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. ’ *
Structure of 5-Hydroxy-2,3-Norbornane Dicarboxylic Acid y-Lactone, Cgﬁlooh
By Gervais Chapuis, Allan Zalkin and David H. Templeton

Lawrence Berkeley Ldboratory and Department of Chemistry

University of California, Berkeley, California 94720 U.S.A.

May 1973
Abstract
Crystals of this norbornane derivative, C9H100h are monoclinic, space
group P2./n; a = 22.421(8), b = 6.685(2), ¢ = 10.914(k) A, B = 9k.3k(5)°,

3

Z =8, Dx = 1.483 g.cm . The two molecules of the asymmetric unit are

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

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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Introductlon

L N T T v

iRecently Koshland and coworkers (1971) streSsed,the'importance of
orientation factors to chemical reaction velocities with sﬁecial reference
to the catalytic power of enzymes. To explore this hypqthésis, they studied
the relative vélbcities of some intramolecular lactoniiatiou, using norbornane
derivatives which provides a rigid geometrical frame (Storm & Koshland, 1972).
This crystallographic study was undertaken for one of fhese compounds to
obtain an accurate description of its molecﬁlai geometry;' The crystals were
kindly supplied to ﬁs by Prof. D. E. Koshland and D. Haékney.

A prellmlnary photographlc study of a crystal w1th dimensions
0.2 X 0.5 x 0. 7 mn showed the Laue symmetry 2/m and the diffracting conditions
h+ £ = 2n for (hO%) and k = 2n for (0kO) reflections, leading to space group
P21/n. Lattice parameters were determined by a leastQSquares refinement
procedure'using-the setting angles of 12 reflections withinvthe range
40° < 26 < hh°;.thé temperature was =~ 23°. The intensities were measured
with an automatic PICKER FACS I diffractometer using graphite monochromatized
Mo K radiation (A = 0.70926 A) and a 6-26 scan technique.r_v One half of the
reciprocal sphere was measured.inbthe range 3° < 20 < hSo.' A total of 2143
unique reflections were 9btained,>of which 1667 with I >,6'(I) were used fbr
the least-squafes refinemeﬁts. Absorption was small, pMo‘Kd= 0.73 cmfl, and
no correction was necessary. The crystal structure was 501ved by direct
methods using the MULTAN program (Germain, Main & Woolfsop,'1971) and refined:

by our full-matrix least-squares. The final residual valﬁés obtained were

= zlAFI/leol = 0.042 and R, = [5w]aF|?/zulF_|211/2 = 0.0L42 vhere w = 1/0°(F)

v
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for all datas with I > U(I), otherwise w = O; for all the.data Rl 0.065,
The scattefing 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 et al., 1972) has been used in connection with the
hydrogen scattering factor given by Stewart, Davidson & Simpson (1965).

A list of the structire factor is given in Table L.

Results and Discussion

VY N VY T VR Wy

‘The final parameters are given in Table 1. Thé numbering of the atoms
is given on the schematic diégraﬁ 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 (noR)
for which h # 2n and % # 2n are a measure of the departure from a true centef
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 angleé. 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)=c(9), c(11)-c(1T7), c(12)-c(18)
are due to a delocalization of unsaturation from the carbonyl groups. The
bond angles (C(1)-C(T7)-C(L4) [c{10)-c(13)-C(16) for the second molecule] and

c(3)-c(4)-c(5) [c(12)-c(13)-C(1k4)] 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 CH1 1NZ, 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.
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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

A, The temperature factor is exp(-T), where

=
1

= - 1/h E h. thlja aJ for the anisotropic case and

—BsinQG/)\2 for the isotropic case.

=
]




ATOM
ctu
c2)
ci3)
ct4)
c(5)
cl6)
e
c(a)
c(9)
C(10)
cl1l)
c(12)
c(13)
c{14)
c(1s)
ci16)
ca1n
c(18)
0(1)
0(2)
0(3)
0(4)
0(5)
0(6)
otn
0(8)
H(1)
H(2)
H(3)
H{4)
H{5)
H(6)

H(T)

H{8)

H(9)

H(10}
H(11)
H(12}
H(13)
H{14)
H(15)
H(16)
H{17)
H{18)
H(19)
H(20)

X
«33411(1)
«3444(1)
«4130(1)
«4335(1)
«4164(1)
«3491(1)
«3880(1)

«304141)

«4256(1)
«1628(1)
«1511(1)
.0836(1)
«0637(1}
«0854(1)
«1521(1)
«1071(1}
«1935(1}
«0743(1)
22727019}
«29959(8)
428761 T)
«4329419)
«2250119)
+198621(8)
«074981(8)
«06579(9)
«291(1)
+338(1)

. «4331(1)

«477(1)
«441(1)
«342(1)
«325(1)
«392(1)
+388(1)

T «243(2)

+205(1)
«1555(9)
«062(1)
-018(1)
«062(1)
«180(1)
«158(1)
«103(1)
«105(1)
+252(1)

Y
247304}
«4689(4)
«4954(4)
«2774(4)
«2503(4)
«2076(5)
«1516(5}
«6165( 4)
«5873(4)
«3509(4)
«127444)
«1046(4)
«3230{4)
«3583(4)
«3997(5)
«4424(5)

—«0154(4)
«0205(5)
«7245(3)
«6370(3)
«4420(3)
-7602(3)
«8T777(3)

-.032213)
.1702(3)

—«15001(3)
«194(3)
«479(3)
«5811(3)
«250(3)
«144(3)
«053(4)
«296(4)

<«002(4)
-1781(3)
«814(5)
«398(4)
«105(3)
«017(3)
«342(3)
«470(4)
«318(4)
*554({5)
<4060 4)
«600{4)
«784(4)

Table 1

z
«1160(2)
«152112)
«1365(2)
«1255(2)

—«0114(2)
-.0160(2)
-1871(3)
«0848(2)
«01621(2)
+8748(2)
«8453(2)
«8694(2)
«8791(2)
1.0130(2)
1.0081(2)
«8079(3)
«9124(2)
«9941(2)
«1568(2)
-.0263(2)
-« 0690(1)
~-.0088(2)
«8408(2)
1.0233(2)
1.0762(1)
1.0223(2)
«14202)
«246(2)
«209(2)
-15012)
=e057(2)
-+037(2)
-«085(2)
«169(2)
«281(2)
«100(3)
«845(2)
«754(2)
«801(2)
«858(2)
1.060(2)
1.078(2)
1.024(2)
«7101{2)
«825(2)
«897(3)

811
2.6(1)
2.7(1)
246101}
2.2(1)
3.3(1)
3.3(1)
4.1(2}
2.2{1)
2.0(1)
2.91(1)
2.9(1)
2.2(1)
2.5(1)
3.4(1)
3.4(2)
4.5(2)
2.2(1)
2.01(1)
4.4(1)
4.1(1)
3.52(9)
3.941)
4.7(1)
4.2(1}
3.46(9)
4a1(1)
3.1(5)
2.4(5)
245(5)
2.616)
2.1(5)
3.4106)
4.3106)
4.1(7)
2.7(5)
6.2(8)
4.0(6)
2.0(5}
2.2(5)
3.116)
3.0(5)
3.3(5)
4.6(7)
3.74(6)
2.816)
5.9(8)

B22
3.4(1)
3.7M1)
3.0(1)
3.6(1)
2.8(1)
3.4(1)
3.5(2)
3.3(1)
3.1(1)
3.8(2)
3.9(1)
3.4(1)
3.5(1)
3.2(1)
3.1(1)
3.3(2)
3.5(1)
3.611)
5.5(1)
5.7(1)
3.40(9)
3.2(1)
5.4(1)
5.4(1)
4.7(1)
4.0(1)

833
3.6(1)
2.1(1)
2.2(1)
2.8(1)
2.8(1)
3.5(1)
2.9(1)
3.01(1)
3.2(1)
3.6(1)
2.0(1)
2.T(1)
2.7(1)
2.7(1)
3.8(1)
3.4(1)
3.0(1}
3.8(1)
3.27(9)
2491(9)
2.5617)
5.6(1)
3.27(9)
3.03(9)
2.70(8)
6.5(1)

