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Structiral studies of naturally
occurring toxicoéenic;COmpoundSa
James Patrick Springer

Under the superVi31on of Jon C. Clardy
From the Department of Chemistry
Iowa State Unlversity
The_paralytic shellfish poison (PSP), saxitoxin,Ais a

neurotoxin isolated from Alaska butter clams (Saxidomus gi-

ganteus), mussels (Mytilus calfornianus) and axenic cultures

of the dinoflagellate Gonyaulax catenella. 'The structure: of

'saxitoxin has 5een determined through the use of single crys-_
tal X-ray diffraction. It possesses a unique tricyclic ar-A
rangement ef-atoms eontaining two gnanidinium.moieties and

- also a hydrated ketone. The relative stereocnemistry is

' presented as well as the absolute configuratlon. |

The .chemical constitution of a tremorgenlc metabolite,_

baxllllne, 1solatedf&wm1extracts of the‘fungus Penicillium

| B | pv axilli Bainier has been determined. Paxilline- represents a pre-
viously unfeported class of naturallcdmpounds formed by the
combination of‘tryptophan‘and.mevalonate su‘nunits° The com-
pletestereostfucturecﬁ?twocmher fungal metabolites, paspal;ne
and paspalicine, closely,felated:to paxilline but isolated from

. Clav1ceps paspall Stammes have also’ been determlned and are

: presented. The stereochemlstrles of paxilline, paspaline’ and (

naspalicine are 1dentlcal at correspondlng chiral centers°
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. INTRODUCTION

Toxins héve long been of interestﬁand~ofluée to man in
rathervhefariqué’ways.'°Réports from the~beginning'of re-.
‘corded histdry document man's fascination with these sub-
| Stances.-‘No}dqubt this fascination &as'concéfned,more with
the outédme_raﬁher than the'meéhanism:of3tdxici£y. The
fact that, man, who is able to ingest and metabolize an
extrémely diverse array of plaﬁt and anima1 life, should.
suffer such devastating effécts from minuscule amounts of
certain plant and animai extracts has elicitéd some. scientific
‘induiry. Curreﬁtly, considefable interest exists in under-.
standing the mode of action of toxins at a molecular level.

',iA number of naturally'occurring compounds originéllyi
isolated énd characterized because of their toxiéity have
been found ﬁO.pOSSeSS important'beneficia; médicinal properties
at sub-lethal concentrations. -A large percéntage of the |
.clinically useful drugs available'tédaj including analgesics,
trénquilizers,‘stimulants,'etc. are modified'and simplified
'forms of natural compounds. The whole phiiosophy of chemo-
therapy in treating some forms of cancer is based upon the
fact.that'certain compounds are more,tokic td fast,growing‘
cancerous cells than fo_ngrmal célls. Most antibiotics and
all.anticéncer compounds can also‘be classified as.tdxins.

Traditionally, most of ﬁhé more potent toxins, i.e.;

- those preducing the most acute effects with the smallest



amount of material have been plant extracts. ‘However, in
recent times more attention has been placed on dlscovering
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 chpletely'characterize a toxin in terms of its chemical;

structure if one wishes to understand its- mode of action in

- the physiological system. Traditionaily; it was necessary to

degrade an incompletely’characterized'molecule’into‘smaller,

: more'manageable‘fragments-in order to establish its chemical’

constitution. Consequently, the synthesis of a new organic.

compound was necessary to compietely confirm the proposed

,structure derived from degrddative'eXperiments. However,

considerable resources in terms of time and money could be

spent in this effort since compounds produced by nature are

‘ noted'for their diversity and complexity. However, in recent

;years_pﬁysical methods have been used uith growing suCcess to

determine the chemical configurations of increasingly complex
molecules. The singular'teChnique of single crystal X-ray
diffraction offers one the possibility of rspidly determining

the structure of a complex molecule using limited amounts of

‘material(<<1/mg)in the absence of prior chemical information.

This technique proved to be pivotal in completely determining

the structure of the compounds described in this dissertation.




- SAXITOXIN

| :Background

Paralytic shellfish poisoning has been, even.in recent
times, a serious economic and health problem. Early refer-
ences may be found in the book of Exodus (l) and American
lndian folklore. Outbreaks of" this poisoning 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 Africa. In
general, these regions are greater than 30° north or south
latitude. The outbreak in New England in 1972 and each sub—A.
<'sequent year has been particularly menacing.. The danger
.from shellfish poisoning lies in the suddenness in which'
the shellfish becomes toxic .and the uncertainty of detection.
Shellfish from a specific location can be perfectly safe one
week and lethal the next withAno visible warning. The classic
red coloration of the seabis 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”l/4 of a shellfish. Numbness.in the.lips,and fingertips
" is followed by progressive paralysis léading‘tb‘death from
“respiratory failure in 2 to ‘12 hours. If‘a'victim'is able
‘to survive for.24'hours.his prognosis is good. No proven

" antidotes to shellfish poisoning_exist, however, certain R




" salts such as NaCl and alcohols such as ethanol reduce the
‘effects to a certaio extent. Artificial respiration hes
proved to be helpful in'ﬁargiﬁal 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 catenella,contalned a
‘poison which produced identical symptoms in mice as toxic

f'extraots from the California sea mussel (Mytilus californi-

anus).~.Sﬁbsequently,ﬁit'was shown that'the.toxin produced
by G. catenella in axenic cultures was chemically and.
»physically identical to the purified toxin from mussels (4)
In 1947, Needler (5) proposed that the paralytic poison in |

scallops (Pecten grandis) wes due to the dinoflagellate

Gonyaulex tamerenis. This theory was substantiated in 1963

by Prakash (6). A paralytic poison identical 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 S giganteus'(8).

‘ Chemicel cﬁaracteriZation of saxitoxin has been
severely hindered by its nonvolatlle, noncrystalllne,

hygroscopic, and hlghly polar nature° The best reported

purificatlons have been carried out by Schantz and co-




workers (9) by extracting toxic clam and mussel,tissue with

: acidified'aqueous ethanollfollowed by lon exchange frac-
tionation on carboxylic acid-reSins and then subsequent :
chromatography on acid washed alumina columns. The white
| amorphous solid isolated by this procedure "had a specific
:toxic1ty of 5500 + 500 mouse units per mllligram A mouse
unit is defined as the amount of toxin that will kill a
20 gram'nouse in 15 minutes (10). The molecular fornula
determined by elemental analysis was CloH17N7O4-2HCl (9).
Saxitoxin possessed a specific rotation of 130 + 5° and had
a diffusion constant of 4.9 +.2x lo’e'cnz/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 a01d and ethanol, and insoluble
in other common less polar’ organlc solvents. No u.v.
.absorp+1on was observed above 220 nm (11) and titrations with
base revealed two acidic groups_w1th pKa values of 8.3
‘and 11.5. - |

Oxidation by-potassium permanganateland periodiCxacid
followed byvacid hydrolysis‘yielded the'identifiahle frag-
ments of urea; guanidine,‘ammonia,.guanidioproprionic acid,
and carbon dioxide. Saxitoxin was ‘reduced under aqueous
'neutral acid, and alkallne solutions us1ng 1 atmosphere of . ﬁ
hydrogen and a platlnum catalyst and found to consume 1

equivalent of hydrogen. A weak ir absorption at ,3.770_0111"1



.disappeared indicating that a $C=0 had been reduced. The
reduced material posSessed essentially no toxicity (<Y1%
.that-of saxitoxin) which is of interest from a physiological
~Aviewpoint. It is not yet clear how such a simple change in
Achemlcal constltutlon could drastically reduce the toxic1ty.
Upon countercurrent distribution (12) two components. were
partially separated which 1nd1vidua11y returned to the same
~equilibrium mixture upon standing in the presence of acid.
'Saxitoxin is heat stable and acid stable but found to de-
compose in the presence of base..

When saxitoxin was heated with red phosphorus and
nydriodic acid in acetic acid a weakly basic compound was
; isolated 1n 57% yleld whlch was the pyrrolopyrlmldine 1 (8)

contalnlng eight of the ten carbon atoms origlnally present.

‘Under a variety of mild oxidizing conditions such as .

' ‘treatment of saxitoxin in dilute sodium hydroxide-with 8%
hydrogen peroxide at 25° gave 2 (13) in 25% yield which
retalned nine of ten carbon atoms and six of the seven

nltrogen atoms initially contained in saxitox1n,

. {"
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Further work indicated that ‘when saxitox1n, CloH17N7O4-

2HCl was dried to constant welght at llO° and 10~S mm it

lost a molecule of water to glve'a'compound? Ci0H1sN7053-2HC1,
with retention of biological activity; Two methylene protons.
(62.37 m) underwent reversible but very slow exchange in water
at'room.temperatﬁre. On the basis.of all the previous work
d utllizlng proton ‘nuclear magnetic resonance experiments

the chemical structure 3 was proposed for sax1tox1n (14)




While this proposed structure 3 was generally viewed
with skepticlsm, no better model could be put forward. The
"urea hydrate' aspect was particularly dlfficult to recon- |
‘cile with known chemistry. In,1973,4it became clear that
this structure did not fit all of the available data. In
particular 150 nmr showed all ten carbons of saxitoxin but
no resonances appropriate for the _C=0 (15).' It‘was'elected,
. tobreexamine'thepstructure of saxitoxin via X-ray diffrac-

tion.

Eiperimental
' 'Satisfactory crystals'offSaxitOXin suitable for single
crystal X-ray diffraction analysis (16,.17) were obtained
by dissolvihg the purified toxin (CloHl7N7O4;2HCI) in water
and addlng p-bromobenzenesulfonlc ac1d The crystals which
resulted were ‘washed with cold Water and recrystalllzed
again from water. The crystals which were used in the
diffraction experlments were-prepared by V. Ghazarossian
and supplied by E.J. Schahtz and F;M..Strong. A crystal
measurihg approximately 0.1 x 0.2 x 0.6 mm was mounted.in
a'Lindemann thin walled capillary, the bottom of. the capil-
lary was filled with mother liquor, and the capillary was
subseduently sealed; Preliminary'diffraction experimehts
~using Polaroid photographs ahd,ah:autOmatic diffractometer
indléated thatpthe‘uhlt“cell_was orthorhombic. Fifteen - -

‘strong reflections within a 26 range of 35°-45° were



_centered and upon least-squares analysis gave the unit cell

parameters of-a==31.095(4),“be=12 180(1), and ¢ =7.8057(9)4%.

‘The space group was Pz 212 (vide infra) and upon structure
solutlon the asymmetric unit contairied one unit of
-CloHi7N7O4°2CeH5BrSOS indicating that ‘each C1 anion had
. been replaced by’ap-bromobenzenesulfonate.-The calculated
dens1ty was 1.74 g/cm® for Z = 4. All unlque reflection |
:data with 6<57°'were collected us1ng an automatic four-
A-c1rcle<d1ffractometer with graphite monochromated CukK, -
radiation-(xf=l.54l8ﬁ). Since there was a definite spread
in the diffraction maxima it was decided to use an_wescan'
‘technique with a constant w range. of l°§ﬁithlbackgrounds.
measured at 1° from ‘the cehteerf the calculated angle. -
of the total of.2340 reflections, 1895 (81%)iﬁere judged'
observed (I > 30(I)) and corrected for Lorentz and polariza-
tlon effects (18). An examlnatlon of the data revealed |
that reflectlons hOO h 2n + l, OkO k 2n + 13 and OOL
S d=2n +rl were unobservedAlndicatlng that the space group
was lealzi.WhiCh proved to be correct'upon structure '
.solution. |

"Two-Unique:bromine'and two'uhique sulfur atoms were
easily located using_a combination of Patterson techniques
(19) and"direct methods (20). Subséquent eléctron density —

syntheses revealed thevremainder of the 43.honhydrogen

atoms. - The correct chemical structure for saxitoxin was
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found to be 4. Full matrix least- squares refinements (21) with

anisotropic temperature factors lowered the: conventional dis-

HN

£

crepancy. index (R factor) to 6.34. Placement of all hydrogens'

foilowed;by further least-squares refinements lowered the dis-

crepancy index to 5.6%.H,InCIusion of anomalous scattering

'4contributions for bromine and .sulfur, foliowed by still further .

least-squares refinements loWered-the;discrepancy'index to 5.24

- for the present‘structure_and;5,7% for,its mirror image, a

,_statlstlcally slgnlflcant dlfference with a probabllity greater L
than .995 (22). No absorbtion correctlons were made (p-—

- 59 em=*). . As an addmtlonal check the 20Amost-enantiomorphic

sensitive reflections were carefully remeasured and indicated

the ‘same absolute configuration. Figufe 1 shows a computer

generatedfdrawing ofbthe crystalline saxitoxin 4. ~ Tables 1, 2,

3 and 4 contaln the flnal fractlonal coordlnates, bond dis-i'7*

tances, bond angles, and observed and calculated structure

factors respectlvely.‘
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: Flgure 1. A computer generated perspectlve

drawing of saxitoxin (4) crystallized as the
p- bromobenzenesulfonate.l For clarity the

hydrogen atoms of the saxitoxin portion- and -
* all atoms of the sulfonate  are omitted. = The
- absolute configuration is as shown. : '
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Tabie'l.

