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Summary

This thesis presents phytochemica! research on two medicinal plants. Studies

on the leaves of Buxus sempervirens and roots of B. papillosa have led to the

isolation and characterization of six new steroidal bases. In addition, eight more

compounds have also teen reported for the first time from both these plants.

Some spectral genere lizations made for Buxus alkaloids based on a

comparative literature is included.

The thesis further presents some work on syntheses wilh metal complexes. The

reaction of bisnaphthyl acetylene with rr-cyclopentadienyl bis carbonyl cobalt
has resulted in the formation of three new products. Besides, some reactions

were done with rhodium complex to develop four new six-membered ring

systems. A few Pd-Cu catalyzed reactions of terminal acetylenes with different

aryl halides are also presented in this thesis.

PART A
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PART - 2

Syntheses with Metal Complexes
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PART - 1

PHYTOCHEMICAL INVESTIGATIONS OF THE

CHEMICAL CONSTITUENTS OF

BUXUS SPECIES
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1.0 GENERAL INTRODUCTION
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The relationship between man and natural products is as old as the history of

mankind itself. Since prehistoric time man has tried to cope successfully with

human sufferings such as injuries and disease through the use of herbal drugs.

Man, as a savage, must have learned through experience how to treat his

ailments. He must gradually have realized that some plants were suitable for

nutritional purposes while others possessed useful pharmacological actions.

Chen Nung [1,2] in Chin?; and Sekhet Eranch [3] in Egypt, were among the first

in recorded history around 3000 B.C. to pursue studies on the medicinal uses of

herbs for the treatment of various human ailments. The indigenous system of

medicine in the Indo-Pak sub-continent, known as “Hikmat" is derived from

Greco-Arab contributions while Ayurveda goes back to 700 B.C. and is mainly

attributed to Charaka [4| and Shushruta [5] who cited about 700 medicinal

plants.

The role of medicine wa s greatly extended in the Islamic age of science and

medicine. The great botanist and pharmacist of the Muslim world, Ibn-al-Baitar,

in his book “Kitab al-Jami fi al-adwiya al-mulrada" has described the work of

some 150 authors on medicinal plants. Another monumental treatise "Kitab

al-mughni fi Al-adwiya al-mufr3da" is an encyclopaedia of medicine in which

drugs are listed in accordance with their therapeutic values A famous physician

and philosopher of his time, Avicenna (Bu Ali Sina) described 760 herbal drugs

in his book "Qanun fi al Tiob" (Cannon of Medicine) which served as a text book

of medicine in Europe til 17th cenkry AD. The different indigenous systems

evolved independently in different parts of the world such as China, Africa, and

South America and man / of these are still practiced by almost 70% of the

population of third world countries, including Pakistan.

The application of chemotherapy in »he early decades oi the current century,

following the synthesis of salvarsan [6] by Paul Ehrlich, groatly reduced the use

of herbal drugs and led to an increasing shift towards synthetic drugs. However,

there has been a consicerable recovery of interest in the study of natural
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products with the advent of antibiotics and the importance which some of the

constituents of medicinal plants have gained in the treatment of cardiovascular

diseases, and certain forms of cancer. The gradual accumulation of such

knowledge- of herbal drugs led in India, to the establishment of Ayurvedic and

Unani Tibbi College by Hakim Ajmal Khan at Delhi in 1920. The physiologically

active constituents of a number of indigenous were studied there extensively.

Phytochemists have a compelling curiosity to discover the compounds present

in a plant extract responsible for the biological activity. Systematic scientific

investigations, particularly during the current century, have resulted in the

isolation and characterization of a growing number of active constituents and

many are now routinely employed in moderr medicine. Isolation of quinine from

Cinchona bark and reserpine from Rauwolfia serpentina can be taken as

examples which were found to be effective drugs against malaria and mental

ailments as well as high blood pressure respectively. Their pioneering studies

carried out in the 1930s were fthe milestones in modern medicine.. This was

followed by the isolation of ajmaline used for the treatment of cardiac

arrhythimas [6,7], vincanrine used as a vasodilator [8,9], vinblastine and

vincristine as antitumour agents [10,13] etc. Many new natural products having

valuable chemotherapeutic properties have been subsequently isolated and

characterized in many laboratories around the world.

All these findings provided a multidirectional broadening of the base which led to

pharmacological studies cirected towards the synthesis of modelled drugs

isolated from natural sources. In fact, the study of natural products is now very

much an interdisciplinary field, embracing chemistry and other biological

sciences.

Although not all traditional medicines are as useful as claimed, nevertheless

they have presented us a vast fertile field to be investigated and developed. It is

often the active medicinal agents isolated from natural sources which are the

forerunners of more active synthetic and semisynthelic drugs. The challenge
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which need to be accepted is to verify the clinical values of traditional

prescriptions and to bridge the gap between the traditional self-contained

theories and the modern aspects, and then to find active principles for medicinal

use. It is not an easy task, requiring great effort, endurance and advanced

scientific knowledge.

Taking into account the facts stated above, investigations to discover new

chemical constituents of Buxus species were carried pul and are discussed in

the present work.
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ALKALOIDS2.1

Alkaloids comprise an array o( structure type and are derived by diverse

biosynthetic pathways. Their wide range of pharmacological activities is

unmatched by any other group of natural products. The history of alkaloids is

almost as old as civilizat on. Mankind has used drugs containing alkaloids in

potions, medicines, decoctions, poultices and poisons for 4000 years. Vet no

attempts were made to isolate any of the therapeutically active ingredients from

crude drugs until the early nineteenth century. A much greater structural

variation is encountered in this group of chemical compounds as compared to

other groups of secondary metabolites, making it difficult to define them

concisely. Instead, numerous attempts have been made to provide a system of

classification into which most alkaloids can be placed. The most widely

accepted system of classi ication, (due to Hegnauer) groups the alkaloid as: a)

true alkaloids, b) proto alkaloids and c) pseudo alkaloids.

True alkaloids: True alkaloids are usually toxic or physiologically active, and

almost invariably basic. They normally con'ain nitrogen jn a heterocyclic ring,

and they are derived from amino acids. This definition still excludes colchicine

(1) and aristolochic acid (2) which are not basic and have no heterocyclic ring.

Proto alkaloids: They are relatively simple amines in which the amino acid

nitrogen is not in a heterocyclic ring. They are biosynthesized from amino acids

and are basic e.g. mescalire (3) and ephedrine (4).

Pseudo alkaloids: Pseudo alku'oids are not derived from amino precursors.

They are usually basic. This class comprises of two important series of

alkaloids, the sterodial alkaloid, e g, conessine (5) and the purines e.g. caffeine

(6).

Alkaloids are distributed in certain large groups of plants especially in the

dicotyledons. Although a few are found in lower plants e.g. muscarine and
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ergotoxin. The most important alkaloid-containing families are Apocyanaceae,

Liliaceae, Compositeae, Ruteceae and Solanaceae.

Some alkaloids have been isolated are crystalline solids with a defined melting

point or decomposition range. Many alkaloids are amorphous gums, and some,

such as nicotine (7) and coniine (8), are liquids. Most alkaloids are colourless,

but some of the complex, highly aromatic compounds are colored e g. barberine

(9) is yellow and betanin (10) is red. The alkaloids are supposed to be

responsible for the physiological activities of the medicinal plants and many

current drugs are derived from alkaloids. Quinine has been used as an

antimalarial drug, cocaine as a local anaesthetic and ergocryptine derivatives for

antiparkinson drugs. Similarly, new uses for known alkaloids have -also been

developed, e.g., berberine is used in eye drops for the treatment of allergic

inflammations, scopolamine to prevent travel sickness and sparteine in the

prediction of the metabolic capacity in man for certain drugs.

The basic precursors fo' alkaloids are amino acids like lysine, ornithine,

phenylalanine, tryptophan tyrosine, histidine and anthranilic acid. The actual

function of alkaloids in plants is not known with any certainty They are regarded

by many authorities as by-products of plant metabolism.

STEROIDAL ALKALOIDS2.1.1

Steroidal alkaloids posses; the basic steroidal skeleton bi t have one or more

nitrogens incorporated as an integral part of the molecule either in the ring or in

the side chain. Biosynthetically they can be set apart from other alkaloids

because their carbon skeletal systems are derived from mevalonic acid white

most other alkaloids have their skeleta constructed largely from amino acid

residues.

Some steroidal alkaloids have been found to be pharmacologically active

against several types of health disorders. The steroidal alkaloids of Veratrum
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species are found to be effective in the treatment of hypertension [15]. Similarly.

recent investigations on seme alkaloids of Pachysandra terminalls have shown

them to be active against gastric ulcers (16). Conessine, the major alkaloid of H.

antidysenterica, is reported to be effective against both intestinal and

extra-intestinal amoebiasis [17,1m.

Steroidal alkaloids may be converted into the pharmacologically active steroidal

hormones by simple chemical or microbial treatment [19]. For instance the

alkaloid funtumine can be converted to androstanedione, while holamine, an

alkaloid of Holarrhena floribunda, can be converted to androst-4-ene-3,17-dione

[19,20], Furthermore, several corticosteroid drugs, useful against skin diseases,

can be obtained by the chemical conversion of structurally related steroidal

alkaloids. Some steroidal alkaloids have been found to b' pharmacologically

active against several typas of health disorders [20], There are four major

groups of steroidal alkaloids which have been obtained from plants.

a) The Veratrum alkaloids

b) The Solanum alkaloids

c) The steroidal alkaloids of Apocynaceae

d) The Buxus alkaloids

Besides, a number of stercidal i. Ikaloids have also been isolated from animal

sources.

STEROIDAL ALKALOIDS FROM ANIMAL SOURCES2.1.1.1

Alkaloids from animal sourcas are becoming increasingly common. Unknown a

few years ago, there are new manv examples, and the two groups of steroidal

alkaloids are particularly interesting 'rum a structural viewpoint. These

compounds occur in secretions of the skin glands which protect the skin against
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fungal and bacterial infections.

SALAMANDRA ALKALOIDS2.1.1.1.1

One of the most unusual methods of alkaloid isolation is used for the

Salamandra alkaloids, whi:h are obtained by evacuation of the skin glands of

the animals after anesthesia. The crude product is separated by extraction with

ethanol followed by chromatography. The main alkaloid is samandarine (11),

whose structure was determined by X-ray analysis.

Biogenetically, Ihese alkaloids, like many other steroids, are derived from

mavalonate, via cholesterol. The ring A enlargement proceeds after fission

between carbon atoms 2 and 3. The nitrogen atom is derived from glutamine.

2.1.1.1.2 PHYLLOBATES ALKALOIDS

A major alkaloid batrachotcxin A (1?) is found in the skin secretion of the highly

colored frog Phyllobates aurotaenia (Kokoi). Its structure was determined by

X-ray analysis. Batrachotoxin (13). another alkaloid containing a pyrrole

carboxylate substituent is one of the most potent cardiotoxms known. In the

cat's heart it produces ventricular fibrillatior and tachycardia at 2nMlevel.

2.1.1.2 STEROIDAL ALKALOIDS FROM PLANT SOURCES

Veratrum Alkaloids

There are two important species of Veratrum. Veratrum vjiide Aiton, (green

hellebore), found in Ihe eastern part of Canada and the United States, and

Veratrum ablum L., (white hellebore), found in central and southern Europe.

These species have been known to be pharmacologically active for the last 3 DO

years. Several tribes of American Indians used to employ the plant to kill lice, as

a catarrh remedy, against rheumatism and as a hypotensive agent. The

alkaloids from these plants are now v/idely used in the treatment of hypertension

2.1.1.2.1

[21).
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There are two distinct groups of Veratrum alkaloids, the jerveratrum alkaloids

containing one to four oxygen atoms which usually occur as the free alkamines

or as mono-D-glycosides. e.g. jervine (14) and the ceveratrum alkaloids, which

are highly oxygenated con aining seven to nine oxygen atoms which occur in

plants with some of the hydroxy groups esterif'ed; an example is protoveratrine

(15).

Solarium Alkaloids2.1.1.2.2

The family Solanaceae yie d several varieties of sterodial alkaloids derived by

bond formation of a pregnane or modified pregnane derivative with methyl

piperidine ring whose posit on is joined to the 20-position of a steroidal moiety.

There are two structure types: spirosolanes and sotanidines. An example of a

spirosolane alkaloid is torratidina (16) having a basic nitrogen involved in a

oxaazaspirane unit which constitutes the original steroid side chain. The second

major group comprises the solanidanes, which also occur as glycoalkaloids. An

example is solanidine (17). Many solanum alkaloids show pronounced

antibacterial and antifungal activity [22].

2.1.1.3 Steroidal Alkaloids of Apocynaceae

The family apocynaceae is noted for the presence of indole alkaloids and

cardenolides. Four genera Holarrhena, Funtumia, Maloutia and Chonemorpha

contain steroidal alkaloids. Some representative examples are funtumine (18),

irehine (19), conessine (20) and holamine (21).

2.1.1.4 Buxus Alkaloids

The family Buxaceae is well-known for being rich in steroidal alkaloids. It

contains the following different genus: Pachysandra, Sarcococca, Simmonsia

and Buxus.

The alkaloids found in the genus Sarcococca and Pachysandra are simple
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pregnane derivatives lacking alkyl substitution at C-4 and C-14. They, however,

resemble the steroidal all-aloids of Apocynaceae. Examples of these types ol

alkaloids are saracodine (22) and pachysandrine-A (23). The alkaloids of

Pachysandra were founc to be active against gastric ulcers in mice [23],

Extracts of Buxus specie:'- have long been used in the indigenous system of

medicine for the treatment of various ailments including malaria, rheumatism

and skin diseases [24]. Regular chemical investigations of the alkaloidal

mixtures from Buxus sempervirens began in 1830 in France by Faure [25].

However it was not before 1945 when Schitl'ur et.al solved the complex isolation

problems and pure akaloids were obtained.

The turning point in the investigation of this group of alkaloids was the work of

Brown and Kupchan [26] who published the first complete structural and

stereochemical representation of the alkaloid, cyclobuxine-D (24). This alkaloid

was recognized as "a prototype of a new class of steroidal alkaloids which

contain a cyclopropane ring and a substitution pattern at C-4 and C-14, which is

intermediate in the biogenetic scheme between lanosterol and cholesterol-type

steroids". The rather unusual, and novel structure of this alkaloid initiated a very

active period of research on several Buxus species conducted by several

groups (Kupchan, Stauflacher, Arigoni, Goutarel, Nakano, Marini-Bettolo.

Voticky, Tomko). Further investigations disclosed that the substitution at C-14 by

methyl, methylene, hydroxymethyl or alkoxymethyl and at C-14 by a methyl

group is a characteristic common to almost all Buxus alkaloids.

Structurally the alkaloids are a complex group and an elaborate system has

been developed for naming them. Buxus alkaloids can be divided, on the basis

of structures into two broad classes:

(i) Derivatives of 9p, 19-cyclo-4,4,14-trimethyl-5-pregnane (25)

(ii) Derivatives of abeo-9 (10-19)-4,4,14-trimethy!-5-pregnane (26)
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In each type, certain modifications are observed either due to the absence of

one or both methyl groups, due to the oxidation of the methyl group at C-4 or

due to the presence of different oxygen functions and points of unsaturation.

Studies on several spec es of Buxus (B. sempervirens, B. papillosa, B. koreana.

B. microphylla, B. wellichiana, B. madagascarica, B. balearica etc.) have so far

resulted in more than 144 new steroidal bases. A list comprising molecular

weights, formulae and references cf these steroidal bases is presented in

Table-1. Out of the total 144 steroidal alkaloids known trom Buxus species,

more than 70 have been isolated by Prof. Alta-ur-Rahman's research group in

Pakistan.
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S.No NAME MOL.WT. MOL.FORM. [<*]D MP SOURCE REFERENCE

C23H37NO

C23H39NO

C24H35NO

Buxaprogestine

Irehine

Cyclosuffrobuxinine-M 353
(Cyclosuffrobuxinine)

7rans-Cyclosuf-
frobuxinine-M

N-Demethylnor-
cyclomicrobuxine

Cyclobuxophylline-0 355

(+)-Cyc.c.Ti;':robuxamiiie 355

Buxandonine-L

Cyclosuffrobuxine-K 367

Buxithienine-M

E-Cyclobuxapnylamme 367

Z-Cyclobuxaphylamine 367

Cyclomicrobuxeine-K 367

343 +28 B.papillosa

174 B.papillosa

144-149 B.microphylla

1. 63

2. 345 -46 94

3. -56 59

C?4H.3SN0353 •11 > VII IJ-474. •w

C24H35NO353 B.papillosa5. +34 53

ro
C24H37NO

C24H37NO

C24H39NO

C24H37NO

C24H37NO

C24H37NO

C24H37NO

C24H37NO

217-222 B.sempervirens

B.sempervirens

B.sempervirens

167-172 B.microphylla

166-169 B.sempervirens

B.papillosa

B.papillosa

141-142 B.koreana
B.microphylla

B.sempervirens

6. -6 72 co

7. 135

8. 357 188 96+14

9. -92 59

36710. -75 72

-30 6311.

12. -76 63

' 13. +126 59

C25H39NOE-Buxenone 369 17814. -42 97



C25H39NO 181-182 B.microphylla
B.sempervirens

B.papillosa

201-204 B.microphylla

B.papillosa

B.sempervirens

B.microphylla

15. Z-Buxenone 369 -67 97

16. Cyclobuxoviricine

17. Cyclobuxosuffrine-K

18. Cyclobuxoviramine

19. Buxenine-G

20. Cyclomicrobuxinine

C25H39NO

C25H39NO

C25H39NO

C25H42N2

C24H37NO2

369 65-54

-62369 62

369 140

370 +20 298 86

+162 174371 98
D A A M «
U-JOIII VII IV

C24H42N20

C26H39NO

C26H39NO

21. Cycloh'jxamine-H

22. Buxotrienir10

23. Buxpsiine

+28 B.sempervirens

B.papillosa

180-183 B.balearica
B.sempervirens

B.papillosa

374 209 99

381 +13 66

381 +118 100 NJ
VO

C25H35NO24. N-Formylcyclomicro-
buxeme

+16 183381 101

C26H41NO

C26H41NO

C26h.11NO

C26H41NO

-22 B.papillosa

194-196 B.microphylla

182-183 B.papillosa

B.balearica /
B.hariandi
B.microphylla
B.sempervirens

B.papillosa

25. Buxaminone 194 102383

26. Cyclobuxophylline-K

27. Cycloouxoviridine-L

28. Buxamine-E

-72383 59

383 -20 53

187384 +35 72

C26H44N229. Nb-Norbuxupapine 384 +20 53



30. Papilamine C26H44N2384 +23 240 B.papillosa
B.sempervirens

B.papillosa

B.harlandi
B.hyrcana
B.sempervirens

B.sempervirens

239-242 B.sempervirens

85

31. Cycloxobuxoviricine

32. Cyclomicrobuxine

C25H39NO2

C25H39NO2

385 -41 80

385 +156 170 79

33. Cyclobuxargentine-G

34. Cyclobuxine-D

386 C25H42N2O

C25H42N2O

283-51 103

386 +90 104

P.urlnnrntnhnvinQ.n O

__
LJ . 4 —T

T*t / /yo.uaieanua

B.hariandi
B.sempervirens

B.madagascarica

229-231 B.sempervirens

C.wallichiana

w w v’ ~ r-

36. Cycloprotobuxine-G

37. Pseudocyclobuxine

38. Cyclorolfeine

39. N-Acetyl-N-Demethyl
cyclomicrobuxeine

40. Buxaquamarine

41. Sempervirone

42. Buxamine-B

43. Buxamine-C

44. Buxapapme

C26H46 N2

C26H46N2O

C25H41NO2

C26H37NO2

386 +42 163 89
G

386 +89 105

387 +119 253 106

395 +36 B.papillosa 107

C26H39NO2

C26H39NO2

C27H46N2

C27H46N2

C27H46N2

397 +24 B.papillosa

B.sempervirens

B.papillosa

153-155 B.papillosa

B.papillosa
B.rolfei

58

397 102-CO

398 +61 248 88

298 +24 53

398 +11 53



C27H46N2

C26H46N20

C26H44N20

C27H46N2

C26H44N20

C27H48N2

C26H43N02

45. Cyclobuxupaline-C

46. Papilinine

47. Buxammol-E

398 -37 111-113 B.papillosa

B.papillosa

B.balearica

87

298 +29 90

+40 198400 86

48. Buxocyclamine-A

49. Cyclobuxine-B

50. Cycloprotobuxine-C

51. Cyclomikuranine-L

52. Cyciopapiiosine-u

53. Cyclovirobuxine-D

54. Cyclovirobuxine-F

55. Homobuxaqamarine

56. Bsyamine-A

57. Buxitnenine-C

58. Cycloouxpaine-A

59. Harappamine

6C. Buxarr.ino-B

61. Buxozine-C

62. Cyclokoreamne-B

63. Cyclobullatine-A

B.sempervirens

+119 230-233 B.sempervirens

B.sempervirens

-30 209-211 B.microphylla

400 +87 187 92

400 90

-62 195400 72

401 59

4Uÿ b.papillosa

B.semperviren

B.sempervirens

B.papillosa

B.madagascarica

B.madagascarica

-37 111-113 B.papillosa

B.papillosa

+17 194-198 B.sempervirens

B.sempervirens

B.koreana

+04 8/026n46lN2U

C26H46N2O

C26H46N2O

C27H41NO2

402 +65 212 72

402 +52 224 109
U)

+22411 53

C28H46N2412 +40 134 89

C27H46N2O

C28H48N2

C27H46N2O

412 +57 192 89

412 87

412 110

C27H4GN2O 80A +

C27H46N2O

C27H46N2O

C27H46N2O

93414 +65 137

+109 235414 60

-99 275 B.sempervirens414 76



64. Cycloprotobuxine-A C28H50N2414 B.balearica
B.malayana
B.microphylla
B.sempervirens

-62 198-200 B.sempervirens 111

+33 183-185 B.madagascarica 87
B.papillosa

B.rolfei

+75 207 59

65. Cyclovirobuxine-B

66. 16-Deoxybuxidienine-C

C27H46N2O

C27H46N2O

414

414

67. Cydorolfoxazine

68. Cyc!ovirobuxine-D

69. Dihydrocyclumicro-
pnyilino F

70. Cyclobuxidine-F

71. Moenjodaramine

72. N-Formylpapillicine

73. Papillamidine

74. N-Acetylcyclo-
protobuxine-D

75. 8uxiramme-D

C27H46N2O +106 239

C27H4aN?0 +83 ?ai-pnn

C26H48N2O2 +4 260

415 106

416 HO
t ( t-W •M *W IVr

418 B.microphylla 59

C26H48N2O2

C28H-16N2O

C28H46N2O

C27H42N2O2

C28H48N2O

419 B.sempervirens

B.papillosa

B.papillosa

B.papillosa

+53 221-224 B.sempervirens

113
LO

426 +33 177 114

426 +36 115

426 116

428 78

C27H44M2C2

C28H48N2O

C28H48N2O

C27H46N2O2

213-215 B.sempervirens

B.sempervirens

+56 161-162 B.sempervirens

245-246 B.microphylla

118

76. Cyclovirobuxine-A

77. Deoxycyclobuxoxazine-A 428

78. Buxazidine-B

428 -87 220 111

119

430 120



79. Cyclobuxoxazine-C

80. Cyclomicrophylline

81. Cyclomicrophylline-C

82. Buxidine-F

83. Cyclorolfeibuxine-C

84. N-Formylharappamine 440

85. N-Methylbuxen

C27H46N2O2

C27H46N2O2

C27H46N2O2

C46H44N2O3

C27H48N2O2

C28H44N2O2

C28H43N2O3

C29H50N2O

C28H46N2O2

C28H48N2O2

C28H48N2O2

C23H48N2O2

C28H48N2O2

C27H44N2O3

C28H50N2O2

430 +29 245-246 B.microphylla

-65 246-248 B.microphylla

-40 282-284 B.microphylla

+114 227 B.balearica

B.roifel

B.papillosa

-140 180-182 B.sempervirens

B.sempervirens

B.malayana

B.papillosa

B.rolfei

B.rolfei

B.microphylla

B.balearica

+37 271-272 B.microphylla

121

430 122

430 122

432 123

432 +74 256 122

+40 115

441 117

Ri rvra lrnQ_fÿP6 J J

230+29 124»» « W

87. N-Formylcyc!ovirobxine-B 442

88. Buxaminol-G

89. Cyc!obuxoxazine-A

90. Cyclomethoxazine-B 444

91. Cyclomicrophylline-A 444

92. Cycloxobuxoxazine-C 444

93. Dihydrocyclo-
microohylline-A

94. Baleabuxine

95. Pseudobaleab'.jxine 470

96. Buxanine-M

-157 290 50

444 +83 125

OJ
444 +4 1 197 106

195+54 106

-92 233 122

+116 81

446 122

C30H50N2O2

C30H50N2O2

C32H43NO2

470 +120 236 B.balearica 126

B.balearica+120 236 123

473 -38 B.semoervirens199 127



97. N-lsobutyryf
baleabuxidienine-F

98. (-)-31-Acetyl-
cyclomicrophylline-A

99. Buxabenzami-
dienine

100. N3-lsobutyrylcyclo-
Buxidine-H

101. Buxabenzamidine

C30H50N2O3 -67486 253 B.balearica 81

486 C30H50N2O3 B.sempervirens 81

C33H48N2O +6488 B.papillosa 66

C29H48N2O4 +76488 285 B.balearica 82

C33H50N2O +47

C32H52N2O2 -150

490 R nanillocÿ
- 1—1

co

102. Tigloylcyclo-
virobuxeine-B

103. N-lsobutyryl-
baleabiridine-i-

104. N-Benzoylcy-
clovirobuxenin-E

496 178-183 B.balearica 78

C30H50N2O4 +71502 257 B.sempervirens 81
U>
X*

C33H48N2O2 +32504 120 B.sempervirens 131

105. N-Benzoylcy-
cloprotobuxine-C

106. N-Benzoylbuxodie.nine-E 504

107. Buxalphine

108. Buxatine

C34H52N2O504 255-227 B.sempervirens 72

C33H48N2O2 +34

C33H46N2O3

C33H48N2O2 +50

C30H52N2O4 -32

235 B.sempervirens 128

B.sempervirens 127

214-217 B.sempervirens 63

275 B.balearica

504

504

109. N-lsobutyl-
baleabuxaline-F

504 81



110. (-)-Benzoylbuxidienine 504

111. N-Benzoylcy-
cloprotobuxoline-D

112. Buxdeltine

113. N-Benzoylbuxidienine-F 520
(N-benzoylbaleabuxidienine-F)

114. N3-Benzoylcyclo-
phylline-F

C33H48N2O2

C33H48N2O2 +42

B.sempervirens

236-238 B.semDervirens

81

506 78

C33H48N2O3

C33H48N2O3 -36

518 B.sempervirens

286-288 B.balearica

127

78

C33H48N2O3 +67520 154-157 B.sempervirens 122

M-RDn7n\f!r'woln_
: CJJH52N2O115 C o/n

<J£- \J 252 B.sempervirens 78+45V» W

protobuxoline-C

116. N-Benzoylcy-
cloxobuxoline-F

C33H48N2O3 +76520 255-256 B.sempervirens 78

LP

117. Buxanoldine C33H48N2O3 -27

C33H48N2O3 +98

C33H48N2O3 +67

C33H50N2O3 +19

520 B.papillosa

210-212 B.sempervirens

B.sempervirens

292-294 B.sempervirens

66

118. Buxarine 520 84

119. Buxidin

120. N-Benzoyldi-
hydrocyclomicrophyl!ine-F

121. O-Acetyi-N-
benzoylcycloxobuxoline-F

122. Cyclomicrosine-C

123. N-benzoylcy-
cIoxobuxidine-F
(N-Benzoylbaleabuxtdine-F)

520 154 129

522 78

C33H461NO4533 B.sempervirens 130

C33H50N2O3 +33

C33H48N2O3 +52

534 282-284 B.microphylla

277 B.balearica

59

536 78



I
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124. (+)-16-Acetoxybuxa
benzamidienine

