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On heating at  100°C, 1,2,3,4-tetrahydro-6,7-dialkoxy-l-[(acyl- 
amidino)methylene]isoquinolines (5) are transformed into 4- 
substituted 6,?-dihydro-9,1O-dialkoxy-2H-pyrimido[6,1-a]iso- 
quinoline-Zimines (6), while at 140°C they undergo a novel 

prototropic rearrangement via 6 to give 4-amino-6-(4,5-di- 
alkoxy-2-vinylphenyl)-2-phenylpyrimidines (7). The structure 
of ?a has been determined by X-ray analysis. 

For the formation of olefins from amines containing a mobile 
hydrogen atom in p position several methods have been described 
which involve cleavage of the C-N bond, the most widely known 
being the Hofmann elimination*'. All of them are accompanied by 
a fragmentation in which the p hydrogen is eliminated from the 
resulting olefin. In this paper we report on a novel thermal olefin- 
forming reaction in which one of the bonds of a tertiary bridgehead 
nitrogen in a tricyclic molecule is cleaved, but, in contrast to known 
methods'), the 0 hydrogen is not eliminated, rather the molecule 
undergoes a rearrangement. 
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acid yields pyrimido[6,1-a]isoquinolinium chlorides') (2). In basic 
media these salts form an equilibrium system comprising three 
tautomeric forms of a pseudobase (3-5) and of an anhydrobase 
(6) derived from them by loss of water or of a proton, respectively. 
6 may be isolated in crystalline form if an ethanolic solution of the 
acylamidine 5 is evaporated at 100°C. In the course of this dehy- 
dration water has to be carefully removed since the reaction is 
reversible, and the pyrimidine ring of 6 is opened even in the pres- 
ence of only an equimolar amount of water so that 5 is regener- 
ated '1. 

Scheme 2 
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In order to avoid this disadvantage we have attempted to de- 
hydrate 5 in boiling xylene using a Dean-Stark trap. However, 
instead of the imines 6 we have obtained the isomeric pyrimidines 
7 formed by cleavage of the isoquinoline ring and concurrent for- 
mation of a vinyl group. Structures 7 are supported by analytical 
and spectroscopic data as well by X-ray crystallography of 7a (Fig- 
ure 1). The vinyl group is catalytically hydrogenated to give the 
ethyl derivatives 8 (Scheme 2). 

Concerning the mechanism of this interesting isoquinoline-py- 
rimidine ring transformation combined with dehydration (5 -+ 7) 

II 
"Cyf + H20 

6 NH 

Earlier we have reported that the catalytic hydrogenation of (oxa- 
diazolylmethy1ene)isoquinolines (1) in the presence of hydrochloric 
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Figure 1. The X-Rav diagram of 7a  with crvstallograuhic atomic 
ncmbering. Some c6arackristic bond length; and Ggies: N1 -C2 
1.333(5), N1 -C6 1.372(5), C2-N3 1.359(6), N3-C4 1.333(5), 
C4-C5 1.395(6), C4-Nl9 1.377(6), C5-C6 1.371(7), C20-C21 
1.323(8)& C6-NI-C2 115.7(4), Nl-C2-N3 126.4(3), 
C2-N3-C4 116.7(3). N3-C4-C5 123.2(4). C4-C5-C6 

118.4(4), C5-C6LN1 121.5(3), CS-C20-'C21 124.4(4)" 

several possibilities may be envisaged, all of which involve as the 
first step formation of the pseudobase 4 as the key intermediate. 
Doubtlessly, it is the route a which is in closest analogy to the 
Hofmann elimination, but an ionic mechanism postulating the for- 
mation of and attack by a hydroxide anion in an aprotic solvent 
like xylene is rather improbable. 

Scheme 3 
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A concerted mechanism involving a cyclic transition state (EP), 
route b) may be an alternative to a pyrolytic and non-catalyzed 
olefin-forming elimination in which solvent effects are absent, but 
with pseudobases 4 a cyclic six-membered transition state is steri- 
cally unfavored due to the presence of the condensed ring system. 

