May-Jun 1986

Optically Active Synthons Containing Tetra- and Dihydropyrimidine

705

Rings [1]

Alexander L. Weis,* Felix Frolow and Rosita Vishkautsan

Department of Organic Chemistry, The Weizmann Institute of Science,
Rehovot 76100, Israel
Received April 24, 1985

Optically active condensed derivatives of hydroxytetrahydropyrimidines and dihydropyrimidines were pre-
pared by condensation of (+)pulegone with amidines and guanidine. The structure, the possible mechanism
of formation of these compounds, and the existence of amidinic tautomerism are discussed on the basis of
the measured spectral data and x-ray diffraction analysis.
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Over the past decade, chiral heterocycles have proven
extremely useful as auxiliary reagents in asymmetric syn-
theses [2]. Successful development of a versatile and high-
ly efficient condensation for the preparation of previously

Scheme
unknown hydroxytetrahydro- and dihydropyrimidines [3]
stimulated our desire to design optically active compounds
containing these moieties. Such enantiomerically pure py-
rimidine derivatives would constitute novel “‘asymmetric HN "
induction adjuvants’ [4], enabling synthesis of chiral | 0 H,N\>_R V'\>H:
acids, aldehydes, tertiary alcohols, and amines. In addi- 2
tion, related compounds containing the guanidinium moi- 1
6 5 0 (+) ~Pulegone
ety would represent a new series of pharmaceutically inter- L
esting sodium-channel blockers [5]. Moreover, these chiral H% H %’
derivatives can serve as chromatographic stationary ¥ N . 7~ "NH
phases [6] for enantiomeric separation of a series of SN-R ANNPSR
previously prepared racemic tetrahydro- and dihydropy- onH OH
rimidines. Since the above-mentioned condensation meth- 8A (-diastereomers) OB
od involves reaction of «,(3-ethylenic carbonyl derivatives
and amidines, we searched for an optically active, easily l-u,o
available, inexpensive compound containing an 5 2;11::2
o,B-unsaturated carbonyl fragment for use in this conden- & Retl 4 " Q’NH
sation. One such convenient molecule is naturally occurr Ol\/\i = C(\/)\
ing enantiomerically pure R(+ )pulegone (from oil of pen- i NTR NTR
nyroyal), which is widely used in the perfume industry. 4A  (+ enantiomers) 48
Table 1
Analytical data for Quinazoline Products 3 and 4
Elemental Analysis
[a]b® Caled [a] Found
Compound R Yield, % mp, °C (1.0, CH;0H) Formula M.W. (ms) C H N C H N
3¢ CH, 63 175-176 —22.2° C,H,N,0 2103 (210) 6853 1054 13.32 68.34 10.54 13.58
(from acetone)
3d H 38 162 ~34.2° C,H,N,0 1963(196) 6731 10.27 1427 67.20 10.40 14.46
(from acetone)
4a Ph 72.5 142-144 +37.1° C,,H,,N, 254.4 (254) 80.27 872 11.01 80.00 9.08 10.90
(from benzene)
b NH, 70 183185 +64.4° C,H,N, 193.3(193) 6835 991 21.74 6801 9.83 2202
4c CH, 68 155-156 +20.7° CHeN,  1923(192) 7495 1048 1457 7474 10.55 14.73
(sublimation)

Herein, we report the preparation of optically active com-
pounds containing the dihydro- or tetrahydropyrimidinic
ring by the condensation of R(+ )pulegone with amidines
and guanidines.

[a) Taken from G. H. Stout, “"Composition Tables’’, W. A. Benjamin, New York, 1963.
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According to the reaction mechanism proposed earlier

condensation proceeds wvia

this

Scheme),
1,4-addition of the amidine 2 across the «,3-unsaturated

[7] (see

Results and Discussion.

carbonyl fragment (Michael addition), followed by ring

Tables 1 and 2 fully describe several novel products ob-
tained by reacting (+ )pulegone (1) and benzamidine (2a),
guanidine (2b), acetamidine (2c), or formamidine (2d).