812
-a4(1)
«4(1)
—«04(9)
-5(1)
«5(1)

S =e3(1)

sy
«08(9)
«6(1)
-e2(1)
_e3(1)
-.1{1}
«7(1)
“e6(1)
—-e2{1)
«5(1)
-s0(1)
-e1l(1)
2.19(9)
2.2918)
«25(7})
«191(8)
2.361(9)
2.27(8)
«241(8)
~e48(9)

T3

813
«6(1)
«64(9)
«03(9)
—-«12(9)
«5(1)
-3(1)
«5(1)
«5(1)
«35(9)
-8(1)
«47(9])
~e47(9)
-«10(9)
«46(9)
-<4(1)
«5(1)
«6(1)
-08(9)
«71(8)
«64(7)
«7516)
+95(7)
«78(8)
<2717}
«72(6)
«45(8)

823
-3(1)
«1(1)
~«17(9}
«29(9)
-.0(1)
—e4(1l)
«5(1)
—«2(1)
«2(1)
«3(1}
-e2{1}
—e4{l)
-11{1)
-0(1}
—e4(1l}
«5(1)
—«5(1)
«6(1)
—+30(8)
«39(7)
«36(7)
«91(8)
-<23(8}
-« 15(7}
<431(8)
1.85(9)

969T~14d1



Table 2. Bond Length (in A).

LBL—1696_

ATOMS MOLECULE 1 ATOMS MOLECULE 2
c(1) - c(2) 1.546(L) ¢(10) - c(11) 1.547(3)
c(1) - c(6) - 1.528(3) c(10) - c(15) 1.528(3)
c(1) - c(7)y 1.528(L) c(10) - c(16) 1.528(k)
c(2) - c(3) 1.569(3) c(11) - c(12) 1.56L4(3)
c(2) - c(8) 1.493(3) c(11) - c(17) 1.498(3)
c(3) - c(l) 1.537(3) c(12) - c(13) 1.533(3)
c(3) - ¢(9) 1.496(3) c(12) - c(18) 1.501(3)
c(k) - c(5) ©1.525(3) c(13) - c(1k) 1.524(3)
c(l) - c(T7) 1.519(k) c(13) - c(16) '1.518(L4)
c(5) - c(6) 1.533(L) c(14) - c(15) 1.525(4)
0(1) - c(8) 1.311(3) o(5) - c(a7) 1.305(3)
0(2) - ¢(8) 1.217(2) o(6) - c(17) 1.213(3)
0(3) - c(5) 1.463(3) o(7) - c(1k) 1.462(3)
0(3) - ¢(9) 1.350(3) o(7) - c(18) 1.342(3)
a(k) - c(9) 1.202(3) 0(8) - c(18) 1.200(3)
c(1) - H(1) 1.09(2) ¢(10) - m(11) 1.06(3)
c(2) - H(2) 1.05(2) c(11) - H(12) S 1.02(2)
c(3) - H(3) - 1.05(2) c(12) - H(13) 1.03(2)
c(k) - H(L) 1.01(2) c(13) - H(1k) 1.03(2)
c(5) - H(5) 1.05(2) c(1k) - H(15) 1.06(2)
c(6) - H(6) 1.07(3) c(15) - H(16) 1.10(2)
c(6) - u(T) 1.07(2) c(15) - H(1T) 1.05(3)

(1) - H(8) 1.05(3) c(16) - H(18) 1.09(2)
c(7) - H(9) 1.0k(2) c(16). - H(19) 1.07(2)
0(1) - H(10) 1.06(3) o(5) - H(20) 1.04(3)

0(1)...0(6) 2.676(3)
0(2)...0(5) 2.669(3)
o(2)...H(20) 1.63(3)
o(6)...H(10) 1.62(3)
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Table 3. Bond Angles (In Degrees).
Molecule 1 " liolecule 2
c(2) - c(1) - c(6) 111.6(2) c(1l) - c(10) - ¢(15)  111.6(2)
c(e2) -.c(1) - c(7M) 100.0(2) ‘ c(11) - ¢(10) - c(16) 99.6(2)
c(6) - c(1) - c(T1) 100.6(2) c(15) - c(10) - c(16) 100.8(2)
c(1) - c(2) - c(3) 102.1(2) C(10) - ¢(11) - c(12) 102.2(2)
c(1) - c(2) - ¢(8) 115.7(2) c(10) - ¢(11) - c(17) 115.0(2)
c(3) - c(2) - c(8) 115.7(2) c(12) - c(11) - c(17) 116.3(2)
c(2) - ¢(3) - c(k) 101.8(2) c(11) - c(12) - ¢c(13) 102.1(2)
c(2) - c(3) - c(9)  113.2(2) c(11) - c(12) - c(18) 113.0(2)
c(k) - c(3) - ¢c(9) 104.1(2) c(13) - c(12) - ¢(18) 103.5(2)
c(3) - c(4) - ¢(5) 97.7(2) c(12) - c(13) - c(14) 98.1(2)
c(3) - c(k) - c(7) 105.9(2) c(12) - ¢(13) - c(16) 105.3(2)
c(5) - c(4) - c(7) 103.9(2) c(1k) - c(13) - c(16) 103.8(2)
c(4) - c(5) - c(6) 103.2(2) c(13) - ¢(14) - c(15) 103.8(2)
c(4) - c(5) - o(3) 106.0(2) c(13) - c(1k) - o(7). 105.5(2)
c(6) - c(5) - 0o(3) 111.5(2) c(15) - c(14) - o(7) 111.4(2)
©c(1) - c(6) - c(5) 102.9(2) c(10) - ¢(15) - c(1k)  102.7(2)
c(1) - c(7) - c(k) 94.3(2) c(10) - c(16) - c(13) 94.5(2)
c(2) - ¢c(8) - o(1) 113.6(2) c(11) - ¢(17) - o(5) 114.1(2)
c(2) - ¢(8) - o(2) 12k.5(2) c(11) - ¢(17) - ofo) 123.7(2)
o(1) - ¢(8) - o(2) 121.9(2) o(5) - c(11) - o(6) 122.2(2)
c(3) - ¢(y) - o(3) 109.4(2) c(12) - c(18) - o(T) 109.3(2) -
c(3) - c(9) - o(k) 129.2(2) c(12) - ¢c(18) - 0o(8) 128.6(2)
0(3) - c(9) - o(k) 121.4(2) o(7) - c(18) - 0o(8) 122.1{(2)

==
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: vTable L .
OBSERVED STRUCTURE FACTORS, STANDARD DEVIATIONS, AND DIFFERENCES (X10.0) FOR
THE NORBORNANEfLACTONE COMPOUND F(0,0,0) = 7680

1

FOB AND FCA ARE THE OBSERVED AND CALCULATED STRUCTURE FACTORS.
SG = ESTIMATED STANDARD DEVIATION OF FOBe. DEL = /FOB/ - /FCA/«
& INDICATES ZERO WEIGHTED DATA. Co

. FOB SG DEL K FO8 SG DEL K FO8 SG DEL

K FOB SG DEL K FOB SG DEL K
Het= 0o O 2179 6 0 2 88 4 -0 - Hel= 1, 1 5 0 53 -17#
2188 5 -3 3 3 7 -3 3180 &6 -3 0109 -11% Hol= 1, 8
4 56 4 4 4 7810 -3 4 99 6 -5 291 8 2 1 81 4 3
6 10 27 9¢ 5105 5 -1 5 12 26 1* 636 16 =20 2176 6 -11
Hel= 0, 1 Hel= 0o 8 6 61 8 -12 172 5 1 3 3313 -3

743 19 13 4 125 ‘5 3
43 8 4 5 11 a8 4%
240 7 1 Hol= 9
028 ~-9% 0 16 24 —-2]1%
Hel= 1y 2 1 0 25 -8¢
915 23 -54 2 58 6 16
32 5 8 3 110 10 5
128 4 -2 4 253 8 6
250 7 -6 Hel= 1, 10

