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The stereochemical aspects of the Bucherer-Bergs reaction and a modified Strecker reaction on tetrahy-
dro-2H-pyran-3-one derivatives have been studied in details through the use of several nmr techniques. It was
found that, in both reactions, the orientation of the substituents introduced on C-3 of the pyran ring, de-
pends from the number and nature of the substituents on the neighbouring C-2 atom.
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Introduction.

One of the most convenient routes for the synthesis of
a-amino acids involves the reaction of aldehydes or ke-
tones with ammonium carbonate and sodium cyanide to
form spirohydantoins (the Bucherer-Bergs reaction [1]),
followed by hydrolysis of the latter to a-amino acids.The
alternative route from the same starting materials is via
a-amino nitriles (the Strecker reaction [2]), which general-
ly by hydrolysis gives the geometrical isomers of the same
products, but in poorer yields. Recently we have proposed
a modification of the classical Strecker method [3], yield-
ing o-benzylamino nitriles and «-amino nitriles (of a
broad variety of carbonyl containing compounds) in al-
most quantitative yields. All the above reactions lead to
products with remarkable stereospecificity and their confi-
guration depends on the stereochemical aspects of the
starting ketones as well as the reaction conditions [4].
Since various geometrical isomers showed different biolo-
gical activity, the configuration of spirohydantoins [5],
a-benzylamino nitriles [6] and «-amino acids [7,8] have
great biological importance. Earlier researchers have stud-
ied in detail the stereochemical aspects of these reactions
for a variety of starting materials [9,10]. Especially the
structural assignments of cyclic amino acids, synthesized
via Bucherer-Bergs or Strecker routes have been contro-
versial, and contradictory assignments have appeared in
the literature for a variety of cyclohexanone derivatives
[4,10]. For example the Bucherer-Bergs reaction on 4-t-bu-
tylcyclohexanone [4] gave predominantly one isomeric
hydantoin (amino group with an axial orientation), while
the Strecker reaction on the same starting material gave a
product with the other possible orientation (amino group
at the equatorial position).

In our efforts to synthesize new, biologically active oxy-
gen-containing isosteres of B-dihydroxy phenylalanine
(DOPA) [11] and B-dihydroxy phenylethylamine (DOPA-
MINE) [6], we have performed the classical Bucherer-
Bergs reaction, as well as a new high yield modification of

Strecker reaction on tetrahydro-2H-pyran-3-one deriva-
tives and have studied the stereochemical aspects of the
products. Our structural assignments are based on spec-
troscopical data (*H nmr, *C nmr and 2D nmr), which lead
to unequivocal identification of the various geometrical
isomers. The ease of synthesis and isolation of these highly
functionalized products, along with their remarkable ste-
reospecificity, make them attractive starting materials for
the synthesis of more complex molecules of biological in-
terest.

EXPERIMENTAL

The synthesis and purification of the compounds used in this
work was achieved by using methods which have been described
in our previous papers [6,12]. The 'H nmr and **C nmr spectra
were recorded on a Nicolet NT 360 (at 360 MHz and 90 MHz re-
spectively) spectrometer at 20° temperature in the indicated sol-
vents. Chemical shifts are reported in parts per million from te-
tramethylsilane as internal standard (5 scale). The 2D nmr spec-
tra (Homonuclear proton NOESY experiment) were obtained on
a General Electric GE-300 spectrometer and carried out with the
usual pulse sequence RD-#/2-t,-7/2-t,.-7/2-t;, where RD is the re-
laxation delay (1.5 s) and t,, is the mixing time (500 ms). The t,
value of 10 pus was used with 256 equidistant increments (At; =
600 ps), and zero filling was used. The digital resolution along
both axes was 16.0 Hz/point and 256 scans were taken.

Results and Discussion.

