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Aala2) °, scan rate a function of count rate (8 ° min -l 
minimum, 30°min - '  maximum), 3448 reflections 
measured, 3131 unique, Rin t = 0.018, 2421 observed 
with F o > 3tr(Fo). Structure solved by direct methods. 
The least-squares refinement used program SHELXTL 
(Sheldrick, 1980). ~.w(IFol-  IFcl) 2 minimized where 
w = 1/la2(IFo I) + g(Fo)2], g =  0.00023, isotropic 
secondary-extinction value, p = 0.0026 (5), in F~*= 
Fc/[ 1.0 + 0.002(p)Fo2/Sin20] °'25. 344 parameters 
refined: atom coordinates, anisotropic temperature 
factors for all non-H atoms, isotropic temperature 
factors for H, benzene-ring H atoms included using 
riding model, C - H = 0 . 9 6 A ,  C - C - H = 1 2 0 . 0  °, 
I" 1Ueq(C ). (h/O')max = --0"008,  a = 0.056, wR = 

0-057, S = 1.512. Final difference Fourier map excur- 
sions 0.40 and -0 .23  e A -3. Atomic scattering factors 
from International Tables for X-ray Crystallography 
(1974).t Atom numbering for Tables 1 and 2 (atom 
parameters, bond distances and bond angles) follows 
that shown in Fig. 1. The hydrogen-bond parameters 
are: H(18) . . .O(28) '=  1.98 (3), N(18) . . .O(28) '=  
2.808 (5) A, and N - H . . . O  = 168.9 (1.8) °. 

Related literature. The title compound and a closely 
related pentaazabicyclo[3.2.2]nonane are products of a 
benzoylhydrazine/formaldehyde/orthoformate conden- 

% Lists of structure factors, anisotropic thermal parameters and 
H-atom coordinates have been deposited with the British Library 
Document Supply Centre as Supplementary Publication No. SUP 
43455 (16 pp.). Copies may be obtained through The Executive 
Secretary, International Union of Crystallography, 5 Abbey 
Square, Chester CH 1 2HU, England. 

C22 ̂  C23~o 
~011 ~ 020 ~ C2~ /~~..o 

~U4 / ~Jkf9 ~'~o' C25 

'N7 % C30 

c34 Tc33~4,~ 

Fig. 1. Thermal-ellipsoid plot of 4-benzamido-2,7-dibenzoyl- 
1,2,4,6,7-pentaazabicyclo[4.2.1]nonane, drawn at 20% pro- 
bability level. 

sation reaction which proceeds through the intermedi- 
ate compound 1,3,5-tribenzamido- 1,3,5-hexahydrotri- 
azine. For the structure of the pentaazabicyclo[3.2.2]- 
nonane see George (1987). For the structure of the 
hexahydrotriazine see George & Gilardi (1987). 

This work was supported by the Office of Naval 
Research, ONR contract No. N0001484WR24060. 
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Structure of a Substituted Hexahydrotriazine 

BY CLIFFORD GEORGE AND RICHARD GILARDI 
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(Received 7 April 1986; accepted 23 October 1986) 

Abstract. 1,3,5-Tribenzamido- 1,3,5-hexahydrotriazine 
monohydrate, C24H24N603.H2 O, Mr= 462.51, mono- 
clinic, P2Jc, a = 12-655 (1), b =  14.721 (2), c =  
13.339 (2)A, f l=  107.25 (1) °, V =  2373-2 (5)A 3, z 
= 4 ,  D x= 1.294Mgm -3, 2 ( C u K a ) = 1 . 5 4 1 7 8 A ,  # 
= 0.709 mm -~, F(000) = 976, T =  295 K, final R = 
0.042, wR = 0.045 for 3054 independent observed 
reflections. In this molecule the hexahydrotriazine ring 
is chair-shaped and bond distances and bond angles are 
normal. There are four hydrogen bonds between the 
water molecule and the primary molecule and its 

0108-2701/87/051003--03501.50 

symmetry equivalents. There is an additional inter- 
molecular hydrogen bond between an amide nitrogen 
and a carbonyl oxygen. 

