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INTRODUCTION

The sea  h a re , A p tys ta  daotytom ela  Rang, i s  a m arine m ollusc

in  th e  fam ily  A p lysiidae  of th e  su b c la ss  O pisthobranchia . I t  i s  a

common sp e c ie s  found in  th e  West In d ie s  and i t s  la rg e  yellow  body,

which i s  approxim ately  te n  inches in  le n g th , i s  randomly covered w ith

brown sp o ts  and r in g s .

Sea h a re s , which la c k  th e  e x te r n a l  s h e l l  th a t  i s  c h a r a c te r i s t i c

o f o th e r  m o llu scs, number about t h i r t y - f i v e  s p e c ie s .^  They have a

w orld-w ide d i s t r ib u t io n  and range in  s iz e  from sm all ones n o t much

la rg e r  than  a human thum bnail to  sp e c ie s  th a t  a re  up to  18 inches in

le n g th . The t r i v i a l  name "sea  h a re " , o f  Roman o r ig in ,  r e f e r s  to  t h e i r
2

resem blance to  a s i t t i n g  r a b b i t .  Sea h a re s  a re  found from t i d a l  zones

to  dep ths o f 200 f e e t  wherever la rg e  p o p u la tio n s  o f a lg ae  occu r. Sea

h a re s  g raze on a lgae  and seaweed, b u t th ey  have been known to  devour
2

anim al substances a ls o .

Sea h a re s , e s p e c ia l ly  Aplys-ia , a re  w e ll known to  c e l l u l a r
3

n eu ro p h y s io lo g is ts  fo r  t h e i r  la rg e  neu ro n s. The nerve c e l l s  w ith in  

th e  c e n tr a l  g an g lia  o f th e se  anim als a re  re a d ily  v i s ib l e .  Because o f 

t h e i r  s iz e ,  th e  neurons can be probed w ith  m ic ro e lec tro d es  and sy n ap tic  

a c t i v i t i e s  can be re a d ily  reco rd ed .

The chem istry  of sea  h a re s  has only re c e n tly  been a c t iv e ly

1



In v e s t ig a te d , however. The to x ic i ty  o f sea  h a re s  has been known s in c e  

a n t iq u i ty  and e a r ly  in v e s t ig a to r s  a ttem pted  to  determ ine th e  o r ig in
4

and s tru c tu re  o f th e  to x in s . Toxins have been re p o rted  from v a rio u s  

g lands in  A p lye ia t  b u t a t te n t io n  was focused on th e  d ig e s t iv e  gland 

o f t h i s  genus when Yamamura and H ira ta  (1963)^ rep o rted  th e  i s o la t io n  

of a p ly s in  (1 6 ), debrom oaplysin (1 7 ), and a p ly s in o l (18) from ApVysia  

kurodai-f see F igure 3. S ince th i s  d isco v e ry , the  chem istry  o f th e  

d ig e s t iv e  g land , which occupies o n e -th ird  of the  body c a v ity , o f ApZysia  

sp ec ie s  has been e x te n s iv e ly  in v e s t ig a te d . The f a c t  th a t  e x t r a c ts  of
4

th e  gland a re  to x ic  su g g es ts  th a t  th e  sea  hare  uses th e se  to x in s  as 

d e fe n s iv e  agen ts^  to  compensate fo r  la c k  o f a p ro te c t iv e  s h e l l .

The s t ru c tu re s  o f th e  n e a r ly  lOO secondary m e ta b o lite s  i s o la te d  

to  d a te  from v ario u s  o p isthob ranch  m olluscs (excluding  s t e r o l s ,  common 

c a ro te n o id s , and compounds d iscu ssed  l a t e r  in  th i s  th e s is )  a re  i l l u s ­

t r a t e d  in  F igures 1 -5 . The compounds a re  grouped in to  f iv e  c la s s e s :

1) m onoterpenoids (F igure  1 ) ,  2) a c e ty le n ic  non terpenoids (F igure  2 ) ,

3) se sq u ite rp en o id s  (F igu re  3 ) ,  4) d ite rp e n o id s  (F igure  4 ) ,  and 

5) m iscellaneous compounds (F igure  5 ) .

The m a jo rity  o f th e  compounds i s o la te d  from sea  h a re s  a re  h a lo -  

genated compounds. The subsequent d isco v e ry  o f many o f th e  same com­

pounds in  a lg ae  has le d  to  th e  conclusion  th a t  th e  sea  h a re  c o n c e n tra te s  

a lg a l  m e ta b o lite s  in  i t s  d ig e s t iv e  gland and th a t  th e  a lg ae  on which 

ApZysia  feeds a re  th e  u l t im a te  sources o f th e se  compounds.^

Although th e  chem ical re sea rc h  has been co n cen tra ted  on sp ec ie s

o f A pZ ysia , o th e r  o p isthob ranch  m olluscs have a lso  been in v e s t ig a te d .
8 9Two unusual isocyan ide  sesq u ite rp e n es  (43 . 44) * th a t  a re  l e th a l  to



f i s h  have been is o la te d  from PhyVL'idia varicosa  and a number of in ­

t e r e s t i n g  d ite rp e n es  have been found in  th e  sea  hare

genus, DoZabeZla. The d ie ta ry  sources o f  the compounds from th e se  genera 

have a ls o  been determ ined.

A number o f nonisopreno id  substances have a lso  been is o la te d  

from v a rio u s  opisthobranch  m o llu scs. The an tileukem ic  su b stan ce , 

a p ly s ia to x in  ( 8 1 ) and two nontox ic  amides (77 and 7 8 ) were is o ­

la te d  from StyZoaheiZus Zongicccuda. Four p ro p io n a te -d e riv ed  compounds 

(72-75)^^*^^*^^ were ob ta ined  from Tridxxohta o r isp a ta  and TridachieZZa  

diomedea, b u t i t  i s  no t known a t  p re sen t whether th e se  m e ta b o lite s  

o r ig in a te  from th e  m ollusc o r from th e  fu n c tio n a l c h lo ro p la s ts  w ith in  

th e  m ollusc . A d ie ta ry  source i s  u n lik e ly .

A number o f t r a i l - b r e a k in g  pheromones have been is o la te d  from 

Nccoanax in e rm ts . This sp ec ie s  i s  a carn ivorous op isthobranch  m ollusc 

which moves along slim e t r a i l s  l e f t  by o th e r  Navanax in d iv id u a ls .

When m o lested , JUccoccnax s e c re te s  a yellow  substance w hich, when encoun­

te re d  by o th e r  in d iv id u a ls ,  h a l t s  ta i l - fo l lo w in g  b eh av io r. Seven

su b stan ces  (92-98) th a t  a re  re sp o n s ib le  fo r  th i s  alarm  pheromone response
18 19 20have so f a r  been is o la te d  from th e  yellow  slim e. ’ ’

Some op isthobranch  m olluscs (o rd er N udibranchia) a re  e x q u is i te ly
21 22co lo re d . S tud ies have shown ’ th a t  th e  pigments a re  m ix tu res  o f 

c a ro ten o id s  which a re  ob ta ined  from th e  d ie t  and d ep o sited  in  th e  in te g u ­

ment o f  th e  anim al. A change in  d ie t  w i l l  o ften  r e s u l t  in  a change in  

th e  c o lo r  o f th ese  nud ibranchs.

A number o f th e  compounds in  F igures 1-5 d isp la y  in te r e s t in g
23pharm acological a c t i v i t y .  S evera l compounds such as b ra s ilen y n e  (1 1 ),



panacene ( 1 9 ) and the  Isocyanopupukeananes (43^ and p ro te c t

th e  m ollusc from p red a to rs  by a c tin g  as  p o ten t feed ing  d e te r re n ts  

to  f i s h .  Routine pharm acological sc reen in g  of the  sea hare  e x tr a c ts

by some in v e s t ig a to r s  has le d  to  th e  is o la t io n  of th e  cy to to x ic  com-
25 26pounds a p ly s ia s ta t in  (41) and deodacto l (3 1 ), th e  an tileukem ic

12 13compounds d o la t r io l  (70) and a p ly s ia to x in  (8 1 ), and the  hypo tensive
27 28 29agent d o rid o s in e  (7 6 ). D actylyne (2) and iso d ac ty ly n e  ( J ) ,

is o la te d  from A p lys ia  daotylomeZa, have been shown to  be p o ten t in h i -
30b i to r s  of p e n to b a rb ita l m etabolism .

Because o f the  tumor in h ib i to ry  a c t iv i ty  d isp layed  by l ip o ­

p h i l ic  e x tr a c ts  of the  sea h a re , A p lys ia  daatylom elat a number o f in v es­

t ig a t io n s  have been c a r r ie d  ou t by p rev ious workers in  th i s  la b o ra to ry

to  determ ine th e  source o f th e  a c t i v i t y .  The r e s u l t  was the  i s o la t io n
31o f s ix te e n  new compounds. Some had in te re s t in g  a c t i v i t i e s  w hile  

o th e rs  were b io lo g ic a lly  in a c t iv e . The o b je c tiv e  of th i s  work i s  to  

continue th e  in v e s t ig a tio n s  in to  th e  chem istry  of th i s  sea  h a re  in  th e  

search  fo r  an titum or compounds and to  d esc rib e  the chem istry  o f  th e  

animal ob ta ined  from a lo c a tio n  d i f f e r e n t  from th a t  o f p rev ious c o l­

le c t io n s .  This re sea rc h  re s u lte d  in  the  i s o la t io n  o f a brom inated 

in d o le  and se v e ra l sesq u ite rp en o id  compounds from A p lys ia  daotylom ela.

In  a d d itio n , f iv e  d ite rp en o id  compounds possessing  a novel sk e le to n  

were d e sc rib ed . Some o f them e x h ib ite d  s ig n if ic a n t  a n tic a n c e r  a c t i v i t y .
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Figure 1. Monoterpenoid Derivatives from Opisthobranchs.
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Figure 2. Acetylenic Nonterpenoid Derivatives from Opisthobranchs.
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A p lysia  daotylomela.31
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Figure 2 (continued).
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R = Br, ap ly s in

12. R = H, debromoaplysin 

A p lys ia  kuroâai'^^

OH

CH=C=CHBr

OR

OH

Br

OH

IS, a p ly s in o l

A p lys ia  kitrodai.•36

^  panacene 

A p lys ia  h va silia n a '^^

2Ü, R = H, b ra s i le n o l

21  R = Ac, b ra s i le n o l  a c e ta te

A p lys ia  b ra s ilia n a '^^

22, e p ib ra s i le n o l  

A p lys ia  b v a s ilia n a

^  b rasudo l

A p lys ia  b ra s ilia n a

Figure 3. Sesquiterpenoid Derivatives from Opisthobranchs.



Br

.OH

H

2^  iso b ra su d o l
nn

Aplysia brasiliana

25 dactyloxene-A

Aplysia daotylomela^^

26 dactyloxene-B

Aplysia daotylomela}^

27 dactyloxene-C

Aplysia daotylomela}^

RO

OH

= H, d ac ty len o l 

29 R = Ac, d ac ty len o l a c e ta te

Aplysia daotylomela^^

30 d a c ty lo l

Aplysia daotylomela^^

Figure 3 (continued).
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31 deodacto l

A p lys ia  daotylom ela
OH

OAc

26

OH

OH

32 dihydroxydeodactol m onoacetate 

A p lysia  daotylom ela^^

OH

33

A p lys ia  daotylomela"^^

OH

34 p rep ac ifen o l epoxide 

A p lys ia  o a lifo m io a ^ '^

Figure 3 (continued),

35

Ap'^ysia o a l i fo m io a ^ ^
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HO,

m
33A p lys ia  o a l i fo m ia a

37 p ac ifen o l 

A p lys ia  o a lifo m ia a '^

38 jo h n sto n o l 

A p lysia  o a l i fo m ia a

^  p a c if id ie n e  

Aplysia o a lifo m io a ^^

40

A p lys ia  o a l i fo m ia a

Figure 3 (continued).
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-41 a p ly s ia s ta t in

Aplys-ta ccngasi. 25

CHO

OAc
Onehidella binneyi

43 9-isocyanopupukeanane 

P hytt-id ia  vcæiaosa  ®

Figure 3 (continued).

44 2-isocyanopupukeanane 

P hytlid ia  vopioosa^
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OH

OH 45 iso ap ly s in -2 0

Aplysia kurodai.47

46 ap ly sin -2 0  

A p lys ia  kiœ odai^^

47 1 4 -b ro m o o b tu s - l-e n e -3 ,ll-d io l

A p lys ia  daotylom ela^^

Br
.00

OH

48 a n g as io l

Aplysia angasi.50

.H
49 d ic ty o la c to n e  .

Aplysia depilans^^

Figure 4. Diterpenoid Derivatives from Opisthobranchs.
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OH

OH

5 ^  R = H, pach y d ic ty o l A 

5^ R = OH, d ic ty o l B

Aplysia depilans 

Aplysia vaoaaria

52

20

52 d ic ty o l  A

Aplysia depilans 52

OH

53 d ic ty o l  C

Aplysia depilans 53

HQ

OH

54 d ic ty o l  D 

Aplysia depilans

OHOH
Figure 4 (continued).

55 d ic ty o l  E

Aplysia depilans 53
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OH

OH

h 2̂

36 QAc OAc

53= OH OAc

M  OH OH

^1 2̂ ^3

OAc OAc OAc

^  OAc OH OAc

61 OAc OH OH

§ 1  OAc OAc OH

M  OH OAc OAc

M, OH OH OH

^1 2̂ ^3

§ 1  OH OAc OAc

M  OH OAc OH

67 OAc OH OH

M  OH OH OH

63. OH H H

d o la b e lla d le n e s

OR
F ig u re  4 (co n tin u ed ).

DoZabella oalifom iaa^^*^^

70 R = H, d o la t r io l

2 1 .R = Ac, d o la t r io l  6 -a c e ta te

DoZabella aiœiouZaria}'^
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PC H
72 tr id a c h lo n e  

Tridaohielta ctiomedea 15

pC H
73 9 ,10-deoxy tridach lone

15Tridaoh'ietta ctiomedea

PlaoobTonohus o c e lla tu s16

.OCH
74 c risp a to n e

Tvidadhia orispata17

.OCH
75 c r lsp a te n e

Tvidadh'ia avispatd17

Figure 5. Miscellaneous Derivatives from Oplsthobranchs.
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NH
CH

OH

HO

76 do rid o sln e

Anisodovis nobiVis 27

OH

OCH

OAc

Cl CHqx^

77 s ty lo ch e ilam id e

Stylooheilus longioauda14

O C H  deacetoxysty locheilam ide3
Styloaheilus longioauda14

OH

HO

MeO

OR

_R ^

79 H H debrom oaplysiatoxin

âg, Ac H

81 H Br a p ly s la to x in  

§ 1  Ac Br

Stylooheilus longioaudjoS^

Figure 5 (continued).
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OCH

HO

a e ro p ly s in in -2  

Tylodina fungina^

CONHHO

84

Tylodina fungina 55

HO

85

Tylodina fungina 55

C O gH

86

20B vœ sa tella  le a o h ii

87 b u r s a te l l in
•31Buipsatella le a o h ii glei%

Figure 5 (continued).
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88 tr io p h ax a n th in

Triopha oarpenteri.22

89 h o p k in siax an th in  
21Hopkinsia posaaea

90 a p ly s ia v io l in  

Aplysia limaaincP^

H

91 a p ly s ia v e rd in  

Aplysia
Figure 5 (continued).
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52, navenone-A

^ctvanax 

93. navenone-B 

Navanax ■inervnis^^ 

3A. navenone-C 

Ĵ avanax inermiŝ *̂̂ ^

Navanax inerm is

m

Navanax inermis^^

97

Navanax inermis^^

38

Navanax inerm is^^

Figure 5 (continued),



RESULTS AND DISCUSSION 

The sea  h a re s , A p lysia  daotylom ela  Rang, used in  th i s  study  

were c o lle c te d  n ear La Parguera , P uerto  Rico in  December 1977. The 

d ig e s t iv e  glands o f th e  th re e  hundred specimens c o lle c te d  were ex c ised  

and preserved  in  70% isopropanol fo r  shipment to  Oklahoma.

The a lc o h o lic  s o lu tio n , which was removed from the  glands by 

d écan ta tio n  and f i l t r a t i o n ,  was co n cen tra ted  and f ra c tio n a te d  accord ing  

to  Scheme 1. Samples o f each f r a c t io n  were sen t fo r  in  v i t r o  KB 

(nasopharynx carcinom a), PS-388 (lym phocytic leukem ia), and L1210 

(lymphoid leukem ia) a n tic an c e r t e s t i n g . F r a c t i o n s  which e x h ib ite d  

s ig n if ic a n t  a c t i v i ty  were fu r th e r  f ra c t io n a te d .

The d ig e s t iv e  glands were homogenized in  a  b len d er w ith  

chloroform -m ethanol (2 :1 ) and f i l t e r e d  through ch eesec lo th . The r e ­

s u l t in g  so lu tio n  was a lso  co n cen tra ted  and f ra c tio n a te d  according to  

Scheme 1. The f r a c t io n  which d isp lay ed  th e  g re a te s t  b io lo g ic a l a c t i v i t y  

(KB 23, PS 15, L1210 30) was f r a c t io n  A o f Scheme 1. F rac tio n  A was 

con cen tra ted  and f u r th e r  p a r t i t io n e d  between aqueous methanol and hexane, 

carbon te t r a c h lo r id e ,  and chloroform  according  to  Scheme 11. The 

g re a te s t  a c t i v i ty  was found in  f r a c t io n  F (KB 2 .5 , PS 2 .4 , L1210 1 .3 ) 

and f r a c t io n  6 (KB 2 .1 ,  PS 1 .1 , L1210 0 .9 6 ) . These two f r a c t io n s  and 

o th e rs  were chromatographed e x te n s iv e ly  to  y ie ld  a number o f pure 

compounds which a re  d escribed  in d iv id u a lly  below.

21
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SCHEME I

crude e x tra c t

CH_C1_ p a r t i t io n

aqueous suspension

n-BuOH p a r t i t i o n

CH^Cl

aqueous suspension

1) ly o p h iliz e

2) MeOHn-BuOH

MeOH
so lu b le

in so lu b le
s a l t s
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SCHEME II

10% aq. MeOH

hexane p a r t i t io n

d i lu te  to  20% aq . MeOH;

CCI, p a r t i t io n

d i lu te  to  30% aq. MeOH;

CHClg p a r t i t i o n

CCI

CHCl, aq . MeOH
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2 .3 ,5-Trlbrom o-N -m ethyllndole (99)

S i l ic a  ge l chromatography of f r a c t io n  F y ie ld e d , in  the  i n i t i a l  

f r a c t io n s ,  a  w hite  c r y s t a l l i n e  m a te r ia l ,  mp. 124-124.8°, CgH^NBr^

(h igh  re s o lu t io n  mass s p e c t r a l  a n a ly s i s ) . The 100 MHz nmr spectrum  

c o n ta in ed  a th re e  p ro to n  s in g le t  a t  3 .73  ppm, in d ic a t iv e  o f a  methyl 

group a tta ch e d  to  n i tro g e n . The rem ainder of the  nmr spectrum  con tained  

th re e  one-pro ton  m u lt ip le ts  in  th e  re g io n  7 .10-7 .60  ppm. The form ula 

and th e  nmr spectrum  th u s  suggested  th e  p resence of a s u b s t i tu te d  

in d o le . F u rth e r ev idence in  favor o f  an N-methyl in d o le  nucleus was 

p ro v id ed  by uv ab so rp tio n s  a t  292, 300, and 284 nm. The lo c a tio n s  o f 

th e  th re e  bromine atoms on th e  in d o le  nucleus were determ ined by com­

p a r is o n  of th e  observed coupling  c o n s ta n ts  to  th a t  o f known s u b s titu te d ^ ^  

in d o le  system s and by N uclear O verhauser Enhancement (NOE) experim ents. 

I r r a d i a t io n  o f the  m ethyl group caused a 15% in c re a se  in  th e  h e ig h t 

o f  th e  d oub le t a t  7 .10 ppm in d ic a t in g  th a t  th is  was th e  p ro to n  a t  C-7.

The coup ling  co n stan t ( J =8 Hz) o f t h i s  p ro ton  was c o n s is te n t  w ith  an 

o rth o -co u p lin g  to  th e  C-6  p ro ton  which was in  tu rn  m eta-coupled to  

th e  C-4 p ro to n . Hence, th e  lo c a t io n  of th e  bromine atoms were C-2,

C-3, and C-5. The s t r u c tu r e  e lu c id a tio n  o f  ^  was accom plished in ­

dependen tly  o f a re p o rt^ ^  o f t h i s  in d o le  and se v e ra l o th e r  in d o le s  

i s o la te d  from the  red  a lg a , LaurenQia b r o n g n ia r ti i .  The brom oindole 

i s o la te d  from A p lys ia  was id e n t ic a l  in  a l l  re sp e c ts  to  t h a t  is o la te d  

from  Lcaccenoia.
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Figure 6. Spectra of 2,3,5-tribromo-N-methylindole (ââ)»
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99

E la to l  (100)

Another c o n s ti tu e n t  is o la te d  from th e  carbon te t r a c h lo r id e

f r a c t io n ,  f r a c t io n  F, Scheme I I ,  was e l a t o l  (100). E la to l  was obtained

as a y e llo w ish  o i l  which slow ly s o l id i f i e d .  R e c ry s ta l l iz a t io n  from

m ethanol y ie ld ed  e l a to l  a s  a s tic k y  mass o f c r y s ta l s ,  mp. 62-66®.

E la to l  obtained^^ from th e  a lg a  Laurenaia e ta ta ,  however, was rep o rted

a s  a c o lo r le s s  o i l .

A cé ty la tio n  o f e l a t o l  y ie ld ed  a c r y s ta l l in e  a c e ta te ,  mp. 155-

156®. The m elting  p o in t o f th e  a c e ta te ,  th e  p ro ton  m agnetic resonance,

and th e  carbon-13 m agnetic resonance s p e c tra  of e l a to l  were id e n t ic a l

to  th o se  o f e l a to l  o b ta in ed  from o th e r so u rces .

E la to l  e x h ib its  s tro n g  a n tifu n g a l a c t i v i ty  as determ ined

by t e s t s  conducted in  t h i s  la b o ra to ry  accord ing  to  th e  procedure of
62Klarman and Sanford. A suspension o f c e n tr ifu g e d  V-8  ju ic e  w ith  

spo res from th e  mold, Cladosporium ouaumerinum, were sprayed on developed 

TLC p la te s  co n ta in in g  sam ples of pure compounds and crude f r a c t io n s .

A fte r  a  fo u r day in c u b a tio n  p e rio d , the  p resence  of a n tifu n g a l a c tiv e
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Figure 7. Spectra of Elatol (100)
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Figure 8. Spectra of Elatol Acetate
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compounds was In d ic a te d  by w hite  zones o f in h ib i t io n  on a fuzzy green 

background o f th r iv in g  organism.

HQ

100

C h a ra c te r iz a tio n  of a l lo la u r in te r o l  a c e ta te  (101)

The mother l iq u o r  from r e c r y s ta l l i z a t io n s  of e l a t o l  was 

examined by HPLC. One o f th e  f r a c t io n s  con tained  a c r y s ta l l in e  compound 

(1 0 1 ), mp. 80-82“ . The h ig h e s t mass io n s  observed in  th e  low re s o lu tio n  

mass spectrum  of 101 appeared a t  m/e 336, 338, c o n s is te n t w ith  a 

form ula o f C^yHg^BrOg. A cetate  fu n c t io n a l i ty  was in d ic a te d  in  the  

in f r a r e d  spectrum  by an ab so rp tio n  a t  1763 cm ^ and in  th e  pro ton  nmr 

spectrum  by a m ethyl s in g le t  a t  2.33 ppm. The rem ainder of the  pmr 

spectrum  very  c lo se ly  resem bled th e  s p e c tra  o f i s o la u r in te r o l  (102) 

and a l lo la u r in te r o l  (103)

The only  d if fe re n c e  in  th e  s t ru c tu re s  o f i s o la u r in te r o l  and 

a l lo l a u r in te r o l  i s  th e  s u b s t i tu t io n  p a t te r n  on th e  m ethylenecyclopentane 

r in g .  In  th e  pmr spectrum  of a l lo la u r in te r o l ,  th e  m ethine p ro ton  on 

th e  cyclopentane r in g  i s  v ic in a l ly  coupled only to  a  m ethyl group and.
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Figure 9. Spectra of allolaurinterol acetate (101")
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th e re fo re , appears as  a q u a r te t .  In  the  spectrum  of i s o la u r in te r o l ,  

the  m ethine p ro ton  appears more complex s in ce  i t  i s  coupled to  the  

m ethyl group and to  a d jac e n t r in g  p ro to n s . In  o rd e r to  e s ta b l is h  

w hether th e  a c e ta te  o f mp. 80-82® possessed  th e  i s o la u r in te r o l  o r 

a l lo l a u r in te r o l  type s t r u c tu r e ,  a p ro ton  decoupling  experim ent was 

conducted. I r r a d ia t io n  o f the  m ethyl doub le t a t  0 .70  ppm co llapsed  

a q u a r te t  a t  2.77 ppm to  a s in g le t ,  a r e s u l t  which i s  c o n s is te n t 

w ith  th e  m ethyl group arrangem ent o f a l l o l a u r in t e r o l ,  and hence the  

a c e ta te ,  mp. 80-82®, was confirmed to  be a l l o l a u r in te r o l  a c e ta te  (101) .