In our efforts to synthesize new, more potent oxygen
containing isosteres of sympathomimetic amines, we have
utilized as a working hypothesis that their parent com-
pound is B-phenylethylamine [13] and the minimal struc-
tural requirement valid for dopamine (DA(D;)) antagonist
activity, is that the distance of a vector directed from the
center of the phenyl group to a basic N atom should be
5.6.5 A [14]. Furthermore we have relied on Molecular
Mechanics calculation results [6], which indicated that in
the case of sympathomimetic amine analogous which con-
tain the pyran ring, the necessary structural requirement
was fulfilled only when a diaxial orientation of both phenyl
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and amino group was achieved or for the case of y-phenyl-
propylamine derivatives (with the phenyl group at equato-
rial orientation). In order to achieve this synthetic goal, we
have performed the Bucherer-Bergs and the modified
Strecker reactions selectively on various tetrahydro-2H-py-
ran-3-one derivatives.

Stereochemistry of Tetrahydro-2H-pyran-3-ones [15].

In 1971 Allinger and Tribble [16] calculated, using a
force field approach, that in 2-methyl-2-phenylcyclohexa-
none 2a the conformational energies of methyl (1.7
Kcal/mol) and phenyl (3.0 Kcal/mol) groups should not be
additive and the conformation with the larger phenyl
group in the axial position was preferred at equilibrium by
0.9 Kcal/mol. This comes about because the most stable
conformation of the axial phenyl group (phenyl perpendi-
cular to the bisector plane of the cyclohexane chair) is not
perturbed by introduction of a geminal methyl substitu-
ent. However in the absence of the geminal methyl group
(monosubstitution), the conformation with the phenyl
substituent at the equatorial position la of the bisector
plane of the cyclohexane chair is thermodynamically the
most stable [17]. The above predictions were revealed in
1981 by Eliel and Manoharan [18] with the aid of spectro-
scopical measurements.

In the case of tetrahydro-2H-pyran-3-one derivatives we
have used 2D nmr spectroscopy (NOESY experiment) and

confirmed the stereochemical assignments shown in
Scheme I.
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More specifically for 6-methoxy-2-(3,4-methylenedioxy-
phenyl)tetrahydro-2H-pyran-3-one 1b the axial orientation
of the methoxy group may be proved by 'H nmr, consider-
ing the couplings Js5 = 2.9 Hz and J5, = 0 and the ano-
meric effect [19]. Furthermore in a two dimentional
NOESY experiment the fact that the protons of the meth-
oxy group showed strong nOe correlation with H(2) and no
correlation with H,,... unequivocally confirms the stereo-
chemistry of 1b. On the other hand in a similar experi-
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ment for 2-(p-methoxyphenyl)-2-methyltetrahydro-2H-
pyran-3-one 2b the strong nOe correlation H(6) — H.,..,
and lack of any H(6) — CH, proved the assignments for
compound 2b.

Configuration of Spirohydantoins.

Previous works on spirohydantoins have established
that the Bucherer-Bergs reaction on a variety of cyclic ke-
tones furnishes exclusively one isomeric spirohydantoin,
the one with the 4’-carbonyl group in the less sterically
hindered equatorial (exo) position [4,9]. The conformation-
al assignments were based on ir, nmr and X-ray crystallo-
graphy findings and were in accordance with those ex-
pected from a detailed consideration of steric effects on a
kinetically determined product (the Bucherer-Bergs pro-
duct). Even though the above discussed preferred equato-
rial orientation of the 4'-carbonyl group was studied in de-
tails for products derived from anchored cyclohexanones
[4}, in the case of 2-phenyl cyclohexanone [10] the Bucher-
er-Bergs reaction gave spirohydantoin 5 with the amino
group at equatorial orientation, while the Strecker reac-
tion led to an a-amino nitrile with the amino group at ax-
ial position.

Application of the classical Bucherer-Bergs reaction on
compound 1b yielded exclusively one isomeric spirohy-
dantoin, the 6{p-methoxyphenyl)}-6-methyl-7-oxa-1,3-diaza-
spiro[4,5]decane-2,4-dione 4 (Scheme II). The structural
assignments for this compound were based at the follow-
ing line of evidences:

Scheme 11
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(1) '"H NMR.

