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Structural studies of nat~rally 

occurring toxicogenic compounds 

James Patrick Springer 

Under the supervision of· Jon C. Clardy 
From· the Department of Chemistry 

Iowa State University 

The paralytic shellfish poison (PSP), saxi:toxin, is a 

neurotoxin isolated from Alaska butter clams (Saxidomus B..!,­

ganteus), mussels (Mytilus calfornianus) and axenic cultures 

of the dinoflagellate Gonyaulax catenella. ·The structure· of 

saxitoxin has been determined through the use of. single crys­

tal X-ray diffraction~ It possesses a unique tricyclic ar­

rangement of atoms containing two gua.."1.idintum moietie.s and 

1 . also. ·a hydrated ketone. The relative ster.eochemistry is 

presented as well as the absolute configuration. 

The .chemical constitution of a tremorgenic metabolite, 

paxilline, 'isolated from extracts of the fungus Penicillium 

paxilli Bainicr has been determined, Paxilline represents a pre­

.viously urir.eported class of natural compounds formed by the 

c.ombination of· tryptophan. and mevalonate subunits o The c·om­

plete stereo~tructure of two other fungal metabolite~, paspaline 

and paspalicine, closely related-to pa.Xilline but isolated from 

Claviceps paspali Sta.mmes have also·· been determined cµld are 

presented. The stereochemistr,ies of paxilline; paspaline·and 

paspalicine are identical at corresponding chiral centers~ 
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INTRODUCTION 

Toxins have long been of interest and of use to man in 

rather nefarlotis, ways. ····Reports. from the beginning Of re­

co;rded history document man •.s fascination with these sub­

stances. No doubt this fascinat,iori was. concer.ned more with 

the outcome rather than the mechanism of toxicity. The 
. . 

fact that.man, who is able to ingest and metabolize an 

extremely diverse array of plant and .animal life, should 

suffer ·such devastating effects from minuscule amounts of 

certain plant and animal extracts has elicited some. sci·entific 

·inquiry. Currently, considerable interest exists in under-. 

standing the mode of action of toxins at a. molecu.lar ~evel • 

. . A number of naturally ·occurring compounds originally· 

isolated and characterized because of their toxicity have 

been found to possess important beneficial medicinal properties 

at sub-lethal concentrations. ·A large percentage of the 

clinically useful drugs available today including analgesics, 

t~anquilizers, stimulants, etc. are modifieq. and simplified 

forms of natura:j.. compounds. The whole philosophy of chemo­

therapy in treating some ·forms of cancer is based upon.the 

fact that certain compounds are more.toxic to fast growing 

cancerous cells than to normal cells. Most a,ntibiotics and 

all anticancer compounds can also be classified as toxins. 

Traditionally, most of the more potent toxins, i.e.~ 

those. produc:i.ng the most acute ·effects with the· smallest 
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amount of material have been plant extracts. However, in 

recent times more attention has be:en· pla;c:ea.-· on discovering 

the long .term.or chronic effects of the broad spectrum of 

·chemicals both.from natural as well as from synthetic sources 

to which modern man is ·exposed. It is of seminal importance 

to cc:impletely ·characterize a toxin in terms of its chemical: 

·structure· if one wishes to understand. its· mode of action in 

the physiological system. Traditionally, it was necessary to 

degrade an incomple·telY' characterized mol.ecule into smaller, 

more manageable_ fragments· in order to establish its chemical· 

constitution. Consequently, the s.ynthe.sis of a new organic 

compound was necessa~y to completely confirm the proposed 

structure derived from degra:da:tive ·exper'imehts o However, 

considerable resources in terms of time a.~d mpney could be 

spent in this effort since compounds produced by nature are 

noted for their diversity and complexity. However, in recent 

-.years physical methods have been used with growing success to 

determine the chemical configurations of increasingly complex 

molecules. The singular te.chniq.ue of single crystal. X-ray 

diffraction offer's one the possibility of rapidly determ.ining 

the structure of a complex molecule using limited amounts of 

.material ( <<l/mg) in. the absence ·of prior chemical information. 

This technique prov~,d ~Q, b_e pivotal in complet~ly determining 

the ~tructure· of the compounds described in this dissertation. 
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. SAXIT.OXIN 

Background 
' ' 

Paralytic shellfish poi.soning has be·en, even in recent 

times, a serious economic and health prol:5'1em. Early refer­

ences may be found in the book of Exodus (1) and American 

Indiail folklore. Outbreak~ of' thi.s pois:oning· have been 

reported in such widespread locations as .the northern Pacific 

and northern Atlantic coasts of the United States; the North 

Sea, and in the coastal· areas of Japan and South Africao In 

general, these regions are great;er than 30°. north or south 

latitude. The outbreak in New England in 1972 and each sub-· 

·sequent year has been.particularly menacing •. The danger 

.from shellfish poisoning lies in the ·suddenness in which 

the shellfish ·becomes toxiq .and the uncertainty of detectiono 

Shellfish from a specific location can be perfectly safe one 

week and.lethal the next with no visible warning. The classic 

red coloration of the sea i·s an inadequate warning signal by 

two orders of magnitude. The first symptoms of poisoning: 

occur within 30 minutes after the ingestion. of a lethal 

amount of toxic shellfish, A lethal dose can be as.little 

.as. 1/4 of a shellfish. Numbness.in the.lips and fingertips 

is followed by progressive· paralysi:s leading to death froin. 

respiratory failure in 2 to· 12"hours. If a victim is: able 

to survive for 24 hours .his prognosis is goodo · No proven . 
' . 

. antidotes to shellfish poisoning exist, however, .certain 
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. salts· such as NaCl and alcohols such as ethanol reduce the 

effects to a certain extent. Artificial respiration has 

proved to be helpful in marginal cases. Toxicity, however, 

is not destroyed by heating or by washing of the shell-

· fish (2). 

In 1937, Sommer and coworkers · (3) were .able to show 

that the dinoflagellate Gonyaulax c·atenella .contained a 

·p~ison which produced identical sympt.oms in mice as toxic 

extracts from the California sea mussel {Mytilus californi­

anus) •. Subsequently, it was shown that the toxin produced 

by G. catenella in axenic cultures was chemiqally and 

. physically identical to the. purified toxin .from mussels. (4) ~ 

In 1947, Needler (5) proposed that the paralytic poison in 

scallops _(Pecten grandis) was due to ·the dinofl~gellate 

Gonyaul.ax tarnerenis. This theory was subst·antiated in 1963 

by Prakash (6). A paralytic poison ident'ical with that 

found in mussels has also been found in .. the Alaska butter 

·.clam. ( Saxidomus giganteus); however, the source of this . 

toxin has remained obscure (7) •. The name of saxitoxin has 

·been proposed for the paralytic shellfish poison found in 

G. catenella, M. californianus, .and §_. giganteus . (8). 
' 

· Chemical characterization of saxi toxin has been 

severely hindered by its nonvolatile, noncrystalline, 

hygroscopic, and highly polar nature. The best reported 

purifications have been carried out by Schantz and co-
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.workers ( 9) by extracting toxic clam and mussel. tissue with 

acidifie·d · aqueous ethanol followed by ion exchange frac­

tionation on carboxylic acid resins and then subsequent 

chromatography on acid wasned alumina columns. The white 

amorphous solid isolated by this procedure·· had. a specific 

toxicity of 5500 + 500 mouse units ·pe.r milligram. A mouse 

unit is defined as the amount of toxin that will kill a 

20 gra,m·mouse in 15 minutes (10). The molecular formula 

determined by elemental analysis was C10H1 7N704•2HC1 (9). 

Saxitoxin possessed a specific rotation: of 130 +·5°.and had 

a diffusion. constant of 4. 9 + • 2 x 10-6 cm2 /sec which cor­

·responded well to the molecular weight of· 372 g/mole. The 

toxin was found to be very soluble in .water and methanol, 

somewhat soluble in acetic acid and ethanol, and insoluble 

in other common less polar· organic solvents. No u •. v. 

absorption.was observed above 220 nm (11) and titrations with 

base revealed two acidic groups. with pKa values of 8.3 

and 11.5. · 

Oxidation by potassium permanganate and periodic acid 

followed by acid hydrolysis yielded the identifia~le frag­

ments of urea, guanidine, ·ammonia, g1:1anidiopropr.ioriic acid, 

and carbon dioxide. Sa.xi toxin was ·reduced under aqu~ous 

neutral, acid, and alkaline solutions using i atmosphere of. 

hydrogen and a platinum catalyst and found to consume 1 

equivalent of hydrogen. A weak ir absorption at 1770 cm- 1 
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disappeared indicating that a :c=O had been reduced~ The 

reduced material possessed essentially no·toxicity (< 1% 

that of saxitoxin) which is of interest from a physiological 

· viewpoint. It is not yet clear how such a simple change in 

chemical constitution could drastically reduce.the toxicity. 

Upon countercurren~ distribution (12) two comp.onents. were 

partially separated which individually returned to the same 

equilibriti.m mixture upon standing in the presence of acid. 

Saxitoxin is heat stable and acid stable but found t·o de-

compose in the presence of base. 
. ' 

When saxitoxiri was heated with red phosphorus and 

hydriodic acid in acetic acid, a weakly basic compound was 

isolated in 57~ yield which was the pyrrolopyrinlidine 1 (8) . . ~ 

containing eight of the ten carbon atoms originally present. 

CHs 

Under a variety of mild oxidizing conditions such as 

treatment of saxitoxin in dilute sodium hydroxide ·with 81' 

hydrogen .peroxide at 25° gave 2 (13) in 25~ yield which 

retained nine of ten carbon ·atoms and six of the seven 

nitrogen atoms initially contained in saxitoxin. 
(. 

>9&ks;s;;,:;s<-1a1Pu:w~ c...-~--- ~ 
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Further work indicated that when saxitoxin, C10H1 7N70 4 • 

2HC1 was.dried to constant weight at 110° and 10-5 mni it 

lost a molecule of water to give a.compound, C10H15N703•2HC1, 

with retention of biological acti vi.ty. Two methylene protons 

( 62 .37 m) underwent· re.versible but very slow exchange in water 

at . room temperature. On the bas·is of al1 the previous work 

and utilizing proton nuclear magnetic.resonance experiments 

the chemical structure 3 was proposed for saxitoxin (14). 
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While this proposed stru?ture ~ was generally viewed 

with skepticism, no better model could .be put forward.· The 

"urea hydrate 11 aspect was particularly difficult to recon­

cile with known chemistry. In 1973,. it became.clear that 

this structure did not fit all of the available data. In 

particular 13C nmr showed all ten carbons of sa.xitoxin but 

no resonances appropriate· for the ;c=O (15). It was elected 

to reexamine the structure of sa.xitoxin via X-ray diffrac­

tion. 

Experimental 

Satisfactory crystals of saxitoxin suitable for sirigle· 

crystal X-ray diffraction analysis (16, 17) were obtained 

by dissolving .the purified toxin (C 10H1 7N704•2HC1) in water 

and adding p-bromob.enzenesulfonic acid. The crystals ·which 

resulted were washed with cold water and recrystallized 

again from water. The crystals which were used in the 

diffraction experiments were prepared by V. Ghazarossian 

and supplied by E. J. Schant.z and F .M •. Strong. A crystal 

measuring approximately o·.1 x 0.'2 x Oo6 mm was mounted in 

a Lindemann thin walled capillary, the bottom of the capil~ 

lary was filled with mother liquor, and the capillary was 

subsequently sealed. Preliminary diffraction experiments 

using Polaroid photographs and. an.automatic diffractometer 

indicated that the unit cell. was orthorhombic. Fifteen · · . . . . . . . . . 

·strong reflections within a 26 range of 35°-4.5° were 
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. centered and upon least-squares analysis gave the unit cell 

parameters of ~,;,.31.095(4), £=12.180(1), and £~7~8057(9)A. 

· Th~ space group was· P2 2 2 · (vi de ·infra) and up· ori structure 
. . ' 1 1 1 

.solution the asymmetric unit' cohtairied one unit of 

· C10.H1 7N704 • 2CeH5 BrS03 indicating that each. Cl anion had 

. been replaced by a p-bromobenzenesulfonate. .The calculated 

density was 1. 74 g/cm3 for Z = 4 o All uniq~e reflection 

.data with 1::1<57° were collected using an automatic four.;. 

circle diffractometer with graphite monochromated · Cu:Ka · 

radiat:f:on .(A= l.54i8A). Since there was a definite spread 

in the diffraction maxima it was decided to use an w-scan 

.technique with a constant w range.of 1° with. backgrounds 

measured at· 1°.frorri the center of the calculated angle. · 

Of the. total of 2340 reflection.s '· 1895 (811>} were judged · 

observed (I > 3c:r(I)) and corrected for Lorentz and polariza-
. . . -

tion effects ( 18) • An examination .of the data revealed .. 

that reflections hOO, h = 2n + l; OkO, k = 2n + l; and OOl, 

· · l = 2n · + 1 were unobserved indicating that the space group 

was P2
1

2J.21'.which proved to be correct upon structure 

.solution • 

. · Two ·unique bromine ·and two· unique sulfur atonis were 

easily located using. a combination of Patterson.techniques 

·(19) and d:Lrect methqds (20). Subse·qu:.ent electron- density . . 

syntheses revealed the remainder of the 43 nonhydrogen 

atoms .. ·· The . correct chemical structure for saxi toxin was 

; 
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found ·to be 4. Full matrix least-squares refinements .{21) with 

anisotropic temperature factors 1owe-red the•conventional dis-

H 
:N 

N 
.H 

>=NH2+ 
OH 
OH 

--

4a ---
C!epancy index (R factor) to 6. 3 'fi. Placement of all hydrogens 

followed_ by further least-squares refinements lowered the dis­

crepancy index to 5 .6~. Inclusion of anomalous scattering 

contributions for bromine and . sulfur, followed by still further . 

least~squares refinements loweredthe·discrepancy·index to 5.2~ 

for the present structure and 5.7'f, for its mirror image, a 

statistica.lly. significant difference with a probability greater . . . - . . . . . 

·than .• 995 ( 22) • No absorbtion corr.ections were made ( µ == 

· 59 cm- 1 ) •. As an ~.dd.itional check the 20 .most enantiomorphic 

·sensitive reflections were carefully remeasured and indicated· 

the same absolute configuration. Figure ·1 shows a computer 

generated· drawing of·the crystalline saxitoxin !·. Tables 1, 2, 

3, and 4 contain the firlal fract.iorial coordinat·e~, bond dis-. 
·v.· 

tarices, bond angles, .and observed and .calculated structure 

factors respectively~ 



Figure 1. ··.A computer generated perspective 
drawing .of. saxitoxin (4) crystallized as the 
p-bromobenz.enesulfonate. F.or clari. ty the. . 
hydrogen atoms of the sa.Xitoxin portion and 

· .. all atoms of the sulfonate are omitted;. . The 
absolute configuration is as.shown. 
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Table 1. Final fractional coordinates for the 
p-bromobenzenesulfonate derivative of 
saxi toxin ( 4). · The· estfmated ·s.tandard 
deviation or: the least significant 
figu~e is given in parentheses. The 

. atoms of the p-bromobenzenesulforiate 
anions are indicated by primes. Hydro­
gen atoms are numbered as the heavy 
atom to which they.are attached. The 
numbering scheme refers to Figure 1 • 

N 1 
c 2 
N 3 
c 4 
c 5 
c 6 
N 7 
c 8 
N 9 
N 10 
c 11 
c 12 
c 13 
0 14 
.o 15 
c 16 

. 0 17 
c 18 
N 19 
b 20 
N 21 

.Br(l') 
c 2 1 

c 3 1 

. c 4 1 

c 5 1 

c 6 1 

c 7
1l s 8 1 

0 9 1 

0 10 I ·j 
0 11 1 

Br(l" 
C(2") 

.6016 2 

.6027 2 

.5718 2 
• 54l.10 2 

· .• 5364 2 
.5594 3 

.• 5646 2 
.5703 2 
.5545 2 
.6322 2 
.5621 3 
.5227 3 
.5037 3. 
.4 778 2 
.4826 2 
.5332 3 
.5566 2 
.5527 3 
.5570 2 
.5294 2 

..• 5907 3 

.6240 1 

.6848 3 

.-7048 4 

.7502 4 

.7719 3 

.7508 4 

.7067 3 

.8285 1 

.8397 2 

.8480 2 

.8390 2 

.8678 1 

.74.76 3 

.7834 5 

.7515 7 

.7891 5 

.8825 7 

.8927 7 

.8031 7 

.9811 5 
1.0467 6 

.9983 6 

.6840 6 
.• 7395 8 

.8093 7 
.• 8524 8 

• 9451 5 
• 7713 6 
.6957 6 
.6250 5 
.5180 7 
.4572 6 
.4755 5 

·1.1420 6 

. ·.4011 1 
.3860 7 
.3097 9 

.• 2984 8 
.3584 9 
.4359 ·7 
.4452 8 
.3466 2 
.3973 9 
.4137 6 
.2312 7 
.04 70 2 
.0771 ·8 

• 437 ( 1) 
.600(1) 
.7020(9) 

.654 !ll .458 1 

.360 1 

.6974(9) 

.558 1 

.421 .l 

.656 1 

.872 1 
• 92.9 1 
.763 1 
.7833(9) 
.6757(9) 
.348(1) 

:~~~5!i8l) 
.i48 1 
.366 1 . 
.560 1 

.5837(2) 

.596 1 

.493 2 

.506 2 

.617 1 
.• 720 1 
.710(1) 
.6383(4) 
.8065(9) 
.500(1) 
.627(2) 
.1395(3) 
.115(2) 
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Table 1 (Continued) 

c 3 II .7185 4 .002(1) .166 2 
c 4 II .6.761 3 .• 0270 9 .• 150 2 
c 5 II .6623 3 .1213 8. .084 .1 
c 6 II .6919 4 .1976 8 .031 2 
c 71! .7355 4 .• 1786 9 .055 2 
s 811 .6066 ·1 .1513 2 

.062 n 0 9" .5847 2 .• 0474 5 .• 0574 9 
0 10

11

~ .6024 2 .2111 5· -.0956 8 
0 11 11 .• 5942 2 .2112 5 .2113 8 

H 1 .623 5 • 791 9 .38 1 
·H 5 ..• 507 2 .910 7 .44 1 

H 6 ·.566 3 .824 7. .23 1 
H 7 .569 3 1.031 9 .79 1 
H 9 .562 ·3 1.026 8 .31 1 
H lOA .650 3 .665 8 .58 1 
H !OB .636 4 .672 8 .75 1 
H llA .587 3 .703 7 • 94 1 
H llB .544 3 .669 7 .• 87 1 
H 12A .495 3 .801 8 1.01 1 
H 12B 0 5'36 5 .846 9 1.05 1 
H 14~ .456 4 .935 9 .o85 1 
H 15 .455 3 .812 7 .63 1 
H 

16Al 
.532 2 .657 7 .-45 1 

H 16B .502 3 .704 7 .30 1 
H 19A .574 4 .393 9 .14 1 
H 19B.· .592 3 0488 9 .10 1 
H 3' .• 690 3 .267 9 .42 1 
H 4' .764 3 .224 7 .46 l 
H 6' .".768 3 .466 9 .80 1 
H 7 I .693 5 .492 9 .78 1 
H 7 II 

..J • 728 3 -.077 7 .18 1 
H 4 II .656 3 -.024 7 .18 1 
H 6" .• 683 3 .261 8 -.02 1 
H 7 II .757 3 ~212 7 .oo 1 
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Table 2. Bond distances in angstroms of the p-bromobenzene:.. 
sulfonate derivative 0.f saxitoxin (4). The esti­
mated standard deviation.of the least significant 
figure is given. in parentheses. The atoms of the 
p-bromobenzenesul.fonate anions are indicated by 
primes. ·The numbering scheme. refers to Figure 1. 

N 1 c 

~l 
1.33 1 Br.(.1 1) c 2' 1.902(8) 

N 1 c 1.46 1 c 2' - c 3.' 1.38.l 
c 2 N 1.33 1 c 2' .c 7' r.34· 1 
c 2 N 10) 1.33 1 c 31 c 41 1.42 1 
N 3 c 4) .. 1.48 1 ·c 4' c 5' 1.32 1 
N 3 - c 11) ·l.49 1 c 5' - c 61 1.40 1 
c 4 c ~.~ 1.55 1 c 51 - s 81 1.775(9) 
c 4 c 1.40 1 c 61 - c 7' ~ . 1.40(1) 
c 4 .C 13) 1.56 1 $ 81 0 91 l.493tl c 5 - c ~~. 1.51 1 s 8' - 0 10' ~ 1.486 8 
c 5 - N 1.43 1 s 8' - 0 11 1 1.442 9 
c 6 .,.. c 16) 1.54 1 
N 7 - c ~~ 1.36 1 Br(l 11 ) - c 211 1.92 1 
c 8 N 1.32 1 c 2 11 - c 3 II 1.35 .1 
c 8 - N 21 1.32 1 c 2 II - c 7 II 1.38 1 
d 11 - c 12 1.56 1 c 3 II - c 4 II ·l.36 1 
c 12 c 13 1.52 1 c 4 II c 5 II 1.33 1 
c 13 - 0 14 l.40 1 c 5 II - c 611 1~38 1 
c 13 - 0 15 1.37 1 .c 5 II - s 811 1.774(9) 
c 16 - 0 17 1.45 1 c 6 II - c 7 II 

U~£1~j 0 17 - c 18 1.32 1 s 811 - 0 9" 
c 18 - N 19 1.37 1 s 811 - 0 10

11 

~ 1.440 7 
c 18. - 0 20 1.22 1 s 811 - 0 1111 1.424 7 
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Table 3. · Bond angfes in degrees of the p-bromb­
benzenesulfonate of saxitoxin (4)o The 
estimated standard deviation of-the 
least.significant figure is given in. 
parentheses. The atoms of the. p-bromo­
benzenesulfonate anions are indicated 

· · by primes. The numberin.g scheme refers 
to.Figure 1. 

c 2 - N 1 - c 6~ ·111.6 7 
N 1 c 2 N 3 117.1 7 
N 1 - c 2 N 10~ 121.0 7 
N 3 c 2 N 10 . 121. 9 7 
c 2 N 3 c 4) 12.2 .3 7 
c .2 N 3 c 11~ 122.9 6 
c 4 N 3 c 11 114.8 6 
N 3 - c 4 - c 5~ 113.7 7 
N 3 - c 4 - N 7 ·109.1 6 
N 3 - c 4 - c 13) . 98.6 7 
c 5 c 4 N 7) 103.9 7 
c 5 - c 4 - c 13~ 11·5. 9 7 
N 7 c 4 c 13 115.7 7 
c 4 c 5 c !l 

111.7 7 
c 4 c 5 N 102.2 7 
c 6 - c 5 N 111.1 6 
N 1 - c 6 c 109.6 6 
N 1 - c 6 c 16~ llloO 7 
c 5 c 6 c 16 . 113.0 6 
c 4 N 7 - ·C 8~ 111.5 7 
N 7 - c 8 - N 9 109.7 6 
N 7 c 8 - N 21~ ·124.5 8 
N 9 c 8 - N 21 125.7 8 
c 5 - N 9 -· c 8) 112.7 7 
N 3 c 11 c 12 . 101. 2 7 
c 11) c 12 c 13 104.6 7 
c !l - c 13 - c 12 103.6 6 
c c 13 - 0 14 ·109. 5 7 
c - c 13 - o. 15 106.3 7 
c 12~ - c 13 - 0 14 114 .2 7 
c 12 - c 13 - 0 15 111.3 8 
0 14) c 1"3 0 15 111.3 7 

g ~tl 
- c 16 - 0 17 105.9 6 
- 0 17 - c 18 116.l 7 

0 17 - c 18 - N 19 112.5 8 
0 17 c 18 0 20 125.5 8 
N 19 - c 18 - 0 20 122.0 7 

Br~1' ~ c 2' c 3' li9.0 8 
Br 1 1 - c 2' - c 7 I 119.3 7 

-' 
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Table 3 (Continued)·. 

c 31 - c 21 - c 71 . 121.6 9 
c 21 - c 31 - c 41 118.3 9 
c 31 - c 41 - c 51 119.9 9 
c 4' c 51 c 61 120~7 9 
c 41 - c 51 - s 81 i21.6 9 
c 51 - c 5' - s 81 117.8 8 
c 51 c 51 - c 7 I 119.4 9 
c 2' - c 7 I - c 61 120.0 9 
c 5' s 8' b 91 106.2, ·5. 
c 5' s 81 0 10 1 106~fr 4 
c 51 - s 8• - 0 11 1 107.4 5 
0 9_1 ..., s 8' 0 10 1 108.3 5 
0 91 - s 8• - 0 11 1 114 .l 7 

0 10' l s 8' 0 11 1 113.6 6 

Br~l
11 - c 2" - c 3" 119.8 8 

Br l" - c 2 II - c 7" 118.3 7 

T" - c 2" - c 7 II 121.9 9 
c 2 11 - c 3" - c 4" 118.1 9 
c· 3 11 c 4 II c 511_ 123.0 9 
c 4'' - c 5'' - c 6'' 118. 9 9 
c 4" - c 5" - s 8 II 122.0 7 

c 6" - c 5" - s 8" 119.1 8 
c 5 II . - c 511 - ·C 7 II ·120 .1 9 
c 2" - c 7 II c 611 117.7 8 
c 5" - s 8" - 0 9" 106.4 4 

c 5" s· 8 II 0 10 11 105.9 4 

c 5" - s 8" - 0 1111 107.0 5 

0 9" - s 8 II - 0 1011 112.2 4 

0 9" - s 8" - o· 11 11 . 110.2 4 

·O 10 11
) s 8" 0 11 11 114 .5 3 



Table 4. The observed and calculated structure factors for 
the p-bromobenzenesulfonate of· saxitoxin (!). 

H = 0 
K L FO FC 
0 2 44. 32 

0 4 145 130 
0 6" 40 38 
o ·5 15 16 

1 1 27 31 
1 2 39 . 68 
1 ·3 70 68 
1 4 j5 37 

1 5. 13 17 
. 1 7 20 16" 

1 8 1·3 14 
2 0 37 45 
2 1 262 323 
2 2 68 79 
2 3 69 76 
2 4 15 16 
2 5 . 22 23 
3 1 65 69 
3 2 99 107 
3 4 1:! 18 
3 6 45 46. 
3 1 . 25 2 7 
4 1 92 10 7 
4 2 75 78 

.4 3 30 28 
4· 4 15 15 
4 5 <; 12 
4 6 2c; . 27 
4 7 16 15 
5 1. 4 7 52 
5 . 2 65 82 
5 3 70 68 
5 6 18 20 
5 7 16 14 
6 0 21 13 
6 2 . 10 3 
6 3 84 81 

6 4 11 1 
6 7 18 18 
7 1 81 81 
7 3 . 24 21 

7 4 52 51 
7 5 24 24 
7 6 13 13 
8 0 33 l 7 
e o 28 11 

8 6 21 22 
9 1 ·25 2 !5 
9 2 19" 20 
9 3 32 35 
c; 4 86 87 
9 5 1.1 6 
9 . 6 14 i 2 

10 0 11 1 3 
10 1 14 11 
10 2 20 22 
10 3.30 3C 
11 2 38 40 
11 3 40 .. 41 
11 . 4 34 32 
12 0 17 20 

·12 2 9 11 

12 3 13 11 
13 l 20 22 

H = l 
K L FO FC 
0 l 35 34 
0 2 399 372 
0 4 15 17 
0 5 15 14 
0 7 10 11 
1 0 30 31 
1 1 45 4·5 

1 2 66 64 
1 3 21 24 
1 4 84- 93 
1 5 20 20 
1 6 30 33 
1 7 20 24 
l 8 12 1.3 
2 0' 34 37 

'2 1 245 281 

2 2 1 04 1 06 
2 3 37 36 
2 4 25 29 
2 s · 35 3e 
2 6 lZ 12 
3 0 110 106 
3 1 65 71 
3 2 77 89 
3 .3 26 29 
3 4 76 . 8 2 
3 5 37 39 

•' 

3 6 35 37 
3 7 31 27 
3 8 19 20 
4 0 116 123 
4 1 23 25 
4 . 2 64 68 
4 3 65 67 
4 .. 4 81 86 

4 5 11 1,0 
5 0 140" 147 
5 l 60 t>4 
s • 26 · ;:z 
5 4 26 28 
5 5 55 57 
5 6 22 2" 
5 7 17 16. 

6 0 40 40 
6 1 77 70 
6 2 37 40 
6 3 67 ca 
6 4 15 14 

6 5 30 30 
7. l 55 56 
7 2 35 33 
7 3 48 51 
7 ·4 26 30 
7 5. 11 11 
~8 ·o ·7i 71 

8 1 16 2.0 
8 2 52 52 
8 3 33 31 
a 4 21 24 
8 5 17 16 
8 6 24' 22 

9 0 13 13 
9 2 41 44 
9 3 23 22 
9 4 19 14 
9 5 18 18 
9 6 17 16 

10 -0 15 12 
lC 2 22 23 
10 3 33 35 
10 4 11 10 
11 0 35 36 
11 1 21 20 
11 2 C:4 ,23 

.11 3 27 27 

11 4 10 8 
12 0 42 38 
12 1 10 12 
12 2 "33 32 
12 3 14 16 
13 0 11 5 

H = 
K- L 
0 0 
0 1 
0 2 
0 3. 
0 4 
~ 5 

2 
FO FC 
45 47 
84 81 
71 70 
57 57 
36. 37 
15 17 

0 6 33 33 
0 8 12 15 
1 0 16 .13 
l 1 78 74 
1 2 129 124 
1 3 98 100 
1 4 JO 33 
1 ~ 61 63 
l 6 45 46 
1. 7 12 1.J 
1 8 22 23 
2 0 69 69 
2 l 99 99 
2 2 80 80 
2 3 100 102 
2 4 59 52 
2 5 35 37 
2 6 19 21 
2 7 :13 15 
2 8 9 12· 
3 0 124 126 
3 1 (: 3 66 
3 2 113 117 
3 3 83 87 
3 4 59 .· 61 
3 5 25 2 7 
3 6 52 52 
3 8 13 15 
4 0 58 55 
4 l 87. 93 

4 2 131 146 
4 3 c; 6 

4 4 35 35 



. Table 4 (Contir1ued) 

4 5 16 16 
5 0 22 24 
5 1 3<; 40 
5. 2 51 54 
5 3 . 70 76 

5 4 .35 36 
5 s. 33 32 
5 6 21 23 
5 7 27 26 
6 0 2.3 22 
6 1 70 71 

.6 2 21 23· 

6 3 12 19 
6 4 27 26 
6 5 35 38 
6 6 17 18 
6 7 15 15 
7 0 25 29 
7 1 . 48 47 

. 7 2 35 34 
7 .3 11 7 
7 4 35 36 
7 5 15 13 
7 6 20 19 
7 7 9 6. 
e o 41 39 
8 . 1 28 29 
a· 2 81 85 
e · 3 2<; 20 

8 4 56 .54 
8 5 36 35 
9 0. 18 19 
9 _l 27 25 
9 .2. 1 7 16 
9 3 47 46 
9 4 30 28 
c; 5 11 9 

10 0 12 12 
10 1 t;5 64 
10. 2 17 20 
10 3 34 29 
1 0 4 1 8 21 
10 5 22 19 
11 0 ·18 13 
11 1 24 22 
11 2 21 19 
11 3 . 23 22 
11 4 2E 22 

12 0 14 1 7 
12 2 37· 34 

H = 3. 
K L 
0 1 
0 2 
0 3 
0 4 
0 6 
0 7 
0 8 
1. 0 
1 1 
1 2 
1 3 
1 4 
1 5 

FO FC 
14 11 . 
9 5. 

68 70 
30 33 
52 52 
13 1 f 
11 11 
26 27 
44 45 
70 65 
66 SS 
58 57 
14 1·6 

1 6 37 38 
1 7 31 32 . 
1 8 26 28 
2 c 90 92 

·2 1 119 118 
.2 2 22. 22 
2 3 77 79. 
2. 4 50 47 
2 5 19 19· 
2 6 . 20_ 20. 

2· 7 30 30 
3 0 123 122 
3 1 93 96 
3 2 52 56 
3 3 22 2.3 
3 4 52· 50 
3 5 11 14 
3 6 11 7 

, 3 7 14 15. 
3 8 10 11 
4 0 135 139 
4 1 26 27 
4 2 86 88 
4 3 59 58 
4 4 79· 82 
4 5 25 2.4 

. 4 6 . 10 14 

4 . 7 15 1·4 
5 0 119 125 
5 1 38 3S 

19 

5 2 ~l 31 
5 3 43 41 
5 4 24 26 
5 . 5 36 35. 
5 6 
5 7 
6 0 
6·: . 1 

6 2 
6 3 
6 4 
6 5 
6 6 
·7 . 0 

7 1 

27 27 
16 . 15· 
28 20 
46 49· 
~7 2~7' 

51 · 5.4-

18 2.1 
14 11 
2r 22 
12 18 
29 . 31 

7 2 84 88 
7 3 33 ~ 1 
7 4 35 36 
7 5 2.3 23 
7 7 14 12 
8 0 60 59 
8 1 !52 51 
8. 2. 20 . 20 

. 8 3 . 22 23 

8 4 30 30 
8 ·5. 39 38 
8 6 13 11 
9···.o· ·10 15 

9 1 65 63 
9 

9 
9 
9 

10 
10 
10 
10 
10 
11 
11 

3 
5 
6 
1 
2 

4 
5 
0 
1 

11 2 
11 3 
12 0 
12 .3 
13 0 
13 1 

26 
65 
12 
18 
39 
10 
34 
30 
10 
48 
18 

25 
67 

16 
19 . 

