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Refinement  

Refinement  on F 2 
R[F 2 > 2or(F2)] = 0.034 
w R ( F  2) = 0.080 

S = 0.796 
3644 reflections 
285 parameters  
H atoms: see be low 
w = l/[cr2(Fo 2) + (0 .045P) 2] 

where  P = (F, 2, + 2F,?)/3 
(A/O')max < 0.001 

Apmax = 0.180 e ]~-  3 
Apmin = - 0 . 1 3 0  e A, -3 
Extinction correction: 

SHELXL97 (Sheldrick, 
1997) 

Extinction coefficient: 
0.0146(16) 

Scattering factors from 
International  Tables f o r  
Crystal lography (Vol. C) 

Table 1. Selected geometric parameters (,4, 
OI==CI 
C I--N2 
N2--N3 
N3--C12 
N3----C4 
C4----OI 4 

OI==C1--N2 
O1==C1--C7 
N2---C I ---C7 
C I --N2--N3 
N2--N3---CI 2 
N2--N3~C4 

o) 

.2305 (19) C9~O3 1.356 (2) 

.346 (2) C 10--O4 1.369 (2) 

.4016(18) C12=NI3 1.285(2) 

.405 (2) NI3---O14 1.4429 (18) 

.484 (2) O3~C19 1.414 (2) 

.4492 (19) O4---C20 1.413 (2) 

20.79(16) C 12--N3---C4 104.02(13) 
22.66(15) CI2~N13---OI4 106.41 (13) 
16.17 (15) N 13~OI4--C4 106.78(11) 
24.67 (15) C9~O3~CI9 117.87 (15) 
18.12(13) C I O ~ Q ~ 2 0  117.72(14) 
24.56 (13) 

Table 2. Hydrogen-bonding geometry (A, o) 

D--H. • .A D--H H. • .A D. • .A D--H. . .A 
N2--H2...O1' 0.859(17) 1.983(18) 2.830(2) 168.5(17) 
CI4---H 14...N3 0.93 2.54 2.819(2) 98 
C2~-H26. • .N3 0.93 2.65 2.944 (2) 99 
C18--H18. • .O14 0.93 2.50 2.806 (2) 99 

Symmetry code: (i) I - x, 1 - y, 1 - z. 
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Reflection intensities were evaluated by profile fitting of a 
96-step peak scan in shells of 20 (Diamond, 1969) and then 
corrected for Lorentz-polarization effects. Standard deviations 
o-(/) were estimated from counting statistics. All non-H atoms 
were refined anisotropically. H atoms were located in idealized 
positions (except H2 which was refined isotropically) and 
allowed to ride on the coordinates of their parent C atoms with 
a common isotropic displacement parameter (U,.,o = 0.06 Aft). 
All calculations were performed on a MicroVAX 3400 and an 
A X P  DecStat ion 3000/400. 

Data collection: P 3 / V  Control  Sof tware  (Siemens,  1989). 
Cell refinement: P 3 / V  Control  Sof tware.  Data reduction: 
SHELXTL-PIus  (Sheldrick,  1990). Program(s)  used to solve 
structure: SIR92 (Altomare et al., 1994). Program(s)  used 
to refine structure: S H E L X L 9 7  (Sheldrick,  1997). Molecu-  
lar graphics: X P W  (Siemens,  1996). Sof tware  used to pre- 
pare material for publication: PARST97 (Nardelli,  1995) and 
SHELXL97 .  
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Abstract  

The title compound, C21H24F3NO3S, is an intermediate 
in the synthesis of  enantiomerically pure alkaloids; the 
molecular structure has been determined to establish its 
stereochemistry. The molecular conformation is largely 
determined by intramolecular interactions, while the 
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688 C21H24F3NO3S 

packing in the crystal does not show any unusual 
features. 

Comment 
Organofluorine compounds are of great interest in 
biomedicinal chemistry due to their peculiar activities. 
The title compound is an intermediate in the stereo- 
selective total synthesis of enantiomerically pure 1-tri- 
fluoromethyltetrahydroisoquinoline alkaloids, (4), a new 
class of man-made biologically interesting substrates 
(Bravo et al., 1998). Synthesis of the title compound 
was achieved according to the reported reaction scheme: 
the Pictet-Spengler cyclization (Cox & Cook, 1995) of 
the enantiopure starting material, (2), produced the tetra- 
hydroisoquinoline sulfoxide, (3) (overall yield 74%), 
with a 71% diastereomeric excess in favour of the 
1S form. Compound (3) was then transformed into 
(1) by reductive methylation (chemical yield 83%). 
Single crystals of compound (1) were analysed by X-ray 
diffraction, which indicated that the absolute configur- 
ations on C1 and S were S and R, respectively. The 
O R T E P U  (Johnson, 1976) diagram of (1) with the 
atom-numbering scheme is shown in Fig. 1. Disorder 
involving essentially atom C3 is suggested by the 
unusually short distances involving this atom and by 
the features of its anisotropic displacement parameters. 

