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* Structure of 5-Hydroxy-2,3-Norbornane Dicarboxylic Acid y-Lactone, c
9
H10o4 

By Gervais Chapuis, Allan Zalkin and David H. Templeton 

Lawrence Berkeley Laboratory and Department of Chemistry 

Un:i.versity of California, Berkeley, California 94720 U.S.A. 

May 1973 

Abstract 

Crystals of this norbornane derivative, c
9
H10o4 are monoclinic, space 

group P21/n; a= 22.421(8), b = 6.685(2), c = 10.914(4) A, B = 94.34(5) 0
, 

Z = 8, D = 1.483 g.cm-3 . The two molecules of the asymmetric unit are 
X 

hydrogen bonded to each other through their carboxyl groups, and form a 

pseudocentric dimer. The dimensions of two molecules are identical within 

the statistical accuracy. 

* Work done in part under the auspices of the U. S. Atomic Energy Commission. 
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Introduction 

Recently Koshland and coworkers (1971) stressed the. importance of 

orientation factors to chemical reaction velocities with special reference 

to the catalytic power of enzymes. To explore this hypothesis, they studied 

the relative velocities of some intramolecular lactonization, using norbornane 

derivatives which provides a rigid geometrical frame (Storm & Koshland, 1972). 

This crystallographic study was undertaken for one of these compounds to 

obtain an accurate description of its molecular geometry. The crystals were 

kindly supplied to us by Prof. D. E. Koshland and D. Hackney. 

A preliminary photographic studY of a crystal with dimensions 

0.2 x 0.5 x 0.7 mm showed the Laue ~etry 2/m and the diffracting conditions 

h + R- = 2n for (hOR-) and k = 2n for (OkO) reflections, leading to space group 

P21 /n. Lattice parameters were determined by a least-squares refinement 

procedure using the setting angles of 12 reflections within the range 

40° ~ 28 ~ 44 °, the temperature was ~ 23°. The intensities were measured 

with an automatic PICKER FACS I diffractometer using graphite monochromatized 

Mo Ka radiation (A= 0.70926 A) and a 8-28 scan technique. One half of the 

0 0 
reciprocal sphere was measured in the range 3 ~ 28 ~ 45 • A total of 2143 

unique reflections were obtained, of which 1667 with I >a (I) were used for 

the least-squares refinements. 

no correction was necessary. 

-1 
Absorption was small, lJMo Ka= 0. 73 em , and 

The crystal structure was solved by direct 

methods using the MULTAN program (Germain, Main & Woolfson, 1971) and refined 

by our full-matrix least-squares. The final residual values obtained were 
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for all data with I > cr(I), otherwise w = 0; for all the data R1 = 0.065. 

The scattering factor used for oxygen and carbon atoms are those tabulated 

by Doyle and Turner (1968). In the last stage of refinement the polar 

hydrogen model (Templeton ~ al., 1972) has been used in connection with the 

hydrogen scattering factor given by Stewart, Davidson & Simpson (1965). 

A list of the structure factor is given in Table 4. 

Results and Discussion 

The final parameters are given in Table 1. The numbering of the atoms 

is gjven on the schematic diagram in Fig. 1. The two molecules in the asymetric 

unit may be related by a non-crystallographic center of symmetry lying appro-

ximately at (0.25, 0.30, 0.50). The weak intensities of the reflections (hO~) 

for which h * 2n and ~ * 2n are a measure of the departure from a true center 

of symmetry. This center was also evident by the hypercentric-like distribution 

of the Wilson plot (Lipson & Woolfson, 1952). 

Tables 2 and 3 give the bond distances and angles. The crystal consists 

of hydrogen bonded dimers where one molecule is related to the other by the 

non-crystallographic center of symmetry. Due to the strains in the norbornane 

molecules, the C-C bonds and angles departs significantly from the average 

values. The short C-C bonds C(2)-C(8), C(3)-G(9), C(ll)-C(l7), C(l2)-C(l8) 

are due to a delocalization of unsaturation from the carbonyl groups. The 

bond angles (C(l)-C(7)-C(4) [C(l0)-C(l3)-C(l6) for the second molecule] and 

C(3)-C(4)-C(5) [C(l2)-C(l3)-C(l4)] are characteristic for norbornane derivatives 

This table has been deposited in the National Lending Library, England. Copies 

may be obtained through the Executive Secretary, International Union of 

Crystallography, 13 White Friars, Chester CHl lNZ, England. 
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and agree with the previously known norbornane derivatives (Filippini et al., 