420 11 17 Hel= 14 =5
83 4 -4 0 50 6 -5
188 5 3 1652 17 18

1195 8 -22 0
1
2
4 120 5 2 3150 5 4 2 508 13 -6
4
5

2 505 l4 -21

103 9 -1 3 60 5 1
56 12 5 4 334 9 1
T 42 7T -6 Hel= Oy 9 5 3016 -6
Hel= 0, 2 1 25 27 1* 6 51 7 S
02060 52 -7 2 352 10 3 Hel= 19 -4

0
1
2
3
4
5
6
7
1
2
3
%
1 148 6 -10 3 201 6 -9 1 96 6 2 5 1325 ~-9% 1 154 6 -1
2163 5 3 4 48 7 1 2110 4 -2 6 102 7 -5 2 0 33 —-19%
3333 9 10 Hel= 0, 10 3 93 4 -5 7 21 28 -13% 3 62 11 -6
. 4 49 8 1 0 64 5 (1) 4 194 7 2 Hel= 1y 3 Hol= 1,y 11
5 27 9 =5 1 5113 2 S 47 12 40 0 92 5 -0 0 0 41 -29%
6 47 12 6 2 49 16 -9 6 97 9 -0 1115 3 7 1 96 5 7
T 35 20 15 3 3218 -8 Hel= 14 -3 2 401 10 -10 2 22 28 4%
Het= 0, 3 - Hebk= 0y 11 0 026 -6% 3 34 9 4 Hel= 2,-11
1119 4 5 1 54 7 3 1144 5 2 4 16 21 4% 1 58 7 6
2 132 6 -10 2 123 4 8 2217 1 -1 5 68 18 18 2 150 5 5
3 338 9 -5 “Hol=  1y~-11 3 426 11 0 6 229 6 1] Hol= 2,-10
4 23 9 3 0 3234 11%= 4 74 7 4 Hel= 1y 4 0131 5 -3
5 466 13 -5 1 85 9 =6 5 0 25 -14% 1 342 9 11 1 68 8 -1
6 33 8 7 2 156 7 (4] 6 125 5 1 2 33 6 7T 2 74 6 -4
Hel= 0y 4 Hsl= 19-10 Hol= 1,4 -2 3 118 4 3 3105 9 -3
0 107 8 8 1. 56 10 4 1142 6 -0 4 295 8 -0 Hol= 24, -9
1 39 4 0 2 0 28 -15¢« 2 57 3 -4 5 3411 14 1 115 4 1]
2 96 6 -3 3 51 1 28 3 69 4 S 6 2339 15¢ 2 139 5 <=2
3258 7 0 Hol= 1y -9 4 212 6 4 Het= 1, S 3134 5 -6
4 022 -7« 0 39 8 0 5 27 20 20 0 43 5 -5 4 63 11 9
5 33 10 9 1267 8 -13 6112 5 2 1 234 6 1l Hol= 2, -8
6 771 5 5 2 342 9 -0 T 24 28 23% 2 226 7 -3 0 91 4 -11
Hel= 0, 5 3 3513 3 Hol= 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 2153 S5 =2
2 174 5 -4 Hel= 1y -8 1 784 20 =53 S 0 33 ~28¢ 3 331 9 ~-12
3 40 10 5 1 2129 5%« 2 72 4 -9 6 0 36 -10% 4 63 7T 13
4 201 o 2 2 41 8 8 3 64 4 2 Hel= 1le 6 5192 7T =2
5 163 5 -3 3 221 6 3 4 157 6 0 1346 9 8 Hel= 24 =7
6 51 6 -2 ¢ 171 7 1 5 26 12 12 225 T -4 1 0 21 -8=*
Hel= 0, 6 5 28 24 24 6 243 T -4 3 56 5 -4 2221 6 -3
0 917 24 4 Hebl= 1y -7 7 16 30 —-2¢ 4 0 31 -20% 3 317 9 -1
1 61 4 3 0 48 6 -1 Hel= 1, O 5 43 9 32 4 0 38 5=
2 114 4 4 1 96 4 4 1 932 24 -38 6 0 30 -30% S5 31 32 14%
3 48 5 -] 2 313 8 -2 2 44 1T -9 Hel= 1y 7 Hel= 24 -6
4 32 16 20 3126 9 2 3276 T -2 (o] 030 -~1* 0 723 19 28
5 280 8 4 4 220 6 -7 4 259 8 -5 1 88 4 -0 1 76 4 2
6 48 10 15 S 43 10 1 5 024 —-4% 2 56 5 2 2126 4 =2
Hel= 0, 7 Hel= 1y -6 6 81 6 -6 3 3410 3 3170 5 -4
1 21 22 13*%* 1269 7 6 7 19 35 —-11*% 4 250 8 -4 4 101 4 -6

fe
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OBSERVED STRUCTURES FACTORS (CONT) FOR
THE NORBORNANE-LACTONE COMPOUND

K FOB SG DEL K F0OB8 SG DEL K FOB SG DEL K FOB
5 91 7 10 7 771 12 1 4 47 13 -5 6 146

6 24 42 9% - Hel= 2y 2 Hel= 2, 10 Hel=
‘Hel= 24 -5 01782 45 -8 0100 8 -8 0

1 77 4 7 1 256 7 -11 1 98 6 3  §

2 760 20 4 2 244 6 10 2 6115 -0 2

3 186 5 3 3200 5 1 3113 5 -5 3 60

4 &2 6 7 4 66 4 1 Hel= 2, 11 4

5 31 35 21* 5160 6 -4 1 31 33 -13¢ 5

6 9 29 ~-15% 6 0 43 -12¢ 2 54 18 -0 6
Hel= 29 -4 7 58 9 -2 Hel= 3,.-11 Hel=

01619 41 -9 "Hel= 2, 3 0 028 -0% 1 260
1 20 31 1* 1 141 4 -1 1 0 48 -13% 2 401

2180 5 -5 2412 10 -6 2 719 6 8 3 443
3 28 7 15 3 70 4 4 Hel= 3,-10 4 263

4 54 6 4 4 41 7 -11 1195 7 -1 5 o
5 215 6 -2 5 103 4 -4 2 41 20 11 6. 182
6 0 31 -21* 6 110 5 -4 3 0 39 -24% 7 25
Hol= 2¢ -3 Hel= 24 4 Hol = 3, -9 Hol =

1 156 5 -5 0 852 22 130 0 31 11 1 0 10
2 446 11 -0 1116 4 -1 1 6917 -7 1 878
3 54 15 -0 2252 1 =2 2 93 5 10 2 472
4 57 5 -7 3100 5 -2 3158 6 -3 3 126
5 74 11 -6 4115 6 4 4 8l 6 3 4 3
6 40 9 29 5123 6 -1 Hel= 3, -8 5 30
Hel= 25 =2 6 85 6 7 1233 7 1 6 140
0 943 24 -50 Hel= 24 5 2 0 25 -13¢ 7T 22
1 73 12 -10 1138 4 -2 3103 6 -7 Hol=
2 432 11 1 2 156 4 1 4 195 6 -16 1 378
3 414 11 -7 3 239 7 2 5 36 38 9¢ 2 90
4 025 -1* 4 31 11 19 Hol= 34 -7 3 213
5153 7 8 5249 7T 4 ] 0 22 -21% 4 105
6 771 5 9 6 0 32 -30%¢ 1 130 4 T 5 15
7 0 35 -25% Hebl= 2, 6 2 37 28 10 6 80
Hol= 2, -1 0 969 25 21 3222 1T -% 7 92
1 3643 -3¢ 1 72 7 8 4 139 5 -1 Hsl=
2 512 13 =25 2143 7T -4 S5 42 29 41 0 18
3 26T T -2 3108 4 -4 Hel= 34 -6 11217
4 61 7T 2 4 4510 -6 1 717 4 | 2 488
S 70 4 =3 S 90 5 (V] 2 78 4 -1 3 459
6 81 8 1 6 0 46 -21% 3 54 5 6 4 28
7 0 29 ~13= Hel= 2o, 7 4 179 5 ~-10 5 37
Hel= 24 O 1 33 35 27« 5 30 25 15 6 89
0 104 35 10 2104 9 -2 6 34 13 16 T 18
1 339 9 -15 3 65 T =6 Hel= 34 =5 He L=
2 141 4 6 4 182 8 8 0 28 24 =3 1 280
3 455 12 6 5 34 13 16 1165 5 o 2 358
4 84 4 3 Het= 2, 8 2 302 8 6 3 207
5 246 7 1 0 39 10 13 3 771 6 2 4 0
6 40 18 33 1 023 ~4% 4 196 &6 -9 5 37
7 90 9 7 2 18 27 4« S5 35 38 21% 6 100
Hel= 2o 1 3 713 8 -11 6 134 5 -7 T 48
1364 9-14 & 25 29 6% Hel= 3o -4 Hel=
2 791 20 -32 S 30 18 18 1231 6 -6 0 82
3 510 13 -7 Hel= 24 9 2 208 6 =2 1 668
4 169 5 S 1 39 9 o 3 2511 4 2 166
517 5 -5 2 155 5 5 4 31 25 14 3 28
6147 5 -3 3 7411 -8 5 13 24 =3% 4 246

