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Abstract—More than 130 chlorine-containing compounds have been isolated from higher plants and ferns; about half
are polyacetylenes, thiophenes and sesquiterpene lactones from the Asteraceae. A chlorinated chlorophyll may be an
important part of photosystem 1. High biological activity is found in 4-chloroindoleacetic acid from pea and in the
cancerostatic maytansinoids. Many compounds are chlorohydrins isolated along with the related epoxides. Some
compounds, like gibberellin Ag hydrochloride from bean, are perhaps artefacts.

INTRODUCTION

Natural chlorine-containing compounds of higher plants
were last reviewed in 1973 [1-3]. They are not very
common, although halogen compounds are frequently
found in certain marine algae and in fungi [4,5].
However, they may be more important than the low
frequency of their isolation suggests. Chlorine-containing
compounds often show strong biological activity. Many
antibiotics, fungicides, herbicides and pesticides contain
chlorine or other halogens. Man and higher animals
contain the iodinated hormone thyroxine and the
bromine-containing sleep-related substance 1 {6, 7].

Some of the natural chlorine-containing compounds of
plants also have strong biological activity, either within
the plant itself as plant hormones or against other
organisms as antifeedants or toxins. Chlorine-containing
compounds are probably more common in plants than
realized today since at least 11 out of 15 crop species
incorporated *°Cl™ into lipid-soluble compounds migrat-
ing on TLC [8].

The presence of covalently bound chlorine in a plant
compound was probably first established in 1951 in
sceleratinic acid lactone from the highly toxic Senecio
sceleratus [9]. However a detailed chemical structure was
first published in 1958 on an acetylenic chlorohydrin by
Bohlmann’s group [10].

POLYACETYLENES AND THIOPHENES

The chlorine-containing acetylenes and thiophenes are
found in secretory canals in the Asteraceae. Some of the
straight chain acetylenic chlorohydrins (2-8) are found in
gram quantities in Centaurea ruthenica [10-13], and C.
scabiosa [14] and 6 in Carthamus tinctorius [15]. The
structures 4 and § have been confirmed by synthesis [16].
Polyacetylenes with one thiophene ring (9-16) are found
in several genera: 10, 16 and 19 in Eclipta erecta [18], 11
and 12 in Echinops sphaerocephalus [17], 12 and 13 in
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Pluchea dioscoridis {19], and 14, 15 and 17 in Pterocaulon
virgatum [20]. Dithiophenes (17-20) have been found in
Tagetes minuta [21], Berkheya adlamii{22] and in Epaltes
brasiliensis [23].

A number of cyclic compounds (21-28) probably
derived from chlorohydrins have been isolated from
species of Anaphalis [24,25), Gnaphalium [25] and
Dicoma [26]. The structures of some of these compounds
have been confirmed by synthesis [27, 28]. Very interest-
ing chlorophenols (29-32) were isolated from
Helichrysum species [29, 30]. Further information about
the distribution of chlorine-containing polyacetylenes can
be found in ref. [31].

IRIDOIDS

The known chlorine-containing monoterpenoids are
iridoids: linarioside (33) from Linaria japonica [32] and
Cymbalaria muralis [33], both Scrophulariaceae; 7-
chlorodeutziol (34) of Mentzelia decapetala (Loasaceace)
[34], valechlorine (35) and valeridine (36) of Valeriana
officinalis [35]; eustoside (37) of Eustoma russellianum
(Gentianaceae) [36]; and cistachlorin (38) of Cistanche
salsa, Orobanchaceae [37].

SESQUITERPENE LACTONES

Chlorine-containing sesquiterpenoids are found in the
Asteraceae. The first, eupachlorin (39), eupachlorin acet-
ate (40) and eupachloroxin (42), were isolated from
Eupatorium rotundifolium by Kupchan’s group [38, 39]
with extensive controls showing that the compounds were
not artefacts. Eupachloroxin and eupachifolin-D (41)
were isolated from other species of Eupatorium [40, 41].
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Graminichlorin (43), spicatin hydrochloride (44) and
desacetylspicatin hydrochloride (45) were isolated from
Liatris graminifolia [42], L. pychnostachya [43] and L.
squarrosa [44].

