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1.3.2  Parasite Control

Development of an effective malaria vaccine has been a goal of researchers for more
than 30 years now. The three main types of vaccines being developed are anti-
sporozite,’® anti-asexual blood stage and transmission-blocking vaccines.”” The
vaccines are designed to prevent infection, reduce severe and complicated
manifestation of the disease and arrest the development of the parasite in the
mosquito, respectively.’ The chemically synthesized vaccine, SPf66, was tested in
Tanzania but gave insignificant protection with serious side effects.*” Peptide based
vaccines have been successfully employed but face the challenge of tc>xici‘cy.40’41
Other candidate trial vaccines include nucleic acids that target asexual and pre-

erythrocytic stages of malaria parasites.*' Besides vaccines, chemoprophylaxis and

chemotherapy have been used to minimise disease prevalence.
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One of the most spectacular discoveries of plant based drugs in recent years is the
isolation and characterisation of artemisinine (1.31) in the 1970s, which was later
established to be an effective antimalarial drug.”! Artemisin%ne was obtained from a
Chinese antimalarial herb, Artemisia annua (Asteraceae), whose extract had been
used for the treatment of malaria in China since medieval times. The compound and
its derivatives like artesunate (1.32) and artemether (1.33) are now commercial anti-
malarial drugs®® and have been known to show no cross-resistance.”*® Presently,
artemisinine is used for the treatment of malaria in many countries including
Tanzania, where the cultivation of  Artemisia® annua for local production of
artemisinine is currently being practised. Artemisia growing is likely to become a

major economic venture for Tanzania and other African countries with a dual
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During World War II, the military used aromatic oils like citronella, bergamot,
eucalyptus, peppermint, turpentine and spirit of camphor in various formulations to
repel biting insects. However, several plants and products that are traditionally used
to kill or repel mosquitoes and other blood sucking insects” lack scientifically
reliable data that would demonstrate their efficacy under uncontrolled field
conditions. Many plants produce chemicals with anti-feedant, insecticidal or IGR
properties, which could potentially be exploited to provide insecticides that are
readily biodegradable, as substitutes to synthetic chemicals like DDT, that are now
being withdrawn from the market or their use has been restricted because of
persistency in the environment, and therefore toxic to humans and other organisms.w
Generally many rural communities in developing countries in Africa, Asia and Latin
America continue to rely on herbal extracts for their daily healthcare provisions and
insecticidal applications. In part this situation has been prompted by limited supply
of conventional medicines and insecticides in these areas but partly because of the
belief in the therapeutic capacity of these extracts. Subsequently, the search for

medicinal and insecticidal agents from tropical flora has continued to be a subject of

great research interest worldwide.

The most successful example of plant produced insecticides is that of the pyrethroids
that occur in the flowering heads of pyrethrum (Chrysanthemum cinerariaefolium
and C. coccineum, family Compositae = Asteraceae). Insecticidal properties of
several Chrysanthemum species were known for centuries in Asia. Even at present
powders of dried flowers of these plants are sold as insecticides. The insecticidal

properties of pyrethrum are due to six terpenoids (1.21, page 18). These compounds
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have quite high knockdown effects against flying and crawling insects, but are highly
unstable to light, air, moisture and alkali. Knowledge of their structure and their high
cost stimulated structural optimization of synthetic analogues, having activity found
in the natural pyrethroids being either retained or enhanced. This has resulted in
reduced costs, wide affordability and acceptability of pyrethroid anatlog:,rues.m'63
Examples of these synthetic pyrethroids include permethrin (1.18) and deltamethrin
(1.19). Although synthetic pyrethroids offer improved selectivity (over the other

synthetic insecticides) and lower mammalian toxicity, incidences of mosquito

resistance to these insecticides have however been recently reported.

One of the earliest reports of the extensive use of natural insecticides (even before
the discovery of synthetic organic insecticides) against mosquito larvae involved the
plant alkaloids like nicotine (1.36), methylanabasine (1.37) and lupinine (1.38)
extracted from the Russian weed Anabasin aphylla that killed larvae of Culex
pipiens, Cx. Quinquefasciatus and Cx. territans.’*% Nicotine is also found in the
leaves of Nicotiana tobacum, N. rustica, Duboisa hopwoodii and Aesclepias syriaca.
It occurs as the main alkaloid along with small amounts of twelve other alkaloids of

which nor-nicotine (1.39) and anabasine (1.40) are of insecticidal importance.®

IR LA e

1 36 1.37 1.38 1 39 1.40

Synthetic analogues of nicotine, like 5'-methyl-nor-nicotine have been demonstrated
to be effective insecticides. Ryanodine (1.41), an alkaloid from the tropical shrub,

Ryania speciosa, has been used as a commercial insecticide against the European






























CHAPTER TWO

ACTIVITY OF SOME TANZANIAN PLANT EXTRACTS AGAINST

ANOPHELES GAMBIAE S.S GILES MOSQUITO LARVAE

Abstract

This Chapter reports on the larvicidal activity of sixteen Tanzanian plant species against the
endophilic malaria vector, Anopheles gambiae s.s Giles, larvae. The crude extracts from the leaves,
stem and root barks of Annona squamosa, Asteranthe asterias, Croton sylvaticus, Hoslundia opposita,
Lettowianthus stellatus, Polyalthia tanganyikensis, Tessmannia densiflora, T. martiniana var pauloi,
T. martiniana var martiniana, Uvaria lungonyana, U. scheffleri, U. faulknerae, U. leptocladon, U.
kirkii, Uvariodendron usambarense, and U. pycnophyllum obtained by solvent extraction and then
bioassayed following WHO protocols showed LCs, values ranging from 10 to 400 ppm after 24 h
exposure. The most active extracts were those from the stem and root barks of Annona squamosa,
Uvaria faulknerae, U. kirkii and Uvariodendron pycnophyllum, all of which had LCs, values between
10 and 100 ppm. Long term exposure beyond 24 h also showed more susceptibility of the larvae to the
extracts. The most active extracts were fractionated by vacuum liquid chromatography and then
bioassayed against the larvae for an exposure period beyond 120 h. Larvae deformities by formation
of tailed tadpole like creatures were observed for the methanol extracts of Tessmannia martiniana var
pauloi. The results suggest that the investigated plant extracts are promising as larvicides against An.
gambiae s.s Giles mosquito and could be useful leads in the search for new and biodegradable

botanical larvicidal natural products.
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over the other methods, although targeted and random screening of plants and their

extracts for activity have also yielded excellent results. %6 17

About 3000 plant species have been listed in the literature as having potential
insecticidal and repellent value.!® However, only a fraction of these species have
been investigated chemically or biologically. Furthermore, many of these plant
species are used in traditional practices for preventing mosquito bites. Therefore,
these are considered to be appropriate candidates for the control of malaria
transmitting mosquitoes. Again, most such plant species continue to remain
uninvestigated and hence their bioactive constituents are not yet known.'®
Unfortunately, despite the above stated facts, the rapidly increasing human
population continues to consume plant biota much more rapidly than it is being
replaced. Therefore, based on such trend there is an imminent threat that most
valuable plant species may soon become extinct without having harnessed their
valuable chemical constituents. Meanwhile, remnants of such genetic resources
continue to be preserved in forest reserves and national parks in some countries
including Tanzania, a practice that needs to be continuously safeguarded through
proper conservation management strategies. However, worldwide, about half of the
original forests in developing countries are being replaced by cities and farms, or are
destroyed through other human activities. A big proportional of the rain forests in
Africa and other tropical regions have continued to undergo destruction 1;hrough what
is called “slash- and —-burn” agricultural practices, in which forests are cleared (Fig.