SG DEL
5 -4
3:"3

40 —-16%

17 -2
6 3
4 2
7 4

29 -9¢
9 -7
3, =2
7 -3

10 -6

11 -4
7 8

33 —-16%
6 =6

31 —-24%
3, -1

43 ~18%

22 =25

12 -7
4 2

28 -29%

10 11
8 2

38 ~12¢%
3, ©

10 -13
4 3
6 -4
4 =5

24 -10%
5 -5
6 15
3, 1

36 4%

31 ~-50

12 ~-14

12 X

10 -4
9 4
7 9
6 2
3, 2
8 -11
9 4
6 -1

22 -—0¥
8 6
5 5

16 19
3, 3
3 -2

17. -4
5 2
8 6
7 3

LBL-1696
X FOB SG DEL
5 38 12 5
6 4211 39
Hol= 3, 4
1194 S5 5
225 T -6
3 63 9 -7
4 126 4 -0
5 48 7 0
6 183 6 4
Hel= 3, S
0 110 4 2
1 246 7 3
2 207 6 2
3 16 26 5%
4 214 8 ) §
5 35 13 20
6 96 6 3
Hol= 3 6
1 68 7 ~-14
2 2315 10
3 40 7 -8
4 257 8 -7
5 39 9 26
6 43 16 -2
Hel= 3, 7
0 89 4 1
1 86 6 6
2 0 27 -8%
3 82 5 -0
4 481 13 4
S 9 28 -19%
Hel= 3, 8
1203 &6 -4
2133 5 2
3 25 35 8*
4 286 8 3
5 25 35 19*
Hel= 3, 9
0 34 15 -4
1 26 17 8
2 208 8 3
3 53 8 -2
4 64 6 16
Hel= 3, 10
1 365 10 -13
2 115 6 1
3 5411 -2
Hel= 3, 11
0 0 29 -17*
1 14 35 -19=*
2 57 8 S
H.L’ 4"11
1 25 30 6%
2 8412 -3
Hel= 4,4-10
0 448 12 -16
1 0 26 =-3*



OBSERVED STRUCTURES FACTORS (CONT) FOR

THE NORBORNANE—-LACTONE COMPOUND

K FOB
2 27
3 14
Hel =
1 33
2 188
3171
4 25
Hol=
284
28
152

nNeSWN~O
w
N
~

SG DEL
35 -3=
50 2%
4. -9
10 13
6 3
5 3
26 1%
4. -8
8 -5
11 16
6 3
6 4
33 -21+#
8 0
‘9 -7
4 -4
4 -10
S 2
19 -8
7 3
4. -6
6 6
8 o
T -3
9 -4
40 1=
15 5
27 16%
4y =5
16 14
6 6
4 5
28 1®
S 3
S 7
" —4
3 4
4 2
8 2
¢ =2
32 -5=
5 -3
6 6
4' -3.
4 =2
4 4
11 10
7 6
4 -1
S 4
4' -2
9 12
5 -7
7 -0
14 9
S 0
6 5

K FOB

SG DEL
13 5
8 1
4y -1
10 -19
10 ~-11
3 -0
s =3
32 12%
7 2
9 11
4y O
36 -7
11 -4
5 -4
7 2
11 =1
6 -5
38 28=
8 7
4y 1
6 -1
16 -1
10 12
4 4
6 -2
5 -3
11 32
4y 2
22 11
6 -1
10 14
4 2
6 7
7 6
14 5
4y 3
3 -1
3 3
7 -3

V] -

[

&
VMo VMSOENSIPVOPSODS
+

K FOB
‘Hel=
157

0
14
124
15
234
30
HolL=
87
64
154
91
191
Hel=
43
123
201

VMSEWNTO VSWNE OunsbwWwN+-O

. =12-

SG DEL
4y &6
6 2

23 -25%

21 11#®
4 -0

25 la=
T -7

31 6%
49 7
6 -1
7 12
6 -2
5 6
6 8
4y 8
7T 11
6 -2
8 3
5 =4

43 —4%

15 25
4 9

25 13#
5 -4

13 12

35 9%
4, 10
6 -5
5 0
7 o
9 22
4, 11

42 —l4e
5"11

34 4%
8 9
7 -1
5,-10

27 -~-1+#
9 -8

28 ~15%
5. ‘9

12 -2
5 -9

13 é
s -7

13 -15
5 -8
4 -4
6 -0

26 —-16%
7 7

40 24%
Se =7
4 -2
8 -3
5 -4

NOWVNSWN - ~NoWnMPLPWNT=O
[
N
&

SG DEL
12 26
26 ~5%
40 -5
5: -6
6 -1
6 -10
8 7
9 2
18 20
8 7
5' ‘5
4 3
s =2
6 3
8 2
5 =2
48 -3¢
7 1l
5¢ -4
13 21
6 1
8 S5
26 ~11%
42 -3
8 -9
S5, -3
4 -1
5 -3
8 4
6 2
7 =2
15. 2
8 3
5' ?Z
12 . 4
S 4
6 2
27 6%
9 7
33 -~-8*
5 -1
19 -1=*
24 -0
3 -3
8 -9
10 4
34 3=
7 8
S 7
Ss O
13 -2
6 -0
4 -0
6 -4
32 4%
27 3
8 4

LBL-1696

K FOB
Hels=
45
201
585

SOV PWUN~O
[
n
o

3 56
4 134

SG DEL
S5 1
18 2
6 4
15 15
9 -1
10 13
28 ~1=®
6 -19
6 -3
Se 2
5 1
6 4
17 o=
7 -6
12 26
6 -0
Se 3
4 2
6  §
4 -5
5 3
9 6
25 =—3%
8 -9
S¢ 4
6 -9
3 -1
3 =2
7 -3
29 25%
34 —-9%
S¢ 5
5 -2
19 0
7 7
7 -0
18 3
30 —-4%
6 -8
5 6
11 2
18 4%
4 0
5 2
31 22%
Sy 17
25 =4%
8 S
S 4
7 ) §
7 0
11 15
S5« 8
4 -1
T -7
6 -0
s =3
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OBSERVED STRUCTURES FACTORS (CONT) FOR
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THE NORBORNANE-LACTONE COMPOUND

K FOB
Hol=
0 70
1 28
2 16
3 83
4 116
Hel=
1 149
2 l44

SG DEL
5S¢ 9
5 -7

29 —~12%

46 1*
6 -5
5 =7
5 10
5 2
6 10

28 -21*
S 11

28 1%
9 10
6911

14 7

12 -7
69~10

27 -27+%

28 =22%
6 10

30 -8=*
69 -9
7 6

31 4%
6 -7

27 -—-8*
6y -8
5 -6

12 1
7 2

11 =2

-8 2
6 1
6' -7
4 -3

26 -—3%
6 -8
7T -5
9 -7
6’ -6
6 -7
4 -1
8 -6
7 11
7 -0
5 9
9 14
6y =5
9 4
6 2
4 -4