125. N-Benzoyl-O-
acetylbuxodienin-E

126. Buxadienine

127. (-)-Buxadienine

128. Cyclomicrophyi!idine-A

129. Dihydrocyclo-
miuu|jhyiiiuifie-A

130. O-Vanilloyl-
cyclovirobuxine-D

131. O-Acetyl-N-Benzoyl
cyclomicrophyiline

132. 31-Acetoxy-Na-
benzoylbuxidienine

133. N-Benzoyl-O-
acetylcyclobuxoline-F

Suxar'aiGirine

C33H50N2O3 +640 -60546 B.papillosa 66

C33H48N2O3 -6546 B.sempervirens 131

C33H48N2O3 188-191 -

C35H52N2O3

C35H52N2O3 -160

C35H54N2O3 -33

546 B.sempervirens 118

B.sempervirens

B.microphylia

B.microphylla 122

546

548 122

550

C34H52N2O3 +20552 210 B.malayr-'a 132

C35H50N2O4562 289-290 B.sempervirens 129
O'

562 C35H50N2O4 -40 B.papillosa 133

C35H50N2O4 +114562 216-218 B.sempervirens 78

1 'ÿ-c C25H50N2O3

C35HS0N2O4

C35H50N2O4

+12 B.papillosa

289-290 B.sempervirens 129

B.sempervirens 137

66CC4

135. Buxandrine 562

136. (-t-)-31-Acetyl-

buxanoldine
562

137. (+)-Sempervinmidine C35H52N2O4564 B.sempervirens 136



63C35H48N2O5 -16

C35H48N2O5

C35H50N2O5 +42

B.papillosa

B.papillosa

B.papillosa

138. (-)-Buxapapinolamine

139. Buxafuranamide

140. N-Benzoyl-16-
acetylcycloxobuxidine

141. (+)-Buxabenzacine

142. Buxoxybenzamine

143. Buxpapine

144. (-)-Buxapapilinine

576

63576

60578

B.papillosa

B.papillosa

B.papillosa

B.papillosa

60C36H54N2O4 . -
C35H50N2O5 -

C37H52N2O5 -53

C37H52N2O5 -

578

142578

134620

141620

Ul
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BIOSYNTHESIS2.1.1.4.1

The Buxus alkaloids beong to a unique steroid-terpene class that should

present a fruitful field for biogenetic investigations. Inspite of their novel

structures, there have been no experimental studies on the biosynthesis of

Buxus alkaloids. In general, the basic raw material in the plant for biosynthesis

is carbon dioxide which is reduced during photosynthesis to give simple sugars

and sugar derivatives in a wonderfully complex sequence of enzymatic

reactions. Some of the steas involved will now be discussed.

i. Conversion of squalene into cycloartenol and other related compounds

Buxus alkaloids can arise from cycloartenol which can be formed through

enzymatic cyclization anc learrangement of the polyunsaturated triterpene.

squalene (27) squalene is derieved from two farnesyl units joined in a usual

head-to-head fashion. It is an important intermediate in the biosynthesis of a

large number of triterpeno dal and steroidal compounds.The hexaene all-frans

squalene is the intermediate biological precusor of all triterpenoids. It undergoes

multiple cyclizations to produce about 20 skeletal types of triterpenoids [27],

These cyclizations are mediated by enzymes (cyclases) capable of exerting

stereochemical control. The different types of triterpenoids aie formed according

to the conformation that squalene (or its epoxide) adopts, presumably, at an

enzyme surface prior to cyclization. The cyclization (Scheme-1) of squalene can

be promoted either by oxidative or non-oxidative agents. The former lead to

cyclic compounds bearing n hydroxyl (or ketonic) group in position 3 (28). This

can take place either via foimation of 2,3-epoxysqualene (30)) (route a) or OH+

(protonated oxene) attacks an the 2,3-double bond (route b). The non-oxidative

cyclization process (route c) is initiated by a proton attack on the terminal double

bond of the polyisoprene chain followed by double bond migration. This leads to

the hydrocarbon triterpene nucleus (29) [28], The biosynthesis of triterpenes

mostly involves oxidative cyclization of squalene. The mechanism of the

conversion into cycloartenol is shown in Scheme-2. It is believed to proceed by
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hydride shift from C-9 to C-8 with stereospecific complexation of an enzyme at

C-19 to give an intermediate such as (30.1) which loses a proton from the

methyl group at C-10 with displacement of the enzyme to give cycloartenol (32).

ii. Transformation of cycloartenol into Buxus alkaloids

Cycloartenol (32) which is distriouted in higher plants, and lanosterol (31) which

is widespread in vertebrates, are of primary importance in the biosynthesis of

tetracylic triterpenoids. For example, all the steroid derivatives, such as

cholesterol, are derived from them. The Buxus alkaloids are also thought to be

derivatives of cycloartenol (29-311.

There is no experimental data reported on how cycloartenol (32) is transformed

into different skeletal types of Buxus alkaloids. It may be converted into

20-ketosteroids (33) (Scheme-3) by oxidative cleavage of the C-20 side chain.

Further oxidation of the C-3 hydroxyl group will lead to the 3, 20-dikelo steroids

(34). These mono- and diketosterc ds can be considered to be the biogenetic

precursors of almost the entire class of Buxus alkaloids. Many of the simple

alkaloids may be derived by reductive amination of these mono- c,

diketo-steroids. This view is supported by the fact that a large number of

steroids, e.g., diaminosteroids (37). 20-amino-3-keto steroids (36), and

3-amino-20 keto steroids (35) have also been lound in plants [29-30],

\

The Buxus alkaloids having cyclopropane r'ng. can hence result directly from

cycloartenol in this way. Most cf the structural variations of Buxus alkaloids may

result from the opening of the cyclopropane ring. Goutarel et. of [31] proposed a

possible pathway for the generation of 9(10-'19) abeo diene system (38) by a

fragmentation process (Scheme-4).

Several Buxus alkaloids were found to have a lelrnhydrooxazmn ring or methyl

substituted tetrahydrooxazine r ng in their structure*,99). This Hass of alkaloids

was first discovered by Prof Atla-ur-Ra.iman ~ res' arch croup [34], The
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tetrahydroxazine ring may result in na*ure by hydroxymethylation of the C-3

amino group and subsequent attack of C-31 hydroxyl group on the

corresponding imine (Scheme-5). Similar cyclisations can also occur in

compounds having 20-amino-16-hydroxy group (40) to form corresponding

tetrahydroxazine ring bearing compounds e.c (41) (Scheme-6) [33].
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2.1.1.4.2 PHARMACOLOGICAL IMPORTANCE OF BUXUS ALKALOIDS

The broad spectrum ol pharmacological activity known for Buxus alkaloids

suggests that they may yet find profitable application in pharmaceutical

preparations. Buxus sempervirens commonly known as boxwood, is noted for its

extensive folk literature. Sirce ancient times extracts of boxwood have been

used against various dermatitic problems. In the nineteenth century the plant

gained a considerable reputation as an antimalarial, anticancer, antirabic and

antirheumatic [36,37] and as late as 1957 a patent was issued to Merck and Co.

for use of the alkaloid mixture in the treatment of tuberculosis [38] but the drug

was not judged economical y competitive with other comr on antitubercular

agents such as isoniazid. The alkaloidal mixture also produced powerful

inhibition of the enzyme cholinesterase [39,40]. The pure alkaloid cyclobuxine-D

has been usei as a complexing agent to study the reversible hefix-coi)

transitions of DNA [41,42],

Buxus papillosa, C.K. Schnieder Linn, is a large shrub, locally known as

"Shamshad" (Urdu) [139], The extract of the shrub has been extensively used in

indigenous medicine, for the treatment of various ailments, especially malaria,

rheumatism and skin infections. The possibility of chemical and microbial

conversion of Buxus amines into pharmacologically active steioidal hormones

also provides an incentive for active esearch in the field of Buxus alkaloids.

2.1.1.4.3 SPECTRAL BEHAVIOUR OF BUXUS ALKALOIDS

The Buxus alkaloids show- characteristic spectral behaviour. Some

generalizations have been drawn on the basis of the spectral characteristics

which are very useful in structure elucidation of Buxus alkaloids.

Mass spectroscopy. Budzikiewicz has evaluated the mass spectra of several

types of steroidal alkaloids and deduced many of the principle fragmentation

processes. Mass fragmentation patterns of Buxus alkaloids provide useful
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information about individual structure 1 types, positions of functional groups and

the extent of unsaturation in different groups. The lower mass region of the

spectra are of considerable importance in this connection [43],

Systematic mass spectroscopic studies of a large numbei of Buxus alkaloids

using computer monitored high resolution mass measurements,El, FAB, FD, Cl

and linked scan measurements [44,45] have led to some valuable

generalizations summarized below.

Compounds bearing oxygenated functions on ring D exhibit a number of

characteristic peaks in their mass spectra. The considerably large fragmentation

at m/z 129 (C7FI18NO) in the mass spectrum of (-)-buxanoldine (42) is formed

by the cleavage of tho hydroxyl containing ring D alongwilh the nitrogen bearing

side chain. The hydroxyl group may be attached to C-15, C- 1 6 or C-17 of ring D.

However, another peak at m/z 115 (CeHiaÿ'O) is particular ly diagnostic, in as

much as it establishes that the -OH group is present on the sixth carbon

fragment. The most probable points of attachment of the -OH group can

therefore be concluded to be at C-16 or C-17. Another important fragment at

m/z 85 (CsHuN) arises by llhe cleavage of ring D along with the nitrogen

bearing side chain and an intramolecular proton transfer. The absence of

oxygen in this five carbon fragment at m/z 85 established that the hydroxyl

group is located at C-16 on ring J [46.47],

Compounds bearing -OAc groups instead of -OH groups on ring D show similar

characteristic mass fragmentation patterns. The diagnostic ions at m/z 85

(C5H11N), 157 (C8H15NO2; and 171 (C9H17NO2) indicate the presence of an

acetate group at the C-16 position of ring D. Examples include

(+)-16-acetoxybuxabenzam diene (43) [46].

The low mass fragment ions resulting from cleavage of the ring D side chain

predominate in the mass spectra of Buxus alkaloids. Compounds bearing

monomethyl amino substituents at C-20, e.g., (-)-cyclobuxoviricine (44) show
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Ihe base peak at m/z 58 di e to the fragment ion CH3-CH =N+HCH3 [48], while

compounds containing a dimethyl amino side chain, e.g. (+)-buxabenza-

midienine (45), [46] exhibit a fragment at m/z 72 as the base peak. This ion

represents the trimethyliminium cation (CH3-CH=N+ (Chb)?) [49]. It is important

to note that the fragment ior s arising by cleavage of the nitrogen-conatining side

chains at ring D are more aoundant as compared to fragments arising from ring

A when the latter contains a nitrogen-bearing side chain at C-3 [50].

Compounds which contain nitrogen at C-3 give rise to the base peak at m/z 72

or m/z 57. The former is formed from compounds containing a dimethylamino

(-N(CH3)2) group at C-3 and results from the cleavage of ring A e.g. (46) while

the latter ton is present in compounds containing monomethyl amine groups at

C-3 [50,51].

The position of unsaturation in various rings of Buxus alkaloids have a

pronounced effect on the fragmentation pattern. Compounds having isolated

double bonds often show fragmer t ions resulting from the relro-Diels-Alder

cleavage of rings containing such unsaturated linkages. For example,

compound (47), which contains an isolated double bond at C-9/C-11, shows an

ion at m/z 322 resulting from the retro-Uiels-Alder cleavage of ring C, while the

ion at m/z 85 is formed in (48) by clea\ age of ring A by a similar process

[52,53,54]. Compounds of type (49), which contain an isolated double bond at

C-1/C-10 undergo a retro-Diels-Alder cleavage of ring A affording an ion at m/z

175. Compounds such as (+)-buxabenzamidienine (45) which contain a 9

(10-19) abeo diene system would also he expected to produce similar fragments

but this is not observed in practice [55,56].

Buxus alkaloids containing an unsubstituled tetrahydiooxazine ring e.g.

(+)-buxaquamarine (50) show a considerably large m/z 127 ion in their mass

spectra, due to the cleavage of ring A along with the attached tetrahydrooxazine

ring [57,58] while alkaloids containing a methyl-substituted tetrahydrooxazine

ring e.g. (+)-homobuxaquarr arine (51) exhibit large fragment ions at m/z 141,
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formed by the cleavage cf ring A alongwith the tetrahydrooxazine ring.

2.1.1.4.4.2 PROTON NMR SPECTROSCOPY

The cyclopropyl ring methylenic protons, by means of their chemical shifts, give

clear information about structural changes in the neighboring rings A, B and C

in Buxus alkaloids. Normally in the case cf a cycloartenoi triterpenoid skeleton

not having any unsaturat on or electron wilndrawing substituents in the vicinity of

the cyclopropyl moiety, tie cyclopropyl methylenic protons appear in the region

5 0.1-0.5 as an AB doible* (J=4.0 Hz) [59]. Compounds of type (52), which

contain a C-11 carbonyl function in ring C exhibit the absence of cycloproyl

methylenic proton signals in this region of the 1H-NMR spectrum. This is due to

the electron withdrawing effect of the conjugated caibonyl function which

deshields the methylenic protons, and the AB doublets are consequently shifted

to the methyl/methylenic region of the spectrum [60,61,62]

A similar downfield shift is observed in the 'H-NMR spectra of compounds of

type (53) containing a hydroxyl function at C-11. In Ihis case usually only

one-proton (half of the doublet) is displayed, relatively downfield from the

normal position, at 0.5-0.8, while Ihe deshielding effect of the vicinal hydroxyl

group at C-11 again causes a shift of the second proton dhe other half of the

doublet) to the methyl/m sthylenic region [61].

The deshielding effect cf a double bond adjacent to the cyclopropyl group also

causes only one of the two cyclopropyl protons (half of the AB doublet) to

appear upiield in the region 5 0.5-0.7 while the other proion is buried under the

methylenic region (1.6-2.0 ppm). This is exemplified by comparison of

compounds of type (5'i) and (55) which bear a double bond at C-1/C-2 or

C-11/C-12. The two types can be distinguished from each other on the basis of

chemical shifts and the coupling pattern of the olefinic pinions, which in the case

of (54) will be relatively downfield while in (55) they will rr innate upfield as clear

AB doublets [62],
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Compounds such as (56) bearing a C-6/C-7 double bond show a pronounced

upfield shift of the cyclopropyl methylenic doublets, which resonate in the region

of 8 0.1-0.4. This is due to the fact that the p oriented cycloproyl methylene

proton lies in the shielding region of the C-6/C-7 double bond. Compounds

having C-7/C-8 or C-5/C-C exocyctic double bonds also show downfield shifts of

the cyclopropyl AB double s into the methyl/methylenic region [63,64],

2.1.1.4.4.3 13C-NMR SPECTROSCOPY

The C-16 and C-17 signal; in the case of unsubstituted rin i D in the triterpenoid

skeleton appear at ~ 29 and 50 ppm respectively as in compounds of type (57)

e.g. cyclobuxoviricine [65]. However, the chemical shift of C-16 undergoes a

downfield s.iift due to the presence of an acetate group at that position. In

compounds of type (58) the chemical shift value of C-16 is observed at 5 77.50

while C-17 appears at 8 62.59 which is due to the presence of an adjacent

electron withdrawing acetate function on C-16. Examples are (+)-N-

benzoyl-16-acetoxycyclooxobuxidine

buxanaidinine [66],

[66], buxabenzncine [67] and

The substitution of a hydroxyl group on C-16 leads to similar effects such as in

compounds of type (59) in wh.ch the chemical shills of c-16 and C-17 have

been found out to be at 8 ''7.04 and 8 52.61 respectively. 1his again signifies the

presence of an electron-withdrawmg hydroxyl groups. No ignificant difference

is observed in the chemical shift of the C-16 bearing -OH m -OAc group. When

the acetate functionality is present >n C-6 as in (60), the i -6 carbon resonates

at 8 77.86 and consequently the signa, for C-5 appears at - !>3.51 as in the case

of buxapapilinine (60), whereas in the ab ;ence of this subshiuent these carbons

resonate at 8 23.9 and 44.8 respectively.

The ,3C-NMR chemical shifts for the C-3 carbon atom bearing an -NHz

substituent are observed in the range of 5 58.0-6f

cycloprolobuxine-F (55) the signal appears at 5 61.3 wl in cyclobuxidine-F

For example in
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(61), C-3 resonates at 8 59.0. There is a significant downfinld chemical shift for

the C-3 carbon atom in compounds bearing monomethyl amino or dimetyl amino

substituents at C-3. Foi example, it appears at 5 71.2 in the case ot

cyclovirobuxine-A (62). Oi the other hand the presence fi an amidic nitrogen

decreases the value of the chemical shift of C-3 as in N oenzoyl-16-acetoxy

cycloxobuxidinine-F (58) in which it appears at 8 50.5 ppm ['"-0J.

Usually the C-31 and C-30 carbons show signals in the region 8 16.5 and 8 26. j

respectively. However, if t ie C-31 is oxygenated and hydroxyl [68], acetoxy [69]

or etheric [70] substituents are present then downfield shills are observed, as

expected, to 8 61.00, 65.36 and 8 77.98 respectively. This is exemplified in (63)

in which C-31 appears at 8 77.8 and C-30 resonates at 5 13.99. Similarly in the

case of (-)-31-acetoxy-Na-benzoylbuxidienine (59), the signal for C-31 is

observed at 8 65.36 while C-30 resonates at 5 11.37 since ;m acetate function is

substituted on C-31. A characteristic feature of C-31 oxygen-bearing

compounds is the upfield chemical shift of C-30 (10 ppmi due to the shielding

effect of the geminal oxorr ethylene group.
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2.1.1.4.4.4 UV SPECTROSCOPY OF BUXUS ALKALOIDS

Most Buxus alkaloids show only terminal absorptions in the UV spectrum due to

the lack of any chromophore. Normally in the case of compounds containing

five-membered a,p-unsaturated carbonyl group, an absorption at 239 nm has

been observed, as in cy;lobuxosuffrine [66]. Compounds of type (64) also

behave similarly. However monoamino steroidal alkaloids of type (65) show UV

absorption at 268 nm, which s indicative of the presence ol an a,p-unsaturaled

carbonyl group in ring A conjugated with the cyclopropane ring. Similarly

structural isomers of type (56) also exhibit UV absorption at 269 nm.

A characteristic feature of some BL XUS alkaloids is the presence of a 9 (10->19)

abeo diene system. Compounds of type (67) and (68) slmw UV spectra with

maxima at 238 and 245 nm and shoulders at 228 and 2 ’b nm. Compounds

containing benzamide chrcmophore at C-3 of ring A show UV absorption at 220

nm, as in the case of compounds su h as ,69).

In the presence of conjugation, as in compound (70). an n.innse absorption at

324 nm is observed, which lies in between the dienone (?*ÿ' nm) and trienono

(339 nm) systems, indicathg that the conjugation is not ex; uded effectively by

the introduction of one C-IO/C-19 double bond due to noi i lanarity. This was

confirmed through a study of its 1H-NMR spectrum which ' Mowed H-19 as the

most downfield vinylic proton.

2.11.4.4.5 CORRELATION BETWEEN STRUCTURI AND SPECIFIC

ROTATION OF BUXUS ALKALOIDS

An aspect of Buxus alkabids that hod never been prev. i sly considered till

generalisations were drawn up by Atla-ur-Rahman. M l ’ houdhary and M.

hand, and specilic

rotation on the olhei. As Ihe specific rotations for most / - xus alkaloids have

been measured in chloroform, so that the values recorded ! ’i different alkaloids

Shamma [71] is the relationship between stiucture on the m
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are easily compared. Indeed, a simple measurement of the specific rotation can

immediately throw light on some of the structural features of Buxus bases.The

following rules relate certain molecular features to specific rotations quoted

between brackets. These rules sometimes provide a last chance to check the

structure before publication.

1) 9p,19-cyclo-16-oxo-A17‘'° alkaloids of type (71) are levi.rotatory, regardless

of the geometrical isomerism about the C-17 (72) double bond. Some examples

are cyclobuxophylline-0-(-31,5)° [72], buxenone (-48)° [73], cyclobuxophylline

(-27)° [59], methyl buxene (-104)° [74] and cyclobuxosulfrino (-62)° [62],

2) 9p,19-cyclo-16-oxo-A6'7 compounds of type (72) are levomtary as exemplified

by cyclobuxopaline-C (-37',° [75], cyclobullatine-A (-99)° [7f •]. cyclovirobuxine-B

(-80)° [77], cyclovirobuxeine-A (-87)° [77], N-honzoyldi- hydro

cyclomicrophylline (-20)° [v8], cyclomicrosine (-33)° [79] and cyclomalyanine-B

(-61)° [77],

3) The enone containing alkaloids of type (73) are levorotatory. Examples are

cyclobuxoviricine (-54)° [65], cyclobuxoviridine i 20)° [53] and

cycloxobuxoviricine (-42)° 1 80J-

4) 9p,19-cyclo-16-oxo alkaloids of type (74) are dextrorotatory. with larger

magnitude of specific rotation than for dienes of type A Examples include

baleabuxoxazine-C (+1115)° [81], N-benzoylbaleabuxidmo-F (+82)° [78],

N-isobutyroylcycloxidine-H (+/6)° [82], baleabuxidine (+127)° [78],

N-isobutyroylcyctoxobuxino (+115)° [83], buxarine (+98)° [84], buxatine (+108)°

[63], etc.

16-175) 9p,19-cycl0-16-OXO A

examples are available namely cyclomicrobuxeine (i-126)° [59] and

cyclomicrobuxine (+37)° [53]. The former also incorporated an exocyclic

methylene at C-4 instead cf the usual gem dimethyl group.

alkaloids of type (75) are dextrorotatory. Only two
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6) 9 (10-19) Abeo dienes of type (76) are also dextrorotatory; examples are

buxamine-E (+42)° [72], papilamine (+23)° [85], buxenine-G (+30)° [86].

buxamine-C (+24)° [87], papilicine (+47)° [88], buxamine-A (+40)° [89],

papilinine (+29.4)° [90], buxaminol-B (+20)° [80], buxaminol-E (+40)° [86], and

moenjodaramine (+33.3)°. One exception is N-benzoylbuxidienine (-36)° [91],

7) Simple Buxus alkaloids with no unsaturation, but with a 9[$, 19-cyclo system

of type (77) are dextrorotatory. Relevant examples are cycloprotobuxine-F

(+42)° [89], cycloprotobuxine-C (+68)° [72], buxocycloamine-A (+87)° [92],

cyclovirobuxine-D (+63)° [72], cyclopapilosine-D (+54)° [75], and buxozine-C

(+65)° [93], etc.

Some other generalisaticns were later developed by Attn-ur-Rahman, M l.

Choudhary and A. Alta vÿhich include the following rules covering some new

classes of compounds [182].

1) 9(10—>19) abeo Triene alkaloids are dextrorotatory as indicated by following

examples. Buxolrienine (-4 135)° [46], Buxitrienine-C (+75)° [09], Papillotrienine

(+60)° and Na-Demethylpopillotrienine (+62)° [183]. The lemt two examples are

included in this thesis.

2) 9(10—>19) abeo Aÿ1'10ÿ9’11) Diene alkaloids having (I >10) and (9->11)

double bonds are dextrorotatory. Relevant examples are 31 acetylbuxanoldine

(+50)° [184], buxupapine >11)° [53], Nh-nor-buxupnpine( d n)° [53]. There are.

however, two exceptions, buxaoldine (-27)° [46] and buxnpnpinolamine (-16)°

[101], which are lenorolatcry.

3) 9(10—>19) abeo Alkaloids having (1->10) double bond are also

dextrorotatory. Example includes buxanoldinine (+12)° MG], buxabenzacine

(+48)° [67], and semperviraminol (+5?)°
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2.1.1.4.4 Revised Nomenclature of Buxus Alkaloids

Buxus alkaloids constitute a unique class of steroidal alkaloids. Nearly two

hundred bases have been isolated so far from various species of the genus

Buxus. Attempts have been made to name and classify Buxus alkaloids

according to various featjres. One proposal was made to classify the Buxus

alkaloids according to the number of nitrogen atoms incorporated. The letter

suffixes A to P indicating the mode of substitutions of the methyl groups

attached to ritrogen atom or atoms, offer a further subdivision of these alkaloids

[177]. This however, is rot based on general principles ol organic chemical

nomenclature, it is somewhat inconvenient to memorize, and it refers only to the

methyl substitutions on the nitrogen. Another practice is to designate the Buxus

alkaloids as derivatives of the "pregnane" system.

A careful examination ard comparison of the structures of Buxus alkaloids

revealed that they all possess a fundamental skeleton, IA, which we have

termed "buxane". Buxus alkaloid* can be conveniently designated as derivatives

of this system. This gives a reasonable basis for naming the Buxus alkaloids

applying the recommended IUPAC rules [178], leading to much shorter names

as compared to those ba sed on the pregnane system. A comparison can be

made between the two systems, for example, investigation-, on a number of

Buxus species have so far resulted i s the isolation and charm terization of more

than 150 new steroidal bases. A list of these bases comprising molecular

weights, formulae etc. is prasented in Tau e-1.
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3. RESULTS AND DISCUSSION
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Results and Discussion

The isolation and structure elucidation of fourteen compounds which are either

new or isolated for the first time from Buxus are discussed in this chapter.

Moreover, several previously known alkaloids were also isolated and identified

by comparing their spectral data with that reported in the literature. The structure

and stereochemistry at various asymmetric centres /ere established by

extensive NMR studies, one-dimensional NMR, e.g., 13C-NMR broad-band,

gated spin echo (GASPE) and distortionless enhancement polarization transfer

experiment (DEPT) and two dimensional NMR, COSY-450, NOE, NOESY,

HMBC and HMQC measurements.

New Alkaloids from the Leaves of Buxus sempervirens3.1

(-)-O-Acetyl-N-benzoylbuxidienine (78)3.1.1

The ethanolic extract of the air-dried leaves of B. sempervirens collected from

the Beynam forest Ankara, Turkey (by Prof. Bilge Sener and co-workers of Gazi

University), was evaporated to a gum. The gum was dissolved in 10% acetic

acid and extracted with pet.elher to remove fatly material. The partial separation

of the compounds was achieved ty extracting the defatted aqueous layer with

chloroform at different pH values. The fraction obtained at pH 3.5 was loaded on

a silica gel column. Elution was carried out with CHCla-MeOH. The fraction

obtained in CHCla-MeOH (10:1) fFraation A) afforded a new Buxus alkaloid

upon further purification wi:h TLC or, silica gel. The structure of this alkaloid was

elucidated through extensive spectroscopic studies such as U.V., I.R., M.S.,

H-NMR, 13C-NMR, GASPE and COSY-450 spectroscopy.
1

The U.V. spectrum (CHCI3) of the comoound was characteristic of the presence

of both a 9 (10-»19) abeo-diene system and an aromatic ring [143,144], showing

absorption maxima at 238, 245 and 255 nm.
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The I.R. spectrum showed inter se absorptions at 3410 cm'1 representing the

hydroxylic group, 3355 cm"1 for the NH linkage, 1721 cm"1 for the ester carbonyl

function, 1660 cm"1 for the unsaturated amide carbonyl and an absorption at

1608 cm'1 for the presence of a carbon-carbon double bond.