41 
12 
.32 
3-3 

9 
4i 
21 

41 38 
27 27 
24 23 
11 11 
14 10 
13 16 

H = 4 
K L FO FC 
0 0 117 119 
0 1 54 55 
0 2 134 134 
0 3 20 20 
0 4 55 56 
0 6 44 46 
o-· 7·· 11 · 9 

0 8 21 22 
1 0 7 5 
1 1 21 23 

. 1 2 86. 80 
1 3 70 66 
1 4 36 37 
1 s· 22 20 
1 6 44 44 
1 7 24 26 
2 ·o. 68 66 

2 1 41 42 
2 2 .75· 69 
2 3 1.0 2 101 
2 4 
2 5 

"36 35 

35 32 
2 6 34 34 
2 7 19 .21 
3 0 14 7 149 

3 1 131 131 
3 .2 43 42 

·3 3 52 52 
3 4 47 45 

3 5 51 51 
::J 6 22 23 

4 0 108 1.10 
4 l 
4 2 
4 3 
4 4 
4 5 
4 6 
4 7 
4 8 
5 0 
5 1 
5 2 

29 30. 
89 93 
9;2 85 

1 c; 19 
1'2 13 
10. 15 
28 28 
17 14 
72 69 
18 17 
16 . 15 

5 '3 . 18 20 
5 4 36 36 
5 5 11 8 



.Table 4 (Continued) 

5 7 13 15 
6 0 62 57 
6 1 66 71 
6 2 54 57 
6 3 
6 4 
6 5 
6 . 6 
6 7 
7 0 
7 1 

83 84 
10 11 
1 7 1 7 
26 27 

9 .12 
64 66 
87 91 

. 7- 2 45 45 
·7 3 . 28 26. 

7 4 58 60 
7 6 12 11 
8 0 35 38 
8 1 37 33 
8 2 i9 19 
8 3 18 14 
8 4 28 28 
8 5 10 11 

·. 8 6 16 14 

s 0 37 38 
9 l 57 54 
'i 2 45 44 
9 4 34 33 
9 5 30 25· 

1 o o .11 1 8 
10 1 18 20 
1 0 2. 1 7 22 

1 0. 4 9 11 
11 0 53 . 53 
11 1 17 14 
11 2. 31 3 7 
11 ·3 .. 11 7 
11 4 18 16 
12 0 17 14 
12 1 17 18 
12 3 1 4 . 7" 
13 1 34 34. 

H = 5 
K L FO Fe· 
0 1 44 43 
0 2 152 1.57 
0 3 75 74 
0 4 75 74 
0 5 22 22 

0 6 47 47 
o· a 9 11 
1 0 1.12 107 
1 l 94 90 
1 2 .150 149 
1 ·3 48 47 
1 4 31 31 
1 5 54 . ~ 1 
1 8 18 19 
2 0 l ()6 1 03 
2 1 
~ 2 
2 3 
2 4 
·2 5 

2 6 
2 a 
3 0 
3 1 

97 93 
50 54. 
e2 47 
51 49 
61 60 
15 15 
15 17 
93 88 
ll 7 

3 2 134·133 
3 3 68 67 
3 4 71 70. 

3 5 33 28 
3 6 26 27 

~. 8 11 11 
4 0. ·23 20 
4 1 61 62 
4 2 33 33 
4 3 39 3S 
4 4 42' 42 
4 5 14 12 
4 6 24 24 
5 0 72 BQ 

5 1 86 87 
5 2. 63. 63 
5 3 22 25 

. 5 4 30 29 
5 5 10 10 

·5 6 11 16 
6 0 85. 94 
6 1 47 48 
6 2 9 14 
6 3 . 47 46 

6 4 35 3 7 
6 5 41 41 
6 . 7 10 12 
7 1 36 3 8 

. 7 2 10 18 

20 

7 . 3 34 .32 

7 4 11 12 
7 5 10 8 
7 6 21 20 
8 0 70 ?1 
8 1 30 30 
8 2 42 '45 

8 3 C:l 4:2 
8 4· 28 26. 
8 5 10 7 
8 t: 30 . c:.9· 
9 0 29 27 
9 1 12 9 
9 2 26 25 
9 3. 13 11 

9 5 34 ,::3 

10 0 15 13 
10 1 35 35 
10 2 .C:2 23 
10 . 3 22 24 
10 4 29 28 
10 5 20 20 
11 0 48 4 7 
11 2 12 16 
11 4 9 . 13 
12 0 39 38 
12 1 22 19 
12 2 19 18 
13. 1 21 23 

H = 6 
K L FO FC 
0 0 42 44 

0 .1 34 33 
0 2 51 59 
0 3 38 3t? 
0 4 41 42 
0 5. 32 31 
0 6' 46 47 

0 8 21 21 
1 0 160. 150 
1 1 161 160 
1 2 23 28 
i .. 3 98 92 

1 4 t:3 61 
1 5 . 22 2J 

1 · 6 39 . 39 
1. 7 11 15 

1 8 8 4 
2 0 39 "4 l 
2 1 111 111 
2 2 20 18 
2 3 .63 57 
2 4 59 56 
2 5 .38 37 
3 0 175 166 
3 1 43 40 
3 2 98 100 
3· 3 42 43 
3 4 40 40 
3 5 34 33 
3 6 21 22 
3 7 23 21· 
4 0 73 65 
4 l 55 55 
4 2 7 9 
4 3 42 39 
4 4 A2 42 
4 5 13 13 
4 ·7 13 14 
5 0 57 52 
5 l '24 24 
5 2 26 22 
5 3 . 64 64 

5 4 29 35 
5 5 11 . 10 
5 6. 26 26 
5 7 14 14 
6 0 15 13 
6 l 62 58 
6 2 44 48 
6 3 28 29 
6 4 36 37 
6 5 34 34 

6 7 20 1 7 
7 0 57 56 
7 1 18 20 
7 2 50 . 50 

7 3 20 23 
7 4 12 9 
7 5 12 11 
7 7 8 7 
8 1 30 31 
8 2 56 58 
8 3 20 20 
8 4 38 39 



Table 4 (Continued). 

8 5 23 22 
8 6 9 10 
9 1 -16 14 
<i 2 31 31 
9 3 15 17 
9 :4 40 42 
9 5 13 a 

10 1 33 34 
10 ·2 36 36 
10 3 2€ 23 
10 5 9 12 
11 0 23 23 
11 1 12 15 
11 2 9 13 
11 3 1..3 12 
11 4 ·9 11 
12 1 14 15 
12 2 27 2 7 
12 3 19 20 
13 0 11 15 

H = 7 
K L FO · FC 
0 1 35 34 
0 2 54 ·53 
0. 3 1 7 1 7 
0 4 77 78 
o· 5 45 46 
0 6 42 41 
0 7 11 .11 
1 0 41 41 

. 1 1. l37 13 7 
1 . 2 23 24 

. 1 3· 106 94 

1 4 52 48 
l 5 28 26 
1 6 15 12 

. 1 7. 16 l 7 

1 8 15 16 
2 0 29 25 
2 1 38 41 
2 2 52 50 
2 . 3 63 59 
2 ·4 58 55 
2 5 28· 28 
2 6 49 49 

2 7 41 41 
2 8 8 6 

3 0 139 140 
3 1 77 72 
3 ··2 102 100 

3 3 33 34 
3 4 44 45 
3 5 40 38 
3 6 10 8 
3 7 10 10 
3 8 10 11 
4 1 75 7<; 
4 2 39 40 
4 3 25 27 
4 4 66 6~ 

4 5 12 15 
4 6 29 ·2a 
4 7 14 14 
s o 83 ·a1 
5 1 61 62 

. 5 2 19 17 

5 3 53 52 
5 4 
5 5 
5 6 
5 7 
6 0 

. 6 1 

6 2 
6 3 
6 4 
6 6 

25 27 
18 19 
20 18 
13 · 10 
55 51 
17 16 
30 29 
16 20 
15 16 
20 20 

7 0 44 43 
7 2 44 45. 
7 3 .35 35 
7 4 
7 5 
a o 

'8 1 

29 29 
14 15 
27 28 
52 52 

8· 3 60 59 
a 4 . 38 3c; 
8 5 16 lE 
9 0 37 37 
c; 1 31 2c;· 
9 2 43 43 
9 3 27 25 
9 4 17 lf 
9 5 27 26 

10 0 17 15 
10 1 24 21 

21 

10 2 27 27 
10 
10 . 4 

11 0 
11 1 
11 2 

36 36 
·19 20. 

45 45 
20 17. 
24 24 

11 3 41 42 
12 ... 2 24 . 20 

H = 8· 
K L FO .. FC 
o o 1 ca 109 
0 ~ 102 103 
0 3 26 22 
o 4 ·3a 38 
0 s 8 6 
0 6 42 42 
0 7 14 · 12 
0 8 13 .. 15 

1 0 195 1'85 
·1 1 29 31 

1 2 139 1-33 
1 5 13 11 
2 0 143 1.39-
2 1 59· 54 
2 2 .8 11 
2 3 70 7·1 
2 4 3l 30 
2 5 59 56 
2 6 32 . 29 
2 8 9 10 
3 o· 46 :o 
3 1 131 131 
3 2 60 59 
3 3 64 64 
3 4 28 26 
3 : 28 28 
4 0 139 135 
4 1 9 10 
4 2 42 44 
4 3 18 17 

. 4 4 25 23 

4 6 24 26 
s ·o . 85 79 
5. 1 . 67 . 65 

5 2 29 30 
5 3 51. 49 
5 4 40 39 

5 5 15 20 
6 0 65 76 

. 6 l 50 49 
6 2 ·21 2·a 

6 3 34 37 
6 5 16 17 
6 6. 16 15 

7 O· 21 25 
r 1 36 35 
7. 2 62 64 

7 3 36 36 
7 4 25 27 
7 5· 25 22 
7 6 14 13 
8 1 44 43 
8 2 24 22 
8 . 3 32 32 

8 4 39 38 
8 5 23 22 
8 6 
9 1 
9 2 
9 3 
9 4 
9 5 

10 0 
10 1 

.10 2 
l 0. 3 
10 4 
1 1 1 
11 2 
11 3 
12 0 
12 2 

18 20 
37 36 
28 27 
31 30 
21 21 
14. 14 

33 3t> 
20 21 
19 20 
28 26 
24 25 
45 44 
17 1 7. 

9 8 
29 32 
11 9 . 

H =. 9 
K L FO FC 
0 1 133 133 
0 2 121 125 
0 3 26 27 
0 4 37 39 
0 5 10 12 
0 6 10 9 

·O 7 31·· 31 
0 8 9 10 
1 0 256 254 
1 1 165 165 



Table 4 (Continued)· 

1 2 51 54 
1 3 27 27 
1 4 39 38 

1 6 30 30 
1 7 16 14 
2 0 93 88 
2 l . 22 20 
2 2· 81 81 
2 3 ·54 54 
2. ·4 13 9 

2 5 39 '38 
2 6 23 21 
2 8 16 18 
3 0 27 25 
3 l 77 76 
3 2 75 70 
3 3 52 51 

.3 4. 30 28 
3 5 16 15. 
3 6 16 16 
4 0 92 91 
4 1 85 84 
·4 2 84 81 
4 3 27 23 
4, 4· 15 14 
4 6 23 21 
4 7 11 8 
5. 0 45 41 

5 1 108 105 
. 5 2 55' 59 

5 3 29 28 
5 4 26 24 
5 5 24 23 
5 6 113 18 
6 0 47 46 
6 . 1 90 89 
6 2 55 53 
6 3 48 47 
6 4 27 25 
6 5 24 27 
·6 c 9 4 
6 7 11 11 
7 0 68 71 
1 i <,; 9 
7 2 18 19 
·1 3 26 26 
.7 4 9 13 
7 5 14 14 

1 6 9 10 
. 8 0 34 34 
a 1 31 33 
8 2 51' ?3 
8 3 15 14 
8 5 27 28 
8. 6 16 15 
9. 0 16 9 
c; 4 i2 1.1 
9 5 10 . c 

10 2 31 33 
10 3 42 43 
10 .4 21 23 
10 5 24 24 
11 1 18 1c; 
11 2 13 1 ~ 
11 4 11 10 
12 0 18 13 
12 1 17 15 
12 2 23 26 

H = 10 
. K L Fa· FC 
o o· 57 53 
0 1 92 90 
0 2 45 45 
0 3 16 20 
0 4 27 26 
0 5 26 2~ 

0 6 27 26 
0 7 18 .19 
0 8 17 18 
1 0 115 107 
1 1. 155 155 
1 2 59 5:-9 
1· 3 36 37 

1 4 
1 5 
1 7 
2 0 
2 1 
2 2 
2 3 

33 3.5 
12. 13 
15 1'6 
27 28 
26 . 26 
49 50 
28 28 

2 4 59 56 
2 5 9 8 
2 (> 38 3'6 
2 7 16 15 
2 8 14 13 

22 

3 0 76 76 
3 1 18. 16 
3 2 24 21 
3 3 34 35 
3. 4 19· 15. 
3 5 i4 12 

.3 f 30 29 
3 7 14 15 
4::. 0. 48~ 4'3·· 
4, 1 4 7 4-r 

4 2 27 27 
4 j 43 . 43 

4 4 45 46 

4 5 ·16 16 
4 6 38 36 
5 0 31 26 

'5 1 71 72 
5 2 42 41. 
5 3 69 70 

·5 ·4 11 10 

5 5 20 ~l 

5 7 9 13 

6 1 78 76 .· 
6 2 57 60. 
6 3 .28 28 
6 4 19 23. 
6 5 33 33 
6 6 10 10 
6. 7 24 25 
7 0 43 44 
7 1 19 22 
7 2 38 39. 
7 4 43 43 

8 0 33 31 
8 1 17 15 
8 2 27 27 
8 3 24 27 
8 4 25 23 
8 5 18 18 
9 1 24 25 
9 2 . 32 33 
9 3· 16 18 
9 . 5 26 26 

10 0 41 40 
10 1 26 29 
10 2 16 18 
10 3 25 25 
10 4 10 12 

1 1 1 15 15 
11 . 3 18 17 
11 4 9 9 
12 1 12 11 
12 2 e e 

H = 11 
K L FO FC 
0 1 29 31 · 
0 2. 15 15 
0 3 2~ 2c; 
0 4 24 24 

.o 7 19 19 
o 8. 9 a 
1 0 11 10 
1 1 50 49 
l 2 33 37 
1 3 54 59 
1 4 12 11 
1 5 19 19' 
1 6 33 34 
l 7 14 13 
1 8 8 8 
2 0 54 53 
2 1 89 90 
2 2 93 91 
2 4 20 22 

.2 5 21 19 
2 7 27 24 
3 0 61 95 
3 1 17.15 
3 2 26 25 
3 3 
3 4 
3 5 
3 6 
3 7 
4· 0 
4 1 
4' 2 

4 3 
4 4 
4· 5 

4 6 
. 5 1 

5 2 
5 3 
5 4 

55 53 
18 '16 
22 21 
17 20 

9· 12 

20 22 
70 68 
50 48 
98 99 
19 20 
20 17 
25 25 
47 45 
67 65 
10 8 
26 24·, 



T~ble 4 (Continued). 

5·5 16 18 
5 6 34 33 
5 7 11 ·13 
6 0 53 54 
6 2 40 42 
6 3 18 20 
6 4 31 30 
6 . 5 20 22 
6 6 .18 18 
6 .7 13 1 0 
1 0 47 48 
7 1 28 27 
'7 2 20 22 
7 3 61 63 
7 4 29 29 
7 6 12 12 
8 0 18 19 
8 
8 
8 
9 
9 
9. 
~· 

9 
10 
10 
1 1 
1 1 

' 11 

2 
4 
5 
0 
1 
2 
3 
4 

2 
4 

0 
1 

11 13 
28 29 
22 21 
35 36 
30 ·32 

23 22 
38 42 
30 30 
16 13 

c; 4 
28 28 
20 19 
2"'"' 20 

12 0 8 6 
12 1 c; 8 
12 2 21 19 

H = 12 
. K L FG FC 

0 0 8 8 
o. 1 48 47 

. 0 2 26 26 

0 3 30 31 
Q 4· 24 25 
0 5 20 19 
0 6 c; 12 
0 7 27 29 
1 .c 119 118 

1 2 4 = 43 
1. 3 49 50 
1 4 63 64' 

1 5 52 5 2 
1 6 27 29 
.l 7 28 26 
2 0 84· 81 
2 1 59 55 
2 2 26 25 
2 3 83 81 
2 4 22 24 
2 5 21 18;1 
2 6 30 :3''2:-
3 0 23 22 
3 1 75 72 
3 2 26 24 
3 3 33 ·31 
3 4 37 35 
3 5 32 34 
.3 6 26 24 
4. 0 48 43 

. 4 1 64 66 
4 2 71 67 
4 3 .15 13 
4 4 11 13 
4 5 23· 24 
4· 6. 1·3 1 6 

5 0 33 31 
5 1 47 48 
5 2 69 71 
5 3 50 52 
5 4 46 47. 
5 5 12 14.· 
5 6 15 18 
5 7 ,14 15 
6 0 29 2c; 

. 6 I ·59 · 60. 

6 2 23 24 
6 3 18 1 7 
6 4 25 24 
6 5 22 ' 2·1 
6 6 13 12 
7 0 26 23 
7 1 37 .40 
7 2 41 41 
7 3 18 20 
7 4 20 · 16 
7 5·. 18. 1.6 
8 0 13 16 
8 1 28 . 26 
8 2 1~ 17 

23 

6 3 42 42 
8 4 12 15 
8 5 . 13 15 
8 f 9 11· 
9 1 28 26. 
9 2 37 :J7 
9 3 19 16 
9 . 5 1_3 15 

10 O;,. c5 65-
10 . 2,· 2 5:· 2·:1: 
10 3 23 23' 
io 4 25 . 26 
11 1 24. 22 
H 
11 
12 
12 

2 

0 
1 

30 
13 
12 
14 

H = 13 

31 
9 

11 
14 

K L FO .FC 
0 ·1 1?1 125. 
0 2 10 9. 
0 3 78 '' 78 
0 4 17 15 
0 5 49 49 
0 6 ·16 . 15 
0 7 21 2·0 

. 1 0 . 42 42 

1 l 40 40 
1 2 66 . 62 

1 3. 39 ;::9 
1 4 32 34 
1 5 47 48 
1 6 .32 35 

l 7 14 15 
2 0 163 159 
2 1 80 78 
2 2 50 47 
2 3 28 27 
2 4 38 38 

2 = 18 16 
3 ·O 90 S9 
3 1 86 81 
3 2 .37 37 
3 3 56 58 
3 4 54 53. 
3 h 26 26 
3 6 33 35 

4 0 164 16.J 
4 1 . 33 32 

4 2 13 13 
4 3 18 14 
4 4 27 2e 
4 5 15 14 
4 7 
5 0 
5 l 
s· 2 

.5 3 

10 6 
49 45 
33 32: 
6B 66 
29 28 

5 4 29 29 
5 5 41 40 
5 7. 12 6 

6 0 16 11 
6 1 61 61 
6 2 .33 34 
6 3 34 35 
6 4 31 30 
6 5 14 13· 

6 6 1 J 7 
7 0 . 22 23 
7 1 13 11 
7. 2··. 55 54 
7 4' 40 40 
8 0 35 34 
8 ' 1 47 47 

8 2 15 16 
8 3 22 21. 
a 4 19 17 
8 5 14 15 
9 0 26 26 
9 1 10 10 
9 2. 24 26 
9 5 14 13 

1 0 2 47 48 
10 3 22 23 
10 4 16 18 
11 1 23 21 
11 - 2 9 3 
12 0 21 21 
12 1 24 25 

H :::;: 14 
K L FO FC. 
0 ,0 · 1.34 128 

0 1 ~23 220 
0 2 64 62 
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· Table 4 (Continued) 

0 3 75 77 
0 4 5c; ' 62 
0 5 4t 46 

0 6 20.19 
1 0 12 12 
1 1 62 62 
l 2 73 71 
1 3 60 65 

'i 5 19 20 
1 .6 16 18 
1 7 1 :. 1 8 
z 0 38 36 
z 1 88 85 
2 2 132 133 
2 3 62 62 
2 4 ·55 55 
2 5 25 27 
2 6 11 14 
3 0 11 10 
3 1 71 66 
3 2 24 25 
3 3 41 41 
3 4 16 14 
3 5 23 20 
3 6° 29 25 

4 0 42 42 
4 1 35 35 
4 2 63 65 
4 3 19. 19 
4 4 20 19 
4 !::> 33 32 
4 6 13 16 
4 7 15 l.ff· 
5 0 69 (>9 
5 1 37 36 
5 2 26 25 
5 3 31 ' 29 
5 4 26 26 
5 t> 22 2.0 
5 6 14 14 
5 7· 15 15 
6 1 30 31 
6 2 
6 3 
6 4 
~ 6 
7 0 
7 1 

28 27 
15 1 4 
31 29 
13 11 
88 90 
1 (; l 9 

7 2 
7 .3 
7 4 
7 6 
8 l 
8 2 
e 3 
8 ' 4 
B 5 
9 0 
9 1 
9 2 

22 20· 

10 13 
40 42 

20 ·22 .. 
17 14 
19 1 7 
29 ·29 

16 15 .. 
9 :1 <f. 

44 4::5' 
9 10 

13· 17 
9 3 33 35 
9 5 14 1 ~ 

10 0 13 10 
10 1 31 30 
10 2 16 10 
l 0 3 10 1.0 
11 1 ·23 .24 
11 2 20 20 
11 3 18 18 
12 0 JO. ..f3 

H = 15 
K L FO FC 
0 1 182 1 79 
0 2 91 97 
0 3 82 85' 

0 4 15 14 
0 5 12 1 
0 6 10 11 
0 7 13 16.c 

1 0 21 22 
1 1 34 33 
1 2 18 ·2 0 
1 3 51 53 .· 

1 4 19. 19 
1 5 11 13 
1 6 48 49 

1 7 12 .12 
2 0 173 168 
2 1 122 11 .7 
2 2 32 32 
2 3 53 50 
2 4 4.4 44 
2 5 33 34 
2 6 24 25 
3 0 63· 61 

24. 

3 1 59' 55 
3 2 16 16 
3 3 
3 4 
3 s· 
3 7 
4 2 
4 3 
4·. 4 

4 .·s-
4 6 
4 7 
5 0 
5 1 
5 2 
5 3 

49 '48 
27 ~5 

15 14 
23 20 
62 f;7, 

67. 65. 
2'4; 23' 

26 26 
12 ' 11 
10 '7 
41' 41 

74 69 
20 .a 
25 25 

'5 4 52 .52 
5 5 29 .27 
5 . 6 ·23 21 
6 0 17 12 
6 ' 1 15 10 
6 ·2 '51 51 
6 4 9 7 
6 5 12 '12 
6 6 ' 18 21 
7 1 
7 2 
7 .3 
7 4 
7 5 
7 6 
8 0 
8 .1 

11 9 
44 47 
45 46 

9 11 
14 15 
10 15 
20 20 
.13 16 

8 3 17 14 
8 5 12 10. 
9. 0 .26 .26 
9 1 28. 31 
9 3 36 36 
9 4 18 1 7 

10 2 '11 13 
10 •4. 15 14 
11 .0 17 1 7 
11 1 21 23 

H = 16 
K L FO FC 
0 0 10.3 S8 
0 1 57' 53 

0 2 19 18 
'0 3 37 36 
0 4 30 31 
1 0 30' 27 

·l l 39 39 
1 2 
1 3 
1 4 
1 5 
1 6 
1 7 
2 0 
2 1 
2 2 
2 3 

29 30 
51 51 
34 35: 
15 14 
22 20 
20 20 
87 90 
58 58 
48 47 
53 52 

2 4 33 34 
2 5 20 21 
2 6. 22 23 
3 1 39 39 
3 2 58 60 
3 3 27 27 
3 4. 18 19 
3 5. 62 61 
3 7 22 19 
4 0 21 21 
4 1 78 75 
4 3 38 40 

'4 4 34 32 

4 5 32 31 
4 6 19 19 
4 7 11 12 
5 0 16 13 
5 1 23 ·20 
5 2 41 3c; 
5 3 
5 4 
5 6 
6 0 

31 29 
45·, 45 

27 25 
31 31 

6 ' 1 48 49 
6 ·2 25 24 
'6 4 43 44 
6. 5 28 28 

6 6: 10 11 
7 1 61 63 
7 3 29 28 
7 4 16 14 
7 5 30 30, 
8 2 46 46 I 



·Table 4 (Continued) 

8 3 44 46 

,8 4 ' 12 1 .3 
8 5' 23 22 
9 0 28' '27 

9 1 15 17 
9 2 34 '33 
c; ,,3 12 14 
9 4 16 15 

.10 0 30 30 

10 1 . 2S 3.0 
10 ·2 20 20 
11 1 15 16 
11 2 25 26 

H = 1 7 
K L FO FC 
0 1 14 12 
0 2 80 78 
0 3 27 27 
1 0 7 8 
1 1 37 37 
1 2 32 33 
1 3 2c 26 

.1 4 28 26 

1 5 30 30 
1 6 1.7 16 
2 '1 12 9 
2 2 90 94 
2 3 41 43 
2 6 15 13 
3 0 80 79 

3 1 21 ?O 
3 2. 45 45 
3 3 43 43 
3 4 28 28 
:3 5 33 34 
3 6 17 15 

'3 7 25 25 
4 0 24 25 

4 1 66 65 
4 2 57 57 
.4 3 47 49 
4 4 12 14 
4 5 26 25 
5 0 22 20 
5 '1 77 '7 8 
5 2 30 29 
5 3 40 39 

5 '5 18 17' 
5 6 29 29 

.6 0 16 H: 
6 1· 36 36 
6 2 34 34 
6 3 59 61. 
6 4 22 23 

6' 5 13 1 ~ 
6 6 9 l 1 
i 1 42 4.3.· 
7 2 34 34·; 

7 3 32 33 
7 4 12 10 
7 5 17 18 
8 0 63 64 
8 1 
8 2 
.8 4 

8 5 
9 () 

9 1 

27 2<; 
35 .36 
27 28 

9 11 
45 45 
20 23 

9 2 '23 27 
.9 4 20 20' 
10 1 20' 22 
10 2· 30 30 
10 3 15 15 
11 1 14 14 
11 2 14 14 

H = 18 
K L FO FC 
0 0 15 13 
0 1 48 51 
0 3 9 '9 
0 5 15 15 
0 6 25 2 7 
0 7 20 21 
1 0 19· 19 
1 2 70. 68 
1 3 53 ' 55 
1 6 
1 7 
2 ·O 
2 1 
2 ' 2 
2 3 

27 27 
23 .22 
71 68 
50 49 
38 37 

12 12 
2 4 64 .64 

2 5 .17 18 

'25 

2' 6 ' 15 15 
3 o·. · 75 12 
3 1 35 35 
3 ' 2 33 31' 
3 3 20 17 
3 4, 38 39 
3 5 23 20 
3 'f:. 10 9 
4 .o 45 47 
4. 1 50 so .. 

'4,' 2: .· !;l!i. 52~· 
4 3· 22 2~1 

'4 4 18 16 
4 ,5 27 28 

'4 6 23' 21 
5 ' 0 36 40 
5 '1. 59 58 
5 2 15 1.7 
5 3. 30 29 
5 5 19 18 
6 0 
6 1 
6 ,2 
6 3 

35 34 
73 13 
25 25 
27· 30 

6 4 42 40 
6 5 19 17 
7 0 78 78 

7 1. 15 I 16 
7 2 24 23 
7 3 20 22 
7 4 21 21 
8 0 67 t:.7 
6 1 30 29 
8 2 27 28 
8 .3 14 13 
8 4 '10 11 
9 0 24 24 
9, 1 19 1'9 
9 2 17" 19 
9 .3 31 32 

10 1 20 21 
10 2 9 11 
10 .,;. 18 22 
11 .o 25 21 
11 1 20 19 

H = 19 
K L FC FC 
0 1 79 80 
0 2 18 20 
0 '3 45 43 

0 4 J 1 ' 32 
0 '5 35 35 

1 o 9o a1 
1 1 58 56 
1 2,; 14 14: 
1" 3" 2'9. 30 
1 4 5'1 49 
1 5 23 26 
1 6 c; 8 
2 0 94 92 
2 1 21 22 
2 2 22 21 
2 3 13 12 
2 5 
2 6 
3 0 
3 1 
3 3 
3 4 
3 5 
4 0 
4 1 
4 2 
4 3 
4 4 
4 5 

,4 6 
5 0 
5 1 
5 2 
5 .3 

29 27 
23 24 
30 31 ' 
50 49 
60 .57 
13 1·'3 
12 9 
60 59 
23 24 
46 45 
49 50 
26 '26' 

13 1.2 
16 15 
66 67 
22 20 

12 ·13 
16 19 

5 4 28 27 
5 5 9: 11 
6 0 28 27 
6 1 
6 ' 2 
6 4 
6 5 

54 53 
39 39 
31 30 
18 20 

7. 1 15 16 ' 
7 2 34 35 
7, 3 16 15 
7 4 12 8 
7 5 8 7 



1~ble 4 (Continued) 

e o 13 12 
8 3 9 9 
8 4 13. 3 

.9 0 11 7 
9 1 28 29 
c; 2 12. 13 
9 4 13 19 

10 0 . 21 20 
1 0 1 ·16 1 5 
10. 2 14 13 

H = 20 
K L FO FC 
0 0 12 7 
0 1 s: 55 
c 3 30 33 
0 4 39 4 0 
0 5 23 23 
1 1 75 7 3 
1 2 69 69 
1 j 36 3 6 
1 4 18 16 
1 5 50 .. 50 

2 0 22 22 
2 1. 11 10 
2 2 40 40 
2 3 52 52 
2 6 14 14 
3 0 42 41 
3 1 bO. · 59 

3 2 41 41 
3 3 27 26 
3 4 33 34 
3 5 20 19 
4 0 41 . 40 
4 1 39 3 8. 
4 2 28 26 
4 3 18 17 
4 4 28 28 
4 5 24 23 
4 6 13 15 
5 0 17 16 
5 2 65 64 
5 4 22 22 
6 0 9 12 
6 1 14 13 
6 2 21 22 

. 6 3 .. 20 19 

6 4 13 12 
.6 5 .13 11 
7 o· 14 1. J 
7 1 27 .. 25 

7 2 15 12 
7 3 12 12 
7 5 21 20 
8 1 
8 2 
8 3 
9 1 

10 0 
10 1 

34 . 34 

22 20.~. 

29 30':. 
12 10 
19<16 
14 1.3 

H = 21 
K L FO FC 

·o 1 19 19 
0 2 40 41 
0 3 9 12 
0 5 57 55 
0 6 ·17 17 
1 0 47 47 
1 1 u 63 
1 2. 23 2: 
l 3 54 54. 
1· 4 47 47 
1 5 17 1 7 
2 0 18 18 
2 1 14 1 c; 
2 2 24 24 
2 4 29 20 
2 5 20 21 
2 6 14 15 

3 0 .51 50 
3 1 20 2.3 
3. 2 70 71 
3 3 ·.57 5.6· 

.· ', 

3 4 . 24 23 
3 6 12 .1.3 
4 0 i3 16 
4 1 39 ·3 7 
4 2 13 14 
4 3 32 31 
4 4 12 10 
5 1 46 45 
5 2 46 46 
5 3· 32 33 
5 5 17 1 7 

26 

6 o· 17 1'6 
6 1 3.3 34. 

6 . 2 --27 . .-29 
6 3 24 24 
6 4. 1.5 11 

. 7- o: . 20.. 22' 
7 1 ·20 19 
7 ·2· 1,5 15 
7 3:> 2.5,.. 2,~). 