10 -11
5 -3
9 -3
69 4

16 -3=*
4 -1

- K FOB

CVMIWNFO UL WNN O
W
-
N

2 21
3 243

4 54

5 43
6 0
Hel=
1 S3
2 32
3 125
4 56
5183
6 73
Hol=
689
221
443
- 62
120
234
46
Hel=
1 145
2 112
3 8
4 31
5 68
6 152

oS WO

NS WN -
w
—
o

onPWNe-
N
wn

SG DEL
28 —-1l6%
12 12
6 3
7 16
45 -~7%
69 -3
4 2
5 1
4 1
3 3
5 1
T -16
6y =2
23 =2
6 ~-10
i1 11
3 -2
5 =2
8 0
52 17%
6y -1
6 -1
4 1
19 -3=%
10 18
6 -6
5 11
6, O
41 4
10 -5
5 =6
8 6
7 3
5 =4
35 a*
6, 1
3 2
18 9
15 2
10 =2
7 11
14 -0
6y 2
11 1
4 2
6 8
13 -5
25 19%
6 —4
28 2*
6, 3
8 2
7 -10
5 3
6 6
6 -6
7 7

K FO8
He L=
310

CnMPLPWNTO
®
-

Hol=

1 155

SG DEL
6y 4
10 19
4 =2
6 -1
3 4
5 4
16 12
38 8
6, 5
4 2
9 -3
7 9
16 -4
10 -5
29 -17%
6y 6
20 4
24 10+
4 a
10 -5
6 -3
9 15
6 7
4 2
8 2
7 (s}
6 5
7 -3
6s 8
5 4
26 =7«
5 -1
46 —~15%
18 4
6 9
6 -1
5 5
S 2
12 1
6, 10
14 =34
7 6
10 -1
30 -22%
6y 11
9 -4
7.“11
35 -18%
8 6
23 2
7,-10
6 =5
7T -3
6 1
7| -9
10 11
5 3

K FOB

3 78
4 40

Heol=
1 136
2 46
3 84
& 22
5 33

Hol=

SG DEL
30 -2%
6 1
10 5
7, -8
4 3
7 11
5 1
26 1%
41 31#*
Te =7
5 2
4 -5
5 4
25 -23¢
9 o
44 —12%
Te =6
4 4
6 -0
10 2
26 12%
48 2%
Te =5
4 -1
14 2
7 -9
6 -1
18 7
38 -7¢
6 4
7' ’4
4 -0
4 =2
4 -0
7 4
25 =5%
8 2
7' -3
19 -3%
10 9
5 =3
6 4
4 -0
8 12
9 -3
Te =2
27 4
5 1
s =5
11 5
25 =2%
6 4
Te -1
T 1
12 14
6 -3
3 -1

LBL-1696

K FOB SG DEL
4 60 S5 1
5 0 25 -23%
6 425 11 4
Hel= Te 0
11432 40 47
2120 5 10
3173 5 -1
4 71 3 -3
5 13 23 12=%
6 81 9 8
Hel= 79 1
0 57 3 -0
1353 9 13
2 359 10 7
3 320 8 -3
4 33 6 13
5 18 35 -3=%
6 145 5 5
Hel= 7. 2
1 814 23 25
2 10 21 -3%
3113 & -5
4 65 4 6
S 23 24 12%
6 32 371 -—i=»
Hel= 79 3
0O 88 4 =2
1 499 14 4
2 96 6 5
3 2515 -9
4 85 4 4
5 11 33 -29%
6 105 6 -9
Hol= T 4
1311 8 12
2 289 17 9
3 56 6 3
4 7 46 -23%
S 38 9 14
6 46 9 15
Hel= 7' 5
0 14 19 -11%
1115 3 1
2 224 6 -4
3 51 9 15
4 27 13 .17
S 44 9 -1
6 152 6 -6
Hel= T 6
1 26 17 23
2 58 6 10
3 4118 8
4 10 26 -11%
5 0 36 2%
Hel= T 7
0 44 18 -8
1 81 4 6
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OBSERVED STRUCTURES FACTORS (CONT) FOR
THE NORBORNANE-LACTONE

K FOB
2 366
3 42
4 19
5 0

Hol=
1 204
2 46
3 10
4 90

Hol=
0 [+]
1 124
2 52
3 0
Hel=
1 209
2 60

Hol=
1 61

Hol=
0 185
1 33
2 103
3 96
Hol=
1 .20
2 262
3 219
4 20
Hol=
0 237
1 0
2 29
3 68
4 46
Hel=
1 18
2 124
3 146
4 9
5 61
Hol =
0 36
1 6
2 26
3 28
4 94
5 202
Hel=
1 227
2 339
3 0
4 47
5 32

HelL=
0 687

SG DEL
10 -5
9 -3
26 9%
28 =5¢
7, 8
6 7
16 -12
32 -20*
6 1
Te 9
45 —-14%
T -6
7 9
28 —14%
Tes 10
9 ~-13
8 -3
8,-11
8 -10
8,~10
6 -3
13 11
5 2
8 2
8y -9
35 1*
7 0
9 6
33 17*
8, -8
7 7
24 -5%
14 12
6 -0
9 15
8y -7
23 -10*
4 0
S -4
27 —22%
10 7
8y -6
4 3
18 3%
7 S
28 5%
6 -1
6 3
8y -5
6 -0
11 4
19 =0#
9 =9
13 22
27 =-13¢
8. °4
21 -3

K FOB
1 6
2 51
3 318
4 10
S 68
6 44

H’L=
1 104
2 53
3 57
4 30
5153
6 S6

Hol=
01457
1 238

- N
NSO S WO
WU=OOW

N"::O\RJ‘UtUF‘O
-
™~
]

-
[V X~
(VBT

134

COVSUWUNMFO _Oownew
N
o
o

COMPOQUND

SG DEL
16 =—4%
6 -2
9 1
23 ~-1%x
6 6
17 12
8y -3
3 -1
S -1
4 -3
11 9
5 -4
48 12
8' ‘2
47T 51
8 -2
5 -0
10 -1
32 2%
7 -3
T 24
8y -1
8 -3
4 -5
7 -3
s -1
7T -1
8 -1
8¢ O
55 40
20 -12
4 8
5 -0
3 0
5 2
43 3%
8s 1
8 5
6 -1
4 2
7 7
4 =2
18 1
8y 2
58 57
13 8
6 3
8 -10
19 -8=
5 -5
17 17
8 3
11 -2
11 6
26 8¢
16 -8

K FOB SG DEL
6105 7 11
Hel= B8, 4

0 179 8 0
1 54 3 3
2125 9 7
3 6 20 3
4 27 13 3
5 226 8 -0
6 0 29 -21%
Hel= 8, 5
1 51 S5 -4
2 188 S5 4
3103 4 -1
4 64 6 6
5 116 5 -1
Hel= 8, 6
0156 7 9
1 60 13 4
2117 4 =2
3 23 19 1
4 76 5 15
$ 10 271 -—2%
Hel= 8, T

1 0 25 ~21#
2256 7T -7
3 41 8 17

5 0 28 4%
0 251 7 -14

3 18 27 15%
Hel= 84 10
0 5 8 -9
1 37 25 8
2 47 9 19
Hel= 9,-11
(4] 0 28 -—4*
1 30 31 21=
Hel= 9,-10
1 11 27 ~14®
2 0 29 -9%
3 42 10 21
Hel= 9 -9

1206 7 -2
2 318 9 -3
3 3513 21
4 0 28 -1=®
Hel= 9, -8
1 35 14 14

SG DEL
S 2
14 -3
5 -4
9' '1'
24 —~l4*
S 6
s -3
7 -2
6 7
33 -20#
9"’6
6 -9
4 -4
15 2
- 2
26 o*
9, -5
25 10#*
23 7
6 2
7 6
5 =2
23 0
28 -5
9, —4
4 -6
9 11
6 3
1 -2
22 1
21 (4]
9y =3
4 2
3 2
5 S
7 2
5 -5
45 4%
28 -—4*
9y =2
4 5
3 3
17 -0
6 5
26 16%
7 3
9y -1
14 1
8§ 11
6 -1
8 2
9 -5
41 =5%
6 0
9 O
8 11
3 -4

