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Both 2-amino groups not only donate both of their 
protons in hydrogen bonds but also appear to act as 
proton acceptors for additional hydrogen bonds: the 
N(7') . . .N(2),  H(71') . . .N(2),  N(7) . . .N(2 ' )  and 
H(71). . .N(2 ')  contacts are all short. The sum of bond 
angles at N(2) and N(2') is 10-13 ° less than 360 °, 
suggesting some pyramidalization. Pyramidalized 
amino groups participating in hydrogen bonds as 
proton acceptors as well as donors have been pre- 
viously observed in similar triamino compounds: 
2,4,6-triamino-5-chloroquinazoline (Rogan & Williams, 
1980) and 2,4,6-triaminopyrimidine (Schwalbe & Wil- 
liams, 1982). The remaining proton donor and acceptor 
sites at N(4) and N(5) do not hydrogen bond together; 
instead the N(4) and N(4') amino groups with H atoms 
in one set of alternative positions H(41), H(43), H(41') 
and H(43') enter into weak hydrogen-bond-like inter- 
actions with N(8), N(7), N(8')  and N(7') respectively. 
The alternative coherent set of H-atom positions H(42), 
H(44), H(42') and H(44') does not show this degree of 
H . . .N  interactions. 

Pteridine rings of like kind stack around centers of 
inversion (Fig. 2). Somewhat surprisingly, the closest 
contacts are between C atoms with similar sub- 
stituents: thus C(4). . .C(7) and C(4 ' ) . . .C(7 ' )  are 
3.465 (7) and 3.455 (7)/k, respectively. Unprimed 
phenyl rings are roughly parallel to primed pteridine 
tings [3.2 (1) ° angle between phenyl and pyrazine 
least-squares planes] and vice versa [6.2 (1) ° angle]. 
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Structure of (6,7)-Benzo-2,3,4a,4a~,8a~-pentamethyl-4a~,5,8,8a~-tetrahydro- 
l-naphthoquin-4fl-ol* 
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Abstract .  C19I-I240 2, M r =  284.40, monoclinic, P2Jc,  
a = 12.2068 (7), b =  7.6627 (5), c =  17.3623 (15) A, 
t =  105.290 (6) ° , V =  1566.5 (2)/I,3, Z = 4 ,  D x =  
1.206 g cm -3, 2(Cu Ka) = 1.5418 A, ~ = 5-6 cm -1, 
F(000)--  616, T =  295 K, R - 0.069 for 1454 ob- 

* IUPAC name: 4p-hydroxy-2,3,4a,4afl,9afl-pentamethyl-cis- 
4ap,9,9a~, 10-tetrahydro- 1 (4H)-anthracenone. 

served reflections. The conformation of the molecule is 
twisted such that the bridgehead methyl groups are 
staggered with a torsion angle of 64.9 °. Bond lengths 
and angles are close to normal values. Despite the syn 
hydroxyl group, the bulkier methyl causes the molecule 
to adopt a conformation typical of OH-anti deriva- 
tives. Molecules in the crystal are linked by hydrogen 
bonds between symmetry-related molecules with 

0108-2701/87/061100-04501.50 © 1987 International Union of Crystallography 
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O ( 1)... O (2) = 2.885/~. The photochemical reaction i n 
the solid state is accounted for on the basis of the 
molecular geometry. 

Introduction. Solid-state/solution photoreactivity dif- 
ferences have been observed in various substituted tetra- 
hydronaphthoquinols (Appel, Greenhough, Scheffer, 
Trotter & Walsh, 1980). In the case of the present 
compound (I), photolysis of its crystals gives com- 
pound (II), while photolysis in solution gives compound 
(III). The crystal structure of (I) was determined in 
order to explain the behaviour in the solid state. 

c H 3  solid-state CH 3 

- ~__ H 3 ~ ' ~ ~  ~ v l .~ "CH3 CH 
H3C~H3OH"~'- CH 3 , v 

CH 3 

(i) (ll) 

l s o l u t i o n  

CH3,~ 

CH3" " ~ O J  )OH 
CH 3 

(IH) 