2.1) for the land to be used for farming for a few years until soil nutrients are

depleted, and then the land is abandoned for another “virgin” spot of forest. It is
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The crude pet ether, chloroform and methanol extracts of the root and stem barks of
Annona squamosa were the most active among all the investigated plant species. The
extracts displayed LCsq values of 44, 13, 21 and 50, 17, 24 ppm respectively, after 24
h exposure. TLC analysis of all the crude extracts, except the chloroform extract of
the root bark revealed the presence of unstable complex mixtures of compounds
which decomposed on TLC. Therefore, only the chloroform extract of the root bark
which did not show decomposition on TLC was separated into VLC fractions and
then each fraction was tested for larvicidal activity (Table 2.3). There was significant
difference in activity between the crude extracts and VLC fractions after 24 h
exposure (Table 2.2 and 2.3). The crude extract was the most active, the activity
being comparable with that observed for VLC fractions 1-6 with the activity level

increasing for VLC fraction 6.

In the literature no studies describing insecticidal activity of A. squamosa extracts
against An. gambiae mosquitoes have been reported. However, literature reports
indicate that annonaceous acetogenins are the most active insecticidal components of

A squamosa.113

The acetogenins have been reported to have very potent
bioactivities, such as in vivo antitumour, antimicrobial, antimalarial, pesticidal,
antiparasitic, antihelmintic, cytotoxic, antifeedant and immunosuppressant

activities."> For this reason a number of annonaceous acetogenins have been

patented.1 0

During investigations whose results are hereby being reported, acetogenins were
neither isolated nor detected in the crude extracts of 4. squamosa. This indicates that

compounds other than acetogenins were responsible for the detected larvicidal
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(2.25), benzyl benzoate (2.26), 2-methoxybenzyl benzoate (2.27) and diuvaretin

(2.28) were isolated,”?® some of which like 2.27 and 2.28 are known to exhibit some

. o @ s 104
insecticidal activities.
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U. leptocladon is used in traditional medicine for the treatment of cerebral malaria.'?
In these reported investigations, the plant species was found to contain the C-
benzylated dihydrochalcones uvaretin (2.29), isouvaretin (2.30), diuvaretin (2.28),

).} These compounds

angoluvarin (2.31), triuvaretin (2.32) and isotriuvaretin (2.33
have been reported to exhibit different biological activities, including insecticidal,
larvicidal, antimicrobial, antitumour, antimycotic and antiprotozoal activities.'?> The
larvicidal activities observed in investigations whose results are hereby being
reported could be associated with the compounds mentioned above. This is because
compounds having antitumour and insecticidal activity have been reported to elicit

similar mode of cell action by blocking the cellular oxygen transport system. 124
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U. lungonyana is endemic to Tanzania'> and so far neither chemical nor biological
investigations have been reported for this plant species. Despite the crude extracts of
the plant species displaying moderate activity, it was considered reasonable to select
it for further analysis so as to isolate the active constituents because of its restricted
occurrence. Table 2.2 shows activity of the crude chloroform extract of the root bark
while Table 2.4 displays results for VLC fractions in which there is enhanced activity
for the VLC fractions as compared to the crude extracts. Thc;, high activity for the
VLC fractions appeared to be concentrated in the least polar and medium polar
compounds. The isolation and biological activity of the isolated compounds is

discussed in Chapters 5 and 6 of this Thesis.

The crude pet ether, chloroform and methanol extracts from L. stellatus displayed
larvicidal activity at varying levels, having LCs values of 93, 256 and 355 ppm after
24 h exposure, respectively. Previous phytochemical investigations of L. stellatus
indicated the crude extracts from the stem and root barks to have in vitro antimalarial
activity, as well as weak toxicity against brine shrimp (BST) larvae.'?%'*” Among the

compounds isolated from the extracts was insect juvenile hormone IIT (2.34) which















~54 ~

Table 2.2 Activity of Crude Extracts Against 3"9/4™ Instar Larvae of Anopheles
gambiae s.s Giles After 24 h Exposure (ppm)
' Plant PE CH ME
Botanical hame Part LCs 95% CL  LCs 95%CL  LCs, 95% CL
Uvaria lungonyana SB ne ne 245 185-337 373 260-781
RB ne ne 93 22-155 161  116-227
U. scheffleri SB 130  84-189 224 150-355 250  153-545
RB 209 - 135-339 363 243-880 164  104-252
U. faulknerae SB 162 109-239 33 23-48 82 61-111
RB 27 17-46 24 17-34 165  122-222
U. leptocladon SB 153 98-228 88 26-142 393  263-1085
U. kirkii SB 48 34-66 52 38-75 70 52-97
RB 76 51-113 95 64-139 129  83-209
Uvariadendron SB 188  137-262 188  29-318 357  258-554
ambivinse RB 439 334-707 150  106-207 494 394-775
U. pycnophyllum SB ne ne 56 34-87 109  66-192
RB ne ne 56 34 - 86 56 35-86
Lettowianthus stellatus SB 93 65-127 256  149-708 355  265-500
Annona squamosa SB 50 38-67 17 9-25 24 1040
RB 44 29-66 13 8-18 21 38-48
Polyalthia tanganyikensis RB 96 69-132 133 90-199 70 50-100
Asteranthe asterias LS 444  319-898 267  186-384 494  394-775
SB 238  150-349 439  334-707 294 220405
Tessmannia densiflora SB ne ne 104 60150 192 130-285
RB ne ne 162 113-232 383 243402
T. martiniana var pauloi SB ne ne 83 40 - 120 122 82-173
RB ne ne ne ne 114  44-186
T. martiniana var SB ne ne 256  149-708 353 213-402
AN RB  ne me 204 133-340 148 74-254
Croton sylvaticus SB 246  195-372 232 170-342 238 184-354
RB 110  76-157 163 117-232 164  115-239
Hoslundia opposita LS 171  6-288 369  257-659 191  69-301
RB 375 276583 439 334-707 368  276-537

SB = Stem bark, RB = Root bark, LS = Leaves, PE = Pet ether, CH = Chloroform, ME = Methanol, ne = not extracted
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Crude extracts from U. pycnophyllum and U. usambaranse displayed significant
difference in larvicidal activity (Table 2.2). The former plant species showed higher
activity than the latter, displaying LCsp values of 56 and 109, and 56 and 56 ppm after
24 h exposure for the chloroform and methanol extracts of the stem and root barks,
respectively. So far there are no any investigations describing the larvicidal or any
biological activity for either of the two plant species. However, phytochemical
investigations already done on other members of the genus Uvariodendron, namely U.
gorgonis from Tanzania and U. connivens that is found in Nigeria and Cameroon
revealed the presence of the phenylpropanoids eugenol (2.46), 3,4~
dimethoxycinnamylalcohol (2.47), dehydrodieugenol (2.48), elemicin (2.49), 3,4,5-
trimethoxycinnamaldehyde (2.50) and 3,4,5-trimethoxycinnamylalcohol (2.51)."3%13
The phenylpropanoid type of compounds are known to be toxic and most of them have

been documented to be insecticidal, fungicidal, nematocidal and bacteriocidal.'**'**

Since U. pycnophylium displayed strong activity among other investigated extracts, it
was further subjected to VLC fractionation. Table 2.10 shows that there was significant
difference between the activities of the VLC fractions and the respective crude
chloroform extract of the stem bark. Detailed phytochemical results for the U.
pycnophyllum extracts and larvicidal properties of the isolated compounds are discussed

in Chapters 5 and 6 of this Thesis.






~59 ~

active compounds might be expensive and technically not feasible, and hence the crude
extracts could be employed as such in larviciding without requiring isolation of active

constituents.

