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Structure of the Mosher's Ester Derivative of 5-Phenyldeltacyclene 
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(Received 20 December 1990; accepted 10 April 1991) 

Abstract. Octahydro-5-phenyl-l,2,4-methenopenta- 
len-6-yl 3,3,3-trifluoro-2-methoxy-2-phenylpropano- 
ate, C25H23F303, Mr = 428.5, monoclinic, P2~, a = 
10.747 (3), b = 7.975 (3), c = 12.435 (5) A,  /~ = 
92.81 (3) °, V =  1064.5 (12)/~3, Z =  2, Dx = 
1.34 g cm -3, ,t(Mo Ka) = 0.71073 A, Iz = 0.98 cm -~, 
F(000) = 448, room temperature, R = 0.035 for 1523 
observed reflections. The X-ray structure determina- 
tion establishes the relative stereochemistry. The 
C(sp3)---C(sp 3) bond distances range from 1.492 (6) 
to 1.554 (5)/~. 

Experimental. Hydroboration and oxidation of 5- 
phenyldeltacyclene followed by the reaction of the 
product alcohol with Mosher's acid chloride gave the 
desired compound (3). 

9-BBN, CH2CI2 chloride, 

f; RI R 2) H202, NaOH R~l DMAP, CH2C H O 
H OH 

CF3_ L (1) (2) ,~...yo 
MeO ="Ph 

(3) 
DMAP = 4-dimethylaminopyridine; 
9-BBN = 9-borabicyclo[3.3.1]nonane; R =  C6Hs 

Crystals from pentane. Accurate cell dimensions 
and crystal orientation matrix were determined on a 
CAD-4 diffractometer by a least-squares treatment 
of the setting angles of 25 reflections in the range 8 < 
0 < 17 °. Crystal dimensions 0.2 x 0.2 x 0.3 mm; 
intensities of reflections with indices h - 1  to 12, k 0 
to 9, l - 14 to 14, with 2 < 20 < 50 ° measured, to-20 
scans, to scan width (0.6+0.35tan0)°;  graphite- 
monochromated Mo Ka radiation; intensities of 
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three reflections measured every 2 h showed no evi- 
dence of crystal decay. 2316 reflections measured, 
1886 unique (Rint = 0.022) and 1523 reflections with I 
> 2o-(/) observed and used in the structure solution 
and refinement. Data corrected for Lorentz and 
polarization effects. The space group was assigned as 
P21 from the systematic absences (0k0 absent if k = 
2n + 1) and confirmed by the successful structure 
solution and refinement. The y coordinate of one of 
the F atoms was fixed to define the origin along the 
21 screw axis. The structure was solved by direct 
methods using SHELXS86 (Sheldrick, 1986). The 
hand of the molecule was chosen according to the 
known configuration of the Mosher's ester group. 
Refinement was by full-matrix least-squares calcula- 
tions, initially with isotropic and then with aniso- 
tropic thermal parameters for C, O and F atoms. A 
difference map showed maxima in positions consist- 
ent with the expected locations of H atoms. In the 
final rounds of calculations H atoms were positioned 
on geometric grounds ( C w H  0.95 A) and included 
(as riding atoms) in the structure-factor calculation. 
The thermal parameters of these atoms were refined 
as a single free variable, final value Uiso = 
0.078 (3),~2. Final cycles of least squares included 
281 parameters, R = 0.035, wR = 0.036, goodness of 
fit 1.721 and w = 1/[o-2(Fo) + 0.00025(Fo)2]. Final 
value for the isotropic extinction parameter was 
g = 2.8 (6) x 10 -7 where F~' = F~(1 -gF~2/sinO) 
(Sheldrick, 1976). Max. shift/e.s.d, in final refinement 
cycle 0.005; density in final difference map in range 
- 0 . 1 4  to 0.14 e A-3; there were no chemically sig- 
nificant features. Atomic scattering factors were 
taken from International Tables for X-ray Crystallog- 
raphy (1974, Vol. IV). All calculations carried out on 
a PDP 11/23 computer using SDP (Frenz, 1982) and 
an Apollo computer using SHELX76 and 
SHELXS86 (Sheldrick, 1976, 1986). Atomic 
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Table 1. Atomic coordinates and equivalent isotropic 
thermal parameters (/~2) with e.s.d. 's in parentheses 