1 · 4~ i·o-::: u 
a· · o 4.6· 45 
8 1· 13 ... 17 
8 3 9 7 

'8 4 ·l-'6 1·6 
9 ·1 .. l-9· 20 
9 2 19 16 
9 3 9 12 

10 1 .23 22 

H = 22 
K L FO · F.C 
0 .0. 44· . 44 

. o ·1 re· 21 
0 3 47 47 
1 0 13 ·13 
1 l s1 ·51 
1 .3 16 16 
1 6 -13 13 
2 l 2.9 .28 
2 2 24 423 
2 3 35 34. 
2 4 30 30 
2 5 17 15 
2 6 16 16 
.3 0 98 ~6 

3 . 1 . 4.1 ·40 . 
··. 3-_ . 2 24. 23 

3 .3 18 18 
3 4. 11 14 
3 5 16 15 
4 0 -16 1 7 
4 . 1 61 60 
4 .2 23 22 
4 3 

4 = 
5 0 
5 1 
5 2 

26 21 
13 11 
84 .-€6" 

48 50 
12 is 

5 ,3 
5 4 

5 5 
6 0 
6 1 
6 2 
6 3 
6 4 
6 5 
7 0 
7 l 
7 . 2 
7 3 
8 () 
8 1 
8 2 
9 1 
9 2 

37 38 
35 35 
16 16 
28 27 
26 27 
29 29 
25 23 
16 14 

9 10 : 
21 21 
13 13 
26 27 
~1 32 

19 19 
15 13. 
38 40 
18 20 
15 15 

H = 23 
K L 
0 1 
0 2 
0 3 

FO FC 
42 42 
24 25 
10 1·2 

0 4 18 18 
0 5 
1 0 
1 1 

.1 ;3 

34· 34 
72 71 
42 41 
24 22 

1 4 29 29 
2 0 12 7 
2 1 33 31 
2 2 39 38 
2 3 10 11 
2· 4 26 23 

2 6 18 21 
3 1 55· ·_ 56 

3 2 32 34 
3 3 21. 22 
3 4 20 1 <; 
3 5 12 14 
4 1 52 52 
4. 2 13 13 

4 3: 25 24 
4 5 22 21 
5 1 15 20 
5 2 53 53 
5 3 28 27' 
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Table 4 (Continued) 

5.5 i4 14 
6 0 72 72. 
6 l 29 27 
6 2 2c 2a 
6 4 14 13 
7 0 21 21 
7 1 30 33 
7 ·2 17. 13 
7 3 12 16 
7 4 24· 2S· 
8 0 28: 29· 

8 1 24 23 
9 1 25 23 
9 2 14 16 

H = 24 
K L FO FC 
0 0 10 1.2 
0 1 ·1 7. 1 7 
0 2. 11 1.2 
0 3 49 50 
o. 5 1.0 12 
1 1 61. 5'9 
1 2 53 . 53 
1 3 10 11 
l 5 '22 21 
2 0 12 12 
2 i 28 28 
2 2 36 37 
2 3 18 . 18 
2 4 28 30 
2 5 14 11 
3 1 2 7. 26 

.3 2 17 13 
3 3 31 31. 
3 4 18 17 
3 5 - 15 14 
4 0 70 71 
4 1 17 12 
4 3 20 21 
4 4 27 25. 
4 5 26 23 
5 0 32 33 
5 1·-21 28 
5 2 25 23 .. 
5 3 20 21 
c:: . 4 29 29 
6 0 27. 27' 

6 1 23 22 
6 2 28 2<; 
7 0 12 10 
7 1 17 2C 
7 2 10 8 
8. 1 20 20 
a 2 a· e 
8 3 29 ·29 

H =· 25 
K L FO - FC 
0 1 20 20 
0 3 12 10 
1 0 63 64 
1 1 29 30 
1 2 10 12 
1 3 23 25 
l 4 11 12 
1 5 12 11 

·2 ·o 
2 1 
2 2 
·2 . 3 
2 4 
.2 5 
3 0 
3 1 
3 2 
3 3 
3 4 
4. 0 
4 1 

''48 47 
19 . l<i 
20 21. 
2'() '1 <i 
11 11 
13 11 
24 23. 
31 29 
'34 34 

21 20 
17 . 19 

17 18 
21 23 

4 2 31 30 
4 '3 22 21 
4. 4 16 .16 

··5 1 17 1 7 
5 .. 3 19 16 
5 4 14 12 
6 0 21 19 
6 1 13 11 
6 2 10 8 
6 3 24' 22 
6 4 21 21 
7 1 · 16 15 
7 2 ·17 le 
8 0 11 10 
8 1 .. 12 . 13 

27 

H = 26 
· K L FO FC 

0 1 . 28 28 
0 2 18 17 
0 3 1,t 13_ 
0 4 .11 10 
0 5 11 10 
1 0 20 22. 
l 1 1,6,_ 17 
1 2· 3:7' .3:ar 
1 3 27 28 
2 0 . 47 45. 
2 2 27 28 
2 3 .. 1.9 18 

2 4 37 36 
3 0 14 15 
3 1 15 16 
3 . 2 25 25 

3 3 29 29 
3 5 ·9 -10 
4 0 13 12 

. 4 l 37 .36 
4 2 -1-4 14 
4 3 12 13 
5 0 18 20 

5 2 19 20. 
5 .3 20 21 
5 4 19 19 
6 0 2.3 23 
6 1 11 7 
6 2 14 12 
6 .:: 12 14 
7 0 25 25 
7 1 24 24 
7 . 2 11 12 
7 3 .. 1.6 17. 
!3 0 9 9-
8 1 15 13 

H = 27 
K L FO FC 
0 l 11 9 
0 2 45 46 

0 3 18 18 
0- 4 22 23 
0 5 9 10 
1 1 22. 22 
1 2 19 18 

1 3 14 11 
l 5 10 9 
2 . . 1 24 22 
2 2 30 31 
2 3 12 11 
3 0 16 15 
3 1 l5 14 
3 2 21 21 
3 . 3 18 1.8 . 

4 1 · 37 39 
4 2. 10 9 
4 3 22 21 
4 4 12 11 
5 0 20 21 
5 1 22 23 
5 2 24 25 

6 1 10 10 
6 2 27 27 
7 1 . 29 29. 

7 2 11 9 

H = 28-' 
K L FC ·i=c 
0 0 44. 43 
o· 1 9 12 
0 3 16 18 
0 4 13 12 
1 0 12 13 

. 1 1 29 30 
l Ii- 24 .2~ 

2 0 33 32. 
2 1 22 24 
2 2 34 35 
2 3 21: 21 
3 0 26 26 
3 1 15 15 
3 2 11 12 
3 3 17 15 
4 0 13 11 
4 l 35 35 
4 2 12 10 
4 3 24 23 
4 4 10 a 
5 0 .9 12 
5 .1 17 
5 2 18 
6 0 .28 
7 o. 9 

1.7 . 
18 
29. 

4 

--~---'-------~---~----· .. ~---~:; .... --~-"---
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Table 4 (Continued) 

i. 7 1 30 .31 1 1 10 14 
1 2 9 c; 

H = 29 2 0 27 25 
K L FO FC 2 1 23 23 

0 1 30 31 2 2 '~l 2~ 

0 3 48 48 3 0 14 16 
1 ·o 12 12 3 ·1 20 21 
l 1 1.3 13 3 2 15 14 
1 2 9 7 4 0 25 24 
2 0 47 46 4 1 32 3~ 

2 1 14 14 5 0 27 27 
2 2 15 12 

.2 4 . 34· 34 H - 32 
3. 0 20 1 7 K L FO FC' 
3 1 10 12 '0' '0' 32 35 
3 2 10 8 1 0 16 20 
3 3 16 14 1 1 28' 30 
4 0 12 15 1 2 8 c; 
4 1 '18 '20 2 0 23 24 
4 '2 11 l 1 2 1 11 .10 

! 4, 3 28 29. 3 ·o 16 '1 8' 
,_ 

5 0 - 27' 21. 3 l 15 17 
5 1 '24 25 4 0 9 4 

~- 5 2 13 14 4 1' 2.3 23 f· f 2 13 13 

1: 
H = 33 

,• H = 30 K L FO .FC '. 

K ' L. FO FC 1 0 20 22 
0 0 20 18 1 l' 21 21 
0 1 45 46 2 0 23 2.J 
0 3 24 23' 2 1 16 16 
2 0 . 28 28 

I,~ 

2 1. 24 24 .; 

2 z .37 36 '! 

2 -.3 20 20 
3 1 24 24 
3 2 18 19 

'I 4 1 2~ 25 
4 2 23 24 
5 0 22 21 
5 1 12 5 
6- 0 15 1 7 

H = 31 
K L FG FC 
c l 21 22 
0 3 15 17 
1 O· 23 23 

. --· .. ·.:"!·• 

.:: j 

: ~ 
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Discussion 

Sa.xi toxin! is a tricyclic compound and can be con­

. venieritly described·. as a 3:;4,6;...trialkylt·e·trahydropurine. -
. . 

. The. 3 and 4 positions of the purine are bridged by a three 

carbon fragment to form the· third.ring.containing a hydrated 

ketone. The 2 and 8 positions. of, the: p.ur.:i:ne; sy:s~t'.em- contain 

-NH2 groups as substituents which form the two guailidinium 

moieties of saxitoxin ! (14), Position 6 is substituted by 

a ·CH20CONH2 moiety which adopts a pseudo-axial.conforma.tion 

in the crystalline state. The crystal structure reveals 

13possible hydrogen bonds but none of these appears to be 

intramolecular. · 

The five-membered r.ing;. containj..ng a g~a.."lidinium group 

is planar ~ith a maximum deviation from the least-squares 

plane of 0.001.A. In contrast, the other five-membered ring 

exists in an envelope conformation with N(3), C(4), C(ll), 

.and C(l2) forming a plane ·having a max:imum deviation of 

o.OlA wt th C(l3) being o.6-2A ftoin this.plane. The .six.:.·inembered 
. . 

ring also contains a four atom plane (N(3),. ·c(4), C(S), 

and C(6)) with a maximum deviation of O.OOlA. N(l) and C(2) 

are on the same side of this plane and are 0.87.A and 0.57A 

respectively away from it. The guanidinium moiety (N(l), 

C(2), N(3)°, and N(lO)) is planar with a maximum deviation 

of 0.003.A. All the· c~··N bonds of both guanidiniwns are 

the same within experinlental error (1.32(1).A except for 
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C(8)...;N(9) which is.· 1.36.(l)A •. All intra.molecular distances 

and angles are in agreement with previously determined 

values ( 23) • 

The structure presen.ted0 for saxi tox:tn !• is compatible 

with all of the pr·eviously ·published chemical and spectral 

data if an equilibrium exis:~t:s;;- in~ s"o'l:'utron: b7etwe·en 4 ~d 
. . . . . . . -- . 

its keto form ~· The ketone hydrates readily in sa.xitoxin 4 
. . 

because of the electron withdrawing effects of the guani-

dinium groups. The keto form is reduced (H2 -Ft02 or NaBH4 ) 

which eliminates.the ketone ir absorption at 1770 cm- 1 and 

detoxifies sa.xitoxin (11). ·Also under·rigorous drying con­

ditions (110°C at. 10""5 " mm to constant· weight) th~ ketone 

hydrate loses one molecule of water:· to reconc;i.le· the pro­

posed' molecular formulas (14). Only.one atom of 180 can be 

incorporated when the keto form is dissolved ·in H2
180. 

·· .. · . . . ' . 

. This. 180 .is subsequently l.ost on vigorous drying. Thus, 

the same 0 enters· and leaves to form the ketone hydrate. 

The keto form a;Lso explains the dP.uter.ium ~xchange at the 

C(l2) methyiene. ';('he nmr (14) spectral assignments are 

n<;>w 64 .27 (lH, q, J = 11, 9 .Hz) and o4 .05 (lH, q~ J = 11, 5 Hz) 

to the two hydrogens on C(16), 63~87 (lH, d of q, J=9, 5, 

l' Hz) to. the lone hydrogen on C (6) and 64. 77 (lH,' d, J = 1 Hz) 

to the bridgehead Hon C(5). The dihedral angle of 72° 

between these l~st two hydrogens in the crystalline state 

. explains their relatively sniall coupling. The protons. on 
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C (11) are responsible for the resonances, at l).3 .85 and 

03.57 and the 62.37 multiplet is attributed to the protons 

on C(l2). 

An interesting point which is· still not. fully explained 

·by structure 4 is the observed pKa values of 8.3 and 11.5 in 
, 

water ( 4) and the shift of the lowe.r· one to. 9. 05 in a solu-

tion of 50~ ethanol and water (14). The Shift to .a higher 

pKa on decreasing polarity of the solvent is normally·. 

characteristic of a proton dissociating from an oxygen 

atom rather· than from a nitrogen at·om (24). This result 

was used to rationalize the erroneous structure ~· In 

·View of the structure ! ,it ·would appear that both pKa 
. - . . . 

values must be associated with the two guanidinium groups· 
. . 

for the· hydrated ketone ·cannot be responsible since· reduced 

saxitoxin has· the same pKa values as saxitoxin · (11). · One 

· explahatioh for the observed phenomenon is that the carbamate 

group could intra.molecularly stabilize one of the guanidinium 

groups in the less polar environment of 501i ethanol and 50~· 

water. 

The pharmacological actions of saxitoxin ! and tetro­

dotoxin. 5 (25), a neurotoxin isolated from the puffer fish 

in Japan and from egg clusters of th.e California· riewt, are 

very. similar. . Both have been found to specifically block 

the sodium ion membrane channel over the potassi:um ion. chan­

nel in·axonic nerve transmission (26).· Theories.of the· 
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mode of action and schematics of the sodium pore have been · 

postulated ( 27, ·28, 29) on the basis of the known· structures 

of the two neurotoxins. As a further tool in studying the 

structure of the sodium cpannel, modificatipns of the native 

saxitoxin ! could be made to determine what structural 
.. 

elements are necessary to retain the high toxicityo · It 

would be of particular interest to know the s:tructure of the 

inactive hydrogenated saxitoxin. Recently Ghazarossian and 

coworkers (30) were able to generate decarbamaylated saxi­

toxin by acid hydrolysis of the native material. The hydro~ 

lyzed compound retained 60% of the activity of saxitoxin. 
. . . 

In addition to its usefulness in si;;udy:ing the struc-

_ ture and mechanism of the sodium ion membrane channel it is 

hoped that the knowledge of the J5tructure . of ·saxitoxin will 

enabie a better monitoring system .for toxic shellfish to 

be· found. The present !llonitoring system use.s a mouse bio-· 

assay, but this method has some disadvantages in that the 
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bioassay is not· as sensitive or·as.selective as would be 

liked. Possibly a rapid, on site chemical method could 

be developed to measure minute a.mounts of .saxitoxin.in 

contaminated shellfish.. Recent.l~h· a, r.ep.or.t has been· pub­

lished of a chemical assaY. which claims to. be more sen­

sitive than the niouse bioas;s~~- ( 31) •. 
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· PAXILLJ;NE, PASPALINE, A.ND PASPALICINE .. 

General Introduction 

Reports of compounds capable of producing sustained 

tremors have been quite rare.in the scientific literature. 

Everett·and coworkers (32) have reported that out of 10,000 

compounds. tested only 10 were tremorgenic·. Tfre .. mo·s·t· t t ,. . . po en 

of these was tremorine 6 which produced tremors when in-

jected into mice at the dosage of 20 mg/kg bodyweight. 

Tremorgens· are of ·scientific interest since elucidation of 

CN-· CH2-C~·-CH2-NJ 
6· 

their. mode of action would increase man's understanding of 

the physiolo.gy and ~hemistry ·of nerve mechanism~- Also they 

can be used to induce reproducible tremors in test animals 

providing a biological screen for anti-tremorgenic compounds 

such as those useful in treating Parkinson's diseaseo 

Recently, reports have described a number of tremor,gens 

produced. by vari.ous species of Penicillium and Aspergillus 

fungi (33). Those for which chemicai structures have been 

determined can biogenetically be·formally derived from 

6-methoxytryptophan,. praline and a number.of mevalonic acid 

units. A typical ·example is fumitremorgen A 7 {34) isolated· 

from Aspergillus fum1gatus. 

·-·------ _____ '_. __ ·-----------·-~: ...:..._......: _ _:__ ____ ......... --.... .,:iua=. ~-~--=· ~-~-~-=-=-·=--=~--u:==•·=··=rs:::c.,..,.. •=-•·-""''"~~;a;,~~~J .. !'W=:'I 



I 

L 
~· 

0 0 
~ ·OH 

.. 
7 

35 

. Naturally occurring compounds formally derived from the 

amino acid tryptophan and containing five-carbon structural 

'linits· derived -rrom mevalonic acid can be ;-grouped in· a rela­

tively small number of categories based on their structural 

features as well as their biqgenes:l.s •. One such larg~, 

·.homogeneous class is the ergot alkaloids, principally found 

as metabolic products from various species of parasitic 

fUngi belonging·to the genus Claviceps. Ingestion of bread 

and other products made from rye flour contaminated with the 

principal erg.o.t. fungus Claviceps purpurea_ resulted in· the 

mass poisoning and death of thousands of people in the 

Middle A~es in Europe. A number of the naturally occurring 

ergot alkaloids have been.shown to possess significant 

psychotomimetic activity. However, semi-synthetic lysergic 

acid diethylamide (LS.D) is perhaps best knoWn and has· led 

to the development of the field of psychopharmacology. 
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Poisoning fr<om. ergot has been variousi;r. known as "holy _firei• 

and "St. Anthony's· fire" and has recently be·en attributed 

to have caused the strange action of "witches" in Salem, 

Massachusetts in ·1692 (35). 
-

The .structural .characteristic of the e.rgot. alkaloids 

is the ergoline: bing. s.ys~tem · ~ which is" e;v;:l::.de.n:t~ tn· e•r.gptar-. 

mine 9 (36). Thff ergoline ring system· is formed b±osyn-

CHs ~ 
O=c------N~oy '~,, 

µN~o 
H ~CH2 

. . 'O 

8 9 -· 
thetically from a five-carbon moiety derived.from mevalonic 

acid 10 attached to position 4 of the amino acid trypto-

phan 11 (37) • 
• , COOH .. , ,, 

OH 

10 

CHs 
+ 

HOOC 
I , 

.· 11 

. . . . ~ . 

' 
.~ .. 

'.• ~< 

., .. 

. \ 
! 
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Another broad,omnifarious class of .compounds found in 

higher plants of the families 'Ap~cynaceae, Loganiaceae, and 

Pubiaceae is also composed of compounds o·f. ·mixed. mevalonate -

tryptophan origin. · Some of the first compounds characterized 

in t.his group have historically been kn.own to produce unusual 

physiological. effe;ct·s... In fact, a numb:e~r: ot:::' new structural 

classes of natural products have been opened' up by the 

characterization of compounds originally isolated·because 

· of their biological activity. Examples of this group which 

.. are known for their activities are strychnine-noted for its 

toxicity, reserpine-used as one.of the first tranquilizers, 

quinine-used in the. treatment of rnal~r.ia, and i.~urocristine­

used in therapeutically treating certain types of l.eukemia. 

A. typicai struct.ural example of one of the simpler members 
. . 

of "this large' class is . vincoside 12 .( 38) which. has been 

shown to be ·derived biosynthetically in Vinca rosea from 

glucose 

12 

'·. 
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tryptophan 11. as. we.11. as _from the meval~ma,te. deriyed mono­

terpene loganin 13 (39) • 

OH , CHs , . . 
,,,,,____....,.~· 

0 · Gl u'cos:e~: . 

. 13 ·-
.. An example of a compound which cont.ains an in.dole 

moiety as well as a fifteen-carbon terpenoid.ch~irr is 

mahanimbin .14 ( 40). 

CHs· 

CHs 

14 
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Background·- Paxillil)e 

Several preliminary reports of new compounds containing 

a 2,3 disubstituted indole functionality as well as possibly · 

being of mevalonoid origin had appeared (41, 4,2) prior to 

the inception of this work, however, no complete chemical 

structure'.s had he.en published~ A. tremorgeni:c~ c:ompound was 

isolated from the fungus Penicilliwn paxilli. The ED50 . 

(effective dose) for producing severe tremors in mice was 

25 mg/kg, however the LD50 . (lethal dose) was qtJ.i te .a bit 

larger at 150 mg/kg. Prelinl.inary investigation (42) of 

its chemical and physical properties indicated a number.of 
. - Me OH 

salient structural features. The u. v •. : spec_trum. \riax 230 

( e: = 41, 500) . and 281 run ( e: = 8, 000) was indicative. of. a ' 

2,3 substitute~ indole unit with no conjugation into the 

indole ring system. The mass spectrwn and elemental analysis 

indica_.ted. a molecular formula of C27H33N04. Addit.ional 

evidence from ir and nmr measurements indicated that paxilline 

contained an o:,,8-tµ'l.Saturated ketone, a tertiary hydroxyl_ 

group, a gem-dimethyl group as well as. two additional methyl 

groups. X-Ray. d·iffraction experiments were subsequently 

carried out to delineate the stereostructure of paxilline 

15 (43). 
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Experimental - Paxi1line 

A sample of paxilline ~ supplied by R.J~ Cole was re­

crysta.llized from acetone-heptane mixtures to give large, 

clear cubes~ Preliminary oscillation, ,Weissenberg, and pre­

.· cession photographs, re~.vealed .that paxilline cry:stallized 

iri the common orthorhombic space group P2
1

2
1

2
1 

with!:_= 

31.009(3), b = 11.5.22(1), and c = 7. 707(1) P.. A total of 
........ • ~ • • •". • • ".1 

2186 reflections were measured with 28<120° on an automatic 

four-circle dif.fractometer using CuKa (A.= 1. 5418 A) and 

graphite monochromation. Background corrections were applied 

and the 1840 (84~)- reflec~;ions .iudged obse~ved. (I 2:. 3cr(I)) 

were further corrected for Lorentz and po·larizatibn effects 

(18). The structure was elucidated using a multiple solution 

tangent formula approach employing a tangent formula re­

cycling procedure (20, 44) •. Nitrogen and oxygen atoms were 

assigned on the basis_of temperat~re parameters, bond 

distances, and bond angles (21). When all 32 nonhydrogen 

atoms had been.located, a difference map (19) was calculated 
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which indicated the presence of a solvent molecule of acetone 

tightly hydrogen bonded to the lndole nit-rogen's hydrogen. 

This was incl11ded in further least-squares refinements. 

Positions for· the hydrog,en atoms. were f.ounQ. and concluding 

full matrix least-squares refinements us·ing. anisotropic. tem­

perature pa:n.amexers,· f.or the. nonhydrog§n~ a:t~:oms,, arid isotropic .. 

temperature paramete'rS''' :for the hydrogen:--a:t'oms lowered the un­

weighted residual· index to 4~0'fi. Figure 2 contains a· computer 

generated perspective drawing of paxilline 15 with the correct 

absolute configuration {vide infra). Tables 5, 6, 7, and 8 

contaiil the fractional coordinates, bond· distances, bond angles, 

and. observed and calcul.ated structure fac::tors for paxilline 15. 
. -

Discussion Paxi1line .. 

As .can be.seen from Figure 2, paxilline ~possesses a 

nonlinear array of six fused rings. The planar bicyclic 

indole moiety is fused at C(2) andC(l8} to a cyclopentane 

ring which is itself fused in a trans fashion to a cyclo­

hexane ring to form a linear tetrac::yclic arrangement of rings. 

The cyclohexane ring· exists in a chair conformation with . . . . . 

H(l6) and C(.25) at the bridgehead positions possessing a 

di axial arrangement. ·An additional fused cyclohexane ring 

at c ( 4) and c ( 13 ). produces a bend in the molecule which is 

completed by a fused. (at C ( 7) and C ( 12)) six-membered oxygen 

. heteroc;rclic ring containing an a., J3-unsaturated ketone. 



Figure 2o A computer generated perspective . 
drawing of paxill'lne ( 15) ~ · Hydrogens are not 
shown for clarity. -- · .· · 
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Table 5. Final fractional coordinates for paxil­
llne (15). · The estimated standard 
deviatIOn of the least significant 
figure is given ·in parenthe.ses. The 
numbering scheme refers to Figure· 2. . 

N 1 
c 2 
c 3 
c 4 
c 5 
c 6 
c 7 
0 8 
c 9 
c 10 
c 11 
c 12 
c 13 
c 14 
c 15 
c 16 
c 17 
c 18 
c 19 
c 20 
c 21 
c 22 
c 23 
c 24. 
c 25 
c 26 
c 27 

. c 28 
c 29 
0 30 
0 31 
0 32 

~ Hj 
H 6A 
H 6B 
H 7) 
H 9) 

· H 11) 

.0582 1 

.0970 1 

.1399 1 

.1405 1 

.1288 1 

.1273 1 

.1693 1 

.1592 1 

.1920 1 . 
• 2044 1 
.1997 1 . 
.1853 1 
.1869 1 
.2060 ·l 
.2057 1 
.1586 1 
.1430 l 
.0985 1 
e0571 1 
.0366 1 

-.0053 1 
- .0294 1 

. -.0101 1 
.0322 l 
.1634 1 
.1082 1 
~1759 1 
.1351 1 
.1690 1 
• 2094 1 
.2200 1 
• 2149 1 
.04 7 1 
.150 1 
.098 1 
.123 1. 
.100 1 
.192 1 
.217 1 
.211 1. 

.4-318 i2, 

.4707· 3 

.4181 3 

.3069 3 

.1955 3 

.0882 3 

.0700 3 
- .:0165 2 
-.0430 3 

.0691 3 

.1776 3 
• i805 3 
• 2860 3' 
.3954 3 
.5011 3 
.5213 3 
.6315 3 
• 5894 3 
.6293 3 
.7371 3 
• 7407 4 
.6396 4 
.• 5312 4 

.• 5285 3 
.403.1 4 
• 31.9.3 3 . 

-.1404 3 
- .1037 5 
- • 2480 4 
- . i690 2 

.0645 2 

. 2525 ·2 

.365 3 

.191 4 

.205 2 

.017 3 

.087 4 

.027 .2 
-.071 3 

.245 3 

.4645 4 

.5244 4 

.5670 4 

.6824 4 

.5797 5 

.6910 5 

.7936 4 

.9176 3 
1.0389 4 
1.1337 4 
1.0415 5 

.8771 4 
.• 757·1 ·4 
~8425 5· 
.7217 7 
.6694 5 
.5758 6 
.5208 5 
.4638 5 
.4384 5 
~3850 6 
.3602 6 
.3812 6 
.4321 4 
.3900 6 
.8319 5 

. 1.1544 5 
1~2523 7 

. 1.0480 8 
1.2752 3 
1.2811 3 

.6182 3 

.495 5 

.4 77 7 

.526 4 
.• 611 6 

• 794 6 
• 714 4 
.988 4 

1 .• 101 5 
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. " Table 5 (Continued) 
.: _,.-

H 14Al .234 1 .377 3 .875 5 
H 14B .189 1 . 416 .2 0 94 7 4 .. 
H 15A .219 1 .575' 3 .780 4 

.H 15B · .221 1 •. 489 4 .• 629 8 
H 16) .144 1 .528 3 0786 5 
H 17A~ .143 1 .6:9ff 4~ .668 7 
H 17B .160 1 .662· 3;: .474 6 
H 20l .051 1 ~809 4 .441 6 
H 21 . -.020 1 .814 4 .362 6 
H 22 -.060 1 .643 2 .326 4 
H 23 -.027 1 .464 4 .355 6 

·:-. H ·25A .167 1 .486 3 .• 332 5 
H 25B .150 1 .357 4 .318 7 
H 25C .192 1 .·363 4 0397 6 
H 26A 0115 1 .376 3 .909 6. 
H 26B 0078 1 .30H 3 .779 6 
H 26c .110 1 .246 4 .919 6 

.H 28A .olZ5 2. ~.165 .5 ·1 .• 338 9 
H 28B 0115 1 -.080 3 1.164 5 
H 28C .138 l' -.021 5 1.334 8 
H 29A .146 1 -.235 4 .955 6 
H 29B 0196 1 -.269 3 .976 6 

·H 29C .158 2 -0309 6 1.121 9 
H 30~ .214 1 -.111 3 1.330 5 
H 32 .239 1 .226 3 0680 5 

c lT -.010Tl .1510n .5835n c 2 1 -.0552 2 .1769 9 .5459 9 
c 3' .0016 3 . • 03.15 6 .6288 9 . 
0 4', . .0166 1 .2234 3 .5840 8 
H 2 1A -.065 2 ~·131. 5 .443 9 
H 2 1 B -.068 2 .• 155 5 .680 9 
H 2 1 C -.058 2 0270 5· .4 73 9 
H 3'A .003 3 .009 8 .748 9 
H 3 1 B .027 3 .Ql3 9 .552 9 
H 3 1 C -.028 4 .009 9 .506 9 

· ·. aAcetone of cry'stallization. 
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Tab.le 6. Bond distances· in tipgstrom.s. o:f' paxrl,~ine (15) ~·. 
The estimated standard dev:i'a:t'ion-. (J.f:··· t"he least 
significant figure is given in parentheses.. The 

N 1 
N 1 
'C 2 
c 2 
c 3 . 
c 3 
c 3 
c 4 
c 4 
c 4 
c 5 
c 6 
c 7 
c 7 

·o 8 
c 9 
c 9 
c· lo) 
c 10) 

· numberi:ng .scheme· refers t0 Figure 2. 

- c 2) 
c 24) 
c 3) 
c 18) 
c 4) 
c 16) 
c 25) 
c 5) 

- c 13) 

= g ~6l) 
c 7 
0 8 

- c 12) 
c 9) 

C lOl - c 27 
c 11 
0 31) 

1.364 5. 
1.397 5 
1.499 5 
1.369 5 

·1.559 5 
1.541 5 
1.555 6 
1.551 5 
1~569 5 
·1. 532 5 
1.505 6 

. 1.536 5 
1.417 4 
1.510 5 
1.415 4 
1. 534 5 
1.518 5 
1.445 6 
1.236 4) 

c 11' 
c ·r2 
c 13 
C,. 13 c· I4 ·. 
c· ·15· 
c 16 
c 17 
c 18 
c 19 
c 19 
c 20 
c 21 
c 22 
c 23 
c 27 
c 27 
c 27 

- c 12 _. c i3 
c 14 
0 .32 
c· 15 

- c 16 
- c 17 
-.C 18 
- c 19 
- c 20 
- c 24 
... c 21 
- c 22 

. - ·c 23· 
- ·C 24 

c 28 
- c 29 

0 30 

1.345 5 
1.528 5 
1.540 5 

. 1.430 4 
1.533 6 
1.534 5 
1.537 6 
1.523 6 
1~432 6 
1.408 6 
1.416 6 
1.368 7 
1.396 7 
1.393 .6 
1.372 6 
1.530 6 
1.501 7 

. 1.433 4 
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Table 7. Bond angles. in degrees of paxill.ine . ( 15) • 
Estimated standard deviation of the least 
·significant figure is given in parentheses. 
The numbering scheme refers to Figure 2. 

·c 2 N 1 c 24) .107. 9 3 
N 1. - c 2 - c 3) 136.4 3 
N 1 - c 2 - c 18~ 110.6 3 
c 3 - c 2 - c 18 . 112.2 3 
c 2 - c 3. - c 4} 117.9 3· 
c 2· - c 3 c 16 97 .. 7 3 
c 2 c 3 c 25 105.6 3 
c 4 - c 3 - c 16 109. 7· 3 
c 4 - c 3 - c 25 113.8 3 
c 16) - c 3 - c 25 111.0 3 
c 3 - c 4 - Cl5) 112.7 3 
c 3 - c 4 - c 13 ll0o3 3 
c 3 c 4 c 26 110.2 3 
c 5 - c 4 - c 13 105.9 3 
c 5 - c 4 c 26 107.9 3 
c 13) - c 4 ·- c 26 109.7 3 
c 4 - c 5 - ·c Il 113.3 3 
c 5 - c 6 c 112.3 3 
c 6 - c 7 0 104.8 3 
c 6 - c 7 - c 12~ . 112 .4 3 
0 8 - c 7 c 12 .112.2 3 
c 7 - 0 8 - c 9.) 116.o 3 
0 8 c 9 c 10 108.3 3 
0. 8 - c 9 - c 27 108'. 0 3 
c 10) c 9 c 27 115.3 3 
c ~~ - c lOl - c 11 118.o 3 
c - c 10 - 0 31 120.0 4 
c 11~ c 10. 0 :31 121.9 1 
c 10 - c 11 - c 12 121.-2 4 
c ~~ c 12 c 11 119.4 4 
c -· c 12 - c 13 115.l 3 
c 11) c 12 c 13 125.3 3 
c !l - c 13 - c 12 108.3 3 
c c 13 c 14 112.6 3 
c - c 13 - 0 32 108.8 3 
c 12 - c 13 - .C 14 113.9 3 
c 12. - c 13 - 0 32 105.0 3 
c 14 .- c 13 - 0 32 107.9 3 
c 13 c 14 c 15 112.9· 3 
c 14 - c 15 - c 16 106.6 3 
c ~~- - c 16 - c 15 112.1 3 
c - c 16 - c 17 106.2 3 
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(Continued)· Table 7 

c 15~ c 16 - c· 17 123.2 3 
... c 16 c 17 c 18 98.8 3 

c -~~' c 18 c 17 ' 110.1 3 '·,··:- .. .... 

·'.',:· c - c 18 - c 19' ' 167.2 3 
c 17 - c 18 - c 19 142.7 3 
c 18 -- c 19 - c 20 136.8 4 
c 18 c 19 c. 24, . lOti. 2 3 
c 20 - c 19 - . C .24_ . .. 11.t.o 3 
c 19 - c 20 - c .21 11'9'. 9 4 
c 20 - c 21 - c 22 ' 121. 7 4 
c 21 c 22 c 23 -120.1 4 

I· c 22 c ·23 c 24 117.7 4 
N i~ c 24 c 19 107.9 3 
N - c 24 - c 23 128.5 4 
c 19) c 24 c 23 ' 123. 5 4 
c !l - c 27 - c 28 110.9 4 
c c 27 c 29 109.7 3 
c - c 27 - 0 30 ·108 .1 3 
c 28l c 27 c 29 . 112. 3 4 . 
c 28 c 27 (j 30 :-109. 9 3 
c 29 c 27 .. 

0 30 ios.6 3. 
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Table 8. The observed and calculated structure factors for 
paxilline. (1:2_) .• 

H ::: 0 
K L 
0 2 
0 4 

.0 () 
o e 

FO .. FC 
54 53 
22 22 
13 i3 

5 5 
1 I 33 34 
1 2· 73 76 
I 3 - 17 18 
1' 4 20 22 
1 5 10 10 
1 l: 16 16 
1 1 3 4 
1 8 10 10 
2 0 19 19 
2 I 46 50 
2 2 21 18 
2 4 19 19 
2 5 11 11 
2 6 6 6 
2 7 4 5 
2 8 2 3 
3 1 11 10 
'3 2 46 49 

3- .3· 11 11 
3 4 
3 5 

9 - 8 
5 .6 

.J 6- e a 
3 7 6 7 
3 e 3 3 
4 0 37 36 
4 1 4· 3 
4 2 23 23 
4 3 34 .34 
4 4 10 fO 
4 5 3 4 
4 6 10 l 0 
4· 1 l 5 15 

s 1 se 59 
5 2 17 15 
5 3 14 14 
5 4 26' 28 
5 5 6 s 
5 6 7 7 
6 0 13 14 
6 1 20 19 
6 2 10 10 
6 3 5 

6 4 4 
·6 s 5 
6 7 4_ 
7 1 7 
7 2 8 
7 3 20 
7- 4 10 

7 5 3 
1 6 3 
8 l 6 
8 2 13 

ti 3 10 
8 4 12 
8 5 4 
8 6 .3 
9 3 3 
9 4 6 

10 - 1 4 
10 2 10 
10 3 3 
10 4 3 -

10 5 7 
11 2 8 
11 4 3 
12 0 7 

H = 1 
K L FO 
0 1 44 
0 2 33 
0 3 3 
0 4 25 
0 8 11 
1 0 21 

·1 2. 83 

1 - 3 25 

1 4 30 
1 5 3 
1 6 7 
2 0 70 
2 l 7 
2 2 so 
2 3 9 
2 4. 18 
2 5 8 

- 2 6- 4 

2 7 3 
2 6 5 

5 
4 
'f) 

·6 
8 

2·0" 
-10 

3 
- 0;• 

6.,-
13 

10 
1.2 

5 
4 
2 
7 
5. 
9 
3 
2 
6 
8 
2. 
7 

FC 
46 
3'6-

c 
25 
12 
22 
88 
24. 

29 
3 
7 

74 
7 

48 
9 

18 
7 
3 
4 
5 

3 0 10 11-
3 1 58 - _59 
3 2 31 .JO 
3 .J 25 - 2~ 
. 3 4 1.3. 1:.3 
3·· 5· 4 4: 

3 6 4 3. 
3· ·7 12 1.-3,. 
.3;,\ 6:-. 4,,_ 2.,.-
4,, 0, 17 1.8-~ . 

