boc series, the fastest amination is obtained with the 
2,3,5-trichIorophenyl derivative 4f ,  which is 2.4 times more re- 
active than 2a. Interestingly, the 2,4-dichlorophenyl-N-Fmoc 
oxaziridine 6 proved to be very reactive, delivering its N-Fmoc 
fragment to tnorpholine 5.5 times faster than does 2a. In con- 
trast, no reaction occurred at  room temperature between mor- 
pholine and the C-diphenyl substituted oxaziridine 3; heating 
resulted i n  decomposition of 3 to unidentified products. 

The amination of primary amines (Table 4, entries 12-22) 
was complicated by a side reaction whereby the released benz- 

aldehyde and the starting amine formed the corresponding 
imine; the hydrazine vs. itnine ratio in the final reaction mixture 
was in the range 9 : l  to 1.1, depending on the nature of the 
substrate and of the oxaziridine. The trend is that the amount of 
imine increases when the transfer of the N-protected group is 
slow. With 2a, cyclohexylamine and aniline afforded the corre- 
sponding N-Moc hydrazines 28 and 29 in excellent yield; the 
amination was fast a t  room temperature, and less than I S  O/o of 
imine was formed. In the case of methyl valinate (Table 4, en- 
tries 14--17), the transfer of the N-Moc group to give 30a was 
much slower (24 h a t  room temperature), even when the more 
reactive oxaziridines 2d, 2g, or 2h were employed. The best 
result (80 % yield) was obtained with the 3-chlorophenyl 
oxaziridine 2h. The transfer of an N-Boc group to  the same 
substrate with 4a  was slower still and, because the released 
4-cyanobcnzaldehyde is a strong electrophile, the hydrazine; 
imine ratio was not good (55:45); the use of 4c and 4d only led 
to a minor improvement of this ratio (Table 4, entries 18-20). 
In contrast, the less hindered amino ester Ala-OMe afforded 
No-Boc hydrazinoalanine methyl ester 32 in 67% yield after 
only 4 h reaction with 4a. Although the amination of the dipep- 
tide H-Val-Leu-OMe was relatively fast, the hydrazinopep- 
tidc 31 was isolated in only 25Y0 yield together with the same 
quantity of imine (entry 21). The low yield is mostly due to  the 
circumstance that a large part of the starting dipeptide is con- 
verted into the corresponding diketopiperazine during the 
course of the reaction. 

The reaction of oxaziridine 2a with imidazole was slow but 
clean, and furnished the corresponding hydrazine 33 in 76 O h  

yield. Pyrrole and pyridine reacted very slowly with 2a to give 
several unidentified products. With tertiary amines such as tri- 
ethylamine, the reaction of 2a took a different course. At room 
temperature, 95 '/O of a 1 : 1 mixture of triethylamine oxide and 
N-Moc phenylimine 9a  was formed within a few minutes. to- 
gether with 5 %  of a 1 : 1 mixture of amininiide 34[331 and ben- 
zaldehyde. The amount of amination product 34 significantly 
increased when the reaction temperature was lowered. At 
- 78 "C, the N-oxidelaminimide ratio became 70: 30, and after 
10 h reaction triethylamine oxide and aminimide 34 were isolat- 
ed in 69%) and 30% yield, respectively. The behavior of 2a 
towards tertiary amines thus resembles somewhat that of N-sul- 
fonyloxaziridines, although, contrary to  2 a, these reagents also 
oxidize primary and secondary a m i n e ~ . [ ~ ~ ]  We shall return to 
this question below. 

Amination of free amino acids: We now consider the amination 
of free amino acids 35 to give the corresponding No-protected 
hydrazino acids 37 (Scheme 6). These compounds are currently 
employed for the synthesis of hydra~inopept ides[~.  lo,  351 by 

7;ihlc 5. Kolative irate constants for amination ofmorpholine by oxazlridincs 2, 4 ,  5. and 6 [a] 

H 4-CH3 4-F 4-CI 4-CF, 4-C.N 2-CI 3-CI 2.4-diC1 3.4-diCI 2.3.5-triC1 

MOC 2a: 1 2h:  0.81 2 c .  1.42 2d:  1.81 2 e .  2.90 2f :  4.0 2 g :  2.9 2h:  2.5 
HOC 4 a :  1.2 4b:  1.4 4 c .  1.2 4 d .  1.4 
Z or Finoc 5 -  0 X [b] 6 :  5.5 

[a] A 1 . 1  mixture o f  2a and another oxaiiridinc was allowed 10 react in CDCI, (20 C )  with a small amount of moi-phohne, and the ratio of thc rcleased benzaldchydes was 
measured by ' H  N M R ,  providing the relative rate constants or the amination reaction (see Experimental section). [b] In this casc the competition was effected between 5 
and 4 a  (relative amination rate 0.74) 
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. 
'C02H R' j \ C 0 2 - ;  R4N' 

35 35a r P\ 
Ar-CH-N-PG 

2a, 4a 

R ' n C O p - ;  R4N' 
- .  

+38 if R 2 =  H 

R p ,  NH-PG R2, ,NH-PG 

R1*CO2~ R ' n C O * - ;  R4Nf 

H+ y y ' 

37 36 

p C 0 2 H  

Moc : 37a AH PG= [ 
I Boc :37b PG 

AH 
I 

Moc 37c 

CN 

Me : 39n 
iPr :39p 

R'?" R1 = I 
0 

, NH-MOC 
HN' DCC, HOBt 

37f + H 2 N y M e  - 
Ph H 

Scheme 6. Amination of amino acids 

conventional peptide synthesis methods involving carbamate 
protection of the amino function. These amino acid surrogates 
can be used without protection of the N, group, or  (preferably) 
in the form of their N,-benzyl- N,-Boc (or Fmoc) derivatives 

Table 6. Amination of aminoacids by oxaziridincs 2 a  and 4a.  

(R2 = benzyl in 37) which can be prepared'"] from the corre- 
sponding N-benzyl amino acids by the oxaziridine methodology 
reported here. 

For solubility reasons, it was necessary to convert in situ the 
starting amino acids 35 into their bcnzyltrimethyl or  tctrabutyl- 
ammonium salts 35a; these salts are soluble in CH,CI, and 
CHCI,. Their reaction with oxaziridines 2a or 4a turned out to 
be very fast and in all cases was complete within less than one 
hour a t  - 30 to - 15 "C (Table 6). This acceleration of the reac- 
tion with respect to that of simple amines is certainly due to the 
ionization of the carboxylic acid group, which enhances thc 
basicity and nucleophilic character of the amino group, as evi- 
denced by the pK, increase on going from Val-OMe (7.6) to 
Val-0- (9.7) N-Moc and N-Boc hydrazinoproline (37a 
and b) were thus obtained in 85 and 95% yield, respectively, 
while N-Moc hydrazino acids 37d-m deriving from primary 
amino acids were obtained in 48-75% yield, with in all cases 
less than 15% of imine 38. Lowering the temperature has a 
favorable effect on the hydrazine (36) VS. imine (38) ratio; with 
valine, imine formation was almost suppressed at  - 15 ' C 
(entries 4 and 5 of Table 6). The workup was particularly sim- 
ple. In the case of the water-soluble N,,-Moc derivatives 37a and 
37d-m the resulting ammonium salt 36 was extracted into wa- 
ter, the ammonium cation was eliminated by means of a strongly 
acidic ion-exchange resin and the released acid was lyophilized. 
The acid-sensitive No-Boc derivatives 37 b and 37n-r, and the 
lipophilic hydrazinodipeptide 37 c were precipitated from the 
aqueous phase at  pH 3 or were extracted. 

N,,-Moc hydrazino acids 37e-m bearing functional groups 
on the side chains were prepared in good yields by this method 
(Table 6, entries 5-14). We used the conventional Bzl and Z 
protections of the basic side chains of tyrosine (phenate) or 
lysine (primary amine). In 37i and 37m these protecting groups 
could subsequently be removed by catalytic hydrogenation 
without noticeable cleavage of the N-N bond, to yield 37i' 
(97%) and 37m' (85 O h ) ,  respectively. The imidazole and indole 
side chains in histidine and tryptophan did not require protec- 
tion, only the primary amino group being sufficiently reactivc to 
be aminated by oxaziridine 2 a under these conditions. 

Entry Amino acid R '  R2 Protecting group Product (37) T ( 'C)  Yield (Yo) [I];' Solvcnt 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

L-Pro 
L-PI0 
L-Pro - i.-Leu 
1-Val 
L-Val 
GlY 
mPhg 
m-Phg 
1.-Phe 
L-Tyr(OBzI) 
L-Ser 
1.-His 
L-Trp 
L-LYs(EZ) 
L - A I ~  
1.-Phe 
1-Val 
L - A ~  
L-Val 

(CH,), 
(CH,), 

(see Scheme 6) 
iPr 
iPr 
H 
Ph 
Ph 

4.821- OC,H,CH, 
CH,OH 
4-methyleneimidazole 
3-meLhyIeneindole 
(CH,),COIBzl 
Me 
RLl 
iPr 
Me 
iPr 

nzi 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
Brl 
Brl 

M0c 

Moc 
Moc 
Moc 
Moc 
Moc 
Moc 
Moc 
Moc 
Moc 
Moc 
M oc 
M oc 
B O C  

Boc 
Boc 
BOC 

noc 

noc 

a 
b 

d 
d 
e 
f 
g 
h 
i 

k 
1 
m 
n 

P 
9 
r 

C 

j 

0 

- 1 5  
-15 
-15 

0 
-15 
-15 
-15 
-15 
-is 
-15 
-15 
-15 
-15 
-15 
- 30 
- 30 

0 
0 

- 30 

X5 
95 
12 
57 [a] 
70 [hl 
65 [c] 
12 [cl 
75 [cl 
60 
67 

67 
55 
65 

36 

88 
68 

4% [cl 

50 Id1 

21 [el 

-61.8 
-41.2 
- 53.0 

-36.5 

- 60.8 

-5.6 
+ 16.1 
-21.2 

+7.5 
-16.4 
-5.5 
- 20.4 
+ 20.0 
- 12.6 
+22  x 
+25.6 

MeOH 
DMSO 
MCOH 
H .o 
9 5 %  EiOH 
McOH 
MeOH 
DMF 
CH,CII 
methmol 
niethrinol 

[a] The hydrazineiimine (36/38) ratio was 85: 15 ('H NMR of the crude reaction mixture). [b] Hydrazinc;imine ratio 97:3. [c] Dicyclohcxylammonium silt. [d] Hydrazine 
imineratio 85:15 at -30°C. [el Hydrazinej'imine ratio 55:45 at 0°C and 75:25 at -30 'C .  
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The reaction of4a with primary amino acids such as alanine, 
phenylalanine, and valine to give the corresponding N-Boc hy- 
drazino acids 37n-y proved somewhat less efficient than that of 
2 a. essentially because relatively larger amounts of imine 38 
wereformed,evenat -30'C(Table6,ciitries 15-17). Afurther 
complication arose in the case of alanine and valine where 
oxazolidinoncs 39n and p (Scheme 6) were isolated besides the 
ttesircd No-Boc hydrazino acids. Thcse oxazolidinones, which 
wcre iiot present in the final reaction mixture, wcre in fact 
formed during the workup, by reaction of 3711 or 37p with the 
4-cyanobenzaldehydc resulting from acidic hydrolysis of the 
corresponding imines 38. We were unable to suppress this side 
1-eaction. Separate experiments confirmed that 37 n and 4- 
cyanobenzaldehyde reacted rapidly in chloroform to give 39n. 
In spite of these circumstanccs. this straightforward one-pot 
synthesis of 37n-p turns out to be at  least as efficient as the 
previously reported multistep synthesis of the same com- 
p o u n d ~ . ' ~ ~ '  Alternatively, the use of N-benzyl amino acids 
;is starting matcrials furnishes the orthogonally protected 
V~i,,-Boc-N,-Bzl hydrazino acids in excellent yield (e.g., 37q -r,  
entries 18-19 in Table 6). 

Kacemization is not normally a critical problem here because 
the asymmetric center is not involved in the amination reaction. 
However, there is a risk that sonic racemization occurs during 
the preliminary step where the amino acid is converted to  its 
R,N' salt 35a. We examined this question in the case of phcnyl- 
glycine, which is easily racemizable. To this end, the N-Moc 
cicrivalive 37f rcsulting from the reaction of (R)-phenylglycine 
with 2a was coupled with (S)-(  -)-a-methylbenzylaminc (DCCi 
HOBI) to give 40. The ' H N M R  spectrum of 40 showed that 
<,mly a trace amount of the ( S S )  diastereomer was present, and 
h i s  result means that thc enantiomeric excess of 37f was cer- 
tainly greater than 95 YO. The same conclusion was drawn for 
37d, which on reaction with iodotrimethyI~ilane[~"~ afforded 
(S ) - (  + )-hydrazinovaline (73 YO) showing the same rotation as 
that of a reference sample.["' 

Reaction of N-alkyloxycarbonyl oxaziridines with carbon nucleo- 
philes: The reaction of thesc oxaziridines with various enolates 
proved t o  be fast and afforded the electrophilic amination 
product in inodcst yield, owin!: to the occurrence of a parallel 
aldol condensation between the released aldehyde and the eno- 
liitc (Scheme 7). Propiophcnone lithiinn enolatc thus reacted 

1) 4a, 30 rnin 0 OH 

Ph& + P h m  

' CN Boc NH, 2) H20, H+ Ph 

41 42 (36 %) 43 (25 %) 

'Boc 
44 (33 %) 

$04 
NH.Boc 

45 (35 %) 

46 47 48 (65 %) 

Schcmc 7 Aminalion or oxid;ilion of carbon nucleophiles 

with 4a in less than 30 min at - 78 "C to give raceinic N-Boc 
cathinone 42 (36%) together with aldol 43 (25%). The aminel 
aldol ratio was not significantly dependent on the reaction con- 
ditions. Direct or inverse trapping of the enolate, exchange of 
lithium for sodium or  potassium, or change of the temperature 
at which the reaction was conducted gave identical results. The 
reaction of 4a with amide and estcr enolates similarly afforded 
the a-N-Boc amino compounds 44 (330 /0 )  and 45 ( 3 5 % )  
together with the corresponding aldols. It is noteworthy that the 
x-hydroxyketone 48 was not dctected in the crude reaction mix- 
ture of lithium enolate 41 and 4a, whereas it is produced in good 
yield from the corresponding potassium enolate and N-sulfonyl 
o x a ~ i r i d i n c s . ' ~ ~ ]  

Propiophenone silyl enol ether 46 was not aminated in the 
presence of oxaziridine 2 a, but instead the double bond was 
epoxidized (60 'C, 1 h) to give the unstable epoxide 47, which in 
turn afforded 48 in 65% overall yield. In contrast, a simple 
alkene such a s  cyclohexene did not react with 2a, even after 
several hours a t  60 "C,  although the same substrate can be ami- 
nated by oxaziridine I['] and epoxidized by N-sulfonyl ox- 
aziridines.["] 

Reactivity of N-alkyloxycarbonyl oxaziridines with phosphorus 
and sulfur nucleophiles: We also examined the reactivity of N- 
alkyloxycarbonyl oxaziridines 2 a or 4a towards representative 
sulfide and phosphine nucleophiles (Scheme 8 and Table 7). The 

Moc Moc 

49 9a 

FOC 

amination oxidation 

Scheme X Amination vs. oxidation of S and P nucleophilel. 

results are qualitatively similar to those reported above for the 
reaction of 2a with triethylamine. Thioanisole reacted rapidly 
with oxaziridine 2a (less than 15 min, RT, CDCI,; entry 1) to 
give a four-component mixture consisting of 34% of a 1 : 1 mix- 
ture of ~ u l f i l i m i n e [ ~ ~ '  49 and benzaldehyde (rcsulting from 
amination of thioanisole) and (76% of a 1 : l  mixture of 
methylphenylsulfoxide and imine 9 a (resulting from oxidation 
of thioanisole). The composition of this mixture did not change 
on standing for 24 h at room temperature, indicating that there 
is no cross-reaction between 49 and benzaldehyde to give 
methylphenylsulfoxide and 9 a. We conclude that amination and 
oxidation of thioanisole in the presence of 2a proceed in paral- 
lel. Amination is favored a t  low temperature (Table 7, entries 
1-4). suggesting that this reaction is under kinetic control. and 
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Table 7. Amination vs. oxidation in the reaction of thioanisole and triphenylphos- 
phine with oxaziridincs 2 a  and 4a.  

Entry Nuclcophile Oxaziridine Concen- Solvent T ( ' C )  Aminationi 
tration oxidation 
(molL I )  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

PhSMe 

Ph,P 

2a 

4 a  

223 

0.5 
0.1 

0.5 
0.4 
0.5 
0.5 
0.5 
0.1 
0.1 
0.1 
0.1 
0.1 

0.5 

CDCI, 
CDCI, 
CDCI, 
CDCI, - 
Et,O 
CH,CN 
CH,CN 
CH,CN - 
CDCI, 
CDCI, 
Et,O 
CH,CN 
CDCI, 

19 34:66 
19 34166 
0 45:55 

34 52:48 
0 15.85 

19 48:52 
0 58~42 

35 67:33[a] 
19 45:55 
0 51:49 

19 40:60 
19 65:35 
19 65:35 

~ 

[a] Methyl phenyl snlfilimine 49 and methyl phenyl sulfoxidc were isolated in 50% 
and 26% yield, respectively. 

in polar solvents, probably because of the highly dipolar charac- 
ter of sulfilimine 49. 

