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Ol 0.7987 (4) --0.2248 (2) 0.1005 (2) 4.43 (7) 
02 0.8192 (4) -0.2765 (2) 0.2439 (2) 5.31 (9) 
03 0.6980 (4) 0.2884 (2) 0.2828 (2) 5.38 (8) 
04 0.4245 (3) 0.1730 (2) 0.3175 (1) 4.15 (7) 
NI 1.0082 (4) -0.2872 (2) 0.0815 (2) 4.39 (9) 
N2 0.5621 (4) -0.1433 (2) 0.2183 (2) 3.71 (8) 
N3 0.6136(4) 0.0711 (2) 0.1810(2) 3.76(8) 
N4 0.4042 (5) 0.2958 (2) 0.4052 (2) 4.62 (9) 
CI 1.2150 (6) -0.4038 (4) -0.0530 (4) 5.1 (!) 
C2 0.844 (I) -0.4522 (5) -0.2425 (3) 6.4 (2) 
C3 1.0033 (5) -0.3426 (2) -0.0203 (2) 3.73 (9) 
C4 0.7377 (5) -0.2203 (2) 0.1925 (2) 3.71 (9) 
C5 0.4579 (7) -0.1412 (4) 0.3097 (3) 4.8 (i) 
C6 0.8039 (7) 0.0723 (4) 0.1233 (3) 4.9 (!) 
C7 0.5893 (5) 0.1879 (3) 0.2627 (2) 3.9 ( ! ) 
C8 0.2457 (5) 0.2793 (3) 0.4534 (2) 4.0 (1) 
C9 0.2054 (9) 0.3984 (3) 0.548 i (3) 5.7 (1) 
CI0 -0.1158 (8) 0.1677 (5) 0.5058 (3) 5.9 (2) 

Table 2. Selected geometric parameters (,~, °) 
SI--N2 1.684 (2) SI--N3 1.677 (2) 
$2---C2 1.813 (4) $3---C10 1.803 (4) 
$2---C3 1.730 (3) $3---C8 1.732 (3) 
OI--NI 1.455 (3) O4--N4 1.447 (3) 
O1---C4 1.347 (3) O4---C7 1.364 (3) 
O2---C4 1.188 (3) O3--C7 1.190 (3) 
N1--C3 1.277 (4) N4--C8 1.278 (4) 
N2---C4 1.374 (3) N3--C7 1.374 (3) 
N2--C5 !.472 (4) N3--C6 1.476 (4) 
C1--C3 1.495 (4) C8--C9 1.503 (4) 

N2--S1--N3 105.7 (1) S 1--N3---C7 124.2 (2) 
S1--N2--C4 124.1 (2) SI--N3---C6 120.1 (2) 
S1--N2--C5 118.5 (2) $3--C8--N4 123.2 (2) 
$2--C3---N 1 122.9 (2) $3--C8--C9 121.4 (2) 
$2---C3------C1 122.0 (3) N4--O4----C7 110.5 (2) 
N 1---O1---C4 111.4 (2) O4----N4---C8 109.0 (2) 
OI--N !--C3 108.6 (2) 03--427--04 124.8 (3) 
O!---C4--O2 125.5 (3) O4---C7--N3 110.8 (2) 
O1--C4---N2 110.6 (2) O3---C7--N3 124.3 (3) 
O2---C4----N2 ! 23.9 (3) N 4 - - C 8 ~ 9  115.4 (3) 
N 1---C3----C 1 115.1 (3) C8--$3---C 10 103.4(2) 
C2--$2--C3 103.6 (2) C6----N3---C7 115.7 (2) 
C4--N2---C5 117.0 (2) 

SI--N2--C4--OI 0.3 (3) O3--C7--N3---C6 6.1 (5) 
S 1--N2---C4--O2 - 178.3 (2) NI--431~C4~N2 170.4 (2) 
$2-----C3--N !--O1 -3.1 (3) N1--C3--$2---C2 -173.1 (3) 
O1--N1---C3---C! 176.0 (2) N2--SI--N3--426 90.3 (3) 
O1---C4--N2--C5 173.0 (3) N2--S 1--N3---C7 -90.9 (2) 
O 2 ~ 4 - - O  I--N 1 - 11.0 (4) C 1---C3----$2---C2 7.8 (3) 
O2---C4---N2----C5 -5.7 (4) C3--N 1-----<)1------C4 150.4 (2) 
S1--N3---C7----O3 -172.8 (3) N3---C7---O4---N4 178.5 (2) 
51--N3--(27--4.)4 7.2 (4) N4--C8--53---C10 -- 177.5 (3) 
S3--C8--N4---O4 -0.8 (4) N3--S 1--N2--C5 104.9 (2) 
O4--N4--C8--C9 179.2 (3) N3--SI--N2--C4 -82.5 (2) 
(M----C7--N3--C6 -173.8 (3) C9---C8--$3--4210 2.5 (4) 
O3--C7--O4---N4 - 1.4 (4) C7---O4--N4---C8 178.7 (2) 

The  0 scan wid th  was  1.5(0.83 + 0 .14tan0)  °. The  scan was  
recorded  as 96 steps wi th  the two  ou te rmos t  16-step b locks  for  
b a c k g r o u n d  de te rmina t ion .  The  0 scan speed was  5 .49 -2 .06  ° 
min  -1 . Cor rec t ion  for d ispers ion  was  m a d e  us ing International 
Tables for  X-ray Crystallography (1974,  Vol. IV, Table 2.3.1). 

The  s tructure was  so lved  us ing MITHRIL (Gi lmore ,  
1983). Crys ta l log raph ic  ca lcu la t ions  were  pe r fo rmed  wi th  the 

TEXSAN sys tem (Molecu la r  Structure  Corpora t ion ,  1987) on 
Digital  E q u i p m e n t  Corpora t ion  Mic roVAX II and VAXSta t ion  
II computers .  Molecu la r  graphics  were  prepared using OR- 
TEPII  ( Johnson ,  1976) and ChemDraw (Cambr idge  Scient if ic  
C o m p u t i n g ,  1989). Other  mater ia l  for  publ ica t ion  was  pro- 
duced  us ing PLOTMD (Luo,  A m m o n  & Gil l i land,  1989). 