" anions are indicated by primes.

13

Final fractional coordinates for the
p-bromobenzenesulfonate derivative of
saxitoxin (4). The estimated 'standard
deviation o0f the least significant
figure 1s given in parentheses. The
atoms of the p-bromobenzenesulfcnate
Hydro-
gen atoms are numbered as the heavy
atom to which they .are attached. The
numbering scheme refers to Figure 1.
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.6016(2 5 .437&1;
.6027(2 .7515(7 .600(1)

- .5718(2 - .7891(5 .7020(9)
- .5440(2 .8825(7 654 (1
5364 (2 8927 (7 .458(1
.5594(3 .8031(7 .360(1

- .5646(2 .9811(5 .6974(9)
.5703(2 1.0467 (6 .558(1
.5545(2 .9983(6 421(1
6322(2 .6840(6 656(1
.5621(3 . .7395(8 .872(1
.5227(3 .8093(7 .929(1) -
.5037(3) ..8524(8 .763(1
.4778(2 .9451(5 .7833$9§
.4826(2 L7713(6 6757(9
.5332(3 6957 (6 .348(1)
.5566(2 .6250(5 .2325(8)
.5527(3 .5180(7 .259(1
.5570(2 .4572(6 .148(1
.5294 (2 . .4755(5 .366(1

. .5907(3 1.1420(6 .560(1
.6240(1 L4011(1 .5837(2)
.6848(3 .3860(7 .596(1

- .7048(4 .3097(9 .493(2
.7502(4 -,2984(8 .506(2
.7719(3): .3584(9 617(1
.7508 (4 .4359(7 .720(1
.7067(3 .4452(8 .710(1)
.8285(1) .3466(2 .638354
.8397(2 .3973(9 .8065(9
.8480(2) - 4137 (6 .sooélg
.8390(2 .2312(7 627(2
.8078(1 .0470(2 .1395(3)
L7476 (3 0771(8 .115(2)
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Table 1 (Continued)

c(3") . .7185(4 .002(1) 166(2
c(a" .6761(3 .0270(9 .150(2
c(5" - .6623(3 .1213(8) .084 (1
c(e")y .6919(4 .1976(8 .031(2
C g; .gsgg 4) -,1786(9 .055(2
S o .6066(1) - . .1513(2 .0626(3
- 0o(9") .5847(2 L0474 (5 .0574(9
. 0 10"3 6024 (2 .2111(5) -.0956(8
o(11" .5942(2 .2112(5 .2113(8
H(1 - .623(5 .791(9 .38(1
“H(5) . ..507(2 .910(7 A44(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(10A ‘ .650(3 .665(8 .58(1
H(10B .636(4 .672(8 .75(1
H(11A .587(3 .703(7) .94 (1
H(11B)- .544 (3 669(7 ©.87(1)
H(124 . .495(3 .801(8) 1.01(1)
H(12B .536(5 .846(9 1.05(1
H 14§ .456(4 .935(9) .85(1
H(15 .455(3). .812(7) .63(1
H(16A - .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 .488(9 .10(1
H(3!' - .690(3) .267(9 42(1
H é: ,7g§ 3 ;2gé 7 46(1
H : .768(3 466(9 .80(1
H(7! .693(5 .492(9 .78(1
H(3" .728(3 L077(7 .18(1
- H(4" .656(3 -.024(7 .18(1
H(6" .683(3 .261(8 -.02(1
H(7" .757(3 .212(7 1




~ Table 2.

15

Bond distances in angstroms of the p-bromobenzene-
sulfonate derivative of saxitoxin (4). The esti-
mated standard deviation of the least significant
figure is given in parentheses. The atoms of the

p-bromobenzenesulfonate anions are indicated by
primes. ' The numbering scheme refers to Figure 1.

Qoo aaaaaaZaanaaazzZzaa=

OONONTNIEBPEWUWNDND R .
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2 1.33(1) Br(l') - c(2') 1.902(8).
6 1.46(1 c(2! - C(3 1.38(1
3 1.33(1 . C(et -.c(7! 1.34(1
10) 1.33(1 C(3') - C(4! 1.42(1
4) . 1.48(1 S C(4 - c(s? 1.32(1
11) -1.49(1 c(s!' - Cc(6! 1.40(1
sg 1.55(1 c(s') - s(8') 1.775(9)
7 1.40(1 c(6! - C 7!g .1.40(1)
13) 1.56(1 s(8') - o(9! 1.493(8
6; 1.51(1 s(8! --0(10" 1.486(8
9)  1.43(1 s(8! - o(11" 1.442(9
16) 1.54(1 e ,

8 1.36(1 Br(1") - c(2" 1.92(1
9 1.32(1 - c(2") - c(3" 1.35(1
21 - 1.32(1 o c(e") - c(7" 1.38(1
12 1.56(1 c(3") - c(a" 1.36(1
13 1.52(1) c(4" - C(5" 1.33(1
14 1.40(1 c(s") - ¢c(6" 1.38(1
15 1.37(1 - c(s") - s(8" 1.774(9)
17 1.45(1 c(6") - c(7") 1;39§1)
18 1.32(1 - s(8" - o(9" 1.438(6
19 1.37(1 s(8" - o(10" 1.440(7
20 1.22(1 s(8" - o(11" 1.424(7

N S
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Teble 3.  Bond angles in degrees of the p-bromo-"
' benzenesulfonate of saxitoxin (4). The
“estimated standard deviation of the
least significant figure 1s given in
parentheses. The atoms of the. p-bromo-
~ benzenesulfonate anions are indicated
"by primes. The numbering scheme refers
to Figure 1. '

12 . 101.2
13 . 104.6
12 103.6
14 . 1109.5
(15 106.3
14) 114.2
15 . 111.3
15 111.3
17 105.9
18 116.1.
19 - 112.5
20) 125.5
20 122.0
31 v 119.0
71). . 119.3

o)
W
L T I I

= O
\’
| J R N B B |
=
~ O\ ¢
L I TR R A A |

no
1

c(2) - N(1) -C 6g4 117 .6(7
N(1 - c(2) - N(3 117.1(7
N(1 -¢c(2) - N 103 - 121.0(7
N(3 - ¢(2) - N(10) . - .121.9(7
c(2 N(3) - C(4) 122.3(7
c(2) - N(3 -C 11; 122.9(6
c(4 - N(3) - c(11 114.8(6
N(3) -cC(4) -C sg 113.7(7
N(3 - Cc(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 133 115.9(7
N(7) c(4 - ¢c(13 115.7(7
c(4 - ¢c(5) - c(6 111.7(7
c(4 - ¢(5) - N(9 102.2(7
c(6 - C(5 - N(9 111.1(6).
N(1 - Cc(6) - C(5 . 109.6(6
N(1 - Cc(6) -¢C 163 . 111.0(7
c(s - 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) -0C(8) - N elg . - -124.5(8
N(9 - C(8 N(21) - 125.7(8
c(s - N(9 c(8) ' 112.7(7
N(3 - ¢(11) - ¢ 7)
c(11) - ¢C C 7
c(4 C C 6
Cc(4 C 0 7
c(4 C 0 7
c(12 C 0 7
o C 0 8
o} C 0 7
c C 0 6
C 0 C 7
0 C N 8
0 C 0 8
N o 0 7
Br C C 8)
Br C c 7

™
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Table 3 (Continued) .~
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4
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51
5t
St
gt
(gt

:

5"

Egocoooqoooooooo

4"
6.

‘dooaaaaaaaaaana

nununnnnaaQaQCQAaQAQCQAnnLNNNAQAQAQQQAQAQ

2!

3t

4'
.5'
5t
5'
61
7|
81
81
81
8!
81
81
2”
2"
2"
3"

S T T T O
coooocoQOnMAcQCNaQOocO0O00ooQQnAAQQ

71
41
51
61
8!
8!

7

61
gt
10
11
1C

- et == e .

3"
7"

7 .

4"

S

8"
8"
7 ]
6"
9"
10"
llAH
loll‘

11")

llll

1121.6|

©119.4

1068

11 - 113.6
121.9
~118.9

'120.1

~110.2

118.3
119.9
120.71
121.6
117.8

120.0
106.2(

107.4
108.3
114.1

119.8
118.3

118.1
123.0

122.0
119.1

117.7
106.4
105.9
107.0
112.2

N > (1 W > 000 0D ~J (00 (0 (0 ~1 00 OV =) U1 U1 H (Y (0 (O 00D (D (O O O .

114.5




Table 4,

18

The observed and calculated structure factors for
the p- -bromobenzenesulfonate of" :

saxitoxin (4).
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_Table 4 (Continued)
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Table 4 (Continued)
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Table 4 (Continued) .
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Discussion .
MSaxitoxin’g is a tricyclic compound and can be con-
. veniently described-as a 3,4,6- trialkyltetrahydropurine.
,The 3 and 4 positions of the purine are brldged by a three
_ carbon-fragment to‘ferm the: third.rlng_conta;nlng a hydrated
ketone. The 2 and 8 positions,of;thezpuninevsxs£EM*contain
.-NHQ groups as substituents WhiCh form the two guanidinium
- moieties of saxitoxin 4 (14), Position € is sﬁbstituted by
: e‘CH20CONH2'moiety'whiCH adoptsva bseudo-axialiconformetion
in the‘crystelline state. ‘The crystal strueture reveals
13 possible hydrogen bonds but none of these appears to be
‘1ntramolecular.
- The flve-membered rlng contalnlﬁg a guanldlnlum“group

| :islplanar w1th a mex1mum'dev1at10n from the least—squares
Aplane of O OOlA In'conﬁrast fheuofher-five;membefed fing
ex1sts in an envelope conformatlon with N(S), C(4), C(ll),
~and C(l2) formlng a plane having a maximum deviation of
0.01% with C(13) being 0.62} from this plane. The six-membered
_ring'also contains a four atom plane (N(S),'C(4); c(s),
‘and C(6)) with & maximum deviation of 0.001k. N(1) and C(2)
are on the same side of this plane and are 0.87% and 0.574
respectively awey from it. The guanidinium moiety (N(1),
C(2),.N(3); and N(10)) is planar-with a maximum deviation
Of'0.0QSE. Ail the'Ci;iN bonds of both guanidiniums are 

. the'$ame Withih experimental error (1.32(l)ﬁ'eXCept for
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C(8)-N(9) which is 1.36(1)A. All intramolecular distances
and angles are‘in agreement with previously determined

values (23).

The structure presented for saxitoxin 4 is compatible -

.with.all of the previously published chemical and spectral

data if an equilibrium‘existSJinbscTutfoﬁ'between 4 and

its keto form 4a. i&meketone hydrates readlly in saxitoxin 4

vecause of the electron withdrawing effects of the guani-
dinium groups. The keto form is reduced (H2-PtOs or NaBHs)

which eliminates the ketone ir absorption at 1770 cm-? and

detoxifies»saxitoxin (11). A‘Also under rigorous drying con-

dltlons (110°C at. 10"5 mm to constant weight) the ketone
hydrate loses one molecule of water to recon01le the pro-
posed molecular formulas (14) Only one atom of *80 .can be

ineqrporeted when the keto form is dissolved in Hz'®0.

_This 80 is subsequently lost on vigorous drying. Thus,

the same'o enters and leaves to.form the ketone hydrate.