- 4. 1 27 2.6. 
4 2 73 72 
4 ~ - 14 - 14 
4 - 4 11 11-
4 5 
4 .6 

'5 0 
5 1 
_5 2 
5 . .J 
5 4 
5 5 

15 - 14 
10 &-1 

7 8 
32 31 
75 71 
27 27 
16 16 
"~- 1 :3' : 

·s 6 13 14 
6 0 6 5· 

6 1 10 11 
6 2 14 15 
b 3 15 - 16 

- 6 -4 . 20 20 

6 5 4 4 
6 6 -9 8 
6 7 5 6 
7 0 10 10 
7 1 6 5 
7 2 - 12 12 
7 3 
7 4 
a-- o· 
8- J 
8 - 2 
8 ;: 
8 _4 

8 5 
8 6 
9 0 
9 1 
9 .2 

-9 8 
1.0 9 

4 5 
11 12 
.8 7 

4 3 
14 14 

7 7 

5 5 
28 27 
11 10-

_16 '16 
9 3 6 6 
9 4, 10 _9 

10 0 13 14 
10 1 19 ie 
lo 2 1 e 

-10 3 6 6 
10 4 7 6 
11 1 4 4 
11 2 3 3 
·11 3 3 3-
11 4 3 3 
12 o· 4 3 

H = 2 
K L FO FC 
0 0 45 46 
0 l 61 61 
0 3 20 20 
0 4 16 16 
0 5 13 13 
o· -; a e. 
0 8 3 4 
1 o- 63 66 
1 1 63 65 
1 2 · 82 84 

1 3 21 21 
1- 4 
f. -5 
1 6 

-1 7 
- i 8 

2 0 
2 ·1 

2 2 
2 3 
2 5 
2 7 
2 a 
3 0. 
3 1 

26 28 
7 7 
9 9 
9 9 
8 ~ 

19 18 
33 35 
4~ 45 
13 14 
17 17 

4 5 
3-_ 4 

10 9 
48 51 

- 3 . 2 6 5 

3 3 13 14 
3 4 6 5 
3 5 6 5 
3_ 6 - 3 1 
3 7 4 _5 
3 8 3 3' 

4 0 15 15 
4 1 32 32 
4 2 6 6 ' 



Table 8 (Continued)· 

4 3 3J 33 
4 4 16 16 
4 5 12 ·13 

4 6 12 11 
4· 7 t3 8 

5 0 25 25 
5 1 40 4 0 
5 2 47 4·7 
5. 3 .3~ 34 
5 4 8 8 
5 5 1.1 11 
5 6 10 10 
5 1 12 12 

6 0 = 6 
6 1 2.7 28 
6 2 '6 5 

6 3 ~ 5 
6 4 11 12 
6 5 B 8 
7 0 11 11 
7 1 19 20 
.7 2 13 12. 
.7 4 11 10 
7 5 3 5 
7. 6. 4 5 
8 0 14 14' 
8 1 15 16 

·a . 2 3 2 
8 3 3 '4 

8 4 5 4 
8. 5 3 .. 2 
9 0 42 43 
9 1 1~ 20 
9 .J 7 7 
9 4 8 ·9 
9 5 4 4 

10 0 8 9 
10 1 7 7 
10 2 3 2 
10 3 10 10 
10 5 4 4 
11 ·O 4 4 

- 11 2 

1 1 .3 
'12 0 
12 z 

4 4 
J 3 
5 6 
4 5 

H = 3 
.K L FO FC 
0 2 7 b 

- 0 3 36' 37 -
0 4 32 32 
0 5 s 3 
0. 6 3 3 
0 8 s .5 
1 1 · 89 9'3. 
1 2 113 11'.9"-
1 3 6 .5 
1 4 33 3.2 
l 5 14 15 
1 6 7 8 
1 7 8 8 
2 1 16 14 
-2 2 20 20 
2 3 14 1•4 
2 4 15 1'5 -

. 2 5 18 18 
2 b 

2 ,7 

2 8 
3 o· 
3 1 

4 4 
7. 7 
3- 3 

32 34 
34 3.,3 

3 .2 25. 28· 
3 3 24 25. 
3 4 
3 5 

.3 7 
3 8 
4 0 
4 1 
4 2 
4 3 
4. 4 
4 5 
4 6 
4 7 
5 1 
5 ?. 
5 . 3 
5· 4 
5 5 
5 6 
~ 7 
6 0 
6 1 

19 19 
11 11 
8 7 
3 1 

18 19 
63 64 
78 7FJ 

9 9 
18' lS 
5. 5. 

11 l·l 
10 10 
26 2.o 
28 ·28 
13 13 

5 6 
11 l 0 
15 15 

4 _4 

5 b 
3. 4 

50 

... 
6 z 16' 16· 
6 3 17 17 
6 4 7 7 
6 5 ·14·-.13 
6 - 6 12 12 
6' 7 - 4 5 

7 0 9 10 
7 . 1. 10 9 
1 -z· 3 ·3· 
r· 3'. 10 9". 

7 
1 
7 
8 
8 
8 
,8 
8 

8 
9 

9 
.. 9 
.··9 

9 
10 
10 
10 
10 
10 
11' 

- . 11 

12 
12· 

K 

0. 
o· 

c: 
' ......... 

6 

0 
1 
2 
3 
5 
6 

0 
1 
2 
'4 

5 
0 
1 

2 
3 
4 
1 
3 
1 
2 

H = 
L 
0 
3 

8'.; 8" 
6 . 6· 
6 5 
7 8 
8 8 
7 8 

10 10 
4 5 
4 3 

23 23 
12 12 
2·3· 23' 

6 7 
6 7. 

26 26 
11 11. 

9 9 
6 5 
5 3 
4 4 
4 4 
3 2 
3 2 

4 
FO FC 

4 5 
80 81 

0 4 24 24 
0 6 10 10 
0 7 4 4 
_o a - 10 11 
1 "0 76 76' 
1. 1 

. 1 2 
1 3 
l. .4 
1. 5 

69 70 
e2 _ 84 
15 . 14' 
40 41 
lit 14 

1 6 6 7 
1 7 10 10 
1 8 4 4 
2 0 . 30.- 31 
2 1 64 t5 
2 2 29. 28 
2 3 11 11 
2 4 16 16 
2 5 4 4: 
2 6 4 3 
3 0 3 3 
3 l 8 8 
3 2 .26 25 
3. 3 22 23 
3 4 3 ·2 
3 5 17 17 
3 7 4 4 
4 0 61 SQ 
4 r 65 66 
4 2 19 18 
4 3 - 41 Jc;, 
4. ~ 1 7 16 
4 5 10 10 

.4 6.· 26 .. 2 7 
4 7 8 8 
5 0 11 11 
5 1 . 23 23 

5 2 60 59 
. 5 3 

5 4 
5 5 

31 . 31 
14 14 
16 1.5 

5 7 4. 4 
6 0 4 4 
6 1 14 14 
6 2 3 3 
6 3 3 3 
6 4 16. 1~ 

6 5 19 18 
6 6 5 6 
6 7 4 4 
7 (> 25 26 
7 1 
1· 2 

.9 
_6 

7 3: 15 16 
7 4 

7 5 
7 6 

6 
5 
3 

5 
~ 

3 
a o 15 15. 

I 



Table 8 (Continued)· 

8 l 
8 3 
8 4 
e 5 
8 6 
9 0 
9 1 
9 .. 2· 

9 3 
9 ·4 

9 5 
10 0 
10 1 
10 2 
10 .3 

10 4 
11 1 

11 12 
3 2 

10 10 
~ . 3 

8 8 
2~ '2.3 

4 4 
4 5 
1 8 
6 3 
b 3 

23 23 
6 6 

. 9 9 

5 5 
5 4 
~ 5 

11 2 7 7 
11 3 6 6 
12 2 4 5 

H·= 5 
·K L FO FC 
0 1 ·39 39 
0 2· 38 36 
0 3 .32 30 
0 4 24 24 
0 5 11 12 
0 6· 32 31 
0 7 16 16 
0 8 1 . 7 
1 0 49 48. 
1 l 57 ·57 
1 2 t.J6 65 
1 3 34 35 
1 4 .23. 2 4 
1 5 15 15 
1 6 4 5 
1 7 3 4 
2 0 29 28 
·2 1 29 29 
2 2 12 10 
2 3 21 21 
2 4. 20 20 
2 6 4 4 
2 7 5 ~ 

2 e 3 4 
3 0 21 20 

3 l 
.3 2 
3 3 
3 4 
3 5 
3· 6 

3 1 
3. 8 
4 0 
4 1 
4 2 
4 3 

.4 . 4 

4 5 
4 6 
4 7 
·5 0 
5 . 1 
5 2 

. 5 3 
5 4 
5 5 
5 6 
6 o· 
6 1 
6 2 

.6 3 
6 4 

6 s 
6 6 
6 7 
7 3 
7 4 
7 5 
7 6 
8· 0 
8 1 
8 2 
8 3 
9 l 
9 2 
9 3 
9 5 

l 0 l 
10 2 

· 10 3 
10 4 
l l 1 

33 34 
37 .. 3.9 

17 17. 
8 8 
6 6 
8 . 8 

9 9 
2 3 

l l ·LO, 
37 3.'7" 
47 46 
15 1~ 

15 14 
8 9 

11 10 
8 8 
3 2 

34 3.3 
47 44 
14. 15· 
19 1·9 
17 17 
29' 29 

48 49 
7 6 
3 3 

14 15 
17 17 

4 4 
12 13 

3 .3 
9 '9 

9 9 
6 !: 
3 4 

19 20 
23 2.~ 
5' 7 
7 5 

22 22 
15 . 15 

8 8 

9 .8 
7 7 
4 ,3 
9 9 
8 7 
6 1 

51 

11 2 8 i 
11 3 7 7 

H = 6 
K L FO FC 
0 1 73 73 
0 . 2 10 11 
0 3 11 . .10 
0, 4 59 6,0 
0 5-;, 7" 6 

. 0 6 16 17 
0 7 9. 9 

l 0 11. 11 
1 1 70 69 
1 2 20 20 

.1 3 28 27 
; 1 4 21 21 

1 5 
l 6 
l 7 

. 1 ·. B 

2 O· 
2 1 
2 ~ 

2 3 
2 . 4 
2 5 
2 6 
2 7 
2 8 
3 0 
3 1 
3 2 
3 3 
3 4 
3 .5 
3 6 
3 7 
3. 8 
4 0 
4 1 
4 2 
4 ·3 
4 4 
4 5· 

4 6 
4 7 
5. 0 

13 13 
7 7 
4 4 

12 12 
6. 5 

56 56 
27 25· 
10 11 
25 ·24 

9 8 
4 4 
9 8 
4 4 

31 28 
6 7 

14 14 
4 6 
8 7 

17 17 
4 3 
4 4 

·4 2. 
53 52 
51 51 
19 19 
39 40 
19 19 
14 13 
16 16. 

3 3 
29 29 

5 1 8 7 
5 2 33 .33 
5 3 20 20 
5 4 12 12 
5 5 34 34 
5 6 6 6. 
5 7 4 4 
6 c 14 '14 
6 1 14 14' 
6 2. 9 8 
6 3 14 14 
6 4 5 ~ 

'6 5 11 10 
6 7· 4 5 
7 0 24 24 
7 l 111 14 
7 2 6 6 
7 3 9 9 
7 4 9 8 
8 0 14 13 
8 .1 17 17 
8 2 10 10 
8 3 3 3 
8 ·4 7 7 
8 5 5 5 
9 2 12 12 
9 4 11 11 

.9 5 6 6 

10 1 6 8 
10 2 6 '6 
10 3 6 6 
10 4 12 .12 
11 0 5 4 
11 2 10. 10 

H = 7. 
K L FQ FC 

0 1 53 53 
0 2 20 19 
0 3 29 29 
.o 4 36 35 
·O· 5 31. 30 
o· 6 14 14 

0 7• 14 15 
0 8 8 8 
1 o ·2a 21 
1 l 6 6 
1 2 25 24 :, 



Table 8 (Continued)' 

l 3 40 39 
1 4 10 10 
1 5 15 l5 
I 6 8 8 
I 7 8 8 
2 0 13 15 
2 ·1 52 . 51 
2 2 18 19 
2 3 32" 32 
2 . 4. l·S· 15 
2 s 6 5 
2 6 5 6 
3 0 12 12 
3 l 22 .24 
3 2 36 - 35 
3 3 22 21 
3 4 
3 5 
3 6 
3 7 
4. 0 
4 1 
4 2 
4 ,.j 

4 5 
4 6 

19 1.9 
·17 1 7 
13 12. 

5. 5 
11 1 1 
29 29 
22 21 
11 1.1 . 
11 12 
20· 20 

5 0 20 21 
5 1 14 13 
5. 2 20 19 
5 3 4 5 
5 4 14 1~ 

5 5 16 16 
5 6 !4 14 
f 0 16 15. 
6 1 19 19 
6' 2 1 :. 1 5 

6 3 
6 4 
6 '6 

6 7 
7 . 0 
7 1 
7 2· 
7 3 
7 4 
7 5 
7 6 
8 0 

14 15 
16 16 

6 6 
4 5. 
6 7 

12 12· 
13 . 13 

9 9 
10 9 

5 5 
5 6. 

1~ 12 

6. 1 ·29 29 
8 3 7 5 
8 4 5 5 
8 5 4 0 

9 O· 15 15 
9 1 9 9 
9 2 10. 10 
9 3 7 6 

. 9·.: 5· 6 5 

10 O:· 13 12 
10 1 22 22 
10 2 8 8 
10 3 4 6 
10 4 7 6 
11 2 6 .5 

H = 8 
K L 
0 0 
0 1 
0 2 
0 3 
0 4 
0 5 

FO FC 
34 31 
11 12 
29 29 

3 4 
32 33. 

8 . 9 

0 6 5 6 
0 7 4 2 
0 8 5 4 
1 0 51 52 
1 1 68 6~ 

1 2 27 . 27 
1 3 15 15 
1 4 34 33 
1 5 20 2 0 
1 6 10.10 
1 7 8 8 
1 8 9 10 
2 I 13 12 
2 2 16 15 
2 3 15 15 
2 4 11 10 
2 .. 5 16 16 
2 . 6 9 s 
2 7 7 7 
2 8 6 5 
..3 0 15 15 
3 1.·11 10 
3 2 37 · 3o 

3 3 28 29 

52 

'3 .. ~ 7 7 
3 5 9 8 
4 0 12 11 
4 1 32 30 
4 2 22 21 
4 3 19 -17 
4 4 21 .21 
4 5· ~2· 32· 
4 6 .1 O' 10~ 

5 0 42. 40: 
5 1 . 23 23 
5 2 36 34 
5 3 2.3 . 24 
5 4 
5 5 
5 6 
6 0 
6 1 
6 2 
6 3 
6 4 
6 5 

. 6 7 

7 0 
7 1 
7 2 
7 ~ 

7 4 
7 5 
8 0 
8 1 

15 14 
18 18 

7 8 
"/ 6 

11 .11 
9 ·10 
8 7 
5 5 

11 :11 
6 b 

4 5 
15 16. 
11 12 
4· 4 

17 9 
8 8 
": 4 

to 11 
. 8 2 6 

8 3 7 
8 . 4 3 

7 
7 

2 
4 8 6 4. 

.9 0. 31 

9 l 12 
31. 
l2 

9 2. 15 14 
9 3 14 14 
9 4 4 4 

10 0 7 7 

10 1 9 8 
10 ~ 13 13 
10· 3 10 11 
10 4 .4 3 
11 0 3 4 
11 1 '7 7 

H = 
K L 
0 1 

. -o 2 

0 3 
0 4 
0 6 
0 7 
0 8 
1 0 
1 1 
1 2 
l 3 
1 4 
1 5 
1 6 
1 7 
1 8 
2 0 
2 1 
2 2 
2 3 
2 4 
2 .5 
2 6 
2 7 
3 . 0 

. 3 1 
3 2 
3 3 
3 4. 

3 7 
4 0 
4 1 
4 2 
4 3 
4 4 
4 5 
4 b 
4 7 
5 0 
5 l 
5 2 
5 3 
5 4 
5 5 
5 6 
6 0 

9 
FC. FC 

8 9 
44 . 42 

69 65 
35 38 

5 6 
11 . 12 

6 6 
3 5 

. 70 71 
06 67 
44 43 

14 13 
10 10 

9 9 
13 14 

7 7 
15 16 
29 29 
31 29 
24 24 

9 .9 
10 . 10 

7 7 
5 5 

28 2€ 
22 21 

6 5 
24 24 

9 9 
6 5 

54 54 
32 29 
27 25 
24 23 
10 l 0 

c; Ci 
8 8 
5 4 
8 7 

21 21 
31 30 
11 12. 

4 3 
B e 

11 11 
23 22 



. Table 8 (Cont.inued) 

6 
6 
6 
6 
6 
C) 

6 
7 
7 
7 
7 
7 
7 
7 

8 
8 
8 
8 
8 
e 
9 
<;; 

9 
9 
9 
9 

10 
10 
10 
10 
l 1 
11 
12 

K 

0 
0 
0 
0 
0 
0 
0 
0 

1 2~ 

2 8 
3 21 

4 = 
5 9 
6 10 
7 3. 

·o 4 
1 s 
2 3 
3 4 
4 4 

5 10 
6 ... / 5 

0 12 
1 16 
2 8 
3 4 
4 <; 

t: 3 
0 22 
1 12 
2 .. 9 
3 11 
4 5 
s. 7 
1 5 
2. 13 
3 8 
4 5' 

2 (> 

3 6 
0 3 

H = 10 

22 
6 

21 
4 
9 

10 
3 
4 

9 
4 .. 

4 
4 

10 
4 

12 
16 

9 
.6 
9 
2 

22 
12 
'd 

12 
5 
6 
5 

13 
.8 

5 
6 

7 
4 

L FO F.C 

0 57 ~.9 

1 72 7·2 
~ ·35 

3 19 

·" 5 
5 4 
6 7 

37 
19 

s 
3 
7 

1 17 ·1.1 
0 8 12 12 
l 0 62 63 
1 l 71 71 
l . 2 56 53 

1 3 
1 4 
1 5 
1 6 
i 7 
2 0 
.'2· l 
2 2 
2· 3. 

·2;, 4:, 
2~ .. 5· 

2 6 
2 7 
.3 0 

3 1 

.J 2 
3 3 
3 4 

3 5 
3 t: 
3 1 
4 0 
4 ·1 
4 2 
4 3 

4 '• 
4 5 
5 0 
5 1 
5 2 
5 ·3 
5 4 
5 5 
5 6 

. 6 0 

6. l 

6 2 
6 3· 
6 4 
6 5 
6 6 
7 0 
7 3 
7 4 
7 5 
8 0 
8 1 . 
8 2· 

19 19 .· 

25 25 
12' 11 
15 15 

8 8 
16 16 
40 40 
36 37 

5 4 
20 20 
1.1. 12. 

11 11 
5 6 

15 1 (J 

18 1 7 
24 23. 

7 6 
7 7 

CJ 10 
8 7 
6 6 

32 ·32 
·'10 46 

27 26 
13 .13 
14 14 
19 19 

20 1 'i 
13 l~ 

14. 14 
12 12 

5 4 

21 20 
8 s 
5 4 
5 5 
9 8 
5 6 

15 1!: 
8 8 
6 6 
7 1 
9 9 
9 . 10 
7 6 

10· 10 
8 9 
4 4 

53 

........ 

8 3 5' 5· 
a .s · 4 4 
9 0 4 5 
9. 1 
9 3 
9 . 4 

9 = 
10 0 

· 10. 3 

10 4 
11 0. 
11 1 
11 ~ 

29 29 
4 4 
4 4 
3 3 
·3 . 3 

. 4 5 
7" 7 
3" 1. 
6. 
4 

6 
5 

· H =· 11 
K· L FU FC 
0. 1 22 22 
0 2 
0 3 
0 .,4 
0 . s 
0 7. 
1 0 
1 1 

,1 2 
1 3 
1. 4 
1 s 
1 6 
1 7 
2 l 
2 2 
2 3 
2 4 
2 5 

46 45 
42 41 
37 36 
22 22 

4 5 
4~7 48. 

39 41 
48 . 47 
13 13 

1 . 6 

15 14 
8 8 
6 6 

18 18 
17 18 

9 9 
3 3 
9 8 

2 6 8 8. 
4 

48 
10 
15 
13 
10 
14 

2 1 4, 

3 0 48 
3 1 . 10 
3 2 14 
3 4 12 
3 5 10 
3 6 13 
3 7 5 
4 0 4 
4 1 20 
4 2 23 
4 .3 ·a 

5 
5 

21 
2~ 

7 

4 
4 
4 
5 
5 
5 
5 
.5 
5 
5 
5 
6 
6 
6 
6 
6 
6 

6 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 

10 

5 
6 
7 
0 
1 
2 
3 
4 
5 
6 

7 
0 
1 
2 
3 
4 
5 
6 

0 
1 -

2 
4 
5 
6 
0 
1· 

2 
3 
4 
5 
0 
1 
2 
4 

0 

13 13 
6 5 
6 t; 
8 8 

13 12 
5 5 

34 33 
13 13 
15 15 

4i 9 
.3 3 
4 2 

.13 12 
12 13 
14 14 
21 20 

8 8 
·~ 10 

16 16 
5 4 

'6 6 
6 7 
8 1 
4 4 
6· 6 

21 21 
12 12 

7 7 
8 1 
5 4 

12 . 12 

4 5 
11 11 

6 5 
14. 1 !; 

1.0 1 6 6 
9 
3 

10 2 9 
10 3 3 
10 4 6 
11 0 3 
11 1 9 

H = 12 
K L FO 
0 0 73 
0 1 74 
0 2 22 
0 .3 50 

·5 
3 
9 

FC 
74 
7~ 

21 
48 
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Table 8 (Continued) 

0 4 21 19 
0 6 .J 3 
l 0 44. 45 

1 1 22 23 
1 2 24 . .,24 
1 ·3 31· 31 

1 4 10 10 
1 6 7 7 
1 1 e 9: 
2 0 29 29 
2 1 24 23 
2 2 .11 11 
2 3 26 26 
2 4 13 13 
2 5 14 14 
2 6 5 .6 
2 7 . 4 4 

3 0 24 24 
3 1 a 1 o 
3. 2 16. l 5 
3 3 24 2.3 
3 4. 9 9 

3 5 26 26 
3 6 4 3 
3 7 8 8 

4 0 29 30 
4 1 40 41 
4 . 2 10 11 
4 3 7 6 
4 5 5 5 

4 6 11 11 
4 7 (> 6 
5 0 28 28 
5 1 10 10 . 
5 2. 19 f g 
5 ..3 26 26 
5 4 20 26 
5 5 14 14 

5 6 3 2· 
5 7 5 4 

t o e t.i 
b 2. 5 6 

6 3 14 15 
6 4 19 19 
6 6 6 6 
7 0 13 13 
7 1 7 7 
7. 2 1 6 

.7 3 
7 4 
7 6 
8 0 

.8 1 
8 2 
8 3 
8'' 4 
8·. 5 
9 0 
9 1 
9 2 
9 3 
9 4 
9 5 

10 .0 
10 . 1 
10 2 
10 3 
11 0 
11 1 
11 2 

4 3 
8 s 
5 4 

13 13 
8 s 

11 12 
4 4 

. 8 8 

5 4 
10 11 
12 12 

1 6 
8 7 
3 3 
3 3. 
7 6 
6 6 
5 6 
5 5 
9 9 
3 
s 

4 
4 

H = 1.3 
K L FO FC · 
0 1 4 4 
0 2 16 16. 
0 3 45 42 
0 5 7 7 
0 6 11 11 
0 7 11 IC 
1 - 0 . 1q 9 

. l 1 

1 2 
1. 3 
1 4 
1 5 
1 6 

.. 1 7 

2 1 
2 2 
2 3 
2 4 
2 5 
2 7 .· 

3 0 
3 1 

18 · 1 8 
15 1: 
16 15 
lb 17 

3 4 
8 8 
4 5 

21 20 
15 15 
26 25 

9 10 
7 7 
3 3 
3 2 
6 7 

3 2 24· 23 

54 

3 3 
3 4 
3 5 
3 6 
4 0 
4 l 

6 6 

' ' 21 
10 10 
14 14 

8 9 
8 6 

4 2 9 8 
4 3 2S- .26' 
4- 4 9: 10 
4 5 . 19 19 
4 7 5 5 
5 1 12 13 
5 2 
5 3 
5 4 
5 5 
6 l 
6 2 
b 3 
6 4 
6 5 
6 6 
7 0 
7 1 
7 2 
7 3 
8 0 
8 l 
8 2 
8 3 
8 4 
9 0 
9 l 
9 2 
9 4 

. 10 0 
10 . 1 

10 2 
1 o. .J 

. l l 0 

11 1 
.11 2 

. 14 14 

15 15 
11 10 
14 14 
18 18 
15 16 

3. 2 

11 11 
5 -.4 

7 6· 
8 7 
6 . 6 
6 6 
8 7 
7 7 

11 11 
8 8. 

14 14 
4 5 
7 7 
7 7 
3 2 
3. 2 
6 s· 

11 11 
5 5 
8 8 
6 7 
5 7 

.4 3 

· H ;: 14 
K L FO FC 
0 0 61 62 
0 2 27 28 
0 3 9 9: 

0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 

3 
3 
3 
3 

3 
4 

4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
6 

6 
6 

6 
6 
6 
6 

4 6 

5 4 
6 8 
7 13 
0 7 
1 27 
2 15 
3 . 12 

6 

4 
8 

13 
7 

28 
15 
12 

4 4 4 
5 4 5 

6 e e. 
7 4 4 
0 8 9 

1 2 2 
2 1 7 17 
3 9 9 
4 11 10 
5 s c; 
6 5 6 

7. 5 5 
0 6 7 
1 6 .6 
2 18 18 
3 23 22 
4 18 17 

5 8 8 
o e e 
7. 6 7 

l 2.2 22 
2 11 11 
3 7 7 

4 2.3 23 
5 12 12 
6 6 6 
0 3 0 
1 15 14 
2 6 7 
3 4 3 
4 11 12 
5 16 16 
6 7 6 
0 10 . 10 
1 4 6. 
2 5 5 

3 a. a 
4- 19 20 
5 8 9 
6 5 4 



Table 8 (Continued) 

7 0 6 
7 l. 4 
7 2 5 
7 .J 9 
7 4 9. 
7 ·s 4 
7 6 5 
a 1. lo 
a 2 4 
8 3 7 
a 4 1 
8 5 3 

9 0 11 
9 l e 
9 2 8 
9 4. 5 

10 J 6 
10 2 10 
10 .. J E 

11. 1 3 
11. 2 7 

H = 15 
K L FO 
0 1 <i 
0 2 41 
0 3 12 
0 4 13 
0 5 5 
o ~ e 
0 7 7 
1 l 32 
1 2 38 
1 3 19 
1 4 1 
1 6 . 6 
2 0 4 
2 1 13 
2 2 .J5 
2 3 25 
2 4 22 
2 5· 5 
2 7 4 
3 l. 28 
3 2 q 
3 .J 10 
3 4 26 
3 5 4 

6 

3 
6 

10 
9 
3 
5 

10 
4 
7 
7 
3. 

11 
8 
8 
5 
6 

10 
6 
4 
7. 

FC 
10 
40 
12 
1.J 

4 

9 
7 

30 
37 
·19 
·a 

6 
4 

1 1 
34 
26. 
22 

4 
4 

27 
<; 

9 

26 
4. 

4 0 4:1 21 
4 1 4 4 
4 2 28 28 
4 3 17 17 
4 4 
4 5 
4· 6 

:,:· 0 
5 1 
5 2 
5 3 
5 4 
5 5 
5 6 
6 1 
6 2 

17 18 
.18 · 19 

6 6 
7: 7 
6. 5 
6 6 

.24 25 
10 11 
14 14 
10 .. 10 

4 

5 
4 

5 
6 3 7 7 
6 4 16 ·.17 
6 5 5 3 
7 0 11 11 
7 '1 .;fl 1'1 
7 2 3 3 
7 3 11 10. 
7 4·14 14 
7 5 8 8 
8 0 12 13 
8 1 
8 2 
8 ·3 

ts 
5 
.3 

8 

5 
3 

8 4 4 5 
a s 3 2 
9 1 9 .10 

·9 2 10.i() 
9 3.. 7 .1 
9 4 .. 

10 0 
10 1 
10 3 
11 ·o 

3. 
3.: 

5 
3 
4 

H = 16 

4. 

5 
2 
5 

K L FO FC 
0 0 . 19 18 
0 2 6 5 
0 3 . 29 29 

0 4 3 .4 

0 5 8 7 

oc 1 i:o~ 1.0 
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1 0 33 33 
1 1 .48 4o 
l 2 43 44 

l 3 14 13 
l 4. 11 11 
1 5 1l 1·0 
l 6 1·7 1-7 
1 7· 4'. 4;. 

2 0 . 33. 3;1. 
2 1 3:1 .-3.·1: 
2 2 
2 ·3 
2 4 

.2 5 
2 6 
2 7 
3 0 
3 . 1 
3 2 
3 3 

.3 4 

3 5 

19 19 
14 14 

7 7 
4 3 
5 4 
4 4 

20 20 
4:3 23 
18. 18 
9. 9 

u· 1.2· 

8 8 
3 ~ 9 9 
3. 7 3 3 
4 0 24 24 
4 l 12 13 
4 2 14 14 
4 3 12 12 
4 4 
4 5 
4 6 
5 0 
5 l 
5 2. 
.s 3 

21. 21 
15 15 

5 5 
20 21 

3 2 
7 8 

17 1 .. 7 
5 4 14'· 13 
5 5 4 4 

5 6 8 8 
6 2 5 5 
6 3. 23 23 
6 4 9 9 
6 5 il 11 
7. 0 9 9 
7 1 4 3 
7 2 3 2 
7 3 4 3 

7 5 6 6 
~ 0 13 13" 

8 2 
8 .3 
8 4 
8 5 
9 1 
9 2 
9 3 

8 7 

10 10 
6 7 
6 7 

4 " 
5 5 
4 5 
8 9 10 2 

10 3 
11 0 

4 3 

3 2 

K 
O· 
0 
0 
0 
0 

0 
0 
1 
l 
1 
1 

H : 17 

L FO 
1 4: 
2 40 
3 15 
4 6 
5 4 

FC 
6 

40 
14 

5 
2 

6 11 11 
7 5 6 
0 21 2S 
l 22 22 
2 28. 26 
3 13 13 

1 4 3 4 
1 5 8 8 
1 6 11 11 
2 0 4 4 
2 1 1.3 12 
2 2 22 23 
2 3 5 5 
2 4 10 10 
2 5 11 11 
2 6 4. 5 
3 l 17 18 
3 2 6 7 

3 3. 10 10 
3 4 8 8 
3 6 3 4 
4 1 9 CJ 

4 3 10 9 
4 4 12 12 
4 5 6 6 
5 0 9 <; 

5 1 15 15 
5 2 10 9 
5 .3 4 5 

'5 4 21 22 
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Table 8 (Continued)· 

5 5 9 ·9 
f 6 . ~ 7 

6 l 3 2 
6 2 6 6 
6 3 20 21 
6 4 8 7 
6 5 4 5 
7 O· 6 6 
7 1 3 4 
1 
7 

·2 . 14 
3 5 

14 
5 

7 4 1 7 
8 1 14 14 
8 2 7 8 
.e J 11 11 
8 4 6 6 
9 0 3 2 
9 1 e 9 
9 2 5 5 
9 ,3 7 6 

10 0 3 3 
10 1 4 4 
10 2 9 8 

.H :: 18 

K L 
0 0 
0 1 
0 2 
0 3 
0 4 

. 0 ·5 
0 6 
1 0 

FO J=:C· 
15 15 
30 29. 