The instrumentation used in this work was obtained in 
part with grants from the National Science Foundation 
(CHE-84-02155) and the National Institutes of Health 
(RR-03354). 

Lists of structure factors, anisotropic displacement parameters and 
H-atom coordinates have been deposited with the IUCr (Reference: 
CRll60) .  Copies may be obtained through The Managing Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CH 1 
2HU, England. 
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Abstract 
The structures of a series of six 1-methyl-lH- 
2,3-benzodiazepine compounds, 1 (R)-methyl-4-[1 (R)- 
phenylethyl]-lH-2,3-benzodiazepine (C18H18N2), (1), 
1 (R)-methyl-4-[ 1 (R),2,2-trimethylpropyl]-1H-2,3-benzo- 

© 1995 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

Acta Crystallographica Section C 
ISSN 0108-2701 ©1995 



1622 C18H18N2, C16H22N2, C17H24N2, C18H18N20 , C16H22N20 AND C22H24N20 2 

diazepine (C16H22N2), (2), l(S)-methyl-4-[l(S)-ethyl- 
2,2-dimethylpropyl]- 1H-2,3-benzodiazepine (CITH24N2), 
(3), 1 (R)-methyl-4-[ 1 (R)-methoxybenzyl]- 1H-2,3-benzo- 
diazepine (C18H18N20), (4), l (S) -methyl -4- [ l (R)-  
methoxy - 2,2- dimethylpropyl ] - 1 H- 2,3 - benzodiazepine 
(CI6H2zN20), (5), and 1 (R)-methyl-4-[ 1 (R)-benzoyloxy- 
2,2- dimethylpropyl ] - 1 H- 2,3 - benzodiazepine (C22 H 24- 
N202), (6), with differing substituents on the 4- 
position of the seven-membered diazepine ring, have 
been determined. [The IUPAC name for the ester 
(6) is 2,2-dimethyl- 1-(1-methyl- 1H-2,3-benzodiazepin- 
4-yl)propyl benzoate.] 

C o m m e n t  

The main objective of this work was to study the effect 
of different chiral groups in the diazo compound on 
the face-selectivity of the 1.7 electrocyclization reac- 
tion. The cyclization step leads to the formation of 
two diastereomeric intermediates; these then rearrange 
via  a stereospecific, suprafacial [1,5] H-atom migration 
to give a pair of diastereomeric 1H-2,3-benzodiazepine 
compounds: 

'below' 
H\.,oR3 / 

~ R  2 / ( i )  

-%~-~HN ove'~ 'ab 

H 2 

Me 

CHR2R 3 

Me 

(i) 1.7 electrocyclization 
(ii) [1,5] sigmatropic H shift 

H (R I R 3 

(ii) P ~ R 2  

H he 
(R) 

H t~R 3 
(ii) ~ % ;  R 2 ~  

Me FI 

The ratio of these products was measured by HPLC 
and NMR. The crystal structure of one of each of these 
pairs of isomers was determined in order to establish 
the relative configuration of the two chiral centres and 
thereby establish which of the alternative cyclization 
paths was preferred in each case (Blake, Harding & 
Sharp, 1994). 

H R 3 R 2 R 3 
~ R  2 (1) Ph Me 

(2) tBu Me 
(3) tBu Et 
(4) Ph OMe 
(5) tBu OMe 
(6) tBu OCOPh 

H Me 

Despite their differing steric and electronic properties, 
the 4-substituents do not affect the geometry of the 
diazepine ring. In all six compounds this ring may be 
described by reference to two planes (defined by N2- 
N3-C5a-C9a and N3-C4-C5-C5a), the corresponding 

interplanar angle and the deviation of C1 from the first 
plane: the interplanar angles are 31.92(8), 33.03 (14), 
33.34 (18), 32.24 (18), 32.54 (11) and 32.52 (11)° for 
compounds (1)-(6), respectively, and the corresponding 
deviations for C1 are 0.792(3), 0.785(3), 0.787(3), 
0.799 (5), 0.776 (2) and 0.785 (2) ,~. 

C4b ~"~. ~...,.(- ¢ S'~ .... '.-1/ 
N3 t]'-C4a "~ ~ . -  ~i"-- ~ 

" I~"~._._ ,~-~ ~ -  ., C3,~ C4p 
N2 ~ : ~ ¢ " ~ 4  C2p ~" 

[c8 
Fig. I. A view of a molecule of (1) with atom-numbering scheme. 

Displacement ellipsoids enclose 50% probability surfaces. 

C46 

C45 "~A.~C43~ ~'f~cl 
./~ ~ ~:- c42 

Fig. 2. A view of a molecule of (2) with atom-numbering scheme. 
Displacement ellipsoids enclose 50% probability surfaces. 

I c4' c47 3 4 

Fig. 3. A view of a molecule of (3) with atom-numbering scheme. 
Displacement ellipsoids enclose 50% probability surfaces. 
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"~ C3p C4p,x 
, 041 C2p ,~ ~ r ,  ,jr-" 

C 4 ~ ~ p  ~ C 6 ;  C-C~5fi 

C l m ~  CI ' C5 

C9a . C5a 

Fig. 4. A view of a molecule of (4) with atom-numbering scheme. 
Displacement ellipsoids enclose 50% probability surfaces. 

C45 ~ r ~ ~ ( / ~ C ~  2 

C I m ~ ~ ~ a ~ ~ ~ ~  6 

Fig. 5. A view of a molecule of (5) with atom-numbering scheme. 
Displacement ellipsoids enclose 50% probability surfaces. 

c2;'3,-*,~ j~ 
~5 ~ 2 2 '  

N3 Cl ~ r ,  t , ~ " '~Ol~ lp  ~C2p 

C 1 f" (25 ~C5p 

%~ C7 

Fig. 6. A view of a molecule of (6) with atom-numbering scheme. 
Displacement ellipsoids enclose 50% probability surfaces. 

