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limonene-derived isomerid3 -enaminones
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New heterocyclic compounds, pyrimidines annelated with modified terpenic frames, were synthesised from positional isomers of
[B-enaminones derived from limonene and (+)-3-carene.

Chiral fused heterocycles (mainly pyraZOIES an.d pyridin.es) WIS ble 1 Preparation of aminopyrimidinésand8 by treatment of enan
reported to be useful for the preparation of optically active comMpgnes with cyanamide in aqueous solutions.

plexes, chiral auxiliariés or resolving agentsChiral hetero-
cycles containing pyrimidine moiety are less studied althouglp-Enaminone  Reaction time/h Final product  Yield (%)

fused pyrimidines are promising chiral auxiliaries and biologi-— 1 3 traces
cally active compoundsWe report the preparation of new chiral 5 6 8 85
fused pyrimidines with terpene-based carbon frames from readilyy 1 5 90
accessible enaminonésand25 and new enaminonésand10 10 1 8 95

prepared from diketonesand7.3.6

Cyclic B-hydroxymethylene ketones, including camphor deriv-solutions (the procedure was analogous to that described in ref. 8)
atives, can be used in reactions with guanidine affording fusefibr 56 h to give corresponding 2-aminopyrimidine deriva8ive
2-aminopyrimidine derivatives. in good yield (85%.

We failed to apply this method to the synthesis of pyrimidines The synthesis of 2-(1-aminoethylidene)cyclopentanone-type
from acetylcyclopentanone analogyeand?. The refluxing of  enaminoketones is well documented: reaction of 2-acetylcyclo-
a mixture of diketoned or 7 and guanidine or amidines (benz- pentanone with NElin EtOH is known to proceed regioselec-
amidine, acetamidine) as free bases or as their carbonatestively to give 2-(1-aminoethylidene)cyclopentanone in a very
methanol on-butanol gave only traces of pyrimidine-type com- good yield® Our effort to apply this method to diketongand
pounds. Treatment of acyclgzenaminones with cyanamide in 7 was unsuccessful. Under the recommended conditions, the
aqueous solutions on heating was reported to be a facile methéamtmation of stable ammonium salts of the enols of diketones
for preparation of 2-aminopyrimidinésEnaminonel, derived  was initially observed. The prolonged treatment of the diketones
from (+)-3-carene, is inert towards cyanamide under the condiwith NH; in EtOH resulted in poor yields of the enaminones.
tions specified. The inertness of compouridis stipulated by  w-Ketoesters, products of retro-condensatiof-diketones, were
hindrance of an enamine fragment with one of the methyls athe main reaction products (20-35%) accompanied by a number
the cyclopropane moietyOn the other hand, we found that of unidentified by-products.
compoundLl can be transformed into 2-aminopyrimidmender When diketonegl and7 were treated with a 1- to 4-molar
more severe conditions. For example, the reaction of compourekcess of NOAc in GHg under reflux (as described in ref. 10)

1 with cyanamide in benzene in the presence of an equimolaminoethylidene derivative®® and 10" were obtained in very
amount ofp-toluensulfonic acid under the distillation of water good yields. We found that compourfland10 are much more
afforded 2-aminopyrimidinB in a good yield (82%)Scheme 1).  reactive than enaminon&sand2 (Table 1). Thus, the treatment

Analogous limonene-derived enaminoBewhich is more  of enaminone® and10with agueous CNNKon heating for 1 h
reactive than compourid reacted with cyanamide in hot aqueous (according to ref. 8) resulted in aminopyrimidinesind 8 in