1
The H-NMR spectrum (400 MHz, CDCI3) displayed three 3H singlets at 8 0.75,

0.91 and 1.24, correspond ng to the three tertiary methyl groups which were

assigned to Me-32, Me-30 £.nd Me-13 pntons respectively. The Buxus alkaloids

usually possess four tertian/ methyl groups numbered as Me-18, Me-30, Me-31

and Me-32. The C-31 melhyl group is often oxidized. The spectrum further

showed a 3H doublet at 5 0.91 (J21.20 = 6.5 Hz) which was assigned to the

Me-21 protons and which was coupled with the C-20 proton. A 3H singlet at 8

2.09 was due to the acetyl methyl protons while a 6-H broad singlet at 8 2.25

was due to the N(Me)z protons. A multiplet centered at 5 4.4/ was assigned to

the 16[) proton, geminal to the acetoxy group. This led to Hie formulation 01 a

partial structure (79). Two AB doublets centered at 8 3.82 and 4.00 (JAB =11.2

Hz) were due to the two methylenic protons of the 4[}-hydroxy methyl group.

Another 1H multiplet centeied at 8 4.11 was attributed to the C-3 proton while

the amidic-NH proton appeared as a doublet at 8 5.74 (J = 9.6 Hz). The

aromatic protons appeared as two groups of OH and 2H muitiplets centered at 8

7.37 and 7.72 assigned to the 37475’ and 2/6’ protons respectively. This led to

the partial structure (80). A singlet at 8 6.01 w is ascribed to It 10 olefinic proton at

C-19, while a multiplet at 8 5.53 was assigned to the C-11 olefinic proton [145],

leading to the partial structu'e (01).

The
1
H-NMR spectrum of this compound was also recorded in pyridine-ds [ 146].

It is known that under these conditions the protons adjacent to the hydroxyl

group suffer pronounced paramagnetic shifts. This was found to occur for the

31-methylenic protons (shift irom 8 3.82 and 4.00 to 8 4.00 and 4.50

respectively) and allowed the deiermination of the geminal coupling constant

(J3ia.3ip =11.7 Hz). Similarly the Me-30 protons were shitted from 8 0.91 to

1.07, which served to establish their chemical shift. These paramagnetic shifts
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argue convincingly in favour of the proposed 31 positon for the hydroxyl group

[147,148],

The high resolution mass spectrum of the compond showed the molecular ion at

m/z 562.3786 corresponding to the molecular formula C35H50N2O4. Other

prominent peaks were found to occur at m/z 547, 503, 105, 85 and 72. The

mass fragmentation patterr of the alkaloid (Table-2) was found to be similar to

the earlier reported (+)-16a-acetoxybuxbenzamidienine [149] and (+)-N-

benzoyl-1Gcx-acetoxycycloxDbuxidien-F [150]. The peak at m/z 547 with

composition C34H47N2O4 corresponded to the loss of 15 m u. (CH3) (ion I) from

the molecular ion. A considerably larger peak at m/z 503 (C33H45N2O2)

correspond to the loss of (!0 m.u. (CH3COOH) (ion II) from the molecular ion.

This loss indicated the presence of an acetate group on a carbon atom adjacent

to CH or CH2 as it arose by [ÿ-elimination. A prominent peak at m/z 105

(C7H5O) was due to the banzyl cation (ion IV). The peak at m/z 85 (CsHnN)

(ion V) resulted by the cleavage of ring D along with the nitrogen-containing

side chain.

The compound showed the base peak at m/z 72.0812 having the formula

C2HqN (ion VI) which arosB by the cleavage of ring D nitrogen-conatining side

chain [5], This fragment is commonly found in many steroidal alkaloids.

The 13C-NMR spectrum (CDCI3, 1O0 MHz) of (-)-O acetoyl-N-benzoyl

buxidienine indicated the presence of thirty five carbon atoms in the molecule.

The multiplicity of the carton signals was established by carrying out GASPE

experiments. The diagnostic peaks were due to C-9 (5 135.50), C-10 (5 138.25),

C-11 (8 126.78), C-19 (8 126.73), CONH (5 167.11) and MeCOO carbonyl

carbon (8 170.25). The 13C chemical shifts of the compound are shown in

Table-3.

The two-dimensional COSY-450 [171,1/9] spectrum served to establish the

1H-1H-couplings, Figure 1 The COSY-450 spectrum showed strong coupling
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Table 2: Mass fragmentation pattern of

(-)-O-acetyl-N-t enzoylbuxidienlne (78)

intensity Mol. formuln Proposed structurem / z

CM,
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Table 3: 13C-NMR data for (-)-O-Acetyl-N-benzoyIbuxidienine
(78)

Carbon No. Chemical Shift Carbon No. Chemical shift

1 38.01
29.77
49.34

43.50
50.68
25.34
29.53
65.80
135.50
138.25
126.79
30.22
39.76
47.29
43.07
75.68
70.56
11.63

1 9 126.78
60.50
16.05

21.02
65.03
16.64
45.34

40.15
170.25
167.11
138.24
128,69

126.79
131.34
133.42
133.59

2 20
3 2 1
4 30
5 CH2OH-31
6 32
7 NMe?

MfiC02
MeC02
QOM-i

8
9
1 0
1 1 1 ’
1 2 2'
1 3 3'
1 4 4
1 5 5
1 6 6
1 7

1 8

i.?i]
1
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interactions between the 21-Tvethyl (5 1.28) and the C-20 methine protons (5

3.44). The coupling interaction between the seminal C-31 methylenic protons {ft

3.82 and 3.90) was also observed. The C-2 methylenic proton (5 2.45) also

showed COSY interaction with the C-3, proton (S 4.45) which was further

coupled with the NH proton (5 6.19). The presence of the C-17 proton at 8 2.15

was indicated by the COSY-15° spectrum since it showed a strong aoss-peak

with the signal at 5 4.73. This showed that the acetate group was situated at

C-16, since in the absence of C 16 substitution the signal for the C-17 proton

appears at 5 1.75-1.80 [178]. The COSY-450 interactions for (-)-O-acetyl-N-

benzoylbuxidienine are presented in Figure 2.

The [a](3° value follows the exception to rule No. 1 [176] which states that 9

(10—>19) abeo-dines of type A are dextrorotatory. This exception has been

observed previously [179]. On the basis of the above data, structure 78 was

assigned to fhe substance.

(+)-nor-1Ga-Acetoxybuxabenzamidienine (8213.1.2

The fraction B obtained on elution of the column with CHCb-MeOH (8:1) was

subjected to preparative TLC (silica gel) employing Cel li4-Me2CO-Et2NH

(20:5:1) to afford the new alkaloid (+)-nor-16a-acetoxybuxabenzamidienine as a

white amorphous solid.

The U.V. and I.R. spectra of this compound showed absorptions closely

approximating those of -)-0-acetyl-N-benzoylbuxidienine indicating the

presence of the same chromophores and similar functionalities [143.144],

The 1H-NMR spectrum (400 MHz, CDCI3) of this compound showed four 3H

singlets at 5 0.67, 0.75, 0.86 and 0.99 corresponding to the tour tertiary methyl

groups. The Me-21 protons appeared as a doublet at 5 1.26 (J = 6.48) while a

singlet at 5 1.76 was due to the ncety! methyl group. The N-Me protons

resonated at 8 2.43 as a 3H singlet, appearing downfield as compared to NMe2
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protons [149], The 16p proton appeared as a multiplet at 5 5.08. This led to the

partial structure (83).

The 3a proton appeared as s multiplet at 8 4.36 [149,150], while the amidic -NH

proton resonated as a doublet centered at 8 6.34 (JNH,3I/ = 8.52 Hz). The

aromatic protons appeared as two groups of 3H and 2H multiplets centered at 8

7.40 and 7.70 respectively. This led to the partial structure (84). The C-11

olefinic proton resonated as a multiplet at 8 5.57 whereas a 11-1 singlet at 8 5.93

was assigned to the C-18 olefinic proton [149,150] leading to the partial

Structure (85).

The mass spectrum of the compound showed the molecular ion at m/z 532.3665

in agreement with the molecular formula C34H48N2O3. The mass spectrum

showed other prominent peaks at m/z 501.3243, 156, 105.0339, 72.1311 and

58. The mass fragmentation oattern of (+)-nor-16ra-acetoxybuxebenzamidienine

corresponds to that of (-)-O-acetyl-N-tenzoyl-buxidienine showing a peak at m/z

156 (C6H14NO2) (ion II) which arises aue to the cleavage of ring D with the

nitrogen-containing side chan and hence confirming the location of the OAc

group at the 16 position. Another major peak at m/z 105.0339 having the

molecular formula C7H5O indicated the loss of a benzoyl cation (ion III) from the

molecule. The spectrum showed a base peak at m/z 72.1311 which was due to

the cleavage of the ring D ntrogen- containing side chain (C-iHgN) (ion IV). A

considerably large peak a m/z 58 having the formula C3H8N (ion V)

represented the dimethyl iminium ion formed by side chain cleavage. This

fragment indicated the presence of a monomethyl amino group on the ring D

side chain.

The 13C-NMR spectrum (CDCI3, 100 MHz) of (-)-nor- 1 6a-acetoxybuxa-

benzamidienine showed the presence of thirty four carbon atoms in the

molecule. The multiplicity of the carbon signals differentiation between CI I3,

CH2. CH or quarternary carbons) was established by cmlying c it DEPT

(distortionless enhancement by polarization transfer) experiments [155] with the
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Table 4: Mass fragmentation pattern of (+)-nor-16n acetoxybuxabe-
nzamidlenlne (82)

Intensitym /z Mol. formula Proposed structure

532.366 10 C34H40N2O3 ni,( II,

1 JI

<>t CKFIt

f\ in,

— c—

11 <!<,' M.

501.324 10 C33H48NO3
(ion I) sIJ

i (>( Ill'll,

CII,

VH.• 1 11;

II

156 4 C5H14NO2
(ion II)

m,-N— CM,

(ii,

45 C7H5O
(ion III)

105.088

— I)

,=<
100 C4H9N

(ÿ< -n IV)
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Tables: 13C-NMR data for (+)-Nor-16a-acetoxybuxabenzam-

idienine (82)

Chemical ShiftCarbon No.Chemical Shit:Carbon No.

1 8 11.64

126.83
82.58
24.08
21.01
17.70
16.57
45.40
46.80
170.30
187.14

143.91
127.95
128.63
131.33
130.74
128.55

37.68
29.73
50.97
40.50
51.44
25.81
28.20
55.26
136.20
138.33
128.70
30.10
37.59
47.72
39.99
79.53
68.32

1
1 92
203
214
305
3 16
327
NHMe

MeC02
MeC02
CCNH

8
9
1 0
1 1

1 2 1

21 3
31 4

41 5
5’16
6'1 7
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last polarization pulse angle 0 = 45°, 90° and 135°. Some of the diagnostic

peaks were due to the carbor yl carbon (C-16) which resonated at 5 170.30, the

amidic carbonyl carbon which showed a peak at 5 167.14, and the olefinic

carbons C-11 and C-19 at 5 126.70 and 126.83 respectively. Other diagnostic

peaks were due to C-9 (5 13JI.20) and C-10 (5 138.33). The complete 13C-NMR

chemical shift values are shown in Table-5.

The [a](3° value corresponds to lie generalisation [179] which states that 9

(10-*19) abeo-dienes of typo-A are dextrorotatory [176]. On the basis of the

above data, structure 82 was assigned to (+)-nor-16a-acetoxybU/,a-

benzamidienine.

(+)-Sempervirine (86)3.1.3

The alkaloidal fraction obtained by exaction into CHCh at pH 3.5 was

subjected to column chroma:ography on silica gel using Cf ICb-MeOH 98:1 as

the eluent. The fraction obtained on elution with CHCI3 MeOH (10:1) was

subjected to repeated prep. TLC using pet.ether-Me2CO-Ft2NH (25:5:1) to

atlord a new alkaloid as a white amorphous solid, named (+)-sompervirine.

The U.V. spectrum of (+)-sernpervirine showed absorption maximum at 242 nm,

characteristic of an abeo-diene system [153,154]. The I.R. spectrm displayed

absorptions at 3350 cm'1 due to the hydroxylic group. An intense absorption

was at 1718 cm’1 representing the ester carbonyl group. Another absorption

for the rc.fl-unsaturated amide carbonyl while the

absorption at 1600 cm'1 indicated the presence of a carbon-cmbon double bond

[144].

-1
was observed at 1662 cm

The 1H-NMR spectrum (CDOI3, 300 MHz) displayed three 3t I kinglets at 8 0.68,

0.75 and 0.91 corresponding to the three .ertiary methyl runups i.e. Me-18,

Me-32 and Me-30. A doublet centered at 8 1.03 (J = 6.5 Hz) was due to the

secondary Me-21 protons, coupled with the C-20 proton. Another signal at 8
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1.80 was assigned lo the acetate methyl protons while Ihe NH2 protons

appeared as two overlapping 3H singlets at 5 2.08. a multiplet centered at 5 4.29

was due to the 16p-proton geninal to the acetoxy group. This led to the partial

structure (87). A 3H doublet at 8 1.71 (J = 7.0 Hz) was assigned to the 4"

-methyl protons of the angelate group while a 3H singlet resonating at 5 1.7P

was assigned to the 2‘'-methyl protons of the angelate group ( 1 54]. A 3H singlet

at 5 1.80 was due to the acetate methyl protons, while the NMe2 protons

appeared as two overlapping 3H singlets at 8 2.08. Two AB doublets centered at

8 3.72 and 3.89 (J = 11.6 Hz) were assigned to the two 31-melhylenic protons.

The 3a-proton appeared as a multiplet at 8 4.33, while the amidic NH proton

afforded a clean doublet at 8 5.36 (J = 9.2 Hz). The 3-proton of the angelate

group appeared as a quartet at 5 6.30. This led to the partial structure (88). The

C-11 and C-19 olefinic proions appeared us singlets at 8 5.51 and 5.93

respectively which led to the partial structure (89).

The high-resolution mass speÿrum of the compound shweed the M+ at m/z

540.3937, corresponding to the molecular formula C33H52N 1O4 indicating the

presence of nine double bond equivalents in the molecule Other diagnostic

peaks were obsered at m/z 525, 481.3791, 171.1155, 157.100. 83 and 72.0312.

The peak at m/z 525 (ion I) was due to the loss of a methyl group from the

molecular ion, while the ion at m/z 401.3791 having the molecular formula

C31H48N2O3 arose due to the loss of 60 m.u. (CH3COO). The peaks at m/z 171

and m/z 157 (ion III and IV) were due to the cleavage of ring D and established

the 16-position of the acetate group [157], A larger peak at m/z 03 corresponded

to the loss of angeloyl cation (C5H7O) (ion V). The base peak observed at m/z

72.0812 (C4H10N) (ion VI) arose by the cleavage of the ring D nitrogen

containing side chain [158]. This is a characteristic peak found in many Buxus

alkaloids having dimethyl amino group on the ring D side chain. The

fragmentation processes are presented in Table-6.

In order to determine the stereochemistry at the chiral centeis and substitution

at the various positions, nOe difference measurements were carried out.
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Table 6: Mass fragmentation pattern of (+)-sempervirene (86)

m / r Intensity Mol. formula Proposed structure

<ii,

525 O32H/I8N2O/1
(ion 1)

51
<n ,

t ii.

1
11

Jo ()(ÿ<)( II
' c

<11,
l< — c —

III,

C31H49K203
(ion II)

'rii,481 11 CM,

()

X <'ii,K — c— \

X
II ' ll, '( II,Oil

(II,

Vil-ÿ — (IK

in,

C9H17N02
(ion III)

171 51

o-r-cii,
I!

m, o

157 O8H14NO2
(ion IV)

72 1 1
( II,

CII-.\- < II

()-(-< 11,

in, o
C5H7O
lion V)

83 38

< i =()

c — c
1 1 (II,

100 CaHioN
lion VI)

72

( n -ni=N

CM,

I
K- (II,--( __

I
II
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Irradiation of the 1H multiplet cen’ered at 5 4.33 (H-3) caused 9.4% nOe at 5

0.86 (H-30a), 23% nOe at 5.93 (H-19) and 1.7% nOe at 5.35 (N-H) suggesting

a-stereochemistry of the C-3 proton. When the doublet at 6 5.35 (N-H) was

irradiated, it showed 13.2%, nOe at 6.26 (H-3"), 75.2%, nOe at 5 0.86 (H-30a)

and 23%, nOe at 5 1.79 (H-4") confirming the trans configuration of the

a,p-unsaturated amine side chain. The nOe interactions at various centers are

presented in Figure 3.

The 13C-NMR spectrum (CDCI3, 100 MHz) indicated the presence of thirty three

carbon atoms in the molecule. The multiplicity of the carbon signals (i.e.

differentiation between CH3, CH2, CH and, by difference from the broad band

spectrum, quaternary carbons) was established by carrying out DEPT

experiments [155]. The spectrum was consistent with the structure of the

compound and other diagnostic signals were those due to C-9 (5 134.93), C-10

(5 138.32), C-11 (5 130.19), C-19 (5 129.93), C-1” (5 169.10), C-2" (5 132.66)

and C-3" (5 128.36). The 13C chemical shifts of (+)-sempervirine are presented

in Table-7.

The two dimensional COSY-450 spectrum (fig. 4.2) showed coupling of the C-1

methylenic protons (5 2.3 and 2. 3). The C-1P proton further showed interaction

with the C-19 olefinic proton (5 5.98). The C-11 olefinic proton showed strong

coupling with C-12 aH (5 2.1) which also interacted with C-12|l H (6 1.8). The

coupling interaction between the geminal C-31 methylenic (5 3.72 and 3.89) wa ,

also observed. The C-3a proton (5 4.3) showed a strong cross peak with the NH

proton (5 5.3). Important cross peaks were observed between the protons of

angelate group. The 4”-methy of the aogelale (5 1.79) showed strong coupling

with the olefinic proton (5 6.3) which was further coupled with the 2-methyl

proton of the angelate group. Figure 4 presents the COSY-450 interaction for

(+)-sempervine.



87

2.ea

1.03 CM
C"

3
3I)

N
v. 2.6

C'l32.31 0.92

Cl,35.5.

T5.98 |i,

0— C — Cll311

II 0II

4.294 .33*i

O Il.M(i)

C.13 Cll39.41
V

0.71

N
13.21

iv > 1
C CHn

u,86
IIai

3
114.26

1.79(0) II
3.72(0)yOH

15.21

2.416.91

interne ions of (+) SeiiipemrineHOC

Fig.-J

Cii3
"j'

H7'1 II
18

C 11
35.51

c"i5.9611

" \2.6 . \
2.3 „ II

0 — C — CHj
I

O1.8
f

!'tl3C Cl,3
llV9

c — c <1
/

/
C--OH»3C

/C I

\ 53
II11

6.3 " C.I3 3.89

fl.71
3.72

CO.SY-‘l5"inier:iclirm of ( » ) -Scmpenirinc



80

'

iiiUM jA_A___AA„

____
~JtA--

<-«•)•

o

0D
:

<3
o

B
Q

tO
o 60>

Ullll. 'I lilt<r‘

ll-?ti H-2

ft 4-

c- o ©

/
j?

A -II- 'MI:U-2*

Nil 'IUt

I
_

<1- .CII, l 'I ! mpclnlr

fi

\P-

l.f ?. 5 ?.B 68 *-*ÿ S.l *.*. 4.8 S.'s S.8 Z. > ? fl 1,1 J.i i i

COSY-45° Spectrum of (+)-Scni|)crvirinc ( 8(> )



09

Table 7: 13C-NMR data for (+)-Sempervirine (86)

Carbon No. Chemical Shift Carbon No. Chemical Shift

1 38.11

29.71
49.27
44.00
50.02
25.29
29.45
55.97
134.93
138.32
130.19
20.15
39.75
44.05
44.04

1 6 64.75
68.50
11.52
129.83
62.00
17.90
21.02
65.22
16.66
29.27
25.31
171.36
169.10
132.66
45.00
39.76

2 1 7
3 1 8
4 1 9
5 20
6 21
7 30
8 31
9 32
1 0 NaMe2

MgC02

MeCCb

1 1

12
1 3 1 "
1 4 2"
1 5 2"-Me

3"
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The [a]5° value corresponds to rule No. 1 [179] that 9 (10->19) abeo-dienes of

type A are dextrorotatory [176]. The above spectroscopic studies led to structure

(86) for the substance, named sempervirine.

KNOWN ALKALOIDS UNREPORTED FROM Buxus3.2

SEMPERVIRENB

(+)-Buxamine-C (90)3.2

The fraction obtained on eluton of the column with CHCb- MeOH (5.1) was

subjected to prep. TLC (silica gel) using pet.ether: Me2CO:EtyNH (5:1:0.1) to

afford (+)-buxamine-C as a white amorphous substance, for the first time from

Buxus sempervirens. This compound was previously reported by us from B.

papillosa [159].

The U.V. spectrum of (-t-)'buxnmine-C showed absorption maximum at 252 nm

indicating the presence of a 9 (10->19) abeodiene system. The I.R. spectrum

1605 cm"' and 975 cm'1,1displayed characteristic peacs at 1640 cm'

attributable to a heleroannular diene.

1
The H-NMR spectrum (CDCI3) 300 MHz) showed four 3H singlets at 8 0.71,

0.76, 0.77 and 1.11, corresponding to the four tertiary methyl protons Me-32,

Me-31, Me-3C and Me-18. A coublet centered at 5 1.38 (J = 4.43 Hz) was due to

the Me-21 protons. A 6H singlet resonating at 5 2.40 was due to NbMe protons.

The multiptet centered at 8 5.49 represented the olefinic h-11 whereas the

olefinic H-19 appeared as a singlet at 5 5.92. High resolution mass spectroscopy

gave the molecular ion peak at m/z 398 corresponding to the molecular formula

C27H48N2. Other major peaks in the spectrum were at m/z 383, 72 and 58.

Table-3 displays the fragmen ation process of (-t-)-buxamine-C. The peak at m/z

383 having the molecular formula C28H43N2. arose by the loss of a CH3 group

from the molecular ion (ion I). The peak at m/z 83 represented the cleavage of

ring D alongwith the nitrogen-containing side chain (ion II). The characteristic
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Table 8: Mass fragmentation pattern of (+)-buxamine-C (90)

Intensity Mol. formula Proposed structurem / z

H
CH.,

C27H46N2396 1 8 CM,
CM,

iM

H \\

l/ CH,

CH.,

«'H, /N3
CH,

CM3

CH,
383 1 0 C25H43N2

(ion I)

n
H N
Vx
/ CH,

CH,

'"'f/
CH,CM,

CH,

85 Ci,Hi1N
(ion II)

20
•CM, — c=,\l_CHj

CM,

CH,
/72 42 C4H10N

(ion III)
CH,-CM= N +

\
CH,

II
58 39 C3H7N

(ion IV)
/

CH2-CH=N
\

CM,
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peak at m/z 72 with composition C4H10N (ion III) arose by the loss of the

tri-methyl iminium side chain. A large peak at m/z 58 having the formula C3H7N

(ion IV) was due to the cleavage of ring A alongwith the nitrogen containing side

chain at C-3. This fragment confirmed the presence of a monomethyl amino

group at C-3. The fragmentation pattern and peaks were similar to those

reported in the literature [174],

The 13C-NMR spectrum (CDCI3, 100 MHz) of (+)-buxamine-C indicated the

presence of twenty seven carbon atoms in the molecule. The multiplicity of the

carbon signals was established by carrying out GASPE experiments. The

diagnostic peaks were due tD C-9 (5 138.40) C-10 (6 138.48) C-11 (5 128.30)

C-19 (5 128.76) NaMe2 (5 4 4.2) and NHMe (5 28.31) carbons. The 13C-NMR
chemical shift assignments a* all the carbon of this compound are shown in

Table 10,On the basis of the above data. buxamine-C was assigned structure

(90).

(+)-Buxabenzamidienine (91)3.2.2

The fraction obtained by extraction with CHCI3 at pH 3.5 was subjected to

column chromatography and elution was carried out first with CHCI3 and then

with CHCb-MeOH mixtures. The fraction collected on elution with CHCb-MeOH

(10:8) was subjected to prep. TLC (silica gel) using pet.ether-Me2CO-Et2NH

(25:5:1) to afforded (i-)-buxabenzamidienine as a major compound, which has

already been eported by us from other Buxus species [160].

The U.V. spectrum showed absorption maximum at 255 nm which is

characteristic of a 9 (10—>19) abeo-diene system. The I.R. sepctrum showed

absorptions at 3680 cm'1 in jicaling the presence of an N-H linkage, 1652 cm'

due to the amide carbonyl group (NHCO) and 1595 cm'1 for carbon-carbon

double bond (C=C).

The 1H-NMR spectrum (CDCI3, 300 MHz) displayed four 3-H singlets at 5 0.71,

0.77, 0.78 and 1.00 for the four lei jary methyl groups. A 3-H doublet centered at

1
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5 0.93 (J = 6.3 Hz) was assigned to the Me-21 protons. A 1-H multiple!

resonating at 5 1.90 was due to H-17 while a 6H singlet due to the NMe2

protons appeared at 5 2.30. The H-20 appeared as a multiplet at 5 2.58. A clear

double doublet resonating at 5 4.12 (J3a.? = 13.0 Hz, J3«.nh = 9 8 Hz) was

assigned to H-3 which was coupled with N-H and H-2. Another doublet of

doublet centered at 5 5.56 (Ji = 2.5 Hz, Jr -1.8 Hz) was due lo the H-11 olefinic

proton whereas the H-19 olefinic proton appeared as a singlet at 5 6.00. A

doublet centered at 5 5.91 (JNH, 3a = 9-8 Hz) was due to the -NH proton. The

aromatic protons appeared as two groups of multiplets resonating at 5 7.44-

7.78.

High resolution mass spectioscopy afforded the molecular ion peak at m/z

488.3761 in agreement with :he molecular formula C33H40N2O). The spectrum

further showed peaks at mh 473, 383, 105, 84, 72 and 58. The fragments

formed are shown in Table-1D. The peak at m/z 473 was dun to the loss of 15

m.u. (CH3) (ion I). Another peak at m/z 383 arose by the loss of a benzoyl cation

(ion II). The presence of a benzoyl group was further confirmed by the

appearance of a peak at m/2 105 in agreement with the fragment C7H5O (ion

III). Another fragment at m/z 84 (ion IV) arose by the cleavage of ring D. The

base peak at m/z 72 having the formula C4H10N (ion V) was duo to the loss of a

nitrogen-containing side chain in ring D, indicating the presence of a dimethyl

amino group at C-20.