Ueq = ( U t ,  + U22 + U33)/3. 

x y z u~ 
FI -0.15581 (24) 0.25281* 0.15658 (21) 0.0760 (16) 
F2 -0.26734 (25) 0.3247 (4) 0.01729 (19) 0.0717 (16) 
F3 -0.33154 (22) 0.3769 (5) 0.17320 (20) 0.0732 (17) 
O1 -0.00587 (21) 0.6867 (4) 0.21306 (16) 0.0415 (13) 
02 -0.14063 (24) 0.5347 (5) 0.30447 (18) 0.0639 (17) 
03 -0.08162 (20) 0.5449 (4) 0.02803 (15) 0.0424 (13) 
C1 0.05590 (29) 0.7485 (6) 0.31346 (25) 0.0385 (19) 
C2 0.1979 (3) 0.7567 (6) 0.29603 (26) 0.0424 (20) 
C3 0.2265 (3) 0.9447 (6) 0.31263 (26) 0.0427 (21) 
C4 0.1088 (3) 1.0326 (6) 0.26611 (25) 0.0466 (22) 
C5 0.0195 (3) 0.9300 (6) 0.33205 (26) 0.0421 (20) 
C6 0.0725 (3) 0.9819 (6) 0.44275 (26) 0.0456 (22) 
C7 0.2114 (3) 0.9939 (6) 0.42986 (26) 0.0465 (22) 
(28 0.1342 (4) 1.1492 (6) 0.4321 (3) 0.0512 (23) 
C9 0.1097 (4) 1.2063 (6) 0.3166 (3) 0.0586 (26) 
C10 -0.10218 (29) 0.5853 (5) 0.22253 (26) 0.0361 (19) 
Cl l  -0.16518 (29) 0.5444 (5) 0.11133 (23) 0.0355 (18) 
C12 0.0276 (4) 0.4397 (6) 0.0362 (3) 0.0611 (26) 
C13 -0.2300 (4) 0.3737 (6) 0.1159 (3) 0.0526 (25) 
C21 -0.2614 (3) 0.6809 (5) 0.08251 (27) 0.0399 (19) 
C22 - 0.2888 (3) 0.7172 (6) - 0.0237 (3) 0.0548 (25) 
C23 -0.3733 (4) 0.8403 (8) -0.0519 (4) 0.077 (3) 
C24 -0.4289 (4) 0.9297 (8) 0.0244 (7) 0.101 (4) 
C25 -0.4040 (5) 0.8946 (9) 0.1294 (6) 0.101 (4) 
C26 -0.3205 (4) 0.7688 (7) 0.1597 (4) 0.071 (3) 
C31 0.2795 (3) 0.6416 (6) 0.3645 (3) 0.0464 (21) 
C32 0.3871 (4) 0.5749 (7) 0.3232 (4) 0.0683 (28) 
C33 0.4651 (5) 0.4704 (9) 0.3841 (5) 0.094 (4) 
C34 0.4387 (5) 0.4303 (8) 0.4867 (6) 0.094 (4) 
C35 0.3360 (5) 0.4987 (8) 0.5304 (4) 0.079 (3) 
C36 0.2556 (4) 0.6032 (6) 0.4704 (3) 0.0592 (26) 

* y coordinate of  F1 was fixed to define the origin. 

coordinates* are given in Table 1. Details of the 
molecular geometry are given in Table 2. Fig. 1 is a 
view of the molecule prepared using ORTEP 
(Johnson, 1976). 

Related literature. The reaction between norborna- 
diene and a substituted acetylene (or acetylene itself) 
yields a substituted deltacyclene (1). Recently we 
have reported (Lautens, Lautens & Smith, 1990; 
Lautens & Crudden, 1989) that a chiral cobalt- 
phosphine catalyst promotes this reaction with high 
levels of enantioselectivity (up to 91% enantiomeric 
excess). Our long-term goal is to make use of the 
cycloadducts in the formation of natural products via 
a cycloaddition/ring-cleavage sequence. Deltacyclene 
itself forms novel and interesting polymers via ring- 
opening metathesis polymerization (ROMP) 
(Lautens, Abd-EI-Aziz & Reibel, 1989; Lautens, 
Abd-E1-Aziz & Schmidt, 1990). The assignment of 
the absolute stereochemistry of phenyldeltacyclene 
(1) was made on the basis of a well known empirical 
method, the preparation and NMR analysis of 
Mosher's esters for racemic and enantiomerically 
enriched materials (Dale, Dull & Mosher, 1969; Dale 