Although a l lo la u r in te r o l  a c e ta te  was no t p rev io u s ly  rep o rted
64as a n a tu ra l  p ro d u c t, i t  was a known s y n th e t ic  d e r iv a tiv e  of a l l o ­

l a u r in te r o l .  The p h y s ic a l c o n s tan ts  and s p e c t r a l  d a ta  fo r  th e  n a tu r a l ly  

o b ta ined  a l lo la u r in te r o l  a c e ta te  were id e n t ic a l  to  those  reported^^  

fo r  sy n th e tic  a l lo la u r in te r o l  a c e ta te .

OAc
101

OH

102
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OH

I f î l

Bromochamlgrene (104a) and C h a ra c te r iz a tio n  o f Bromochamlgrene (105a) 

Accompanying e l a to l  in  th e  g en e ra l f r a c t io n a tio n  o f f r a c t io n  

F were two c lo se ly  r e la te d  compounds, 1 0 ^  and 105a. which were 

sep a ra te d  by HPLC. Compound 104a was ob ta in ed  as a c o lo r le s s  o i l ,  

^15^20®’̂ 2® (low re s o lu t io n  mass spec trum ). I t s  p h y s ica l and s p e c t r a l  

p ro p e r t ie s  were id e n t ic a l  in  a l l  r e s p e c ts  to  those  of a halogenated  

chamigrene a lco h o l ( 104a) rep o rted ^ ^ ’^^ from Lcmrena'ia ma^usauZa. 

A c é ty la tio n  o f compound 104a w ith  a c e t ic  anhydride and p y rid in e  y ie ld e d  

an a c e ta te ,  104b.mp. 115-117°, w ith  th e  same p h y s ica l and s p e c tr a l  

p ro p e r t ie s  as  the  rep o rted ^^  a c e ta te .

RO

Br

104a R=H 

104b R=Ac



33

Figure 10. Spectra of Chamigrene 104a.
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Figure 11$ Spectra of Chamigrene 104b
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Compound lO^g. was a lso  Iso la te d  as a  c o lo r le s s  o i l ,

(low re s o lu tio n  mass spectrum ). The c lo se  s im i la r i ty

in  th e  p ro ton  nmr and mass sp ec tra  o f compounds 104a and 105a sug­

g ested  th a t  they  were Isom ers. Indeed, a f t e r  a  few days s tan d in g , 

f r a c t io n s  o r ig in a l ly  co n ta in in g  one o f th e  pure compounds were found

to  be contam inated w ith  vary ing  amounts o f th e  o th e r isom er.

The in f ra re d  spectrum  of compound 105a in d ic a ted  the  presence 

o f hydroxyl (3460 cm and a v a r ie ty  o f o le f in ic  groups (3060, 3030, 

1638, 905, and 882 cm ^ ) . U ltra v io le t  ab so rp tio n  a t  247 nm (16,000) 

was c o n s is te n t  fo r  a  conjugated  d iene. The p ro to n  nmr spectrum  of 

105a con tained  two m ethyl s in g le ts  a t  1.01 and 1.24 ppm. A d d itio n a lly , 

s e v e ra l  s ig n a ls  appeared downfield which were assigned  by re fe ren ce  

to  th e  known compound 104a. A sharp doub le t (J=3 Hz) a t  4.66 ppm 

was assigned  to  an a x ia l  p ro ton  desh ielded  by brom ine. A m u lt ip le t  

a t  4 .20  ppm was in d ic a t iv e  o f  a hydroxyl desh ie lded  m ethine p ro ton .

An ex o cy c lic  m ethylene group appeared as two s in g le ts  a t  4.84 and

5 .12  ppm. The th re e  rem aining o le f in ic  s ig n a ls  fo r  compound 105a, 

however, were found a t  s u b s ta n t ia l ly  d i f f e r e n t  chemical s h i f t s  from 

th e  s ig n a ls  of compound 1 0 ^ ,  see Table 1. The s in g le t  a t  6.13 ppm 

was assigned  to  th e  t r i s u b s t i tu te d  bromo o le f in ic  p ro to n . The coupling  

c o n s ta n ts  (J=10 Hz) fo r  th e  ab so rp tio n s  a t  5.95 and 6.24 ppm were con­

s i s t e n t  fo r  two c ls - o r ie n te d  o le f in ic  p ro to n s . The dow nfield s h i f t  

o f  th e  c is  o le f in ic  p ro to n s  in  compound 104a r e la t iv e  to  1 0 ^  i s  

due to  the  d e sh ie ld in g  e f f e c t  of brom ine. In  compound 105a, th e  

t r i s u b s t i t u t e d  b rom oolefin ic  bond has th e  E co n fig u ra tio n  w ith  th e  

bromine atom as f a r  away as p o ss ib le  from th e  c is  o le f in ic  bond. In
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Figure 12. Spectra of Chamigrene 105a.
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Figure 13. Spectra of Chamigrene 105b
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compound 104a. th e  t r i s u b s t i tu te d  b rom oolefin ic  bond has the  Z con­

f ig u r a t io n  b rin g in g  the  bromine atom in  c lo se  p rox im ity  to  th e  c is  

o le f in ic  p ro tons and d e sh ie ld in g  them. A d d itio n a lly , th e  p ro ton  geminal 

to  th e  bromine atom i s  sh ie ld ed  in  th e  Z isom er r e l a t iv e  to  the  E 

isom er because o f i t s  in c reased  d is ta n c e  from th e  d e sh ie ld in g  e f f e c ts  

o f th e  c i s  o le f in ic  bond.

RO.

Br

H

105a R=H 

IfiJ^  R=Ac

These d if fe re n c e s  in  the  chem ical s h i f t s  a re  w e ll i l l u s t r a t e d  

in  th e  o x id a tio n  product o f compound 10^  which was reported^^  by 

Suzuki and Kurosawa to  spontaneously  isom erize  about th e  b rom oolefin ic  

bond in to  the E (106) and Z (107) isom ers upon exposure to  l i g h t .

Table 1 summarizes the  chem ical s h i f t s  o f th e  c is  o le f in ic  and bromo 

o l e f in i c  p ro tons o f  the  compounds d iscu ssed .

Compound 105a was a c e ty la te d  w ith  a c e t ic  anhydride and p y rid in e  

to  y ie ld  an a c e ta te  105b. mp. 121-123“C. The p ro ton  nmr spectrum  of 

th e  a c e ta te  10^  e x h ib ite d  th e  same g en era l chem ical s h i f t s  as th e  

p a ren t a lco h o l 105a and th e  v a lu es  a re  a lso  summarized in  Table 1.
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Table 1

Chemical S h if ts  o f S e lec ted O le fin ic  Protons of 104-107

Compound -CH=CH- -CH=CH- C=Cpr 
(E o r Z)

b r  d d s

J=10 Hz J=10 Hz

105a^ 5.95 6.24 6.13 (E)

105b^ 5.88 6.23 6.10 (E)
2

106^ 5.75 6.39 6.26 (E)

104a^ 6.10 6.65 5.92 (Z)

104b^ 6.09 6.66 5.92 (Z)

104a^ 6.06 6.61 5.87 (Z)

104b^ 6.06 6.63 5.88 (Z)
2

107^ 5.95 6.80 6.00 (Z)

This work. 
'See Ref. 65.
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Br

106 107

Br

C h a ra c te r iz a tio n  of iso o b tu so l a c e ta te  (108)

The hexane f r a c t io n ,  f r a c t io n  E o f scheme I I ,  was chromato­

graphed over coarse  s i l i c a  g e l using  the  e lu t io n  sequence hexane, 

chloroform , e th y l a c e ta te ,  and m ethanol. Sephadex LH-20 chromatography 

of th e  chloroform  e lu a te  y ie lded  iso o b tu so l a c e ta te  (108), C^^H^gBrgClOg 

(high re s o lu t io n  mass spectrum ), as  c o lo r le s s  c r y s ta l s ,  mp. 170-173“C, 

la ljj +57.0 (CHClg). The presence of an a c e ta te  group was determ ined 

by in f r a re d  ab so rp tio n s  a t  1745 and 1235 cm and in  the  p ro ton  nmr

spectrum  by a methyl s in g le t  a t  2.11  ppm.

The rem ainder o f the  pmr spectrum  resem bled th a t  o f is o o b tu so l . 

Three qu a te rn ary  methyl s in g le ts  were p re se n t a t  1 .1 2 , 1 .32 , and 1.92 

ppm. The l a t t e r  s ig n a l was in  a range ty p ic a l  fo r  a m ethyl group de­

sh ie ld ed  by bromine and in  good agreement w ith  one of th e  m ethyl s ig n a ls  

in  i s o o b t u s o l . A  two proton m u lt ip le t  a t  4.46 ppm was c o n s is te n t  

w ith  two m ethine p ro to n s , each desh ie ld ed  by halogen. The sm all w idth  

o f th e  m u lt ip le t  in d ic a ted  th a t both  m eth ine p ro tons lack  a la rg e

67
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Figure 14. Spectra of Isoobtusol Acetate (108)
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co u p lin g . Hence, they were e q u a to r ia l  and th e  halogen atoms were 

a x ia l .  A d i s t i n c t  double t r i p l e t  a t  4 .83  ppm was assigned  to  a  m ethine 

d esh ie ld ed  by a c e ta te .  The presence o f a la rg e  d ia x ia l  coupling 

e s ta b lis h e d  th e  m ethine as  a x ia l ly  o r ie n te d . Two one pro ton  s in g le ts  

a t  4 .99 and 5.21 ppm were a sc e r ta in e d  to  be ex o cy c lic  m ethylene p ro to n s .

The p ro ton  nmr spectrum  of iso o b tu so l a c e ta te  in  CDClg a t  

270 MHz (see  experim ental) was g re a tly  re so lv ed  in  the  h igh f i e ld  reg io n , 

and p ro to n  decoupling experim ents e s ta b lish e d  th e  id e n t i ty  o f a l l  p ro ton  

s ig n a ls .  S p e c if ic a l ly ,  i r r a d ia t io n  o f the  acetoxy  d esh ie lded  m ethine 

p ro to n  a t  4 .83  ppm re s u l te d  in  a change in  th e  m u lt ip le t  a t  4.46 ppm, 

removed a sm all coupling from th e  double d o u b le t a t  2.40 ppm, and 

co lla p se d  th e  t r i p l e t  a t  2 .96 ppm to  a  d o u b le t. The rem aining coupling 

o f th e  2 .96 ppm t r i p l e t  was found to  be due to  geminal coupling  to  th e  

2 .40  ppm s ig n a l .  Hence the  p ro tons re so n a tin g  a t  2.96 and 2 .40  ppm 

a re  due to  a m ethylene group a ttach ed  to  a f u l l y  s u b s t i tu te d  carbon 

a s  shown in  p a r t i a l  s t r u c tu r e  A. The low f i e ld  a t  which th e se  p ro to n s  

re so n a te  in d ic a te  th a t  t h i s  methylene group i s  a l l y l i c .

I
-CHBr-CH0Ac-CH2-C=CH2

A

In  o rd e r to  determ ine w hether o r  n o t th e  bromine desh ie ld ed  

m ethine in  s t r u c tu r e  A was a lso  a tta ch e d  to  a f u l ly  s u b s t i tu te d  carbon, 

th e  spectrum  was reo b ta in ed  in  benzene-dg. Table 2 summarizes th e  

decoupled spectrum  in  benzene-d^. The two p ro to n  m u lt ip le t  observed 

a t  4 .46 ppm in  CDCl^ was re so lv ed  in  benzene-dg in to  two narrow  m u lt i­

p le t s  a t  4 .43  and 4.17 ppm. I r r a d ia t io n  of th e  bromine desh ie ld ed
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Table 2

I r r a d i a t io n  of Iso o b tu so l A cetate^ (108)

S ig n a l I r r a d 'd S ignal Obs'd Change Obseirved

4 .81 4.43 sharpened

3.12 b r  t  >d

2.30 dd-»d

4.17 2.77 sharpened

1.47 dq-»dt

2.77 4.17 sharpened

3.12 a f fe c te d

2 .30 4.81 dt-»dd

3.12 b r  t-»-br d

1.83 1.47 dq->br s

1.34 dq-^br s

1.34 3.12 sharpened

1.95 sharpened

1.83 a f fe c te d

^Experiments were c a r r ie d  ou t a t  270 MHz u s in g  benzene-dg a s  so lv en t.
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methine s ig n a l a t  4 .43 ppm re s u lte d  only in  a change of th e  acetoxy 

desh ie ld ed  m ethine in d ic a tin g  th a t  the  bromine b earing  carbon i s  a lso  

a tta ch ed  to  a q u a te rn ary  carbon. The c h lo rin e  desh ie lded  methine 

s ig n a l a t  4.17 ppm was found by decoupling to  be coupled only w ith  an 

ad jacen t m ethylene group to  form p a r t i a l  s t ru c tu re  B. Assignment of 

th e  s p e c if ic  lo c a tio n s  fo r  each halogen atom in  108 was a sc e rta in e d  by 

analogy w ith  th e  chem ical s h i f t s  observed in  iso o b tu so l.

I I
-C-CHC1-CH--C- 

I 2  I
B

The rem aining fo u r p ro tons were accounted fo r  in  two ad jacen t 

m ethylene groups, as  determ ined by decoupling to  form s tru c tu re  C.

I I
—C-CH„-CH_—C- 1 2 2 ,

C

A m easurable W-coupling was observed between th e  e q u a to r ia l  p ro tons

of s t ru c tu re  B, re so n a tin g  a t  4.17 and 3.12 ppm, w ith  th e  e q u a to r ia l

p ro tons o f s t ru c tu re  C, re so n a tin g  a t  1.47 and 1.34 ppm. Assuming an

overlap  o f th e  q u a te rn ary  carbons in  both  p a r t i a l  s t r u c tu r e s ,  s t ru c tu re s

B and C were combined to  form a cyclohexane r in g .  Since th e  presence
13o f fo u r qua tern ary  carbons was e s ta b lis h e d  from the  C-nmr, p a r t i a l  

s t ru c tu re  A and th e  gem inal dim ethyl group were in co rp o ra ted  in to  a 

cyclohexane r in g  which was sp iro  fused  to  the  f i r s t  cyclohexane r in g .

The bromine and m ethyl group were a tta ch ed  to  th e  rem aining qua ternary  

carbon to  d e fin e  th e  s t ru c tu re  fo r  iso o b tu so l a c e ta te .  Although is o ­

ob tu so l a c e ta te  was n o t h e re to fo re  rep o rted  as  a n a tu ra l  p ro d u c t, i t
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68was s y n th e t ic a l ly  a v a i la b le .  N atu ra l iso o b tu so l a c e ta te  was id e n t ic a l  

in  s p e c t r a l ,  p h y s ica l p ro p e r t ie s ,  and m ix ture  m elting  p o in t to  s y n th e t ic  

is o o b tu so l a c e ta te .

AcQ

Cl

Br

108

S tru c tu re  e lu c id a tio n  of P arguero l (109)

Although f r a c t io n s  E and F y ie ld ed  se v e ra l in te r e s t in g  com­

pounds, a t te n t io n  was a lso  focused on the  chloroform  e x tra c t  f r a c t io n  G 

(PS 1 .1 ) .  Sephadex LH-20 and s i l i c a  g e l chrom atographies of f r a c t io n  G 

le d  to  th e  is o la t io n  o f a p a le  yellow  g la s s ,  p a rg u e ro l (1 0 9 ). 185 mg,

[a] -4 0 .0  (c 0 .0 3 , CHClg). A ll a ttem pts to  c r y s ta l l i z e  p a rg u ero l f a i l e d .  

The m olecu lar ion  was no t observed in  the  h igh  re s o lu t io n  mass spectrum .

A peak corresponding  to  M^-18, however, was observed a t  440.13898 which
81i s  c o r r e c t  fo r  th e  form ula 022^ 32̂21̂  0^. Combustion a n a ly s is  e s ta b lis h e d  

th e  form ula o f p a rg u e ro l to  be 6228338^05» in d ic a tin g  s ix  degrees of 

u n s a tu ra tio n . The in f r a r e d  spectrum  d isp lay ed  a s tro n g , broad hydroxyl 

a b so rp tio n  a t  3380 cm ^ and a carbonyl ab so rp tio n  a t  1725 cm ^ in d ic a t iv e  

of a c e ta te .  The 270 MHz NMR spectrum  in  CDCl^ (F igure  16) rev ea led
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the  presence o f two q u a te rn ary  m ethyl groups a t  1.06 and 1.13 ppm and 

an a c e ta te  m ethyl group a t  2.07 ppm. A d d itio n a lly , two h igh  f i e ld  m u l t i ­

p le t s  a t  0.87 and 0.09 ppm in d ic a te d  th e  presence  of a cyclopropane r in g .
13The p ro ton  decoupled C m agnetic  resonance spectrum  rev ealed  th e  p resence  

of one t r i s u b s t i tu t e d  double bond (1 1 7 .4 (d ), 142 .9 (s ) ppm). The a c e ta te  

group was a lso  confirm ed by a  carbonyl s ig n a l  a t  170.5 ppm. The carbony l 

group, double bond, and cyclopropane r in g  account fo r  th re e  of th e  s ix  

degrees o f u n sa tu ra tio n  in  p a rg u e ro l. Three a d d itio n a l r in g s  a re  th e re fo re  

p re sen t in  p a rg u e ro l.

In  th e  270 MHz nmr spectrum , a  number o f s ig n a ls  due to  p ro to n s  

d esh ie ld ed  by heteroatom s was observed. A one p ro ton  m u lt ip le t  a t  3 .12  

ppm, was ass igned  to  a m ethine p ro ton  of a secondary hydroxyl group. This 

s ig n a l  i s  p re se n t a t  a h ig h e r f i e ld  p o s it io n  than norm ally expected f o r  a 

m ethine p ro ton  desh ie lded  by a hydroxyl group. This suggests th a t  th e  

p ro to n  l ik e ly  has an a x ia l  o r ie n ta t io n  in  a  r in g . An is o la te d  AB p a t te r n ,  

confirm ed by decoup ling , was observed a t  3 .38 and 3.52 ppm, J=12 Hz, and 

was assigned  to  a  prim ary a lco h o l a ttach ed  to  a  qua ternary  carbon. Three 

one-p ro ton  s ig n a ls  a t  3 .8 4 , 3 .9 5 , and 4.26 ppm were found by decoupling 

experim ents to  com prise an is o la te d  ABX sp in  system , in d ic a t iv e  o f an e th y l 

s id e  chain  w ith  v ic in a l  s u b s t i tu e n ts .  The l im it in g  coupling re q u ire s  th a t  

t h i s  s u b s t i tu te d  e th y l s id e  chain  be bonded to  a qua ternary  carbon.

I
-C-CHX-CH.Y

I ^

The rem aining dow nfield s ig n a l ,  a  tw o-proton d oub le t a t  5.35 ppm, was 

due to  th e  ov erlap  of th e  o le f in ic  hydrogen and a m eth ine p ro ton  de­

sh ie ld ed  by th e  a c e ta te  group. Since th i s  a c e ta te  m ethine appeared
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Figure 16. Spectra of Parguerol (109),
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a t  lower f i e l d  than  norm al, i t  was i n i t i a l l y  assumed th a t  th e  p ro ton  

was a lso  probably  a l l y l i c .

Upon a c é ty la t io n , parguero l y ie ld ed  a te t r a a c e ta te  (110a) 

in d ic a te d  by the  p resence o f four acetoxy m ethyl groups a t  2 .0 8 , 2 .0 8 , 

2 .1 0 , and 2.14 ppm in  the  nmr spectrum . The a d d itio n  o f th re e  new 

a c e ta te  groups to  pa rg u ero l in d ic a te s  th a t  a l l  f iv e  oxygens o f the  

form ula have been accounted fo r ,  and no e th e r  oxygen o r t e r t i a r y  

hydroxyl group i s  p re sen t in  p a rg u ero l. A cé ty la tio n  o f p a rg u e ro l 

(109) caused a downfield s h i f t  of s ig n a ls  in  th e  reg ion  of 3 to  6 

ppm. The s ig n a l a t  3.12 ppm in  p a rguero l s h i f te d  downfield by 1.29 

ppm, a change ty p ic a l o f a c é ty la tio n  o f a  secondary a lco h o l. The AB 

p a t te r n  o r ig in a l ly  a t  3 .38 and 3.52 ppm was s h if te d  to  3.71 and 4.04 

ppm su g g estin g  the presence of a prim ary a lco h o l a tta ch ed  to  a c h i r a l  

q u a te rn ary  carbon, see Table 3. The rem aining hydroxyl group and th e  

bromine atom must th e re fo re  be assigned  to  X and Y on th e  e th y l  s id e  

ch a in . Two p o ss ib le  o r ie n ta t io n s  can e x i s t ,  one w ith  th e  hydroxyl 

group on th e  prim ary carbon and bromine on th e  secondary. The o th e r 

o r ie n ta t io n  has the  bromine on the  prim ary carbon and th e  hydroxyl 

group on th e  secondary. In  th e  a c e ty la te d  p ro d u c t, two o f th e  p ro to n s , 

gem inally  coupled (J=12 Hz), o f the e th y l s id e  chain  a re  s h i f te d  to  

a g re a te r  e x te n t than  th e  th i r d  suggesting  th e  presence o f a  prim ary 

hydroxyl group and a secondary bromine.

I I
-C-CHOH-CH_Br -C-CHBr-CH_OHI z I /

The -CHBr-CHgOH arrangem ent was confirm ed by a s e r ie s  o f 

re a c tio n s  o r ig in a l ly  conceived to  t e s t  fo r  th e  presence o f an a l l y l i c
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a c e ta te .  Reduction o f p a rg u e ro l w ith  li th iu m  aluminum hydride to  th e  

t e t r a o l  followed by manganese d iox ide o x id a tio n  y ie ld ed  an a ldehyde, 

in d ic a te d  in  th e  NMR by a doub le t a t  9 .56  ppm. I r r a d ia t io n  o f th e  

a ldehyd ic  p ro ton  doub le t co llap sed  a  m ethine d o u b le t desh ie ld ed  by 

bromine a t  4.18 ppm. No o th e r  changes were observed in  th e  spectrum . 

The o th e r  hydroxyl groups were u n a ffec ted  by th e  o x id a tio n  which meant 

th a t  th e  a c e ta te  in  p a rg u e ro l was n o t a l l y l i c .

On the b a s is  o f th e  fo regoing  ev idence , th e  p ro tons re so n a tin g  

in  th e  reg io n  o f 3 to  6 ppm o f p a rg u ero l could be in co rp o ra ted  in  th e  

fo llo w in g  m o ie tie s  in v o lv in g  o le f in ic  or heteroatom  d esh ie ld in g .

I I I
-C-CH.OH -C-CHBr-CH,OH -CHOAc

* * I I
-ÇHOH -C=C-H

A key d i s t in c t iv e  fe a tu re  in  th e  NMR spectrum  o f p a rg u e ro l i s  

th e  p resence  o f cyclopropane pro ton  s ig n a ls .  I r r a d ia t io n  o f th e  

t r i p l e t  a t  0.17 ppm in  p a rg u e ro l a c e ta te  removed th e  sm all coupling  

from th e  double d oub le t a t  0.93 ppm and caused a  sharpening in  th e  

reg io n  o f 1.13 ppm. No changes were observed in  th e  spectrum  below

1.13  ppm upon i r r a d ia t io n  o f any of th e  cyclopropane pro ton  s ig n a ls  

su g g estin g  th a t  th e  cyclopropane r in g  was an is o la te d  AMX sp in  system . 

The m agnitudes o f the  coupling  c o n sta n ts  suggested  e i th e r  o f  th e  two 

fo llow ing  arrangem ents.

H

H H

H
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The form er s t ru c tu re  i s  considered  most l ik e ly  s in ce  i t  would re q u ire  

only  one non-coupling  arrangem ent, such as  qua tern ary  carbon attachm ent 

o r  ang le-dependent zero  co u p lin g . The l a t t e r  s t ru c tu re  i s  u n lik e ly  

because i t  would re q u ire  th re e  such non-coupling  arrangem ents in  o rder 

to  f i t  th e  o b se rv a tio n s .

