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ABSTRACT: The illicit synthesis of phenyl-2-propanone (P2P) in clandestine drug labora- 
tories from phenylacetic acid and acetic anhydride in the presence of sodium acetate or 
pyridine, or from the dry distillation of phenylacetic acid and lead (lI) acetate is examined. 
These two routes are investigated using capillary gas chromatography (GC) combined with 
vapor-phase Fourier transform infrared (FTIR) spectroscopy and electron impact mass spec- 
trometry (ELMS) detection (GC-FTIR-EIMS), and using nuclear magnetic resonance (NMR) 
spectroscopy to identify 21 reaction by-products. The mechanisms of the two reactions pro- 
ducing P2P are presented, along with the mechanisms giving rise to these by-products. This 
investigation has identified 4 reaction-specific compounds which can be used to differentiate 
the two synthetic methods. 

KEYWORDS: toxicology, phenyl-2-propanone, clandestine drug laboratories, reaction by- 
products, reaction mechanism, signature compounds, methamphetamine, amphetamine 

Phenyl-2-propanone (Compound 1), commonly referred to as P2P, is an intermediate 
precursor in the manufacture of d, /-amphetamine, d, l-methamphetamine, and other sim- 
ilar phenethylamines (Fig. 1). Its prominent use in the illicit manufacture of amphetamine 
and methamphetamine has resulted in the United States Government controlling the 
commercial sale of P2P in 1980 (21 CFR 1308.12, Schedule II, 8501). 

The scheduling of P2P has not, however, precluded the illicit manufacture of am- 
phetamine or methamphetamine by this route. Indeed, the reductive amination of P2P 
remains a popular synthetic route for clandestine drug chemists. The variety of synthetic 
reductive routes in the literature which utilize P2P to synthesize amphetamine or meth- 
amphetamine has been the subject of a recent review [1]. 

The control of P2P has seriously restricted its commercial availability to clandestine 
chemists. However, many clandestine chemists have modified their manufacturing schemes 
by synthesizing their own P2P. Thus, P2P is now illicitly produced from yet other pre- 
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FIG. l - -The reductive amination of phenyl-2-propanone (P2P), a popular route of synthesis of 
amphetamine and methamphetamine in the clandestine laboratory. 

TABLE 1--Syntheses of P2P described in the literature. 

Route Precursor and/or Reactants Reference 

1 phenylacetic acid 
1A acetic anhydride [2-5] 
1B lead (II) acetate [6] 
1C thorium oxide [7-10] 
1D barium (II) acetate [11] 
1E calcium (II) acetate [12] 
1F manganese carbonate [13] 
1G manganese oxide [14,15] 
2 et-phenylacetoacetonitrile [16-18] 
3 et-phenyl-13-methylene glycol [19,20] 
4 a-phenylisopropyl alcohol [21] 
5 phenylacylmalonic ester [22,23] 
6 phenylacetyl chloride [24,25] 
7 et-methylstyrene 
7A thallium nitrate [26] 
8 13-methyl-13-nitrostyrene 
8A Fe,H § [27-31] 
8B Raney nickel [32] 
8C vanadium (II) chloride [33] 
9 allylbenzene [34] 

10 phenylmagnesium bromide [35] 
11 benzaldehyde [36] 
12 benzene 
12A cbloroacetone, aluminum chloride [37,38] 
12B acetone, manganese acetate [39,40] 
12C O,O-diprotonated nitro olefin [41] 

cursors and has its own underground market value. The current 1991 values of P2P are 
reported to be between $1800 and $2000 per litre. 3 

Many of the syntheses of P2P described in the literature are outlined in Table 1 [2- 
41]. Although all of these routes are viable, the clandestine' manufacture of P2P has 
centered on Routes 1A, 1B, 2, and 8A. Routes 1A and 1B have dominated in the western 
and northwestern parts of the United States and are the subject of this paper. It is the 
authors' objective in this investigation to establish criteria by which these two synthetic 
routes can be distinguished on the basis of the presence or absence of specific by-products. 
Such information is necessary for the forensic chemist and the investigator to establish 
consistencies between precursors, notes, waste products, and the finished product re- 

3Gregory, P., U.S. Drug Enforcement Administration, Seattle, WA, personal communication, 
1991. 



ALLEN ET AL.. DIFFERENTIATION OF ILLICIT P2P SYNTHESES 303 

covered from a clandestine laboratory site; to substantiate informant statements con- 
cerning a clandestine laboratory operation; and to predict possible safety hazards prior 
to the seizure of a clandestine laboratory. 