Experimental 
C o m p o u n d s  (1)-(6)  were prepared by 1.7 electrocycl izat ion 
fo l lowed by a [1,5] s igmatropic  H shift as shown in the 
reaction scheme above.  Crystals were g rown from hexane.  

C o m p o u n d  (1) 

Crystal data 

CI8HIsN2 
Mr = 262.34 
Monocl in ic  
e21/n 
a = 8.502 (2) ,~, 
b = 21.675 (13) ,4, 
c = 8.741 (3) ,4, 
fl = 115.76 (2) ° 
V = 1450.8 (11) ,~3 
Z = 4  
Dx = 1.201 Mg m -3 

Data collection 
Stoe Stadi-4 four-circle 

d i f f rac tometer  
w-20 scans using on-l ine 

profile fitting (Clegg,  
1981) 

Absorp t ion  correction: 
none 

1898 measured  reflections 
1898 independent  reflections 
1577 observed  reflections 

[I > 2or(1)] 

Refinement 

• Ref inement  on F 2 
R[F 2 > 2o'(F2)] = 0.0452 
wR(F 2) = 0.1194 
S = 1.065 
1895 reflections 
170 parameters  
w = 1/[cr2(F 2) + (0.0666P) 2 

+ 0.4158P] 
where  P = (F 2 + 2F2)/3 

(A/o')max = 0.003 
mpmax = 0.21 e ,~-3 
Apmin = - 0 . 1 5  e ,~-3 

Mo Ka radiation 
= 0.71073/~,  

Cell parameters  f rom 11 
reflections 

0 = 13-15  ° 
# = 0.071 m m -  1 
T = 298 (2) K 
Plate 
0.62 × 0.54 x 0.23 m m  
Yellow 

0max ---- 22.51 ° 
h = - 9  ---~ 8 
k = 0 - - o  23 
l = 0---,  9 
3 standard reflections 

frequency:  120 min  
intensity decay:  6% 

Extinct ion correct ion:  
SHELXL93 (Sheldrick,  
1993) 

Extinct ion coefficient:  
0.024 (4) 

Atomic  scattering factors 
f rom International Tables 
for Crystallography (1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

T a b l e  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (~,2) for (1) 

Ueq = (1 /3 )~ i~ jUi ja ;  a~ ai.a). 
x y z 

CI 0.2835 (3) 0.04526 (10)  0.2373 (3) 
Clm 0.2949 (4) 0.02547 (13)  0.0750 (3) 
N2 0.1508 (3) 0.09546 (9) 0.1940 (2) 
N3 0.1616 (2) 0.13202 (9) 0.3095 (2) 
C4 0.2793 (3) 0.12495 (10)  0.4835 (3) 
C4a 0.3346 (3) 0.18744 (10)  0.5703 (3) 
C4b 0.4545 (4) 0.22057 (13)  0.5073 (3) 
C5 0.3023 (3) 0.07063 (10)  0.5645 (3) 
C5a 0.2453 (3) 0.01021 (10)  0.4894 (3) 
C6 0.2032 (3) -0.03539 (11)  0.5787 (3) 
C7 0.1367 (3) -0.09122 (12)  0.5061 (4) 
C8 0.1100(3) -0.10271 (12)  0.3411 (4) 
C9 0.1541 (3) -0.05935 (11)  0.2515 (3) 
C9a 0.2265 (3) -0.00277 (10)  0.3250 (3) 
Clp 0.4122 (2) 0.18394 (7) 0.76314 (12) 
C2p 0.5827 (2) 0.16324 (7) 0.8579 (2) 
C3p 0.6491 (2) 0.15775 (7) 1.0339 (2) 
C4p 0.5449 (2) 0.17296 (8) 1.11523 (12) 
C5p 0.3743 (2) 0.19365 (8) 1.0205 (2) 
C6p 0.30799 (15)  0.19914 (7) 0.8444 (2) 

Ueq 
O.O594 (6) 
0.0795 (8) 
0.0633 (5) 
0.0615 (5) 
0.0552 (6) 
0.0582 (6) 
0.0807 (8) 
0.0579 (6) 
0.0554 (6) 
0.0658 (6) 
0.0731 (7) 
0.0759 (7) 
0.0687 (7) 
0.0559 (6) 
0.0544 (6) 
0.0660 (6) 
0.0702 (7) 
0.0727 (7) 
0.0747 (7) 
0.0630 (6) 
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Tab l e  2. Selected geometric parameters (~,, o) for (1) N3 0.7028 (2) 
C4 0.7105 (2) 

C1--N2 i.493 (3) C4----C5 1.344 (3) C41 0.8141 (2) 
C I - - C 9 a  1.494 (3) C5--C5a 1.451 (3) C42 0.8097 (2) 
N2--N3 !.255 (2) C5a--C9a 1.403 (3) C43 0.9328 (2) 
N3---C4 1.420 (3) C44 0.9265 (2) 
N2--CI---C9a 105.1 (2) C4--C5---C5a 127.5 (2) C45 0.9681 (2) 
N3---N2--CI 118.3 (2) C9a--C5a--C5 120.7 (2) C46 1.0267 (2) 
N2--N3---C4 124.4 (2) C5a---C9a---C! i17.9 (2) C5 0.6189 (2) 
C5----C4---N3 122.2 (2) C5a 0.5105 (2) 

C6 0.4074 (2) 
C 9 a - - C I - - N 2 - - N 3  78.5 (2) N3--C4---C5--C5a 13.3 (4) C7 0.3035 (2) 
C 1--N2--N3---C4 - 7 . 5  (3) C4--C5---C5a--C9a 28.2 (3) C8 0.2994 (3) 
N2--N3--C4---C5 -45 .8  (3) N2---CI--C9a---C5a -71.5  (2) C9 0.3980 (3) 

C9a 0.5049 (2) 