4 0 
5' 5 

6 ·6 
6 5 
6 5 

16 16 
l 1 28 . 29 
1 2 6 6 
1 3 <; 9 
l 4 9· 10 
1 5 9 8 
1 6 10 10 
1 7 7 7 
2 o a a 
2 1 
2 2 
2 ·3 

2 4 
2 5 
2 6 

6 7 
24 25 

<; 1 0 
4. .4 
a a 
3 2 

3 0 11 11 
,3 1 3 3 
3 2 
3· 3 

3 4 
3 5 
4. 0 

4 l 

2.1. 21 
14 14 

5 s 
4 4 
9 . 9 
3 J 

4 2 3 4'o. 
4 3 15 15~: 

4 4 
4 s 
s· o 
5 2 
5 3 
5 4 
5 6 
6 0 
6 2 
6 3 
6 4 
6 5 
7. 0 
7 1 

14 15" 
6. 6 

13 1~ 

7 6' 

5 5 
23 22 

4 3 
12 13 

. 12 13 
16 15 

5 4 
6 7 
9· 9 

3 3. 
7 2 7 8 
7 3 11 10. 
7 4 10 l 0 
7 5. 4 5 
8 0 8 <; 

8 1 7 6 
8 2 8 9 
8 4 4 .5 
9 0 4 3 
9 1 6 6 
9 3 5 4 

l 0. 0 
10 1 
10 2 

9 
6 

9 

6" 
4 .4 

H = 19 
K L FO 'FC. 
0 2 5 5 
0 3 
0 4 
0 5 

6 
7 
6 

7 
B 
5 

.. o 6 13 13 
1 0 27 26 
l l 14 ,4 
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1 2. 12 12. 
1 3 10 10 
1 4 5 

. 1 6 4 
2 ·o 6 
2 1 2'5'. 
2 2· . 1•8 
2.· . 3 9 

5 
4 
6 

. .2'4' 

1'8 
9· 

2.:. 4-
2 5 

. 2· 6 
3 0 
.3 1 
3 2 

1.t3~.. 1 ;3~ 
12.. 1'3' 

It .4 
9 . 9 

16 16 
1'4 14 

3 3 24 25 
3 4 7 7 

,3 5 7 7 
3 6 4 4 
4 0 JS 16 
4 1 15. 15 
4 2 ·2fi -20 
4 ~.·· 13 13 

·4 4 18 18 
4 5 6 7 
5 1 7 7 
5 2 4 3 
5 .3 . 10 ·10 
5 4 5 5 
5 5 8 8 
5 6 9 9 
6 

6 
6 
6 
7 
7' 

1 6 
2. 15 

3 7 
4 3 
0 6 
1· 6 

6 

15 
6 

J 
5 
7 

7 4 5 5 
8 0 4 4 
8 . 1 1·4 1'4 
8 2 9 9 
6 .3. 3 3 
8 4 5 5 
9 ·o· 1 s 
9 1 6 5 
9 2 11 11 
'9 .:: .3 3 

10. 0 4 4 
J·O l 4 4 

H :: 20 
K L FO FC 
0 0 30 30 
0 1 17 17 
0 2 27 27 
0 4 7 7 
0 5 7 7' 
0 6 5 ~· 

1 1 . 20 21 
1 2 8 8 
1 3 13 12 
1 .4 11 11 
l 5. 14 14 

l 6 ~. "4 
2 0 17 16 
2 1 
2 2 
2 3 
2 4 
2 5 
2 6 
3 0 
3 1 
3. 2 
3 3 
3 4 
.3 s 
3 6 
4 0 
4 1 
4 2 
4 3 
4 .4 
4 5 
5 0 
5 . 1 
!:>. 2 
5 3 
5 4 
5 5 
6 0 
6' .2 

14 14 
20 20 

5 4 
4 3 

12 13 
3 .J 

12 11 
4 4 

13 lJ 
12 12 
11 10 

4 . 4 

4 4 
7 7 
5 4 

13 14 
9 9 

~~ 22 
6 6 

30. 31 
12 . 12 

e a 
12 12 

3 2 
5 5 
7 7 

20 20 
6 .3• t: t; 

6 4 12 12 
6 5 5 3 
7 0 15 15 
7 l 12 12 ', 
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Table 8 (Continued) 

7 2 8 
7 3 B 
7 4 7 
8 1 5 
8 ;:s 7 

9 0 4 
9 1 8 
9 2 4 
9 3 3 

H. = 21 
K. L FO 

0 1 11 
0 2 8 
0 5 4 
0 6 3 
J 0 22 
l 1 1 c; 

. 1. 2 13 

1 3 21 
1 4 7 
1 5 9 
1 6 8 
.2 1 14 
2 2 9 
2 J 13 
2 4 12 
3 c 20 
.3 1 11 
3 2 15 
3 3 13 
3 4 18 
3 5 4 
3 6 3 
4 0 14 
4 1 10 
4 2 22 
4 3 15 
4 4 6 
4 5 4 
5 0 22 
5 1 Ci 
5 2 6 
5 3 7 
5 4 5 
6 0 18. 
t: 1 11 
6 2 5 

7 
7 
1 
5 
7 
4 
7 
3 
3 

FC 
11 

8 
4 

.3 
22 
19 
13 
21 

8 
8 
9 

14 
9 

13 
12 
21 
12 
15 
13 
18 

3 
3 

15 
1. 0 
22 
15 

6 
4 

22 
9 
6 
7 
6 

19 
12 

4 

6 3 . ·s 9 
6 . 4 6 6' 

6 5 4· 4 
·-, o a e 
7 
7 
7 
7 
8 
a· 
8 
9 

1 
2 
3 
4 
0 
1 
2 
2 

6· 
.3 
11 

8 
3 
6 
9 
3 

5. 
·3 

11: 
a. 

·3 

5: 
: 9!' 

4-.) 

H = 22· 
K. L FO FC 
0 0 7 7 
0 l 8 9 
0 2 3 3 
0 3 12 11 
0 4 9 10 
0 5 10 l c. 
0 
1 
1 
1 

6 

0 
l 
2. 

3 .3 
6 6 

10. l 0 . 
1·0 .9 

l 3 17 17 
1 4 6 7 
l 5 11 11 
2 0 15 15 
2 l 13 12 
2 2 7 7 
2 3 10 l 0 
2 4. 9 9 
2 5 7 7 
2 6 
3 0 
3 1 
3 2 
3 3 
3 4 
3 5 
3 6 
4 0 
4 1 
4 2 
4 3 
4 5 
5 0 

3 2 
17 18 
10 10 
20 20, 

9 8 
6 1 
3 2 
3 2 
8 8 

17 16 
4 4 

·9 9 

5 4 
4 4 
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5 1 
5': 2' 
5 .3 
5· 4 

6 0 
6 1. 
6~ 2· 
6 3 
6 .4 

7 0'· 
7•. 1:! 
7·· 2·:· 

. 7 .. 3, 
7 4· 

8 l 
8 3 
9 1 

.7 7 
lff< 1:9° 

5 6 
3 2 

14 14 
13 1.3 
. o. 6 

9 9: 
9 9 

1~a 1,2,. 
rlt: 1.0~ 

l.O::r 9~ 
. 4. 3· 

3 3· 
... 4 

6 5 
3 3 

H = 23 
K 

0 
0 
0 

L FO 
1 9 
2 10 
3, 9 

FC 
9 

10 
10 

·O 4 4 4 
1 0 14 15 
1 l 12 13 
1 2 20 20 
l 3 
1 4 
1 f: 

2 . 1 

4 
6 
5 
3 

4 
5 
4 

3 
2 2 10 .. 10 
2 4 16 16 
2 5 3 3 
3 0 . c 1 ~! 

3 1 7 6 
3, 2 1,0 1,0 
3. .: 14. 14, 
3 4' 8. 8 
4 0 14 14 
4 2 4 4 
4 3 6 6 
4 . 4 . 10 10 
4 .5 5 4 
5 2 13 13 

5 4 
5 5 

6 

5 
2 

6 
5· 
3 

6 0 11 11 
b 1 17 17 
6 2 5 4 
6 3 4 4 
6 4 4 3 
7 0 4 4 
7 1 4 3 
7 2. 6. 7 
7 3 3 4 

.. 8 1 4 5. 

8 2 5 5 
8 3· 4 4 
9 0 6 5 
9 1 3 3 

H :::: 24 

K L FO FC 
0 0 5 5 
0 1 21 21 
0 2 16 16 
0 3 7 7 . 
0 4 9 10 
0 . 5 5 5 
l 0 4 l 
1 1 . 6 7 

1 2 6 5 
1 3 5 6 
1 . 4 5 4 
l 5 9 9 
2 0 5 5 
2 1 12 11 
2 2 27 26 
2 3 17 Hi 
2 4 7 7. 

3 0 7 8 
3 1 5 5 
3 2 9 9 
3 3 r::~9·. 9 
3 4 ,, 7 6 

3 ~ 4 4 
4 0 9 9 
4 1 7 8 
4 2 . 11 11 
4. 4 4 4 
5 O· 36 37 
5 1 JI 11 
5 2 10 . 9 
5 3 5 5 



Table 8 (Continued). 

5 4 5 
6 0 8 
0 1 6 
~ 2 4 
6 . 3 7 

6 4 11 
7 0 <; 

7 2 4 
7 3· b 

8 0 s 
8 1 4 
8 2 4 

H = 25 
K L FO 
0 2 12 
0 3 17 

1 0 = 
1 1 6 
1 2 12 
1 3 9 
1 4 4 
2 1 21 
2 2 l 1 
2 3 6 
3 · o· c;; 
3 l 11 
.J 2 9 
3 . J 19 

.3 4 11 
·4 0 3 
4 1 'i 
4 2 15 
4 3 4 
4 4 1 
5 0 6 
5 l 12 
5 3 7 
6 0 11 
6 1 <; 
6 2 .3 
't> 3 6 

7 0 8 
i 1 7 
7 .2 5 
7 3 6 
8 1 7 

4 
7 
b 

3 
1 

11 
9 
5 
6 
9 
;J 

3 

FC 
12· 
17 

6 
7 

12· 
8 
5 

21 
11 

5 
9 

12 
9 

1 c;; 
10 

2 
·9 

15 
3 
7 
7 

l2 
7 

12 
9 
3 
6 
8 
8 
4 
5 
7 

H = 26 
K L FO FC 

. 0 0 27 27 
o 1 1s· &5 
0 3 6 : 6 
o. 4 6 6 
o· 5 •. .s 
I. 0 5 · 5 

l 1 15 14 
1 2 . 8 S· 
1 3 ..l 3 
1 5 5 5 
2 1 11 11 
2 2 12 1 2 
2 3 5 5 
2 4 6 5 
2 5 6 6 
3 0 15 14 
3 1 14 l 4 
3 2 6 6 
3 4 4 4 
4 . 0 16 .'16 
4 1 8 ·7 

4 .2. .6 = 
4 3 5 4 
4 4 3 2 
5 0 5 5 
5 l 8 7 
5 .3 3 3 
5 4 7 ~ 

6 0 . 9 9 
6 l 3 . 2 
6 2 12 12 
6 3 8 6 
7 0 8 8 
7 l 6 ·5 
7· 2 5 5 

H = 27 
K L 
0 2 
0 4 
1 0 
1 l 
1 2 
l 3 
2 0 
2 1 

FO FC 
6 () 

7 6 
12 12 
15 14. 
18 18 

3 3 
~ 4 

13 1:3 
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2·' 2-:· a a· 
2 3 8 8 
2 4 6 5 
3 0 12 13 
3 1 8 8 
3 3. 8 7 
4· 0 7 6-
4 1 9 a 
4 2. 
4_,,, 3.· 
4, 4}• 

. 5 0 

5 1 
5 ~ 

5 3 
6 0 
6 1 
6 2 
7 c 

7 . 7 
7 7 
3:1 3i 
8 7 
4· 4 
7· 7 
6 5 
6 6 
.8 7 
4 ·4 

6. 6 

H =· 28 
K L FO FC 
0 0 ·4' '!) 

0 1· 14 14 
0 2 11 12. 

0 3 
0 4 
1 0 

8 
6 
4 
5 

9 
5 
4 
5 1 1 

1 2 
1 4 
2 0 
2 1 
2 2 

7 6 
5 5 

15 " 15 
7 7 
9 9 

2 ~ 11 11 
2 -4. 3 ,4 

3 .0 .1.3. 14 
3 1 5· 
3 ·2 9 
3 4 8 
4 l 3 
4 . 3 . . 4 

5 0 5 
5 1 3 
5 2 3 
5 3 6 
6 0 3 
6 1 7 

5. 
8 
7 
2 
4 
4 

·3 

4 
6 
3 
7 

6 2 6 6 

· H ::: 29 
K 

·O 
0 
l 
1 
1 
2. 
2 

L 
1 
4 
1 
2 
4 

0 
1 . 

FO ·· FC 
5 6 
3 .3 
7 7 
4 4 
3 2· 
7 7 
5 5 

2 2 e a 
2 4 6 5 
a o a. a 
3 1 5 . 5 
3 3 3 3 
4 0 10 10 
4 2 .3 4 
4 3. 7 7 
5 0 4 4 
5 1. 3 3 
5 1 3 3 
5 2 7 7 
6 o· 4 4 
6 1 2 2 

H = 30 
K. L FO FC 
·o o 12 12 
0 2 4 .4 
0 3 6 s 
1 1 13 13 
1 2 5 5 
1 3 7 6 
2 0 l1 11 
2 3 e e 
3 0 3.. 3 
3 1 
3 2 
4 l 
4 .z 

·5 0 

a a 
4 5 
6 5 
3 4 
9 10 

H = 31 
K L FO FC 
0 ·2 5 5 
0 .3 
1 1 

5 
8 9 

_!: 
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..... Table 8 (Continued)· 

-;'··' 1 3 5 5 
: 2 0 9 a 

2· 1 4 4 

2 2 5 5 
2 3 5 5 
3 0 4 3 

.. 3 l e 8 
4 O· 5 6 

4 1 3 3 

H = .32 
K L FO FC 
0 2 6 6 

1 1 3 2 
2 1 3 2 
2 2 7 6 
3 1 3 3 

H·= 33 
K L. FC FC 
1 . 0 5 5 
2 0 3 3 
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The ·second·cyclohexane. ring again exists in a chair con-

formation with C(26) and 0(32) at the bridgehead positions 

existing in·a trans diaxial arrangement. The heterocyclic 

ring exists in a twisted conformation with H(lO) in a 

pseudo-axial position and C ( 27) ·being pseudo-·equatorial. 

Inspection ·of Dreci.d·ing, models indicates: tti:at the whole 

molecule with the exception of the isopropyl alcohol moiety 

is extremely rigid. A hydrogen bond exists between th.e 

·indole nitrogen 1 s hydrogen H(l) and oxygen atom of the 

acetone of crystallization with distances N(l.) - H(l) .88.A., 

H(l). 0(4 1 ) 2~00A, and N(l}- 0(4 1 ) 2.88.A. and with the N(l) -

H(l) - 0(4') angle being 173°. Also present .in the crystal 
··. 

structure are two addi'tional hydrogen bonds. One intra­

molecular one between H(30) and 0(31) h~s distances 0(30) -

H(30) .Bo.A, H(30) - 0(31) 2.06.A, and 0(30) .0(31) 2. 71.A 

with the angle delineated by 0(30) ~ H(30) - 0(31) being 

137°. The other intermolecular bond between H(32) and 0(30) 

has distances 0(32) - H(32) .• ~4.A., H(32) - 0(30) 1.88.A, 

and 0(30) - 0(32) 2.81.A with an angle of 172° for 0(32) -

H(32). - 0(30)~ There are no other abnormally short inter-

molecular contacts and all bond distances and angles agree 

well with generally accepted values (23). 

The chemical structure as determined by X-ray diffrac­

tion analysis is consistent with 'the physical data pre­

viously reported (42) (vide.supra). More detailed 100 MHz 
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pmr experim~nts were carried out with.acetone-de as solvent 

and TMS as a.ri internal standard at 60 .QO •. Assigpments of 

the absorptions listed below are made with reference to 

Fig. 2. The spectrum showed absorptions at .61.04, s, 3H, 

CH~ (26); 1.22, s, 6H, CHs (28~ 29); 1.40, s, 3H, CH3 (25); 

l.7·-2.95, bm, CH, CH2 (5, 6, 14, 15, 16·, 17); 3.7.0, d, 

J:: 2 Hz, lH,. CH (9); 4 .05, s, lH, OH (3:2) r 4'.08\, s, lH, OH 

(30); 4.94, m, lH, CH (7); 5.85, d, J·=2 Hz·, lH, CH (11); 

6.95, m," 2H, CH (21, 22); 1 .30, m, 2H, CH (20, 23); 9.82, 

s, lH, NH (1). Irradiation of the multiplet at 04. 94 col­

lapsed the doublets at 63.70 and 65.85 to singlets. Irradi­

ation.at. 61.85 sharpened the multiplet at 04.94 t·o a broad 

singlet. Addition of D20 to the sample caused the disap­

pearance of absorptions at 64.05, 4.08 and 9.82. The ol.40 

resonance was assigned to CHs (25) on the basis of the ex­

pected deshielding by the neighboring hydroxyl and proximity 

to the aromatic ring. Addition of Eu(fod) 3 caused a shift of 

the 04. 08 peak to lower field at the same time the isopropyl 

moiety was affected to approx1mate,ly the same extent while 

the protons on the NH and the other hydroxyl we·re relatively· 

\.lnaffected. In ·addition,.the CD spectrum showed positive 

Cotton effects for.two bands ([e] 335nm + 5.0 x 103
; 

[8] 300run + 1.09 x 104
) while a third band at shorter wave­

length appeared to giye a negati~e Cotton effect but only 

·.part of this band was observed. The significance of the CD 
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spectrum to.the.absolute configuration .of P,axilline 15 will 

be discussed in the next part of the dfss:e!rtation when the 

absolute configurations of paspaline .!§.. and paspalicine 

17 are .considered. 

N 
I 
H 

N. 
I 
H 

16 

0 

... 

17 
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Background - Paspaline and Paspalicine 

The fungal metabolites paspaline 16 and paspalicine . -
!.?.. were isolated from Claviceps paspali Stammes and their 

chemical constitutions determined ·(41, 45, 46). The 

relative_as well as the absolute configurations of five of 

·the seven asymme,t.ric cent~ers. in p;aspaline .. IE» were determined 
~. 

by chemical and physical methods, however, no comment was 

made about the stereostructure of the closely related pas­

palicine g. Single. crystal X-ray diffraction experiments 

were carried out to determine the configuration of the 

last t;,o chiral centers .in paspaline i6 as well as to 
-.,;....... . . 

establish the stereostructure of-paspalicine 17. It was ·-
also of interest to. determine how. closely.the configurations 

of these two metabolites corresponded to paxilline 15. 

Experimental - Paspaline 

. Crystals of paspaline !.§., C28 H3sN02, were grown from 

methanol and crystallized in the orthorhombic space group 

with a=49~388(5), b=Ei.527.(1), and c=7.89l(l)A. - . -- . -
The crystall,ogFaphic unit cell c'?ntained. 4 molecules of. 

p·aspaline .!§. and 2 molecules of methanol ( vide infra) for 

a calculated density of 1.14 g/cc. Data were collected 

using graphite monochromated -·cuKa radiation ( >.. = 1. 5418 A) 

and an automated four-Gircle diffractometer. Of the 2088 

reflections measured _with 20<114°, 1535 (74%) were con­

sidered observed (I.> 3a(I)) after· correction for background 



effects. Lorentz and polarization corrections were sub­

sequently applied" (18). Sys~ematic abs.enc.e1s~ of hOO 

(hf 2n) and OkO (k I 2n) strongly indicated the space group 

P 2 Structure solution was carried out using .a multi-2121 • 

solution direct methods approach (20). Subsequent least-

squares ·refinements (21)° and· difference_ mags indicated 

that methanol. was:'.present in the crys~t.al s~tr.ucture. In­

clusion of the methanol with further 1east'."'"squares refine­

ments using anisotropic temperature factors for the non-

hydrogen atoms and isotropic temperature factors for the 

hydrogen atoms lowered the conventional unweighted R factor 

to its present value of 3.8% (19, 21). Tables 9, 10, 11 

and 12 contain the fractional coordinates, bond distances, 

bond angles and observed and calculated structure factors. 

Discussion - Paspaline 

The X~ray structure determination confirmed the 

relative stereochemical details as have been previously 

determined (45), ~.e., the configurations around C(4), 

C(7), C(9), C(l2), and C(i3). In addition the methyl 

group at C(3). is. trans to both the methyl at C(4) and 

the hydrogen at C(l6). This ·information consequently com­

pletes the absolute configuration of paspaline 16~ 

Paspaline ~' thus, ·possesse.s the same basic hexacycli~ 

array as paxilline l2_ previously described. The major 

structural differences are that paspaline 16 does not 



Figure 3 •. A computer generated perspective 
drawing from the crystal structure .of paspa- · 
line .(16) with hydrogens and the molecule of. 
methanot omitted for clarityo 



0\ 
0\ 



67 

Table 9. Final fractional coordi,nate.s· for. paspa-. 
line . ( 16) with the,. e;s~t·imait.e:d'!. s..t.andard de­
viation of the least significant figure 
given in parentheses. The numbering 
scheme· refers to Figure 3 wl th .the primed 
numbers refering· to the sol vent. molecule 
of methanol. · 

N .1 ·• 71462 .5 . 4.:3·3.& 41
). --.0890 3 

.c 2 .69341 5 .3'346' 5 .. -·.1648 4 
c 3 .66279 5 .3566 s· -,.1668 3· 

c 4 .64680 5 .3578 5· .0060 4 
c 5 .65068 6 .5600 6 .1004 5 
c 6 .63211 6 .5840 6 .2547 4 
c 7 .60305 5 .5652 5 .1992 4 
0 8 .58586 4 .5995 3 .3429 3 
c 9 .55805 6 .6262 6 .2966 4 
c 10 .54 741 6 .4479 7 .1930 5 
c 11 .56676 6 .3914 7 .0480 4 
c 12 .• 59615 5 .3614 5 .1122 4 
c 13 .61582 5 .3357 5 - • 0402 4 
c 14 .60977 7 .1448. 6 -.1506 4 
c 15 .62696 6· .13'61 7 -.3128 4 
c 16 .65621 ~~ .1508 6 -.2603 4 
c 17 .67964 .1188 7 ~.3889 4 
c 18. .70277 6 .2101 5 -.2897 4 
c 19 • 73161 6 .2237 5 -.2918 4 
c 20 .75233 6 .1329 6 -.3852 4 
c 21 .77874 6 .1836 5 -.3$29 4 
c 22 .78502 6 .3269 5 -.2274 4 
c 23 .76512 6 .• 4183 5 -.1291 4 
c 24 • 73841 5 .3671 4 -.1636 4 
c 25 .65710 8 .5445 6 -.2782 5 
c 26 .65824 7 ... 1839 6 .1176 4 
c 27 • 54241 6 .6667 6 .• 4626 4 
c 28 .54586 8 ..• 4'934 8 .5886 6 
c 29 .55069 9 .8690 9 .5372 7 
0 30 .51407 4 .6812 .4 .4194 3 
c 31 .59635 8 .1802 6 .• ~361 5 
H 1) .7135 5 .508 5 -.002 4 
H 

5Al 
.6703 6 ~556 5 .140 4 

H 5B .6456 5 .668 5· .016 4 
H 6A .6355 5 .484 4 .345 4 
H 6B .6340 6 .731 5 .302 4 

. 'H 
~~ • 599·2 5 .671 4 .117 4 

H .5576 5 .758 4 .227 3 
.H lOA~ .545.7 5 .336 5 .277 4 
H lOB .5296 7. .482 5 .138 4 
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Table 9 (Continued) 

H llAr .5606 6 .265 5 -.004 4 
.. H llB .. .5670 6 .• 505 6 - .046 4 

H 

ml 
~6120 5 .464 4 -.119 4 

H .6139 5 .011 5 -.076 4 
.H 14B .5911 6 .137 5 -.172 4 
·H 15A .6235 7 .002 7 -.376 6 

H 15.B . .6224 7 .24 7 6 -·.390 6 
H 16) .66:09: 5 .040 4 -·.171 4 
H i~~~ .68.24 6 . - .033 6 _,.4·20 4 
H .6771 6 .185 5 -.500 4 
H 20l .7477 6 .035 5 -.469 4 
H 21. .7943 7 .112 6 -.417 5 
H 22 .8046 6 .378 5 -.210 4 
H 23 • 7694 5 .521 5 -.037 4 
H 25A. .6636 6 .517 5 -.396 5 
H 25B .6382 6 .• 577 4 -.291 3 
H ·25C .6673 7 .664 6 -.230 5 
H 26A .6781 8 .173 7 .103 5 
.H 26B .6543 6 .221 5 .232 4 
H 26c .6514 6 .046 6 .086 5 
H 28A •. 5656 ff .491 6 ~621 5 
H 28B .5351 8 .534 7 .700 6· 
H 29A • 54 71 9 .989 8 .458 6 
H 29B .5397 7 ."915 6 .639 6 
H 29C .5703 7 .882 6 .562 4 
H 31A .5848 6 .215 5 .340 5 
H 31B .5870 9 .052 8 .170 6 
H 31C· .6129 8 .157 6 .285 5 

c~1·~ .5000 1.0000 • 034 ( 1) 
0 2 1 .5000 1.0000 .2138(8) 
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Table 10. Bond distances in· angstr.oms of paspa­
line (16) with the estimated standard 
deviatIOn of· the least significant fig­
ure given in parentheses. The primed 
numbers refer to the solvent molecule 

·of methanol. 

N(l) C(2) 1~369 4 
N 1 - c 24) 1.384. 4. 
c 2 - c 3) l .• 5l9' ·4, 

c 2 - c 18) 1.3.5,9 .. 4. 
c 3 c 4) 1.576 4 
c 3 c 16~ i·.567 5· 
c 3 c 25 1.535 5 
c 4 c 5) 1.527 5 
c 4 - c 13~ 1.579 3 
c 4 c 26 1.544 5 
c 5 c· 

~l 
1.533 5 

c 6 c 1.506 4 
c 7 0 1 .•. 434 4 

·C 7 - c 12) 1.536 4 
·o 8 - c 9) 1.432. 3 

c .'9 - c 10 . 1.516 5 
c 9 c 27 1.543 4 
c ·10 - c 11 1.536 5 
c 11 c 12 1.550 4 
c 12 - c 13 1.555 4 
c 12 c 31 1.535 5 
c 13 - c 14 1.549 5 
c 14 c 15 1.537 5 
c 15 c 16 1.506 4 
c 16 - c 17 1.553 .4 
c 17 - c 18 1.508 4 
c 18 c 19 1.427 4 
c 19'. c 20 1.393 4 
G 1.9 - c 24 1 .• 4.19 4 
c 20 c 21 1.370. 4 • c .21 c 22 1.397 5. 
c l")f) 

c:;c.. - c 23 1.387 5 
c 23 - c 24 1.388 4 

grgii T
8

l l.516tl c 29 1.502 6 
c 27 0 30 1.443 3 
C .1, I 0 2 1 1.42(1) 

:~.-
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Table 11. Important bond angles in degrees of 
paspaline (16). Estimated.stan:dard 
deviations OT the least significant 

·figures are given in parentheses. 

C(2) 
N(l 
N)l­
c· s 
c 2 
c 2 
c 2 
c 4 
c 4 
c 16) 
c 3 
c 3 
c 3 
c 5 
c 5 

. c 13) 
c 4 
c 5 
c 6 
c 6 
0 8 
c 7 
0 8 
0 8 
c 10) 
c 9) 
c 10) 

g ~i c 7 . 

c lll c .11 
c 13 
c 4) 
c 4) 

c 12l c 13 
c 14 
c 3) 
c 3) 
c 15) 

The numbering scheme refers to Fig­
ure 3. 

- N 1 
- c 2 
-·/C.'. 2 

c· 2 
- c 3 
- c 3 

c 3 
- c 3 
- c 3 

c 3 
c 4 
c 4 

- ·c 4 
- c·4 
- c 4 
- c 4 
- c 5 
- c 6 

c 7 
- c 7 
- c 7 
- 0 8 
- c 9 
- c 9 
- c 9 
-.C 10 
.,. c 11 

c 12 
- .·c, ,12 
- c 12 
-· c 12. 

c 12 
- c 12 
- c 13 
- c 13 
- c 13 
- c 14 

c 15 
- c 16 

c 16 
-- c 16 

·- c 
c 

- c 
c 

- c 
- c 

24) 
3) 
18) 
18) 
4) 
16 

c 25 
- c 16 
- c 25 

c 25 
c 5) 
c 13 

- c 26 
- c 13 
- c 26 
- c 26 
- c 6l - c 7 

c 8 
-· c 12) 
- c 12) 
- c 9) 
- c 10. 

G 27 
- c 27 
- c 11 
-. c 12' 

c 11 
- c 13 
- c 31 
- c 13 

c 31 
- c 31 
- c 12 
- c 14 
- c 14 
- c 15 .· 

c 16 
- c 15 
- c 17 
- c 17 

. 108.4 2 
13,6. 2 3· 
109.8: 2~ 
112°~8" 2 
119 .4· 2· . 

. 97 .5 2 
105.3. 2 
107.9 2 
113.6 3 
112.2 2 
111.3 2 
106.6 2 
107.8 2 
108.2 2 
108.1 2 
ll4 ;8' ·2· 
113.6 3 
109.3 3 
108. 7 2 
114 .3· 3 
.110.9. 2 

. 112.6 2 
112.l 2 
106.5 2 
114 .5 3 
111.7 3 
111.7 3 
104.1 2 

·107.5 2 
"112 .. 4. 3. 
110.2 2 
108 •. 2 3 
113.9 3 
114.6 2 
112.9 2 
113 .6 2 
113 .o 3 

. 107 .4 3 
112.5 3 
105.6 3 
121.8 3 
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,.,:_.· Table. lL (Continued) 

•.·: 

... ,- .. 

C(l6) c 17 c 18) 99.9 3 
c -~~ - c 18 - c 17 110.8 2 
c - c 18 - c 19 . 108 .1 3 
c 17 - c 18 - c 19 140.8 3 
c 18 - c 19 - c 20 i35 •. 4 :3 
c 18 c 19 c 24 105 .• 6 3 
c 20 c 19 c 24 118-.9 3 
c 19 - c 20 - c 21 11'9': 9 3 
c 20 - c 21 - c 22 120·~3 3 
c 21 c 22 c 23 121.8 3 
c 22 - c 23 - c 24 117.4 3 
N i~ c 24 c 19 -108.0 2, 

,N - c 24 - c 23. 130.4 .3 
. c 1.9) - c 24 - c 23 121.6 2 

c il - c 27 - c 28 111.9 3 
c - c 27 - c 29 110.3 3 
c - .c 27 - 0 30 107.3 3 

. c 28l - c 27 - c 29 111.6 ·4 
c 28 - c 27 - a 36 108.2 3 
c 29 -' c 27 - 0 30 107.-4 3 
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Table 12. The observed and calculated structure factors for 
paspaline ( 16) . --

H = 0 
K L -FO 
0 1 49 
0 2 - 93 

0 4 21 
0 7 16 
1 1 60 
1 2 80 
1 3 6 
1 4 € 
1 5 -5 
2 0 9 
2 1 

- 2 - 2 16 

FC 
49 
95 
21 
16 
57 
81 

4 
9 

_4 
7 

31 

15 
13 

2 4 14 14. 
2 7 9 9 
3 1 40 38 
3 2 "86 - 85 

3 3 27 27 
3 4 22 23 
3 5 11 11 
3 6 1~ 16 
3 7 4 5 

4 0 75 74 
4 1 11 11 
4 4 9 9 
4- 6 9 9 

5 1 16 16 
5 6 B _8 

6 0 20 19 
6 3 4 4 

7 1 4 4 

H = 1 
-I< L FO FC 

o 1 e1 as 
0 2 .!.:! 35 
0 3 6 6 
0 5 c; 8 
0 c t: 6 
0 8 16 16_ 
1 0 113 121 
1 1 155 161 
1 2 23· 22 
1 3 17 17 
1 4 - 11 10 

1 5 15 15 

1 7 
1 8 
2 0 
2 1 
2 2 
2 3 
2 5 
2 6 
2 7 

- 3 0 

3 1 
3 _- 2 

3 3 
3 4 
3 5 
3 6 

7 7 
n 12 
47 45 
SS 94 
66 64 
56 56 
15 15 
17 - 1 f 
9 9 

13 12 
38 38 
47 44 
26 26 

9 10 
13 13 

6 E 
3 7 6 - 7 
4 0 7 7 
4 - 1 10 10 
4 2 11 12 
4 3 9 <; 

- 4 - 4 15 16 
·4 5 15 14_ 

5 0 12 11 
5 1 19 19 

5 - 2 18 1 8 
5 3 6 8 
5 4 - 10 - 11 
5 5 7 6 
6 0 13 13 
6 1 10 10 
6 2 6 4 
6 4 4 4 

H = 2 
K L FO FC 
0 0 _:4 48 

0 1 68 74 
0 2 69 70 
0 3 3 4 
0 4 -30 30 
0 5_ 18 18 
0 7 7 7 

- -1 0 1 0 9 1 1 t: 
1 -1 103 109 
1 2 73 76 -
l 3 11 <; -

1 4 7 7 

1 5 
1 6 
1 7 

2 0 
2 1 
2 2 
2 3 
2 -4 
2 5 
2 6 
2 7 
2 8 

3 0 
3 1 
3 2 

7 7 
12 12 
15 15 
48 47 
28 26 
46 47-
19 - rs 
12 12 
6 6 
8 9-

7 7 
6 7 

20 21 
.36 .34 
37 36 

3 
3 
3 
-3 
4 

4 
_4 

4 
-4 

5 
-5 

5 
5 
6 
-6 

K 

0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
2 

3 20 19 
4 30 30 
5 10 11 
1 6 7 
0 1.1 11 
1 12_ 12 
3 15 15 
4 14 -f5 
5 21 21 
0 36- 37 

1 27 27 

2 - 9 8 
3 5 
4 _12 
2 · 11 

3 9 

H = 3 

5 
11 
10 

9 

L FO - Fe; 
1 1c 1 i·os-
2 21-" -. 2"5 
3 - 1-5 - 14, 

4 7 6 
5 4 5 
7 17 17 
8 19 19 
0 30 27 
1 95 <;7 

2 18 18 
4 12 12 
5 5 6 
7 9 10 
o _t:J 62 

2 I 12 12 
2 2 
2 3 
2 4 
2 5 
2 6 
2 8 
3 0 
3 1 
3 2 
3 3 
3 4 
3 5 
3· 6 

4 0 

83 
34 

-5 

1 1 
<; 

5 
45 
35 
46 
36 
15 
20 
20 
18 

83 
34 

6 
1 1 
'i 
6 

45 
34 
44 
37 
15 
20 
19 
18 

4 1 12 12 
4 3 19 19 
4 

4 

5 
5 
5 
5 
5 
6 

4 12 
5 - 11 
0 12 
1 5 

1 1 
12 
13 

4 

3 6 ~ 

4 12 - 12 
6 <; <; 

1 e _Ci I 

6 G 12 12 
6 4 4 5 
7 1 7 6 

H = 4 
K L FO FC 
0 0 45 60 
0 1 99 10 7 
0 2 49 47 
0 3 22 22 
0 4 
0 5 
o· 6 
0 8 
1 0 
1 l 
l 2 
1 3 
1 4 
.l 5 
1 6 
1 7 
1 8 

18 19 
15 14 

5 4 
6 6 

83 -89 

90 91 
63 63 

4 6 
8 8 

14 - 14 
10· _ lC 
14 14 

6 5 



Table 12 (Continued) 

2 '1 58 55 
2 2 10 2 102 -
2 3 37 35. 
2. 5 21 21 
3 0 .. 5 5 

~ l. 2C: 26 
3 ·2 

. 3 3 

3 4 
3 5 
3 6 

22 23 
27 27 

7 6 
11 12 
10 10 

·3 7 8 7 

4 0 28 29 
4 1 18 18 
4 2 10 9 
4 3 11 11 
4 4 1~ 13 
4 5 23 23 
= 0 ·1«= 16 
5 1 2~ 23 
5 3 6 7 
5 4 = € 
5 6 6 7 
6 1 13 14 
f 2 5 6 
6 3 5 ·5 
7 1 4 5 

H = 5 
K L FO FC 
0 1 71 79 

·o 2 

0 3 

0 . " 
0 ·.5 

·o 6 

0 7 
1 0 
l 1 
1 2 

9 8 
3"'· 34 

20 20 
6 7 
5 5 
5 4 

44 42 
33 32 
2c; 29 

·1 .3 27 26 
1 4 14 13 
1 5 1 1 1.0· 
1 6 11 11 
1 7 7 7 
2 0 62 61 
2 1 40 41 
2 2 33 33 

2 
2 

4 

5 
2 . 6 
2 8 
3 0 
3 1 
3 2 
.! 3 
3 4 
3 5 

46 4f 
7. .6 

18 18 
21 21 

6 6 
15 16' 
'25 25 

19 18 
25 24 

9 8 
19 20 

3 6 10 
4 0 43 
4 1 12 
4 2 9 
4 3 7 
4 6 7 
5 0 10 
5 1 10 
5 3 6 
5 4 10 
5 5 7 
6 0 6 
6 1 11 
6 2 6 
6 4 4 

H = 6 
K L FO 
0 0 25 
0 1 4 
0 2 14 
c 3 11 

0 4 ~1 

0 5 6 
0 6 13 
0 7 14 

c 8 b 
1 0 7 3 

1 1 54 
1 2 . 29 
1 3 13 
1 4 9 
1 5 11 
1 . 7 11 
2 0 8 
2 1 6 
2· 2 39 

1 1 
43 
12 

9 
'7 

t:. 
11 

c; 

9 
8· 
5 

11 

5 

FC 
36 

3 
13 
1:: 
21 

7 
13 
14 
5· 

7t:. 