p-TOl~sA,ff,.CF 3 M e O ~  
d ~  ~ CF3COOH.273 K 10~.;'., 

CHCI 3 
(2) (3) p_Tol/S; : 

MeO" "]" overall yield 74% 
OMe (1S)/(1R) = 6/1 

CH20, NaCNBH 3 
b 

acetonitrile, 293 K 

M e O ~  • 

M e o ~ N ~ c H 3  ) 
(1) ~,,, ''CF3 

P-T°I/ ~O; 
(83%) 

MeO~ 
M e o ~ N " c H 3  

(4) R "CF 3 

R = CH 3, CH2OH, CHO 

The only non-aromatic six-membered ring, namely 
C1---N2--C3--C4---C5--C10, is found in a half-chair 
conformation, with C3 and N2 located out of the 
mean plane of the other four atoms by -0 .400 (8) and 
0.200 (4)A, respectively. Such a ring conformation is 
not the most likely but it is quite similar to the one 
described in analogous alkaloids (Bravo et al., 1998) and 
in a natural compound that shows a similarly constrained 
ring (Nasirov et al., 1979). The endocyclic torsion angle 
C1--C10---C5---C4 measures 1.3 (7) °, but C5 - - C10- -  
C1--N2 is also quite narrow [7.6 (6)°], and this is likely 
related to the substitution pattern on C1 and N2; the 
bulky group CF3 plays a significant role in this respect. 

A number of intramolecular interactions, involving 
the trifluoromethyl group and H atoms at distances 
close to the sum of the van der Waals radii, are appar- 
ent (F1...H20A 2.57, F1.. .H2B 2.24, F2...H3A 2.49, 
F3. . .H9 2.41 and F3.. .H20B 2.51 ,~,). We suggest that 
these interactions can hardly be attractive (Dunitz & 
Taylor, 1997) as the molecule deforms to reduce them: 
(i) the F - - C - - F  angles are all smaller than 107 °, (ii) 
the F - - C - - C  angles are all greater than 112 °, (iii) the 
dihedral angles involving C21 have unexpected values 
(C21--C 1--C20--S 1 has an ahnost trans conformation 
due to the steric hindrance of the ring bonded to S1, 
all the others have a value greater than the expected 
gauche) ,  and (iv) the C3- -N2- -C2  angle [113.9 (4) °] is 
considerably smaller than C3--N2--C1 and C 1 - - N 2 - -  
C2 [119.3 (4) and 120.0(4) °, respectively]. The crystal 
packing is mainly due to van der Waals interactions, 
but also weak electrostatic interactions should be taken 
into consideration [like the one suggested by the inter- 
molecular contacts (2.85 A) between H15 and F1 in the 
symmetry-equivalent position (1 + x, y, z)] (Mele et al., 
1998). 

~. C17 

/~jCI4 
C13 ~ C15 

FI F3 C 1 2 ~  C16 

~ C 2 1 ~  C20 ~rVCll C23  2o2 
C3 y C 5 y ~ O  ! 

Fig. 1. The molecular structure of the title compound showing the 
atom-labelling scheme. Displacement ellipsoids of non-H atoms are 
plotted at the 20% probability level. 

Experimental 

The title compound was synthesized as described in the liter- 
ature (Bravo et al., 1998), then purified by flash chromatogra- 
phy on silica gel. Crystals suitable for X-ray diffraction were 
obtained by crystallization from diisopropyl ether. The melt- 
ing point was found to be 408 K and [a]D was -51.5 (c = 
3 g dm -3, chloroform). 

Crystal data 

C21H24F3NO3S Cu Kc~ radiation 
M, = 427.47 A = 1.54180/k 
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Orthorhombic  
P212t21 
a = 9.185 (1) A, 
b = 12.052 (1) .~, 
c = 18.899 (1) ,~, 
V = 2092.1 (2) ,~3 
Z = 4  
Dx = 1.357 Mg m -3 
Dm not measured  

Data collection 

Siemens P4 diff ractometer  
0/20 scan 
Absorption correction: 

~b scan (North et al., 
1968) 
Tmin = 0.472, Tm~x = 0.696 

3644 measured reflections 
1739 independent  reflections 

(plus 1417 Friedel-related 
reflections) 