Experimental Procedure 

All the samples were examined in the split mode (30 : 1) on a Hewlett-Packard Model 
5980 gas chromatograph (GC) fitted with a 12-m by 0.32-mm inside-diameter fused-silica 
capillary column coated with 0.52 Ixm of cross-linked 5% phenylmethyl silicone (HP-5, 
Hewlett-Packard Scientific Inc., Palo Alto, California). The oven temperature program 
was as follows: initial temperature, 100~ initial hold, 1 min; temperature program rate, 
15~ final temperature, 280~ final hold time, 3 min. The eluent from the GC was 
serially detected by vapor-phase Fourier transform infrared (FTIR) spectroscopy (Hew- 
lett-Packard Model 5965a) and electron impact mass spectrometry (EIMS) (Hewlett- 
Packard Model 5970). 

The following compounds were obtained from Aldrich Chemical Co.: benzaldehyde 
(Compound 29), methyl benzoate (30), phenyl-2-propanone (1), benzyl acetate (26), 
diphenylmethane (28), bibenzyl (27), cis-stilbene (31), trans-stilbene (32), and diben- 
zylketone (2). The following compounds were synthesized by reacting the Grignard of 
benzyl bromide with P2P, followed by dehydration of the alcohol with acetic anhydride: 
E- and Z-l-phenyl-2-methylallylbenzene (3, 4) and 1,1-dibenzylethene (5). The major 
product and isomeric ratios of this dehydration were established by nuclear magnetic 
resonance (NMR)/nuclear Overhauser enhancement (NOE) experiments, followed by 
GC examination to establish the order of chromatography. This correlated the respective 
spectral data with the corresponding isomeric compound. The compounds E- and Z-1,3- 
diphenyl-2-methyl-2-pentene-4-one (14, 15), and E- and Z-1,5-diphenyl-2-methyl-l-pen- 
tene-4-one (10, 11) were synthesized by two different routes [42-44]. The products of 
these reactions were examined by GC-FTIR-EIMS and NMR-NOE to establish the 
identity of the isomeric aldol condensation products. 

Results and Discussion 

Figure 2 represents the chromatogram from the capillary GC examination of illicitly 
produced P2P using Route lB. This full-profile chromatogram is annotated with brackets 
indicating the postulated mechanisms that formed the by-products. These mechanisms 
will be discussed later in the text. All components were inspected by capillary GC elution 
into a gas-phase FTIR detector followed by EIMS. The FTIR data subclassified the 
components as ketone (1710 to 1735 cm 1), ester (1735 to 1770 cm-1), formyl ester (1735 
to 1820 cm-1), phenolic (3500 to 3600 cm-X), et,[3-unsaturated ketone (1650 to 1710 
cm-1), aromatic (670 to 790 cm ~), and spZ hybridized carbon-carbon double bonds (1540 
to 1605 cm 1). The EIMS data subclassified the components into those containing an 
aromatic ring attached to a hybridized carbon (prominent 91 m/z), a [3-methylstyrene 
group (prominent 117 m/z), and a [~,13-dimethylstyrene group (prominent 131 m/z). These 
subclassifications were inspected manually and were also retrieved automatically using 
data massaging software to generate selective wavelength chromatograms from the FTIR 
data and single ion chromatograms from the EIMS data. Known clandestine samples of 
P2P synthesized by Route 1A or 1B which contained an abundance of components were 
examined by instrumental methods and also subjected to classical isolation techniques. 
Chemical separations were conducted by means of a bisulfite addition complex and 
Girard's reagent T. The aqueous sodium bisulfite extraction of the reaction mixtures 
removed most of the P2P present; however, higher ketones do not produce bisulfite 
adducts as easily because of the sensitivity of the additions to steric hindrance [45]. The 
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FIG. 2 - -  The total response chromatogram (TRC) of a known clandestine sample of P2P synthesized 
via Route 1B, using lead (II) acetate. The dotted lines delineate regions of the TRC whose compounds 
were produced as by-products from the labeled competing reactions. 

water-soluble bisulfite-P2P addition product may be hydrolyzed with strong acid or base 
to regenerate P2P for examination. The nonbisulfite retained compounds were reacted 
with Girard 's  reagent T, a material known to react with ketones to also form water- 
soluble adducts, which allows separation of ketonic and nonketonic compounds. An 
organic extraction allowed clean isolation of all nonketonic compounds into an organic 
phase. These ketonic and nonketonic compounds were then examined by GC-FTIR- 
EIMS. 

