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ABSTRACT
Structures were determined for 48 new natural
products and several related compounds by NMR methods.

One

new natural product and two unnatural product structures
were determined by X-ray diffraction.

Molecular mechanics

calculations on two indoles related to the neurotransmitter
serotonin and on some synthetic cyclophanes were used to
gain information about their preferred conformations.
Considerable time is wasted redetermining the
structures of known natural products when they are
encountered in new sources.

To help alleviate this

problem, a database which searches on proton NMR chemical
shifts was developed.

9

INTRODUCTION
structure determinations of organic molecules are
currently done mostly by a combination of methods of which
nuclear magnetic resonance (NMR) has become by far the most
important, with mass spectroscopy being second most
important.

Many examples of the application of these

methods - mostly to new natural products - are given in
Chapter 1.
An independent method which is very powerful but

can only be applied when a suitable single crystal can be
obtained is X-ray diffraction; the three examples in which
this method was applied in this work are given in Chapter
2.

As methods for calculating relative stabilities of
the varinas conformations of a molecule have become more
and

more~.ccurate,

they have been used more and more to

help in learning the preferred conformations of molecules.
Several applications of these methods are given in Chapter
3.

Computer-searchable databases (most notably CASONLINE) are becoming very valuable to organic chemists.

10

Chapter 4 describes a new database which should aid in many
natural product structure determinations.

11

CHAPTER 1
STRUCTURE ELUCIDATIONS BY NMR
Kolavanes: We elucidated the structures of 19 new
kolavane diterpenoids, isolated from the aerial parts of
Vanclevea stylosa, from their NMR and mass spectra. 1

All

the compounds are kolavenol (1) derivatives having a
succinyloxy group either at C17 or C18, with widely
differing C9 side chains.

Most of the compounds were

OH

1
isolated as unresolved TLC-homogeneous mixtures.

In the

first plant collection, done in southeastern Utah in
September 1985, the mixtures were found to contain 90% of
the C18 substituted component and 10% of its C17 analog.
The latter components were ignored as impurities at the
beginning, but a second plant collection, done in
northeastern Arizona in September 1986, showed the mixtures

12

to be 60% of the Cl7 substituted component and 40% of the
ClS substituted component, and therefore the Cl7
substituted substances could no longer be ignored.
Another kolavenol derivative, 2B-hydroxyhardwickiic
acid (2), was found as a natural product for the first time
in an extract from Conyza coulteri Gray, an annual herb of
the southwestern united states and Mexico that is known to
be toxic to livestock. 2

28-Hydroxyhardwickiic acid (2) was

2

previously prepared (i) by the saponification of 28succinyloxyhardwickiic acid present in the acidic fraction
of Dodonaea boronifolia and characterized as its methyl
ester derivative and (ii) by synthesis, along with its C2
epimer, from ent-l5,l6-epoxycleroda-3,l3(l6),l4-triene2a,l9-diol isolated from the neutral fraction of the same
species. 3

The lH NMR parameters are in accord with those

given for its methyl ester derivative. 3

In particular, the

signal for H2 as a doublet (J=4.l Hz) rather than as a

13

doublet of doublets (J=2.5, 1.S Hz) defines the
configuration at C2. 4

The

l3

C NMR parameters, previously

unreported, support the structure.
Labdanes:

Eight new labdane diterpenoids were

isolated from the sodium carbonate-soluble acid fraction of
Acaroptopappus sphaerocephalus, a shrub that grows in desert
areas of the southwestern united States. 5

All of these

compounds were identified as their methyl esters.

The

identity Qf the major constituent, the methyl ester of 2a-

3 OH
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14
hydroxy-1S-succinyloxy-19-acetoxy-labda-7,E-13-diene, named
acamptoic acid (Me ester, 5), was established by spectral
analyses of 5 and its reaction products 3,10, and 11.

The

molecular formula (Cz7H4z07) was derived from the mass
spectrum.

The lH NMR spectrum defined the hydroxyl group

to be secondary, equatorial and at C2 from the triplet of
triplets pattern (J=11 and 4 Hz) for the proton bearing
this hydroxy group.

That the oxygen-bearing substituent at

C4 is axial was clear from an AB quartet centered at 84.06
(J= 11 Hz) for the C19 protons. 6

The E configuration of

the side chain double bond was evident from the shift of
the C16 methyl group.

It was not clear from the NMR

spectrum of 5 alone whether C1S or C19 contains the acetate
and where the succinate resides, but these assignments were
easily made by analogy with 4 and 6, which have clearly
defined positions for these groups.

The relative

configurations among the CS, C9 and C10 positions are
assumed by analogy with the known labdanes.

That these new

compounds are labdanes rather than ent-labdanes is based on
the increase of 56° in molecular rotation in adding a 2keto group in the new series ([M1 D-17° for 9

~

+39° for 6)

paralleling the increase of 64° which occurs in a known
labdane series ([M1D+S8° for (+)-manoyl oxide ~ +122° for
2-ketomanoyl oxide7). The 13C NMR spectrum of 5 supported

15
the proposed structure.

The assignments were greatly

facilitated by comparison with the spectrum of the methyl
ester of l5-succinyloxy-ent-labd-E-13-en-S8-ol. 8
The identities of the remaining constituents,
acamptodiol (4), desacetylacamptoic acid (Me ester, 6) , 19isobutyryldesacetylacamptoic acid (Me ester, 7),
desacetoxyacamptoic acid (Me ester, S), 2-desoxyacamptoic
acid (Me ester, 9),

7Q-hydroxy~8-en-acamptoic

acid (Me

ester, 12) and 7-oxo-S-en-acamptoic acid (Me ester, 13),
were then established by NMR and mass spectral comparisons
with 5 (main compound), with one another, and with known
compounds.

The diketo derivative 14, an oxidation product

of the S,E-13-labdadienes 12 and 13, helped to establish
their identities.
A new diterpenoid, 15-succinyloxy-ent-labd-13E-enS8-ol (15), was isolated as the methyl ester from the acid
fraction of the methylene chloride extract of Ericameria
laricifolia, a resinous shrub that grows on desert
hillsides from eastern California to western Texas. 9
The IH NMR (250 MHZ, CDC1 3-TMS) spectral parameters of 15
and those of known compounds isolated with it showed the
structure to be as shown.

The large side chain was defined

by absorptions for H12 (62.11, t, J=S.2 Hz), H14 (5.34, t,
J=7.1 Hz), H15 (4.61, dd, J=12.5, 7.0 Hz; 4.62, dd, J=12.5,

16
7.0 Hz), H16 (1.71, s, Wl / 2 =3.1 Hz, indicating an E
configuration for the 13,14 double bond lO ) , H2' and H3'
(2.64, §), and OMe (3.69, §).

The chemical shifts of the

four singlet methyl groups (17-Me Sl.13, 18-Me 0.87, 19-Me
0.80, 20-Me 0.79) as compared with those of four known 8hydroxylabdanes (16-20) show the constitution and relative
configurations in 15 to be as shown.
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hydroxyl at C8 must be equatorial to absorb at
in 16-18 rather than at

~

~

0.95 as in 19 and 20.

NMR shifts were also consistent with structure 15.