Table 2.3 Activity of the Chloroform VLC Fractions of Annona squamosa Root

Bark Against 3"/4™ Instar Larvae of An. gambiae s.s Giles

VLC Time Percentage mortality LCs 95% CL

(b 62.5 125 250 500 (ppm)

1 24 0+0 6.7+ 33 50+5.7 93.3+3.3 292 221 -392
48 16.7+3.3 40+5.7 86.7+3.3 100+ 0 155 88 - 237
72 20+ 0 40+ 0 100+ 0 100+ 0 126 88 - 185

2 24 0+0 6.7+33 30+ 5.7 70+ 5.7 385 293 - 359
48 10+0 20+0 53.3+33 96.7+3.3 267 186 - 384
72 133+33 267+33 833+33 100+ 0 174 124 - 249

3 24 33+33 0+0 0+0 26.7+17.6
48 56.7 + 6.7 70+ 0 80+5.7 100+ 0
2 76.7+3.3 100+ 0 100+ 0 100+ 0

4 24 36.7+33 50+5.7 83.3+3.3 100+ 0
48 100+ 0 100+ 0 100+ 0 100+ 0
72 100+ 0 100+ 0 100+ 0 100+ 0

5 24 20+ 0 50 +5.7 60+ 5.7 100+0 157 70 - 246
48 30+0 80+5.7 90+0 100+ 0
72 50+0 80+0 100+ 0 100+ 0

6 24 100+ 0 100+ 0 100+ 0 100+ 0
48 100 + 0 100+ 0 100+ 0 100+ 0

72 100+ 0 100+ 0 100+ 0 100+ 0




..

Table 2.4 Activity of the Chloroform VLC Fractions of Uvaria lungonyana Root

Bark Against 379/4™ Instar Larvae of An. gambiae s.s Giles

VLC Time Percentage mortality LCss 95% CL
() 7.5 15.6 312 62.5 125  (ppm)
1 24 35%5 70+ 10 85+5 90+0 100+ 0

48  467+33 80+57 933+33  100+0 100 + 0
72 50+0  833+33 . 100+0 10040 100+ 0

2 24 67+33 367+33 733+£67 867133 90+0 40 13- 68
48 10+0 4057 70 £5.7 100+ 0 100 +0 21 14 - 32
72 20+0 66.7 +3.3 90+0 100+ 0 1000 14 6-21
3 24 6.71+3.3 20+0 50+0 90+0 32 22-46
48 6.7+33 30+ 0 86.7+33 100+0 21 15-30
72 6.7+33 46.7+33 96.7+33 100+ 0 17 11-23
4 24 0+0 0+0 0+0 933+33 933433
48 20+0 433+33 60+0  100+0 100+ 0 22 12-34
72 50+0 60+0 70+ 5.7 100+0 100 +0
5 24 0+0 40+0 80+0 90+0
48 40+0 80+ 11.5 100+ 0 100+ 0
72 80+11.5 80+11.5 100+ 0 100+0
6 24 0+0 0+0 6.7+33 20+0 30+0 408 307-629
48 0+0 0+0 0+0 50+11.5 100+ 0

72 0+0 0+0 0+0 60+11.5 100+ 0
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Table 2.5  Activity of the Chloroform VLC Fractions of Tessmannia densiflora

Root Bark Against 37/4"™ Instar Larvae of An. gambiae s.s Giles

VLC Time Percentage mortality LCy 95% CL
(h) 31.2 62.5 125 250 500 (ppm)
1 24 0+0 0+0 0+0 0+0 0+0
48 0+0  233+33 23.3+3.3 50+0 80+ 5.7 229 146 - 454
72 20+0  46.7+3.3 80+ 0 90+ 0 100+ 0 67 40 - 100
2 24 0+0 0+0 30+0 50+ 0 70+ 0 265 176 - 493
48 0+0 367+33 633+33 833+33 100+ 0 99 65 - 145
72 60+57 66.7+33 86.7+3.3 100+ 0 100+ 0 37 10- 61
3 24 0+0 20+0 50+0 80+0 10040 122 85-175
48  33+33 767+33 83.3+33 100+ 0 100+ 0 45 21-67
72 33+33 80+0 86.7+6.7 100 + 0 100+ 0 40 19 - 58
4 24 0+0 0+0 0+0 0+0 0+0
48 0+0 0+0 0+0 0+0 33433
72 0+0 0+0 0+0 6.7+3.3 10 + 10
5 24 0+0 0+0 0+0 0+0 0+0
48 0+0 0+0 0+0 0+0 0+0
72 0+0 0+0 0+0 0+0 0+0
6 24 0+0 0+0 0+0 0+0 30+ 10
48 0+0 0+0 10+ 0 4330+33 733+33 321 222 - 585
72 67+33 6.7+3.3 30+0 50+ 5.7 90 + 5.7 177 113 -311

Table 2.6 Activity of the Methanol VLC Fractions of Tessmannia martiniana var

pauloi Root Bark Against 3"/4™ Instar Larvae of An. gambiae s.s Giles

VLC Time Percentage mortality LCso 95% CL
(h) 31.2 62.5 125 250 500 (ppm)
1 24 0+0 0+0 0+0 10+ 5.7 50+5.7 493 395 - 747
48 0+0 10+0 20+0 30+5.7 100+ 0 266 203 - 378
72 0+0 13.3+3.3 50+0 93.3+3.3 100+0 143 108 - 195
2 24 0+0 0+0 0+0 0+0 50+5.7
48 0+0 0+0 33+33 10+ 5.7 90 +5.7 340 268 - 446
72 0+0 0+0 40+ 5.7 70+5.7 100+ 0
3 24 0+0 0+0 0+0 040 50+5.7

48 0+0 13.3+33 20+0 33.3¢:3.3 33433 352 258 - 545

72 30+5.7 30+0 30+£57 86.7+3.3 100+ 0 140 81-225
4 24 0+0 0+0 0+0 10+5.7 40+5.7

48 0+0 0+0 20+0 30+0 50+0 459 334 - 870

72 10+ 0 50+5.7 70+57 96.7+33 100+ 0 93 36 - 147
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Table 2.7 Activity of the Chloroform VLC Fractions for Tessmannia martiniana var
pauloi Stem Bark Against 3"9/4"™ Instar Larvae of An. gambiae s.s Giles

VLC Time Percentage mortality LCs 95% CL
® " 312 62.5 125 250 500 (ppm) _
1 24 0+0 0+0 3.3+33 60 +5.7 96.7+3.3 308 240 - 408
48 0+0 10+0 30+5.7 70 +5.7 100+0 182 136 - 263
72 0+0 133+33 40+57 93.3+33 100+ 0 143 108 - 195
2 24 0+0 6.7+67 67+6.7 6.7+6.7 533+ 185 402 314 -562
48 0+0 167+33 267+88 367+145 933+33 252 178 - 369
72 20+ 0 30+0 40+ 5.7 70+ 5.7 100+ 0 154 88 - 248
3 24 0+0 0+0 33+33 10+5.7 40+ 0
48 0+0 0+0 133433 70+ 5.7 100+ 0 205 162 -274
72 0+0 133+33 20+0 83.3+3.3 100+0 183 142 - 250
4 24 0+0 0+0 6.7+33 16.7 + 8.9 50+0 481 363 - 826
48 10+0 10+ 0 10+0 30+0 90+ 5.7 307 229 - 440
72 10+0 10+0 30+0 33.3+33 100+0 183 142 - 250
5 24 0+0 133+33 50+5.7 83.3+8.8 100+ 0 152 108 - 219
48 0+0 40+0 76.7+33  96.7+3.3 100+ 0 131 90-190
72 0+0 767+33 90+57 100+0 100+ 0 72 51-99
6 24 0+0 0+0 33+33 13.3+8.8 76.7 + 8.8 354 277 - 476
48 10+0 33+33 66+33 13.3+8.8 90+ 10 288 216 - 402
72 0+0 13+3.3 40+5.7 86.7+3.3 100+ 0 101 4-176

