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MARTIN, B. R., D. R. COMPTON, S. F. SEMUS, S. LIN, G. MARCINIAK, J. GRZYBOWSKA, A. CHARALAMBOUS
AND A. MAKRIYANNIS. Pharmacological evaluation of iodo and nitro analogs of A>-THC and A°-THC. PHARMACOL
BIOCHEM BEHAV 46(2) 295-301, 1993.—One aspect of cannabinoid structure-activity relationships (SARs) that has not
been thoroughly investigated is the aromatic (A) ring. Although halogenation of the side chain enhances potency, our recent
observation that iodination of the A ring also enhanced activity was surprising. The purpose of this investigation was to
establish the steric and electrostatic requirements at these sites of the cannabinoid molecule via molecular modeling, while
determining pharmacological activity. Molecular modeling was performed using the Tripos molecular mechanics force field
and the semiempirical quantum mechanical package AM1. The K; values for novel cannabinoids were determined in a
PPHJCP-55,940 binding assay and EDj, values generated from four different evaluations in a mouse model. The present
studies underscore the increase in potency produced by a dimethylheptyl (DMH) side chain. Trifluoro substitutions on the
pentyl side chain, or bromination of the DMH side chain, had little effect on the pharmacological activity. Any substitution
at the C4 position of the aryl ring resulted in a loss of activity, which appears to be due to steric hindrances. Nitro, but not
iodo, substitution at the C2 position essentially produces an inactive analog, and the drastic alteration of the electrostatic
potential appears to be responsible. The altered pharmacological profile of the 2-iodo analog seems to be related to an
alteration in the highest occupied molecular orbital because there is no alteration in the electron density map compared to
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SINCE the pioneering synthetic work of Roger Adams (1), it
has been evident that structural modifications of the canna-
binoid molecule profoundly influence the potency of this class
of compounds. Indeed, the structure-activity (SAR) studies
conducted by many investigators provided the first evidence
for a cannabinoid receptor. Within a few short years, the in
vitro binding characteristics of a cannabinoid receptor have
been described (3), the location of these receptors in the brain
has been mapped (6), and the receptor itself has been cloned
(7). Although the amino acid sequence of this receptor is
known, we do not know which portion of the receptor forms
the binding domain and do not have information regarding
the 3-D conformation of the receptor. Further refinement of
the cannabinoid pharmacophore is essential for a number of
reasons. Visualization of the pharmacophore will provide an
avenue for design of agents with greater selectivity. The possi-
bility that cannabinoid actions involve more than one canna-
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binoid receptor can be pursued if there are discrepancies be-
tween biological activity and affinity for a particular binding
site.

Considerable attention has been directed toward the three
structural features of the cannabinoid molecule depicted in
Fig. 1 (11). It has long been known that structural alterations
at C9 influence potency and that removal or blockade of the
phenolic hydroxyl at C1 essentially eliminates activity. Modifi-
cations of the side chain also dramatically alters activity.
These observations have served well in depicting cannabinoid-
receptor interactions; however, confining the description of
these interactions to the basic structural requirements at these
three sites is far too simplistic. Structurally diverse cannabin-
oids such as WIN 55,212-2 enforce this point (Fig. 1). One
portion of the tetrahydrocannabinol (THC) molecule that has
not been investigated thoroughly is the aromatic ring, which
is most likely due to the fact that substitutions at the C2 and
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WIN 55,212-2

FIG. 1. Structure of A’-tetrahydrocannabinol and WIN 55-212.

C4 positions have rendered the cannabinoid inactive (8). Thus,
our recent observation that iodination of A*-THC at the C2
position enhanced activity was indeed surprising (2). Addi-
tionally, both bromination and iodination in the side chain
enhanced potency. The purpose of the present investigation
was to extend these observations by establishing the steric and
electrostatic requirements for these positions of the cannabin-
oid molecule via molecular modeling, while determining both
in vivo and in vitro activity.

METHOD

Animals

Male ICR mice (22-30 g) obtained from Dominion Labora-
tories (Dublin, VA) were maintained on a 14 L : 10 D cycle
and received food and water ad lib.