Most o f th e  double i r r a d ia t io n  experim ents were c a r r ie d  out 

on th e  spectrum  o f p a rg u e ro l a c e ta te ,  see F igure  17, s in c e  the  s ig n a ls  

were more c le a r ly  re so lv e d . I r r a d ia t io n ,  in  th e  spectrum  o f th e  

t e t r a a c e t a t e ,  o f  th e  d oub le t a t  5.36 ppm, which was due to  th e  m eth ine 

p ro to n  desh ie ld ed  by th e  o r ig in a l  a c e ta te  group of p a rg u e ro l, was 

c a r r ie d  ou t to  in v e s t ig a te  th e  e x ten t o f t h i s  sp in  system . The sm all 

co up ling  co n stan t (J=4 Hz) o f th i s  do u b le t in d ic a te d  th a t  th e  neighboring  

p ro to n  was e q u a to r ia l .  I r r a d ia t io n  o f th e  doub le t s ig n a l  produced a 

change in  th e  reg io n  a t  1 .25 ppm and th e  l a t t e r  s ig n a l was fu r th e r  

coupled to  a doub le t a t  1 .94  ppm. No o th e r  changes were observed 

in d ic a t in g  an is o la te d  sp in  system. This sp in  system could  a r i s e  from 

th e  fo llo w in g  two p o s s ib le  arrangem ents.

I I
-CHOAc-CH^- -CHOAc-CH-CH-

The form er i s  p o s s ib le  i f  th e  assum ption i s  made th a t  one o f  th e  v ic in a l  

co u p lin g  c o n s ta n ts  i s  z e ro . This i s  p o s s ib le  in  c e r ta in  conform ations 

o f a  r i g i d  r in g  s t r u c tu r e .  The l a t t e r  s t r u c tu r e  i s  u n l ik e ly  s in ce  i t  

would re q u ire  bonding to  fo u r qua ternary  carbons. The m ethine p ro ton  

o f  th e  secondary a lco h o l appears as  a  double t r i p l e t  a t  4 .41  ppm in  th e  

t e t r a a c e ta te  spectrum . I r r a d ia t io n  o f th e  double t r i p l e t  s u b s ta n t ia l ly  

reduces th e  w idth  a t  1/2  h e ig h t o f a  broad t r i p l e t  a t  2.59 ppm in d ic a tin g
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Figure 17. Spectra of Parguerol Acetate (110a),
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Figure 18. Spectra of Parguerol Tribenzoate (110b)
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th a t  a  la rg e  d ia x ia l  coupling  was removed. Two o th e r changes a ls o  

o ccu rred . A doubled t r i p l e t  a t  2.29 ppm was reduced to  a doubled 

doub le t by removal o f  a sm all a x la l - e q u a to r la l  coupling and a  change 

occurred  a t  1.76 ppm. T his l a t t e r  change would have to  Invo lve  removal 

o f a  la rg e  d ia x ia l  coup ling  to  account fo r  th e  d ia l le d  t r i p l e t  appearance 

of th e  s ig n a l a t  4 .41  ppm. This r e s u lte d  In  th e  , ^pin system :

2.59-v 1.76 ~1.2
H OAc HK
r  I r  I

L I  I4 . 41 - ^  ® J l ^ 2 . 2 9

The p ro to n s  a t  2.29 and 1.76 ppm were a lso  gem inally  coupled to  each 

o th e r (J=12 Hz) and b o th  p ro to n s  were v lc ln a l ly  coupled to  an o th er 

p ro to n  In  th e  reg io n  a t  ~1.2 ppm. T his reg io n  con tained  s e v e ra l over­

lapp ing  s ig n a ls ,  so I t  was d i f f i c u l t  to  determ ine how many p ro to n s  

were a tta ch e d  to  In  th e  above s t r u c tu r e .  The c le a r  doubled t r i p l e t  

m u l t ip l ic i ty  o f th e  2.29 ppm s ig n a l suggested  th a t  th e re  was only  one 

p ro to n  on C^.

The broad t r i p l e t  a t  2.59 ppm was assumed to  be due to  an 

a l l y l i c  p ro ton  from I t s  chem ical s h i f t .  I r r a d ia t io n  o f t h i s  s ig n a l .

In  a d d itio n  to  a f f e c t in g  th e  doubled t r i p l e t  a t  4 .41 ppm, produced 

some changes In  th e  re g io n s  o f 2.02 and 1.32 ppm In d ic a tin g  th a t  I t  

was coupled to  a m ethylene group. A broad d oub le t a t  2.47 ppm, a lso  

assumed to  be an a l l y l i c  p ro ton  from I t s  chem ical s h i f t ,  was v lc ln a l ly  

coupled to  the  o le f in ic  p ro ton  s ig n a l a t  5 .40  ppm, gem inally  coupled 

to  a  s ig n a l  a t  1.82 ppm, and fu r th e r  coupled to  a  s ig n a l a t  2.02  ppm 

(J=4 H z). The p a r t i a l  s t ru c tu re  above can now be expanded to  th e
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fo llo w in g :

e

X

2.02 2.59 <vl.2
H H OAc H H, ja  1 ja  ja

I I I  I
1.32-fH  C— H H

Il *
C--H<-5.40

1 .82-t H—  C—H f-2.47
I

— C"“ H <-2.02
I

The number and m u l t ip l ic i ty  of th e  p ro to n (s) in  th e  reg io n  

n e a r 2 ppm had to  be a sc e r ta in e d . S ince t h i s  reg io n  was obscured by 

a c e ta te  m ethyl s ig n a ls ,  th e  tr ib e n z o a te  e s te r  fllOb") of p a rg u e ro l 

(109) was made, bu t i t s  nmr spectrum was n o t p a r t i c u la r ly  h e lp fu l .  

However, th e  nmr spectrum  of pa rg u ero l a c e ta te  in  benzene-dg proved 

to  be more u s e fu l .  S o lven t-induced  s h i f t s  had more c le a r ly  reso lv ed  

th e  s ig n a ls  in  the  re g io n  n ear 2 ppm. A double double d o u b le t unob­

scured  by any o th e r s ig n a ls  appeared a t  2 .05  ppm. From decoup ling , t h i s  

p ro to n  was shown to  be e q u a to r ia l ly  coupled to  a broad t r i p l e t  a t  2.78 

ppm (corresponding  to  th e  2.59 ppm s ig n a l  in  CDClg), gem ina lly  coupled 

to  a  s ig n a l  a t  1.26 ppm and fu r th e r  coupled to  a broad d o u b le t a t  2.45 

ppm. T his l a s t  coupling  i s  s ig n if ic a n t  in  th a t  i t  a llow s th e  ends of 

th e  p a r t i a l  s t ru c tu re  above to  be connected to  form a r in g .  Two con­

n e c tio n s  a re  p o s s ib le ,  one to  form a five-membered r in g  and th e  o th e r 

to  form a six-membered r in g .
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2.05
OAc

2.45

2.05
*■

H OAc

H

2.45

The su b s tru c tu re  w ith  th e  f iv e  membered r in g  can be ru le d  out because 

i t  would re q u ire  coup ling  o f  the  s ig n a l  a t  2.05 ppm to  fo u r p ro ton  

s ig n a ls  r a th e r  th an  th e  th re e  observed . In  a s ix  membered r in g ,  a 

lo g ic a l  mechanism to  e x p la in  th e  coup ling  between th e  s ig n a ls  a t  2.45 

and 2.05 ppm i s  W -coupling between 1 ,3 -d ie q u a to r ia l  hydrogens. The 

W -coupling in  th i s  p a r t i a l  s t ru c tu re  i s  abnorm ally la rg e  (J=4 Hz) fo r  

a  cyclohexane r in g ,  th e  normal range being  about 1 Hz. Large couplings 

a re  c h a r a c te r i s t ic  o f  th e  more h ig h ly  s tra in e d  r in g s .

The p a r t i a l  s t ru c tu re s  in fe r r e d  thus f a r  from th e  nmr d a ta  

can now be summarized as  fo llow s.

-CHBrCHgOH

-CH,

-CH.

I
-CHgCHOAc -CHgOH

H H
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These p a r t i a l  form ulas account fo r  a l l  atoms o f th e  m olecu lar form ula 

o f pa rg u ero l excep t fo r  one carbon atom which must be q u a te rn ary . 

F u rth e r in fo rm ation  was n ecessary  to  combine th e se  fragm ents.

Comparison o f th e  chem ical s h i f t s  o f pa rg u ero l and parguero l 

a c e ta te  re v e a l t h a t ,  in  a d d itio n  to  th e  s u b s ta n t ia l  dow nfield s h i f t s  

experienced by th e  a -p ro to n s  of th e  a lco h o ls  upon a c é ty la t io n ,  a l l  

th re e  cyclopropane p ro to n s  show s ig n i f ic a n t  dow nfield s h i f t s ,  see  

Table 3. The on ly  a lco h o l co n ta in in g  m oiety which, when d i r e c t ly  bound 

to  th e  cyclopropane r in g ,  would induce such s h i f t s  i s  th e  hydroxy- 

m ethylene group, -CH^OH. On th e se  grounds, th e  cyclopropane segment 

could be extended to  form.

H CHLOH

H
H

In  o rd e r to  s im p lify  th e  h igh  f i e ld  reg ion  in  th e  nmr spectrum  

o f p a rguero l and i t s  a c e ta te ,  an ozo n o ly sis  was c a r r ie d  o u t. This 

was accom plished in  th e  hope th a t  i t  would remove th e  long  range coupling  

observed in  th e  cyclohexene r in g  and h o p efu lly  s h i f t  p ro to n s  to  le s s  

congested a reas  o f  th e  nmr spectimm. O zonolysis o f p a rg u e ro l a c e ta te  

in  m ethanol-m ethylene c h lo rid e  fo llow ed by dim ethyl s u l f id e  red u c tio n  

y ie ld e d  a d im ethyl a c e ta l  (111). The 270 MHz spectrum  o f  th e  a c e ta l  

in  benzene-dg re v e a le d  fo r  the  f i r s t  tim e, a l l  th re e  cyclopropane 

p ro to n s  unobscured by o th e r  s ig n a ls .  I r r a d ia t io n  o f th e  t r i p l e t  a t  

-0 .3 6  ppm removed a  sm all coupling from each of th e  double d o u b le ts  

a t  0.49 and 0 .98  ppm. A d d itio n a lly , th e  s in g a l a t  0 .98  ppm was s l ig h t ly
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Figure 19. 13C-NMR (CDClg) Spectra of 109 and 110a
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more broadened than  th e  s ig n a l a t  0.49 ppm in d ic a tin g  a long range 

co u p lin g . I r r a d i a t io n  o f the  s ig n a l a t  2.02 ppm produced a p e rc e p tib le  

sharpen ing  o f  th e  double doublet a t  0 .98  ppm. The s ig n a l  a t  2.02 ppm 

i s  a lso  gem inally  coupled (J=16 Hz) to  a  p ro ton  a t  1.28 ppm which i s  in  

tu rn  coupled (J=5 Hz) to  th e  m ethine desh ie ld ed  by a c e ta te  a t  5.30 

ppm. The only  arrangem ent p o ss ib le  to  e x p la in  th e se  coup lings a lso  

invokes the  use o f two zero coup lings.

2.02 5 .30  0.98

OAc
1.28

T his c le a r ly  in d ic a te s  th a t  th i s  m oiety i s  held  in  a r i g i d  r in g  

system  w ith  th e  cyclopropane o rie n te d  a x ia l ly  and th e  p ro to n s  a t  2.02  

and 0.98 ppm he ld  e q u a to r ia l ly . A niso tropy of th e  cyclopropane r in g  

p ro v id es  an e x p lan a tio n  fo r  the  abnorm ally low f i e ld  p o s i t io n  o f the  

m eth ine desh ie ld ed  by a c e ta te .

The NMR spectrum  of th e  a c e ta l  a lso  d isp lay ed  a  double 

d o u b le t a t  0 .88 ppm. This was shown to  be coupled (J=3.4  Hz) to  th e  

double t r i p l e t  a t  2 .40  ppm and d ia x ia l ly  coupled (J=13.9 Hz) to  a  s ig n a l  

a t  1 .98 ppm, b o th  o f which were f u r th e r  coupled to  a  m eth ine pro ton  

d esh ie ld ed  by an a c e ta te  group, in d ic a t in g  th e  fo llow ing  p a r t i a l
I I

s t r u c tu r e ,  -CH-CHg-CHCOAc). This re in fo rc e s  th e  assum ption made e a r l i e r  

in  th e  d isc u ss io n  o f  th e  cyclohexene-con ta in ing  su b s tru c tu re  th a t  th e  

secondary a lco h o l o f  p a rguero l was coupled to  a m ethylene group which



Table 3
270 MHz Chemical S h if ts  fo r  P arguero l and R elated  Compounds

109 110a 110a 110a 110b 111 111 118 119 120 121 122 122 123
a a c b a a b a a a a a b a

la x 0.88 1.35 1.42 1.28 1.21 1.26 1.65 1.88 1.29
leq 1.94 1.89 1.69 2.00 1.96 2.02 1.94 1.89 1.91 1.68 1.82
2 5.35 5.36 5.27 5.34 5.40 5.32 5.30 5.36 5.29 5.28 4.96 4.95 4.88 4.97
3 1.04 1.13 1.08 1.01 1.16 0.98 1.04 0.79 0.78 2.48 2.11 2.54
5 0.97 0.88 1.06 1.14
6ax 1.76 1.74 1.86 1.97 1.98 1.68 1.70 1.85 1.88 1.78
6eq 2.29 2.25 2.36 2.57 2.48 2.40 2.12 2.16 2.38
7 3.12 4.41 4.31 4.58 4.69 4.42 4.56 3.15 3.16 4.38 3.29 4.50 4.58 3.27
8 2.59 2.62 2.78 2.92 3.07 3.12 2.22 2.56 2.60 2.75 2.45
11 5.35 5.40 5.38 5.12 5.46 4.54 4.57 5.35 5.34 5.36 5.44 5.48 5.15 5.44
12ax 1.82 1.78 1.60 1.86 1.75 1.92 1.79 1.82 1.82 1.62
12eq 2.47 2.45 2.45 2.51 1.75 1.92 2.45 2.40 2.43 2.45 2.48 2.45
14ax 1.32 1.26 1.43 1.21 1.45 1.38 1.35 1.33 1.35 1.25
14eq 2.02 1.97 2.05 2.18 2.52 2.74 2.34 2.25 2.02 2.05
15 4.26 4.49 4.47 4.21 4.42 4.24 4.42 4.60 4.27 4.53 4.29 4.49 4.24 4.28
16a 3.84 4.27 4.13 4.52 4.49 4.42 4.67 4.23 3.83 4.28 3.84 4.25 4.50 4.60
168 3.95 4.31 4.19 4.52 4.83 4.57 4.77 4.26 3.90 4.28 3.94 4.30 4.50 4.28
17 1.06 1.05 1.06 0.91 1.08 0.96 1.09 1.06 1.04 1.02 1.08 1.05 0.88 1.09
ISendo 0.09 0.17 0.17 -0 .2 5 0.27 0.20 -0 .3 6 0.08 0.01 0.01 0.72
ISexo 0.87 0.93 0.94 0.56 1.04 0.98 0.49 0.87 0.66 0.65 1.35
19a 3.38 3.71 3.74 3.56 3.90 3.72 3.56 3.42 1.02 1.00 1.10
198 3.52 4.04 3.96 3.85 4.36 4.10 3.76 3.48 1.02 1.00 1.41
20 1.13 1.16 1.12 1.20 1.28 1.38 1.26 1.13 1.12 1.12 1.21 1.21 1.26 1.22
OAc 2.07 2.08 2.02 1.64 2.04 2.06 1.61 2.07 2.05 2.08 2.03 2.02 1.61 2.03
OAc 2.08 2.03 1.71 2.09 1.65 2.11 2.10 2.05 1.66 2.11
OAc 2.10 2.06 1.73 2.11 1.74 2.14 2.11 1.69
OAc 2.14 2.08 1.77 2.13 1.84

a \o

CDCl3' CCI,
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Table 4

Induced S h if ts  of Pro ton  NMR S igna ls  fo r  110a

P ro ton CCI4 Eu(fod)g (.3 2 :1 ) Eu(fod)g ( .7 5 :1 )

la x 1.95
leq 1.89 3.12 4.79
2 5.27 7.33 10.14
3 1.08 2.50 4.32
5 1.95 2.96
6ax 1.74 2.95 4.62
6eq 2.25 3.62 5.55
7 4 .31 5.74 7.88
8 2.62
11 5 .38 5.74 6.22
12ax 1.78 2.13
12eq 2.45 2.81
14ax 3.93
14eq 1.97 2.90
15 4.47 5.17 6.29
16a 4.13 4.67 5.40
163 4.19 4.78 5.55
17 1.06 1.21 1.40
ISendo 0.17 0.62 1.20
ISexo 0.94 1.50 2.14
19a 3.74 5.17 7.04
193 3.96 5.40 7.32
20 1.12 2.09 3.39
OAc 2.02 2.69 3.62
OÀC 2.03 3.21 4.90
OAc 2.06 3.36 5.05
OAc 2.08 3.56 5.62



Table 5
270 MHz Coupling C onstants fo r  P arguero l and R elated  Compounds

m 110a llO a^ 110b m 120 118 121 111^

lax 6,15
leq 15 15
2 5 5 5 6 5 6 5 5
3 6,11 6,10 7,11
5 3,14
6ax 10,11,13 12 , 12,12 12, 12,12
6eq 4 ,4 ,12 4 ,4 ,13 4 ,4 ,13 3 ,5 ,13
7 5 ,10 ,10 5,11 ,11 4,11 ,11 5 ,10 ,10 5,11 ,11 5,10 ,10 6 , 12,12
8 10,10 11,11
11 5 2 , 2 .5 ,6 6.6 6 6 6.7 6.5 6
12ax 3 ,4 ,1 8 2 ,4 ,18
12eq 18 18 7,18
14ax 11,14 14
14eq 4 ,6 ,1 4 15 4 ,6 ,15 8,14
15 3,9 9 .5 4,9 4,10 4,8
16a 3,12 3,12 12 4,12
168 9,12 9,11 8,12
17
ISendo 5 .4 5 .5 6 6 5.6 5 6 6
18exo 5,10 5,10 5,11 5,11 5,11 4,10 5,11 5,11
19a 12 12 12 12 13 12
198 12 12 12 12 13 12
20

o\
N3

d e te rm in e d  in  benzene-dg
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was in  tu rn  coupled to  only  one o th er p ro to n . The a c e ta l  (111) was 

hydrolyzed and oxid ized  w ith  Jones reagen t to  th e  ac id  (112) in  o rd e r 

to  remove th e  methoxy groups whose s ig n a ls  obscured th e  s ig n a l a t  

3.12 ppm (corresponding to  th e  s ig n a l a t  2.59 ppm in  CDCl^ fo r  ^ lO a ) .

AcQ

OAc
OAc

111 R = -CH(0Me)2

112 R = -COgH

Reduction of p a rg u e ro l w ith  z in c -a c e tic  acid  y ie ld ed  a 

m ixture  o f  p ro d u c ts , one of which contained  an is o la te d  v in y l group. 

This i s  conceivably  formed from th e  1 ,2 -e lim in a tio n  of hydroxyl and 

bromine from th e  s u b s t i tu te d  e th y l  s id e  ch ain . The NMR spectrum  of 

th e  re d u c tio n  product c o n ta in ed , among o th e r s ig n a ls ,  a  one p ro to n  

double d o u b le t a t  5 .73 ppm and two one p ro ton  overlapp ing  d o u b le ts  

cen te red  a t  4.89 ppm which form an ABX system . I r r a d ia t io n  o f th e  

s ig n a l a t  5 .73 ppm, in  a d d it io n  to  co lla p s in g  th e  d o u b le ts  a t  4 .89  ppm, 

a lso  sharpened s l ig h t ly  a m ethyl group s ig n a l a t  1.05 ppm. This 

sh arp en in g , due to  W-coupling o r  a NOE e f f e c t ,  e s ta b lis h e d  th e
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Figure 20. Spectra of Acetal 111.
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0  PPM

F igure  21. 270 MHz NMR Spectrum of 111 in  Benzene-d
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prox im ity  o f a  m ethyl group to  th e  e th y l s id e  ch ain , forming th e  

expanded p a r t i a l  s t r u c tu r e :

I
CHgCCHBrCHgOH

Assembly of th e  p a r t i a l  s t ru c tu re s  to  form th e  completed 

d ite rp e n e  s t ru c tu re  was aided  by re fe re n ce  to  known^^ d ite rp e n e  

sk e le to n s . The p resence  o f a geminal m ethyl e th y l m oiety in  p a rg u ero l 

q u ick ly  narrowed the  p o s s ib le  cho ices to  th e  pimarane sk e le to n . The 

pim arane sk ele to n  i s  c o n s is te n t w ith  a l l  o f  th e  d a ta  i f  i t  i s  assumed 

th a t  one of th e  gem-dimethyIs i s  jo in ed  to  C-3 to  form a cyclopropane 

r in g .  S everal fe a tu re s  a re  a t  once n o tic e a b le  in  th e  s t ru c tu re  of 

p a rg u e ro l w ith  re sp e c t to  o th e r pim aranes. F i r s t ,  th e  cyclopropane 

r in g  i s  a novel f e a tu re  in  pim aranes. Only a  few examples o f gem-

dim ethyl involvement in  r in g  c lo su re  e x i s t  in  d ite rp e n e s , and they
71 72a re  in  th e  rosane sk e le to n  (113) to  form the  devadarenes (114 ).

A nother fe a tu re  i s  th e  uncommon s u b s t i tu t io n  a t  C-2 and C-7. Oxygen

fu n c t io n a l i ty  i s  most o f te n  seen a t  C-3. The double bond a t  p o s it io n  
739 (1 1 ) , i s  a lso  r a r e ,  th e  u sual p o s it io n s  being a t  7, 8 (1 4 ), o r  15.

17 Br

OH11

AcQ

DH
OH

109 113 114
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M olecular models o f parguero l dem onstrate v e ry  w e ll th a t  I f  

th e  cyclopropane i s  a -o r ie n te d , th e re  i s  a  90® re la t io n s h ip  between 

and Hg and a lso  between and This accounts fo r  th e  lack

of coupling  between th e se  re sp e c tiv e  p ro to n s . Also and a re

id e a l ly  su ite d  fo r  th e  W-coupling in te r a c t io n  which would e x p la in  th e  

broadened appearance o f

R ecently , s e v e ra l  new techn iques in  d a ta  m an ipu la tion  have 

emerged in  F o u rie r transfo rm  (FT) NMR. Many o f th ese  tech n iq u es  involve 

computer a l t e r a t io n  o f  th e  f re e  in d u c tio n  decay (FID). One such mani­

p u la tio n  th a t  has been used freq u e n tly  in  th e  NMR s tu d ie s  o f p ro te in s  

and o th e r  macromolecules i s  s in e  b e l l  re s o lu t io n  enhancement (SBRE).

To e f f e c t  SBRE, a normal FID i s  acqu ired  which i s  then  f i l t e r e d  w ith  

a s in u so id a l window fu n c tio n  a v a ila b le  in  standard  FT-NMR so ftw are .

This procedure zeroes ou t th e  beginning o f th e  FID and a l t e r s  the  

lin e sh ap e  of th e  s ig n a ls .  The broad components o f th e  spectrum  are  

removed by th i s  technique w hile  the  sh a rp e r l in e s  a re  emphasized.

The SBRE tech n iq u e  has been ap p lied  to  th e  360 MHz spectrum  

of p a rg u e ro l a c e ta te .  Even a t  th i s  h igh  f i e ld  s tre n g th , th e  o le f in ic  

p ro to n  c o n s is te n tly  appeared in  th e  norm al FT spectrum  on ly  as  a 

broadened d o u b le t, a lthough  i t  i s  coupled v ic in a l ly  to  two pro tons 

and a l l y l i c a l l y  to  one p ro to n . SBRE a t  360 MHz rev ea led  th a t  th e  

o le f in ic  s ig n a l a t  5 .40  ppm was indeed a double t r i p l e t  w ith  one la rg e  

coup ling  co n stan t and two sm all coupling  co n stan ts  (J= 6 ,2 ,2  Hz). 

I r r a d ia t io n  o f th e  broad t r i p l e t  a t  C-8  (2 .59 ppm) co lla p se d  the  

double t r i p l e t  to  a double doublet by removing a sm all a l l y l i c  coupling . 

L ikew ise, i r r a d ia t io n  o f th e  s ig n a l a t  1.82 ppm (Hj^2ax^ removed a
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I r r a d i a t io n  o f H-12eq (2 .47  ppm)

I r r a d ia t io n  o f H-8  (2 .59 ppm)

— A i u

-— -  I r r a d ia t io n  of 12ax (1 .82  ppm)

- J J U — — J i * .

Normal Spectrum

T ~
5 . 6

I r 
5 . 0

F igure  22. SBRE of pa rg u ero l a c e ta te  (110a) a t  360 MHz.
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sm all co u p lin g . The same I r r a d ia t io n s  w ithou t SBRE only  very  s l i g h t ly  

sharpened th e  o le f in ic  d o u b le t and n e i th e r  o f  th e  sm all coupling  con­

s ta n t s  could be m easured. Using SBRE, the  o le f in ic  s ig n a l  i s  reduced 

to  a  broad t r i p l e t  by i r r a d i a t i o n  o f th e  ®j^2eq Photon (2 .47 ppm).