* Lists of  structure factors, thermal parameters, calculated 
H-atom coordinates and torsion angles have been deposited with 
the British Library Document Supply Centre as Supplementary 
Publication No. SUP 54151 (12 pp.). Copies may be obtained 
through The Technical Editor, International Union of Crystallog- 
raphy, 5 Abbey Square, Chester CH1 2HU, England. 

Table 2. Bond distances (A) and angles (o) with e.s.d.'s 
in parentheses 

F1---C13 
F2---C13 
F3--C13 
OI-421 
OI---C10 
O2---C10 
O3---C11 
O3-4212 
C1----C2 
C1---C5 
C2---C3 
C2----C31 
C3--C4 
C3--C7 
C4---C5 
C4-----C9 
C5---C6 
C6---C7 

F2---C 13----F 1 
F3-----CI 3--FI 
C11---C13--FI 
F3---C13--F2 
C1 I--C 13---F2 
CI I---C 13---F3 
C 10---O 1----C 1 
C2---C 1-----O 1 
C5---C1--O1 
O2----C 10---O 1 
C11---C10----O 1 
CI 1---C10---O2 
CI 2---O3---C 11 
C10---C 11--O3 
C13---C1 I---O3 
C2 I---C11---O3 
C5-----C 1---C2 
C3----C2---C1 
C31 -----C2--C 1 
C4--C5---C 1 
C6--C5--CI 
C31---C2--C3 
C4--C3--C2 
C7--C3---C2 
C32----C3 I----C2 
C36--C31---C2 
C7--C3----C4 
C5--C4--C3 
C35--C34--C33 

1.335 (5) C6--C8 1.499 (7) 
1.330 (5) C7----C.8 1.492 (6) 
1.332 (5) C8---C9 1.517 (5) 
1.470 (4) CI0----CI 1 1.544 (4) 
1.323 (5) Cll--C13 1.531 (6) 
1.189 (4) C11--C21 1.532 (5) 
1.404 (4) C21---C22 1.369 (5) 
1.442 (5) C21---C26 1.369 (6) 
1.554 (5) C22---C23 1.372 (7) 
1.520 (6) C23-----C24 1.349 (9) 
1.542 (6) C24---C25 1.349 (11) 
1.505 (6) C25---C26 1.387 (8) 
1.534 (5) C3 I----C32 1.394 (6) 
1.526 (5) C31----C36 1.387 (6) 
1.530 (5) C32----C33 1.380 (8) 
1.521 (6) C33----C34 1.359 (9) 
1.521 (5) C34----C35 1.367 (8) 
1.512 (5) C35---C36 1.391 (7) 

106.5 (4) C9---C4----C3 105.8 (3) 
107.5 (3) C6----C7----C3 103.69 (27) 
113.1 (3) C8----C7----C3 108.5 (3) 
106.3 (3) C9---C4--C5 104.89 (30) 
110. I (3) C6---C5-----C4 97.06 (29) 
112.9 (4) C8--C9--~4 96.6 (3) 
116.87 (25) C7---C6--C5 104.41 (27) 
107.54 (25) C8---C6---C5 108.0 (3) 
109.86 (29) C8--C6--C7 59.39 (28) 
126.1 (3) C8---C7--C6 59.85 (28) 
111.09 (27) C7-----C8----C6 60.76 (28) 
122.7 (3) C9----C8--C6 107.1 (3) 
119.63 (28) C9---C8--C7 107.6 (3) 
113.07 (25) C13-----C1 l---C10 109.54 (29) 
109.8 (3) C21--C11--ClO 108.7 (3) 
105.93 (28) C21--Cll---CI3 109.71 (29) 
104.1 (3) C22--C21---C11 119.1 (3) 
102.3 (3) C26--C21--C11 122.0 (3) 
116.4 (3) C26--C21---C22 118.9 (4) 
104.76 (29) C23--C22--C21 120.4 (4) 
108.0 (3) C25--C26--C21 119.7 (5) 
114.27 (30) C24--C23--C22 120.5 (5) 
103.82 (29) C25--C24--C23 119.9 (6) 
110.4 (3) C26--C25--C24 120.5 (6) 
119.7 (3) C36--C31--C32 117.4 (4) 
122.8 (3) C33--C32--C31 121.4 (4) 
96.80 (28) C35--C36--C31 120.2 (4) 
94.63 (29) C34--C33--C32 120.5 (5) 