The combination of the techniques of GC-FTIR-EIMS,  aqueous bisulfite extraction, 
and Girard 's  reagent T, combined with the study of the mechanisms of these two reactions, 
enabled us to identify numerous impurities. The identification of these impurities was 
confirmed by alternate direct syntheses, commercial purchase, or structural analysis by 
NMR spectroscopy. 

The results of spectral analysis by GC-FTIR-EIMS on the components illustrated in 
the chromatogram in Fig. 2 are compiled and listed in Tables 2 and 3. 

Route 1A, the Reaction o f  Phenylacetic Acid with Acetic Anhydride 

The key to understanding the origin of by-products and their identity was established 
in the concept of the mechanisms involved in the reacting medium. Several review articles 
have appeared concerning the possible mechanism of the Dakin-West reaction, the de- 
carboxylation of an a-acylcarboxylic acid to give a methyl ketone [46,47]. This mechanism 
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may be conceptually broken down into a number of steps (Fig. 3). The first step is an 
acid-anhydride equilibrium. The second step is a proton removal from the activated 
methylene compound (mixed anhydride) by a base (sodium acetate or pyridine). The 
third step is an attack by the carbanion of the mixed anhydride on a carbonyl group of 
the acetic anhydride. The fourth step is the decarboxylation of the 13-keto acid to yield 
P2P (Compound 1). This stepwise approach is only conceptual, since there is evidence 
[46] that the mechanism may involve a cyclic intermediate (Fig. 4). It can be seen from 
examination of Fig. 4 that, depending on the concentration of acetic anhydride versus 
the mixed anhydride, two mixed anhydride molecules may condense to give two different 
products. The product formed is dependent on whether the cyclic intermediate is orien- 
tated head-to-tail or head-to-head. The head-to-head transition state generates diben- 
zylketone (Compound 2), which has been previously described [5]. From this under- 
standing of the mechanism giving rise to P2P and dibenzylketone, the conclusion can be 
drawn that, if an excess of acetic anhydride is not used in the reaction, the formation of 
dibenzylketone will be favored. 

Yet another group of impurities result from a related mechanism called the Perkin 
reaction [48-50]. These impurities result when the concentration of P2P increases and 
substantial amounts of the mixed anhydride remain [that is, insufficient acetic anhydride 
to complete the third and fourth conceptual steps of the reaction (Fig. 3)]. The Perkin 
reaction is outlined in Fig. 5. The reaction is initiated from the activated methylene 
compound, which condenses with the carbonyl of P2P. This condensation leads to an 
intramolecular cyclization followed by decarboxylation-dehydration, resulting in the by- 
product Compounds 3, 4, and 5. Compounds 6 and 7, which are also formed by this 
route, may be present in illicit P2P samples. 

Active methylene compounds are not restricted to the mixed anhydride in this reaction 
mixture. Depending upon the concentration and type of base used (pyridine, sodium 
acetate, calcium acetate, and so forth), P2P can become a carbanion source. Condensation 
with a second molecule of P2P or other carbonyl-containing compound forms aldol 
condensation products [51]. These keto-alcohols undergo esterification, followed by elim- 

phenylacetic acid acetic anhydride 

~ O ~  NaOAC or 

O pylidine 

mixed anhydride 

0 

O + CHsCO" 

-cO= 

~-keto acid phenyl-2-pmpanone 
(1) 

FIG. 3--The DaMn-West reaction of phenylacetic acid and acetic anhydride, producing P2P. 
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Head to Tail , H  

~ "CO 2 

R = CH 3 or benzyl 

phenyl-2-propanone 
(1) 

Head to Head ~, H ,  

- C O  2 

R = benzyl 

dibenzylketone 
(2) 

FIG. 4--The  mechanistic representation of the formation of either P2P or dibenzylketone, based 
on whether two anhydride molecules align in a head-to-tail or head-to-head orientation. An insufficient 
amount of acetic anhydride promotes the formation of dibenzylketone. 

ination of acetic acid (Fig. 6), to yield the a,13-unsaturated ketones Compounds 8 and 9 
(kinetic products) and 14 and 15 (thermodynamic products), along with the unconjugated 
ketones 10, 11, 12, and 13. In actual P2P reaction mixtures, only ketones 12, 13, 14, and 
15 were detected. This is most probably the result of reaction conditions which favor the 
thermodynamic enolate of P2P and the subsequent transition state for dehydration of 
these aldols, resulting in extended conjugation in the products. For clarity and com- 
pleteness, vapor-phase FTIR and EIMS spectral data for Compounds 10 and 11 generated 
from alternative syntheses have been included in Tables 2 and 3. 