The keto form also explains the deuterium exchange at the

c(12) methylene. The nmr (14) spectral assignments are

now 64.27 (1H, q J=11, 9 Hz) and 64.05 (1H, q, J=11, 5 Hz)
to the two hydrogens on C(16), 63.87 (lH d of q, J=9, 5,

1 Hz) to the lone hydrogen on C(6) and 64 77 (1H, 4, J=1 Hz)
"to the brldgehead H on c(5). The dlhedral angle of 72°
'between these last two hydrogens in the crystalllne state

':explalns their relatlvely small coupllng.v The protons.on:
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- ¢(11) are respons1ble for the resonances. at 63 85 and
63.57 and the 62, 37 multiplet is attributed to the protons
on C(12). |

| An interesting point whichfis-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 lower 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 soluentiis normally; “
characteristic of a proton dissociating'from an oxygen
atom rather'tnan from a nitrogen.atom~(24) This result
was used to rationalize the erroneous structure 3. 'In
'7v1ew of the structure 4 it would appear that both pKa
values must be assoclated with the two guanidlnlum groupSf
for-tne'hydrated ketonedCannot be responsitle since”reduced
| saxitoxin has the same-pKa values as saXitoxin~(ll) - One
'explanation for the observed phenomenon is that the carbamate
group could 1ntramolecularly stabilize one of the guanldinium
Agroups in the less polar env1ronment of 50% ethanol and 50%
water. | | “

'The pharmacological actions'of saxitoxin 4Aand tetro-
dotox1n 5 (es), a neurotoxin 1solated from the puffer fish
_in Japan and from egg clusters of the California newt, are
'very,similar, .Both have been found to spe01f1cally block
: the sodiun ion_membranejchannel over the potasSium ion chan-

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

'pOStulated (27, 28, 23) on the basis of the»knowntstructures
of the two neurotoxins.“ As a further-tool-in studying the
structure of the sodium channel modifications of the native
lsax1t0x1n 4 could be made to determine what structural
elements are necessary to retain the high tox1c1ty,‘ lt-
would be of particular interest to know the structure of the‘
inactive'hydrogenated saxitoxin.' Recently Ghazarossian and
coworkers (30) were able toegenerate decarbamaylated saxi- .
toXin~by acid hydrolysis of the native material. The hydr04
1yzed compound retained 60% of the activ1ty of saxitoxin.
~In addition to its usefulness in studying the struc-
_ture and mechanism of the‘sodium ion membrane channel it is
hoped”that the}knowledge'of thedstructure.of'saxitokin will
enable a better monitoring system for toxic shellfish to |
be'found The present monitoring system uses a mouse bio~

assay, but this method has some disadvantages in that the
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biloassay 1is nqtjas>sensitive or as selective as would be
1iked. Possibly a rapid, on site chémical-méthod could -

‘ be developed to measure minute amounts of saxitoxin in

contaminated shellfish- Rééentlyg,a-report has been  pub-

lished of a chemlcal assay whlch claims to be more sen-

' s1t1ve than the mouse bioassay (31)
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"PAXILLINE, PASPALINE, AND PASPALICINE

GeneraliIntroduction
AReports of compounds capable of produoinglsustained
tremors have been quite rare in the scientific literature.
Everett and coworkers (32) have reported that out of 10 000
compounds tested only lO were tremorgenlc. Thermost potent

of these was tremorine § which produced tremors,when in-~

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

Tremorgens are of scientific interest since elucidation of

N—CHz—C=C~—CHz~—N
| N

-~

their mode of action would 1ncrease nan 's understanding of
the phy31ology and chemlstry ‘of nerve mechanism. Also they
can be used to induce reprodu01ble tremors in test animals
providing a biological screen for anti-tremorgenic compounds
such as those useful in treating Parkinson's'disease;
Recently, reports have described a number of tremorgens

produced. by various spec1es of Penicillium and AsPerglllus

fungi (33). Those for which chemical structures have been
determined can biogenetically be formally derived from

6?methoxytryptophan, proline and a number .of mevalonic acid

; units. A typical example is fumitremorgen A 7 (34) 1solated

from Aspergillus fumigatus.
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Naturally occurring‘compounds formally derived from the
amlno a01d tryptophan and containlng five carbon structural
units’ derlved from mevalonic' a01d can be grouped in a- rela—'
tively small number of categorles based on their structural

features as well as their biogenesis.. One such 1erge,

1homogeneous'class is the ergot alkaloids, principally found

as metabolic products from various species of parasitic

fungi belonging to the genus Claviceps. Ihgestion of bread

‘and other products made from rye flour'contaminated with the

principal ergot fungus Claviceps purpurea resulted in- the

mass poisoning and death of thousands of people in the

Middle Ages in Europe. A number'of the naturally occurring

‘ergot alkaloids have been shown to possess significant

psychotomimetic activity. However, semi-synthetic lysergic,
ecid'diethylamide (LSD) is perhaps best known and has' led

to the development of the field of psychopharmacology.
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~ Poisoning from ergot has been variously known as "holy fire"

and "St. Anthony's fire" and has recently been attributed
to have caused the strange‘actién of "witches" in Salem;
' Massachusetts in 1692 (35). | |
The structural characteristic of the ergot alkaloids
vis-fhé_efgoline;hingnsystemﬂguﬁhiéh is&émideﬁﬁﬁinJemgpt&;

" mine 9 (36). The ergoline ring system is formed biosyn-

H™ "cH,

joo
lew

thetically from a fivé-carbon moiety derived from mevalonic
acid 10 attached to position 4 of the amino acid trypto-

phan li (37).
.. COOH

CHa




Another'broad;omnifarious class ofzcompoﬁnds found in
higher plants of the families’Appcyhaeeae, Loganiaceae, and
Pubiaceae is also composed of compounds'ofwmixed.mevalonate.~'
tryptophah origin. - Some of the first cbmpounds characterized
in this grout have'historicallyibeem knpwn tq~produce'uhusuel
physiolbgicelﬂeffeetsw In fact, a numbers of’ new structural
claSSes oflnatﬁral preducts have'beeh epenequp by the
characterraatlon of compounds orlglnally 1solated ‘because
- of their blologlcal act1v1ty. Examples of this group which .
- are known for their activities are strychnlne-noted for 1ts
tox101ty, reserplne-used.as one.of the first tranqulllzers,'
qulnlne-used in the. treatment of malarla, and leurocrlstlne—
used 1n therapeutlcally treatlng certaln types of leukemla..
A typlcal structural example of one of the s1mpler members

of thls large class is v1n0051de 12 (38) Wthh has been

shown to be ‘derived blosynthetlcally in Vinca rosea from

w0 glucose
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tfyptdphah li,aszweil_as,from the mévaionéte,deri?éd'moho-

terpene loganin lé (39).

0 Glucose!

. An example of a compound which contains an indole
. moiety as well as a fifteen-carbon terpenoid.chain is

" mahanimbin 14 (40).

CH4 ' ~

CHs
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Background - Paxilline

Several preliminary reports of new compounds containing

a 2,3 disubstituted indole funictionality as wéll as possibly

being.of mevalonoid origin had appeared (41, 42) prior to
the inception of this_work, however, no complete chemical
structures had been published. A.tremorgenic?compound was

isolated from the fungus Penicillium paxilli. The EDso

(effectiVe dose) for producing severe tremors in mice was
25 mg/kg, however. the LDsot(letnal dose) was quite a bit-
larger at 150 mg/kg. Preliminary 1nvest1gation (42) of
its chemical and phys1cal propertles 1nd1cated a number. of
- salient structural features. ‘The u. v..spectrum xngHt23O
(e==4l 500) and 281 nm (3;58 000) was indicative. of. a'
2,3 substituted 1ndole unit with no conJugation 1nto the
indole ring system. The mass spectrum and elemental analys1s
-lindicated a molecular formula of Cz7H33NO4. Additlonal
ev1dence from ir and nmr measurements indicated that paxilline
contained an g, f~unsaturated ketone, a tertiary hydroxyll
group, a gem—dimethyl.groﬁp as well as two~additional methyl
groﬁps. X—Ray_diffraction experiments were-subsequently

carried out to delineate the stereostructure of paxilline

15 (43).
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Experimental - Paxilline
A sample of pax1lline 15 supplied by R.J. Cole was re-
crystallized from acetone—heptane mixtures to give large,

clear eubes. Preliminary 080111at10n, Weissenberg, and pre--

"ce551on photographs revealed that. pax1lline crystallized

in the common orthorhombic space group Pglzizl with a-—
51.009(3), b=11.522(1), and ©=7.707(1)k. A total of

2186 reflectlons were measured with 29<120° on an automatic*
four-circle diffractometer using CuKy (1 =1. 5418A) and
graphite monochromation, Background corrections were applied .
and the 1846 (B4 2)- reflecpions judged observed’(l_z 30(1))
were further corrected for Lorentz and polariZation effects
(18); The structure was elucidaped using'a multiple selutionvn
tangeht formdla approach employing a tangent formula re- o

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

assigned on the.basis;of temperature parameters, bond

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

atoms had been .located, a difference map (19) was calculaﬁed
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which indicated the présence'ofva so;zént molecule‘of'écetone, 
tightly hydrogen bonded to the indole'nitrogen's hydrogen. .
This was included in further least-squares refinements.
Positions fof-théAﬁydrogen_afomsaweré foun@wanquoncluding

fuli métrix'least-séuarés refinements uéing aﬁisotrdpic.tém-
peratufe“péiémeters;ﬁor the~honhydrog§nﬁé£@msuand 1Sotropief
Atemperature parameters for the hYdrogénﬂatomS'lowefea the un-
weighted residual index td~4,0%.' Figﬁre 2'dontains a- computer

- generated perspective drawing 6f'paxilline lg_with the correct .

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

contain the.fractional coordinates, bond distances, bond angles,

and-observed and calculated structure factors for péxilline 15.

Discussion - Paxilline .

As can be.seen from Figure 23 paxilliﬁe lg‘p0ssesées a
nonlinear array of six fused fings. The"planar bicyclic
‘indole moiéty is fused at‘C(2) and'C(lS)Lto a cyclopentane
ring which is itself fuséd'in a trans fashion to a cyclo-
hexane ring to form'é linear teﬁragyclic arrangement of rings.
The cyclohexane ring"exisfs‘in a'chair conformation with
H(16) and C(2S) at the bridgeheaa positions possessing a
diaxial 'arra.ngemeﬁt'. ‘An additional fused cyclohexane ring
‘ at C(4) and 6(13)~produces a bend in the molecule which is
completed by a fused'(at c(7) and‘C(l2)) six-membered oxygen

- heterocyclic ring containing an a,ﬁ-unsaturated ketone.



~ Figure 2. A computer,gén'erated perspective -
drawing of paxilline (15).  Hydrogens are not
shown for .clarity. S 4



1987



line (15).
deviatIon of the least significent

figure is given in parentheses. The
numbering scheme refers to Figure 2.
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Final fractional coordinates for paxil-
The estimated standard

n'I:.'I:'Ia'C!:'.I:'.I!m’.:COOOOOOOOOOQOOOQQO.OQOOOQQOOOQOQOZ

.0582

1

2 .0970
3 .1399
4 .1405
5 .1288
6 L1273
7 .1693
8 .1592
9 .1920
10 .2044
11 .1997
12 .1853
13) .1869
14 . 2060
15 . 2057
16 .1586
17 .1430
18)" .0985
19 .0571
20 . 0366
21 -.0053
22) " -.029%
23 - -,0101
24 ) .0322
25 .1634
26 .1082
27 .1759
28 .1351
29 .1690
30 .2094
31 .2200
32 .2149
1) .047
SA .150
5B .098
6A 123
6B .100
7) .192
9) > .217
11) .21l

e e e e

A e e b e e e e b e b b b R e b R e e

.4318
.4707
.4181
.3069
.1955
.0882
.0700
-.0165
-.0430
.0691
.1776
.1805
. 2860
.3954
.5011
5213
L6315
.5894
.6293
.7371(
L7407
6396
.5312
. .5285
L4051
.3193
-.1404
-.1037
-.2480
-.1690
.0645

.365.
191
.205
.017
.087
.027
-.071
.245

~.5670

".7217'

11,1544
- 1.0480

N 1 RN B N

4645
.5244

.6824
.5797
.6910
.7936
.9176
1.0389
1.1337
1.0415
.8771
7571
.8425

6694
.5758
.5208
.4638
.4384
.3850
.3602
.3812
4321
.3900
.8319

1.2523

1.2752
1.2811
.6182
.495(
477
.526
- .611
. 794
.714
. 988
1.101

v-w-gvuuumﬂmmmpmmmmmmmmwm##m»»wpmmppp»



Table 5 (Continued)

45

14A
14B
15A
15B
16)
17A
17B
20

22
23
25A
25B
25C
26A
26B
26C
28A
28B
28C
29A
29B
29C
303
32

mmmmmmmmmmmmmmmmmmmmm&mmm

2l).

1t
2!
3t
41

2'B
2'C
3'A
3'B
31C

SHmmIommmoaaa

D14

.234
.219
.221
L 144
143
.160
.051
-.020
-.060
-.027
167
.150
.192
115
.078
.110¢
125
.115
.138
146
.196
.158
.214
.239

-.0552
.0016
.0166(1
.065(2
-.068 2
-.058(2
.003(3
3

4

bt ) 0108
2

.027
-.028

HHEMDEHEFFERFD R R R R e e

SCH

%

.0315(6
.2234(3
.131(5)
.155(5
.270(5
.009(8
.013(9

.875
. 947
.780

.786
.668
474
441
362
.326
.355
332
.318
.397
.909
779
.919

. 1,338
. 1.164

1,334
.955
. 976

1.121

1.330
0680

- .5835(
.5459
.6288(9
.5820(8

443
.680
473
L] 748
.552
.506

QAN OONODM OO OA\NUT OV ONOYOYN Y OB >

QOQQQQLOQQQOMM

#pcetone of crystallization.
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Table 6. Bond distances in angstroms of paxilline (15)..
The estimated standard deviation of the least
significant figure is given in parentheses. The
-numbering scheme refers to Figure 2. S

R NOONONN N OOV OV Y LN N

QaoaQoaaaQaaaaacaacdz=

1) -c¢(2)  1.364(5) c - c(12 1.345
1) - C(24) 1.397(5 c( - Cc(13 1.528
2) - C(3) - 1.499(s C - C(14 1.540
2) - C(18) 1.369(5 C. - 0(32 - 1.430
3) - C(4) '1.559(5 c{ - C(15 1.533
3) -¢C 16; 1.541(5)" . e - c(16 1.534
3) - C(25 1.555(6 c - C(17 1.537
4) - c(s) 1.551(5 c -.Cc(18 1.523
4) - C 133 1.569(5 o - C(19). = 1.432
4) - c(26). 1.532(5 o - Cc(20 1.408
5) - C(6 1.505(6 c - C(24 1.416
6) -~ C(7 +1.536(5 0 C - C(21 1.368
7) - 0(8 1.417(4) - c - C(22) 1.396
7) - Cc(12) 1.510(5 C( - c(23 1.393
8 c(9) 1.415(4 C - C(24 1.372
9 c(10) - 1.534(5 c - C(28 1.530
9 c(27) - 1.518(5) - C(: - Cc(29) - 1.s01
10; - C(11 1.445(6 C - 0(30 - 1.433
10) - 0 4) o S o