1972; Flippen, 1972). Figures 2 and 3 show the molecular conformation and 

packing. A statistical comparison of the interatomic distances of the two 

molecules by a probability plot (Hamilton & Abrahams, 1972) yielded a slope 

of 1.0 which indicates that the two molecules have identical dimensions 

within the accuracy of the determination. 

~~~~!~:~~:~~~ 

G. Chapuis acknowledges the Swiss National Funds for financial support. 
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Table Caption 

Atomic parameters. Estimated standard deviations of the least significant 

digits are indicated in parentheses. The thermal parameters are in units of 

A2 • The temperature factor is exp(-T), where 

T = - 1/4 ~h.h.B.ja~a*j LJ ~ J ~ ~ 
for the anisotropic case and 

for the isotropic case. 
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Table 1 

ATOM X y l 811 822 833 812 813 823 r·· .... / 
Clll .334111) .2473(41 oll60(21 2.6(1) 3.4111 3.6(1) -.4( 11 .6(11 .3(1) 
Cl21 • 3444111 .4689141 .1521121 2. 71 1) 3.7111 2.1(1) .4( 11 .64(91 .1111 
Cl31 .4130 I 11 .4954141 • 1365121 2.6( 1) 3.0( lJ 2.2111 -.04191 .03191 -.17(91 ·~ . 
C(4) .4335111 .2774141 .1255121 2.21 1) 3.6111 2.8( 1) .5111 -.12191 .29191 
Cl51 .4164111 • .25031 4) -.0114(2) 3.3111 2.81 11 2.8111 .5111 .5( 11 -.0(1) \~ ... Cl61 .3491111 • 20761 51 -.0160121 3.31 1) 3.4111 3.5111 -.31 1) -.3(1) -.4111 
Cl71 .3880111 .1516151 .1871131 4.1121 3.5121 2.9(11 .3111 .5111 .5111 
Cl81 .304UU .6165141 .0848121 2.2111 3.3111 3oOI 11 .08191 .5( 11 -.2111 "''·"' Cl91 .4256111 .5873141 .0162121 2.01 1) 3.1111 3.2(1) .6111 .35191 .2( 11 
Cl101 .1628111 .3509141 .8748121 2.9111 3.8121 3.611) -.2111 .8( 11 .3111 ( Cllll .1511111 .127/t.C41 • 8453121 2.9111 3.9111 2.01 1) .•. 3(11 .47191 -.2111 
Cll21 .0836111 .1046141 .8694121 2.2111 3.4111 2.71 11 -.uu -.47191 -.4111 
Cll31 .063711) .3230141 .8791121 2.5111 3.51 11 2.7111 • 7111 -.10191 .111) "-::':; 
Cll41 .08541 11 .3583141 1.0130121 3.4(11 3.2111 2.7(11 .6111 .46191 -.01 u 
Cl151 .1521111 .3997151 1o0081121 3.4121 3.1111 3o811l -.2111 -.4(11 -.4( 11 .. 
Cll61 .1071111 .44241 51 • 8079131 4.5121 3.3121 3.4111 • 5111 .5111 .5111 ::.... .... 
Cl17 I .1935111 -.()154141 .9124121 2.2111 3.5111 3oOI ll -.0111 .6111 -.5111 I Cll81 .0743111 .02051 51 • 994112 I 2.0111 3.61 11 3.81 lJ -.111) .08191 .61 1) -.l (: 
0111 .27270191 .7245131 .1568121 4.4(1) 5.5111 3.27191 2.1919) • 71181 -.30181 I 
0121 .29959181 .6370131 -.0263121 4.1111 5~7111 2.91(91 2.29181 .64171 .39171 

.:.-·· 0131 .42876171 .4420131 -. 06901 1) 3.52191 3.40(91 2.56171 .2517) .75161 .36171 -· 0141 .43294191 .7602131 -.0088121 3.9(1) 3.2111 5.6(11 .19181 .951 7) .91181 
0151 .22501191 .8777131 .8408121 4.7(11 5.4111 3.2719) 2. 3619) .78181 -.23181 ~:...:. 0161 o19862181 -.0322131 1.0233121 4.2(1) 5.4111 3.03191 2. 27181 .27111 -.15171 '· 0171 .07498181 .1702131 1.076211) 3.46191 4.7111 2. 70( 81 .24181 .72161 • 43181 

c 0181 .06579191 -.1500(31 1.0223121 4.1(1) 4.0111 6.511) -.48(91 .45181 1.85191 ., 
HI 11 .29111) .194131 • 142121 3.1(51 
Hl21 .338111 .479131 .246121 2.4151 
Hl31 o4331 11 .581131 .209121 2.5151 
Hl41 .41711! .250131 .150121 2.6161 
HI 51 .441111 .144131 -.057121 2.1(5) 
Hl61 .3421 ll .053141 -.037121 3.4161 
H(7) .3251 1) .296141 -.085121 4.3161 
Hl81 .392111 -'.002141 .169(21 4.1( 71 
Hl91 o388lll .178131 o281C21 2.7151 
HI 101 .24312) .814151 .100131 6.2181 
Hll11 .2051 l) .398141 .845(21 4.0161 
Hl121 .1555191 .105131 .754121 2.0151 
HI 131 .0621 1) .017131 • 801121 2.2151 
Hl141 .018111 0 342131 • 858121 3.1161 
Hll51 o0621 l) .470141 1.060(21 3.0(51 
Hl161 o1801 ll .318141 1.078121 3.3151 
Hll71 .158111 • 554151 1.024(21 4.6171 
Hl181 .10311) o406141 .710121 3.7161 
Hl191 o105111 .600141 .825121 2.8161 
Hl201 .252111 .784141 .897131 5.9181 t:'"' 

tJ:j 
t-'i 
I 

1--' 
0\ 
\0 
0\ 
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Table 2. Bond Length . (in A) • 

ATOMS MOLECULE 1 ATOMS MOLECULE 2 

C(l) - C(2) 1. 546( 4) . C(lO) - C(ll) 1.547( 3) " 

C(l) - c(6) 1. 528( 3) C(lO) - C(l5) 1.528(3) 
C(l) - C(7) 1.528(4) C(lO) - C(l6) 1. 528( 4) 
C(2) - C(3) 1. 569( 3) C(ll) - C(l2) 1. 564( 3) 
C(2) - c(8) 1. 493( 3) C(ll) - C(l7) 1.498(3) 
C(3) - c(4) 1. 537( 3) C(l2) - C(l3) 1. 533( 3) 
C(3) - C(9) 1. 496( 3) C(l2) - C(l8) 1. 501( 3) 

c(4) - c(5) 1. 525(3) C(l3) - C(l4) 1. 524( 3) 
C(4) - C(7) 1. 519( 4) C(l3) - C(l6) 1.518(4) 

c(5) - c(6) 1.533(4) C(l4) - C(l5) 1.525(4) 
0(1) - C(8) 1. 311( 3) 0(5) - C(17) 1. 305( 3) 
0(2) - C(8) 1.217(2) 0(6) - C(l7) 1. 213( 3) 
0(3) - C(5) 1. 463( 3) 0(7) - C(l4) 1.462( 3) 

0(3) - C(9) 1. 350( 3) 0(7) - C(l8) 1. 342( 3) 

9(4} - C(9} 1. 202( 3) 0(8) - C(l8) 1. 200( 3) 

C(1) - H(l) 1. 09( 2) C(10) - H(11) 1.06(3) 
C(2) - H(2) 1.05(2) C(11) - H(l2) 1. 02( 2) 

C(3) - H(3) L 05(2) C(12) - H(l3) 1. 03( 2) 

c(.4) - H(4) 1. 01( 2) C(l3) - H(14) 1.03(2) 

C(5) - H(5} 1. 05( 2) C(14) - H(l5) 1.06(2) 

C(6) - H(6) 1. 07( 3) C(15) - H(l6) 1.10(2) 

C(6) - H(7) 1.07(2) C(l5) - H(l7) 1.0~(3) 

C(7) - H(8) 1.05(3) C(16) - H(l8) 1. 09( 2) 

C(7) - H(9) 1. 04( 2) C(l6) - H(19) 1. 07( 2) 

0(1) - H(10) 1. 06( 3) 0(5) - H(20) 1.04( 3) '- ; 

0(1) •.. 0(6) 2.676(3) 
0(2) •.• 0(5) 2.669(3) 
0( 2) •.. H( 20) 1. 63( 3) 
0(6) ... H(l0) 1.62(3) 
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Table 3. Bond Angles (In Degrees). 

Molecule 1 Molecule 2 
... 

C(2) - C(l) - C(6) 111.6(2) C(11) - C(10) - C(15) 111.6(2) 

C(2) - C(1) - C(7) 100.0(2) C(l1) - C(10) - C(16) 99.6(2) 
C(6) - C(1) - C(7) 100.6(2) C(15) - C(lu) - C(l6) 100.8(2) 