Experimental. Crystal size 0.2 x 0.2 x 0.2 mm, m.p. 
444-445K,  Enraf-Nonius CAD-4 diffractometer, 
graphite-monochromatized C u K a  radiation, lattice 
parameters from setting of 25 reflections with 25 < 
0_<40 ° , 2508 unique reflections with 0_<75 ° , h 
=-15-- ,15 ,  k=0-- ,9 ,  l=0-- ,21;  o)--~0 scan, o9 scan 
width (0.90 + 0.14tan0) °, extended 25% on each side 
for background measurement, horizontal aperture 
(1.0 + tan0)mm,  vertical aperture 4mm,  Lp correc- 
tions, three standard reflections. Structure was solved 
by direct methods with M U L T A N 8 0  (Main, Fiske, 
Hull, Lessinger, Germain, Declercq & Woolfson, 1980) 
and refined by full-matrix least squares minimizing 
~ w ( I F  o I -- IF c I) 2 using S H E L X 7 6  (Sheldrick, 1976). 
Except for the hydroxyl hydrogen (located in a 
difference synthesis), all hydrogens were put in cal- 
culated positions, and methyl hydrogens were then 
refined as rigid groups possessing a local C 3 symmetry. 
The temperature factors of all H atoms were refined 
isotropically. 232 parameters consisting of 81 positional 
parameters, 126 anisotropic temperature factors, 24 
isotropic temperature factors, and a scale factor. 
Convergence at R = 0.069, wR = 0.048 for 1454 
observed reflections for which F >_ 3a(F), where 02(/) 

= S+2B+[O.O4(S-B)]  2, S = scan count, B = time- 
averaged background count. R = 0.135, wR = 0.064 
for all data, w = 1/a2(F), (A/o)max = 0.2, _+0.27 e/~-3 
in final difference synthesis, atomic scattering factors 
from Cromer & Mann (1968) and Stewart, Davidson & 
Simpson (1965). No corrections for absorption or 
secondary extinction. 

Discussion. Final atomic coordinates are in Table 1, 
bond distances, bond angles, and selected torsion angles 
in Table 2.* 

The molecular conformation of the title compound 
(Fig. 1) is twisted about the C(4A)-C(8A) bond, so 
that the bridgehead methyl groups are staggered, as in 
the related compound 2,3,4a,4afl,6,7,8afl-heptame- 
thyl-4afl,5,8,8afl-tetrahydro-l-naphthoquin-4fl-ol (IV) 
(Secco & Trotter, 1982a). The degree of 'twist' is 
shown by the torsion angles C ( 5 ) - C ( 4 A ) - C ( 8 A ) -  
C(1), 59.2(3),  and C ( 4 A 1 ) - C ( 4 A ) - C ( 8 A ) - C ( 8 A 1 ) ,  
- 6 4 . 9  (4) ° . In (IV) the corresponding values for the 
two angles are 62-2 (2) and - 6 2 . 7  (2) ° , respectively. 
Bond lengths and bond angles are not significantly 
different from those in (IV), except for the increase in 
C(6)-C(7) ,  1.388 (4) vs. 1.316 (3)/~, resulting from 
the lower bond order. The C(sp3)-C(sp 3) bond dis- 
tances (Table 2) are in the range 1 .530(5)-  
1.569 (5)]k, mean 1.546 ]k. C(4)-C(4A) is relatively 
long, 1.569 (5)/~, because of steric effects due to the 
methyl groups on C(4) and C(4A). 

H3C £ 
H 3 C ~ C H 3  

H c" 
H3CCH 3 OH 

(iv) 

Molecules of (I) crystallize with the conformation 
common to all naphthoquinols studied, in which the 
bulkier substituent on C(4) assumes the pseudo- 
equatorial position (Secco & Trotter, 1982a). Although 
the 4-OH is syMf to the bridgehead methyl groups, the 
conformation adopted (Fig. 1) is characteristic of the 
naphthoquinols which have the hydroxyl group anti to 
the bridgehead substituents, i.e. a half-chair cyclo- 

* Lists of structure factors, anisotropic thermal parameters, 
H-atom coordinates, and bond distances and angles involving 
hydrogen atoms have been deposited with the British Library 
Document Supply Centre as Supplementary Publication No. SUP 
43701 (12 pp.). Copies may be obtained through The Executive 
Secretary, International Union of Crystallography, 5 Abbey 
Square, Chester CH 1 2HU, England. 

t cis (or trans) is used here to specify the configuration of ring 
junction, and syn (or anti) to specify relation between the methyl 
substituents at the ring junction and C(4) substituents. 
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Table 1. Atom coordinates (x 10 4) and temperature 
factors (A 2 x 103) 

i * * Ueq = ~iZiZjUija i aj ai.a j. 