Centaurepensin (47; = chlorohyssopifolin A) was iso-
lated from Centaurea repens [45-47]}, chlorohyssopifolin
B (46) from C. hyssopifolia [45], as were chlorohyssopi-
folins D (48) and E (49) [47,48]. Acroptilin .(54;
= chlorohyssopifolin C) was isolated from Acroptilon
repens [49, 50]. Linichlorins A (51), B (55)and C (56) were
isolated from Centaurea linifolia [51, 52], chlorojanerin
(87) from C. janeri and Jurinea derderioides [ 53, 54], and
elegin (52) and salegin (50) from Saussurea elegans
[55-57]. Compound 53 was isolated from Centaurea
imperialis [58]. There is confusion about the correct
structure of some of these compounds [47, 48, 50] and it
is not clear if linichlorin A (51) and elegin (52) are identical
[51, 56].
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Chlorodihydroatripliciolide derivatives (58-61) were
isolated from Calea pilosa, C. morii [59] and C. villosa
[60], and 3-chlorodihydroleucodins (62-64) from
Lasiolaena santosii [61]. Compound 65 was isolated from
Lasiolaena morii [62] and 66 from Trichogonia gardneri
[63]; however, 65 may be deacetylated 66 [63]. The
chlorodihydroleucodins are not chlorohydrins, but con-
tain chlorine in vinylic linkage. Chlorfastin (67) occurs in
Ajania fastigiata [64] and bibsanin (68) in Achillea
biebersteinii and A. santolina [65]. Chlorochrymorin (69)
was isolated from Chrysanthemum morifolium [66], while
a chlorinated guaianolide lactone (70) was obtained from
the artichoke, Cynara scolymus [67], and a chlorinated
heliangolide (71) from Liatris acidota [68]. Some of the
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chlorinated sesquiterpene lactones show anticancer ac-
tivity [38, 39, 69], but are probably not as active as the
maytansinoids.

PTEROSINOIDS

The pterosinoids are sesquiterpenoids containing one
benzene ring which occur in ferns. The chlorine is bound
to the aliphatic part of the molecule. Although most of the
pterosinoids were isolated during a search for the toxic
and carcinogenic compounds of Bracken fern [70, 71],
they are not themselves toxic [72]. Pterosins F (72),J (73)
and K (75) were isolated from Pteridium aquilinum
[70, 71,73, 74] and hypolepin A (74) from Hypolepis
punctata [75].

DITERPENOIDS

Gutierolide (76) was isolated from Gutierrezia dracun-
culoides (Asteraceae) [76], ajugamarin chlorohydrin (77)
from Ajuga nipponensis (Lamiaceae) [ 77] and tafricanins A
(78) and B (79) from Teucrium africanum (Lamiaceae) in
gram quantities [78].

STEROIDS AND GIBBERELLINS

Some Solanaceae contain gram quantities of steroidal
lactone chlorohydrins. Jaborosalactones C (80) and E (81)
were isolated from Jaborosa integrifolia [ 79], 6-chloro-5-
hydroxywithaferin (82) from Withania frutescens [80], 6-
chloro-5-hydroxywithanolide (83) from Withania somni-
fera [81], deoxyphysalolactone (84), physalolactone (85)
and physalolactone C (86) from Physalis peruviana
[82-84]. Bourjotinolone C (87) (a possible artefact) was
isolated from Flindersia bourjotiana (Rutaceae) [85].
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A gibberellin from bean, compound b [86, 87], believed
to be GA¢ chlorohydrin (88), is almost as active a
hormone as GA; [86]. However, later work indicated that
compound b is probably an artefact [88].

MAYTANSINOIDS

The maytansinoids are interesting macrolides with
considerable anti-tumour activity. The chlorine is at-
tached to a benzene ring ortho to a methoxy group and an
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amino group. The benzene ring and the nitrogen are part
of the macrocyclic structure. Maytansinoids are found in
several plant families, typically in very low concentrations.
The scarcity and high cost have limited the clinical
evaluation of these compounds [89], but the isolation of
maytansinoids from the microorganism Nocardia may
change this [90].

The first maytansinoids maytansine (89), maytanprine
(90) and maytanbutine (91) were isolated by Kupchan’s
group [91,92] from Maytenus serrata (syn. M. ovatus)
and Maytenus buchanii, Celastraceae, in their search for
anti-tumour agents. Maytanvaline (92), maytanbutacine
(103) and maytanacine (97) were isolated from Maytenus
sp. or Putterlickia verrucosa, Celastraceae [93,94], as
were the maytansides normaysine (93), maysine (94),
maysenine (95) and maytansinol (96) which have much
less biological activity.

Colubrinol (101) and colubrinol acetate (102) were
found in Colubrina texensis, Rhamnaceae [95] while
normaytansine (98) and normantancyprine (99) occur in
P. verrucosa [96, 97]. Many maytansinoids have recently
been isolated from Trewia nudiflora, Euphorbiaceae
[98-100], namely trewiasine (104), dehydrotrewiasine
(105), demethyltrewiasine (106), 10-epitrewiasine (107),
nortrewiasine (100), treflorine (108), trenudine (110) and
N-methyltrenudone (109).