SO.80 as

The

l3

C

The

absolute configuration depicted in 15 is tentative on the
basis that the most closely related natural products 16-20

17
are all ent-labdanes, and the most closely related ones (16
and 17), like 15, have small positive optical rotations.
Grindelanes:

Two new grindelic acid derivatives,

6B-hydroxy-18-acetoxy- and 17-acetoxy-19-hydroxygrindelic
acids, were isolated as methyl esters from Isocoma
tenuisecta, a resinous shrub indigenous to the southwestern
united states and northern Mexico. ll

The similarity of

lH

NMR spectral parameters for protons on carbons 18-20 of 24
with 25 and for protons on carbons 7, 17 and the acetate
grouping of 24 with 22 define its structure.

Compound 23

from comparison with 21 and 22 is methyl 68-hydroxy-18(or
19)-acetoxy-grindelate, but since the other compounds were
not sufficiently good models for making this distinction,
16
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we obtained a NOESY spectrum which defined the structure
via. a strong peak for the interaction of the Me-20 protons
with a methyl (Me-19) and no peaks for the interaction of
Me-20 with CHz-18 protons.
Two new grindelane diterpenoids, 7-acetyl-8,17bisnor-8-oxagrindelate (28a) which we named camporic acid
(a labdane-derived deterpenoid with a pyranoid B-ring) and
17-carboxygrindelic acid (27a), were isolated from
Grindelia camporum as methyl esters. 1Z

Chrysolic acid

methyl ester and strictanonic acid methyl ester were also
J6

rOORI

rOOR
IS

2
3
I

Ib

RI
26a H
26 b Me
27 a H
27 b Me

R2

l7

o

R
28a H
28 b Me

Me
Me
COOH
COOMe

obtained frcm this species for the first time.
27b is strongly supported by the

r

I,

7

lH

and

l3

structure

C NMR results in

comparison with those of methyl grindelate (26b).
structure 28b is also strongly supported by the

lH

NMR parameters, which show the acetyl group to be

and

l3

C

19
equatorial (H7 has an axial-axial coupling constant of 12.0
Hz to the H6 axial proton).

The usual grindelic

configurations are assumed at positions 5, 10, and 13, and
the configuration shown at position 9 was supported by a
strong peak between the OMe and H7 in the NOESY spectrum of
28b.

The biosynthesis of 28a from grindelic acid (26a)

requires two oxidations, and may proceed via intermediates
29-31 as shown.

compound 28b has not been previously

reported from a natural source, but it has been reported in
an epimeric mixture at C7 as a synthetic product without
chemical or spectral properties. 13

30

29

Sesquiterpenoids:

3 1

Five new sesquiterpenoids were

isolated from the methylene chloride extract of Coreocarpus
arizonicus, a shrub that grows in rich soils along streams
and on rocky slopes in southern Arizona and northern
Mexico. 14

The new sesquiterpenoids (33-35) and bisabolane

diols (36 and 37) were identified spectroscopically as
6,6'-bis-[2-(1,5-dimethyl-4-hexenyl)-3-hydroxy-5-methyl-~-

20

benzoquinone] (biperezone, 33), 6',6-bis-2-[1,S-dimethyl4-hexenyl-6-(2-methylbutyroxy)]-3-hydroxy-S-methyl-~

benzoquinone (34), 6,6'-bis-[2-(1,S-dimethyl-4-hexenyl-6-

--
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21
isovaleroxy)-3-hydroxy-5-methyl-R-benzoquinoneJ (35) and
1(R),4(R),7(S)- and l(S),4(S),7(S)-bisabol-2-en-1,4-diols
(36, 37).

The isomeric biperezone derivatives 34 and 35

were not separated from one another due to their identical
R! values, but their structures were evident from the NMR
spectra of the mixture [75% (34) and 25% (35)J.

The 77:23

mixture of bisabolane diols 36 and 37 was not separated for
the same reason; their structure determinations were
greatly facilitated by lH NMR spectral comparison with a
synthetic 1:1 mixture of their enantiomers. 15

As in

earlier work, we were not able to tell which spectrum
corresponds to which structure within the pair.

The lH NMR

spectrum of 33 was similar to that of perez one (32) but
lacked the absorption at C4, suggesting that it was an
oxidative dimer through C4.

The

l3

C NMR spectrum supported

this view in that the off-resonance doublet for C4 in 32
was replaced by an off-resonance singlet.
five of the peaks in the

lH

A doubling of

spectrum and one peak in the

l3

spectrum for some of the nuclei near the center of this
dimer molecule was consistent with the presence of equal
amounts of both rotamers about the central bond, with a
high energy barrier between them.

The mass spectrum gave

strong confirmation for structure 33.

The absolute

configuration depicted for 33 is based on its having a

C

22
negative optical rotation, like perezone (32), and its cooccurrence with perezone in this plant.

The structures of

34 and 35 were apparent from comparisons of the lH and

13

C

NMR spectra of their 3:1 mixture with those of 33 and the
2-methylbutyrate and isovalerate esters of other primary
alcohols. 16
from some

13

The configuration of the double bond follows
C NMR data on monoterpenes (compound number 23

in ref. 17).

Again, most of the same doublings of peaks

were observed as for 33.

The configurations within the 2-

methylbutyrate groups were not determined.

The lH NMR

spectrum showed these substances to have the same
constitutions as a 1:1 mixture of diols prepared
synthetically. 3

The absolute configurations of the natural

products 36 and 37, which we assign to have the 7(S)
configuration on the basis of a common precursor in C.
arizonicus with (-)-perezone (32), are apparently opposite
to those of the synthetic substances.

In the 36,37 pair,

Me-14 in the minor component 37 absorbs upfield (i.e. it
spends more time above the ring double bond) in the lH NMR
and downfield (probably indicating that it spends more time
anti to the OH at C1) in the

13

C NMR, but it is not clear

which rotamers about the 1,7 bond are favored and we do not
think it safe to assign which structure goes with 36 and
which with 37.

23
An

extract of Lessinqia qlandulifera, an annual

herbaceous plant found in open plains and lower hills of
California, yielded a new acetogenin glucoside (heptane 2O-B-D-glucopyranoside) and nine new sesquiterpene
glycosides: 11-0-o-D-arabinopyranosyl-4-hydroxyisobulnesol
(=lessingioside) and the 11-0-o-D-arabinopyranosyl and 11O-o-D-(3',4'-O-diacetyl)-arabinopyranosyl derivatives of
the isomeric alcohols, isobulnesol, 0 - and B-eudesmols, and
elemol. l8 2-Heptanyl B-D-glucoside (38) was initialy
characterized largely from its lH NMR spectrum, which in
the upfield region showed a doublet (J=6.0 Hz) for the 1methyl group at 61.16, a triplet (J=6.8 Hz) for the 7methyl at 60.88, a multiplet for the 3-methylene at 61.62,
and complex absorption for the 4-, 5- and 6-methylenes
centered at 61.27.

The downfield region was typical of a

B-D-glucoside with an added absorption for the methinyl
proton of the aglycone [64.35 d, (J=7.6 Hz), 3.78 m(3H),
3.48

m (2H),

3.28 m (2H)].