closure to the cyclic carbinolamine 3, which can be further

dehydrated to hexahydroquinazoline 4.
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Condensation of 1 with 2a, 2b, or 2¢ in boiling benzene
with azeotropic removal of the water released gave direct-
ly, according to elemental analysis and spectral data, the
dihydropyrimidine-containing compounds 4a, 4b, and 4c.
However, the condensation of 2d under the same condi-
tions gave only the intermediate hydroxytetrahydropyrim-
idine-ring-containing compound 3d, usually in low yield.
In an attempt to isolate the 9-hydroxyoctahydroquinazo-
line (carbinolamine) intermediates 3a, 3b, and 3¢ postu-
lated to form during the condensation, we applied a two-
step procedure involving mild conditions (acetone, 0-5°),
previously used successfully for making hydroxytetrahy-
dropyrimidines [3]. Surprisingly, we were unable to pre-
pare 3a and 3b by this approach, although 3¢ and 3d did
precipitate from the reaction mixture. In fact, even under
these mild conditions the reactions went all the way, yield-
ing 4a and 4b (as monitored by tlc), although at reduced
rates compared to their formation in boiling benzene. This
result exemplifies the extreme ease of dehydration of 3a
and 3b. However, when we attempted to dehydrate 3¢ and
3d using molecular sieves or azeotropic removal of water
(the second part of the two-step synthesis we developed),
4c was isolated in only very low yield and 4d was
undetected. These latter compounds were finally prepared
by dehydration with acid catalysis (acetic anhydride or
phosphoryl chloride).

Since compounds 3a and 3b dehydrate spontaneously
and could not be isolated, we had to confine our structural
studies on this family of compounds to 3¢ and 3d. Usually
these products are formed as a mixture of diastereomers
whose optical activity depends upon workup and solvents
used. We were, however, able to prepare single crystals of
optically pure 3d (see experimental), which we used for an

Figure 1. The pair of two independent molecules A and B connected via
hydrogen bond OA(11)..NB(1) (2.73 A).
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x-ray diffraction study. The analysis shows that the
crystals obtained are composed of two independent tauto-
meric molecules, A and B (see Figure 1), connected by
three hydrogen bonds (see Table 8). The **C nmr analyses
of solutions of these single crystals in deuteriomethanol
confirm the existence of two tautomers. This observation
implies that interconversion between the forms is slow. In
other solvents, the concentration ratio of the two forms de-
pends upon solvent polarities.

Figure 2. Computer-drawn molecular structure of (- )}7R, 95, 105-4,4,
7-trimethyl-9-hydroxy-1,4,5,6,7,8,9, — 10-octahydroquinazoline (3d-tauto-
mer A).

HB27 HE23
Q -

Figure 3. Computer-drawn molecular structure of (~)7R,95,105-4,4,
7-trimethyl-9-hydroxy-3,4,5,6,7,8,9,10-octahydroquinazoline
(3d-tautomer B).

From the x-ray data, molecule A (Figure 2) has an amidi-
nic proton at N(1) and a double bond (1.2877 A) between
C(2) and N(3). In its double-ring structure (fused at C(9)
and C(10), part of it is in a chair conformation, while the
hydroxytetrahydropyrimidine ring forms a half-chair
structure. The H at C(10) and the hydroxy group at C(9)
are axial with a trans disposition. Molecule B has the same
shape as A, except that the proton is on N(3) and the dou-
ble bond (1.286 A) is between C(2) and NQ1) (Figure 3).
This is the first observation of two resolved amidinic tauto-
meric forms of hydroxytetrahydropyrimidines. It is inter-
esting to note that solid-state Fourier-transform infrared
spectrum of these single crystals shows two sets of absorp-
tion bands for tautomers; for example, the C=N absorp-
tions appear at 1641 and 1621 cm™. Detailed investigation
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of the rate of proton transfer in solution, as well as the
structures of the 3¢ pair and the second diastereomer of
3d, which could have a cis-fused ring, is in progress.
According to ir spectral data, 4a and 4c exist as single
3,4-dihydrotautomers in the solid state (see Table 2). Com-
pound 4a is yellow, whereas all other synthesized com-
pounds are white crystalline materials. In solution, all pre-
pared dihydro compounds 4 are found in tautomeric
1, 4/3, 4 equilibria, as reported earlier for analogous sys-
tems {7,8). However, it is difficult to distinguish two tauto-
mers with 'H nmr, as their chemical shifts are mainly iden-
tical. *C nmr is much more informative and provides a
clear confirmation of the existence of the two isomers of 4.