ALKALOIDS

Four types of chlorinated alkaloids are known. The
pyrrolizidine alkaloidal chlorohydrins of Senecio species
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(Asteraceae) are very toxic. Sceleratinic acid lactone, a
degradation product of chlorodeoxysceleratine, was iso-
lated in 1951 and found to contain chlorine [9], but its
structure (111) was only clarified later [101, 105]. The
structure of jaconine (112) from Senecio jacobaea was
solved in 1959 [102]. A dehydro derivative of jaconine
(113) also probably occurs naturally [103,104].
Chlorodeoxysceleratine (114) was isolated from Senecio
sceleratus [ 105] while doronine (115) was obtained from
Doronicum macrophyllum (Asteraceae) [106].

A pyrrolizidine alkaloid (lolidine, 116) with chlorine
attached to the ring has been isolated from Lolium
cuneatum (Poaceae) [107]. Acutumidine (117) and ac-
utumine (118) were found in Sinomenium acutum,
Menispermum dauricum and M. canadense (all
Menispermaceae). Acutuminine (119) was found in M.
dauricum leaves [108-111]. From the roots of Ruta
graveolens (Rutaceae) gravacridonchlorin (120), grava-
cridonolchlorin (121) and isogravacridonchlorin (122)
were isolated [112, 113].

CHLORINATED CHLOROPHYLL

A chlorinated chlorophyll (123), also known as
chlorophyll-RCI, has been isolated from algae in micro-
gram quantities, but it is also present in spinach, Spinacia
oleracea[114-116]. It seems to be closely related to P-700,
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the reaction centre of photosystem 1. However, chlori-
nated chlorophyll is a well known artefact [117], and
much more work is needed before chlorochlorophyll can
be finally accepted as a genuine natural compound with a
well defined function in photosynthesis.

CHLOROINDOLES AND AMINO ACIDS

From immature seeds of pea, Pisum sativum, 4-
chloroindoleacetic acid (124) and its methyl ester (125)
[118-120], an aspartate conjugate (126) [121], and two
derivatives of 4-chlorotryptophan (127, 128) [122] were
isolated. 4-Chloroindoleacetic acid is the strongest natural
auxin known, being about 10 times more active than IAA
[123], but with interesting differences in sensitivity be-
tween species [124]. Compound 125 is present in tens of
mg per kg in pea and Vicia faba [ 125, 126], and is present
in Lens culinaris and Lathyrus and Vicia species [ 127], but
it has not been found outside the tribe Vicieae [128;
Engvild, unpublished].

PHENOLICS

One chlorinated flavonoid, 6-chloroapigeninin (129)
has been isolated from Equisetum arvense (Equisetaceae)
in small amounts [129]. The Apiaceae contain several
chlorinated coumarins; peuchlorin (130), peuchloridin
(131) and peuchloronin (132) in Peucedanum arenarium
[130]; saxalin (133) in Angelica saxatilis [131-133]; (134)
in Prangos pabularia and Heracleum granatense
[134, 135}; and 135 in Heracleum pyrenaicum [136].

Two isocoumarins (136, 137) were isolated from
Swartzia laevicarpa (Caesalpiniaceae) [ 137] and the anti-
leukemic xanthone psorospermin chlorohydrin (138)
was obtained from Psorospermum febrifugum (Clusiaceac)
[ 138]. The naphthoquinone 3-chloroplumbagin (139) was
isolated from species of Drosera (Droseraceae) [139] and
Plumbago zeylanica (Plumbaginaceae) [140] and pip-
oxide chlorohydrin (140) was isolated from Piper hookerii
(Piperaceae) [ 141]. The cyclic hydroxamic acid derivative
(141) was isolated from young Zea mays (Poaceae) roots
[142].

FATTY ACIDS

Seed oil of Eremostachys moluccelloides (Lamiaceae)
[143] contains dibromo- and tetrabromostearic acids
(142, 143). As some of the seed oil fractions also contain
0.1%; chlorine [144], one might suspect that chlorinated
fatty acids also occur in the same plant.

BIOSYNTHESIS

Feeding experiments with a !*C-labelled polyacetylene
show that a terminal double bond is converted into a
chlorohydrin probably via epoxidation and introduction
of chlorine as the chloride anion [145, 146]. Reasonable
hypotheses have been proposed for the biosynthesis of
most of the chlorine-containing heterocyclic poly-
acetylenes (21-29) by cyclizing chlorohydrins; but more
experimental work is needed in this area. It is not known if
all chlorine-containing compounds are formed from
chloride ion, or if some are formed by chloroperoxidase
[147, 148]-generated Cl,.
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*The author would appreciate references or reprints on new
chlorine-containing natural compounds in higher plants, as well

as comments on OmMIssions Or errors.