The 13C-NMR sepctrum (CDCI3, 100 MHz) of (+)-buxabenzamidienine indicated

the presence of thirty three csrbon atoms in the molecule. The multiplicity of the

carbon signals was established by carrying out GASPE experiments. The more

diagnostic peaks were duo to C-9 (5 135.00), C-10 (8 138.50), C-11 (8

128.68), C-19 (5 128.68), MaMe2 (5 48.38) and ArCO (,S 169.05). The

13C-NMR spectral assignments ere shown in Table-11. On the basis of

extensive spectroscopic studies structure (91) was assigned to

(+)-buxabenzamidienine.
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Table 9 : Mass fragmentation pattern of (+)-Buxabenzamidienine (91)

intensitym /z Mol. formula Proposed structure

(ÿii,II

in,
CII

cn,488.3761 2 C33H48N2O 11

II

I i
in,

( II

473 2 C32H45N20
(ion I)

Ul,
ll

II

I
ui,

Vdi,

in,11

383 1 8 C25H43N2
(ion II)

CII, N

t ll,

II

i
ai,

" .11/ n,
105 1 5 C7H5O

(ion im

f V :r=o

84 24 C5H10M
(ion IV) 1C

CII,

=V"1 \\

CII,

72 59 C4H10N
(ion V) CII,

( 11,
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Table 10: 13C-NMR data for (+)-buxamine C (90)

Chemical ShiftChemical Shift Carbon No.Carbon No.

44.02

42.89
26.95
47.99
16.04
128.75
68.70
17.14
24.92
15.71
16.60
44.42
28.61

1 438.10
29.71
68.53
44.04
49.26
25.49
29.36
51.95
138.48
138.48
128.30
40.84

40.84

1
1 52
1 63
1 74
1 85
1 96
207
2 18
309
311 0

1 1 32

NoMe?
NHMe

1 2

1 3

Table 11: 13C-NMR data for (+)-buxabenzamidienine (91)

Carbon No. Chemical Sh ft Carbon No. Chemical Shift

1 38.60
29.71

48.56
44.00

59.66
25.45
29.36
56.38
136.00
138.50

128.88
30.20
40.06
44.02
33.20

26.39
51.01

1 8 15.06
128.66
59.10
17.18

24.67
15.08
15.83
45.38
169.06
128.50
128.85
128.91
131.60

131.42
125.45

2 1 9
3 20
4 2 1
5 30
6 31
7 32
8 NaMe2

ArCO9
1 0 1
1 1 2
1 2 3'
1 3 4'
1 4 5‘
1 5 6'
1 6
1 7
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NEW ALKALOIDS FROM THE ROOTS OF BUXUS PAPILLOSA3.3

(+)-3-Deoxybuxandonine (92)3.3.1

Buxus papillosa roots were collected from northern Pakistan. The ethanolic

extract was concentrated to a gum, which was dissolved in 10% acetic acid. The

partial separation of the compound was achieved by extracting with CHCI3 at

different pH values. The fraction obtained at pH 9 was loaded on a silica gel

column. Elution was carried out first with C6H14 and then with CHCl3-MeOH

mixtures. The fraction collected on elution with CHCb-MeOH (9:1) was washed

repeatedly with CH3COCH3 tc afford (+)-3-deoxybuxandonine as an amorphous

solid. The structue of this compound was elucidated linough extensive

spectroscopic studies i.e. U.V , I.R., M.S., 1H-NMR, 13C-NMR (broad band and

DEPT), HMBC and HMQC. The U.V., spectrum of the compound showed

absorptions at 275 nm and 201 nm. The I.R. spectrum afforded absorptions at

2910 cm'1 for C-H and 1100 CTT1 due to C-N.

1
The H-NMR specrum was particularly informative, showing only two methyl

singlets at 5 0.91 and 5 0.90 for the Me-18 and Me-32 protons. The lack of

methyl singlets below 8 1.0 was the first indication of the 4,4-bisnor nature of

ring A. Only one example of this type of compound having a 4.4-bisnor nature of

ring A has been reported previously from B. sempervirens [161]. Another 3H

doublet at 5 1.32 (J21.20 = 5.8 Hz) was assigned to the secondary Me-21

protons while a 6H broad sirglet at 8 2.29 was assigned to the N,N-uimethyl

protons in the ring D side chain. This led to the partial slmcture (93). The

cyclopropyl methylene protons i.e. C-19a and [f protons appeared as two AB

doublets at 8 0.30 and 8 0.54 (JiPn.p = 4.00 Hz). This supported the partial

structure (94). The mass spec trum of the compound revealed the molecular ion

(M+) peak at m/z 343.3238, corresponding to the molecular formula C24H41N.

Other prominent peaks in the spectrum were observed at m/z 328, 298 and 72.

The fragmentation process is shown in Table-12. The peak at m/z 328 arose

due to the loss of a methyl group from the molecule (ion I) in complete
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Table 12: Mass fragmentation of {+)-3-deoxybuxandonine (92)

m / z intensity Mol. formula Proposed structure

it
100343.3238 C24H41N

VI,’U»

r
Cll,

.
VNN
c",r „
1 1

Cll.328 12 C23H38N
(ion I)

V"1
Cll,

Cll,

Cll,
298 2 C22H35

(ion II)

Cll,

Cll, c-11,
I 4 /

°CH2—C=«<
C5H11N
(ion III)

85 22

'cii,

11 Cll,
I * /100 C4P10N

(ion IV)
72

Sccll,— \
CM,
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agreement with the molecular formu.a CÿjHasN. The cleavage of the NMe2

protons from the ring D side chain afforded a peak at m/z 193 (ion II) having the

composition C22H35. A large peak at m/z 85 was due to the cleavage of ring D

along with the nitrogen contaning side chain (ion III). The base peak at m/z 72

represented the trimethyl imiriium group (ion IV). There was no evidence in the

mass spectrum for the presence of an amino group on C-3.

The 13C-NMR spectrum (CDCI3, 100 MHz) of the compound indicated the

presence of twenty four carton atoms in the molecule. The multiplicity of the

carbon signals was established by carrying out DEPT and broad band

experiments. Of the twenty four carbon atoms, five were CH3. eleven CH2, four

CH and hence, by difference from the broad band spectrum, there were four

quaternary carbons. The diagnostic peaks were due to NMe?_ carbons (5 39.99),

Me-18 (5 15.9) and Me-32 (0 18.4). The presence of only two tertiary methyl

groups (Me-18 and Me-32) indicated the possible absence of Me-30 and Me-31

at C-4. Complete 13C-NMR assignments of this compound are shown in Table-

13 [155]. The 4,4-bisnor nature of ring A was further confirmed using HMBC

technique in which the Me-18 orotons (8 0.91) showed cross-peaks with the

carbons resonating at 5 41.9 (C-13), 50.7 (C-17), 35.5 (C-U;). 32.7 (C-15) and

26.5 (C- 12), where as the Me-32 protons (5 0.96) showed connectivity with the

carbons resonating at 8 4S.0 (C-14), 41.9 (C-13) and <19.5 (C-9). These

connectivities give evidence in support of the presence of two methyl groups as

Me-18 and Me-32 and not a;; Me-30 and Me-31 at C-4 position. Other HMBC

connectivities are shown in Table-14. In the heteronuclear multiple quantum

coherence (HMQC) spectrum, 8 15.9 (C-18) and 6 8.4 (C-32) are connected to

the protons resonating at 8 0.91 (Me-18) and 0.96 (Me-32) respectively. The

various HMQC connectivities are shown in Table-15. This compound may arise

in nature by the complete reduction of (-t-)-buxandonine-E [180].

In the light of the above spectroscopic studies, structure (92) ((+)-3-deoxy-

20
buxandonine) was assigned to the compound. The [ex] D value corresponds to

that of (+)-buxandonine-E [180].
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Table 13: iÿC-NMR assignments of (+)-3-Deoxybuxandonine (92)

Chemical Shift Chemical ShiftCarbon No. Carbon No.

27.41
26.23
20.54
26.51
48.30
21.52*
33.53*
49.51
26.60
19.54
26.11

1 2 26.52
41.90
49.01
32.73
35.51
50.12
15.90
29.82
44.41

1
1 32
1 43

4 1 5
165

6 17
187

198
209

10 2 1 9.33
1 1 32 18.31

39.99NMe2

* Interchangeable

Table 14: C-H connectivities of (92) in HMQC

2Jch 2J 3J3J

C-19 19.5(C-10) 26.6(C-9) 40.3(C-5) 49.;>(C-8) 26 I(C-19)

C-18 41,9(C-13) 26.5(C-12 50. 1(C- 1 7) 32. -'(C-15) 35.5(C- 1 6)

C-32 49.5(C-8) 41 9(C-13; 49.0(C-14)

C-21 44.4(C-20) 50.1(C-17; 35.5(C-16)
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(+)-Papil1otrienine (95)3.3.2

The crude alkaloids were isolated from the concentrated ethanolic extracts of

the roots of B. papillosa by extraction into CHCI3 at different pH values. The

fraction obtained at pH 9 was subjected to column chromatography on silica gel,

elution being carried out first with CHCI3 and then with CHCb-MeOH mixtures.

The fraction obtained on elu:ion with CHCb-MeOH (10:2) was subjected to

repeated prep. TLC using pet.ether-acetone-diethylamine (25:5:0.5) to afford

(+)-papillotrienine as a white amorphous solid.

The structure of this compoun J was elucidated through extensive spectroscopic

studies, such as; 1H-NMR, M.S., U.V., I.R. and 13C-NMR spectroscopy. The

U.V. spectrum was very informative, displaying absorption maxima at 289, 286

and 278 nm which are characteristic of a triene molecule having three double

bonds between C-11/C-2, C-3/C-11 and C-10/C-19 [162], 'ihe I.R. spectrum

displayed absorptions at 3305 cm'1 (N-H) and 1598 cm'1 (C=C).

1
The H-NMR spectrum (CDCI3, 400 MHz) showed the usual four quaternary

methyl groups as four 3H singlets at 8 0.71, 0.80, 0.89 and 0.93. The Me-21

protons were coupled with the C-20 methine proton and appeared as a doublet

at 8 1.32 (J21.20 = 6.5 Hz). The NMe? protons appeared as a singlet at 5 2.80

leading to partial structure (96j. Another 3H singlet at 8 21.3 was assigned to the

NMe protons while a 1H muhiplet at 8 3.42 was ascribed to the C-3 methine

proton. This led to partial struct ire (97). A doublet centered at 8 5.58 (Ji,2 =

9.95 Hz) was due to the C-1 proton which was coupled with the C-2 proton,

while the C-11 olefinic proton -esonated as a multiplet at 8 5.7 1 [162], The C-19

proton appeared as a singlet at 8 6.11. A double doublet at 8 6.25 (J2.1 = 1.£o

Hz, J2,3« = 10.2 Hz) was due to the C-2 olefinic proton [162], This led to the

partial structure (98).

The mass spectrum of (+)-papillotrienirn showed the molecular ion at m/z

396.0412 corresponding to the molecu.ai bimula C27H44N2. I tie peak at m/z
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Table 15: Mass fragmentation pattern of (+)-paplliotrienine (95)

intensity Mol. formula Proposed structurem / z

II

< ",
396.0412 100 C27H44N2 CM,

II

ni,

>/ CM.CM,

II

381 3 C2GH41N'
(ion I) II

i
in.11ÿ

Ul,

l<I’ll,

l "1

354.3157 36 C24H36N
(ion II)

M

1di,
‘ÿii.

[[

‘•ii,
C20H20N
(ion III)

282.0254 1

;nvCM.'
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<n.. CM,

113 16 C7H15N
(ion IV)

Ul,

85 2 C5HhN
(ion V)

• /
i

U|, <11,

<«.72 100 C4H10N
(ion VI)

•/11 — 1 : -z

\
<|1,
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381 was due to the loss of a methyl group from the molecular ion. Other major

peaks were observed 3t m/z 381, 354.31571, 282.0254, 113.8572 and 85. The

fragments are presented in Table-14. The peak at m/z 381 was due to the loss

of 15 m.u. (CH3) from the molecular ion (ion I). Another peak at m/z 354.3157

arose due to the cleavage ol ring A nitrogen containing side chain (ion II). This

indicated the presence of a monomethylamino group at C-3. The peak at m/z

282.0254 having the formula C20H29N was attributed to the cleavage of ring D

(ion 111). This cleavage was confirmed by the presence of a peak at m/z 113 (ion

IV). A smaller peak at m/z 85 represented the cleavage of ring D along with the

nitrogen-containing side cham, having the formula C5H11N (ion V). The base

peak at m/z 72, having the formula C4H10N (ion VI) arose, as in other related

compounds by the loss of trimethyl iminium group from ring D ( 158].

The 13C-NMR spectrum (CCCI3. 100 MHz) of (+)-papillotrienine indicated the

presence of twenty seven ca'bon atoms in the molecule. The multiplicity of the

carbon signals was established by carrying out GASPE experiments. The

diagnostic peaks were due to C-1 v5 128.65), C-2 (6 129.24) and C-3 (5 168.41).

This unusual increase in the chemical shift values of these carbon atoms was

attributed to the presence of a double bond between C-1 and C-2. Other

important peaks were due to C-9 (6 136.75), C-10 (5 138.75), C-11 (5 126.80)

and C-19 (5 127.60), indicating the presence of double bonds (between C-9/C-

11 and C-10/C-19). The complete 13C-NMR chemical shift values are presented

in Table-16. These stud'es lec to structure (95) for (+)-papillotrienine.

The [CX)20D value corresponds to the generalisations which states that 9(10-*19)

abeo Triene alkaloids are dexlrorotatory [183].

(+)-Nb-demethyi papillotrienine (99)3.3.3

The crude alkaloids obtained by extraction with CHCI3 at pH 9 were loaded on a

silica gel column and elution was carried out first with CHCI3 and then with

CHCb-MeOH. The fraction oDtained on elution with CHCI.3-MeOH (10:2) was
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Tablel6: 13C-NMR data for (+)-papil!otrienine (95)

Chemical Shift Carbon No. Chemical ShiftCarbon No.

128.65
129.24
166.41
40.11
46.68
24.89
41.00
46.67
136.75
138.75
126.80
30.68
44.06

1 1 4 49.36

33.68
25.49
51.06
16.56
127.60
56.38
11.33
17.60
15.10
25.00
40.1 1

36.36

2 1 5
3 1 6
4 1 7
5 1 8

6 1 9
7 20
8 21
9 30
1 0 31
1 1 32
1 2 NMe2

NHMe13
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subjected to prep. TLC using pet.elher-acetone-diethylamino (25.5:0.5) as the

solvent system.

The U.V. spectrum of the compound showed absorption maxima at 289, 278

and 270 nm, characteristic of a conjugated triene system, with three double

bonds between C-1/C-2, C-9/C-11 and C-10/C-19. The I.R. spectrum showed

peaks at 2900 cm'1 (C-H), 1604 cm'1 (C=C) and 1110 cm'1 (C-N).

1The H-NMR spectrum (CDCb, 400 MHz) shewed four 3H singlets at 5 0.77, 8

0.79, 5 0.84 and 5 1.17 for the tertiary methyl groups. A dounlet centered at 5

1.33 (J21,20 = 5.6 Hz) was dua to the 21-secondary methyl group, coupled with

the C-20 methine proton. A broad 6H singlet resonating at 8 2.21 was assigned

to NaMe and NbMe protons This led to the partial structure (100). A 1-H

multiplet centered at 5 3.56 v/as ascribed to the C-3 methine proton whereas

NaMe protons, as described acove, appeared along with NbMe protons as a 6H

singlet at 5 2.21, leading to the partial structure (101). The peaks in the olefinic

proton region were quite informative and similar to those observed in the case of

(+)-papillotrienine (95). The 0-1 proton was coupled to the C-2 proton and

appeared as a doublet centered at 5 5.50 (Ji,2 = 10 Hz). A multiplet at 5 5.84

was due to the C-11 proton. The C-19 proton afforded a singlet at 8 6.23. A

doublet of doublet centered at 5 6.33 (J2,1 = 2.2 Hz, J2.3 = 10 Hz) was assigned

to the C-2 proton, being coupled to the C-2 and C-3 protons. The overall

H-NMR spectrum of (+)-Nb‘ demethyl papillotrienine was found to be very

similar to that of (+)-papillotrienine (95) except for the absence of one of the

Nb-melhyl groups.

1

The mass spectrum of the compound showed the molecular ion at m/z

382.0396, 14 a m.u less than that of compound (95), corresponding to the

molecular formula C2f>H/i2N2. The overall mass fragmentation pattern

corresponded closely to that of compound (95), with many of the fragments

appearing 14 a.m.u less than in (+)-papillotrienine (95) as expected for the

Na-demethyl analogue. The base peak at m/z 58 arose due to the cleavage of
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Table 17: Mass fragmentation pattern of (+)-Nb-demethylpapilIotrienine
(99)

mIz intensity Mol. formula Proposed structure

iiii

382.0396 38 C26H42N2 II,

I
CM,

CM,'

CM,367 10 C25H3&i'l2
(ion I)

CM,
.>01

i
", fM CM,

IIM
Cll,

CM,
C"S

339 6 C23H33N
(ion II)

11

ni Ki
Mil,

' II. CM,

85 C4H0N
(ion III)

8 CM, - C —
.

CM,CM,

/
58 100 C3H8N

(ion IV) CM, .1 c,
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the ring D nitrogen-containing side chain, having the formula CaHeN (ion III)

[158]. In the light of these data structure (99) was assigned to this new alkaloid

(Table 17). The [a]20D value of this compound also corresponds to the rule

[183] that 9(10—>19) abeo Triane alkaloids are dextrorotatory,

The compounds (-t-)-papillotrianine and (+)-N',-demethyl papillotrienine belong to

a unique group of Buxus alkaloids having a triene chroinophore. These

compounds may arise in nature by the dehydration of 1- or 2-hydroxy

abeo-diene alkaloids (scheme 7).

UNREPORTED ALKALOIDS FROM BUXUS PAPULOSA3.4

3.4.1 (-)-O-Acetyl-N-benzoylbuxidienine (78)

The crude alkaloids obtained by extraction with CHCI3 at pH 9 were loaded on a

silica gel column and elution was carried out first with CHCI3 and then with

CHCb-MeOH mixtures. The fraction obtained on elution with CHCb-MeOH

(10:2) was reloaded on a small silica gel column and elution was carried out first

with CHCI3 and then with CHCl3-MeOH mixtures. A fraction collected on elution

with CHCl3-MeOH (10:0.5) was further purified by repeated prep. TLC (silica

gel) using CoHi4-Me2CO-Et>NH (10:5:1) to afford a white amorphous solid,

(-)-O-acetyl-N-benzoylbuxidienine. This compound was previously reported from

B. sempervirens [163].

The (-)-Oacetyl-N-benzoylbuxidienine, [a]D = -40° (c 0.85 x 10'5 mol, 1'1,

CHCI3), showed a U.V. spectrum characteristic for a 9 (10 >19) abeo-diene

system, having absorptions a 239, 245 and 254 mn.

The I.R. spectrum was very similar to that reported pieviously from B.

sempervirens, showing absorptions at 3400 cm'1 for the -OH group, 3345 cm

for the -NH group, 1718 cm'1 representing the ester carbonyl function and 1610

cm'1 for the C=C linkage.

-1
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1
The H-NMR spectrum (400 MHz, CDCI3) was compared with the authentic (78)

obtained from B. sempervirens and was found to be identical except for some

very minor differences in the Chemical shifts of some of the protons (0.05 ppn. or

less).

The three tertiary methyl groups appeared as singlets at 5 0.76, 0.96 and 1.09

while the Me-21 protons gave a doublet at 5 1.28 (J21.20 = 6.5 Hz). A 3H singlet

at 8 2.08 was assigned to the acetyl r lothy, protons whereas the NMe2 protons

appeared as a 6H singlet at 8 2.8. Two AB doublets centered at 5 3.85 (J3ira,p =

11.03 Hz) and 3.90 (J3ip,a = 11.04 Hz) were due to the two methylenic protons

of the 4P-hydroxy methyl group. The H-16 gave a multiplet centered at 5 4.25

while another multiplet at 5 4.43 was assigned to H-3a. The NH amidic proton,

coupled with the 3a proton, appeared as a doublet at 5 6.18 The olefinic C-11

and C-19 protons gave a multiplet at 5 5.52 and a singlet at 5 5.46 respectively.

The aromatic protons appeared as two sets of multiplets at 6 7 52 and 7.68.

The mass spectrum of the compound showed the molecular ion peak at m/z 562

and the other ions were at m'z 547, 115, 85, 72 and 58 corresponding to tho: e

reported for (78) in the literat jre [170]. On the basis of this dnta, the substance

was identified as (-)-O-acetyi-N-benzoylbuxidier ine.

Cycloprotobuxine-A (103)3.4.2

The fraction collected on elution with CHCl3-MeOH (8:2) upon treatment with

acetone afforded an alkaloid as a white amorphous solid. Extensive

spectroscopic studies provgd this compound to be cydoprotobuxine-A,

previously reported from other Suxus species as well as from the leaves of B.

papillosa. This compound has now been isolated by us from the roots of B.

papillosa.

The 'H-NMR spectrum (CDCI3, 400 MHz) displayed two AB doublets centered

at 8 0.28 (Jiont.i9p = 4.15 Hz) and 8 0.53 (Ji9|j,i9a = 4.09 Hz) respectively which
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were due to the two methylenic protons of the cyclopropane ring. Two

three-proton singlets representing two tertiary methyl groups resonated at 8 0.79

and 0.91 while the other two tertiary methyl groups, Me-31 and Me-32,

appeared as an overlapping si:c-proton singlet at 6 0.95. A doublet centered at 6

0.82 (J21.20 = 6.38 Hz) was assigned to the Me-21 group. Two six-proton

singlets at 5 2.18 and 8 2.27 represented the Na(Me)2 and Nb(Me)2 protons

respectively.

The mass spec'rum of this compound showed the molecular ion at m/z 414 in

agreement with the molecular formula C28H50N2. A peak at m/z 399 resulted

from the loss of a methyl group from the molecular ion (ion I). A considerably

large peak at m/z 343 arose due to the cleavage of ring A along with nitrogen-

containing side chain which confirmed the presence of a dimethyl amino group

at C-20 (ion II). The base peak at m/z 72 was attributed to the loss of trimethyl

iminium ion (ion III) from ring D. The presence of dimethyl amino group at C-3

was also indicated by a strong peak at m/z 72 which arose due to the cleavage

of ring A along with the nitrogen-c jntaining side chain in agreement with the

formula C4H9N (ion IV).(Table-18).

These data when compared with those reported in the literature [176]

established that this compound was cycloprotobuxine-A (103).

The 13C-NMR spectrum (CDCI3, 100 MHz) of cycloprotobuxmo-A indicated the

presence of twenty eight carbon atoms. L r:PT experiments [!55] established

the multiplicity of the carbon signals. The prominent peaks nre due to C-3 (5

61.58) carrying a dimethyl amino group, Nb(CH3)2 (5 44.3), C-19 (8 29.87) and

Na(CH3)2 (39.97). The compete 13C-NMR assignments of cvuloprotobuxine-A

are given in Table-19.

(+)-Cyclomicrobuxinine (104)3.4.3

The fraction obtained on elution with CHCb-MeOH (10:3) was washed
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Table 18: Mass fragments of cycloprotobuxine-A (103)

intensity Mol. formula Proposed structurem / z

II

n,’4
Hi

\
\

C20H50N2414 7 ui,• II, y

n

11
n,. M.i'ii,

An,/ ni,in.

: II,

M N

\m, y <

2 C27H47N2
(ion I)

399
I I

11,

i.ii,

n

C24H40N
(ion II)

1 8343 I>' i M,ui,
\

ui/

C4Hl0N
(ion III)

10072 n ,rn,
:

<11,--' -'N'

in,
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Table 19: 13C-NMR dat-i for Cycloprotobuxine-A (103)

arbon No. Chemical Shift Carbon No. Chemical Shift

1 32.75
33.58
31.58
39.96
48.30
21.54
27,47

48.30
20.03
25.14
36.47
35.40
41.91

1 4 49.05
33.50

26.15
50.70
18.30

29.87
61.57

9.37
19.46
15.99
26.10
44.30
39.67

2 1 5
3 1 6
4 1 7
5 1 8
6 1 9
7 20
8 2 1
9 30
1 0 3 1
1 1 32
12 NaMe2

NbMe?13

•CH:t
H:ic N

CM

CM

V
M

i

i

CH3FK
s

«3C N i

M/

\i/

"3c CH,
Cll3

Cycloprotobuxinc - A (103)
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repeatedly with acetone to yield a white amorphous solid which upon various

spectroscopic studies was found to be (+)-cyclomicrobuxinine previously

reported from B. microphylla arid B. sempervirens.

The U.V. spectrum of this compound showed terminal absorption only indicating

the absence of conjugation in the compound. The I.R. spectrum displayed

intense absorptions at 3598 crT1 for NH, 3390 cm'1 for OH and 1695 cm'1 due

to C=C stretching vibrations.

The H-NMR spectrum (CDCI3, 400 MHz) dispalyed two upfield AB doublets

centered at 5 0.06 (Ji9a.[J = 4.6 Hz) and 5 0.30 (Jigp.a = 4.5 Hz) each integrating

for one proton. These were assigned to the C-19a and ft cyclopropyl methylenic

protons respectively. The cyclooropyl ring is an integral part of most of the

cycloartane-derived Buxus alhaloids [165]. Two three-proton singlets at 8 0.90

and 5 1.20 were assigned to tie two tertiary methyl groups. The Me-21 protons

appeared as a singlet at 8 2.14. The downfield chemical shift of the Me-21

protons is attributed to the C- 20 carbunyl function. Another 3( I singlet at 8 2.49

was due to the NMe protons. A m jltiplet centered at 8 2.90 was assigned to the

C-3 proton whereas the C-17 proton appeared as a doublet centered at 8 3.01

(J17,16a = 6.5 Hz). Two broad singlets, int jgrating for one proton each, at 5 4.59

and 8 4.82 were due to the C-4 exu rmt.iylenic protons [168]. A multiplet

centered at 8 4.87 was assigned to the C-16 proton.

The mass spectrum of this alkaloid showed the molecular ion peak at m/z 371

corresponding to the molecular formula CP4H37NO2 An intense peak at m/z 356

was due to the loss of a me'hyl group (ion I) from the molecular ion. Another

peak at m/z 328 arose due tc the cleavage of ring D carbonyl group-containing

side chain (ion II). A strong peak at m/z 85 having composition O4H5O2 resulter'

by the cleavage of ring D (ion III). The peak at m/z 57 corresponding to the

formula C3H7N is commonly ound in other similar steroidal alkaloids and arose

due to the cleavage of ring A along with the nitrogen conlaimi u.i side chain (io 1

IV) [167], It indicated the presence of a monomethylamino uostituent at C-3
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Table 20: Mass fragments of cyclomicrobuxinine (104)

Proposed structurem / z intensity Mol. formula

V"'
C24H37NO2371 38

i Oil

"VI on,

11 — N

I
cii,

, ()

356 100 C23H34rsJ02
(ion I) I nil

J'v <11,

II — N
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j
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(ion II) ’oil

11v. Oil,
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I
on,11 ,
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(ion III)
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o 9»i
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position (Table-20).