Table 3

Atom Coordinates (x10%)

x/a y/b zlc
NA(1) 4814(2) 2591(2) 4698(1)
CA(2) 4641(2) 1268(3) 4790(1)
NA(3) 5204(2) 291(2) 4512(1)
CA(4) 6235(2) 652(2) 4066(1)
CA(5) 6787(3) 2528(3) 3281(1)
CA(6) 6131(3) 3742(3) 2977(1)
CA(T) 5769(3) 4874(2) 3411(1)
CA(8) 4956(2) 4306(2) 3925(1)
CA(9) 5648(2) 31342) 4227(1)
CA(10) 5880(2) 2003(2) 3774(1)
OA(11) 6881(2) 3553(2) 4462(1)
CA(12) 7562(3) 648(3) 4395(1)
CA(13) 6237(3) - 467(3) 3596(1)
CA(14) 5046(3) 5992(3) 3086(1)
NB(1) 6540(2) 5696(2) 5209(1)
CB(2) 6080(3) 6794(2) 4989(1)
NB(3) 5664(2) 7896(2) 5272(1)
CB(4) 5580(2) 8002(2) 5926(1)
CB(5) 5907(3) 6501(3) 6853(1)
CB(6) 5835(3) 5055(3) 7075(1)
CB(7) 6828(3) 4146(3) 6758(1)
CB(8) 6651(3) 4259(2) 6081(1)
CB(9) 6733(2) 5702(2) 5857(1)
CB(10) 5697(2) 6569(2) 6178(1)
OB(11) 7998(2) 6271(2) 5994(1)
CB(12) 6641(3) 8978(3) 6140(1)
CB(13) 4214(3) 8571(3) 6074(1)
CB(14) 6711(3) 2683(3) 6966(1)
EXPERIMENTAL

Melting points were taken on a modified Fisher-Johns apparatus
equipped with a thermocouple and a digital thermometer (Lauda) and are
uncorrected. Infrared spectra were measured with a Nicolet MX-1
Fourier-transform spectrometer. Intensities are reported as s (strong), m
(medium), w (weak), and b (broad). Uv spectra were obtained in ethanol
on a “UVIKON 810" UV-Kontron spectrometer. Optical rotations were
measured on a Perkin-Elmer 141 polarimeter equipped with sodium and
mercury light sources by using a 1-dm thermostated cell; reported tem-
peratures are uncorrected. The 'H nmr spectra were recorded with
Varian FT-80A (80 MHz) and WH-270 Bruker (270 MHz) Fourier-trans-
form spectrometers. Chemical shifts are expressed as parts per million

Vol. 23

Table 4

Anisotropic Temperature Factors (A?x 109
Ull UIZ UJJ UlJ UIJ Ull

NA() 171 24() 2000 —4Q) ) 3()
CA2)  91)  291) 1%1) ) o1 -2
NAG) 141 221  19() 20)  —21) -1()
CA@ 141) 191 1) 20 ) 1)
CAG) 211 211)  200) —4Q) ) o)
CAG6) 312 24 211) -1) 1) —4()
CA(T) 22(1)  181)  26(1) oy 01y -2
CA®) 13(1) 20(1) 211) —6() =31) o)
CAQ) 11(1) 20(1) 18(1) —4Q1) -—11) -1
CA(I0) 12(1) 19(1) 171)  =3Q1) 1) -3(1)
0A(1) 141  21(1)  241) -8Q1) -41) o)
CA(12) 15(1) 22(1) 29(1) =31) -—1Q) o)
CA(I3) 24(0) 17(1)  26(1) —41) 3 -1
CA(l4) 352) 220)  32(1) sy o) 1Q)
NB() 231 16(1) 151) —1) 20 o)
CB@) 23(1) 20) 150y  ~-20) 1)  —2()
NB@3) 29(1)  16(1)  19(1) 1) o) 30
CB@4) 16(1) 20(1) 19(1) —=51) 1) K1)
CBG) 20(1) 27(1) 181) —41)  20) 61
CB(6)  27(1) 27(1) 181) —11)  51)  61)
CB(7) 18(1)  23(1)  21(1) 20 11 N
CB@®) 141) 181) 211} -3 A1) -1
CBO) 121) 20(1) 171) —-11) oL  oQ)
CB(10) 12(1) 191) 20() =31 =31  oQ)
0B(I1) 13(1) 21(1) 25(1) —41) o1 —1Q)