Drug Preparation and Administration

A%-THC, A’-THC, and cannabidiol (CBD) were obtained
from the National Institute on Drug Abuse and 4-bromo-A®-
THC was kindly supplied by Dr. Raj Razdan (Organix, Inc.).
All other compounds were synthesized at the University of
Connecticut (Storrs, CT) by methods similar to those pre-
viously reported for related cannabinoid analogs (2). Micellu-
lar suspensions of all compounds were prepared as described
previously (9). The cannabinoids were dissolved by sonication
in a 1: 1 mixture of ethano! and emulphor (EL-620, a polyox-
yethylated vegetable oil, GAF Corp., Linden, NJ). For IV
injections, saline (0.9% NaCl) was added to this mixture to
produce a 1: 1 : 18 ratio of ethanol:emulphor:saline. This so-
lution was diluted further with vehicle (1:1: 18) to give the
desired drug concentration.

Behavioral Evaluations

Mice were acclimated in the observation room (ambient
temperature 20-24°C) overnight. Prior to vehicle or drug ad-
ministration, rectal temperature was determined by a thermis-
tor probe (inserted 25 mm) and a telethermometer (Yellow
Springs Instrument Co., Yellow Springs, OH). The latency
period (seconds) in the tail-flick procedure was measured as
described by Dewey et al. (4). The heat lamp of the tail-flick
apparatus was maintained at an intensity sufficient to produce
control latencies of 2-4 s. Mice received tail-vein injections
(0.1 ml1/10 g) 5 min prior to being placed into individual pho-
tocell activity chambers. Spontaneous activity was measured
for a 10-min period in a Digiscan Animal Activity Monitor
(Omnitech Electronics, Inc., Columbus, OH) as the number
of interruptions of 16 photocell beams per chamber and ex-
pressed as % control activity. Tail-flick latency was assessed
again at 20 min after injection, and the change in the latency
period (seconds) for each mouse was recorded. An automatic
heat lamp cut-off time of 10 s was used to avoid tail injury.
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Rectal temperature was measured again at 60 min after injec-
tion, and the difference between pre- and postinjection values
(A°C) was calculated for each animal.

Mice were evaluated for immobility 1.5 h after injection
utilizing a slight modification of the procedure described by
Pertwee (10). The test apparatus consisted of a 5.5-cm ring
attached at a height of 16 cm to a ring stand. Each mouse was
placed on a ring for 5§ min. The total time the mouse remained
motionless was recorded to the nearest second. This value was
divided by 300 s and multiplied by 100 to obtain a % immobil-
ity rating. The only observable movements allowed during a
period of “immobility” were gross body movements due to
breathing. If a mouse escaped from the ring by jumping or
falling (due to ataxia or sedation) more than five times, the
evaluation of that animal was terminated and the immobility
index was based upon the total time the mouse remained on
the ring. Data from mice that did not remain on the ring at
least 2.5 min prior to five escapes were disregarded.

Data Analysis

Depression of locomotor activity, hypothermia, antinoci-
ception, and ring immobility were expressed as % control
activity, A°C, % maximum possible effect (%MPE) and %
immobility, respectively. Antinociception was calculated as
described by Dewey et al. (4). The %MPE data were converted
to probit values for determination of the EDy, (or MPE,) by
unweighted least-squares linear regression analysis of the log
dose vs. probit plot. A theoretical maximum effect on locomo-
tor activity, rectal temperature, and immobility was calculated
from double-reciprocal analysis (1/effect vs. 1/dose) as de-
scribed by Tallarida and Murray (12). The fractional response
for each dose of drug was calculated (based upon the maxi-
mum effect being 1.0 for each individual behavioral measure),
converted to probit values, and the EDy, determined by un-
weighted least-squares linear regression analysis of the log
dose vs. probit plot.