A similar product distribution was observed when triphenyl- 
phosphine was allowed to react with oxaziridine 4a to  give 
phosphinimine 14 and 4-cyanobenzaldehyde (amination), to- 
gether with triphenylphosphine oxide and imine 9a (oxidation; 
Table 7, entries 9- 13). The reaction was fast even at  - 94 "C 
(35% conversion in less than 30 min in CD2C1,)[421 where the 
amination/oxidation ratio reached 95: 5. No further species 
(such as oxazaphosphetane or  betaine intermediates)[431 were 
detected by 3'P NMR spectroscopy of the reaction mixture in 
the range d = - 150 to + 50 at  - 94 "C. At room temperature, 
the aza-Wittig reaction between the amination products 14 and 
4-cyanobenzaldehyde to give the oxidation products 12 a and 
triphenylphosphine oxide is kinetically blocked.r441 In this case 
also, amination and oxidation are parallel reactions, and it 
seems that amination is under kinetic control while oxidation is 
under thermodynamic control, reflecting the affinity of phos- 
phorus for oxygen. Oxidation is slightly preferred in the case of 
4a, which is bulkier than 2a (entries 9 and 13). 

Nitrogen vs. oxygen transfer: As already stated, some oxaziridi- 
nes deliver their nitrogen atom whereas others deliver their oxy- 
gen, and the dual behavior is rarely observed. These reactions 
have in common their speed (generally) and high exothermicity, 
and are considered to involve the attack of a nucleophilic species 
to an electrophilic site of the oxaziridine, which may be either 
the oxygen or the nitrogen atom. Several mechanisms can be 
postulated to account for the course of these reactions, but thus 
far the reaction profile, the existence of intermediate species, 
and the factors that orient towards amination or oxidation are 
still a matter of discussion. 

N-~ulfonyl,[ '~] N-pho~phinoyl,[ '~l and N-perfluoroalkyl ox- 
aziridines["] deliver their oxygen atoms to a variety of nucleo- 
philes (sulfides, enolates, and alkenes) with no example of the 
inverse behavior. Chiral camphorsulfonyl oxaziridines[' 31 per- 
form enantioselective C-hydroxylation of enolates (40-96% 
ee), which indicates that the reaction is attended with some 
steric or stereoelectronic control. For  N-sulfonyl oxaziridines, 
Davis and coworkers postulated a symmetrical transition state 

with a negative charge devcloping both on the oxaziridine car- 
bon and nitrogen atoms (Schemc 9).[4s1 These views were latcr 
refined by ab initio calculations of the reaction of the parent 
oxaziridine ring with ethylene,[4h1 and more recently with a sul- 
fide or a ~ u l f o x i d e ' ~ ' ~  and a lithium enolate.["81 Although these 
calculations give consistency to the electrophilic character of thc 
oxaziridine oxygen, their chemical relcvance is questionable be- 
cause, as can be anticipated from the results of Schmitz. this 
type of oxaziridine is expected to  transfer its nitrogen. not its 
oxygen, to nucleophiles. 

v n  ' ' ; 1 -  p = 0.55 

1691 -1709 3-Aryloxaziridines 

Chrm. Eur. J. 1997, 3. No. 10 53 WILEY-VCH Vorlag GmbH, D-69451 Weinheim, 1997 0947-6539,197:'0310-1699 S 17.50+.50,0 1699 

50 

Scheme 9. Hammctt correlations and postulatcd transition state for 0 transfir 
from Davis Wwlfonyl oxaziridincs Lo nucleophlles (ref. [4S] ) 

N-R-substituted oxaziridines with R = 13 and acyl,[IJ 
alky1,[491 or generally tranfer their nitrogen and oc- 
casionally transfer their oxygen. t la ta  and Watanabe~4"] have 
studied the rcaction of oxaziridines bearing various N-alkyl 
groups with amines, phosphines, arsines, sulfides. thiols, and 
selenides. With small alkyl groups, only the ylide N U +  - N -  R 
is formed. When the size of the group increases some oxide 
N u + - O -  is also observed. Our group has shown that the reac- 
tion of 2a with chiral amines (proline and ephedrine derivatives) 
is attended by a moderate kinetic resolution of the ox- 
a ~ i r i d i n e ; ~ ~ ' ]  this means that, as in the case of oxygen transfer. 
the nitrogen transfer is under steric or  stereoelectronic control. 

In order to  reveal features that would account for the oppo- 
site reactivities of these two classes of compounds. wc per- 
formed semiempirical MO calculations on 2a and on its N -  
methylsulfonyl congener 50 (a model of Davis oxaziridines). 
These calculations were done on a qualitative basis with the 
AM 1 method (MOPAC). The starting geometry of 2a was the 
X-ray structure, which was relaxed in the M M X  force t~e ld . [52~ 
The structure of 50 was derived from that of 2a by rcplacing the 
C 0 2 M e  by a SO,Me group; only the N-SO,-Me fragment was 
relaxed, in order to keep the phenyloxaziridinc moiety identical 
in the two structures. The M O  calculations were thcn performed 
without fLirthcr geometry optimization. The Gasteiger charges 
and the LUMOs are shown in Figure 2. It is apparent that the 
LUMOs of 2a and 50 d o  not differ significantly from one anoth- 
er and essentially consist of antibonding CT* NO fragments. 
These MOs are in fact quite similar to  the LUMO of the parent 
oxaziridine ring,[471 and account well for the elcctrophilic nature 
of both nitrogen and oxygen. In 2a  the orhital coefficient is 
slightly larger on the nitrogen than on the oxygen, whereas in 50 
the coefficient is the same on these two sites. Even if this differ- 
ence reflects the good trend, it does not seem to be large cnough 
to explain the opposite reactivities ofthesc two compounds. The 
most salient difference is the fact that the LUMO o f 5 0  is sub- 
stantially lower in energy[531 (by 2 2 . 3  eV) than the L U M O  of 
2a. Considering the charges, the oxaziridine nitrogen is d 1 most 
neutral in both systems, while the oxygen bears an excess of 
ca. 0.25e-, which makes this site strongly negative. If these cal- 
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Figure 2.  Gaslciger clim-ges find skctch of the LIJMO f o r  oxaziridines 2 a  and SO 
I Ah1 1 method) 

culations are correct, then 0 transfer from Davis oxaziridines 
should be the consequence of a high degree of orbital control 
due to the low energy of the LUMO, favoring the attack of soft 
nucleophiles, combined with steric repulsion making the nucleo- 
phile approach to the nitrogen side difficult. N transfer from 2 a  
seems to result from a lack of steric and electrostatic repulsion 
211 the nitrogen site (whereas the oxygen is negatively charged), 
with the orbital frontier control favoring harder nucleophiles in 
view of the higher energy of the LUMO. We wish to stress, 
however, that the concept of hardness or softness does not help 
very much in predicting which heteroatom will be transfered to 
the nucleophile, because whatever the oxaziridine class the LU- 
M 0  coefficients at oxygen and nitrogen are equivalent. The 
degree of stcric hindrance in the first sphere around the nitrogen 
atom seems to be a more reliablc parameter from which to 
predict the orientation of the reaction, as judged from the data 
asscmbled in Table 8, where the substituent size (expressed as 
the A value) is apparently correlated with the 0 or N transfer 
properties: large groups favor oxidation, whereas small groups 
t"avor amination. 

We havc implicitly assumed that 0 transfer proceeds by at- 
tack of the nucleophile a t  the oxaziridine oxygen (and at  the 

Table 8 Nitrogen \'c oxygcn tranbfer to nucleophiles as  a function of the A v:iIuc 
(if the (ixa?ividtnc nitrogen siihstituent 

X ubs t i l uen l  rBu S0,Me Ph,PO CF, Me C0,Me CI H 

'1 ~ a l i i e  [a] 4.8 2.5 2 5 2.5 1.8 1.2 0.6 0 

RSMc 0 0 0 0 N(b] 0 . N  
KNH, RII 'NH ~ [c] 0 N N  N N  

[a ]  in  kcal 11101 I. [b] Aniiniilion has bccn postulated to occiir in thc i n i t i i ~ l  stage or 
the  reaction: for dclails see rel: 1491. [c] No reaction. 
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nitrogen for N transfer). However, alternative mechanisms in 
which 0 (or N) transfer would result from the opposite attack 
to N (or 0) can also be advanced. This question is relevant for 
N-transferring oxaziridines that occasionally perform 0 trans- 
fer, as observed in the reactions of Et,N, PhSMe, and Ph,P with 
2a.  In Scheme 10, we have sketched the two situations in which 

Ar 

H %7{ N 

I 
RO2C 

Nu: 

+ 

+6 

TSl 

N-Nu+ 
RO2C' 

N-Nu+ 
R02C' 

+6 

'Nu-N'COZR 
B1 

I [ NU-NH-CO~R 

82 

\ 
Ar - CH=N-C02R I +  1 'Nu-0- 1 

TS2 

Schcme 10.  Po\sihle ineclianisnis for amination and oxidation or  nucleophiles 
by 2a.  

Nu . . N and N u .  . .O attacks lead to transition states TS 1 and 
TS 2, respectively, for N-transferring oxaziridines reacting with 
a nucleophile Nu. These transition states are essentially similar 
to those postulated by Davis (Scheme 9), the increase of nega- 
tive charge spread over the oxaziridine ring being justified by the 
Hammett correlations discussed above. If in the case of Davis 
oxaziridines a direct fragmentation of TS2 to Nu' -0- 
(path C ,  supported by a b  initio calculations) seems likely, we 
suspect that this mechanism does not hold in the case of N 
transferring oxaziridines where both amination and oxidation 
probably result from N u . .  . N attack leading to TS 1. This tran- 
sition state can fragment either in a concerted way (path A)  to 
yield N u + -  N -  -CO,R (followed by fast prototropy to Nu-  
NH--CO,R in the case of non-tertiary amines or in general of 
protic nucleophiles), or via a betaine intermediate (path B) . 
This betaine can then fragment to  the amination product (path 
B 1) or the oxidation product (path B2).  The existence of be- 
taine intermediates in such reactions has been postulated by 
Schmitz.['l Although there is no experimental evidence for their 
existence, we have several arguments to support this hypothesis 
in the case of the reaction of 2 a  with nitrogen, sulfur. and 
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phosphorus nucleophiles. Firstly, hindered secondary amines 
are aminated slowly, but in spite of this, are not oxidized. This 
suggests that a direct oxidation of Et,N by N u . .  '0  attack is 
unlikely. Secondly, the fact that the amination of Ph,P, PhSMe, 
or Et,N is favored at low temperature again supports the occur- 
rence of a N u .  . ' N attack producing TS 1 ; then, at least a frac- 
tion of the reaction would follow path B where oxidation pro- 
ceeds via path B2. These concepts possibly do not apply to 
carbon nucleophiles; we cannot yet provide any entirely consis- 
tent model for their reactivity with 2a  and other oxaziridines. 

Experimental Section 

General: 'H,  I3C7 and "P N M R  spectra were recorded on Bruker AC200 or 
Varian Unity' 500 spectrometers. Melting points were measured by means of 
a Perkin - Elmer DSC 7 microcalorimeter, with simultaneous check ofpurity. 
Specific rotations [ r ]  (in 10- '"cm2g ') were measured on a Perkin-Elmer 
241 micropolarimetcr in a 1 dm quartz cell at constant temperature (25 "C). 
Infrared spectra were recorded on a Perkin-Elmer FTIR 1600 spectrometer. 
Microanalysis and mass spectra were performed by the Service central 
d'analyses du Centre National de la Recherche Scientifique (Vernaison, 
France). Chromatographic separations wcre performed over silica gel 60 
(Merck; 0.040-0.063 mm). Glassware was dried at 120°C for several hours 
and cooled under argon prior to utilization. Hexamethyldisilazane (HMDS) 
was distilled over CaH, under argon. Tetrahydrofuran (THF) was dried over 
Naibenzophenonc. Chlorotrimethylsilanc (TMSCI) was distilled over quino- 
line under argon immediately before use. Hexane was dried by distillation 
over P,O,, or by filtration through basic alumina (activity I), and was kept 
over 4 A molecular sieves. Dry chloroform (for the preparation of acylimines) 
was obtained by distillation over P,O,, followcd by filtration through basic 
alumina (activity I) immediately before use. 

N-Trimethylsilylbenzaldimine (8a): Following the method of Hart et al.i54' 
benzaldehyde (28 mL, 0.276 mol) afforded 8 a  (39.75 g, 84%); yellow oil, b.p. 
50-55 "C/0.04 Torr (refs. [55] b.p. 60-61 'C/O.l Torr and [54] 45 "C/ 
0.15 Torr). ' H N M R  (CDCI,): 6 = 0.27 (s, 9 H ,  Si(CH,),), 7.41 -7.44 (m, 
3H,  arom. H's), 7.78-7.82 (m, 2H, arom. H's), 8.98 (s, 1 H, CH=N).  

General procedure for the preparation of silylimines 8b-i:  HMDS (7.4 mL, 
35 mmol) was placed under argon in a scptum-stoppered and maguctically 
stirred 50 niL three-nccked flask; the flask was cooled to 0 ' C  and a solution 
of HuLi in hexane (1.6M, 20 mL, 32 mmol) was slowly added from a syringe. 
After 10 min stirring at 0 ° C  a solution of freshly distillcd X-substituted 
henzaldehyde 7 (32 mmol) in 5 mL of T H F  was slowly added with a syringe. 
The reaction mixture was stirrcd for 1 h at room temperature, concentrated 
in vacuo, then treated with chlorotrimethylsilane (4.1 mL, 32 mmol). After 
1 h, dry hexane (IOmL) was added, resulting in the precipitation of LiCI, 
which was filtered under argon through a sintered glass funnel covered with 
dry Na,S04, and washed with a small quantity of dry hexane. The filtrate was 
concentrated and distilled in vacuo to give silylimines 8b-i  as extremely 
moisture-sensitive yellow liquids, which were immediately converted to the 
corrcsponding acylimines 9, 15, or 20 as described below. 

N-Trimethylsilyl-4-methylbenzaldimine (8 b): From p-tolualdchyde (3.84 g), 
imine 8b  (2.57 g, 42%) was obtained. Yellow liquid, b.p. 50-53 "J0.08 mbar 
(ref. [55] 50-51 Tj0.02 Torr); ' H N M R  (CDCI,): 6 = 0.24 (s, 9 H ,  
Si(CH,),), 2.38 (s, 3 H,  CH,), 7.24 (m, 2H,  arom. H's), 7.68 (m, 2 H ,  arom. 
H's). 8.93 (s, 1 H, CH=N) .  

N-Trimethylsilyl-4-fluorobcnzaldimine (8c ) :  From 4-fluorobenzaldehydc 
(3.97 g). imine 8 c  (4.43 g, 71 YO) was obtained. Yellow liquid, b.p. 37-40"C/ 
0.1 mbar; 'HNMR(CDCI,) :6  =0.21(s,YH,Si(CH,),),7.04--7.13(rn,2H, 
arom. H's), 7.74-7.81 (m, 2H,  arom. H's), 8.91 (s, 1 H,  CH=N) .  

N-Trimethylsilyl-4-chlorobenzaldimine (8d): From 4-chlorobenzaldehydc 
(4.50 g). imine 8 d  (6.09 g, 90%) was obtained. Ycllow liquid, b.p. 58-65' C/ 
0.03 mbar; ' H N M R  (CDCI,): 6 = 0.25 (s, 9 H ,  Si(CH,),), 7.36-7.40 (m, 
2H,  arom. H's), 7.69-7.73 (m, ZH, arom. H's), 8.90 (s, 1H,  CH=N).  

N-Trimethylsilyl-4-trifluoromethylbenzaldimine (8e): From 4-trifluoro- 
methylbeozaldchyde (5.57 g), imine 8 e  (4.37 g, 5 5 O / ' )  was obtaincd. Ycllow 
liquid, b.p. 47-57 'Cj0.l mbar; 'H NMR (CDCI,): ii = 0.26 (s. 9 H. 
Si(CH,),), 7.65-7.69 (m, 2H,  arom. Ii 's) ,  7.87- 7.91 (m, 211. aroni. H's). 
8.99 (s, 1 H, CH=N).  

N-Trimethylsilyl-4-cyanobenzaldimine (8f): From 4-cyanoben1aldehydc 
(4.20 g), imine 8 f  (5.43 g, 84%) was obtained. Yellow solid at room tempu- 
ature, b.p. 95-100"C/0.5mbar; 'H  NMR (CDCI,): (S = 0.24 (s. 9 I I .  
Si(CH,),), 7.67-7.71 (m, 2H.  arom. H's), 7.84 7.88 (m. 2H. aroni. H's).  
8.95 (s, 1 H,  CH=N) .  