A further possibility is that on heating of 5 in xylene, subsequent 
dehydration generates 6 which in its well-established dipolar res- 
onance form 6' explains the rearrangement to form 7 (route c). Since 
we have found no example for a similar olefin formation in the 
literature we were surprised to obtain pyrimidine 7 a  in good yield 

by boiling 6a in dry xylene. This demonstrates that reaction 5 4 7  
may also proceed via imine 6. 

In summary oxadiazoles 1 can be transformed in three simple 
steps (catalytic hydrogenation in acidic medium, alkalization, and 
thermal isomerization) to 4-aminopyrimidines 7 representating a 
novel type of compounds. 

This work is a continuation of our research on the transformation 
of amino amide oximes and amino-l,2,4-oxadiazoles 1,3,5! 

We wish to thank Miss V. Harangozd for technical assistance, 
Dr. I. Remport for carrying out elemental analyses, and the Central 
Research Institute for Chemistry of the Hungarian Academy of Sci- 
ences for the performing the X-ray analysis. 

Experimental 

and 25 MHz); numbering of atoms according to Figure 1. 
IR: Zeiss Specord M 80. - 'H and I3C NMR: Jeol FX-100 (100 

4-Amino-6- (4,5-dimethoxy-2-vinylphenyl)-2-phenylpyrimidine 

a) A solution of 5a9  (3.51 g, 10 mmol) in xylene (50 ml) was 
boiled for 12 h using a Dean-Stark trap. Evaporation of the solvent 
and trituration of the residue with ether gave 7 a  (2.43 g, 73%), m.p. 
188°C (from methanol). 

b) A solution of 6a3) (1.66 g, 5.0 mmol) in xylene (15 ml) was 
boiled for 10 h. Workup as described under a) gave 7 a  (1.39 g, 
84%), m.p. 188°C. - IR (KBr): P = 3400 cm-', 3300, 3195, 

OCH3), 5.09 (s, 2H, NH2), 5.21 (dd, J = 1 Hz, cis, 1 H, 21-H), 5.63 
(dd, J = 1, gem; J = 17 Hz, trans, 1H, 21-H), 6.41 (s, IH, 5-H), 
7.01 (dd, J = 11, cis, J = 17 Hz, trans, lH,  20-H), 7.12 (s, lH, 9- 
or 12-H), 7.18 (s, IH, 9- or 12-H), 7.3-7.5 (m, 3H, 15,16,17-H), 
8.3-8.5 (m, 2H, 14,18-H). - 13C NMR (CDCI3): 6 = 56.17 (C- 

(7 a) 

1642. - 'H NMR (CDC1,): 6 = 3.93 (s, 3H, OCH3), 3.96 (s, 3H, 

24,25), 103.34 (C-5), 109.05 (C-9), 112.53 (C-12), 113.61 (C-21), 128.27 
(C-14,15,17,18), 129.61 (C-8), 130.26 (C-l6), 130.93 (C-7), 135.67 (C- 
20), 138.24 (C-13), 148.92 (C-ll), 149.91 (C-lo), 163.25 (C-6 or C- 
2), 164.22 ((2-2 01 C-6), 165.01 (C-4). 

CZOHi9N302 (333.4) Calcd. C 72.05 H 5.74 N 12.60 
Found C 72.01 H 5.70 N 12.65 

Crystal Data of7a6): CZOH19N302, M = 333.4. Monoclinic, a = 
25.997(2), b = 8.954(1), c = 16.141(2)& p = 111.4(1)0, space group 
C2/c ,  Z = 8, V = 3498.2A3, D, = 1.27 g ~ 1 1 1 ~ ~ .  2579 unique re- 
flections were collected on a Stoe semi-automatic two-circle (Weis- 
senberg) diffractometer, with a crystal mounted along the b axis 
(hOM91 layers), crystal size 0.1 x 0.5 x 0.2 mm, with Ni-filtered 
Cu-K, radiation (h = 1.5418 A), 2 0  range 5 - 136", scanning speed 
l"/min, scan range 2.5", o scan, ~(CU-K,) = 5.9 cm-'. The structure 
was solved and refined by the SHELX-76 program'], R = 0.070, 
R ,  = 0.085 for 1794 reflections [ F >  50(F)] ,  R = 0.079, R, = 
0.119 for 2565 measured reflections (12 strong reflections were left 
out due to suspected extinction). The weighting scheme was w = 
1./(02(Fo) + 0.01 F:), the number of parameters refined: 111, the 
highest residual electron density was 0.1 e/A3. 