We did not determine the

configuration of the aglycone center; 2-heptanol has long
been known as a natural product. l9 The structure of
lessingioside (39a) was deduced primarily by lH and l3C NMR,
with the aid of heteronuclear J-resolved, homo- and
heteronuclear COSY spectra.
grouping was evident. 20

The o-arabinopyranoside

Especially helpful in assembling

24
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the part structures for the aglycone was the upfield
position (60.78) of the 6B-proton, which requires a cisring juncture in order to lie over the double bond.

The

larqe couplings between the 6B-proton and the 5- and 7protons show a cis-relationship between the latter two
protons.

The usual absolute confiqurations are assumed for

2S
quaiane (H7a) and sugar (D) protons of the molecule.

This

compound is the a-arabinoside of an apparently unknown
quaiane diol (39b).

Evidence that the sugar is attached at

Cll rather than. at C4 as in some quaianolides 7 is the
downfield shift of Cll.

The isomeric compounds 40a-43a

were characterized by spectral analysis.

Compound 40a,

identical to 39a except for lacking the C4 hydroxyl group,
exhibits the same diagnostic high-field absorption for the
6S-proton but has a doublet rather than a singlet for the
IS-methyl protons; strong NOE's between the 12- and 13methyl protons and both the lS-methyl and 14-methylene
protons require the relative configurations shown at C4 and
C7.

Compounds 41a-43a were characterized as B-eudesmyl,

elemyl, and a-eudesmyl a-D-arabinopyranosides,
respectively, by NMR spectral comparisons with B-eudesmol
(41c), elemol (42C), and a-eudesmol (43c).

Compound 43a

had vinyl proton absorption at 6S.32 which matched that of
43c in location and appearance.

Isomeric compounds 40b-43b

were also characterized by spectral analysis.

lH and lH_1H

COSY NMR spectral data were obtained for these compounds;
the downfield locations of their 3'- and 4'-protons showed
the acetates to be attached to the 3'- and 4'-carbons.
6-Hydroxygrindelic Acids:

Hydroxylated grindelic

acid derivatives, such as 6-hydroxygrindelic acid, are

26
known to possess antifeedant and potential insecticidal
properties. 21 ,22 However, facile chemical transformation of
grindelic acid (26a) into its 6-hydroxy dervative proved
impossible. 23

Furthermore, there exists no direct chemical

synthesis of 3-hydroxygrindelic acid (44a), a potential
starting material for a new class of biorationally designed
insecticides (Hirosuke Yoshioka, Riken, private
communication, Nov. 28, 1985).

448 R=H
44b R=Me

Therefore, some members of

45

this novel group of hydroxygrindelane derivatives were
successfully prepared by microbial transformation. 24,14

44a

was produced from 26a by cultures of Aspergillus niger and
Sordaria bombioidee.

The choice of C3 over C2 as the site

for the hydoxyl group was made by finding in its 1H NMR
spectrum a doublet of doublets at 63.27 (J=10.8, 4.3 Hz)
characteristic of an equatorial 3-hydroxyl group in a
diterpene, such as the methyl ester of natural 3ahydroxygrindelic acid (63.28, dd, J=11.0, 4.0 Hz), a

27
constituent of Grindelia stricta reported by Bohlmann et
al. 25

Methylation of 44a with Mel gave methyl 3a-

hydroxygrindelate (44b), identical in all respects with
Bohlmann's compound, which is the enantiomer shown since
grindelic acid (26a) and its derivatives have recently been
shown to be ent-Iabdanes. 26

The

13

C NMR spectral parameters

of 44a, assigned on the basis of assignments made for 26a
and 45, were in full accord with the structure shown.
The microbial transformation of methyl 7a,Saepoxygrindelate (46) and 6,S(17)-dehydroxygrindelic acid
(4S) by cultures of Aspergillus niger and Penicillium
brevicompactum produced methyl 3a-hydroxy-7a,Saepoxygrindelate (47) and 3a-hydroxy-6,17-dehydroxygrindelic
acid (49), respectively. 27

The lH and

13

C NMR spectra

confirmed the hydroxyl group in 47 to be in the 3 position,
It

15

COOR

COOMe
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and showed it to be equatorial.

The C3 proton absorbs like

that in 44a, and must be axial to have a coupling constant
as large as 11.0 Hz.

Compound 46 matches the NMR spectra

of 47 except for the A ring peaks, which more closely match
those of 44a.
Dibromosantonin:

Francesconi reported obtaining

IItriketosantonic acid", ClsH1407' mp 234 DC, by the action of
bromine on santonic acid

(50)

in wet chloroform. 28

He also

obtained "tribromosantonin" under almost identical
conditions. 29

The latter was shown to have structure 51 by

Woodward et ale

«

30

but no structure appears to have been
,

proposed for the former.

Dr. S.K. Paknikar attempted to

r

5 0

5 1

R =Br

52

R=H

29

duplicate Francesconi's preparation of "triketosantonic
acid" and obtained a crystalline product of mp 224°C which
we identified as 52 and named "dibromosantonin". 31
Elemental analyses indicated the molecular formula
ClsH1So4Br2.

The lH NMR spectrum resembles that of 51 except

for a new signal (&5.08 d, J=6.5 Hz) for the proton on C2,
and the proton on Cl (&3.08) appearing as a doublet (J=6.5
Hz) rather than as a singlet.
supports structure 52.

The 13C NMR spectrum

The configuration at C2 is not

certain; examination of molecular models suggests that the
configuration depicted should be much preferred on
thermodynamic grounds (either configuration would be
consistent with the observed value of

J~).

Experimental
lH NMR and l3C NMR spectra were run on a Bruker WM250 NMR spectrometer.

Chemical shifts are given as ppm

downfield from TMS (&).

Proton and carbon shift
assignments were verified by lH_1H and lH_ 13C decoupling

where noted.
optical rotations were measured using a PerkinElmer 241 MC polarimeter.

Carbon and hydrogen analyses

were carried out by University Analytical Center, Tucson,
Arizona.

30
Electron impact (EI) and chemical ionization (eI)
mass spectra (MS) were recorded on a Varian MAT 311
spectrometer with a varian SS 200 data system.
These NMR studies have been published in articles
listed in the References section.

Tables of chemical

shifts and coupling constants are available in these
references and are not reproduced here except for
information cited for specific cases.
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CHAPTER 2
STRUCTURE ELUCIDATIONS BY X-RAY
An Unusual Adduct of a Carboxylic Acid with DeC:

During attempts to make esters of a,B-unsaturated acid 53
with dicyclohexylcarbodiimide (DeC), a crystalline 1:1
adduct of 53 and DeC was obtained in good yield.

Through

elemental analysis and spectral data, the conclusion that

o

S3

that the adduct was either 54 or 56 was reached.

We

carried out an x-ray study which conclusively established
the adduct to be 54 and its monochlorination product to be
55. n
Compound 54 crystallized as colorless crystals.
4157 independent reflections were collected with 1934 found

usable for structure determination.

The structure was

solved using MULTAN36 and refined to R=O.053 using
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anisotropic thermal parameters for all non-hydrogens, and
hydrogens in calculated positions.