N-Trimethylsilyl-2-chlorobenzaldimine (8g): From 2-chlorohcn~aldchydc 
(4.50 g)imine8g (4.95 g, 73%) was obtained. Ycllow liquid. h.p. 102 I08 C;  
0.08 mbar; ' H N M R  (CI>CI,): 6 = 0.25 (s. YH. Si(CH,),). 7.26 7.36 (in. 
3H,  arom. H's), 7.98-8.03 (m, 1 H, arom. H's). 9.35 (s. I H. CH=N): ' "C  
NMR (CDCI,): 6 = -1.2, 126.8, 127.9, 129.7, 131.9. 135.0. 136.3. 165.1. 

N-Trimethylsilyl-3-chhloroben.~aldimine (Sh): From 3-ch~orubenzaldrhyde 
(4.50 g), iminc 8h (4.27 g, 63%) was obtained. Yellow liquid. b.p. 8 0 ~  85 C 
0.1 mbar; ' H N M R  (CDCI,): 6 = 0.24 (s, 9 H. Si(CH,),). 7.29 7.42 (in, 2 H, 
arom. H's), 7.59-7.64 (m, 1 H. arom. H),  7.79 (m. 1 H. aronl. H). X.89 (s. 
l H ,  CH=N) ;  I3C NMR (CDCI,): d =  -1.2, 128.9, 127.'). 129.X. 131.1, 
134.9, 140.5, 166.6. 

N-Trimethylsilyl-2,4-dichlorobenzaldimine (8 i): From 2.4-dichlorobenzaldc- 
hyde 7 i  (4.37 g). iminc 8 i  (4.73 g, 77%) was obtained. Yellow solid, b.p. 
95-100 'C/0.2mbar. m.p. 48°C;  ' H N M R  (CDCI,): 6 = 0.24 (5. 9 H ,  
Si(CH,),), 7.26 (d, J = 8.2 Hz, 1 H, arom. H's). 7.37 (s, 1 H,  arom. H's). 7.96 
(d, J = 8.2 HI, I H ) ,  9.25 (s, 1 H,  CH=N);  13C NMR (CDCI,): ii = - 1.2. 
127.5, 129.1, 129.6, 133.6, 136.8, 163.8. 

General procedure for the preparation of N-methoxycarbonylimines 9 a ~ b, 
N-benzyloxycarbonylimine (15) or  N-fluorenylmethoxycarbonylimine (20): 
The following procedure is essentially that of Kupfer et xl."'' 4 solution of  
the appropriate chloroformate (10 inmol) i n  dry CHCI, (15 mL) was added 
dropwise to a solution of silyliininc 8a-h (10mniol) in thc samc solvent 
(15 mL) uiidcr argon. The reaction inixturc was kept at room temperature, or 
refluxed, until thc yellow color of the silylimine had disappcared. After evap- 
oration of the solvent (rotatory evaporator), the crude product was elther 
distilled (9a, 9d) or recrystallized from a dry solvent to give the desired 
alkyloxycarbonylimine. 

N-Methoxycarbonylbenzaldimine (9a): According to thc above procedure. 
silylimine 8a (39.75 g) afforded 9 a  (29.21 g, 80%) after 1 h rcllux and distil- 
bation. B.p. 75-80"C/0.06 mbar (ref, 1171 64"C/0.03 Torr): 'H NMR (CD- 
Cl,): 6 = 3.88 (s, 3H, OCH,), 7.40-7.49 (m, 3H,  arom. H's). 7.87-7.91 (m. 
2H,  arom H's), 8.92 (s, I H ,  CH=N) .  

N-Methoxycarbonyl-4-methylbenzaldimine (9b):  Silylimme 8 b (2.57 g) afford- 
ed 9 b  (1.83 g, 77%) after 1.5 h at room temperature and recrystallizdtion 
from hexane. Colorless crystals, m.p. 78°C; ' H  NMR (CDCI,): (5 = 2.41 (s, 
3H,CH,),3.89(s,3H,OCH3),7.27and7.8I(2d,2x2H.J= X.1 H ~ , a r o r n .  

131.3, 145.1, 164.5, 171.5; anal calcd for C , , H , , N 0 2  (YO): C 67.78, H 6.26. 
N 7.90; found: C 67.50, H 6.31, N 8.00. 

H's), 8.93 (s, 1 H, CH=N);  13C NMR (CDCI,): 6 = 21.9. 53.'). 129.8. 130.5, 

N-1Metboxyearbonyl-4-fluorobenzaldimine (9c): Silylirnine 8 c  (4.43 g) afford- 
cd 9 c  (3.17 g, 77%) after 2 h at RT and recrystallization from 'THF:hcxane. 
Colorless crystals, m.p. 60 C; ' H  NMK (CDCI,): 6 = 3.88 (s, 3 H. OCH,), 
7.14 and 7.92 (2m. 2 x 2 H ,  arom. H's), 8.89 (s, l H ,  CH=N) :  13C NMR 

(d. ' J c - b  = 9 Hz), 164.1 (CH=N).  166.2 (d, ' J r  , = 256 H7). 169.8; :inill. 
calcd for C,H,FNO, (YO): C 59.67, H 4.45, N 7.73; foiind: C 58.54. H 4.44. 
N 7.55. 

(CDCI,):6=53.97,116.3(d,2J,~l. = 2 2 H ~ ) ,  130.2(d.'.IC ). = 3Hz) .  132.7 

N-Methoxycarbonyl-4-chlorobenzaldimine (9 d): Silyliinine 8 d (6.09 g) afford- 
ed 9d (3.9X g, 70%) after 1 night at room temperature and recrystallization 
from hexane. Colorlesscrystals, m.p. 84.5 ' C ;  ' H  NMR (CDCI,): 6 = 3.8X (s, 
3 H ,  OCH,), 7.41-7.44(m, 2 H ,  arom. H's),7.80-7.85 (ni. 2H.  itroin. H's), 
8.87 (s, 1 H, CH=N);  ',C NMR (CDCI,): 6 = 54.0, 129.3. 131.35. 132.2. 
140.15, 163.95 (NCO,), 169.7 (CH=N);  anal. calcd for C,HHCINO, ("10): 
C 54.70, H 4.08, N 7.09; found: C 54.86, H 4.14, N 7.13. 
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.t-Methoxycarhonyl-4-trifluoromethylhenzaldimine (9e): Silylimine 8e 
(4.37 g) affordcd 9e (2.30 g, 56'40) after 3 h reflux and recrystallization from 
hexanc. Colorles? crystals. m.p. 79 C :  ' H N M R  (CDCI,): (S = 3.92 (s, 3H, 
CICH,). 7.73 and 8.02 (2d, 2 x 2 H .  J =  8 Hr,  aroni. H's) ,  8.94 (s, 1 H, 
( 'H==Nj; "C NMR (CDCI,): 6 = 54.2, 123.5 ( q ~  ' J c  ,, = 272 Hz. CF,). 
125.0 (q .  'JL.=]. = 3.8 Hz). 130.3, 134.9 (q.  'J1.-, = 33 Hz).  136.8. 163.8 
(UCO,). 169.1 (CH=N):  anal. calcd forC,,H,F,NO, (%): C 51.96. H 3.49. 
'L' 6.06; found: C 51.73. H 3.40. N 6.08. 

1V--Mcthoxycarbonyl-4-cyanohenzaldimine (Yf): Silylimine 8f  (5.43 g) afford- 
ed 9 f  (2 53 g. 5 0 % )  after 3 h reflux :ind recrystalli7ation from THF: colorless 
crystals. m.p. 177 -C.  ' H N M R  (CDCI,): 8 = 3.92 (s. 3H,  OCH,), 7.76 and 
8.00 (2d .  2 x 2H. J = 8 2 Hz. arom. H's). 8.89 (s. I H. CH=N) ;  '- 'C NMR 
(CDCI,): 6 = 54.3. 116.8, 117.8. 130.3, 132.7. 137.5, 163.6 (NCO,). 16X.4 
(CH=N):  anal. calcd for C,,H,N,O, (YO)- C 63.83, € 1  4.2X:N. 14.89; found: 
C 63.80. H 4.29, N 14.58. 

!T-Methoxycarhonyl-2-chlorohcnzaldimine (9g): Silyliinine 8g (4.95 g) afford- 
ed 9g (3.65 g. 79%) aftcr I night at room tempcraturc and distillation. t3.p. 
100 105 C 008 mbar. m.p.=lO'C; ' H N M R  (CDCI,): 6 = 3.90 (s. 311, 
0 C ' H . J .  7.28 7.51 (m. 3H.  arom. H's), 8.16 (dd, 1 H. J = 1.5 and 7.5 Hz. 
:tram.). 9.32 (s, 1 H. CH=N):  "C NMR (CDCI,): d = 54.0, 127.2. 129.1. 
1302.  131.0. 134.5. 138.0, 164.0 (NCO,). 167.2 (CII=N); anal. calcd for 
C,,H,CINO, ("4,): C 54.70. H 4.08. N 7.09; I'ound. C 54.85, H 4.10, N 7.18. 

.V-Methoxycarhonyl-3-chlorohenzaldimine (9h): S~lylimine 8 h (4.27 g) afford- 
td 9h (1.99 g. 50%) aftcr 3 h reflux and recrystallization from hcxane; m.p. 
( 3 5  ( ' . 'HNMK(CDCI , ) :K=3 .91( s ,3H,OCH,~) ,7 .37~7 .56(m,2H,a rom.  

.33-  7.77 (m. 1 H, aroni.), 7.92 (in, I H. arom.), 8.86 (s, 1 H,  CH=N): 
MI< (CDCI,,): [S = 54.1. 128.7, I29 6. 130.2. 113.7. 135.3, 135.6, 163.9 

iNC'02), 169.6 CH=Nj ;  anal. calcd for C,H,CINO, (Yo). C 54.70, H 4.08. 
'V 7 09: found: c' 54.70. H 4.20, N 7.01. 

~'-Ben~yloxycarhonylben~aldimine (15): Silylimine 8a (2.26 g). after 2 h at  
C.  afforded 15 as an unstahle whitc solid. which was immediately uscd 

without further purilication. 'ti NMR (CDCl,): d = 5.30 (s. 2H. CH,), 
7.33 -7.49 (in. XH. arom. H's). 7.88-7.92 (m, 2H. arom.),  8.92 (s, 1 H. 
Cl1 = N ) .  

.\'-Fluoren~lmethox~carhonyl-2,4-dichlorohenzaldiniine (20). Silylimine 8 i  
(4.73 g) affordcd 20 (7.47 g, 98%) aftci- 20 h at  60 C and recrystallization 
li-om THF:hcxanc ( 1  :4): m.p. 126 C.  ' H N M R  (c'D(*I.>): S = 4.34 (t, 
/ = 7 . 1  H7. 1 I i ) ,  4.58 (d. J =7.l Hz, 2 H ) ,  7.27-7.49 (in, 6H) ,  7.64 (d,  
. / - 7 . 4 H z . ? H ) . 7 . 7 7 ( d , J = 6 . 9 H r . 2 H ) , 8 . 1 9 ( d . J = 8 . 5 H ~ , l  H ) , 9 . 2 0 ( ~ ,  
I Hj. I3C NMR (CDCI,): S = 46.8. 69.1, 120.1, 125.1, 127.2, 127.9, 129.8. 
130.1. 138.6, 140.5. 141.3, 143.4, 163.3, 166.0: anal. calcd for C,2H,,CI,N0, 
( % I :  C66.68. H 3.82. N 3.53; found: C: 66.14. H 3.89. N 3.66. 

.V-Methoxycarhonylheiizophenone imine ( 1  1):  Prepared according to 
Kupfer'"' from benzophenonc irnine and methyl chloroformate. Recrystal- 
liiation from pcntane. m.p. (39 C (ref. 1171 m.p. 65- 66 ' C ) .  

twt-Butyl triphenylphosphoranylidenecarhamate (14) : A solution of tert-butyl 
aiidoformatc""' prcpared from tc.rr-butylcarba7;itc (13.27 g. 100 mmol) 
[Caution: to avoid thc risk of cxplosion in large-scale preparations, it  i i  not 
ad\ isrd to concentrate the ether solution of rcw-butyl aridoformate] in Et,O 
(125 inL) was added dropwise to a suspension of triphenylphosphine (20.6 g? 
7X.5 inmol) in Et,O (60 niL) until nitrogen cvolution ceased. The white pre- 
cipitatc w a s  liltcred and then rccrystalli7cd from ethyl acetate to give 14 
(73 16s. 78%). followed by ii becond crop (4.10g. 14'%,j. M.p. 148 C; 
'HNMK(C'DC1,):R =1.30(s,gH),7.34 -7.49(ii i ,YH),7.62-7.72(m.6tI);  

NMK (CDCI,) identical with that reported e a r l i ~ r . ~ ~ . ' ]  

General procedure for N-trrt-hutoxycarhonylimines 12a-d: A mixturc of the 
appropriate hcnraldchyde ( 2 5  nimol) and iminophosphorane 14 (9.42 g. 
25 mmol) was refluxed in dry tolucnc (17 mLj under argon for the time 
indicated in Tuhlc 2 .  Al'ter cooling, triphcnylphosphine oxide was precipitat- 
ed by addition ofdry hexane (17 mL). After filtration and washing twice with 
a 1 :1  mixture or dry toluene and hexanc, the filti-ate was concentrated in 
\ acuo to give the desired N-r~,rt-butoxycarbonyliiiiine 12, which was oxidized 
without further purification. In the case of 12a, the crude imine obtained 
from 4-cyanoheiizaldehyde (13.28 g) could be purified by rapid percolation 

(less than I 5  min) through silica gel (350 g. Et,Oihexane 2: 1 iis the eluant) t o  
yield 12a (17 5 g, 75%) a s  a colorless solid. m.p. 8 7 - C  (from hexane). 
' H N M R  (CDCI,): 6 =1.57 (s. YH). 7.74 (d, 2H)) and 7.99 (d. 2H. 
J = 8.2 Hr) .  8.80 (s, 1 H); I3C NMR (CDCI,): 6 =  27.9, 83.1, 116.4. 117.9. 
130.1: 132.5, 137.8, 161.7. 166.7; anal. calcd for C,,H,,N,O, ("/.): C 67.81. 
H 6.13. N 12.16; found: C 68.42, H 6.20. N 12.21. 

N-Methoxycarhonyl-3-phenyloxaziridine 2 a (method A, large scale) : Cold so- 
lutions of imine 9a  (21.37 g. 0.131 mol) in amylene-stabilized chloroform 
(0.35 L) and of K,CO, (128 g) in watet- (0.8 L) were placed in a three-necked 
flask (3 L) equipped with an efficient pneumatic stirrer and immersed in an 
icc-water bath. To this vigorously stirred two-phase mixture was added a 
chilled solution of oxone (165 g) in water (1.44 L) over 15 min, the internal 
tempcrature bcing kept a t  0-4°C. Stirring wits continued for 45 min at  this 
tcmpcrature. The watcr layer was separatcd and extracted with CI12CI,. The 
organic layers were comhined. washed successively with 5 Yo aqueous 
KHSO,, 5%) aqueous NaHCO,, and water, and dricd over MgSO,. The 
solvent was rcmoved in V ~ C U O  (bath temp. < 30 ' C )  and the crude product was 
chromatographed over silica gel (220 g, Et,O,'CH,Cl,,'pentane 1 : I  :3) to give 
2a (16.05 g, 68 %), m.p. 41 C. 'H NMR(CDCI,), equilibrium mixture of the 
frrrnr and ci.c isomers of 2a in 91 : 9  ratio a t  300 K :  0 = 3.54 (s. 3 H ,  c is )  and 
3.89 (s, 3H. rruns). 5.09 (s, 1 H, I ~ U I I S )  and 5.34 (Y. IH,  c;,>).  7.43 (m. 5H.  
arom. 11's of cis and trans); "C N M R  (CDCl,), frairs isomcr: 6 = 54.9. 
78.15. 127.9. 128.6. 131.1. 131.8, 162.6; 1R (CCI,) 1777. 1753cm-I; anal. 
calcd for C,H,NO, (9"): C 60.33. H 5.06, N 7.82; found. C 60.51. H 4.70. 
N 7.77. 
Thc coi-responding N-methoxycarhonyl henaamide 15a was isolated o n  fur- 
therclution with EtZO/CH,CI, l : I ,  m.p. 118°C (EtOH). ' H N M R  (CDCI,): 
6 = 3.84(~,3H).7.42-7.58(1n.3H).7.77-7.82(m.2H),8.06(brs.1H);'~C 
NMR (CDCI,): 6 = 53.0. 127.7, 128.7. 132.8. 132.9. 151.9. 165.1; anal. calcd 
for C,H,NO, ('YO): C 60.33, H 5.06, N 7.82; found. C 59.96. H 5.14. N 7.86. 