N - H hydrogen atoms and the critical vinyl hydrogens were 
taken from difference Fourier map, all other C-H hydrogen po- 
sitions were generated. Atomic coordinates with e. s.d's are given 
in Table 1. 

4-Amino-6-(4,5-dialkoxy-2-vinylphenyl)-2-suhstituted Pyrimi- 
dines 7b-e. - General Method: Isoquinolines 5b-e3) (10 mmol) 
were treated as described for 7a  (method a). Yields, m.p.'s, IR spec- 
tral data and elementary analyses are compiled in Table 2, char- 
acteristic 'H- and I3C-NMR data in Table 3. 
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Table 1. Atomic coordinates and temperature factors [az] of 7a 
with e.s.d's. All atoms given here were refined anisotropically 

N1 
c2 
N3 
c4 
c5 
C6 
c7 
C8 
c9 
c10 
c11 
c12 
C13 
c14 
C15 
C16 
C17 
C18 
N19 
c20 
c21 
022 
023 
C24 
C25 

0.1 148(1) 
0.0640 (2) 

0.0871 (2) 
0.1419 (2) 
0.1545(2) 
0.2119(11 
0.2359 (2) 
0.2904 (2) 
0.3207(2) 
0.2965(2) 
0.2429 (2) 
0.0207 (2) 
-0.0262(2) 
-0.0667(2) 
-0.0609 (2) 
-0.01 43 ( 2) 
0.0273 (2) 
0.0723(2) 
0.2053(2) 
0.2178(3) 
0.3301 (1) 
0.3744 (1) 
0.3136(2) 
0.4037 (2) 

0.04ao(i) 

0.1433 (4) 
0.1999 (5) 
0.3385(4) 
0.4261 (4) 
0.3790(5) 
0.2371 (4) 
0.1774(4) 
0.0863 (4) 
0.0398 (5) 
0.0801 (5) 
0.1738(4) 
0.2203 (4) 
0.1008(5) 
0.1618(6) 
0.0703 (7) 
-0.0656 (7) 
-0.1460 (6) 
-0.0514 (5) 
0.5667 (4) 
0.0438 (5) 
-0.0725( 7) 
0.21 05 (3) 
0.0390(4) 
0.3354 (5) 
-0.0360 ( 8) 

0.0019 (4) 
-0.0325 (5) 
-0.0172(4) 
0.0379 (4) 
0.0747 (5) 
0.0566 (41 
0.0951 (4) 
0.0493(4) 
0.09 14 (5 
0.1779(5) 
0.2241 (4) 
0.1828(4) 
-0.0924 (5) 
-0.1579 (6) 
-0.21 35 (7) 
-0.2028(7) 
-0.1396(6) 
-0.0840(5) 
0.0558(4) 

-0.046 7 (5) 
-0.086 4 ( 7 ) 
0.309 8 (3) 
0.2251 (4) 
0.3488 (5) 
0.1798 ( 8 )  

eq 
Atom x/a Y/b z / c  B 

3.91( 9) 
3.86(11) 
3.84.( 9) 
3.71 (10) 
3.99 (11) 
3.43(10) 
3.51( 9) 
3.49 (10) 
3.89 (1 1) 
3.97(111 
3.68iioj 
3.81 (10) 
4.12 (10) 
4.99 (11) 
6.07 (1 5) 
6.43 ( 1 8 )  
6.1 2 (141 
5.08(11) 
4.62(11) 
4.52(12) 
6.35(16) 
4.34( 7) 
4.96( 9) 
5.27 (12) 
6.05 ( 1  9) 

Table 2. Yields, melting points, IR spectral, and analytical data of 
compounds 7 b - e 

Calcd. 
Found Yield YO vm*x Formula 

(m.p., "C) cm-' (Mol. mass) No. 