See f ig u re  22. In  a d d it io n , a hom oally lic  coupling  (J=2 Hz) was 

d e te c te d  between Hg and

Another re c e n tly  in tro d u ced  techn ique which has proven u s e fu l 

i s  d if f e re n c e  spec tro scopy . This has been a p p lied  to  sp in  decoupling 

and n u c le a r  Overhauser enhancement (NOE) experim en ts. D iffe ren ce  

double resonance spectro scopy  (DDR) * i s  accom plished by th e  

a c q u is i t io n  of two s p e c tra ,  one w ith  th e  decoupling frequency s e t  a t  

th e  p ro to n  s ig n a l  to  be decoupled and ano ther w ith  th e  decoupling 

frequency s e t  in  a b lank  re g io n  o f th e  spectrum  ( e .g . , 8 ppm) a s  a 

c o n tro l .  The sp e c tra  a re  then  d ig i t a l l y  s u b tra c te d . Those s ig n a ls  

which experience  no change by i r r a d ia t io n  o f th e  p ro to n  in  q u estio n  

a re  n u lle d  w hile  those  ex p erien c in g  a  change rem ain. The p a t te rn  

o f th e  changed s ig n a l i s  g e n e ra lly  centrosym m etric w ith  th e  unpertu rbed  

s ig n a l  appearing  on one s id e  o f  th e  b a se lin e  and th e  p e rtu rb ed  s ig n a l 

appearing  on the  o th e r  s id e .  See F igure  23. This techn ique  i s  ex­

trem ely  u s e fu l  in  re s o lv in g  s ig n a ls  hidden in  a  complex ab so rp tio n  

envelope co n ta in in g  s e v e ra l  p ro to n  resonances.

An example o f DDR i s  shown in  f ig u re  23. Upon i r r a d ia t io n  

o f th e  double t r i p l e t  a r i s in g  from H-7 (4.58 ppm), th e  resonances 

o f th e  a l l y l i c  a x ia l  p ro to n  a t  C-8  and o f th e  m ethylene group a t  C-6  

a re  th e  only  s ig n a ls  a f f e c te d .  A ll o th e r  s ig n a ls  have been removed.

The s ig n a ls  b e fo re  decoupling  appear above th e  b a s e l in e  w hile th e



I r r a d ia t io n  a t  8 ppm (co n tro l)

DDR Spectrum

Ir r a d ia t io n  a t  4.58 ppm

Normal Spectrum

5 . 5 5 . 0 3 . 5 3 . 0 2 . 5 2 . 0

o

F igure 23. DDR Spectrum of P arguero l a c e ta te  (110a) in  benzene-dg.



71

s ig n a ls  a f t e r  decoupling appear below. Note th a t  s ig n a ls  o f p ro to n s  

having chem ical s h i f t s  c lo se  to  th a t  o f  th e  p ro ton  being i r r a d ia te d  

appear even though no coupling  e x is t s  between them. This i s  due to  

th e  B lo ch -S ieg ert s h i f t . T h e  s ig n a ls  on e i th e r  s id e  o f th e  i r r a d ia t io n  

p o in t w i l l  be s h if te d  away from th a t  p o in t and, when DDR i s  employed, 

th e  peaks do no t match and a re  n o t c an ce lled . This e f fe c t  drops o f f  

w ith  in c re a s in g  chem ical s h i f t  d if fe re n c e  and i s  dependent on th e  

power o f th e  i r r a d ia t io n  frequency .

D iffe ren ce  spectroscopy  may a lso  be used to  determ ine NOE 
75 78e f f e c t s .  * In  a ty p ic a l  N uclear Overhauser Enhancement D iffe ren ce  

Spectroscopy (NOEDS) experim ent, two sp e c tra  a re  acquired a l t e r n a te ly  

w ith  and w ithou t gated decoupling to  reduce e f f e c t s  due to  sm all d r i f t s  

in  th e  m agnetic f i e ld .  Gated decoupling e lim in a te s  problems a s so c ia te d  

w ith  sp in  decoupling o r  B lo ch -S ieg ert s h i f t s .

As in  DDR, a l l  s ig n a ls  a re  n u lle d  excep t those exp erien c in g  

a  NOE e f f e c t .  In  the  s t ru c tu re  e lu c id a tio n  of p a rg u e ro l, NOEDS was 

o f  g re a t  v a lue  in  determ ining  th e  s te reo ch em istry  about C-13 s in c e  

bo th  pim aranes and isop im aranes, which d i f f e r  in  th e i r  c o n fig u ra tio n  

about C-13, a re  w e ll k n o w n . I r r a d i a t i o n  o f th e  a x ia l  p ro ton  a t  C-8  

would re so lv e  th e  q u estio n , s in c e  i t  can e n te r  in to  a 1 ,3 -d ia x ia l  

r e la t io n s h ip  w ith  one o r  b o th  o f th e  m ethyl groups in  p a rg u ero l 

depending on th e  C-13 s te reo ch em is try . When th e  C-8  p ro ton  was 

i r r a d ia te d ,  only one o f th e  m ethyl groups experienced  a NOE e f f e c t .

The p ro to n  a t  C-15 a lso  experienced  an e f f e c t  s in c e  i t  too i s  1 ,3 - d i ­

a x ia l  w ith  th e  p ro ton  a t  C-8 . Thus, th e  co n fig u ra tio n  a t  C-13 in  

p a rag u ero l i s  l ik e  th a t  fo r  th e  pimarane sk e le to n , and p a rg u e ro l can
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F igure 24. NOE D iffe ren ce  Spectrum of P arguero l A cetate  (110a).
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be classified as a 3a»18-cyclo-23-acetoxy-7g,16,19-trihydroxy-15-
brom opim ar-9(11) -e n e .

In  o rder to  determ ine th e  a b so lu te  c o n fig u ra tio n  o f p a rg u e ro l,

th e  c i r c u la r  d ichro ism  (CD) curve o f th e  a c e ta l  (111) was o b ta in ed .
79S eco gorgostero l (115) was s e le c te d  as a model fo r  com parison. S ince 

th e  a c e ta l  d isp lay ed  a  p o s i t iv e  Cotton e f f e c t  (+6374“) w hile  the  

d ia c e ta te  o f  seco g o rg o ste ro l d isp lay ed  a  n e g a tiv e  Cotton e f f e c t  

( - 10 , 000“) ,  i t  was t e n ta t iv e ly  concluded th a t  p a rg u e ro l had th e  ab­

s o lu te  c o n fig u ra tio n  o p p o site  to  th a t  i l l u s t r a t e d  in  t h i s  work. I t  

should be noted  th a t  t h i s  i s  a  v ery  te n ta t iv e  assignm ent because th e re  

a re  s ig n i f ic a n t  s t r u c tu r a l  d if f e re n c e s  in  th e  d e c a lin  p o rtio n s  o f th e

two compounds.

HO

A cQ

OAc HO
GAc

m 115

The s t r u c tu r a l  fragm ents deduced from th e  chem ical and s p e c t r a l

a n a ly s is  o f p a rg u ero l and i t s  d e r iv a t iv e s  were p rocessed  in  th e  C0N6EN

computer program. CONGEN i s  a program fo r  co m p u te r-a ss is ted  s t ru c tu re
80e lu c id a tio n  developed by th e  DENDRAL group a t  S tan fo rd  U n iv e rs ity .

In  a d d itio n  to  109. two o th e r  s t ru c tu re s  116. 1 ^  (s te reo iso m ers  n o t 

co n sidered ) were generated  by th e  program. S tru c tu re  109. however.
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i s  th e  only  which i s  chem ically  s e n s ib le .

OH

HO

AcO

OH

AcQ

HO
HO.

HO

m116

M olecular models o f 116 and 117 were made to  determ ine i f  

t h e i r  geom etries were c o n s is te n t  w ith  th e  s p e c tra l  a n a ly s is .  In 

s t ru c tu re  116, sev e re  s t e r i c  in te r a c t io n s  were encountered between the  

double bond and th e  m ethine desh ie lded  by an a c e ta te  group. In 

a d d it io n , t h i s  p ro to n  forms a 120® ang le  w ith  each p ro to n  on the  ad­

ja c e n t  m ethylene group. Since the  m u l t ip l ic i ty  of th e  m ethine p ro ton  

would be more complex th an  a c tu a lly  observed , s t ru c tu re  1^  can be 

ru le d  o u t. S tru c tu re  117 a lso  encoun ters a s im ila r  c o n s t r a in t ,  The 

ace to x y -d esh ie ld ed  m ethine p ro ton  in  117 forms a 180® an g le  w ith  a 

cyclopropane p ro to n . C le a r ly , a  s ig n i f ic a n t  coupling between th ese  

two p ro to n s  would have been observed. From th e  model, th e  p ro ton  in  

117, corresponding to  H-8  in  s t ru c tu re  109, must be e q u a to r ia l .  

I r r a d ia t io n  o f t h i s  p ro to n  could n o t produce th e  observed NOE e f f e c t  

on bo th  th e  m ethyl group and th e  -CHBr- group i f  s t ru c tu re  117 were 

co n sid e red .
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Characterization of Parguerol 16-acetate (118)
F u rth er Sephadex LH-20 and s i l i c a  g e l chrom atographies o f 

f r a c t io n  G follow ed by p u r i f ic a t io n  by HPLC led  to  th e  i s o la t io n ,  in  

t r a c e  q u a n t i t ie s ,  of an o i l  which c r y s ta l l iz e d  as w hite  n e e d le s , mp. 

121-123“ , [a]jj -4 0 .5  (c . 0 .4 0 , CHClg). A d oub le t in  th e  low re s o lu t io n  

mass spectrum  a t  m/e 480, 482 was c o n s is te n t w ith  the  form ula Cgy^H^^BrOg. 

Hydroxyl and a c e ta te  f u n c t io n a l i t ie s  were c le a r ly  in d ic a te d  in  th e  

in f r a r e d  spectrum  by ab so rp tio n s  a t  3400, 1742, and 1726 cm The 

p ro to n  nmr spectrum  was n e a r ly  id e n t ic a l  to  th a t  of p a rg u e ro l (109) 

excep t fo r  th e  p resence  o f an a d d it io n a l a c e ta te  m ethyl group a t  2.11  

ppm and a  dow nfield s h i f t  o f th e  p ro tons on C-16 to  4 .23 and 4 .26  ppm.

I t  was concluded th a t  t h i s  compound was pa rg u ero l 1 6 -a c e ta te ,

^24^35^^^6* th a t  th e  mass ions observed a t  m/e 480, 482 re p re se n t 

M^-HgO. A cé ty la tio n  o f pa rg u ero l 1 6 -a c e ta te  produced a compound 

whose nmr was superim posable w ith  th a t  of p a rg u ero l p e ra c e ta te  (110) 

th u s  confirm ing th e  s t ru c tu re  and s te reo ch em istry  of p a rg u e ro l 16- 

a c e ta te .

OAc

AcQ

OH

OH

118
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Figure 25. Spectra of Parguerol 16-Acetate (118)
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Characterization of Deoxyparguêrol (119)
F u rth e r  s i l i c a  g e l chromatography o f th e  Sephadex LH-20 

f r a c t io n  which had y ie ld e d  p a rg u e ro l y ie ld e d  deoxyparguerol (1 1 9 ), 

ob ta ined  as a  c le a r  c o lo r le s s  g la s s ,  [ct]g -3 5 .8  (c . 0 .6 2 , CHClg).

The h ig h e s t mass ions observed in  th e  low re s o lu tio n  mass spectrum  

of deoxyparguerol appeared a t  m/e 422, 424, c o n s is te n t w ith  a  form ula 

o f ^22®^31®^^3 (^o^Gver, see  th e  mass spectrum  derived  form ula fo r  

deoxyparguerol a c e ta te  below ). The p resence  of hydroxyl was in d ic a te d  

by an in f r a re d  ab so rp tio n  o f 3360 cm A ceta te  fu n c t io n a l i ty  was 

confirm ed in  th e  in f ra re d  by a carbonyl a b so rp tio n  a t  1725 cm and 

in  th e  p ro to n  nmr spectrum  by a m ethyl s in g le t  a t  2.05 ppm. The nmr 

spectrum  of deoxyparguerol con tained  a l l  th e  dow nfield p ro to n  s ig n a ls  

observed in  p a rg u ero l except th a t  th e  AB p a t te rn  due to  th e  hydroxy- 

m ethylene group a t  C-19 in  p a rg u e ro l was m issing  in  deoxyparguero l.

In  a d d it io n , a  new qua tern ary  m ethyl group (1.02 ppm) appeared and a l l  

th re e  cyclopropane p ro tons were s h if te d  u p f ie ld  r e l a t iv e  to  p a rg u e ro l.

Br

OR
AcQ

OR

119 R=H

120 R=Ac
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Figure 26. Spectra of Deoxyparguerol (119)
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Figure 27. Spectra of Deoxyparguerol Acetate (120)
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Upon a c é ty la t io n , deoxyparguero l y ie ld ed  a t r i a c e t a t e  (120) 

w ith  th e  form ula (^^6^  re s o lu t io n  mass spectrum ) and in ­

d ic a t in g  th a t  th e  h ig h es t mass io n  observed fo r  deoxyparguerol i t s e l f  

corresponded to  M^-18. The p resence  of only th re e  a c e ta te  groups was 

confirm ed by a c e ta te  methyl s ig n a ls  a t  2 .0 8 , 2 .1 0 , and 2.14 ppm in  th e  

nmr spectrum . The s ig n a ls  corresponding  to  the  p ro to n s  a t  C-7 and C-16 

in  deoxyparguero l, 3 .16 , 3 .8 3 , and 3.90 ppm, were s h i f te d  dow nfield 

to  4 .3 8 , and 4 .28  ppm in  deoxyparguerol p e ra c e ta te , th u s  supporting  

th e  assignm ent o f hydroxyl groups to  th ese  p o s it io n s  as in  p a rg u e ro l.

I t  can th e re fo re  be concluded th a t  th e  absence in  th e  nmr 

spectrum  of deoxyparguerol o f  an AB p a t te rn  a t  'v.3 .4  ppm, coupled w ith  

th e  p resence  o f a th ird  q u a te rn ary  m ethyl group s ig n a l ,  and u p f ie ld  

s h i f t  o f th e  cyclopropane p ro to n s , i s  c o n s is te n t w ith  replacem ent of 

th e  hydroxyl group a t  C-19 by hydrogen. Decoupling e s ta b lis h e d  th a t  

th e  rem ainder o f the  s t ru c tu re  was id e n t ic a l  w ith  p a rg u e ro l. See Table 

3. A lso , s in ce  th e  chem ical s h i f t s  o f  th e  C-17 and th e  C-20 p ro tons 

o f  deoxyparguero l were n e a r ly  id e n t ic a l  to  those  o f p a rg u e ro l, th e  

same s te reo c h e m is try  was in f e r r e d .  Hence s t ru c tu re  119 was ass ig n ed  

to  deoxyparguero l, C22H23BrO^.

A d e r iv a t iv e  o f deoxyparguero l, deoxyparguerol 1 6 -a c e ta te ,
81was i s o la te d  from th e  red  a lg a , Laurenoia obtusa . T his compound has 

n o t y e t been found in  A p lys ia  daotytomeZat bu t i t s  p resen ce  in  a lg ae  

suggest th e  d ie t  o f kpVye%a as  th e  u ltim a te  source of th e se  d ite rp e n e s .

C h a ra c te r iz a t io n  o f Iso p a rg u e ro l (121)

Iso p a rg u e ro l was I s o la te d  as  f in e  n eed le s  mp. 139-141", Io ]_
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+3.6 (c. 0.14, CHClg) by HPLC from fractions of crude parguerol (109).
The h ig h e s t mass io n s  observed in  th e  f i e l d  deso rp tio n  mass spectrum  

o f  iso p a rg u e ro l appeared a t  m/e 438, 440, c o n s is te n t w ith  a  form ula

o f . The in f ra re d  spectrum  o f iso p a rg u e ro l in d ic a te d  hydroxyl
-1 -1 a b so rp tio n  a t  3360 cm and a c e ta te  carbony l ab so rp tio n  a t  1710 cm .

The nmr spectrum confirm ed the  p resence  o f a c e ta te  by a  th re e  pro ton

s in g le t  a t  2.03 ppm. Two quaternary  m ethyl s ig n a ls  were a lso  p re sen t

a t  1 .21  and 1.08 ppm.

Although th e  nmr spectrum o f iso p a rg u e ro l resem bles th a t  of 

p a rg u e ro l, th e re  a re  some s t r ik in g  d if f e r e n c e s . A n o ta b le  d if fe re n c e  

i s  th e  absence o f  cyclopropane p ro ton  ab so rp tio n s  and a ls o  o f ab so rp tio n s  

due to  th e  is o la te d  AB p a t te rn  a t  ~3.4 ppm as  in  p a rg u e ro l. In  a d d itio n , 

th e  p ro to n  s ig n a l a t  5 .35 ppm in  p a rag u ero l corresponding to  th e  

^^-CH-OAc pro ton  has s h if te d  u p f ie ld  to  4 .96  ppm in  iso p a rg u e ro l, 

a p o s i t io n  more c h a r a c te r i s t ic  o f a  normal -CH-OAc p ro to n . This s h i f t  

was c o n s is te n t w ith  th e  absence o f a  cyclopropane a t  C -3 ,4 and th e  

a t te n d a n t lo s s  o f  th e  d e sh ie ld in g  e f f e c t  caused by th e  cyclopropane 

r in g .  The pmr spectrum  o f iso p a rg u e ro l a ls o  contained  a  m ethine s ig n a l 

a t  3 .29 ppm, due to  a p ro to n  desh ie lded  by hydroxyl, an o le f in ic  pro ton  

s ig n a l  a t  5.44 ppm, and an ABC p a t te r n  a t  3 .8 4 , 3 .9 4 , and 4 .29  ppm.

These s ig n a ls  were n e a r ly  id e n t ic a l  to  th o se  found in  p a rg u e ro l. Hence, 

th e  m ajor p o rtio n  o f th e  carbon sk e le to n  o f iso p arg u ero l was in fe r re d  

to  be l ik e  th a t  o f p a rg u e ro l.

Upon a c é ty la t io n  o f iso p a rg u e ro l, two new a c e ta te  groups were 

in c o rp o ra te d . However, th e  in f r a re d  spectrum  s t i l l  showed hydroxyl 

ab so rp tio n  a t  3500 cm"^, which was th e re fo re  a t t r ib u te d  to  a t e r t i a r y
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Figure 30. Spectra of Isoparguerol (121)
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Figure 31. Spectra of Isoparguerol Acetate (122)
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hydroxyl group. The presence o f t h i s  t e r t i a r y  hydroxyl group suggested  

th a t  th e  formula fo r  iso p a rg u e ro l (121) was C22HggBrO^, to  account 

fo r  a l l  oxygenated f u n c t io n a l i t i e s .  The observed ions a t  m/e 438, 440 were 

due to  M -H2O. Loss of th e  cyclopropane ab so rp tio n s  w ith  form ation  of 

a t e r t i a r y  hydroxyl w ith o u t g en era tio n  o f a new m ethyl group can b e s t  

be ex p la in ed  by an opening o f  the  cyclopropane r in g  to  form a c y c lo - 

butane r in g . Indeed, decoupling s tu d ie s  invo lv ing  th e  DDR technique 

perform ed on iso p a rg u e ro l a c e ta te  (122) in  benzene-d^ d id  id e n t i fy  

a l l  p ro to n s  o f th e  expected s u b s t i tu te d  cyclobutane r in g .  Thus, 

i r r a d ia t io n  of the  t r i p l e t  a t  2.11 ppm co llap sed  two q u in te ts  a t  0.72

AcO

2.11

OH

0.72 1.41
1.10

and 1.35 ppm to  q u a r te ts .  I r r a d ia t io n  o f th e  q u in te t  a t  0 .72 ppm 

c o lla p se d  two q u a r te ts  a t  1 .10 and 1 .4 1  ppm to  t r i p l e t s ,  reduced th e  

q u in te t  a t  1.35 ppm to  a q u a r te t ,  and converted  the  t r i p l e t  a t  2.11
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Table 6

Induced S h if ts  of P ro ton  nmr fo r  122

P ro ton ^6^6 E u ( f o d ) g ( . l : l ) E u (fo d )g (.3 4 :l]

la x 1.29 1.40
le q 1.82 2.08
2 4.88 5.34 6.34
3 2.11 2.34 2.93
5
6ax 1.88 2.02
6eq 2.07
7 4.58 4.88 5.60
8 2.75 2.99 3.61
11 5.15 5.21 5.45
12ax 1.62 1.60
12eq 2.45 2.46
14ax 1.25 1.75
14eq 2.05 2.20
15 4.24 4.32 4.63
16a 4.50 4.58 4.92
166 4.50 4.64 5.05
17 0.88 0.88 1.04
18endo 0.72 0.75 1.00
18exo 1.35 1.40 1.53
19a 1.10 1.15
196 1.41 1.47
20 1.26 1.44 1.91
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ppm to  a  d o u b le t. No o th e r  p ro tons were a f fe c te d  and i t  was concluded 

th a t  th e  cyclobutane r in g  was an is o la te d  sp in  system . The p resence  

o f a dow nfield s h i f t  o f  th e  C-20 pro tons in  iso p a rg u e ro l (1 .21 ppm) 

r e l a t i v e  to  pa rg u ero l (1 .13  ppm) in d ic a te d  th a t  th e  t e r t i a r y  hydroxyl 

group was on th e  same s id e  as th e  C-20 p ro to n s . Europium s h i f t  reag en t 

s tu d ie s  on iso p a rg u e ro l a c e ta te  confirmed th e  8-n a tu re  o f th e  t e r t i a r y  

hydroxyl group s in ce  th e  C-20 p ro tons were s h if te d  much f a r th e r  dow nfield 

than  th e  C-17 p ro to n s . See Table 6 .

Br

.OR

AcQ

OR
OH

121 R=H

122 R=Ac

C h a ra c te r iz a tio n  o f Iso p a rg u e ro l 1 6 -a c e ta te  (123)

F u rth e r Sephadex LH-20 and s i l i c a  g e l chrom atographies o f 

f r a c t io n  6 follow ed by p u r i f ic a t io n  by HPLC le d  to  the  i s o la t io n  o f 

iso p a rg u e ro l 1 6 -a c e ta te  as  f in e  n eed le s , mp. 180-182“ , [a ]g  -1 8 .8  

(c . 0 .0 9 , CHClg). The h ig h e s t mass ions observed in  th e  low re s o lu t io n  

mass spectrum  o f 123 appeared a t  m/e 480, 482, c o n s is te n t w ith  a  

form ula o f  (^24^33^^^5* f in a l  formula below , however). The
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Figure 32. Spectra of Isoparguerol 16-acetate (123)
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in f ra re d  spectrum  In d ic a ted  hydroxyl (3600 cm and a c e ta te  (1725 cm 

Two a c e ta te  m ethyl s ig n a ls  were observed a t  2,03 and 2,11 ppm in  ad­

d i t io n  to  two qu a tern ary  m ethyl s ig n a ls  a t  1.09 and 1.22 ppm. Com­

p a riso n  of the  nmr of iso p a rg u e ro l 1 6 -a c e ta te  to  th a t  of iso p a rg u e ro l 

in d ic a te d  th a t  th e  p ro tons a t  C-16 in  had been s h i f te d  dow nfield 

by about 0.5 ppm. Hence, i t  was concluded th a t  th e  second a c e ta te  was 

lo c a ted  a t  C-16. A cé ty la tio n  of iso p arg u ero l 1 6 -a c e ta te  produced a 

p e ra c e ta te  whose nmr spectrum was id e n t ic a l  to  th a t  of iso p arg u ero l 

p e ra c e ta te  (122). T herefo re , the  s t ru c tu re  and ste reo ch em istry  of 

iso p arg u ero l 1 6 -a c e ta te  was confirm ed to  be th a t  shown by formula 123. 

^'24^35^^^6' h ig h e s t mass io n s  in  the  mass spectrum  of 123 must

th u s  be due to  m"*”-1 8 .

.OAc

AcQ

OH
OH

123

The mass s p e c tra l  frag m en ta tio n  p a tte rn s  o f p a rg u e ro l, deoxy- 

pa rg u ero l and t h e i r  a c e ta te s  a re  a l l  dominated by lo s s e s  o f n e u tra l  

m olecules and r a d ic a ls  such a s  HgO, HOAc, B r", and CH^*. In  f a c t ,  

lo s s  of fo u r n e u tr a l  m olecules o f a c e t ic  ac id  and lo s s  of a  bromine 

ra d ic a l  i s  re sp o n s ib le  fo r  th e  b ase  peak in  p a rg u e ro l a c e ta te  (110a ) . 