31) 1.236
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Teble 7. Bond angles in degrees of paxilline (15).
E . 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
. ¢(2) =-1c¢(3) - cC(25 ' 105.6(3
c(4) -.¢(3) - C(16 : 109.7(3
c(4) - c{(3) - c(es 113.8(3
c(16) - ¢(3) - c(25 111.0(3
c(3) - c(4) - C(5) 112.7(3
c(3) - c(4) - c(13 110.3(3
c(3) - c(4) - C(26 110.2(3
c(s) - C(4) - C(13 105.9(3
¢c(s5) - c(4) - c(26 107.9(3
c(13) - c(4) - C(26 ©109.7(3
c(4) - c(s) -¢ 6% 113.3(3
c(s) - c(6) - c(7 L 112.3(3
c(6) - c(7) - o(8 104.8(3
c(6) -c¢(7) -¢C 12§ S 112.4(3
o(8) - c(7) - c(12 - .112.2(3
c(7) - o0(8) - c(9) 116.0(3
o(8 c(9) - c(r0) 108.3(3
0(8 c(9) - c(2e7 108.0(3
c(10) - ¢(9) =~ C(27 , 115.3(3
C 9g - ¢c(10) - ¢(11 - 118.0(3
c(9) - c(10) - 0(31 120.0(4
C 113.- ¢(10) - 0(31 . 121.9(4
c(10) - c(11 c({12 121.2(4
- C 7; - ¢c(12) - C(11 : 119.4(4
T ¢(7) - c(12) - Cc(13 115.1(3
¢(11) - c(12) - C(13 125.3(3
c(4) .- c(13) - c(12 108.3(3
c(a) - c(13) - C(14 112.6(3
c(4) - c(13) - 0(32 108.8(3)
c(12) - ¢(13) - c(14 113.9(3
c(12) - ¢(13) - 0(32 105.0(3
c(14) - €(13) - 0(32 . 107.9(3
o ¢(13) - c(14) -.c(15 ©112.9(3
c(14) - ¢(15) - C(16 106.6(3
c{3). c(16) - c(15 ©112.1(3
Cc(3) c(16) - c(17) . 106.2(3
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Table 7 (Continued)
o 15; - Cc(16) - ¢ 123.2(3
c(16) - c(17) - ¢ 98.8(3,
Cc 2;. -c(18) - ¢c( 110.1(3
Cc(2) -c¢(18) - ¢ - 107.2(3
c(17) - c(18) - ¢ 142.7(3
c(18) - c(19) -¢C .. 136.8(4)
c(18) - c(19) - C. - 106.2(3
c(20) - c(19) - C{ .117.0(3
c(19) - c(20) - C¢( . 119.9(4
c(20) - c(21) = C ©121.7(4
c(e1) - c(22) - C .120.1(4
c(22) = c(23) - C 117.7(4
: N-1g - C(24) - C 107.9(3
N(1) - c(24) - C - 128.5(4
¢(19) - Cc(2¢4) - C S 123.5(4
c(9)- -.c(27) - ¢C - 110.9(4
c(9) -c(27) = ¢ 109.7(3
c(9) - c(27) -0 108.1(3
c(e8) - c(27) - C 1112.3(4).
c(e8) - c(27) -0 -109.9(3
c(29) - ¢c(27) -0 3)

105.6
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Teble 8. The observed and calculated structure factors for
: paxilline (15). . : :

H= 0 6 4 Py S 3 0 10 1i 10 0 13 14

K L FO FC "6 S S 4 3 1 s8 59 10 1 19 1@
0 2 54 53 6 7 4 5 3 2 31 30 10 2 7 8
0 & 22 22 7 1 7. -6 3 3 25 23 10 3 6

0 6 13 13 7 2 -8 8 -3 4 13 13 160 & .. 7
0 8 5 5 7 3 20 20 3 5 & ¢ 11 1 4
1 1 33 3a 74 10 160 3 6 a 3 11 2 3

1 2 73 76 7 S 3 .3 3 7 12 13 11 3 .3
1 3 17 18 7 6 '3 o 3. 8 4 2 11 4 3
I 4 20 22 -8 1 6 6.. 4, ©. 17 18.. 12 0. a4
1 S 10 10 8 2 13 13 4. 1 27 26
1 € 1€ 16 8§ 3 10 10 4 2 73 72 H= 2
) N 4 3 4 8 4 12 12 4 314 14 K L FO Fc
1 8 10 10 8 S 4 5 4 .4 11 1t 0 0 45 a6
2 0 19 19 8 6 - 3 & .4 & 15 14 0 1. 61 61
2 1 46 50 9 3 3 2 4 .6 10 11 0 3 20 20
2 2 231 18 9 4 6 7 ‘5 0 7 8 0 4 16 16
2 4 19 19 10 .1 .4 S 5 1. 32 31 . 0 5 13 13
2 5 11 11 10 2 10 .9 s 2 715 71 o7 8 &8
2 6 6 6 10 3 3 3 S 3 27 27 o 8 3 4
2 7 4 5 10 &4 3 2 S 4 16 - 16 1 0 63 66
2 8 2 3 10 5 7 & S S5 14 137 1 1 63 65
3 1 11 10 11 2 8 8 'S 6 13 14 . 1 2 82 84
3 2 46 49 11 & '3 2 6 O 6 s 1 3 21 21

3.3 11y 11 -12 O 7 7 6 1 10 11 1- &4 26 .28
3 4 9 .8 . 6 2 14 15 1.5 7 7
3 s 5 .6 H= 1 6 3 15 16 1 6 ¢ S
3 .6 8 8 K L FO FC "6 ‘4 20 20 1 7 9 9
3 7 6 7 0 1 44 46 6 S 4 & 1 8 8 8
3 8 3 3 0 2 33 36 6 6 9 8 2 0 19 18
4 0 37 36 o 3 3 ¢ 6 7 5 6 2 1 33 35
a 1 4 3 0 4 25 2s 7 0 10 10 2 2 45 4S
4 2 23 23 0 8 11 12 7 1 - 6 S 2 3 13 14
4 3 34 3a 1 0 21 22 7 2 12 12 2 5 17 17
4 4 10 10 T 2 83 88 7 3 9 8 2 7 4 s
4 s 3 4 1 3 25 24 7T 4 10 9 2 8 3 a
a 6 10 10 1 4 30 29 & 0 4 5 3 0 10 9
4 7 1S 15 1 5 3 3 8 1 11 12 3 1 48 51
€ 1 Se& 59 1 6 7 7 8 2 .8 7 '3 .2 6 5
S 2 17 15 ‘2 0 70 74 8 = 4 3 3 3 13 14
5 3 14 14 2 1 7 7 8 4 14 14 3 4 6
S a4 26 28 2 2 sO a8 8 S 7 7 3 5 6

"5 s 6 S 2 3 9 9 8 6 5 5 3 6. 3
5 6 7 7 2 4 18 18 9 0 28 27 3 7 4

"6 0 13 1a 2 5 8 7 9 1 11 10 3 8 3
6 1 20 19 2 6 4 3 9 2 16 16 4 0 15 1
6 2 10 10 2 7 3 4 g 3 6 6 4 1 32 3
6 3 4 S 2 8 5 5. 9 4 10 9 4 2 6
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Table 8 (COntinued)..

i1 3 40 39 8.1 29 29 ‘3 4 7 7
1 4 10 10 8 3 7 € 3 s 9 8
1 5 15 15 8 4 5 sS. 4 0 12 11
1 6 8 8 8 S 4 6 4 1 32 30
17 8 8 9 0 15 15 ‘4 ¢ z2 21
2 0 13 15 9 1 9 9 4 3 19 .17
2 1 s2 51 .9 2 10 10 4 4 21 21
2 2 18 19 9 3 7 6 4 5 22- 32
2.3 32 32 9 5 6. 5 4 6 10 10
2 .4 15 15 100, 00 13 12 5 G 42. 40
2 5 6 5 10 1 22 22 'S 1 .23 a3
2 6 € 6 10 2 8 8 & 2 36 34
3 0 12 12 10 3 4 € s 3 23 24
3 1 22 24 10 4 7 6 S 4 15 14
3 -2 36- 35S 11 2 6 5 S 5 18 18
3 3 22 21 ' s 6 7 8
3 4 19 19 . H = 8 6 © 7 6
3 5 17 17 K L FO FcC 6 1 11 .11
3-6 13 112 0 0 34 37 6 2 9 10
3 7 .5 5 o 1 11 12 6 3 8 7
4 0 11 11 0 2 29 25 6 4 5 5
4 1 29 29 o 3 3 4 6 S5 11 11
4 2 22 21 0O 4 32 33 6 7 6 6
4 4 11 11 0 5 8 S 7 0 4 S
4 S5 11 12 06 5 6 7 1 15 16
4 6 20 20 o 7 4 2. 7 2 11 12
S 0.20 21 o 8 5 4 7 2 4 4
S 1 14 13 1 0 S1 S2 7 4 17 9
5 2 20 19 1 1 €8 6€ 7 S 8 8
5 3 4 S 1 2 2r 27 8 0 4 a4
5 4 14 13 1 3 15 15 8 1 16 17
5 5. 16 16 "1 4 34 33 .8 2 6 7
5 6 14 14 1. 5 20 20 8 3 7 7
€ 0 16 15 1 6 10 .10 8 4 3 2
6 t 19 19 17 8 8 8 6 4 4
6 2 15 15 1 8 9 10 9 0 31 31
6 3 14 15 2 1 13 12 9 1 12 12
6 4 16 16 2 2 16 15 9 2 15 14
6 6 6 6 2 3 15 15 9 3 14 14
6 7 4 S. 2 4 11 10 9 4 4 4
70 6 7 2 5 16 16 10 0o 7 7
7 1 12 12 2 6 9- ¢ 10 1 9 8
7 2 13 13 2 7 7 7 10 z 13 13
7 3 9 9 2 8 6 5 100 3 10 11
7 4 10 9 3 0 15 1% 10 4 4 3
7 5 5 5 3 1. 11 10 11 0 3 4
7 6 € 6. 3 2 37 35 11t 77
8 0 12 12 3 3 28 29 ‘
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'Table 8 (Continued)

19.

19

13

13

11

12

21

21

29 29

1

15

15

[ 4}

13

12

16
40

16 -
40
36

10
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33

34

'8

13
15

13
18

10
10 -

37
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20 -
11.
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11

20
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11

.13 12
12 13
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21 20
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37
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16

10

7

36
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48
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39
48

27
13

12
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47
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.12

13
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19
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12
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L Y
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13
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't}

17

11
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12
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10
11
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59

10
L FO
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48
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15
13
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48
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14
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72
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17 1.7
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62 63
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21
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56 53 8
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Table 8 (Continued)
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Table 8 (Continued)
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Table 8 (Continued)
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Table 8  (Continued)
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Table 8 (Continued)
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‘Table 8 (Continued)
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'The'second-cyclohéxané.ring.again exiéts in a chair con-
forﬁation with C(26) and 0(32) at fhé bfidgehéad.positions
existing in-a trans diaxial arrangement. The heterocyclic
ring exists in a twisted conformation with H(lO)lin a
péeudo-éxial position and C(é?):being pseudo-equatorial.
Inspection‘of Dreiding;modeis indicates that the whole
molecule with the -exception of the isopropyl'aicohol moiety
is exﬁremely rigid. A hydrogen bond éxists between fhe
inddlenitrogen'shydfogenfﬂ]) and oxygen atom of the '
acetone of crystallization‘with distances N(1) - H(1) .88%,
H(1) - o.(4'.) 2.004, and N(l”)(-'O(A4') 2.88} and with the N(1) -
H(1) - 0(4') angle being 173°. Also present in the crystal
structure are two additional hydrogen bonds.‘ One intra;
molecular one between H(30) and 0(31) has distances 0(30) -
H(30) .80k, H(30) - 0(31) 2.06%, and 0(30) - 0(31) 2.714
with lthe angle delineated by o'(so) ~ H(30) - o‘(31) being‘
137°. The other intermolecular bond between H(32) and 0(30)
has distances 0(32) - H(32)..94%, H(32) - 0(30) 1.884%,

and 0(30) - 0(32) _2,8111 with an angle of 172° for o“(se)' -
H(32)'- 0(30). Ihere.are no other abnormally short inter-
moleéular contacts and all bond distances and angles agree
' wel1 ﬁith generally accepted values (23).