General procedure for the preparation of oxaziridines 2b-h (method A): A 
solution of ucylimine 9h-h (2.5 mmolj in amylene-stabilized CHCI, 
(12.5 mL)  was placed in a 200 mL three-necked flask equipped with a pneu- 
matic stirrer. followed by a chillcd solution of K,CO, (2.89s. 21 mmolj in  

water (22.5 mL),  and the flask was immersed in an ice-water hath. After 
10 tnin a chillcd solution of oxone (3.66 g, 6.0 mmol) in water (37 mL) was 
added to this vigorously stirrcd two-phase mixture . The mixture was stirred 
for 1 .5 h at 0 C. If the starting iniine was not totally consumed, the aqueous 
phasc was discarded and replaced by fresh solutions of K,CO, and oxone. 
and the mixture was stirred for a further hour at 0 C (several such cyclcs may 
be rcquired). Then the aqueous phase was separated and extracted with 
15 mL of CH,CI,. The combined organic layers were washed three times with 
water and dried over MgSO,. and thc solvent was removed in vacuo (bath 
temp. i 30 C ) .  The crude product was flash-chromatographed over silica gel 
(15 g) with Et,O;pentane 15:RS as  the eluent, to give the desired oxaziridine 
2b-h; next. elution with CH,CI,!Et,O 1 : I  provided the corresponding 
amide 16h-h. 

N-Mcthoxycarhonyl-3-(4-methylphenyl)oxaziridine (2 b): In  the above proce- 
dure, irnine 9h  (443 mg) afforded oxaziridine 2h  (119 mg, 25%) and amidr 
I 6 b  (116 mg, 24%). oxaziridine 2h, m.p. 48 "C (dccomp.) provcd to be very 
unstable and iio elemcntal analysis could he done. 'H NMR (CDCI,). equi- 
librium mixturc of f r o m  and cic isomers i n  91:Y ratio a t  300 K :  6 = 2.27 (s, 
3H.~~i.\.)nnd2.36(s,3I-I.tra~is).3.57(s,3H.cis)and3.88(s.3H.rmr1s).5.05 
(s. 1 H. rrun.r) and 5.30 (s, I H, tic), 7.18-7.22 and 7.32 -7.36 (2m. 2 x2H. 
arom. H's of' c i . ~  and trans); 1R (CCI,): i = 1778, 1753 mi ~ ' : "C NMR 
(CDCI,): f r u m  isomcr: d = 21.4, 54.9. 78.4. 127.0, 127.9. 129.4, 141.5. 162.8. 

N-methoxycarhonyl-4-methylbenzamide (16b). imp. 137 C: 'H NMR (CD- 
Cl,): (5  = 2.40 (s. 3 1 1 ) ,  3.84 (s, 3 H j ,  7.26 (m, 2H).  7.69 (m. 2H).  8.03 (hrs. 
1 H): '"C NMR (CDCI,): S = 21.6, 53.2. 127.6, 129.6, 130.1. 143.9. 151.7. 
164.5; anal. calcd for C, ,H, ,NO, ( 'YO).  C 62.17, H 5.74. N 7.25; round: C 
62.28, H 5.79. N 7.09. 

N-Methoxycarhonyl-3-(4-fluorophenyl)oxaziridine ( 2 c ) :  Similarly. imine 9c 
(453 mg) afforded oxaziridinc 2c (300 mg. 61 "/u) and amide 16c (122 mg. 
2 5 % ) .  Oxanridine 2c had m.p. 29 'C. ' H N M R  (CDCI,), equilibrium mix- 
ture of ticurs and c i . ~  isomers in 93:7 ratio a t  300 K :  6 = 3.56 (s. 3H. <,is) and 
3.89 (s. 3 H ,  (runs), 5.07 (s, 1 H, trans) and 5.32 (s. 1 H, ci.s). 7.05-7 14 and 
7.42 ~7.49 (2m,  2 x 2H. arom. H's of c . i ~  and tran,\); " C  N M K  (CDCI,). 
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/runs isomer: b = 55.0, 77.5, 115.9 (d, = 22Hz), 127.8 (d, 4Jr-F = 
3 Hz), 130.0 (d. 3.1c-F = 9 Hz), 162.5, 164.5 (d, ' Jc  .L' = 251 Hz): IR (CCI,): 
3 = I 7 7 6  1753 cm-.': anal. calcd for C,H,FNO, (%): C 54.83, H 4.09. 
N 7.10; found: C 54.X3, H 3.91, N 7.14. 

N-methoxycarhonyl-4-fluorohenzamide (16c): m.p. 11 1 "C; 'H NMR (CD- 
C1,):h = 3.75(s,3H),7.08(m,2H),7.89(m,2H),8.73(hrs.1H);'3CNMR 
(CDCI,): 6 = 53.0, 115.8 (d, zJc-b = 22 Hz), 128.9 (d, 4Jc_F = 3 Hz), 130.4 
(d, s J r - b  = 9 Hz), 152.0, 164.2, 165.5 (d, lJc-F = 254 Hz); anal. calcd for 
C,H,FNO, (%): C 54.83, H 4.09, N 7.10; F 9.63; found: C 54.77, H 4.04, 
N 7.09; F, 9.41. 

N-Methoxycarhonyl-3-(4-chlorophenyl)oxaziridine (2 d) : Tmine 9 d  (494 mg) 
afforded oxaziridine 2d (374 mg, 70%),  and amide 16d (100 mg, 19Y0) after 
chromatographic workup. Oxaziridine 2 d  had m.p. 39°C. 'H NMR (CD- 
C13), equilibrium mixture of t r m s  and c i s  isomcrs in 93:7 ratio a t  300 K:  
6 = 3.54 (s, 3 H, cis) and 3.86 (s, 3 H ,  trans), 5.06 (s, 1 H ,  trans) and 5.29 (s, 
1 H ,  cis) .  7.36 (brs, 4 H ,  arom. H's of CLP and trans); I3C NMR (CDCI,), trans 
isomer: 6 = 54.96, 77.3, 128.9, 129.2, 130.35, 137.2, 162.3; IR (CCI,): 
i = 1775, 1753 cm-'; anal. calcd for C,H,CINO, (Yo): C 50.60, H 3.77, N 
6.56; found: C 50.44, H 3.73, N 6.60. 

N-methoxycarhonyl-4-chlorohenzamide (16d): m.p. 155 "C; 'H NMR (CD- 
C13): 6 = 3.75 (s, 3H) ,  7.41 and 7.78 (2d, 2 x 2 H ,  J =  8,3Hz),  8.51 (brs, 

anal. calcd for C,H,CINO, (YO): C 50.60, H 3.77, N 6.56, C1 16.60; found: 
C 50.87. H 4.00, N 6.63. C1 16.86. 

N-Methoxycarbonyl-3-(4-trifluoromethylphenyl)osaziridine (2e): Similarly, 
imine 9e (578 mg) afforded oxaziridiiie 2 e  (321 mg, 52%) and amide 16e 
(239 mg, 39%) after chromatographic workup. Oxaziridine 2e had m.p. 
40 'C (by DSC). 'H  NMR (CDCI,), equilibrium mixture of truns and cis 
isomcrs in 92:8 ratio at 300 K:  6 = 3.56 (s, 3H, cis) and 3.91 (s, 3H, truns), 
5.14 (s, I H ,  fruns) and 5.39 (s, 1 H, 7.59 and 7.68 (2d, 2 x 2 H ,  
J = 8.3 Hz, arom. H's of  ci,s and trans); I3C NMR (CD,COCD,), trans 
isomer: b = 55.3, 77.3, 124.9 (4. 'Jc-F = 270 Hz), 126.5 (4, 3Jc-F = 4 Hz), 
129.6, 133.1 (9, zJc-F = 32 Hz), 138.0, 162.7; IR  (CCI,): i =1778, 
1756cm '; anal. calcd for C,,H,F,NO, (YO): C 48.59, H 3.26, N 5.67; 
found: C 46.90, H 3.17, N 5.50. 

N-Methoxycarbonyl-4-trifluoromethylbenzamide (16e): m.p. 153 "C; 
'HNMR(CDC13) :S=3 .85 ,7 .73and7 .91  ( 2 d , 2 ~ 2 H , . I = 8 . 3 H z , a r o m .  
H's), 8.16 (brs, 1 H):  " C  NMR (CDCI,): 6 = 53.4, 123.4 (q, ' Jc  i; = 

151.6, 164.1; anal. calcd for C,,H,F,NO, (%): C 48.59, H 3.26, N 5.67, F 
23.06: found: C 48.44, H 3.22, N 5.70, F 23.24. 

N-Methoxycarbonyl-3-(4-cyanophenyl)oxaziridine (2 f): linine 9 f (470 mg) af- 
forded oxaziridine 2 f  (229 mg, 45%) and amide 16f (209 mg, 41 O h )  after 
chromatographic workup. Oxaziridine 2f had m.p. 118 "C.  'H NMR (CD- 
CI,), equilibrium mixture of m n s  and cis isomers in 93:7 ratio at 300 K :  
6 = 3.56 (s, 3H, cis) and 3.91 (s, 3 H ,  trans), 5.14 (s, 1 H, trans) and 5.37 (s, 
1 H. cis), 7.58 and 7.71 (2d, 2 x 2H,  J = 8.2 Hz, arom. H's of cis and truns); 
"C NMR (CDCI,), truns isomer: 6 = 55.2, 76.7, 115.0, 117.9, 128.7, 132.4, 
136.8, 161.9; IR (CC14):V = 1762cm-I; anal. calcd for C,,H,N,O, (%): C 
58.82. H 3.95, N 13.72; found: C 58.54, H 3.90, N 13.62. 

N-methoxycdrhonyl-4-cyanohenzamide (16f): m.p. 164'C; ' H  NMR 
(CDCI,): 6 = 3.84 (s, 3H) ,  7.76 and 7.88 (2m. 2 x 2H),  8.10 (brs, 1 H) ;  I3C 
NMR(CDCI,):h = 53.5.136.4, 117.6, 128.4, 132.6, 136.7, 151.4, 163.9;anal. 
calcd for C,,H,N,O, (Yo): C 58.82, H 3.95, N 13.72; found: C 58.56, H 3.80, 
N 13.46. 

1 H); ' ,C NMR (CDCI,): 6 = 53.1, 129.0, 129.2, 131.1, 139.4, 151.8, 164.1; 

271 Hz), 125.9 (q, ' Jc - , -  = 3.7 Hz), 128.2, 134.5 (q, 2Jc-F = 33 Hz), 136.2, 

N-Methoxycarhonyl-3-(2-chlorophenyl)oxaziridine (2 g) : Imine 9 g (494 mg) 
afforded oxaziridine 2 g  (416 mg, 78 YO), which was isolated by crystallization 
at 0'C from a mixture of CH,CI, and pentane; the amidc 16g was not formed 
in this case. Oxaziridine Z g  had m.p. 45 "C. 'H NMR (CDCI,), equilibrium 
mixture of /runs and cis isomers in 90: 10 ratio at 300 K:  6 = 3.50 (s, 3 H, cis) 
and 3.91 (s, 3 H ,  fruns),  5.59 (s, I H ,  truns) and 5.64 (s, I H ,  cis), 7.29-7.34 
(m. 4H,  arom. H's of c i , ~  and truns); I3C NMR (CDCI,), /runs isomcr: 
6= 55.1, 75.2, 127.3, 128.3, 129.5, 129.8, 131.7, 134.9, 162.3; IR (CCI,): 
G =1781, 1757cm-'; anal. calcd for C,H,CINO, ('A): C 50.60, H 3.77, N 
6.56; found: C 50.92, H 3.79, N 6.61. 

N-Methoxycarhonyl-3-(3-chlorophenyl)oxaziridine (2 h) : Imine 9 h (494 mg) 
afforded oxariridine 2h (282 mg, 5 3 % ) ,  and amide 16h (132 mg. 25%) after 
chromatographic workup. M.p. 31 "C: 'H N M R  (CDCI,). cqiiilibrium mix- 
ture of trai7.s and ci.7 isomers in 93:7 ratio at 300 K :  6 = 3.58 (s. 3 H. <.;,?) and 
3.89(~,3H,truns),5.06(s,lH.trcm.s)and5.29(s, lH,c.i.s).7.29-7.44(in.4€1. 
arom. H's ofcis and trans); "C NMR (CDCI,). 1r~11.s isomcr: 5 = 55.1. 77.3, 

1756 cm - I ;  anal. calcd for C9H,CIN0, (%): C 50.60, H 3.77. N 6.56; found: 
C 50.85, H 3.47, N 6.72. 

N-methoxycarbonyl-3-chlorobenzamide (16h): M.p. 141 'T: 'H NMR 
(CDCI,): 6 = 3.84 (s, 3H) ,  7.40 (in, 1 H). 7.53 (m, 1 H). 7.67 (m, I H) ,  7.80 
(m. 1 H),  5.24 (brs, 1 H); ',C NMR (CDCI,): 6 = 53.3. 125.7, 12X.0, 130 I .  
133.0. 134.6, 135.0, 251.8, 163.7; anal. calcd for C,H,CINO, (Yo): C 50.60. 
H 3.77, N 6.56; found: C 50.61, H 3.81, N 6.43. 

N-ter~-ButoxycarbonyI-3-(4-cyanophenyl)oxaziridine (4 a, method A. large 
scale): A solution of' crude imine 12a prcpared from 4-cyanobenraldehydc 
(0.333 mol, 46 g) in amylene-stabilized CHCI, (1.1 L) and a chilled solution 
of K,CO, (160 g, 1.15 mol) in water (1.2 L) werc successively placed into a 
three-ncckcd flask (6 L) equipped with an efficient pneumatic stirrer and 
immersed in an ice-water bath. Aftcr 15 min a chilled solution of oxonc 
(200 g. 0.32 rnol) in water (2 L) was addcd to this vigorously stirred two-phase 
mixture. Aftcr the mixturc had been stirred for a further 50 rnin, the water 
phase was discarded and replaced by fresh solutions of K,CO, and oxonc. A 
total of 10 such cycles were effected. The organic phase was washed three 
times with water, dried over MgSO,, and concentrated i n  vacuo (bath 
tcmp. < 30 'C). The crude product was divided in two eqnal parts. which were 
flash chromatographed over silica gel (650 g, CH,CI,) to give 2 a  (33.9 g, 
41 % from 4-cyanobenzaldchyde); m.p. 61 'C. 'H NMR (CDCI,), equilibri- 
um mixture of trans and cis isomers in 88: 12 ratio at 300 K :  b = 1.14 (s. 9H,  
cis) and 1.53 (s, 9H,  truns), 5.04 (s, 1 H, trans) and 5.33 (s. 1 H, c i .~ ) .  7.56 and 
7.70 (m, 4 H ,  arom. H s  of cis and trans); I3C NMR (CD,OD) 1rcu7s isomer: 

i; =1774, 1749 cm- l ;  anal. calcd for C,,H,,N,O, ("A): C 63.40, H 5.73. N 
11.38; found: C 63.59, H 5.69, N 11.39. 

N-Methoxycarhonyl-3,3-diphenyloxaziridine (3, method B): A hiphasic mix- 
ture of imine 11 (0.344 g, 1.44 mmol) in CH,CI, (10 mL) and a saturatcd 
aqueous solution of K,CO, (10 mL) was allowed to react with a solution of 
technical (50-60%) m-chloroperbenzoic acid (1.4 g) in CH,CI, (10 mL) for 
17 h at 0 °C  under vigorous stirring. After dilution with water (60 mL) and 
extraction of the aqueous phase by CH,CI,, the combined organic phases 
were washed by 5% aqueous K,CO,, water, dried on MgSO,. and conccn- 
trated in vacuo (bath temp. < 30 "C). Flash chromatography ovcr silica gel 
(10 g; Et,O/CH,Cl,/pentane 4:6:90) afforded oxaziridine 3 (221 mg, 60'%,) 
as a colorless solid, m.p. 61 "C. ' H  NMR (CDCI,): 6 = 3.47 (a, 3H) .  7.40- 
7.50 (m, 10 H);  ',C NMR (CDCI,): 6 = 54.0, 86.2, 128.0. 12X.2, 128.6. 
130.0, 132.0, 135.4, 160.6: 1R (CCI,): i =1778, 1752cm-'; MS (70eV. E l ) :  
m/z (X,) = 255 (28), 254 (33), 210 (25), 196 (25). 194(21), 182 (31). 181 (25). 
180(76). l66(31). 165 (75). 105 (72), 92(22), 77 (100). 59 (31); HRMS: calcd 
for C,,HI,NO,: 255.0895, found: 255.0885. 