T The procedureA mixture of CNNH, (40.0 mmol, 1.68 g) and enaminone * (+)-6-Isopropenyl-4-methyl-6,7-dihydro-bcyclopentapyrimidin-2-yl-
1 (20.0 mmol, 3.30 g) was added in one portion to a hot solution oBmine8. The reaction of enaminor2eor enaminond0 afforded 85% or
anhydrousp-TsOH (20 mmol) in dry gHg (80 ml) with stirring. The  95% of pyrimidine8, respectively. Pale yellow crystals, mp 138-139 °C
reaction mixture was vigorously stirred under azeotropic distillation of(MeCN-EtOH).1H NMR (CDClL, 200 MHz)¢: 5.51 (br. s, 2H, N,
water for 20—30 min and then cooled to room temperature. The resulting 69 (br. s, 1H, H-10), 4.66 (br. s, 1H, H-10), 3.1-2.4 (m, 5H, H-5, H-6
solution was washed withM ag. HSO, (2x20 ml), and the aqueous and H-7), 2.14 (s, 3H, H-1), 1.66 (br. s, 3H, H-5C NMR (CDCI,
phase was neutralised with ag. NE0 ml) and extracted with CHClI 50 MHz)¢: 173.55 (s, C-4), 162.45 (s, C-11), 161.94 (s, C-2), 146.61 (s,
(4x25 ml). The organic phase was dried with anhydrousSSa the C-8), 121.28 (s, C-3), 109.57 (t, C-10), 43.47 (d, C-6), 38.46 (t, C-5),
solvent was distilled off and the residue was chromatographed on a sh@&2.54 (t, C-7), 21.08 (g, C-1), 20.32 (g, C-10). IR (CH@tm-1): 3540,
silica gel column (CHG) to give the crude product, which was then 3425, 3300, 3175, 1600, 1575, 1440, 1380, 940, 890. UV [EAQKNM
crystallised from EtOH—MeCN. (e)]: 231 (5680), 253 (1010), 301 (2115). Mfz (%): 189.1264 (M,
(1aR,6aR)-1,1,2-Trimethyl-1,1a,6,6a-tetrahydro-3,5-diazacyclopropa- 100), 188 (93), 174 (63), 160 (8), 148 (23), 147 (24), 133 (29), 120 (5),
[alinden-4-ylamine5. CNNH, and enaminond in the presence of 119 (6), 106 (16), 91 (13), 80 (7), 79 (9), 77 (10), 65 (9), 53 (12), 43
p-TsOH afforded 82% of pyrimiding; reaction of enaminon@ with (11), 42 (9), 41 (8), 39 (12).
aqueous CNNKlafforded 90% of pyrimidiné. Pale yellow crystals, 8 (1R,5R)-2-(1-Aminoethylidene)-6,6-dimethylbicyclo[3.1.0]hexan-3-one
mp 181-183 °C (EtOH-MeCN)«]2° +31 € 1.21, EtOH).1H NMR 9. Yellow crystals, 91% yield, mp 116-118 °C (after vacuum sublimation);
(CDCl,, 200 MHz)6: 5.31 (br. s, 2H, NK), 2.92 (dd, 1H, H-, J 18.7 [¢]1°-116 € 1.2, CHC}). *H NMR (CDCl;, 200 MHz)d: 8.6 (br. s, 1H,
and 7.4 Hz), 2.54 (ddd, 1H, Hx5J 18.7, 1.4 and 1.0 Hz), 2.21 (s, 3H, NH, W,;, 80 Hz), 5.3 (br. s, 1H, NHJ\,,, 80 Hz), 2.38 (dd, 1H, H{§ J
H-1), 1.94 (dd, 1H, H-7 6.9 and 1.4 Hz), 1.37 (ddd, 1H, H¥7.4,6.9  19.5 and 7.5 Hz), 1.95 (d, 1H, H+5J 19.5 Hz), 1.83 (s, 3H, H-1), 1.53
and 1.0 Hz), 1.06 (s, 3H, H-9), 0.56 (s, 3H, H-I8L NMR (CDCl, (d, 1H, H-7,J 7.5 Hz), ~0.94 (m, 1H, H-6), 0.93 (s, 3H, H-9), 0.67 (s,
50 MHz) d: 176.27 (s, C-4), 162.05 (s, C-2), 161.73 (s, C-3), 123.18 (s3H, H-10).13C NMR (CDCL, 50 MHz) d: 203.89 (s, C-4), 155.89 (s,
C-11), 33.52 (t, C-5), 31.22 (d, C-7), 26.32 (g, C-9), 25.39 (d, C-6)C-2), 104.63 (s, C-3), 37.69 (t, C-5), 30.04 (d, C-7), 26.32 (g, C-9),
21.53 (s, C-8), 21.15 (q, C-1), 13.70 (g, C-10). IR (CH@&kcm1): 21.34 (s, C-8), 20.90 (d, C-6), 20.19 (q, C-1), 14.08 (¢, C-10). IR (GHCI
3530, 3425, 3300, 3180, 1600, 1570, 1475, 1380, 1295, 860, 820. Uxcml): 3500, 3240, 1650, 1600, 1515, 1240, 925, 860. UV [EtOH,
[EtOH, A5 /nm €)]: 241 (15380), 312 (4590). M&Yz (%): 189.1262 A, /nm ()]: 334 (12700). MSm/z (%): 165.1155 (M, 44), 150 (100),
(M+, 43), 174 (100), 147 (7), 146 (9), 133 (41), 118 (8), 106 (6), 91 (13)133 (21), 122 (20), 107(5), 105 (12), 94 (10), 91 (5), 81 (6), 80 (5), 79
77 (6), 65 (5). (9), 69 (15), 68 (14), 53 (8), 42 (45), 41 (17), 39 (12).
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Scheme 1The numbering of carbons is inconsistent with IUPAC recommendations and is given only for NMR interpretation purposes.