In Vitro Binding Assays

The filtration procedure used for PHJCP-55,940 binding
is a modification of the centrifugation method described by
Devane et al. (3). For a typical membrane preparation, five
rats were decapitated and their cortices rapidly dissected free
and homogenized in 30 ml 0.32 M sucrose that contained 2
mM EDTA and 5 mM MgCl,. The homogenate was centri-
fuged at 1,600x g for 10 min and the supernatant removed.
The pellet was washed twice by resuspending in 0.32 M su-
crose/2 mM EDTA/5 mM MgCl, and centrifuging again as
described above. The original supernatant was combined with
the wash supernatants and centrifuged at 39,000 x g for 15
min. The resuiting P2 pellet was suspended in 50 ml buffer
(50 mM Tris HC], pH 7.0, 2 mM EDTA, 5§ mM MgCl,) and
incubated at 37°C for 10 min before centrifugation at
23,000 X g for 10 min. The P2 pellet was resuspended in 50 ml
50 mM Tris HCl/2 mM EDTA/S mM MgCl, and incubated
at 30°C for 10 min before centrifugation at 11,000 x g for 15
min. The final pellet was resuspended in 10 ml 50 mM Tris
HCI (pH 7.4) that contained 1 mM EDTA and 3 mM MgCl,
and then stored at —40°C. The binding assay was performed
in silanized glass tubes that contained 100 ul radiolabeled li-
gand, 100 ul competing unlabeled drug, 150 ug membrane
protein (75 ul), and sufficient buffer [50 mM Tris HCl, pH
7.4, 1 mM EDTA, 3 mM MgCl,, and 5 mg/ml bovine serum
albumin (BSA)] to make a final volume of 1 ml. After a 1-h
incubation at 30°C, the reaction was terminated by the addi-
tion of 2 ml ice-cold 50 mM Tris HCI (pH 7.4) buffer contain-
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ing 1 mg BSA/ml and rapid filtration through polyethyleneim-
ine-treated Whatman GF/C glass-fiber filters. The reaction
tube was washed with a 2-ml aliquot of buffer that was then
also filtered. The filters were washed with two 4-ml aliquots
of ice-cold buffer. The filters were shaken for 60 min in 10
ml scintillation fluid and radioactivity quantitated by liquid
scintillation spectrometry. Specific binding was typically 74%
of total binding at 1 nM of tritiated ligand and was defined as
the difference between the binding that occurred in the pres-
ence and absence of 1 uM unlabeled ligand. The B_,, and K,
values were obtained from Scatchard analysis as determined
via the Ligand program of the KELL software package (Bio-
soft, Milltown, NJ). Displacement K; values were determined
via the EBDA program of the KELL software package.

Molecular Modeling

The molecular structures were constructed using the Sybyl
5.5 suite of programs as previously described (13). Geometry
optimization was initially afforded by use of the Tripos molec-
ular mechanics force field. Further geometry refinement,
charge, and molecular orbital calculation was performed using
the semiempirical quantum mechanical package AM1. Calcu-
lations were performed on the analogs of A*-THC, with refer-
ence to the parent unsubstituted compound. Electrostatic po-
tential maps were generated for each analog with contouring
at +1and -1 kcal levels.

RESULTS

The EDj, values in Table 1 show that A>-THC is equally
effective in altering the four behavioral measures in mice and
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that it competes with PH]JCP 55,940 binding with a X; of 41
nM. Determination of ED,, values for A>THC was accom-
plished following establishment of dose-response curves
(seven doses between 0.1 and 30 mg/kg), with subsequent
regression analysis (R, correlation coefficient; », number of
doses per analysis) of spontaneous activity (R = 0.93; n =
5), tail-flick (R = 0.97; n = 7), temperature (R = 0.95;
n = 7), and immobility (R = 0.97; n = 7) measures, as de-
scribed in the Method section. A*-THC exhibits a similar
profile (Table 1) and has approximately the same potency as
A%-THC. Determination of ED,, values for A-THC was ac-
complished following establishment of dose-response curves
(six doses between 0.3 and 20 mg/kg), with subsequent regres-
sion analysis of spontaneous activity (R = 0.98; n =
6), tail-flick (R = 0.89; n = 7), temperature (R = 0.95; n
= 6), and immobility (R = 0.98; n = 6) measures. Substitu-
tion of the pentyl side chain of A“~THC with a 1,1-
dimethylheptyl side chain increases the potency approximately
30-fold in most behavioral assays with the exception of spon-
taneous activity, which was increased only 10-fold (Table 1).
EDy, values for A®-THC-dimethylheptyl (DMH) was deter-
mined following establishment of dose-response curves (four
doses between 0.03 and 1.0 mg/kg), with subsequent regres-
sion analysis of all measures (R > 0.94; n = 4). These results
are consistent with previous observations that substitution of
the pentyl side chain with a dimethylheptyl side chain increases
potency (11).

Addition of an iodine at position C2 resulted in an alter-
ation of the pharmacological profile. EDs, values for 2-iodo-
AL -THC were determined from dose-response curves (seven
doses between 0.1 and 100 mg/kg), with subsequent regression

TABLE 1

PHARMACOLOGICAL ACTIVITY OF CANNABINOIDS WITH SUBSTITUTIONS AT
C2 AND C4 IN THE AROMATIC RING.

