dom. While transplants are innervated
by the host’s visual afferents only if they
lie sufficiently close to them, they are

never totally innervated from the eye or

visual cortex even if embedded in the tis-
sue these afferents normally supply. As
such they exhibit a form of specificity. It
is tempting to suggest that those areas of
the transplant that receive visual inputs
correspond to the visual layers of normal
animals and that specific affinities which
some cells appear to demonstrate for vi-
sual afferents in intact tissue are pre-
served in the transplantation procedure.
Conversely, those areas lacking in-
nervation correspond to cell layers that
would not normally be innervated by vi-
sual afferents.

The question arises whether the spe-
cial affinities suggested by this work are
still expressed if tissues are taken at pro-
gressively earlier ages or if they can be
abolished by various manipulations in
vitro before transplantation. In addition,
it is not known whether tissues such as
visual or somatosensory cortex also dis-
play any affinity for optic axons if placed
close to their area of distribution. These
questions are approachable with the pres-
ent system since further studies have in-
dicated that younger tectal tissue and tis-
sue from various cortical areas exhibit in-
terconnections with the host colliculus
(12), and that such interconnections oc-
cur even if cortical or tectal tissue is
maintained in vitro prior to trans-
plantation. Ultimately, it should be pos-
sible to assess the extent to which specif-
ic connections between brain regions re-
flect special affinities between certain
cell types (for instance, ‘‘visual’’ cells as
opposed to ‘‘somatosensory’’ cells) and
whether such affinities may be limited in
their expression by the particular growth
patterns of the fiber tracts inter-
connecting them.
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Potential New Artificial Sweetener

from Study of Structure-Taste Relationships

Abstract. 4-(Methoxymethyl)-1,4-cyclohexadiene-1-carboxaldehyde syn-oxime is
a new sweetening agent developed by systematic synthesis and taste evaluation of 80
new oximes analogous to the little-used oxime sweetener, perillartine.

Sweet tasting substances display such
a diversity of chemical structure that it
has been difficult to relate sweetness
with structure in any unified theory, or
design a new sweetener on a rational
basis. Consequently, most sweetening
agents were discovered by accident. All
have imperfect properties as sugar substi-
tutes, and new sweeteners are in de-
mand. Aldoxime 44 (Fig. 1) is a new non-
caloric sweetener that has 450 times (on
the basis of weight) the sweetening pow-
er of sucrose, lacks the bitterness of sac-
charin, and has potential applicability for
all sweetener uses (/). It was designed as
an analog of perillartine 1 (2, 3), which
has been used only as a sweetener for to-
bacco because of its very low water solu-
bility, appreciable bitterness, and men-
thol-licorice off-tastes.

Perillartine was a useful starting point
for a systematic study of taste-structure
relationships (¢). We assumed that the al-
doxime moiety in 1 was the functional
group responsible for sweetness. Then
the rest of the molecule could be desig-
nated a ‘‘carrier’’ group, where changes
in structure might be made. Perillartine
has a high calculated potency of taste (5,
6), but because of its low solubility in wa-
ter only a weak taste is actually attain-
able in solution. In designing and synthe-
sizing new analogs (Fig. 1) our objective
was to maintain high potency, increase
the solubility in water, and minimize or
eliminate nonsweet tastes (7, 8).

Both the aldoxime moiety and the «,
B-olefinic unsaturation [as in 2, where
X = H, but R, # H ¢, 9)] were found to
be essential for sweetness. Rather dras-
tic changes were permitted in the carrier

group, such as removal of the side chain -

(26), change of ring size (17), or even

cleavage of the ring (4) (10). Unpleasant
phenolic medicinal off-tastes developed
in 26, 17, and 4, but appreciable sweet-
ness and taste potency were retained.
Complete loss of sweetness in 40 and 41
(ketoxime analogs of 4 and 26) confirmed
that an aldoxime is required. Need for
the free oxime OH group was confirmed
by the complete insolubility and taste-
lessness of the O-methyl oxime 5 of peril-
lartine.