C(l) - C(2) - C(3) 102~1(2) C(10) - C(11) - C(l2) 102.2(2) 
C(l) - C(2) - C(8) 115.7(2) C(10) - C(11) - C(l7) 115.0(2) 
C(3) ~ C(2) - C(8) 115. 7(2) C(12) - C(11) - C(17) 116.3(2) 

C(2) - C(3) - C(4) 101.8(2) C(11) - C(12) - C(13) 102.1(2) 

C(2) - C(3) - C(9) 113.2(2) C(l1) - C(12) - C(18) 113.0(2) 

C(4) - C(3~ - C(9) 104.1(2) C(13) - C(12) - C(18) 103.5(2) 

C(3) - C(4) - C(5) 97·7(2) C(12) - C(13) ~ C(14) 98.1(2) 

C(3) - C(4) - C(7) 105.9(2} C(12) - C(13) - C(l6) 10.).3(2) 

C(5) - C(4) - C(7) 103.9(2) . C(14)- C(13)- C(l6) 103.8(2) 

c(4) - c(5) - c(6) 103.2(2) C(13) - C(14) - C(15) 103.8(2] 

c(4) - c(5) - o(3) 106.0(2) C(l3) - C(14) - 0(7). 105.5(2) 
c(6) - c(5) - 0(3) 111. 5(2) C(l5) - C(14) - 0(7) 111.4(2) 

C(l) - C(6) - C(5) 102.9(2} C(10) - C(l5) - C(14) 102.7(2) 
C(l) - C(7) - C(4) 94.3(2) C(lO) - C(16) - C(l3) 94.5(2) 
c(2) - c(8) - o(l) 113.6(2) C(l1) - C(17) - 0(5) 114.1(2) 

c(2) - c(8) - o(2) 121f.5(2) C(11) - C(17) - 0(6) 123.7(2) 

o(1) - c(8) - o(2) 121. 9( 2) 0(5) - C(17)- 0(6) 122.2(2) 

C(3) - C(SI) - 0(3) 109.4(2) C(l2) - C(lo) - 0(7) 109.3(2) 
C(3) - C(9) - 0(4) 129.2(2) C(12) - C(l8) - 0(8) 128.6(2) 

0( 3 ) - c ( 9) - 0( 4 ) 121.4(2) 0(7) - C(18) - 0(8) 122.1(2) 

··' 
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Table 4 
OBSERVED STRUCTURE FACTORS, STANDARD DEVIATfONS, AND DIFFERENCES CX10.0J FOR 

THE NORBORN~NE-LACTONE COMPOUND Fco,o,o• • 76BO 

FOB AND FCA ARE THE OBSERVED AND CALCULATED STRUCTURE FACTORS. 
SG • ESTIMATED STANDARD DEVIATION OF FOB. DEL = /FOB/ - /FCA/. 
* INDICATES ZERO WEIGHTED DATA. 

K FOB SG OEL K FOB SG DEL K FOB SG DEL K FOB SG DEL K FOB SG DEL 
HtL= o. 0 2 179 6 0 2 88 4 -o H,L= 1t 1 5 0 53 -17* : 

2 188 5 -3 3 73 7 -3 3 180 6 -3 0 0109 -u• HeL• 1, 8 
4 56 4 4 4 78 10 -3 4 99 6 -5 1 291 8 2 1 B1 4 3 
6 10 27 9* 5 105 5 -1 5 12 26 1• 2 636 16 -20 2 176 6 -11 

H,L= o. 1 H,L= o. 8 6 61 8 -12 3 172 5 1 3 33 13 -3 
1 195 8 -22 0 420 11 17 H,L= 1, -5 4 743 19 13 4 125 5 3 
2 505 14 -21 1 83 4 -4 0 50 6 -5 5 43 8 4 5 11 28 4* 
3 45 5 -5 2 188 5 3 1 652 17 18 6240 7 1 H,L• 1, 9 
4 120 5 2 3 150 5 4 2 508 13 -6 7 0 28 -9* 0 16 24 -21* 
5 221 6 2 4 103 9 -1 3 60 5 1 Htl= 1t 2 1 0 25 -a• 
6 33 39 18* 5 56 12 5 4 334 9 1 1 915 23 -54 2 58 6 16 
7 42 7 -6 H,L= o. 9 5 30 16 -6 2 32 5 8 3 110 10 5 

HtL= o, 2 1 25 27 l* 6 '51 7 5 3 128 4 -2 4 253 8 6 
02060 52 -1 2 352 10 3 HtL= lt -4 4 250 7 -6 H,L• lt 10 
1 148 6 -10 3 201 6 -9 1 96 6 2 5 13 25 -9* 1 154 6 -1 
2 163 5 3 4 4B 7 1 2 110 4 -2 6 102 7 -s 2 0 33 -19* 
3 333 9 10 Htl= o. 10 3 93 4 -5 7 21 28 -13* 3 62 11 -6 
4 49 8 1 0 64 5 0 4 194 7 2 HtL• 1t 3 HtL• 1t 11 
5 27 9 -5 1 51 13 2 5 47 12 40 0 92 5 -o 0 D 41 -29* 
6 47 12 6 2 49 16 -9 6 97 9 -o 1 115 3 7 1 96 5 7 
7 35 20 15 3 32 18 -a H,L• 1t -3 2 401 10 -10 2 22 28 4* 

HtL= o, 3 . HtL= o. 11 0 0 26 -6• 3 34 9 4 H,L= 2,-11 
1 119 4 5 1 54 7 3 1 144 5 2 4 16 21 4* 1 58 7 6 
2 132 6 -10 2 123 4 8 2 217 7 -1 5 68 18 18 2 150 5 5 
3 338 9 -s H,L= 1,-11 3 426 11 0 6 229 6 0 HtL• 2,-10 
4 23 9 3 0 32 34 11* 4 74 7 4 HtL= 1t 4 0 131 5 . 3 
5 466 13 -5 1 85 9 -6 5 0 25 -14* 1 342 9 11 1 68 8 -1 
6 ~3 8 7 2 156 7 0 6 125 5 1 2 33 6 7 2 74 6 -4 

H,L= o, 4 H,L= 1,-10 HtL• 1t -2 3 118 4 3 3 105 9 -3 
0 107 8 8 1 56 10 4 1 142 6 -o 4 295 8 -o HtL• 2, -9 
1 39 4 0 2 0 28 -15* 2 57 3 -4 5 34 11 14 1 115 4 0 
2 96 6 -3 3 51 7 28 3 69 4 5 6 23 39 15* 2 139 5 -2 
3 258 7 0 H,L= 1t -9 4 212 6 4 Htl=- lt 5 3 134 5 -6 
4 0 22 -7• 0 39 8 0 5 27 20 20 0 43 5 -5 4 63 11 9 
5 33 10 9 1 267 8 -13 6 112 5 2 1 234 6 1 HtL• 2t -8 
6 77 5 5 2 342 9 -o 7 24 28 23• 2 226 7 -3 0 91 4 -11 

H,L= o, 5 3 35 13 3 H,L= 1, -1 3 188 5 -2 1 96 4 0 
1 104 3 0 4 124 5 2 0 0101 -20* 4 329 9 -1 2 153 5 -2 
2 174 5 -4 H,L= lt -8 1 784 20 -53 5 0 33 -28* 3 331 9 -12 
3 40 10 5 1 21 29, 5* 2 72 4 -9 6 0 36 -10• 4 63 7 13 
4 201 6 2 2 41 8 8 3 64 4 2 HtL= lt 6 5 192 7 -z 
5 163 5 -3 3 221 6 3 4 157 6 0 1 346 9 8 H,L= 2, -7 
6 51 6 -2 4 77 7 1 5 26 12 12 2 254 7 -4 1 0 21 -a• 

H,L= o, 6 5 28 24 24 6 243. 7 -4 3 56 s -4 2 221 6 ·3 
0 917 24 4 H,L= 1t -7 7 16 30 _;2• 4 0 31 -20* 3 317 9 -1 '--" 
1 61 4 3 0 48 6 -1 HtL= 1, 0 5 43 9 32 4 0 38 -5• 
2 114 4 4 1 96 4 4 1 932 24 -38 6 0 30 -30* 5 31 32 14* 
3 48 5 5 2313 8 -2 2 44 7 -9 H,L• lt 7 H,L• .2. -6 
4 32 16 20 3 126 9 2 3 276 7 -2 0 0 30 -1• 0 723 19 28 
5 280 8 4 4 220 6 -1 4 259 8 -5 1 88 4 -o 1 76 4 2 
6 48 10 15 5 43 10 1 5 0 24 -4• 2 56 5 2 2 126 4 -2 

H,L= o, 7 HtL= 1, -6 6 81 6 -6 3 34 10 3 3 170 5 -4 
1 21 22 13• 1 269 7 6 7 19 35 -11• 4 250 8 -4 4 101 4 -6 



-;t":") 
l ~J d ,j 9 --~i ;~~· 

.. 
' lJ ;,.J .1 

;• ,.J d:; 

-ll- LBL-1696 

OBSERVED STRUCTURES FACTORS (CONTI FOR 
THE NORBORNANE-LACTONE COMPOUND 

K FOB SG DEL K FOB SG DEL K FOB SG DEL K FOB SG DEL K FOB SG DEL 
5 91 7 10 1 11 12 1 4 47 13 -5 6 146 5 -4 5 38 12 5 
6 24 42 9* H,L= 2, 2 HeL= 2, 10 H,l= 3, -3 6 42 11 39 

HeL= 2, -5 01782 45 -8 0 100 8 -8 0 19 40 -16* H,L= 3, 4 
1 77 4 7 1 256 7 -11 1 98 6 3 1 661 17 -2 1 194 5 5 
2 760 20 4 2 244 6 10 2 61 15 -o 2 234 6 .3 2 254 7 -6 
3 186 5 3 3 200 5 1 3 113 5 -5 3 60 4 2 3 63 9 -7 

•· 4 42 6 1 4 66 4 1 Htl= 2. 11 4 264 7 4 4 126 4 -o 
5 31 35 21* 5 160 6 -4 1 31 33 -130 5 0 29 -9• 5 48 7 0 
6 9 29 -15* 6 0 43 -12• 2 54 18 -o 6 136 9 -7 6 183 6 4 

Hel= 2. -4 7 58 9 -2 Htl= 3,-u HtL= 3, -2 HtL=- 3, 5 
01619 41 -9 Hel== 2, 3 0 0 28 -oo 1 260 7 -3 0 110 4 2 
1 20 31 1* 1 141 4 -1 1 0 48 -13• 2 401 10 -6 1 246 7 3 
2 180 5 -5 2 412 10 -6 2 79 6 8 3 443 11 -4 2 207 6 2 
3 28 7 15 3 70 4 4 H,L= 3,-10 4 263 7 8 3 16 26 5* 