LBL-1696

SG DEL
5 1
4 -2

20 18
6 —-13
9, 1

32 ~15*

13 13
4 -0
9 9
6 2

26 ~1%*
6 2
9, 2
5 7
7 5
& 2
6 -7

42 19%

29 ~21%
9, 3
& 0

13 3

14 S

25 1*

23 ~-17¢

27 3%
7 4
9, 4

23 8%
4 =2
8 -9

19 3
8 14

28 15¢
9y 5
5 1
7 2
s =2
8 4
s 2

41 1®
9, 6
9 T
6 2
8 -3
6 T

29 —-25%
9, 7

26 ~—1®
6 11

14 8

14 9

‘40 8
9, 8
7 3
9 -4
5 S
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OBSERVED STRUCTURES FACTORS (CONT) FOR
THE NORBORNANE-LACTONE COMPOUND

K FOB
4 156
Hel =
0 22
1 160
2 0
3 31
Hol=
1 44
2 28
Hol=

0 368

1 74
2 719

Hel=
1 78
2 299
3 103
Hol=
0 308
1123
2 242
3 182
4 20

CVEWNE=O
-
N
w

CWVS BN
N
o

SG DEL
6 4
9, 9

28 -18%
5 10

29 ~-10*

40 -8
9, 10
9 -0

30 ~13%

10,-10

10 -5

10 -0

15 -6

10, -9
5" 3
9 13
5 -1

10, -8
9 7
5 2
7 -7
6 -3

44 1*

10, -7

23 9%
6 5

38 2%

33 ~-10%
5 4

10, -6

20 11
6 -2
7 0
5 -6

27 -—-T*

29 6%

10, -5
8 5
4 -5
6 6
7 -8

27 -10%

10, -4
4 6

16 -7
4 5
S 6

10 15
8 -0

33 17+¢

10, -3

21 o*

14 4

16 3

15 7
5 -1

30 —-19*%

K FOB SG DEL
Hel= 10, -2
0114 4 -2
1181 5 -3
2 28 8 -2
'3 64 5 O
4 86 8 -10
5 146 6 6
"6 59 11 -3
Hol= 10, -1
1 63 6 4
2183 6 6
3 465 12 -6
4 104 4 -3
S 33 35 1%
6 118 5 9
) Hol= 10, 0
0 14 25 3%
1195 6 0
2 395 10 =3
3248 7 -2
4 33 37 9%
528 8 -3
6 70 6 18
Hoel= 10, 1
1 193108 —-41
2 126 6 2
3112 5 -8
4 9 24 4%
S 80 9 -6
6 90 6 -6
Hel= 10, 2
0100 4 -3
1 25 271 -6%*
2 8 3 -1
3 65 4 -2
4 90 & S
5183 6 -2
6 45 9 11
Hol= 10, 3
1 14 25 -8*
2 298 8 3
3135 4 -1
4 15 24 8%
S 51 8 -14
6 60 8 -2
Hel= 10, &
0212 6 -1
1 54 4 0
2 37 23 0
3172 5 2
4 0 32 -3*
5 110 $5 -6
Het= 10, 5
1181 8 3
2 15 4 3
3 15 27 -1=%
4 19 47 ~15%

K FO8
5 125
Hol=
307

wHrWNE=O
[
[
o

Hel=
0 141
1l 27

Hel=
1 204
2 12

Hel=

1 14
2 52
3 89
He L=
1 388
2 97
3 36
4 T7
He L=
0 55
1 24
2 97
3 26
4 186
Hel=

2 35
3 56
4 129

He L=
0 13
1 98
2 138

4 308

SG DEL
8 —4
10, 6
8 1
13 =2
8§ -1
5 -1
8 15
9 10
10, 7
5 2
S 4
27T 17#%
¥ § 6
10, 8
8 -2
S 3
11 4
6 1
13 11
10, 9
T -5
32 -19=*
20 -1
10, 10
S 2
51 18%
11,~10
6 6
13 -10
11, -9
30 -12*
47 1%
16 -11
6 8
11, -8
11 =2
$ -0
18 -10
11 -6
11. -7
6 ~4
19 23
11 -2
44 12%
6 ~11
11, -6
24 —9¢
10 S
7 -8
5 0
28 ~18#
11, -5
23 -—-6%
5 -2
5 =2
12 8
9 3

SG DEL
40 5%
11, =4
15 3
28 -11%
23 1®
6 1
29 ~10%
T -6
11, -3
12 S
6 -3
11 3
7 -3
. & 3
27 -—-0%
38 ~17¢
11, -2
10 24
11 -4
4 -3
9 7
37 31=*
6 -8
11, -1
28 1®
9 15
12 1
8§ -1
4 =2
26 171*
6 2
'11.' 0
9 6
8 -3
5 =6
S 5
8 -9
6 14
11, 1
6 3
24 28
43 =12
6 -8
8 1
7 -1
13 -1
11, 2
8 3
3 4
4 1
S 6
17 18
16 8
11, 3
6 -3
S 1
24 L%

LBL-1696
K FOB SG DEL
3 101 4 1
4 12 23 4%
$ 21 33 -11%
6 138 5 S
Hel= 11, &
12718 7 -2
2 16 19 15%
3 106 6 7
4 77 5 -11
S 029 -3=%
Heb= 114 S
0 27 7 7
1l 463 14 11
2 68 S5 -4
3 22 23 1%
4 216 6 -3
5 0 29 -8%
Hel= 114, 6
1 206 6 0
2 9 25 -1l1%
3142 5 -1
4 95 5 -5
S 26 28 17+
Hel= 1lle 7
0 8 25 ~-13=%
1121 7 -6
2 36 10 20
3 16 25 11%*
4 221 &6 -1
Hoel= 11 8
1173 &6 <=2
2 2817 20
3 44 10 -12
Hel= 1l 9
0 33 12 11
1115 6 -16
2 73 6 7
Hel= 12,-10
01717 6 -7
1 53 9 -8
2 49 38 -11
Hel= 129 =9
1 18 28 -6%
2 19 6 -1
3112 7 13
Hoel= 12, -8
0 578 15 T
1103 6 -6
2 4310 -5
3121 S5 6
4 28 33 18%
Hel= 124 -7
1 24 25 5%
2 191 6 ) §
3 144 S5 4
4 78 6 -8
“gL’ 12’ -6
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OBSERVED STRUCTURES FACTORS (CONT) FOR
THE NORBORNANE-LACTONE COMPOUND

FOB SG DEL

K
0198 6 -1
1 38 8 =2
2 196 6 2
3 92 4 10
4 51 14 1
5 33 13 9
Hel= 124 -5 .
1 45 5 2
2 81 4 9
3219 7 2
4 77 10 9
5 156 5 1
Hel= 12, -4
0 513 17 13
1 36 8 0
2 6011 -5
3 51 28 -3
4 9 26 -8%
S 56 7 19
Hol= 12, -3
1 0 23 -2%
2 37 16 -5
3 71 10 -3
4 60 &6 -1
S 50 15 15
6 61 7 3
Hel= 12, -2
0 512 17 20
1 99 3 =2
2 436 11 -2
3120 5 -1
4 28 14 8
S5 285 8 3
6 713 7 9
Hel= 12, -1
1 115 4 4
2 56 16 3
3 63 5 -1
4 79 8 3
S 177 7 -8
6 92 6 3
Hol= 12, O
0 826 23 46
1 107 11 2
2 113 8 4
3129 S5 -4
4 76 17 2
S 17 30 -14*
6 66 7 9
Hel= 12, 1
1 170554 —62%
2105 8 -6
3 261 7 4
4 157 T -2

5138 S 1
6 57 8 4
Hoel= 12, 2

K FOB SG DEL
0 234 6 2
1 56 4 -2
2 37 13 0
3 246 7 1
4 0 57 —-14%
S 55 7 2
6 44 18 6
Hel= 12, 3.
1 69 8 -1
2154 5 -2
3133 4 1
4 14 36 9%
5 217 7 -13
HolL= 12, 4
0 227 7T -5