‘ I ‘ I
O O 2
(o) CsHy4 (0] CsH,,
4 4 CeHis
9 8 8 .
A’-THC A®-THC A®-THC-dimethylheptyl
Spontaneous
Activity Tail Flick Temperature Immobility
(upmol/kg) (pmol/kg) (umol/kg) (umol/kg) K, (nM)
Standards

A-THC 3.2 4.5 4.5 4.8 41 + 2

ALTHC 2.9 4.8 4.5 4.8 4“4+ 12
AL-THC-DMH 0.27 0.14 0.15 0.17 0.77 £ 0.11

Substitutions at C2 and C4

2-Todo-A%-THC* 8.0 0.68 20 4.3 89 + 15
4-Bromo-A%-THC >250 >250 >250 >250 5,250 £ 2090
2,4-Diiodo-A*-THC >175 >175 >175 >175 10,600 + 2,090

2-Nitro-A%-THC 28.7 278 101 >300 >10,000
4-Nitro-A%-THC >275 >275 40.1 52.7 1,630 + 360

2,4-Dinitro-A%-THC >75 >75 >75 >75 > 10,000

2-Todo-A*-THC-DMH 4.4 5.0 10 1.7 61 + 9

*Previously reported by Charalambous et al. (2).
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analysis of all measures (R > 0.91). The resulting 2-iodo-A®-
THC was less potent than its parent compound in reducing
spontaneous activity and rectal temperature but was sevenfold
more potent in producing antinociception. It is also interesting
to note that it had reduced affinity for the cannabinoid bind-
ing site. Addition of a second iodine in the phenolic ring (at
position C4) to produce the diiodo analog resulted in complete
loss of activity in all tests (with doses up to 100 mg/kg having
been tested). Although 4-iodo-A’-THC was not prepared, 4-
bromo-A.-THC was evaluated and found to be inactive at
doses up to 250 pmol/kg (or 100 mg/kg).

To determine whether substitution of a functional group
that is more highly electronegative than iodine would have the
same consequences, 2-nitro-A*-THC was prepared and found
to be considerably less potent than the corresponding haloge-
nated analog, as well as less potent than the parent compound,
AS-THC. While this analog was only about 10 times less potent
than A -THC in altering spontaneous activity, it was as much
as 60 times less potent in the other behavioral measures and
was inactive in the immobility measure. Dose-response curves
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were established (five doses between 1.0 and 100 mg/kg), with
subsequent regression analysis of spontaneous activity (R =
0.92; n = 5) and temperature (R = 0.98; n = 3) measures.
The EDq, value for the tail-flick assay was approximated from
the experimental data obtained at doses of 30 and 100 mg/kg
(the latter dose producing 55% MPE). 2-Nitro-A%-THC also
exhibited no affinity for the cannabinoid receptor. Addition
of a nitro group at position C4, instead of C2, also attenuated
both pharmacological activity and affinity for the receptor.
4-Nitro-A%-THC was weakly active only in temperature (R =
0.95; n = 3) and immobility (R = 0.86; n = 3) measures,
following evaluation at doses of 10, 30, and 100 mg/kg. Incor-
poration of nitro groups at both C2 and C4 also apparently
eliminated pharmacological activity (although evaluation was
limited to doses up to 30 mg/kg), but this is a finding consis-
tent with the C4 monosubstitution of a nitro or bromo group
and the disubstitution of iodo groups.

Surprisingly, 2-iodo-A>-THC-DMH was less potent than
expected. ED;, values were determined from dose-response
curves (four doses between 1.0 and 30 mg/kg), with subse-

TABLE 2
PHARMACOLOGICAL ACTIVITY OF CANNABINOIDS WITH SUBSTITUTIONS IN THE SIDE CHAIN

‘ L

7 O ’

HO
CBD
AB-THC-dimethylpentyl
Spontaneous
Activity Tail Flick Temperature Immobility
(umol/kg) (umol/kg) {(umol/kg) (umol/kg) K, (nM)
Standards
AS-THC 3.2 4.5 4.5 4.8 41 + 2
ALTHC 2.9 4.3 4.5 4.8 4+ 12
CBD 108 483 58 63 4350 + 390
Substitutions
5’-F,;-A%-THC* 0.82 0.46 29 2.6 25+ 6
5’-F;-A-THC 2.4 1.9 7.6 1.1 38+ 3
5%.F;-CBD >75 27 >75 >75 1480 + 400
7’-Bromo-A>-THC-DMH 0.13 0.13 0.19 0.21 N.Det.
5’-Bromo-A*-THC-
dimethylpentyl 0.08 0.05 0.09 0.10 0.43 + 0.09