4 54 6 4 4 41 7-11 1 195 7 -1 5 0 33 -16* 4 214 8 1 
5 215 6 -2 5 103 4 --4 2 41 20 11 6 182 6 -6 5 35 13 20 
6 0 31 -21* 6 110 5 -4 3 0 39 -240 7 25 31 -240 6 96 6 3 

HeL"" 2, -3 HeL= 2, 4 HeL• 3, -9 HtL• 3, -1 HeL• 3, 6 
1 156 5 -5 0 852 22 30 0 31 11 1 0 10 43 -180 1 68 7 -14 
2 446 11 -o 1 116 4 -1 1 69 17 -1 1 878 22 -25 2 23 15 10 
3 564 15 -o 2 252 1 -2 2 93 5 10 2 472 12 -7 3 40 7 -8 
4 57 5 -7 3 101 5 -2 3 158 6 -3 3 126 4 2 4 257 8 -7 
5 74 11 -6 4 115 6 4 4 81 6 3 4 3 28 -29* 5 39 9 26 
6 40 9 29 5 123 6 -1 H,l= ·3, -8 5 30 10 11 6 43 16 -2 

HeL= 2, -2 6 85 6 7 1 233 7 1 6140 8 2 HtL=- 3, 7 
0 943 24 -50 HrL= 2, 5 2 0 25 -13* 7 22 38 -12* 0 a9 4 1 
1 73 12 -10 l 138 4 -2 3 103 6 -7 H,L=- 3, 0 1 a6 6 6 
2 432 1i 1 2 156 4 1 4 195 6 -16 1 378 10 -13 2 0 27 -a• 
3 414 11 -7 3 239 7 2 5 36 38 90 2 90 4 3 3 82 5 -o 
4 0 25 -1• 4 31 11 19 H,L= 3, -7 3213 6 -4 4 481 13 4 
5 153 7 8 5 249 7 4 0 0 22 -210 4 105 4 -5 5 9 28 -19* 
6 77 5 9 6 0 32 -300 1 130 4 7 5 15 24 -100 Htl= 3, 8 
7 0 35 -25* H.,L= 2, 6 2 37 28 10 6 80 5 -5 1 203 6 -4 

Hrl= 2, -1 0 969 25 21 3 222 7 -4 7 92 6 15 2 133 5 2 
1 36 43 -3* 1 72 7 8 4 139 5 -1 Htl= 3, 1 3 25 35 a• 
2 512 13 -25 2 143 7 -4 5 42 29 41 0 18 36 4* 4 286 8 3 
3 267 7 -2 3 108 4 -4 H,L= 3, -6 11217 31 -50 5 25 35 19* 
4 61 7 2 4 45 10 -6 1 77 4 1 2 488 12 -14 H,L=- 3, 9 
5 70 4 -3 5 90 5 0 2 78 4 -1 3 459 12 1 0 34 15 -4 
6 81 8 1 6 0 46 -21* 3 54 5 6 4 28 10 -4 1 26 17 a 
7 ·o 29 -13* HeL= 2. 7 4 179 5 -10 5 37 9 4 2 20a 8 3 

H,L= 2, 0 1 33 35 270 5 30 25 15 6 a9 1 9 3 53 a -2 
0 104 35 10 2 104 9 -2 6 34 13 16 1 78 6 2 4 64 6 16 
1 339 9 -15 3 65 1 -6 H,L= 3, -5 Hrl= 3, 2 HeL= 3, 10 
2 141 4 6 4 182 8 8 0 28 24 -3 1 280 8 -11 1 365 10 -13 
3 455 12 6 5 34 13 16 1 165 5 0 2 358 9 4· 2 115 6 1 
4 84 4 3 Hel= 2, 8 2 302 8 6 3 207 6 -1 3 54 11 -2 
5 246 1 1 0 39 10 13 3 11 6 2 4 0 22 -o• HeL= 3, 11 
6 40 18 33 1 0 23 -4• 4 196 6 -9 5 37 8 6 0 0 29 -17* 
7 90 9 7 2 18 27 4* 5 35 3a 21* 6 100 5 5 1 14 35 -19* 

Htl== 2, 1 3 13 8-11 6 134 5 -7 7 48 16 19 2 57 8 5 
1 364 9 -14 4 25 29 6* H,L= 3, -4 H,L= 3, 3 H,L• 4,-u 
2 791 20 -32 5 30 18 18 1 231 6 -6 0 82 3 -2 1 25 30 6* 
3 510 13 -7 Hel= z, 9 2 208 6 -2 1 666 17 -4 2 84 12 -3 
4 169 5 5 1 39 9 0 3 25 11 4 2 166 5 2 H,L• 4,-10 
5 111 5 -5 2 155 5 5 4 31 25 14 3 28 a 6 0 448 12 -16 
6 147 5 -3 3 74 11 -a 5 13 24 -3• 4246 7 3 1 0 26 -3• 



. -1a- LBL-1696 

OBSERVED STRUCTURES FACTORS CCONT) FOR 
THE NORBORNANE-LACTONE COMPOUND 

K FOB SG DEL K FOB SG DEL K FOB SG DEL K FOB SG DEL K FOB SG DEL 
2 27 35 -3• 6 58 13 5 ·H,L• It, 6 3 32 12 26 H,L~ 5, 1 
3 14 50 2• 7 61 8 1 0 157 6 2 It 0 26 -5• 0 45 18 2 
Htl• It, -9 Htl= It, -1 1 0 23 -25• 5 0 40 -5• 1 201 6 4 

1 3~ 10 13 1 398 10 -19 2 14 21 u• H,L,. s, -6 2 585 15 15 
2 188 6 3 2 406 10 -11 3 124 4 -o 1 216 6 -1 3 156 9 -1 ..I 

3 171 5 3 3 75 3 -o 4 15 25 14* 2 170 6 -10 It 384 10 13 
4 25 26 1• 4 82 5 -3 5 234 7 -7 3 275 8 7 5 0 28 -1• 

Htl= It, -a 5 27 32 12• 6 30 31 6* 4 319 9 2 6 76 6 -19 
0 284 8 -s 6 139 7 2 HtL= It, 7 5 27 18 20 7 87' 6 -3 
1 28 11 16 7 50 9 11 1 87 6 -1 6 93 8 7 HtL• 5, 2 
2 152 6 3 Htl= It, 0 2 64 7 12 H,L• 5, -5 1 178 5 1 
3 55 6 4 01400 36 -7 3 154 6 -2 0 113 4 3 2 225 6 It 
4 14 33 -21• 1 65 11 -4 4 91 5 6 1 50 5 -2 3 13 17 o• 
5 111 8 0 2 199 5 -4 5 191 6 8 2 194 6 3 4 251 7 -6 

Htl= It, -7 3 29 7 2 HtL= It, 8 3 lt1 8 2 5 28 12 26 
1 92 4 -4 4 37 11 -1 0 43 7 11 4 127 5 -2 6 183 6 -o 
2 130 4 -10 5 190 6 -5 1 123 6 -2 5 18 48 -3• HtL= 5, 3 
3 153 5 2 6 28 38 28* 2 201 8 3 6 56 7 1 0 51 4 2 
4 32 19 -8 7 89 8 7 3 110 5 -4 Htl• 5t -4 1 197 6 1 
5 221 7 3 HtL= ,., 1 4 0 43 _.,.. 1 520 13 21 2 69 It -5 
Htl• It, -6 1 198 6 -1 5 32 15 25 2111 6 1 3 84 5 3 

0 220 6 6 2 638 16 -1 Htl= Itt 9 3 212 8 5 4 355 9 6 
1 62 8 0 3 385 10 12 1 14 25 13* 4 22 26 .-11• 5 13 25 -3• 
2 233 7 -3 4 106 4 4 2 109 5 -4 5 35 42 -3• 6 305 8 -9 
3 304 9 -It 5 144 6 -2 3 33 13 12 6 101 8 -9 HtL• 5, 4 
It 33 40 1* 6 96 5 -3 4 22 35 9* Htl'"' 5, -3 1 83 6 -9 
5. 29 15 5 7 38 11 32 Htl= Itt 10 0 64 It -1 2 51 3 -1 
6 23 27 16• H,L= It, 2 0 219 6 -5 1 164 5 -3 3 87 3 -2 

Htl= It, -5 0 856 22 11 1 125 5 0 2217 8 4 It 274 7 -3 
1 18 16 14 1 71 6 -1 2 199 7 0 3 208 6 2 5 27 29 25• 
2 55 6 6 2 375 10 14 3 51 9 22 4 263 7 -2 6 34 34 -9• 
3 119 It 5 3 81 4 2 H,L• 4, 11 5 28 15 2 HtL• 5, 5 
It 20 28 1• It 43 6 7 1 9 42 -14• 6 142 8 3 0 44 5 -2 
5 180 5 3 5 71 7 6 H,L ... 5,-u Htl• 5, -2 1 751 19 0 
6 74 5 7 6 82 14 5 0 9 34 ,.. 1 76 12 It 2 274 7 7 

Htl= It, -It 'H,L= Itt 3 1 53 8 9 2 198 5 4 3 220 7 -o 
0 112 3 4 1 59 3 -1 2 64 7 -1 3 100 6 2 It 66 18 3 
1 45 It 2 2 71 3 3 H,L= s,-10 4 15 27 6* 5 0 30 -4• 
2 309 8 2 3 69 7 -3 1 0 27 -1• 5 35 9 7 6 121 6 -8 
3 106 4 -2 It 125 It -o 2 46 9 -8 6 14 33 -a• HtL= 5, 6 
It 3 32 -5• 5 255 8 -4 3 0 28 -15* Htl• 5, -1 1 27 11 2 
5 112 5 -3 6 121 6 -3 H,L= 5, -9 0 16 19 -1• 2 9 18 It* 
6 81 6 6 H,L= Itt 4 0 '43 12 -2 1 948 24 -o 3 89 4 0 

Htl= It, -3 0 540 14 -5 1 76 5 -9 2 103 3 -3 4 128 5 2 
1 107 4 -2 1 35 9 -7 2 95 13 6 3 43 8 -9 5 29 31 22• 
2 127 4 4 2 163 5 5 3 113 5 -7 It 373 10 It Htl= 5, 7 
3 405 11 10 3 139 4 -3 4 41 13 -15 5 33 34 3• 0 0 25 -4• 
4 103 7 6 4 17 27 5• Htl= 5, -8 6 57 7 8 1 313 8 5 
5 93 It -1 5 176 6 4 1 128 It -It 7 124 5 7 2 64 5 It ·-. 
6 135 5 4 6 51 9 1 2 199 6 -o H,L= 5, 0 3 192 7 1 

Htl= It, -2 Htl= It, 5 3 0 26 -16* 1 425 13 -2 It 61 7 0 
0 358 9 12 1 156 5 -1 4 251 7 7 2 247 6 -o 5 38 11 15 
1 140 5 -7 2 471 12 2 5 33 40 24* . 3 145 4 -o Htl= '5, 8 
2 255 7 -o .3 230 6 -4 H,L= s, -7 4 224 6 -4 1 101 4 -1 
3 527 14 9 4 65 5 5 0 116 4 -2 5 25 32 4* 2 223 7 -7 