Condensation of a third molecule of P2P with Compound 14, followed by an intra- 
molecular aldol condensation-dehydration, produces the prominent by-product Com- 
pound 16 under basic conditions (Fig. 7). A similar condensation of Compound 14 with 
acetic anhydride yields Compound 17. 

Other condensations of activated methylene compounds (that is, P2P and dibenzyl- 
ketone) result in the myriad by-products (Compounds 18, 19, 20, 21, and 22) shown in 
Fig. 8. Furthermore, the situation may potentially become even more complex as the 
enolizable ketones (Fig. 4) are esterified by acetic anhydride to their E- and Z- enol 
acetate isomers. The E- and Z- enol acetates of P2P (Compounds 23 and 24), described 
by Kiser, 4 were found by this study to be route-determining markers for the reaction of 

4Kiser, W. O., U.S. Drug Enforcement Administration, Miami, FL, personal communication, 
1987. 
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H 

phenyl-2-propanone 

outside kinetic 

MW 250 

s and 7.-1,5-diphenyl-2-met hyl-2-pentene-4-one 
(a, 9) 

E- and 7.-1,5-diphenyl-2-met hyl-l-pentene-4-one 
(10, 11) 

Eo and 7.-1,3-diphenyl-2-methyl- 1-pentene-4-one 
(12, 13) 

+ r inside 
thermodynamic 

E- and 7.-1,3-diphenyl-2-methyl-2-pentene-4-one 
(14, 15) 

FIG. 6--The mechanistic representation of the formation of the lower aldol condensation products. 

phenylacetic acid and acetic anhydride to manufacture P2P. The mechanism for the 
formation of these two enol acetates is shown in Fig. 9, and the vapor-phase FTIR spectra 
and EIMS spectra are found in Figs. 10 and 11, as well as in Tables 2 and 3. 

Route 1B, the Reaction of Phenylacetic Acid with Lead (II) Acetate 

The mechanism for the reaction of phenylacetic acid and lead (II) acetate has not been 
addressed in the literature. The cyclic transition state outlined in Fig. 12 is one reasonable 
possibility. The six-membered ring intermediate would be highly favored and would yield 
the [3-keto acid of P2P, which subsequently decarboxylates to P2P. The literature re- 
garding the oxidation of phenylacetic acid by lead (IV) acetate supports this postulate 
[52,53]. Furthermore, of the four products characterized (Fig. 13) (Compounds 25, 26, 
27, and 28) in the literature [54], only benzyl acetate (26), bibenzyl (27), and diphen- 
ylmethane (28) were found in illicit reaction mixtures of P2P when synthesized through 
Route lB. Bibenzyl (27) and diphenylmethane (28) were found by this study to be the 



,-t. 

(1
4)

 
~ 

pll
en

yl-
2-

pr
op

an
on

e 
C 

1,3
,5-

tdp
he

ny
l-2

,4,6
-td

me
thy

lbe
nz

en
e 

(lS
) 

C
 

-'n Z
 0 "1
1 

"n
 

m
 

Z
 o _o
 

m
 

z o m
 

0 

0 
~

0
 

sldo
ll"Imm

~ulw
 

I 
(~)

20
 

co
nd

~s
alio

. 
e 

3 
Mw

 27
4 

2,4
.-d

iph
en

yl-
3,5

-di
m

eth
ylp

lle
llo

l 
(17

) 

FI
G

. 7
--

F
ur

th
er

 a
ld

ol
 co

nd
en

sa
ti

on
s 

fo
rm

in
g 

C
om

po
un

ds
 1

6 
an

d 
17

, 
m

aj
or

 b
y-

pr
od

uc
ts

 f
ou

nd
 i

n 
bo

th
 R

ou
te

 1
A

 
an

d 
R

ou
te

 l
B

. 



ph
en

yl-
2-p

ro
pa

no
ne

 

3-p
he

ny
lpe

nt
an

e-2
,4-

dio
ne

 
(18

) 

dib
en

zy
lke

to
ne

 