7b 66 3400, 3300, C21H21N302 72.60 6.09 12.10 
(183) 3195, 1642 (347.4) 72.43 5.92 12.28 

(136) 3150,'1640 (363.4) 69.31 5.96 11.70 

(160) 3220, 1650 (423.5) 65.01 6.05 9.76 
7e 75 3355, 3260, C22H23N302 73.11 6.41 11.63 

(170) 3150, 1640 (361.4) 72.90 6.25 11.72 

7~ 71 3350, 3250, CZiHziN303 69.40 5.83 11.56 

7d 79 3420, 3320, C23H2SN305 65.23 5.95 9.92 

4-Amino-6- (2-ethyl-4,5-dimethoxyphenyl)-2-phenylpyrimidine 
(8a): A solution of 7a  (3.33 g, 10 mmol) in dioxane (60 ml) was 
hydrogenated over 8% palladium/charcoal (0.2 g). The usual 
workup and crystallization from benzene gave 8a (3.22 g, 96%), 
m.p. 198°C. - IR (KBr): S = 3496 cm-', 3400,3290, 1670. - 'H 

J = 7.5 Hz, 2H, CHI, 20-H), 3.88 (s, 3H, OCH3, 25-H), 3.92 (s, 3H, 
OCH3, 24-H), 5.07 (bs, 2H, NHz), 6.38 (s, lH,  5-H), 6.82 (s, IH,  9- 
or 12-H), 6.96 (s, l H ,  12- or 9-H), 7.3-7.5 (m, 3H, 15,16,17-H), 
8.3-8.5 (m, 2H, 14,18-H). - "C NMR (CDC13): F = 16.23 (C-21), 

NMR (CDCl3): 6 = 1.21 (t, J = 7.5 Hz, 3H, CH3, 21-H), 2.82 (q, 

25.98 (C-20), 55.99 (C-25), 56.10 (C-24), 102.32 (C-5), 112.53 (C-12), 
112.94 (C-9), 128.24 (C-14,15,17,18), 130.20 (C-16), 130.87 (C-7), 
135.49 (C-8), 138.30 (C-13), 146.93 (C-ll), 149.62 (C-lo), 163.46 (C- 
6), 164.01 (C-2), 166.91 (C-4). 

C20H21N302 (335.4) Calcd. C 71.62 H 6.31 N 12.59 
Found C 71.62 H 6.21 N 12.38 

4-Amino-6- (2-ethyl-4,5-dimethoxyphenyl)-2- (3,4,5-trimethoxy- 
phenyl)pyrimidine (8d): Hydrogenation of 7d (2.12 g, 5.0 mmol) as 
described for 7a gave 8d (2.0 g, 94%), m.p. 180°C (benzene). - IR 
(KBr): S = 3480 cm-', 3355, 3200, 1630. - NMR data for the 
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ethyl group: 'H NMR (CDC13): 6 = 1.27 (t, J = 7.5 Hz, 3H, CH3), 
2.82 (4, J = 7.5 Hz, 2H, CH,). - 13C NMR (CDCI3): 6 = 16.56 
(CH3), 26.04 (CH,). 