CB(12) 272) 21(1) 32(2) =5(1) -4 (1)
CB(13) 22(1) 28(1)  25(1) 2(1) 0(1) 9(1)
CB(14) 32(2) 27(1) 27() 5(1) A1) 5(1)

The temperature factor exponent takes the form:

exp| — 2w*(h.a’Xh,a)U"]

(ppm) units downfield from the internal standard, tetramethylsilane
(TMS), and the coupling constants (J values) are given in Hertz. Coupling
patterns are designated s (singlet), d (doublet), t (triplet), q (quartet), or m
(multiplet). The '*C nmr spectra were recorded on a Bruker WH-90
(22.63 MHz) spectrometer. Mass spectra were measured with an Atlas
MAT-731 or MAT-CH-4 spectrometer. Microanalyses were performed by
Dr. S. Blum at the Microanalytical Laboratory, Hebrew University of
Jerusalem.

Enantiomerically pure R(+)pulegone (R-2-isopropylidene-5-methyley-
clohexanone) (Fluka or Kodak) was freshly distilled. Guanidine
hydrochloride was purchased from Fluka. Freshly prepared and
recrystallized acetamidine hydrochloride [9], mp 164-166° (ethanol), ben-
zamidine hydrochloride [10], mp 169° (acetonitrile), and formamidine
hydrochloride [11] were prepared by standard techniques.

The free bases of guanidine, benzamidine, and acetamidine were
prepared in dry methanol from stoichiometric amounts of the corre-
sponding hydrochlorides and sodium methylate. After complete
precipitation (30 minutes) the sodium chloride was filtered off under dry
argon, and the solvent was evaporated at room temperature (10-20°)
under high vacuum. This usually gave the free base as a white solid or
foam. Because of the instability of the free base of formamidine, it was
prepared in situ by the following procedure: An equimolar quantity of
formamidine hydrochloride was added to a concentrated solution of
sodium methylate in a minimum of dry methanol. The solvent required
for the subsequent reaction (dry benzene or acetone) was then added,
followed by fast filtration of the sodium chloride formed, under a dry in-
ert atmosphere. Precoated silica gel plates with a fluorescent indicator
(Merck, DC-Plastikfolien Kieselgel 60 F254) were used for analytical tle.
Preparative tlc was performed with 0.5-mm silica gel plates (Merck).
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Hydrogen Atom Coordinates (x10) and Isotropic
Temperature Factors (A? x 107)

HA(15)
HA(16)
HA(17)
HA(18)
HA(19)
HA(20)
HAQ1)
HA(22)
HA(23)
HA(24)
HA(25)
HA(26)
HA@27)
HA(28)
HA(29)
HA(30)
HA(B31)
HA(32)
HA(33)
HA(34)
HB(15)
HB(16)
HB(17)
HB(18)
HB(19)
HB(20)
HB(21)
HB(22)
HB(23)
HB(24)
HB(25)
HB(26)
HB(27)
HB(28)
HB(29)
HB(30)
HB(31)
HB(32)
HB(33)
HB(34)