Table 2.8 Activity of the Chloreform VLC Fractions for Tessmannia martiniana var

martiniana Root Bark Against 3"/4™ Instar Larvae of An. gambiae s.s

Giles
VLC Time Percentage mortality LCs 95% CL

(h) 31.2 62.5 125 250 500 (ppm)

1 24 0+0 10+57 133+33 233+33  50+57 493  353-1030
48  267+33 733+67 733+88 833+33 867+33
72 633+33 83.3+33 867+67 967+33  100+0

2 24 0+0 0+0 233433 60+0 80 +5.7 312 236 - 431
48 6.7+33 20+ 0 70+5.7 80+57  96.7+33 155 106 - 233
72 30+57 767+67 867+33  100+0 100+ 0

3 24 0+0 10+0 20457 433+33 733+33 352 258 - 545
48 0+0 433433  80+5.7 90+ 5.7 100+ 0
72 0+0 80+ 5.7 100+ 0 100+ 0 100+ 0

4 24 10+0 133+33  30+57 433+33 100+ 0 235 170 - 346
48 50+ 0 50+0 100+ 0 100+ 0 100+ 0
72 533+33 86.7+33  100+0 100 + 0 100+ 0
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Table 2.9 Activity of the Chloroform VLC Fractions for Tessmannia martiniana var

martiniana Stem Bark Against 3"/4™ Instar Larvae of An. gambiae s.s

Giles
VLC Time Percentage mortality LCs 95% CL

(b 31.2 62.5 125 250 500 (ppm)

1 24 0+0 0+0 0+0 80+ 5.7 100+ 0
48 26.7+3.3 70+ 5.7 86.7+3.3 96.7 +3.3 100+ o
72 60+0 86.7+33 100 +0 100+ 0 100+ 0

2 24 0+0 0+0 0+0 0+0 83.3+6.7
48 6.7+33 133+6.7 433+33 86.7+33 96.7+3.3 249 178 - 359
72 23.3+33 40+ 5.7 63.3+3.3 100+ 0 100+ 0 89 50- 141

3 24 0+0 33+33 20+5.7 70+ 5.7 96.7+3.3 272 203 - 380
48 0+0 333+33 60+ 5.7 96.7+3.3 100+ 0 131 90 - 190
72 0+0 50+5.7 76.7+3.3 100+ 0 100+ 0 99 77 - 135

4 24 0+0 10+ 0 - 10+0 23.3+33 93.3+3.3 330 255 -453
48 0+0 20+5.7 30+0 100+ 0 100'j-_0 133 102 - 194
72 6.6+33 33.3+33 56.7+8.8 100+ 0 100+ 0 99 69 - 155

Table 2.10 Activity of the Chloroform VLC Fractions of Uvariodendron
pycnophyllum Stem Bark Against 3"/4"™ Instar Larvae of An.

gambiae s.s Giles

VLC Time Percentage mortality LCs 95% CL
M s 125 250 500 (ppm)
1 24 2040  40+57  733+3.3 100+ 0 167 91 - 261
48 533+33 867+33 96.7+3.3 100+ 0
72 667+67 100+0 100 + 0 100+ 0
2 24 0+0  6.7+33 2040 233433
48 0+0  167+33 567+33  967+33
72 3040 433+88  70+57 100+ 0
3 24 33433 100+0 100 + 0 100+ 0
48  333+33  100+0 100 + 0 100+ 0
72 50457  100+0 100+ 0 100+ 0 154 56 - 247
4 24 0+0 0+0 20457  933+33 337 266-433
48 0+0 0+0 26.7+3.3 100+ 0
72 10+0 10+0  533+33 100+ 0 242 181-352
5 24 0+0 0+0  0+0 - ° 367+33
48 0+0 0+0 0+0 467+33
72 0+0 0+0 0+0 83.3 +3.3




CHAPTER THREE

NOVEL NOR-HALIMANE DITERPENES,
ISOCOUMARINS, AND OTHER CONSTITUENTS OF

TESSMANNIA DENSIFLORA

Abstract

This chapter describes the isolation, structural determination of constituents of
larvicidal extracts of Tessmannia densiflora Harms (Leguminosae, sub family
Caesalpinioideae) that is endemic to Tanzania. Two diterpenoids distereomeric to
the previously isolated halimane diterpenoids seco-chiliotrin and methyl seco-
chiliotrinoate, and 2-methylpropyl- and 1-methylbutyl-tessmannoate were obtained
from the larvicidal chloroform extracts of the root and stem barks. A new
isocoumarin, chlotessmin, together with a known isocoumarin 8-hydroxy -6-
methoxy-3-pentylisocoumarin and other compounds were isolated from the
chloroform extract of the stem bark, and the structures and stereochemistry of the
isolated compounds were established on the basis of spectroscopic data. The
diterpenoids are regarded as halimane derivatives derived from oxidoreductive

cleavage of the less substituted cyclohexane ring.
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Scheme 1 Biosynthetic Pathway of D_it§rpenoids 3.1-3.4
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Fig.3.9a [Important Long Range H/C HMBC Correlations for
Compound 3.1
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Fig. 3.10 - HMBC Spectrum for Methyltessmannoate (3.2)
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Fig. 3.21 HMBC Spectrum of 2-Methylpropyltessmannoate (3.12)
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Fig. 3.21a Important Long Range H/C HMBC Correlations for
Compound 3.12
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Fig. 3.22 HMBC Spectrum of 1-Methylbutyltessmannoate (3.13)

Fig. 3.22a Important Long Range H/C HMBC Correlations for
Compound 3.13
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consistent with the molecular formula C;sH,;NO. The *C NMR spectrum exhibited
only six signals in the aromatic region, which, together with the presence of three 'H

NMR resonances in that region of the spectrum indicated that the compound
consisted of a benzene ring, having three of the six C-atoms unsubstituted (8 6.25, t,
1H,J=2.1 Hz; 6.28, 1, 1H, J=2.1 Hz and 6.31, t, 1H, J=2.1 Hz; and 3¢ 98.7, 108.0
and 106.5 respectively, Table 3.5). ;[‘he 'H NMR spectrum (Fig. 3.36) further showed
a methoxy proton signal at & 3.76, with the corresponding carbon absorption
appearing at & 160.8 in the BC NMR spectrum (Fig. 3.39), thus indicating the

presence of a methoxy group on the benzene ring.

' 3
MeO b) Me
3 )
6
) -
HN__~_Me
1* 3"
3.16

The '"H NMR spectrum also showed resonances due to a proton attached to a nitrogen
atom at 8y 2.85 (s, 1H), this being superimposed on a signal due to one of the

methylene protons of the side chain that was also connected to the nitrogen atom

(Table 3.5).

That the compound consisted of a butyl and pentyl chain attached to the benzene ring
and an aromatic amino nitrogen was deduced from the corresponding 'H and C
NMR signals for the two units (Table 3.5) as further indicated by H/H COSY and
HMBC interactions, which also established the relative positions of all the

substituents on the benzene ring.