0.2281(2) 
0.2348(2) 
0.1641(2) 
0.0221(2) 
0.2307(2) 
0.3675 (3) 
0.2336(3) 
0.1595 (3) 
0.2687(2) 
0.3233 (2) 
0.2963 (3) 
0.3428(3) 
0.4178 (3) 
0.4485 (3) 
0.4031 (2) 

0.73198 (14) 0.0587 (5) 
0.6208 (2) 0.0491 (6) 
0.5949 (2) 0.0558 (6) 
0.6280 (2) 0.0829 (8) 
0.6374 (2) 0.0641 (7) 
0.5930 (3) 0.1028 (10) 
0.7621 (2) 0.1037 (I0) 
0.5918 (3) 0.1023 (10) 
0.5418 (2) 0.0541 (6) 
0.5560 (2) 0.0558 (6) 
0.4794 (2) 0.0751 (7) 
0.4948 (3) 0.0929 (9) 
0.5840 (3) 0.0988 (11) 
0.6586 (2) 0.0798 (8) 
0.6449 (2) 0.0577 (6) 

C o m p o u n d  (2) 

Crystal data Tab le  4. Selected geometric 
C16H22N2 Mo Ka radiation El--N2 1.491 (3) 
Mr = 242.36 A = 0.71073 A Cl---C9a 1.493 (3) 
Monoclinic  Cell parameters  from 44 N2--N3 !.252 (2) 
P21/c reflections N3---C4 1.412 (3) 

a = 11.7871 (9) ,~. 0 = 12.5-14.0 ° N2---CI--C9a 105.3 (2) 
N3---N2--<21 118.9 (2) 

b = 10.3877 (7) A /z = 0.063 mm -~ N2--N3---C4 124.2(2) 
c = 12.4807 (8) ,~ T = 298 (2) K C5--C4--N3 121.6 (2) 

/3 = 102.276 (6) ° Plate C9a---CI--N2--N3 78.6 (2) 
V 1493.2 ( 2 ) ~ 3  0.69 x 0.32 x 0.09 mm CI--N2--N3--C4 -6.9(3) 
Z = 4 Pale green N2--N3---C4---C5 -45.6 (3) 
Dx = 1.078 Mg m -3 N3---C4---CS---CSa !1.6(4) 

parameters (,~,, o) for (2) 

C4---C5 1.345 (3) 
C5--C5a 1.442 (3) 
C5a---C9a 1.399 (3) 

C4--C5---C5a 127.3 (2) 
C9a--C5a---C5 i 21.6 (2) 
C5a--C9a---C 1 116.8 (2) 

C4---C5----C5a--C9a 31.5 (3) 
C5--C5a---C9a----C 1 3.1 (3) 
N2---C 1--C9a--C5a -69 .8  (2) 

Data collection 
Stoe Stadi-4 four  circle 

dif f ractometer  
w-20 scans with w width 

(0.8 + 0.35tan0) ° 
Absorption correction: 

none 
1951 measured  reflections 
1951 independent  reflections 
1265 observed reflections 

[I > 2o'(/)] 

Refinement 
Refinement  on F z 
R[F 2 > 2~r(FZ)] = 0.0435 
wR(F 2) = 0.1133 
S = 1.219 
1945 reflections 
164 parameters  
w = 1/[tr2(Fo z) + (0.0640P) 2 

+ 0.0239P] 
where  P = (Fo z + 2F~)/3 

( A / i f ) m a x  < 0.001 
Apmax = 0.13 e /~-3 
mpmin  = -0 .11  e ~ - 3  

0max = 22.51 ° 
h = - 1 2  ~ 12 
k = 0 ---~ 11 
1 = 0 ---~ 13 
3 standard reflections 

frequency:  120 min 
intensity decay: none 

Extinction correction: 
SHELXL93 (Sheldrick, 
1993) 

Extinction coefficient: 
0.017 (3) 

Atomic scattering factors 
from International Tables 
for Crystallography ( 1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

Tab l e  3. Fractional atomic coordinates and equivalent 
isotropic displacement parameters ( , ~ 2 ) f o r  (2) 

Veq = (1/3)Ei~jUoa?afai.ay. 
x y ,2 Ueq 

CI 0.6171 (2) 0.4349 (2) 0.7211 (2) 0.0628 (7) 
Clm 0.6145 (3) 0.5381 (3) 0.8073 (2) 0.0982 (9) 
N2 0.6563 (2) 0.3125 (2) 0.77993 (14) 0.0646 (6) 

Compound (3) 
Crystal data 

CI7H24N2 
M, = 256.38 
Monoclinic  
P21/c 
a = 12.852 (6) A 
b = 10.605 (5) ,~ 
c =  12.331 (6 )~ ,  
/3 = 111.07 (3) ° 
V = 1568.3 (13) ,~3 
Z = 4  
Dx = 1.086 Mg m -3 

Data collection 
Stoe Stadi-4 four-circle 

diffractometer  
w - 2 0  scans with on-line 

profile fitting (Clegg, 
1981) 

Absorption correction: 
none 

2030 measured reflections 
2027 independent  reflections 
1245 observed reflections 

[1 > 2a( /)]  

Refinement 
Refinement  on F 2 
R[F 2 > 2o'(F2)] = 0.0486 
wR(F 2) = 0.1251 
S = 1.208 
2026 reflections 

Mo Ka radiation 
A = 0.71073 
Cell parameters  from 10 

reflections 
0 = 11-12 ° 
# = 0.064 m m -  
T = 298 (2) K 
Lath 
0.82 × 0.14 x 0.04 m m  
Lemon yel low 

Rim = 0.0465 
0max = 22.50 ° 
h = 0 ---~ 13 
k = - 1 1  ~ 0 
1 = - 1 2  ~ 12 
3 standard reflections 

frequency: 120 min 
intensity decay: < 1% 

Extinction correction: 
SHELXL93 (Sheldrick, 
1993) 