In order to determine the position of the substitution and the stereochemistry of

the chiral centers of cyclonr icrobuxinine (104) the NOESY experiment was

performed. The NOESY inte actions indicated cross-peaks between H-22a (5

4.82) and N-CH3 (5 2.49) at C-3. Similarly H-22b (5 4.59) showed a cross peak

with the 1-H multiplet at 8 1.06 (H-5a) confirming that the exocyclic doublet was

present at C-4. The H-17 (5 3 01) showed cross-peaks with the protons at 5 2.14

(H-21), 5 4.87 (H-16p), 8 2.01 (H-15P) and 5 0.9 (H-18p) in its NOESY spectrum,

indicating the p-orientation of the C-17 proton. Similarly the NOESY interactions

of H-16 (5 4.87) with H-17P (5 3.01) confirmed the a-configuration of the

hydroxyl group at C-1(5. The important NOESY interactions of

cyclomicrobuxinine (104) are presented around Figure 6.

The 13C-NMR spectrum (COCI3, 100 MHz) indicaated the presence of twenty

four carbon atoms in the molecule. DEPT experiments [155] established the

multiplicity of the carbon signals. A sa'ient feature of the spectrum was the peak

due to C-4 at 152.87. The enhancement in tne chemical shift value must be due

to the presence of a double bond between C-4 and C-31 which gave a peak at

5 23.56. Similarly C-16, bearing a p-hydroxy group resonated at 5 153.62. The

C-20 carbonyl group appealed at 8 209.41. The 13C-NMR data are shown in

Table-21.

In the light of the above date and by comparing them with those reported in ihe

fiterature, the compound was identified to be (+)-cyclomicrobuxinine (104) [168).

(-)-Cyclosuffrcbuxinine-M (105)3.4.4

The fraction obtained on elution with CHCl3-MeOH (7:3) was reloaded on a

small column (silica gel) and elution was carried out first with CHCI3 and then

with CHCl3-MeOH. The fraction obtained on elution with CHCb-MeOH (9:1) was

subjected to repeated prep. TLC (si-gel) to afford cyclosuffrobuxinine-M (105) as
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Table 21: 13C-NMR data for cyclomicrobuxinine (104)

Carbon No. Chemical Shift Carbon No. Chemical Shift

1 30.79
25.38
64.21
152.8E
44.30
23.69
26.91

44.32
21.12
27.48
25.34
33.01

1 3 46.68

21.32
46.21

70.90
70.81
20.45
31.67

207.47
31.42

102.01
25.89

2 1 4
3 1 5
4 1 6
5 1 7
6 1 8
7 1 9
8 20
9 2 1
10 30
1 1 N-Me
1 2

vc ,0

1.50

TV
i' 11

N
11

V
\ "3C I

«U
H s tl

"'on
u

01

II

,2.90

IIC,,3

2.49

H3C- H
1.06

II

N

II
H

4.59
4.82

NOESY intcrac lions of Cycloinicrohuxiniiic
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a colorless amorphous solid (8 mg) which gave an orange-colored reaction with

Dragendorff's reagent.

The 1H-NMR spectrum (CDCI3, 400 MHz) displayed two AB doublets centered

at 8 0.12 (Ji9n,i8p = 4.7 Hz) and 0.41 (Jiap,i9a = 5.02 Hz) representing the

cyclopropyl methylenic protons. The spectrum further showed two three-pro‘on

singlets at 5 0.98 and 1.13 which were assigned to the two tertiary methyl

groups (Me-18 and Me-30) The Me-21 resonated as a doublet at 8 1.83. This

slight downfield shift of Me-21 was attributed to the presence of an olefir.ic

double bond on the adjacent carbon atim i.e. C-20. A three-proton singlet

resonating at 8 2.63 was ascribed to the Na-CH3 group on ring A. The vinylic

H-4a and H-4(3 appeared as two cinglets at 5 4.78 and 8 5.04. Another

one-proton singlet at 8 6.6 v/as due to the H-20 proton, attached to the double

bond.

The mass spectrum of (-f)-cyclosuffrobuxinine-M showed the molecular ion peak

at m/z 353 in accordance with the formula C24H35NO. The loss of a methyl

group resulted in the formation of the peak at m/z 338. The presence of a peak

at m/z 80 confirmed the a,p-unsaturated system in the ring D with a carbonyl

group at the C-16 position. Tne base peak appeared at m/z 58 which arose due

to the cleavage of ring A alongwith the secondary amino group at C-3 position.

The comparison of these da a with those reported in the literature established

this compound to be cycIcsuifrobuxinine-M. The U.V., I.R. and 13C-NMR
spectra corresponded to those reported for (-)-cyclosuffrobuxinine-M in the

literature [59],

p-Sitosterol (106)3.4.5

The fraction obtained at pH 7 of B. papillosa roots was subjected to medium

pressure column chromatography (si-gel), elution being carried out with hexane,

hexane-chloroform mixtures, chloroform and then with chloroform-methanol

mixtures. The fraction obtained on elution with CHCl3-MuOH (6:4) yielded



123

Table 22: 13C“NMR data for p-sitosterol (106)

Carbon No. Chemical Shift Carbon No. Chemical Shift

1 37.31
31.81
71.90
42.40
140.90
121.87
32.07
32.00
50.81
36.61
21.12
21.12
42.61
56.76
24.32

1 6 28.24
56.20
11.90
19.44

36.26
19.10
34.00
29.31
50.36
26.21
18.80
19.80
23.10
1 1 .92

2 1 7
3 1 8
4 19
5 20
6 21
7 22
8 23
9 24
1 0 25
1 1 26
1 2 27
1 3 28
1 4 29
1 5

„n

C,,3

C..3 H

H

no

P-Si(os(en>! (106)
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P-sitosterol as a while cr/stalline solid. It was identified by comparison of its

spectral data with those reported in the literature [181].

3.4.6 Squalene (107)

The fraction obtained at pH-7 ot B. papillosa roots was loaded on a steel column

packed with silica gel. Elution was carried out first with hexane and then with

hexane-chloroform mixtures. The fraction obtained on elution with

hexane-chloroform (98:0.:’) afforded squalene (107) in a pure form. This

compound has not been isolated before from any Buxus species.

1
The H-NMR spectrum (4C0 MHz, CDCI3) of this compound revealed singlets in

the region of 5 1.60 integrating for eighteen protons, and at 8 1.68

corresponding to six protons representing the eight tertiary methyl groups

attached to the various olofinic carbon atoms. It further displayed a six-proton

multiplet at 5 5.07-5.15.

The mass spectrum of the compound showed the molecular ion at m/z 410 in

accordance with the molecjlar formula C30H50 and other important peaks were

at m/z 341, 273, 205, 204, 37 and 69.

The U.V., l.R. and 13C-NMR spectra corresponded to those reported for

squalene, thereby providing further evidence for its structure. The complete

13C-NMR shift values are presanted in Table 23. On the basis of comparison of

these spectral data with those reported in the literature [164], the compound

(107) was identified as squalene.
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Table : 13C-NMR data for squalene (10?)

Carbon No. Chemical Shift Carbon No. Chemical Shift

1 39.72
25.83
124.48
130.69
124.39
26.62
36.74
133.86
124.34
135.20
28.33
27.96
124.34
134.90
36.62

16 25.90
124.34
135.03
39.78
26.43
131.21
25.59
15.88
16.05
16.08
15.98
16.05
25.32
17.67

2 17
3 1 8
4 19
5 21
6 22
7 23
8 24
9 25
10 26
11 27
1 2 28
1 3 29
14 30
1 5

•%/

\

Squalene (107)
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4. EXPERIMENTAL
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General Experimental Conditions4.1

Physical Constants

Optical rotations were recorded on JASCO DIP-360 digital polarimeter in

chloroform.

The pH values were measured on model-25 pH meter {Shanghai Kanchuan metal

factory), People’s Republic of China.

Spectroscopy

Ultra-violet (UV) spectra were determined in methanol on Pye Unicam SP 800 G

or Shimadzu UV-240 (Shims,dzu Corporation Kyoto, Japan) instruments.

Infrared (IR) spectra were recorded in chloroform on a JASCO IRA-1 (JASCO

international Co. Ltd., Japan) or JASCO A-302 (Japan Spectroscopic Co. Ltd.)

spectrophotometers.

Nuclear Magnetic Resonance (NMR) spectra were determined in CDCb CD3OD

or DMSO-d6 using an appropriate solvent as an internal standard, at 300 MHz or

400 MHz (Vi-NMR) on Bruker AC-300, AM-300 or AM-400 nuclear magnetic

resonance spectrometers wth Aspect 3000 data systems at a digital resolution of

32 K. The 13C-NMR spectra were recorded at 100 MHz on Ithe same instruments.

Mass spectra (MS) were determined using a Finnigan (Varian MAT) 112 or

Finnigan MAT 312 double fccussing mass spectrometers connected to MAT 188

data system with DEC PDP 11/34 da;a system. Peak matching linked scan, field

desorption (FD), field iorization (Fh and fast atom bombardmerlt (FAB)

measurements were also performed cn MA f 312 mass spectrometer. Hreims were
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recorded on a Jeol-JMS HX 110 mass spectrometer. FABMS were measured in

glycerol-water (1:1) in the presence of KI. Accurate mass measurements were

made with the FAB source employing a dual target using glycerol as an internal

standard.

Chromatography

Merck-precoated, silica-gel GF-254 preparative plates (20 x 20 cm) were used for

preparative thin layer chromatography (TLC). Column chromatography was earned

out using E. Merck silica-gel, type-60 (70-230 mesh).

Detection of Alkaloids on chromatographic plates

Plates were viewed with u tra-violet light at 254 nm for flourescence quenching

spots and at 366 nm for flou'escent spots.

Chromogenlc reagents employed:

The plates were sprayed w!th solutions of Dragendorffs reagent and ceric

sulphate-sulphuric acid reagent. The reagent and solvents were obtained from E.

Merck.
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PLANT MATERIAL OF BUXUS SEMPERVIRENS4.2

The leaves of Buxus sempervirens were collected from the Beynam forest. Ankara,

Turkey in February 1988. The plant was identified by Prof. Dr. Bilge Sener,

Department of Pharmacogrosy, Gazi University and a voucher specimen (GUE

1243) was deposited in the herbarium of the faculty of pharmacy, Gazi University,

Ankara. The research work was carried out in collaboration with Prof. Dr Bilge

Sener and her student Songui Turkoz, who sent us the ethanolic extract of the

leaves of B. sempervirens. Ti e subsequent work was carried out in H.E.J.

Research Institute of Chemistry, University of Karachi.

4.3 EXTRACTION AND PURIFICATION

The ethanolic extract (20 I) of air-dired leaves of B. sempervirens (dry weight 10 kg)

was evaporated to a gum (50 gm). The gum was dissolved in 10% acetic acid (1 I)

and the acidic solution was washed with pet.ether (b.p. 60-G9 °C) to remove the

fatty materials. The partial separation of the compounds was carried out at pH 3.5.

The pH of the solution was acjusted by additions of NH-iOH solution and extraction

was carried out with 1.5 liters of CHCI3. The chloroform fraction obtained at pH 3.5

was evaporated to obtain a dark brown n aterial (20 g) which was alkaloidal in

nature. The fraction obtained at pH 9 was also evaporated to a dark brown

alkaloidal material (15 g). The acidic fraction when subjected to column

chromatography and subsequent TLC experiments afforded pure compounds. The

detailed fractionation procedures are summarized in Schemes-A and B.
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Buxus Sempcrvirens leaves (10 kg)

Crude alkaloids (50 g)

Aqueous acidic layer
PH a justed by NH4OH
solution and extracted
with Cl !CI3

Pet ether layer
non-alkaloidal
contents

PH 3.5
Fractionation
Schcme-B

Aqueous layer
extracted with 13 OAc.

PH 9.0

Sclieme-A
Extraction Scheme of Buxus Sempervirens



Buxus Sempervirens

20 g extract loaded on silica gel
(0.2-0.5 mm, 35-70 mesh, ASTM. 300 g)
Elcuied with CHCI3 and MeOH

CHO3:Me0H CHCl3:MeOH CHCl3:MeOH CHCI3:McOH
10:3 5:1 8:1 10:1

Silica gei
(GF-254, 0.2 mm

Silica gei
(GF-254, 0.2 mm

pct.emenMe2CO:ei2NH
5: l: 0.1

Silica gel
(GF-254. 0.2 mm

pet.cther:Me2CO:ct2NH
20: 5 :1

pCLcftcrMcÿCO:
25:5:1

(+)-bcxabenzamidienme (91) (+)-Buxamine-C (90) (+)-Nor-16-aceioxybuxabenzamidicr.ine (82) Fraction-A (2.13 g)

Silica gel
GF-254, 0.2 mm)

Pct.etherMeoCOÿtoNH

25 : 5’: 1
1 r

(+)-Scmpervircne
(86)

(-)-O-Acetyl-N
oenzoylbuxidiemne

(78)

Fractionation Scheme-B
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4.4 COMPOUNDS FROM THE LEAVES OF BUXUS SFMPERVIRENS

(-)-O-Acetyl-N-benzoylbnxldienlne (78)4.4.1

The fraction obtained at pH 3.6 was subjected to column chromatography on silica

gel (0.2-0.5 mm, 35-70 mesh ASTM, 3U0 g). Elution was carried out first with CHCI3

and then with CHCb-MeOH mixtures by systematically increasing the percentage

of MeOH. Elution with CHCb-MeOH (10:1) afforded a fraction A (2.13 g) TLC (silica

gel) of which showed a major compound along with some minor ones. The mixture

was subjected to prep. TLC on silica gel (CF-254, 0.2 mm) precoated plates using

C6Hi4-Me2CO-Et2NH (25:5:1) to afford the major compound (rf=0.5) which was

subsequently found to be a new compound and named as (-)-O-acetyl-N-benzoyl

buxidienine (78). This compoind was isolated as a white amorphous solid (20 mg,

(2.0 x 10"7% yield) and gave an orange colored reaction with Dragendorff's reagent.

Spectral Data

[rx]&° -5° (c= 0.2, CHCb).

UV (MeOH) : 255.

IR (CHCb) cm’’: 3411 (OH), 3355 (NH), 1721 (ester C=0). 1662 (amide C=C;.

1608 (C=C).

1H-NMR (CDCb, 400 MHz): 0 75 (3H, s, Me 32), 0.91 (3H. s. Me-18), 1.24 (3H. s,

Me-30), 0.93 (3H, d, J21.20 = 3.5 Hz. Me-21), 2.09 (3H, s. OAc). 2.26 (6H. s, NMe2),

3.82 (1H, d, Jam,31(5 = 11.2 Hz, H- 31a), 4.00 (1H, d. J3ip.3,(, = 11.2 Hz, H-31f1),

4.11 (1H, m, H-3a), 4.47 (1H. m, H-16f)), 5.53 (1H, m, H-11), 5.74 (1H, d, J3«.NH =

9.6 Hz, NH), 6.01 (1H, s, H-19), 7.37-7.72 (5H, m, ArH).
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MS m/z (rel.inl.,%) : 562 (50), 547 (25), 503 (20), 105 (68). 72 (100).

EIMS m/z (rel.int.,%) : 562.3736 (M+, C35H50N2O4, 50), 547.3736 (C34H47N2O4,

25), 503.3610 (M+ -OAc, 20), 105.034 (C7H5O, 30), 72.0812 (C4H10N, 100).

13C-NMR (CDCb, 100 MHz) b : Table 3

COSY 45° (CDCI3, 400 MHz) 8 : see fig. 2.

(+)-Nor-16-acetoxybuxabenzamidienine (82)4.4.2

The acidic fraction (pH 3.5) was subjected to column chromatography on silica gel

(0.2-0.5mm, 300g). Elution was carried out first with CHCI3 and then with

CHCh-MeOH mixtures. The fraction obtained on elution with CHCb-MeOH (8:1)

was further chromatographec by preparative TLC (si gel) in C6Hu-Me2CO-Et2NH

(20:5:1) (rf=0.3)to afford a white amorphous solid. (+)-Nor-16-acetoxybuxa-

benzamidienine 82 (20 mg)(2.0 x10'7 % yield )

Spectral Data

[a]&° +17.5 (c=0.4, CHCI3).

UV (MeOH) W 254.

IR (CHCI3) vcm'1 : 3350 (NH), 1725 (esler C=0), 1650 (amide C=0), 1605 (C=C).

’H-NMR (CDCb, 400 MHz): 8 0.67 (3H, s, Mr -32), 0.75 (3H, s, Me-31), 0.86 (3H, s,

Me-18), 0.99 (3H, s, Me-30), 1.26 (3H, d, J21.20 = 6.5 Hz, Me-21), 1.76 (3H, s,

OAc), 2.43 (3H, s, NMe), 4.3B (1H, m, H-3a), 5.08 (1H, m, 11-16(1), 5.57 (1H, m,

H-11), 5.93 (1H, s, H-19), 6.34 (1H, d, J3a = 8.52 Hz, NH). 7.40 7.70 (5H, m. ArH).
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EIMS m/z (rel.int.,%): 532.3665 (M+, C34I U0N2O3, 10). 501.3243 (M+-MeNH2, 10),

105.034 (C7H5O. 45). 72.13' 1 (C4H10N, 100), 58.0579 (C3H0N. 50).

13C-NMR (CDCI3, 100 MHz) 8 : Table 5.

(+)-Sempervlrlne (86)4.4.3

The crude fraction obtained at pH 3.5 was subjected to column chromatography on

silica gel (0.2-0.5mm, 35-70 mesh ASTM, 300g) and was eluted lirst with CHCI3

and afterwards with CHCto-MeOH mixtures. The fraction obtained on elution with

CHCb-MeOH (10:1) was subjected to repeated preparative TLC on silica gel

(GF-254, 0.2mm) using pot.ether-Me2CO-Et2NH (25:5:1) to afford two major

alkaloids along with the minor ones. The slower moving compound (rf=0.2) was

obtained as a white amorphaus solid and was named as (+)-sempervirine (86) (32

mg, 3.2 x 10'7% yield). The faster moving one was already isolated as

(-)-O-acetyl-N-benzoyibuxidianine (78) discussed previously.

Spectral Data

[a]&° +2 (c=0.2, CHCI3).

UV (MeOH) Xnm : 242.

IR (CDCI3) vcm'1: 3350 (OH). 1718 (ester C=0). 1662 (amide C=0) and 1605

(C=C).

1H-NMR (CDCI3, 400 MHz): 8 0.68 (3H, S. Me). 0.75 (3H. s, Me), 0.91 (3H, s, Me),

1.03 (3H, d, J2i,20 = 6.5 Hz Me-21). 1.71 (3H, d. J = 6.8 Hz. Me-4"), 1.79 (3H, s,

2”-Me), 1.80 (3H, s. Me-CO), 2.68 (6H, s, -NMe2). 3.72 (lit. d, JAB = 11.5 Hz,

H-31a), 3.89 (1H, d. JBA = 11.6 Hz, H-310). 4.29 (1H, m, H-16), 4.35 (1H, m. H-3),
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5.35 (1Hr d, JNH = 9.2 Hz, Ni l), 5.31 (1H, s, H-11). 5.98 (1H, s, H-19), 6.26 (1H, dd,

J= 6.9 Hz, H-3").

HRMS m/z (rel.int.,%) : 54C.3937 (IVT. C33H52N204, 50), 525.3738 (C33H52N2C>4,

38), 481.3791 (M+ -MeC02, 20). 171.1155 (C9H,7N02, 35), 157.1005 (CBH,5N02,

25). 72.0812 (C4HION, 100).

13C-NMR (CDCb, 100 MHz) 5: Table 7.

NOE (CDCb. 400 MHz) 5 : sae Fig. 3.

COSY 45° (CDCb, 400 MHz) 8 : see Fig. 4.

(+)-Buxamine-C 190)4.4.4

The fraction of B. sempervimns leaves obtained at pH 3.5 was loaded on a column

using silica gel (0.2-0.5mm, 35-70 mesh ASTM, 300g). Elution was carried out first

with CHCb and then with CHCb-MeOII mixtures. The fraction collected with

CHCb-MeOH (5:1) was subjected to preparative TLC on silica gel (GF-254, 0.2mm)

using pet.ether-Me2CO-Et2NH (5:1:0. 1) to afford a major compound (rf=0.6) as an

amorphous substance (20 mg. 2.0 x 10'7% yield), named as Ruxamine-C (90). TMs

compound was isolated for the first time from B. sempervirens

Spectral Data

[a]&°: +24 (c=0.4, CHClj).

UV (MeOH) Xnm : 252.

IR (CHCb) vcm'1: 1640, 1605 and 975.

H-NMR (CDCb, 300 MHz) : 6 0.71 (3H, s, Me), 0.75 (3H. s, Me), 0.77 (3H, s. Me).
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1.11 (3H, s, Me), 1.38 (3H, ij, J2,.2o = 4.43 Hz, Me-21), 2.40 (6H, s, NMe2), 2.62

(3H, s, Me). 5.49 (1H, m, H-11), 5.92 (1H. s, H-19).

ElMS m/z (rel.int.,%): 398 (M\ C27H46N2, 18), 383 (M+-Me, 10), 72 (C4HioN42), 71

(C4H9N, 100).

13C-NMR (CDCb, 100 MHz) fi : Table 10

4.4.5 (+)-Buxabenzamidienlne (91)

The fraction obtained at pH 3.5 was subjected to column chromatography on silica

gel (0.2-0.5mm, 300g). Elulon was carried out first with CHCb and then with

CHCb-MeOH mixtures. The Taction obtained on elution with CHCb-MeOH (10:3)

was subjected to repeated prep, on silica gel (GF-254, 0.2mm) TLC using

pet.ether-Me2CO-Et2NH (25:6:1) to afford the alkaloid as an amorphous solid (15

mg), (1.5 x10'7% yeild) (rf=0.'r) which was named as (+)-buxabenzamidienine (91).

The compound gave an orange colored reaction with Dragendorlf’s reagent.

Spectral Data

[a]&°+6 (c=0.3, CHCb).

UV (MeOH) Xnrrv 255.

IR (CHCb) vcm'1: 3680 (NH), 1652 (NHCO), 1595 (C=C).

’H-NMR (CDCb, 300 MHz): 5 0.71 (3H, s, Me), 0.77 (3H, s. Me), 0.78 (3H, s. Me),

0.93 (3H, d, J21.20 = 6.3 Hz, Me-21), 1.00 (3H, d, Me), 1.90 (111, in, H-17), 2.30 (6H,

S, NMe2), 2.58 (1H, m. H-20), 4.12 (1H, dd, J3.2 = 13.0 Hz. .H.NH = 9.8 Hz. H-3),

5.56 (1H, dd. Ji = 2.5 Hz, J2 = 1.8 Hz. H-11), 5.91 (1H, d, JNM:, - 9.8 Hz, -NH), b.00
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(1H, s, H-19), 7.44-7.78 (5H, m. ArH).

EIMS m/z (rel.int.,%): 488.3761 (M*. CsÿsÿO. 2), 473 (M+ Me. 2), 363

(C20H43N2l 1). 105 (C7H5O. «'.), 72 (C4H7N, 100).

13C-NMR (CDCI3, 100 MHz) .5 : Table 11.
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PLANT MATERIAL OF BU.XUS PAPILLOSA

The roots of B. papillosa (100 kg) were collected from the northern areas of

Pakistan In December 19E9. The plant was identified by Prof, lrtifaq Ali,

Department of Botany, University of Karac.r. A voucher specimen was deposited in

the herbarium of hte Department of Botany, University of Karachi, Karachi-75270,

Pakistan.

EXTRACTION AND PURIFICATION

The EtOH (40 I) extract of the air-dried roots (100 kg) was evaporated to a gum

(500 g). The alkaloids (100 g) were obtained by extraction into 10% HOAc (3 I).

Partial separation of the alkaloids was c uried out by extraction into CHCI3 at

different pH values. Partial separation of the compounds was carried out at pH 3.5.

The pH of the solution was sdjusted by addition of NH4CI solution and extraction

was carried out with 4 liters ol CHCI3. The chloroform fraction (3.5 I) obtained at pH

9 (40 g) was evaporated to a dark brown alkaloidal material. Extraction with CHCI3

(2.5 I) was also done at pH 7 (10g). The basic fraction (40 g) was subjected to

column chromatography arid subsequent TLC experiments afforded pure

compounds. The detailed fractionation procedure is summarized in scheme-C.



Buxua paptiJcea roots (100 kg)

Crude alkaloids (100 g)

\

Aqueous acidic fracoon PH adjusted

by NH*OH solution and extracted wjdi CHCI3

f 1
PH 7.0 PH 9.0 PH 3.5

101extract loaded on silica gel
(02 - 0.5 mm. 35-70 mesh, 100 g)

40 g extract loaded on silica gei
(0.2-0.5 mm, 3.5-70 mesh, 300 t)

duted withhexane, CHClj and MeOH.rhiid - ;:hh CIIC13 MCOH

CHCT3:MCOH

I6:4

T
CHCVj:McOH CHa3:McOH CHCljiMcOH CHCljrMcOH CHOjiMcOH CHClj:.McOH OJ

vD7:3 3:2 9:. 102 10:2 10:2
{3-sitosierol

(10 g)
HCX.:CHCT3

10:0.2
Silica gel
(100 g)

CHCT3;McOH

Silica gel (GF-254, 0.2 mm)

PeLethcr:Me2CO:ct'»NH
25:5:0.5

Silica! gel
(0.2-0-5 mm, 35-70 mesh)

(100 g)

Wished
repeatedly
with acetone

WashedW«hc
repeated';
with acetone

repeatedly
with acetone

9:1

)(Cyclopnxo-
buxamine-A

(103)

(+)-3-Dcoxy-
buxandonine

(*>-Cyclomi-
crobuxine (104)

CHCHMcOH
100.5

Silica gel
(FG-25* 02 mm)

pcLetherMeÿCD:eÿNH
20.5:1

Squalene

(107)
(+>-Nb-Demethyl

papdlothcmne (99)

(92) (-*->-papiIlotnemnc
Silica! gel

(GF-254, 0.2 mm)

PeLethertMeÿCO:e&jNH
!0 : 5 : I

(95)

C-c!ncuffroNj
*r->rr •V-1

'01

(-)-O-Acety1-N-benzoy1-

buxidieninc (78)

Scheme-C
Extraction Scchcm for Buxus papillosa rooi.
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COMPOUNDS FROM THE FlOOTS OF BUXUS PAPULOSA

(+)-3-Deoxybyxandonine (92)

The fraction obtained at pH 9 (40 g) was subjected to column chromatography on

silica gel (0.2-0.5mm, 35-70 mesh. ASTM, 300g). Elution was carried out first with

hexane and then with CHCh-MeOH mixtures. The fraction collected on.elution with

CHCh-MeOH (9:1) was washed repeatedly with acetone to supply (+)-3-deoxy-

buxandonine 92, a novel compound, as an amorphous solid (25 mg, 2.5 x10'7%

yield). This compound gave an orange colored reaction with the Dragendorffs

reagent.

Spectral Data

(a]&° 10° (c=0.3, CHCh).

UV (MeOH) Xnm : 275.

IR (CHCh) vcm1: 2910 (C-H).

1H-NMR (CDCI3, 400 MHz): 5 0.30 (1H. d. Ji9«.p = 4.00 Hz. H-19a), 0.54 (1H, d,

Jisp,«= 4.00 hz, H-19P), 0.91 (3H. s. Me-18), 0.96 (3H, s, Me-30). 1.32 (3H. d,

J21.20 = 5.8 Hz, Me-21), 2.29 (6H, s, NaMe2).

EIMS m/z (rel.int.,%): 343.3239 (M\ C24H4)N, 100), 328 (M'-Me, C23H48N, 18).

298 (C22H35, 4), 72 (C4HioN. 100).

13C-NMR (CDCI3, 100 MHz) l: Table 13.