Compound 3.16 is hereby being reported for the first time.
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Table 3.5 1H NMR Spectral Data for 5-Pentyl-3-methoxy-N-butylaniline (3.16)

H/C Y JHz) ¢ H/C Y J (Hz) dc
1 - ~ 1568 | 33 | 129-138 m 225
2 625 2.1 987 | 3b 2.03 s
3 : . 1608 | 4 | 164167 m 259
3-0Me| 3.76 s 552 | s 0.89 70 137
4 628 2.1 1080 | 1" 2.85 t,81 521
5 - - 1457 2v | 128136 m 314
6 631 21 1065| 3" | 1.30-144 m 203
1 251 t81 360 | 4 | 094 7.5 140
2 |154164 m 308 | NH 2.85 brs

H-4
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Fig. 3.38 1H NMR Spectrum of 5-Pentyl-3-methoxy-/N-butylaniline (3.16)
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3.2.1.6 Heptacosanoic acid (3.18)

Repeated chromatography of VLC fraction 2 from the chloroform extract of the stem
bark of Tessmannia densiflora yielded white crystals, m.p. 87-90 °C which were
shown to constitute a long chain fatty acid whose structure 3.18 was established upon
analysis of 'H and °C NMR, and mass spectral data (Table 3.5, Figs. 3.46, 3.47 and
3.48). Thus, both 'H and “C NMR spectra showed resonances due to terminal
methyl protons at &y 0.88 (t, 3H, J = 6.9) and 3¢ 14.1. The NMR spectrum also
displayed signals due to two sets of methylene protoﬁs next to the terminal methyl
group at oy 1.25 (m, 2H) and ¢ 31.9, and 8y 1.25 (m, 2H) and 8¢ 22.9. The Be
NMR spectrum further showed a signal due to a carboxylic .group at 6¢c 179.2.
Signals due to two sets of methylene group at 8y 2.35 (t, 2H, J = 7.5) and 8¢ 33.9,
and 8y 1.63 (quintet, 2H, J = 7.5) and 3¢ 24.7 were assigned to o and B methylene
groups relative to carbonyl carbon. The 'H and *C NMR spectra further showed
signals due to several sets of methylene groups at 8y 1.25 (m, 2H) and 8¢ 26.0-29.7,

the exact number of the methylene groups was established on the basis of the MS

(Fig. 3.52).
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Table3.5 1H NMR Spectral Data for
Heptacosanoic acid (3.18)

H/C dH J (Hz) 8C
1 - - 179.2
2 235 t, 7.5 33.9
3 1.63 quintet, 7.5 24.7

(CHy)x 1.25 m 26.0-29.7

4 125 m 31.9
5 1.25 m 229

Me 0.88 t, 6.9 14.1

B e e s it T
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Fig. 3.50
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1H NMR Spectrum of Heptacosanoic acid (3.18)
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Vacuum liquid chromatography (VLC) was performed using normal phase silica gel
of particle size 230-400 mesh ASTM (Merck). The vacuum was generated by a
vacuum pump. Preparative thin layer chromatography was done either by using
normal or reversed phase silica gel (F254, Merck) pre-coated on glass plates (20 x 20
cm) with a layer thickness of 0.25, 0.5, 1.0 and 2.0 mm. Detection was carried out

under UV light at 254 or 366 nm wavelength.

Several chromatographic techniques were used, including gravitational column
chromatography which was carried out using glass columns wet packed with silica
gel of particle size of 230 or 400 Mesh ASTM (Merck). Gel filtration
chromatography was performed using Sephadex® LH-20 (Pharmacia), eluting with

methanol or a 1:1 mixture of methanol and chloroform.

Melting points were determined on an Electrothermal melting point apparatus and are
uncorrected. Optical rotation values were recorded from PerkinElmer model 343

polarimeter.

3.3.2 Biological Tests

These were conducted as described in Chapters 2 and 6.

333 Plant Materials

The root and stem barks of Tessmannia densiflora Harms were collected from Kichi
Hills near Selous Game Reserve, Rufiji District, Coast Region in Tanzania, in
January 2004 and March 2007. The plant species was authenticated at the Herbarium
of the Department of Botany, University of Dar es Salaam, Tanzania where a voucher

specimen is preserved (Mbago: FMM 3440).
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non-polar compounds, while sub fractions 1.3 and 1.6 were obtained as mixture and
in small quantities. Therefore, these were not analysed further. Fraction 1.2 was
obtained as greenish oil which was found to constitute compound 3.2, while
compound 3.1 was obtained from fraction 1.7 as UV negative green oil. The
compound was also obtained in larger quantity from VLC fractions 2 and 3 upon
repeated CC on silica gel eluting with petroleum ether and then petroleum ether
containing increasing amount of ethyl acetate. An overview of the chromatographic

separation of the chloroform extract is given in Chart 3.1.

3.3.4.2 Chloroform Extract of the Stem Bark of Tessmannia densiflora Harms

The air dried and pulverized stem bark of Tessmannia densiflora was extracted
sequentially with chloroform and methanol, 2 x 48 h for each solvent. The crude
extracts were dried by concentrating under reduced pressure in a rotary evaporator
while maintaining the water bath temperature below 40 °C in order to avoid
decomposition of thermally labile compounds. The resulting chloroform and

methanol extracts were kept at -20 °C until the isolation process was undertaken.

The crude chloroform extract (30 g) was fractionated by VLC on silica gel, eluting
with petroleum ether, and then petroleum ether containing increasing amounts of
ethyl acetate, and then ethyl acetate containing increasing amounts of methanol.
Nineteen fractions were obtained and TLC analysis led to combination of these
fractions into five series as follows: Fractions 1, 2 (2-4), 3 (5-8), 4 (9-14) and 5 (15-
19). The first, third and fourth combined series consisted of complex mixture of non-
and medium polar compounds which decomposed on TLC analysis. Therefore these

were not analysed any further.
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Scheme 4.1 Mass Spectral Fragmentation Pattern for cis-Kolavenolic acid (4.1)
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4.2.2 18-Oxocleroda-3,13(E)-dien-15-oic acid (4.2)

Compound 4.2 was obtained from the combined larvicidal VLC fraction 1 of the
methanol extract of the root bark of 7. martiniana var pauloi as a yellow oil and its
structure was established on the basis of 'H and *C NMR, and mass spectral
features (Figs. 4.7, 4.8 and 4.12) upon comparison of these properties with those
reported in the literature for this compound, as well as those observed for cis-
kolavenolic acid (4.1) as discussed in section 4.2.1. Thus, the MS exhibited the M-2
ion peak at m/z 316 which corresponds to the molecular formula CyH30O3 for the

parent compound.

The 'H and C NMR spectral features for the two compounds 4.1 and 4.2 were
closely related, except for the absence of a C-18 methyl proton signal at & 1.29 (3H,

s) and presence of a new aldehydic proton resonance at & 9.31 (1H, s). This
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mosquitocidal and antimicrobial activity of this compound as determined in these

investigations is reported in Chapter 6 of this Thesis.

Table 4.2 NMR Spectral Data for 18-Oxocleroda-3,13(E)-dien-15-oic acid (4.2)

H/C Observed Reported'™
On J (Hz) ¢ 3y J (Hz) e
Ta 147 m 26.6
1b 168 dd, 12.9, 6.6 175
2a 234 ddd, 11.1,7.2, 3 28.7
2b 2.50 dt, 20.1, 4.8 25.6
6.58 £,132 152.0 157.9
4 - - 139.9 137.5
. ; 376 382
6a 1.10 td, 11.4, 3.9 353
6b 2.64 td, 13.2 32
7 1.49 m 27.1 27.6
1.49 m 36.3 36.6
9 - - 38.8 38.5
10 1.28 m 46.8 49.0
11 1.49 m 36.4 345
122 1.9 td, 11.7, 5.4 37.8
12b 2.05 td, 11.1, 5.4 34.9
13 ; : 164.0 . - 164.3
14 5.69 d, 114.6 5.66 brs 114.8
15 9.31 s 170.8 170.5
16 2.18 d, 1.2 19.4 2.15 4,1 18.5
17 0.83 dd, 6.6, 2.7 15.9 0.82 4,65 15.5
18 9.31 s 194.1 9.96 s 189.1
19 1.16 s 202 1.06 s 19.9
20 0.76 s 18.4 0.75 s 17.6
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Table4.3 NMR Spectral Data for ent-(18-Hydroxycarbonyl)-cleroda-
3,13(E)-dien-15-oate (4.3)