No r e t r o  D ie ls-A ld er fragm enta tion  ty p ic a l  of o th e r pim arenes was
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SCHEME III

OHOH

-H
+Br

OH

OH

-HBr

ep o x id a tio n  
-H +

OHOH

HO.
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82 83observed . ’ The mass sp ec tra  of iso p a rg u e ro l and Iso p arg u ero l 

1 6 -a c e ta te  were d is tin g u ish e d  from th o se  o f p a rguero l and deoxy- 

p a rg u e ro l by prom inent lo s se s  of e th y len e  from the  m olecu lar ion  or 

fragm ent io n s . This lo s s  i s  a t t r ib u te d  to  cleavage o f th e  cyclo - 

butane r in g . In  a d d itio n , lo s se s  of HgO, HOAc, B r’ , and CH^’ were 

a ls o  observed f o r  iso p arg u ero l and i t s  a c e ta te s .

A suggested b io sy n th e tic  pathway to  p a rguero l and re la te d  compounds 

i s  o u tlin e d  in  Scheme I I I .  The f i r s t  s te p  invo lves a bromonium ion i n i t i a t e d  

c y c l iz a t io n  of g e ran y lg e ran io l to  form a b ic y c l ic  in te rm e d ia te . C y cliza -
84t io n s  o f th is  type  have been proposed fo r  a number of halogenated  compounds.

Loss o f a p ro to n , a d d itio n  of a bromonium ion and subsequent c y c liz a t io n

would lead  to  a pimarane d ite rp e n e  w ith  a bromohydrin lo ca ted  on th e  e th y l

s id e  ch ain . Loss o f hydrogen bromide to  form a double bond a t  C-2 follow ed

by epox idation  would produce an in te rm e d ia te  which i s  id e a l ly  s e t  up fo r

cy clo p ro p an a tio n . Loss of a p ro ton  from one of th e  gem inal m ethyls and

c y c l iz a t io n  can lead  to  form ation of a  cyclopropane r in g  and fu n c tio n a liz a -

t io n  of C-2 as in  pa rg u ero l and r e la te d  compounds. T his l a s t  re a c tio n  s tep
85i s  ak in  to  th a t  proposed fo r  th e  b io sy n th e s is  of c y c lo a r te n o l.

C h a ra c te r iz a tio n  o f 4 ,9 ,1 4 - tr ih y d ro x y d o la s ta - l(1 5 ) ,7 -d ie n e  (124)

In  th e  p ro cess  of i s o la t in g  deoxyparguerol (119), a sm all amount 

o f a c r y s ta l l in e  m a te r ia l  p re c ip i ta te d  from s o lu tio n . The compound, mp. 

220-222“ , [a]jj -211“ (c . 0 .05 , CHClg), was shown to  have a m olecular form­

u la  o f CggHggOg (h igh  re s o lu tio n  mass a n a ly s is ) . The p resence  of hydroxyl 

was e s ta b lis h e d  by a s tro n g  in f ra re d  a b so rp tio n  a t  3325 cm . The p ro to n  

nmr contained  two qua tern ary  m ethyl group s ig n a ls  a t  0 .78 and 1.23 ppm, in  

a d d itio n  to  two doub le t m ethyl s ig n a ls  a t  0.84 and 1.03 ppm. An exo- 

c y c lic  m ethylene group was in d ic a te d  by in fra re d  a b so rp tio n s  a t  3090,
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1642, and 896 cm A one p ro to n  double doub le t s ig n a l was p re se n t a t  

5 .63  ppm in d ic a tin g  the p resence of a  t r i s u b s t i tu te d  o le f in ic  u n i t  coupled 

to  two o th e r p ro to n s . The ex o cy c lic  m ethylene group was confirmed by two 

s ig n a ls  a t  4.79 and 4.93 ppm. The double bonds account fo r  two of th e  

f iv e  degrees of u n sa tu ra tio n . S ince th e re  was no carbonyl ab so rp tio n  in  

th e  in f ra re d , th e  rem aining th re e  degrees of u n sa tu ra tio n  were assumed to  

be accounted f o r  by r in g s . Only one s ig n a l ,  a m u lt ip le t  a t  3.45 ppm, was 

observed which was in d ic a tiv e  o f a m ethine pro ton  d esh ie lded  by a hydroxyl 

group. I t  was in fe r r e d  th a t  any o th e r  hydroxyl groups p re sen t m ust be 

t e r t i a r y .  The s in g le ts  a t  2 .66 , 3 .7 1 , and 3.74 ppm disappeared  upon a d d it io n  

of DgO and hence were due to  hydroxyl p ro to n s .
12A l i t e r a t u r e  search  of th e  form ula id e n t i f ie d  d o la t r i o l

(70) as having th e  same form ula and v e ry  s im ila r  nmr d a ta . Decoupling 

experim ents were c a r r ie d  out on 124 to  confirm  the  p resence  of a  d o la s tan e  

carbon sk e le to n .

I r r a d ia t io n  of the  o le f in ic  double doublet a t  5.63 ppm re s u l te d  

in  th e  removal o f a sm all coupling  from th e  double doub le t a t  3 .35 ppm and 

produced changes in  the  reg io n  o f 1 .74  ppm. A p p lica tio n  of the  d if f e r e n c e  

double resonance tech n iq u e , d e sc rib e d  e a r l i e r ,  confirm ed th a t  th e  s ig n a l  a t  

1 .74 ppm was a double doublet which was gem inally  coupled (J=15 Hz) to  th e  

s ig n a l  a t  3.35 ppm and v ic in a l ly  coupled (J=4 Hz) to  th e  o le f in ic  p ro to n  

a t  5 .63 ppm. I r r a d ia t io n  of th e  s ig n a l  a t  3.35 ppm, in  a d d itio n  to  a f fe c t in g  

th e  1.74 and 5.63 ppm s ig n a ls ,  sharpened a qua ternary  methyl s ig n a l  to  

0 .78  ppm. The observed long range coupling  thus e s ta b lis h e d  the  p resence  

o f th e  m ethyl group (0.78 ppm) a s  be ing  nex t to  th e  a l l y l i c  m ethylene 

group, shown in  th e  fo llow ing p a r t i a l  s t ru c tu re .
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Figure 33. Spectra of 4,9,14"Trihydroxydolas-l(15),7-diene (124)
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I ? /C:
— 9 Ç Ç-C

CHg H H Ç -

The f a c t  th a t  no a l l y l i c  coupling was observed fo r  th e  o le f in ic  p ro ton  

in d ic a te s  th a t  the  double bond i s  a lso  a tta c h e d  to  two qua tern ary  c e n te rs .

OH

OH

OH

In  o rder to  e s ta b l is h  i f  an iso p ro p y l group in  compound 124 was 

a tta c h e d  to  a  q u a te rn ary  carbon b ea rin g  a  hydroxyl group a s  in  d o la t r io l  

(70) , f u r th e r  decoupling experim ents were c a r r ie d  o u t . I r r a d ia t io n  of one 

o f th e  iso p ro p y l m ethyl s ig n a ls  produced a b a re ly  p e rc e p tib le  change in  th e  

complex reg io n  a t  1 .95 ppm. With th e  DDR tech n iq u e , th e  m ethine a t  1.95 

ppm appeared a s  an is o la te d  s e p te t  appearing  above the  base  l in e  and a 

q u a r te t  appearing  below, See F igure  34. Hence, th e  iso p ro p y l group was 

a tta ch e d  to  a q u a tern ary  carbon. The chem ical s h i f t  o f th e  iso p ro p y l 

m eth ine p ro to n , which was considered  u n lik e ly  fo r  an a l l y l i c  p ro to n , sug­

g ested  th a t  th e  iso p ro p y l group was a tta c h e d  to  a  q u a te rn ary  carbon b earin g  

a hydroxyl group as in  d o la t r io l .
12P e t t i t  and cow orkers, however, re p o rte d  th a t  th e  iso p ro p y l 

m eth ine p ro ton  in  d o l a t r i o l  absorbed a t  2 .6  ppm. Compound 124 con tained  

a double t r i p l e t  w ith  a  s im ila r  chem ical s h i f t ,  2.88  ppm, which was 

assumed to  be due to  a p ro ton  a l l y l i c  to  the  ex ocyc lic  double bond 

by analogy w ith  o th e r  d o la s tan e  c o m p o u n d s . I r r a d i a t i o n  o f one of 

th e  exomethylene p ro to n s  a t  4.79 ppm sharpened th e  double t r i p l e t .
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Hence, the  a l l y l i c  n a tu re  of th e  s ig n a l  a t  2.88 ppm was confirmed 

and th e  rep o rted  assignm ent of th e  2 .6  ppm s ig n a l in  d o la t r io l  i s  

l ik e ly  in  e r r o r .

The lo c a t io n  o f th e  secondary hydroxyl group in  compound 124 

was in fe rre d  from f u r th e r  pro ton  decoupling experim ents. I r r a d ia t io n  

o f th e  double t r i p l e t  a t  2.88  ppm removed a geminal coupling from a 

broad doublet a t  2.04 ppm and produced changes in  the  s ig n a ls  a t  

1 .80  and 1.92 ppm. These two s ig n a ls  were fu r th e r  coupled to  the  

m ethine p ro ton  a t  3.45 ppm which was no t fu r th e r  coupled to  o th e r pro­

to n s . The m ethine pro ton  d isp la y s  on ly  sm all couplings which in d ic a te  

an e q u a to r ia l o r ie n ta t io n .  The hydroxyl i s  th e re fo re  a x ia l ly  o rie n te d  

on C-4 of the  d o la s tan e  sk e le to n .

4 .7 9 ; 4.93
CH

2.88

2.04

1,92

3.45

The th i r d  hydroxyl group o f compound 124. which must be 

t e r t i a r y ,  i s  p laced  a t  C-14. The u n u su ally  low f i e ld  p o s it io n s  of th e  

m ethyl group s ig n a l  a t  1.23 ppm and th e  a l l y l i c  p ro ton  s ig n a l a t  2.88 

ppm can b e s t  be exp lained  by 1 ,3 - d ia x ia l  in te ra c t io n s  w ith  the  6-o r ie n te d
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hydroxyl group.
From the  above s p e c tra l  evidence and by analogy w ith  o th er 

d o la s tan e  compounds, compound 124 was assigned  as 4 ,9 ,1 4 -tr ih y d ro x y - 

d o la s - l ( lS ) ,7 -d ie n e .

OH

14

OH
OH

124

S everal o f the  peak assignm ents in  the  nmr spectrum  rep o rted
12fo r  d o la t r io l  a re  in  e r ro r .  P e t t i t  and coworkers re p o rte d  th a t the  

ex o cy c lic  m ethylene p ro tons appear as dou b le ts  a t  4.97 and 5.45 ppm 

(J=6 Hz). However, p ro tons of o le f in s  exocyclic  to  a six-membered 

r in g ,  such as those  found in  e la to l^ ^  and o th er cham igrenes,^^ a re  

known to  have in s ig n if ic a n t  geminal c o u p l i n g s . A l s o ,  th e  la rg e  

s h i f t s  th ese  p ro tons undergo upon a c é ty la t io n  suggests  th a t  th ese  

s ig n a ls  a re  indeed due to  the  p ro to n s  a t  C-6  and C-7. The exocyclic  

m ethylene p ro tons of d o la t r io l  should be assigned  to  th e  s in g le ts  a t  

4 .73 and 4.89 ppm.

S tru c tu re  E lu c id a tio n  of D ihydroxydeodactol M onoacetate (32)

Sephadex LH-20 and s i l i c a  g e l chromatography, c a r r ie d  out 

by an e a r l i e r  w orker in  th i s  la b o ra to ry  on e x tr a c ts  o f A p lys ia
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daotyZomeZa from B im ini, led  to  the  i s o la t io n  of a new sesq u ite rp en o id  

(3 2 ) . Compound 32, C^yHg^O^BrgCl (h igh  re s o lu tio n  mass a n a ly s is ) , was 

is o la te d  as c o lo r le s s  c r y s ta ls ,  mp. 168-169®C, Ia]j,+40.5 (CHClg). The 

p resence of hydroxyl fu n c tio n a li ty  was determ ined by an in f ra re d  ab­

s o rp tio n  a t  3440 cm The presence o f an a c e ta te  group was a sc e rta in e d  

from a carbonyl ab so rp tio n  a t  1730 cm ^ and from a m ethyl s in g le t  ab­

so rp tio n  in  th e  nmr a t  2.14 ppm. No o le f in ic  p ro ton  s ig n a ls  were 

p re s e n t . S ince 3^  had an u n sa tu ra tio n  number of th re e ,  i t  was concluded 

th a t  ^  was p robab ly  b ic y c l ic .

The p ro to n  nmr spectrum of 32 was found to  v e ry  c lo se ly  r e -  
26semble th a t  of deodac to l (3 1 ). Three m ethyl groups desh ie lded  by

OH

â i

an e th e r  oxygen w ere observed a t  1 .4 2 , 1.44 and 1.47 ppm. One m ethy l 

group desh ie lded  by a halogen and a 1 ,3 -d ia x ia l  in te r a c t io n  w ith  a 

hydroxyl group was observed a t  1 .87 ppm. As in  d e o d ac to l, th e  p resence 

o f two u n i ts  o f p a r t i a l  s t ru c tu re  A was in fe r re d  from th e  bromine de­

sh ie ld ed  a x ia l  p ro to n s  (4 .2 4 , 4.78 ppm, dd, J=14, 4 Hz each) in  s ix  

membered r in g s .

—C—CHBr—CHg— 

A



1.2i.O5 . 0 3 . 01.6 3 . 6 2.0 2.63 . 2 3 . 0

Oo

F igure 35. 360 MHz PMR Spectrum of D ihydroxydeodactol M onoacetate (32)
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A one-pro ton  t r i p l e t  a t  5.04 ppm (J=4 Hz) was assigned  as an e q u a to r ia l  

p ro to n  d esh ie ld ed  by an acetoxy group as  in  p a r t i a l  s t ru c tu re  B.

—C—CHOAc—CHg— 

B

A s ig n a l  observed a t  4 .03 ppm was ass ig n ed  to  an e q u a to r ia l  m ethine 

p ro to n  desh ie ld ed  by a hydroxyl group.

Decoupling experim ents a t  360 MHz f u l ly  e lu c id a te d  th e  th re e  

i s o la te d  sp in  system s of The acetoxy m ethine p ro ton  absorb ing  a t

5 .04  ppm and th e  bromine desh ie lded  m ethine s ig n a l a t  4.24 ppm were 

b o th  coupled to  th e  same m ethylene group and to  no o th e r p ro to n s . 

P a r t i a l  s t ru c tu re  B and one of the  two p a r t i a l  s t ru c tu re s  A could th u s  

be combined to  g ive  p a r t i a l  s t ru c tu re  C.

I I
—C—CHBr—CH-—CHOAc—C—

I 2 I
C

By analogy w ith  deo d ac to l, p a r t i a l  s t ru c tu re  C was expanded 

in to  a  te trah y d ro p y ran  r in g .  The prom inent fragm ent ions a t  m/e 263 

and 265 in  th e  low re s o lu t io n  mass spectrum  which correspond to  such 

a s u b s t i tu te d  te trah y d ro p y ran  r in g ,  and th e  coupling  c o n sta n ts  which 

were ty p ic a l  o f a  six-membered r in g ,  a l l  support t h i s  fo rm u la tio n .

I r r a d i a t io n  o f th e  m ethine p ro to n  s ig n a l  a t  4 .04 ppm d is tu rb e d  

th e  p ro ton  absorb ing  in  th e  reg io n  of 2 .57  ppm and removed th e  sm all 

coup ling  from a double doub le t a t  2.35 ppm. S ince th e  2,57 and 2.35 

ppm s ig n a ls  were a lso  gem inally  coupled (J=14 Hz) to  each o th e r and 

to  no f u r th e r  s ig n a l s ,  th e se  s ig n a ls  m ust be due to  a  m ethylene group
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flan k ed  on one s id e  by a qua ternary  carbon. Thus p a r t i a l  s t ru c tu re  

D can be fo rm ulated .

I I
—C—CHOH—CH-—C—

I 2  I
D

I r r a d ia t io n  o f th e  s ig n a l a t  4 .78  ppm re s u lte d  in  th e  removal 

o f a  d ia x ia l  coupling from the  t r i p l e t  a t  2.68 ppm (J=14 Hz) and 

sharpened th e  s ig n a l a t  2.43 ppm. The s ig n a ls  a t  2.68 and 2.43 ppm 

were a ls o  gem inally  coupled (J=14 Hz) to  each o th er bu t to  no fu r th e r  

p ro to n  in d ic a tin g  th a t  th e se  p ro tons a re  due to  a m ethylene group 

flan k ed  on one s id e  by a qua ternary  carbon to  g ive r i s e  to  th e  p a r t i a l  

s t r u c tu r e  E.

I I
—C—CH_—CHBr—C—

I 2  I
E

Jo in in g  p a r t i a l  s t ru c tu re s  D and E w ith  overlap  o f th e  

q u a te rn ary  carbons lead s  to  a cyclohexane r in g . The a d d itio n  of th e  

c h lo r in e , th e  t e r t i a r y  hydroxyl group, th e  m ethyl groups, and jo in in g

of th e  te trah y d ro p y ran  and cyclohexane r in g s  as in  deo d ac to l y ie ld ed

th e  s t ru c tu re  fo r  32.

OAc
OH

OH

32
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To confirm  s tru c tu re  32 , chem ical conversions were performed

as o u tlin e d  in  Scheme IV. O xidation of ^  gave th e  ketone 125 having

hydroxyl (3475 cm and carbonyl (1740, 1725 cm ab so rp tio n s  in  th e

In f ra re d . The ab so rp tio n  a t  1725 cm ^ i s  c o n s is te n t w ith  an a-hydroxy

ketone  in  a  six-membered r in g . D ehydroch lorination  of ketone 125 w ith

diazabicyclononene y ie ld ed  th e  a ,S -u n sa tu ra ted  ketone 126. The ketone ab-
-1so rp tio n  in  1 ^  had s h if te d  to  1685 cm and i t s  pro ton  nmr spectrum  con­

ta in e d  a v in y l m ethyl s ig n a l  a t  2.09 ppm and an o le f in ic  p ro ton  s in g le t  

a t  6.11 ppm in  agreement w ith  the  proposed s t ru c tu re  126. The is o to p ic  

r a t i o  of 1 :2 :1  a t  m /e 466, 468, 470 fo r  th e  m olecular ion  in  th e  low r e ­

s o lu tio n  mass spectrum confirmed th e  p resence of two brom ines, and hence 

c h lo r in e  had been lo s t .

S h if t  re ag en t s tu d ie s  were perform ed on 126 to  r u le  ou t a 

p o s s ib le  a l te r n a te  s t ru c tu re  in  which the  acetoxy and bromine groups 

on the  te trah y d ro p y ran  r in g  a re  in terchanged .

From Table 7, i t  can be seen th a t  the  pro ton  a t  C-8  i s  s h if te d  

to  a g re a te r  ex ten t than  th e  C-10 p ro ton . S ince the  opp o site  o rder 

would have been observed fo r  th e  a l te r n a te  s t r u c tu r e ,  th e  f i n a l  

s t ru c tu re s  fo r  1^  and 32̂  a re  as proposed.

The r e l a t iv e  s te reo ch em istry  of ^  was based on th e  p ro to n  

nmr d a ta  as d iscu ssed  above, chem ical ev idence , and conform ational 

a n a ly s is .  A t r a n s - d ia x ia l  re la t io n s h ip  between th e  secondary and

t e r t i a r y  hydroxyl groups of 3^ was in fe r re d  from th e  f a i lu r e  of 32_
87to  form a boronate  e s te r  when heated  w ith  phenylboronic a c id . A lso , 

the  six-membered r in g s  a re  he ld  e q u a to r ia l  r e l a t i v e  to  each o th e r  in  

o rder to  avoid a severe  1 ,3 -d ia x ia l  in te r a c t io n .  O bservation of a 

W-coupling between and in  32 confirm ed th e  conform ation o f th e
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SCHEME IV

OAc
OH

OH

32
CrCL

OAc
OH

125
DBN

OAc
OH

126
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Table 7
Induced S h if ts  o f P ro ton  nmr S ig n a ls  fo r  126

P ro ton CDClg, no s h i f t  re ag en t CCl^, E u (fo d )2*

4 6.11  (b r s) 7.10

2ax 4 .98  (dd, 5 , 10) 5.54 (dd, 5 , 11)

la x 2.82 (dd, 11, 15)

leq 3 .08  (dd, 5 , 14) 3.76 (dd, 5 , 15)

8 4.95 ( t ,  2) 9.40 ( t ,  2 .5 )

9ax ~2.48 (d t ,  3 , 13) 3.28 ( d t ,  2, 14)

9eq 2 -2 .5  (m) 4.16 ( d t ,  4 , 15)

lOax 4 .08  (dd, 5 , 12) 5.32 (dd , 4 , 12)

15 2.08 (s) 2.46 (s)

14 1.57 (s) 2.33 (s)

12,13 1.28 (s) 1.85 (s)

1 .48  (s) 1.88  (s)

OAc 2 .0  (s ) 4.97 (s)

OH 4.10  (s)

®The E u(fod)g /126 m olar r a t i o  was 'v l;4 .
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cyclohexane r in g .  Thus, the  most probable  conform ation i s  th a t  

shown in  32.



SUMMARY

F ive known compounds and e ig h t new compounds have been 

is o la te d  from A p tys ia  daotylom eta. The known n a tu ra l  p ro d u c ts , t r i -  

brom oindcle 9£, e l a to l  (100), and th e  chamigrene 104a. have been p re ­

v io u s ly  i s o la te d  from a lg ae . Iso o b tu so l a c e ta te  (10£) and a l lo la u r in te r o l  

a c e ta te  (101) have n o t been rep o rted  as  n a tu ra l  p ro d u c ts , b u t a re  

known s y n th e t ic  d e r iv a tiv e s  of n a tu ra l  p ro d u c ts .

Of th e  e ig h t novel compounds d e sc rib e d , th e  chamigrene 1 0 ^  

and th e  d o la s ta d ie n e  1 ^  a re  isom ers o f known compounds. Dihydroxy­

deodacto l m onoacetate (32) i s  a more fu n c tio n a liz e d  m olecu le , bu t 

s im ila r  to  deodac to l (3 1 ).

The f iv e  rem aining compounds a re  r e la te d  in  having a novel 

carbon sk e le to n  based on th e  known pim arane sk e le to n . The most 

d i s t in c t iv e  f e a tu re  in  pa rg u ero l (109 ), p a rg u e ro l 1 6 -a c e ta te  (.118), 

and deoxyparguerol (119) i s  th e  p resence  o f a cyclopropane r in g ,  w hile  

th a t  o f iso p a rg u e ro l (121) and i t s  1 6 -a c e ta te  (123) i s  a  cyclobutane 

r in g .  The lo c a t io n  of th e  double bond, in  th e  o therw ise  r a r e  p o s itio n  

a t  C-9 (1 1 ) . in  a l l  o f th ese  d ite rp e n o id s  i s  ano ther novel f e a tu re .

Many of th e  compounds is o la te d  gave poor to  m arg ina l r e s u l t s  

in  PS-388 in  v i t r o  te s t in g ,  fo r  example 9£, ED^q=47 ^g /m l; 100. ED^q=26 

Jig/ml; 108. EDgQ=40 pg/ml; and 124. ED^q=22 pg/m l. E la to l  (100) d id  

however show a s tro n g  a n tifu n g a l a c t i v i t y .  The d ite rp e n e s  o f the
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pim arane-ty p e  sk e le to n  such as p a rguero l (ED^q=3 .8  pg/m l) and deoxy­

parg u ero l (EDgQ=3.0 pg/m l) d id  d isp la y  s ig n i f ic a n t  c y to to x ic i ty .

Of th e  12 compounds is o la te d  from A p ty s ia  daotylom eta  from 

P uerto  R ico , none a re  in  common w ith  the  16 compounds is o la te d  from 

A p tysia  daotytom eta  from Bim ini, Bahamas, S ince th e  i s o la t io n  p ro­

cedures used were g e n e ra lly  the  same fo r  a l l  A p ty s ia  specimens reg ard ­

le s s  of o r ig in ,  t h i s  d if fe re n c e  i s  probably  a r e f l e c t io n  of the  d ie t  

o f th e  sea  h a re s  a t  d i f f e r e n t  lo c a t io n s .



EXPERIMENTAL

M elting p o in ts  were taken  on an A. H. Thomas Unimelt ap p ara tu s  

and a re  u n co rrec ted . S o lven ts were d i s t i l l e d  p r io r  to  u se . Chromato­

g rap h ic  supports  were M allinck rod t silicA R  CC-7, and Merck S i l ic a  Gel 

60 (230-400 m esh).