55 
30 
1.3 

8 
1 1 
11 

7 
1· 

39 

73 

2 4 
2 . 5 
2 6 
2 7 
3 0 
3 1 
3 .2 
3 3 
3 4 
3 5 

34 j4 
13 14. 
15 . 15 

20 20 
7 7 

12 13 
16 16 
23 22 
·28 29 

a 9· 

28 28 
3 ~ 14 14 

'3 7 12 12 

4 0 22 22 
4 1 11. 10 
4 3 8 8 
4 4 23 23 
4 5 13 13 
4 7 4 5 
5 c 45 45 
5 2 13 13 
5 3 6 5. 
s 4 1 ·a 
5 5 6 6. 
5 6 4 5 

6. 0 10 11 
6 1 12 12 
f 3 f3 8 
7 0 5 4 

H = 7 
K L FO FC 
0 1 39 45 
0 2 .;: 1 . .!5 
0 3 .. 50 51. 
0 4. -1'5 1:5,, 
0 5 12 1'.~ 

0 6· 14 1:5, 
0 7 11 11 
1 0 42 42 
1 1 26 25 
1 2 14 15 
1 3 16 ·1 7 

1 4 29 29 
1 5 13 13 
1 6 .8 s 
1 7 11 11 
1 8 .6 7 

2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 

0 17 17 
l 15 14 
2 45 43 
3 1.0 l 0 
4 5 4 

5 19 19 
6 1c; 19 
7 10 10 
8 . ·9 10 

0 11 11 
1· 31 31 

·3 2 15 17 

3 3 s e 
3 4 21 22 
3 5 25 25 
4 0 11 10 
4 1 32 33 
4 2 13 13 
4 ..3 5 5 
4 4 17 17 
5 0 11 10 
5 1 15 15 
5 2 7 .6 
5 3 15 15 
s 4 a 9 

5 5 5 4 
6 1 6 6 
6 4 t 6 
7 0 7 7 

H = 8 

K L FO FC 
0 0 28 21 
0 1 SC 53· 
0 2 15 11 
o, 3 14 13 

0. ~ 1 7 
1 0 24 24 
1 1 10 10 
1 2 . 25 25 
1 .3 
1 4 

1 5 
1 6 
1 7 
1 8 
2 1 
2 2 

10 11 
14 14 

19 19 
13 12 
1 1 1 1 

6 6 
26 25 
45 43 



Table 12 ( Cc~,tinued) 

2 
2 

2 
3 
3 
3 
3 
3 
3 

4 
4 
4 
4 

5 

3 
4 

5 
6 
0 
l' 
2 

4· 

5 
6 

1 
4 

5 
6 
0 

36 
20 

9 
24 

9 
26 
26 
14 
14 
22 
1~ 

24 
·1 

5 
5 

10 
5 1 5 
5 2 7 
5 .3 lS 
5 4 5 
5 5 9 
6 2 10 
6 3 9 

H = 9 
K L FO 
0 1 50 
O· 2 76 
0 .3 20 
0 4 58 
0 6 . 17 
·o 1 16 

1 0 :4 
1 1 31 
1 . 2 36 

·1 3 1 <; 

1 4 15 
1 5 16 
1 6 7 
l . 7 12 
f o. ..:c: 
2 1 23 

2 2 l 0 
2 3 1 ~ 
2 5 14 
2 . 6 22 
2 8 8 
.3 0 22 

34 
20 

a 
~3 

9 
26 
25 
13 
14 
23 
12 
24 
·a 

5 
4 

10 
7 
7 

19 
4 
9 

10 
9 

FC 
49 
79· 

20 
57 
17 
16 
56 
29. 
36 
18 
15 
1 6 

8 
12 
::!3 
22 
1 0 
15. 
14 
22 

8 
24 

.3 1 10 11 
3 2 36· 36 
3 3 9 8 
3 4 
3 5 
~· 6 
.3 7. 

. 4 0 

18 18 
6 6 

12 14 
5 4 
9 9 

4 1 16 15 
4 3 11 11 
4 4 17 17 
4 ·s 1 a 
4 6 7 7 
5 0 5 (: 
5 1 11 11 
5 2 11 10 
s 4 1 e 
6 1 7 8 
6 2 5 5 

H = 10 
K L 
0 0 
0 1 
0 2 
0 3 
0 4 
0 5 
0 7 
0 8 
1 0 
1 1 
1 2 
l .3 
1 4 
1 5 
l 6 
1 8 
2 0 
2 1 

2 2 
2 3 
2 4 
2 5 
2 6 
2 7 
3 0 
3 l 

FO FC 
65 78 
35 36_ 
::1· 32 

5 4 
18 18 

9 a 
16 16. 
·5 5 

37 3E 
18 17 
23 23 
34 . 3.:: 
14 14 
jo .:: 1 

12 12 
10 9 
.35 37 

20 20 
17 17 
28 28 

4 4 
25 2~ 

16 15 
9 9 

5 = 
5 7 

74 

3 2 40 .38 
.3 3 . 18 18 

8 B 

3 E 2.6 26 
3 6 10 9 
4 0 13 14 
4 1 11 10 
4 2. ·17 17 
4 .3 
4 4 
5 0 
5 1 
5 2 
5 .3 
5 4 
5 5 
t. 0 
6 1 
6 2 
6 3 

16 16 
13 1;4:;,. 
11 12~ 
6~ 5· 

9 9 
7 7 

9 f3 
5 5 
5 3 
7 ·7 
6 6 
6 ·5· 

H -= 11 
K L FO FC 
0 I 22 21 
c 2 25 23 
0 .. 11 10 
0 4 ·17 17 
0 5 4 4 
0 6 5 4 
1 0 65. 66 
1 · 1 37 :':5 

1. 2 10 11 
1 . 3 26 26 

1 4 14 14 
1 5 20 2.Ci. 
1 6 ·12. 1.2 
1 7 7 6 
2 1 5 5· 
2 2 13 13 
2 3 21 21 
z 4 7 7 
2 5 17 16 
2 6 19 19 
2 7 8 8 
2 8 7 7 

3 0 18 18 
.3 1 12 12 
3 2 17 17 

3 3. 12 

3 4 11 
3 5 15 
3 6 8 
3 7 4 
4 0 9 
4 1 15 

. 4 2 7 . 
4 3 8 
4 4:. e 
4 5.. 8 
5 0 6 

5 1 9 
5 3 10 
6 0 5 
6 1 14 
6 2 5 
6 3 c; 

H = 12 
K L FO 
0 0 4 
0 1 32 
0 2. 11 
0 3 6 

0 4 38 
0 5 11 
0 8 12 
1 0 29 
1 1 27 

·1 2 36 
1 3 52 
1 4 17 
1 5 7 
1 6 11 
1 7 10 
1 8 6 
2 0 7 
2 2 10 
2 3 27 
2 4 11 
2 5 lY 
2 6 15 
2 7 7 
3 0 13 
3 1 12. 
.3 2 5 
3' 3 5 

1 1 
1 1 
16 

7 
4 
9 

15 
6 
7 
7 

9 
5 
9 

1 1 
4 

13 
5 
8 

FC 
0 

34 
12 

7 

38 
1 1 
11 
.::2 
28 

35 
51 
16 

7 
11 
1 1 
·5 

7 
<; 

27 
1 1 
19 

15 
7 

12 
12 

4 

5 

I 
I 



Table 12 (Continued) 

3 ·4 

3 5 
3 6 
3 7 
4 0 
4 .4 
4 . 5 
5 0 
5 
5 
5 

.5 

5 
f 
6 
6 
6 

.1 

2 

4 

5 
1 
2 
3 
4 

11 11 
19 19 
17 1 7 . 

9 10 
13 13 
20 20 
14 15 

c; 9 
7. 7 

8 8 
~ 6 
9 9. 

4 5 
12 11 

5 3 
6 6 
6 6 

H =. 13 
.K L FO FC 

0 1 48 47 
o 3 90 ee 
0 4 26 26 
0 5 lS 19 
0 6 9 8 
1 0 12 13 
1 1 ;: 2 33 
1. 2 17 17 
1 . 3 58 58 
1 4 3c 36 

1 5 16 .16 
. 1 6 15 14 

1 7 7 7 
. 1 · ·a 1 8 

2 0 5t 56 
·2 1 13 13 
2 2 26 26 
2 .3 10 10 
2 5 . 27 28 
2 6 10 10 
2 7 12 12 
3 0 17 17 

3 1 1e 18 
.3 2 7 7 
3 4 17 16 

3 = 21 21 
3 6 17 17 
3 7 7 8 

4 1 8 l: 
4 2 .6. 5 
4 3 9 9 
4 4 16 16 
4 5 6 6 
4 6 1(> c; 
5 0 20 21 
5 3 11 12 
6 0 6 t 
6 1 7 8 
c 2 7 7. 

6 .. 3 10 9 

H = 14 
K L FO FC 

0 0 13 1 0 
0 1 50 .5 3 
0 2 
0 3 
0 4 
0 5 
0 6 
1 0 
1 1 

8 8 
7.2 72 
32 32 
23 - 23 

a e 
5 7 

26 25 
1 2 30 2S 
1 3 34 3.3 
1 4 28 28 
l 5 11 11 
1 6 7 7 
1 7 7 7 
1 8 8 8 
2 0 0 6 
2 1 35 35 
2 2 17 17 
2 3 13 13 
2 5 27 26 

.2 6 13 14 

2 
3 
3 

7 

0 
1 

6 7 
17 . 16 

17 17 
13 12 

3 3 . 15 15 

3 4 19 19 
3 5 6 7 

3 . 6 6 6 
3 7 10 9 
4 0 13 14 
4 1 8 8 

75 

4 2 7 7 
4 3 12 12 
4 4 13 14 

. 4 c 7 7 

5 0 17 17 
5 1 8 7 
5 2 11 10 
5 .3 13 13. 

H = 15. 
K L FO FC 
0 l 8 7 
0 2 20 19 
0 3 27 27 
0 5 17 17 
0 6 7 8 
0 E 16 16 
1 0 12 11 
l· 1 17 18 
1 2 ;:4 3'2 
1 3 18 17 
1 4 6 6 
1 5 10 10 
1 6 8 8 
l 7 4 3 
1 8 11 10 
2 0 22 22 
2 1 u: 16 
2 2. 14 13 

2 3 4 3 
2 4 5 4 

~ 5 8 8 
3 ·o 14 1s 

3 1 8. 9 
3 2 21 20 
3 • 7 ·7 

3 4 11. 11· 

3 s 5 5· 
3 t 7 7 
4 0 5 4. 

4 2 10 10 
4 3 7 6 
4 4 6 6 
4 c 7 7 

5 1 7 6 
5 2 13 13 
5 3 17 17 
5 5 5 6 

6 0 15 
6 3 5 

H = 16 
K L FO 
0 0 52 
0 l 4.3 
0 2 33 
0 3 25 
0 4 7. 
0 5. 19 

0 6 7 
0 7 4 
0 8 9 
1 0 41 
1 1 18 
l 2 33 
1. 3 5 
1 4 17 
1 5 16 
1 6 5 
1 8 .5 
2 0 8 
2 1 12 

.2 2 14 
2 3 12 
2 4 10 
2 5. 14 

2 7 12 
3 1 11 
3 2 14 
.l 3 5 
3 4 11 
3 6 6 
4 .1 17 
4 2 s 
4._ 3 e 
4:· 4 7 
4 6 4 
5. 0 6 
5 1 8 
5 2 5 
5 3 9 
5 4 c; 
6 0 4 
6 2 5 

15 

FC 
58 
43 
33 
25 

c 
20 

7 
4 
9 

.39 
19 
31 

4 
17 
16 

4 

5 
e 

13 
12 
12 
11 
14 

13 
12 
14 

5 
1 1 

6 
17 

8 
c; 
8 
2 
6 
8 
c 
9 
9 
4 

6 



Table 12 (Continued) 

H = 17 
K t. FC FC 
0 1 22. 33 

0 2 10 9 
0 3 37 36 
0 4 1 8 
0 5 12 12 

. 0 c. f 6 
i o :59 5a 
1 . 1 20 2 0 
1 2 21 2t: 
1 3 11 11 
1 4 21 21 
1 5 11 12 
1 6 5 5 
1 1 e a 
1 8 5 6 
2 0 12 12 
2 1 .32 33 
2 2 19 18 
2 .3 1.3 14 
2 4 7 8 
2 s e 7 
2 6 6 5 

3 0 20 21 
3 1 lf le 
3 2 
3 . .3 
3 '+ 
3 6 
4 0 
4 1 

4 2 
4 3 
4 4 
4 5 
5 0 
5. 3 
5 5 
6 0 
6 2 

c 3 

3.3 33 
14 14 

c;; 9 
7 . 7 

12 12 
13. 12 

6 6 
e a 
-; 6 

1 0 10 
11 11 
12 1.3 

4 5 
8 8. 
9 9 
~ 5 

H .: 18 
K L FO FC 
0. 0 82 83 
0 1 36 3 7 
0 3 27 27 

0 
0 
0 
1 
1 
1 

4 
6 

8 
0 
1 
2 

1 . 3 
1 4 
1. 5 

1 6 
1 7 
2 0 
2 1 

7 7 
7 6 
6 5 

13. 12 
27 2'7 
19. .1 c;; 
19 1 <; 

18 l8 
4 4 

12 12'i. 

1 o 1 o·· 
5 6' 

12 12 
2. 3 30 2<i 
2 4 10 10 
2 5 8 7 
3 o 9 e 
3 1 17 17 
3 2 6 6 
3 .3 6 6 
3 6 a a 

,4 

4 
4 

0 5 
1 9 
2. 10 

5 

9 
1 c 

4 3 
4 4 
4 5 
5 2 

6 0 
6 2 

19 19 
5 5 

·7 7 
8 . 8 
6 c 
8 8 

11 11 

H = 19 
K L FO FC. 
0 l 19 18 
0 2 15 1.6-
0 3 15 14 
0 4 14 14 
o 5 a a 
0 6 7 7 
0 8 5 5 
1 0 30 30 
1 1 31 30 
1 2 12 11 
1 4· 15 1 f 

1 6 5 4 
2 o· 1 5 
2 1 cl 21 

76 

2 2 
2 3 
2 4 
2 c 
2 7 
3 o· 
3 1 
3 ·2. 

5 
7 7· 

13 14 
12 12 
14 13 
.30· .30 

4· 6 
21. 21 

3,. 3: 2;0;: 2:0. 
3' . 6~ l'l . 10::. 
4· o::. 
4 2' 
4 3. 

4 4 
4 . c: 

5 0 
·5 
·5 

5 
•6 

6 

6 

1 

4 
0 
1 
2 

1·31). l4' 
·9: . 8 

5 5 
1.6 17 

6 4 
7 8 

n 10 
6 6 
5 ·5 
5 4 
7 7 
4 4 

H :: 20 
K L FO F;C 
0 0 93 94 
0 1 25 4:6 
0 2 13 13 
0 3 45 45 
0 4 12 12 
0 5 6 6 
0 7 8 8 
1 1 31 31 
1 2 40 40 
1 ..; 8 8 
1 4 7. 7. 

1 5 1:3_ l·.3 
2 0 
2 1 
2 2 
2 3 
2 4 

16' 16 
11 12 

7 7 
29. 28 

8 7 
2 5 5 6 
2 6 4 4 

2 7 5 5 

3 o· ?6 .26 
.3 1 5 ,. 

.3 2. 5 5 

3 3 6 
3 4 f 
3 5 13 
3 6 6 
3 7 5 
4 0 . 6 

4 2 19 
4 3 7 
4 4 9 
5 1 7 
5 3 . 5 
5 4 6 

6 .o a 

H = 21 
K L FC 
0 1 47 
0 2 42 
0 3. 7 
0 4 15 
1 0 9 
1 1 le 
1 2 25 
1 3 ~ 

1. 4 1.5 
1 5 10 
1 . 6 6 

2 1 32 
.2 2 25 
2 3 20 
2 5 8 
2 6 14 
2 7 (; 
3 0 17 
3 1 16 
3 2 16 
.3 3 8 
3 4 7 
3 5 7 

. 3 . 0 4 

3 7 4 
4 1 10 
4. 2 5 
4 3: 6 
4 .4 7 

4 6 5 

5 1 7 
5 2 ·5 

7 
(; 

14 
6 
4 
6 

20 
8 
a: 
6 
4 
6 
9 

FC 
47 
43 

6 
15 

9 

15 
26 

9 
15 
10· 

6 

32 
25 
21 

9 
14 

(: 

17 

16 
16 

8 

f 
7 
5 
5 
9 
5 
6 

6. 
6 

7 
7 



Table 12 {Continued) 

5 3 9 
6 0 8 
6 1 5 

6 . 3 4 

H = 22 
K L FO 
0 0 12. 
0 1 56 
·o 2 e 
0 5 6 
0 6 5 
0 7 7 
1 0 17 
1 1 30 
1 2 26 
1 3 8 
1 4 1.3 
1 5 . 8 
1 . 6. ·<; 

1 7 4 
2 0 21 
2 l 1: 
2 2 10 
2 3 12 
~ 4 .19 
2 5 9 
2 7 4 

~ 0 IS 
3 1 ·8 
3 2 <; 

3 .J 22 
3 5 12 

3 6 = 
4 0 5 
4 1 13 
4 4 - "' 
4 5 7 

= 0 16 
5 1 19 
5 2 6 
= ~ 14 
5 4 4 
6 0 . 6 
6 2 .f 

9 
8· 
5 
2 

FC 
12 
56 

a, 
6 
5 
8 

18 
29 
?7 

8 
1.3 

8 
9 
4 

21 
15 
10 
12 

19 
9 
4 

19 
7 
9 

21 
12 

4 
!J 

1.3 
4 

7 
16 
20 

7 
14 

4 
7 

6 

H = 23 
K L FO FC 
0 1 51 51 
0 2 4 3 
0 3 :3 5!: 
0 4. 10 10 
c 5 6 5 
0 7 10 11 
1. 0 4 3 
1~ L 17~ H: 
1> . 2':. 1.5: 15 

· 1 3· 6~ 5 
1 4 12 13 
1 5 11 11 
1 6 6 6 
2 1. 15 14 
2 2 .9 9 
2 3 lO 11 
2 5 9 9 
2 6 4 3 

2 7 5 = 
3 0 9 10 
3 1 7 8 

.3 2 11 11 
3 3 8 9 
3 5 16 16 
4 0 7 6 
4 1 6 6 
4 2 6 7 
4·4 11 12 
4 5 6 7 
5 .1 12 12 
5 3 5. 4 
6 0 5 4 

6 1 8 8 
6 2 12 11 

H = 24 
K L FO FC 
o· o 11 12 
0 1 51 50 
0 2 13 13 
0 7 8 7 
1 ()· 69 69 
1 1 . 7 7 . 

1 2 28 28 
1 3 . 13 1 3 

1 4 8 7 

. 77 

1 5 9 .9 
· 1 6 9 8 
1 7 9 9 
2 0 18 18 
2 1 13 14 
2 2 26 27 
2 3 1'5" 15 
2 4 10 10 
2 5. 1·6 17 
2: f• .,,. 7 

3~; O:· lA~ .14 · 
3 1 5"- ~ 

3 . 2· 11 12 
3. 4 14. 13 
3 5 6 6 
3 6 7 7 
4 . 1 15 15 
4 2 20. 21 
4 5 5 4 
5 0 24 24 
5 1 11 11 
5 2 8 7 
5 3 ·.8' 7 
6 1 7 7 
6 2 5 3 

H = 25 
K L Fo· FC 
0 1 65 64 

5 
34. 
lO 

34 

. 10 

0 
0 
0 
1 
l 

1 

7 7 
0 ·. 13 

-1 
12 
27 
~2 

1 26 

1 3 8 ·8 
1 4 T 8 
1. 5'. 15' 14 
1 6 6 6 
2 0 25 25 
2 1 25 25 
2 2 7 7 

2 -
2 4 
2 . 5 
2 f 
3 l 

28 ~9 

7 7 
10 1.0 

7 7 
9 10 

3 2 20 21 

3 3 20 
3 4 16 
3 5 16 
3 6 5 
4 0 10 
4 1 11 
4 2 22 
4 3 6 
5 1 8 
5 2 5 
5 3 5 
5. 4 7 

6 0 9 
6 1 Ci 

. H = 26 

K L FO 
0 0 9 
0 1 31 
0 2 6 
0 3 8 
0 5 5 

·o 6 14 

0 7 10 
1 1 .::2 
1 2 41 
1 3 .s 
l 5 7 
l 6 4 
2 0 4 
2 1 11 
2 3 22 
2 4 13 
2 5 6 
2 6 7 
2 . 7 5 

3 0 20 
3 2 12 
3 3 34 
3· 5 13 
4 0 10 
4 1 12 
4 2 23 
4 3 10 
4 4 15 
5 1 e 
5 2 9 
5 3 9 

20 
16 
It: 

6 
10 
1 1 
23 

7 
8 
5 

7 
9 
'i 

FC 
9 

32 
8 
8 

5 
14 
10 
:: 2 
42 

8 
7 
4 

4 
12 
22 
13 
6 
7 
4 

20 
13 
35 
13 
10 
1.3 
2'3 

10 
15 

8 
e 
8 



Table 12 (Continued) 

5 4 5' 4 
c 0 4 4 
6 1 12 11 

H = 27 
K L FO FC 
0 1 1.0 1 0 
0 ·3 c; 8 
0 7 12 12· 

· 1 0 1 O' 1 0-
1 1 20 19' 
1 2 22 21 
1 3 7 8 
1 4 10 10 
1 5 5 5 
1 f f 5 
1 7 9 9 
2 0 5 5 

2 1 5 6 
2 2· 13 13 

2 .3 20 21 
2 4 7 6 
2 5 19 19 
2. 6 l 0 10 
3 1 8 8 
.3 2 11 11 
3 .3 22 22 
3 4 17 17 
3 5 7. . 7 

4 0 6 6 
4 1 12 12 
4 2 7 8 
4 3 7 7 
4 4 6 6 
5 o 10 iO 
5 1 11 ·n 
5 2 14 13. 
6 0 6· 6· 
6 1 6 4 

H = 28 
K L FC FC 
0 0 35 35 
0 1 . 2.3 2 3 
0 2 44 44 

0 5 20 19 
0 6 7 7 
0 7 15 14 

1 0 15 14 
1 1 21 20 
1 2 16 1 5 
1 3 9 10 
1 4 18 18 
l· 5 10 10 
2 0 21 21 
2 1 7 f 
2. 3. 34 35 
2:: 4~ 15 15 
2·5~ 5 5 
3 c 6. 7 
3 2 27 27 
~- 3. 15 15 
3 .4 .13 12 
3 5 16 15 
4 1 8 a 

. '4 . 2 11 11 

4 3 
4 5 
5 1 

9 10 
7 6 
5 . 5 

5 3 10 1 c 
·5 4 '5 .5 

H = 29 
K L 
0 2 
0 3 
0 5 
0 6 
1 0 
1 1 

FO FC 
15 14 
15 15 
21 2i 

5 4 
9 10 
9 9 

1 . 2 5 4 
1 . 3 33 33 
1 4 11 ·ll 
1 5 8 8 
1 6. 10 10 
1 7 10 10 
2 1 14 14 
2 2 17 17 
2 ·3 25 26 
2 4 36 36 
2 . 5 6 6 

2 6" 5 "" 
3 1 6 5" 

3 3 16 16 
3 4 .· 10 10 
3 5 7 5 
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3 6 
·4 1 

4 2 
4 3 
4 4 

4 = 
5 0 
5 1 

5 
7 
7 

7 
6 
8 
9 
5 

5· 

3 
8 
8 
6 
8-
.8. 
5 

H = 307 
K L FO· FC-
0 0 . 26· 2"6·0 

0 1 27 27 
0 2 ~9 ~9 

0 3 17 17 

0 4 11 11 
0 5 · 12 11 
0 6 4 4 
0 7 8 8 
1 0 14 1·4. 
1 1 .12 12 
1 2 9 9 
1 3 18 1 7 
1 4 12 12· 
1 5 15 1,5 
2 1 8 9. 
2 2 7 7. 

2 4 7 6 
2 ·5 15 15 
3 0 12 11 
3 1 7 7 
3 2 16 15 
3 3 
3 4 

7 8 
15. 15. 

3 5 !j· 6 
4 o. -8. . 9. 

.4 1 13 14-
4 2 10 1 o: 
4 ~ 14 14 
4 4 7 5 
5 0 8 .7 
5 2 6 5 
5 3 4 4 

H = 31 
K L FC FC 
0 ~ 23 23 
0 3 17 17 

0 4 7 7 
0 5 8 8 
0 7 10 10 
1 0 10 <; 
1 2 1..3 13 
1 3 e e 
1 4 13 13 
1 6. 13 13. 

. 2. 0 13 13 
2' 1 5 4 
2·2 
2 3 
2 4 
2 5 
2 6 
3 l 
3 2 
3 .J 

13 12 
1 ~ l .! 
1.5 16 

5 6 
4 4 

10 11 
14 14 
18 18 

3 4 20 21 
4 0 10 11 
4 2 8 8 

4 3 5 5 
5 0 7 7 
5 1 9 9 
5 2 9 8 
5 3 12 12 

H = 32 
K L FG FC · 
0 0 11 11 
0 l 20 20 
0 2 18 18 
0 3 17 17 
0 5 11 11 
0 6 11 10 
1 0 5 5 
1 2 20. 20 
1 3' 12 11 
1 4 c; 11 
1 5 10 11 
2 2 5 4 
2 3 le 1c 
2 4 27 27 
2 5 .9 9 
2 6 4 4. 

3 .1 5 5 
3 2 7 6 
3 3 9 9 



; 
. -~ Table 12 (Continued) 

3 4 14 14 
·3 5 6 6 
4 0 8 9 
4 1 7 7 
4. 2 10 
4 3 10 
s 1 1.3 
!: 2 11 
s 3 .7 

H. =\ 33. 

K L FO 
0 1 5 
0 2 lC 
0 4 8 
0 5 10 
0 6 7 
1 0 6 
1 1 1 c; 
1 2 20 
1 3 12 
1 4 lt:: 
1 5 19 
1 6 7 
2 0 u: 
2 1 . 11 
2 2 12 
2 3 18 
2 4 11 
2 5 6. 
3 0 5 
3 1 8 
3 3 14· 
3 5 7 
4 4: u:: 
4 3 9 
5 0 11 
5 2 . 10 

H = 34 
K L FO 
0 0 18 
0 1 24 
0 2 9 
0 3. 29 
0. 5 11 
o· 6 s 
1 0 10 

9 
11 
13 
1 1 

7 

FC 
6 

10 
.9 
10 

6 
7 

20 
20 
12 
16 
19 

6 

13 
12 
12 
17 
11 

6 
5 
·7 

14 
7 

15 
9 

11 
~ 

FC. 

18 
24 

9 
29 

11 
6 

10 

1 2 1 o · 1 o· 
1 3 6 6 

·1 4 11 11 
1 5 6 6 
1 6 6 
2 2 14 
2 3 7 
2 . 4 16 
2 5 6 
2 6' 4 

3 0 14 
. 3 2 13 

3 3 17 
3 5 8 
4 2 10 
4 3 9 
5. 0 8 
5 2 8 

H = 35. 

K L FO 

c 1 5 
0 2 14 
0 3. 5 
0 4 15 
0 5 12 
1 0 17 
l 1 8 
1 2. 10 
1 3 17 
1 4 7 
1 5 6 
1 t: 8 

2 0 5 
2 1 24 
2 2 9 

2 3 11 
2 4 6 
2 5 5 
2 6 6 
3 0. 14 
3 1 12 
3 2 11 
3 3 11 
3 4. 10 
3 s s· 
4 1· 5 
4 2 11 

'6 

13 
7 

17 
5_~.· 

17 
8 
9 

8 
e 
8 

FC 
5 

14 
4 

15 
1 1 
18 

E 

10 
1.7 
·6 
·5 
c; 
4 

24 
1.0 
TO~ 

5· 
4 

6 

1.:: 
13 
lC 
ll 
10 

5 
t:: 

lT 

79. 

4 3 9: 9· 
4 4 9 9 
5 1 14 14 
5 .2 9 7 

H. = 3.6 
K L. FO F.C 
0 .0 30 30 
o:. a; 
o.·. 3, 
o· 4,;;:.. 

0 5: 
0 6 
1 0 

8 ·8 

B·'~ a•.-
. 4:· 4 .. 

6 6 
15 16 
12. 12 

.1 1 4 4 
1 2 8 8 
1 3 13 12 
l 4 17 18 
1 5 8 8 
2 ·1 
2 2 
2 3· 
,2 "<4 

·. 3. 0 

3 2 
.3 3 
3 4 
3 5 
4 1 

10 9 
fO 11 
10 10 

9 9 
8 8 
6 6 
8 . 7 

7. 7 
10 9 

5 4 
4 2 6 7 
5 1 5 5 
5 2 14 12 

H = ·37 
K L FO FC 
0 .. 2, 33 ~3 

0 .3 3,0' 30 
o. 4 13. 14 
0 t:: 4 4 
l 1 6 6 
l 2 ~l 20 
1 3 

1 ~ 

2 1 
2 2 

. 2 4 

3 0 
3· 1 

9 8 
6 6 
9 9 
5 5 

21 20. 
6 6 
5 5 

3 2 20 20 
4 0 9 8 
4 1 8 8 

4 2 11 11 
4 3 
5 0 
5 1 

5 
5 
5 

H = 38 

6 
4 

4 

·K L FO FC 
o o a 8 
o 1 e 7 
0 2 35 35 
0 3 18 18 
0 5 s .9 
1 0 16 16 
1 1 13 13 
1 2 21 22 
1 3 30 30 
1 .4 8 8 
1 5 6 5 
2 0 .18 18 
2 1 23 23 
2 2· 7 6 

2 4 13 13 
2 5 10 10 

. 3 0 5 5 

3 1 .9 8 
·3 3 14 15 
3 4 6 6 
4 2 10 c; 
4 3 7. 6 

H = 39 
K L FO FC 
0 1 7 7 
0 2 4~ 4~ 

0 4 9 9 
0 5 6 7 
1 ··O 23 2.3 
1 1 17 17 
1 ~ 1a 1a 

1 3 14 14 
l 4 6 6 
2 0 7 6 
2 l 16 16 
2 3 12 12 
2 4 (: t:: 



Table 12 (Continued) 

2 5 6 5 
3 0 33 33 

3 
4 

4 
4 
4 

K 

0 
0 
0 
1 

' 1 

1 
2 
2 
2 
2 

3 
3 
4 
4 
4 

1 
2 
c 
l 
2 

1e 
6 

5 
14 
1 1 

4 

H = 40 
L \FQ 

0 11 
1 7 
4 s 
l 24 
2 1 c; 

4 
5 
0 
1 
2 
.o 
1 
2 

7 
-? 
<t:-

9 
7 
6 

1 l 
7 

H ::-: 41 

16 
7 
6 

13 

11 
4 

FC 
1 1 

7 

7 
24 

19 
5 
6 

1 0 
4 
6 

2i 
10 

6 
7 

1 1 
6 

K L FO FC 
0 1' 9 9' 
0 ,2 11 10 
(> 3 14: 1.3' 
1 0 6 7 
1 1 1e 16 
1 2 13 13 
1 3 12 12 
1 4 lf 16 
1 5 5 4 
2 0 39. 39 
2 1 16 17 
2 2. 14 14 
2 4 9 8 
3 0 8 9 
3 1 le 11 
3 4 4 3 
4 0 5 4 

4 2 6 6 

H = 42 
K 

0 
0 
c 
0 
1 
1 
1 
1 

2 
2 
2 
3 
3 
3 
4 

4 

L FO · FC 
1 27 2 7 
2 14 14 
3 23 2~ 

5' 8 7 
0 7 s 
1 25 25 
2 8 7 
3 5 4 

1 ,7 8 
2 .6 7 
4 4 5 

1 21 20 
2 6 c 
.3 11 11 
1 11 10 

K 

0 
0 
1 
1 

2 9 

H = 43 
L FO 
1 11 ' 

2 12 
1 7 
2 19 

1 5 6 
2 0 41 
2 2 5 
·2 3 5 

2. 4 7 
3 1 u 

'3 f 8 

3· 3 4 

4 0 8 

H = 44 

K L FO 
Q 0 5 
0 1 10 
1 0 16 
1 1 5 
1 2 5 
1 ·3 4 
2 1 9 
3 0 5 
3 1 7 

FC 
11 
12 

7 

19 
0 

4c 
6 

6 
10 
~ 

4 ,. 