1 -a
ce

tyl
-1,

3-d
iph

en
yla

ce
to

ne
 

(1
9)

 

~ 
MW

 32
6 

dib
en

zy
lke

ton
e 

I~l
en

y~
2-P

~m
pa

n~
 ~-~

 s 
an

d 7
,-1

,3,
5-t

dp
he

ny
l-2

-m
eth

yl-
2-p

en
ten

e-4
-0n

e 
(2

1,
22

) 

~ 
29

4 

1,3
-d

iac
ety

l-1
,3-

dip
he

ny
lac

eto
ne

 
(2

0)
 

F
IG

. 
8-

-O
th

er
 c

on
de

ns
at

io
ns

 o
f 

P
2P

 o
r 

di
be

nz
yl

ke
to

ne
 w

ith
 a

ce
tic

 a
nh

yd
ri

de
 o

r 
ea

ch
 o

th
er

 p
ro

du
ci

n
g 

C
om

po
un

ds
 

18
 t

hr
ou

gh
 2

2.
 

>. r-
 

m
 

z m
 

.-
I 

"n
 

"n
 

m
 

:D
 

m
 

Z --
f 

,-
I 

z 0 "1
1 

r-
 

E
 

C
~ 

--
t 

"o
 

"o
 

O
q 

-<
 

Z "1
" 

m
 

m
 

o
) C
o 

.-
-A

 

C
o 



314 JOURNAL OF FORENSIC SCIENCES 

phenyl-2-propanone 

,=el----- 

O 

, /  

~-" acetic anhydride 

0~0 , 

E-enol acetate of P2P 
(23) 

~ O y  MW 176 

O 

Z-enol acetate of P2P [ 
/ (24) 

FIG. 9 - -  The keto-enol tautomerism o f  P2P allowing the condensation o f  the enol of  P2P with 
acetic anhydride to the E- and Z- enol acetates o f  P2P. These two compounds can be used to differentiate 
Routes 1A and lB. 

route-specific compounds. The vapor-phase FTIR spectra and ElMS spectra of these two 
compounds are found in Figs. 14 and 15, as well as in Tables 2 and 3. The literature 
indicates both electron transfer and free radical mechanisms in the oxidation of phenyl- 
acetic acid with lead (IV) acetate; both pathways may be operative in lead (II) acetate. 
Electron transfer may be used to rationalize the formation of P2P, while a free radical 
mechanism must be used to rationalize the formation of bibenzyl and diphenylmethane. 
In the examination of illicit P2P synthesized by Route 1B, benzyl phenylacetate (25) was 
not found. Davies and Waring [52] found that, if comparable quantities of phenylacetic 
acid and lead (IV) acetate are reacted, the major radical formed is a methyl radical, 
leading to benzyl acetate (26). However, if a large excess of phenylacetic acid is used 
(8:1), the formation of the benzyl radical leading to benzyl phenylacetate is favored. We 
have examined instructions seized from clandestine laboratories using this method and 
have noted that they call for a slight molar excess of lead (II) acetate. Clearly, this 
quantity of lead (II) acetate fails to promote the formation of benzyl phenylacetate in 
Route lB. 

The in situ formation of acetic anhydride from the heating of lead (II) acetate will 
result in by-products identical to those produced through Route 1A by the described 
Dakin-West, Perkin, and aldol condensation reactions. 

Conclusions 

Illicit phenyl-2-propanone (P2P) synthesized by either the reaction of phenylacetic acid 
with acetic anhydride in the presence of sodium acetate or pyridine (Route 1A), or the 
dry distillation of phenylacetic acid and lead (II) acetate (Route 1B) has been studied. 
Reaction mechanisms for both routes leading to the target compound and a variety of 
by-products are discussed. Vapor-phase FTIR data and EIMS data for these compounds 
are presented. While this investigation has established numerous reaction by-products in 
common between the two routes, four route-specific compounds have been identified 
which may be used by the forensic chemist to differentiate between the two routes. For 
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Route 1A, the route-specific compounds are identified as the E- and Z- enol acetates of 
P2P, and for Route 1B, the route-specific compounds are identified as bibenzyl and 
diphenylmethane. 

References 

[1] Allen, A. C. and Cantrell, T. S., "Synthetic Reductions in Clandestine Amphetamine and 
Methamphetamine Laboratories: A Review," Forensic Science International, Vol. 42, 1989, 
pp. 183-199. 