CA@2)-NA(L)
NA(3)-CA2)
CA(10}CA(4)
CA(13}CA4)
CA(10)}CA(5)
CA(8}CA(7)
CA(9)-CA(8)
0A(11)-CA(9)
CBO}NB(1)
CB(4)NB(3)
CB(12)}CB(4)
CB(6)-CB(5)
CB(7}CB(6)
CB(14)}CB(7)
CB(10)}CB(9)

x/a

4412(30)
4018(24)
6904(25)
7672(24)
6690(26)
5326(31)
6618(24)
4154(25)
4770(23)
5051(28)
6748(32)
7532(28)
7785(24)
8245(28)
6345(27)
6946(27)
5391(32)
5576(31)
4844(30)
4250(32)
5995(26)
5491(30)
6784(28)
5215(29)
4978(28)
6000(28)
7715(23)
5808(28)
7327(24)
4859(24)
8609(34)
7519(29)
6547(27)
6479(28)
3560(29)
4085(27)
4126(26)
7334(32)
6865(25)
5828(32)

Table 5

y/b z/c
3111(28) 4905(12)
1082(22) 5113(10)
1767(25) 2984(10)
2802(24) 3452(10)
4052(24) 2677(11)
3429(28) 2772(12)
5263(22) 3598(10)
3980(23) 3765(10)
4987(22) 4241(10)
1855(26)  3599(11)
4311(31) 4740(13)
1268(27) 4751(13)

—298(23) 4566(10)
925(27) 4135(11)
—1361(25) 3789(11)
— 347(25) 3290(11)
—518(30) 3385(12)
6379(28) 2751(13)
6737(31) 3359(13)
5648(31) 2888(12)
6841(26) 4553(13)
8675(27)  5034(11)
6885(25) 6936(11)
7042(29) 7058(12)
4698(26) 6999(11)
4993(24) 7510(11)
4465(23) 6851(9)
3896(25) 5981(11)
3662(22) 5871(10)
6135(22) 6095(9)
5794(34) 5810(14)
8644(25) 6031(11)
9110(26) 6587(12)
9899(27) 5950(12)
7995(28) 5916(13)
8618(26) 6514(12)
9486(28) 5903(11)
2049(31) 6741(12)
2646(24) 7413(11)
2372(30) 6896(13)

Table 6

Bond Lengths (A)

1.345(4)
1.287(4)
1.537(5)
1.531(5)
1.529(5)
1.525(5)
1.518(5)
1.419(4)
1.463(4)
1.471(4)
1.525(6)
1.525(6)
1.527%(6)
1.533(6)
1.536(5)

CA(9)-NA(1)
CA(4)}NA(3)
CA(12)-CA(4)
CA(6)}-CA(5)
CA(7)-CA(6)
CA(14)-CA(7)
CA(10)}-CA®)
CB(2)NB(1)
NB(3}-CB(2)
CB(10)-CB(4)
CB(13)}CB(4)
CB(10)}-CB(5)
CB(8)-CB(7)
CB(9)}CB(8)
0B(11)-CB(©)

1.456(4)
1.489(4)
1.533(5)
1.537(6)
1.532(6)
1.517(6)
1.533(5)
1.286(4)
1.334(4)
1.538(5)
1.532(6)
1.528(5)
1.531(5)
1.523(5)
1.434(4)

Optically Active Synthons

28(8)
15(6)
21(6)
15(6)
20(6)
39(8)
13(6)
13(6)
17(6)
23(7)
47(9)
34(8)
18(6)
31(7)
23(7)
24(7)
38(8)
40(8)
419)
41(8)
33(7)
37(8)
22(7)
33(8)
26(7)
30(7)

9(6)
23(7)
12(6)
10(6)

55(10)
24(7)
28(7)
36(8)
37(8)
32(7)
31(7)
42(8)
23(7)
39(8)

709

Table 7
Bond Angles (deg)