0

0r
b

0

N

N

~b

O

N

S4 R=H
SS ~a

S6

The five-membered ring is nearly planar, with
torsion angles ranging from -6.7 to 6.1·.

The cyc10hexane

rings are slightly flattened chairs as expected,33 with
torsion angles ranging from 54.3 to 57.9· and 52.3 to
58.5·.

As expected, both large substituents on cyc10hexane

rings are equatorial.
55 gave smaller crystals than 54, but as it
appeared to be isomorphous with 54 (both R2v'c with very
similar parameters), an attempt was made to collect a data
set in order to locate the C1 atom.

Refinement of C1

coordinates and temperature factor using the 135 largest
observed structure factors for 55 and structure factors
calculated from the atomic coordinates of 54 (isotropic

33

temperature factors, H atoms included) and a calculated
pseudoaxial Cl gave increasingly large Cl temperature
factors.

However, using a calculated pseudoequatorial Cl

(configuration depicted in 55) gave convergence with
R=O.118, clearly indicating the Cl position.
Axinohydantoin:

The methylene chloride extract of

Axinella carteri Dendy, a marine sponge, contained the two
known cytostatic and antineoplastic alkaloids
hymenialdisine (58) and debromohymenialdisine (57),34
accompanied by a closely related but only marginally active
component.

An

X-ray study established the structure of

this component to be 59. 35
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57 R=H
58 R=Br

59

Axinohydantoin (59) crystallized as yellow prisms
from methanol that corresponded to CllHg BrN40 3 (by HREIMS)
and with one mole of methanol by cell (C2/Q) density

34
measurements.

A total of 2446 reflections were found

usable for crystal structure determination.

The problem

was solved using MULTAN36 and refined to R=0.054 using
anisotropic temperature factors for Br and oxygens other
than 0-3, isotropic temperature factors for the other nonhydrogens, and hydrogens (unrefined) in calculated
positions.

The HN-l, HN-ll, and HN-9 hydrogen bonds were

calculated to be 0.95 A along a line to the respective
oxygen.

These positions differed very little from those

calculated assuming bonding to trigonal atoms.

HN-4 has

been shown at the calculated position assuming a trigonal
N-4 which is too far (2.4 A) from the closest 0-10 for
significant hydrogen bonding, but it may actually bend
somewhat toward 0-10.
The structure deduced for axinohydantoin (59) was
found to be closely related to that of hymenialdisine (58)
with reversal of configuration at the C7-C8 double bond
being the most interestinq difference.

The most prominent

bond length difference between the two structures occurs at
C10-010 with 1.23 A in hydantoin 59 compared to 1.32 A for
Cll-Nll in 58.

No significant differences in bond angles

were observed.

An angle of 36· was observed between the

least squares planes of the two nearly planar five-membered
rings in hydantoin 59, compared to 43.8· in guanidine 58.

35
In both cases, the seven-membered ring has adopted a boat
conformation with C5 at the prow, and similar torsion
angles except for C2-C3-N4-C5 expanding from -10.5° in 58
to -15° in 59, and C2-CI3-C7-C6 contracting from 41.1° in
58 to 31° in 59.

The twist angle CI3-C7-C8-C9 about the

carbon-carbon double bond increases from 0.5° in 58 to 10°
in 59, presumably to relieve the steric interaction between
012 and HCI4.
A Serotonin Mimic:

3-(I-Methyl-l,2,3,6-

tetrahydropyrid-4-yl)indole (60) is a crystalline member of
a series of tetrahydropyridylindoles that are serotonin
mimics 37 • 38 •

It is suggested that an approximately

60 R=H
61 R-=Me
coplanar arrangement of the indole and tetrahydropyridyl
rings is optimal for serotonin agonist activity, since: 1)
saturation of the double bond in the tetrahydropyridyl ring
(thus increasing the energy of near-coplanar forms through

36
lack of resonance stabilization) causes a 3.5-fold
reduction in activity at 5-hydroxytryptamine 1a binding
sites, and 2) introduction of a 2-methyl group (e.g., to
give 61, with greatly destabilized near-planar forms due to
steric repulsions) produces a l2-fold decrease in affinity
at both 5-hydroxytryptamine 1a and 2 binding sites.

An

x-

ray study was done to determine the conformation of 60. 39
Compound 60 crystallized as pale-yellow needles.
1162 useful reflections were found.
solved using MULTAN. 36

The structure was

Final refinement (144 parameters)

of non-hydrogen atoms with anisotropic temperature factors
gave R=0.043.

The molecule in the crystal has the indole

and alkene systems sufficiently close to the planar
transoid arrangement (torsion angle C2-C3-C10-C11

=-

159.2(2)°, i.e., 20.8(2)° from transoid) to permit pi
overlap between these systems.

To better understand what

conformations might be preferred in solution, molecular
mechanics calculations were done on 60 and its 2-methyl
derivative.

These are discussed in the following chapter.
Experimental

A computer-controlled syntex P2 1 diffractometer
with molybdenum radiation

(~=0.71069 A)

was used.

Intensities of diffracted X-rays were measured by a

37

scintillation counter and recorded on magnetic tape.

Three

check reflections were monitored periodically for crystal
decomposition.

The direct-methods program MULTAN36 located

some or all of the atoms in the unit cell, and these
preliminary positions were improved
refinement.

by least-squares

The refinments were done with

The program used: SDp40 run on MicroVAX.

w=4F2/~2(F2).

scattering

factors were taken from the International Tables of
Crystallography. 41
These X-ray studies have been published in articles
listed in the References section.

Tables of bond lengths,

bond angles, thermal parameters, and structure factors are
available in these references and are not reproduced here
except for specific information taken from them.
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CHAPTER 3
MOLECULAR l!ECHANICS CALCULATIONS
serotonin Mimics:

In the last chapter, the X-ray

structure of 60 was discussed.

To understand better what

conformations might be preferred in solution, we

60 A=H
61 A=Me

calculated the energies of conformations upon clockwise
rotation about the C2-C3-C10-C11 angle using the molecular
mechanics program MMPMI 42 (this program takes pi overlap
into account) and minimizing the energy each 10° from 0 to
360°.

The results are depicted in Fig. 1 along with the

results calculated for the 2-methyl derivative 61.

The

calculations indicate that the unfavorable steric
repulsions in the planar forms outweigh the favorable

39
resonance interactions in these forms, resulting in the
forms twisted 90±40° from coplanarity sharing near-minimum
energy status.

The maximum energy forms, which occur at

about 10° and 170° in both compounds, are about 20 kJ/mol
higher than minimum energy for 60 and 40 kJ/mol higher than
minimum for 61, in qualitative accordance with
170
-'
0
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. . compound 61
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Figure 1.

MMPMI results for 60 and 61.

expectation.

The X-ray conformation of 60 is calculated to

be 7 kJ/mol higher than the minimum energy conformation;
this energy is presumably provided in the crystal by
intermolecular hydrogen bonds from N1 to N13 (3.000(2) A
apart).

These hydrogen bonds connect molecules in adjacent

40

unit cells in the y direction (see Fig. 2), creating chains
of molecules in the

Figure 2.

~

direction.

ORTEP view of a unit cell of 60 with a axis
vertical and c horizontal.