HMQC (CDCI3, 400 MHz) 8: Table 14
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4.4.7 (+)-Papll!otrienlne (95)

The basic fraction (pH 9.0, 40 g) was oub’ected to column chromatography on silica

gel (0.2-0.5mm, 35-70 mesh ASTM, 300g). Elution was first carried out with CHCb

and then with CHCb-MeOH mixtures. The fraction obtained on elution with

CHCb-MeOH (10:2) was subjected to repeated prep. TLC on silica gel (GF-254,

0.2mm) using pet.ether-acetone-EtzNH (25:5:0.5) to afford ( t )-papillotrienine (113)

(rf=0.6; as a white amorphous solid (15 mg), (1.5 x10‘7 % yeild ) giving orange

colored reaction with Dragendorff’s reagent.

Spectral Data

[ot]5° -3.5° (c=0.3, CHCb).

UV (MeOH) Xnm: 289.

IR (CHCb) vcm'’- 3305 (N-H',, 1598 (C=C).

1
H-NMR (CDCb, 400 MHz): b 0.71 (3H, s, Me-18), 0.80 (3H, s. Me-30), 0.89 (3H, s,

Me-31), 0.93 (3H, s, Me-32), 1.32 (3H. d, J21.20 = 6.5 Hz. Me-21), 2.13 (3H, s,

NMe), 2.80 (6H, s, NMe2), 3.42 (1H, m, H-3), 5.58 (1H, d, J,.2 - 9.95 Hz, H-1), 5.71

(1H, m, H-11), 6.11 (1H, s, H-19), 6.25 (1H, dd, J2,i = 1.95 Hz. J2>3 = 10.2 Hz, H-2).

EIMS m/z (rel.int.,%): 396.0ÿ12 (M\ C27H44N2!, 100), 381 (M*-Me, 6), 282.0254

(C2oH29N, 10), 72.0812 (C4H10N, 100).

13C-NMR (CDCb, 75.4 MHz) 0 : Table 16.

4.4.8 (+)-Nb-Demethyl paplllotrlenlne (99)

The fraction obtained at pH 9.0 was loaded on a column using silica gel
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(0.2-0.5mm) and elution was carried out first with CHCb and then with

CHCb-MeOH mixtures. The fraction obtained on elution with CHCb-MeOH (10:2)

was subjected to repeated prep. TLC employing pet.ether-acetone-EtjNH

(25:5:0.5) to yield (+)-Nb-demethyl papillotrienine (114) (rf=0.4) as a white

amorphous solid, (20 mg, 2.9 x 10'7% yield)..

Spectral Data

(a]5° 25° (c=0.3, CHCb).

UV (MeOH) Xnm : 289.

IR (CHCb) vcm'1 : 2900 (C-H), 1604 (C=C), 1110 (C-N).

1H-NMR (CDCb, 400 MHz) t. 0.77 (3H, s, Me-18), 0.79 (3H, s. Me-30), 0.84 (3H, s,

Me-31), 1.17 (3H, s, Me-32), 1.33 (3! I. d, J21.20 = 5.8 Hz, Me-21). 2.21 (6H, s,

NaMe and NaMe), 3.56 (1H, TI, H-3), 5.5B (1H, d, J,.2 = 10 Hz), 5.84 (1H, m, H-11).

6.33 (1H, dd, J2.i = 2.2 Hz, J;?,3 = 10 Hr, H-2..

EIMS m/z (rel.int.,%): 382.0C-96 (M+,C26H42N2, 38), 367 (Mÿ Me, 12). 58 (C3HaN,

100).

4.4.9 (-)-O-Acetyl-N-benzoylbuxldienine (78)

The fraction (pH 9.0) was loaded on a column using silica (0 ?-0.5mm, 300g) and

elution was carried out witn CHCb and CHCb-MeOH mixtures. The fraction

collected through the medium CHCb-MeOH (10:2) was reloaded on a small silica

gel column (0.2-0.5mm, 10Ogl and elution was carried out first with CHCb and then

with CHCb-MeOH mixture. The fraction collected with CHCI? MeOH (10:0.5) was

loaded on prep. TLC (si-gel) using C6Hn-Me2CO-Et2NH (10 5:1) to afford white
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amorphous solid, (-)-O-acetyl-N-benzoylbuxidienine (rf=0.5), previously reported by

us from B. sempervirens[162:].

Spectral Data

[a]&° -5° (c=0.2, CHCI3).

UV (MeOH) Xnm: 253.

IR {CHCI3) vcm'1: 3400 (OH) 3345 (NH), 1718 (ester 0=0), 1610 (C=C).

’H-NMR (CDCI3, 400 MHz) 8 : identical to those discussed for the same compound

isolated from B. sempervirens [163],

13C-NMR (CDCb, 100 MHz) 0: values identical to those in Table 3 for (78).

4.4.10 Cycloprotobuxlne-A (103)

The fraction collected on extraction at pH 9 was loaded on a column (si-gel) and

elution was carried out first with chloroform and then with chloroform-methanol

mixtures. Fraction collected on elution with CHCb-MeOH (8:?) up on washing with

acetone supplied this compound as a white amorphous solid (25 mg),( 2.5 x 10'7 %

yield ) which was named cycloprotobuxine-A (103), previously reported from the

leaves of B. papillosa.

Spectral Data

[a]6° +73° (c=2.3, CHCI3).

IR (CHCb) vcm'1: 3040 (CH, cycloprcjyl methylene), 2780 (N C).
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’H-NMR (CDCb, 400 MHz) b: 0.28 (111, d Jiga,p = 4.15 Hz, H-19a), 0.53 (1H, d.

Jigp.a = 4.09 Hz, H- 190), 0.79 (3H, s. Me-18), 0.91 {3H, s, Me-30). 0.95 (6H, s.

Me-31, Me-32), 0.82 (1H. d, J21.20 = 6.38 Hz, Me- 21). 2.18 (6H, s, NaMe2). 2.27

(6H, s, NbMe2).

EIMS m/z (rel.int.,%): 414 (M\ C20H5oNe. 2). 399 (M+-Me, 5). 343 (C24H40N, 8), 72

(C4H10N. 100).

13C-NMR (CDCb, 100 MHz) o: Table 19.

4.4.11 (+)-Cyclomicrobuxinine (104)

The fraction obtained at pH 9.0 was loaded on a column using silica gol

(0.2-0.5mm) and was eluted irst with CHCI3 and then with CIK'b-MeOH mixluresof

increasing polarity. The fraction collected on e'ution with CHCb-MeCH (10:2) was

washed repeatedly with acetone to yield white amorphous solid (30 mg). (3.0 x10'7

% yeild ) which was found tP be (+)-cyclomicrobuxinine 104. reported for the first

time from B. papillosa.

Spectral Data

[a]S° +162° (c=1.5, CHCI3).

UV (MeOH) Xnm=203

IR (CHCI3) vcm'1: 3598 (NH), 3390 (OH), 1695 (C=C).

1H-NMR (CDCb, 400 MHz) 5: 0.06 (1H, d, J,9lI,p = 4.6 Hz, H-19a), 0.80 (1H, d,

Jigp.a = 4.5 Hz, H-190, 0.E0 (3H, s. Me-18), 1.20 (3H, s, Me-30). 2.14 (3H, s.

Me-21), 2.49 (3H, s, NMe), 2.90 (1H, m. H-3), 3.01 (1H. d. J- 6.5 Hz. H- 17), 4.59
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(1H, s, H-4a), 4.82 (1H, s, H- 4p), 4.87 (1H, m, H-16).

EIMS m/z (rel.int.,%): 371 (M C24H37NO2, 30), 356 (M+-Me, 100), 328 (C22H34N3,

18); 57 (C3H7N, 32).

13C-NMR (CDCI3, 100 MHz) £: Table 21

NOESY (CDCI3, 400 MHz) 5: see fig. 5.

4.4.12 (+)-Cyclosuffrobuxinine-M (105)

The fraction obtained at pH 9.0 was subjected to column chromatography (silica

gel, 0.2-0.5mm, 300g) and e ution was carried out first with CIICI3 and then with

CHCI3-MeOH mixture of increasing .atio. The fraction obtained on elution with

CHCI3-MeOH (7:3) was reloaded on a small column (si-gel, 0 2-0.5mm, 100g) and

elution was carried out with CHCI3-MeOH mixtures. The fraction collected with

CHCI3-MeOH (9:1) was subjected to repeated prep. TIC (si-gel) to afford

cyclosuffrobuxinine-M (105) >f=0.3) as a colorless amorphous solid (8 mg), (8

x10‘7% yeild ).

Spectral Data

[a]&° +2° (c=1.5, CHCb).

UV (MeOH) Xnm: 242.

IR (CHCI3) vcm'1: 3605 (NH), C=0 (1709), 1630 (C=C).

H-NMR (CDCI3I 400 MHz) 0.12 (1H, d, J19«.p = 4.7 Hz, H-19a), 0.41 (1H, d,

Ji9p,« = 5.02, H-19P), 0.98 (3H, s, Me), 1.13 (3H, s. Me), 1.83 (3H. d. Me-21), 2.63

(3H, s, NMe), 4.78 (1H. s. H-4a), 5.04 (1H, s. H- 4P), 6.6 (1H, «, H-20).
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EIMS m/z (r0l.int-.7o) cm'1: 253 (Mh, C24H35NO, 12), 338 (M4-Me), 58 (C3H8N, 100).

4.4.13 p-Sitosterol (106)

The EtOH extract of the roots of B. papillosa was evaporated to a gum. The

alkaloids were obtained by e xtraction into 10% HOAC (8 I). Partial separation of the

compounds was carried out by extraction at different pH values. The fraction of

obtained at pH 7.0 was subjected to steel column (silica gel, 0.2-0.5mm) using

medium pressure pump and elution was carried out first with hexane, then with

CHCI3 and finally with CHCl3-MeOH mixture. The fraction obtained with

CHCh-MeOH (6:4) yielded p-silosterol (106) in white crystalline form.

Spectral Data

UV (MeOH) Xnm: 200.8

IR (CHCls) vein'1: 3352 (OH). 2910 (C=C).

H-NMR (CDCI3, 400 MHz) l: 0.67 (3H, s. Me-18). 1.00 (3H, s. Me-19), 0.81 (3H, d,

J= 6.5 Hz. Me-21), 0.91 (3H d, J= 6.2 Hz, Me-26), 0.82 (3H. d, J= 6.5 Hz. Me-27).

0.83 (3H, t. Me-29(, 3.51 (1H, m, H-3). 5.34 (1H. m, H-6).

EIMS m/z (rel.int.,%): 414 (C29H50O, 18), 399 (M4-Me), 396 (C29H48, 8), 303

(C22H38, 27). 273 (C19H29O, 52). 275 (C19H36. 32), 231 (CisHÿiO. 16).

13C-NMR(CDCI3, 100 MHz) 5: Table 22,

4.4.14 Squalene (107)

The EtOH extract (40 I) of tie air-dried roots (100 kg) was evaporated to a gum

(500 g). The alkaloids (100 g) were ubtr.ined by extraction into 10% HOAc (0 I).
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Partial separation of the compounds was carried out by extinction at different pH

values. Extraction with CHCI3 (2.5 I) at pH 7.0 was evaporated to a gum (10 g)

which was loaded on a stee column using silica gel (0.2-0.5mm) and elutioi. was

carried out first with hexane and then with hexane-chloroform mixture. The fraction

obtained on elution with hexane-chloroform (10:0.2) afforded squalene (107) in

pure form.

Spectral Data

IR (CHCI3) vcm'1: 3052, 160ÿ (C=C) cm'1.

1
H-NMR (CDCI3. 400 MHz) 5 : 5.07-5.15 (6H, m, H-3, H-5. H-9, H-13, H-17 and

H-21), 1.60 (18H, s, Me-24, r/le-25, Me-26, Me-27 and Me-29). 1.68 (6H, s, Me-23,

Me-30).

EIMS m/z (rel.int.,%) cm'1: 410 (C3oH5r, 24), 341 (M+-C5Hb, 15), 273 (M+-C,0Hi7,

22), 205 (M+-CI5H25, 28). 204 (M‘-Ci5H26, 26), 137 (M1 C20H33, 40), 69

(M+-C25H4i, 100).

13C-NMR (CDCI3I 100 MHz)l: Table 23,
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PART-2

6.0 SYNTHESES WITH METAL COMPLEXES
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Reaction of rc-Cyclopentadlenyldicarbonylccbalt with bls-naphlh>.acetylene

introduction6.1.1

The preparation of authentic derivatives of cyclobutadiene has been and continues

to be the object of many investigations [1], All attempts to prepare cyclobutadiene

C4H4 having failed, the question arises whether it is possible to stabilise it by

combination with a transition metal. The suggestion that this highly strained

molecule may be stabilized by combination with a transilion metal [2] has

culminated in the preparation of many tetra substituted cyclobutadiene metal

complexes [3-5]. Although a number of derivatives of rc-cyclopentadienyl-

cyclobutadienecobalt have aeen prepared employing different routes [6-11]. The

direct synthesis of 71-cyclopentadienylcyclobutadiene complexes from

K-cyclopentadienyldicarbonylcobalt (1) and acetylenes appeared to be the most

simple and convenient, but the method has only been applied successfully to

diphenylacetylene [11]. Thus, Rausch and Genetti prepared x-cyclopentadienyl

(tetraphenylcyclobutadiene) cobalt (2) together with

71-cyclopentadienyl (tetraphenyl cyclopentadienone) cobalt (3) from (1) and

diphenylacetylene (scheme-1). Sakurai and Hayashi later applied this method

successfully for the formation of cyclobutadiene-complexes (5 & 6) from

trimethylsilylphenylacetylene (4) and (1) [12] (scheme-2) During our work we

carried out the reaction of ( I) with bis-naphthylacetylene (7). Scheme-3 shows the

reaction of (7) with (1) in o->ylene resulting in the formation of (8), (9) and (10). The

reactants (7) and (1) were refluxed under argon atmosphere in o-xylene as a

solvent.

small amount of
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6.1.2 Results and Discussion

7t-Cyclopenladienyldicarbonylcobalt (1) and bis-naphthylacetylene (7) were refluxed

together in o-xylene for 70 h under argon at a bath temperature of 140°C. After

evaporation of the volatile materials, the products were obtained in yields of 9%,

11% and 31% respectively. The structures of the products were elucidated using

various spectroscopic techniques, such as U.V., I.R., M.S., 'H-NMR and 13C-NMR

spectroscopy.

n-Cyclopentadlenÿl (tetranaphthylcyclobutadiene) cobalt (8)6.1.2.1

The UV-spectrum of (8) showed two maxima at 210 and 305 nm. The IR-spectrum

exhibited absorption bands at 3050 cm'1 due to the aromatic C-H stretching and at

1570 cm'1 for the aromatic -C=C- group. The molecular ion peak in the

mass-spectrum was at m/z 600, forming the base peak with an intensity of 100%.

The peak at m/z 402 with an intensity of 64% arose due to the splitting of

cyclobutadiene ring containing two naphthyl groups as well as

cyclopentadienÿl-cobalt group. The cleavage of cyclopentadienylcobalt group gave

a peak at m/z 124. The 1H-NMR spectrum is more informative as the sharp singiet

centered at 8 5.1 integrated for five protons of the cyclopentadienyl group [11J. The

rest of the aromatic protons gave a broad group of signals belween 6 6.9 - 7.7. The

product (8) is further confirmed by the presence of a signal in 13C-NMR spectrum at

8 79.84 which was due to the four quaternary carbon atoms of the cyclobutadiene

ring [11]. The five tertiary carbon atoms of the cyclopentadienyl group also

resonated as a singlet at 8 84.45 [11], The complete 13C-NMR values are shown in

the experimental part. The data described above led to structure (8) for the

compound.
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6.1.2.2 n-Cyclopentadleryl (tetranaphthylcyclopentadienone) cobalt (10)

The UV-specIrum of (10) showed three maxima at 215, 290 and 360 nm. The

absorption band in the IR spectrum at 1595 cm"1 clearly indicates the presence of a

C=0 group [11). Other absorptions are at 3060 and 1580 cm’1 for the aromatic

stretch of C-H bond and -C=C- bond. The mass-spectrum gave the molecular ion

peak at m/z 708 which was the base peak. Cleavage of the C5H5 group resulted in

the formation of a peak at mIt 643. Anothei peak at m/z 581 was due to a naphthyl

fragment. Cleavage of a naphthyl unit together with cyclopenladienylcobait group

resulted in the formation of a peak at m/z 252. In the 1H-NMR spectrum, the singlet

resonating at 5 5.35 integrating for five protons was due to the presence of

cyclopentadienyl group. Overlapping multiplets between 5 6.5 - 8.3 represented

the aromatic protons. The product was further confirmed by the presence of a peak

in the 13C-NMR-spectrum at 5 87.21 which was assigned to the five carbon atoms

of the cyclopentadienyl group. The C=0 group carbon atom resonated at 154.33.

The signals between 5 124.05-132.01 are due to the tertiary carbon atoms.

Complete 13C-NMR assignments are represented in the experimental part. These

data supported structure (10) for this product.

6.1.2.3 Tetranaphthylcyclobutadiene (9)

Product (9) was similar to that of (8) except for the presence of a

cyclopentadienylcobalt group which was evident from the spectroscopic results.

The UV-spectrum showed maxima at 218, 290 and 370 nm. The IR-spectrum gave

absorption bands at 3050 and 1480 cm"1. In the mass-spectrum the molecular ion

appeared at m/z 556 as the base peak. Cleavage of one of the naphthyl fragments

was indicated by the presence of a peak at m/z 429. Another peak at m/z 302 was

due to the cleavage of two naphthyl groups from the cyclobutadiene ring. Cleavage

of the cyclobutadiene ring into two equal fragments gives r ;e to the peak at m/z
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278. The lacked the peak at 5 5.1 showing the absence of the

cyclopentadienyl group. Moreover, the spectrum gave peaks only in the aromatic

region confirming the presence of (9). The 28 tertiary carbon atoms afforded

signals between 8 120.34 - 129.92. The signals between 8 130.88 - 144.65 were

due to the sixteen quaternary carbon atoms. Complete 13C-NMR assignments are

represented in the experimental part. These studies led to structure (9) for the

product.
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The dlyne reactions of 1,8-bis(phenylethynyl)naphthalene with

Transition metal complexes to new compounds

7.0

7.1 Introduction

The diyne reactions have been first performed by Eugen Muller in 1966 [13,14]. It

was found that all of the transition metal complexes react with practically all alkynes

to give new aromatic systems in controlled synthesis.

The first reaction of this type between the o-phenylenediyne derivatives (11)

(1,4-diyne) and platinum (iv‘. chloride gave a new pentalene derivative, the

phenylindenoindene (12) via an unstable platinum (iv) complex.

A similar reaction of the stable palladium (ii) chloride complex of (11) gives

compound (12) only in low yield. The aromatic diyne component and the transition

metal compound were then changed. In place of a benzene nucleus with two diyne

groups in the ortho positions, analogous naphthalene or phenantherene systems

were used and instead of platinum (iv) chloride, tris [triphenylphosphine] rhodium

(1) chloride was employed. In this way, with the 1,8-bis[phenylelhynyl] naphthalene

(13) rhodium complex was ob ained in good yields and was assigned the structure

(14). (Scheme-4) [14],

Reaction of the new Transition metal complex with Alkynes7.2

it was found that practically a I of the rhodium complexes react in good yields with

alkynes. Only two exceptions nave, as yet, been noticed. Firstly, stericaliy hindered

alkynes and secondly, acetyle nes which have a heteroatom bonded directly to the

carbon atoms of the triple bend e.g. phosphorus (III) groups which have a great

affinity for transition metals, do not react under Ihe conditions considered here.

According to the scheme-5 with more than sixty alkynes of different types, new
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aromatic systems having six- membered rings are formed by displacement of the

coordinated rhodium atom from the complex [15-21].

Keeping this idea in mind we tried the reactions of the rhodium complex (14) with

five different alkynes, of which four gave successful results (scheme-6). The

reaction of (14) with bisnaphthylacetylene (7) failed, probably due to steric

hinderance.

Result*5 and Disci,sslon7.2.1

Scheme-6 represents the general reaction of the rhodium complex (14) with

different types of alkynes. The rhodium complex and the alkyne in o-xylene were

stirred first at room tempera ure and at the end refluxed for 2 h. The reaction

mixture was then filtered, the filterate evaporated in vaccuin, and the residue

purified by column chromatography to give solid amorphous (15). The solution of

these products gave fluorescent I'gnt green in light except for (15d) which showed

yellowish flourescence.

7.2.1.1 7,10-(Blsphenyl)-8-(1’-naphthy!)-9-trimethylsilylf luoranthen(15a)

The UV-spectrum of (15a) displayed maxima at 210, 285, 330 and 370 nm. In the

IR-spectrum, the absorption at 3060 cm'1 was due to the aromatic stretching. The

C-H stretch was evident from the band at 2960 cm'1. Another prominent band at

1600 cm'1 was due to the -C=C- bond. The molecular ion peak in the

mass-spectrum appeared at m/z 552 with an intensity of 68%. A peak was

observed at m/z 537 which was due to the removal of one - CI-I3 group. The base

peak was formed at m/z 479 v/ith the cleavage of -SiMe3 group from the molecule.

Another peak at m/z 425 arose due to the loss of the naphthyl group. The 1H-NMR

spectrum gave a 9-H singlet at 5 - 0.4 confirming the presence of -SiMe3 group in
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the molecule. The rest of the* fluroranthen and aromatic protons resonated as group

of signals between 8 7.2 - 7.E. The -SiMe3 group appeared as a singlet in the

13C-NMR-spetrum at 5 1.06. The spectrum further showed twentythree tertiary and

sixteen quaternary peaks foi the fluoranthen and aromatic caibons. On the basis of

the above spectral data, structure (15a) was assigned to this product. The

13C-NMR data are shown in the experimental part.

7.2.1.2 7,10-(Bisphenyl)-8-{1'-naphthyl)-9-(2'-annulenyl)fluoranthen(15b)

The UV-spectrum of (15b) showed tte absorptions not very much different from

that of (15a) i.e. at 220, 265, 295 and 370 nm. The molecule (15b) gave absorption

bands in the IR-spectrum at 3060 cm’’ due to the aromatic stretching. Whereas the

C-H stretch was displayed cy the band at 2930 cm'1. In the mass-spectrum of

(15b), the molecular ion peak was at m/z 620, as the base peak. The cleavage of

one of the -CeHs groups from the base peak gave rise to the peak at m/z 543,

whereas the peak at m/z 425 resulted by the loss of the naphthyl group. The

annulenyl fragment appeared in the spectrum as a peak at m/z 141. The

1H-NMR-spectrum displayed characteristic peaks of the methano-bridge-protons of

the annulenyt-group as two doublets at 8 - 0.09 and 6-0.15 [22]. The two groups of

multiplets at 5 6.8 and 5 7.2 were assigned to the flouranlhen and aromatic protons.

The 13C-NMR-spectrum is also very informative showing the methano-bridgo

secondary carbon atom of the annulenyl-group at 5 34.28 |22] The quaternary

bridgehead carbon atoms oi the naphthyl and annulenyl gmups resonated at 8

114.54 and 8 116.21 respectively. The res', of the fourteen quaternary carbon

atoms were in the region of 5 132.20 - 140.69. The tertiary carbon atoms resonated

between 5 123.34 to 8 130.80. The comolete 13C-NMR values are presented in the

experimental part. These stucies led to the structure (15b) to this product.
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7.2.1.3 7,8,10-(Triphenyl)-9-(2’-annulenyl)fluoranthen (15c)

The UV-spectrum of (15c) showed absorption maximum at 210, 248, 270 and 370

nm. The IR-spectrum also showed characteristic absorptions at 3040, 2925. and

1420 cm’1. The molecular ion peak at m/z 570 formed the base peak. The

cleavage of one of the phenyl groups from the molecular ion peak resulted in the

formation of ihe peak m/z 493. Another peak at m/z 141 was due to the loss of the

annulenyl group. The two protons of the methano-bridge of the annulenyl group

resonated in the 'H-NMR-spectrum as a double doublet at 5 - 0.9. The rest of the

flouranlhen an J aromatic pntons showed two groups of multiplets at 5 6.51 - 7.1

and 8 7.3 - 8.00. The 13C NMR-spectrum was also characteristic, showing the

methano-bridge carbon atom of the annulenyl group at 8 34.26. The spectrum

further showed twenty seven tertiary and sixteen quaternary carbon atoms. The

complete 13C-NMR values sre represented in the experimental part. On the basis

of these spectral studies, structure (15c) was assigned to this product.

7.2.1.4 7,8,10-(Trlsphenyl)-9-(N,N-blsphenylamine)fluoranthen (15d)

The UV-spectrum of the compound (15d) gave maxima at 285 and 310 nm, while

the IR-spectrum showed absorptions at 3060, 2970, 1590 and 1495 cm’1, .n the

mass-spectrum the molecular ion peak at m/z 597 was Ihe base peak. The

cleavage of one of the phenyl groups gave rise to a peak at m/z 519. Another peak

at m/z 443 was due to the removal of two phenyl groups from the molecular ion

peak. There was a further sp itting of the hree phenyl groups giving rise to the peak

at m/z 365. The peak at m/z 167 showed the removal ol N,N-bisphenylamine

group. The 'H-NMR-spectrum of (15d) showed two groups of multiplets at 8 6.8

and 8 7.3 for the fluoranthen and aromatic protons. In the 1rV'NMR-spectrum, the

tertiary carbon atoms gave peaks between 8 120.43 - 129.96 and the quaternary

carbon atoms resonated between 5 129.72 - 147.75. These data led to the

structure (15d) for the product respectively.
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Palladium-copper catalysed coupling reaclions of terminal

acetylene with dilferent arylhalides

8.0

Introduction8.1

Stephens-Castro coupling o: copper (1) arylacetylenes with iodoarenes [23] or

iodoalkenes [24] is a useful reaction for synthesis of acetylenes in laboratories, its

scope being sometimes lim ted by tie vie lent reaction conditions and by the

difficulties in preparations of cuprous acetylides. It was later reported by Gashira

and Hagihara that an acetylenic hydrogen can easily be substituted by iodoarenes,

bromoalkenes or bromopyridines in the presence of a catalytic amount of

bis(triphenylphosphine) palladium dichloride-cuprous iodide in dielhylamine uider

very mild conditions [25]. Based on the pioneering work of Heck [26], the following

coupling reactions were termed as a modified Heck-reaction.

Reaction of N-(4 Pentenyl)pyrol with 2-Bromo-1,6-methano [10]

annulene

8.2

Scheme-7 represents the reaction of N-(4-pentenyl) pyrrol (16) with

2-bromo-1,6-methano [10] arnulene (17) in diethylamine as solvent to produce

(18). In this reaction (16) End (17) are heated in diethylamine under argon

atmosphere, dried and then chromatographed on column to give (18) as a yellow

oil.

