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Abstract

A new Nl-pentenyl derivative of pyrimidines has been synthesized by an intramolecular [2+2]
photocycloaddition and characterized by the single-crystal X-ray diffraction technique. The compound
crystallizes in the rhombohedral system ( R3, a=27767(5)A ¢=6390(2)A). In this structure, two
6-membered rings and a 4-membered ring are fused by the N-N or N-C bonds and the pyridine part adopts
chair conformation. A pair of molecules related by an inversion center are held together through the
hydrogen bonding interactions between N and O atoms of the uracil moiety.

1. Introduction a, B-enone tethered to suitable alkenes afford the
construction of carbocyclic and heterocyclic ring
Intramolecular [2+2] photocycloadditions of cyclic  systems with high regio-and/or stereoselectivity,”™
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‘When combined with the subsequent cleavage of the
cyclobutane ring of the photoproducts by various
_chemical means, the overall transformation
constitutes an annelative two-carbon ring or
carbon-hetero ring expansion of original enones.
This process is now the most widely used

chemistry*™ In conjunction with ongoing studies

in our laboratories on the synthesis of heterocyclic
compounds contairﬁng“) diaza group in analogy
with previously reported routes, we report the
intramolecular equivalent of this process using
N'~(4-Pentenyl)-uracil.

photochemical reaction in synthetic organic Nl-alkenylpyrirrﬁdine was prepared by alkylation
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of uracil with 5-Bromo-1-pentene in the presence
of potassium carbonate.

Direct and/or Pyrex-filtered irradiation of
N'-(4-pentenyluracil with a 150W  medium
pressure mercury lamp in CHCN at room
temperature produced the intermolecular adduct on
distillation of the solvent and separation by TLC.

Unambiguous assignments of the structure of
photoproduct  were a difficult task from 'H and
BC-NMR data alone due to long range couplings
common to bi - or trcyclic ring compounds.lals)
Thus, single crystal structure studies have been
undertaken,

2. Experimental

Single crystals of the title compound were grown
from methanol solution. A colorless crystal of
dimensions 1.00 x 070 x 0.75mm’ was taken and
mounted at the tip of a glass fiber with silicone

glue.

The cell parameters were derived from 23
reflections in the range 12° <6 <15 that had been
automatically centered on an MXC® diffractometer
(MAC sciences). The parameters yielded a
rhombohedral unit cell (a=27.7675)A, c=6390(2)A).
Intensity data were collected at room temperature
with the ®-26 scan technique in the range 15°
<6< 225 . Extinction rule for hkl reflections
(h-k+1=3n%1) was applied During data collection 2
standard reflections measured every 100 reflections
showed no significant varation in intensity. Data
collection parameters and crystallographic details are -
given in Table L

From intensity comparisons, Laue class was
determined to be 3. Since this crystal system is
reverse setting, collected reflections transformed to
obverse setting and all data reported here refer to
this crystal systemm The systematic absences
(-h+k+=3n=1, for hkl reflections ; 1=3n%1, for 00l
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Table I Crystal data and structure refinemment for  1,3-Diazatricyclo[5.3.1.0*" lundecane ~ 24-dione

Ermpirical formula C9 HI2 N2 (2
Formula weight 18021
Tenperature 283 K
Diffratometer used MAC Sciences MXC®
Graphite monochromated Mo Ka
A=071013A
Crystal system Rhombohedral(hexagonal setting)
Space group R3
Unit cell dimensions a=2IT615A
¢ = 6390(2)A
Volume 461 A°
Z 18
Density (calculated) 1262 g/em
Linear absorption coefficient 0091 mm’*
F(000) 1728
Crystal size 100 x 075 % 0.70 mm’
¢ range for data collection 15 to 250°
Scan type ®-260 scan
Scan rate 500 deg/min
Scan width, deg 1.25+0.35tan 0
Index ranges W <h<WB0<k<N0<1<6
Reflections collected 1431
Independent reflections 1245 [R(int) = 0.0062]
Refinemnent. method Full-matrix least-squares on F*
Data / restraints / parameters 1245/0/119
Goodness-of-fit on F* 1168
Final R indices [Fo>4 ¢ (Fo)) R1 = 00741
R indices wR2 = 0.278%
Extinction coefficient 0.006(2)

reflections) are indicative of the space groups
C4 ~ R3or C§ —R3. Centrosymmetric R3
was assumed and this was confirmed by a
successful structure solution,