The chemical Structuré as determinéd'by X-ray diffrac-v

tion analysis is consistent With the physicél data pre-

viously reported (42) (vide supra). More detailed 100 MHz
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pmr experiments were carried out with acetone-de as solvent
‘and TMS as an internal standafd at §0.00. Assignments of

' the absorptions listed below‘are made with reference to

Fig. 2. The spectrum showed abéorptions at 61.04, é, 3H,
CHs (26); 1.22, s, 6H, CHs (28, 29); 1.40, s, 3H, CHs (25);
1.7-2.95, bm, CH, CH> (5, 6, 14, 15, 16, 17); 3.70, d,

J=2 Hz, 1H, CH (9); 4.05, s, 1H, on (3:2)"; 4:.0‘8%, s, 1H, OH
(30); 4.94,_m,-lH',' CH (7); 5.85, d, J=2 Hz, 1H, CH (11);
6.95, m, 2H, CH (21, 22); 7.30, m, 2H, CH (20, 23); 9.82,

s, 1H, NH (1). Irradiation of the multiplet at &.94 col-
lapsed the doublets aﬁ 63.70 and 65.85 to éinélets. Irradi-
ation.at. §1.85 sharpened the multiplet at 84.94 to a broad

| siﬁglet. Addition of D20 to the sample éaﬁsed the disap-
pearance of'absorptions at 64.05, 4.08 and 9.82. The 61740
.resonance was aséigned to CHa (25) on the basis df.the ex-
pected deshielding by the neiéhboring hydroxyl and proximity
to the ardfnatic r'ing; Addition of Eu(fod)s caused a shift of
the $4.08 peak to lower field at the samé time the isopropyl
moiety was affected to approxiﬁately the same extént while
the protons on the NH and the other hydroxyl were relatively .
unaffected. Iﬁ7addition,.the Cﬁ spectrum‘sﬁowed positive

Cotton effects for two bands ([6]335nm 4+ 5,0 x 103;

' ' 4 . B . _
[G]SOOnm + 1.09 x 10%) while a third band at shorter_wave

length appeared to give a negative Cotton effect but only

- . part of this band was observed. The significance of the CD
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spectrum to”the,_"absoluj:e configuratioh of paxilline 15 will
be discussed in the next part of the dissertation when the
absolute configurations of paspaline }é and paspalicine

17 are considered.
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Baokground - Paspaline and Paspalicine _
The fungal metabolites paspaline lé'and paspalicine

17 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 asymmetric centers in paspalineﬁgéiwere determined
<by-chemioal aod bhysical methods, howerer; no comment was
"made about the stereostructure of the olosely related pas-

‘ pelicine lZ' Single.crystal X;ray diffraction experiments
were_carried out to determine the oonfiguration of the
1eSt,two chirel centers in paspaline lé_as well as to
Hestablish the stereostructﬁre of paspalicine 17" It was
also of 1nterest to. determine how closely the configurations

'of these two metabolltes corresponded to pax1111ne 15.

iA Experlmental - Paspallne
Crystals of paspallne 16 CgaHagNOg,lwere grown.from
methanol and crystalllzed 1n the orthorhomblc space group
» Pgialz wlth g==49.388(5),_E;=6.527(1), and g;=7.891(1)A.

- The crystalipgraphic unit cell contained 4 molecules of .

paspaline 16 and 2 molecules of methanol (vide infra) for

_a calculated density of 1.1¢ g/cc. Data were collected
u31ng graphite monochromated” Cuk,, radiation (A =1.54181})
and an automated four circle dlffractometer. 0f the 2088
| ‘reflections measured Wlth 26<114°, 1535 (74%) were oon-

sidered observed (I > 30(I)) after correction for background
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leffects. Lorentz.and pdlarization éorrécfions were sﬁb;v.
sequently appliedg(18)? Systematic abéenca&‘of hOO'
(h#2n) and OkO (k#2n) strongly indicated the space group
P21212' Structure solution was carried out using a multi-
solution‘direct methods approach (20).' Subsequent least-
sqﬁafes'refinemenfs (21) and'differencémméﬁs.indicated
:thatlmethanol_was{present in the crystal. structure. In-
clusion of the methanol with furtﬁer'leastrsquares refine-
ments using anisotropic témperature factors for the non-
hydrogen atoms and isotropic temperature féctors for the
'hydrogen atoms lowered the conventional unweighted R factor
to its present value of 3.84 (19, 21). Tables 9, 10, 11
aﬁd 12 contain the‘fractional céordinates, bond distances,

bond'angles.and observed and calculated structure factors.

Discussiént- Paspaline .

The X4ray'structure detefmination confirmed the
relative stereochemiéal details as have been breviously
determined (45), i.e., the configurations around C(4),
c(7), c(9), c(lé),, and C(13). 1In ‘addition the methyl
grdup-at C(S)'is.zzggg to both ‘the methyl at C(4) and
'the hydrogen at C(16). This information consequently com;
pletes the absolute configuration of paspaline lé,
Paspaline lé, thus;-possesses the same basic hexacyclic

array as paxiiline ;g'previously»déscribed.< The major

structural differences are that paspaline lé does not
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Figure 3.. A computer generatéd perspective

drawing from the crystal structure of paspa- .

line (16) with hydrogens and the molecule of .
methendl omitted for clarity.
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Table 9. Final fractional coordinates for paspa-.
line (16) with the estimated: standard de-
viation of the least significant figure
given in parentheses. The numbering
scheme refers to Figure 3 with the primed
numbers refering to the solvent molecule
of methanol.: . :

1 .71462(5 4338(4) -.0890(3
2 .69341(5 . 3346(59) -.1648(4
3 .66279(5 .3566(5" -.1668(3
4 .64680(5 .3578(5 - .0060(4
5 .65068(6 .5600(6. .1004 (5
6 .63211(6 .5840(6) .2647 (4
7 .60305(5 .56582(5 .1992(4
8 .58586 (4 .5995(3 .3429(3
9 .55805(6 6262(6 . .2966(4
10 .54741(6 .4479(7 - .1930(5
11 - .56676(6 .3914(7 .0480(4
12) .59615(5) .3614(5) - .1122(4)
13 .61582(5 .3357(5 -.0402(4
14 60977 (7 .1448(6 -.1506(4
15) . = .62696(6)- L1361 (7 -.3128(4
16 65621 6; 1508(6 -.2603(4
17 67964 (6 .1188(7 -.3889(4
18) .70277(6 .2101(5 -.2897(4
19 ‘ .73161(6 2237(5 -.2918(4
20) .75233(6 .1329(6 -.3852(4
21 77874 (6 .1836(5 -.3529(4
22 . .78502(6 .3269(5 -.2274(4
23) . .76512(6 .4183(5 -.1291(4
24 .73841(5 .3671(4) - -.1636(4
25 : .65710(8 .5445(6 -.2782(5
26) 65824 (7 .1839(6 .1176(4
27) . - .54241(6) 6667 (6 T .4626(4
28 .54586(8 .4934 (8 .5886(6
29 . .55069(9 .8690(9 .5372(7
30 .51407 (4) - .6812(4 4194 (3
31 . .59635(8 .1802(6 _.2361(5
1) - . .7135(5 .508(5 -.002(4
SA .6703(6 .556(5 .140(4
5B .6456(5 .668(5) - .016(4
6A .6355(5 .484(4 .345(4
6B .6340(6 .731(5 .302(4
7g "~ .5992(5 B671(4 L117(4
9 . .5576(5 .758 (4 T .227(3) -
lOA; .5457 (5 .336(5 277 (4
.5296(7) .482(5 ©.138(4
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Bond distances in angstroms 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.
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Table 11. Important bond angles in degrees of
paspaline (16). Estimated standard
deviations of the least significant
‘figures are given in parentheses.
The numbering scheme refers to Fig-
ure 3.

: céz) - N(1) - c(24) T 7 108.4(2
N(1) - ¢(2) - C(3) 136.2(3
N)1) --Cc{(2) -¢C 18; 109.8(2;
c(3) - c(2) - c(18 1124 8¢ 2) -
c(2) -c¢(3) - Cc(4) . 119.4(2):
c(2) -c¢(3) - c(16) - . 97.5(2
c(2) - C(3) - C(25 105.3(2
c(4 - ¢c(3) - c(16 107.9(2
c(4 - Cc(3) - c(2e5 113.6(3

c(16) - c(3) - C(25 112.2(2
c(3) - ci{4 - ¢(5) 111.3(2

- c(3) - c(4) - cC(13 106.6(2
¢(3) - cC(4) - C(26 107.8(2
c(s5) - C(4 - Cc(13 108.2(2)
c(s) - c(4) - c(26 108.1(2

c(13) - ¢c(4) - Cc(26 - 114.8(2
Cc(4 - Cc(5) - c(6 113.6(3
c(s) - c(6) = c(7 ©109.3(3
c(6 ¢(7) - c(8 108.7(2
c(6) - c(7 - C 123 - 114.3(3
0(8) - c(7 - ¢(12 110.9(2

c(7 0(8 - C(9) ©112.6(2
o(8) - c(9) - c(10) 112.1(2
o(8) - c(9) - c(27 106.5(2
c(10) - ¢c(9) - c(27 114.5(3
c(9) -.c¢(10) - C(11 111.7(3
¢(10) - €(11) - C(12 _ 111.7(3
C 7§ - ¢(12) - c(11 , 104.1(2
c(7) - .Cc(12) - C(13 - 107.5(2
c{7) - c(12) - c(31) - “112.4(3-
c(11) -'c¢(12) - Cc(13 ‘ 110.2(2
c(11) - c(12) - ¢(31) 108.2(3
c(13) - c(12) - C(31 113.9(3
C 4; - ¢c(13) - c(12 ‘ 114 .6(2
c(4 - C(13) - c(14 112,.9(2
c(12) - ¢c(13) - C(14 . 113.6(2
c({13) - c(14 c(15)- 113.0(3
c(14) - c(15) - c(16 ' 0 107.4(3
o 33 c(16 c(15 112.5(3
Cc(3 c(16 c(17 105.6(3
c(1s) - c(16) - c(17 121.8(3
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Table 12. The observed and calculated structure factors for
paspallne (16). ‘

H= 0 1 7 7 7 1 5 7 7 2 1 12 12
K L FO FC 1 8 11 12 1 e 12 12 2 2 83 83
0 1 49 49 2 0 47 4s 1 7 15 15 2 3 34 34
0 2 93 95 2 1 S5 94 2 0 48 47 2 4 6 6
0 4 21 21 2 2 €6 64 2 1 28 26 2 5 11 11
0O 7 16 16 2 3 56 56 2 2 46 47 2 € S S
1 't 60 57 2 5 15 15 "2 3 19 18 2 8 € 6
1 2 80 81 2 6 17 1€ -2 4 12 12 3 0 45 45
1 3 6 4 2 7 9 9 2 5 é 6 3 1 35 3a
1 4 € 9 "3 0 13 12 .2 6 8 9 3 2 46 44
1 5 5 & 3 1 38 38 2 7 7 7 3 3 36 37
"2 0. 9. 7 3.2 47 44 2 8 6 7 3 4 15 15 -
2 1 23 31 3 3 z6 2¢ '3 ¢ 20 21 3 5 20 20
2. 2 16 15 3 a 9 10 3 1 26 34 36 20 19
2 2 14 13 3 5 13 12 3 2 37 36 4 0 18 18
2 4 14 14 2 6 6 € 3.3 20 19 4 1 12 12
2 7 9 9 3 7 6 .7 3 4 30 30 4 3 19 19
2.1 40 38 4 0 7 7 '3 5 10 11 4 4 12 11,
3 2 86 85 4 -1 10 10 3 7 6 7 4 5 .11 12
3 '3 27 27 4 2 11 12 4 0 11 11 5 0 12 13
3 4 22 23 4 3 9 S 4 1 12 12 s 1 s 4
3 5 11 11 ‘4 4 15 1€ .4 3 15 15 5 3 6 €
2 € 15 16 4 5 15 14 4 4 14 .15 5 4 12 12
2 7 4 5 5 0 12 11 "4 S5 21 2Zi 5 6 S S
.4 0 75 74 S 1 19 19 5 0 36 37 6 1 e S
4 1 11 11 S. 2 18 18 ‘5 1 27 27 6 2 12 12
4 4 9 9 s 3 6 8 E 2 .9 8 6 4 4 s
4 6 g 9 -5 4 .10 11 5 3 3 5 7 1 7 6
S 1 16 16 € s - 7 € 5 4 12 11 ’
S 6 8 .8 6 0 13 13 6 .2 11 10 H = 4
€ 0 20 19 6 1 10 10 6 3 9 9 - K L FO FC
6 3. &4 & 6 2 6 4 0 0 45 60
7 1 -4 4 &6 4 4 4 H= 3 0 1 S9 107
S K L FQ F¢C 0 2 49 47
H= 1 H= 2 0 1 1C7 108" 0 3 22 22
K L Fg FC K L FO FC 0 2 27 .25 0 4 18 19
0 1 &7 85 0 0 24 4g 0 3 15 14 0 5 15 14
0 Z 23 3s 0 1 68 74 0 4 7 6 0 6 5 4
0 3 6 6 0O 2 69 70 0 ¢ 4 5 0 8 6 6
0 5 S 8 o 3 3 4 0o 7 17 17 1 0 83 -89
c € € 6 0 4 30 30 0 8 19 19 1 1 90 91
0 8 16 16, 0 S5 18 18 1 0 30 =27 1 2 63 63
1 0113 121 o 7 7 7 1 1 §5 67 1 3 4 6
1 1 155 161 -1 0 109 116 - 1 2 18 18 1 4 8 . 8
1 2 23 22 1 1 103 1C9 1 4 12 12 1 5 14 14
1 3 17 17 1 2 7713 76. 1 5 5 6 1 6 10 1¢C
1 4 11 10 1 3 1 G . 17 9 10 1 7 14 14
1 5 15 15 1 4 7 7 2 0 €1 62 1 8 6 S
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" Table 12 (Ccritinued)