ARTEFACTS

Most of the compounds described in this paper are
chlorohydrins and they are often isolated together with
the corresponding epoxides. Some of them may be
artefacts of isolation; some epoxides are very sensitive to
acids and incorporate Cl~ from the plant, the silica gel
[81] or the solvent, e.g. chloroform [138]. However, the
chlorohydrins are sometimes also very labile and may be
converted to the epoxides with traces of alkali or by
chromatography [38, 39, 42] or silica gel {42]. In some
cases it is not at all clear which is the artefact, the
chlorohydrin or the epoxide. Controls for artefact forma-
tion have involved isolation without chlorine containing
solvents [39] or presence of the chlorine-containing
compound in crude extracts has been proven by specific
tests [128, 134], or by the incorporation of radioactive
38CI- [8, 116].

Some compounds are without doubt artefacts.
Compound 144 found in llex aquifolium was only found
in nursery plants [149]; its formation is not understood.
The dichlorocyclopropy! compound (145) is probably an
artefact formed from chloroform [ 150]. Chlorodehydro-
abietic acids (146) are formed in paper manufacture
during the Kraft liquor cooking [ 151]; they are important
fish poisons. Chlorine-containing compounds derived
from fats (147, 148) are formed in the hydrolysis of
proteins [152]. Senegenin (149) was isolated from
Polygala senega [153] but later shown to be an artefact
[154].*

CH,
i

144 Cl,C — cl: —OH

CH,

OH
cl,

145

N

ol
146

7 cooH
H,Cl CH,0—R
CHO—R CHO —-R
CH,CI CH,C

147 R=fatty acids
148 R=H

CHCI

COOH
HO .
149
Ho”

S
COOH



oo

10.

11,

12,
13.

14.

15.

16.

17.

18.
19.

20.

21

22.

23.

24.
25.

26.
27.
28.
. Bohlmann, F. and Abraham, W.-R. (1979) Phytochemistry
30.
31
32.
33.
34.

35.

Chlorine-containing natural compounds in higher plants

REFERENCES

. Fowden, L. (1968) Proc. R. Soc. London B 171, 5.
. Siuda, J. F. and DeBernardis, J. F. (1973) Lloydia 36, 107.
. Miller, L. P. and Flemion, F. (1973) in Phytochemistry

(Miller, L. P.,ed.) Vol. 3, p. 1, Van Nostrand Reinhold, New
York.

. Scheuer, P. J. and Darias, J. (eds) (1978-1981) Marine

Natural Products Vols I-1V. Academic Press, New York.

. Turner, W. B. and Aldridge, D. C. (1983) Fungal

Metabolites, 2nd edn. Academic Press, London.

. Yanagisawa, L. and Yoshikawa, H. (1973) Biochim. Biophys.

Acta 329, 283.

. Torii, S. and Yanagisawa, 1. (1980) In Integrative Control

Functions of the Brain, Vol. 111 (Ito, M., Tsukahara, N.,
Kubota, K. and Yagi, K., eds) p. 301. Elsevier/North-
Holland, Amsterdam.

. Engvild, K. C. (1975) Physiol. Plant. 34, 286.
. Waal, H. L. de, Serfontein, W. J. and Garbers, C. F. (1951)

J. S. Afr. Chem. Inst. 4, 115,

Bohlmann, F., Postulka, S. and Ruhnke, J. (1958) Chem. Ber.
91, 1642.

Bohlmann, F., Sucrow, W., Jastrow, H. and Koch, H.-J.
(1961) Chem. Ber. 94, 3179.

Bohlmann, F. and Zdero, C. (1973) Chem. Ber. 106, 2140.
Jente, R., Bohlmann, F. and Schoneweiss, S. (1979) Phyto-
chemistry 18, 829.

Andersen, A. B, Lam, J. and Wrang, P. (1977) Phyto-
chemistry 16, 1829,

Bohlmann, F., Kohn, S. and Arndt, C. (1966) Chem. Ber. 99,
3433.

Bohlmann, F. and Jastrow, H. (1962) Chem. Ber. 95, 2939.
Bohlmann, F., Arndt, C., Kleine, K.-M. and Bornowski,
H. (1965) Chem Ber. 98, 155.

Bohlmann, F. and Zdero, C. (1970) Chem. Ber. 103, 834.
Bohlmann, F., Metwally, M. A. and Jakupovic, J. (1984)
Phytochemistry 23, 1975.

Bohlmann, F., Abraham, W.-R., King, R. M. and Robinson,
H. (1981) Phytochemistry 20, 825.

Atkinson, R. E., Curtis, R. F. and Phillips, G. T. (1964)
Tetrahedron Letters 3159.

Bohlmann, F., Zdero, C. and Gordon, W. (1967) Chem. Ber.
100, 1193.

Bohlmann, F., Borthakur, N., Robinson, H. and King,
R. M. (1982) Phytochemistry 21, 1795.