*Previously reported by Charalambous et al. (2).
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FIG. 2. Electrostatic potential maps of 2-iodo- (left) and 2-nitro-A’-tetrahydrocannabinol (right). Dark contours indicate regions of
high electron density and light contours highlight areas of electron deficiency.

quent regression analysis of all measures (R > 0.91). It was
anticipated that addition of a DMH side chain would dram-
atically increase the potency of 2-iodo-A®-THC, as observed
with A%-THC. On the contrary, the potency of 2-iodo-
A-THC-DMH was only comparable to that of A-THC and
A’-THC.

Substitution of fluorines for hydrogens at the C5’ position
(Table 2) had relatively little effect on the pharmacological
profiles of A’THC, A%-THC, and CBD. The values for
A’-THC and A%-THC in Table 2 are those given in Table 1
and reproduced for easier comparisons. EDy, values for CBD
were determined from dose-response curves (four doses be-
tween 3.0 and 100 mg/kg), with subsequent regression analysis
of spontaneous activity (R = 0.99; n = 4), tail-flick (R =
0.99; n = 4), temperature (R = 0.97; n = 4), and immo-

ility (R = 0.94; n = 4) measures. Differences between
5'-F,-A>-THC and A’-THC across both in vivo and in vitro
results were minimal. The only notable differences between
5’-F;-A:-THC and A*THC were the 4- and 10-times greater
potency in spontaneous activity and tail-flick responses, re-
spectively. EDj, values for both trifluoro analogs were deter-
mined from dose-response curves (six doses between 0.1 and
30 mg/kg), with subsequent regression analysis of all measures
(R > 0.95 or > 0.92 for the A’- or A®-analogs, respectively).
The weak potency of CBD was not enhanced by trifluoro
substitution at C5”, although only doses up to 30 mg/kg
could be evaluated. The exception to this generality is the fact
that the EDy, in the tail-flick response for 5”-F,-CBD (R =
0.93; n = 4) was 18 times smaller than that for CBD.

As can be seen in Table 1, substitution of a DMH side

FIG. 3. Highest occupied molecular orbitals (HOMOs) of 2-iodo- (left) and 2-nitro-A%-tetrahydrocannabinol (right)
are indicated by the shaded areas.
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chain for the pentyl side chain in A>-THC increases potency
dramatically (10-30 times). The addition of a bromine to C7’
of the DMH side chain had no influence on potency in any of
the behavioral measures (Table 2). ED;, values were generated
from dose-response curves (six doses from 0.01 to 3 mg/kg)
with regression analysis (R > 0.96 for all measures). How-
ever, it was unexpected that substitution of a bromine on the
C5’ position of a dimethylpentyl side chain would result in a
compound that was apsproximately two to three times more
potent than either A®-THC-DMH or 7’-bromo-A*-THC-
DMH. ED, values for the dimethylpentyl analog were gener-
ated from dose-response curves (seven doses from 0.01 to 10
mg/kg) with subsequent regression analysis (R > 0.94 for all
measures).

Results from the molecular modeling studies are presented
in Figs. 2 and 3. Examination of the electron density map
for A%-THC revealed an electron-rich area surrounding the
aromatic A ring and encompassing both the phenolic hydroxyl
moiety and the B ring oxygen. Areas of electron deficiency
are associated with the C ring and the C3 alkyl side chain.
The iodine-substituted compounds (Fig. 2) show essentially
the same features (electron-rich areas depicted by dark con-
tours and electron-deficient areas indicated by light contours).
The nitro-substituted analogs, however, present an altered
electrostatic pattern, due in large part to the strong electron
withdrawing power of this group. The C2- and C4-substituted
analogs are para with respect to the oxygen atoms of the phe-
nol and B ring and pull electrons from these moieties. Elec-
tron-rich areas in 2-nitro-A%-THC are associated with the aro-
matic A ring and the nitro substituent, but electrons have been
drawn away from the B ring oxygen, which is no longer part
of this region. The electron deficient area is similar to the
parent compound, although it now encompasses more of the
B ring. 4-Nitro-A®-THC presents a comparable picture, with
the nitro group withdrawing electrons from the phenolic hy-
droxyl, thus reducing the electron population at this position.
The 2,4-dinitro-A%-THC analog is a combination of the two,
with the electron-rich areas now almost entirely associated
with just the nitro groups and the electron-deficient region
spreading from the C ring across both the B and A rings to
the alkyl side chain. Besides determination of the electron
density contour maps, consideration of the highest occupied
molecular orbital (HOMO) for this series of compounds was
determined. The results are presented in Fig. 3, and the rea-
sons for these determinations are given in the Discussion sec-
tion, where their importance is discussed.