Extinction coefficient: 
0.009 (3) 
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173 pa r ame te r s  

w = l /[o '2(Fo 2) + ( 0 . 0 6 5 1 P )  2 
+ 0 . 1 3 2 5 P ]  

w h e r e  e = (Fo z + 2F~) /3  

(A/o')max < 0.001 
Apmax = 0.16 e ~, -3  

mpmin = - 0 . 1 4  e A -3  

A t o m i c  sca t te r ing  fac tors  
f r om  International Tables 
for Crystallography (1992,  
Vol. C, Tables  4 .2 .6 .8  and 

6 .1 .1 .4)  

Table 5. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (h2) for (3) 

Ueq = (1 /3 )E iEyUi j aTa fa i . a  ). 

x y z Ueq 
C 1 0.6403 (2) 0.4540 (3) -0.1505 (2) 0.0647 (8) 
Clm 0.6333 (3) 0.5652 (4) -0.2308 (3) 0.1008 (12) 
N2 0.6762 (2) 0.3410 (3) -0.2002 (2) 0.0736 (8) 
N3 0.7260 (2) 0.2544 (2) -0.1317 (2) 0.0681 (7) 
C4 0.7381 (2) 0.2494 (2) -0.0130 (2) 0.0520 (7) 
C5 0.6501 (2) 0.2710 (2) 0.0202 (2) 0.0538 (7) 
C5a 0.5436 (2) 0.3264 (3) -0.0479 (2) 0.0544 (7) 
C6 0.4470 (2) 0.2937 (3) -0.0265 (3) 0.0676 (9) 
C7 0.3450 (3) 0.3447 (3) -0.0911 (3) 0.0790 (10) 
C8 0.3377 (3) 0.4303 (4) -0.1773 (3) 0.0854 (11) 
C9 0.4306 (3) 0.4650 (3) -0.1986 (3) 0.0737 (9) 
C9a 0.5345 (2) 0.4162 (3) -0.1348 (2) 0.0562 (7) 
C41 0.8432 (2) 0.1857 (2) 0.0648 (2) 0.0549 (7) 
C42 0.8581 (2) 0.0553 (3) 0.0169 (3) 0.0691 (9) 
C43 0.7690 (3) -0.0377 (3) 0.0144 (3) 0.0852 (10) 
C44 0.9484 (2) 0.2714 (3) 0.0979 (3) 0.0616 (8) 
C45 1.0477 (2) 0.2066 (3) 0.1914 (3) 0.0828 (10) 
C46 0.9816 (3) 0.3016 (3) -0.0069 (3) 0.0873 (10) 
C47 0.9259 (3) 0.3944 (3) 0.1503 (3) 0.0875 ( 11 ) 

T a b l e  6.  Selected geometric parameters (,4,, °) for  (3 )  

CI--N2 1.492 (4) C4---C5 1.352 (3) 
CI---C9a 1.495 (4) C5--425a !.448 (4) 
N2--N3 1.257 (3) C5a---C9a 1.407 (4) 
N3--C4 1.417 (3) 

N2---CI--C9a 105.6 (2) C4---C5---C5a 127.8 (3) 
N3---N2---CI 117.9 (2) C9a---C5a---C5 121.2 (2) 
N2--N3---C4 124.2 (2) C5a--C9a---CI 116.7 (2) 
C5---C4--N3 120.9 (2) 

C9a--C1--N2--N3 -80.4 (3) C4--C5---C5a~C9a -30.5 (4) 
C I--N2--N3--C4 8.3 (4) C5---C5a---C9a~C 1 - 1.7 (4) 
N2--N3--C4---C5 46.5 (4) N2---CI--429a----C5a 69.2 (3) 
N3~4- - -C5- -C5a  - 14.3 (4) 

C o m p o u n d  (4) 

Crystal data 

C I 8 H I s N 2 0  M o  Kc~ rad ia t ion  
Mr = 278 .34  A = 0 .71073  ,A, 
O r t h o r h o m b i c  Cel l  p a r a m e t e r s  f r om 62 

P212121 re f lec t ions  
a = 6 .350  (5) ,A, 0 = 1 5 - 1 6  ° 

b = 10.954 (8) ,~, # = 0 .079  m m  - j  

c = 21 .118 (18) A, T = 150.0 (2) K 
V = 1468.9 (20)  ,~3 La th  

Z = 4 1.14 × 0 .30  × 0 .19  m m  
Dx = 1.259 M g  m -3  Yel low 

A b s o r p t i o n  co r rec t ion :  
none  

1529 m e a s u r e d  re f lec t ions  

1529 i n d e p e n d e n t  re f lec t ions  
1283 o b s e r v e d  re f lec t ions  

[I > 2o'(1)] 

Refinement 

R e f i n e m e n t  on  F 2 

R[F 2 > 2o.(F2)] = 0 .0552  

wR(F 2) = 0 .1379  

S = 1.057 

1523 re f lec t ions  
179 p a r a m e t e r s  

w = 1/[o.2(Fo 2) + ( 0 . 1 0 6 4 P )  2 

+ 0 .23P]  

whe re  e = (Fo 2 + 2F~) /3  

('/~/o.)max = 0 .008  
Apmax = 0 .28 e A, -3  

mpmin = - 0 . 4 1  e ,~ -3  

3 s tandard  re f lec t ions  

f r e q u e n c y :  60  min  

in tens i ty  decay :  1.1% 

Ex t inc t i on  co r rec t ion :  

SHELXL93 (She ld r i ck ,  

1993) 

Ex t inc t ion  coef f ic ien t :  

0 .002  (5) 

A t o m i c  sca t t e r ing  fac to r s  

f r o m  International Tables 
for Crystallography (1992 ,  
Vol. C, Tab les  4 .2 .6 .8  and 

6 .1 .1 .4)  

T a b l e  7.  Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,~2) for  (4 )  

Ueq = (1 /3 )E iE jUoa~%*ai . a  j. 