4 105 5 0 5 41 44 6* 1 293 8 -3 6 7 27 3* 3 56 6 -o 
5 195 6 5 6 66 9 7 2 129 5 -It 7 60 8 It It 134 5 -3 
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-13- LBL-1696 

OBSERVED STRUCTURES FACTORS (CONTI FOR 
THE NORBORNANE-LACTONE COMPOUND 

K FOB SG DEL K FOB SG DEL K FOB SG DEL K FOB SG DEL K FOB SG DEL 
HtL= 5, 9 2 21 2B -16* H,L= 6, 4 2 0 30 -z• 4 60 5 1 

0 70 5 -7 3 243 12 12 0 310 10 19 3 7B 6 1 5 0 25 -23• 
1 28 29 -12* 4 54 6 3 1 83 4 -2 4 40 10 5 6 425 11 4 
2 16 46 1* 5 43 7 16 2 208 6 -1 HtL= 7, -8 HeL= 7, 0 
3 83 6 -5 6 D 45 -7• 3 86 3 4 1 136 4 3 11432 40 47 

'1. 
4 116 5 -7 HtL= 6, -3 4 60 5 4 2 46 7 11 2 120 5 10 

HeL= s. 10 1 53 4 2 5 28 16 12 3 84 5 1 3 173 5 -1 
1 149 5 2 2 32 5 1 6 47 38 8 4 22 26 1• 4 71 3 -3 
2 144 6 10 3 125 4 1 H,L= 6, 5 5 33 41 31* 5 13 23 12* 
3 14 28 -21* 4 56 3 3 1 102 4 2 Hel• 1, -7 6 81 9 8 

Hel= 5, 11 5 183 5 1 2 47 9 -3 0 52 5 2 HeL• 7, 1 
0 12 28 1* 6 73 7 -16 3 243 7 9 1 145 4 -5 - 0 57 3 -o 
1 93 9 10 Htl= 6, -2 4 35 16 -4 2 72 5 4 1 353 9 13 

H,L= 6,-11 0 689 23 -2 5 46 10 -5 3 14 25 -23* 2 359 10 7 
1 52 14 7 1 221 6 -10 6 D 29 -17* 4 129 9 D 3 320 8 -3 
2 45 12 -7 2 443 11 11 Htl= 6, 6 5 0 44 -12• 4 33 6 13 

HtL= 6,-10 3 62 3 -2 0 630 20 4 HeL• 1, -6 5 18 35 -3• 
0 0 27 -27* 4 120 5 -2 1 22 24 10* 1 144 4 4 6 145 5 5 
1 0 2a -22• 5 234 8 0 2 120 4 0 2 103 6 -o H,L= 7, 2 
2 70 6 10 6 46 52 17* 3 34 10 -5 3 64 10 2 1 814 23 25 
3 0 30 -a• H,L: 6, -1 4 11 6 -3 4 17 26 12* 2 10 21 -3• 

HtL• 6, -9 1 145 6 -1 5 91 9 15 5 10 48 -2• 3 113 4 -5 
1 44 7 6 2 112 4 1 H,L= 6, 7 Hel= 7. -5 4 65 4 6 
2 19 31 4* 3 8 19 -3• 1 103 4 2 0 86 4 -1 5 23 24 12* 
3 80 6 -7 4 31 10 18 2 295 8 2 1 428 14 2 6 32 37 -1• 
4 23 27 -a• 5 68 6 -6 3 236 7 0 2 260 7 -9 Hel= 1, 3 

H•L= 6, -a 6 152 5 11 4 68 6 5 3 96 6 -1 0 88 4 -2 
0 117 5 -6 Htl= 6, 0 5 61 1 -3 4 23 18 1 1 499 14 4 
1 45 12 1 01388 41 4 Hel= 6, 8 5 26 38 -7• 2 96 6 5 
2 200 7 2 1 369 10 -5 0 154 5 4 6 80 6 4 3 25 15 -9 
3 34 11 -2 2 168 5 -6 1 18 26 -7• Hel=- 1, -4 4 85 4 4 
4 98 8 2 3 316 8 6 2 100 5 -1 1 116 4 -o 5 11 33'-29* 
5 84 6 1 4 48 1 3 3 0 46 -150 2 66 4 -2 6 105 6 -9 

Hel= 6, -7 5 65 5 -4 4 62 18 4 3 61 4 -o HeL• 7, 4 
1 103 4 -3 6 30 35 8* H,L• 6, 9 4 262 7 4 1311 8 12 
2 26 26 -3• Hel= 6, 1 1 69 6 -1 5 0 25 -5• 2 289 1 9 
3 86 6 -a 1 69 3 2 2 87 5 5 6 58 8 2 3 56 6 3 
4 59 7 -5 2 716 18 9 3 145 5 2 HeL= 7. -3 4 1 46 -23* 
5 76 9 -7 3 547 15 2 4 40 12 1 0 0 19 -3• 5 38 9 14 

HeL= 6, -6 4 44 10 -2 H,L= 6, 10 1 361 10 9 6 46 9 15 
0 206 6 -7 5 37 7 11 0 37 14 -34 2 133 5 -3 HeL• 7, 5 
1 58 4 -1 6 34 14 -o 1 121 7 6 3 214 6 4 0 14 19 -u• 
2 53 8 -6 H,L= 6, 2 2 50 10 -1 4 143 4 -o 1 115 3 1 
3273 1 11 0 312 11 1 3 18 30 -22• 5 40 8 12 2 224 6 -4 
4 114 7 -o 1 150 4 2 H,L= 6, 11 6 273 9 -3 3 51 9 15 
5 133 5 9 2 163 6 8 1 52 9 -4 HeL= 7, -2 4 27 13 17 
6 69 9 14 3 38 13 -5 H~L= 7,-u 1 945 27 4 5 44 9 -1 

H,L= 6, -5 4 21 25 19* 0 - 13 35 -18* 2 98 5 1 6 152 6 -6 
1 28 9 4 5 193 6 -4 1 288 8 6 3 130 5 -5 HeL= 7, 6 
2 37 6 2 6 19 28 2* 2 28 23 2 4 431 11 5 1 26 17 23 

........ _/ 

3 105 4 -4 HrL= 6, 3 HeL= 7,-10 5 22 25 -2• 2 58 6 10 
4 36 10 -11 1 28 8 2 1 98 6 -5 6 89 6 4 3 41 18 8 
5 150 5 -3 2 30 1 -10 2 65 7 -3 HeL= 7. -1 4 10 26 -11• 
6 48 9 -3 3 134 5 3 3 79 6 1 0 23 1 1 5 0 36 -2• 

Hrl= 6, -4 4 55 6 6 HrL• 7, -9 1 379 12 14 HrL= 1, 7 
0 11 16 -3• 5 99 6 -6 0 46 10 11 2 75 6 -3 0 44 18 -a 
1 134 4 -1 6 58 7 7 1 155 5 3 3 55 3 -1 1 81 4 6 



-14- LBL-1696 

OBSERVED STRUCTURES FACTORS CCONT) FOR 
THE NORBORNANE-LACTONE COMPOUND 

K FOB SG DEL K FOB SG DEL K FOB SG DEL K FOB SG DEL K FOB SG DEL 
2 366 10 -5 1 6 16 -4• 6 lOS 7 11 2 128 5 2 3 162 5 1 
3 42 9 -3 2 51 6 -2 H,L• a, 4 3 59 lit -3 It 74 It -2 
It 19 26 9* 3 318 9 1 0 179 8 0 4 14\4\ 5 -4 5 4\2 20 18 ~ ' 

5 0 28 -5• 4 10 23 -1• 1 Sit 3 3 HtL• 9, -7 6 131 6-13 
Hel= 7, 8 5 6a 6 6 2 125 9 7 0 19 24\ -14* H,L• 9, 1 

1 204 6 7 6 44 17 12 3 6 20 3* 1 180 5 6 0 9 32 -15* ; . 

2 46 16 -12 Htl= a, -3 4 27 13 3 2 175 5 -3 1 458 13 13 
3 10 32 -20* 1 104 3 -1 5 226 8 -o 3 58 7 -2 2 88 It -o 
It 90 6 1 2 53 5 -1 6 0 29 -21• 4 7a 6 7 3 35 9 9 

HtL= 7, 9 3 57 4 -3 H,L= a, 5 5 o 33 -zo• It 217 6 2 
0 0 45 -lit* 4 30 11 9 1 51 5 -It H,L= 9, -6 5 18 26 -1• 
1 124 7 -6 5 153 5 -4 2 188 5 It 1 219 6 -9 -6 121t 6 2 
2 52 7 9 6 56 lt8 12 3 103 It -1 2 77 4 -It Htl• 9, 2 
3 0 28 -lit* Htl= a, -2 4 64 6 6 3 70 15 2 1 130 5 1 

HtL= 7, 10 01457 47 51 5 116 5 -1 It 228 6 2 2 128 7 5 
1 209 9 -13 1 238 a -2 HtL• a, 6 5 19 26 o• 3 121 It 2 
2 60 8 -3 2 69 5 -o 0 156 7 9 Hel• g, -5 It 201 6 -1 

Htl= a,-u 3 39a 10 -1 1 60 13 It 0 21 25 10* 5 40 42 19* 
1 61 8 -10 4 23 32 2• 2 117 4 -2 1 713 23 7 6 0 29 -21* 

HtL= a,-10 5 21t8 7 -3 3 23 19 1 2 58 6 ·z HtL• 9t 3 
0 185 6 -3 6 56 7 24 4 76 5 15 3 95 7 6 0 114 It 0 
1 33 13 11 HeL= a, -1 5 10 27 -2• 4 88 5 -2 1 512 13 3 
2 103 5 2 1 79 8 -3 H,L= Bt 7 5 32 23 0 2 399 14 5 
3 96 8 2 2 86 4 -5 1 0 25 -21* 6 0 28 -5• 3 23 25 1* 

Htl= a, -9 3 253 7 -3 2 256 1 -7 H,L• 9t -4 It 0 23 -17• 
1 . 20 35 1* It 49 5 -1 3 41 8 17 1 142 4 -6 5 0 27 -3• 
2 262 7 0 5 177 7 -1 4 52 8 -1 2 52 9 11 6 64\ 7 4 
3 219 9 6 6 75 a -1 5 0 28 -It• 3 208 6 3 H,L• 9, 4 
4 20 33 17* HtL= a, 0 HtL= Bt 8 4 4a 1 -2 1 16 23 a• 

HtL= Bt -8 01911 55 ItO 0 251 7 -14 5 28 22 1 2 76 4 -2 
0 237 7 7 1 263 20 -12 1 lt8 10 -o 6 32 21 0 3 51 8 -9 
1 0 24 -5• 2 30 4 8 2 176 5 -5 H,L= 9, -3 4 36 19 3 
2 29 lit 12 3 litO 5 -o 3 0 27 -20* 0 65 It 2 5 58 8 lit 
3 6a 6 -o It 91 3 0 It '69 lit 0 1 59 3 2 6 21 28 15* 
4 lt6 9 15 5 145 5 2 H,L= a, 9 2 171 5 5 HtL• 9, 5 