2 3 36 24 3 1 10 11 '3 z 40 38
2 &4 20 29 3 2 36 36 3 3 18 18
g S S 3 3 3 9 8 3 a 8 8
2 6 24 23 3 4 18 18 3 & 26 :zé
3 0 9 9 3 s 6 6 3 6 10 9
3 1 26 26 3 6 12 14 4 0 13 14
3 2 26 25 3 7 5 4 4 1 11 10
'3 I 14 13 4 0 9 9 4 2 17 117
3 4 14 14 4 1 16 1% 4 3 16 16
3 5 22 23 4 3 11 11 4 4 13 1%
2 6 1z 1z 4 4 17 17 5 0 11 12
"4 1 24 24 4 5 7 8 s 1 6" S
4 4 7. 8 4 6 7 7 5 2 9 9
4 5 S 5 s 0 S € s 3 7 7
4 6 5 4 5 1 11 11 5 4 9 8
S 0 10 10 S 2 1t 10 5 5 5 5
S 1 5 7 5 4 7 e E O 5 3
5 2 7 7 6 1 7 8 6 1 7 X4
€ 3 1S 19 6 2 5 5 6 2 6 6
5 a 5 4 6 3 6 -5
5 5 9 9 H = 10
6 Z 10 10 'K L FO FC H = 11
6 3 9 9 0O 0 65 78 K L FO FC
0 1 35 36 0 1 .22 21
H= ¢ 6 2 =1 23z ¢ 2 25 23
K L FO Fc¢ o 3 5 4 0O = 11 10
0O I 56 49 . 0 4 18 18 0 4 17 17
02 76 76 0 5 g. 8 0 5 4 4
0 3 20 20 0O 7 16 16 0 6 S 4
¢ 4 s8 57 ¢ 8 '5 5 1 0 €65 66
0 6 .17 17 1 o0 37 3¢ 1" 1 37 35
0O 7 16 16 1 1 18 17 1. 2 10 11
1 0 €4 s6 1 2 23 23 1 3 26 26
1 1 31 29 1. 3 34 3= 1 4 14 14
1 2 36 36 1 4 14 14 1 5 20 2
1 3 1S 18 1 s . 3 z1 1 6 12 12
1 4 15 15 1 6 12 12 1 7 7 6.
1 5 16 16 1 8 10 9 2 1 5 5
1 6 ? 8 2 0 3= 37 2 2z 13 13
1 .7 12 12 2 1 20 20 2 3 21 21
€ 0 & 23 .2 2 17 17 2 4 7 7
2 1 23 22 2 3 28 28 e S5 17 16
2 2 10 10 2 4 4 4 2 6 19 19
g 3 1€ 1is 2 5 25 2¢ 2 7 8 8
2 5 14 10 2 6 16 15 2 & 7 7
¢ -6 2z 22 2 7 9 9 3 0 18 18
2 8 8 8 3 0 5 & 3 1 12 12
3 0 22 24 3 1 5 7 3 2 17 17
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Table 12 (Continued)

3 4 11 11 4 1 8 € 4 2 7 7 6 0 15
3 5 19 19 4 2 6. 5 4 3 12 12 6 3 s
3 € 17 17 4 3 9 9 4 4 13 14
3 7 9 10 4 4 16 16 -4 € 7 7 . H = 16
4 0.13 13 4 5 6 6 s 0 117 17 K L FO
"4 4 20 20 4 6 10 S s 1 8 7 0 0 s2
4 -5 14 15 'S 0 20 21 S 2 11 10 0 1 43
"5 0 S 9 s 3 11 12 5 3 13 13- o 2 33
s 1 77 6 0 6 € 0 3 25
5 2 .8 8 6 1 7 8 H = 15 . 0 4
s = € 6 € 2 7 .7 K L FO F€C 0 S5 19
5. 4 9 9. -6-.3 10 9 0 1 8 7 0 6 7
5 5. 4 5 0o 2 20 19 o 7 4
€ 1 12 11 H = 14 0o 3 27 27 o 8 9
6 2 S 3 K L FO FC 0 S 17 17 1 0 41
-6 3 6 6 0 0 13 10 o.6 7 8 1 1 18
6 4 6 6 0 1 €0 s32 0O &€ 16 16 1 2 33
' 0o 2 8 8 1 0 12 11 1. 3 5
 H=.13 0 3 72 72 1- 1 17 18 1 &4 17
K L FO FC 0O 4 32 32 1 z = z 1 5 16
0 1 48 47 0 5 23 23 1 3 18 17 1 6 5
0 3 90 88 -0 6 8 € 1 4 6 6 1 8 s
C 4 26 26 1 0 s 7 1 S 10 .10 2 0 8
0 5 1§ 19 1 1 26 25 1 6 8 8 2 1 12
0 6 9 8 1 2 30 2¢ 1 7 4 3 2 2 14
1 0 12 13 1 3 34 33 1 8 11 10 2 3 12
1 1t 32z 33 1 4 28 28 2 0 22 22 2 4 10
1. 2 17 17 1 S 11 11 2 1 1€ 16 2 5 14
1- 3 58 58 1 6 7 7 2 214 13 2 7 12
1 a4 3¢ 36 1 7 7 7 2 3 4 3 3 1 11
1 5 16 16 1 8 8 8 2 4 5. 4 3 2 14
‘T 6 15 14 2 0 o 6 2 S 8 8 ‘3 3 5
1 77 7 2 1 35 3¢ 3 0 14 . 15 3 4 11
.1 8 7 8 2 2 17 17 3 1 8 9 3 6 €
2 0 S€ S6 2 3 13 13 3 2 21 20 4 1 17?7
2 1 2 13 2 5 27 26 2z 7 7 4. 2 e
2 2 2&6 26 2 6 13 14 3 4 11 11 4, 3 8
z 2 10 10 2 7 6 7 3 5 s 5: 4 4 7
2 5 27 28 3 0 17 -16 3 € 7 7 4 5 4
2 6 10 10 3 1 17 17 4 0 s 4. sS. 0 6
2 7 12 12 Z £ .13 12 4 2 10 10 5 1 8
3 0 17 17 3 3 15 15 4 3 7 6 s 2 s
3 1 18 18 3 4 19 19 4 4 6 6 5 3 9
3 2 7 7 3 s 6 7 4 € 7 7 5 4 S
3 4 17 16 3 6 6 6 s 1 7 6 6 0 4
2 8 z1 21 3 7 10 g 5 2 13 13 6 2 5
3 6 17 17 4 0 13 14 s 3 17 17
3 77 8 4 1 8 8 5 5 5 6
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Table 12 (Continued)
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Table 12 (Continued)

4

No OO ®

5 4 5 4 1 0 15 14 - 3 6 S s 0 4 7
€ O a4 1 1 21 20 4 1 7 3 0 5 8
6 1 12 11 1 2 16 1g 4 2 7 8 0O 7 10 10
- 1 3 9 .10 4 3 7 8 1 0 10
. H = 27 1 4 18 18 a 4 6 6 1 2 13 13
K L FO FC 1 S 10 10 4 € & & 1 3 &
0O 1 10 10 2 0 21 21 5 0 9 8 1 4 12 13
o 3 S 8 2 1 7 - E 5 1 5 s 1 6 13 13.
0o 7 12 12 2 3. 34 35 : 2 0 13 13
T 0 10“ 10 2. 4 15 15 H = 307 201 s
1 1 20 19 2.5 5 s K L FO FC 2.2 13 12
1 2 22 21 3 ¢ 6. 7 0 0 .26 26 2 3 12 13
1 3 7 8 3 2 27 27 o 1 27 27 2 4 15 16
1 4 10 10 3.3 15 5 o z = 2 2 5 5
1 5 s s 3 4 13 12 o 3 17 17 2 6 4
1 € € 5 3 & 16 1€ 0O &4 11 11 3 1 10 11
1 79 9 4 1 8 8 0 -5 12 11 3 2 14 14
2. 0 5 5 4 2 11 11 0 6 4 4 3 3 18 18
2 1 ' s 6 4 3 .9 10 0 7. 8 8 3 4 20 21
2 2 13 13 4 5 - 7 6 1 0 14 14 4 0 10 11
2 2 20 21 s 1 5. S 1 1 12 12 4 2 8
2 a4 7 6 s° 3 10 1¢C 1 2 9 9 4 3 s
2 5 19 19 5 4 5 5 .1 3 18 17 s o 7
2 6 10 10 1 4 12 12 5 1 9
3 1 8 8 H = 29 1 & 15 15 s 2 g -
2 211 11 K L FO FC 2 1 8. 9. S5 3 12 1
3 3 22 22 0 & 15 14 2 2 7 7 ‘
3 4 17 17 o 3 15 18 2 4 7 6 H = 32
3 s 7 7 0 5 21 21 2 -5 15 15 'K L FG FC.
4 0 6 6 o € s 4 3 0 12 11 0 0 11 11
4 1 12 12 1 O 9 10 .3 1 7 7 0 1 20 20
4 2 7 8 1 1 9 9 3 2 16 15 0 2 18 18
4 3 7 7 1 2 5 4 3 3 7 8 o 3 17 17
a 4 6 6 1 .3 33 33 3 4 15 15 0 5 11 11
S 0 10 10 1 4 11 .11l 3 s 5 G 0o &6 11 10
5 1 11 11 1 5 8 8 4 0. . 8 9 1 0 s
s 2 14 13 1 6 10 10 4 1 13 14 1 2 20 =20
6 0 6 6 1 7 10 10 4 2 10. 10 1 3 12 11
6 1 6 4 2 1 14 14 4 3 14 14 1 a4 s 11
2 2 17 17 4 4 7 5 1 5 10 11
H = 28 : 2 3 zs 26 5 0 8 7 2 2 5 4
K L FC Fc 2 4 36 36 5 2 6 5 2 3 1€ 1€
0 0 35 35 2 'S 6 6 s 3 4 4 2 4 27 27
0 1 23 23 2 6 5 & " 2 5 9 9
0 2 44 44 3 1 6 5 H = 31 2 6 4 4
0 & 20 19 3 3 16 16 K L FC FfC 3 1 s 5
0 6 7 7 3 4. 10 10 0 Z 23 &3 3 2 7 6
0 7 15 14 3 5 7 5 0 3 17 17 3 3 9 9
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Table 12 (Continued)
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contain the a,ﬁ-unsaturated ketone functlonality nor the

- hydroxyl group at C(13), but instead possesses a ter-

tiary methyl group at C(l2) which is trans to the hydrogeh

at C(7). The relative oonfigurations of the 6 corresponding.
’stereochemlcal centers of paspallne 16 and paxilline 15

f.are identical. Bond dlstanceséand;angleswof paspaline 16
-are normal (23) and corfesﬁond quitechoseiy to those found
in paxilline 15, - The methanol that co-o?ystallizes is

found in the special position b (0, 1/2, z; 1/2, 0, ;z) on-

- a twofold axis alohg-z. This allows for a‘specialvhydrogen‘A
bonding arrangement. The 0(30) hydroxyl group forms an
intermoiecular hydrogen bond with 0(30) of another molecule -
related by a two-fold rotation around z with an 0(30) - 0(30!")
distance of 2.744%. A hydrogen bond also exists betﬁeen

0(30) and ﬁhe hydroxyl group of the solvent methanol with an
interatomic distance of 2.73%. Because of the twofold ro-
Aftation axis difficulty.was_experienced in the determination
of the oorrect positions for the hydrogen atoms of the hydroxyl
groups as well as the methyi h&drogens-of»the methanol. No
other abnormally close intermolecular contacts were fouod in
she crystal structure,':faspalineAlg wasttested as has beehA
previously oescribed (42) but foﬁnd‘to possess neither toxic

" nor tremorgenic act1v1tyo A study of the blosynthe51s of
paspallne 16 as well as paspalicine 17 is currently in A . ,

“progress 1n Professor Arlgonl s laborat:rles at the ETH in

Zurich.
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Experimental - Paspalicine

Paspalicine ll:~027H31N03: was driginaliy crystallized

from methanol in the monoclinic space group Pz with a=

13.439(2), b=11.740(1), ¢'=15.,295(2)} and g=97.38(1)° with

- Z2=4. After a number of unsucéessful attempts to solve the

crysfal structure using direct?méthod%; paspalicine 17 was

érystallizéd ffom acetoﬁe to fbrﬁ larg§5ﬁéedles, mp.‘~240
(dec.). The space group of the recrysﬁailized material was
lezlzi with g=9.706(»1), b =10.670(1), and c=21.775(2)4
for a calculated density of 1.23g/cc for Z=4. Data were
taken as previously described and of the 1787 reflections
measured 1583 (894) were considered observed (I > 30(I))

and then corrected for Lorentz and polarization effects (18).

Structure solution was again successfully acComplished.thrpugh

‘the use of a multi-solution tangent formula approach (20).'