x y z Ueq 
O(1) 1658 (2) -804 (3) 4437 (2) 60 
0(2) 1363 (2) 5623 (4) 3895 (2) 58 
C(1) 1669 (3) 791 (5) 4362 (2) 38 
C(2) 1598 (3) 1939 (5) 5027 (2) 43 
C(21) 1252 (4) 1072 (7) 5714 (2) 67 
c(3) 1800 (3) 3670 (5) 4996 (2) 44 
C(31) 1594 (4) 4899 (7) 5628 (3) 71 
C(4) 2253 (3) 4509 (4) 4353 (2) 41 
CO1) 3290 (4) 5654 (6) 4745 (3) 60 
C(4A) 2554 (3) 3147 (4) 3765 (2) 33 
C(4A 1) 2659 (4) 4049 (5) 3002 (2) 53 
C(5) 3717 (3) 2315 (4) 4177 (2) 38 
C(6) 4023 (3) 743 (4) 3739 (2) 36 
C(7) 3199 (3) -154 (4) 3174 (2) 36 
C(8) 1972 (3) 334 (5) 2997 (2) 42 
C(SA) 1669 (3) 1656 (4) 3577 (2) 33 
C(SA 1) 437 (3) 2255 (5) 3200 (2) 48 
C(9) 5154 (3) 208 (5) 3904 (2) 46 
C(10) 5472 (4) -1193 (5) 3505 (2) 56 
C(11) 4655 (4) -2050 (5) 2916 (2) 56 
C(12) 3531 (4) -1539 (5) 2761 (2) 46 

transition state from which the C abstraction of the 7-H 
is considered to originate. The lack of fl-H abstraction 
by O in this system, as well as for compound (IV), 
supports the above argument but does not clarify the 
role of the C(2) and C(3) substituents. 

The result of the photochdmical reactivity preference 
is that compound (I) when photolyzed in the solid state 
undergoes 7-H, H(51), abstraction by ~enone carbon, 
C(3), followed by C(2)...C(5) bonding [C(2)...C(5) 
distance is 3.313 (5)A] to form keto-alcohol (II). The 
solution photoproduct (III) is formed from a higher- 
energy ring-flipped conformer of compound (I) which 
brings one hydrogen atom on C(8) to the proximity of 
the enone moiety. ),-Hydrogen abstraction by C(3) is 
followed by C(2)... C(8) bonding and cyclization of the 
resulting keto-alcohol (which could not be isolated in 
the solution phase) generates hemiacetal (III). 

Table 2. Bond lengths (A), bond angles (°) and selected 
torsion angles (o) 

hexene ring cis-fused to a half-chair cyclohexenone 
moiety, with the bulkier 4-methyl substituent pseudo- 
equatorial. The spatial consequence of this arrange- 
ment is the proximity of the fl-enone carbon, C(3), to 
H(51) (2.80A). Furthermore, the angle between the 
C(3)...H(51) vector and its projection on the plane of 
the C(3)=C(2) double bond [C(1), C(2), C(3), C(4)], r, 
and the angle between the C(3)...H(51) and the 
C(3)=C(2) vectors, A, are 48 and 72 °, respectively. 
This geometry is highly favourable for H-abstraction by 
the fl-enone C, which is observed in the solid-state 
photolysis. The corresponding values for the 
C(3)-..H1(5) distance, r, and A for compound (IV) are 
2.81 (2) A, 50 and 78.3 (4) °, respectively, allowing the 
corresponding H-abstraction by the fl-enone C 
photolysis to occur in the solid state (Jiang, Scheffer, 
Secco & Trotter, 1981). 

The distance between the carbonyl oxygen, O(1), and 
the fl-hydrogen, H(82), is 2 .44A,  compared with 
2.41 (2)A in (IV). Since the van der Waals O.. .H 
contact is about 2.7 A, the photochemical reaction 
pathway for fl-hydrogen abstraction from C (8) by O(1) 
is feasible for both (I)and (IV). The other relevant 
geometric parameters for fl-hydrogen abstraction by 
O(1), described by r [the degree by which H(fl) lies 
outside the plane of the carbonyl group], and A [the 
angle C(1)--O(1)...H(fl)], are r =  7 °, A = 96 ° for (i), 
compared with r =  1 °, A = 83 ° for (IV). Thus in both 
cases there is an almost perfect alignment for the fl-H 
with the non-bonding orbital of O(1). However, it was 
argued in previous work on tetrahydronaphthoquinols 
(Secco & Trotter, 1982b) that substituents on the C(2) 
and C(3) positions of the cyclohexenone moiety play a 
critical role in determining the photochemical reaction 
pathway, possibly by lowering the energy of the (zc, zc*) 