General procedure for the preparation of oxaziridines 4a-d, 5, 6 (method C): 
Technical MCPBA (70-75%, 2.5 g) purifiedr5" by washing first with phos- 
phate buffer (pH =7.5), then with water, was dissolved i n  CH2C12 (15 mL). 
Thc resulting solution was dried over MgSO,, then over 4 8, molecular 
sievcs immediately before use. and was titrated (KI/Na,S,O,). To this 
anhydrous and m-chlorobenzoic-acid-free solution of MCPBA in CH 2C12 
(0.51 inn1 L ', 9.8 mL, 5 mmol) at -78 "C and under argon was added BuLi 
(1.6 M solution in hexane, 5 mmol). After 30 min, a solution of crude imine 
12a prepared from 4-cyanobcn~aldehyde (0.707 g, 5.40 mmol) in anhydrous 
CH,CI, (6 mL) was added dropwise under mechanical stirring. The rcactlon 
proceeded over 2 h at ~ 78 "C. Water ( 5  mL) was added and after 15 min the 
mixture was allowed to  warm up to room tcmperature. The organic phase w;is 
washed three times with 5 %  aqueous NaHCO,, dried over MgSO,, concen- 
trated in vacuo (bath temp. < 30 "C), and then flash-chromatographod over 
26 g silica gel (CH,CI,). The solid was washed with a 1 : 1 mixture of pcntanc 
and iPr,O to yield oxaziridine 4a (0.797 g, 65%. 60% from 4-cyanohenzaldc- 
hyde). 

N-~err-Butoxycarbonyl-3-(2,4-dich~oropheny~)oxaziri~ne (4b): Crude iminr 
12h prepared from 2,4-dichlorohenzaldehyde (203 mg. 1 . I 6  mmol) afforded 

126.2, 127.9, 130.0, 131.3, 133.9, 134.9, 162.3; IR (CCI,): i. =1781, 

6 = 27.9, 77.3, 86.6, 115.6. 119.1, 129.9, 132.5. 139.3, 161.5; IR (CCI,): 
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oxariridine 4 b  (420 mg, 79%) as a colorless solid after reaction with 
LiMCPBA (1 .I6 mmol) and flash chromatography ovcr silica (4 g, eluant 
CH,CI,/pentane 1 : I ) .  M.p. 47 'C; ' H N M R  (CDCI,), equilibrium inixturc 
~~f t r r rn .~and~~i s i son ie r s in81 :19ra t ioa t  3 0 0 K : b  =1.13(~.9H,ci . r )a i id  1.53 
is, YH, trun.s), 5.43 (s, 1 H, zrarzs) and 5.50 (5, I H, ck) ,  7.18-7.50 (m. 3H);  
I3C NMR (CI>CI,), trans isomer: 6 = 27.7, 74.4, 85.7, 127.8, 129.0, 129.2, 
129.4, 135.5, 137.1, 161.0; HRMS (FAB+). calcd for C,,H,,Cl,NO, + H :  
290.0350. found: 290.0358. 

~-t~~~-Butoxycarhonyl-3-(3,4-dichIoropheny~)oxazindine (4c): Ci-ude iminc 
12c prepared from 3.4-dichlorobenzaldehydc (831 mg, 4.75 mmol) afforded 
oxaziridine 4c  (935 mg, 70%) as a colorless solid after reaction with LiMCP- 
BA (4.75 mtnol) and flash chromatography ovcr silica (35 g, eluant CH,CI,/ 
pentane 1 : l ) .  M.p. 51 " C ;  ' H N M R  (CDCI,). cquilibriutn mixture of trans 
and cir isomers in 92:8 ratio at 300 K: d =1.20 (s, 9H,  cis) and 1.52 (s.  9 H ,  
t r m s ) ,  4.96 (s, 1 H, trans) and 5.24 (s, 1 H ,  c i h ) ,  7.30 (dd. J = 8.3 and 2.0 H L ,  

/ r u m  isomer: 6 = 27.5, 76.1, 85.9, 127.1. 129.6, 130.6, 132.3, 132.9, 135.2, 
159.6; IR (CCI,): i. = 1774. 1750 cm- '; anal. calcd for C,2H,,C1,N03 (%): 
C 49.68, H 4.52, N 4.83; found: C 49.97, H 4.60. N 4.88. 

,~-tevt-Butoxycarhonyl-3-(2,3,5-trichlorophenyl)oxaziridine (4 d) : Crude imine 
12d prepared from 2,3.5-trichIorobenzaldehyde (1.86 g, 8.90 mmol) afforded 
oxariridine 4d (1.70 g. 59 %) as a colorless solid after rcaction with LiMCP- 
BA (8.90 mmol) and flash chromatography over silica (60 g. eluant CH,CI,/ 
pentanc 1 : I ) .  M.p. 39 -C. 'H NMR (CDCI,), equilibrium mixture of rrtms 
and cis isomers in 80: 20 ratio at 300 K : 6 = 1 .I 7 (s, 9 H, ci.~) and 1.54 (s, 9 H,  
t ~ u n s ) ,  5.45 (s, 1 H, rrmr) and 5.52 (s. 1 H,  cis),  7.38 (d, J = 2.4 Hz, 1 H),  7.52 
(d. J = 2.4 H7, 1 H); "C NMR (CDC1,). rran.r isomer: 6 = 30.8, 77.3, 89.4, 
129.7, 132.8. 135.1, 136.7, 136.8, 137.2, 162.6; IR (CCI,) 1776, 1752cm I; 

anal. calcd for C,,H,,CI,NO, ("A): C 44.40, H 3.73. N 4.32; found: C 44.65, 
H 4.01. N 4.05. 

~l.'-Benzyloxycarbongl-3-phenyloxaziridine (5) : Crude imine 15, prepared from 
8a (2.26g, 12.7mmol). afforded oxaziridine 5 (1.13g, 3 5 ' Y ~ )  and amide 18 
( 1  .OO g, 31 n/o) as colorless solids aftcr reaction with LiMCPBA (12.7 mmol) 
and flash chromatography over silica (96 g, eluant CH,CI,/pentane 1 : 1 ) .  
Oxariridine 5 had m.p. 56°C (ref. [ I l l  oil). ' H N M R  (CDCl,), equilibrium 
mixture of tTun.7 and (,is isomers in 88: 12 ratio at 300 K :  d = 4.94 (s, 2 H, cis) 
and 5.34 (s, I H. cis), 5.08 (s, I H, tmns) and 5.27 (d, J = 12 Hz, 1 H,  /runs) 
and5 .28(d , J=12  Hz,IH,rrcms),6.98(m, 1 H.ci.s),7.26-7.46(m, IOHrrum 
and 9 H  ci.r) 

~ H ) , ~ . ~ ~ ( ~ , J = ~ . ~ H ~ . ~ H ) , ~ . ~ ~ ( ~ , J = ~ . ~ H Z , I H ) ; ' ~ C N M R ( C D C I ~ ) ,  

A'-benzyloxycarbonyl benzamide (18): M.p. 117 "C .  'H N M R  (CDCI,): 
6 = 5.25 (s, 2H) ,  7.28-7.80 (m, IOH), 8.07 (brs, 1 H); I3C NMR (CDCI,): 
6 = 67.86, 127.58, 128.0, 128.6. 128.7, 132.8, 132.9, 134.9, 150.8, 164.8; anal. 
calcd for C,,H,,NO, ( ' Y ) :  C 70.58. H 5.13, N 5.49; found: C 70.85, H 5.22, 
N 5.31. 

iv-Fluorenylmethoxycarhonyl-3-(2,4-dichlorophe1iyl)oxaziridinc (6)  : Imine 20 
(12.24 g) dissolved in CH,CI, (46 mL) afforded oxaziridinc 6 (6.90 g, 59%) 
as a colorless solid after chromatography over silica gel (130 g, eluant 
C112Cl,,'pentaiie 1 :2.5). M.p. 100°C: 'H NMR (CDCI,). equilibrium mix- 
ture of trum and ci.s isomers in 90: 10 ratio at 300 K :  6 = 4.21 (t, J = 7 H a ,  
1 H.cc.r)and 4.29(t.J = 7  Hz, 1 H, t runs) ,4 .60(d,J=7 Hz,2H),5.43(s , IH,  
rrum) and 5.63 (s, 1 H, cis), 7.27 7.45 (in, 7H,  <.is and I r m s ) ,  7.61 (m. 2H. 
cisand wun.~). 7.76 (111. 2H. a i d  truns); ',C NMR (CDCI,): 6 = 46.6, 70.0, 
74.8. 120.2. 125.0. 127.3. 127.8. 128.1, 128.6,129.3, 129.4, 135.5, 137.4, 141.3, 
141.4, 142.6, 142.8, 161.5; anal. calcd for C22H,SC12N0., (%): C 64.09, H 
3.67. N 3.40; found: C 64.20. H 3.62, N 3.38. 

N-tevt-Butoxycarhonyl-4-cyanobenzamide (17 a): Oxidation of iinine 12a 
(460 nig, 2 mmol) by method B afforded 17a (310 mg, 6390) 
n1.p. 143 -C, after recrystallization from EtOH. 'H NMR (CDCI,): 6 = 1.50 
(s. 9H),  7.74 (in, 2H), 7.87 (m, 2H) ,  7.95 (brs, 1 H); I3C NMR (CDCI,): 

Ci,H,,N,O,(%I): C63.40, H 5.73,N 11.38;found: C63.53, H 576, N 11.22. 

A-tevt-ButoxycarbonyI-2,4-dichlorobenzamide (17 b): Oxidation of imine 12 b 
by method B afforded 4 b  (0.725 g, 25 Yo) as well as 17 b 
white solid, m.p. 132'C, after chromatography over silica 

gel (80g; Et,Oihexane 5:95 then 20:SO). ' H N M R  (CDCI,): 6 =1.42 (s, 
9 I i ) . 7 . 2 9 ( d d , . l = 8 . 2 a n d 2 . 0 H r ,  I H ) , 7 . 4 0 ( d , J = 2 . 0 H z ,  I H ) , 7 . 4 3 ( d ,  

(7 = 27.8, 83.2, 115.9. 117.6, 128.4. 132.3, 137.2, 149.7, 164.4; anal. Cakd for 

J =  8.2 Hz, 1 H), 7.91 (brs, 1 H);  I3C NMR (CDCI,): 6 = 27.7, 83.3, 127.3. 
129.6, 130.1, 131.4. 133.1, 137.0, 149.2. 165.8; anal. calcdforC,,H,,CI,NO, 
("/o): C 49.68, H 4.52, N 4.83; found: C 49.83, H 4.61, N 4.71. 

Methyl I-bydroxy-I-phcnylmethylcarbamate (13a): A solution of N-Moc ben- 
zaldimine 9a (326 mg, 2 mmol) in acetone (2 niL) was treated wlth water 
(2mL).  The resulting mixture was concentrated to 1 .5mL in vacuo and 
extracted three times into CHCI, (2 mL). The organic layer was dried over 
MgSO, and conccntrated in vacuo to afford 13a (320 mg, 88%) as a white 
solid which decomposed rapidly in boiling CH2CI,. 'H NMR (CDCI,): 
6 = 3 . 6 7 ( s . 3 H ) , 3 . 7 8 ( b r s ,  1H),5.51 (brs , IH) ,6 .19(dd ,J=8.2 ,3 .6Hz,  
I H ) ,  7.30-7.50 (m, 5H); 13C N M R  (CDCI,): 6 = 52.4, 76.5. 125.7, 128.5. 
139.1, 156.6; IR (CC1,): 3298. 1697cm-'; HRMS (FAB'). calcd for 
C,H,,NO, + Li: 188.0899, found: 188.0895. 

General procedure for the amination of amines by N-Mac oxaziridine (Za) or 
N-Boc oxaziridine (4a): A solution of the required amine ( 2  mmol) in EtzO 
or CHCI, (2 mL) was treated at 0 'C by a solution of 2a (376 mg, 2.1 mmol) 
or 4a  (516mg, 2.1 mmol) in the same solvent (2mL) .  At the end of the 
addition the cooling bath was removed. Thc reaction was monitored by TLC 
(sccondary amines) or by NMR (primary amines). Thc reaction product was 
either rccrystdlized or chromatographed over silica gcl to give the corre- 
sponding N~-alkyloxycarbonylhydrazine 21 -33. 

N-(Methoxycarhonylamino)morpholine (21 a): Morpholine (0.1 66 inL) and 2a 
werc allowed to react for 30min according to the procedure above. The 
solvent was evaporated and the residue was washed with pentanc (2 x 2 mL) 
to give 21a (277 mg, 91 Oh); colorless crystals, m.p. 152-C. ' H N M R  
(CDCI,): S = 2.79 (t, J = 4.6 H7, 4H).  3.69(~, 3H) ,  3.76 (t. J = 4.6 Hz. 4H) ,  
5.55 (brs, 1 H); anal. calcd for C,H,,N,O, (%): C 44.99. H 7.55, N 17.49: 
found: C 45.20, H 7.85, N 17.57. 

N-(tevt-Butoxycarbony1amino)morpholine (21 h): Morpholine (0.1 66 mL) and 
4a were allowed to react for 30 min according to the procedure above. Chro- 
matography over silica gel (21 g, Et,O/CH,Cl,/hexanc 1 : 1 : 1) gave 21 b 
(376 mg, 92%) .  Colorless crystals, n1.p. 128 T; 'H NMR (CDC1,): 6 = 1.43 
( ~ . 9 H ) , 2 . 7 7 ( t , J = 4 . 5 H z , 4 H ) , 3 . 7 5 ( t ,  J = 4 . 5 H ~ , 4 H ) , 5 . 4 2 ( b r s , l H ) ;  
I3C NMR (CDCI,): 6 = 28.2, 56.1, 66.5, 80.2, 154.3; anal. calcd for 
C 9 H I O N Z 0 ,  (YO): C 53.45. H 8.97, N 13.85; found: C 53.22, H 9.04. N 13.61. 

N-(Benzy1oxycarbonylamino)morpholine (21 c): Morpholine (0.59 mL) and 5 
were allowed to react for 30min according to the procedure above. The 
precipitate of 21 c was filtered off and washed with Et,O (65 mg. 41 Y O ) .  
Chromatography of the filtrate ovcr silica gcl ( 5  g, Et,O,CH,CI, 2 .5 : l )  gave 
21c(77 mg,48%, total yield 89%). Co1orlesscrystals.in.p. 130 C. ' H N M R  
(CDCI,): 6 = 2.80 (t, J = 4.6 Hz ,4H) ,  3.77 (1, .I= 4.6 Hz,4H).  5.12 (s, 2H) .  
5.64 (brs, 1 H), 7.33 (in, 5H); anal. calcd for Cl ,H, ,N,0,~0.25H,0 (YO): 
C 59.86, H 6.91, N 11.63; found: C 59.87, H 6.85, N 11.75. 

N-(Fluoreny1methoxycarbonylamino)morpbnline 21 d. Morpholinc (0.87 mL) 
and 6 were allowed to react for 30 min according to the procedure above. The 
solvent was evaporatcd and the residue was washed with Et,O (3 x 1.5 mL) 
to give 21d (287 mg. 89%);  colorless crystals, m.p. 175°C. ' H N M R  (CD- 

(t. J = 6.7 Hz, 1 H), 4.45 (t, J = 6.7 Hr,  2H),  5.62 (brs, 1 H). 7.25 - 7.42 (m. 
4H).  7.59 (m, 2 H ) ,  7.75 (m, 2H);  anal. calcd for C,,H,,N,O, (%): C 70.36. 
H 6.21, N 8.64; found: C 70.08, H 6.12, N 8.67. 

R-(Methoxycarbony1amino)ephedrine (22 a): Reaction of (1 R,2S)-ephedrine 
(330 nig) and 2a in E120 for 5 h gavc a precipitate of 22a, which was filtered 
off and washed with Et,O (224 mg. 47 %). The filtrate was chromatographed 
over silica gel (10 g, Et,O/CH,Cl,/pentanc 1.5:1:2.5) to give a furthcr crop 
of 22a (157 mg. 30%, total yield 77%) .  Colorless crystals. m.p. 127 C. 
' H N M R  (CDCI,): 6 = 0.85 (d, J = 6.7 Hr ,  3H),  2.70 (s. 3H) .  2.82 (qd. 
J=6 .7 ,2 .6Hz .1H) ,3 .50 (b r s ,1H) ,3 .73 ( s ,3H) .5 .06 (d , J=2 .6H7 .1H) .  
5.90 (hrs. 1 H) ,  7.18-7.36 (m, 5 H ) ;  I3C NMR (CDCI,): 6 = 10 0. 43.6. 52.4. 

CH,CI,); anal. calcd for C,,H,,N20, ( 'YO): C 60.49, H 7.61. N 11.76; found: 
C 60.37, H 7.68, N 11.83. 

N-(tert-Butoxycarbony1amino)ephedrine (22h): Reaction of (1 R,2.S)- 
ephedrine (330 mg) and 4 a  in Et,O for 5 h gave a precipitate of 22 b, which 
was filtered off and w,ashed with Et,O (231 mg, 41 %). The filtrate was 

Cl,): 6 = 2 . 7 6 ( t , J =  4.6 Hr ,4H) ,  3 . 7 6 ( ~ ,  3H), 3.76 ( t . J  = 4.6 Hz.4H).4.21 

66.7, 72.1, 125.6, 126.8, 127.9, 141.3. 157.3; [x]p = -16.5 (c = 0.89. 
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chromatographcd over silica gel (1 5 g, CH,Cl,/pentane 1 : 1) to give a further 
crop of 22b (162 mg, 29%, total yield 70%). Colorless crystals, m.p. 144°C; 
'HNMR(CDCI,):~=~.~~(~,J=~.~HZ,~H),I.~~(S,~H),~.~~(S,~H), 
2.75{qd,J=6.6,2.3Hz,lH),3.91 ( b r s , I H ) , 5 . 0 0 ( d , J = 2 . 3 H z , l H ) , 5 . 6 3  
(brs, 1H),7.16- 7.32(m,5H); '3CNMR(CDCI,):b=10.0,28.2,43.8,67.4, 

anal. calcd for C, ,H,,N,O, (YO): C 64.26, H 8.63, N 9.99; found: C 64.3!, 
H 8.61, N 10.08. 