These findings support the view that the active
conformation of 60 is a near-planar form which due to its
higher energy in the case of 61 is not present in
sufficient concentration for significant activity.
[0,14]-~-Cyclophane:

An

improved synthesis of

compound 62 was performed in our laboratories by Dr. James
J. White.

We did a molecular mechanics study on 62 to

41
compare the conformation thus obtained with that observed
in the crystal and the one observed by NMR in solution. 43
Fig. 3(a) shows a molecule of 62 in the crystal.
The molecule in the crystal has a two-fold axis, and a

62

conformation in which the protons of several of the
methylenes should clearly experience upfield NMR shifts
owing to their lying over the aromatic rings.

To

understand better what conformations are preferred in
solution, a local-minimum-energy structure was calculated
in vacuo from this

X~ray

structure using MMPMI.

In this

"MMPMI-minimized X-ray structure", depicted in Fig. 3(b),
the main change is the increased angle of twist about the
biphenyl system from the 12.4(2)D observed in the crystal
to 39 D• This change, which was calculated from MMPMI to
lower the energy in biphenyl itself by 10.5 kJ/mol, is
substantiated by the upfield location of the C2 proton
absorption in the NMR (a 12D twist was calculated to give
67.78, whereas the observed 67.56 corresponds to a 34 D

42

twist).

As the

~m

chemical shifts of the methylene

protons calculated usinq the tables of Johnson & Bovey44

(a)

(b)

(c,

Fiqure 3.

(a) ORTEP view of a molecule of 62 in the
crystal, with 50% probability thermal ellipsoids
for carbon atoms and arbitrary spheres for
hydroqen atoms. (b) ORTEP view of the lIMPMIminimized X-ray conformation of 62, with
arbitrary spheres for carbon and hydroqen atoms.
(c) ORTEP view of the conformation of 62
calculated usinq MMPMI to be the most stable,
with arbitrary spheres for carbon and hydroqen
atoms.

43
from this minimized structure do not fit very well what is
observed in solution (Table 1), we tried using molecular
models to find comparable or better local-minimum-energy
conformations for 62 which would be present in appreciable
amounts in solution.

The conformation shown in Fig. 3(c),

with seven anti arrangements of the carbon chain from the
C10-Cll bond through the C10'-Cll' bond [the x-ray
structure also has seven anti arrangements in the chain,
but about the C8-C9 and C8'-C9' bonds rather than about the
C10-Cll and C10'-Cll' bonds] and twist angle 34 D , was the
only one of many tried which had a smaller calculated
strain energy (114.5 kJ/mol) than the X-ray structure
(115.3 kJ/mol); all others were at least 7.1 kJ/mol higher
than the X-ray structure.

The methylene proton chemical

shifts calculated for this "lowest-energy structure" are
also shown in Table 1.

They do not give a very good fit to

the experimental values, but a roughly equimolar mixture
with the MMPMI-minimized X-ray structure, which is what
would be expected if these two conformations are the most
stable but differ very little in energy, comes fairly close
(Table 1); the discrepancies may be due to lesser amounts
of other less stable conformations.
Fig. 4 shows how the molecules pack in the crystal;
apparently the conformation observed in the crystal gives

44

better packing than the minimum-energy-solution
conformation.

The crystal consists of equimolar amounts of

Table 1.

Observed and calculated NMR chemical shifts
of HC(10)-HC(13) in 62.

protons

calcd for
minimized
X-ray str.

HC(lO)
HC(ll)
HC(12)
HC(13)

Figure 4.

1.05
0.94
0.22
0.63

calcd for
MMPMI min.
energy str.
0.68
0.60
0.27
0.61

average
0.86
0.77
0.25
0.62

(0)

observed
0.71
0.84
0.53
0.62

ORTEP view of a unit cell, g axis vertical, c
horizontal.
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right- and left-handed molecules, stacked through the
crystal in the y direction with the roughly flat aromatic
rings above the methylene chains of the adjacent molecules
in the stack; as can be seen in Fig. 3, the methylene
chains in the molecules in the crystal, unlike those of the
minimum-energy conformation, have a slightly concave
arrangement which fits well with the slightly convex shape
for the aromatic rings.

The decrease in the angle of twist

within the biphenyl system in the molecules in the crystal
no doubt also occurs to provide better packing.
[O,n]-g-Cyclophanes:

Cyclophanes 63 (n=2-7) were

prepared by Dr. James J. White in our laboratories.

We

performed molecular mechanics calculations on these
compounds and compared the conformations thus obtained to
those obtained by NMR.

This series is useful in that its

members have lowest energy conformations with twist angles
of the biphenyl system which cover the possible range of 0-

63

64 R=pen~l
65 R=H

46

Table 2. Chemical Shifts (6), Coupling Constants (J, in
Hz, followed in parentheses by chemical shifts calculated
for the most stable conformation), Calculated Torsion
Angles (C6-Cl-C7-C12, in degrees) and Calculated strain
Energies for 63, n=1-7 and 64.

He6

1.84

1.12

1.257.38

a}3.S7
a'

2.S4

2.50

•

.'.,

7.257.29
2.72
2.082.25
1.52

}2.19

2.0S2.25

.,'

7.13

1.02

7.09

7.09

2.65

2.53
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90°.

The lower members of this series, 63 (n=1-4), which

cover the range to 60°, were used by Paquette et al. 45 in a
study of conjugation in twisted systems.
The NMR parameters for 63 (n=2-7) (Table 2) that
provide the most information about the favored
conformations are the chemical shifts of the methylene
protons, the vicinal coupling constants between these
protons, and the chemical shifts of the aryl protons ortho
to the other aromatic ring.

since the protons within the

a-methylenes absorb differently for the cases where the
ring has more than seven members, rotation about the
central bond in the biphenyl system must be slow on the NMR
time scale in these cases.

In all cases of odd-numbered

rings, the protons of the central methylene in the chain
are equivalent to one another either directly by symmetry
or because low energy barriers exist between conformations
in which they are equivalent.
ring compounds, the

~

In the 10- and 11-membered

and 6 protons absorb upfield from the

limiting value of 61.25 for methylene groups in CDCl 3 ,
indicating that they lie over a benzene ring.
Fig& 5 depicts the lowest energy conformation we
have been able to find for each member of this series using
MMPMI calculations, as well as for a conformation for 63
(n=s) calculated to be only 0.1 kcal/mol higher than the

48

Figure 5.

ORTEP views of the lowest energy conformations
calculated for cyclophanes 63, n=2-7 (a-d,f,q,
respectively; e is the second lowest minimum
found for n=5) and model compound 64 (h).
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most stable one, and for the most stable conformation found
for model compound 64.

The corresponding calculated strain

energies and biphenyl twist angles (C6-Cl-C7-C12 was used)
are given in Table 2; in the case of 63 (n=5), the
assumption was made that equal amounts of the lowest and
second lowest minimum energy forms are present, and the
average values of the two forms were used.

In the other

cyclic cases, the lowest energy conformations are evidently
sufficiently better than other conformations (>2.2 kcal/mol
than the second best local minimum that was found) that
their NMR parameters are quite well approximated by
assuming that they consist largely of these and symmetryequivalent conformations (compare in Table 2 the observed
coupling constants with the values in parentheses
calculated from the Karplus curve).