DISCUSSION

The present studies further underscore the importance of
the side chain in the actions of the cannabinoids. Substitution
of fluorines for the hydrogens on C5’ (or C5”) of the straight
pentyl side chain had relatively little effect on the pharmaco-
logical activity of the THCs or CBD, likely due to the fact
that both fluorine and hydrogen atoms occupy comparable
volumes despite differences in their electrostatic properties.
Similarly, although branching or extending the side chain
markedly increases potency in general the addition of a bro-
mine to the terminus of the DMH side chain also had no
influence on potency. This observation is also consistent with
the findings of Mechoulam and Edery (8), who demonstrated
that potency is retained even when the side chain is extended
up to eight carbon atoms. It is an interesting contrast that
although A%-THC-dimethylpentyl was not available for com-
parison it appears bromination of this molecule potentiates
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pharmacological activity because 5’-bromo-A*-THC-DMH
appears to be even more potent than A%-THC-DMH itself.

There is a basic underlying assumption that for a series of
analogs to interact at the same receptor site they will present a
common steric and electrostatic pattern. Early studies by
Edery and Mechoulam (5) showed that substitutions of
strongly electronegative groups at positions C2 and C4 ren-
dered the cannabinoid inactive. On the other hand, substitu-
tion in position C2 of the A ring by both methyl and ethyl
groups was tolerated (5). Substitution at position C4 by any
group was not tolerated and may well indicate a place of steric
interaction with the receptor site. Despite these observations,
the importance of positions C2 and C4 have not been evalu-
ated critically for their role in ligand-receptor interaction. Al-
terations in the electron density map of A®-THC by addition
of a nitro at C2, but not by iodination, suggests that electron
densities of the phenol and the oxygen in the B ring are essen-
tial for activity. This observation was reinforced in 4-nitro-
and 2,4-dinitro-A%-THC.

Where there is a common electrostatic pattern but different
pharmacological activity (as is the case between the iodo ana-
logs and the parent compound), examination of the molecular
orbitals can provide insight into the potential mode of interac-
tion of such analogs in binding. The HOMO calculation repre-
sents the orbital of a molecule (drug) occupied by an electron
that is closest in energy to the unoccupied orbitals of another
molecule (such as a receptor), and could represent the critical
characteristic in the binding interaction. Conversely, it could
be the lowest unoccupied molecular orbital of a molecule
(drug) that represents the empty orbital to which a donor
molecule (such as a receptor) might interact. The potential
interaction of these frontier orbitals need to be considered
because the energetic effects of such two-electron interactions
(i.e., that of a filled orbital with an empty one) are far larger
than those of interactions involving four electrons. In A%
THC, the HOMO encompasses the aromatic A ring together
with the phenolic hydroxyl group and the B ring oxygen. The
iodo-substituted compounds demonstrate a similar profile
that additionally includes the iodine atom in the HOMO (Fig.
3). This pattern would suggest that the enhanced activity of
2-iodo-A>-THC may be a result of direct interaction of the
iodine atom with a subsite on the receptor. Both the 2-nitro
and 2,4-dinitro analogs, however, show a dramatically differ-
ent HOMO that is concentrated largely around the C ring.
This shift from the A and B rings in these molecules may
explain their biological inactivity. The 4-nitro analog is un-
usual in that although its electrostatic pattern is similar to the
other nitro compounds its HOMO is similar to A%-THC but
with the additional incorporation of the nitro group. This
would seem to suggest that there is some steric interference
with binding, which could further explain the relative inactiv-
ity of 2,4-disubstituted compounds.

It will now be important to design analogs that will (pre-
sumably) exert a predictable influence on the proposed elec-
trostatic and HOMO maps to test the validity of these assump-
tions. The observation that substitutions at position C2 are
possible that can favorably alter electrostatic charges without
producing unfavorable steric influences will play a key role in
this endeavor.
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