C(1)-O(1) 1-230 (5) C(6)-C(7) 1-388 (4) 
C(I)-C(2) 1.473 (5) C(7)-C(8) 1-495 (5) 
C(2)--C(21) 1.519 (6) C(8)-C(8A) 1.540 (5) 
C(2)--C(3) 1.353 (5) C(I)-C(SA) 1-515 (5) 
C(3)-C(31) 1.516 (6) C(4A)-C(SA) 1-547 (5) 
C(3)-C(4) 1.514 (6) C(8A)-C(8A 1) 1.543 (5) 
C(4)--O(2) 1.444 (4) C(6)-C(9) 1.396 (5) 
C(4)--C(41) 1.543 (5) C(9)-C(I0) 1-388 (6) 
C(4)--C(4A) 1-569 (5) C(10)--C(l 1) 1.391 (5) 
C(4A)-C(4A 1) 1.530(5) C(I 1)-C(12) 1.382(6) 
C(4A)-C(5) 1.548 (5) C(7)-C(12) 1.399 (5) 
C(5)-C(6) 1.523 (5) H(2)-O(2) 0.96 (6) 

C(2)-C(l)-O(1) 120-4 (3) C(SA)-C(4A)--C(4A 1) 111-4 (3) 
C(8A)-C(1)--O(1) 122-2 (3) C(6)-C(5)---C(4A) 114.3 (3) 
C(8A)-C(I)-C(2) 117.3 (3) C(7)-C(6)-C(5) 121.2 (3) 
C(21)-C(2)-C(1) 116.1 (3) C(9)-C(6)-C(5) 119-3 (3) 
C(3)-C(2)-C(1) 120.3 (3) C(9)-C(6)-C(7) 119-6 (3) 
C(3)-C(2)-C(21) 123.5 (4) C(8)---C(7)-C(6) 121.4 (3) 
C(4)-C(3)-C(2) 123.5 (3) C(12)-C(7)-C(6) 118-9 (3) 
C(31)---C(3)-C(2) 120-9 (4) C(12)-C(7)-C(8) 119-7 (3) 
C(4)--C(3)-C(3 I) 115.6 (3) C(8A)--C(8)--C(7) 115-5 (3) 
C(3)--C(4)--O(2) 106.8 (3) C(8)-C(SA)--C(I) 110.9 (3) 
C(41)-C(4)-O(2) 108-5 (3) C(8A 1)--C(8A)--C(1) 106-3 (3) 
C(41)-C(4)-C(3) 109.4 (3) C(8A I)-C(8A)-C(8) 107-1 (3) 
C(4A)-C(4)-O(2) 107.9 (3) C(4A)-C(8A)--C(1) 107-4 (3) 
C(4A)-C(4)-C(3) 113.0 (3) C(8)-C(8A)-C(4A) 110.4 (3) 
C(4A)-C(4)--C(41) 111.1 (3) C(8A I)-C(8A)-C(4A) 114-7 (3) 
C(5)--C(4A)--C(4) 108.5 (3) C(I0)-C(9)-C(6) 121-0 (4) 
C(SA)-C(4A)-C(4) 11 I-0 (3) C(11)--C(10)-C(9) 119.5 (4) 
C(SA)-C(4A)-C(5) 107-3 (3) C(12)-C(11)-C(10) 119-4 (4) 
C(4A I)-C(4A)-C(4) 110.5 (3) C(1 I)-C(12)--C(7) 121-5 (4) 
C(5)--C(4A)-C(4A 1) 108.1 (3) 

O(1)--C(1)-C(2)--C(21) 
O(I)-C(I)-C(2)-C(3) 
C(8A)-C (1)-C(2)-C (2 l) 

--13.1 (5) C(3)-C(4)-C(4A)-C(8A) 
169.0 (4) C(41)-C(4)--C(4A)-C(4A l) 
162-6 (3) C(41)-C(4)-C(4A)-C(5) 

C (8A)--C (1)-C (2)--C (3) 
O(I)-C (1)-C(SA)-C(4A) 
O(1)-C(1)-C(8A)-C(8) --15. l 
O(l)-C(l)-C(8A)--C (SA 1) 100.9 
C (2)--C( 1)-C (8A)-C (4A) 48.6 
C(2)--C(1)-C(8A)--C(8) 169.3 
C(2)--C(I)-C(8A)-C(8A 1) -74.7 
C(1)-C(2)-C(3)-C(4) -8.3 
C(2)-C(3)-C(4)--O(2) 114.0 
C(2)-C(3)-C(4)-C(41) -128.8 
C (2)--C(3)-C (4)-C (4A) -4-5 
C(3 I)-C(3)-C(4)-O(2) -67.0 
C(31)-C(3)-C(4)--C(41) 50.3 
C(31)--C(3)-C(4)-C(4A) 174.6 
O(2)-C(4)-C(4A)--C(aA 1) 45.2 
O(2)--C(4)-C(4A)-C(5) 163.5 
O (2)-C (4)-C (4A)-C (8A) --78.9 
C(3)-C(4)-C(4A)-C(4A 1) 163.0 
C(3)-C(4)-C(4A)-C(5) -78.8 