The cases where

n=2,3,4 and 6 each have a 2-fold axis in the most stable
conformation.

The cases in which n=5 (nine-membered ring)

and n=7 (ll-membered ring) do not have as stable
conformations, as indicated by the higher strain energies
(>30 kcal/mol) of their best conformations.
64 is included in Table 2 as a model for a
cyclophane of type 63 with an infinitely large ring. Its
calculated lowest energy conformation, which is depicted,
does not completely fit the observed NMR parameters, no

50
doubt due to contributions from conformations of only
slightly higher energy (two other local minimum energy
conformations differing only in rotation about the arylalkyl and aryl-aryl bonds were calculated to be only 0.8
and 1.5 kcal/mol less stable, and there must also be
significant contribution from conformations in which the
side chains bend since the

~-r

protons all absorb ca. 0.1

ppm upfield from their limiting values, i.e., 61.25 for
methylenes and 60.88 for methyls).

That the largest ring

made, the 11-membered one, still has a conformation far
from that of acyclic model 64 is clear from the large
differences in their a-proton NMR shifts (Table 2).
It can be seen in Fig. 5 and Table 2 that the twist
angles of cyclophanes 63 (n=1-7) vary from 0° at n=l to
104° at n=7.

The twist angles of 28° in the calculated

minimum energy conformation for 63 (n=2), 50° for 63 (n=3),
and 66° for 63 (n=4) agree reasonably well with values from
previous studies of these substances; paquette 45 favored
values of 16°, 49°, and 59°, respectively, for these three
compounds; others 46 ,47 have favored larger values for the
former more in keeping with our value.

Of our additions to

the series (n=5-7), the case where n=5 is complicated by
the presence of two local minima near the minimum energy
value, as noted above.

The case where n=6 seems especially

51

clearcut, as the unusual coupling constants observed for
this substance are well-rationalized by using the lowest
energy conformer only.

Where n=7, the conformer described

fits quite well, but the number of local minimum
conformations is quite large, and it is more likely in this
case than in the others that there are other local minima
which have not been found which contribute significantly to
the observed NMR parameters. Thus 63 (n=6) is a good model
for biphenyls with a twist angle of about 98°, whereas 63

8.0....-----------------,
7.8

7.6
7.4
7.2

n.7
7.0 . n-6 - ....--...--......- .....- .........- .....- .........
0.8
1.0
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0.6
0.4
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Figure 6.

Cos squared

8

vs. delta for 63, n=1-7.
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(n=5 and n=7) are reasonable models for biphenyls with
twist angles of about 85° and 104·, respectively.
Fig. 6 shows that a good linear correlation exists
(correlation coefficient 0.99) between the chemical shift

.

(6) of the ortho hydrogen in the biphenyl system of 63
(n=1-7) and the square of the cosine of the twist angle

8

calculated for the most stable conformation using MMPMI.
The equation of the least-squares line is 6 = 7.068 + 0.796
cos 2 8.

This equation should prove useful for estimating

twist angles in other biphenyls, bearing in mind that
substituent effects, available for some common
substituents,48 also affect the chemical shifts of aromatic
hydrogens.
Non-cyclophane derivatives 64 and 65 provide
examples of the use of this equation without the
complication of substituent effects: Their observed ortho
proton absorptions of 67.09-7.10 from the equation yield
calculated twist angles of 78-80·; these are reasonable in
view of the curve of energy as a function of twist angle
calculated for 65 (Fig. 7;

8

=

o· refers to syn), which is

fairly flat over the 70-90· range.
Application of the equation to biphenyls with meta
and para rather than ortho substituents and to biphenyl
itself can be done by using correction factors for the
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effects of various ring substituents on aromatic hydrogen
shifts, derived by comparing the shifts of monosubstituted
benzenes with that of benzene. 48

After substituent

corrections, application of the equation to biphenyl itself
(whose ortho hydrogens absorb at 67.59) leads to an angle
of 40°.

Previous experimental evidence indicates that in

solution the twist angle of biphenyl itself is about 45°,45
and most calculations49 suggest that the perpendicular form
is higher than the minimum-energy form (twist angle ca.
45°) by 1-2 kcal/mol.

It should be noted that while the

rotation barriers calculated by using MMPMI for rotation

54
through the high-energy planar forms of biphenyl and 2,2'dimethylbiphenyl (65) of 3 and 15 kcal/mol, respectively
(Fig. 7), fit well with experiments and with previous
calculations,49,50,51 the MMPMI curve for biphenyl does not
show a sufficiently high energy for the perpendicular form
relative to a form twisted approximately 45°.

Supporting

evidence that the ca. 45° form really is a minimum in
solution comes from the application of the equation above
(based on the series 63 (n=1-7»

to biphenyl itself and to

3,3'- and 4,4'-dimethylbiphenyl and 3,3'- and 4,4'diethylbiphenyl.
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CHAPTER 4
NATURAL PRODUCTS DATABASE
In characterizing natural products, a great deal of
time is wasted deducing structures from spectra only to
find that the compounds are previously known natural
products.

A database of lH NMR parameters (the first

"fingerprint" type information usually obtained) would save
most of this time for natural products included in the
database.

Since existing natural product databases either

do not contain NMR parameters or are not searchable on
them, we have developed a database for this

pur~ose.

Besides providing fingerprints for the natural products it
includes, it can be helpful with new compounds (e.g., one
can quickly find what types of protons in natural products
absorb in the range 64.05±O.04).

The program could also

easily be used to create databases of

13

C NMR data or data

from some other kind of spectroscopy.
The program, which runs on an IBM-compatible
personal computer with at least 256K of memory, uses the
database program dBASE III plus 52 to match the most
prominent chemical shifts in the proton NMR spectrum of an
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unknown natural product with those in the database.

The

input is from 1 to 9 chemical shifts (6 scale) in
decreasinq numerical order, and the output is: Name (in
Devon and Scott. format 53 ) , molecular formula, molecular
weiqht, Devon and Scott number 53 , another reference, and up
to 9 literature chemical shifts for each compound in the
database which fits.

This requires selectinq from the

unknown spectrum some chemical shifts (not just peak
positions, which in qeneral are field-dependent), but no
further spectral interpretation.

If more than 9 shifts are

seen or reported, those most readily picked out (e.q.,
sinqlets

an~

.simple mUltiplets whose center of qravity can

be estimated with reasonable accuracy) take priority and
are entered.

OH and NH peaks are omitted as their

positions vary too much with conditions to permit their
use.

There is no couplinq information in the database;

chemical shifts are sufficient, and just 3 or 4 of these
with a 0.02 error ranqe in each will usually qive the
compound quickly.

To keep the database size down, no

structures are qiven; the common neutral and acidic natural
products are depicted in the two Devon and Scott volumes 53
and can be found quickly throuqh the Devon and Scott
number.
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The usual ±0.02 ppm error in each chemical shift
can be changed by the user, keeping in mind that it takes
longer to search as this range is extended.