Experimental. Colorless 0.08 x 0.25 x 0.30 mm 
crystal, crystallized from methanol/water. Synthesized 
by G. Kumar and J. Boyer of the Univ. of Illinois at 
Chicago. Automated Nicolet R3m diffractometer with 
incident-beam graphite monochromator, 2 = 
1.54178/%, (CuKa), 25 centered reflections within 
37 < 20 < 90 ° used for determining lattice parameters. 

© 1987 International Union of Crystallography 



1004 A SUBSTITUTED HEXAHYDROTRIAZINE 

Data corrected for Lorentz and polarization, but not 
absorption effects, (sin0/2)ma x = 0" 57 A-1, range of hkh 
- 1 4 < h < 1 4 ,  0 < k < 1 6 ,  - 1 5 < l < 0 .  Standards 
502, 106, 060, monitored every 60 reflections with 
random variation 1.8% over data collection, 0-20  
mode, scan width (1.8 + A,,1,,2) °, scan rate a function 
of count rate (min. 6, max. 30 ° min-l), 4156 reflec- 
tions measured, 3799 unique, Rint=0.011 ,  3054 
observed with F o > 3tr(Fo). Structure solved by direct 
methods. The least-squares refinement used program 
SHELXTL (Sheldrick, 1980). ~w(  I Fol - IF c I) 2 mini- 
mized where w = 1/[e2(IFo I ) + g(Fo)2], g = 0.00023, 
isotropic secondary-extinction value, p = 0.0027 (3), in 
F~ = Fc/[1.0 + 0.002(p)F2o/Sin20] °.25. 412 parameters 
refined: atom coordinates, anisotropic temperature 
factors for all non-H atoms, isotropic temperature 
factors for H. (A/Or)max=--0.006 , R = 0 . 0 4 2 ,  wR 
= 0 . 0 4 5 ,  S =  1.469. Final difference-Fourier excur- 
sions 0.17 and - 0 . 1 5  e A -3. Atomic scattering factors 
from International Tables for X-ray Crystallography 
(1974).t Atom numbering for Tables 1, 2 and 3 (atom 
coordinates, bond distances and angles, details of 
hydrogen bonds) follows that shown in Fig. 1. 

t Lists of structure factors, anisotropic thermal parameters and 
H-atom coordinates have been deposited with the British Library 
Document Supply Centre as Supplementary Publication No.  S U P  
43519  (22 pp.). Copies may be obtained through The Executive 
Secretary, International Union of Crys t a l l og raphy ,  5 A b b e y  
Square, Chester C H  1 2 H U ,  England. 

Table 1. Atom coordinates (x 10 4) and equivalent 
isotropic thermalparameters (A 2 × 103) 