Some l iq u id  chrom atographies were c a r r ie d  ou t on a H itach i 

CLC-5 c e n tr i fu g a l  p re p a ra t iv e  l iq u id  chrom atograph. High perform ance 

l iq u id  chromatography was c a r r ie d  ou t on a W aters M-6000A pump 

equipped w ith  a UV Model 440 absorbance d e te c to r  and a R401 d i f f e r e n t i a l  

re f ra c to m e te r .

Thin la y e r  chromatography was run on p reco a ted  Macherey- 

Nagel Polygram s i l  (0 .25  mm) p la te s .  The developed chromato­

grams were v is u a liz e d  w ith  s u l f u r ic  a c id - v a n i l l in  sp ray .

R o ta tio n s  were run  on a  Perkin-E lm er 141 p o la r im e te r , 

u l t r a v i o l e t  sp e c tra  in  e th an o l on a Perkin-Elm er Lambda 3 UV/VIS 

spec tropho tom eter, and in f r a re d  sp e c tra  on a Perk in-E lm er 298 In f ra re d  

spectropho tom eter. Low re s o lu t io n  mass sp e c tra  were obtained  on a 

HP 5985 GC/MS system . 100 MHz p ro to n  m agnetic resonance sp e c tra  were 

o b ta in ed  on a V arian  XL-100 spectrom eter w ith  N ic o le t TT-100 F o u rie r 

Transform  computer. 270 MHz p ro to n  m agnetic resonance sp ec tra  were 

run  on a Brucker magnet and probe w ith  N ico le t 1180 computer i n t e r ­

faced  w ith  in -house ra d io  frequency  e le c tro n ic s .  Carbon-13 sp e c tra

111
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were o b ta ined  on a Je o l FX-lOO a t  th e  Colorado S ta te  Regional NMR 

C enter. Pmr chem ical s h i f t s  a re  rep o rted  as  6-v a lu e s  (ppm from t e t r a -  

m e th y ls llan e  as In te rn a l  s tandard ) and a re  follow ed by the  s ig n a l 

m u l t ip l ic i ty ,  th e  number o f p ro tons absorb ing  a t  th a t  frequency, the  

coupling c o n s ta n ts  In  H ertz , and th e  assignm ent I f  known.

High re s o lu tio n  mass sp e c tra  were obtained  on a CEC (Dupont, 

Monrovia, CA) 110 mass spectrom eter through th e  co u rtesy  of P ro fesso r 

K. Blemann, M assachusetts I n s t i t u t e  of Technology. Combustion analyses 

were perform ed by Mr. E ric  M eier, S tanford  U n iv e rs ity .

I n i t i a l  p a r t i t io n in g  p rocedure ; Specimens of th e  sea h a re , A p tys ia  

daotytom eta , were c o lle c te d  In  December of 1977, o ff  th e  co ast of La 

Faguera, P u erto  R ico. The excised  d ig e s t iv e  glands (8 kg wet w t.)  

from th re e  hundred specimens were removed from the  70% Isopropanol 

p re s e rv a tiv e  and homogenized In  a Waring b len d er w ith  chloroform - 

methanol (2 :1 ) and f i l t e r e d  through ch eesec lo th . The re s u lt in g  aqueous 

suspension  was p a r t i t io n e d  a g a in s t m ethylene ch lo rid e  (2000 m l) . The 

m ethylene c h lo rid e  so lu tio n  was evaporated  to  g ive  314.0 g of e x t r a c t ,  

desig n a ted  as f r a c t io n  A. F u rth e r p a r t i t io n in g  of th e  aqueous sus­

pension  w ith  1-b u ta n o l (1000 ml) produced 21.49 g o f bu tano l s o lu b le s , 

f r a c t io n  B. The rem aining aqueous suspension  was then  ly o p h lllz e d  and 

th e  s o l id s  ob ta ined  were washed w ith  m ethanol. The methanol so lu b le  

p o r tio n , f r a c t io n  C, amounted to  63.32 g , w hile  th e  In so lu b le  s a l t s  

rem ain ing , f r a c t io n  D, accounted f o r  71.70 g . The Isopropanol so lu tio n  

which was used as  a p re se rv a tiv e  fo r  th e  g lands was f i r s t  concen tra ted  

and then p a r t i t io n e d  In  th e  same manner to  g ive  p a r a l le l  f r a c t io n s  A, 

15.9 g ; B, 11.9 g; C, 107.2 g; and D, 120.0 g.
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A p o rtio n  of f r a c t io n  A (308 g) was d isso lv ed  in  one l i t e r  

of 10% aqueous m ethanol and p a r t i t io n e d  a g a in s t two l i t e r s  o f hexane. 

The hexane e x t r a c t ,  232.52 g , was desig n a ted  f r a c t io n  E. Water (125 

ml) was added to  th e  aqueous m ethanol s o lu tio n  which was th en  par­

t i t io n e d  v e rsu s  1 .5  l i t e r s  of carbon te t r a c h lo r id e  to  g ive  16.44 g 

of CCl^ so lu b le s , f r a c t io n  F. The aqueous m ethanol s o lu tio n  was 

f u r th e r  d i lu te d  w ith  w ater (260 ml) and p a r t i t io n e d  w ith  1 .5  l i t e r s  

o f chloroform  to  g ive  6.83 g o f chloroform  s o lu b le s , f r a c t io n  6 . The 

rem aining aqueous methanol s o lu tio n  was co n cen tra ted  and ly o p h iliz e d  

a ffo rd in g  f r a c t io n  H, 3 .61 g.

I s o la t io n  of 2 .3 ,5 -trib rom o-N -m ethy lindo le  (9 9 ); A p o r tio n  (1.1373 g) 

of f r a c t io n  F was chromatographed over S i l i c a  Gel 60 PF-254 using  

chloroform  as  the  e lu a n t . The f i r s t  50 ml f r a c t io n  c o lle c te d  con tained  

an o ff-w h ite  s o l id .  R e c ry s ta l l iz a t io n  from hexane y ie ld e d  pure  2 ,3 ,5 -  

triorom o-N -m ethylindole as w h ite  c r y s ta l l in e  n e e d le s , 32 .4  mg (.0004%); 

mp. 124-124.8°; l i t .  mp. 120-122°^^; i r  (KBr) 2930, 1488, 1448, 1414, 

1345, 1318, 1254, 1220, 1100, 1075, 945, 842, 772 cm"^; uv (EtOH)

292 nm (log  4 .0 1 ) , w ith  in f le c t io n s  a t  300 and 284 nm; 100 MHz pmr

(CDClg) 6 3 .73  ( s ,  3H, -NCH^), 7 .10 (d , IH, J =8 Hz, H -7 ), 7.29 (dd,

IH, J=2, 8 Hz, H-6) , 7 .60 (d , IH, J=2 Hz, H -4); mass spectrum  (70 eV) 

m/e ( r e l a t iv e  in te n s i ty )  371(30), 369(100) base peak, 367(97), 365(37), 

35 6 (3 ), 354(10), 352(10), 350 (3 ), 290 (4 ), 289(4 ), 288(10), 287(6), 

286(5), 285 (3 ), 275(1 ), 273(3 ), 271(1 ), 249(3), 24 7 (6 ), 24 5 (3 ), 209(9),

208(4 ), 207 (9 ), 206(3), 194(13), 192(13), 128(18), and 87 (11) h igh
+ 79re s o lu t io n  mass measurement M 364.80523, C^HgNBr^ r e q u ire s  364.80502.
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Isolation of elatol (100): A portion (2.13 g) of fraction F was
chromatographed over s i l i c a  g e l e lu t in g  w ith  chloroform  and c o lle c t in g  

50 ml f r a c t io n s .  F ra c tio n s  3-8 (883.4 mg) co n ta ined  a  yellow  o i l .

T his o i l  was f u r th e r  chromatographed on s i l i c a  g e l u sing  5% e th y l 

a c e ta te  in  hexane to  g ive  an o th er o i l  (688.5 mg). The chromatography 

was rep ea ted  using  1% e th y l ace ta te -h ex an e  (335 ml) as e lu a n t follow ed 

by 2% e th y l ace ta te -h ex an e . A fte r  a  t o t a l  of 535 ml of so lv en t had 

been c o l le c te d , crude e la to l  was i s o la te d  as a p a le  yellow  o i l  (284.1 

mg) which slow ly s o l id i f i e d .  The c r y s ta ls  were f i l t e r e d ,  washed, and 

r e c r y s ta l l i z e d  in  m ethanol to  g ive e l a t o l  as an o ff -w h ite  s t ic k y  mass 

o f c r y s ta l s ,  123.7 mg (.0015%).

Pure e l a t o l  has mp. 62-66“ ; +55.2° (c . 3 .6 8 , CHClg);

i r ( n e a t )  3550, 3470, 3080, 2970, 2940, 2900, 1678, 1640, 1425, 1204,

1082, 1025, 892, 820, 805, 755 cj>"^; 100 MHz pmr (CDCl^) 6 1.08 ( s ,  6H,

-CH3 ) ,  1 .70 ( s ,  3H, -CCICH3) ,  1 .98 (m, 5H), 2 .4 2 -2 .5 6  (m, 4H), 4.15
I I

(dd , IH, J=3, 7 Hz, -CHOH), 4.62 (d , IH, J=3 Hz, -CHBr), 4.80 ( s ,  IH,
I I 1 3

-C=CH2) ,  5.13 ( s ,  IH, -C=CH2) ;  25.05 MHz ^C -nm r (CDCl^) 1 9 .4 (q ) , 2 0 .7 (q ) ,

2 4 .2 (q ) , 2 5 .6 ( t ) ,  2 9 .3 ( t ) ,  3 8 .0 ( t ) ,  3 8 .6 ( t ) ,  4 3 .0 ( s ) ,  4 9 .1 ( s ) ,  7 0 .6 (d ) ,

7 2 .0 (d ) , 115 .6 ( t ) ,  123 .9 ( s ) ,  127 .8 ( s ) ,  140 .6 ( s ) ;  mass spectrum (70 eV) m/e

( r e la t iv e  in te n s i ty )  334(1 ), 319 (2 ), 317(2 ), 299(4 ), 29 7 (6 ), 237(45),

236(22), 235(100) b ase  peak, 209(16), 207(28), 200(10), 199(43), 179(12),

171(24), 157(34), 133(34), 115(42), 105(49), 93 (3 4 ), 91 (8 5 ), 85(68),

77(41).



115

I s o la t io n  of a l lo l a u r ln te r o l  a c e ta te  flO l^ , chamlgrene (1 0 4 a \  and 

chamigrene (lO S a): The mother l iq u o r  (1 .5  g) from a r e c r y s t a l l i z a t io n

of e l a to l  was chromatographed on TLC mesh s i l i c a  g e l in  a CLC-5 

c e n tr ifu g a l  l iq u id  chromatograph u sin g  100 ml each of 2.5%, 5%, and 

10% e th y l ace ta te -h ex an e  follow ed by 200 ml of 20% e th y l  a c e ta te -  

hexane. A fte r  an i n i t i a l  c o l le c t io n  of 150 m l, 8 ml f r a c t io n s  were 

c o lle c te d . F ra c tio n s  2-5 (105 mg) were co ncen tra ted  and rechrom ato­

graphed on an A ltex  LiChrosorb Si60 5p HPLC column u s in g  5% e th y l 

ace ta te -h ex an e . A llo la u r ln te ro l  a c e ta te  was th u s  i s o la te d  as c o lo r le s s  

need les (17.7 mg, 0.0002%, R^=30 m l).

F ra c tio n s  9-11 (1115.3 mg) of th e  p re lim in a ry  chromatography 

were combined to  g iv e  a  p a le  yellow  o i l .  A p o rtio n  (85 .0  mg) of t h i s  

o i l  was chromatographed by HPLC u sin g  the  same column as described  

above w ith  a so lv e n t system of 10% e th y l a ce ta te -h ex a n e . The m ix tu re  

y ie ld ed  chamigrene (105a) (21.3 mg, 0.0003%, R^=40.2 m l), e la to l  (lOO) 

(47.2 mg, Ry=45.0 m l), and chamigrene (104a) (10.6 mg, .0001%, R^=60.6

m l) .

Pure a l lo la u r ln te r o l  a c e ta te  (101) has mp. 80-82°; [a]g  +41'

(c . 0 .2 , CHClg); l i t .  mp. 8 6 .6 -8 9 .1 ° , + 48 .2°; i r ( n e a t )  3065, 2960,

2930, 2870, 1763, 1656, 1480, 1364, 1200, 1140, 1070, 900, 875, and 682 

cm uv(EtOH) 208 nm (7900), 268 nm (600 ), and 276 nm (600);

100 MHz pmr (CDClg) 6 0 .70 (d , 3H, J=7.5 Hz, -CHCH^), 1.13 ( s ,  3H, -CH^), 

2.33 ( s ,  3H, -OCOCHg), 2 .36 ( s ,  3H, ArCH^), 2 .77 (q , IH, J=7.5 Hz, 

-CHCHj), 4 .90  (b r  s ,  IH, 0 = ^ ^ ) ,  4 .98  (b r s ,  IH, 0 = ^ ^ ) ,  6.95 ( s ,  IH,

ArH), 7.39 ( s ,  IH, ArH); mass spectrum  (70 eV) m/e ( r e l a t iv e  in te n s i ty )  

338(19), 336(22), 323(29), 321(32), 296(17), 295(11), 294(16), 293(9 ),
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282(14), 281(98), 280(20), 279(100) base peak, 267(17), 265(21), 239(22), 

237(23), 215(16), 214(22), 213(16), 212(13), 201(25), 200(26), 199(33), 

145(46), 115(63), 91(72), 86(79), and 77(63).

Pure chamigrene (104a) has [a j^  -4 .8 °  (c . 0 .7 7 , CHClg); l i t . ^ ^  

[o]jj -4 ° ;  i r ( n e a t )  3550, 3460, 3065, 3040, 2965, 1635, 1575, 1465, 1425, 

1300, 1200, 1072, 1025, 882, 813, 742, 695 cm"^; uv(EtOH) 234 nm

(1 6 ,000 ), 242 nm (16 ,500), and 250 nm (14,000); 100 MHz pmr (CDCl^)

6 1 .00 ( s ,  3H, -CHg), 1.24 (s , 3H, -CH^), 1 .5 -3 .0  (m, 7H), 4 .18  (m, IH, 

-CHOH), 4.62 (d , IH, J=3 Hz, -CHBr), 4 .86 ( s ,  IH, 0= ^ 2) ,  5 .14  ( s ,  IH, 

OCHg), 5.92 ( s ,  IH, C=CHBr), 6 .10 (br d , IH, J = l l  Hz, -CH=CH-), 6.65 

(d , IH, J=10 Hz, -CH=CH-); mass spectrum  (70 eV) m/e ( r e la t iv e  in te n s i ty )  

379(4 ), 378(23), 3 7 7 (9 ), 376(51), 374(23), 297(33), 295(31), 279(68), 

277(71), 253(16), 251(16), 241(65), 239(62), 237(19), 235(20), 223(17),

221(17), 213(31), 211(35), 198(21), 197(30), 183(17), 173(26), 171(44),

169(28), 167(11), 155(27), 149(23), 141(28), 131(45), 117(50), 115(68),

107(14), 105(26), 91(100) base peak , 85(88), and 83(51).

Pure chamigrene (105a) has la jj j  -3 3 .3 °  (c . 1 .4 7 , CHClg); 

uv(EtOH) A^g^ 247 nm (16 ,000); i r ( n e a t )  3550, 3460, 3060, 3030, 2960, 

1638, 1578, 1460, 1425, 1348, 1295, 1200, 1072, 1022, 905, 882, 780,

685 cm"^; 100 MHz pmr (CDClg) 6 1 .01 ( s ,  3H, -CH^), 1.24 ( s ,  3H, -CH^),

1 .5 -3 .0  (m, 7H), 4.20 (m, IH, -CHOH), 4.66 (d , IH, J=3 Hz, -CHBr), 4.84 

( s ,  IH, C=CH2>, 5.12 ( s ,  IH, C=CHj), 5.95 (b r d , IH, J = l l  Hz, CH=CH-),

6.13 ( s ,  IH, C=CHBr), 6.24 (d , IH , J=10 Hz, -CH=CH-); mass spectrum 

(70 eV) m/e ( r e l a t iv e  in te n s i ty ) ;  3 7 9 (2 ), 378(12), 3 7 7 (4 ), 376(25), 

374(13), 297(22), 295(20), 279(36), 277(33), 253(8 ), 251(8 ), 241(39), 

239(38), 2 3 7 (9 ), 235(8), 213(17), 211(20), 198(11), 197(16), 183(11),
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173(15), 171(24), 169(14), 167(15), 149(33), 133(38), 117(29), 115(35), 

107(11), 105(18), 91 (57 ), 85(100) base peak, 8 3 (6 3 ), and 69(52).

A cé ty la tio n  of e l a t o l  (100). 104a. and 105a; A m ix tu re  of 100. 104a. 

and 105a. (32 mg) was allow ed to  re a c t  w ith  p y rid in e  (1 ml) and a c e t ic  

anhydride (2 ml) o v e rn ig h t a t  room tem peratu re . The m ix ture  was then  

poured over crushed ic e ,  washed w ith  IN s u l f u r ic  a c id , e x tra c te d  in to  

chloroform , and d rie d  over sodium s u lf a te .  The a c e ta te s  were sep ara ted  

by HPLC on an A ltex  LiChrosorb Si60 column u s in g  15% e th y l a c e ta te  in  

hexane as th e  so lv en t to  g iv e  105b (13.9 mg, R^=17.6 m l) , e la to l  a c e ta te  

(15.2 mg, Ry=19.2 m l) , and 1 0 ^  (2 .7  mg, R^=21.6 m l) .

Pure e l a t o l  a c e ta te  has: mp. 155-156°; Io]jj +83.5° (c . 1 .4 6 , 

CHCI3) ;  i r ( n e a t )  3090, 2975, 2950, 1743, 1680, 1643, 1375, 1245, 1215, 

1038, 1015, 900, 825 cm"^; 100 MHz pmr (CDCI3) 6 1 .03 ( s ,  3H, -CH^),

1.08 ( s ,  3H, -CH3) ,  1 .68 ( s ,  3H, OC-CH^), 1 .5 -2 .8  (m, 8H ), 2.06 ( s ,

3H, -OCOCH3) ,  4 .52 (d , IH, J=3 Hz, -CHBr), 4 .76 ( s ,  IH, C=CH2) ,  5.00 

( s ,  IH, C=CH2) , 5 .26 (dd, IH, J=3, 7 Hz, -CHOAc); mass spectrum  (70

eV) m/e ( r e la t iv e  in te n s i ty )  238(6), 237(38), 236(20), 235(100) base

peak, 209(14), 207(30), 199(68), 193(14), 179(22), 159(53), 157(67), 

155(16), 153(29), 145(56), 143(31), 141(31), 133(42), 119(45), 117(40), 

115(61), 107(63), 105(68), 93 (50), 91(89), 8 5 (8 6 ), 77(63).

Pure chamigrene a c e ta te  has: mp. 115-117° ( l i t . ^ ^  mp.

113-114°); [o]jj -25° (c . 0 .1 8 , CHCI3) , l i t . ^ *  [a j^  -2 5 ° ; i r ( n e a t )  3080, 

2970, 1743, 1642, 1375, 1245, 1205, 1038, 745, 695 cm"^; 100 MHz pmr 

(CDCI3) 6 1 .01 ( s ,  3H, -CH3) ,  1 .21 ( s ,  3H, -CH3) , 2 .08  ( s ,  3H, -OCOCH3) ,

1 .5 -3 .0  (m, 6H), 4 .51  (d , IH, J=3 Hz, -CHBr), 4 .83  (b r s ,  IH, C=CH2) ,
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5.03 (b r s ,  IH, C=CHg), 5 .30 (dd, IH, J=3, 6 Hz, -CHOAc), 5.92 (b r s ,

IH, C=CHBr), 6.09 (b r d , IH, J=10 Hz, -CH=CH-), 6.66  (d , IH, J=10 Hz, 

-CH=CH-); mass spectrum  (70 eV) m/e ( r e la t iv e  in te n s i ty )  420(1 ), 418 (2 ), 

416 (1 ), 36 0 (2 ), 358(4 ), 356(2 ), 339 (1 ), 337(1 ), 280(17), 279(86), 278(25), 

277(100) b ase  peak, 251(2), 2 4 9 (2 ), 237(22), 235(31), 223(5), 221 (4 ), 

119(17), 198(13), 197(14), 183(13), 173(25), 171(35), 169(18), 155(22), 

149(49), 141(22), 129(29), 128(28), 127(24), 115(52), 91 (76), 85 (54).

Pure chamigrene a c e ta te  105b h as: mp. 121-123°; -3 9 .3 °

(c . 1 .3 7 , CHCI3 ) ;  i r ( n e a t )  3060, 3040, 2970, 1745, 1642, 1375, 1245,

1215, 1038, 788, and 690 cm"^; 100 MHz pmr (CDCl^) 6 1 .01 ( s ,  3H, -CH^),

1.20 ( s ,  3H, -CH3) ,  2.07 ( s ,  3H, -OCOCH^), 1 .5 -3 .0  (m, 6H ), 4.55 (d ,

IH, J=3 Hz, -CHBr), 4.80 (b r s ,  IH, C^CHg), 5 .00  (b r s ,  IH, 0=08^),

5 .30  (dd, IH, J=4, 7 Hz, -CHOAc), 5.88 (b r d , IH, J = l l  Hz, -CH=CH-),

6.10 (b r s ,  IH, C=CHBr), 6 .23 (d , IH, J=10 Hz, -CH=CHj-) ; mass spectrum  

(70 eV) m/e ( r e l a t iv e  in te n s i ty )  420 (2 ), 418 (4 ), 4 1 6 (2 ), 360(2 ), 35 8 (3 ), 

3 5 6 (2 ), 3 3 9 (4 ), 337(4 ), 280(17), 279(92), 278(32), 277(100) base peak, 

25 1 (3 ), 24 9 (3 ), 237(17), 235(19), 223(4 ), 221(5 ), 199(11), 198(17), 

197(21), 183(15), 173(25), 171(37), 169(23), 155(30), 141(26), 129(35), 

128(35), 115(66), 105(29), 91 (9 5 ), 85(45).

I s o la t io n  o f iso o b tu so l a c e ta te  (1 0 8 ); A p o r tio n  (130.44 g) o f f r a c t io n  

E was chromatographed over S i lc a r  CC-7 in  a  t o t a l  o f e leven  ru n s . For 

each ru n , approx im ately  one l i t e r  each of hexane, ch loroform , e th y l 

a c e ta te ,  and m ethanol were used in  th a t  sequence. A fte r  removal of 

so lv e n t , th e  w eight d is t r ib u t io n s  w ere: th e  hexane f r a c t io n ,  1,93 g;

th e  chloroform  f r a c t io n ,  57.66 g ; th e  e th y l a c e ta te  f r a c t io n ,  35.69 g;
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and th e  m ethanol f r a c t io n ,  22.38 g. The chloroform  f r a c t io n  (44.25 g)

was chromatographed on Sephadex LH-20 c o lle c t in g  60 ml f r a c t io n s .

F ra c tio n s  15-17 (1.7313 g) were combined and f i l t e r e d  to  g ive iso o b tu so l

a c e ta te  as c o lo r le s s  c r y s ta l s  from benzene-hexane, 86 njg (0 . 001%).