Bohlmann, F. and Arndt, C. (1965) Chem. Ber. 98, 1416.
Bohlmann, F., Arndt, C. and Zdero, C. (1966) Chem. Ber. 99,
1648,

Bohlmann, F., Singh, P. and Jakupovic, J. (1982) Phyto-
chemistry 21, 2029.

Bohlmann, F. and Skuballa, W. (1971) Chem. Ber. 104, 1962.
Bohlmann, F. and Weber, R. (1972) Chem. Ber. 105, 3036.

18, 839.

Bohlmann, F., Knauf, W. and Misra, L. N. (1984)
Tetrahedron 40, 4987.

Bohlmann, F., Burkhardt, T. and Zdero, C. (1973) in
Naturally Occurring Acetylenes. Academic Press, London.
Kitagawa, 1., Tani, T., Akita, K. and Yosioka, L. (1972)
Tetrahedron Letters 419,

Kapoor, S. K., Reisch, J. and Szendrei, K. (1974) Phyto-
chemistry 13, 1018.

El-Naggar, L. J,, Beal, J. L. and Doskotch, R. W. (1982) J.
Nat. Prod. 45, 539.

Popov, S. S., Handjieva, N. V. and Marekov, N. L. (1973)
Dokl. Bolg. Akad. Nauk. 26, 913.

36.

37.

38.

39.

40.
41.
42
43.
4.
45.
46.

47.

48.

49.

50.

51.

52.
53.

55.

56.

57.

58.

59.

61.

62.

63.

65.

67.

789

Uesato, S., Hashimoto, T. and Inouye, H. (1979) Phyto-
chemistry 18, 1981

Kobayashi, H., Karasawa, H., Miyase, T. and Fukushima, S.
(1984) Chem. Pharm. Bull. 32, 1729.

Kupchan, S. M., Kelsey, J. E., Maruyama, M. and Cassady,
J. M. (1968) Tetrahedron Letters 3517.

Kupchan, S. M., Kelsey, J. E., Maruyama, M., Cassady,
J. M., Hemingway, J. C. and Knox, J. R. (1969) J. Org. Chem.
34, 3876.

Herz, W. and Kulanthaivel, P. (1982) Phytochemistry 21,
2475.

Ito, K., Sakakibara, Y. and Haruna, M. (1979) Chem. Letters
1473,

Herz, W., Poplawski, J. and Sharma, R. P. (1975) J. Org.
Chem. 40, 199.

Herz, W. and Sharma, R. P. (1976) J. Org. Chem. 41, 1248.
Herz, W. and Kumar, N. (1980) Phytochemistry 19, 2387.
Gonzalez, A. G., Bermejo, J., Bretén, J. L. and Triana, J.
(1972) Tetrahedron Letters 2017.

Harley-Mason, J., Hewson, A. T., Kennard, O. and
Pettersen, R. C. (1972) J. Chem. Soc. Chem. Commun. 460.
Gonzalez, A. G., Bermejo, J., Bretén, J. L., Massanet, G. M.,
Dominguez, B.and Amaro, J. M. (1976) J. Chem. Soc. Perkin
Trans. 1, 1663.

Gonzalez, A. G., Bermejo, J., Bretén, J. L., Massanet, G. M.
and Triana, J. (1974) Phytochemistry 13, 1193.
Evstratova, R. L, Sheichenko, V. 1. and Rybalko, K. S. (1973)
Chem. Nat. Compd. Engl. Transl. 9, 156.

Stevens, K. L. and Wong, R. Y. (1982) Cryst. Struct.
Commun. 11, 949.

Gonzalez, A. G, Bermejo,J., Amaro, J. M., Massanet, G. M.,
Galindo, A. and Cabrera, 1. (1978) Can. J. Chem. 56,
491.

Oksuz, S. and Putun, E. (1983) Phytochemistry 22, 2615.
Gonzalez, A. G., Bermejo, J., Cabrera, 1., Galindo, A. and
Massanet, G. M. (1977) An. Quim. 73, 86.

. Akyev, B. and Kasymov, Sh. Z. (1981) Khim. Prir. Soedin.

396.

Sham’yanov, 1. D., Mallabaev, A., Rakhmankulov, U. and
Sidyakin, G. P. (1976) Chem. Nat. Compd. Engl. Transl. 12,
738.

Sham’yanov, 1. D.,, Mallabaev, A. and Sidyakin, G. P. (1978)
Chem. Nat. Compd. Engl. Transl. 14, 374.

Sham’yanov, 1. D., Mallabaev, A. and Sidyakin, G. P. (1979)
Chem. Nat. Compd. Engl. Transl. 18, 772.

Rustaiyan, A., Sharif, Z., Tajarodi, A, Ziesche, J. and
Bohimann, F. (1984) Planta Med. 193.

Bohlmann, F., Fritz, U, King, R. M. and Robinson, H.
(1981) Phytochemistry 20, 743.