x y z Ueq 
c1 0.3500 (6) -0.2878 (3) 0.1754 (2) 0.0269 (9) 
Clm 0.5322 (6) -0.3527 (4) 0.2059 (2) 0.0339 (10) 
N2 0.4157 (5) -0.1582 (3) 0.16369 (15) 0.0260 (7) 
N3 0.2747 (5) -0.0782 (3) 0.15974 (14) 0.0253 (8) 
C4 0.0564 (6) -0.1049 (3) 0.1581 (2) 0.0216 (8) 
C5 -0.0280 (6) -0.1941 (3) 0.1216 (2) 0.0209 (8) 
C5a 0.0840 (6) -0.2901 (3) 0.0884 (2) 0.0229 (8) 
C6 0.0022 (7) -0.3387 (3) 0.0324 (2) 0.0268 (9) 
C7 0.1133 (7) -0.4254 (3) -0.0011 (2) 0.0328 (10) 
C8 0.3069 (7) -0.4650 (3) 0.0202 (2) 0.0334 (10) 
C9 0.3893 (7) -0.4212 (3) 0.0768 (2) 0.0300 (9) 
C9a 0.2779 (6) -0.3347 (3) 0.1122 (2) 0.0233 (8) 
C41 -0.0823 (6) -0.0066 (3) 0.1871 (2) 0.0216 (8) 
O41 0.0041 (5) 0.0376 (2) 0.24523 (12) 0.0269 (6) 
C42 -0.0015 (7) -0.0534 (4) 0.2934 (2) 0.0332 (9) 
Clp -0.1149 (4) 0.1045 (2) 0.14389 (10) 0.0229 (8) 
C2p 0.0539 (3) 0.1695 (2) 0.11946 (12) 0.0292 (9) 
C3p 0.0181 (3) 0.2686 (2) 0.08024 (12) 0.0299 (9) 
C4p -0.1864 (4) 0.3027 (2) 0.06542 ( 11 ) 0.0299 (9) 
C5p -0.3552 (3) 0.2377 (2) 0.08985 (13) 0.0326 (10) 
C6p -0.3194 (3) 0.1386 (2) 0.12908 (12) 0.0272 (9) 

T a b l e  8. Selected geometric parameters (,~, O) for  (4 )  

CI--N2 1.500 (5) C4---C5 1.356 (5) 
C l---C9a 1.502 (5) C5---C5a 1.450 (5) 
N2--N3 1.256 (4) C5a---C9a 1.416 (5) 
N3---C4 i.417 (5) 

N2--CI---C9a 105.2 (3) C4----C5--C5a 127.1 (3) 
N3----N2----421 ! 18.2 (3) C9a---C5a----C5 120.3 (3) 
N 2 - - N 3 ~ 4  123.7 (3) C5a--C9a--C1 il7.5 (3) 
C5---C4---N3 123.3 (3) 

C9a---CI--N2--N3 79.0 (4) C4----C5---C5a---C9a 29.0 (5) 
CI--N2--N3---C4 -7.8 (5) C5---C5a---C9a---C ! 5.8 (5) 
N2--N3--C4--C5 -45.4 (6) N2--C l---C9a---~5a -72.0 (4) 
N3--C4--C5~C5a 12.5 (6) 

Data collection 
Stoe  S tad i -4  four -c i rc le  0max = 25 .07  ° C o m p o u n d  (5) 

d i f f r a c t o m e t e r  h = - 7  ---, 1 Crystal data 
w-20 scans  wi th  w wid th  k = 0 --,  13 C16H22N20 M o  K a  rad ia t ion  

(1.2 + 0 .35 t an0 )  ° l = 0 ~ 25 Mr = 258 .36  A = 0 .71073  ,~ 
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Triclinic 
p]- 

a = 7.7357 (9) ,& 
b = 9.4583 (10) .~ 
c = 11.0128 (13) A 
a = 102.929 (8) ° 
/3 = 101.797 (6) ° 
3' = 100.792 (5) ° 
V = 745.48 (15) ~3 
Z = 2  
Dx = 1.151 Mg m -3 

C16H22N2, CI7H24N2, C18HlsN2 O,  C16H22N20 A N D  C22H24N202 

Cell parameters  from 20 Tab le  10. Selected geometric 
reflections C I - -N2 1.492 (2) 

0 = 15-16  ° CI---C9a !.494 (2) 
/z = 0.072 m m - 1  N2--N3 1.255 (2) 
T = 298 (2) K N3---C4 1.419 (2) 

Tabular N2--C l---C9a 106.38 ( I 1 ) 
N3--N2---421 117.86 (11) 

1.23 x 1.04 x 0.46 mm N2--N3---C4 124.07(12) 
Colourless C 5 ~ 4 - - - N 3  122.05 (13) 

C 9 a - - C I - - N 2 - - N 3  -79 .4  (2) 
C I--N2--N3----C4 8.5 (2) 
N2--N3---C4--C5 46.9 (2) 
N3---C4--C5--C5a - 16.2 (2) 

parameters (~,, °) for  (5 )  

C4---C5 1.345 (2) 
C5---C5a 1.446 (2) 
C5a----C9a 1.411 (2) 

C4--C5--C5a  127.38 (13) 
C9a---C5a----C5 12 !.29 (13) 
C5a---C9a----C 1 117.34 (13) 

C4--C5--C5a---C9a - 28.1 (2) 
C5---C5a---C9a----C 1 - 2.4 (2) 
N 2---C I---C9a----C5a 68.84 (15) 

Data collection 
Stoe Stadi-4 four-circle 

diffractometer  
w-20 scans with w width 

(0.99 + 0.35tan0) ° 
Absorption correction: 

none 
2054 measured  reflections 
1950 independent  reflections 
1777 observed reflections 

[I > 2o.(/)1 

Rint = 0 . 0 0 3 6  

0max = 22.52 ° 
h = - 8  ---~ 7 
k = - 1 0  ----} 9 
l = 0 ----} 11 
3 standard reflections 

frequency: 120 min 
intensity decay: none 

C o m p o u n d  (6) 