Pure iso o b tu so l a c e ta te  has mp. 170-173°; [a ]g  + 57.0 (c . 0 .405 ,

CHClg); a u th e n tic  sample mp. 167-170°, [0]^  + 51.0  (c . 5 .14 , CHClg);

ir(K B r) 3085, 2970, 2950, 1738, 1640, 1450, 1428, 1370, 1234, 1035,

968, 900, 698 cm"^; 270 MHz pmr (CDCl^) 6 1 .12 ( s ,  3H, -CH^), 1 .32 ( s ,

3H, -CH3) ,  1.82 (dq, IH, J=14, 3, 3 , 3 Hz, -CH^CH^-), 1.86 (dq, IH,

J=14, 3 , 3 , 3Hz, -CHgCHg-), 1.92 ( s ,  3H,-CBrCH3>, 2 .11 ( s ,  3H, -OCOCH3) ,

2.08 (m, IH, -CHgCHg-), 2 .26  (m, IH, -CH^CH^g-), 2 .40  (dd, IH, J= 12 .4 ,

4 .6  Hz, -CHgCHOAc), 2.83 (dd , IH, J=16, 4 .2  Hz, -CHgCHCl), 2.96 ( t ,

IH, J=12.2 Hz, -CHgCHOAc), 3 .18 (b r d , IH, J=15.6 Hz, -CHgCHCl), 4.46

(m, 2H, -CHBr and -CHCl), 4 .83 ( d t ,  IH, J= 12 .2 , 4 .4 , 4 .4  Hz, -CHOAc),

4.99 ( s ,  IH, 0=08^), 5 .21  ( s ,  IH, 0=082) ;  270 MHz pmr (benzene-d^)

6 0 .77 ( s ,  3H, -CH3) ,  1 .12 ( s ,  3H, -CH^), 1 .34 (dq, IH, J=14, 3 , 3 , 3

Hz, -CHgCHg-), 1.47 (dq, IH, J=14, 3 , 3, 3 Hz, -CHgCHg-), 1.72 ( s ,

3H, -CBrCHg), 1.75 ( s ,  3H, -OCOCH3) ,  1.83 ( d t ,  IH, J=14, 3, 3 Hz,

-CHgCHg-), 1.95 (b r t ,  IH, J=15 Hz, -CHgCHg-), 2.30 (dd , IH, J=13,

4 .5  Hz, -CH2CHOAC), 2 .77 (dd , IH, J=16, 3 Hz, -CH2CHCI), 3,12 (m, 2H,
I I

-CH2CHCI and -CH2CHOAC), 4 .17  (m, IH, -CHgCH^Cl) , 4 .43 (m, IH, -CHBrCHOAc), 

4 .65 ( s ,  IH, 0=082) ,  4 .81  ( d t ,  IH, J=12, 4 , 4 Hz, CHOAc), 4.94 ( s ,  IH, 

0=082) ;  25.05 MHz ^^0-nmr (ODOI3) 2 1 .0 (q ) , 2 4 .5 (q ) , 2 5 .0 (q ) , 2 5 .5 ( t ) ,  

3 3 .0 (q ) , 3 3 .2 ( t ) ,  3 3 .9 ( t ) ,  3 5 .1 ( t ) ,  4 3 .6 (e ) , 4 4 .2 ( s ) ,  65.0Cd), 6 6 .2 (d ) , 

7 0 .9 ( s ) ,  7 1 .4 (d ) , 114 .5 ( t ) ,  146.7 ( s ) ,  169.8 ( s ) ;  mass spectrum (70 eV) 

m/e ( r e la t iv e  in te n s i ty )  no m olecular ion  was observed , 3 9 8 (1 ), 396(2 ),
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39A (.8), 341(2 ), 339 (2 ), 3 2 0 (5 ), 319(20), 318(16), 317(100) base  peak, 

316(18), 315(62), 314 (3 ), 281(13), 279(14), 237(21), 235(20), 200(12), 

199(36), 173(11), 171(26), 159(13), 157(44), 145(23), 143(30), 133(17), 

131(17), 129(24), 117(22), 115(25), 107(42), 105(61), 93 (44), 91 (77), 

85(56), 79 (46 ), and 77(46).

I s o la t io n  o f p a rguero l (109). deoxyparguerol (119 ). and 4 ,9 ,1 4 -tr lh y d ro x y - 

d o la s t l - l ( 1 5 ) ,7 - d le n e  (1 2 4 ): A p o rtio n  (5 .5  g) of th e  chloroform

e x t r a c t ,  f r a c t io n  G, was chromatographed on Sephadex LH-20 using  c h lo ro - 

form -m ethanol (1 :1) and c o l le c t in g  60 ml f r a c t io n s .  A brown band (420 

ml) o f polym eric m a te r ia l  was e lu te d  follow ed by a green band (300 m l) . 

The l a t t e r  p a r t  of t h i s  green  band ( f r a c t io n s  13-14) weighing 0.9392 g 

was c o l le c te d .  Chromatography of th i s  f r a c t io n  on s i l i c a  g e l TLC 

mesh type H (62 g) u s in g  4% methanol in  chloroform  and c o lle c t in g  25 

ml f r a c t io n s  y ie ld ed  p a rg u e ro l (109) (184.6 mg, 0.0023%) as a  p a le  

yellow  g la s s  in  f r a c t io n s  16-18. F rac tio n  5-7 from th e  above chromato­

graphy were combined (275 mg) and f u r th e r  chromatographed on th in  

la y e r  mesh s i l i c a  g e l u s in g  3% m ethanol in  ch loroform . F ra c tio n s  11-16 

of th e  l a s t  chromatography each con tained  a  s in g le  compound as d e te r ­

mined by TLC and were combined to  g ive  deoxyparguerol (119) (76.5 mg, 

0.001%) a s  a  g la ssy  s o l id .  A ll a ttem p ts  to  c r y s t a l l i z e  e i th e r  p a rg u ero l 

or deoxyparguerol f a i l e d .  F ra c tio n s  2-10 of th e  l a s t  s i l i c a  g e l 

chromatography were combined and w hite  c r y s ta l s  which p re c ip i ta te d  out 

were c o lle c te d  and washed to  g iv e  6 .7  mg (.0001%) of th e  tr ih y d ro x y - 

d o la s ta d ie n e  (124).

Pure 4 ,9 ,1 4 - tr ih y d ro x y d o la s t- l(1 5 ) ,7 -d ie n e  (124) has mp. 220-
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222°; Ia]jj -211° (c . 0 .05 , CHCl^); ir(KBr) 3325, 3240, 3090, 2990, 2950, 

1642, 1455, 1380, 1034, 896 cm” ^; 270 MHz pmr (CDCl^) 6 0.78 ( s ,  3H,

C-CHg), 0 .84 (d , 3H, J=7 Hz, -CHCH^^), 1.03 (d , 3H, J=7 Hz, -CHCH^),

1.23 ( s ,  3H, CCHg), 1 .2 -2 .1  (m, I IH ) , 2.66 ( s ,  IH ,.-O H ), 2.88 (d t ,  IH,
I I I I

J=14, 14, 6 Hz, -CH-C=CH2) ,  3 .35  (dd, IH, J=15, 4 Hz, -CH-CH=C-),

3 .45  (m, IH, -CHOH), 3 .71 ( s ,  IH, -OH), 3 .74  ( s ,  IH, -OH), 4.79 ( s ,
I I  I I

IH, -C=CH2) ,  4.93 ( s ,  IH, - 0= ^ 2) ,  5.63 (dd, IH, J= 9 .6 , 4 .5  Hz, -CH-CH=C-) ;

mass spectrum  (70 eV) m/e ( r e la t iv e  in te n s i ty )  320(1 ), 302(29), 287(4), 

284(32), 278(25), 277(40), 27 4 (6 ), 269(7), 266(5 ), 260(53), 259(100) 

base  peak, 251(2), 246(14), 242(27), 241(93), 223(15), 199(11), 149(10), 

and 139(10); h igh re s o lu t io n  mass measurement 320.23635, C2QH22O3 

re q u ire s  320.23514.

Pure parguero l (109) has [a]g -4 0 .0 °  (c . .03 , CHCl^); i r ( n e a t )

3380(b ro ad ), 3060, 2935, 2880, 1725, 1380, 1368, 1250, 1020, 952, 755 

cm"^; 270 MHz pmr (CDCl^) Ô 0.09 ( t ,  IH, J=5 Hz, H-18 endo), 0.87 (dd,

IH, J=5, 10.5 Hz, H-18 ex o ), 1 .00 -1 .50  (m, 4H), 1 .06 ( s ,  3H, H -17),

1 .13 ( s ,  3H, H -20), 1 .70 -2 .10  (m, 4H), 2.07 ( s ,  3H, -OCOCH^), 2 .1 5 -

2 .60  (m, 6H), 3.12 (d t ,  IH, J=5, 10, 10 Hz, H -7 ), 3 .38 (d , IH, J=11.5 

Hz, H -19), 3 .52  (d , IH, J=11.5 Hz, H -19), 3 .84 (dd, IH, J=9, 12.5 Hz, 

H -16), 3 .95 (dd, IH, J=3, 12.5 Hz, H -16), 4.26 (dd, IH, J=3, 9 Hz, H -15), 

5 .35  (d , 2H, J=5 Hz, H-11 and H -2); 25 MHz ^^C-HMR (CDCI3) 1 8 .3 ,

2 0 .3 , 2 1 .6 , 21 .8 , 23 .9 , 2 4 .6 , 3 3 .4 , 3 5 .3 , 3 6 .6 , 3 7 .4 . 3 8 .2 , 3 9 .0 , 45 .8 ,

6 4 .4 , 6 8 .2 , 68 . 6 , 68 . 8 , 7 6 .8 , 117.4 , 142 .9 , 170.5 ppm; mass spectrum  

(70 eV) m/e ( r e la t iv e  in te n s i ty )  no m olecu lar io n  was observed, 394 (2 ), 

392(2 ), 3 6 5 (4 ), 363(5), 3 6 2 (4 ), 360(4), 350 (8 ), 349(22), 348 (8 ), 347(35), 

345(11), 319 (4 ), 317(4), 3 0 3 (3 ), 301(3), 299(10), 281(32), 263(24),
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255(10), 253(11), 237(37), 157(41), 145(46), 131(50), 129(45), 119(68),

105(100) base peak, 93(64), 91(93), 81(53), 79(68), and 55(64).

Anal. Calcd fo r  CggHggBrOg: C, 57.77; H, 7 .2 7 ; B r, 17.47;

Found: C, 58 .04 , H, 7 .01; B r, 16.72; h igh  re s o lu tio n  mass spectrum

fo r  (N'^-H^O), c a lc : 440.13864; detm: 440.13898.

Pure deoxyparguerol (119) has faJjj -35.8® (c . 0 .6 2 , CHCl^); 

i r ( n e a t )  3360, 3055, 2960, 2870, 1725, 1455, 1380, 1365, 1250, 1055, 

1020, 955, 755 cm“ ^; 270 MHz pmr (CDCl^) 6 0 .01 ( t ,  IH, J=5.6  Hz, H-18 

endo), 0.66 (dd, IH, J= 5 .3 , 10.5 Hz, H-18 exo), 0.79 (dd, IH, J= 6 .1 ,

10.5 Hz, H -3), 1 .02  ( s ,  3H, H -19), 1 .04  ( s ,  3H, H -17), 1 .12  ( s ,  3H, 

H -20), 1.21 (dd, IH, J=6 , 15 Hz, H-1 a x ) , 1.89 (d , IH, J=15 Hz, H-1 e q ) ,

2.05 ( s ,  3H, -OCOCHg), 2 .40 (b r d , IH, J=18 Hz, H-12 e q ) , 3 .16  (d t ,

IH, J=5, 10, 10 Hz, H -7), 3.83 (m, IH, H-16), 3 .90  (m, IH, H -16), 4.27 

(dd, IH, J= 3.6 , 9 Hz, H-15), 5.29 (d , IH, J -5 .7  Hz, H -2 ), 5.34 (d ,

IH, J =6 Hz, H -11); mass spectrum (70 eV) m/e ( r e la t iv e  in te n s i ty )

424(3), 422(3), 364 (8 ), 362(8), 34 9 (5 ), 347(6), 33 1 (4 ), 3 2 9 (4 ), 325(5 ), 

322(4), 321(2), 320 (5 ), 284(15), 283(58), 265(31), 255(10), 240(13), 

239(51), 197(23), 185(20), 183(28), 171(24), 169(26), 157(49), 145(57),

131(56), 121(41), 119(64), 105(100) b ase  peak, 93 (78 ), 91 (92 ), 81(66),

79(60), 55(46).

A cé ty la tio n  of P arg u ero l (109): P arguero l (109. 19.2  mg) was allowed

to  re a c t w ith  p y rid in e  (1 ml) and a c e t ic  anhydride (2 m l) fo r  24 hours. 

The m ixture was poured in to  co ld  w a te r , e x tra c te d  in to  chloroform , 

washed w ith  IN s u l f u r ic  a c id , and d r ie d  over sodium s u l f a te  to  g ive  

p a rguero l a c e ta te  (110a. 24 m g).
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Pure p a rg u e ro l a c e ta te  (110a) has i r ( n e a t )  3020, 2960, 2880, 

1745, 1370, 1240, 1025, 755 cm"^; 270 MHz pmr (CDCl^) 6 0 .17 ( t ,  IH, 

J=5.5  Hz, H-18 endo), 0 .93 (dd, IH, J=5, 10 .5  Hz, H-18 ex o ), 1 .05 (s , 

3H, H -17), 1.16 ( s ,  3H, H -20), 1 .10 -1 .40  (m, 4H), 1 .6 5 -2 .0 5  (m, 4H),

2 .08  ( s ,  6H, -OCOCHg), 2 .10  ( s ,  3H, -OCOCH^), 2 .14 ( s ,  3H, -OCOCH^), 

2 .29 (d t ,  IH, J=4, 4 , 12 Hz, H-6  e q ) , 2.47 (b r d , IH, J=18 Hz, H-12eq),

2 .59  (b r t ,  IH, J=10, 10 Hz, H-8) , 3 .71  (d , IH, J=12 Hz, H -19), 4.04

(d , IH, J=12 Hz, H -19), 4 .20 -4 .35  (m, 2H, H -16), 4 .41  ( d t ,  IH, J=5,

11, 11 Hz, H -7), 4.49 (d , IH, J=9.5 Hz, H -15), 5.36 (d , IH, J=5 Hz, 

H -2 ), 5 .40 (d , IH, J= 6 .2  Hz, H -11); 270 MHz pmr (CCl^) 6 0 .17 ( t ,  IH, 

J =6 Hz, H-18 endo), 0 .94 (dd, IH, J=5, 10.7 Hz, H-18 ex o ), 1 .06 (s ,

3H, H -17), 1 .0 0 -1 .4 0  (m, 4H), 1.12 ( s ,  3H, H -20), 1 .76  (m, 2H, H-6ax 

and H-12ax), 1.89 (d , IH, J=15.4 Hz, H -le q ) , 1.97 (m, IH, H -14eq),

2 .02  ( s ,  3H, -OCOCHg), 2.03 ( s ,  3H, -OCOCH^), 2 .06 ( s ,  3H, -OCOCH^),

2 .08  ( s ,  3H, -OCOCH3 ) ,  2 .25 (d t ,  IH, J=4, 4 , 12 Hz, H-6e q ) , 2 .45 (b r d,

IH, J=17.4 Hz, H -12eq), 2.62 (b r t ,  IH, J = l l ,  12 Hz, H-8) ,  3 .74  (d,

IH, J=12 Hz, H -19), 3 .9 6  (d , IH, J=12 Hz, H -19), 4 .16  (m, 2H, H-16),

4 .31  (d t ,  IH, J=5, 11, 11 Hz, H -7), 4.47 (dd, IH, J=3, 11 Hz, H-15), 

5 .27  (d , IH, J=5 Hz, H -2 ), 5.38 (d , IH, J =6 Hz, H -11); 270 MHz pmr 

(benzene-dg) 6 -0 .2 5  ( t ,  IH, J =6 Hz, H-18 endo), 0 .56  (dd, IH, J= 5 .6 ,

10 .6  Hz, H-18 ex o ), 0 .91  ( s ,  3H, H -17), 0 .8 0 -1 .1 0  (m, 3H), 1 .20  (s ,

3H, H -20), 1.26 (dd , IH, J= 11 .4 , 13.8 Hz, H -14ax), 1 .5 0 -1 .7 5  (m, 2H), 

1 .64  ( s ,  3H, -OCOCH3) ,  1 .71  ( s ,  3H, -OCOCH^), 1.73 ( s ,  3H, -OCOCH^),

1 .77  ( s ,  3H, -OCOCHg), 1.86 (ddd, IH, J=12, 12, 12 Hz, H-6a x ) , 2.05

(ddd, IH, J= 3 .6 , 6 , 13 .8  Hz, H -14eq), 2.36 ( d t ,  IH, J=4, 4 , 13 Hz, 

H-6e q ) , 2.45 (b r d , IH, J=18Hz, H -12eq), 2 .78 (b r t ,  IH, J = l l  Hz,
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H-8) ,  3.56 (d , IH, J=12.4 Hz, H -19), 3 .85 (d , IH, J=12.4 Hz, H -19),

4 .21  (tn, IH, H -15), 4 .55 (m, 3H, H-7 and H -16), 5 .12 (d , IH, J=6.6  Hz, 

H -11), 5 .34 (d , IH, J=5.4  Hz, H -2); 25.05 MHz ^^C-nmr (CDCl^) 18 .9 ,

1 9 .7 , 20 .7 , 2 1 .0 , 2 1 .2 , 21 .3 , 21 .7 , 22 .0 , 24 .2 , 2 9 .6 , 3 5 .1 , 35 .4 , 3 6 .4 ,

3 7 .4 , 38 .6 , 4 5 .6 (d ) , 5 8 .9 (d ) , 6 5 .8 ( t ) ,  6 8 .2 (d ) , 6 9 .5 ( t ) ,  7 8 .3 (d ), 

1 1 8 .1 (d ), 142 .0 ( s ) ,  170 .2 ( s ) ,  170 .4 ( s ) ,  170.4 ( s ) ,  170 .7 ( s ) ;  mass 

spectrum  (70 eV) m/e ( r e la t iv e  in te n s i ty )  464(10), 462(10), 436(8), 

434 (6 ), 405(6), 404(22), 403(6), 402(21), 389(6), 38 7 (6 ), 376(3), 374 (3 ), 

361 (4 ), 359 (3 ), 329(12), 327(12), 323(22), 264(26), 263(100) base peak, 

237(66), 235(36), 221(64), 193(33), 169(22), 157(21), 131(26), 105(37), 

93 (21 ), 91(33).

P arguero l tr ib e n z o a te  (110b): P arg u ero l (109. 5 mg) was added to

p y rid in e  (1 ml) and f r e s h ly  d i s t i l l e d  benzoyl c h lo r id e  (2 drops) and 

allow ed to  r e a c t  a t  room tem perature o v e rn ig h t. The m ix tu re  was 

chromatographed by p re p a ra t iv e  TLC u s in g  20% e th y l a c e ta te  in  hexrne 

to  g ive p a rg u e ro l tr ib e n z o a te , 2 .8  mg, .33; i r ( n e a t )  3065, 2960,

2880, 1725, 1604, 1585, 1450, 1385, 1370, 1315, 1275, 1245, 1175, 1115,

1068, 1025, 755, 710 cm"^; 270 MHz pmr (CDClg) 6 0 .27 ( t ,  IH, J=5.7 Hz, 

H-18 endo), 1 .04 (dd, IH, J= 5 .4 , 10.8  Hz, H-18 ex o ), 1 .08 ( s ,  3H,

H -17), 1.28 ( s ,  3H, H -20), 1 .15-1 .55  (m, 4H), 1 .8 0 -2 .0 5  (m, 3H),

2 .04 ( s ,  3H, -OCOCHg), 2.18 (b r d , IH, J=15 Hz, H -14eq), 2.54 (m, 2H, 

H-6eq and H -12eq), 2 .92  (b r t ,  IH, J = l l  Hz, H-8) ,  3 .90 (d , IH, J=12 Hz, 

H -19), 4 .36 (d , IH, J=12 Hz, H -19), 4 .46  (m, 2H, H-15 and H -16), 4 .69 

( d t ,  IH, J=4, 11, 11 Hz, H -7), 4.83 (dd, IH, J=3, 12 Hz, H -16), 5 .40  

(d , IH, J=5 Hz, H -2), 5 .46 (d , IH, J =6 Hz, H -11), 7 .3 5 -8 .1 0  (m, 15H, 

ArH); mass spectrum  (70 eV) m/e ( r e la t iv e  in te n s i ty )  3 2 9 (1 ), 327(1),
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264(4), 263(15), 2 3 7 (9 ), 221(6), 106(8 ), 105(100) base peak, 77(19).

D eoxyparguerol a c e ta te  (120): Deoxyparguerol (119. 20 mg) was allowed

to  r e a c t  w ith  a c e t ic  anhydride (2 ml) and p y rid in e  (1 ml) o v ern igh t 

a t  room tem peratu re . The m ixture was poured in to  cold w a ter and the  

p roduct was e x tra c te d  in to  chloroform , washed w ith  w a te r , and d ried  

over sodium s u l f a te  to  g iv e  120 in  q u a n t i ta t iv e  y ie ld .

Pure deoxyparguerol a c e ta te  (120) has i r ( n e a t )  3055, 3020,

2955, 2870, 1737, 1365, 1240, 1020, 750 cm"^; 270 MHz pmr (CDCl^)

6 0 .01 ( t ,  IH, J= 5 .4  Hz, H-18 endo), 0.65 (dd, IH, J= 4 .2 , 10 .4  Hz,

H-18 exo), 0.78 (dd, IH, J= 5 .8 , 10 Hz, H -3), 1 .00 ( s ,  3H, H -19), 1.02 

( s ,  3H, H -17), 1 .12 ( s ,  3H, H -20), 1 .1 0 -1 .4 0  (m, 3H), 1 .70 (ddd, IH, 

J=12, 12, 12 Hz, H-6a x ) , 1.82 (br d , IH, J=2, 4, 18.3 Hz, H -12ax),

1 .91  (d , IH, J=15 Hz, H -leq ), 2.02 (m, IH, J= 3 .7 , 6 .4 , 14.7  Hz, H -14eq),

2 .08  ( s ,  3H, -OCOCHg), 2.10 ( s ,  3H, -OCOCH^), 2.14 ( s ,  3H, -OCOCHg),

2 .16  ( d t ,  IH, J=4, 4 , 13 Hz, H-6e q ) , 2.43 (br d , IH, J=6 . 8 , 18.3 Hz, 

H -12eq), 2 .56 (b r t ,  IH, J = l l , 11 Hz, H-8) ,  4.28 (m, 2H, H -16), 4.38 

( d t ,  IH, J=5, 11, 11 Hz, H -7), 4.53 (d , IH, H -15), 5.28 (d , IH, J -5  Hz, 

H -2), 5 .36 (d , IH, J=6.7  Hz, H-11); 25 MHz ^^C-nmr (CDCl^) 1 7 .2 ( s ) ,  

1 9 .5 (d ) , 2 1 .1 ,2 1 .4 , 2 1 .7 , 23 .2 , 2 3 .6 , 2 4 .2 , 3 0 .7 , 3 5 .2 , 3 5 .4 , 3 7 .0 ,

3 7 .5 , 3 8 .1 , 3 8 .7 , 4 6 .4 (d ) , 5 9 .0 (d ) , 6 6 .0 ( t ) ,  6 9 .2 (d ) , 7 8 .7 (d ) , 1 1 7 .9 (d ), 

142 .4 ( s ) ,  170 .5 ( s ) ;  mass spectrum (70 eV) m/e ( r e la t iv e  in te n s i ty )  

467(26), 466(84), 465(26), 464(97), 42 2 (3 ), 420(4 ), 407 (8 ), 406(19), 

40 5 (8 ), 404(19), 399(20), 391(11), 389(10), 331(17), 329(19), 325(62), 

299(16), 283(18), 266(17), 265(80), 240(23), 239(100) b ase  peak,

223(38), 209(32), 197(33), 183(39), 169(39), 157(51), 145(62), 131(50),
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119(31), 105(58), 91 (57), 81 (24 ), 79(34), 55(20); h igh  re s o lu t io n  mass
+ 79measurement M -HOAc 464.1544, Cg^H^gO^Br re q u ire s  464.1562.

O zonolysis o f p a rg u ero l a c e ta t e ; P arguero l a c e ta te  (110a) (24 mg) 

was d isso lv ed  in  8 ml o f m ethylene ch lo ride-m ethano l (1 :1 ) . The 

s o lu tio n  was cooled in  a dry  ic e -ace to n e  b a th  and ozone was bubbled 

in  a t  a  r a te  of 4 m l/se c . When a p e r s is te n t  p a le  b lu e  c o lo r appeared , 

th e  gas flow  was d isco n tin u ed  and the  re a c tio n  v e s s e l  was kep t co ld  fo r  

1 /2  hour. Dimethyl s u l f id e  (4 drops) was added and the  f la s k  was 

slow ly allowed to  come to  room tem peratu re . The ke to  a c e ta l  p roduct 

( 111) , 21 mg, was washed w ith  w a ter and d r ie d  over sodium s u l f a te .  