A general and simple criterion to discover the isomeric
purity of spirohydantoins in rigid systems is the study of
the N(1)}-H signal in the 'H nmr spectra [8]. Thus com-
pound 4 showed only one N(1')-H signal (6 8.34), while in
case of the opposite configuration this signal should be ap-
peared more upfield (at 6 ppm about). Aromatic and angu-
lar methyl protons were also affected by the different con-
tribution of the diamagnetic anisotropic effect of the
4’-carbonyl group, by a manner that only an equatorial
orientation of this group may affect. Thus the protons of
the angular methyl of compound 4 appeared (Table I) at
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lower field (6 1.72) than the corresponding protons of com-
pound 3 [11], due to the deshielding effect of the 4'-carbo-
nyl group. On the other hand the observed upfield shift
(7.46 — 7.27) of the ortho aromatic protons may be ex-
plained by the shielding effect of the lone pair electrons of
the 4'-carbonyl oxygen atom.

Table 1
"H NMR Chemical Shifts of Compounds 3 and 4

Compound 4 Compound 3
(DMSO-dg) (Deuteriochloroform)
CH; 1.72m 1.54m
H4) 233 m 191 m
H(5) 1.92m 191 m
H(6) 390m 3.88m
Harom 7.27(d,]=8.9Hz) 7.46(d,J=288Hz)

6.83(d,J=8.9Hz) 6.87(d,J=88Hz)

arom

(2) *C NMR.

Since the stereochemistry of the spirohydantoin 5 has
already been established by spectroscopical and X-ray
data [10], the configuration of spirohydantoin 4 may be es-
tablished by comparing the deshielding-shielding effects
of the spirohydantoin moiety at **C nmr for each mole-
“cule. More specifically we have recorded the **C nmr spec-
tra of spirohydantoins 4, § and their starting materials 1a,
2b on the same instrument, temperature, concentration
and solvents. The chemical shifts are listed in Table II and
the measured deshielding-shielding effects may be pic-
tured by the difference of the chemical shifts between the
starting ketones and the spirohydantoins for the different
class of compounds. Since there is a distinct deshielding-
shielding effect of the spirohydantoin moiety for these two
different classes of compounds (evaluated by differences
up to 3 ppmy), one can assume that the spirohydantoins 4
and 3 have different stereochemistry.

Configuration of a-Benzylaminonitriles.

The mechanism and the configuration of the reaction
products for the synthesis of «-aminonitriles via the
Strecker route for cyclohexanone derivatives 6 (Scheme
III), have already been discussed by Edward and Jitrang-
sri [4). They have found that the a-aminonitrile 6K is the
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Scheme III
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predominant product (95 to 5 over compound 6F), along
with an amount of cyanohydrin byproducts (6B and some
6C). The detailed investigation of the reaction mechanism
and various equilibria as well as the isolation of compound
6F is difficult since a-aminonitriles and its hydrochlorides
are quite unstable.

Recently we have described a convenient, high yield mo-
dification of the classical Strecker reaction which leads to
the formation of a-benzylamino nitriles [3]). This thermo-
dynamically controlled synthesis proceeds at 60° in abso-
lute methanol via the formation of the imine of benzyl-
amine, 7D, 8D, 9D, and in situ addition of hydrogen cya-
nide (from potassium cyanide and acetic acid). We have
performed this reaction on both carbocyclic 7 and hetero-
cyclic 8, 9 compounds and received only one stereoisomer-
ic a-benzylaminonitrile as the product, while no trace of
cyanohydrin byproducts were observed. This may reflect

Table 11
3¢ NMR Chemical Shifts of Spirohydantoins 4, § and their Starting Materials 2b, 1a
Ring Carbons Aromatic Carbons Other Carbons
Compound C-2 C-3