Crystal data 

C22H24N202 
Mr = 348.43 
Orthorhombic 
Pcab 
a = 12.962 (2) ,~ 
b = 13.4604 (8) ,~ 
c = 22.2464 (15) ,~, 
V = 3881.5 (6) ,~3 
Z = 8  
Dx = 1.193 Mg m -3 

Mo K a  radiation 
A = 0.71073 ,~, 
Cell parameters  from 42 

reflections 
0 = 12.0-12.5 ° 
# = 0.077 m m - I  
T = 298 (2) K 
Block 
0.78 × 0.57 × 0.42 m m  
Pale ye l low-green  

Refinement 

Refinement  on F 2 
R[F 2 > 2o.(F2)] = 0.0336 
wR(F 2) = 0.0925 
S = 1.132 
1942 reflections 
173 parameters  
w = 1/[o.2(F 2) + (0.0466P) 2 

+ 0.1211P] 
where P = (Fo z + 2F2)/3 

(A/o . )max < 0 .001  
mpmax = 0 . 1 2  e ,~ - 3  

Apmin = - - 0 . 1 0  e ,~-3 

Extinction correction: 
SHELXL93 (Sheldrick, 
1993) 

Extinction coefficient: 
0 .120  (9) 

Atomic scattering factors 
from International Tables 
for Crystallography (1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

Tab le  9. Fractional atomic coordinates and equivalent 
isotropic displacement parameters ( ~ 2) for  (5) 

. . . .  * * .a.  Veq = (1/3)E,EjU,ja i aj a,. j. 

x y z 
C 1 0.2840 (2) 0.5722 (2) 0.43458 (13) 
C I m 0.2833 (2) 0.6031 (2) 0.57589 (14) 
N2 0.1523 (2) 0.64690 (14) 0.37097 (12) 
N3 0.1771 (2) 0.68256 (14) 0.27155 (11) 
C4 0.3074 (2) 0.6394 (2) 0.20650 (12) 
C41 0.3852 (2) 0.7549 (2) 0.14410 (12) 
O41 0.39882 (14) 0.68759 (12) 0.01798 (9) 
C42 0.2287 (3) 0.6396 (2) -0.0758 (2) 
C43 0.5749 (2) 0.8544 (2) 0.22186 (13) 
C44 0.7176 (2) 0.7631 (2) 0.2267 (2) 
C45 0.5666 (3) 0.9269 (2) 0.35905 (14) 
C46 0.6249 (2) 0.9788 (2) 0.1583 (2) 
C5 0.3254 (2) 0.4978 (2) 0.17842 (13) 
C5a 0.2562 (2) 0.3798 (2) 0.23245 (14) 
C6 0.2187 (2) 0.2300 (2) 0.1614 (2) 
C7 0.1536 (2) 0.1162 (2) 0.2109 (2) 
C8 0.1252 (2) 0.1489 (2) 0.3332 (2) 
C9 0.1614 (2) 0.2943 (2) 0.4054 (2) 
C9a 0.2301 (2) 0.4119 (2) 0.35787 (13) 

Ueq 
0.0511 (4) 
0.O650 (5) 
0.0559 (4) 
0.0543 (4) 
0.0480 (4) 
0.05O5 (4) 
0.0601 (3) 
0.0785 (6) 
0.0526 (4) 
0.0671 (5) 
0.0691 (5) 
0.0648 (5) 
0.0519 (4) 
0.0519 (4) 
0.0670 (5) 
0.0772 (5) 
0.0747 (5) 
0.0630 (4) 
0.0504 (4) 

Data collection 
Stoe Stadi-4 four-circle 

diffractometer  
w-20 scans using on-line 

profile fitting (Clegg, 
1981) 

Absorption correction: 
none 

2541 measured reflections 
2541 independent  reflections 
2139 observed reflections 

[1 > 2o-(/)1 

0max = 22.52 ° 
h = 0 ---* 13 
k = 0 ---~ 14 
1 = 0 ---~ 23 
3 standard reflections 

frequency:  120 min 
intensity decay: 1% 

Refinement 

Refinement  on F 2 
R[F 2 > 2o.(F2)] = 0.0345 
wR(F 2) = 0.0938 
S = 1.118 
2538 reflections 
236 parameters  
w = l/[o.2(Fo 2) + (0.0485P) 2 

+ 0.6225P] 
where P = (Fo 2 + 2F~)/3 

(A/O')max = 0 .001  
Apmax = 0.11 e ~,-  3 
Apmi, = - 0 . 1 2  e ~ - 3  

Extinction correction: 
SHELXL93 (Sheidrick, 
1993) 

Extinction coefficient: 
0.0044 (6) 

Atomic scattering factors 
from International Tables 
for Crystallography (1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

Tab le  11. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (A2) for  (6) 

Ueq = ( 1 / 3 ) ~ i ~ j U i j a ~  a 7 ai.a~. 

x y Z Ueq 
C! 0.13299(12) 0.33571 (13) 0.58551 (8) 0.0550(4) 
Clm 0.04611 (14) 0.3900 (2) 0.55427 (10) 0.0816 (6) 
N2 0.14029 (10) 0.23410 (11) 0.55882 (6) 0.0565 (4) 
N3 0.18049(11) 0.16703(11) 0.59002(6) 0.0536(4) 
C4 0.22999 (12) 0.18390 (12) 0.64570 (6) 0.0474 (4) 



