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an oil bath at 100 "C. After 18 h the vial was removed from the bath 
and allowed to reach room temperature. The usual workup afforded, 
after chromatography (silica gel, 2:l CsHs-hexane), 0.53 g (53.5%) of 
pheryl benzoate, crystals from hexane, mp 68-69 "C (lit.29 mp 71 
"C). 

Phenyl acetate was prepared in a similar fashion from l-phen- 
ylethanol. 
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The usual method for preparation of monopercamphoric acid for asymmetric synthesis is shown to afford signifi- 
cant quantities of two isomers giving opposite stereochemical senses of asymmetric induction. One of the isomers 
can be obtained crystalline and use of this single isomer for asymmetric induction leads to optical yields of chiral 
sulfoxides, epoxides, and oxaziridines 50-100% greater than previously reported to result from use of the mixed iso- 
mers. In one of the more favorable cases, 2-tert-butyl-3-(p-bromophenyl)oxaziridine (4) was obtained in 60% enan- 
tiomeric excess using the crystalline peracid. 

In recent years, a inonoperoxycamphoric acid (MPCA) 
ascribed structure 1 has found use as a chiral oxidant for the 
asymmetric syntheses of chiral sulfoxides,'-3 epoxides,3-6 and 
0xaziridines.3,7-~ In most instances, the degree of asymmetric 
induction afforded by MPCA is rather low. In this paper, we 
report an experimental modification that substantially in- 
creases the optical yields of products afforded by oxidation 
with MPCA. 

Ordinarily, MPCA is prepared by reaction of camphoric 

anhydride with hydroperoxide ion, as originally described by 
Milas and McAlevy.lO So far as can be ascertained from most 
published procedures ,the MPCA used for asymmetric syn- 
thesis is isolated via an extractive workup and does not appear 
to be purified further (apart from drying and iodometric 
standardization) before use even though Milas and McAlevy 
originally reported i t  to  be a crystalline solid. Use of the 
unpurified extract is tantamount to a general de facto as- 
sumption that MPCA 1 is the only significant peracid in the 
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Table I. 3C Chemical Shiftsa of Camphoric Acid and 
Percamphoric Acid Isomers 

Camphoric 
acid,b 1 ,c 2 ,c 3 ,c 

Carbon R ,  = R, = H; R, =OH; R ' =  
atom R, = H R, = O H  R, = H  ~ , ' t  OH 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

56.66 
33.19 
23.12 
53.04 
46.63 
21.99 
21.51 
23.12 

175.66 
177.55 

56.07 
32.29 
22.58 
50.16 
47.30 
21.67 
21.18 
22.58 

175.17 
181.79 

55.39 
31.87 
22.58 
52.34 
47.63 
21.38 
21.08 
22.58 

179.71 
176.66 

56.20 
32.16 
22.58 
52.79 
46.88 
21.60 
21.08 
22.58 

180.26 
182.25 

a All chemical shifts i: 0.06 ppm. Single-frequency off- 
resonance decoupliiig was used to assist in spectral assign- 
ments. b In acetoned,, - 250 mg/2 mL. C In chloroform-d, - 500 mg/2 mL. 

Table 11. Oxidation of p-Bromobenzylidene-N-tert- 
butylamine with MPCA at -78 "C a 

Ratio of oxidantsb Enantiomeric excess, 

Entry Solvent 1 2 3 % ( f l % ) C  

1 CH2C1Zd 15 1 -0 40 

3 CH2C1zd 4 2 1 24 
4 CHC13/ 15 1 -0 60 

2 CHzC1zd 2 1 1 <1 

CH2C12 
(4:l) 

The reaction mixture was kept at this temperature for 12 h, 
then allowed to warm to room temperature over a 5-6 h period. 

Estimated from the intensities of 13C NMR peroxycarbonyl 
resonances. An excess of the (-) isomer12 was obtained in each 
instance, in an overall yield of >BO%. 95% of the theoretical 
amount of camphoric acid had precipitated at the conclusion of 
the reaction. 

extract. It is logical to expect that MPCA isomer 2 might also 
be present (eq 1); the question is, to what extent? 

1 2 

Using the usual procedure and workup, we obtained a so- 
lution that, by iodometry, contained essentially only MPCA. 
However, six signals (three pairs) are evident in the carbonyl 
region of the l3C NMR spectrum of this material (Table I). 
None of these signals arise from the anhydride or diacid. By 
means of 13C NMR, it was ascertained that monoperacids 1 
and 2 were both present as was a small amount of bisperacid 
3, presumably formed by exchange. In our hands, the pro- 
portion of monoperacid 1 varies (5040% of total) depending 
upon the care taken in regulating reaction temperature and 
the rate of anhydride addition. Although hardly astonishing, 
this observation has considerable impact in terms of asym- 
metric induction. By concentrating the crude ethereal extract 
under vacuum, diluting with CHZC12, and storing at  -30 "C 
for several days, colorless prisms (ca. 50%, mp 65-68 "C) were 
obtained. The 13C NMR spectrum of this material is consis- 
tent with its being a 15:l mixture of monoperacids 1 and 2. One 
additional recrystallization raises the melting point to 70-71 
"C.l1 Crystalline 1 shows no demonstrable decomposition 
after storage at  -30 "C for 1 month. However, when crystalline 
1 is dissolved in CHZC12 and stored for several days a t  25 "C, 
or 2 weeks at  -30 "C, noticeable conversion of 1 to 2,3, and 
camphoric acid occurs. Monoperacid 2 has not been isolated 
although the mother liquors from the crystallization of 1 are 
substantially enriched in 2. 