HtL• a, -7 6 23 lt3 -3• 1 75 14 1 3 205 7 2 0 55 5 1 
1 1a 23 -10* H,L= a, 1 2 5 26 -7• 4 169 5 -5 1 126 7 2 
2 124 4 0 1 103 8 5 3 1a 27 15* 5 34 45 -It* 2 39 5 -2 
3 146 5 -It 2 155 6 -1 HtL= a, 10 6 0 28 -4* 3 31 a 4 
It 9 27 -22* 3 131t It 2 0 55 a -9 H,Lz 9t -2 4 79 5 2 
5 61 10 7 It 45 1 1 1 37 25 a 1 100 4 5 5 30 ltl 1• 

HeL=- a, -6 5 a5 It -2 2 47 9 19 2 66 3 3 HtL• 9t 6 

0 36 It 3 6 53 1a 1 H,L= g,-u 3 191t 1 -o 1 220 9 7 
1 6 18 -3• H,L= a, 2 0 0 28 -It• 4 237 6 5 2 214 6 2 
2 26 7 5 01611 58 57 1 30 31 21• 5 23 26 16* 3 42 a -3 
3 28 za 5* 1 260 13 a H,L• g,-10 6 157 7 3 It 171 6 7· 
4 94 6 -1 2 97 6 3 1 11 27 -lit* H,L• 9, -1 5 0 29 -25* - ' 

5 202 6 3 3 264 8 -10 2 0 29 -9• 0 36 14 1 Htl• 9, 1 
HeL= a, -5 It 0 19 -a• 3 42 10 21 1 292 a 11 0 0 24 -1• 

1 227 6 -o 5 83 5 -5 H,L= g, -9 2 67 6 -1 1 49 6 11 ..... : 
i 

2 339 11 It 6 29 17 17 0 44 11 0 3 307 a 2 2 31 14 8 ' 

3 0 19 -o• H,L= a, 3 1 204 7 -2 It 301t 9 -5 3 57 14 9 
It 47 9 -9 1 268 11 -2 2 318 9 -3 5 17 lt1 -5• It 22 •40 a• 
5 32 13 22 2 368 11 6 3 35 13 21 6 165 6 0 H,l• 9, a 
6 4 27 -13* 3 22 26 a• It 0 2a -1• HtL.a 9, 0 1244\ 7 3 
Htl• a, -4 4 25 16 -a H,L• 9t -8 1 292 8 11 2 69 9 -It 

0 687 21 -3 5 31 11 6 1 35 14 14 2 107 3 -It 3 77 5 5 
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-15- LBL-1696 

OBSERVED STRUCTURES FACTORS ICONTJ FOR 
THE NORBDRNANE-LACTONE COMPOUND 

K FOB SG DEL K FOB SG DEL K FOB SG DEL K FOB SG DEL K FOB SG DEL 
It 156 6 4 HtL= lOt -2 5 125 a -It 5 0 40 -5• 3 101 4 1 

' HtL= 9t 9 0 114 4 -2 Htl= 10, 6 Htl= 11t -4 It 12 23 4* 
:;..' 0 22 2a -la• 1 tal 5 -3 0 307 a 1 1 335 15 3 5 21 33 -u• 

1 160 5 10 2 za5 a -2 1 79 13 -2 2 23 2a -u• 6 13a 5 5 
2 0 29 -10• 3 64 5 0 2 7a a -1 3 7 23 1• HtL:a llt It 

\ 3 31 40 -a• 4 86 a -10 3 166 5 -1 4 61 6 1 1 27a 7 -2 
HtL= 9, 10 5 llt6 6 6 4 ItS a 15 5 o 29 -to• 2 16 19 15* 

1 44 9 -o 6 59 11 -3 5 48 9 10 6 79.7 -6 3 106 6 7 
2 28 30 -13* Htl= lOt -1 Htl=- lOt 7 Hel• 11, -3 4 77 5 -11 

HtL= lOt-10 1 63 6 It 1 61 5 2 0 33 12 5 5 0 29 -3• 
0 36a 10 -5 2 183 6 6 2 lllt 5 4 1 a9 6 -3 Hel• u. 5 
1 74 10 -o 3 465 12 -6 3 22 27 17* 2 317 11 3 0 27 7 7 
2 79 15 -6 It 104 4 -3 4 61 7 6 3 191t 7 -3 1 lt63 14 11 

Htl= lOt -9 5 33 35 1* Hel= 10, 8 It 103 4 3 2 68 5 -It 
1 7a 5 3 6 118 5 9 0 48 8 -2 5 0 27 -o• 3 22 23 1* 
2 299 9 13 Htl= lOt 0 1 1llt 5 3 6 34 38 -17* 4 216 6 -3 
3 103 5 -1 0 14 25 3* 2 39 11 It HtL• 11, -2 5 0 29 -a• 

Htl,. lOt -8 1 195 6 0 3 141 6 1 1 it04 10 24 Htl,. 11t 6 
0 30a 9 7 2 395 10 -3 4 38 13 11 2 331 11 -4 1 204 6 0 
1 123 5 2 3 248 7 -2 Htl= 10, 9 3 101 It -3 2 9 25 -u• 
2 242 7 -7 It 33 37 9* 1 98 7 -5 4 61 9 7 3 142 5 -1 
3 la2 6 -3 5 285 8 -3 2 16 32 -19* 5 35 37 31* 4 95 5 -5 
It 20 lt4 1• 6 70 6 18 3 Sit 20 -1 6 139 6 -8 5 26 28 17* 

Htl= lOt -7 HtL= lOt 1 Htl= lOt 10 Htl= 1lt -1 Htla llt 7 
1 0 23 -9• 1 193108 -41 0 141 5 2 0 21t 28 1* 0 8 25 -13* 
2 63 6 5 2 126 6 2 1 27 51 18* 1 336 9 15 1 121 7 -6 
3 0 38 -2• 3 112 5 -8 Htl= 11t-10 2 47 12 1 2 36 10 20 
4 15 33 -10* 4 9 24 4* 1 204 6 6 3 206 8 -1 3 16 25 u• 
5 67 5 4 5 80 9 -6 2 72 13 -10 4 132 4 -2 4 221 6 -1 

Hel= lOt -6 6 90 6 -6 H,L= 11, -9 5 19 26 17* Hel= u. 8 
0 550 20 11 H,L= 10, 2 0 0 30 -12• 6 84 6 2 1 173 6 -2 
1 92 6 -2 0 100 4 -3 1 14 47 1* H,L= 11, 0 2 2a 17 20 
2 86 7 0 1 25 27 -6• 2 52 16 -11 1 220 9 6 3 44 10 -12 
3 166 5 -6 2 84 3 -1 3 89 6 8 2 277 8 -3 H,L= 11. 9 
4 0 27 -7• 3 65 4 -2 H,L= 11, -8 3 173 5 -6 0 33 12 11 
5 12 29 6* 4 90 6 5 1 3a8 11 -2 4 136 5 5 1 115 6 -16 

HtL= lOt -5 5 183 6 -2 2 97 5 -o 5 54 8 -9 2 73 6 7 
1 73 8 5 6 45 9 11 3 36 18 -10 6 82 6 14 Htl= 12,-10 
2 155 4 -5 Htl= lOt 3 4 77 11 -6 H,L= 11. 1 0 177 6 -7 
3 208 6 6 1 14 25 -a• Hel= u, -7 0 41 6 3 1 53 9 -8 
4 65 7 -8 2 298 8 3 0 55 6 -4 1 677 24 2a 2 49 38 -11 
5 0 27 -10* 3 135 4 -1 1 24 19 23 2 62 43 -12 H,L= 12, -9 

HtL= lOt -4 4 15 24 8* 2 97 11 -2 3 195 6 -8 1 18 28 -6* 
0 81 4 6 5 51 8 -14 3 26 44 12• 4 204 8 1 2 79 6 -1 
1 22 16 -7 6 60 8 -2 4 186 6-11 5 57 7 -1 3 112 7 13 
2 106 4 5 Htl= 10, 4 H,L:c 11, -6 6 35 13 -1 HeL• 12, -8 
3 123 5 6 0 212 6 -1 1 6 24 -9* HtL= llt 2 0 578 15 7 
4 31 10 15 1 54 4 0 2 35 10 5 1 208 8 3 1 103 6 -6 
5 260 8 -o 2 37 23 0 3 56 7 -8 2 76 3 It 2 43 10 -5 

,., 
6 23 33 11* 3 172 5 2 4 129 5 0 3 129 4 1 3 121 5 6 

Htl= 10, -3 4 D 32 -3* 5 D 28 -18* 4 81 5 6 It 28 33 18* 
1 15 21 o• 5 110 5 -6 HeL= 11, -5 5 38 17 18 Hel~ 12t -7 
2 476 14 4 H,L= 10, 5 0 13 23 -6• 6 47 16 8 1 24 25 5• 
3 555 16 3 1 181 8 3 1 98 5 -2 HtL= 11, 3 2 191 6 1 
4 26 15 7 2 75 4 3 2 138 5 -:-2 0 lt8 6 -3 3 11t4 5 4 
5 132 5 -1 3 15 27 -1• 3 32 12 8 1 171 5 1 It 78 6 -8 
6 24 30 -19* 4 19 47 -15* 4 3Da 9 3 2 10 24 4* Htl= 12. -6 
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OBSERVED STRUCTURES FACTORS CCONTJ FOR 
THE NORBORNANE-LACTONE COMPOUND 

K FOB SG DEL K FOB SG DEL K FOB SG DEL K FOB SG DEL K FOB SG DEL 
0 198 6 -1 0 234 6 2 0 27 32 3* 3 0 26 -6• HeL• lite -7 
1 38 a -2 1 56 It -2 1 142 5 3 It ltaO 13 -lit 1 0 26 -5• 
2 196 6 2 2 37 13 0 2 169 6 3 5 17 42 9* 2 15 26 a• 
3 92 4 10 3 246 7 1 3 65 7 -13 6. ao a -13 3 37 17 -7 
4 51 14 1 4 0 57 -14* It 247 7 -1 HtL• 13, 2 4 35 3a 14* . ' 

5 33 13 9 5 55 7 2 Htl= 13. :-6 1 157 6 -1 H,L,. 14. -6 
HeL= 12, -5 6 44 18 6 1 156 5 3 2 3a 12 7 0 386 10 6 

1 45 5 2 Htl= 12, 3 2 102 7 -4 3 177 a 2 1 52 12 -4 
2 a1 4 9 1 69 8 -1. 3 134 5 2 4 66 6 4 2 86 5 -2 
3 219 7 2 2 154 5 -2 4 51 a 3 5 35 10 13 3 75 5 14 
4 77 10 9 3 133 It 1 5 28 21 16 H,L= 13, 3 4 66 15 1 
5 156 5 1 It lit 36 9* H,L= 13. -5 0 a6 a -3 - HeL= 14e -5 
Htl= 12t -It 5211 7 -13 0 61 4 -1 1 91 4 -7 1 31 12 14 