CA(9)-NA(1)-CA(2) 123.4(3) NA(3)-CA(2)-NA(1) 127.5(3)
CA(4)-NA(3)-CA(2) 116.9(3) CA(10)-CA(4)-NA(3) 109.4(3)
CA(12)CA(4)}-NA(3) 106.9(3) CA(12)-CA(4)CA(10) 114.3(3)
CA(13)}-CA(4)-NA(3) 106.7(3) CA(13)-CA(4)-CA(10) 110.2(3)
CA(13)}-CA(4)}-CA(12) 109.1(3) CA(10)}-CA(5)-CA(6) 109.2(3)
CA(7)-CA(6)-CA(5) 113.6(3) CA(8)-CA(7)-CA(6) 109.6(3)
CA(14)-CA(7}CA(6) 110.6(3) CA(14)}-CA(7)}-CA(8) 111.9(3)
CA(9)-CA(8)-CA(7) 111.8(3) CA(8)-CA(9)-NA(1) 109.8(3)
CA(10)-CA(9)-NA(1) 107.2(3) CA(10)-CA(9)-CA(8) 109.93)
OA(11)-CA(9)-NA(1) 110.53) OA(11)-CA(9)-CA@8) 110.2(3)
0A(11)}CA(Q)}CA(10) 109.1(3) CA(5)-CA(10)-CA(4) 117.7(3)
CA(9)}CA(10)-CA(4) 113.4(3) CA(9)-CA(10)-CA(S) 108.6(3)
CB(9)-NB(1)-CB(2) 115.1(3)  NB(3)-CB(2)-NB(1) 129.1(3)
CB(4)}NB(3)-CB(2) 123.3(3) CB(10)-CB(4)-NB(3) 107.1(3)
CB(12)-CB(4)-NB(3) 108.5(3) CB(12)-CB(4)CB(10) 114.9(3)
CB(13)-CB(4)NB(3) 107.1(3) CB(13)-CB(4)-CB(10) 109.5(3)
CB(13)-CB(4)-CB(12) 109.5(3) CB(10)-CB(5)}CB(6) 111.0(3)
CB(7)-CB(6)-CB(5) 112.1(3)  CB(8)-CB(7)-CB(6) 109.9(3)
CB(14)}CB(7)-CB(6) 111.7(3) CB(14)-CB(7)-CB(8) 111.2(3)
CB(9)-CB(8)-CB(7) 112.93) CB(8)}-CB(9)}-NB(1) 108.4(3)
CB(10)}-CB(9)-NB(1) 112.0(3) CB(10)}-CB(9)-CB(8) 109.8(3)
OB(11)-CBO)}NB(1) 109.4(3) OB(11)}-CB(9}-CB(8) 110.5(3)
OB(11)-CB(9)}-CB(10) 106.3(3) CB(5)-CB(10)-CB(4) 114.5(3)
CB(9)-CB(10)-CB(4) 113.7(3) CB(9)}-CB(10)-CB(5)  110.0(3)
Table 8

Hydrogen Bonds (A)

NB(3)}NA(3a) 2.966
0B(11)-NA(3b) 2.948
NA(1)}0A(11¢) 2.733

Key to symmetry operations relating designated atoms to reference
atoms at (x,y,z):

(a) x, 1.0 + y, z

(b) 0.5 + x,0.5 — 2,10 — z

(c) x,y, 2

Preparation of R(+)}4,4,7-Trimethyl-1,4,5,6,7,8(or 3,4,5,6,7,8)hexahydro-
quinazolines (4). General Procedure.

Under an inert dry atmosphere, a solution of 20 mmoles of freshly
distilled R(+)pulegon (1) in 5 ml of dry benzene was added dropwise (10
min) at room temperature with stirring to a solution of 22 mmoles of ami-
dine (or guanidine) free base in 50 ml of dry benzene. After addition, the
flask was equipped with a Dean-Stark trap for azeotropic removal of
water and a condenser, and the mixture was boiled for 24 hours. Progress
of the reaction was monitored by tlc. The reaction mixture (colorless for
4b and 4c; yellow for 4a) was cooled, and the remaining traces of sodium
chloride were filtered off. The clear solution was evaporated under
reduced pressure. The resinous semisolid obtained was triturated with
dry hexane several times until a solid precipitate formed, which was
filtered off and dried in a vacuum desiccator. The yields, melting points,
and spectral parameters are given in Tables 1 and 2.

Preparation of (- )-4,4,7-Trimethyl-9-hydroxy-1,4,5,6,7,8,9,10(3,4,5,6,7,-
8,9,10)octahydroquinazolines (3). General Procedure.