From the results of asymmetric synthesis of 2-tert- butyl- 
3-(p-bromophenyl)oxaziridine (4) using MPCA of different 
isomeric compositions, it may be inferred that peracids 1 and 
2 have opposite stereochemical preferences. Oxidation with 
a fresh solution of crystalline 1 affords 4 in 40% ee (Table 11, 
entry l), use of the crude extract affords 4 in 24% ee (entry 31, 
and use of the mother liquors affords essentially racemic ox- 
aziridine (entry 2). 

These results raise the possibility that, in prior reports of 
the use of MPCA, optical yields might have been significantly 

Table 111. Asymmetric Oxidations of Various Substrates with MPCA 
Enantiomeric excess, % 

Starting Ttmp, 
materiala Product b Solvent C Lit. or crude extract Crystalline 

CH,Cl, 
H,C 

CHCI, 
C H  P 
3' 

CHCl, 

0 CHCl, 
II 

0 CHCl, I1 

C,,H 

C,H SCHI 

C,H S-C(CH,), 

-78 

0 

0 

0 
4 

-50 

0 
4 

-30 

4.6 (S)' 7.8 (S )  

5.1 (1s,2s)5 9.2 (1S,2S) 

3.8 (R) '  
6.4 ( R )  

6.4 (R)* 9.0 ( R )  
1.3 ( S ) '  

1.6 (S)' 
4.4 (S) 

a Registry no. are, respectively, 62058-77-9, 100-42-5, 873-66-5, 100-68-5, 3019-19-0. b Registry no. are, respectively, 
62107-41-9, 20780-584-5, 4518-66-5, 4850-71-9, 62076-10-2. 
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higher (and possibly sometimes of the opposite sense) had 
crystalline MPCA been used instead of crude extract. To 
check upon the generality $f this hypothesis, several pre- 
viously reported MPCA asymmetric oxidations were repeated 
using crystalline 1. The results of these comparisons and of 
the asymmetric synthesis of several other oxaziridines, again 
using different compos itions of the MPCA isomers, appear 
in Table 111. In general, the use of crystalline 1, rather than 
the crude extract, increases optical yield by 50-100%. In some 
instances, optical yields are still fairly low. However, the 60% 
optical yield obtained in  the case of oxaziridine 4 (Table 11) 
demonstrates that crystalline 1 sometimes functions as quite 
an efficient chiral oxidant. 
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Practical and convenient procedures were developed for the reduction of carboxamides and lactams to corre- 
sponding secondary and tertiary amines by reactions with POC13 and NaBH4.  Optimum conditions for formation 
of 0-phosphoryl (or chloroimonium) intermediates and their reductions are structure dependent. Selective reduc- 
tions of amide esters and amide nitriles to amino esters and amino nitriles were obtained. 

The reduction of amides and lactams to amines with lithi- 
um aluminum hydride2 sometimes proceeds with difficulty, 
particularly where secondary amines are to be generated, due 
to NH proton acidity and formation of insoluble complexes. 
The use of forcing reaction conditions such as reduction in 
refluxing N-ethylmorpholine3 does not always overcome this 
barrier. Alternatively, diborane may be used for such reduc- 
tions but other susceptible groups, such as double bonds, can 
then also react. Selective reduction of amido esters to amino 
esters4 with diborane usually requires a deactivated penta- 
chlorophenyl or an aromatic acid ester. The recently devel- 
oped reduction of amides to amines by a sodium borohy- 
dride-carboxylic acid complex6 could also not be used for 
selective reduction of the lactam ester 18, with both carbonyl 
groups lost in the reduction product. However, selective re- 
duction of lactams in the presence of ester functions can be 
achieved by conversion to thiolactams and desulfurization 
with Raney n i ~ k e l ~ , ~  or by formation of alkoxyimonium in- 
termediates with triethyloxonium fluoroborate and subse- 
quent reduction with sodium b o r ~ h y d r i d e . ~ J ~  

Since the latter procedures suffer from being either cum- 
bersome, experimentaily difficult, or costly, a more practical 
preparative method far reduction of N-mono- and disubsti- 
tuted amides and lactams was required, preferably with se- 
lectivity for these functional groups. This was found in the 
reactions of lactams ;and amides with POC13 followed by 
NaBH4." While a previous report of the reaction of N-ben- 
zylpiperidone with POCl3 and subsequent borohydride re- 
duction had indicated only dimeric amine products,12 we 
found that good yields of the monomeric amine could be ob- 

tained from this lactam as well as from other examples listed 
in Table I. 

The reaction sequence proceeds from an amide or lactam 
A to an imino derivative B where X and/or Y can be OPOC12 

x y- 

A B C 
andlor C1. While an 0-phosphoryl derivative may be favored 
over the corresponding imino chloride, in analogy to obser- 
vations in related ~ t u d i e s , ' ~ - ' ~  either or both types of deriva- 
tives may be produced in the reaction medium. Formation of 
the imonium derivatives was followed by NMR spectra which 
showed a downfield shift of 0.8-1.0 ppm for protons a to ni- 
trogen in tertiary amides and 0.4-0.6 ppm in secondary am- 
ides. I t  was also noted that alkyl groups in N,N-dialkylamides, 
usually nonequivalent in CDC13 solutions, became equivalent 
in POC13 solutions (owing to amide protonation by HCl, which 
could be suppressed by addition of pyridine). This equivalence 
was lost as the amide A was converted to the imino derivative 
B in N,N-dimethyl- and -diethylbenzamide and in N,N- 
dimethylcyclohexanecarboxamide, but not in the other ex- 
amples shown in Table I. Observation of these conversions 
provided minimal reaction times for the first step of the re- 
action sequence. 

Table I lists the times necessary for complete reaction of 
amides with POCl3, plus 20-30%. A dependence of the reaction 
rate on steric and electronic structural parameters may be 