72.1,80.8, 125.7, 126.7, 127.9, 141.3, 1 5 6 . 1 ; [ ~ ] 2  = -14.2(c=1.3,CH2CI,); 

N(Methoxycarbony1amino)pseudoephedrine (23) : In the same way, reaction 
of (IS,2S)-pseudoephedrine (248 mg) and 2a  afforded 23 (271 mg, 76%) 
after Chromatography over silica gel (15 g, Et,O/CH,Cl,/pentane 2:2: 1 ) .  
Colorless crystals, m.p. 117 'C. 'H NMR (CDCI,): 6 = 0.66 (d, J = 6.4 Hz, 
3H), 2.11 (s, 1 H). 2.62 (s, 3H),  2.71-2.79 (m, 1 H), 3.73 (s, 3H), 4.13 (t. 
J = 9.4 Hz, 1 H), 5.55 (brs, 1 Hj ,  7.20-7.27 (m, 5H); 13C NMR (CDCI,): 
S =7.2,43.7, 52.8, 67.1,75.6, 127.3, 127.8, 128.2, 140.8, 157.3; [a lp  = + 42.5 
(c = 0.7, CCI,); anal. calcd for C1,H,,N,O, (%): C 60.49, H 7.61, N 11.76; 
found: C 60.63, H 7.58, N 11.86. 

Methyl L-N-(Methoxycarbony1amino)prolinate (24): Methyl L-prolinate 
(266 mg; obtained by Et,O cxtraction of a chilled solution of Pro-OMe, HCI 
in I M  K,CO,) wds treated with 2a  for 90min in Et,Oaccording to the 
procedure above. Chromatography over silica gel (17 g, Et,O/hexane 1 : 1 
then E1,O) gave 24 (252 ing, 60%) as a colorless low melting solid, m.p. 
34-C; 'HNMR(CDC1,): S =1.81- 2.00 (m, 3H), 2.22-2.30(m, IH).  3.14- 
3.21 (m, 2H),  3.67 (s, 3H), 3.70 (s, 3H), 3.94 (brs, IH) ,  6.40 (brs, 1 H): 
[a];' = -78.2 (c = 0.7, 95% EtOH); anal. calcd for C8H,,N20, ( Y O ) :  C 
47.52, H 6.98, N 13.85; found: C 47.85, H 5.12, N 13.58. 

L-N-(Methoxycarbony1amino)prolinamide (25): Reaction of L-prolinamide 
(228 mg) with 2 a  in CHCI, for 3 h according to the procedure above, fol- 
lowed by chromatography (17 g silica gel; Et,O/CH,CI, 90:lO) afforded 25 
(222mg, 58%'). Colorless solid, m.p. 187'C; 'HNMR (CDCI,): 6 = 
1.73 2.02(m,3H),2.16-2.31(in,1H),2.59(q,J=8.6Hz,lH),3.27-3.41 
(m, 2H), 3.66 (s, 3H), 5.34 (brs, I H ) ,  5.83 (brs, l H ) ,  7.96 (brs, 1H); 
[XI;' = - 58.7 (c = 0.7, CHC1,); anal. calcd for C,H,,N,O,, 0.25 H,O ( Y O ) :  
C 43.86, H 7.00, N 21.93; found: C 44.08, H 6.83, N 21.88. 

Methyl L-N-(methoxycdrbonylamino)prolyl-L-leucinate (26): Reaction of 
methyl L-prolyl-L-leucinate (484 mg, obtained by Et,O extraction of a chilled 
solution of HCI, Pro-Leu--0Me in 1 M K,CO,) with 2a  in Et,O for 2 h min 
according to the procedure above gave a precipitatc of 26, which was filtered 
off and washed with Et,O (498 mg, 79%). Colorless crystals, m.p. 145'C. 

1.62-1.72 (m, 3H), 1.76-1.89 (m, 3 H ) ,  2.22-2.35 (m, IH) ,  2.67- 2.80 (m. 
lH),3.36-3.43(in,2H),3.66(s,3H),3.69(~,3H),4.46-4.52(m, 1H),5.94 
(hrs, lH),  8.13 (brs, 1 H); 13C NMR (CDCI,): 6 = 21.6, 22.2, 22.8, 24.9, 
28.8, 40.3, 50.5, 51.9, 52.3, 55.9, 68.5, 157.1, 173.0, 173.3; [a];' = - 67.2 
(c = I ,  CH,CI,); anal. calcd for C,,H,,N,O, (YO): C 53.32, H 7.99, N 13.32; 
found: C 53.50, H 7.91, N 13.12. 

'HNMR(CDCI3):6=O.9I  (d, J = ~ . O H Z , ~ H ) , O . ~ ~ ( ~ , J = ~ . ~ H Z , ~ H ) ,  

N-ter~-Butoxycarbonylamino-(S)-2-methoxymethylpyrrolidine (27) : Reaction 
of (S)-2-methoxymelhylpyrrolidine (230 mg) and 4 a  in Et,O for 1 h accord- 
ing to the procedure above. followed by chromatography (22 g silica gel; 
CH,CI,) afforded 27 (359 mg, 78%). Colorless solid, n1.p. 40°C; 'HNMR 
(CDC1,): 6 =1.43 (s, 9H), 1.58-2.10 (m, 5H), 2.78 (m, 1 H), 2.97 (m. I H), 
3.21 ( m , l H ) , 3 . 3 2 ( s , 3 H ) , 3 . 4 5 ( d d , J = 9 . 4 , 5 . O H z ,  lH) ,5 ,54(brs ,  1H);  
"C NMR (CDCI,): S = 21.1, 26.6, 28.2, 55.0, 59.0, 63.8, 75.1, 79.6, 155.0: 
[a];' = - 45.2 (c =I, acetone); anal. calcd for C,  IH,2N,03 (YO). C 57.37, H 
9.63, N 12.16; found: C 57.24, H 9.78, N 12.30. 

N-(Methoxycarhony1amino)cyclohexylamine (28) : The reaction of cyclohexyl- 
amine (0.230 mL) with 2a  in CHC1, for 40 min according to the procedure 
above gave a 85: 15 mixture of 28 and N-(benzylidene)cyclohexylamine 
(S(CHN) = 3.14). Chromatography (16 g silica gel; Et,O/hexane 20:80) af- 
forded 28 (275 m g ,  80%). Colorless crystals, m.p. 63°C (DSC; ref. [59]: 
63.5-64.5"C); 'HNMR (CDC1,): b =1.03-1.33 (m, SH), 1.58-1.83 (m, 
5H), 2.79 (m, l H ) ,  3.50 (brs, I H ) ,  3.70 (s, 3H), 6.16 (hrs, 1 H j .  

N-(Methoxycarbony1amino)aniline (29): The reaction of aniline (0.182 mL) 
with 2 a  in CHCI, for 1 h according to the procedure above gave a 90:lO 
mixture of 29 and N-benzylideneaniline. Recrystallization of this mixture 

from EtOH afforded 29 (249 nig, 75 Yo). Colorlcss crystals, m.p. 116°C 
(DSC; rcf. [60] 115-117'C); ' H N M R  (CDCI,): 6 = 3.74 (s, 3H),  5.71 (s. 
l H ) ,  6.45 (brs. IH) ,  6.79-6.92 (m, 3 H ) ,  7.19-7.27 (ni, 2H). 

Methyl L-N-(methoxycarbony1amino)valinate (30a): Rcaction of methyl 
1.-valinate (262 mg; obtained by Et,O extraction of a chilled solution of 
L-Val-OMc, HC1 in 1 M K,CO,) with 2a  in refluxing CHCI, [or 3 h accord- 
ing to the procedure above gave a 70:30 mixture of 30a and methyl L-N-(ben- 
zylidcnc)valinaie (6(CHs) = 3.64, S(CHMe,) = 2.36). This mixture was 
stirred with 1 M H,SO, ( 5  mL) for 15 min. Thc organic phase was washed with 
water, dried over MgSO, and concentratcd in vacuo. Chroniatography (18 g 
silica gel; Et,O/hexane 30:70) afforded 30a (232 mg. 57%) as an oil. 
' H N M R  (CDCI,): 6 = 0.94 (d, J = 2.6 Hz, 3H),  0.98 (d, .I = 2.6 Hz, 3H) ,  
2.01(m,lH),3.42(t,J=5.6Hz,1H),3.h7(s,3H),3.72(s.3H),4.16(brs, 
l H ) ,  6.38 (s, 1 H); I3C NMR (CDC1,): 6 =18.4, 18.9, 29.8, 51.7, 52.4, 69 2, 
157.4, 173.4; [a]A3 = - 40.8 (c = I ,  95% EtOH); anal. calcd for C,H,,N,O, 
(%): C 47.05, H 7.90, N 13.72; found: C 47.34, H 7.86, N 13.50. 

Mcthyl 1.-N-(tert-botoxycarbony1amino)valinate (30 b): Following thc procc- 
dure above, reaction of methyl L-valinatc (262 mg) with 4a  in Et,O for 48 h 
gave a 55:45 mixture of 30b and methyl ~-N-(4-~yanobenzylidene)valinate. 
Chromatography (twicc; 22 g silica gel; CH,CI,) afforded 30b (21 8 mg. 
44%) as an oil. 'HNMR (CDCI,): 6 = 0.95 (d, J = 4.3 Hz, 3H), 0.99 (d. 
. I =  4.3 Hz, 3H),  1.42 (s, YH), 2.00 (m, 1 H), 3.42 (d. J =  5.3 HL. 1 H). 3.73 
(s, 3H), 4.16 (brs, 1 H),  6.10 (s, 1 H); I3C NMR (CDCI,): 6 = 18.5. 19.0, 28.3, 
30.0, 51.7, 69.4, 80.6, 156.2, 173.6; [a];, = - 37.3 ( c ,  = I .  95% EtOH); anal. 
calcd for CI1H,,N,O, ( O h ) :  C 53.64, H 9.00, N 11.37: found: C 53.98, H 
9.18, N 11.40. 

Methyl L-N-(Methoxycarbony1amino)valyl-L-leucindte (31): Following the  
ahove procedure, reaction of methyl L-valyl-L-leucinate (446 mg; oblaincd by 
Et,O extraction of a chilled solution of Val-Leu-OMe, HCI in 1 M K,C:O,) 
with 2a  in CHCI, for 4 h gave a 50:SO mixture of 31 and methyl I -N-(benzyli- 
dene)valylleucinate (S(CHMe,) = 2.33). This mixture was stirred with I M 
H,SO, ( 5  mL) for 15 min. The organic phase was washed with water, dried 
over MgSO,, and concentrated in vacuo. Chromatography (10 g silica gel; 
CH,Cl,/hexane 30/70) afforded 31 (145 mg, 25 Y O ) .  Colorless crystals, m.p. 

6H),  1.54-1.76 (m,3H), 1.94(m, 3 €I) ,  3.31 ( d , J  = 5.5 H7. 1 H). 3.68 (s, 3 H ) ,  
3.72 (s, 3H) ,  4.26 (d, J = 5.2 Hz, 1 H), 4.61 -4.73 (m, 1 H),  6.78 (brs, I H) ,  
7.11 ( d , J = 9 . 1  H~, IH) ;~~CNMR(CDCI~) :S=18.7 ,19 .0 ,21 .3 ,22 .9 ,25 .0 ,  
29.8, 40.8, 50.0, 52.4, 52.5, 71.2, 157.5, 172.1, 174.3; [XI;' = -110 (c = 0.6, 
CH,CI,); anal. cdcd for C,,H,,N,05.0.5H,0 ( Y O ) :  C 51.52, H 8.65, N 
12.87; found: C 51.37, H 8.31, N 12.68. 

94°C; 'H NMR (CDCI,): 6 = 0.93 (d, .I = 5.8 Hz. 6H) ,  1.01 (d. J = 6.8 HL, 

Methyl L-N-(tert-Butoxycarbony1amino)alaninate (32) : Following the above 
procedure, reaction of methyl 1.-alaninate (121 mg; obtained by Et,O extrac- 
tion of a chilled solution of Ala-OMe, HCI in 1 M K2C0,)  with 4a  (300 mg) 
in CHCI, for 4 h afforded a 70:30 mixture of 32 and i.-N-(beniyli- 
dcne)alanine methyl ester (6(CH=N) = 8.22). Chroinatography (18 g silica 
gel; Et,O/hcxane 10:90)gavc32(171 mg,67%)asanoil. 'HNMR (CDCI,): 
6 =1.28 (d, J = 7 . 1  Hz, l H ) ,  1.41 (s. 9H). 3.68 (m. l H ) ,  3.70 (s, 3H). 4.12 
(brs,IH),6.26(brs,lH);''CNMR(CDCI,):S =15.8,28.1.51.8,58.2,80.3, 
156.3, 174.0; [r]? = - 44.7 (c = 1 ,  CHCI,; ref. [61] +53.4 for the D isoinei-). 

N-(Methoxycarbony1amino)imidazole (33): According to the above proce- 
dure. reaction of imidazole ( 1  36 mg) with 2a  in CH,CI, for 24 h gavc a 
precipitate which was filtered and washed with CH,Cl2 to afford 33 (215 mg. 
76%). Colorless crystals, m.p. 149'C; 'HNMR (CDCI,): S = 3.78 (s, 3H).  
6.95 (m. 2H),  7.44 (s, 1 H), 9.00 (brs, 1H);  "C NMR (CDCI,): 6 = 53.3. 
121.7, 127.6, 136.6, 156.7; anal. calcd for C,H,N,O, (%): C 42.55. H 5.00, 
N 29.77; found: C 42.85, H 5.13, N 29.48. 

General procedure for the amination of aminoacids by N-Moc oxaziridine (2 a): 
A solution containing 2 mniol of benzyltrimetliylammoniui~i hydroxide 
(BnMe,N 'OH -) or tetrabntylammonium hydroxide (Bu,N+OH-) in 
McOH was added to a suspension of amino acid 35 (2 mtnol) i n  McOH 
(1 mL), and the resulting mixture was stirred for 30 min. The solvent was 
evaporated in vacuo and replaced by CHCI, (2 mL). To the resulting solution 
of salt 35a cooled to - 15 -C was slowly added a solution of 2 a  (2.1 mmol) 
in CHCI, (2 mL). After the mixturc had been stirred for 1 h at - 15 -C, it was 
extracted by water (4 x 5 mL). Thc aqueous phase containing salt 36 was 
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:~llowed to percolate through a column of Dowex 50WX2-H+ (10 mcquiv). 
Unless otherwise stated, the resin was cluted with pure water. and the cluate 
was free/e-dried to afford the NB-Moc hydrazino acid 37 in essentially pure 
fonn. When the resin was cluted with a mixture of water and an organic 
,wl\ent. the eluate was evaporated to dryness to givc the desired 37. 

r.-~~'-(1Clethoxycarbonylamino)proline (37 a): Following the ahove procedure, 
[,-proline (230 mg, 2 mmol) wa5 treated with a solution of BnMe,N'OH 
1 2 . 1 5 ~  in MeOH. 0.93 mL), then with 2a. to givc 37a (320 mg, 85%). Color- 
less solid, m.p. 76°C; ' H N M R  (CDCI,): 4 = 1.80 - 1.93 (ni, 2 H ) ,  2.14 2.32 
(m,2H).2.28(q..I=8.7Hz,lH),3.44(ddd,J=9.0,6.3,2.6Hz,lH),3.59 
(dd,J=10.1.4.2Hz,  IH),3.74(s,3H),6.16(brs,1H);'~CNMR(CI~CI,,): 
d = 23. 2. 29 1. 53.1. 56.3, 67.8, 157.8. 174.4: [XI;' = - 61.8 (c = 0.5, 95% 
EtOH); anal. calcd for C,H,,N,O, (%): C 44.68. H 6.43, N 14.89; found: 
C 44.86. H 6 46. N 14.57. 