Results and Discussions8.2.1

The UV-spectrum showed two maxima at 230 and 290 mn whereas in the

IR-spectrum, the absorption for the -C-C- group appeared at 2230 cm" 1. The band

at 3050 cm"1 was due to aromatic stretch. The mass-spectrum gave the molecular

ion peak at m/z 272 with an intensity of 50%. The cleavage of the fragment -C5H6N
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formed the base peak at m/z 81. The splitting of the pyrrole group from the

molecular ion peak resulted in the characterislic peak at m/z 67. The

H-NMR-spectrum of (18) displayed the characteristic peaks for the methanobridge

protons of the annulenyl group at 8 - 0.6b and 8 - 0.85 (22). The multiple!

resonating at 8 2.15 was duo to the proton H-7’. A triplet centered at 8 2.55 was

assigned to the proton H-8’. Another triplet at 8 4.2 was due to proton H-6'. The

protons H-3‘, 4’ gave a sing!at at 8 6.3 while a two-proton singlet resonating at 8

6.85 was due to the protons H-2’,5’. The aromatic protons of the annulenyl group

gave a group of signals be ween 8 7.1 - 7.6 except for the H-3 proton which

appeared as a doublet at 8 7. 9. The methanobridge C-11 carbon atom gave peak in

the 13C-NMR-spectrum at 8 30.5. The spectrum further showed five quaternary,

eleven tertiary and five secoidary carbon atoms. The 13C-NMR assignments are

represented in the experimental part. These spectral analyses led to structure (18)

for the substance.

1

Reaction of N-(4-pentenyt)benzlmidazol with 2-Bromo-1,6-methano

[10] annulene

8.3

The solution of (19) and '17) in diethylamine in the presence of Cul and

Pd(PPh3)2Cl2 under argon atnosphere was refluxed at 80°C 'or 23 h. After working

up, drying and column chromatography (20) was obtained as a yellowish brown oil

in 53% yield.

8.3.1 Results and Disc jssions

The UV-spectrum of (20) showed absorptions at 208, 264 and 330 nm. The

IR-spectrum of the compourd (20) displayed a band at 3045 cm'1 indicating the

aromatic stretch. While that of -CTC- group was at 2260 cm'1. The characteristic

absorption of the 1,6-methano [10] annulene was centered at 1260 cm'1|27]. In the



179

r\ c

V s
m/z 67

m/z 165

s\f\r\s\r

J

m/z 191m/z 81

(18)

m/z 77

m/z 118

\
m/z 178

(20)



180

mass spectrum, the molecule r ion peak was observed at m/z 324 with an intensity

of 43%. The M+-1 peak at m/z 323 formed the base peak. The cleavage of the

-C6H5 fragment was evident from the appearence of a p,ak at m/z 77. Two

doublets in the ’H-NMR-spectrum at 8 -0.4 and 8 -0.6 were assigned to the

methano-bridge C-11 protons. A 2H multiplet at 8 2.05 was due to the H-1 1’

protons. A triplet integrating for two protons at 8 2.4 was ascribed to the H-10'

protons whereas the triplet at 8 4.3 was assigned to the H-12’ protons. A 1-H

singlet at 8 7.9 was ascribed to the proton H-2’ of the benzimidazole molecule. In

the 13C-NMR-spectrum. the methano-bridge C-11 carbon atom appeared at 8 28.0.

Other characteristic peaks were at 8 143.0, due to the C-2' secondary carbon atom,

8 79.6 and 8 90.2, assigned to the C-12 and C-13 quaternary carbons, respectively.

On the basis of above data stiuclure (20) was assigned to this product.

Reaction of 1-Broinonaphthalene with Trimethylsilylacetylene8.4

Introduction8.4.1

Classical methods for the synthesis of terminal arylacetylenes in general include

methods such as Vilsmier [27-29] or ihe Stephan-Castro coupling reactions [23], A

recent innovation in the synthesis of ary'acetv<enic compounds has been the use of

protecting groups [30], Acetyle ne, protected at one end, can be introduced on to an

aromatic nucleus via coupling at the free end. An easy Pd-catalysed synthesis of

ethynylated benzoic acid as well as other aromatic compound was performed by

using trimethylsilylacetylene (21) (Scheme-9), to produce (22) and through

hydrolysis of (22), (23) was obtained in good yield [31]. The reaction was later done

in the presence of a Co-cataly:»t which gave good results.

This procedure was followed by us for the ethynylation of 1-bromo-naphthalene

(24), which was made to react with (21) in diisopropylaiuine under argon
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atmosphere (Scheme-10). After the e xtraction of the organic phase and column

chromatographic purification (25) was obtained as a colorless oil.

Spectroscopic studies8.4.2

The UV-spectrum contained four bands showing maxima at 190, 230, 290 and 304

nm. The IR-spectrum showed absorption due to aromaticity at 3050 cm'1. Besides ,

the spectrum showed bands at 2955, 2320, 2140 and 1500 cm'1. The mo.ecular

ion peak in the mass-speclrum appeared at m/z 224. The removal of a -CH3 group

gave rise to the base peak at m/z 209. A peak at m/z 151 was due to the cleavage

of -SiMe3 group. In the 'H-NMR spectrum a 9-H singlet at 8 0.5 was ascribed to the

-SiMe3 protons. A 4-H multiple! resonating between 8 7.4 - 7.7 and a 3-H multiplet

centered at 8 7.8 - 7.9 were assigned to the aromatic protons while a doublet at 8

8.5 was due to the H-2 aromatic proton. The 13C-NMR spectrum of (25) showed a

singlet at 8 0.00 for the -BiMe3 carbon atoms. The other informative peaks v\sre

due to the C-9 and C -10 Quaternary carbons at 8 99.34 and 8 103.20 respectively.

The bridgehead quaternary carbon atoms of the naphthyl ring resonated at 8

120.74 (C-8a) and 8 125.03 (C-4a). On the basis of the above data, structure (25)

was assigned to this compound.

Reaction of 2-methyl-3-butyne-2-ol with 1-bromonaphthalene8.5

Ethynylation with 2-methyl-3-butyne-2-ol (26) was first performed by D.E. Ames, D.

Bull and C. Takendwa (32]. Th.s method was later successfully employed by B.T.

Sabourni and A. Onopchenko for the ethynylation of dimethyt-4-bromophthalate

(33). Scheme-11 represents the reaction of 1-bromonaphlhalene (24) with (26) in

diethylamine under argon atmosphere which, after extraction of organic phase and

chromatographic purification, gave (27) as a yellowish brown oil.
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8.5.1 Spectroscopic studies

The UV-spectrum of (27) displayed maxima at 230, 285 and 295 nm. The

IR-spectrum was very inform ative showing the -OH absorption at 3300-3420 cm'1.
The -C«C- group showed ab sorption band at 2260 cm' 1. The mass spectrum gave

the molecular Ion peak at m/z 210. The -C3H7 fragment was split to produce the

base peak at m/z 43, There was a loss of -C3H7O group from the molecular ion

peak resulting in the appearance of the peak at m/z 151. In the ’H-NMR-spectrum,

the two methyl groups (Me);-12 resonated as a multiplet at 8 1.7. The rest of the

aromatic protons of naphthyl group appeared as two multiplets at S 7.3 - 7.56 and

5 7.8. The two primary caibon atoms (Me)2-12, gave peaks at 8 26.36 and

8 26.47. The quaternary C-11 carbon atom resonated at 5 128.05. The spectrum

further shows five quaternary and seven tertiary carbon atoms. The diagnostic

peaks in the 13C-NMR spectrum appeared at 5 26.36 and 5 26.47 for the two

primary methyl groups (M=2-12). The acetylenic carbon atoms (C-9, C-10)

resonated at 5 75.02 and S 93.77 respectively. Other assignn ents are shown in the

experimental part. These spectroscopic studies led to the structure (27) for the

substance.

Hydrolysis of 1-(3’-Dl-methyl-1’-butyne-3’-ol)naphthalene (27)8.6

The solution of (27) in toluene wilh NaOH was refluxed at 126°C. After 20 h, the

reaction mixture was cooled, worked up, purified on column and distilled on

kugelrohr to produce (28) as a reddish oil in 25% yield.

Spectroscopic data8.6.1

The UV-spectrum showed maxima at 230, 284 and 296 nm. In the IR- spectrum the

absorption band due to -C»C-H- group was observed at 3300 cm'1. The presence
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of aromaticity in the molecule was evident by the band at 3060 cm'1 while the band

at 2105 cm'1 was assigned lo the -OC- group. The mass spectrum of (28) showed

the molecular ion peak at m'z 152 as the base peak. The peak at m/z 126 was due

to the loss of -OC-H group from the M+-peak. The 1H-NMR-spectrum showed a

singlet resonating at 5 3.ÿ5 which was due to the H-2 proton. A two protons

multiplet centered at 5 7.3 - 7.6 was ascribed to the H-7 and H-8. Another multiplet

integrating for four protons resonated at 6 7.77 - 8.5 was ascribed to the protons

H-3, 4, 5 and 6. A downfielC doublet at 8 8.35 was assigned to H-2'. The 13C-NMR

spectrum of (28) gave some diagrostic peaks at 8 133.46 for the quaternary (C-1‘)

carbon atom at 131.46 dua to the terminal ethynyl-carbon atom (C-2'), and at

125.01 and 125.98 ppm for the Quaternary (C-4a) and (C-Ba) carbon atoms

respectively. The spectrum further showed six tertiary carbon atoms.

(28) was also produced by the hydrulysis of (24) in MeOH using KOH and H?0

134].

Reaction of 2-Bromo-1,6-methano

1-ethynylnaphthalene

annulene with8.7 [10]

The coupling reaction of 1-ethynylnaphthalene (28) and 2-bromo-1, 6-metharo (10)

annulene (17) is shown in scheme-13. The reaction was perilMined in diethylamine

at room temperature which cave (29) as yellowish brown oil.

Spectroscopic studies8.7.1

The UV-spectrum of the mo'ecule (29) showed maximum absorptions at 218 240,

270 and 360 nm. In the IR-spectrum, the diagnostic bands were at 3045 cm'1, 2948

cm'1 and 2350 cm' for the aromaticity, the C=C- group and the -OC- group

respectively. The mass spectrum showed the molecular ion peak at m/z 292 as the
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base peak. The splitting of the naphthyl group resulted in the appearance of the

peak at m/z 165. The napht iyl fragment appeared at m/z 127. The methano-bridge

protons of the annulenyl gioup appeared as two doublets at 8 -0.6 and 8 0.85.

Three multiplets at 8 7.2, 7. 5 and 7.8 were ascribed to the aromatic protons. In the

13C-NMR the methano-bridge carbon atom, C-11, resonated at 8 34.97. The two

acetylenic quaternary carbon atoms, C-12 and C-13, resonated at 8 90.65 and

92.55 respectively. Complete 13C-NMR asignments are shown in the experimental

part. On the basis of these spectral studies, structure (29) was assigned to the

product.
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Some miscellaneous reactions9.0

Reaction of Imidazole with 4-iodobutyronitrile9.1

To a suspension of 80% NaH in glyme, was added a solution of imidazole (30) in

glyme. A solution of 1-iodot>utyronitrile in glyme was then added to it and the

reaction mixture was refluxod .it 100°C. After cooling, extraction of the organic

phase, drying and distillation (32) was obtained as an oil. (Scheme-14).

Spectroscopic Data9.1.1

The IR-spectrum of the prod jet (32) showed characteristic intense absorptions for

the aromatic stretch at 3120 cm'1. Thu -C=C- group afforded absorption at 2950

cm'1 while the ON- group resulted in absorption at 2255 cm'1. The mass spectrum

showed the molecular ion peak at m,'z 13L with an intensity of 64%. From the

M+-peak the removal of C=N group resulted in the appearence of the peak at m/z

109. The removal of -CH2-Cr N group resulted in the appearance of the peak at

m/z 95. A peck at m/z 67 wa s due to the loss of the imidazole fragment (CsHsN)*

In the 1H-NMR-spectrum the protons H-C and H-3’ each gave multiplets at 0 2.1

and 8 2.3. The H-1’ proton resonated as a triplet at 5 4.1. Two one-proton doublets

resonating at 8 6.95 and 8 7.05 were ascribed to H-5 and H-4 respectively. A

singlet centered at 8 7.5 was due to the H-2 proton. This downhetd chemical shirt of

the H-2 proton was due to the presence ol two nitrogen atoms directly bonded to

the C-2 carbon atom, also observed in the case of (20). A diagnostic peak in the

13C-NMR-spectrum was due to the -C=N carbon atom, (C-4’) at 8 117.81.

Another peak in the tertiary region at 8 136.4 1 was ascribed to the C-2 carbon

atom. Other peaks in the spectrum were at 8 13.50 (C-2’), 25.92 (C-3'), 44.19

(C-V). 118.07 (C-5) and 129.03 (C-4). This da,a led to the structure (32) for this

compound.
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Reaction of Pyrazole with 4-lodobutyronitrile9.2

A solution of pyrazole (33) n giyme was added to a suspension of 80% NaH in

glyme. A solution of 1-iodooutyronitrile (34) in giyme was then added to it and

refluxed at 50°C. After cooling, extraction of the organic phase and distillation (32)

was obtained as a colorless oil. (Scheme-15).

9.2.1 Spectroscopic dnta

Only one maximum was observed in the UV-spectrum of (34) at 210 nm. The

IR-spectrum was once again informative showing absorptions at 3130 cm'1 due to

aromatic stretch, 2950 for tha C=C- group and at 2260 cm'1 for the -C=N- group.

The molecular ion peak in the mass-spectrum was observed at m/z 135. Cleavage

of the -CÿN group from the rrolecular ion peak appeared at m/z 108. The C4H5N2-

fragment was split to give rse to the base peak at m/z 81 The H-2’ and H-3’

proons gave two multiplets ir the ’H-NMR-spectrum with chemical shifts of 8 2.15

and 8 2.3 respectively. Other protons appeared as a double doublet at 8 6.25

(H-4), doublet at 8 7.45 (H-5) and a doublet 5 7.5 (H-3). A one proton triplet

resonating at 8 4.25 was assigned to the proton H-T. The 13C-NMR spectrum gave

a peak at 8 118.46 which was ascribed to the -C=N- carbon atom. Another

diagnostic peak in the spectrum was at 8 131.53 due to the tertiary C-3 carbon

atom. The spectrum further showed peaks for three secondary and two tertiary

carbon atoms. Complete 13C-NMR assignments are represented in the

experimental part. These studies support structure (34).

Reaction between pyrazole and 5-iodo-1-pentyne9.3

Through stirring pyrazole (33) with 5-iodo- l-pentyne (35) in the presence of giyme

for 24 h at room temperature, (36) was achic ved as yellowish brown oil. (Scheme

16).
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9.3.1 Spectroscopic deta

In the UV-spectrum, there was only one absorption at 218 nm. The IR-spectrum of

(36) showed the absorption band at 3300 cm'1 which was due to the C=C-H

stretching whereas the absorption at 3050 cm'1 was for the aromatic stretching.

The presence of -C=C- bond was evident from the band at 2130 cm'1. The

molecular ion peak in the mess spectrum appeared at m/z 134 with an intensity of

54%. The base peak at m/:r 81 appeared due to the cleavage of the -C4H5N2

fragment from the M+-peak. In the 1H-NMR-spectrum the mu liplets resonating at 8

2.1 and 8 2.2 were assigned to the protons H-2' and H-3’ respectively. Two further

multiplets centered at 8 4.25 and 8 6.2 were due to the H-1’ and H-4’ protons. The

protons H-5 and H-3 protons resonated as two doublets at 5 7.4 and 8 7.5. The

downfield shift of these proton was due to their presence adjacent to the two

nitrogen atoms. The 13C-NMT spectrum showed some informative peaks such as a

quaternary carbon at 8 82.57 for C-4' and a tertiary carbon observed at 8 105.04

which was due to the C-5’ terminal acetylenic carbon atom. The carbon atoms (C-3,

C-5) which were directly bonded to the two nitrogen atoms, appeared at 5 139.53

and 129.34 respectively. These data supported structure (36) lor the substance.

Reaction of pyrrole with 5-iodo-1-pentyne9.4

Scheme-17 represents the substitution reaction of pyrrole (37) with

5-iodo-1-pentyne (35) in dimetylsulfoxide for the formation of (16) which was the

starting material in the reaction to form 2-(1-penlenyl-5-(N-pyrrole)-1, 6-methano

[10] annulene (18) (See scheme-7).
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9.4.1 Spectroscopic studies

The IR-spectrum of the molecule (16) showed an absorption due to -CÿC- group at

2120 cm'1, whereas the banc at 3040 cm'1 was due to the C=C-H stretching. In the

mass spectrum of (16), the M+-peck appeared at m/z 133 with an intensity of 35%.

Cleavage of the fragment CH2CH2C- CH from the molecular ion gave rise to the

peak at m/z 81. Another pea< at n/z 53 formed the base peak. The two multiplets

In the at 6 2.05 and 6 2.2 were assigned to the protons H-2‘ and

H- 3’ respectively. A 2H triplet centered a’. 8 4.1 was due to H-1'. Two triplets, each

integrating for two protons, resonateo at 8 6.2 and 5 6.7 were ascribed to the

protons H-4,5 and H-2,3 respectively. The diagnostic peak in the

13C-NMR-spectrum appeared at 8 69.32 for the quaternary (C-4') carbon atom. The

tertiary carbon atoms (C-3,4) and (C-2,5) gave two signals at 8 107.93 ppm and

8 120.40 ppm respectively. These data supported structure (16) for the substance.

Synthesis of Rhodium-Complex (14):9.5

According to the procedure, reported in the literature [35], Rhodium complex (14)

was synthetized by stirring 1,8-bis(phenylethynyl)naphlhalene (13) and Rh(PPh)3CI

for 115 h at room temperature. After Alteration and drying (14) was obtained as a

green powder in 87% yield. (3cheme-20).

Synthesis of 1,8-Bis (Phenylethyiyl) naphthalene (13):9.6

1,8-diiodonaphthalene (39) reacts with cu-phenylacetylene (40) in pyridine at

125°C. After cooling, drying and column chromatographic purification.

1,8-bis(phenylethynyl)naphthalene (13; was obtained as a colorless solid. The

spectroscopic data, discussed in the experimental section, were identical to those

reported in the literature [36] (Scheme-21).
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Synthesis of 1,8-dilodonaphthalene (39):9.7

According to scheme-22, 1,8-diiodonuphlhalene (39), starling material for the

formation of 1,8-bis(phenylethynyl)naphthalene (13) (See scheme-21), was

prepared through diazotization of 1,8-diaminonaphthalene (41) with NaN02 in the

presence of concentrated H2SO4 at 0°C and urther reaction with KI rt 80°C. The

reaction mixture after cooling, filteration and chromatographic purification produced

(39) as yellowish solid in 35% yield. The spectroscopic studies were then compared

with those reported in the literature [36] and as a result structure (39) was assigned

to the compound.
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10. EXPERIMENTAL
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General Experimental Cond tlons

Melting point: Melting points v'ere noted on melting point microscope, Reichert.

Spectroscopy

UV/VIS-Spectra : Spectral photometer DMR 320, Perkin Elmer.

IR-Spectra : Gitterspectrometer 283, Perkin Elmer, Uberlingen.

’H- and 13C-NMR-Spectra: ’H and 13C-NMR-Spectra were determined in CDCb,

CD3OD or DMSO -d6 using appropriate solvent as an internal standard, at 250 MHz

(’H-NMR) and 62.89 MHz (13C-NMR) WM-250, Bruker.

Mass Spectra (MS) were determined using a Finnigan (Varian MAT) 312, Bremen;

Ionisation energy 70 e.v.

Chromatography

Column Chromatography:

Columns of different dimensions, packed with:

a) Kiesel gel (0,063-0.2 mm), Merck.

b) Aluminiumoxide (AI2O3), different pH, Merck, Woelm, Echwege and Macherey &

Nagel.

Thin layer chromatography:

Polygram sil G/UV254 (0.25 mm Kiesel gel with fluorescence indicator) Macherey &
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Nagel, Duren and TC-Alu-foil, Kiesel g3l 60, F254, Merck, Darmsladt.

Preparative Thin layer Chromatography.

Precoated, Silica gel 60 F254 (0.5-2 mm: 20 x 20 cm), Merck, Darmstadt.

The solvents and reagents were purified and dried according to the specific

methods.
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ji-Cyclopentad enyl (tetranaphthylcyclobutadiene) cobalt (8)10.2

To 01 ml argonised o-xylene, 162 mg (0.5880 mmol) biscarbonyl-

cyclopentadienylcobalt (1) was dissolved, into which was added 52 mg (0.2888

mmol) by bisnaphthylacetylene (7) and was refluxed for 70 h at 140°C. The solvent

was dried or a high vaccum pump and the residue was dissolved in CH2CI2. It was

then subjected to column chromatography (kiesel gel, 30 x 3.5 cm) and eluted first

with Ether/Hexane (1:5) to collect (8) and (9) as an orange red solid and then with

ethylacetate to get (10) as a red solid.

Yield : 16 mg (9%); mp. 135°C.

UV/VIS (Acetonitrile) : \ma>; (log e) = 210 (5.9), 305 (5.3) nm.

IR (KBr): 3050, 2930 cm'1.

1H-NMR (250 MHz, CDCb) : 8 = 5.1 (s, 5H, cp), 6.9- 7.7 (m, aromatic), 8.2 (d,

aromatic) ppm.

13C-NMR (62.89 MHz): 5 = 79.81 (s, 4C, cyclobutadiene), 84.45 (d, 5C, Cp),

124.44, 125.41, 127.54, 127.86, 128.78 'd, aromatic). 131.57, 133.48, 133.62 (s,

aromatic) ppm.

MS (70 e.v., 190°C) : m/z (%) 680 (M\ 100), 402 (64), 277 (38). 124 (44).

PM: C49H33CO

calcd.: 680.1914

observed: 680.1917
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Tetranaphthylcyclobutadiene (c )10.3

The preparation procedure is discussed in section 10.2.

Yield: 17 mg (11%); mp. 251-253°C.

UV/VIS (Acetonitrile): Xmax log e) = 218 (5.5), 290 (4.8), 370 (4.3) nm

IR (KBr) : 3050, 2840 cm'1.

1H-NMR (250.13 MHz, CDCI3) : 8 = 6.4-8.2 (m, aromatic). 9.00 (dd. aromatic) ppm.

13C-NMR (62.89 MHz, CDCI3): 5 = 120.34, 123.69, 123.96, 124.30. 124.59,

124.78, 125.08, 125.19, 125.31, 125.44, 125.52, 125.73, 125.80, 126.58, 126.91,

127.38, 127.59, 127.72, 127.79, 127.99, 128.27, 128.57, 128.71, 128.83, 128.93,

129.01, 129.92 (d, aromatic), 130.88, 131.74, 132.19, 132.59, 132.81, 132.90,

133.25, 133.25, 133.56, 133.64, 134.89, 137.94, 142.72, 144.65 (s, aromatic) ppm.

Ms (70 e.v., 155°C) : m/z (%) 556 (M+,100), 429 (58). 302 ( IO), 278 (8), 141 (2).

Peak Matching: C44H28

calcd.: 556.2191

observed: 556.2191

n-Cyclopentadienyl (tetranaphthylcyclopentadienone) cobalt (10)10.4

The preparation procedure for this compound is discussed in section 10.2.

Yield : 63 mg (31%); mp. = 310°C

UVA/IS. (Acetonitrile): Xma:( (log e) = 215 (4.8), 290 (4.02), 360 (3.6) nm.
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IR (KBr): 3060, 2970, 1595 cm'1.

1H-NMR (250.13 MHz, CDCI3) : 6 = 5.35 v: , 5H, Cp), 6.5-8.3 (m, aromatic) ppm.

13C-NMR (62.89 MHz, CDCI3) : 5 = 87.21 (d. Cp). 124.05, 124.39, 124.97, 125.34,

125.75, 127.68, 127.96, 128.54, 131.09, 132.01 (d, aromatic), 98.31, 130.29,

131.95, 132.72, 133.87 (s, a omatic), 154.33 (s, C=0) ppm.

MS (70 e.v., 313°C) : m/z (%) 708 (M+, 100), 643 (12), 518 (4), 567 (5), 321 (7),

252 (4), 124 (18), 59 (2).

Peak Matching: C50H33OC0

calcd.: 708.1863

observed: 708.1860

10.5 7,9-(Bisphenyl)-8-(1’-naphthyl)-9-(trimethylsityl) fluoranthen (15a)

Through a solution of 198 mg (0.2 mmol) of the rhodium-complex (14) and 207 mg

(0.927 mmol) 1-trimethylsilylethynylnaphthalene (25) in 20 ml benzene, argon is

bubbled and then stirred for 160 h at room temperature. At the end. the reaction

mixture was refluxed for 2 h. The solution was filtered, evaporated and

chromatographed on a column (Kieselgel 48 x 2 cm) using Hexane/CH2Cl2 (8:1) as

an eluent to afford (15a) as a green flourescent solid.

Yield : 40 mg (37%); mp. 1905C

UVA/IS (Acetonitrile) : Xmax (log e) = 210 (5.6), 285 (5.5), 330 (4.4). 370 (4.5) nm.

IR (KBr) : 3060, 2960, 1600, * 430 cm'1.
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1H-NMR (250.13 MHz, CCCI3) : 8 = - 0.4 (s, 9H, -SiMe3), 7.2-7.8 (m, Fluoranthen

and aromatic) ppm.

13C-NMR (62.89 MHz, COCI3) : 5 = 1.06, (q, SiMe3), 123.25, 123.37, 123.47,

124.42, 125.27, 125.36, 126.31, 126.76, 127.34, 127.43, 127.56, 127.72, 127.75,

127.88, 128.37, 128.54, 128.64, 128.83, 129.19, 129.87, 130.46 (d, Fluoranthen

and Aromatic), 129.63, 133.00, 133.12, 134.17, 136.38, 136.88, 136.96, 137.71,

137.83, 137.95, 139.77, 140.09, 142.47, 142.59, 144.83, 145.65 (s, fluoranthen and

aromatic) ppm.

MS (70 ev, 178°C) : m/z (%) 552 (M+, 64), 537 (M+-CH3, 58), 527 (20), 479 (100),

425 (21), 200 (4), 73 (48), 59 (80).

Peak Matching : C4iH32Si

calcd.: 552.2273

observed: 552.2273

10.6 7,10'(Bisphenyl)-8-(r-naphthyl)-9-(2'-annulenyl) fluoranthen (15b)

131 mg (0, 1321 mmol) of the rhodium-complex (14) and 82 mg (0.2805 mmol) of

2-(1-ethyny!naphthyl)-1,6-methano [10j annulene (29) weie taken up in 20 ml

argonised benzene and stirred for 97 h at room temp. At the end the solution was

heated for 1h under reflux at 98°C. The cooled reaction mixture was then filtered,

the solvent removed and chromatographed on a column (Kieselgel, 48 x 2 cm)

using Hexane/CH2Cl2 (8:1) as eluent to produce (15b) as green flourescent solid.

Yield : 20 mg (25%); mp. 2 45°C

UV/VIS (Acetonitrile) : W; (log E) = 220 (5.8), 265 (5.4), 295 (5.45), 330 (4.7), 376

(4.8) nm.
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-1IR (KBr) : 3060, 2930, 1430 cm \

(250.13 MHz, CDCI3) : 8 = - 0.09 (d, 1H, methanobridge), - 0.15 (d, 1H,

Methanobridge), 6.8-7.2 (nr, fluoranthen and aromatic), 7.3-8.0 (m, fluoranthen and

aromatic) ppm.

13C-NMR (62.89 MHz, CDCI3) : 5 = 34.28 (t. C-methanobridge), 123.34, 124.58.