x y z Ueq* 
N(1) -42 (1) 2495 (I) 3183 (1) 38 (1) 
C(2) -565 (2) 3397 (1) 2924 (2) 44 (1) 
N(3) 269 (I) 4084 (1) 2971 (I) 42 (1) 
C(4) 962 (2) 3826 (1) 2311 (1) 43 (I) 
N(5) 1388 (I) 2894 (1) 2432 (1) 40 (I) 
C(6) 515 (2) 2250 (1) 2400 (1) 41 (1) 
N(7) -860 (1) 1835 (1) 3172 (I) 44 (1) 
C (8) -946 (2) 1519 (1) 4090 (I) 39 ( 1 ) 
0(9) -387 (1) 1807 (1) 4942 (I) 58 (I) 
C(10) -1804 (2) 798 (1) 4002 (2) 40 (1) 
C(I 1) -1666 (2) 200 (1) 4838 (2) 52 (1) 
C(12) -2436 (2) -481 (2) 4778 (2) 64 (I) 
C(13) -3348 (2) -564 (2) 3911 (2) 67 (I) 
C(14) -3486 (2) 29 (2) 3094 (2) 64 (1) 
C(15) -2723 (2) 707 (1) 3132 (2) 50 (1) 
N(16) 891 (1) 4261 (1) 4027 (1) 40 (I) 
C(17) 1366 (2) 5083 (1) 4281 (1) 38 (1) 
O(18) 1276 (1) 5701 (1) 3641 (I) 60 (1) 
C(19) 2046 (2) 5187 (I) 5398 (1) 39 (1) 
C(20) 2912 (2) 5798 (2) 5632 (2) 64 (I) 
C(21) 3588 (2) 5899 (2) 6658 (2) 76 (1) 
C(22) 3398 (2) 5405 (2) 7444 (2) 69 (I) 
C(23) 2524 (2) 4815 (2) 7226 (2) 62 (I) 
C(24) 1848 (2) 4700 (1) 6212 (2) 49 (I) 
N(25) 2305 (1) 2777 (1) 3329 (1) 44 (1) 
C(26) 3290 (2) 2576 (1) 3196 (I) 40 (1) 
0(27) 3422 (1) 2459 (I) 2331 (1) 60 (1) 
C(28) 4229 (2) 2508 (1) 4184 (2) 42 (1) 
C (29) 5107 (2) 1944 (2) 4195 (2) 61 (I) 
C(30) 6001 (2) 1873 (2) 5079 (2) 73 (1) 
C(3 I) 6044 (2) 2373 (2) 5957 (2) 64 (1) 
C(32) 5175 (2) 2928 (2) 5960 (2) 62 (1) 
C(33) 4270 (2) 3006 (2) 5076 (2) 54 (1) 
O(W) 1729 (1) 2662 (1) 5290 (1) 45 (1) 

* Equivalent isotropic U 
orthogonalized U u tensor. 

defined as one third of the trace of the 

Table 2. Bond lengths (A) and angles (o) 

N(I)-C(2) 1.478 (3) N(1)---C(6) 1.468 (3) 
N(I)-N(7) 1.418 (2) C(2)-N(3) 1.451 (3) 
N(3)-C(4) 1.465 (3) N(3)--N(16) 1.418 (2) 
C(4)-N(5) 1.465 (3) N(5)-C(6) 1.447 (3) 
N(5)-N(25) 1.408 (2) N(7)--C(8) 1.345 (3) 
C(8)-O(9) 1.223 (2) C(8)-C(10) 1.497 (3) 
C(10)-C(I 1) 1.390 (3) C(10)--C(15) 1-385 (2) 
C(I 1)-C(12) 1.383 (3) C(12)-C(13) 1-376 (3) 
C(13)-C(14) 1.366 (4) C(14)-C(15) 1-379 (3) 
N(16)-C(I 7) 1.349 (2) C(I 7)-0(18) 1.229 (2) 
C(17)-C(19) 1.490 (2) C(19)-C(20) 1-380 (3) 
C(19)-C(24) 1.384 (3) C(20)-C(21) 1.390 (3) 
C(21)-C(22) 1-354 (4) C(22)-C(23) 1.368 (4) 
C(23)-C(24) 1.379 (3) N(25)--C(26) 1.343 (3) 
C(26)--O(27) 1.226 (3) C(26)-C(28) 1-494 (2) 
C(28)-C(29) 1.382 (3) C(28)-C(33) 1.385 (3) 
C(29)-C(30) 1.375 (3) C(30)-C(31) 1.370 (4) 
C(3 I)-C(32) 1.370 (4) C(32)-C(33) 1.384 (3) 

109.3 (2) C(2)-N(1)-N(7) 109.8 (I) 
109.1 (1) N(I)-C(2)-N(3) 110.2 (2) 

10.5 (2) C(2)-N(3)-N(16) 110.7 (2) 
12.9 (1) N(3)-C(4)-N(5) 116.3 (2) 
11.0 (2) C(4)-N(5)-N(25) 113.1 (1) 
12.0 (1) N(I)-C(6)-N(5) 109.9 (1) 
18.9 (1) N(7)-C(8)-O(9) 123. I (2) 
15.2 (1) O(9)-C(8)-C(10) 121.7 (2) 
18.0 (2) C(8)--C(10)-C(15) 122.9 (2) 
19.0 (2) C(10)-C(I I)-C(12) 119.6 (2) 