1.-N-(Methoxycarbonylamino)prolyl-L-leucine (37c): L-Prolyl-L-leucine 
(457 mg. 2mmol) was trcatcd with a solution of BnMc,iN+OH- (2.15~1 in 

MeOH. 0.93 mL), then with 2a as described above. 4fter percolation 
through a Dowex-II resin the aqueous cluate was acidificd to pH 2 by solid 
KHSO,. The precipitatc was filtered and washed with water to afford 37c 
(434 nig, 72%). which was recrystallized from EtOH (361 mg, 60%). Color- 
less solid, 1n.p. 209 C; 'H NMR (CDCI,): 6 = 0.91 (d, J = 5.2 Hz. 3 H), 0.97 
(d. J = 5.2 Hz. 3H).  1.73-1.84 (m- 6 H ) ,  2.26-2.33 (m. 1 H), 2.67-2.79 (m. 
1 H).  3.37 -3.46 (in. 2H) ,  3.68 (s. 3H),  4.42 (m, 1 H), 6.12 (brs,  1 H), 8.48 
(hrs,  1 H); I3C NMR (CD,OII): IS = 21.7. 23.3. 23.4, 26.3, 29.9, 41.2, 52.0, 

anal. calcd for Ci31123N.i05 (S6): C 51.82. H 7.69, N 13.94; found: C 51.75, 
H 7.82. N 13.90. 

52.9. 56.6, 69.4, 159.8. 167.8, 175.5, 176.3; [X]P = - 53 ( C  = 1. 95%' EtOH): 

L-iY-(Methoxycarbonylamino)valine (37d): In  the same way, ~-valiiie (234 mg, 
2 mmol) was trcatcd with a solution of BnMe,N'OH- ( 2 . 1 5 ~  in MeOH 
0.93 mL), then with 2a, to  give 37d (267 mg. 70%).  Colorless solid, m.p. 
89 C;  ' H N M R  (CDCI,): 6 =1.00 (d, J =  5 Hz, 3H),  1.03 (d, J = 5 Hz. 
3H) .  2.09 (m. 1 H), 3.44 (ni, 1 H), 3.72 (s, 3H) ,  7.60 (brs, 1 H): 13C NMli  

95% EtOH); anal. calcd. for C,H,,N,O, (YO):  C 44.20, H 7.42, N 14.73; 
found: C 44.35. H 7.43. N 14.43. 

(CDCI,): i S  =18.4, 18.8, 29.6, 52.8, 69.3, 158.2, 176.4; [a];' = - 36.5 (C = I ,  

iv-(Methoxycarbony1aniino)glycine (37e): By the above procedure, glycine 
( 1 %  mg, 2.1 mmol) was treated with a solution of Bu,N+OH (0.8~ in 
MeOH, 2.6mL), then with 2a to give 37e (246nig. 70"%) as a colorless 
hygroscopic solid. 'HNMR (CDCI,): 6 = 3.68 (s. 2H) ,  3.72 (s. 3H).  6.38 
( h r x  3H)  A solution of'37e (246 mg) i n  EtOH (1  mL) was ircatcd with 
dicyclohcxylainine (DCH, 320 pl, 1.61 mmol) and filtered to afford 430mg 
(80%) of 37e, DCH salt. Colorless solid, decomp. 156 'C: ' H N M R  
(CDCI,): 6 = l . l 9  2.01 (m, 20H), 2.95 (m, 2H). 3.37 (s. 2H) ,  3.68 (s, 3H) ,  
7.15 (brs. 1 H); "C NMR (CDCI,<): 6 = 24.7, 25.0, 29.3, 52.8, 55.8, 157.4, 
175.9: anal. cdcd for CI6H,,N,O;0.25H2O ( 'YO):  C 57.55, H 9.51, N 12.58; 
found: C 57.52, H 9.52, N 12.69. 

u-ili-(Methoxycarbonylamino)phenylglycine (37f): By the above procedure. 
treatment of u-phenylglycine (302 mg, 2 mmol) with a solution of  
Bu,N 'OH (0.8M in MeOH, 2.5 inL) then with Za afforded 37f (381 mg, 
85%) as a colorless hygroscopic solid after clutioii of the resin with watcr,' 
El011 (1 1.3). ' H N M R  (CDCI,): 8 = 3.68 (s, 3H). 4.79 (s, 1 H) ,  7.00 (brs. 
I H) .  7.33 ( ~ n .  5H):  I3C NMR (CDCI,): b =  52.8, 66.9, 128.2. 128.9, 129.0. 
134.3. 157.9. 174.5. A holution of 37f in EtOH ( 1  niL) was trcated by dicyclo- 
hexylamine (340 pL. 1.71 mmol). affording 37f, DCH salt (608 mg, 88%).  
('olorless solid. dccomp. 142 'C; ' H N M R  (CDCI,): (5 = 1.06-1.27 (m, 
IOH). 1.58-1.85 (m, IOH) ,  2.73 (m, 2H),  3.64 (s. 3H) .  4.39 (s. 1 H), 6.56 
(hrs.  1 H ) , ? . l 7  7.39(m, 5 H ) ;  '.iCNMR(CDCI,): 6 = 24.5,24.6,24.8, 28.7, 

( I ,  =I, CHCI,), anal. calcd for C,,H,,N,O, (%): C 65.26, H 8.70, N 10.36: 
found: C 65.01. kI 8.65, N 10.06. 

28.8, 52.0. 52.3, 69.8, 127.2, 127.9, 128.2. 138.9, 157.3, 174.9: [NIP = - 60.8 

uI.-N-(Methoxycarbony1arnino)phenylglycine (37g): Similarly, uL-phenyl- 
glycine (302 mg. 2 mmol) afforded 37g, DCH salt (634 mg, 75%).  Colorlcss 
solid. dccomp. 133 C ;  NMR identical to that of 37f. DCH salt; anal. calcd 
for C,2H,,N,30, ( 'YO):  C 65.16, H 8.70, N 10.36; found: C 65.33, H 8.64. N 
10.38. 

1.-N-(Methoxycarbony1amino)phenylalanine (37 h): By the above proced tire, 
treatment of 1.-phenylalaninc (330 mg. 2 mmol) with a solution of 
BnMc,N+OH- (2.15M in MeOH, 0.93 mL), then with 2a, and clution of the 
resin with watcr,'MeOH (1:4). afforded 37h (372mg. 78%) as a colorless 
solid, which was recrystallized from THF (60%); m.p. 146 C. ' H N M R  
(CDCI,): 6 = 2.87(dd, J =14.1,8 9 Hz, 1 H). 3.18 (dd , J  =14.1.4.3 Hz. 1 H). 
3.63 (s, 3H),  3.85 (dd. J = 8.9, 4.3 Hz, 1 H) ,  6.68 (brs. 1 H). 7.20 (m. 5H) :  
I3C NMR (CD,OD): 6 = 37.7. 52.8, 65.6. 127.7, 129.4, 130.3. 138.3. 159.9, 
175.9; [ a ] F  = - 5.6 (c =1. MeOH): anal. calcd for C,,H,,N20,.0.25H,0 
( I % ) :  C 54.43, H 6.02, N 11.54; found: C 54.54, H 6.00, N 11.56. 

1.-0-Benzyl-N-(methoxycarhnny1arnino)tyrosine (37i): L-0-benzyltyrosine 
(542 in&, 2 mmol) was treated with a solution ofBu,N+OH (0.8~ in MeOH. 
2.5 mL), then with 2a as  de5cribed above. The reaction mixturc was concen- 
tratcd, then diluted with water (100 niL). The aqueous phasc was extracted 
with Et,O (10 mL) and then left to percolate through Dowex-H+ resin with 
EtOH,'CH,CI, (1 :2) as the eluant. After concentration the resulting solid was 
washed with Et,O (2 x 2 mL) to give 37i (462 mg, 67%).  Colorless solld, 

'H  NMR ([DJDMSO): 6 = 2.77 (d, .I = 5.7 Hz, 2H).  3.53 
(s. 3H),  3.63(t, J = 5.7 Hz. I H ) ,  5 . 0 4 ( ~ , 2 H ) ,  6.88 ( d , J =  8.2 HL. 2H) ,  7.14 
(d. J = 8.2 H7, 2H).  7.37 (m, 5H): 13C NMR ([DJDMSO): ci = 35.1, 51.5. 
63.9. 69.1. 114.3. 127.6, 127.7, 128.4. 129.6, 130.3, 137.2, 156.9, 157.4. 173.3: 
[a]:" = + 16.1 (c =1, DMSO); anal. calcd for CI8H,,,N,O5 (%): C 62.78, H 
5.85. N 8.13; found: C 62.84, H 5.82, N 8.11. 

L-N-(Methoxycarbony1amino)serine (37j): As above. L-serine (210 nip. 
2 nitnol) was treated with a solution of Bu,N+OH- (0.8~ in MeOH, 2.5 mL) 
to give 37j (353 mg, 99%) as a colorless hygroscopic solid. 'H NMR (D,O): 
IS = 3.57 (s, 3H).  3.63 (m. 1 H), 3.75 (m, 211); 13C NMIl (L),O): 6 = 52.7, 
59.6. 64.1, 158.9. 173.7. A solution of 37j (353 mg) in EtOH (3 mL)  was 
trcated with dicyclohexylainine (0.4 niL, 2 mmol), to give 37j, DCH salt 
(345 mg, 48'%), as a colorless solid, deconip. 160'C. ' H N M R  (D,O): 
6 =1.17 (m, IOH), 1.51-1.91 (m. 10H). 3.11 (m, 2 H ) ,  3.30 (t. .I= 5.0Hz. 
1 H). 3.56 (s, 3H).  3.60-3.72 (m, 2H); l 3 C  NMR (CDCI,): 6 = 24.6, 25.0. 
29.3. 52.3. 52.8. 61.2, 65.6. 158.1, 175.9; ['x]? = - 21.2 (c = 1. MeOH): anal. 
calcd for C,,H,,N,O, (%I): C 56.80, H 9.25, N 11.69; found: C 56.61. 
H 9.37, N 11.53. 

L-N-(Methoxycarbony1amino)histidine (37 k): Following the above procedure. 
treatment ofi.-histidine (310 mg. 2 mmol) with a solution of RiiMe,N'OH ~ 

( 2 . 1 5 ~  in MeOH, 0.93 mL), then with 2a. afforded 37k (305 mg, 67%) after 
elution of the resin with aqueous NH, (1 M ) ,  freere-drying and washing of the 
yellow solid by a 1.10 mixture of DMSO and acetone; colorless solid, 
decoiiip. 210 'C. ' H N M R  (D,O): 6 = 2.91 (d, J =  5.8 Hz. 2H). 3.51 (t. 
J = 5 . 8 H z , l H ) , 3 . 5 6 ( ~ , 3 H ) , 7 . 2 2 ( s , l H ) , X . 4 3 ( s , l H ) ;  ' 3 C N M R ( D 2 0 ) :  
6 = 24.9, 52.5, 63.9. 116.2, 130.0, 132.5, 159.6, 177.4: [XI? = +7.5 ( c  =1. 
water): HRMS (FAB+). calcd for C,H,,N,O, + H: 229.0936. found: 
229.0920. 

rAV-(Methoxycarbonylarnino)tryptophan (371): As above. L-tryptophan 
(408 ni&, 2 mmol) was treated with a solution of Bu,N'OH (0.8~ in 
MeOH. 2.5 mL), then with 2a. After percolation through a Dowex-H+ resin 
and freeze-drying, the yellow solid was washed twice with CHCI, to give 371 
(305 nig,55%)asacolorlesssolid,m.p. 157 'C  ' H N M R ( D M S 0 ) : J  = 2.97 
( d . J  = 6.3 Hz ,2H) .3 .53 (~ ,  3H). 3 . 7 8 ( t , J =  6.3 Hz, 1 H). 7.01 (in, 2H),7.21 
(d, J = 2.0 HZ. 1 H). 7.32 (d, J =7.7 Hz, 1 H) ,  7.51 (d, J = 7.7 Hz. 1 H) .  8.55 
(brs,  1 H), 10.81 (brs, 1 H); I3C NMR (CD,OD): S = 27.6, 52.7. 64.8. 110.6, 
112.2. 119.3, 119.7, 122.3, 124.6, 128.7, 138.0. 159.7, 176.4: [TI;' = -16.4 
(( = I ,  95% EtOH); anal. calcd for C13HlSN30,  (%):  C 56.31. H 5.45. 
N 15.15; found: C 56.34, H 5.58. N 15.16. 

~~-N-~-Benzyloxycarbonyl-~-a-(methoxycarhonylainino)lys~ne (37m): L-"G 
benzyloxycarbonyl lysine (560 tng, 2 mmol) was treated with a solution of 
Bu,N'OH (0.8M in MeOH, 2.5 m L ) ,  then with 2 a  as described above. The 
reaction mixture was concentrated, then dilutcd with water (60 mL) .  Thc 
aqueous phase was extracted with F.t,O ( 5  mL) and allowed to percolate 
through a Dowex-11' resin with EtOH!water 5 : l  as thc eluant. The eluaie 
was evaporated and thc rcsulting solid was washed with Et,O (2 x 5 inL) to 
give 371x1 (460 mg, 65%).  Colorless solid, m.p. 93 " C ;  'H NMR ([DJDMSO) 
(350K):6=1.35--1.61 (m.6H).3.01 ( m , 2 H ) , 3 . 3 9 ( t , J = 6 . 0 H z , l H ) , 1 . 5 7  
(~,3H).5.02(s,2H),6.81(bl-s,lH),7.31(m.5H).8.15(brs,2H):'~CNMR 
([DJDMSO): J = 22.3, 29.4, 29.9, 40.2, 51.5, 62.3. 65.2, 127.8. 128.4. 
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137.3. 156.1, 157.5, 174.3; [ a l p  = - 5.5 (c =1, MeOH); anal. calcd for 
C,,H,,N,O, ( ( X I ) :  C 54.38. H 6 56. N 11.89; found: C 54.65, H 6.64, N 11.87. 

L-N-(Methoxycarhonylamino)tyrosine (37i'): A suspension of 37i (203 mg, 
0.59 mmol) and 5 %  PdiC (50 nig) in i i  1 :2 mixture of EtOHCH,CI, was 
hydrogenated at atmospheric pressure for 3 h. After filtration (Celite) and 
evaporation in vacuo, 37i' (145 mg, 97%) was obtained as a colorless solid 
which slowly darkcncd in air, m.p. 170 "C. ' H N M R  (CD,OD): 6 = 2.88 (111, 
2H) ,  3.63 (s. 3 H). 3.75 (t, J = 6.8 Hz, 1 H),  6.69 (d, J = 8.5 Hz. 2 H), 7.07 
(d, J = 8.5 Hz, 2H) ;  I3C NMR (CD,OD): 6 = 36.9, 52.7, 65.8, 116.2, 128.8, 
132.3, 157.3, 159.9, 176.0; [ a l p  = - 8.1 (c = 1 ,  MeOH); anal. calcd for 
C,,H,,N,Os('l/o):C51.97,H5.S5,N11.02;found:C52.24,H5.25,N 10.94. 

L-N-(Methoxycarhonylarnino)lysine (37m'): A suspcnsion of 37m (199 mg. 
0.56 mmol) and 5 %  Pd/C (50 mg) in a 1j2 mixture of EtOH/CH,CI, was 
hydrogenated at atmospheric pressure for 3 h. to give 37m' (106 mg, 85%).  
Colorless solid, m.p. 210 C ;  ' H N M R  (D,O): 6 =1.31-1.60 (m, 6H) .  2.88 
(t, J =7.1 Hz, 2H),  3.21 (t. .I = 6.1 Hr ,  1 H),  3.56 (s. 3H);  ',C NMR 
(CD,OD): 6 = 23.5, 28.1, 31.0, 40.3, 52.7, 66.5, 159.8, 180.4; [a]$5 = - 37.5 
(c = I .  MeOH); anal. calcd for C,HI,N,O;0.25H,O (%): C 42.85, H 7.88, 
N 18.78; found: C 42.98, H 7.71, N 18.44. 

General procedure for the amination of aminoacids by N-Boc-3-(4-cyano- 
pheny1)oxaziridine (4a): A suspension of the required amino acid (2 mmol) in 
MeOH (1 mL) was treated with a solution of BnMe,N+OH- or Bu,N+OH- 
in MeOH (2 minol) for 30 min. MeOH was evaporated in vacuo and replaced 
by CHCI, (2mL) .  To the resulting solution, cooled to -3O"C, was slowly 
added oxaairidine 4a  (2.1 mmol) in CHCI, (2 mL). The reaction mixture was 
stirred for 1 h at - 30 "C and was then evaporated in vacuo. Water (8 mL) was 
added, and the precipitate of 4-cyanobenzaldehydc was filtcrcd off. The basic 
aqueous phase was extracted with Et,O (4 mL) and then acidified to pH 3 
with solid KHSO,. The desired N-Boc hydriuino acid 37 was isolated by 
filtration andlor by extraction of the aqueous phase with ethyl acetatc or 
CH,C12 (3 x 5 mL). 

L-N-(trrt-t3utoxycarbonylamino)proline (37 b): As described above, 1.-proline 
(575 mg, 5 mmol) was treated with a solution of BnMe,N+OH- ( 2 . 1 5 ~  in 
McOH, 2.32 mL), then with 4a ,  to give 37b (1.09 g. 95%).  Colorless solid, 
m.p. 128-C (ref. [62] 124-126 ~C) ;  ' H N M R  (CDCI,): 6 =1.41 (s, 9H) ,  
1.84-1.72 (m, 2H) ,  2 .32~2 .03  (m, 2H) ,  2.88-2.75 (m. 1H) .  3.56 (dd, 
J = 4.1, 10.1 HL, 1 H), 6.36 (brs, 1 H); "C NMR (CDCI,): d = 23.3, 28.1, 
29.0. 56.1, 67.9, 81.9, 156.9. 175.1; [a];s = -41.2 ( ( . = I ,  95% EtOH). 