3129 6 5
4 25 29 20%
5259 7 2
Hel= 129 S
1 0 25 -26%
2 226 7 4
3 25 26 24%*
4 71 6 -0
S 49 8 31
Hel= 12, 6
0 370 10 4
1104 5 -2
2 82 5 1
3 32 38 -3%
4 8 27 -—6%
Hel= 129 7
- 1122 10 -4
2155 8 9
3 31 39 o=
4 70 6 9
HeL= 12, 8
0 35 37 -18*
1 105 &6 -6

2101 9 6

3108 5 6
Hel= 12, 9
1 44 20 - 20
2 60 7 11
Hol= 13,-10
1196 &6 -7
Hel= 13, -9
(4] 0 28 -17%
1 47 12 -9

2115 6 2

3 34 20 18
HsL= 13, -8
1136 5 =2

2121 S5 1
3 114 ) §
Hel=

K FOB
0 27
1142 5 3
2169 &6 3

3 65 7 -13
4 247 T -1
Hel= 13, —6
1 156 5 3
2102 71T -4

3134 5 2
4 51 8 3
5 28
Hel=
0 61 4

5 24 13*
Hot= 13, -3
0 15 23 as
1 144 & 4
2 128 4 4
3 62 6 0
4.175 6 12
5 47 10 -6
Hel= 13, -2
1 342 9 20
2111 7 -1
3 57 12 6
4 151 S 3
5 44 20 20
6 92 5 6
Hel= 13, -1
0 32 16 1
1237 7 13
2 17 21 -5=%
3 0 23 -17%
4 454 12 =2
5 24 28 3%
6196 1T -4
Hel= 13, 0
1 363 14 11
2 10 28 -3+
3 2811 13
4 81 6 6
5 0 27 -8%
6 50 10 -5
Hel= 134 1
0 52 13 3

1 251305 -93¢
2 39 47 -16%

1 299
2 170

SG DEL
26 6%
13 -14
42 9%
8 -13
13, 2
6 -1
12 7
8 2
6 4
10 13
13, 3
8 -3
4 -7
4 -1
10 -1
13 -9
29 ~13%
13, 4
9 -9
S 3
6 -1
6 5
25 11
13, 5
24 16%
8 -3
6 6
5 1
41 11#
31 —-12%
13, 6
6 2
6 -1
25 4%
9 -8
13, 7
26 4%
9 -9
6 7
7 -6
13, 8
38 -271*
S 8
S 0
13, 9
28 2%
30 -6*
14,-10
6 -15
14| -9
32 11%
12 10
14' -8
5 6
42 —14%
5 -7
12 8

LBL~1696 .

K FOB SG DEL
Hel= 14y -7
1 0 26 -5%
2 15 26 8¢
3 3711 -1
4 35 38 14%*
HolL= 14, -6
0 386 10 6
1 5212 -4
2 86 5 =2
3 75 5 14
4 66 15 1
Hol= 14y -5
1 31 12 14
2151 7 2
3 17 29 17%
& 76 25 -5
5 29 31 -19%
Hol= 14y —4
0 406 15 9
113 5 -5
2 0 28 —-11%*
3259 8 11
4 60 9 -4
5 117 & 9
Hel= 144 -3
1 4110 2
2 94 7 1l
3 91 8 -13
4 62 o6 S
$ 297 8 -4
Hel= 149 -2
0338 9 -6
1 70 7 -5
2 18 28 -—6%
3270 7 7
4 0 35 -=-2%
5 42 17 31
Hel= 144 -1
1 0 23 -27%
2 180 8 2
3 2515 a1
4 109 S5 -3
5 234 9 -4
Hel= 149 O
0 949 26 22
1 0 68 -20%
2 91 3 3
3161 5 1
4 0 29 -—-0¢
S 8811 -1
Hoel= 14, 1
1 42322 -21%
2 5113 -4
3190 8 —-14
4 40 48 -8%
S 25 41 6¢
Hol= 14, 2
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OBSERVED STRUCTURES FACTORS (CONT) FOR
THE NORBORNANE-LACTONE COMPOUND

VMPLPWNE=O VPLPWUNF VNSLPWUN=OR

FaB
931
148

38

SG DEL
25 23
18 -13
8 -2
5 3
3] -8
23 28
14y 3
7 7
5 3
S 5
26 —1%
7 5
14, 4
6 4
11 -3
9 10
6 -1
17 -3
7 9
l4y 5
5 -1
36 6%
6 1
7 15
14, 6
S 2
13 6
32 ~20%
6 -13
10 10
14y 7
20 8
5 -3
6 -4
14, 8
11 -11
15 -16
13 10
15, -9
51 -13%
8 -4
7 5
15, -8
7 8
34 3%
22 2
15, -7
33 6%
6 7
6 1
41 -3
22 -6
15, -6
25 9%
25 4%
8 -5
5

K FOB

Hol=
0 38
1 44
2 36
3 101
4 239
Hol=
1 441
2 0
3 17
4 89
5 32
Hel=
0 44
1 190
2 143
3 165
4 0
5 25
Hel=
1 221
2 91
3 21
4 182
5 0
Hel=
0 33
1 309
2 141
3 33
4 370
5 0
Hel=
1 479
2 0
3 25
4 0
5 35
Hel=
0 21
1 237
2 32
3170
4 49
5 37
Hel=
1 555
2 0
3 33
4 199
5 27
Ho L=
0 81
1 198
2 157
3 16
4 79

SG DEL
15, -5
9 =2
8 -5
14 -7
6 ) |
7 3
15' -4
11 8
39 -11=%
27 -12%
6 2
15 27
151 ‘3
6 1
6 3
14 -7
1 -6
27 -18%
45 9%
15’ -2
6 13
17 -1
26 -10%
6 2
57 —-12%
15' -1
9 =2
9 22
6 =7
10 8
10 -2
34 -8%
15, O
17 2
48 —-35%
29 —-10*
33 -16*
14 -2
15, 1
34 1%
66 -24
9 19
9 -8
25 8
15 1
15, 2
14 17
110 ~-19%
19 0
6 -5
27 =3%
15, 3
5 -2
6 3
5 7
26 5%
5 -7

K FOB
5 36
Hel=
1 16
2 61
3 19
4 39
Hol=
0 48
1 82
2 103
3 84
4 177
Hel=
1 56
2 63
3 50
Hel=
0 74
1 22
2 52
3.0
Hel=
1 138
2 12
Hel=
1 64

Hel=
0 (4]
1 59
2 101
Hel=
1 96
2 40
3 121
Hel=
0 50
1 35
2 1)
3 260
4 21
Hol=
1 70
2 125
3 144
4 S50
Hol=
0 225
1 52
2 1]
3 110
4 19
Hel=
1 69
2 404
3 191
4 53
5 63

SG DEL
13 4
15, 4
40 -1%
15 -5
37 -0
23 17
15, 5
7 -8
5 -1
5 =2
14 1
6 -3
15 6
8 0
9 4
8 14
15 7
12 12
41 8%
8 5
28 -25%
15, 8
9 =2
28 —-16%
165 -9
20 -2
16, -8
27 -3%
10 3
6 7
169 -7
5 -1
9 22
11 -6
16' -6
7 -6
43 34%
26 ~3%
7 (4]
28 17*
169 ‘5
6 -8
5 -5
5 -7
10 4
16, —4%
6 -4
32 -6
24 —6%
5 1
35 -6%
16' ‘3
5 5
11 3
6 -10
8 -3
8 2

$G DEL

K FOB
Hol= 1649 =2
0 475 16 8
1 48 7 -7
2 81 5 1
3168 9 -7
4 3315 17
5 26 27 2%
Hel= 164 -1
1 9210 2
2 91 5 -6
3 81 6 2
4 T4 6 0
5 36 12 6
H'L= 16, 4]
0 4 21 -3¢
1 168 44 -30
2 0 55 —22¢%
3181 7 2
4 3921 10
S 144 5 -4
Hel= 16, 1
1 0365—-134*
2 27 32 0%
3 130 5 2
4 47 13 10
5 0 43 ~6%
Hol= 16, 2
0111 ¢4 9
1 78153 -37#*
2 146 46 -13
3 19 36 10+*
4 10 27 2%
5 29 31 2%
Hel= 16, 3
1 67 13 -14
2 223 &6 (4]
313 5 1
4 53 8 2
H.L= 16' 4
0 5% 1T -5
1 57T 8 4
2 92 5 -1
3 0 25 ~-35%
4 0 43 2%
Hel= 16, S
1 75 6 -4
2 9 5 -10
3 0 27 —14%
4 37 12 34
Hel= 16, 6
0 435 12 9
1 4210 7
2 98 6 10
3 77 15 17
Hel= 16¢ 7
1 33 15 -12
2 57 2