120.9 (2) C(12)-C(13)-C(14) 119.4 (2) 
120.6 (2) C(10)-C(15)-C(14) 120.4 (2) 
119.3 (1) N(16)-C(17)-O(18) 123.1 (2) 
115.2 (2) O(18)-C(17)-C(19) 121.7 (2) 
118.5(2) C(17)-C(19)-C(24) 123.1 (2) 
118.4 (2) C(19)-C(20)-C(21) 120.6 (2) 
120.4 (2) C(21)-C(22)-C(23) 119.6 (2) 
120.9 (2) C(19)-C(24)-C(23) 120.1 (2) 
118.5 (2) N(25)-C(26)-O(27) 123-I (2) 
115.2 (2) O(27)-C(26)-C(28) 121.7 (2) 
118.5 (2) C(26)-C(28)-C(33) 122.6 (2) 
118.9 (2) C(28)-C(29)-C(30) 120.6 (2) 
120.4 (2) C(30)-C(31)-C(32) 119.6 (2) 
120.6 (2) C(28)-C(33)-C(32) 119.9 (2) 

C(2)-N(1)-C(6) 
C(6)--N(I)-N(7) 
C(2)--N(3)-C(4) 
C(4)--N(3)-N(16) 
C(4)---N(5)-C(6) 
C(6)-N(5)-N(25) 
N(1)-N(7)-C(8) 
N(7)-C(8)-C(10) 
c(8)-C(lO)-C(l i) 
c(11)-c(10)-c(15) 
C(l 1)-c(12)-c(13) 
C(13)-C(14)-C(15) 
N(3)-N(16)-C(17) 
N(16)-C(17)-C(19) 
C(17)-C(19)-C(20) 
C(20)-C(19)-C(24) 
C(20)-C(21)-C(22) 
C(22)--C(23)-C(24) 
N(5)-N(25)-C(26) 
N(25)-C(26)-C(28) 
C(26)-C(28)-C(29) 
C(29)--C(28)-C(33) 
C (29)-C (30)-C(31) 
C(31)-C(32)-C(33) 

Table 3. Hydrogen-bondparameters 

N. . .O  (]~) H. . .O  (A) / _ N - H . . . O  (o) 
N(7)-H(7)...O(18 ~) 2.856 (3) 1.99 (2) 161.2 (13) 
N(16)-H(16)...O(W) 2.906 (4) 2.07 (2) 171-2 (12) 
N(25)-H(25)...O(14") 2.920 (4) 2.02 (2) 171.1 (12) 

0 . . . 0  (A) H. . .O(A)  L O - H . . . O  (o) 
O(W)-H(114,0...0(9) 2.870 (4) 1.95 (2) 173-8 (12) 
O(W)-H(2W)...O(27 ~) 2.929 (4) 2.13 (2) 162.6 (13) 

C29~ ~)027 
t~ c26 N5 ,-,o ?0~8 ~ 

C307 ~ c 6  I 

C24 

Fig. 1. Thermal-ellipsoid plot of the title compound drawn at 2 0 %  
probability level. Dashed lines indicate hydrogen bonds; O ( 1 8  j) 
and 0(27  ~) are symmetry-equivalent atoms included to complete 
hydrogen bonds. 
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Related literature. F o r  t h e  s t r u c t u r e  o f  t w o  c l o s e l y  

r e l a t e d  p e n t a a z a b i c y c l o n o n a n e s  f o r m e d  b y  a c o n -  

d e n s a t i o n  r e a c t i o n  f r o m  t h e  title c o m p o u n d  see  G e o r g e  

( 1 9 8 7 )  a n d  G e o r g e  & G i l a r d i  (1987) .  