Fig. 1 (right). Chemical structures of oximes
and their properties. Numbers under each
structure are oxime solubilities (in molarity,
M), taste potencies indicated by X (times
sucrose), and ratios of the percentage of
sweetness to that of bitterness estimated
from the taste qualities (total 100 percent)
observed for each compound. Taste screening
data were single responses from four to six
experienced panelists, on oxime solutions at
one or two concentrations producing ob-
served taste intensities from 0.2 to 2.0 (usual-
ly 0.5 to 1.5) relative to 0.25M sucrose as 1.
On compounds of further interest, up to ten
replications at three to four concentrations
were obtained. Maximum water solubilities
are given in molarity at 25°C. The potency
times sucrose on a mole/mole basis = [ob-
served intensity of oxime solution/molarity of
oxime] + [observed intensity of sucrose refer-
ence solution/molarity of sucrose)]. The ratios
listed = (percent of taste identified as sweet)/
(percent identified as bitter). Other tastes
= 100 percent — (sweet + bitter). There was
no sourness (except for 6) or saltiness; but
menthol, anise, licorice, coconut, and mint
qualities were common. Fruit-berry tastes
were noted on 11 and 44. Unpleasant off-
tastes were variously described as chemical,
oily, phenolic, medicinal, or peppery on3,4, 8,
9,13, 17, 18, 25, 26, 27, 34, 38, 39, 46, 47, 49,
and 51. Although not predominantly sweet, 3
and 27 are listed with sweet compounds for
comparison. One-time responses on sodium
saccharin and calcium cyclamate gave poten-
cies of 185 and 30, and ratios of percent
sweet to the percent bitter were 93/7 and 80/0.
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SWEET NONSWEET
OH OH OH OH OCH3 (l)H C])H ?H
| | | | |
H 2N Hoo AN I AN H AN H AN AN N HQe AN
X /’\
\(Kaa ZCH, (KCHa
Ry CHy X
X X
OCHQCOOH OCHZCOONa
1 2 3 4 5 6 7 8
0.0005M 0.60M 0.15M insol 0.002m 0.005M 0.0002m
370x 8x 40x 95x 10x 175x
60/25 15/18 55/8 17/12 (sour) 0/38 14/34
OH (!)H (!)H ?H (IDH (l)H (i)H (IJH
|
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50/10 65/10 23/14 55/20 4/18 6/70 4/93 5/73
?H ({H ?H (I)H ([')H (!)H (!)H (I)H (!)H
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= 2 =z = =
(0]
CH OCH O S
OCHQCH3
17 18 19 20 21 22 23 24 25
0.080M 0.006M 0.050M 0.011M 0.080M 0.70M 0.080M 0.023m 0.055M
55x 24x 8x 16x 3x 1.5x 2x 10x 20x
48/7 39/9 42/26 45/28 22/19 0/50 2/65 0/36 0/70
OH i)H (I)H (I)H OH OH OH OH
|
AN NP2 AN AN IS AN I P H AN N2
E ? §E ?
CH CH,OCH OCH OCH
3 2 3 3
OCH o H,O
3 CH OCH,
OCHj4
26 27 28 29 30 31 32 33
0.017M 0.0006M 0.030M 0.003m OCH;  0.022M 0.009M
55x 250x 52x 80x 0.0005M 8x 50x
40/16 16/20 53/22 50/20 Tasteless insol 0/0 (menthol) 0/78
OH OH OH OH OH OH OH OH
; | | A e ] !
H\C¢N H\C;N H\CfN H\C¢N H\C¢N 3 ZN 3 /N
r Dl @
CH CH,OCH
3 2 3
OCH,
34 35 36 37 38 CH,;0 40 41
0.018M 0.0006M {0.004M) 0.14m 0.025M 0.001M 0.0004Mm
90x 150x not 135x 4x 17x 140x 410x
50/15 22/13 isolated 65/7 2/40 4/26 0/57 0/66
Cl)H CI)H OH (')H (l) OH (I)H OH OH OH
| | | I
H\ch H\CfN H\C¢N H\CﬁN H\CéN H\ ZN \C ZN \C/
s CL @
CH,0CH,
CH CH,OCH
3 2 3 OCH
OCH, 3
42 43 44 45 46 47 48 49 50 51
0.015M 0.0006M 0.020M 0.004M 0.0004M 0.006M 0.003M (0.02Mm) (0.004M) 0.012m
200x 500x 225x 300x 320x 33x 28x 140x 92x 320x
70/3 78/3 90/2 92/1 34/40 12/16 2/52 0/75 0/67 0/50

13 AUGUST 1976

585



Often there was an inverse relation be-
tween water solubility and taste potency,
which had to be circumvented for a suc-
cessful outcome. Compounds with low
solubilities often had high potencies, but
structure changes that improved solubili-
ty often reduced the potency, so that a
strong taste in solution was still hard to
attain. For example, alcoholic OH
groups in the perillartine side chain (13 to
16) gave predictable increase in water
solubility, but both sweetness and taste
potency were lost. Therefore, we tried
less strongly polar substituents to gain
solubility. Results were more favorable
with demethylperillartine 9, the epoxide
10 (/1), the ketone 11, and its O-methyl
ketoxime 12. Solubility was not so
strongly increased as with OH, but
sweetness was retained. There was bit-
terness and the usual menthol-anise
tastes, but not the phenolic-medicinal
off-tastes of 26, 17, and 4. Ketone 11
achieved good solubility without an alco-
holic OH; its potency and sweetness
were low, but there were pleasant fruit-
berry tastes. These compounds 9 to 12
were not useful sweeteners (/2), but tak-
en together their properties suggested
the further use of weakly polar groups in
the carrier moiety. Use of ring oxygen in
structures 21 to 24 seemed consistent
with this idea, but although solubility
was good, both sweetness and potency
of taste were lost with these dihydropy-
rans (as well as the sulfur compound
25).