Refinement 

Refinement  on F 2 
R[F 2 > 20-(F2)] = 0.058 
wR(F 2) = 0.161 
S = 1.057 
3156 reflections 
268 parameters  
H atoms treated by a 

mixture of  independent  
and constrained ref inement  

w = l/[0-2(FOe) + (0.0821P) 2 
+ 1.0523P] 

where  P = (Fo e + 2F~)/3 
(Z'~/0.)max ---- 0.020 

Cell parameters  from 32 
reflections 

0 = 12-45 ° 
# = 1.809 m m - l  
T = 293 (2) K 
Prism 
0.4 × 0.3 x 0.2 mm 
Colourless 

2496 reflections with 
I > 2o-(1) 

Rint = 0.025 
0max = 69.28 ° 
h = - 1 1  ~ 11 
k =  - 1 2 - - ~  13 
l = - 2 2  ~ 22 
3 standard reflections 

every 97 reflections 
intensity decay: <0 .5% 

Apmax = 0.344 e ,~-3 
Apmin = - 0 . 2 3 8  e A, -3 
Extinction correction: 

SHELXL97 (Sheldrick, 
1997) 

Extinction coefficient: 
0.0058 (6) 

Scattering factors from 
International Tables for 
Crystallography (Vol. C) 

Absolute  structure: Flack 
(1983) 

Flack parameter  = - 0 . 0 3  (4) 

graphics: SHELXTL-Plus (Sheldrick, 1990). Software used to 
prepare material for publication: SHELXL97. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: NA1386). Services for accessing these 
data are described at the back of the journal. 
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Tab l e  1. Selected geometric parameters  (,~, o) 

N2---C3 1.416 (8) C5---C4 1.497 (7) 
N2--~l 1.462 (6) C4--C3 1.474 (9) 
N2---C2 1.461 (6) C1---C21 1.551 (7) 
CI0---CI 1.542 (6) CI---C20 1.544 (6) 

C3--N2---C1 119.3(4) N2----C 1---C 10 110.2(4) 
C3--N2---C2 113.9 (4) F2---C21--F3 106.0 (4) 
C1--N2---C2 120.0(4) F2---C2 l--F1 106.0(4) 
C5---C 10---C 1 121.8 (4) F3----C21--FI 105.0 (4) 
C 10----C5---C4 121.3 (4) F2--C21 ----C I 113.0 (4) 
C3--C4--C5 113.1 (5) F3---C2 I---C 1 113.7(4) 
N2--C3---C4 112.9 (6) FI---C21 ~ 1  112.5 (4) 

C I---C 10---C5---C4 1.3 (7) C2--N2---C1~20 51.4 (6) 
C I0---C5---C4---C3 16.0 (8) C5---CI0---CI--N2 7.6 (6) 
C 1--N2----C3---C4 56.9 (8) C5---C10------C 1 ~ 2 1  - 113.9 (5) 
C5---C4---C3--N2 -42.8 (8) C9---C10-421---C21 66.6 (5) 
C3--N2----C1~10 -37.1 (7) C5---C1~1---C20 129.4 (5) 
C3--N2--CI---C21 82.5 (6) C21--C1---C20---S1 - 179.4 (3) 
C2--N2---CI--C21 -66.7 (6) O3--S1--C11--C16 - 15.2 (5) 
C3--N2--C I ~ 2 0  -159.4(6) C20--S1~11---C16 -126.0(4) 

H atoms were located at calculated positions and refined in 
the riding mode.  

Data collection: XSCANS (Siemens,  1997). Cell refinement:  
XSCANS. Data reduction: XSCANS. Program(s)  used to solve 
structure: SIR92 (Altomare et al., 1994). Program(s)  used 
to refine structure: SHELXL97 (Sheldrick, 1997). Molecular  
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Abstract 
T h e  c r y s t a l  p a c k i n g  o f  t h e  t i t le  m o l e c u l e ,  2 ' - ( 3 , 3 - d i -  

m e t h y l b u t - 2 - y l i d e n e ) a c e t o h y d r a z i d e ,  C 8 H 1 6 N 2 0 ,  s h o w s  

l a y e r s  w i t h  loca l  p s e u d o - o r t h o r h o m b i c  s y m m e t r y .  T h e  

t w o  i n d e p e n d e n t  m o l e c u l e s  a re  r e l a t e d  b y  a loca l  n o n -  

c r y s t a l l o g r a p h i c  g l i d e  p l a n e  p e r p e n d i c u l a r  to  the  a axis .  

T h e  g l i d e  p l a n e s  o n l y  ac t  w i t h i n  a l a y e r  w i t h  a t h i c k n e s s  

o f  h a l f  t he  c ce l l  p a r a m e t e r ,  r e s u l t i n g  in an  o v e r a l l  

m o n o c l i n i c  s y m m e t r y  fo r  t he  s t ruc tu re .  
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