119.3 (6) C36--C35--C34 121.1 (5) 

C9• / ° ( ' ~  

32 02 

Fig. 1. View of the molecule indicating the atomic labelling 
scheme. The thermal ellipsoids of  the C, O and F atoms are 
drawn at the 25% probability level. H atoms are represented by 
spheres of  arbitrary radii. 

& Mosher, 1973). Details of the NMR analysis are 
given in our previous work (Lautens, Lautens & 
Smith, 1990; Lautens & Crudden, 1989). 
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The X-ray structure establishes the relative stereo- 
chemistry of (3) shown in Fig. 1. Since the absolute 
stereochemistry of the Mosher's acid was known, 
determination of the absolute stereochemistry of (3) 
and hence (1) was achieved (see scheme 1). The 
geometry of the tetracyclononane cage in the title 
structure is similar to that in two other norborna- 
diene adducts (De Lucchi & Valle, 1984; Caughlan, 
Smith, Jennings & Voecks, 1976). 

This research was supported by the Natural 
Science and Engineering Research Council (NSERC) 
of Canada, the Bickell Foundation, Bio-Mega and 
the University of Toronto. We thank Dr Alaa A. S. 
Abd-E1-Aziz for preparation of starting materials. 
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Methyl 2-[(2,6-Dimethoxyphenyi)ethynyl]benzoate 
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Department o f  Chemistry, Louisiana State University, Baton Rouge, LA 70803-1804, USA 

(Received 6 November 1990; accepted 5 April 1991) 

Abstract. C18HI604, M r = 296.3, orthorhombic, 
P212121, a = 7.6025 (10), b = 13.948 (2), c = 
14.428 (3) A, V =  1530.0 (4) A 3, Z = 4, Dx = 
1.286 g cm -3 at 298 K, A(Cu Ka) = 1.54184 A, /z = 
7.05 cm-  1, F(000) = 624, 2918 unique data, final R = 
0.034 for 2818 reflections with I > 3.00-(/). Maximum 
deviations from planarity of the two aromatic rings 
are 0.004 (1)A for the ring containing the methoxyl 
substituents and 0.012 (1)~, for the ring containing 
the ester substituent. The dihedral angle formed by 
the two rings is 4.7 (3) ° . The triple-bond distance is 
1.195 (2) A. The triple bond deviates markedly from 
linearity, as the bond angle about the ethynyl carbon 
bonded to the benzoate group is 170.5 (1) °. 

Experimental. The title compound was prepared by 
the copper iodide and palladium-catalyzed coupling 
of 2-ethynyl-l,3-dimethoxybenzene with methyl 2- 
iodobenzoate. A colorless crystal of (1) was isolated 
by slow evaporation from diethyl ether. Crystal size 
0.30 x 0.37 x 0.50 mm, space group from systematic 

* To whom correspondence should be addressed. 
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0 
II 

o/cH  
(1) 

absences h00 with h odd, 0k0 with k odd and 001 
with l odd, cell dimensions from setting angles of 25 
reflections having 25 < 0 < 30 °. Data collection on 
an Enraf-Nonius CAD-4 diffractometer, Cu Ka 
radiation, graphite monochromator, to-20 scans 
designed for I = 250-(/), subject to max. scan time = 
90 s, scan rates varied 0.75-3.30 ° min -~. Two oc- 
tants of data having 2 < 0 < 75 °, 0 _< h _< 9, 0 __ k _< 
17, - 18 - l _< 18 measured. Data corrected for back- 
ground, Lorentz and polarization effects. The stand- 
ard reflections 400, 020, 008 varied randomly, and no 
decay correction was applied. Absorption corrections 
were based on ~b scans, with relative transmission 
coefficients ranging from 0.9279 to 0.9910. 3468 total 
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