T h i s  w o r k  w a s  s u p p o r t e d  b y  the  O f f i c e  o f  N a v a l  

R e s e a r c h ,  O N R  c o n t r a c t  N o .  N 0 0 0 1 4 8 4 W R 2 4 0 6 0 .  
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Abstract.  4 - P i p e r o n y l - 3 - p i p e r o n y l i d e n e t e t r a h y d r o -  

f u r a n - 2 - o n e ,  C20H1606,  Mr= 352 ,  m o n o c l i n i c ,  C2/c, 
a = 1 4 . 9 9 7  (2),  b = 1 0 . 8 7 5  (3), c =  2 0 . 7 0 8  (7) A ,  /3 

= 1 0 8 . 7 9 ( 2 )  ° , V =  3 1 9 7  (21)  /~ 3, Z = 8 ,  D , , , = 1 . 4 6 ,  

D x = 1.45 g c m  -3, 2 ( M o  K a )  = 0 . 7 1 0 6 9 / ~ ,  /.t = 

1 .0  c m  -~, F ( 0 0 0 )  = 1472,  T =  298  K,  f inal  R = 0 . 0 4 9  

fo r  1 1 11 o b s e r v e d  r e f l ec t ions .  T h e  s t r u c t u r e  c o n t a i n s  

t h r e e  p l a n a r  p a r t s :  t w o  ( 3 , 4 - m e t h y l e n e d i o x y ) b e n z y l -  

( i d e n e )  m o i e t i e s  (A a n d  B)  a n d  a t e t r a h y d r o f u r a n - 2 - o n e  

r ing  (C).  T h e  d i h e d r a l  a n g l e s  b e t w e e n  t h e  p l a n e s  a r e  

A&B: 17.01  (1),  A&C: 1 0 . 5 9  (2),  B&C: 2 6 . 1 5  (2) ° . 

T h e  b o n d  d i s t a n c e s  a n d  a n g l e s  a r e  n o r m a l .  

T a b l e  1. Atomic fractional coordinates and equivalent 
isotropic temperature factors (/~2) 

Beq - 8~2x," " * * 
- -  3~  z..i~.jUija i aj  ai.a j. 

X y z Beq 
CI 0.3679 (3) 0.8977 (4) 0.3044 (2) 3.2 (2) 
C2 0.3379 (3) 0.8981 (3) 0.3624 (2) 3.6 (2) 
C3 0.3214 (3) 0.7876 (4) 0.3867 (2) 3.5 (2) 
C4 0.3330 (3) 0.6772 (3) 0.3570 (2) 3.7 (2) 
C5 0-3621 (3) 0.6722 (4) 0.3014 (2) 4.2 (3) 
C6 0-3796 (3) 0.7859 (3) 0-2756 (2) 3.6 (2) 
C7 0-3831 (3) 1.0106 (3) 0.2710 (2) 3.5 (2) 
C8 0-3822 (3) I. 1279 (3) 0.2890 (2) 3. I (2) 
C9 0.3924 (3) i.2244 (4) 0.2409 (2) 3.7 (2) 
O10 0-3831 (2) 1.3368 (2) 0.2673 (1) 4.6 (2) 
El l  0-3620 (3) 1.3259 (4) 0.3307 (2) 4-4 (3) 
C12 0.3719(3) 1.1888(3) 0.3519(2) 3.1 (2) 
C 13 0.4547 (3) 1.1650 (4) 0.4177 (2) 3.5 (2) 
C 14 0.4305 (3) 1.2117 (4) 0.4794 (2) 3.4 (2) 
C15 0-4534 (3) 1.3329 (4) 0-5015 (2) 3.7 (2) 
C 16 0.4251 (3) 1.3726 (4) 0.5542 (2) 3.4 (2) 
CI7 0.3770 (3) 1.3002 (4) 0.5855 (2) 3.9 (3) 
C18 0.3553 (4) 1.1812 (4) 0.5661 (2) 6.1 (4) 
C19 0.3822 (3) 1.1379 (4) 0-5116 (2) 4.8 (3) 
09 0.4031 (2) 1.2156 (3) 0-1863 (1) 4.9 (2) 
03 0.2932 (2) 0-7661 (2) 0.4426 (1) 5.0 (2) 
04 0.3108 (2) 0-5820 (2) 0.3929 (1) 5.2 (2) 
O16 0-4400(2) 1.4878 (2) 0.5851 (I) 5.1 (2) 
OI7 0-3569 (2) 1.3667 (3) 0.6364 (1) 5.8 (2) 
C20 0.2740 (3) 0.6372 (4) 0.4429 (2) 5.1 (3) 
C30 0-4010 (3) 1.4820 (4) 0.6392 (2) 4.9 (3) 