excellent yields (90-95%). The main reason of the greater reac- This work was supported by the Russian Foundation for

tivity of isomeric enaminoned and10 as compared tth and2 Basic Research (grant nos. 96-03-33222, 96-15-97017 and 98

seems to be the absence of steric hindrance of the attack 0D3-32910), the Competitive Centre on Natural Sciences at the

reagent on the enamine moiety. St. Petersburg University (grant no. 95-0-9.4-102) and INTAS
The reaction of enaminones with trimethyl orthoformate in thggrant no. 97-0217).

presence of Nklwas studied in order to prepare 2-unsubstituted

pyrimidines. Moderate yields of pyrimidine derivati&and6 References

were obtained when enaminorieL, 9 or 10 were treated with . . ) .

(MeO),CH in MeCN media saturated with NHh a bomb at 1 1CégKeaggln;gé,Bl‘r.)-FukuchL K. Takahashi and A.Hosomgtrahedron

120 °C for 10-12 h. The other route to the above products iny . Gianini and A. von ZelevskyBynthesis1996, 702.

cluded treatment of enaminongs2, 9 or 10 with (MeORCH 3 s. A. Popov and A. V. TkacheVetrahedron: Asymmetrg995,6, 1013.
and NH,OAc in GH, under the distillation of watéf. The latter , ,
method afforded better yields of pyrimidingi$ and6.8 #(1aR,6aR)-1,1,2-Trimethyl-1,1a,6,6a-tetrahydro-3,5-diazacyclopropa-
[alindene3. The reaction of enaminoriewith trimethyl orthoformate—
' (3)-2-(1-Aminoethylidene)-4-isopropenylcyclopentanot6. Yellow ammonium acetate afforded 53% of pyrimid8¢he reaction of enami-
crystals, 84% yield, mp 68—70 °C (MeCNj NMR (CDCl;, 200 MHz) none9a afforded 58% of compound Yellow oil, [¢]2° +50.5 € 0.48,
8: 8.89 (br. s, 1H, NHW,, 60 Hz), 5.75 (br. s, 1H, NHW,,, 60 Hz),  CHCL,). IH NMR (CDCl, 200 MHz)d: 8.62 (s, 1H, H-11), 3.05 (dd,
4.56 (br. s, 2H, H-10), 2.7-2.4 (m, 2H, H-5), 2.3-2.0 (m, 3H, H-6 and2H, H-53, J 19.0 and 7.4 Hz), 2.72 (ddd, 2H, 5] 19.0, 1.6 and
H-7), 1.76 (s, 3H, H-1), 1.59 (br. s, 3H, H-BC NMR (CDCk, 50 MHz) 1.3 Hz), 2.38 (s, 3H, H-1), 2.04 (dd, 1H, H¥6.7 and 1.6 Hz), 1.50
8: 200.88 (s, C-4), 155.75 (s, C-8), 146.92 (s, C-2), 108.96 (t, C-10)ddd, 1H, H-6,J 7.4, 6.7 and 1.3 Hz), 1.16 (s, 3H, H-9), 0.59 (s, 3H,
102.22 (s, C-3), 43.12 (t, C-5), 41.05 (d, C-6), 32.19 (t, C-7), 20.29 (g, CH-10). 13C NMR (CDCL, 50 MHz)4: 174.23 (s, C-4), 161.13 (s, C-2),
1), 19.78 (g, C-9). IR (CHGIlv/cml): 3500, 3230, 1640, 1600, 1515, 156.34 (d, C-11), 133.14 (s, C-3), 34.08 (t, C-5), 32.53 (d, C-7), 27.22
1230, 915, 870. UV [EtOH}, ., /nm €)]: 318 (19650). MSmz (%): (g, C-9), 26.70 (d, C-6), 22.35 (s, C-8), 21.68 (g, C-1), 14.36 (g, C-10).