All calculations were performed on a PC with
the programs, SHELXS-86" and SHELXL-93.
The structures were solved by the direct method.
All reflections were not corrected for absorption
effect because of the small linear absorption
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coefficient( = 0.00lmm"). Parameter refinements
were carried out with the use of the method of
the full-matrix least squares on F In this
refinement, anisotropic temperature parameters
were used for all 13 non-hydrogen atoms and
isotropic temperature parameters were used for all
12 hydrogen atoms. Atomic positions of hydrogen
atoms were generated with the riding model
technique of SHELXL.-93.
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With 1245 unique reflections and 119 variables,
the final cycle of refinement was performed.  The
final values of R on F, and Ry on F¢ are 0.0776
and 0278 respectively. The value of the
conventional R index on F for those 1137
reflections having F, > 40 (F,) is 00741. In the
final refinement cycles, A/c¢ are not exceeding
0.006. Also, the final difference electron density
map exhibite no features.
observation of unit weight is 1.168.

Final atomic positions for non-hydrogen atoms
and hydrogen atoms are listed in Table II and III,

The emror in an

Table I Atomic ooordmates (x 104 equivalent  isotropic
t parameters (A x10°) for 1,3~ Diazatricyclo
[5312?H

undecane-2,4~dione.

X y z Uley)’

02 2630 1462(1) -2374(4) 66(1)
o) 33 829(2) 52(5) a0(1)
N()  266(1) 701(1) ~307(4) 46(1)
NGB  319%(1) 1085(1) -1310(4) 51(1)
c2)  2706(1) 1008(1) -1374(5) 46(1)
C)  33%52) T79(2) 200) 51(1)
Ch 28632 400(1) 1444(5) 51(1)
Ce) 271 241(1) 822(5) 4281
7N 1762 765(2) 74(5) 54(1)
c@® 17812 919(2) 2341(6) 62(1)
CO) 17312 451(2) 753(6) 67(1)
CQo) 21432 263(2) 3157(6) (1)
) 22 644(2) 3503(5) 57(1)

* Uleg) is defined as one third of the trace of the
orthogonalized Ujj tensor.

Table, IIL. Hydmgen m?]ngges (x10" and isotropic displ:
AX10°) for 1,3-Diazatricyclo[5.3.1.0*"]

unde(‘ane 24-dione,

X y z u
H(3) 3450(1) 1291(1) -2200(4) 61
H(74) 1448(2) 420(2) -243(5) 65
H(7B) 1801(2) 1053(2) -827(5) 65
H(6) 2056(1) -125(1) 163(5) 58
H(10) 2024(2) -101(2) 3792(6) 65
H(9A) 1804(2) 579(2) 5192(6) 80
H(9B) 1362(2) 136(2) 3671(6) 80
H(5) 2885(2) 65(1) 1738(5) 62
H(8A) 1468(2) 975(2) 2592(6) 75
H(8B) 2120(2) 1263(2) 2660(6) 75
H(11A) 2905(2) 1038(2) 3439(5) 69
H(11B) 2920(2) 553(2) 4740(5) 69

Table IV Anisotropic displacement parameters (A% x 10 for
1,3~ Diazatricyclo5.31.0" lundecane-2,4-dione.”

Ui U2 U3 U3 [UK] U12
02 w82 MO 682 21 ) 191 380)
o4 202 1181 602 232 140 512
NO 42 902 42 5(1) 3 (1)
N® 9@ 502 6@ Uy o 1B 26(1)
C@ 5202 62 9@ 6(1) 6(1) 2(2)
Cd4) 50 622 42 -1 3 32(2)
Ch %62 Q) 50(2) 82 42) 312)
ce 512 B 51(2) 01 10 19(2)
CH 502 52 571(2) 92 5(2) 2(2)
C® 622 662 |8 -1 1@ 39Q2)
CO 622 &3 522 12 12 B2)
Cuo 542 %2 02 172 102 242)
1y %@ 0@ 432 12 -1 29Q2)

*Theamsotmpcdl acenmtfactorexmnmttak&theform
272U + KoWe + [ + Zhka® boosy'Up +

Zhla’c’cos £ Uys + Zkb’c’cos a Ul

respectively.  Anisotropic thermal parameters are
presented in Table IV.

