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The presence of a secondary OH group was confirmed by 
acetylation of IV which afforded V, Vma • 1740 cm- ' ;  
6(CDC13) 2.12 (3H, s, CH3CO ), 4.69 (t, 1H, J 3.5Hz, HC- 
12). 
Treatment of IV with pyridinium-chlorochromate in the 
presence of sodium acetate caused the oxidation of the 
secondary alcoholic group and the elimination of HBr to 
give the a,fl-unsaturated ketone II (50%) identified by 
compafison,([a]D, m.m.p., IR, NMR, MS) with an authentic 
sample. This allowed the location of OH and Br at C-12 
and C-14 respectively, taking into account the multiplicity 
of the signals of CHOH and CHBr groups in the NMR- 
spectrum of IV. 
As a consequence, the stereostructure IV was assigned to 
the compound under investigation apart from the chiralities 
of C-12 and C-14. These were deduced from the NMR 
spectra of IV and u which indicated that HC-12 (t, J 3.5Hz) 

and HC-14 (dd, J 3 and 13Hz) must be equatorial and axial 
respectively. 
The co-occurrence of the compounds [ and IV in Sphaero- 
coccus coronopifolius could be of biogenetic interest. We 
can now suppose that IV represents an intermediate in the 
transformation of bromosphaerol (I) into sphaerocoecenoI 
A (If). 
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Deuterium isotope effects in the ninhydrin reaction of primary amines 
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Summary. The rate of development of Ruhemann's purple in the ninhydrin reaction of two deuterated primary amines, 
aa-dz-p-tyramine and aa-d2-fl-phenylethylamine, is significantly reduced. It appears to be a primary isotope effect and 
indicates that the cleavage of the carbon-hydrogen bond at the a-position is involved in the rate-determining step of the 
color reaction. 

Ninhydrin, 2,2-dihydroxy-l,3-indandione, has been widely 
used for the quantitative determination of amino acids and 
amines for many years. Several reaction mechanisms have 
been proposed for the color development 2'3. Recently dur- 
ing our study on the kinetic isotope effect on the enzymatic 
deamination of trace amines 4 the ninhydrin reaction was 
observed to be unsuitable for measurement of the deuterat- 
ed amines, and it is now clear that this is due to a 
deuterium isotope effect. 
The estimation of the rate of ninhydrin reaction was 

, 5 adopted according to Moore s method.  The reagent was 

prepared by dissolving ninhydrin (0.11 M) and hydrin- 
dantin (2,2-dihydroxy (2, 2-biindan)- 1,1', 3,3'-tetrone) 
(0.002 M) in dimethylsulfoxide buffered with lithium ace- 
tate (0.5 M) at pH 5.2. The different deuterated amine 
analogs were synthesized as previously described 4. Both the 
chemical and isotopic purities of these compounds were 
over 95% in all cases 4. An aqueous solution (0.5 ml) of the 
deuterated amines or the non-deuterated amines (25 ~tg) 
was mixed with an equal volume of ninhydrin reagent and 
incubated at 55 ~ The optical density at a wavelength of 
525 nm was measured at different time intervals. As can be 

Figure 1. Relative rates of color develop- 
ment of primary amines in ninhydrin reac- 
tion. Protonated (�9 (3) phenylethyl- 
amine (25 gg) (left) and p-tyramine (25 gg) 
(right) and their a,a-deuterated ( ~ )  
and fl, fl-deuterated (-" -*) analogs were 
incubated with ninhydrin reagent at 55 ~ 
OD at 525 nm wavelength are plotted against 
time. Values are average of 4 experiments. 
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Figure 2. Relative rates of color develop- .,/ 
ment of amino acids m ninhydrin reaction. 
Protonated (�9 �9 phenylalanine (25 gg 
and 5 gg) (left) and p-tyrosine (25 gg and 5 gg) 
(right) and their a,/?-deuterated (O----~) 
were estimated as described in legend of 
figure 1. 

seen in figure 1, substitution of deuterium at the a-position 
of the amines significantly reduced the rate formation of 
the Ruhemann's purple, diketohydrindylidene-diketohy- 
drindamine. The kr~/k D ratios are 4.1 and 2.6 with respect 
to deuterated p-tyramine and /?-phenylethylamine. 
Replacement of deuterium at the /?-position, however, 
slightly enhanced the rate of the color reaction. 
The mechanism of the ninhydrin reaction of primary 
amines has been proposed previously 3'6. 
During the formation of compound VI from IV, it is 
proposed that 1 hydrogen is cleaved from the a carbon. The 
profound isotope effect induced by a replacement of both a 
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hydrogens by deuterium makes it appear the cleavage of 
this bond is involved in the rate-determining step of the 
ninhydrin reaction with the primary amines. The enhanced 
rate of the color reaction with substitution of deuterium at 
the fl-position may perhaps be attributed to a reduced 
hyperconjugation of the fl-C-D bond which in turn results 
in an enhancement of the polarity of the a-C-H (or a-C-D) 
bond and therefore an enhancement of its rate of cleavage. 
The reaction of ninhydrin with primary amines has been 
considered as a special case of the general ninhydrin 
reaction for the amino acids 3. We have, therefore, also 
analyzed the ninhydrin reactions of phenylalanine and 
p-tyrosine and their deuterated analogs. The rate of the 
color development of the non-deuterated phenylalanine 
and tyrosine with ninhydrin was found to be about 4 times 
faster than that of the corresponding primary amines, i.e. 
fl-phenylethylamine and p-tyramine, under the identical 
experimental conditions. This suggests that the carboxyl 
group of the amino acid participates in a concerted elec- 
tronic mechanism 6 (see scheme) in the initial reaction of 
ninhydrin with the amino acid and therefore facilitates a 
faster formation of compound VI from V. No significant 
difference was observed between the color reaction of 
deuterated and non-deuterated amino acids (fig.2), since 
cleavage of the C-H bond at the a position is not involved 
in this reaction. Thus the reaction of ninhydrin with amino 
acids can be viewed as a special case of the general 
ninhydrin reaction of primary amines in which a hydrogen 
atom has been replaced with a substituent, the carboxyl 
group, whose electronic characteristics are more favorable 
for cleavage. 
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