. Bohimann, F., Gupta, R. K., King, R. M. and Robinson, H.

(1982) Phytochemistry 21, 2593.

Bohlmann, F., Jakupovic, J., King, R. M. and Robinson, H.
(1981) Phytochemistry 20, 1613.

Bohimann, F., Jakupovic, J., Schuster, A., King, R. M. and
Robinson, H. (1982) Phytochemistry 21, 161.

Vichnewski, W., Kulanthaivel, P., Goedken, V. L. and Herz,
W. (1985) Phytochemistry 24, 291.

. Yusupov, M. I, Abdullaev, U. A, Kasymov, Sh. Z,

Sidyakin, G. P. (1981) Khim. Prir. Soedin. 246.

Yusupov, M. I, Mallabaev, A, Kasymov, Sh. Z. and
Sidyakin, G. P. (1979) Chem. Nat. Compd. Engl. Transl. 15
508.

. Osawa, T., Suzuki, A., Tamura, S., Ohashi, Y. and Sasada, Y.

(1973) Tetrahedron Letters 5135.
Barbetti, P., Menghini, A., Casinovi, C. G. and Santurbano,
B. (1982) Chem. Abstr. 97, 195778t.



790

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84,
85.

86.
87.

88.

89.

91.

92.

93.

94.

95.

96.

97.

K. C. ENGVILD

Herz, W. and Kulanthaivel, P. (1983) Phytochemistry 22,
513.

Gonzalez, A. G., Darias, V., Alonso, G. and Estevez, E.
(1980) Planta Med. 40, 179.

Yoshihira, M., Fukuoka, M., Kuroyanagi, M. and Natori, S.
(1972) Chem. Pharm. Bull. 20, 426.

Yoshihira, K., Fukuoka, M., Kuroyanagi, M., Natori, S,,
Umeda, M., Moronoshi, T., Enomoto, M. and Saito, M.
(1978) Chem. Pharm. Bull. 26, 2346.

Evans, W. C,, Korn, T., Natori, S., Yoshihira, K. and
Fukuoka, M. (1983) J. Pharmacobio-Dyn. 6, 938.
Fukuoka, M., Kuroyanagi, M., Toyama, M., Yoshihira, K.
and Natori, S. (1972) Chem. Pharm. Bull. 20, 2282.
Fukuoka, M., Kuroyanagi, M., Yoshihira, K. and Natori, S.
(1978) Chem. Pharm. Bull. 26, 2365.

Hayashi, Y., Nishizawa, M., Harita, S. and Sakan, T. (1972)
Chem. Abstr. 77, 48650d.

Cruse, W. B. T., James, M. N. G., Al-Shamma, A. A, Beal,
J. K. and Doskotch, R. W. (1971) Chem. Commun. 1278.
Shimomura, H., Sashida, Y., Ogawa, K. and litaka, Y. (1983)
Chem. Pharm. Bull. 31, 2192,

Hanson, J. R., Rivett, D. E. A, Ley, S. V. and Williams, D. J.
(1982) J. Chem. Soc. Perkin Trans. 1, 1005.

Tschesche, R., Baumgarth, M. and Welzel, P. (1968)
Tetrahedron 24, 5169.

Gonzalez, A. G., Breton, J. L. and Trujillo, J. M. (1974) An.
Quim. 70, 69.

Nittala, S. S, Velde, V. V, Frolow, F. and Lavie, D. (1981)
Phytochemistry 20, 2547.

Frolow, F., Ray, A. B,, Sahai, M,, Glotter, E., Gottlieb, H. E.
and Kirson, L. (1981) J. Chem. Soc. Perkin Trans. 1, 1029.
Ray, A. B., Sahai, M. and Das, B. C. (1978) J. Indian Chem.
Soc. 88, 1175.

Ali, A, Sahai, M. and Ray, A. B. (1984) J. Nat. Prod. 47, 648.
Breen, G. J. W, Ritchie, E., Sidwell, W. T. L. and Taylor,
W. C. (1966) Aust. J. Chem. 19, 455,

Jones, D. F. (1964) Nature 202, 1309.

MacMillan, J. and Pryce, R. J. (1968) Tetrahedron Letters
1537.

Durley, R. C,, MacMillan, J. and Pryce, R. J. (1971)
Phytochemistry 10, 1891.

Komoda, Y.and Kishi, T. (1980) in Anticancer Agents Based
on Natural Product Models (Cassady, J. M. and Douros,
J. D, eds) p. 353. Academic Press, New York.

. Higashide, E., Asai, M., Ootsu, K., Tanida, S., Kozai, Y.,

Hasegawa, T., Kishi, T., Sugino, Y. and Yoneda, M. (1977)
Nature 270, 721.