Indexes also

permit search of the database by name, molecular formula,
molecular weight, or Devon and Scott number.
The current database contains 400+ neutrals and
acids whose spectra have been reported in CDCl 3 ; many
chemical shifts would be out of the ±0.02 ppm range if
spectra in other solvents were included.

Separate

databases for water- and DMSO-soluble neutrals and acids
can easily be set up.

In a few cases we have included

methyl esters of natural acids and acetates of natural
alcohols where these derivatives are usually prepared for
ease of separation or increased solubility.
The program itself works as follows:

The main

program (npd.prg) writes the main menu on the screen and
accepts one of seven choices:

(1) Search by chemical

shifts with ±0.02 ppm error, (2) Search by chemical shifts
with an error other than ±0.02 ppm, (3) Search by name, (4)
Search by molecular formula, (5) Search by molecular
weight, (6) Search by Devon and Scott number, and (7) Quit.
The program then calls on three main subroutines.

The

first (screen.prg) writes the standard output screen
containing the name, molecular formula, molecular weight,
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Devon and Scott number, a second reference and up to nine
chemical shifts for a compound.

It also writes the

chemical shifts given as input in the first two search
types.
The second subroutine (search.prg) asks for the
chemical shifts (up to nine) and does the actual search for
the compound.

The actual search takes the first chemical

shift (largest one) and looks for it in the database using
the "seek" feature o·f dBASE III plus and the appropriate
indexes.

I~

the program finds the first chemical shift it

then continues searching for the rest of the chemical
shifts in the other appropriate indexes.

Once the program

has found a compound that matches all the chemical shifts
used as input, it automatically writes the data to the
screen and asks if you want a printout for that compound.
The third subroutine (lils.prg) does the other
kinds of searches, i.e. name, molecular formula, molecular
weight or Devon and Scott number, using the appropriate
indexes.

59

"NPD.PRG"
*
* Main program.
clear
clear all
set console off
use np.dat
store 1 to ans
* Show main menu on screen.
do while ans>0.and.ans<8
set console off
set format to menul
read
clear gets
set format to
clear
do case
* option number 1 on main menu.
case ans=l
clear
*
err is margin of error in search.
store 0.02 to err
store 0 to again
do while again = 0
set console on
*
Run search.prg, which is the subroutine containing
* main mode of searching.
do search
store "y" to option
@ 24,0 say "Search for another compound?" get option
read
if option = "n" .or. option = "N"
store 1 to again
endif
enddo
clear
* option number 2 on main menu.
case ans=2
clear
store 0.02 to err
set console on
*
Input an error different from 0.02.
@ 1,1 say "TYPE SHIFT ERROR FOR SEARCH:" get err
picture "#.##"
read
clear gets
set console off
store 0 to again
do while again = 0
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set console on
do searoh
store "y" to option
@ 24,0 say "Search for another compound?" get option
read
if option = "n" .or. option = "N"
store 1 to again
endif
enddo
clear
* option number 3 on main menu.
case ans=3
clear
store space(40) to neim
set index to name
set console on
@ 3,3 say "ENTER NAME OF COMPOUND:" get neim picture
"xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx"
read
clear gets
set console off
*
Search for the desired compound.
seek neim
*
Run lils.prg, which is the displaying subroutine.
do lils
clear
* option number 4 on main menu.
case ans=4
clear
store space(20) to form
set index to molf '
set console on
@ 3,3 say "ENTER MOLECULAR FORMULA OF COMPOUND:" get
form picture "xxxxxxxxxxxxxxxxxxxx"
read
clear gets
set console off
seek form
do lils
clear
* Option number 5 on main menu.
case ans=5
clear
set console off
store 0 to mowe
set index to mw
set console on
@ 3,3 say "ENTER MOLECULAR WEIGHT OF COMPOUND:" get
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mowe picture "####"
read
clear qets
set console off
seek mowe
do 1i1s
clear
* option number 6 on main menu.
case ans=6
clear
store space(8) to devon
set index to ds
set console on
@ 3,3 say "ENTER DEVON & SCOTT NUMBER OF COMPOUND:"
qet devon picture "xxxxxxxx"
read
clear qets
set console off
seek devon
do 1i1s
clear
* Option number 7 on main menu.
case ans=7
clear all
clear
quit
endcase
enddo

*
"SEARCH.PRG"
* Subroutine that searches a compound by chemical shifts.
clear
set console off
store 0 to f1q1
store 0 to f1q2
store 0 to f1q3
store 0 to f1q5
store 0 to inranqe
store 99999 to out
* Screen position that next status line is typed on
* (vertical screen line).
store 20 to p
* Temporarily holds value of "f1d".
store 00 to tmpfld
* Data subscript, "data(y)"--->cs(y).
store 00 to y
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* Counter for field.
store 00 to t
* Field subscript, "field(fld)"--->chemshift(fld).
store 00 to fld
* Number of chemical shifts entered.
store 00 to numdata
* Counter for number of chemical shifts entered.
store 9 to x
store space (10) to display
* Run screen.prg.
do screen
* Following "do loop" gets up to 9 data.
do while x >= 1
set console off
store 'cst + str(x,1) to var
store space (5) to &var
set console on
@ x+3,55 say 'Chemshift'+str(x,1)+': 'get &var
read
clear gets
set console off
if &var = , I
@ x+3,55 say"
"
store 9-x to numdata
store 0 to x
endif
store x-1 to x
enddo
set console on
@ 19,32 say "SEARCHING ••• "
set console off
store 9 to y
store 9 to fld
* Following "do loop" contains main search format.
do while fld >= 1
*
store chemical shift information for search.
store "cs" + str(y,1) to var
Store
minimum limit for range.
*
store &var + "-" + "err" to vval
Store maximum limit for range.
*
store &var + "+" + "err" to maxvval
store &vval to yes
store &maxvval to max
store 0 to inrange
store 0 to flg5
*
Following "do loop" searches for presence of chemical
* shift.
do while inrange = 0
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*

If new search.
if (tmpfld = 0 .and. flg1 = 0)
store "d" + str(fld,l) to ind
set index to &ind
set console on
@ p,O say space (25)
@ p-1,79
set console off
if yes <= max
set console on
seek yes
set console off
endif
endif
* If value not found, increment by 0.01.
if (eof() .and. yes <= max)
store yes + .01 to yes
store 20 to p
@ p,O
@ p-1,79
endif
* If not doing a "seek" search.
if (tmpfld > 0 .and. flg1 = 1)
store 0 to tmpfld
store 0 to flg1
endif
* If whole range has been searched for.
if yes > max
store 1 to flg5
seek out
endif
* If chemical shift range not found in present field.
if (eof() .and. flg5 = 1)
store 20.to p
@ p,O say space (25)
@ p,O say "End of field" + str(fld,l)
@ p-1,79
*
Substract one form field.
store fld-1 to fld
store 1 to inrange
*
If first chemical shift was not found.
if (flg2 = 0 .and. fld < 1)
set console on
@ p,20 say tiThe first peak was not found in the
database at all tl
set console off
store 1 to flg3
endif
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endif
If first chemical shift is found.
if .not. eof ()
store fld to tmpfld
store y-l to y
if fld > 1
store·fld-l to fld
endif
if numdata = 1
store 9 to y
endif
set console on
@ p,O say space (25)
@ p,O say "Analyzing ••• "
@ p-1,79
set console off
store 10-y to t
*
Following lido lOOp" searches for chemical shifts
* input aft~r first chemical shift found.
do while t <= numdata .and. fld >= 1
store 0 to flg4
store "cs" + str(y,l) to var
store "chemshift" + str(fld,l) + "<= (" + &var +
"+" + "err) .and. chemshift" + str(fld,l) + ">= (" + &var +
"_" + "err)" to compare
if (numdata = 1 .or. (&compare»
store 1 to flg4
store y-l to y
store t+1 to t
store fld-1 to fld
*
If all chemical shifts after first found are
* also found, display information.
if t > numdata
set console on
@ 4,12 say name
@ 5,12 say molform
@ 6,12 say mw
@ 7,12 say DS_NO
@ 8,12 say ref2
set console off
store 9 to lp
do while lp <= 17
store "chemshift" + str(lp-8,1) to
display
set console on
@ lp,ll say &display
set console off
store lp+1 to lp