[2] King, J. A. and McMillan, F. H., "The Decarboxylative Acylation of Arylacetic Acids," Journal 
of the American Chemical Society, Vol. 73, 1951, pp. 4911-4915. 

[3] Magidson, O. Y. and Garkusha, G. A., "Synthesis of 13-Phenylisopropylamines (Phenamine)," 
Journal of  General Chemistry (USSR), Vol. 11, 1941, pp. 339-343 [CA 35:58685 (1941)]. 

[4] Rubstov, M. V. and Baichikov, A. G., Synthetic Chemicopharmaceutical Preparations, Moscow, 
1971, pp. 38-39. 

[5] Hurd, C. D. and Thomas, C. L., "Preparation of Dibenzylketone and Phenylacetone," Journal 
of the American Chemical Society, Vol. 58, 1936, p. 1240. 

[6] Tsutsumi, M., "Illegal Preparation of an Amphetamine-Like Compound," Science and Crime 
Detection (Japan), Vol. 6, 1953, pp. 50-52 [CA 47:11661h (1953)]. 

[7] Senderens, J. B., "Catalytic Preparation of Aromatic Ketones," Comptes Rendus Hebdoma- 
daires des Seances de l'Academie des Sciences, Vol. 150, 1910, pp. 111-113 [CA 4:1479 (1910)]. 

[8] Senderens, J. B., "Ketones Derived from Benzoic Acid and Phenylacetic Acids," Cornptes 
Rendus Hebdomadaires des Seances de l'Academie des Sciences, Vol. 150, 1910, pp. 1336-1338 
[CA 4:2101 (1910)]. 

[9] Herbst, R. M. and Manske, R. H., "Methyl Benzyl Ketone (Phenylacetone)," Organic Syntheses, 
Vol. 16, 1936, pp. 47-50 (Organic Syntheses, Collective Vol. II, Wiley, New York, 1943, pp. 
389-391). 

[10] Pickard, R. H. and Kenyon, J., "Investigations on the Dependence of Rotatory Power on 
Chemical Constitution: Part VI. The Optical Rotatory Power of Methyl-tert-butyl-, Methyl- 
benzyl-, Methylphenylethyl-, and Methyl-c~-Naphthyl-Carbinols," Journal of the Chemical So- 
ciety, Vol. 105, 1914, pp. 1115-1131. 

{11] Radiszewski, B., "Zur Geschichte der Phenylessigs~iure," Berichte der Deutschen Chemischen 
Gesellschaft, Vol. 3, 1870, pp. 198-199. 

[12] Young, S., "Dibenzyl Ketone," Journal of  the Chemical Society, Vol. 59, 1891, pp. 621-626. 
[13] Potapov, V. M. and Terent'ev, A. P., "Stereochemical Studies: IV. Schiff Bases from Optically 

Active a-Benzylethylamines," Zhurnal Obshchei Khimii, Vol. 28, 1958, pp. 3323-3328 [CA 
53:14028h (1959)]. 

[14] Cowan, D. M., Jeffery, G. H., and Vogel, A. I., "Physical Properties and Chemical Consti- 
tution: V. Alkyl Ketone," Journal of the Chemical Society, Vol. 62, 1940, pp. 171-176. 

[15] Vogel, A. I., A Textbook of Practical Organic Chemistry, 1st ed., Longmens, Green and Co., 
London, 1948, pp. 336-338. 

[16] Zaputrayaev, B. A., Velitskaya, O. Y., Glikina, L. S., and Khaletskii, A. M., "Improvement 
of Methylbenzyl Ketone Synthesis," Meditsinskaya Promyshlennost SSSR, Vol. 14, No. 1, 1960, 
pp. 48-51 ]CA 54:22464c (1960)]. 

[17] Bodranskii, B. R. and Drabik, Y. V., "A New Method of Preparing 1-Phenyl-2-Aminopro- 
pane," Journal of  Applied Chemistry (USSR), Vol. 14, 1941, pp. 410-414 [CA 36:2531g (1942)]. 

[18] Julian, P. L., Oliver, J. J., Kimball, R. H., Pike, A. B., and Jefferson, G. D., "Methyl Benzyl 
Ketone from a-Phenylacetoacetonitrile," Organic Syntheses, Vol. 18, 1948, pp. 54-55 and pp. 
66-69 (Organic Syntheses, Collective Vol. II, Wiley, New York, 1943, pp. 391-392). 