Kupchan, S. M., Komoda, Y., Court, W. A, Thomas, G. J.,
Smith, R. M., Karim, A, Gilmore, C. J., Haltiwanger, R. C.
and Bryan, R. F. (1972} J. Am. Chem. Soc. 94, 1354.
Kupchan, S. M., Komoda, Y., Thomas, G. J. and Hintz,
H. P. J. (1972) J. Chem. Soc. Chem. Commun. 1065.
Kupchan, S. M., Branfman, A. R, Sneden, A. T., Verma,
A. K., Daily, R. G.,Komoda, Y. and Nagao, Y. (1975) J. Am.
Chem. Soc. 97, 5294.

Kupchan, S. M., Komoda, Y., Branfman, A. R., Sneden,
A. T, Court, W. A, Thomas, G. J.,, Hintz, H. P. J., Smith,
R. M., Karim, A, Howie, G. A, Verma, A. K., Nagao, Y.,
Dailey, R. G., Zimmerly, V. A. and Sumner, W. C. (1977) J.
Org. Chem. 42, 2349.

Wani, M. C, Taylor, H. L. and Wall, M. E. (1973) J. Chem.
Soc. Chem. Commun. 390,

Sneden, A. T. and Beemsterboer, G. L. (1980) J. Nat. Prod.
43, 637.

Sneden, A. T, Sumner, W. C. and Kupchan, S. M. (1982) J.
Nat. Prod. 45, 624.

98.

99.

100.

101

102.

103.
104

105.

106.

107.

108.

109.

110.

111,

112.

113.

114,

115.

116.

117.
118.
119.
120.
121.
122,
123.
124,
125.
126.
127.

128.

129.

Powell, R. G., Weisleder, D. and Smith, C. R. (1981) J. Org.
Chem. 46, 4398.

Powell, R. G., Weisleder, D., Smith, C. R., Kozlowski, J. and
Rohwedder, W. K. (1982) J. Am. Chem. Soc. 104, 4929.
Powell, R. G., Smith, C. R,, Plattner, R. D. and Jones, B. E.
(1983) J. Nat. Prod. 46, 660.

Waal, H. L. de, Wiechers, A. and Warren, F. L. (1963) J.
Chem. Soc. 953.

Bradbury, R. B. and Masamune, S. (1959)J. Am. Chem. Soc.
81, 5201.

Segall, H. J. and Krick, T. P. (1979) Toxicol. Letters 4, 193,
Liithy, J., Zweifel, U., Karlhuber, B. and Schlatter, C. (1981)
J. Agric. Food Chem. 29, 302.

Gordon-Gray, C. G. (1967) J. Chem. Soc. C 781.

Alieva, Sh. A., Abdullaev, U. A, Telezhenetskaya, M. V. and
Yunusov, S. Yu. {1976) Chem. Nat. Compd. Engl. Transl. 12,
173.

Batirov, E. Kh., Malikov, V. M. and Yunusov, S. Yu. (1976)
Chem. Nat, Compd. Engl. Transl. 12, 52.

Tomita, M., Okamoto, Y. Kikuchi, T, Osaki, K,
Nishikawa, M., Kamiya, K., Sasaki, Y., Matoba, K. and
Gota, K. (1967) Tetrahedron Letters 2421.

Okamoto, Y., Yuge, E., Nagai, Y., Katsuta, R., Kishimoto,
A., Kobayashi, Y., Kikuchi, T. and Tomita, M. (1969)
Tetrahedron Letters 1933.

Tomita, M., Okamoto, Y. Kikuchi, T, Osaki, K,
Nishikawa, M., Kamiya, K., Sasaki, Y., Matoba, K. and
Goto, K. (1971) Chem. Pharm. Bull. 19, 770.

Doskotch, R. W. and Knapp, J. E. (1971} Lioydia 34, 292.
Reisch, J., Szendrei, K., R6zsa, Zs., Novdk, 1. and Minker, E.
(1972) Phytochemistry 11, 2359.

Reisch, J., R6zsa, Zs., Szendrei, K., Novdk, I. and Minker, E.
(1977) Phytochemistry 16, 151.
Dérnemann, D. and Senger, H.
Photobiol. 35, 821.

Dérnemann, D. and Senger, H. (1984) in Advances in
Photosynthesis Research, Vol. II (Sybesma, C., ed.) p. 77.
Martinus Nijhoff/Dr. W. Junk, The Hague.

Scheer, H., Wieschhoff, H., Schaefer, W., Cmiel, E.,
Nietsche, B., Schiebel, H.-M. and Schulten, H.-R. (1984) in
Advances in Photosynthesis Research, Vol. II (Sybesma, C.,
ed.) p. 81. Martinus Nijhoff/Dr. W. Junk, The Hague.
Woodward, R. B. and Skarié, V. (1961)J. Am. Chem. Soc. 83,
4676.