4.3 4.8"7
H/C o J (Hz) d¢ By J (Hz) ¢
la 1.44 m 17.4 17.5
1b 1.64 dd, 13.3,7.1
2a 221 ddd, 11.0,7.7, 3.0 27.4* 2.15 27.8
2b 2.34 dt, 19.9,5.3 230
3 6.85 dd, 4.2,3.0 140.1 6.80 140.3
4 = = 141.5 : = 142.1
5 - - 37.6 - - 38.0
6a 1.14 td, 12.5, 4.1 358 | 38.1
6b 2.42 td, 13.4,2.5
7 1.44 m 27.2% 1.40 25.8
8 1.44 m 36.2 1.60 352
9 - - 38.8 - - 38.0
10 1.28 d, 119 46.7 145 455
11 1.44 m 36.5 2.20 29.57
12a 1.88 td, 13.0,4.8 34.5 2.08 34.80
12b 2.02 td, 12.9, 4.2
13 - - 161.2 - = 161.9
14 5.66 q,1.0 115.0 5.68 115.2
15 - - 167.2 - 167.6
16 217 d, 1.3 19.1 2.18 19.6
17 0.82 d,5.7 15.8 0.93 15.1
18 - - 172.6 . - 172.8
19 1.25 s 20.5 0.95 20.7
20 0.75 s 18.3 1.3 21.7
15-OMe  3.69 s 50.8 3.68 s 51.2

* interchangeable signals
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Scheme 4.3 Mass Spectral Fragmentation Pattern for enr-(18-
Hydroxycarbonyl)-cleroda-3,13(E)-dien-15-oate (4.3)
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424  (9-epi)-ent-(18-Hydroxycarbonyl)-cleroda-3,13(E)-dien-15-oate (4.4)

The VLC fraction 1 of the methanol extract of the root bark of Tessmannia
martiniana var pauloi yielded a yellow oil that constituted a compound whose
structure 4.4 was deduced from analysis of its spectroscopic data that were found to
be virtually identical to those observed for ent-(18-Hydroxycarbonyl)-cleroda-
3,13(E)-dien-15-oate (4.3) as discussed in the previous section. However, apart from
the fact that while compound 4.3 was isolated as a solid, the metabolite from T
martiniana var pauloi was an oil, and the magnitude of the specific rotation values at
the same concentration (0.2 in CHCls; 4.3: [a]p™® = -132° 4.4: [a]p>* = -126°) for the
two compounds were also slightly different. Furthermore, in the mosquito larvicidal
assays compound 4.3 exhibited higher activity than metabolite 4.4. These bioassay
results and the physical properties discussed above led to the conclusion that the two
metabolites from 7. martiniana var martiniana and T. martiniana var pauloi
represented different: compounds, but having the same molecular framework. The
fact that the two compounds exhibited virtually the same spectral properties
suggested that the metabolites could have been epimeric, differing by the
stereochemistry at either C-8 or C-9. Scrutiny of the spectroscopic and other physical
properties of a series of similar compounds as reported in the literature'*!1561!
indicated that the compound from 7. martiniana var pauloi differed from 4.3 in the

relative stereochemical configuration around the C-8/C-9 bond, the latter metabolite

being epimeric to 4.3 at C-9.
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COOH
4.4

Analysis of the spectroscopic properties of compound 4.8 (which is similar to 4.3 and
4.4), that was reported from FEnfada abyssinica, indicated that the available
spectroscopic and other physical data for that compound were insufficient to
unambiguously establish its structure, considering the variety of stereochemical

options available for this series of compounds.'s’

Thus, while the optical rotation
value for compound 4.8 was not given, the indicated cisoid stereochemistry of the
ring fusion contradicted the reported C-19 chemical shift (8 21.7). Thus, while the
reported cisoid stereochemistry would have required C-19 to resonate at ca. 8 14, the
observed chemical shift value for that C-atom was & 21.7 which meant transoid ring
fusion. Furthermore, the authors of the article describing compound 4.8 did not
indicate the relative stereochemical configuration at C-8 and C-9,'"” which was
crucial in discussing the reported bioactivity results, as it was observed in

investigations hereby being reported (Chapter 6), whereby pinning down the actual

stereochemical structure of the active compound is necessary.
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Table44  NMR Spectral Data for (9-epi)-ent-(18-Hydroxycarbonyl)-cleroda-
3,13(E)-dien-15-oate (4.4)

q 4.4 4.8
8 J (Hz) 8¢ 8 J(Hz) 8¢
la 1.44 m 17.4 17.5
1b 1.64 dd, 13.3,7.1
2a 2.21 ddd, 11.0,7.7, 3.0 27.4* 2.15 27.8
2b 2.34 dt, 19.9,5.3 2.30
3 6.85 dd, 4.2,3.0 140.1 6.80 1403
4 - - 141.5 = ~ 142.1
5 - 2 37.6 = . 38.0
6a 1.14 td, 12.5, 4.1 35.8 38.1
6b 2.42 td, 13.4,2.5
7 1.44 m 2724 1.40 25.8
8 1.44 m 36.3 1.60 352
9 - - 38.8 - S 38.0
10 1.28 d, 119 46.7 1.45 455
11 1.44 m 36.5 2.20 29.57
12a 1.88 td, 13.0, 4.8 34.5 2.08 34.80
12b 2.02 td, 12.9, 4.2
13 - - 161.2 . ~ 161.9
14 5.66 q,1.0 115.0 5.68 1152
15 - - 167.2 - 167.6
16 2.17 d, 13 19.1 2.18 19.6
17 0.82 d,5.7 15.8 0.93 15.1
18 - . 172.6 . - 172.8
19 1.25 s 20.5 0.95 20.7
20 0.75 s 18.3 1.3 21.7
15-OMe  3.69 s 50.8 3.68 s 51.2

* interchangeable signals
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13(Z)-dien-15-oic acid (4.6) that was present as an impurity, whose presence was

also shown by the °C NMR spectrum.

18-Ox0-3,13(E)-clerodien-15-oic acid (4.2) was once isolated from the root bark of
Ageratina ixiocladon.”® The mosquitocidal and antimicrobial activity of this
compound as determined in these investigations is reported in Chapter 6 of this
Thesis.

Table 4.5 NMR Spectral Data for 2-Oxo-ent-cleroda-3,13(Z)-dien-15-oic acid

4.5)
C/H Observed Reported'”®
By J (Hz) 3¢ By J (Hz) Ba
la 1.47 m 355 2.48 dd, 18,4 359
1b 1.68 dd, 12.9, 6.6 2.36 dd, 18, 14
2 - - 200.2 - 200.5
5.74 d, 0.6 125.5 5.73 brs 126.3
4 - - 171.4 171.8
5 - - 39.8 40.3
6a 1.10 td, 11.4,3.9 349 354
6b 242 td, 13.2
7 1.49 m 271 27.1
1.49 m 36.0 1.61 ddq, 6.5 36.4
9 - - 38.7 392
10 1.28 m 45.7 1.96 dd, 14, 4 46.2
11a 1.49 m 34.3 1.52 m, 12,12,5 347
11b 1.40 dt, 12,5
12a 2.16 td, 11.7, 0.9 355 2.64 dt, 12, 12 36.0
12b 2.05 td, 11.1,5.4 2.24 dt, 12,5
13 - - 163.2 - - 163.6
14 5.67 d,09 115.1 5.62 br s 114.9
15 - - 172.7 - - 172.8
16 1.89 d, 12 19.0 1.87 d; 1.5 19.4
17 1.11 brs 15.7 0.88 d, 6.5 16.2
8 2,15 d,09 18.3 1.88 d, 1 18.8
19 1.12 s 19.5 1.10 $ 19.9
20 0.82 s 17.8 0.79 s 18.3
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Fig. 427 COSY Spectrum of 2-Oxo-ent-cleroda-3,13(Z)-dien-15-oic acid
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Scheme 4.4 Mass Spectral Fragmentation Pattern for 2-Oxo-ent-cleroda-
3,13(Z)-dien-15-oic acid (4.5)