0 513 11 13 H,L= 12, 4 1 8 22 -17* 2 73 4 -1 2 151 7 2 
1 36 a 0 0 227 7 -5 2 100 4 -2 3 44 10 -1 3 17 29 17* 
2 60 11 -5 1 115 4 3 3 134 5 4 4 49 13 -9 It 76 25 -5 
3 51 28 -3 2 91 5 2 4 33 25 18 5 0 29 -13* 5 29 31 -19* 
4 9 26 -a• 3 129 6 5 5 48 6 27 HeL= 13, 4 HeL=- 14. -4 
5 56 7 19 4 25 29 20* H,L= 13, -4 1 34 9 -9 0 406 15 9 

HeL=- 12, -3 5·259 7 2 1 349 12 3 2 110 5 3 1 135 5 -5 
1 0 23 -2• H,L= 12, 5 2 46 8 5· 3 54 6 -1 2 0 za -u• 
2 37 16 -5 1 0 25 -26* 3 150 5 1' 4 63 6 5 3 259 8 11 
3 71 10 -3 2 226 7 4 4 99 5 1 5 29 25 11 4 60 9 -It 
4 60 6 -1 3 25 26 24* 5 24 27 13* HtL= 13, 5 5 117 6 9 
5 50 15 15 4 11 6 -o HtL= 13, -3 0 16 24 16* HeL= 14, -3 
6 61 7 3 5 49 8 31 0 15 23 8* 1 30a 8 -3 1 41 10 2 

H,L= 12, -2 H,L= 12, 6 1 144 6 It 2 16a 6 6 2 94 7 1 
0 512 17 20 0 370 10 4 2 128 4 4 3 94 5 1 3 91 8 -13 
1 99 3 -2 1 104 5 -2 3 62 6 0 4 25 41 u• It 62 6 5 
2 436 11 -2 2 82 5 1 4 175 6 12 5 0 31 -12* 5 297 8 -4 
3 120 5 -1 3 32 38 -3• 5 47 10 -6 HeL= 13, 6 HeL= 14, -2 
4 28 lit 8 It 8 27 -6• H,L= 13e -2 1 146 6 2 0 338 9 -6 
5 285 a 3 HtL= 12, 7 1 342 9 20 2 73 6 -1 1 70 7 -5 
6 73 7 9 1 122 10 -4 z 111 7 -1 3 23 25 -4* 2 18 za -6• 

HtL= 12. -1 2 155 8 9 3 57 12 6 4 58 9 -a 3 270 7 7 
1 115 4 4 3 31 39 o• 4 151 5 3 HeL= ·13e 7 4 0 35 -2• 
2 56 16 3 4 70 6 9 5 44 20 20 0 0 26 -It* 5 42 17 31 
3 63 5 -1 HeL= 12, 8 6 92 5 6 1 299 9 -9 HeL= 14, -1 
4 79 8 3 0 35 37 -18* H, L= 13e -1 2 170 6 7 1 0 23 -27* 
5 117 7 -a 1 105 6 -6 0 32 16 1 3 69 7 -6 2 180 8 2 
6 92 6 3 2 101 9 6 1 237 1 13 HeL= 13e 8 3 25 15 21 

HeL= 12. 0 3 108 5 6 2 17 21 -5• 1 0 38 -27* 4 109 5 -3 
0 826 23 46 Hel= 12. 9 3 0 23 -17• 2 85 5 8 5 234 9 -4 
1 107 11 2 1 44 20 . 20 4 454 12 -2 3 132 5 0 HtL= 14, 0 
2 113 a 4 2 60 7 1i. 5 24 28 3* HeL= 13e 9 0 949 26 22 
3 129 5 -4 Htl= 13,-10 6 196 7 -4 0 11 28 -2• 1 0 6a -2o• 
4 76 7 2 1 196 6 -7 Hel= 13, 0 1 0 30 -6• 2 91 3 3 
5 17 30 -14* H,L= 13e -9 1 363 14 11 HeL"' 14,-10 3 161 5 1 
6 66 7 9 0 0 28 -17* 2 10 28 -3• 0 161 6 -15 4 0 29 -o• ;., 

Hel= 12, 1 1 47 12 -9 3 28 11 13 HeL= lite -9 5 a a 11 -1 
1 170554 -62* 2 115 6 2 4 81 6 6 1 26 32 u• H,L• 14e 1 
2 105 8 -6 3 34 20 18 5 0 27 -a• 2 38 12 10 1 42322 -21* 
3 261 7 4 Htl= 13, -8 6 50 10 -5 HeL= 14, -a 2 51 13 -4 
4 157 7 -2 1 136 5 -2 Htl= 13e 1 0 124 5 6 3 190 8 -14 
5 138 5 1 2 121 5 1 0 52 13 3 1 27 42 -14* 4 40 48. -a• 
6 57 8 4 3 114 6 1 1 251305 -93• 2 145 5 -7 5 25 41 6* 

Htl= 12e 2 Hel= 13, -7 2 39 47 -16* 3 125 12 a HeL• lite 2 
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OBSERVED STRUCTURES FACTORS CCONTJ FOR 
THE NORBORNANE-LACTONE COHPOUND 

K FOB SG DEL K FOB SG DEL K FOB SG DEL K FOB SG DEL K FOB SG DEL 
0 931 25 23 H,L= 15. -5 5 36 13 It HtL'"' 16, -2 H,La: 16, 8 

. .. 1 148 18 -13 0 38 9 -2 H,L= 15, It 0 475 16 8 0 145 5 -5 
2 38 8 -2 1 ltlt 8 -5 1 16 ItO -1• 1 48 7 -7 1 38 50 2* 
3 139 5 3 2 36 lit -7 2 61 15 -5 2 81 5 1 Hel'"' 11, -a 

' 
It 0 31 -a• 3 101 6 1 3 19 37 -o• 3 168 9 -7 1 78 9 0 
5 33 23 28 It 239 7 3 It 39 23 11 It 33 15 17 2 46 10 16 

H,L= lit, 3 HeL= 15, -It H,L• 15, 5 5 26 27 2* H,L=- 17, -7 
1 50 7 7 1 ltltl 11 8 0 48 7 -a HtL"" 16, -1 0 0 30 -22• 
2 80 5 3 2 0 39 -11• 1 82 5 -1 1 92 10 2 1 92 5 17 
3 80 5 5 3 17 27 -12* 2 103 5 -2 2 91 5 -6 2 113 9 5 
It 25 26 -1• It 89 6 2 3 84 lit 1 3 81 6 2 3 39 lit -5 
5 127 7 5 5 32 15 27 It 177 6 -3 It 74 6 0 HeL= n, -6 

H,L= l'tt It HeL= 15, -3 HtL= 15, 6 5 36 12 6 1 38 10 17 
0 55 6 It 0 44 6 1 1 56 8 0 H,L= 16, 0 2 130 7 -6 
1 31 11 -3 1 190 6 3 2 63 9 It 0 It 21 -3• 3 148 5 1 
2 37 9 10 2 143 lit -7 3 50 8 lit 1 168 ltlt -30 Htl=- n, -5 
3 58 6 -i 3 165 7 -6 Htl= 15, 7 2 o 55 -22• 0 30 11 10 
It 41 17 -3 It 0 27 -18* 0 74 12 12 3 181 7 2 1 21 24 2* 
5 77 7 9 5 25 45 9* 1 22 41 a• It 39 21 10 2 79 7 -3 

HtL= lltt 5 H,L= 15, -2 2 52 8 5 5144 5 -It 3 0 27 -7• 
1 103 5 -1 1 221 6 13 3 0 za -25* H,L= 16, 1 It 56 9 -2 
2 30 36 6* 2 91 7 -1 HtL= 15, 8 1 0365-134* H,L= n, -It 

3 175 6 1 3 21 26 -10• 1 138 9 -2 2 27 32 o• 1 164 5 -3 
It 63 7 15 It 182 6 2 2 12 28 -16• 3 130 5 2 2 35 12 13 

HtL= lit, 6 5 0 57 -12* H,L= 16, -9 4 47 13 10 3 88 6 -13 
0 101 5 2 HeL= 1St -1 1 64 20 -2 5 0 43 -6• 4 78 5 10 
1 35 13 6 0 33 9 -2 H,L• 16, -a H,l= 16, 2 H,L .. n, -3 
2 0 32 -20• 1 309 9 22 0 0 27 -3• 0111 It 9 0 35 11 -It 
3 79 6 -13 2 141 6 -7 1 59 10 3 1 78153 -37* 1 83 7 -5 
It 44 10 10 3 33 10 8 2 101 6 7 2 146 46 -13 2 307 9 -4 

HeL= lit, 7 It 370 10 -2 HeL'"' 16, -7 3 19 36 10• 3 65 7 8 
1 73 20 8 5 0 34 -a• 1 96 5 -1 4 10 27 2• It 207 8 It 
2 128 5. -3 HeL= 15, 0 2 ItO 9 22 5 29 31 2* H,L= n, -2 
3 102 6 -It 1 479 17 2 3 121 11 -6 Hel= 16, 3 1 46 13 -2 

HeL= 14, 8 2 0 48 -35* HeL= 16, -6 1 67 13 -14 2 60 8 -a 
0 424 11 -11 3 25 29 -10• 0 so 7 -6 2 223 6 0 3 133 5 0 
1 38 15 -16 It 0 33 -16* 1 35 43 34* 3 134 5 1 It 48 9 8 
2 83 13 10 5 35 lit -2 2 0 26 -3• It 53 8 2 5 0 28 -9• 

HeL= 15, -9 HtL= 15, 1 3 260 7 0 Hel= 16, It HeL= n, -1 
0 0 51 -13• 0 21 34 1• It 21 28 n• 0 Sit 7 -5 0 0 31 -14* 
1 241 8 -It 1 237 66 -24 HeL= 16, -5 1 57 8 It 1 88 5 It 
2 121 7 5 2 32 9 19 1 10 6 -8 2 92 s -1 2 43 7 16 

Htl= 15, -8 3 170 9 -8 2 125 5 -5 3 0 25 -35* 3 148 7 -3 
1 256 7 8 It 49 25 8 3 144 5 -7 It 0 43 -2• It 129 5 1 
2 33 34 -3• 5 37 15 1 It 50 10 It Hel= 16, 5 5 . 38 25 26 
3 31 22 2 HeL= 15, 2 HeL= 16, -4 1 75 6 -It H,L::a 17, 0 

HtL= 15, -7 1 555 lit 17 0 225 6 -4 2 90 s -10 1 169 15 -22 
0 lit 33 -6• 2 0110 -19* 1 52 32 -6 3 0 27 -lit* 2 126 15 -7 
1 207 6 7 3 33 19 0 2 0 24 -6• It 37 12 34 3 90 15 -9 
2 150 6 1 It 199 6 -s 3 110 s 1 HeL=- 16, 6 4 52 9 -7 