A. J. B L A K E ,  M. H A R D I N G  A N D  J. T. S H A R P  1627 

C5 0.29828 (12)  0.25755 (12)  0.65467 (7) 0.0473 (4) 
C5a 0.31675 (12) 0.34153 (11) 0.61553 (7) 0.0450 (4) 
C6 0.41400 (13) 0.38592 (13) 0.61394 (8) 0.0564 (4) 
C7 0.43416 (14) 0.46333 (14) 0.57589 (8) 0.0667 (5) 
C8 0.35769 (15) 0.49890 (14) 0.53877 (8) 0.0670 (5) 
C9 0.26072 (14) 0.45843 (13) 0.54055 (7) 0.0586 (5) 
C9a 0.23793 (I 2) 0.38034 (11) 0.57929 (7) 0.0473 (4) 
CI' 0.21374 (13) 0.09823 (12) 0.68846 (7) 0.0530 (4) 
C2' 0.2944 (2) 0.01413 (13) 0.68940 (8) 0.0656 (5) 
C21 ' 0.3033 (2) -0.0281 (2) 0.62569 (9) 0.0859 (7) 
C22' 0.3998 (2) 0.0500 (2) 0.71081 (10) 0.0874 (7) 
C23' 0.2550 (2) -0.0674 (2) 0.73148 (10) 0.1019 (8) 
O1' 0.20741 (8) 0.13609 (8) 0.74953 (5) 0.0542 (3) 
C3' 0.11859 (14) 0.17934 (13) 0.76603 (8) 0.0556 (4) 
O31 0.04901 (10)  0.19375 (12) 0.73132 (6) 0.0838 (4) 
Cip 0.11671 (12)  0.20635 (12) 0.83028 (7) 0.0525 (4) 
C2p 0.19944 (15) 0.19121 (15)  0.86803 (8) 0.0650 (5) 
C3p 0.1938 (2) 0.2198 (2) 0.92749 (9) 0.0769 (6) 
C4p 0.1059 (2) 0.2614 (2) 0.94931 (9) 0.0792 (6) 
C5p 0.0224 (2) 0.2751 (2) 0.91264 (11) 0.0865 (7) 
C6p 0.0279 (2) 0.2483 (2) 0.85303 (9) 0.0733 (6) 

Stoe & Cie (1990a). DIF4. Diffractometer Control Program. Version 
7.09/DOS. Stoe & Cie, Darmstadt, Germany. 

Stoe & Cie (1990b). REDU4. Data Reduction Program. Version 
7.03/DOS. Stoe & Cie, Darmstadt, Germany. 

Stoe & Cie (1995a). STADI4. Data Collection Program for Windows. 
Version 1.04. Stoe & Cie, Darmstadt, Germany. 

Stoe & Cie (1995b). X-RED. Data Reduction Program for Windows. 
Version 1.04. Stoe & Cie, Darmstadt, Germany. 

Acta Cryst. (1995) .  C51 ,  1 6 2 7 - 1 6 2 9  

1-Cyclohexyl-3-(2-tolyl)thiourea 

Table  12. Selected geometric parameters (A,, °) for  (6) 

CI---C9a 1.493 (2) C4--C5 1.344 (2) 
CI--N2 1.494 (2) C5---C5a 1.447 (2) 
N2--N3 1.252 (2) C5a--C9a 1.402 (2) 
N3---C4 1.413 (2) 

C9a---C1--N2 105.89 (13) C4---C5~5a 126.58 (14) 
N3--N2---C 1 117.77(12) C9a---C5a---C5 121.10(14) 
N2- -N3~4  123.99 (14)  C5a~9a---CI 117.42 (14) 
C5--C4---N 3 123.20 (14) 

C9a---CI--N2--N3 78.8 (2) C~5---C5a--C9a 29.6 (2) 
CI--N2--N3---C4 -7.7 (2) C5---C5a---C9a----C1 3.7 (2) 
N2--N3---C~5 -46.1 (2) N2---CI~9a---C5a -70.5 (2) 
N3---C~5---C5a 13.5 (3) 

H atoms were placed in fixed calculated positions with U~so = 
1.5 × Ueq(C) for methyl H atoms and Uiso = 1.2 × Ueq(C) for 
others. 

Data collection and cell refinement: STADI4 (Stoe & 
Cie, 1995a) for (4), otherwise DIF4 (Stoe & Cie, 1990a). 
Data reduction: X-DATRED (Stoe & Cie, 1995b) for (4), 
otherwise REDU4 (Stoe & Cie, 1990b). Program used to solve 
structure: SHELXS86 (Sheldrick, 1985). Program used to refine 
structure: SHELXL93 (Sheldrick, 1993). Molecular graphics: 
SHEI~TL/PC (Sheldrick, 1992). 

We thank  the  S E R C  for  p r o v i s i o n  o f  a four -c i rc le  

d i f f r a c t o m e t e r  and  for  a s t u d e n t s h i p  (to MH) .  

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: HAll39). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH! 2HU, England. 
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Abstract 

T h e  c y c l o h e x a n e  r ing  in the  ti t le c o m p o u n d ,  C14H20N2S, 
is in a cha i r  c o n f o r m a t i o n .  T h e r e  are N - - H . . - S  h y d r o -  
gen  b o n d s  p r e sen t  in the  s t ructure .  

Comment 

U n s y m m e t r i c a l  t h iou rea s  are f o u n d  to exh ib i t  a g r o c h e m -  
ical p rope r t i e s  and  are c o m m e r c i a l l y  in te res t ing  c o m -  
p o u n d s  (Sark is  & Faisal ,  1985; Alder ,  1989).  T h e  ti t le 

c o m p o u n d ,  (I), was  s y n t h e s i z e d  in v i e w  o f  its a g r o c h e m -  
ical i m p o r t a n c e  and  the  de ta i l s  o f  the  syn the s i s  h a v e  
been  p u b l i s h e d  e l s e w h e r e  ( R a m a d a s ,  S r in iva san  & Ja- 
na r thanan ,  1993).  T h e r e  is no t  m u c h  in the  l i te ra ture  

on the  crys ta l  s t ruc tu re  d e t e r m i n a t i o n  o f  d i s u b s t i t u t e d  

th iou reas  and  so this  p r o m p t e d  us to p e r f o r m  an X- ray  

i n v e s t i g a t i o n  on  this  ser ies  o f  c o m p o u n d s .  Also ,  this  

f o r m s  par t  o f  ou r  s tud ies  on  the  s t ruc tura l  and  insect i -  

c ida l  ac t iv i t ies  o f  this  c lass  o f  c o m p o u n d s .  
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