All 31 nonhydrogeﬁ atoms were found in the E-map giving the

highest.combined figure of(merit; Subsequent full matrix

least-sqﬁares refinements (19, 21) lowered the unweighted
residual index (leactor) to S.S%Auéing anisotropiq tempera-
ture factors for ﬁhe nonhydrogen afomsAandiisotrbpic teﬁpera-
fufe faétors for the hydrogen atoms. Figure 4‘is a‘cbmputer

generated perspective drawing of‘paspalicine 11., Tables 13,

" 14, 15, and 16 contain the fractional coordinates; bond

-tufe factofs.

. distancés, bond angles, and observed and calculated struc-
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Figure 4. A computer generated perspective
drawing from the crystal structure of pas-
palicine (17) with hydrogens omitted for-
clarity. = _ '



39



85

Table 13. Final fractional coordinates for paspal-
: icine (17) with the estimated standard
deviation of the least significant fig-

ure given in parentheses. The numbering
"scheme refers to Figure 4. -

N(1 .2842(2 .4915(2 .8308(1
c(2 .1810(2 .5554(2). .8015(1
c(3, .0533(2 .6266(2 .8201(1
Cc(4 -.0387(2 .5703(2 8720(1
c(s .0301(3 .5830(3 .9365(1
c(6 -.0680(3 .6240(3 .9883(1
c(7 -.2061(2 .5622(2 .9821(1
0(8 -.2982(2 .5991(2 1.0294(1
c(9) -.4028(2) .5048(2 1.0241(1
c(10 -.4859(2 .5252(2) L9663 (1
c(11 -.4089(2 .5774(2 .9150(1
c(12 -.2725(2 .5934 (2 .9203(1
c(13 -.1785(2 b442(2 8714 (1)
c(14 -.2466(2 .6553(2): .8078(1
c(15 -.1507(3 .7013(2 .7570(1
c(16 -.0241(2 .6178(2 .7575(1
c(17 .0896(3 6252(2 L7074 (1
c(18 2044 (2 .5583(2 .7398(1
c(19 .3319(2 .4948(2 .7286(1
c(20 .4119(3 A676(2 b6765(1
c(21 .5287(3 .3954(3 .6829(1
c(22 .5676(3 .3480(3 .7399(1
c(23 .4925(3 .3754 (3 L7924 (1
c(24 .3770(2 .4516(2 .7864(1
c(25 .0974(3) .7636(2 .8339(1
c(26 -.0664(2 .4313(2 .8592(1
c(27 -,3152(3) .3838(2 1.0210(1
c(28 -.2725(4 .3406(4 1.0847(1
c(29 -.3754 (4 .2768(3 .9838(1
0(30 -.1925(2 .4293(1 .9900(1
0(31 - .6074 (2 4944 (2) .9636(1)
H(1) .299(3 .480(2 .868(1
H SAg .103(3 642(3 .936(1
H(SB .069(3 .493(3 .946(1
H 6A; -.080(3 .718(3 .989(1
H(6B -.031(3 .600(3 1.027(1
H(9) -.461(3 .511(3) 1.059(1
H 11g -.465(3 .595(2 877(1
H(13 -.158(2 .735(2 .886(1
H 14A; -.326(3 .710(2 .809(1
H(14B -.286(2 .570(2 L797(1
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‘Bond distances in‘angsfroms 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. ' ‘

) QOQOQQO‘O-QQOQQOQQOOQOQ,OQOOQOOOOOQQQOZ2

2) A' 1.370
24) 1.388
3) - .1.509

23 1.388
24) - 1.390
(28 ‘ 1.519
29 ' 1.516
30 1.452

1 C 3
1 c 3
2 o 9(3
2) -C(18) ©1.363(3
3) - C(4) . 1.560(3
3) -¢C 163 1.560(3,
3) - c(es 1.552(3
4) - C(5) 1.561(3,
4) - C 13; 1.570(3
4) -~ Cc(26 . 1.532(3
5) - C(6 . 1.540(3
6) - C(7 - 1.500(4
7) - 0(8  1l.420(2
7) -C 123 1.529(3
7)) - 0(30 1.434(3
8) - ¢{9) 1.434(3)
93 c(10 1.510(3
9) -~ c(27 1.547(4
10) - ¢(11 1.456(3
10) - 0(31 1,227(3
11) - c(12) . 1.340(3
12 c(13 1.503(3
13 c(14 1.538(3
14) - ¢(15). 1.528(3
15 c(16) 1.518(3
16) - ¢(17 1.555(3
17) - c(18 1.501(3
18 c(19) . 1.431(3
19) - C(20) - .+ 1,404 (3
19) - C(24) - 1.411(3)
20) - C(21 1.378(4
21) - Cc(22 ) 1.392(4.
c 4
c 4).
C 3
C 4
0 3
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Table 15. Bond angles in degrees of paspalicine
" (17). Estimated standard deviations

oT the least significant figures are

given in parentheses. The numbering

scheme refers to Figure 4. o

c(e2) - N(1 c(24) 107.6(2)
O N(1) - c(2 c(3) . 136.6(2
N(1) -C(2) -C 18g 110.4(2
c(3) --c(2) - c(18 113.0(2
c(2. .c(3) - c(4) - 118.0(2
c(2) - c¢(3) -c(1e) 97.5(2
c(2) - c(3) - c(es " 107.4(2
c(4 - C(3) - c(16 '109,.5(2
C(4 - Cc(3) - c(25 112.4(2
c(16) - C(3) - C(25 111.0(2
c(3) - c(4) - c(s) 111.9(2
c(3) - C(4 - Cc(13 107.1(2
c(3) - C(4 - c(26 110.1(2
c(s) - C(4). c(13 109.5(2
c(s) - Cc(4 - c(26 108.8(2
c(13) - ¢c(4) - c(26 109.4(2
c(4 - C(5) - c(6 114.8(2
c(s) - c(6 c(7 111.2(2
c(6) - c(7 - ¢c(8 112.0(2
c(6) - c(7) - c(12 111.1(2
c(6) - Cc(7) - 0(30 109.9(2
o(8) - c¢(7 - ¢(12 108.3(2
0(8 c(7 - 0(30 104.2(2
c(12) c(7 - 0(30 111.1(2
c(7) - 0(8) - C(9) - 101.0(2
o(8) - c¢(9) - ¢(10 . 110.1(2
o(8) - c(9). - c(27) - 101.6(2
¢(10) c(9) - c(27 ©112.1(2
C 93 - ¢(10) - c(11) ‘ 114.9(2
c(9) - c(10) - 0(31 - 121.1(2
<c~11g - ¢c(10) - 0(31 "123.9(2
c(10) - c(11) - c(12) - 119.3(2
C 7; - c(12) - c(11) 117.7(2
c{7 - C(12) - €(13 116.5(2
c(11) c(12) - c(13) . 125.8(2
C 43 - ¢(13) - c(12 109.7(2
c(4 c(13) - c(14 114.7(2
c(12) - ¢(13) - C(14 113.8(2
c(13) - c(14. c(1s 114 .6(2
c(14) - c(15) -~ C(16 107 .4(2
C 3; c(16) - c(15 111.2 2§
c(3 c(16 c(17 105.6(2
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Table 16. The observed and calculated structure factors for
paspalicine (17). B '

. H= 0 216 13 14 5 8 37 38 8 0 13 13
K L FO  FC 217 .35 35S .5 9 .17 17. 8 .1 4 5
02 19 20 2 18 7 6 510 11 12 8 2. 5 s
0 4 149 173 2 20 14 14 $ 11 10 10 8 3 4 4
.0 6 82 85 2 21 2 c 5 12 21 21 8 & 7 8
o 8 z1 21 223 3 a 5 13- 9 9 & 5 10 10
.0 10 .14 14 3 1 81 84 S 14 4 4 8 6 15 18
0 12 21 21 3 2 18 18 5 15 4 3 8 7 18 18
0 14 20 20 3 3 40 40 5 16 16 16 8 8 11 11
016 5 S 3 4 33 33 5 17 17 17 8 9 9 9
0 1& 38 38. 3 s ‘15 14 S 18 16 16 8 11 18 19
0 20 25 25 3 6 20 20 S 19 4 4 8 14 15 14
0 22 8 8 3 7 20 19 5 21 13 13 8 16 10 10
1 1 43 44 3 8 21 z1 6 0 33 32 9 2 11 12
1 2 108 ‘129 3 9 23 22 6 1 17 17 9 3 € €
1 3 €€ 70 310 3 2 6 2 31 31 9 4 10 9
1 4 19 18 311 Z1 21 6.  Z 2] 8 9 S5 12 12
1 5 7 8 312 6 6 6 4 7 6 9 6 7 7
1 6 12 12 313 20 2¢ . 6 S5 19 19 9 7 19 19
‘1T 8 19 19 3 14 5 . 5. 6 6 9 8 9 8 4 4
1 9 31 30 315 s 5 6 7 16 16 9 10 .14 14
1 12 2 . 3 3 16 8 7 6 8 g 8 9:12 8 8
1 13 16 10 318 24 24 & § 4 5 9 14 8 &
1 14 20 19 31 29 28 6 10 11 11 10 1 ‘5 s
1 15 g 9 3 20 5 s 6 12 9 S 10. 2 12 12
1 16 28 28 3 21 5 5 6 13 3 3 10 3 S €
1 17 20 21 322 12 12 6 14 17 16 10 a 6 7
1 18 6 6 4 0 50 50 6 1S 7 7 10 6 6 6
-1 1§ 24 24 & 2 14 1a 6 16 ) s 10 8 & 4
1 20 5 - 6 4 3 14 14 6 18 6 6 10 9 10 10
121 &4 & 4. 4 6 s 6 19 11 11 10 10 7 7
1 22 = 3 4 S 32 32 7 1 12 12 10 11 4 5
2. 0 l4s 181 a 6 20 2¢C 7 2 11 10 10. 12 6 7
2 1 70 74 4 7 25 25 7 3 2. 2 11 3 4 S.
2 2 41 42 4 10 34 33 7 a4 20 20 11 4 6 6
2 3 47 49 4 11 12 11 7 & 13 13 11 S 3 4
2 4 44 -43 ‘4 14 14 15 7 6 4 4. 11 6 7 7
2 5 44 46 4 16 20 20 7 8 17 17
2 6 34 35 4 17 7 7 7 S 9 9 H= 1
2 7 43 42 4 18. 20 21 7 10 .18 18 K L FC: FC
2 8 1z 12 4 20 3 3 -7 11 -3 3 0 1 40 42
2 9 29 29 4 21 4 4 7 12 5 s 0 3 24 23
2 10 S 9 5 1 8 8 7 13 16 15 0 4 17 16
211 .5 5 5§ .2 33 30 7 14 11 11 0 5 2% 26
212 22 21 s '3 2 2 7 15 ) s 0O 6 31 30
213 7 7 5 5. 19 18 7 16 25 25 o 7 18 17
2 14 7 8 S 6 22 22 71 17 8 8 0 8 44 as
215 a 5 5 7 24 24 .7 18 & 5 0 9 47 46
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1 17 42 .42 319 15 16
1 18. 295 29 3 20 9 9
1 1S 10 9 321 7 7
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Table 16 (Continued)

10

6 10 10 013 23 23 2 18 3 4

-8 11 . 6 6 014 6 € 2.1 10 10
8 12 &8 8 015 9 8 .2 20 4 4

8 13 € 9 016 8 8 2 21 7 6

‘8 14 € 6 0.17 16. 1% 2 22 5 5
e 15 - & 8 018 6 6 3 0 14 13

"8 16 € 5 019 8 8 3 1 17 18
9 1 5 5 © 20 3 2 3 2  16- 16

S 2 15 115 0 21 6 7 "3 3 29 30

g 3 6 6 022 S s . 3 4 35 3

9 4 5 4 1.0 18 18 3 s 31 30

S S 13 -13 I 1 €1 63 3 6 4 4

9 & 16 16 1 2 31 31 3 7?2 a8 8
9 & 9 9 1 3 11 11 3 8 27 27

S 9 10 10 1 4 21 21 3 9 21 20

9 10 10 10 1 5 23 22 3 10 14 1a

9 11 5 & 1 6 13 12 .3 11 14 1a

9 12 9 9 1 7 26 ZS 312 14 14

9 13 10 10 1 8 &7 5§ 213 15 1%
g9 14 7 6 I 9 41 40 3 14 15 15
10 © 3 3 . 110 28 27 "3 15 s 6
10 1 1¢ 10 111 9 9 3 17 3 3
10 2 S 8 1 12 21 2¢ 3 18 19 19
10 3 9 9 1 14 3 3 3 1S 5 S
10 4 3 -3 1 15 13 14 3 20 7 6
10 5 5 4 ‘1 16 -8 8 321 . 3 2
10. 6 3 4 1 17 3 4 4 0 20 20
10 9 11 12 116 12 12 4 1 23 24
10 10 5 5 1.20 5 € 4 2 28 29
10 11 10 10 1 21 .5 5 qa 3 5 5
i1 o 4 4 2 0 29 27 4 4 37 .36
11 1 3 3 2 1 44 44 4 5 7. 7
£t 3 7 7 2 2 30 3o 4 6 13 12
1t 4 4 4 2 3 11 ] 4 7 19 .19
11t S5 10 10 2 4 65 66 4 8 16 16
' o 2 % 17 17 & 917 17