*
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*

*

enddo
store "n" to opt
set console on
Do you want to get a hard copy of
information?

*

pcs

@ 15,25 say "Print this compound?"
@ 16,25 say"
[YIn]" get opt

read
clear gets
If you do.
if (opt = "y" .or. opt = "Y")
set console off
set print on
? "Name
: " + name
? "Mol form. : II + mol form
? "Mol weight: II
? mw
? "D+S Number: II + ds no
? "Reference2: II + ref2
? "Chemical shifts:"
set print off
store 1 to lp
do while lp <= 9
store "chemshift" + str(lp,l) to
set print on
? &pCS
set print off
store lp+l to lp
enddo
set print on
?
?

set print off
set console on
endif
@ 15,25 say space (21)
@ 16,25 say space (21)
set console off
*
Means that at least one compound meeting
* all criteria has been found.
store 1 to flg3
endif
endif
if flg4 = 0
store "(" + &var + "+" + "err) > chemshift"
+ str(fld,l) to compare
*
If value exceeds range, stop search on
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*

present value of first chemical shift.
if &compare
store 0 to fld
endif
store fld-1 to fld
endif
enddo
set console on
@ p,O
@ p-l,79
set console off
store tmpfld to fld
store 9 to y
store 20 to p
@ p,O
@ p-1,79
set console on
*
Look for next value on index.
skip
set console off
store "chemshift ll + str(fld,l) to compara
*
If value of first chemical shift exceeds range, get
* out of present field.
if &compara > max
store 1 to flgS
seek out
endif
*
To avoid "seek" function.
store 1 to flgl
*
At least one match for first chemical shift has been
* found.
store 1 to flg2
endif
enddo
enddo
* If no compounds meeting criteria were found.
if (flg3=0 .and. fld < 1 .and. eof(»
@ p,20 say "The compound was not found in the database ll
endif
@ 19,20 say "SEARCH OF ENTIRE DATABASE IS COMPLETE .....
* Go back to main program (NPD.PRG).
return
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..
"SCREEN.PRG"
.. Subroutine for displayinq titles on screen for compound
.. information.
set console on
clear
@ 1, 23 say "DATABASE SEARCH OF NMR PEAKS II
@ 2,10 say "Compound"
@ 2,54 say "Enter chemical shift data"
@ 3,0 say "---------------------------------------------

---------------------------------"
@ 19,0 say "-----------------------------------------------------------------------------"
@ 4,0 say "Name
:"
@ 5,0 say "Mol form. :"
@ 6,0 say "Mol weiqht:"
@

7,0 say "D&S No.

:"

@ 8,0 say "Reference2:"

set console off
store 9 to lp
do while lp <= 17
set console on
@ lp,O say "Chemshift" + str(lp-8,1) +
set console off
store lp+l to lp
enddo
store 1 to lp
do while lp <= 14
set console on
@ lp+3,53 say "I"
set console off
store lp+1 to lp
enddo

"."
•

..
"LILS.PRG"
.. Displays compounds found throuqh options 3-6.
set console on
if .not. eofO
set console off
store
to optar
set console on
do while optar=O
clear
.. Display data (run screen.prq).
do screen
@ 4,12 say name
@ 5,12 say molform

°
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@ 6,12 say mw
@ 7,12 say DS NO
@ 8,12 say ref2

set console off
store 9 to lp
do while lp <= 17
store "chemshift" + str(lp-8,l) to display
set console on
@ lp,ll say Gdisplay
set console off
store lp+1 to lp
enddo
store "n" to opt
set console on
@ 15,25 say "Print this compound?1I
@ 16,25 say II
[Yin]" qet opt
read
clear qets
if (opt = "y" .or. opt = lIy")
set console off
set print on
*
Print a hard copy of information if requested.
? "Name
: " + name
? "Mol form. : " + mol form
? "Mol weiqht: "
? mw
? "D+S Number: " + ds no
? "Reference2: " + ref2
? "Chemical shifts:"
set print off
store 1 to lp
do while lp <= 9
store "chemshift" + str(lp,l) to pcs
set print on
? &pcs
set print off
store lp+1 to lp
enddo
set print on
?
?

set print off
endif
set console off
store lin" to opta
set console on
@ 15,25 say "Do you want to see the next compound?"
@ 16,25 say"
[Yin]" qet opta
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read
clear gets
if (opta = "y" .or. opta = "Y")
* Go to the next compound in the index.
skip
* If not found.
if eofO
set console off
store 1 to optar
set console on
clear
@ 9,3 say "END OF FILE.
PRESS ANY KEY TO CONTINUE II
store space(l) to waiting
@ 10,3 get waiting
read
clear gets
release waiting
return
endif
endif
if (opta = "n" .or. opta = "N")
set console off
store 1 to optar
set console on
endif
enddo
endif
* If the compound is not found.
if eofO
clear
@ 9,3 say "COMPOUND WAS NOT FOUND IN DATABASE. PRESS
ANY KEY TO CONTINUE"
store space(l) to waiting
@ 10,3 get waiting
read
clear gets
release waiting
endif
return

*

* Format for main menu.

"MENU1. FMT"

@ 1,16 SAY "NATURAL PRODUCT PROTON NMR SHIFT DATABASE"
@ 2,36 SAY "by"
@ 3,11 SAY "Robert B. Bates, Fernando A. Camou and Nader

Yaghoubi"
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@ 4,11 SAY "Department of Chemistry, University of Arizona
85721"
@ 5,29 SAY "Version 2.0 Fall 1987"
@ 7,9 SAY "1 - Search by chemical shifts with +/- 0.02

error"

@ 9,9 SAY "2 - Search by chemical shifts with an error
other than"
@ 9,65 SAY "+/- 0.02"
@ 11,9 SAY "3 - Search by name"
@ 13,9 SAY "4 - Search by molecular formula"
@ 15,9 SAY "5 - Search by molecular weight"
@ 17, 9 SAY "6 Search by Devon & Scot1: number"
@ 19,9 SAY "7 - Quit"
@ 21,27 SAY "SELECT A NUMBER:"
@ 21,44 GET ans picture "9" range 1,7
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