Gandar, J.-C. and Nitsch, C. (1967) C. R. Acad. Sci. Ser. D.
265, 1795.

Marumo, S., Abe, H,, Hattori, H. and Munakata, K. (1968)
Agric. Biol. Chem. 32, 117.

Marumo, S., Hattori, H., Abe, H. and Munakata, K. (1968)
Nature 219, 959.

Hattori, H. and Marumo, S. (1972} Planta 102, 85.
Marumo, S. and Hattori, H. (1970) Planta 90, 208.
Bottger, M., Engvild, K. C. and Soll, H. (1978) Planta 140,
89.

Katekar, G. F. and Geissler, A. E. (1983) Phytochemistry 22,
27.

Engvild, K. C., Egsgaard, H. and Larsen, E. (1980) Physiol.
Plant. 48, 499.

Hofinger, M. and Bottger, M. (1979) Phytochemistry 18,
653,

Pless, T., Bottger, M., Hedden, P. and Graebe, J. (1984)
Plant Physiol. 74, 320.

Engvild, K. C., Egsgaard, H. and Larsen, E. (1981) Physiol.
Plant. 83, 79.

Syrchina, A. L, Zapesochnaya, G. G., Tyukavkina, N. A. and
Voronkov, M. G. (1980) Chem. Nat. Compd. Engl. Transl.

(1982) Photochem.



130.

131

132.

133.
134.

135,

136.

137.

138

139.

140.

141,

142,

Chlorine-containing natural compounds in higher plants

16, 356.

Zheleva, A. B., Mahandru, M. M. and Bubeva-Ivanova, L.
(1976) Phytochemistry 15, 209.

Avramenko, L. G. and Nikonov, G. K. (1971) Chem. Nat.
Compd. Engl. Transl. 7, 804.

Gonzalez, A. G., Barroso, J. T., Cardona, R. J., Medina, J. M.
and Rodriguez Luis, F. (1977) An. Quim. 73, 1188.

Ivie, G. W. (1978) J. Agric. Food Chem. 26, 1394.

Sood, S., Gupta, B. D, Banerjee, S. K. and Rao, P. R. (1978)
J. Indian Chem. Soc. 55, 850.

Gonzalez, A. G., Barroso, J. T., Luis, J. R. and Rodriguez
Luis, F. (1974) An. Quim. 70, 856.

Gonzalez, A. G., Barroso, J. T., Diaz Chico, E., Luis, J. R.
and Rodriguez Luis, F. (1976) An. Quim. 72, 584.

Filho, R. B,, Moraes, M. P. L. de and Gottlieb, O. R. (1980)
Phytochemistry 19, 2003.

Kupchan, S. M,, Streelman, D. R. and Sneden, A. T. (1980) J.
Nat. Prod. 43, 296.

Bendz, G. and Lindberg, G. (1968) Acta Chem. Scand. 22,
2722,

Sidhu, G. S. and Sankaram, A. V. B. (1971) Tetrahedron
Letters 2385.

Singh, J., Dhar, K. L. and Atal, C. K. (1971) Indian J. Pharm.
33, 50.

Le-Van, N. and Wratten, S. J. (1984) Tetrahedron Letters

143.

144,

145.

146.

147.

148.

149.

150.

151.

152,

153.
154.

791

145.

Gusakova, S. D. and Umarov, A. U. (1976) Chem. Nat.
Compd. Engl. Transl. 12, 645.

Panekina, T. V., Gusakova, S. D, Tabak, M. Ya. and
Umarov, A. U. (1978) Chem. Nat. Compd. Engl. Transl. 14,
33

Bohlmann, F. and Hinz, U. (1964) Chem. Ber. 97, 520.
Bohlmann, F., Hinz, U, Seyberlich, A. and Repplinger, J.
(1964) Chem. Ber. 97, 809.

Barton, D. H. R, Kirby, A. J. and Kirby, G. W. (1968) J.
Chem. Soc. C 929.

Hallenberg, P. F. and Hager, L. P. (1978) Methods Enzymol.
52, 521.

Thomas, H. and Budzikiewicz, H. (1980) Z. Pflanzenphysiol.
99, 271.

Culvenor, C. C. J., Smith, L. W. and Woods, W. G. (1965)
Tetrahedron Letters 2025.

Kutney, J. P. and Dimitriadis, E. (1982) Helv. Chim. Acta 65,
1351.

Velisek, J., Davidek, J., Kubelka, V. Janicek, G,
Svobodova, Z. and Simicova, Z. (1980) J. Agric. Food Chem.
28, 1142,

Dugan, J. J. and Mayo, P. de (1965) Can. J. Chem. 43, 2033.
Shimizu, Y. and Pelletier, S. W. (1966) J. Am. Chem. Soc. 88,
1544,