124.96, 125.01, 125.31, 125.52, 125.70, 125.89, 126.55, 126.77, 126.94, 127.13,

127.37, 127.62, 127.71, 127.96, 128.30, 128.34, 128.42, 128.93, 129.19, 129.71,

130.19, 130.64, 130.80 (cl, fluoranthen and aromatic), 114.54, 116.21, 132.20,

132.20,132.64, 132.95, 136.45, 131.69, 140.69 (s, fluoranthen and aromatic) ppm.

MS (70 e.v.. 230°C) : m/z (%) 620 (M+,100), 543 (6), 493 (12). 415 (5), 141 (3).

Peak Matching: C49H32

calcd.: 620.2504

observed: 620.2504

10.7 7,8,10-(Trlphenyl)-9-(2’-annulenyl) fluoranthen (15c)

A solution of 99 mg (0.1 mmol) of the rhodium-complex (14) and 242 mg (1 mmol)

of 2-(1-ethynylphenyl)-1, 6-methano [10] annulene in 20 ml argonised benzene was

stirred for 114 h under room temperature, and then refluxed for 2h. The reaction

mixture was then filtered off, evaporated and subjected to column chromatography

(kieselgel. 47 x 2 cm) and eluted with Hexane/Ct-teCte (8:1) to give (15c) as a green

fluorescent solid.

Yield : 33 mg (58%); mp. 2£4°C

UWVIS (Acetonitrile): Xmax Nog c) = 210 (5.4), 248 (5.2), 270 (5.4), 370 (4.5) nm.



207

1IR (KBr) : 3040. 2925, 1420 cm''.

1H-NMR (2.50.13 MHz. CDCb) : 5 = 0.9 (dd. 2H, melhanobridge), 6.5-7.1 (m,

fluoranthen and aromatic). 7.3-8.00 (m, fluoranthen and aromatic) ppm.

13C-NMR (62.89 MHz. CDCI3) : 5 = 34.26 (t, C-methanobridge), 123.20, 123.29,

124.84, 125.21, 125.46, 125.75, 126.31, 126.45, 126.58, 126.75, 126.83, 126.98,

127.11, 127.40, 127.55, 127.64, 127.72. 127.78, 127.86, 129.34, 129.73, 129.82,

129.90, 130.06, 130.41, *30.45, 131.06 (d, fluoranthen and aromatic), 114.81,

115.75, 136.52, 136.64, 138.89, 139.19, 139.76, 140.04, 140.77, 140.94, M1.59,

142.85 (s, fluoranthen and aromatic) ppm.

MS (70 e.v., 160°C): m/z (%) 570 (M+,100), 493 (8), 141 (2).

Peak Matching: C45H30

calcd.: 570.2348

observed: 570.2349

10.8 7,8,10 (Trfphenyl)-9-(N,N-biphenyfamine) fluoranthen (15d)

Through a solution of 99 mg (0.1 mmol) ol the rhodium-complex (14) and 269 mg

(1 mmol) N,N-(bipheny!amino) phenylacetylene in 20 ml benzene, argon was

passed and the solution stirred for 96 h at room temperature. At the end, the

solution was heated unde* reflux for 2h. The cooled reaction mixture was then

filtered off, the solvent removed and the material purified by chromatography on a

column (kiselgel, 25 x 3.5 cm) using Ether/Hexane (1:10) as the eluent to afford

(15d) as a yellowish green 'luorescent solid.

Yield : 48 mg (81%); mp. 3iO°C
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UV/VIS (Acetonitrile) : Xmax (log e) = 285 (5.3), 310 (5.14) nm.

IR (KBr): 3060, 2970, 1590, 1495 cm’1.

1H-NMR (250.13 MHz, CCCIa) : 5 = 6.8 (m, fluoranthen and aromatic), 7.3 (m,

fluoranthen and aromatic), 7.7 (dd, aromatic) ppm,

13C-NMR (62.89 MHz, COCIi) : 5 = 120.43, 121.29, 123.07, 123.32, 125.67,

126.37, 126.64, 126.95, I27.02, 127.61, 128.00, 128.14, 129.21, 129.96 (s,

fluoranthen and aromatic), 29.72, 133.29, 136.03, 136.25, 136.31, 137.97, 138.93,

139.42, 141.48, 142.40, 147.75 (<J, fluoranthen and aromatic) ppm.

MS (70 e.v., 195°C) : m/z (%) 507 (M+,100), 519 (6), 443 (10), 365 (4), 167 (2).

Peak Matching: C46H31N

calcd.: 597.2456

observed: 597.2457

2-(1-Pentenyl-5-(N-pyrrole)-1,6-methano [10] annulene (18)10.9

A solution of 78 mg (0.525E mmol) N-(4-pentenyl) pyrrole (16) and 116 mg (0.5258

mmol) 2-bromo-1, 6-metheno [10] annulene (17) in 8 ml dielhylamine was first

argonised for 15 min. 2 me (0.01 mmol) Cul and 7mg (0.01 mmol) PdC)2 (PPha)2

were then added to this solution and the solution heated for 16 h under 74°C. The

reaction was stopped after 40 h, filtered off and the ppt. was washed with ether.

The dried substance was then dissolved in 20 ml CH2CI2, 10 ml 5% HCI was added

to it and the material extracted with 10 x 3 m' H2O. It was then subjected to column

chromatography (kieselgei, 34 x 3.5 cm), eluted with Ether/Hexane (1:10) and

distilled in kugel rohr at 185 3C / 45 mtorr,
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Yield : 112 mg (40%); bp. 135°C (45 mlorr).

UV/VIS (Acetonitrile) : Xmax (log e) = 230 (4.67), 290 (4.07) nm.

IR (Film) : 3050, 2960, 2230, 1605, 1500 cm'1.

1H-NMR (250.13 MHz, CDCI3) : 5 = - 0.65 (d. 1H. H- 11a). - 0.85 (d, 1H, H-11b),

2.15 (m, 2H, H-7’), 2.55 (t, 2H, H- 8’), 4.2 (t, 2H. H-6’), 6.3 (s. 2H. H-3',4’), 6.85 (s,

2H, H-2', 5’), 7.1-7.6 (m. 5H, H-4, 5,7,8,9), 7.9 (d, 1H, H-3) ppm.

13C-NMR (62.89 MHz, CDCI3) : 5 = 16.8 (t, C-7'), 30.5 (I, C-11), 34.7 (t, C-8’),

48.02 (t, C-6’), 79.6 (s, C-12), 91.46 (s. C-13), 108.08 (d. C-3’,4’), 115.67 (s, C-6).

116.74 (s, C-1), 120.57 (d, C-2’,5'), 122.75 (s. C-2), 126.24, 127.05, 127.09 (d, C-7,

8,9,10), 128.24, 129.23, 130.99 (d, C-5, 4, 3) ppm.

MS (70 e.v.) m/z {%) : 273 (38), 272 (M+,50), 191 (14), 165 (46), 152 (18). 120 (17).

94 (8), 81 (10)), 67 (6).

Peak Matching: C20H19N

calcd.: 273.1517

observed: 273.1504

2-{1-Pentenyl)-E-(N-benzimrdazole)-1,6-methano[10]annu!ene{20)10.10

A solution of 184 mg (1 rrmol) N-(4-penlenyl)benzimidazole (19) and 221 mg (1

mmol) 2-bromo-1,6-methano [10] annulene (17) in 10 ml diethylamine was first

argonised and then 4 mg i0.02 mmol) Cul and 14 mg (0.02 mmol) Pd(PF 13)2012

were added to it. The colcr of the solution becomes orange yellow. The reaction

mixture was first heated at 80°C under reflux for 23 h and then stirred at room

temperature. After 112 h, the reaction was stopped, filtered, washed with ether and
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dried on a high vaccurr. oil pump. The residue was dissolved in 20 ml CH2CI2,

mixed with 10 ml 5% HCI and extracted with 10 x 4 ml H2O. The solution was dried

over MgSCM and chromatographed (Kiese! gel, 22 x 3.5 cm) using Ethylacetate as

eluent to produce (20) as a yellowish brown oil.

Yield: 171 mg (53%)

UV/VIS (Acetonitrile): Xmax (log e)=208 (4.69), 264(4.6), 330(4.02) nm.

IR (Film): 3045. 2930, 2360, 1610, 1500, 1460, 1260 cm'1.

1H-NMR (250.13 MHz, CDOI3): 5 =-0.4 (d, 1H, methanobridge), -0.6 (d, 1H,

methanobridge), 2.05 (m, 2H, H-11’), 2.4 (t, 2H, H-10'), 4.3 (t, 2H, H-12’), 6.9 - 7.5

(m, Aromatic), 7.9 (s, 1H, H-2 ) ppm.

13C-NMR (62.89 MHz, CDCI3): 6 =15.5 (t, C-11'), 28.00 (t, C-11), 35.00 (t. C-12'),

44.00 (t, C-10’), 79.6 (s, C-12 ', 90.2 (s, C-13), 115.8(s, C-11), 1 16.5 (s, C-6), 122.4

(s, C-8'), 109.7, 120.5, 122.3, 123.0 (d. C-4\ C-5', C-6’, C-7’). 126.4, 127.2. 128.4,

128.6, 129.5, 131.3, 132.9 (C-3, C-4, C-5, C-7, C-8, C-9, C-10), 143.0 (d, C-2’),

143.6(s, C-9’) ppm.

MS (70 e.v, 322°C): m/z (%) 324, 323 (M+, 100), 178 (82), 152 (22), 118 (24), 77

(18).

Peak Matching: C23H20N2

calcd.: 324.1627

observed: 324.1612
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10.11 1-(Trimethylsilylethynyl)naphthalene (25)

19 mg (0.1 mmol) Cul ard 70 mg (0.1 mmol) PdCl2 (PPh3)2 were added to a

solution of. 1.035 g (5 mmol) 1-bromonaphtha!ene (24) in 10 ml diisopropylamine

and stirred under argon for 10 minutes. The solution was cooled at 0°C and to it

was sprayed slowly 540 rrg (5.5 mmol) trimethylsilylacetylene (21). After 21 h of

stirring, the solution was refluxed at 90°C for 2 h. The cooled reaction solution was

filtered, washed with 60 ml ethei and evaporated. The residue was dissolved in 20

ml CH2CI2, washed with 10 ml 5% HCI, extracted with 10 x 2 ml H2O and dried

over Na2SO<i. The material was purified by subjecting to column chromatography

(Kiesel gel, 25 x 3.5 cm) usÿing hexane as eluent. It was finally distilled in kugelrohr

at 106°C/37 mtorr to give colorless oil.

Yield: 773 mg (69%); bp. 106°C (37 mtorr)

UV/VIS (Acetonitrile): Xmax 'log E)= 190 (4.7), 230 (3.93), 290 (4.0), 304 (4.03) nm.

IR (Film): 3050, 2955, 2320, 2140, 1585, 1500 cm'1.

1H-NMR (250.13 MHz. CDCI3): 5 =0.5 (s. 9H, SiMe3), 7.4-7.7 (m, aromatic), 7.8-7.9

(m, 3H, aromatic), 8.5 (d, 1H, H-2) ppm.

13C-NMR(62.89 MHZ, CDCI3): 5=0.00 (q, SiMe3), 99.34 (s. C-9), 103.20 (s. C-10),

120.74 (s. C-8a), 125.03 (5, C-4a), 126.13 (d, C-6), 126.32 (d, C-7), 126.78 (d.

C-8), 128.21 (d, C-4), 128.93 (d, C-3), 130.76 (d. C-2), 133.04 (s, C-5), 133.38 (s,

C- 1) ppm.

MS (70 e.v, 75°C): m/z (%) 224 (M+, 58), 20J (100), 181 (4). 179 (10), 152 (4). 43

(7).
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10.12 1-(3’-d!-Methyl-1’ butyne>3’ol)naphthalene (27)

A solution of 1.035g (5 mmol) 1-hromonaphthalene (24) in 60 ml diethylamine was

first argonised and to it was; added 10 mg (0.05 mmol) of Cul and 70 mg (0.05

mmol) of Pd (PPh3)2 CI2. 841 mg (10 mmol) 2-methyl-3-butyne-2-ol (26) was then

sprayed into the reaction mixture which was then refluxed at 74°C for 16 h, cooled,

filtered, washed with ether, evaporated and dried over MgSC>4. It was then purified

by chromatography on a column (Kiesel gel, 36 x 3.5 cm) using ether/hexane (1:10)

as eluent.

Yield: 667 mg (64%)

UV/VIS (Acetonitrile): Xmax (log e)= 230 (4.46), 285 (3.68), 295 (3.82), 310 (3.65)

nm.

IR (Film): 3300-3420, 3060, 2985, 2360, 1590, 1510 cm'1.

1H-NMR (250.13 MHz, CDGI3): 8 =1.7 (m, 6H. Me-12), 7.3-7.65 (m, 3H. H-3, 5, 6),

7.8 (m, 2H, H-7, 8). 8.3 (d, 1H. H-2) ppm.

13C-NMR (62.89 MHz, CDCI3): 8 =26.36 (q, C-12), 26.47 (q, C-13), 60.66 (s. C-8),

75.02 (S, C-9), 93.77 (s, C-I0), 1 15.17 (s, C-8a), 120 84 (q, C-4a), 121.17, 121.57,

123.8 (d, C-5, 6, 7, 8), 123.07 (d, C-4), 123.52 (d, C-3), 125.19 (d, C-2), 127.94 (s,

C-10), 128.05 (s, C-11) ppm.

MS (70 e.v, 109°C): m/z (%) 210 (M+, 20), 195 (M+-CH3, 30), 166 (6), 151 (36), 84

(8), 43(100).
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10.13 1-Ethynyl-naphthalene (28)

A solution of 667 mg (3.2 nmol) HS’-di-methyl-l'-butyne-S’-oOnaphthalene \27)in

20 ml toluene and 160 mg NaOH were refluxed at 126°C. After 20 h, the reaction

mixture was cooled, the so vent removed on a high vaccum pump and purified by

chromatography on a column (Kiesel gel, 44 x 3.5 cm) with ether/hexane (1:10),

and finally distilled in kugelrohr to give a reddish oil.

Yield: 119 mg (25%); bp. 7!>°C (31.8 mtorr)

UVA/IS (Acetonitrile): Xmax (log c) 230 (4.74), 284 (3.92), 296 (4.0), 308 (3.54) nm.

IR (Film): 3300, 3060, 2345 2105, 1585, 1580 cm' \

1H-NMR (250.13 MHz, CDCCI3): 6 = 3.45 (s, 1H, H-2), 7 3-7.6 (m, 2H, H-8, 7).

7.7-7.85 (m. 4H, H-3, 4, 5, 6), 8 35 (d, 1H, H-2’) ppm.

13C-NMR (62.89 MHz, CCDCi3): «=81.97(s, C-1), 119.0(s, C-10), 125.01 (s, C-4a0,

125.98 (s, C-8a), 126.41 (d, C-5), 126.88 (d, C-6), 128.23 (d. C-7), 129.21 (d, C-20,

131.17 (d, C-3), 133.02 (s, C-4), 133.46 (s, C-1') ppm.

MS (70 e.v, 40°C): m/z (%) 152 (M+, 100), 151 (M+-H, 22), 126 (8).

10.14 2(1-Naphtlyl ethynyl )-1,6-methano [10]annulene (29)

A solution of 221mg (1mmol) of 2-bromo-1,6-methano [10] annulene (17) in 10 ml

diethylamine was bubbled with argon for 15 minutes. 4 mg (0.02 mmol) Cul and 14

mg (0.02 mmol) Pd (PPh3i2 CI2 were then added to it. A solution of 152 mg (1

mmol) of 1-e:hynylnaphthalene (28) in 5 ml diethylamine was sprayed into the

reaction mixture and the solution stirred for 24 h at room temperature, then filtered,
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washed with ether, evaporated and dried on high vaccum pump. It was then

subjected to column chromatography (Kiesel gel, 45 x 3.5 cm) and eluted with

ether/hexane (1:5) to provide (29) as a yellowish brown oil.

Yield: 138 mg (48%)

UV/VIS (Acetonitrile): Xmax (log t) =218 (4.63), 240 (4.56), 270 (4.46), 360 (4.34)

nm.

IR (film): 3045, 2948, 2350, 2200, 1590, 1508 cm' 1.

1H-NMR (250.13 MHz, CDCI3): 8 =-0.6(d, 1H, H-11a, J=7 Hz), -0.85 (d, 1H, H-11b,

J=8 Hz), 7.2 (m, 3H, aromatic), 7.5 (m, 6H, aromatic), 7.8(m, 3H, aromatic), 7.95 (d,

1H, H-2, J5 Hz), 8.5 (d. 1H, H- 3, J=5 Hz) ppm.

13C-NMR (62.89 MHz, CDCI3): 8 =34.97 (t. C-11). 90.65 (s, C-72), 92.55 (s, CM3),

115.74 (s. C-6), 116.96 (s. C-1), 121.18 (s. C-8a). 122.46 (s, C-4a), 125.27, 126.37,

126.50, 126.75, (d, C-7,8,9,i0), 127.32, 127.41, 127.97, 128.28 (d, C-5,6,,7\8,)l

128.60, 128.97,129.91 (d, C-5.4,3), 13C.30, 131.27 (d. C-2',3’), 133.22 (s, C-1’)

ppm.

Ms (70 e.v, 201°C): m/z (%) 292 (M+, 100), .65 (24).

Peak Matching: C23H16

calcd.: 292.1252

observed: 292.1251.
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10.15 1,8-(blsphenylethynyl)naphtha1ene (13)

A solution of 1.9 g (5 mmol) 1,8-diiodonaphthalene (39) in 80 ml freshly distilled

pyridine was first heated under reflux for 2 h at 125°C. To the cooled solution, 1.81

g (11 mmol) Cu-phenylacetylene (40) was added and the solution refluxed for a

further 1 h. It was then cooled, dried and the residue dissolved in 30 ml CH2CI2.

The material was extracted first with 10 x 2 ml 5% HCI and then with 10 x 3 ml 5%

NaHC03. It was purified by chromatography on a column (Alox(basic), 26 x 3.5 cm)

with ether/hexane (1:10) as eluent to give (13) as a colorless solid.

Yield: 533 mg (32%)

UVA/IS (Aetonitrile): Xmax (log E) = 205, 241. 262, 310, 338, 355 nm.

1H-NMR (250.13 MHz, CCO3): 6 =7.05-7.5 (m, aromatic). 7.5-7.9 (m, aromatic)

ppm.

13C-NMR (62.89 MHz, CDOI3): 6 =89.8 (s, C-9, 9'), 96.7 (s, C-10, 10‘), 120.8 (s.

-4a, 8a), 123.8 (s, C- 1’, 1"., 125.5 (d, C-2, 7), 127.8 (d, C-3. 6), 127.9 (d, C-4, 5),

129.6 (d, C-2’, 2”, 6’, 6"), 131.5 (c, C-3’, 3”, 5’, 5”), 134.1 (s, C-1, 8), 134.9 (d, C-4',

4") ppm.

MS (70 e.v, 129°C): m/z (%; 328 (M+, 100), 163 (24), 251 (4).

10.16 Rhodium-Complex (14)

A solution of 100 mg (0.3 rnmol) 1,8-bis'pnenylethynyl)naphthalene (13) in 10 ml

benzene was stirred under argon for 20 minutes and then 200 mg (0.3 mmol) Rh

(PPh3)3 Cl (37) was added to it; the solution became green colored. After 115 h, 15
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ml argonised hexane was acded to the reaction mixture and the solution stirred for

further 2 h. The residue was 'iltered and dried to give green amorphous (14) [35],

Yield: 257 mg (87%).

10.17 1,8-Dilodonaphthalene (39)

A solution of 14 g (88.6 mmol) 1,8-diaminonaphthalene (39) in 30 ml H2SO4 was

prepared and ice then addec. A solution of 18 g (260 mmol) NaNC>2 in 80 ml water

was then added dropwise to the mixture at 5°C. A solution of 90 g (542 mmol) Kl in

120 ml H2O was then added and the mixture heated up to 80°C, cooled down to

18°C and 120 ml 6N NaOH added to it. The solution was filtered, dned and the

residue washed with ether, “he material was chromatographed on a column (Alox

(basic), 20 x 3 cm) using ether/htxane (1:10) as eluent to afford a yellowish solid

113).

Yield: 11.6g (35%); mp. 106-108°C.

1H-NMR (250.13 MHz. CDCI3): 5 =7.05 (t. 2H, H-2, 7), 7.85 (dd, 2H, H-3, 6), 8.45

(dd, 2H, H-4, 5) ppm.

MS (70 e.v, 71°C): m/z (%) 380 (M+, 58), 254 (12), 128 (2), 127 (18), 126 (100).

10.18 N-(4-Butyronitrlle) Imidazole (34)

To a suspension of 360 mg (12 mmol) 80% NaH in 20 ml glyme, was added by a

syringe a solution of 680 mg (10 mmol) imidazole (33) in 20 ml glyme. 1.99g (10.2

mmol) 1-lodobutyronitrile (31) was dissolved in 3 ml glyme and added to the

imidazole/NaH mixture and heated under reflux at 100°C. After 48 h of reaction, the

reaction mixture was stirred lor another 16 h at room temperature. The color of the
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mixture becomes dark red. NH4CI solution (40 ml) was added to it. The solution

filtered, and extracted with 4 x 30 ml CH2CI2, dried over MgS04, washed with dried

CH2CI2, evaporated and the1 materia1distilled in kugelrohr at 138°C/41 mtorr.

yield : 0.737 mg (55%): bP. 138°C (41 mtorr).

UV/VIS (Acetonitrile): rto ab sorption

IR (Film): 3120, 2950,2360,2255. 1515, 1450 cm'1.

1H-NMR (250.13 MHz, CDCI3): 8 = 2.1 (m, 2H, H-2'), 2.3 (m, 2H, H-3’), 4.1 (t, 2H

H-1\ Je,7 = 5 Hz), 6.95 (d. 1H, H-5), 7.05 (d, 1H, H-4), 7.5 (s, 1H, H-3) ppm.

13C-NMR (62.89 MHz, CDCI3) : 5 = 13.50 (t, C-2’), 25.92 (t, C-3’), 44.19 (t, C-1’),

117.81 (C-4’), 118.07 (d, C-5), 129.03 (d, C-4). 136.41 (d, C-2) ppm.

MS (70 e.v., 112 °C) m/z (%) 135 (M+,84), 109 (4), 95 (6), 81 (22), 67 (8), 55 (52),

41 (62).

10.19 N-(4-Butyronitrile) pyrazole (32)

A solution of 680 mg (10 mmol) pyrazole (30' in 20 ml glyme was added with a

syringe to a suspension of mg (15.7 mrrol) 80% NaH in 20 ml glyme. 1.99 g

(10.2 mmol) 1-iodobutyronitr le (31) was dissolved in 3 ml glyme and added to the

pyrazole/NaH mixture and heated under reflux at 50°C. The reaction solution

becomes yellow colored. After 16 h reaction, NM4CI solution was added to the

cooled reaction mixture. The' ppt. was filtered off, the water phase was extracted

with 4 x 30 ml ether, evaporated and distilled at 85°C/0.035 mtorr in Kugelrohr to

afford a colorless oil.
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Yield : 0.721 mg (54%); bp. 85°C (35 mtorr).

UV/VIS (Acetonitrile) : Xmax (bg e) = 210 nm.

IR (Film): 3130, 2950, 2350, 2260, 1520, 1445, 1405 cm'1.

’H-NMR (250.13 MHz, CDCb) : 6 = 2.15 (m, 2H, H- 2'), 2.3 (m, 2H. H-3’), 4.25 (t,

2H, H-1\ J = 10 Hz), 6.25 (dd, 1H, H-4), 7.45 (d, 1H, H-5), 7.5 (d, 1H, H-3) ppm.

13C-NMR (62.89 MHz, CDCIj) : 5 = 14.03 (t, C-2’), 25.75 (t, C-3'), 49.41 (t, C-1'),

105.31 (d, C-4), 118. 46 (s. C- 4’), 129.34 (d, C-5), 139.53 (d. C-3) ppm.

Ms (70 e.v., 59°C): m/z(%) 135 (Mf, 26), 108 (4), 95 (5), 81 (100), 68 (44), 54 (18),

41 (28).

10.20 N-(4-Pentynyl) pyazole (36)

To a solution of 340 mg (5 mmol) pyrazole (33) in 10 ml glyme was added a

suspension of 180 mg NaH in 10 ml clyme and the solution stirred for 20 min. 970

mg (5.07 mmol) 5-iodo-1-per lyne (35) in 3 ml glyme was added and the solution

stirred for another 24 h. NH4CI solution was then added to the reaction mixture, the

ppt. filtered and the filterate extracted with ether, evaporated, dissolved in CH2CI2

and dried over Na2S04. It was then Jisti'led in a kugelrohr at 87°C/41 mtorr to

produce (36) as a yellowish b own oil.

Yield: 0.24 g; bP. 87°C (41 m orr).

UV/VIS (Acetonitrile): Xmax (log c) = 218 (3.57) nm.

IR (Film) : 3300, 2950, 2340, 2130, 1520, 1400 cm'1.
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1
H-NMR (250.13 MHz, CDC 3): 8 = 2.1 (m, 2H, H-2’), 2.2 (m, 2H. H-3'), 4.25 (t, 2H,

H-1’), J= 9 Hz), 6.2 (t, 1H, H-4. J=2 Hz), 7.4 (a, 1H, H-5, J=3 Hz), 7.5 (d, 1H, H-3,

J= 2 Hz) ppm.

13C-NMR (62.89 MHz, CDC'3) : 5 = 15.32 (t, C-2’), 28.66 (t, C-3’), 50.09 (t, C-1’),

82.57 (s, C-4‘), 105.04 (d. C-3’), 129.27 (d, C-5), 139.30 (d, C-3) ppm.

MS (70 e.v., 30°C) m/z (%): ’ 34 (M+,66), 94 (8), 81 (100), 68 (30), 41 (42).

Analysis: C8HioN2 (134.182)

calcd.: C 71.61 H 7.51 N 20.88

observed.: C 71.82 H 7.69 N 20.94

10.21 N-(4-Pentynyl) pyrrole (38)

A solution ol 335 mg (5 mmol) pyrrole (38) and 280 mg (5 mmol) KOH in 12 ml

DMSO was stirred for 2 h. The reaction solution turned dark green in color. 970 mg

(5 mmol) 5-iodo-1-pentyne was then added to the solution. After 10 min. The

reaction was stopped, 10 ml water was added, the solution extracted with 3 x 20 ml

ether, evaporated, dried on an oil pump and then over Na>_S04, and distilled in

kugelrohr at 48°C/46 mtorr to give (38) as a colorless oil.

Yield: 119 mg (.8%); bP. 48°C (46 mlorr).

UVA/IS (Acetonitrile): Xmax (log E) = No absorption.

IR (Film) : 3360, 3280, 2930, 2340, 2120, 1500 cm'1.

1H-NMR (250.13 MHz, CDCI3): 8 = 2.05 (m, 2H, H-2’), 2.2 (m, 2H, H-3’), 4.1 (t, 2H

H-1’, J = 5 Hz), 6.2 (t, 2H. H-4 5). 6.7 (t, 2H, H-2,3) ppm.
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13C-NMR (62.89 MHz, CDCI3) : 5 = 15.39 (t, C-2’), 29.93 (t, C-3'), 47.57 (t, C-1'),

69.32 (s, C-4’), 107.93 (d, C-3,4), 120.40 (d, C-2,5) ppm.

MS (70 e.v.,.61°C): m/z (%), 133 (60), 119 (.2), 93 (8). 81 (100), 67 (18), 41 (40).
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