. H= 3 2 € 49 48 4 10 33 3%

K t FC FcC 2 7 37 36 4 11 25 25

0 1 19 16 . 2 '8 21 21 4 12 13 12

0 2 18 18 2 9 40 3¢ 4 12 14 13

o 3 7 7 2 10 37 37 4 14 10 10

6 £ 25 24 211 31 30 4 15 15 15

0 6 50 S50 - 212 12 12 4 1€ 16 17

0 7 30 29 2 13 22 22 4 17 2 3

0.8 a 4 2 14 8 8 4 18 13 13

0 9 28 26 215 7 7 4 19 10 10

0 10 e 3 216 14 15 4 20 ‘6 6

0 11 5S4 51 217 11 11 4 2} S &
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Table 16 (Continued)

7 7T 1 11 S 2.8 16 15
7 8 6. 7 H = .4 ‘ 2 S 4 3
7 S 13 12 K L FO €cC 2 10 12 12
7 10 - 4 4 0. 0 9 9 2 11 27 26
7 11 20 21 0 4 24 23 212 19 20
7 12 6 6 0 5 16 15 213 12 12
715 £ 5 0 6 . a 4 2 14 8 8
7 16 7 7 07 25 24 2 1% 6. 6
717 4 a 0 8 24 2a 2 16 17 17
8 0 27 27 0 9 21 3C° 217 11 11
‘8 1 10 10 011 31 31 2 18 3 3
'8 Z 1z 12 012 8 8 2 20 18 14
.8 3 26 26 0 13 12 12 2 21 4 a
8 S5 1€ 16 014 s - 5 3 0 25 2a
g€ 6 10 10 0 15 7 7 3 1 44 42
8 7 6 6 0 16 13 14 3 z 13 13
e 8 7 8 017 28 28 3 3 11 1
8 9 & 6 0o 18 8 S 3 a4 42 42
8 10 7 7 0 19 3 3 3 5 10 10
e 11 12 13 0 21 3 3 3 6 16 16
8 12 4 4 1 0 9 9 37 12 11
e 13 17 16 1 1 20 21 3 8 32 30
8 14 ? 6 1 .2 24 3 3 S 10 10
8 15 4 4 1 3 21 20 311 14 14
s 0 2.3 1 4 41 agQ 312 1t 10
9 1 16 16 "1 5 27 27 3 14 19 19
9. 2 8 8 1 6 7 8 3 15 9 9’
9 3 S 9 1 7 27 26 3 16 9 8
9 4 10 10 1 8 20 1S 3 17 13 14
9 5 13 13 1 9 3 2 3 18 10 10
'S 6 1z 13 1 11 7 7 319 9 9
9 7 11 11 112 . o 4 3 20 2 3

- S 8 4 3 1 13 22 23 3 21 5 5
IR b 5 114 3 2 4 0 eS8 ¢4
‘9 10 6 6 1 15 13 13 4 1 35 35
S 11 14 14 4 16 3 3. 4 2 '8 -7
9 12 7 7 1 17 3 2 4 3 .11 10,
9 13 .6 6 1 18 11 12 a 4 30 30
10 © 3 4 1 19 16 18 a s 30 29
10 1 9 9 1 20 . 7 6 4 6 6 6
10 2 14 13 2 0 18 19 4 7 14 13
10 & S 9 2 1 24 23 4 8 9 9

10 5 4 5 2 2 17 17 4 9 14 14
10 € 4 & 2 '3 29 3¢ 4 11 10 10
10 . 7 4 a 2 4 2 z 4 12 7 7
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Table 16 (Continued)

7 & 21 21 0o 4 3 3 2 18 7 7 5 12 12 12
7 6 15 16 0 S5 850 SC 2 1S 3 3 S 13 7 7
.7 -7 11 10 o v 7 7 .2 20 6. 6 S 14 3 2
7 & 8 8 o 8 3 2 3 0 10 10 5 15 9 9
710 5 5 0 9 35 35 3 1 19 19 516 -7 7
711 8 9 010 16 17 '3 2 26 26 S 17 12 11
7 12 3 3 o 11 12 13 3 3 38 36 5 18 7 7
.7 13 13 13 012 9 9 3 .4 11 10 6 0. 3 3
7 14 € S 013 14 14 3. S 4 13 6 1 4 4
7 15 8 8 -0 14 8 8. 3 € 4 4 6 2 14 14
e 1 S 9 0 16 22 23 3 7 s ler &6 4 3 2
8 2 14 14 017 2z1. 22 '3 & 12 .12 6 5 19 20
8 3 28 28 0 18 9 S 3 9 18 17 6 6 11 11
€ 5 14 14 1 0 44 43, 310 &4 4. 6 7 12 13
8 6 6 -6 1t 1 21 21 312 15 15 6 8 7T 7
8 7 9 9 1 2 12 1z 313 8 8 6 9 12 12
8 8 € & 1 3 26 26 3 14 6 6 6 10 9 9
8 9 17 17 1 4 12 12 3 16 3 4 6 13 13
g 10 S 9 1 5 14 14 3 17 13 14 6 12 11 11
8 11 € 6 1 6 17 1€ 318 4 3 6 13 11 11 -
8 12 s 5 S 4 8 8 3 19 3 3 6 14 7 7
.8 13 13 13 1 8 18 18 4 0 5 5 6 15 9 8
9 0 9 9 1 9 27 26 4 { IS ‘14 6 16 3 4
9 1 15 15 1 100 9 10 4 2 11 11 7 1. 14 14
S 2 € 6 Pt 11 11 11 4 3 11 11 7 2 4 4
9 3 a8 9 112 12 12 4 4 4 . 3 -7 3 .8 4
S & 6 6 1 14 17 16 4 s 8 8 7 4 zt1 217
9 S 77 1 15 20 20 4 6 11 1] 7 5 13 14
9 6 12 12 1 16 6 -6 4 8 ] 5 7 6 15 15
S 7 7 6 117 4 4 & 9 28. .28 7 7 18 18
g g 9 9 1 18 14 12 . 4 10 9 9 7 8 11 11
9 9 5 s 119 4 4 4 11 9 9 7 9 11 11
9 10 € 6 1. 20 . & 4 4 12 s 4 7 10 14 1a
9 11 4 4 2 0 15 1 4 13 18 18 711 21 20
10 o© 3 2 2 1 24 23 4 14 11 12 7 12 12 12
10 1 € 6 2 2 29 2s 4. 16 8 8. 7 13 4 a
10 2 3 2 2 3 8 7 4. 16 8 8 T 14 S 4
10 3 3 3 2 4 20 .21 4 19 8: 8- 7 15 6 6
10 4 6 6 2 5 €8 2% S 0 11 10 8 1 20 20
10 S 4 4 2 6 17 17 S 1 10 10 '8 -2 16 16
10 € 2 3 2 7 9 .9 's 3 21 21 8 3 7 7
10 7 3 2 2 9 15 1€ S -4 .11 11 8 a4 13 13
, 2 10 15 15 . 8% 5 10 10 8. 5 €. €
H= & 211 9 1¢C 5 6 9 9 8 7 10 9.
K L FO FC 2 12 3 4 S 8 11 11 8 8 & 6
c 1 12 11 213 4 3 S 9 10 1o 8 9 8 8
o 2 « 3 216 12 12 5 10 17 17 8 10 5 5
6 3 20 20 217 5 11 11 11 8 11 7 7

4 4



96

‘Table 16 (Continued)

9 0 . &8 9 113 9 9 4 . 7 11 13 12
9 1 6 o6 1 14 12 12 4 10 19 19 7 12 7 7
‘9 2 5 -4 115 13 12  4.11 14 15 713 3 9
s 3 4 . a 1 17 8 - E 4 13 8 8 8 1 77
9 4 10 10 . 118 2 2 4 14 10 10 8 2 a 2
9 5 4 5 119 7 8 4. 15 6 7 8 3 8 8
9 6 6 -6 2 2 13 13 4 16 3 3 8 4 6 6
s 7 S 5 2 3 14 14 4 17 3 2 8 6 9 8
9 8 .71 7 2 &4 13 13 S 0. 16 - 16: 8 7 8 8
9 9 3 4 2 e 11 11 s. 1 3 3 8 8 4 s
1¢c 0 5. 5 2 7 25 2a Se 27 7 7 8 9 5 s
10 1 11 11 2 8 5 € s 3 5 4. 810 5 S
10 2 3 3 2 9 32 32 S 4 15 15 9 0 .7 . =8
10 3 7 7 2 10 23 23 s S5 21 21 9 1 2 4
10 & S .9 2 11 13 13 5 -6 8 8 9 2 2 2
o 212 S 4 5 7 3 4 9 3 11 12
H= € 213 11 11 5 8 13 14 9 4 5 5
K L FO FC 2 14 3 4 5 & 30 30 9 5 11 11
¢ o 9 9 215 13 13 S 10 .8 8 9 6 5 s
o 1 2 2. 216 4 'Y 5 11 16 16 ‘ '
o 2 8 8 2 17 10 10 5 12 12 12 H= 7
0O 3 14 14 218 6 6 S 13 - 8 8 K L FC FC
0 4 22 22 219 - 7. 6 S 14 10 9 0 1 10 10
0 S € 8 3 0 3 4 '5 15 6 7 0 3 4 4
o 6 8 8 3 1 4 5 5 1€ 7 .6 0O 4 12 11
0 7 45 a4 3 2 9 9 6 0 4 4 o 5 12 12
0 8 2¢6 25 3 3 17 16 6 1 19 19 0 6 16 15
0O 9 14 15 3. a ) 4. 6 2 6 6 0O 7 28 27
o1 5 4 3 5 25 25 6 3 6 6 0 8 11 11
011 € 6 3 € 6 7 6 & 15 15 o 9 17 17
012 16 15 3 7 &6 § 6 5 4 4 0 10 34 34
013 15 15 3 8 24 24 6 6 11 12 011 32 32
0 14 3 2 3 9 12 13 ‘6 7 21 22 012 13 13
0 16 6 7 310 10 10 6 8 10 10 0 14 3 .S
0 17 1€ 16 311 20 20 6 9 14 14 0 15 14 15
0 18 4 5 3 12 24 24 6. 10 7 7 0 16 s 8
0 19 3 4 313 10 10 6 11 7. 7T - 0:17 € £
1 1 12 11 315 8. 7 6: 14 76 1 0 19 19
1 2 10 11 3 16 7 7 6 15 2 2 1 2 1€ 16
1 3 15 14 3 18 3 3 7 1 10 i1 1.3 4 4
1 4 14 14 a 0 3 .2 7 2 8 8 1 4 9 10
1 s 23 23 4 1 9 10 7 3. 10 11 1 5 18 g
1 6 S ) 4 2 9 9 7 4 7 7 1 6 21 21
1 8 4 4 4 4 3 z 7 6 9 9 1 7. 15 15
1 .9 22 22 4 5 8 8 T 7 9 8 1 8 28 28
110 € 5 4 6 19 1§ 7 8 7T 6 1 9 21 21
1 11 18 18 4 7 18 18 7 9 13 13 1 10 6 7
112 5 4 4 8 5 6 710 s 5 1 11 .3 3
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Table 16 (Continued)
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Discussicn'a‘Paspaliciﬁe
The solutlon of the crystal structure of paspa11c1ne
17 conflrms the basic skeleton of the molecule as previously

described (46). Paspalicine 17 again possesses a similar, .

. rigid, multi-cyclic system as paspaline lé.and paxilline 15.

The differences between paspalicine” 17 and paxilline 15

being that the hydroxyl groupvon'C(IS) ofaanilline 15 has

been replaced by a hydrogen and 0(30) has bonded to C(7)

to form a fivefmembered ring ketal. All bond lengths and
angles are chemically reasonable and no abnormally short
intermolecular contacts exist (23). The relative stereo-
chemical configuratiohs of ali»equivalent asymmetricAcenters

are identical for paspaline ié,‘paspalicine 17, and paxilline

'15 except that the configuration around C(7) is inverted in

the formétion of the ketal in paspalicine 17. The CD spec-

- trum of paspa11C1ne 17 shows a positive Cotton effect for the

band at 348nm with [8] = + 3.9 x 10%. Because the equivalent
band in the cD spectrum of‘paxiiline 15 is also strongly
p051t1ve pazllllne 15 most probably corresponds to the same
Since the abso—
lute configuration of paspaline ié is known and paspalicine
iz_comes from the same fuhgal source.paspaline lé,.paspal—
icine 17, and paxilline lé_possess.the absolute chfigura—
ticns,indicated. Limited amounts of paspalicine 17 pre-

cluded toxicity or tremorgenic tests.
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Private communication from George Btichi:. -

A preliminary report of the present work has been
published. E.J. Schantz, V.E. Ghazarossian, H.K.
Schoes, F.M. Strong, J.P. Springer, J.0. Pezzanite
and J. Clardy, J. Amer. Chem. Soc., 97, 1238 (197s].

Subsequent to the publication of the present work a

‘report appeared of a crystallographic and. cmr analysis

of saxitoxin ethyl hemiketal dihydrochloride confirming

" the present structure. J. Berdner,. WiE. Thiessen,

H.A. Bates, and H. Rapoport, J. Amer. Chem. Soc., 97,
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