FC 
4 

10 
16 

4 

6 
4 
c; 
6 
7 
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4 0 5 

.K 

0 
1 
1 
1 
1 

'1 
2 
2 
3 
3 

K 

0 
0 
.1 
1 
1 
2 
2 
3 

K 

0 
1 
1 
2 
2 

K 

0 

0 
0 
0 
1 

2 

K 

0 
1 

H = 45 
L FO Fe· 
4 5 4 

' 0 5 4· 
1 18 . '.t8 
2 6 6' 
3 5 5· 
4 6' '6:' 

0 7 7 
1 5 4 
0 8 9 
1 12 13 

:::. 5 5 

H = 46 
L FO FC 
0 19 '1"8 
1 
0 
3 
4 

0 
1 
Ci 

7 
13 

7 
5 

11 
8 
6 

6 
13. 
6· 

4 

12 
8 

·5 

H = 47 

L FO FC. 
3 4 3 

0 10 9 
2 9 8 
0 9 8 
l 9. 9 

·H = ·49·, 

L FO. F-C. 
o. 9· ·9 

1 
2 

1 

7 5 
6 5 
6 '6' 
7 7 
6 6 

H = 49 
L FO FC 

.6 4 
. 5 5 

H = SC 
K L FC 
0 1 '4 
0 2 4 
1 1 7 

'·- 1 2 6 
2 0 7 

H.= 51 
K L FC 

. 2 1 6 

H = 52 
l<. L FC 
0 1 5 

FC 
3 
4 

6 

FC 
6 

FC 
5 
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contain the a, ~-unsaturated ketone functi_onali ty .nor the 

hydroxyl group at ·c (13), but inst·e·a:d ·posse's·s:es· a ter-

tiary methyl group at C(l2) which is trans.to the hydrogen 

at C(7). The relative configurations of the 6 corresponding 

stereochemical centers of paspaline 16.and paxilline 15 
. - -

are identical. Bond distances· ·a.rid~ anga_e's'., of, paspaline 16 
. .............. 

are normal (23) and correspon-d qui·t'e· cToS'e;l.y to those found 

in paxilline 1:.2.• The methanol that co-~!ystallizes is 

found in the special position b (o,. 1/2, z; 1/2, o, -z) on· 

a twofold axis along.z. This allows for a special hydrogen· 

bonding arrangement. The 0(30) hydroxyl group forms an 

intermolecular hydrogen bond with 0(30) of another molecule · 

-related by a two-fold rotation around z with an 0(30) - ·0(30 1 ) 

distance of 2.74A. A. hydrogen· bond also exists between 

0(30) and _the hydroxyl group of the solvent methanol with an. 

interatomic distance of 2. 731. Because of the -twofold ro-

tation axis difficulty was experienced in the determination 

of the correct positions for the hydrogen atoms of the hydroxyl 

groups as well as the methyl hydrogens of-the methanol. No 

other abnormally close inte.rmole.cular cont.acts were found in 

the crystal structure. · Paspaline ~6 was tested as has been 

previously described (42) ·but foUndto possess neither toxic 

nor tremorgenic activity. A study ·of the biosynthesis of 

paspaline 16 as weli as paspalicine 17 is c~rrently in 

progress in Professor Arigoni's laborai.Dries at the ETH in 
zli.1·1."ch. 
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Experimental - Paspalicipe 
. . 

Paspalicine 17, C27H3i.N03, was originally crystallized --
·from methanol in. the monoclinic space group P2i with ~ = 

13.439(2), b=ll.740(1), c·=l5.295(2)A and {J=97.38(1) 0 with - - . 

z = 4 ~ After a number of unsucce·ssful attempts . to solve the 

crystal structure using dire~ .. t:' methods:, p,a~palicine g was 

crystallized from acetone to form la:rge· nee·dles, mp. -240 . . .... 

(dee.). The space group of the recrystallized material w~s 

P2i.2i.2i with ~=9.706(1), b=l0.670(1), and. c·=21.775(2)A 

for a calculated density of l.23g/cc for Z=4. Data·were 

taken as previously described and of the 1787 reflections 

measured 1583 (89~) were considered observed (I .2:. 3o(I)) 

·and then corrected for Lorentz and polarization effects (18). 

Structure solution was again successfully accomplished through 

the ·use of a multi-solution tangent formula approach (20). 

All 31 nonhydrogen atoms were found in the E-map giving the 

highest combined figure of merit. Subsequent full matrix 

least-squares refinements (19, 21) lowered the unweighted 

residual index (R factor) to 3. 3 % using anisotropic tempera-

ture factors for the nonhydrogen atoms and: isotropic tempera­

ture factors for the hydrogen atoms. Figure 4 .is _a computer 

generated perspective drawing of paspalicine 17. Tables 13; 

14, 15, and 16 contain the fractional coordinates; bond 

distances, bond angles, and observed and cal.culated struc­

ture factors. 



. . 

Figure 4. A computer generated perspective 
drawing from the crystal structure of pas­
palic.ine (17) with hydrogens omitted for 
.cji.ari ty. --

" 



.. , 

, C(20) 

: C(l9) 

C(22) 
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Table 13. Final fractional coordinates for paspal­
icine ( 17) wi.th the estimated standard 
deviation of the least signifieant fig­
ure given in parentheses. The numbering 

N 1 
c 2 
c 3 
c 4 
c 5 . c 6 
c 7 
0 8 
c 9. 
c 10 
c 11 
c 12 
c 13 
c 14 
c 15 
c 16 
c 17 
c 18 
c 19 
c 20 

. c 21 
c 22 
c 23 
c 24 
c 25 

. c 26 
c 27 
c 28 
c 29 
0 30 
0 31 
H 1) 
H SA) 
H 5B) 
H 6A). 
H 6B) 
H 9) 
Hll) 
H 13) 

. H 14A) 
H 14B) 

··scheme refers to Figure·· 4 · • 

.2842 2 

.1810 2 

.0533 2 
-

0 .0387 2 
.0301 3 

-.0680 3 
-.2061 2 
-.2982 2 
- .4028 2 
-.4859 2 
- .4089 2 
-.2725 2 
-.1785 2 
- • 2.466 2 
-.1507 3 
-.0241 2 

.0896 3 

.2044 2 

.3319 2 

.4119 3 

.5287 3 

.5676 3 

.4925 3 

.3770 2 

.0974 3 
-.0664 2 
-.3152 3 
-.2725 4 
- .·3754 4 
-.1925 2 
:.. .6074 2 

.299 3 

.103 3 

.069 3 
-.080 3 
-.031 3 
-.461 3 

-.465!3 
-.158 2 
-.326 3 
- • 286 2 

• 4915!2 
.5554 ·2_ · . 
• 6266 2 
.5703 2 
.5830 3 
.6240 3 
.5622 2 
.5991 2 
.5048 2 
.5252 2 
.5774 2 
.5934 2 
.6442 2 
.6553 2 
.7013 2 
.6178 2 
.6252 2 
.5583 2 
.4948 2 
.4676 2 
.3954 3 
.3480 3 
.3754 3 
.4516 2 
• 7636 2 
.4313 2 
.3838 2 
.3406 4 
.2768 3 
.4293 1 
• 4944 2 
.480 2l 
.642 3· 
.493 3 
• 718 3 
.600 3 
.511 3 
.595 2 
.735 2 
.710 2 
.570 2 

.8308 1 

.Bois 1 

.8201 1 

.8720 1 
• 9365" 1 
.9883 1 
.9821 1 

1.0294 1 
1.0241 1 

.9663 1 

.9150 1 

.9203 1 

.8714 1 

.8078 1 

.7570 1 

.7575 1 
• 7074 1 
• 7398 1 
.'7286 1 
.6765 l 
.6829 1 

.• 7399 1 
• 7924 1 
.7864 1 
.8339 l 
.8592 1 

1.0210 1 
1.0847 1 

• 9838 ·1 
.9900 1 
• 9636 1 . 
.868 1 
.936 1 
.946 l 
.989 1 

1.027 1 
1.059 1 

.877 1 

.886 1 

.809 1 
• 797 1 
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Table 13 (Continued) 
• . .. . .. :·· 

. . .. ·-~~ '· . .. : .... 

·· H 15A~ -.122 3 .792 3 0766 1 
· H 15B -.195 3 .700 2 .719 1 

H 16) - .058. ,2 .529 2 .756 1 
H 17A~ o.105 3 • 717 2 . .697 1 
H 17B .•. 057 3 .582 3 .668 1 

·. H 20l ~383 3 .493 3 .636 1 
H 21 .589 3 .373 3 .. .646 1 
H 22 • .6:50 3 .294 3: • 745 1 

.H 23 5·16 .3 .341 3; . 0832 1 • .... 

H 25Al .1}3· 3 .765 3,. .867 1 
H 25B .Ol9 3 .814 3. .848 1 
H 25C .131 3 .802 3 .796 1 
H 26A -.140 3 .416 3 .826 1 
H 26B -.105 3 .388 2 .893 1 
H 26c .021 3 .390 2 .845 1 
H 28A -.197 4 .270 3 1.083 1 
H ·28B -.351 4 .307 3 1.104 1 
H 28c -.233 4 .419 4 1.109 2 
H 29A -.389 3 .303 3 • 938 1 
H 29B~ -.464~4 .250 4 • 997 2 
H 29C ~:.309 4 .206 3 • 985 1 
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Bond dist.ances in ang_stroms for paspal­
icine (17) with the estimated standard 
deviation of the least significant fig­
ure given in parentheses. The number­
ing scheme refers.to Figure 4. 

N 1 
N 1 
c 2 
c 2 
c 3 
c 3 
c 3 
c 4 
c 4 
c 4 
c 5 
c 6 
c 7 
c 7 
c 7 
0 8 
c: 9) 
c 9) 
c 10 
c 10 
c 11 
c. 12 
c 13 
c 14 
c 15 
c 16 
c 17 
c 18 
c 19 
c 19 
c 20 
C, .21 
c· 22 
c 23 
c 27. 
c 27 
c 21. 

c 2) 
c 24) 

- c 3) 
- c 18) 
- c 4) 
- c 16) 
- c 25) 
- c 5) 

c 13) 
c 26) 

- c 6l - c 7 
0 8 

- c 12) 
- 0 30) 
- c 9) 

c 10 
- c 27 
- c 11 
- 0 31 
- c 12 
- c 13 
- c 14-
- c 15 . 
- c 16 
- c 17 
- c 18 