[19] Murahashi, S., Haniwara, N., and Hirao, I., "Phenylacetone," Japanese Patent No. 3616, 19 
Oct. 1950 [CA 47:3347h (1953)]. 

[20] Hamada, K., et al., "Phenylacetone," Japanese Patent No. 4367, 16 Dec. 1950 [CA 47:3347i 
(1953)]. 

[21] Bruce, W. F., "Cholestanone," Organic Syntheses, Collective Vol. II, Wiley, New York, 1943, 
pp. 139-140. 

[22] Walker, H. G. and Hauser, C. R., "Synthesis of Methyl Ketones from Diethylacylmalonates," 
Journal of the American Chemical Society, Vol. 68, 1946, pp. 1386-1388. 

[23] Wilson, J. W. III, "Synthesis of d,l-Amphetamine Sulfate Labeled with 14C," Journal of the 
American Pharmaceutical Association, Vol. 39, 1950, pp. 687-688. 

[24] Popoff, A., "Oxydationsprodukte der Benzylketone," Berichte der Deutschen Chemischen 
Gesellschaft, Vol. 5, 1872, pp. 500-501. 



ALLEN ET AL. �9 DIFFERENTIATION OF ILLICIT P2P SYNTHESES 3 2 1  

[25] Sund, E. H. and Henze, H. R., "Alkyl Benzyl Ketones and Hydantoin Derivatives," Journal 
of Chemical and Engineering Data, Vol. 15, No. 1, 1970, pp. 200-201 [CA 66:89969e (1972)]. 

[26] McKillop, A., Hunt, J. D., Taylor, E. C., and Kienzle, F., "Thallium in Organic Synthesis: 
XX. Oxidative Rearrangement of Olefins with Thallium (III) Nitrate--A Simple One-Step 
Synthesis of Aldehydes and Ketones," Tetrahedron Letters, No. 60, 1970, pp. 5275-5280. 

[27] Gajac, J. and Fioramonti, M., "Hydrogenation of Nitro Derivatives," Memorial des Poudres, 
Vol. 33, 1951, pp. 515-520 [CA 49:1537a (1955)]. 

[28] Hass, H. B., Susie, A. G., and Heider, R. L., "Nitroalkene Derivatives," Journal of Organic 
Chemistry, Vol. 15, 1950, pp. 8-14. 

[29] Heinzelmann, R. V., "Physiologically Active Secondary Amines: [3-(o-Methoxyphenyl)-Iso- 
propyl-N-Methylamine and Related Compounds," Journal of the American Chemical Society, 
Vol. 75, 1953, p. 921. 

[30] Heinzelmann, R. V., "Alkyl Aralkyl Ketones," U.S. Patent No. 2,557,051, 12 June 1951 [CA 
46:531g (1952)]. 

[31] Tindall, J. B., "l-Aryl-2-Oxoalkanes," U.S. Patent No. 2,427,822, 23 Sept. 1947 [CA 42:602d 
(1955)]. 

[32] Monti, D., Gramatica, P., Speranza, G., and Manitto, P., "Reaction of Nitroolefins with 
Raney Nickel and Sodium Hypophosphite, a Mild Method for Converting Nitroolefins into 
Ketones (or Aldehydes)," Tetrahedron Letters, Vol. 24, No. 4, 1983, pp. 417-418. 

[33] Kirchhoff, R., "The Conversion of Nitro Groups to Carbonyls with Vanadium (II) Chloride," 
Tetrahedron Letters, No. 29, 1976, pp. 2533-2534. 

[34] Fujisawa, T., Okada, M., and Deguchi, Y., "l-([3-Diethylaminoethoxyphenyl)-3-Methyl-3,4- 
Dihydro-6,7-Methylenedioxyisoquinoline," Japanese Patent No. 8573, 5 Oct. 1956 [CA 52:11965b 
(1958)]. 

[35] Tiffeneau, M., "Benzene Hydrocarbons with a Pseudo Allyl Side Chain: Methovinylbenzene 
and Its Homologues--Study of Certain Molecule Migrations: Second Part. Study of Molecular 
Transpositions Which Accompany the Transformation of a-Glycols and Their Derivatives into 
Aldehydes and Ketones," Annales de Chimie et de Physique, Paris, Vol. 10, 1908, pp. 322- 
378 [CA 2:265 (1908)]. 

[36] Coulson, D. R., "A New Synthesis of Methyl Ketones," Tetrahedron Letters, No. 45, 1964, 
pp. 3323-3326. 