5 mm
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4.2.6 cis-2-Oxo-ent-cleroda-13(Z)-dien-15-oic acid (4.6)

Repeated column chromatography of the filtrate obtained from the combined
larvicidal VLC fraction 3 of the chloroform extract from the root bark of T.
martiniana var martiniana yielded an oil whose structure was established on the
basis of the 'H and *C NMR, and mass spectral features (Fig. 4.31, 4.32 and 4.36,
Table 4.6) upon comparison of these properties with those observed for 2-oxo-
3,13(Z)-dien-15-oic acid (4.5) (Section 4.2.5). Thus, the MS exhibited the mc;lecular
ion peak at m/z 320, which corresponds to the molecular formula C;0H3203 (exact
mass, m/z 320.2318, calculated for Cy)H3003 = 320.4663). The 'H and *C NMR

spectral features for the two compounds 4.5 and 4.6 closely resembled each other,
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Besides the M peak at m/z 320 the MS (Fig. 3.36) also exhibited other prominent
ion peaks as shown in Scheme 4.5, all of which were consistent with structure 4.6.
The mosquitocidal activity of this compound as determined in these investigations is

reported in Chapter 6.

Table 4.6 NMR Spectral Data for cis-2-Oxo0-ent-cleroda-13(Z)-dien-15-oic acid

(4.6)
4.6 4.5™%
o J (Hz) 8¢ o J (Hz) ¢

la 147 m 36.8 2.48 dd, 18,4 35.9
1b 1.68 dd, 12.9, 6.6 2.36 dd, 18, 14

2 = < 200.1 . 200.5
3a 1.72 m 423 5.73 brs 126.3
3b 1.50 m

4 1.35-1.45 m 27.0 171.8
5 - 31.6 403
6a 1.10 td, 114,39  36.9 35.4
6b 2.64 td, 13.2

7 1.49 m 21.0 27.1

1.49 m 34.8 1.61 ddq, 6.5 36.4

9 - . 39.8 39.2
10 1.28 m 432 1.96 dd, 14, 4 46.2
11a 1.49 m 233 1.52 m,12,12,5 347
11b 1.40 dt, 12,5

12a 2.16 td, 117,09  36.6 2.64 dt, 12,12 36.0
12b 2.05 td, 11.1,5.4 2.24 dt, 12,5

13 - = 164.2 - 163.6
14 5.67 d, 0.9 114.9 5.62 brs 114.9
15 - - 171.4 . 172.8
16 1.78 brs 11.4 1.87 d 15 19.4
17 131 d 233 0.88 d, 6.5 16.2
18 2.17 d, 0.6 19.3 1.88 d, 1 18.8
19 1.03 s 14.5 1.10 s 19.9
20 0.74 s 18.1 0.79 s 18.3

























Table 47 NMR Spectral Data for
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O-(3-Hydroxy-4-hydroxycarbonyl-5-

pentylphenyl)-3-chloro-4-methoxy-5-pentyl-2-oxybenzoic acid (4.7)

H/C Sy J (Hz) 8 H/HCOSY H/C HMBC
1 = 174.7
2 - 108.6
3 - 165.2
4 6.75 d,21  108.6 H-6 C-2,C-3,C-5,C-6
5 - 154.7
6 663 4,24 1159 H-4 C-2,C4,C-5,C1
7 5 146.8
I - 169.2
2 - 105.2
3 - 160.5
4 . 107.9
5" - 159.8
6 6.44 s 106.5 C2. 4, C-5, C1"
3 - 150.1
1" 3.01 m 36.5 H-2" 02,06 63, G2 CF
2" 1.68 m 32.0 H-1", H-3" CLY, oA
3" 1.34 m 31.3 H-2", H-4" G o
4" 134 m 225 H-3", H-5" CLo% 7, C5"
5n 0.91 4,75 140 H4" C-2* .37, C4
™ 301 m 37.6 H-2" 2 OF, G T, G2, C.3™
2" 1.68 m 32.1 H-1", H-3" G-I, C4
3 1.34 m 31.9 H-2", H-4™ Com,
4m 1.34 m 22.4 H-3", H-5" G2, g™ s
5™ 0.88 4,70 140 H-4" C-2™, 3™, G4
OMe  3.99 s 56.3 s
COOH 11.30 brs
OH 1170 brs
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Fig. 437 'H NMR Spectrum of O-(3-Hydroxy-4-hydroxycarbonyl-5-
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Fig.4.41a Important Long Range H/C HMBC Correlation for
Compound 4.7
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Fig.4.42 Mass Spectrum of O-(3-Hydroxy-4-hydroxycarbonyl-5-
pentylphenyl)-3-chloro-4-methoxy-5-pentyl-2-oxybenzoic  acid
4.7)

Scheme 4.6 Mass Spectral Fragmentation Pattern for O-(3-hydroxy-4-
hydroxycarbonyl-5-pentylphenyl)-3-chloro-4-methoxy-5-pentyl-2-

oxybenzoic acid (4.7)
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4.2.8 B-Sitosterol (4.9) and Stigmasterol (4.10)
The two commonly occurring steroids B-sitosterol (4.9) and stigmasterol (4.10) were

isolated from the stem bark of T. martiniana var martiniana as white crystals and

their structures were established based on spectral properties.
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Table 5.1 1H and 13C NMR Spectral Data for Tanganyikenol (5.78)

H/C 5.78 5.80'*
Sy J (Hz) dC 4 3C
1 - - 70.2 2.06 53.9
2a 2.24 d,3 38.2 1.88 24.7
2b 2.04 d, 3 1.67
3a 5.42 4,3 123.0 1.68 30.9
3b ’ . . 1.27
. . 151.7 1.96 38.5
2.44 dt, 12.5,2  44.2 1.78 40.9
0.43 t, 10 24.1 0.31 235
0.53 m 25.1 0.69 25.1
8a 1.76 m 18.9 1.80 20.4
8b 1.51 m 1.20
9a 1.85 m 373 1.81 393
9b 1.37 m 1.67
10 . . 73.7 . 74.6
11 - s 20.3 « 19.2
12 1.07 s 28.7 1.01 28.7
13 1.05 s 15.1 0.96 15.4
14 1.03 s 25.1 1.12 30.5
152 3.81 d, 10.5 69.7 0.91 16.0
15b 3.51 d, 11 .

e .,,i o ljﬁf J-._ihu._. B —— AR é b"":"“j ""*"'j ku-&ﬂb&m‘.n.

B ——_- 1 Al e e i N 1 T S—— . e
¢ 3

Fig. 5.1 IH NMR Spectrum of Tanganyikenol (5.78)
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Fig. 5.2 13C NMR Spectrum of Tanganyikenol (5.78)
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Fig. 5.3 H/H COSY Spectrum of Tanganyikenol (5.78)
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Fig. 5.9 H/H COSY Spectrum of 17-Acetoxy-ent-kauran-19-al (5.83)
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Fig. 5.10 HMQC Spectrum for 17-Acetoxy-ent-kauran-19-al (5.83)
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Fig.5.12 Mass Spectrum of 17-Acetoxy-ent-kauran-19-al (5.83)

Scheme 5.2 MS Spectral Fragmentation Pattern for 17-Acetoxy-ent-kauran-19-
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The EIMS (Figs. 5.15 and 5.16) exhibited the molecular ion peaks at m/z 260 and

302 which were consistent with the molecular formulae C14H205 and C1¢H;40¢ for

5.85 and 5.85, respectively. Both the mass spectra also showed base peaks at m/z 105

[C7Hs0]" due to a benzoyl frégment ion formed from the molecular ion. The mass

spectral fragmentation patterns are summarized in Schemes 5.1 and 5.2 and are in

consistent with structures 5.85 and 5.86, respectively.