c 19 
- c 20 
- c 24 
- c 21 

c 22 
- c 23 
- c 24 
- c. 28 

c 29 
- 0 30 

1.370 3 
1.388 ·3 
1.509 .3; 
1 363' 3· 
1:56'0. '3 
1.560 3 
1.552 3 
l.56i 3 
1.570 3 
1.532 3 
1.540 3 
1.500 4 
1.420 2 
1.529 3 
1.434 3 
1.434 3 . 
1.510.3 
1.547 4 
1.456 3 
1.227 :3 
1.340 3 
1.503 3 
1.538 3 
1.528 3 
1.518 3 
1.555 3 
1.501 3 
1.431 3 
1.404 3 
1.411 3 .. 
1.378 4 
1.392- 4~ 
1.388 4 
1.390 4 
1.519 3 
1.516 4 
1.452 3 

~~~-~·---~~~=t-.c=±:Ht:=.·-=·==·'"""'-< ·~ ... , __ .; .... m._. __ w\.,4_?\:":.·..,. 
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Table 15. Bond angles in degrees. of paspalicine 
( 17). Estimated standard deviations 
or.the least significant figure·s are 
given in parentheses. The numbering 
scheme refers to Figure·4. . 

c 2) 
N 1 
N 1 
c 3. 
c 2 
c 2 
c 2 
c 4 
c 4 
c 16) 
c 3 
c 3 
c 3 
c 5 
c 5 
c 13) 
c 4 
c 5 
c 6 
c 6 
c 6 
0 8 
0 8 
c· 12) 

c 7l 0 8 
08· 
c 10) 
c 9) 
c 9) 
C· 11) 
c 10) 
c 7) 
c 7) 
c 11) 
c 4) 
c 4) 

c 12l c 13 
c 14 
c 3) 
c 3) 

- N 1 
- c 2 
- c 2 
-· c 2. 
-,. C. 3q 
- c 3 
- c 3 
.., c 3 
- c 3 
- c 3· 
- c 4 
- c 4 
- c 4 
- c 4 
- c 4 
- c 4 
- c 5 
- c 6 
- c 7 
- c 7 
- c 7 
- c 7 
- c 7 
- c 7 
- 0 8 
- c 9 
- c 9 
- c 9 

c 10. 
- c 10 

c 10 
-. c 11 
- c 12 
- c 12 
- c 12 

c 13 
- c 13 
- c 13 
- c 14. 
- c 15 
- c 16 
- c 16 

- c 24) 
- c 3) 
- c 18) 
- c 18) 
- c 4) 
- c 16 
- c 25 
- c 16 
- c 25 

c 25 
- c 5) 
- c 13 
- c 26 
- c 13 
- c 26 
- c 26 

- c 6l c 7 
c 8 

- c 12 
- 0 30 
- c 12 
- 0 30 
- 0 30 
- .c 9) 
- C lOl - c 27 
- c 27. 
- .c· 11 . 
- 0 31 
- 0 31 

c 12 
- c 11 
- c 13 
- c 13 

c 12 
- c 14 
- c 14 

- c 15l - c 16 
- c 15 
- c 17 

107 .6 2) 
136.6 2 
110 .4. 2 
1'13u0 2 
11$:·.0, 2. 

97.5 2 
107 .4 2 

·109.5 2 
112 .4 2 
llloO 2 
111.9 2 
107.1 2 
110.l 2 
109.5 2 
108.8 2 
109 .4 2 
114 .8 .2 
111.2 2 
112.0 2 
lllol 2 
109.:9 2 
108.3 2 
104.2 2 
111.l 2 
101.0 2 
110.l 2 lOi.6 2 
112.l 2 
114.9 2 
121.1 2 

. 123. 9 2. 
119.·.3 2 
117'. 7 2 
116.5 2 

. 12.508 2 
109. 7 2 
114. 7 2 
113.8 2 
114 06 2 
107.4 2 
111.2 22) 
105.6 ) 
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Table .15 (Continued) 

... ·. 

c 15~ c 16 c 17 122.6 2 
c 16 -· c 17 c 18 99.9 2 
c ~~ •. 

- c 18 - c 17 110.5 2 
c c 18 c 19 107.6 2 
c 17) - c 18 - c 19 141.8 2 
c 18 - c 19 - c 20 13'5 .6 .2 
c 18 c 19 c 24 io5 •. 7 2 
c 20 - c 19 - c 24;; llff.7 ·2~ 

c 19 c 20 c 2.1 . il9~ .. 3 2; 
c 20 - c 21 - c 22 121.1 2 
c 21 - c 22 - c 23 12100 2 
c 22 - c 23 - c 24. 118.0 2 
N i~ c 24 c 19 108.7 2 

.. N c 24 c 23 129.6 2 
c l9) - c 24 - c 23 121.6 2 
c !l - c 27 - c 28 111.3 2 
c c 27 - c 29 116.1 2 
c - c 27 - 0 30 101.0 2 
c 28l c 27 - c 29 111.4 2 

·C 28 . - c 27 - 0 30 107 .6 2 
c 29 - c 27 -.o '30 108'.6 .2 
c 7) - 0 30 - c 27 108.1 2 
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Table-16. The observed and calculated structure factors.for 
paspalicine (.~]). 

H = 0 
K ·L· FO FC 
0 2 l 9 20 
0 4 149 17 3 

. 0 6 82 85 
0 8 21 21 
0 10 14 14 
0 12 21 21 
0 14 20 20 
0 16 5 5 
0 1€ 38 38 
0 20 25. 25 
o 22 e a 
l 1 43 44 

1 2. 108 129 
1 3 c·t 70· 
1 4· 19 18 

l s 7 a· 
1 6 1~ 12 

"J 8 19 19 
l 9 31 3 0 
1 12 2 3 
1 1.3 10 10 
1 14 20 19 
1 15 9 9 
l 16 28 2 8 
1 17 20 21 
1 18 6 6 
1 1 c; 24 24 

l 20 5 6 
.121 4· 4 

1 2~· - 3 
2. 0 144 181 
2 1 70 74 
2 2 41 42 
2 3 47 49 
2 4 
2 5 
2 6 
2 7 
2 8 
2 9 

2 1.0 
2 11 
2 12 
f 1 :3 
2 14 
2 1 5 

44 . 43 

44 46 
34 35 
43 42 
12 12 
29 29 

c; 9 

5 5 
22 21 

7 
7 
4 

7 
8 
5 

2 16 1.3 
2 17 .j5 

2 18 7 
2 20 14 
2 2 l 2 
2 23 3 
.3 1 81 
3 2 18 
3 3 40 
3· 4 33 
3 5 · 15 

3 6 20 
3 7 20 
3 8 ,1 
3 9 23 
3 10 3 
3 l 1 21· 
3 12 6 

3 13 20 

3 14 5 
3 15 5 
3 16 8 
3 18 24 
3 19 29 
3 20 5 
3 21 5 
3 22 12 
4 0 50 
4 2 14 
4 3 14 
4. 4 6 

4 5 .32 
4 6 20 
4 ., 25 

4 .1 0 34 
4 11 12 
4 14 14 

4 16 20 
4 17 1 
4 l 8. 20 
4 20 3 
4 21 4 
5 1 8 
5 .2 33 
5 ·3 2 
5 5. 19 
5 6 22 
5 7 24 

14 
35 

6 
14 

c 
4 

84 
18 
40 
33 
14 
20 
19 
2 1 
2.2 

2 
21 

6 

2.C 
5. 
5 
7 

24 
2.8 

5 
5 

12 
50 
14 
14 

5 
32 
2.G 
25 
33 
1 1 
15 
20 

7 
2·1 

3 
4 

8 
30 

2 
lS 
22 
24 

5 8 
5 9 
5 10 
5 11 
5 12 
5 13 
5 14 
5 15 
5 16 
5 l 7 
5 18 
5 19 
5 21 
6 0 
6 1 
6 2 

6 -
6. 4 

6 5 
6 6 
6 7 
6 8 
6 c; 
6 10 
6 12 
6 13 
6 14 

6 15 
6 16 
6 1 e 
6 19 

7 .1 
7 2 
7 ~· 

7 4 
7 5 
7 6 
7 8 
7 c; 
7 l 0 

. 7 11 
7 12 
7 13 
7 14 
7 15 
7 Hi 
7 17 
7 18 

:n 3B 
17 17 
11 12 
10 10 
21 21 

9 9 
4 4 

4 3 
1.6 16. 
11· 17 
16 16 

4 4 
13 13 
33 . 32. 
17 17 
31 31 

e a 
7 6 

19 19. 
9 8 

16 16 
a s· 
4 . 5 

11 11 
9 9 
3 3 

17 16 
7 7 
5 5 
6 6 

11 11 
12 12 
11 10 

2". 2 
2.0 20· 
13 1~ 

4 4, 

11· 17"' 
'.9 9 

. 16 18 
3 3 
5 5 

16 lti 
11 11 

5 5 
25 25 

8 8 
4 5 

8 0 
~ l 
8 2 
8 3 
8 4 
8' 5. 
8 6 
8 7 
B'. 8 

8~ 9 
ti 11 
8 14 
a lo 
9 2. 
9 3 
9 4 
9 5 
9 6 
9 7 
9 8 
9 10 
9· 12 
9 14 

l 0 l 
10. 2 
10 3 
1 o· • 
1'0 6 
l 0 8 
10 9 
10 l·O 
10 1 l 
10. 12 
11 ~ 

.l 1 4 
11 5 
11· 6 

H = 
K L 
0 1 
0 3 
0 4 
0 5 
0 6 
0 7 
0 8 
0 -9 

13 13 
4. 5 
5 5 
4 4 
7 8 

10 10 
15. 15 

18 18 
11 11 

9 9 
18 19 
15 14 
10 10. 

11 12 
f t 

10 9 
12 12 

7 7 
19 19 

4 4 

14 14 
8 8 
a e 

·5 5 

J 2 12 
!: f 
6 7 
6 6 
4 4 

10 10 
7 7 
4 5 
6 7 
4 5. 

6 6 
3 4 
7 7 

1 
FC · FC 
40 42 
24 23 
l 7 16 
25 26 
31 30 
18 17 
44 4!: 

47 4e 



Table.16 (Continued) 

0 1"0 24 ~5 
o- 11 . 8 8 
0 12 15 15 
0 14 5 5 

. 0 16 l: 15 
0 17 32 32 
c i e 
0 1 ~ 
0 20 
0 21 
0 22 
0 2.J 
1 0 

29 30 
10 . l 0 

.3 .3 
17 17 
1 7 17 

4 4 
60 . t-.5 

1. l 23 2 4 
1 2 134. 162 
1 3 1·e 83. 
1 4 13 13 
l 5 13 13 
1 6. 24 24 
1 7 56 57 
l e 5e sa 
1 . 9 23 22 
1 l c .30 30 
1 11 11 12 
1 12 1.3 13 

'1 13 l 9 20 
1 14 9 9 
1·15 2.2 23 
1 16 2 2 
i. 1 7 42 . 4 2 

l 1 8 2<i 2 9 
1 ic;. 10 9 
l 20 10 . 10 
1 21 14 15 
1 22 3 3 
2 . 0 139 16:;j 

2 l 47 49 
2 2 62 8 7 
2 3 2.9 . 31 

2 4 . 67 68 
2 5 16 15 
2 6 35 34 

. 2 7 3C 30 
2 8 32 30 
2 <; 20 .l 9 
2 10 10 11 
2 1 l 24 24 
2 12 21 21 

2 13 

2. 14 
2 15 ·. 
2 16 
2 17 
2 18 

l.J l.J 
20· 20 

7 7 
26 27. 

22 22 
11 11 

2 19 1.4 14 

2 2 l 12 l ~ 
2 22 7 7 
2 23 6 5 
3 0 129 144 
3 1 34 34 
3 2 50 .53 
:.:S 3 60 bO 
3 4 18 17 
3 5 18 IE 
3 6 13 13 
3 7 9 9 
3 8 18 18 
3 9 18 18 
3 l 0 16 1 5 
3 11 9 10 
3 12 11 11 
3 1..3 
3 ·14 
3 15 
3 16 
3 17 
.3 1 8 
.J 19 

3 20 

3 21 
4 1 
4 ~ 

4 3 

7. .1 
27 27 
24 24 

4 2 
4 3 

. 8 9 
15 16 

9 9 
7 1 

30 28 
.. ~ 45 
~2 32 

4 4 19 20 
·4 5 33 33 

4 ti 14 1::? 
4 7 32 32 
4 8 26 26 
4 9 24 25 
4 i 0 
4 11 
4 12 
4 1·3 

4 1.4 
4 15 
4 16 

17 17 
14 14 
11 11 
12 12 
13 13. 
1,6 16 

1 l 1 1 

91 

4 17 11 11 
.418 .11 11. 

4 19 8 8 
. 4 20 5 6 

9 
7 

4 21 9 
4 22 7 
5 0 55 
5 1. 52 

55 
50 
37 

9'; 
·5 

18 

5 2 39 
5 3 9 
5 4 6 
5 5 18 
5 6 20 21 
5 1 29 28 
5 8 11 11 
5 s 19 19 
5 10 1 7 
5 11 
5 12 
5 13 
5 14 

5 16 
5 17 
5 1 e 
5 19 
5 20 

.5 21 
b 0 
6 1 

5 5 
6 6 
7 ., 

6 6 
13 13 
17 . ''17 

5 5 
10 9 

.16 16 
4 4 

32 31 
20 ·20 

6 2 13 13 
6 4 28 .·28 
6 5 4 4 

6 6 12 12 
b 7 . 8· 7 
t; 8 
6 9 
6 1 0 
6 11 
6 12 
6 13 
6 14· 

b 15 
6 16 

6 17 
6 -18 
6 1 c; 
7 0 
7 I 

5 5' 
24· 25' 

7 7· 
7 7" 
3 3 

7 6 
20 .co 
17 17 

B 8 
4 4 
7 7 
2 2 

21 21. 
. 19 19 

7 2 
.7 3 

7 4 
7 5 
7 6 
1 7 
7 8· 
7 10 

. 7 11 
7· 12' 
7 13 
7 14 
7 15 
7 16 
7 1 7 
7 18 
8 0 
8 1 
8 2 
8 . 3 
8 4 
8 5· 

·a 1 

8 8 
.8 9 

8 11 
8 12 
8 13 
8 14 

a 1 t> 
8 16 

8 17 

9 l 
q 2 
9 3 
9 4 
9 5 
9: 6 

9 7 
9 . 9 

. c; 1 0 

9 11 
9 1 3 

. 9 14 

10 0 
10 2 
10 3 

10- 4 . 

18 18 
8 8 
8 8. 

·5 ~ 

13 13 
19 20 
11 10 

3 2 
12 . 12 

13 12 
10 10 

7 1 
l l 1 1 
11 1 1 

9 9 
10 9 

6 ~ 

3 ~· 

15 15 

11 11 
10 10. 
l 1 1 1 
24 24 
10 10 

6 () 
10 9 
13 1~ 

17 17 
6 6 
4 4 
4 4 

12 12 
5 6 
3 . 2 

10 lC 
5 6 
6 6 

1.3 1 ~ 
7. 7 
4 4 
9 9 
7 6 

6 6 
16 . 16 

8 9 
6 ~ 

7 7 



Table 16 (Continued) 

l c 5 ,l 0 l 0 
10 .6 4 4 
10 1 ' 4 4 

10, 8 16 16 
10. 10 10 10 
11 (> 
.1 l l 
11 2 
11 3 
11 4 
11 5 
11 6 
11 1 

4 3 
5 5 
3 3 
1 1, 
2 ' 3 

4 4 
5 6 
4 4 

H = 2 
K. L FO FC · 
0 0 11 11 
0 1 19 20 
0 2 '41 43 

·o 3 20 22 
c 4 21 21 
0 5 12 11 

: 0 6 7 6 
0 1 24 23 

0 8 16 16 
' 0 c; 50 

0 10 32 
0 11 42 
0 12 18 
0 1 J '4 

,0 15. 15 
0 16 13 
o· 1.7 9 

0 18 9 
0 19 9 
0 20 5' 

10 

49 
32 
42 
17 

4 
16 
13 
10 

9 
,9 

5 
1 1 

4 
0 4: l 
0 22 
0 23 4 4 
1 
1 

0 
1 
2 

3 4 
47' .48 
28 30 1 

1 
1 
l 

3 34 
4: '75 

3 .3 

79 
1 5 
22 
44 
65 

1 ' 6 

7 
e 

1 
1 

1 ~ 
23 
43 
66 

1 9 82 82 
l l 0 46 46 
1 1 l 38 3e 
1 12 27 2. 7 
1 13 21 ze 
1 14 7 7 
l 15 19 20 
l 16 15 .15 
1 17 18 18 
l 18 7 6 
l 19 14 15 
1 20 13 12 
1 21 6 5 
1 22 3 2 
l 23 3 3 
2 0 4. 2. 
2 1 64 64 
2 2 33 33 
2 3 ' 20 20 
2 4 32 32 
2 s 28 2e 
2 6 21 22 
2 '7 40 40 

2 8 c:o 20 

2 9 
2 10 
2 12 
2 13 
~ 15 
2 16 
2 1 7 
2 18 
2 19 
2 20 
2, 21 

'2 22 
'3 '0 

35 34 
32 31 
23 23 
4. 4 

1 7 
6 7 
6 c 

12 11 
15 16 

.3 3 
4 4 
4 3 

85 8] 
3 1 46 46 
3 2 11. 10 
3 3 17 lt 
3 ' 4 34' :32 

3 5 15 15 
3 6 16 15 
3 '7 .40 39 

3 8 17 17 

3 9 
3 10 
3 11 

6 6 
24 ·24 

9 lG 

92 

3 12 18 17 
3 13 9 9 
3 14 20 4'0 
3 15 6 6 
3 16· 7 6 
3 17 32 32 
3 18 7 7 
3·1S 8 8 
3 20 12 13 
3 21 10 10' 
4 0 22. 22 
4 1 16 '1 ~· 
4 2 f5 85 
4 ~ 35 ..3,5 
4 4 5 6. 
4 5 
4 6 
4 7 
4· e 
4 9 
4 10 
4 11 
4 12 
4 13 
4 14 
4 l 5 

~ 16 
4 17 
4 18 
4 20 

26 27 
12 12 
14 14 

a a 
.23 23 

3 3 
4 4 

14 14 
8 8 
5 5 
8 8 

~1 ' 21 

5 '5, 
16 16 

6 'b 
4 21. 3 3 

5 0 t:b b7 

5 l 
5 2 
5 3 
5 4 
5 5 
5 6 
5 7 

41 41 
28• 27 

1~ 1,7 
12. 1'~ 

9' 9: 
4 4 
3 3 

5 e 17 17 
5 9 '19 .19.' 
5 10 5 6 
5 11 17 17 

'5 12 8 8 
5 13 7 7 
5 14 
5 15 
5 16 

5 17 11 
5 18 5 
5 19' 3 
0 0 '6 

6 1 10 
6 2 32 
6 3 19 
6 4 39 
6 5 12 
6 '7· 7 
6 8 15 
6 '9 18 
6' 10 12 
6 11 9 
b 1.2 4 
6 13 12 
6 14 15 
6 15 6 
6 16 1 e 
6 1 7 7, 
6 18 16 
7 0 5 
7 l 4 
7 2 11 
7 3 14 
7 4 10 
7 5 16 
7 6 21 
1 7 6 
7 8 3 

7 10 5 
7 11 7 
7 12 14 
7 13 5 
7 14 14 
7· 15 4 

7 16 3 
7 17 9 
7 18 3 
8 0 '19 
8. 1. 1.0 
8 2 9 
8 4 31 
8 5 11 
8 6 9 
8 7' 13 
8 8 3 
·a 9 6 

10 
6 
3 
7 

10 
32 
18 
40 
12 

7 
15 
18 
12 

c; 
4 

12 
15 

6 
1 e 

7 
15 

4 

1 1 
14 
10 
16 
21 

6 
3 
5· 

'7 

15 
5 

14 
4 

4 
c; 
1 

19 
11 

9 

32 
11 

8 
13 

2 
6 
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Table 16 (Continued) 

6 l 0 
.. 8 11 

8 1.2 
e t J 
8 14 
e 15 
e tti 
9 1 
oe; 2 
<) 3 

9 4 
s 5 
9 6 
9 e 
c; 9 
9· l 0 

'i 11 

l 0 10 
6 6 

. 8'. 8 

E 9 
6 6 
e a 
f. 5 

5 5 
15. 15 

6 6 
5 4 

1 ~ . 1 3 
16 16 

9 9 
1.0 10 
10 10 

5 .6 
9 12 9 9 
.9 13 10 10 
9 14 

10 0 
1 0 l 
10 2 
10 J" 

10 4 
10 5 
10. 6 
10 9 
10 10 
10 11 
11 0 
l 1 1 . 

. l l ".J 
11 4 
1· l 5 

H = 
I< L 
0 1 
0 2 
0 3 
0 5 
0 6 
0 7 
0 8 
0 9 
0 10 
0 11 

1 6 
~ 3 

10 lO 
s 8 
9 9 
.3 . 3 

5 4 
3 4 

11 12 
5 5 

10 ·1 0 
4 4 
.3 3 
7 7 
4 4 

10 10 

3 
FC FC 
19 19 
18 18 

7 7 
25 24 
50 . 50 
30 29 

4 4 
28 26 

2 .3 
54 51 

0 13 
0 14 
0 15 

0 16 
0 17 
0 18 
0 19 
0 20· 
0 21 
0 22 
l . 0 
l· 1 
1 2 
1 3 
1 4 

1 5 
1 6 

23. 23 
6 t 
9 8 

8 B 
16. le 
6 6 
8 8 
3 2 
6 7 
5 5 

18 18 
61 63 

31 J 1 

11 11 
21 21 
23 22 
13 12 

1 7 26 25 
1 8 57 55 
1 9 
l l 0 

. 1 1 1 

1 12 

41. 40 

28 27 
9 9 

21 2 0 
·1 14 3 .<J 

1 15 13 14 
l 16 8 B 
1 17 3 4 
l lS 12 12 
l 20 5 5 

1 21 5 5 
2 0 29 27 
2 1 44 44. 

2 2 30 30 
2· 3 11 1~ 

2 4 65 66 
,2 5 17 1 7 
2 6 49 46 
2 7 37 36 
2 ·. 8 21 21 

2 9 40. 3E 
2 lo· · 31. 37 

2 1 l 31 30 
2 12 12 12. 
2 13 22 22 
2 14 8 B 
2 15 7 7· 

2 16 14 1!:> 
e. 17 11 11 

93 

2 18 
2 1 s 

.2 20 
2 21 
2 22 
3 0 

3 ~ 

10 -10· 
4 4 
7 b 

5 5 
14 1~ 

3 
3 
3 
3 
3 
3 

1 17 16 
2 16 16 
3 2.9 3:0. 
4. 35 3~,:-

5 31 30 
6 

3 7 
3 8 
3 9 
.3 10 

.3 11 

B 8 

27 27 
21 20 
14 14 
14 14 

3 12 14 14 
3 13 15 15 
3 14. 15 15 
·3 15 5 6 
3 17. 3 3 
3 18 19 19 
.3 IS 5 5 
3 20 7 6 
3 21· 3 2 
4 () 20 20 
4 1 23. 24 
4 2 28 2'9 
4 3 5 5 
4 4 37 . 36 
4 ·5 7. 7 
4 6 13 12 
4 ·7 '19 19 

4 e 16 16. 
4 . 9 . 1 7 1:.7. 
4 l 0 33• 3Jf., 
4 11 25 25 
4 12 13 12 
4.1:: 14 1.3 
4 14 10 10. 
4 15 15 15 
4 16 16 17 
4 17 2 3 
4 18 13 13 
4 19 10 10 
4 ·20 '6 6 
4 21· 5 4· 

5 0 20 20 
5 1 42 42 
5 2 f4 14 
5 3 . 17 18 
5 4 20 20 
5 5 14 14 
5 b 33 32 

. 5 7 13 13 
s a 9 a 
5 .. 9. 18 18 
5 10 4 . 4. 
5 11 14 14 
5 12 13 14 
5 13 4 .4 

5 14 5 5 
5 15 14 14 
5 16 10 10 
5 17 6 5 
5 18 11 11 
5 19 17 
5· 20 B 
b 0 44 
6 1 6 
6 2 2e 
Q 3 16 
6. 4 32 
6. 5 10 
6 6 6 
6 7 21 
6 8 9 
6 <) 9 
6 10 24 
6 11 8 
6 12 5 
6 13 17 
6, 14 14 
6" 15 . 4 

6 16 4 
6 17 7 
6 18 7 
6 19 4 
7 0 15 
7 l 15 
7 2 16 
7 3. 14 

7 4 18 
7 5 18 
7 6 13 

17 
7 

45 
5 

28 
16 
33 

10 
6 

21 
c;; 
9 

24 
8 

5 
17 

· 14 
4 

4 
6 
e 
4 

15 
16 
16 
14 
1 e 
18 
13 



Table 16 (Continued) 

7 7 
7 8 
7 c; 
7 10 
7 11 
7 1·2 

.. 7 15 

7 16 
1 1 7 
8 0 

. 8 1 
8 2 

. 8 3 
e s 
8 6 
8 7 
e a 
8 9 
.8 10 
8 11 
8 12 
e 13 
8 1 4 

8 15 
c; 0 

9 ' 9. 2 

9 3 
9 4 
9 5 

·q 6 

9 7 
s · ·a 
9 "J 

·9 10 
c; 11 
9 12 
9 13 

10 0 
10 l 
10 2 
l 0 4 
10 ~ 

10 f 
10 7 
10 8 
l 1 l 
11 2 

l 1 l l 
6 7 

l~ 12 
4 4 

20 21 
6 6 
5 5 
7 7 
4 4 

27 27 
10 1 0 

·~ 12 
26 26 
1 c 16 
10 10 

6 6 
7 .8 
6 6 
7 7 

12 13 
4 4 

l 7 16 
1 6 
4 . 4 
.3 . 3 

16 16 
8 8 
s 9 

10 10 
13 13 
12 13 
11 1 l 

4 3 
b ::> 
6 6 

14 14 
7 7 

6 6 
3. 4 

9 9 
14 13 

c; 9 
4 . !:> 

4 4 
4 4 
4 3 
5 5 
6 6 

H =· . 4 

K L FO 
0. 0 9 
0 4 24 
0 5 16 
0 6 4 

. 0 7 25 
0 8 24 
0 9 31 
0 ·1 1 31 
0 12 8 
0 13 12 
0 14 5 
0 15 7 
0 16 13 
0 17 28 
0 18 8 

0 19 3 
0 21 3 
1 0 9 

1 1 20 
1 . 2 24 
1 3 21 
l 4 41 

1 5 27 
1 b 7 
1 1 27 

1 8 20 
1 9 3 
1 11 7 

1 12.. 4 
1 13 22 
l i4 3 
1 15 13 
·1 16. 3 

1 l 7 3 
1 18 11 
1 19 16 
1 20 7 
2 0 18 
2 1 24 
2 2 17 

2 .3 29 
2 4 2 
2 5 18 
2 . 6 8 

. 2 7 15 

FC 
9 

2.3 
15 

4 
24 
24 
3C 
31 

B 
12 

5 
7 

14 
26 

c; 

3 
J 
9 

21 
2~ 

20 
40 
27 

8 
26 
1 <; 

2 
7 
4 

23 

13 
3. 

12 
1 5 

6 
19 
23 
17 

3C 

16 
9 

14 

94 

2 . 8 16 15 
2 c;, 4 .3 

2 10 12 12 
2 11 27 26 
2. 12 1.9 20 
2 13 12 l.'2 
2 14. 8 8 
.2 1~ 6, 6· 
2 16 1.7.: 17 
2 17 11 11 
2 18 3 3 
2 20 1~ 14 
2 21 4 4 
3 0 25 24 
3 1 44 . 42 

3 2 13 13 
3 .3 11 11 
3 4 42 42 

3 5 10 10 
3 6 16 16 
3 7 12 11 
3 8 32 30 
3 c; 10 10 
3 .. 11 14 14 
3 12 11 10 
3 14 19 19 
3 15 9 9' 

3 16 9 8 
3 17 l.J 14 
3 18 . 10 10 
3 19 9 9 
3 20 2 3 
3 21 5 5 
4 0 c!;.5 -~4. 

4 l 3,5, 35 
4 2 8 7 
4 ;;; l l l Q_ 

4 4 30 .3.0 
4 5 30 29 
4 6 6 6 
4 7 14 13 
4 B 9 9 
4 9 14 14 

4 11 . 10 10 
4 12 1 7 

4 13 ' 8 8 
4 14 13 13 
4 15 JO 10 

4 l 7 
4. 18 
4. 19 
4 20 
5 c 
5 1 
5 2 
5 3; 
5~·· 4:' 

51 5~-

5 6 
5 7 
5 8 
5 9 
5 10 
5 11 
5 12 
5 13 
5 14 
5 15 
5 16 
5 1,7 

5 18 
5 19 
6 0 
6 1 
6 2 
6 j 

6 4 
6 5 
0 6 
6 7 
6 8 
6 9 
6 10 

- 6 11 

6 12 
6 13 
6·· 14 
6 15 
6 16 
6 17 
6 18 
7 0 
7 1 
7 2 
7 ,J 

1 4 

7 7 
10 9 .. 

4 4 
2 4 

14 13. 
14 14 

10 10 
2S 29 
15 15 
IC 9 

5 ~ 

31 37 ·. 
.13 13 

8 ~ 

15 15 
·24 24 
15 14 
11 12· 

5 5 
7 7 

13 13 

8 8 
3 3 
3 4 

11 10 
12 12 
1e 1e 
21 20. 
23 2.3 

3 2 
11 10 
23 24 
11 11 
10 11 
17 17 
17. 1 7 

1 1 1 l 
19 l '7 
14· 14. 
10 10 

8 7 
.9 8 
4 4 
3 3 

30 31 
15 15 
12 12 
19 19 
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Table 16 (Continued) 

1 ~ 

1 6 
1 7 
1 e 
7 .10 
1 1 1 
7 12 
7 13 
7 14 
7 1.5 

e 1 
8 2 
8 .3 
e 5 
8 b 

8 7 
8 8 
8 9 
e 1 o 
8 11 
8 12 

. 8 13 

9 0 
9 1 
c; . 2 
9 .J 
c;, 4 

9 5 
9 6 
c;;; 7 
·9 0 

9 9 
9 10 
9 11 

10 0 
10 1 
10 2 

·1 0 3 
l 0 . 4 

10 5 
1 () I: 
10 . 7 

H = 
K L 
0 1 
0 2 
6 3 

cl 21 
15 16 
11. ·1 0 

e a 
5 5 
8 9 
3 3 

13 13 
~ 5 
8 8 
c; 9 

14 14 
28 28 
14 14 

6 . 6 
9 9 
6 6 

17 17 

"' 9 
t 6 
5 5 

13 13 
9 9 

15 15 
t: 6 
8 9 
6 6 
7 . 7 

12 12 
7 6 
9 . 9 

5. 5 
~ 6 
4 4 
3 .2 
~ 6 
3 . 2 

3 3 

6 6 
4 ~ 

3 3 
3 2 

FO FC 
12 11 

4 3 
20 20 

0 4 
0 5 
0 7 
0 8 
0 9 
0 1 0 
0 ll 
0 12 
0 13 
0 14 
0 16 
0 17 
0 18 

3 3 
50 SC 

7 1 
3 2 

35 35 
16 17. 
13 13 
9 9 

14 14•· 
a .a. 

22 23' 
cl. 22 

9 9 
1 0 44 4·3c 
1 i' 21 21 
l 2 12 12 
.1 3 26 26 
1 4 12 12 
1 5 14 14 
l 6 17 It 
1 7 . 8 8 
1 8 18 18 
1 9 21. 2c 
1 10. ·9 10 
l 11 11 11 
l 1£ 
1 14 
1 15 
l 16 
1 i 7 
1 18 
l 19 
1. 2 0 
2 0 
2 1 
2 2 
2 3 
2 4 
2 5 
2 6 
2 7 
2 9 
2 10 
2 11 
2 12 
2 13 
2 16 
2 17 

12 12 
17 16 
20 20 

6 ·6 
4 4 

14 13 
4 4 
4 4 

15 1 ~ 
24 23 
29 2.S 

8 7 
20 2'1· 
C:8 2S 
17 17 

9 . 9 
15 IE 
15 15 

9 10 
3 4 
4 3 

12 12 
4 4 

95 

2 18 
2 1 <; 

.. 2 20 
3 0 
3 1 

7 7. 
3 3· 
. 6. 6 

10 10 
19 1 c; 

3 2- 26· 2:6· 
3 :: 3:a.. 36 
3 .4 11· 10. 
3> 5~- a-4,_ 1::3·' 
3.. t:. 4 4. 

3· 7'' 1ts~ i··a'" 
3 8· 12 .. 12 
3 9. U:J t7 
3 l·O 4 4. 
3 12. 15 1.5· 
3 13 8 8. 
.3 14 6 6 
3· ·16 3 4 

3 17 13 14 
3 18 ··4 3 
3 19 3 3 

4 0 s 5 
'4 1 15 '14 

4 2. 11 11 
4. .3 11· ·11 
4 4 4 3 
4 5 8 8 

4 6 .11 11 
4 8 5 5 
4 9 28 .. 28 

4 10 9 9 
4 11 9 9 
4 12 5 4 
4 13 18 18 
4 14 11 12 
4. 16 8 8 
4, 1,s.. a 8. 
4-, 19· 8- 8· 

5 0 11 10 
5 . l 10 10 

. 5 3 .21 21 
5 ·4 11 11 
5 5 10 10 
5 6 9 9 
!:> 8 11 11 
5 9 10 . 10 
5 l.0 17 17 
-~ l. l 11. 11 . 

·s 12 
5 13 
5 14 . 
5 15 
5 16 
5 17 
5 18 
6 0 
6 1 
6 2 

b 4 
6 5 
6 6 
b 7 
6 8 
6 9 
6 10 
6 11 
6 1~ 

6 13 
6 14 
6 15 
6 16 

12 12 
7 7 
3 ... :! . 
9 9 
7 7 

12 11 
7 7 
3 3 
4 4 

14 14 
3 2 

19 20 
11 11 
12 13 

7 .7 

12 12 
9 9 

13 13 
1 l l 1 
11 l l 

7 7 
9 8 
3 4. 

7 1. 14 14 

7 2 4 4 
7 3 . 5 4 
7 4 ~7 27 
7 5 13 14 
·1 6 15 15 

7 7 18 18 
7 8 11 11 
7 <; 

7 10 
7 11 
7. 12 

11 11 
14 14 
21 20 
12 12 

7 1.3 4 
7 14 5" 
7 15 6 
8 1 20 
8 . 2 16 
8 3 7 
8 4 13 
8. 5 6 
8 7. 10 

a a e 
a 9 e 
8 10 5 
8 11 7 

4 
4 

6 
20 
16 

7 

13 

9 
6 

8 
5 
7 



Table 16 (Continued) 

c; o e 9 
9 1 6 6 
9 2 5· 4 
c;; .3 4 4 
9 4 10 10 
9 5 4 5 
9 6 6 6 

. s 7 5 5 
9 8 7 7 
9. 9 3 4 

lC 0 5. 5 
10 l 11 11 
10 2 3 3 
10 3 7 7 
10 4 c; .9 

H = t: 
K L FO FC 
c 0 9 9 
0 l 2 2 . 
0 2 8 8 
0 3 14 14 
0 4 22 22. 
o s e a 
0 6 8 8 
0 7 45 44 

0 8 26 25 
0 9 14 15 
0 lO 5 4 
0 11 ~- 6 
0 12 16 15 

0 13 1 5. 15 
0 14 3 2 
0 16 6 1 
o 11 tt 16 
0 ld 4 5 
0 19 3 4 
1. 1 12 11 
1 2 10 11 
1 3 15 l~ 

.1 4 14 14• 
1 5 23 23 
1 6 5 5 
1 8 4 4 

. 1 . 9 22 22 
1 10 ~ 5 
1 11 18 18 
1 12 5 4 

1 13 
.1 14 

.1. 15. 
1 17 

l 18 
l 1 <; 
2 2 
2 3 
2 4 

9 9 
12 12 
13 .12 
8. e 
2 ·2 
1 B• 

13 13 
14 14 
13 13;; 

2 b 11 1:1 
2 .7 25 24'fl 
2 8 5 f 

2 9 32 3.3 
2 10. 23 23 
2 1 r 13 1 3 
2 12 5 4 
2 13 11 11 
2 14 3 4 
2 15 13 13 
2 16 4 4 
2 1 7 .10 10 
2 18 6 6 
219 7. 6 
3 0 3 4 
3 1 4 5 
J 2 9 9 
.3 3 17 16 
3 4 5 4. 

3 5 25 25 
3 f; 6 1 
3 7 6 . 5 

.3 8 
3 9 
.J 10 
3 11 

24 24 

12 13 
10 10 
20 ·20 

3 12 24 24 
3 l 3 10· l 0 
3 15 8 7 
3 16 7 7 
3 18 3 3 
4 0 
4 l 
4 2 
4 4 
4 5 
4 b 

4 7 
4 8 

3 
9 

9 
3 
8 

l.9 
18 

0 

2 
10 

9 

8 
1 c; 
18 

b 

96 

4 9 14 
4 10. 19 
.4. 11 14 
4 13 8 
4 i4 10 

. 4., 1,5. 6 

4 16 3 
4 1.7 3 
5:.' 0.> 1.6 
5· . 1. 3 

5'1t 2"· 7 
·5~ 3: 5 

5. 4. 15 

5 5 21 
5 ·6 8 

5 7 3 
5 8 13 
'5 c; .30 

5 10 . 8 
5 11 lb 
5 12 12 
5 13. B 
5 14 10 
5 15 6 
5 l c 7 
6 0. 4 

6 1 19 
6 2 6 
6 3 6 
6 4 15 
6 5 4 
6. 6 11 
6 7 21 
6 8 10 
6 9 14 
6. 1.,0 7 
6 11 7 
6°" 1:4; 7· 
b 15 2 
7 1 10 
7 2 8 
7 ·. 3. 10 

1 .4 7 
7 6 9 
7 7 .9 
7 8 1 
7 9 13 
7 10. 5 

14. 

l~· 

15 
8 

10 
·7 

.3: 
2 

lc,P~ 

3 
7 
4. 

15 
2,1 

8 
4 

14 
30· 

8 
16 
12·. 

8 
9 

·7 
6· 

4 

1.9 
6 

6 
1·5 

4 
12 
22 
10 
14 

7 
7· 
6 

2 
u 

8 
11 

7 
9 
8 

-6· 

13 
5 

7 11 13 12 
7 12 7 7 
7 13 . 3 4 

8 l 7 7 
8 2 3 2 
8 3 8 8 
8 4 6 6 
a .6 q e 
8 7 8 8 
8 8 4 5 
8 9 5 5 
8 10 5 5 
9 o . 7 e 
9 l 3 4 
9 2 2 2 
9 3 1.1 12 
9 4 5 5 

9 5 11 11 
9 6 5 5 

H = 7 
K L FC FC 
0 l 10 10 
0 3· 4 4 
0 4 12 11 
0 f> 12 12 
0 6 16 15 
0 7. 28 2 7 
·o a :1, l 11 
0 9 17 1! 
0 l 0 .34 34 
0 11 32 32 
0 12 13 13 
0 14 ~ c;; 
0 15 14 15 
0 16 c; 8 
0•17 f:'_ 5 
1 0 19 19 
1 2 16 16 
1 3 4 4 
l 4 9 10 
1 5 15 15 
l. 6 21 21 
l 7 15 15 
1 a 2e 2e 
l 9 21 21 
1 10 6 7 
l 11 3 3 



Table 16 (Continued) 

1 12 14 14 4 9 
1 13 7 7 .4 1 0 
1 14 6 7 4 11 
1 15. 11. 11 4 12 

l lti 41 4 4 13 
2 0 3 3 4 14 
2 1 e e 4 15 
2 2· 4 4 5. 0 
2 3 9 9 5 1 
2 4 e a s J 
2 5 23 23 5 4 
2 6 15 16 5. 5 
2 7 17 17 5 6 

2 a e 6 5 7. 
2 9 24 24 ti 8 
2 10 2e 2a s 9 
2 11 16 15 5 10 
2 12 5 5 5 13 
2 13 3 3 c 0 
2 14 8 8 6 1 
2 1~ e a 6 2 
2 16 5 5 6 3 
2 17 7 7 6 4 
3 1 1 c l 5 6 5' 
3 . 2 . 1 5 .J ... !? 6 6 
3 3 • ·e .,a .. -· · 6 '7 

3 4 8 8 
3 ·. 5 7 8 

3 6 10 l 0 
3 7 
3 8 
~ 9 
3 10 
3 11 
3 12 
3 13 
3 14 
3 15 
3 16 
4· 0 

4 1 
4 2 
4 3 

4 4 
4 . 5 

4 6 
4 7 

4 e 

17 18 
25 24 
20 20 

7 7 
6 . 6 

11 11 
. 7 7 

3 3 
J 3 
5 5 
7 6 

1 1 1 2 
15 15 

1 7 
7 7 

13 1 4 
2S 30 
19 19 

6 7 

6 8 
6 9 
6 11 
7 1 
7 2 
7 3 
7 4 
7 5 
7 6 
7. 7 
7 8 
7 9 
7 10 
8 0 
8 1 
8 3 
8 4 
8 5 

H .= 
K L 
0 0 

1 7 
4 4 
1 7 

10 9 
8 8 

13 13, 

8 7 
8 6 

.a .ts• 
e ·a:·: 

11 11 
11 11 
12 12} 

11 11 
16 16 

4 3 
5 4 
9 9 
3 2 

7. 7 
5 6 
tJ c; 

15 . 14 
·s s 

10 11 
7 7. 
5 !: 

14 14 
3 .3 
7 E 
4 4 
8 8 
4 5 
4 3 
1 7 

10 11 
5 5 
3 2· 
5 5 

18 lS 
3 3 
2 3 
4 4 

10 10 

B 
FD FC 
20 20 
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0 2 
0 3 

4 

8 
0 4 4 5 
o s· 17 17 
0 6 IS 15 
O._ c. 22: Z2~ 

o ·n 
o. 12 

o: 14· 
1-. 0'. 

. 1 1 
1 2 

8 7 
B· 7 
.J;. ·r 

l~~, 16. 
6 6 
9 9 

l 3 . 14 1"4· 
1 5 5 5 
1 6 2~- 23 
1 7 40 40 
.1 e 10 9 
1 9 

1 1 G 
1 11 
1 12 
1 13 

. 1 14 
2 0 
2 1 
2 2 
2 .3 

6 6 
8 8 
9 9 
4 5 

12 12' 
·5 5 

11 12 
9 9 
3 4 
3 2 

2 4 10 10 
2 5 11 11 
2 '6 1.9: 20 
2 7 5 6 

2 8 11 11 

2 9 4 "* 
2 10 6 6 
2 11 11 12 
2 12 12 12 
2· 1 .. 3. 5 5 
2· 14 7 7 

3. 0 14 1 .. 4 
3 1 8 9 
3 2 . 3 2 
3 '3 11 11 
3' ·4 
3 5 
3 6 

3 1 
3 8 
3 9 

6 5 
1 7 
5 5 

13 . 13 
3 3 

10 10 

3 11 3 
'3 13 9 

4 0 .15 
4 1 12 

.4 2 16 
4 3 13 

.4 4 e 

.4 5 5 
4 6 14 

4 7 5 
4 6 11 
4 9 8 
4 10 5 
4 11 . 3 

5 0 10 
5 1 1 
5 2 4 

5 3 6 
5 4 6 
5 5 5 
5 7 10 
5 8 4 
5 11. 4 
6 0 8 
6. 1 5 

6 2. 9 
6 3 11 
.6 4 5 
6 5 7 

6 6 9 
6 7 5 
6 9 4 
7 0 8 
7 2 .3 

7 3 7 
1 4 3 
7 5 3. 

H :: 9 

K L FO 
0 1 14 
0 2 3 
0. 3 11 
o s: e 
0 7 12 
0 tJ l 0 
0 10 7 
0 11 5 

3 
6 

15 

12 
16 
13 

e 
5 

14· 
6 

l 1 
e 
5 
.3 
c; 
7 
4 

6 
6 
~· 

9 

5 
5 
9 

5 
9 

10 

7 

9 
.5 
4 
7 
3 
7 
3 
2 

FC 
14 

3 
1 1 

8 
12 

9 

1 
5· , 
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Table 16 (Continued) 

-'". 0 12 5 5 6 0 7 6 

1 1 26-·_ 26 6 1 3 4 
l 2 22 22 
1 3 14 14. H = 10 
1 4 8 7 K L FO FC· 
1 5 12 12 0 0 16 1~ 

l 6 5 6 0 1 3 4 

1 7 <i 10 0 2 13 14c 

1- .e 9· 9 0 3 13 1-3 
1 9 3 3 0 4 11 1 1 
1 10 5 -5 0 5 14 14 
l l l 7 7 0 6 9 9 

2 0 e 8 0 7 6 6 

2 l 9 10 1 1 5 4 

2 2 4 5 l 2 3 ~ 

2 3 1 1 l 1 l 3 8 8 
2· 4 4 5 1 4 3 3 
2 5 10 10 1 5 7 7 
2 6 4 3 l 6. 5 . f: 

2 7 10 10 1 7 5 5. 
2 8 5 5 2 0 15 14 

2 9 5 4 2 1 5- f: 
2 10 4 4 2 2· -7 7 

2 1 l 3 3 2 3 7 7 

3 1 1 ·7 2 4 12 1 l 
3 2 b 6 2 5 8 8 
3 3 -e 8 2 6 5 4 

3 5 t 6 3 1 2 1 
3 6 4· 5 3 2 8 7 

3 7 3 4 3 3 7 8 
3 8 2. 1 3 4 s 4 

3 <; ~ 9 

.J 10 10 9 
4 l 4 -5 
4 2 9 10 

.4 3 f 6 
4 4 3 3 
4 5 6 6 
4 7 9 8 
:4 e- 9 9 
4 9 4 3 
5 0 H Q 

5 1 ..3 2 
5 ·2 12 12 
5 3 0 6 
5 4 4 4 

5 5 ~ 6 
5 6 .3 4 
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Discussion· - · Paspalic·µie 

The solution of the crystal structure of paspalicine 

17 confirms the basic skeleton of the molecule as previously 

described ( 46) • Paspalicine £. again, poss.esses a similar, 

rigid, multi-cyclic system· ·as paspaline 16 and paxilline 15. 
. . -. 

The. differences between pasp~ali'.c·:trre,, l.T and· paxilline 15 
. ~- .--

being that the hydroxyl group" on C(l3) of. paxilline 15 has 
. -

been replaced by a hydrogen and. 0(30) has bonded to C(7) 

to form a five-membered ring ketal. All bond lengths and 

angles are chemically reasonable and no abnormally short 

intermolecular contacts exist (23). The relative stereo­

chemical configurations of all equivalent as·ymmetric. centers 

are identical for paspaline 16,· paspalicine 17, and paxilline ---- . ,.._,,.,._ 

·~ except that the configuration around C(7) is inverted in 

the formation of the ketal in p aspalicine 17. The CD spec-. . ....,...._ 

. trum of paspalicine 11. shows a positive Cotton effect for the 

band at 348nm with [0] = + 3.9.x 104 • Because the equivalent 

band in the CD spectrum of paxilline 15 is also strongly 

positive pazillin~ ~most probably car.responds to the same 

absolute configuration as paspalicine 17. Since the abso­

lute ·configuration of paspaline 16 is known and .paspalic.ine -
17 comes from the same fu~gal source paspaline ~, paspal­

icine g, . and paxilline .!.§.. possess 'the absolute conf,igura­

tions indicated. Limited amounts of paspalicine g pre­

cluded toxicity or tremorgenic tests. 



100 

ACKNOW_LEDGMENT 

I acknowledge.the assistance and-encouragement especially 

provided by my advisor Pro~essor Jon Clardy, as well as other 

members of the staff and students a:.t: low~- Sctate·· University. 

---~·-----·----



~-
' 

101 

REFERENCES 

1. " ••• and all the water that was in the Nile turned to 
blood •. And-the fish in the Nile died; and the Nile 
became foul, so that ~he Egyptians could not drink 
water from the Nile; and there was blood.throughout 
all the lands of Egypt. " Exodus; 7 : 2.0 ... 21 o 

2. E.J. Schantz, J. Agr. ·Food Chem., 17, 413 (1969). 
--~···~ . 

3. · H. Sommer, W.F. Whedon,. C .• A.. Kq;f,q:i,d:,, an,d"R. Stohler, 
Arch. Pathol., 24, 537 ( I9-~'T) • . 

4. 

5. 

6. 

7. 

E.J. Schantz, J.M. Lynch, G. Voyvada., K. Matsumoto; 
and H. Rapoport, Biochemist:r·y, 5, 1191 (1966). · 

. . ~ 

A~B. Needler, J. Fisheries Res. Board Can., 7, 490 
(1949). . . ; . -

A. Prakash, J. Fisheries Res. Board Can., 20, 983 
(1963). . ·. . . 

E.J. ·Schantz and H.W. M~griussori, J. Protozool., 11, 
239 (1964). 

8. W. Schuett and H. Rapoport, J. Amer. Chem. Soc., 84, 
·2266 (1962). 

9. E.J. Schantz; J.D. Mold, D~W. Stanger, J. Shavel, F.J. 
Riel, J.P. Bowden, J.M. Lynch, .. R.S. W.yler, .B. Rie~el, . 
and H. Sommer, J. Amer. Chem. Soc., 79, 5230(.1957). 

10. H. Sommer and K.F. Meyer, Arch. Pathol., 24, 560 (1937) •. 

11. E.J. Schantz, J.D. Mold·, W .. L. Howard, J.P. Bowden, D.W. 
Stanger, J.M. Lynch, O.P. Wintersteiner, J.D. Dutcher, 
D~R. Walters,· and B. Riegel, c·an. J. Chem., 39, 2117: 

.(1961). . 

12. J .D. Mold, J.P. Bowden, D. W. Stanger, J.E. -Maurer, 
J.M. Lynch, R.S. Wyler, E.J •. Schantz, and B. Riegel, 
J. Amer. Chem. Soc., 79:, 5235 (1957). 

· 13. J. L. Wong, M. S. Brown, K. Matsumoto, R. Oesterlin, and 
. H. Rapoport, J •. Amer. Chem. Soc., 93, 4633 (1971-). 

14. J. L. Wong, · R. Oesterlin, and H. Rapoport, J. Amer. Chem. 
Soc., 93, 7344 (1971). 



·" 

102 

15. Private communication from George, Buehi:. · 

16. A preliminary report of the present work has been 
published. E.J~ Schantz, V.E. Ghazarossiari, H.K. 
Schoes, F.M. Strong, J.P. Springer, J.O. Pezzanite~ 
and J. Clardy, J. Amer. Chem. Soc., 97 ,. 1238 ( 1975). 

17. Subsequent to the publication of the present work a 
report appeared of a crystallogr:.~p,hi.c and, cmr analysis 
of saxi toxin ethyl hemike-tal di·hydrochloride confirming . 

. the present structure. J. B.0rdner,,. W~ .. K. Thiessen, 
H.A. Bates~ and H. Rapoport, J. Amer. Chem. Soc., 97, 
6008 (1975). .· . - . . 

18. jFrell = (I/Lp)1/ 2 . with L= l/sin 28 and p = .5 (1 + cos 2 

x cos 2 29)/(1 + cos 2 x) + .5 (1 + cos x cos 2 28)/(1 + rios 
x) where 29 is the Bragg angle of the reflection and x 

· is the angle· between the X-ray beam off. the target and 
the X-ray beam off the monochrometer. All X-ray data 
were collected with a Syntex P2

1 
diffractometer Using 

1° w scans. · ·, · · · 

· 19. ~he following library of cryste.llographic programs was 
·used: C.R. Hubbard, C.O. Quicksall, and R.A. Jacobson, 

"The Fast Fourier Algorithm and the programs ALFF, 
ALFFDP, ALFFPROJ, ALFFT, and FRIEDEL", USAEC Report 
IS-2625, Iowa State University - Institute for Atomic 
Research, Ames, Iowa, 1971; W.R. Busing, K.O. Martin, 
and H.A. ·Levy, "ORFLS A Fortran Crystallographic 
Least-Squares Program?r, USAEC Report ORNL-TM-305, Oak 
Ridge .National Laboratory, Oak Ridge, Tenn., 1965; · 

20. 

21. 

C. Johnson, "ORTEP-II, A Fortran Thermal-Ellipsoid Plot 
Program", USAEC Report ORNL-3794 (2nd Revision with 

··.Supplemental Instructions)t Oak Ridge National Labora-
tory~ _Oak Ridge, Tenn., (1970}. . 

G •. Germain, P. ·Main, and. M.M. Woolf·son, Acta Cryst., ·. 
B26, 2 7 4 ( 19 7 0) • . . 

·The function minimized w~s, L:~(IFol-IF 1) 2 with w=l/(oF0 )
2 

where oF0 = .5 o(I)/(LpI) 1 / 2 x scan rcate. The unweighted 
residual (R factor) is· L:llFol -IF jl/L: IFol · The scattering 
factors were from H.P. Hanson, F. Herman~ J. D .. Lea, and · 
S. Skillman, Acta Cryst., 17, 1040 (1960) and from 
.International Tables of X-Ray Crystallography, Vo'l. II,. 
2nd ed. (Kynoch Press, Birmingham, England, 1968). 



22. 

23. 

24. 

. 25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

350 

36. 

37 •. 

103 

W. Hamilton, Act'a Cryst., 18, 502 (1965). 

O. Kennard, D.G. Watson-, F-.H·. A·llen·,· N.w .• Isaacs, 
W.D.S. Motherwell, R.C. Petterson, and W.G. Town, 
Molecular Structures and Dimensions, Vol. Al (Crystal­
lographic Data Centre-;-ca.mbridge, 1972); International 
Tables of X-Ray Crystallography, Vol. III, 2nd ed., 
{Kynoch Press, Birmingpa.m, England, 1968). . 

E. Grunwald and B.J. Berkowitz, J~ Amer. Chem. Soc., 
·13, 4939 (1951); B. Gutbe.z,ahl and·. E •. G:r:w:iwald, J. Amer. 
TI'fiem. Soc., 75, 559 (1_953i):. . . 

P.J. Scheuer, Chemistry:. of Mar:ine:. Nat.ur.aL Products 
(Academic Press, New York~, 1973), p. 1~9.. · 

T.· Narahashi, Science, 157, 1441 (1967). 

C.Y. Kao and A. Nishiyama, J. Physiol •. (London), 180,. 
50 (1965). . . " . . . . -. 

B •. Hille, J. Gen. Physiol., 58, 599· (1971). 

B. Hille, Biophys.ical Journal, 15,, 615 (1975). 

V.E. Ghazarossian,. E.J. Schantz, H.K. Schoes, and 
F.M. Strong, Biochem. Biophys. Res. Commw1., 68, 

.·116 (1975). -

H.A. Bates and H. Rapoport, J. Agr. Food Chem., 23, · 
237 (1975) •. 

G.M. Everett, L.E. Blockus, and I.M. Shepperd, Science; 
124, 79 (1956). . --. . 

J. Fayos, D. Lokensgar'd, J. Cl'ardy, R. J. Cole, J .. W. . · 
Kirksey, J. Amer. Chem~ -Soc., 96, 6785 (1974) and refer-
ences ·cited therein. · -

N. Eickman,. J. Clardy, R.J. Cole:, and: J.W. Kirksey, 
Tetrahedron Letters, 1051 (1975). 

L.R. Caporaei, Scienc.e, 192; 21 (1976). 

A. Stoll, Helv. Chim. Acta, 28, l283 (1945). 

H.G. Floss, Tetrahedron, 32, 873 (1976) .and references 
cited therein. 



I 
f, 
(' 
•, 

.r-r ·~ . 

I 

' J ---
I , 

~ j 104 

38. · K.C •. Mattes, C.R. Hutchinson, J.P. Springer and J. 
Clardy, J. Amer •. Chem. Soc.; 97, 6270 ( 1975) • 

39. A.R. Battersby, A.R. Burnett, and P.G. Parsons, Chem. 
Commun., 1282 (1968); A.Ro Battersby, A~R. Burnett, . 
and ·p~G. Parsons, J. Chem. Soc •. C, 11.93 (1969). 

40. N. S. Narasimhan, M. V. ·Paradkar, and V. P. Chi tguppi, 
Tetrahedron Letters, 5501 (1968). 

·41 •. Th. Fehr and W. Ackliri, Helv. Chil'!l. Acta,. 49, 1907 
(1966). 

42. R.J. Cole; J.W. Kirksey· and' J:M~ WeTTs'; C'Eur~ J. Micro-
biol., 20, 1159 (1974). · . . 

43. 

44. 

A description. of the structure of pa.Xilline 15 has been 
published. J.P. Springer, J. ·c1ardy, J.M. We!ls, R. J. · 
Cole, and J.W. Kirksey, Tetrahedron Letters, 2531 (1975). 

i ' 

Jo Karle, Acta Cryst., B24, 182 (1968). ·.··.' 

45. R.P. Gysi, Dissertation No. 4990,.~idgen~ssischen 
Technischen Hochschule, Zurich, Switzerland,·1973. 

46. A. Leutwile~, Dissertation Nb. ·5163, •·Ei'dge~~ssischen 
Technischen Hochschule, · Ztlrich, Switzerland, 1973 • 

. '.' ·, .. 

. . . . . 

-~:--:::...,~: 
' , i, ~ 

~~~~~~~~~-tr~~-~~~ .. !;~~~~fflJ.=':ff~~eT$.r~~ .. ~~~-~~~~~~~:-· 1#,· 