1.-N-(tcrt-Butoxycarbony1amino)phenylalanine (370): Similarly, L-phenylala- 
nine (330 mg, 2 mmol) treated with a solution of BnMe,N+OH- ( 2 . 1 5 ~  in 
MeOH, 0.93 mL), then with 4a, affordcd 370 (200 mg, 36%) after recrystal- 
lization from EtOH. Colorless solid, m.p. 185 'C (ref. [63] 185-186'C); 
' H N M R ( D M S 0 ) :  6 =1.36(s ,9H),2.83 (d, J = 6.1 H7,2H),3,32(m,2H),  
3.67 (t, J =  6.1 Hz, 1 H), 7.23 (m, 5H);  I3C NMR (DMSO): 6 = 28.1. 36.0, 
63.6,78.6, 126.2, 128.0, 129.3, 137.7, 156.9,171.5; [a]$' = + 20(c = I ,  DMF)  
(ref. [63] [a]? = + 21 (c = 1, D M F ) .  

L-N-(fevt-Butoxycarhony1amino)alanine (37 n): L-Alanine (445 mg, 5 mmol) 
was treated with a solution of BnMe,N+OH- ( 2 . 1 5 ~  in MeOH, 2.32niL), 
thcn with 4a .  After evaporation of the solvent and addition of watcr, the 
aqueous phasc was acidified by stirring for 2 h in the prcsence of a weakly 
acidic ion exchangc resin (Duolite C470, 20 mequiv); then it was allowed to 
percolate through a column tilled with the same resin (11 mequiv). After 
clution with water and freeze-drying, pure 3711 (510 nig, 50%) was obtained. 
A further washing of thc resin by  MeOH afforded a 50:50 mixture o f  oxazo- 
lidinonc 3911 and 3711 (227 nig). Compound 37n is a colorless solid, m.p. 

(4. J =  6.7 Hz, l H ) ,  6.86 (brs, I H ) ,  8.0 (brs, 2H): I3C NMR (CDCI,): 
d =15.6, 28.2, 58.3, 81.7, 156.9, 176.8; [a]:,5 = - 20.4ic =1, MeOH); anal. 
calcd for C8H,,N20, ( 'YO) :  C 47.05, H 7.90, N 13.72; found: C 47.19, H 7.80. 
N 13.67. 

105-C, ' H N M R  (CDCI,): 6 = 1.35 (d, J = 7  Ha, 3H), 1.43 (s, 9H),  3.73 

A sample of 3-(tert-Butoxycarhonylamino)-2-(4-cyanophenyl)-4-methyl-1,3- 
oxazolidin-5-one (3911) was obtained by recrystallization of the above 37nj3Y n 
mixture from iPr,O. Colorless solid, decomp. 142' C ;  inixturc of two 
diastereomers. ' H N M R ( D M S 0 ) : d  = 2.29(ni, 12H),3.97(m, 1H),5.96(m, 
1 H) ,  7.76 (d, J =7.9 Hz, 2H),  7.92 (d, J =7.9 Hz, 2 H ) ,  8.71 (brs, 1 H); 13C 

NMR (DMSO): 6 = major diastereomer 14.4, 27.8. 57.4. 79.5. 91.5. 112.7. 
118.4, 129.1, 132.4, 240.1, 154.6, 172.1; minor diastereomer 16.0. 28.1, 57.4. 
78.6, 91.5, 116.2. 117.8, 129.8, 133.1, 138.6, 156.3, 174.5; IR:  2230. 1820, 
1720cm- ' ;  [%]is = - 89.3 (c =I. CH,CI,); anal. calcd for C,,H,,N,O, 
(%): C 60.56, H 6.03, N 13.24; found: C 60.43, H 6.18. N 13 26. 

1.-N-(tcrt-Butoxycarbonylamino)valine (37p): i~-ViiIinc (140 mg. 1.2 ininol) 
was treatcd with a solution of BnMe,Ni OH ~ (2.1 5 M in MeOH, 0.50 mL). 
then with 4 a  as described above. The resulting solution w a s  treated by ii 

sodium i o n  exchangc resin (Dowex 50x2-Na ', 5 mequiv). Altcr filti-ation 
and water washing of the resin, the organic phasc was cxtractcd with water 
( 2  x 3 mL). The combined aqueous phases wci-c iiciciificd t o  p l l  3 with solid 
KHSO, and extracted by AcOEt to afford a mixture of37p  and oxanolidi- 
none 39p (183 mg). Recrystallization from iP r20  yielded pure 37p (54ing. 
21 YO). Colorless solid, m.p. 90.C;  ' H  NMR (CDCI,): (5  = 0.99 (d.  
J=9.1H~,3H),1.03(d,J=9.1Hz,3H).2.09(m.lH).3.42(1ii.lHj,6.49 
(brs,1H),7.01(brs,2H);"~NMR~CDC1,):~~=18.3,19.0.2X3.30.9.69.4, 
81.4, 156.9. 176.3; [a]:' = -12.6 ( c  = 0.7. CkI,CIz); anal. calcd for 
C,,H,,N,O, (Yo):  C 51.71, H 8.68, N 12.06: found: C 51.72. H 8.64. N 1 1 .Xh. 

L-N-Benzyl-N-(tert-hutoxycarhon~lamino)alaninc (37 4): A suspension of I,-N- 
benzylalanine["' (1.43 g, 8 inmol) in MeOH (3 mL) was treated with a solu- 
tion of Et,N'OH in MeOH (8 ~nmol) for 30 min. MeOH was evaporated 
in vacuo and replnccd by CH2CI, (25 mL). Oxa;.iridinc 4a  (8.1 nimol) in 
CH,CI, (8 mL) was slowly added to thc resulting solution cooled to 0 C. The 
reaction mixture was stirred for 18 h at 4 ' C  and was then eviipoixtcd i n  
vacuo. Water (100 mL) was added, and the precipitate of 4-cyanobenzaldc- 
hyde was filtered off. The basic aqueous phase was extractcd with Et,O 
(4 x 8 niL) and then acidified to pH 3 with solid KHSO,. After c x t ~ i c t i ~ n  by 
Et,O (3 x 30 mL). drying over Na,SO, a n d  evaporation. 37q (2.09 F. 88'%,) 
was obtained. Hygroscopic colorless solid, m.p. I17 .C ;  ' H  NMK (CDCI,): 
6 = 1.32 (s, 9H) .  1.3X (d, J = 7  Hz, 3H) ,  3.64 (9. J = 7  HZ. 1 H) .  3.95 (s ,  3H). 
7.24-7.37 (m, SH). 10.21 (brs, 1 H) .  A solution of 379 (0.261 mg) i i i  E t 2 0  
(2 mL) was treated with dicyclohcxylamine (220 pL, 1 .O mrnol), affording 
365 nig (88%) of37q, DCH salt. Colorless solid, decomp. 170 'C ;  'H NMR 
(CDCI,):6 =1.22-1.67(m,24H), 1.79(m,4H),2.02(m,4H),2.93(m.2H), 
3.38 (q, J = 7 H z ,  l H ) ,  4.01 (q, 2H). 7.23-7.39 (m. 5H): [ x ] ~ , ' =  +43.7  
(c =1.3, MeOH); anal. calcd for C,,H,,N,04.0.25H,0 (%j: C 67.54. 
H 9.55, N 8.75; found: C 67.30, H9.52. N 8.67. 

1.-N-Benzyl-N-(tcrt-hutoxycarhonylamino)valine (37 r) : Similarly I.-N-hcn/yl- 
valine (207 mg, 1 mmol) afforded 37r (220 mg. 68%).  Colorless solid, dc- 
conip. 117 c', ' H N M R  (CDCI,): 6 = 0.96 (d. J = 7  Hz, 3fI). 1.08 (d. 
J = 7 H z ,  3H),  1.36 (s, YH), 2.09 (m, 1 H ) .  3.11 (brs. l H ) ,  3.91 (in. 2H).  
7.24 7.37 (in, SH), 10.21 (brs, 1 H); [%IF = + 25.6 (c =I.? .  McOH): anal. 
calcd for C,,H,,N,O, ( (YO):  C 63.33. H 8.13. N X.69; found: C 63.23, H 8.10. 
N 8.70. 

Determination of the enantiomeric excess of u-N-(methoxycarbony1amino)- 
phenylglycine (37f): A solution of crude 37f or 37g (252 mg, 1.12 minol) in  
dry D M F  (2 mL) was treated at 0°C with the salt of N-hydroxysuccinimide 
and (S)-( -)-a-methylbenzylamine (266 mg) and with dicycloliexylcarhodi- 
imide (234 mg). After 1 h at 0 'C  and 18 h at room tcmperaturc. thc whitc 
precipitate was filtered off and washcd i n  ethyl acetate. The liltratc was 
concentrated in vacuo. diluted by ethyl acetate. washcd successively with 
aqueous citric acid and water, dried over MgSO,, and concentrated in vacuo 
to afford 40 (348 mg) as a colorless viscous oil. which w a s  aualyrcd by 
'H NMIi  (CDCI,). (S)-1-phenylethyl-(R)-phenylglycinamide: (5 = 1.46 (d. 
J=6.9Hz.3H),3.70(s,3H).4.26(brs,1H),4.55(s,IH),5.13(in,1H), 
6.34 (brs, 1 H), 7.23-7.34 (m. 11 H) ;  (S)-I-phenylcthyl-(S)-phenylglycin- 
amide: 6=1 .49  (d, J = 6 H z ,  3H). 3.62 (s. 3H) .  4.26 (brs. I H ) ,  4.55 
(s, 1 H), 5.13 (m, 1 H) ,  6.26 (brs. 1 H ) ,  7.23-7.34 (111, I I H) .  

General procedure for the amination of carbanions by N-Boc-3-(4-cyano- 
pheny1)oxaziridine (411): A solution of the carbonyl compound (2 mmol) in  
THI; (3mL)  was added dropwisc at -78 C to a solution o f  LiHMDS 
(2 mmol)inTHF(1.5mL).Thciiiixturewasstirredat -78 'Cfoi-30minnnd 
then treatcd with 4 a  (495 mg, 2 mmol) in T H F  (2 mL) for a further 30 min. 
Lhen quenched by saturated aqueous ammonium sulfate ( 5  mL). The aqueous 
phase was extractcd with Et,O (3 x 5 mL). The Et,O phase was washed with 
brine, dried over Na,SO, , conccntrated and flash-chromntogaphed over sil- 
ica gel to give the amination product (42, 44, 45). 
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teut-Butyl 1-methyl-2-0x0-2-phenylethylcarhamate (42): By the above procc- 
dure. after flash chromatography over silica gel (40 g; Et,O/hcxane 10:90 
then Et,Olhexane S0:50), propiophenone (248 mg, 2 mmol) afforded 42 
11 83 mg. 36%) and 43 as a mixture of diastereomers identical to an authentic 
sample preparedL65' from 4-cyanobenzaldehyde and propiophenone ( 1  32 nig, 
25%). Compound 42 is a colorless solid, m.p. 81 -C. ' H N M R  (CDCI,): 
6 = 1 . 3 8  (d. J = 7 . 0 H z .  3H). 1.44(s,  9H), 5.27 (m, I H ) ,  5.51 (brs,  I H ) ,  
7.43-7.62 (m, 3H). 7.93-7.97 (m. 2H); ',C NMR (CDCI,): B = 19.9, 28.3, 
51.1. 79.7, 128.6, 128.8, 133.7, 134.2, 155.1, 199.4; anal. calcd for 
C,,H,gNO,.0.25HZO(%):C66.25,H7.74,N5.52;found:C66.57,H7.57, 
N 5.68. 

tevt-Butyl N-teut-butoxycarhonylglycinate (45): By the above procedure, f e r f -  
butyl acetate (232 mg, 2 mmol) and LiHMDS (2 mmol) afforded 45 (156 mg, 
35%) after flash chromatography over silica gel (28 g; Et,O/hexane 10:90). 
Cblorless solid, m.p. 48 "C (ref. [66] 64 " C ) ;  ' H  N M R  (CDCI,): 6 = 1.42 
(s. 9H) ,  1.44 (s, 9H),  3.77 (d, , I=  5.2 Hz, 2H),  4.94 (brs, IH); I3C NMR 
(CDCI,): d = 25.0. 28.3, 43.1, 79.7, 81.9, 155.7. 169.7. 

3-(2-tcvt-Butoxycarbonylamino-l-oxo-3-phenylpropyl)-l,3-oxazolidin-2-one 
(44): By the above procedure 3-(l-oxo-3-phenylpropyl)-l ,?-oxazolidin-2-one 
(438 mg. 2 mmol) in T H F  (20 mL) gave 44 (221 mg, 33%) aftcr flash chro- 
matography over silica gel (37 g; Et,O/hexane 30:70). Colorless solid, m.p. 
239°C; ' H N M R  (CDC1,): 6 =1.33 (s. 9H), 2.76 (dd, J=13 .5 ,  5 Hz, 1 H),  
3.1 7 (dd, J = 13.5,4.3 Hz, 1 H), 3.85-4.11 (m. ZH), 4.30-4.45 (m, 2 H), 5.03 
(d, J = 5 Hz, 1 H),  5.67 (ddd, J = 8.7, 5.0, 4.3 Hz, I H) ,  7.17 7.32 (m, 5 H ) ;  
'3CNMR(CDCI,):6 = 28.2,36.5,42.5,53.8,79.9,126.9,128.5,129.4, 135.9, 
152.8, 155.1. 172.7; anal. cdlcd for CiiH,,N,0, .0.25H,0 (%): C 60.25, 
H 6.69, N 8.27; found: C 60.29, H 6.54, N 8.39. 

Reaction o f  triethylamine with 2 a: triethylammoniomethoxycarhonylamidate 
(34): A solution of 2a (941 mg, 5.26 mmol) in CH,CI, (8 mL) under argon 
was trcated at  -78 'C with 0.732 mL (5.26 mmol) of triethylamine. After the 
mixture had been stirrcd at - 78 ' C for 12 h it was conccntrated in vucuo and 
chroma[ographed ovcr silica gel (30g, MeOH/CH,CI, 2:98) to give 34 
(280 mg, 30%) and triethylaminoxyde (identical to an authentic  ample'^'') 
(373 mg, 69%). Compound 34 is an oil; ' H N M R  (CDCI,): 6 =1.16 
(1. J = 7 . 2 H z ,  YH). 3.47 (s, 3H) ,  3.48 (q, J=7.2Hz,  6H); l3C NMR 
(CDCI,): 6 = 8.0,50.85,53.9, 162.3: IR (CCI,): 1634 em- ' ;  HRMS (FAB'), 
calcd for C,HIBN,O, + H: 175.1446, found: 175.1437. 

Reaction of thioanisole with 2 a: S-methyl-N-methoxycarhonyl-S-phenylsulfil- 
imine (49): A solution of 2a  (537 mg. 3 mmol) in acetonitrile (6 mL) under 
argon was treated at  --40"C by thioanisole (0.352 mL, 3 mmol). After the 
mixturc was stirred at -40':C for 1 h it was concenti-ated in vacua and 
chromatographed over silica gel (40 g, MeOH/CH,CI, 2:98) to give 
incthylphenylsulfoxide (109 mg, 26%) and 49 (296 mg. 50%) (oil); ' H N M R  
(CDCI,): ri = 2.79 (s. 3H).  3.65 (s, 3H), 7.49-7.54 (m, 3H).  7.73-7.78 (m, 
2H);L3CNMR(CDCI,):6=36.2,53.0,126.2,129.9,132.3,136.6,165.2;1R 
(CX14):  1644cm-';  MS (70eV, EI):  n?/z (%) = I 9 7  (30), 182 (X) ,  166 (54), 
151 (67), 140 (13), 138 (16), 124 (IOU), 123 (19). 121 (14), 105 (19), 104 (II) ,  
91 (13), 78 (17), 77 (40), 65 (IS), 51 (31), 50 (lo), 45 (11); HRMS, calcd for 
C,H,,NO,S: 197.0511. found: 197.0510. 

Relative amination rate of N-alkyloxycarhonyl-3-aryloxaziridines 7h-h, 
4a-d, 5 and 6 against morpholine: The oxaziridines were carefully washed by 
pentanc o r  a pentane/iPr,O mixture before the experiment. A solution of 2a 
(9.03 mg, 0.0504 inmol) kept a t  constant temperature (20°C) and oxariridinc 
2b-h. 4 a  d, or 6 (0.0504 mmol) in CDCI, (0.25 mL) was stirred while a 
morpholine solution ( 0 . 0 7 4 5 ~  in CDCI,, 0.20 mL. 0.0149 mmol) was added. 
The ratio of the Iwo benraldehydcs produced, 7(X+H)!7(X = H), was mea- 
sured 30 min later by 'H NMR (integration of the CHO groups) 
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