C23H27N30s (425.5) Calcd. C 64.92 H 6.40 N 9.88 
Found C 64.73 H 6.45 N 9.66 

Table 3. Characteristic 'H- and I3C-NMR data of compounds 
7b-e (6 values, CDC13) 

'H NMR 13C NMR 
N o . @ @ @ B  0 (B 0 0 0 0 

7b  7.02 5.20 5.63 6.46 135.70 113.52 163.11 164.25 164.86 103.14 
7c 7.02 5.20 5.63 6.38 135.70 113.55 163.11 163.90 164.83 102.76 
7d 7.05 5.15 5.62 6.44 135.92 112.31 163.24 163.24 164.29 102.74 
7e 7.01 5.19 5.60 6.43 135.76 113.41 163.19 164.10 165.01 103.29 

CAS Registry Numbers 

5a: 124318-06-5 / 5b: 124318-07-6 / 5c: 124318-08-7 / 5d: 124318- 
09-8 / 5e: 124318-10-1 / 6a: 124318-16-7 J 7a: 128551-27-9 / 7b: 
128551-30-4 / 7c: 128551-31-5 / 7d: 128551-32-6 / 7e: 128551- 
33-7 / 8a: 128551-28-0 / 8d: 128551-29-1 

') Part 11: D. Korbonits, P. Kiss, I. Bata, G. Hkja, K. Simon, P. 
Kolonits Chem. Ber. 120 (1987) 1039. 

*) W. A.'Hofmann, Liebigs Ann. Chem. 78 (1851) 253. - zb) A. 
C. Cope, E. R. Trumbull, Org. React. 11 (1960) 317. - ") W. 
Kraus in Methoden der Organischen Chemie (Houben-Weyl- 
Miiller), vol. 5/lb, p. 219, Thieme, Stuttgart 1972. - 2d) S. Patai, 
The Chemistry of Alkenes, p. 149, Wiley, New York 1964. 

3, D. Korbonits, G. Horvath, P. Kiss, K. Simon, P. Kolonits, Chem. 
Ber. 123 (1990) 493. 

4, G. G. Smith, F. W. Kelly, Prog. Phys. Org. Chem. 8 (1971) 75. 
5 ,  D. Korbonits, E. M. Bako, K. HorvBth, J. Chern. Res. ( S )  

1979, 64; J. Chem. Res. ( M )  1979, 0801. - 5b) D. Korbonits, I. 
Kanzel-Szvoboda, K. Horvith, J. Chem. SOC., Perkin Trans. I, 
1982, 759. - ") D. Korbonits K. Simon, P. Kolonits, Tetrahe- 
dron Lett. 24 (1983) 5763. - 5dj D. Korbonits P. Kiss, K. Simon, 
P. Kolonits, Chem. Ber. 117 (1984) 3183. - D. Korbonits, K. 
Horvath, Cs. Gonczi, J. Tamas, Acta Chim. Acad. Sci. Hung. 117 
(1984) 239. - '0 I. Bata, G. Heja, P. Kiss, D. Korbonits, J.  Chem. 
Soc., Perkin Trans. 1, 1986, 9. - K. Horvath, D. Korbonits, 
G. Naray-Szabo, K. Simon, J. Mu!. Struct. (Theuchem.) 136 
(1986) 215. - 5h) D. Korbonits, P. Kolonits, J.  Chem. SOC.,  Perkin 
Trans. f, 1986, 2163. - ") D. Korbonits, P. Kolonits, J. Chem. 
Res. ( S )  1988, 209; J. Chem. Res. ( M )  1988, 1652. - '1) E. M. 
Bak6, K. Horvath, E. Pklosi, D. Korbonits, Chem. Ber. 121 
(1988) 723. - 5k) D. Korbonits, I. Kanzel-Szvoboda, Cs. Gonczi, 
K. Simon, P. Kolonits, Chem. Ber. 122 (1989) 1107. - ") D. 
Korbonits, P. Kolonits, Acta Chim. (Budapest), in press. 

6, Further details of the crystal structure investigation are available 
on request from the Fachinformationszentrum Karlsruhe, Ge- 
sellschaft fur wissenschaftlich-technische Information mbH, D- 
7514 Eggenstein-Leopoldshafen 2, on quoting the depository 
number CSD-54590, the names of the authors, and the journal 
citation. 

Univ. of Cambridge (England), 1976. 
'' G. M. Sheldrick, The Crystal Structure Calculation Program, 

[ 1 60/90] 


