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Competitive Intramolecular Displacement of the 
Neutral Amide Group. Rearrangement and Dehydration 
Reactions of Asparagine and Glutamine 

Sir: 
The rearrangement and dehydration of N-blocked aspar- 

agine and, to a lesser extent, glutamine derivatives have 
been reported to give either nitriles or imides.' We now re- 
port the first observation of both products from a single de- 
rivative in a reaction which apparently involves competitive 
0 and N displacement by an amide under neutral condi- 
tions. 

We recently described the decomposition of the pentaflu- 
orophenyl ester of N-benzyloxycarbonyl-L-asparagine (I)  
(Z-Asn-OPFP).* A kinetic study of this reaction and the re- 
action of related active esters was undertaken, and products 
have been identified. Rate constants were obtained for the 
rearrangement of the esters (Table I) as 0.1 A4 solutions in 
D M F  (treated with Amberlyst-15) by spectrophotometric 
determination of the liberated phenols. 

Isolation of the products of Z-Asn-OPFP by silica gel 
column chromatography, using the solvent system of ref 3, 
revealed that two simultaneous reactions were contributing 
to the overall first-order reaction observed; the first being 

Table I. The Rearrangement of Z-Asn and Z-Gln Active 
Esters in DMF at 25" 

Compound k.  sec-I t l 2  

Z-Asn-OPFP 9.9 x 10-5 117 min 
2-Asn-OPCP 5 . 2  x 10-5 222 min 

8.9 X 10" 1296 min Z-Asn-ONP 
2-Gln-OPFP 100 hr 

nucleophilic attack by oxygen (path A, Scheme I) giving 
eventually the optically active P-cyanoalanine derivative, 
11,3 and the second involving attack by nitrogen (path B) to 
yield the optically active succinimide derivative IIL4 As the 
specific rotations of all products and starting materials were 
known, the reaction could also be monitored by polarimetry 
and gave results in agreement with those of Scheme I. In 
the case of other active esters of Z-Asn, indicated in Table 
I, roughly the same ratio of these products could be detect- 
ed on elevated temperature. 
Scheme I. The competitive intramolecular displacement by 
the amide group of Z-Asn-OPFP in DMF at 2.5" 
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Several conclusions may be drawn from this observed re- 
action. (1) The rearrangement does not compete with acyla- 
tions during peptide synthesis since the half-life of the cou- 
pling reaction of I with proline-tert-butyl ester is about 2 
min under these conditions. (2) The rearrangement is 
strongly temperature dependent; the ester I can be prepared 
in pure form only at O o ,  a temperature at which kinetic 
studies showed the rearrangement to be slow. (3) The reac- 
tion also shows strong solvent dependence: no reaction was 
observed in dioxane or ethyl acetate. In the case of Gln ac- 
tive esters generally the imide formation is favored, acceler- 
ated by protic solvents. Thus Z-Gln-OPFP is stable in 
DMF, but the addition of 10% water produces the corre- 
sponding glutarimide derivative in 41% yield. In another ex- 
ample, recrystallization of crude Z-Gin-OSu from ethyl ac- 
etate produces pure active ester with good yield, while re- 
crystallization from isopropyl alcohol causes the formation 
of the imide.Ih Similarly, isopropyl alcohol favors the imide 
formation of Z-Asn-0%. In pyridine, the nitrile is formed 
exclusively. 

These observations are in agreement with those of Mey- 
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ersli and Dewey'j and should be considered when aspara- 
gine and glutamine-derived active esters are used in peptide 
synthesis. 
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Raman Circular Intensity Differential Spectroscopy. 
The Spectra of (-)-a-Pinene and (+)-a-Phenylethylamine 

Sir: 
The feasibility of using Raman spectroscopy to investi- 

gate the chirality of dissymmetric compounds was first dis- 
cussed in a series of theoretical by Barron and 
Buckingham. The method, which must be seen in the more 
general framework of optically active ~ c a t t e r i n g , ~  is highly 
attractive as it allows the use of vibrational optical activity 
for configurational assignments. 

The appropriate measure of the effect is the circular in- 
tensity differential (CID) A, defined as' 

(1, ILL - Z,l.l) 
( Z p  + ZI ' 3 l )  

hlI,L = 

Z r l l s i  and Zlll,L are  the intensities of the scattered light 90° 
to the incident right (r) and left (1) circularly polarized 
light, with an  analyzer oriented parallel ( 1 1 )  and perpendicu- 
lar (1) to the scattering plane, respectively. 

Experimental verification of the effect has proved diffi- 
cult, and first  report^^,^ were based on artifacts. The CID's 
subsequently reported by Barron, Bogaard, and Bucking- 
ham4-'s8 for a few Raman bands are confirmed as genuine 
by our observations. In addition, we also present the first 
measurement of complete difference spectra in parallel po- 
larization, namely for the two compounds (-)-a-pinene and 
d - (  +)-a-phenylethylamine. Based on these spectra a sector 
rule is presented for a methyl group in a chiral environment. 
This is the first example of future sector rules in vibrational 
optical activity2 which will emerge for various largely local- 
ized group frequencies. 

Our instrumentation is shown schematically in Figure 1. 
The polarization of the laser beam was varied between right 
and left circular with square wave modulation. Synchronous 
single photon counting was used to avoid drift  problem^.^ 
(Irl - ZI I )  and (Irl + ZI I )  were measured a t  each wavenum- 
ber increment and processed on lineLo by an IBM 1800 
computer. The digital data were filtered with a 15 point (14 
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Figure 1. Experimental block diagram. 

c. M-1 

Figure 2. Difference and sum spectra for d-(+)-a-phenylethylamine in  
photon counts: (A) (I,'1 - Ill1), (B)  (Ir '  + ZI '~) ,  (C) (IrL + Z I ~ ) .  (Ir!! - 
1111) for the polarized line at 1002 cm-I is omitted and, the peak at 7 5 5  
cm-' is doubtful. See error discussion. 

cm-I interval) cubic smoothing function. The slit width was 
8 cm-I. We  were successful in using the microcapillary 
sample handling technique' for R-CID. The microcapil- 
lary technique has been shown to have a high accuracy for 
the measurement of depolarization ratios.I2 In  addition, we 
have also constructed a capillary cell with a flat, strain-free 
bottom end which has allowed us to precisely monitor the 
circular polarization of the laser beam after passing 
through the cell. Pilot measurements using internal nonop- 
tically active standards in an optically active sample have 
also been performed to assure the validity of our results. 
The optical purity of the compounds measured was checked 
prior to the measurements on a Cary 60, and the com- 
pounds were stable under our measuring conditions. Typical 
sample sizes ran ed from 50 to 200 I.L . 

two compounds are  given in Figures 2 and 3, and CID's in 
Table I. The accuracy of the data, and the possibility of ob- 
serving an  artifact, depend on the count rate and on the de- 
gree of polarization of a band. Bands with { > 0.15 appear 

Sum ( Z r i  + ZI fi ) and difference (Irf- Zlll) spectra for the 
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