LBL-1696
K FOB SG DEL
Hel= 16, 8
0145 S -5
1 38 50 2%
HoL= 17, -8
1 78 9 0
2 46 10 16
Hel= 17, ~7
0 0 30 -22%
1 92 S5 17
2113 9 5
3 3914 -5
Hel= 179 -6
1 38 10 17
2130 7 -6
3 148 S5 1
Hol= 174 -5
0 30 11 10
1 21 24 2%
2 19 7T -3
3 0 27 -7%
4 56 9 -2
Hel= 179 -4
1 164 5 -3
2 35 12 13
3 88 6 -13
4 78 5 10
Hol= 17, -3
0 3511 -4
1 83 7 -5
2 307 9 -4
3 65 7 8
4 207 8 4
Hol= 17, -2
1 46 13 <2
2 60 8 -8
3133 S5 (o]
4 48 9 8
5 028 -—-9%
Hel= 174 ~1
0 0 31 -1l4*
1 88 S5 &
2 43 7T 16
3 148 7 -3
4 129 5 1
S 38 25 26
Hel= 17, O -
1 169 15 =22
2 126 15 -7
3 9015 =9
4 52 9 -7
5 42 10 26
H.L3.17. 1
0 28 17 -10
1 0170-110%
2 0109 -1%
3 0 27 —-16%
4 107 1T -8



OBSERVED STRUCTURES FACTORS (CONT) FOR

THE NORBORNANE-LACTONE COMPGUND

K FOB SG. DEL
5 0 31-=12¢
Hol= 17y 2
1 0 30 -31%
2 0122-110%
3 34 22 -14
4 15 28 -13%
Hel= 17, 3
0 42 9 2
1203 & -5
2 114 6 8
3 97 8 1

4 30 37 -5%
HoL= 17,. 4
1106 4 3

2 58 8 =2
3 4112 18
‘4 17 28 6%
Hel= 17y 5
0 3912 -2

1175 6 1 -

2 25 28 -5%
3108 7 6
Hel= 179 6

1 5711 10
2 93 6 -4
3 57 8 6

Hel= 17 7
0 37 20 -11
1 0 28 -8%=
2 4311 8

Hel= 18, -8
01161 9
1 14 40 7=

Hel= 18y -7

1 0 28 ~22¢
2 178 & 9
Hel= 184 -6
0 71 6 18
1 46 14 11

2 78 13 -12

3 0 37 —-14*
Hel= 184 -5
1 82 16 -4
2 9110 -8
3 132 S 8

4 0 28 -3¢
Hel= 18, —4&
0 162 5 -11

1 78 5 2
2 89 6 -4
3 0 29 -23%

4 32 40 -7%
HyL= 18, -3
1 12 24 -0%

2149 6 -4
3 267 11 -2
4 4510 -1

K FOB SG DEL
Hol= 18, -2
0 300 8 9
1 0 30 -16%
2 5 6 -8
3168 5 -1
4 -28 18 10
Hel= 18, -1
1 13 5§ -0
2 60 37 -5
3254 7T -4
4 0 47 -29*
Hel= 18, O
0 141 6 4
1 0 59 -15%
2211 1 -7
3173 5 1
4 12 27 4%
Hel= 18, 1

1 0159 -23%

2 164 24 ~-13
3 4111 -9
4 0 32 -20%
Hol= 18, 2
0 413 11 -9
1 0217 -89
2 107 39 -39
3 26 35 13¢
4 4] 45 3¢
Hel= 18, 3
1 16 28 =25
2104 S5 0
3 0 28 -—-6%
4 17 23 &
Hoel= 18, &

0162 S5 -2
1 11 26 =5%
2184 9 6
3 92 S5 13
Hel= 18, S

1 0 31 -24%
2111 7 -3
3161 6 9

Hel= 18, 6
0 32 32 -1%
1 0 28 -23%
2 73 7T -12

Hel= 18, 7
1 0 29 -0%

Hel= 199 -7

Q0 62 9 8
1129 6 -5
2153 6 6
Hel= 19, ~6
1 6913 2
2 24 32 5¢
3 58 6 4

Hel= 19, -5

=18~
K FOB SG DEL
0 49 9 11
1 266 8 6
2 13 27 ot
.3 76 6 3
Hel= 19, =4
1 7715 4
2 98 8 -6
3 93 6 =7
Hel= 19, -3
0 21 25 10¢
1 38 1¢ 17
2 60 9 -1
3128 5 -1
4 T5 8 -4
Hol= 19, =2
1 94 9 3
2 97 13 -4
3 22 37 =6%=
4 5310 O
Hel= 19, -1
0 21 25 -3¢
1 120 6 7
2111 S -6
3 106 17 -3
4 37 26 5
Hel= 19, O
1 245 7 -1
2174 8 -6
3 31 44 —-24%
4 104 5 =6
Hel= 19, 1
0 S1 7 -5
1 119 31 =25
2 68 76 -38%
3 028 -1t
4 34 16 -6
Hel= 19’ 2
1 233 38 -34
2 0129 -51%
3 33 17 19
4 128 5 =6
Hel= 19, 3
0 10 37 4%
1189 7 -2
2 74 23 -15
3 93 12 -10
HgL= 19' 4
1 48 9 4
2 153 10 -2
3 40 10 21
Hel= 19, S
0 12 59 =-39%
1 203 6 1
2 31 40 -9%
Hel= 19, 6
1 61 9 1
Hel= 204 -7

. K FQ8
1 65

Hel=
C 34
) § 0
2 81

Hel=
1 56
2 14
3 68

Hel=
0 156
1 74
2 16
3 158

Hel=
1 66
2 143
3 2

Hel=
0 116
1 89
2 148
3 67

Hel=

LBL-1696

Hel=

Hel=

2 51
Hel=
0 40
Hol=
1 46
Hel=
0 68

1 40
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OBSERVED STRUCTURES FACTORS (CONT) FOR
THE NORBORNANE—LACTONE COMPOUND

K ‘FOB SG DEL
2.72 1t =2
Hol= 22, 0
0 355 10 -10
1 3315 13
2 16 32 8
Hol= 22, 1
1 0 30 ~-15%
2 12912 -19
Hoel= 22, 2
0122 5 6
1. 0218 -60%
2 0 93 —-12*%
Hol= 22, 3
1 0 84 ~60%
" Hel= 22, 4
0 S50 9 1.3
Hel= 234 -4
1 63 8 -6
Hol= 23, -3 -
0 031 -7+
1101 5 2
Hel= 23, -2
1164 6 -7
2 49 19 -6
Hol= 23, -1
0 48 50 19+
1169 & 8
2 80 7 -8
Hel= 23, O
1 91 & 1
2 66 8 -6
Hol= 23, 1
0 46 12 -3
1 35 24 23
Hol= 23, 2
I 0 61 —-45%
Hoel= 24, -2
0 95 &6 -3
Hel= 244 O

0 60

K FOB S$SG DEL

K F0B SG DEL

K FOB SG DEL

LBI~1696

K FOB SG DEL



Fig. 1.

Fig. 2.

Fig. 3.
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Figure Captions
Schemétic diagrém of the two asymmetric molécnlgs of the norbornane
derivafivé. |
Pefspéctive view of one molecule with 503 pr.bba'bility thermal
élliprids; For hyﬁrogén atoms an arbitrary,temperéture parameter
of 1;03? wﬁs given{
Steréoécopic pair of a unit cell. The viewvdi?eétion‘is along the

monoclinic b axis.
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LEGAL NOTICE

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.




e

TECHNICAL INFORMATION DIVISION
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720