Experimental .  T h e  c o m p o u n d  w a s  e x t r a c t e d  f r o m  an  

a c e t o n e  s o l u t i o n  o f  Calocedrusformosana F l o r i n .  

C r y s t a l  0 . 1 5  x 0 . 2 5  x 0 . 2 5  m m .  C A D - 4  d i f f r a c -  

t o m e t e r .  U n i t  cel l :  25 r e f l e c t i ons ,  2 0  r a n g e  1 9 . 7 2  to  

2 6 . 5 4  °.  D m b y  f l o t a t i o n  ( n - h e x a n e / C C 1 4 ) .  20max : 50  °.  

T a b l e  2. Bond lengths (A) and bond angles (°) of  
C2oH1606 

c1 c2 1.411 (5) c i  c6 1.39o(5) 
c1 c7 1.463 (5) c2 c3 1.356 (5) 
c3 c4 1.386 (5) c3 03 1.374 (4) 
C4 C5 1.358 (5) C4 04 1.377 (4) 
C5 C6 1.404 (5) C7 C8 1.331 (5) 
C8 C9 1.488 (5) C8 C12 1-513 (4) 
C9 O10 1.365 (4) C9 09 1.195 (4) 
O10 Cll  1.450(4) Cll  C12 1.549(5) 
C12 C13 1.541 (5) C13 C14 1.524 (5) 
C14 C15 1.402 (5) C14 C19 1.388 (5) 
C15 C16 1.362 (5) C16 C17 1.364 (5) 
C16 O16 1.391 (4) C17 C18 1.363 (5) 
C17 O17 1.389 (4) C18 C19 1.396 (5) 
03 C20 1.432 (4) 04 C20 1.450 (4) 
O16 C30 1.423 (4) O17 C30 1.410 (5) 

C2 CI C6 119.1 (3) C2 CI C7 122.8 (3) 
C6 C1 C7 118.0 (3) C1 C2 C3 117.3 (3) 
C2 C3 C4 122.6 (3) C2 C3 03 127.3 (3) 
C4 C3 03 110.1 (3) C3 C4 C5 122.2 (3) 
C3 C4 04 108.9 (3) C5 C4 04 128.9 (3) 
C4 C5 C6 115.9 (3) CI C6 C5 122.8 (3) 
C I C7 C8 130.9 (3) C7 C8 C9 118.4 (3) 
C7 C8 C12 132.3 (3) C9 C8 C12 109.2 (3) 
C8 C9 O10 108.5 (3) C8 C9 09 130.5 (3) 
O10 C9 09 120.9 (3) C9 O10 CII 111.7 (2) 
O10 Cll  C12 107.8 (2) C8 C12 CI1 101.8 (2) 
C8 C12 C13 114.2(3) Cll  C12 C13 112.8(3) 
C12 C13 C14 110.1 (3) C13 C14 C15 119.2(3) 
C13 C14 C19 120.9 (3) C15 C14 C19 119.8 (3) 
C14 C15 C16 116:9 (3) C15 C16 C17 123.1 (3) 
C15 C16 O16 127.4 (3) C17 C16 O16 109.5 (3) 
C16 C17 C18 121.4 (3) C16 C17 O17 109.6 (3) 
C18 C17 O17 129.0 (3) C17 C18 C19 117.0 (3) 
C14 C19 C18 121.7 (3) C3 03 C20 106.7 (2) 
C4 04 C20 106.8 (2) C16 O16 C30 106.0 (2) 
C17 O17 C30 106.3 (2) 03 C20 04 106.2 (2) 
O16 C30 O17 108.3 (3) 
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