3 54 41 -3 5 27 27 -3• It 19 35 -6• 0 435 12 9 5 42 10 26 
4 31 22 -6 H,L= 15, 3 H,L= 16, -3 1 42 10 7 H,L..,. '17, 1 

H,L= 15, -6 0 81 5 -2 1 69 5 5 2 98 6 10 0 28 17 -10 
1 15 25 9* 1 198 6 3 2 404 11 3 3 77 15 17 1 017G-110* 
2 18 25 ,.. 2 157 5 7 3 191 6 -10 H,l .. 16, 7 2 0109 -1• 
3 74 8 -5 3 16 26 -5• It 53 8 -3 1 33 15 -12 3 0 27 -16* 
It 93 5 -2 It 79 s -7 5 63 8 2 2 57 8 2 It 107 7 -a 

·' 
:::: 
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OBSERVED STRUCTU.,RES FACTORS (CONTI FOR 
THE NORBORNANE-LACTONE COMPOUND 

K FOB SG. OEL- K F·oa SG DEL K FOB SG DEL . K FOB SG DEL K FOB SG DEL 
5 o 31:·-12• HtL= 18t -2 0 49 9 11 1 65 11 1 0 0 36 -9* 

HtL• 17-. 2 0 30D 8 9 1 266 8 6 HtL• 20t -6 1 31 2~ -14 
1 0 30 -31* 1 0 30 -16* 2 13 27 o• 0 34 14 -17 2 23 30 -15* 
2 0122-110* 2 56 6 .-8 3 76 6 3 1 o 41 -n• HtL= 21, -4 
3 34 22 -14 3 168 5 -1 HtL= 19, -4 2 87 6 1 1 160 1 -13 
4 15 28 -13* 4 - 28 18 10 1 77 15 4 H,L,. 20, -5 2 51 1 16 

HeL• 17. 3 HtL= 18, -1 2 98 8 -6 1 56 14 -11 HeL= 21t -3 
0 42 9 2 1 73 5 -o 3 93 6 -1 2 14 43 -5• 0 44 12 22 
1 203 6 -5 2 60 37 -5 HeL• 19, -3 3 68 8 8 1 282 9 1 
2 114 6 8 3 254 1 -4 0 21 25 1()(1 HtL'"' 20, -4 2 56 10 -11 
3 97 8 1 ~ 0 47 -290 1 38 14 17 0 156 5 -5 3 50 13 -10 
4 30 37 -5• HeL"" 18, 0 2 60 9 -1 1 74 1 -14 HtL• 21, -2 

HeL'"' 17. 4 0 141 6 4 3 128 5 -1 2 16 27 -a•· 1 32 15 -1 
1 106 4 3 1 0 59 -15* 4 75 8 -4 3 158 6 -4 2 80 6 6 
2 58 8 -2 2 211 7 -1 HeL= 19, -2 HtL= 20t -3 3 0 39 -19* 
3 41 12 18 3 173 5 1 1 94 9 3 1 66 17 -1 HeL• 21, -1 

.4 17 28 6* 4 12 27 It* 2 97 13 -4 2 143 8 -3 0 25 26 2* 
HeL= 17t 5 HtL= 18t 1 3 22 37 -6• 3 20 30 4* 1 98 8 1 

0 39 12 -2 1 0159 -230 4 53 10. 0 HtL• 20. -2 2 58 8 8 
1 175 6 1 2 164 24 -13 HtL= 19t -1 0 116 5 -4 3 u 45 -u• 
2 25 28 -s• 3 41 11 -9 0 21 25 -3• 1 89 5 -5 HtL= 21, 0 
3 108 1 6 4 0 32 -20* 1 120 6 1 2 148 6 -1 1 0 28 -25• 

HtL• 17. 6 H,L:o: 18t 2 2111 5 -6 3 67 10 -1 2 28 38 4* 
1 57 11 10 0 413 11 -9 3 106 17 -3 HtL= 20, -1 3 0 28 -12* 
2 93 6 -4 1 0217 -89* 4 37 26 5 1 0 28 -27* HtL• 21, 1 
3 57 8 6 2 107 39 -39 HeL= 191 0 2 59 1 13 0 67 9 .It 

HeL= 17, 1 3 26 35 130 1 245 1 -1 3 56 23 -2 1 9 37 -46* 
0 37 20 -11 4 41 45 3* 2 174 8 -6 4 34 14 12 2 0 66 -to• 
1 0 28 -a• HeL=- 18, 3 3 31 44 -240 HtL• 20t 0 3 46 12 -3 
2 43 11 8 1 . 16 28 -25* 4 104 5 -6 0 88 1 0 HeL• 21 1 2 

HtL• 18, -8 2 104 5 0 HeL'"' 19, 1 1. 45 67 -22• 1 141 9 -26 
0 116 11 9 3 0 28 -60 0 51 1 -5 2 129 21 -6 2 0180 -94* 
1 14 40 -1• 4 17 23 9* 1 119 31 -25 3 37 11 22 3 40 46 -21• 
HtL• 18, -7 HeL=- lBt 4 2 68 76 -380 4 51 11 -6 HeL• 21, 3 

1 0 28 -22* 0 162 5 -2 3 0 28 -1• HeL• 20, 1 0 1 29 1* 
2 178 6 9 1 11 26 -so 4 34 16 -6 1 0 93 -66* 1 127 13 5 

Hel= 18t -6 2 184 9 6 Htl=- 19, 2 2 84 15 -16 2 0 93 -a• 
0 71 6 18 3 92 5 13 1 233 38 -34 3 71 16 -1 Hel• 21, 4 
1 46 14 11 HtL= 18, 5 2 0129 -51* HtL= 20, 2 1 108 6 -9 
2 78 13 -12 1 0 31 -24* 3 33 17 19 0 0 46--24* 2 51 24 2 
3 0 37 -14* 2 111 7 -3 4 128 5 -6 1 0448 -33* HtL= 21, 5 

HtL= 18, -5 3 161 6 9 HeL= 19, 3 2 136 54 -46 0 40 10 20 
1 82 16 -4 HeL= 18, 6 0 10 37 40 3 0 62 -36* HtL• 22, -5 
2 91 10 -8 0 32 32 -10 1 189 7 -2 HtL= 20, 3 1 46 33 -6 
3 132 5 8 1 0 28 -23* 2 74 23 -15 1 0 48 -a• HtL= 22, -4 
4 0 28 -3• 2 73 7 -12 3 93 12 -10 2 0 95 -11* 0 68 13 -5 

HtL• 18t -4 HeL= 18, 7 H,L= 19, 4 3 104 11 -18 1 37 16 -22 
0 162 5 -11 1 0 29 -o• 1 48 9 4 HtL= 20, 4 2 69 8 -9 
1 78 5 2 HeL= 19, -7 2 153 10 -2 0 53 11 3 HtL= 22, -3 
2 89 6 -4 0 62 9 8 3 40 10 21 1 33 34 -12* 1 40 56 -30* I. 

3 0 29 -23* 1 129 6 -5 H,L• 19, 5 2 132 6 -1 2 34 13 19 
4 32 40 -7• 2 153 6 6 0 12 59 -390 HtL= 20, 5 HtL• 22, -2 

HtL= 18, -3 HeL= 19t -6 1 203 6 1 1 0 44 -5• 0 270 7 4 
1 12 24 -o• 1 69 13 2 2 31 40 -9• 2 19 34 10• 1 o 32 -to• 
2 149 6 -4 2 24 32 s• HtL• 19, 6 HtL=- 21, -6 2 " 11 -11 
3 267 11 -2 3 58 6 4 1 61 9 1 1 0 29 -13• HeL• 22, -1 
4 45 10 -1 HeL• 19t -5 HtL• 20, -7 HeL= 2lt -5 1 0 ~1 -51• 
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OBSERVED STRUCTURES FACTORS ICONT) FOR 
THE NOR60RNANE-LACTONE COMPOUND 
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K FOB SG DEL K FOB SG DEL K FOB SG DEL 
.2 .. 72 11 -2 

H,La zz., 0 
0 355 10 -10 
1 33 15 13 
2 16 32 a• 

HtL• 22, 1 
1 0 30 -15* 
2 129 12 -19 

HtL• Z2,. 2 
0 122 5 6 
1 OZ1a -60• 
2 0 93 -12• 

HtL• zz, 3 
1 o M -oo• 

HtL= zz., .,. 
0 50 9 6 

HtL• 23, _.,. 
1 63 8 -6 

HtL• ZJ,. -3 
0 0 31 -7• 
1 101 5 2 

HtL• 23, -2 
1 16.,. 6 -7 
2 49 19 -6 
Htl• 23, -1 

0 48 so 19* 
1 169 6 8 
2 80 1 -a 

HtL• Zlt . 0 
1 91 6 1 
2 66 8 -6 

HtL= 23, 1 
0 46 12 -3 
1 35 Z4 23 

HtL:a 23,. 2 
r · o 61 _.,.s• 

HtL• Z4, -2 
0 95 6 -3 

HtL• Z4,. 0 
0 60 30 -14 

LBL-1696 

K FOB SG DEL K FOB SG DEL 
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Figure Captions 
I 

Fig. 1. Schematic diagram of the two asymmetric molecules of the norbornane 

derivative. 

Fig. 2. Perspective view of one molecule :w:tth 50% probability thermal 

ellipSoids. For hydrogen atoms an arbitrary temperature parameter 

of 1.oA
2 was given. 

Fig. 3. Stereoscopic pair of a unit cell. The view direction is along the 

monoclinic b axis. 
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Fig• 3 
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r-----------------LEGALNOTICE------------------~ 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Atomic Energy Commission, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any 

·information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights. 
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