[37] Instituto de Biologia y Sueroterapia, "l-Phenyl-2-Aminopropane," Spanish Patent No. 193,150, 
20 May 1951 [CA 46:11237g (1952)]. 

[38] Mason, J. P. and Terry, L. I., "Preparation of Phenylacetone," Journal of the American 
Chemical Society, Vol. 62, 1940, p. 1622. 

[39] Vinogradov, M. G., Verenchikov, S. P., and Nikishin, G. I., "Radical Reaction of Acetone 
with Benzene Initiated by Manganese (III) Acetate," Izvesitya Akademii Nauk SSSR Seriya 
Khimicheskaya, Vol. 7, 1972, pp. 1674-1675 [CA 77:151620t (1983)]. 

[40] Heiba, E. I. and Dessau, R. M., "Oxidation by Metal Salts: VII. Synthesis Bases on the 
Selective Oxidation of Organic Free Radicals," Journal of the American Chemical Society, Vol. 
93, No. 2, 1971, pp. 524-526. 

[41] Okabe, K., Ohwada, T., Ohta, T., and Shudo, K., "Novel Electrophilic Species Equivalent 
to a-Keto Cations: Reactions of O,O-Diprotonated Nitro Olefins with Benzenes Yield Aryl- 
methyl Ketones," Journal of Organic Chemistry, Vol. 54, No. 4, 1989, pp. 733-734. 

[42] Walshe, N. D. A., Goodwin, G. B. T., and Woodward, F. E., "Acetone Trimethylsilyl Enol 
Ether," Organic Syntheses, Vol. 65, 1987, pp. 1-5. 

[43] Mukaiyama, T. and Narasaka, K., "3-Hydroxy-3-Methyl-l-Butanone by Crossed Aldol Re- 
action," Organic Syntheses, Vol.-65, 1987, pp. 6-11. 

[44] Augustine, R. L., Carbon-Carbon Bond Formation, Marcel Dekker, New York, 1979, p. 112. 
[45] Solomon, T. W. G., Organic Chemistry, Wiley, New York, 1976, p. 693. 
[46] Allinger, N. L., Wang, G. L., and Dewhurst, B. B., "Kinetic and Mechanistic Studies of the 

Dakin-West Reaction," Journal of Organic Chemistry, Vol. 39, No. 12, 1974, pp. 1730-1735. 
[47] Buchanan, G. L., "The Dakin-West Reaction," Chemical Society Reviews, Vol. 17, 1988, pp. 

91-109. 
[48] Breslow, D. S. and Hauser, C. R., "Condensations Brought About by Bases: V. The Con- 

densation of the Anhydride with the Aldehyde in the Perkin Synthesis," Journal of the American 
Chemical Society, Vol. 61, 1939, pp. 786-792. 

[49] Hauser, C. R. and Breslow, D. S., "Condensations Brought About by Bases: VI. The Mech- 
anism of the Perkin Synthesis," Journal of the American Chemical Society, Vol. 61, 1939, pp. 
793-798. 

[50] House, H. O., Modern Synthetic Reactions, 2nd ed., Benjamin Publishing, Menlo Park, CA, 
1972, pp. 660-663. 

[51] Augustine, R. L., Carbon-Carbon Bond Formation, Marcel Dekker, New York, 1979, pp. 1- 
79. 



322 JOURNAL OF FORENSIC SCIENCES 

[52] Davies, D. I. and Waring, C., "Cyclization Reactions Involving the Oxidation of Carboxylic 
Acids with Lead Tetra-acetate: Part III. Oxidation of Phenyl- and o-Biphenylyl-Substituted 
Acetic and Propionic Acids, and of o-Bipbenylylmethylmalonic Acid," Journal of the Chemical 
Society, Vol. 18, 1968, pp. 2333-2336. 

[53] Rudbottom, G. M., Oxidation in Organic Chemistry, Vol. 5-D, W. S. Trahanovsky, Ed., 
Academic Press, New York, 1982, pp. 1-145. 

[54] House, H. O., Modern Synthetic Reactions, 2nd ed., Benjamin Publishing, Menlo Park, CA, 
1972, pp. 374-375. 

Address requests for reprints or additional information to 
Roger A. Ely 
U.S. Drug Enforcement Administration 
Western Laboratory 
390 Main St., Rm. 700 
San Francisco, CA 94105 