No. Solvent cl1 C2 ¢3 ¢C4 C5 C6 C-1 C-6 C-5 C4 C=0 C=0 -CH; CH30-
la Deuteriochloroform  34.4 569 209.7 41.7 249 274 1385 1281 127.8 1264 - - -— -
5 DMSO-dg 277 480 66.8 350 21.2 258 1405 129.1 1280 1270 1569 1775 - -—
Difference 67 89 1429 67 37 16 -20 -10 -0.2 06 —- - -— -
2b Deuteriochloroform -  85.0 209.1 36.7 273 61.4 1322 1262 1141 1589 —- = 274 551
4 DMSO-dg - 791 686 287 21.1 612 1363 1280 113.7 1593 157.1 1778 212 558
Difference -— 59 1405 80 62 02 41 -1.8 -0.4 04 - = 62 -07
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Scheme IV

7E

the fact that the reaction conditions (acidic environment,
absence of water) do not favor the establishment of various
equilibria of Scheme III. Furthermore the exact configura-
tion of the reaction product is resumed from both thermo-
dynamical and stereochemical limitations. In the case that
there is substitution and stereochemical hinderence at the
next carbon atom, the bulky nature of benzylamine group
limits the possible orientations of benzylamine and cya-
nide moieties. The a-benzylaminonitriles reported in the
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Figure I. Proton NOESY (300 MHz) spectrum of 8E; 'H nmr (deuterio-
chloroform, TMS): 6 7.23 [s, SH, H-Ar), 7.13 [s, 1H, H(2)}-Ar], 6.95{dd,] =
9,2.7, 1H, H(6)}-Ar], 6.76 [d, J = 9, 1H, H(5)-Ar), 5.95 [s, 2H, CH,0), 4.93
[m, 1H, H-C(6)}, 4.63 [s, 1H, H-C(2)], 3.82[d, J = 12.5, 1H, CH,N], 3.62 [d,
J = 12.5, 1H, CH,N}, 3.34 [s, 3H, CH,), 2.20 [m, 2H, H-C(4})}, 2.06 [m, 1H,
H-C(5)], 1.96 [m, 1H, H-C(5)}, 1.53 [br, NH].

OCH,
8E 9F

paper were stable and their stereochemistry at C-3
(Scheme IV) was established by the aid of a 2D-nmr
NOESY experiment.

More specifically for compound 8E a representative
NOESY spectrum is shown in Figure I. In this spectrum
there is a strong nOe correlation between the aromatic
protons of the two phenyl groups and a weak correlation

T . i bt
P . 2 N

[ 2
®E o o &9

Figure II. Proton NOESY (300 MHz) spectrum of 9F; 'H nmr (deuterio-
chloroform, TMS): 6 7.57 [d, ] = 9, 2H, H(2,6)-Ar], 7.25 [m, SH, H-Ar],
6.87 [d, ] = 9, 2H, H(3,5)}Ar], 3.91 [m, 2H, CH,N], 3.77 [s, 3H, CH,0],
3.74 [m, 2H, H-C(6)}, 2.19 [m, 2H, H-C(4)), 1.83 [m, 2H, H-C(5)], 1.72 [s,
3H, angular CH,}, 1.60 [br, NH].

PPM
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between the protons of the methylenedioxy group and the
aromatic protons of benzylamine. These interactions
along with a very weak nOe correlation between H(4) and
one proton of CH, of benzylamine (they are distinct due to
restricted rotation) and the lack of any cross peaks be-
tween H(5) and CH, of benzylamine, clearly demonstrate
the equatorial orientation of benzylamine group. Thus the
cyanide group has an axial position (Scheme IV).

In the case that there is stereochemical hinderence at
the next carbon atom (compounds 9), the stereochemistry
may be determined by a similar 2D-nmr (NOESY) experi-
ment (Figure II). More specifically the presence of cross
peaks between the CH, of benzylamine and H(4), H(5), as
well as the lack of any nOe correlation between the angu-
lar methyl group and the protons of benzylamine moiety,
unequivocally confirms the stereochemistry of compound
9F (Scheme IV). Thus in this case the bulky benzylamine
group has the less sterically hindered axial orientation,
while the cyanide group is at an equatorial position.
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