3. Results and Discussion

A view of the compound is given in Fig. 1. A
list of bond distances and angles may be found in
Table V. The title compound is structurally
similar to the tricyclic compound reported earlier 0
except that a five-membered ring in the tricyclic
compound changed into a six-membered ring. In
this trcyclic system, the three rings(4, two
6-membered) are fused by the C5-C6, C6-C10, and
N1-C6 bonds. ’

The cyclobutane part is nearly planar - except the
Cll atom that deviates 0587A from the
least-squares plane defined by (5, C6, and CI0
atoms(Table VI) - with the average bond angles of
8783 . The torsion angle of C5-C6-C10-Cl1 is
also 21.83° . There is no significant change between
the torsion angle of this system and that of the
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Fig. 1. Structure of 13-Diazatricyclo[5.3.1.0" Tundecane-2,4-diore.

other  related  tricycic  compound, 13-
Diazatricyclo[5.2.1.0" ldecane-24-dione(17.4" )*”
other related tricyclic systems, the ring often
adopts "butterfly” conformation with two bond
angles near 80° 27

" The uracil part is almost planar(max. dev. <
006A except the C6 atom that deviates 0.387A
from the least-squares plane defined by N1, C2,

N3, C4 and (5 atoms. The pyridine part has

FRAYRA 104

chair conformation that is usual in the other
pyridine system This is indicative of
largely deviated C7, C10 atoms (Table VD).

As shown in the other related tricyclic
compounds,m) the two mplecules in this tricyclic
system related by the inversion symmetry pairing
together by the hydrogen bonding interactions
between N3 and 02 (d(N3-O2)=29024)A, 2«
(N3-H3—-02')=160.7(1)" ), where O2’ is related to
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Table V. Bond lengths [A] and angles [deg) for 13 Table VI Least-squares planes for 13-Diazatricyclo [5.3.1.0°"]

~Diazatricyclof5:3.1.06,1 lundecane~ 24-diore. undecane-24-dione.

0@2)-C2) 1.228(4) Crystallographic Equation of Plane No.l
04)-C4) 1.210(4) -237 (@) x +18153) y + 44% (8) z = 066 (1)
N1)-C@) 1.350(4)
NQ)-C(7) 1.452(4) atom distance
N(1)-C(6) 14749
N@-C(4) 1.367(5) *N1 -0.069(2)
NQR)-C2) 1.3%5(4) *(C2 0077 2
CH-C@ 1.44(5) N3 -0.034 (2)
Ce)-Ca 1.560(5) *C4 -0022 (2
C6)-C(5) 1523(5) +C5 0039 (2
Ce)-C10) 1542(5) 6 -0.387 (5)
C-C®) 1512(5) (7} -0026 (5)
CO-C(@8) 1536(6) (024 0294 (5)
C(10-C9) 1.509(6)
CQo-C(1n 1.564(5) Crystallographic Equation of Plane No.2

1764@x + 6896y + 272(1)z = 4.333(6)
0@2)-C(2-N() 12.23)
0(2~C(2)-N@) 120.1(3) atom distance
0(4)-C(4-N©B) 121503
04)-C49)-Ci) 1236(3) of} -0.706 (5
N(1)-C2)-N@3) 117703 *(8 0004 (2
N(D-C©6)-CH) 11073) +C9 -0004 (2)
NO)-C6)-C(10) 109.7(3) (6 004 (2
NQO)-C(7-C®) 1095(3) N1 -0004 (2)
N@)-C4)-C(6) 1148(3) C10 . 04% (5)
CQ-ND-C(D 11983
C2)-ND)-C6) 1238(3) Crystallographic Equation of Plane No.3
C4-NB3)-CQ2) 126.8(3) 647(Nx + 2651Q2)y - 060(2)z = 0.88(2)
C@-CE)-C6) 1178(3)
C@-CH-C1 1182(3) atom distance
CB)-C6)-C10) 85(3)
CB)-CUID-C10) 87.113) 6 0.000
C6)-CH)-C(11) 884(3) *C10 0.000
Ce)-Ccam-can 876(3) (5 0.000
C(D-N1)-C(6) 1156(3) Ccl1 -0578(7)
C(N-C(8)-C9) 1094(3)
CO-C0-Ce 1190(3) * Indicates atom used to define planes
CO-Can-can 121.3(3) :
C1o-cO-c® - 1128(3)
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Fig. 2. Hydrogen bonding interactions between two molecules.