165.1153 (M, 75), 150 (12), 137 (13), 123 (34), 122 (29), 108 (15), 69IR (CHCl,;, v/icm1): 1630, 1580, 1560, 1450, 1420, 1390, 1360, 1310,
(100), 68 (13), 54 (9), 43 (11), 42 (27), 41 (14). 1140, 1040, 840, 820. UV [EtOW,,,./nm {)]: 218 (6150), 276 (3240).
1(MeO)CH (5.00 g, 51.5 mmol) and AcONH4.00 g, 51.9 mmol) were  MS, miz (%): 174.1152 (M, 50), 159 (65), 132 (19), 118 (100), 105 (5),
added to a solution of enaminofg2, 9 or 10 (1.65 g, 10.0 mmol) in 91 (33), 85 (5), 83 (7), 79 (6), 77 (8), 65 (8), 51 (5), 41 (7), 39 (8).
CgHg (80 ml) with stirring. The reaction mixture was stirred vigorously $8(+)-6-Isopropenyl-4-methyl-6,7-dihydrokBcyclopentapyrimidine 6.
under the azeotropic distillation of water for 4 h and then cooled to roonThe reaction of enaminori& with trimethyl orthoformate—ammonium
temperature. Concentrated aq. {N#HO ml) and water (50 ml) were added, acetate afforded 56% of compoufdthe reaction of enaminont0
and the mixture was extracted witHg (2x20 ml). The organic extract afforded 55% of pyrimidin®. Yellow crystals, mp 32-33 °C (pentane).
was dried with Ns50,, the solvent was distilled off and the residue was IH NMR (CDCl,;, 200 MHz)d: 8.68 (s, 1H, H-11), 4.77 (br. s, 1H, H-10),
treated with an excess of AcCl (7 mmol) in a mixture of pyridine (7 mmol)4.74 (br. s, 1H, H-10), 3.1-2.6 (m, 5H, H-5, H-6 and H-7), 2.32 (s, 3H,
and CHCJ (20 ml). The resulting mixture was stirred for 10 min, washedH-1), 1.73 (br. s, 3H, H-93C NMR (CDCL, 50 MHz) 6: 172.09 (s,
with water (30 ml) and treated withM ag. HSO, (2x20 ml). The acidic ~ C-4), 161.06 (s, C-2), 157.38 (d, C-8), 146.48 (s, C-11), 131.83 (s, C-3),
extract was neutralised with concentrated aqg K89 ml) and extracted  110.79 (t, C-10), 44.01 (d, C-6), 39.02 (t, C-7), 33.81 (t, C-5), 21.65 (q,
with CHCL, (3%25 ml). The combined organic extracts were dried withC-1), 21.08 (g, C-9). IR (CHGIlv/cm-Y): 890, 940, 1390, 1440, 1570,
Na,SQ,, the solvent was distilled off and the residue was chromato1590, 1650. UV [EtOHA,,,/nm €)]: 255 (4570), 333 (shoulder, 220).
graphed on a short silica gel columnyfffg) to give crude pyrimidin® MS, m/z (%): 174.1147 (M, 75), 173 (100), 159 (52), 158 (5), 145 (11),
or 6 as yellow oil. Analytical samples were obtained by vacuum subli-132 (25), 118 (31), 104 (12), 91 (44), 79 (9), 77 (11), 65 (10), 53 (9), 52
mation of the crude products. (9), 51 (9), 39 (13).
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