A solution of 20 mmoles of freshly distilled R(+ )pulegone (1) in 15 ml
of dry acetone was added dropwise (30 minutes) at 0-10° to a solution of

20 mmoles of amidine in 50 ml of dry acetone with magnetic stirring un-
der a dry inert atmosphere. The mixture was then stirred 30 minutes
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more, after which the reaction mixture was stirred at room temperature,
the course of the reaction being monitored by tlc. A white solid usually
began precipitating after the first hour. The white copious precipitate
was filtered and washed with dry acetone or diethyl ether. The mother Ii-
quor was evaporated to dryness, the crude residue was triturated with a
small amount of dry diethyl ether, and the additional porton of undis-
solved 3 was filtered. The white solids (3) were combined, dried, and
recrystallized (Tables 1 and 2).

Preparation of Single Crystals of (-)7R,95,105-4,4,7-Trimethyl-9-
hydroxy-1,4,5,6,7,8,9,10(3,4,5,6,7,8,9,10)}octahydroquinazoline (3d).

When the above general synthesis for 3 was applied to formamidine

and pulegone, with 5-fold quantities of starting materials and solvent, no
precipitation had occurred after 48 hours at room temperature.
However, tlc showed formation of 3d. The acetone and unreacted
pulegone were evaporated under high vacuum (up to 60°/0.03 mm), and
20 ml of dry acetone was added to the viscous residue. White microcrys-
talline 3d precipitated: 2.4 g, mp 156-157°, [a]* —21.4 (C = 1.13,
methanol); '"H nmr (deuteriochloroform and deuteriodimethylsulfoxide):
8 6.99 (s, H-2, 1H), 1.23 (s, CH,-4, 3H), 1.15 (s, CH;-4, 3H), 0.88 (d, CH -6,
3H), 0.84-1.89 (m); 196 (M*). The solid was filtered off and washed with 10
m] of acetone. The mother liquor was left to evaporate slowly at room
temperature, and in 24 hours 1.2 g of single crystals suitable for x-ray
crystallography formed: mp 166-168°, [a]5® —34 (C = 1.03, methanol);
‘H nmr (deuteriodimethylsulfoxide): 8 6.75 (s, H-2, 1H), 1.10 (s, CH;-4,
3H), 1.03 (s, CH;-4, 3H), 0.83 (d, CH,-7, 3H), 0.79-1.79 (m); ms: 196 (M*).
The crystals were filtered, and the filtrate was left for 24 hours, during
which less pure single crystals formed: 0.2 g, mp 152-156°, [a]3® —27(C
= 1.045, methanol); ms: 196 (M*). After filtration, slow evaporation (3
days) yielded 0.4 g of microcrystalline precipitate: [a]5* —20 (C = 1.81,
methanol); ms: 196 (M*).

Crystal Data.

The crystal properties of 3d are C,,H,,N,0, M = 196.3, orthorhom-
bic, a = 10.128 (1), b = 9.953(1), ¢ = 22.393(2) A, V = 2257 A* (by
least-squares refinement on diffractometer angles for 25 automatically
centered reflections, A = 0.71069 A), space group P2,2,2,,D, = 1.16 g
cm™, z = 8 (two independent tautomeric molecules in asymmetric unit);
temperature 80 K, transparent colorless cubes.

Data Collection and Processing.

Crystal data were collected on a CAD4 diffractometer in w/26 mode
with w scan width = 0.75 + 0.35 tan, constant w scan speed 3.3°/min,
graphite monochromatic Mo Ka radiation; 2299 reflections were mea-
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sured (2° < © < 27°, h, k, 1), 2200 unique (merging R = 0.01), giving
2105 with F, > 3s(F,).

Structure Analysis and Refinement.

Direct methods were followed by full-matrix least-squares refinement,
with all nonhydrogen atoms anisotropic and hydrogens (found from a dif-
ference Fourier map) isotropic. The weighting scheme w = [1.012/s%F,)
+ 0.00055F,] with s(F,) from counting statistics gave satisfactory agree-
ment analyses. Final R and R, values are 0.037 and 0.037. All calcula-
tions were performed with the SHELX-76 package of crystallographic
programs [12).
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