38.9 (4) 
-73.6 (4) 

44-7 (4) 
162-4 (3) 
169-7 (3) 

-70.5 (4) 
49.7 (4) 

--59.2 (4) 
179-8 (3) 
58-6 (4) 

177-2 (3) 
56.2 (4) 

--15.4 (5) C(41)--C(4)--C(4A)-C(8A) 
--135.8 (4) C(4)-C(4A)-C(5)-C(6) 

(5) C(4A 1)-C(4A)--C(5)--C(6) 
(4) C (8A)-C(4A)-C (5)-C (6) 
(4) C(4)-C(4A)--C(8A)--C(I) 
(3) C (4)-C(4A)--C (SA)-C (8) 
(4) C(4)-C(4A)-C(8A)--C(8A 1) 
(6) C(4A 1)-C(4A)-C(8A)-C(1) 
(4) C(4A I)-C(4A)-C(8A)-C(8) 
(4) C(4AI)-C(4A)-C(8A)-C(8AI) -64-9 (4) 
(5) C(5)-C(4A)-C(8A)-C(1) 59.2 (3) 
(4) C(5)-C(4A)-C(8A)-C(8) -61.9 (3) 
(5) C(5)-C(4A)-C(8A)-C(SA I) 177.0 (3) 
(3) C(4A)-C(5)-C(6)-C(7) -18-4 (5) 
(4) C(4A)-C(5)-C(6)-C(9) 161.0 (3) 
(3) C(6)-C(7)--C(8)--C(8A) -10.2 (5) 
(3) C(7)-C(8)--C(8A)-C(I) -75.6 (4) 
(3) C(7)-C(8)-C(8A)--C(4A) 43.3 (4) 
(4) C(7)-C(8)-C(8A)-C(8A I) 168.9 (3) 
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Fig. 1. Stereoscopic view of (I) with crystallographic atomic 
labelling. 

Hydrogen bonding, found in all the naphthoquinols 
studied, is present in this structure as 0 ( 2 ) -  
H(2) . . .O(1)  interactions linking molecules along the b 
axis (Fig. 2): O . . . O  = 2.885 (5), H . . . O  = 1.97 A, 
O - H . . . O  = 160 °. 

Acknowledgement is made to Professor J. R. 
Scheffer and Mr S. H. Askari for their collaborative 
studies on the solid-state photochemistry, the Natural  
Sciences and Engineering Research Council of Canada  
for financial support, and the University of British 
Columbia Computing Centre for assistance. 

• OI  ; OI 

Fig. 2. Stereoscopic view of the H-bonding arrangement of (I). 
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Structure of (6,7)-Benzo-2,3,4a~,8afl-tetramethyl-4a,5,8,8a-tetrahydro- l-naphthoquin- 
4fl-yl Acetate* 

BY SARA ARIEL AND JAMES TROTTER 
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(Received 23 July 1986; accepted 6 January 1987) 

Abstract. C20H2403, M r = 3 1 2 . 4 1 ,  triclinic, P1, a 
= 9.4624 (6), b = 9.7485 (7), c = 10.6743 (7)/~, a =  
66.641 (5), f l = 7 9 . 6 6 4  (6), 7 =  70.336 (6) ° , V =  
850.0 (1) ,/k 3, Z = 2, D x = 1.220 g c m  -3, ~,(Cu Ka) = 
1.5418 A, /~ = 5.963 cm -1, F(000) = 336, T =  295 K, 
R = 0 . 0 5 1  for 2391 observed reflections. The con- 
formation of the molecule is twisted such that the 
bridgehead methyl groups are staggered with a torsion 
angle of 60.8 ° . Bond lengths and angles are close to 
normal values. The photochemical reaction in the solid 
state is accounted for on the basis of the molecular 
geometry. 

* IUPAC name: 2,3,4afl,9afl-tetramethyl-4(1H)-oxo-cis-4a,9a,- 
9,10-tetrahydro- lfl-anthryl acetate (note that this numbering differs 
from that used throughout the paper). 
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Introduction. Irradiation of compound (I), whether in 
solution or in the solid state, gives compound (II). The 
reaction is initiated by intramolecular allylic H-atom 
transfer to the fl-carbon atom of the enone moiety. 
The crystallographic study of (I) was undertaken to 
establish the geometric requirements for the above 
reaction. 

Me,O, 

Me 

MeOA c 

hv 

o, ~Me 
Me 

Me OAc 

(I) Ill) 

© 1987 International Union of Crystallography 