2 by an inversion center(Fig. 2).

Acknowledgments

This research was supported by the Korean
Science and Engineering Foundation (KOSEF).
We thank Dr. B. Hahn and Mr. H Choi for
sample preparations.

AZAAH3A 106

References

1. Schuster, D. I, Len, G, and Kaprinidis, N. A
Chem Rev. 93, (1993), 3-22.

2. Becker, D. and Haddad, N. Org. Photochem. 10,
Padwa, A, Ed, Marcel Dekker Inc, NewYork,
(1989), Chap. 1.

3. Crimmins, M. T. Chem Rev. 83, (1988), 1453-1473.

4. Carless, H. A. Photochemistry in Organic Synthesis.
Coyle, J. D, Ed, Royal Soc. Chem:

London,, (1986), pp %-117

5. Weeden, A. C. Synthetic Org. Chemistrv. Horspool,
W. M, Ed, Plemim Press : New York, (13%4),
pp 61-144.

6. Oppolzer, W. Acc. Chem Res. 15, (1982), 135-141.

7. Boldwin, S. W. Org. Photochem. 5 Padwa, A,
Ed; Marcel Dekker Inc. ; New York, (1981),
Chap. 2.

8. Tkeda, M,, Uchiro, T., Takahashi, M., Ishibashi, H,,
Tamura, Y., and Kido, M Chem Pharm Bull.
33, (1985), 3279-3286.

9. Ikeda, M, Takahashi, H, Uchiro, T., Ohro, K,
Tamura, Y, and Kido, M. J Org Chem. 4§
(1983), 4241-4247.

10. Coates, R. M,, Senter, P. D,, and Baker, W. R. J.
Org. Chem. 47, (1982), 3597- 3607.

11. Begley, M. ], Mellor, M, and Pattender, G. J.
Chem. Soc. Chem Comrmun.  (1979), 235~ 236.
12. Tamura, Y., Ishibashi, H., Hirai, M, Kita, Y., and

Tketa, M. J. Org. Chem. 40, (1975), 2702-2710.

13, Tammra, Y., Kita, Y., Ishibashi, H,, and Iketa, M.
J. Chem Soc Chem Commun. (1971), 1167.

14, Ahn, C. I, Choi, H Y, and Hahn, B. S.
Heterocycles. 31, (1990), 1737~ 1743.

15. Meinwald, ], and Lewis, A. J. Am Chem Soc.
83, (1961), 2769~ 2770.

16. Wiberg, K B, Lowry, R, and Nist, B. J. Ibid
34, (1962), 1594~ 1597



1,3-Diazatricyclol5,3.1.0" " Jundecane-2.4-dione®) 433} 2372

17. International Tables for Crystallography. 2nd Ed,
Vol A, Kluwer Academic Publishers, (1989), pp
64-70. - .

18, Sheldrick, G. M. Acta Crystallogr. A6, (1990), 467.

19. Sheldrick, G. M. J Appl Cryst. manuscript in
preparation.

2. Kimy, S, Ahn, C, and Hahn, B. Kor. J Gst.
1, (1990), 84-90. |

21. Hoye, T. R, Martin, S. J. and Peck, D. R J
Org Chem. 47, (1982), 331-337.

2. Pimung, M. C. J Am Chem Soc. 103, (1981),
82-81.

23. Suindell, C. S. and Jane DeSolms S. Tetrahedron

Letters 25, (1984), 3797-3800.

24. Schultz, A. G. and Geiss, W. J Org Chem. 54,

(1979), 3158-3160.

107

A5d 28, 1994.