O

Table5.4 1H NMR Spectral

5.85

4

Data

Acetylmelodorinol (5.86)

0

% -Me
ss6 §

for Melodorinol

(585 and (2)-

N W W N

6-OH
To

78

253 6’

3,5
41

Observed Reported*
5.85 5.86 5.85 5.86
8 J (Hz) 8 J(Hz) 3 J (Hz) 8 J (Hz)
624 dd,54,03 |6.27 d, 5.4 6.22 dd, 5.5 6.26 d,55
7.42 d,5.7 7.37 d, 54 7.37 d, 55 7.35 d&. 55
5.41 d, 8.1 532 d, 8.1 5.39 d, 8.1 5.31 d, 8.0
5.15 ddd, 8.1, |6.14 ddd,7.8,5.7, | 5.15 ddd,8.1,6.1, | 6.12 dt, 8,5.8,4.5
6.0,4.2 4.2 4.0
2.79 br - - 2.96 br - -
446 dd, 114, 457 dd,12,45 445 dd,11.4,4.0 | 455 dd,11.8,4.5
42
4.41 dd, 114, (452 dd, 11.7,6 442 dd,114,6.0 | 450 dd,11.5,5.8
6.3
8.04 ddd,84, {803 ddd, 7.8,1.5, | 8.02 ddd,8.2,1.3,| 8.01 m
15,09 0.9 0.5
746 11,7.8,12 | 745 t,7.8 742 1,82,13 | 743 m
759 #,75,12 |758 #,72,12 7.55 tt, 8.2, 1.3 756 ,75,1.4
- - 2.10 s - - 2.08 ]
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Table5.5 13C NMR Spectral Data for Melodorinol (5.85) and (2)-
Acetylmelodorinol (5.86)

Observed Reported™ Observed Reported'™
C
¢ 5.85 5.86 5.85 5.86 5.85 5.86 5.85 5.86
5 o & [ 8 o) o 3

1 169.27 | 168.82 | 168.80 | 168.45 8 166.82 | 166.42 166.66 | 165.99

2 121.29 | 121.27 | 121.00 | 121.59 i 130.13 130.11 129.71 | 129.49
3 144.15 | 143.66 | 143.58 | 143.29 | 2°,6° | 12997 | 12996 129.48 | 129.68
4 150.56 | 151.12 | 150.01 | 150.66 | 3°,5° | 128.86 | 128.87 128.45 | 128.46
5 113.28 | 109.25 | 113.06 | 108.85 4 133.65 133.68 133.30 | 133.28
6 66.16 | 67.71 67.48 | 6726 1 - 21.26 - 20.89
7 67.88 | 65.01 65.88 | 64.60 2" - 170.16 - 169.77

|

bt e silims Basde: e s Baiate Bahian Tusinea Rl soan s et Sl s R Sl

8.0 7.5 T.0 6% A.0 5,5 5.0 4.5 4,0 1.5 3.0 2.5 .9 1.8 L.o B

e

A T TN e

Fig.5.13 1HNMR Spectrum of Melodorinol (5.85)
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Table5.8 1H NMR Spectral Data for Benzyl benzoate (5.89) and 2-
Methoxybenzyl benzoate (5.90)

H B5.89 J (Hz) 85.90 J (Hz)
2,6 8.07 ddd, 7.8, 1.5, 0.6 8.08 d,7,3
35 7.45 m 6.90-6.99 m

4 7.86 tt, 7.2,1.5 7.43 t,7.7
MeO - - 3.86 s
CH2 5.36 d, 12 542 s

’ 5 7.36 m - -
3,5 7.47 m 7.55 t,7.7

6' 7.36 m 7.32 td, 7.7, 3

4' 7.42 m 6.90-6.99 m

Table 5.9 1I3C NMR Spectral Data for Benzyl benzoate (5.89) and 2-
Methoxybenzyl benzoate (5.90)
C s.89 35.90 C ds.89 85.90
1 130.61 124.28 CHz 67.08 62.19
2 130.12 157.31 =0 166.83 166.36
3 128.64 110.36 I' 136.51 132.73
4 133.41 130.26 2, 6' 129.01 129.34
5 128.64 120.31 35 128.77 128.18
6 130.12 129.57 4' 128.56 129.28
MeO - 55.46

-t

Frr

Ty | SR T W B0 S B0 464 Sle M et b e

A IR AR BBl RS TP T Y T T TTTY
3.0 .5 T 5.5 6.9 5.5 5.6 4.5 4.9 3.5 3.8 t.5 ey 1.8 3.0 s

Fig. 5.24 IH NMR Spectrum of Benzyl benzoate (5.89)
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Table 6.7a Insecticidal Activity of Compounds from Some Tanzanian
Tessmannia Species
% Mortality/Concentration (mg/m’)
Sample  Plantsource  Time — o5 125 150 175 200
3.1 T. densiflora 3 min 0+0 0+0 0+0 0+0 0+0
1h 0+0 0+0 0+0 0+0 40+0
24 h 0+0 0+0 0+0 20+0 20+11.5
48 h 0+0 0+0 0+0 0+0 46.7+6.7
3.2 " 3 min 0+0 0+0 0+0 0+0 0+0
1h 0+0 0+0 0+0 0+0 6.6+3.3
24 h 0+0 6.6+3.3 10+5.8 20+5.8  30+11.5
48 h 0+0 30+0 30+5.8 3045.8 40+0
4.4 T. martiniana 3 min 0+0 0+0 0+0 0+0 0+0
var pauloi Ih 0+0 0+0 0+0 10+0 20+0
24 h 0+0 0+0 0+0 10+0 60+3.3
48 h 0+0 0+0 0+0 60+0 60+5.8
4.3 T. martiniana 3 min 0+0 0+0 0+0 0+0 0+0
var martiniana 1h 0+0 010 0+0 20+0 10+0
24h 0+0 0+0 0+0 0+0 10+0
48 h 0+0 0+0 0+0 0+0 10+0
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OH OH
HOOC
Me o
Me Cl COOH
0 " wMe
MeO Me

O-(3-Hydroxy-4-hydroxycarbonyl-5-pentylphenyl)-

Me
Me . ;
DY, o —— 3-chloro-4-methoxy-5-pentyl-2-oxybenzoic  acid

(4.7, NEW)

13(Z)-en-15-oic acid (4.6)

B-Sitosterol (4.8)
Stigmasterol (4.9)

D. COMPOUNDS FROM POLYALTHIA TANGANYIKENSIS

Me Me %
Tanganyikenol (5.78, NEW) Polycarpol (5.81)

E. COMPOUNDS FROM ANNONA SQUAMOSA

OHC

17-Acetoxy-ent-kauran-19-al (5.83, ent-Kaur-16-en-19-oic acid (5.82)
NEW)
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F. COMPOUNDS FROM UVARIA LUNGONYANA

0 0 '
o OH O O
M
o & Z/’ ¢

Welodurinol {555 Acetylmelodorinol (5.86)
Pinocembrin (3.1) 5—Hydroxy-7-methoxyflavanone (3.1)
0 OMe 0
@/\ 0)@ @/\ O/U\©
Benzyl benzoate (5.89) 2-Methoxybenzyl benzoate (5.90)
HO,

Chamanetin (5.91)

Dichamanetin (5.92)

G. COMPOUNDS FROM UVARIODENDRON PYCNOPHYLLUM
MCOU\/ MCO:©/\/

MeO MeO

O-Methyleugenol (5.21) O-Methylisoeugenol (5.93)
Meoﬁ\/\o

MeO

2,3-Dimethoxycinnamaldehyde (5.94)
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