Better direction was provided by the
OCHj; group in 19. Importance of ether
oxygen in the side chain was seen when
we compared the 4-OCH, compound 19
with its 4-CHj; analog 27. There was little
sweetness in the taste of 27 (16 percent
sweet), but the taste quality of 19 was
nearly half sweet (42 percent), and the
disagreeable phenolic-medicinal  off-
tastes of 26 (a common point of depar-
ture for 19 and 27) were absent. As usu-
al, potency decreased as solubility in-
creased (for 19); and potency increased
as solubility decreased (for 27). The next
higher homologs of 19 were the 4-ethoxy
ether 20 and the isomeric 4-methoxy-
methyl ether 28. Surprisingly, 28 was
two to three times better than 20 in both
solubility and taste potency, the first
time these had increased together. Thus,
in going from 19 to 28, a carbon atom
was inserted with only a 40 percent drop
in solubility but a sixfold increase in po-
tency. We concluded that ether oxygen
was best incorporated as OCHj;. The
next homolog was 29, with a branched
side chain; sweetness was unchanged,
but the increase in potency was accompa-
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nied by a tenfold drop in solubility. Com-
parison of the two racemic forms of 29
showed the importance of spatial orienta-
tion of the side chain; one racemate had
improved potency (110 X) and sweet-
ness (77 percent), with corresponding
losses in the other. The importance of
OCH; and its placement in the properties
of 19, 28, and 29 (/3) is consistent with
the concept of a ‘‘third binding site’’ re-
quired in sweet molecules according to
the Kier hypothesis (/4). Misplacement
of this site may explain the loss of sweet-
ness in compounds 21 to 25. Its absence
may explain the off-tastes in 4, 17, and 26.
Perhaps for similar reasons the methoxy-
methyl side chain on the cyclopentene
ring in 18 did not provide the anticipated
improvement over 17; sweetness and po-
tency were less in 18 and there was an
unexplained loss in solubility.

Extending the side chain beyond that
in 29 resulted in sudden and complete
loss of sweetness, even with 30, an iso-
mer of 29, and regardless of the incorpo-
ration of one or two OCH,’s in 31, 32,
and 33. The adverse effect may be due to
increased distance of the third binding
site, and to increased flexibility and bulk-
iness of the side chain. Structural flexibil-
ity probably explains loss of sweetness
in open-chain oximes homologous to 4,
even when OCHj is present as in 38 and
39.

Conversely, increased structural rigidi-
ty may explain improved sweetness in
cyclohexadiene analogs of compounds
26 to 29. Ring rigidity increases from cy-
clohexene to 1,3-cyclohexadiene to 1,4-
cyclohexadiene, and sweetness im-
proved dramatically in the same order
(15). In the series 26, 34, and 42, and sim-
ilarly with each side chain, the 1,4-cy-
clohexadiene was highest in sweetness
and lowest in bitterness and off-tastes.
Predictably, the 1,4-dienes 44 and 45
with OCHj-bearing side chains were
best, with almost no bitterness and a
slight menthol-licorice quality ac-
companying sweetness. The 1,4-dienes
also had the best taste potency. Solubili-
ty depended on the side chain and varied
little with the nature of the ring. For its
combination of good solubility allied
with potency and quality of sweetness,
44 stood out as a potentially valuable
sweetening agent (/6). Sugar-sweetened
beverages contain up to 12 percent su-
crose. The same degree of sweetness is
attained in a 0.024 percent solution of 44.
The potency of 44, calculated in practical
terms on a weight basis, is 450 times that
of sucrose; the potency is 300 for saccha-
rin and 30 for cyclamate.

Further evidence for the highly specif-

ic structural requirements for sweetness
was provided by the loss of sweetness
and even taste potency in 8 and 47 to 50
(positional isomers of 9, 18, 29, 44, and
45, respectively). Increased rigidity with
a bridged ring in 51 also gave loss of
sweetness.

The development of 44 from 1,
through a limited number of deliberately
varied structural changes, has resulted in
a potentially useful new sweetener.

E. M. AcToN
H. STtoNE*
Stanford Research Institute,
Menlo Park, California 94025
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