Chromatography of th e  p roduct gave pure 111: i r ( n e a t )  2930, 2850, 2830,

1735, 1450, 1365, 1240, 1150, 1120, 1040, 965, 900, 752 cm"^; 270 HHz 

pmr (CDCI3) 6 0 .20 ( t ,  IH, H=6 Hz, H-18 endo), 0 .96 ( s ,  3H, H -17), 

0 .9 0 -1 .6 0  (m, 5H), 1.37 ( s ,  3H, H-20), 1 .85-2 .05  (m, 2H), 1.75 (m, 2H, 

H -12), 2.06 ( s ,  3H, -OCOGH^), 2.09 ( s ,  3H, -OCOCH3) , 2.11 Cs, 3H, 

-OCOCH3) ,  2.13 ( s ,  3H, -OCOCH3) ,  2.50 (m, 2H, H-6eq and H-14 e q ) , 3.07 

(dd , IH, J=8 , 11 Hz, H-8) ,  3 .32  ( s ,  3H, -OCH^), 3 .34 ( s ,  3H, -OCH^), 

3.72 (d , IH, J=12 Hz, H -19), 4 .10  (d , IH, J=12 Hz, H -19), 4 .24 (dd, IH, 

J=3, 9 Hz, H -15), 4.50 (m, 4H, H-7, H-11, H -16), 5.32 (d, IH, J=5 Hz, 

H -2); 270 MHz pmr (benzene-dg) 6 -0 .3 6  ( t ,  IH, J =6 Hz, H-18 endo),

0 .49 (dd, IH, J= 5 .5 , 10.8  Hz, H-18 exo), 0.88 (dd, IH, J= 3 .4 , 14 Hz, 

H -5), 0 .98 (dd, IH, J= 7 .4 , 10 .8  Hz, H -3), 1.09 ( s ,  3H, H -17), 1.26 

( s ,  3H, H -20), 1 .1 5 -1 .4 0  (m, IH ), 1.45 (d , IH, J=14.3 Hz, H -14a),

1 .61 ( s ,  3H, -OCOCHg), 1.65 ( s ,  3H, -OCOCH3) ,  1 .74 ( s ,  3H, -OCOCHg), 

1.84 ( s ,  3H, -OCOCH3) ,  1 .8 0 -2 .1 0  (m, 4H), 2 .40 (ddd, IH, J= 3 .4 , 5 ,
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12.8  Hz, H-6e q ) , 2 .74 (dd, IH, J= 7 .7 , 14.3 Hz, H -14eq), 3 .11  ( s ,  6H,

-OCHg), 3.12 (m, IH, H-8) ,  3.56 (d , IH, J=12 Hz, H -19), 3 .76  (d , IH,

J=12 Hz, H -19), 4.42 (dd, IH, J=4, 8 Hz, H -15), 4 .56 (m, 2H, H-7 and

H -11), 4.67 (dd, IH, J=8 , 12.3 Hz, H -16), 4.77 (dd, IH, J=4, 12.3 Hz,

H -16), 5.30 (d , IH, J=5 Hz, H -2); mass spectrum  (70 eV) ( r e la t iv e  

in te n s i ty )  497(2), 49 5 (2 ), 428(100) base  peak, 415(21), 368(22),

353(14), 337(17), 308(25), 295(29), 293(31), 261(44), 233(45),

162(56), 105(70), 9 1 (7 8 ), 95(53), 79(49).

O xidation of th e  k e to -a c e ta l  (111 ): Jones reagen t (5 d rops) was added

dropwise to  a s o lu tio n  o f the  k e to -a c e ta l  (111) (21 mg) in  acetone 

(1 ml) u n t i l  an orange co lo r p e r s is te d .  The re s u l t in g  a c id  was d is ­

so lved  in  chloroform , washed w ith  w ater and d ried  to  g ive an o i l ,  6 mg. 

K eto-acid  (112) has th e  fo llow ing s p e c t r a l  p ro p e r t ie s :  i r ( n e a t )  3400

(b ro ad ), 3020, 2960, 2930, 2850, 1740, 1450, 1370, 1240, 1035, 755 cm“ ^; 

270 MHz pmr (benzene-d^) 6 -0 .3 6  ( t ,  IH, J =6 Hz, H-18 endo), 0.52 (dd, 

IH, J=6 , 11.3 Hz, H-18 exo ), 0.88 ( s ,  3H, H-17), 0 .8 0 -2 .1 0  (m, 8H ),

1 .26  ( s ,  3H, H -20), 1 .65 ( s ,  3H, -OCOCH^), 1.67 ( s ,  3H, -OCOCH^),

1 .70  ( s ,  3H, -OCOCHg), 1.89 ( s ,  3H, -OCOCH^), 2 .3 5 -2 .6 5  (m, 2H), 3 .04  

(dd, IH, J=8 , 11 Hz, H-8) ,  3.56 (d , IH, J=12 Hz, H -19), 3 .7 3  (d , IH,

J=12 Hz, H -19), 4.45 (m, 2H, H-7 and H -16), 4.84 (dd, IH, J=3, 12.5 Hz, 

H -16), 5.09 (b r d , IH, J=9 Hz, H -15), 5 .29  (d , IH, J=5.7 Hz, H -2); 

mass spectrum (70 eV) m /e ( r e la t iv e  in te n s i ty )  491(19), 448(10), 431(63) 

417(13), 389(30), 388(31), 375(56), 370(32), 266(42), 199(48), 119(49), 

105(100) base peak, 91 (68 ), 79(52).

Manganese d iox ide  o x id a tio n  of P a rg u e ro l: P arguero l (10 .5  mg) was
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d is so lv e d  in  te tra h y d ro fu ra n  (1 ml) and re a c te d  fo r  f iv e  m inutes a t  

room tem peratu re  w ith  a s a tu ra te d  s o lu tio n  of lith iu m  aluminum 

h y d rid e  in  te tra h y d ro fu ra n  (3 m l) . The re a c t io n  was quenched w ith  

w a te r  and th e  m ix tu re  was e x tra c te d  in to  chloroform . The product was 

p u r i f ie d  by p re p a ra t iv e  TLC (10% m ethanol in  chloroform  so lv en t)  to  

y ie ld  a t e t r a o l  (2 .7  mg, = .1 3 - .2 9 ) . The t e t r a o l  was th en  s t i r r e d  

a t  room tem peratu re  w ith  25.6 mg of a c t iv a te d  manganese d io x id e  fo r  

one h o u r. The m ix tu re  was f i l t e r e d  and the  product was p u r if ie d  by 

HPLC on an A ltex LiChrosorb Si60 column u sin g  15% isop ropano l in  ch lo ro ­

form  as so lv e n t. The o x id a tio n  p roduct (2 .3  mg, R^=22 ml) had th e  

fo llo w in g  s p e c tra l  p ro p e r t ie s :  i r ( n e a t )  3360, 2925, 2855, 1722, 1600,

1455, 1378, 1015, 750 cm“ ^; 270 MHz pmr (CDCl^) 6 0 .08 ( t ,  IH, J=6 Hz, 

H-18endo), 0.90 (dd , IH, J=5, 10 Hz, H-18 ex o ), 1.21 ( s ,  3H, -CH^), 1.28 

( s ,  3H, -CH^), 1 .1 -2 .7  (m, 14H), 3 .20  (m, IH, H -7), 3 .38  (d , IH, J=12 Hz, 

H -19), 3 .64 (d , IH, J=12 Hz, H -19), 4 .18 (d , IH, J=4 Hz, H -15), 4.44 

(d , IH, J=4 Hz, H -2), 5.43 (d , IH, J=5 Hz, H -11), 9.56 (d , IH, J=4 Hz, 

H -16).

R eduction w ith  z in c - a c e t ic  a c id : P a rg u e ro l (5 mg) was d isso lv e d  in

te tra h y d ro fu ra n  (10 ml) w ith  z inc (87 .4  mg) and g la c ia l  a c e t ic  acid  

(2 d rops) added. A fte r  one hour o f r e f lu x ,  m ostly  s t a r t i n g  m a te r ia l  

was recovered . The procedure was rep ea ted  w ith  5 drops o f a c e t ic  ac id  

and , a f t e r  an a d d i t io n a l  hour o f r e f lu x ,  th e  m ixture  was s t i r r e d  a t
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room tem peratu re  fo r  5 hou rs . P re p a ra tiv e  TLC of the  m ix tu re  w ith  

10% iso p ropano l in  chloroform  as so lv en t sep a ra ted  th re e  compounds 

(1 .7  mg t o t a l ,  Rg = .3 6 -.5 9 ) from the  s t a r t in g  m a te r ia l . S ep a ra tio n  

by HPLC of th e  m ix ture  of compounds on P a r t i s i l  PXS (10/25 mm) u sin g  

10% isop ropano l in  chloroform  as th e  so lv en t system y ie ld ed  a  compound 

(0 .2  mg) which had th e  fo llow ing  s p e c tra l  p ro p e r t ie s :  270 MHz pmr

(CDClg) 6 0 .08 (m, IH, H-18 endo), 0 .86 (m, IH, H-18 exo ), 1 .02 ( s ,

3H, H -20), 1.05 ( s ,  3H, H -17), 2.08 ( s ,  3H, -OCOCH^), 4 .89 (d , IH, J=17 

Hz, -C=CHg), 4.89 (d , IH, J=12 Hz, -CH=CHg), 5.73 (dd, IH, J = l l ,1 8  Hz, 

-CH^CHg). Lack of s u f f ic ie n t  m a te r ia l prevented complete s p e c t r a l  

c h a ra c te r iz a t io n .

I s o la t io n  of iso p a rg u e ro l (1211, p a rg u ero l 1 6 -a c e ta te  (118). and 

iso p a rg u e ro l 1 6 -a c e ta te  (1 2 3 ): The green  band (1 .0  g) o b ta in ed  from

a Sephadex LH-20 column (see  i s o la t io n  of pa rg u ero l above) was chromato­

graphed on s i l i c a  g e l 60 (100 g , 230-400 mesh) using  10% m ethanol in  

chloroform . The f i r s t  f r a c t io n  (150 ml) contained  661 mg of m a te r ia l  

and th e  second f r a c t io n  (50 ml) con tained  309 mg. This second 

f r a c t io n  was qu ick ly  passed through 1 ,6  g o f n e u tra l  alum ina C a c tiv ity  

I I )  to  remove the green p igm entation  which accompanies p a rg u e ro l. A 

p o r t io n  of crude p a rg u e ro l (160 mg) was chromatographed on an A ltex  

LiChrosorb Si60 HPLC column 5p (10 x 250 mm) using  10% iso p ro p an o l in  

chloroform  as e lu a n t . P a rg u ero l (.109) (150.6 mg, 0.002%, R^=34.8 ml) 

was is o la te d  along w ith  e  minor component, iso p arg u ero l C6 .8  mg, 0 .0001%, 

R^=33.2  m l) . The f i r s t  f r a c t io n  (660 mg) from the above s i l i c a  g e l 

chromatography was rechrom atographed u s in g  3-5% m ethanol in  chloroform
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c o l le c t in g  100 ml f r a c t io n s .  F rac tio n s  3 and 4 (244.9 mg) were com­

b in e d , passed through n e u tr a l  alum ina, and separa ted  by HPLC on a 

10 m icron pBondapak re v e rse  phase column (7 .8  x 300 mm) using  

20% aqueous m ethanol. Two f r a c tio n s  o f  i n t e r e s t  were c o lle c te d :  

f r a c t io n  IV (67.5 mg, R^=19.2 ml) and f r a c t io n  V (34.8 mg, R^=20.8 m l). 

F ra c tio n  IV was sep a ra ted  by p re p a ra tiv e  TLC using 4% m ethanol in  

chloroform  to  g ive p a rg u e ro l 1 6 -a c e ta te  (21 .6  mg, 0.0003%, R ^= .13-.33). 

F ra c tio n  V (31.5 mg) was rechrom atographed by ad so rp tio n  HPLC using  

5% isop ropano l in  chloroform  to  g ive  iso p a rg u e ro l 1 6 -a c e ta te  (4 .9  mg, 

0.00006%, R^=32 m l).

Pure iso p a rg u e ro l (121) has +3.6® (c . .1 4 , CHClg); mp.

139-141°; i r ( n e a t )  3360, 2925, 2870, 1710, 1375, 1365, 1250, 1020,

945, and 750 cm“^; 270 MHz pmr (CDClg) Ô 1.08 (s , 3H, H -17), 1 .21 ( s ,

3H, H -20), 1 .00 -2 .60  (m, 18H), 2.03 ( s ,  3H, -OCOCHg), 3.29 (d t ,  IH, 

J= 6 .5 , 11 .6 , 11.6 Hz, H -7), 3.84 (dd, IH, J=9, 11 Hz, H -16), 3.94 (b r d, 

IH, J=12 Hz, H -16), 4.29 (dd, IH, J=4, 10 Hz, H-15), 4 .96 (d , IH,

J=4.8 Hz, H -2), 5.44 (d , IH, J =6 Hz, H -11); mass spectrum  (70 eV) m/e 

( r e la t iv e  in te n s i ty )  44 0 (4 ), 438(4), 422 (1 ), 420(1), 394 (2 ), 392(2), 

383(3), 381 (3 ), 380(2 ), 378 (2 ), 365(15), 363(16), 362 (6 ), 3 6 0 (5 ), 

352(30), 350(28), 347(36), 345(35), 33 7 (8 ), 335(8 ), 319(12), 317(14), 

299(14), 281(30), 271(42), 237(36), 227(50), 197(29), 185(36), 183(32),

159(59), 157(55), 145(53), 143(62), 133(42), 131(66), 119(79), 105(100)

base peak, 91(81), 79(55), 55(49).

Pure p a rg u ero l 1 6 -a c e ta te  (118) has mp. 121-123°; -4 0 ,5

(c . 0 .4 0 , CHClg); i r ( n e a t )  3400, 3060, 2940, 2880, 1742, 1726, 1450,

1380, 1368, 1245, 1035, 1020, 950, 775 cm"^; 270 MHz pmr (jCDClg) 6 0.08
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( t ,  IH, J=5.8 Hz, H-18 endo), 0.87 (dd, IH, J=5, 11 Hz, H-18 exo), 1.06 

( s ,  3H, H -17), 1.13 ( s ,  3H, H -20), 0 .9 5 -1 .5 0  (m, 4H), 1 .7 0 -2 .1 0  (m,

5H), 2.07 ( s ,  3H, -GCOCH^), 2.11 ( s ,  3H, -OCOCH^), 2 .2 0 -2 .5 5  (m, 4H), 

3 .15 (d t ,  IH, J=5, 10, 10 Hz, H -7), 3.42 (d , IH, J=13 Hz, H -19), 3.48 

(d , IH, J=13 Hz, H -19), 4.25 (m, 2H, H -16), 4.60 (m, IH, H -15), 5.35 

(d , IH, J=6.5 Hz, H -11), 5.36 (d , IH, J= 5 .8  Hz, H -2); mass spectrum 

(70 eV) m/e ( r e l a t iv e  in te n s i ty )  4 82 (2 ), 480(3), 4 3 6 (4 ), 434(4 ),

422 (6 ), 420(5), 4 07 (3 ), 405(3), 4 04 (5 ), 402(6), 391(10), 389(15), 

341(13), 331(11), 329(19), 327(9), 323(14), 281(37), 263(71), 255(26),

237(79), 221(43), 157(58), 145(64), 131(64), 119(77), 105(100) base

peak, 91(100) base  peak , 79(58).

Pure iso p a rg u e ro l 1 6 -a c e ta te  (123) has mp. 180-182®; [a]g 

-1 8 .8  (c . 0 .0 9 , CHCI3) ;  ir(CHClg) 3600, 2920, 2850, 1725, 1380,

1365, 1250, 1015 cm"^; 270 MHz pmr (CDCI3) 6 1.09 ( s ,  3H, H -17),

1 .22 ( s ,  3H, H -20), 1 .1 0 -2 .1 0  (m, 13H), 2.03 ( s ,  3H, -OCOCH3) , 2.11 

( s ,  3H, -OCOCH3) ,  2 .2 0 -2 .6 0  (m, 4H), 3 .27 (d t ,  IH, = 22.7 Hz,

H -7), 4.28 (m, 2H, H-15 and H -16), 4 .60 (m, IH, H -16), 4.97 (d , IH,

J=4 Hz, H -2), 5 .44 (d , IH, J=6.3 Hz, H -11); mass spectrum  (70 eV) m/e 

( r e la t iv e  in te n s i ty )  482 (3 ), 4 8 0 (3 ), 4 5 4 (4 ), 452(4 ), 4 4 0 (3 ), 438(3), 

425 (2 ), 423(3), 4 2 2 (2 ), 420(2), 412 (4 ), 410(4), 407(13), 405(15), 

3 9 4 (8 ), 392(7 ), 3 7 9 (5 ), 377(4), 3 6 5 (4 ), 363(3 ), 347(57), 345(58), 

319(19), 317(26), 281(18), 271(17), 265(33), 255(41), 253(51),

239(28), 237(37), 227(90), 157(65), 145(68), 143(72), 131(78),

119(100) base peak , 105(97), 9 1 (93 ), 7 9 (49 ), 55(53).
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Iso p a rg u e ro l t r i a c e t a t e  (1 2 2 ); Iso p a rg u e ro l (121. 1 .5  mg) was 

allow ed to  r e a c t  w ith  a c e t ic  anhydride ( .2  ml) and p y r id in e  ( .1  ml) 

ov ern ig h t a t  room tem p era tu re . The m ix tu re  was poured in to  co ld  

w a te r and the  p roduct was e x tra c te d  in to  chloroform , washed w ith  

w a te r , and d rie d  over sodium s u l f a te .  Chromatography o f th e  product 

gave pure iso p a rg u e ro l t r i a c e t a t e :  i r ( n e a t )  3500, 2930, 2875, 1735,

1460, 1380, 1365, 1240, 1150, 1020, 950, 755 cm"^; 270 MHz pmr (CDCl^) 

S 1 .05 ( s ,  3H, H -17), 1 .21  ( s ,  3H, H -20), 1 .30-1 .90  (m, 5H), 2.02 ( s ,  

3H, -OCOCHg), 2.05 ( s ,  3H, -OCOCH^), 2 .11 ( s ,  3H, -OCOCH^), 2 .4 0 -2 .7 0  

(m, 3H, H-3, H-8 , and H -12eq), 4.27 (m, 2H, H -16), 4 .50  (m, 2H, H-7 

and H -15), 4.95 (d , IH, J=3.6  Hz, H -2), 5 .48  (d , IH, J =6 Hz, H -11);

270 MHz pmr (benzene-dg) 6 0.72 (q u in te t ,  IH, J=10.4 Hz, H-18 endo),

0 .88  ( s ,  3H, H -17), 1 .0 0 -1 .7 0  (m, 8H ), 1 .26 ( s ,  3H, H -20), 1 .61 ( s ,

3H, -OCOCH3) ,  1 .66 ( s ,  3H, -OCOCH3) ,  1.69 ( s ,  3H, -OCOCH3) , 1 .7 5 -

1.95 (m, 3H), 2 .0 0 -2 .2 0  (m, 2H, H-14eq and H -3), 2.45 (b r d , IH, J=17 

Hz, H-12eq), 2.75 (b r t ,  IH, H-8) ,  4 .24 (dd, IH, J=10, 13 Hz, H -15), 

4 .4 5 -4 .6 5  (m, 3H, H-16 and H -7), 4 .88  (d , IH, J=4 Hz, H -2), 5 .15 (d , 

IH, J=5.8  Hz, H -11); mass spectrum C70 eV) m/e ( r e l a t iv e  in te n s i ty )  

48 2 (7 ), 480(7), 454(11), 452(11), 423 (7 ), 422(20), 4 2 1 (7 ), 420(21), 

407(12), 405(13), 4 0 4 (5 ), 402 (7 ), 394(18), 392(18), 347(56), 345(57), 

333(11), 331(9), 319(16), 317(21), 281(34), 271(22), 265(25), 263(27), 

255(36), 253(50), 237(35), 227(100) b ase  peak, 211(39), 209(36), 

185(44), 157(71), 143(70), 131(70), 119(75), 105(81), 9 1 (6 2 ),

69 (48 ), 61(56).
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Isolation of Dihydroxydeodactol Monoacetate (32): The 13th fraction
of th e  Sephadex LH-20 chromatography of the  chloroform  e x tr a c t  

( f r a c t io n  G) was chromatographed over TLC mesh s i l i c a  g e l w ith  

chloroform  to  g ive 61 mg of

Pure d ihydroxydeodactol m onoacetate (32) h as: mp. 168-169°’ 

[a]jj+40.5° (CHCI3) ;  ir(K B r) 3440, 3000, 2945, 1730, 1395, 1270, and 

1055 cm"^; 360 MHz NMR (CDCI3) 6 1 .4 2 , 1.44 ( s ,  3H ea , C -12-13),

1.47 ( s ,  3H, C-14), 1 .58 (b r s ,  2H, -OH), 1.87 ( s ,  3H, C -15), 2.14 

( s ,  3H, -OAc), 2.24 ( d t ,  IH, J= 3 .9 , 14.8  Hz, C-9 H ^^), 2.35 (dd , IH, 

J= 2 .7 , 14.3 Hz, C-4 H ), 2 .42 -2 .74  (m, 4H), 4.03 (b r s ,  IH, C-5 H ),

4.24 (dd, IH, J= 4 .2 , 12.8 Hz, C-10 H ), 4.78 (dd, IH, J= 4 .2 , 12 .8  Hz, 

C-2 H ), 5.04 ( t ,  IH, J= 3 .6  Hz, C-8  H ); mass spectrum C70 eV) m /e 

( r e l a t iv e  in te n s i ty )  5 1 0 (.3 4 ) , 5 0 8 (1 .2 ) , 5 0 6 (1 .7 ) , 5 0 4 (.8 5 ) , 4 9 0 (.8 8 ), 

4 8 8 (1 .2 ) , 4 8 6 (0 .6 ), 4 7 1 (.8 5 ) , 4 6 9 (1 .3 ), 4 6 7 (.7 1 ), 265(29), 263(30), 

22 3 (6 ), 221(6), 206(11), 205 (9 ), 204(12), 203(8 ), 186(28), 141(11), 

125(17), 124(14), 123(27), 109(32), 81 (22), 43(100).

A nal. Calcd f o r  C^yHgyO^BrgCl: C, 40.30; H, 5 .37 ; B r, 31.54;

C l, 7 .0 0 . Found: C, 41 .90; H, 5 .48 ; B r, 32.21; C l, 6 . 86 .

O xidation  of d ihydroxydeodactol m onoacetate (3 2 ) : Jones re ag en t

( .1  m l) was added dropw ise to  a so lu tio n  of d ihydroxydeodactolm ono­

a c e ta te  (32) (35.4 mg) in  acetone  (5 ml) a t  room tem perature  u n t i l  

a permanent yellow  c o lo r was observed. The ketone (126) was e x tra c te d  

w ith  e th e r ,  washed w ith  w a te r , and r e c r y s ta l l i z e d  from hexane to  g ive 

w h ite  c r y s ta ls  in  q u a n t i ta t iv e  y ie ld ,  mp. 154.5-155°; ir(K B r) 3475, 

2990, 2975, 1740, 1725, 1385, 1380, 1250, 1110, 977, and 808 cm"^;
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100 MHz NMR (CDClg) 6 1 .4 7 , 1 .4 8 , 1.53 ( s ,  3H e a , C -12-13-14), 1.83 

( s ,  3H, C-15), 2.00 ( s ,  3H, -OAc), 2 .10 -2 .70  (m, 3H), 2.94 (dd, IH,

J=12, 14 Hz, C-1 H ^ ) ,  3 .20  (d , IH, J=13 Hz, C-4 H ^ ) , 3.73 (d , IH,

J=13 Hz, C-4 Hgq), 3.83 ( s ,  IH, -OH), 4.12 (dd, IH, J=4, 12 Hz, C-10 

H), 4 .36  (dd, IH, J=4, 12 Hz, C-2 H), 5.02 (dd, IH, J=3, 4 , Hz, C-8  H); 

mass spectrum  (70 eV) m/e ( r e la t iv e  in te n s i ty )  4 2 7 (1 .3 ) , 425(5 ), 423(4 ), 

3 9 8 ( .7 ) , 396(2), 394 (2 ), 3 2 9 ( .5 ) , 327(1), 3 2 5 ( .5 ) , 2 8 7 ( .9 ) , 285(2), 

283(2 ), 265(13), 263(13), 223(4 ), 221(4), 205(6), 203(5), 186(11), 

141 (8 ), 125(12), 123(16), 69 (16 ), 43(100).

D ehydrochlorination  of Ketone (126): The ketone ( 126) (13.4 mg) was

d isso lv e d  in  benzene ( .1  ml) in  a  n itro g en  atm osphere. DBN (3 .4  mg) 

was added and the  m ix tu re  was heated  to  re f lu x  fo r  15 m inu tes. The 

m ix tu re  was then poured on ic e ,  washed w ith  IN s u l f u r ic  ac id  and 

e x tra c te d  w ith  hexane to  y ie ld  a  c le a r  o i l  (127 ). ir(K Br) 3450, 2990, 

1750, 1685, 1382, 1245, 1120, 1055, 860, and 760 cm"^; 100 MHz NMR 

(CDCl^ )6 1 .29 , 1 .4 8 , 1.57 ( s ,  3H ea , C -12-13-14), 2 .01 ( s ,  3H, -OAc),

2 .09  (b r s ,  3H, C-15), 2 .1 0 -2 .7 0  (m, 3H), 3.08 (dd, IH, J=5, 14 Hz,

C-1 H ^ ) ,  4.08 (dd, IH, J=5, 12 Hz, C-10 H ), 4 .10 ( s ,  IH, -OH),

4 .96  (m, 2H, C-2 H and C-8  H ), 6 .11  (b r s ,  IH, C-4 H ); mass spectrum 

(h e a tin g  elem ents o ff )  m/e ( r e la t iv e  in te n s i ty )  4 7 0 ( ,6 ) , 468(1), 

4 6 6 ( .6 ) , 265(88), 263(85), 223(22), 221(21), 206(22), 205(32), 204(22), 

203(32), 141(21), 125(58), 124(32), 123(69), 109(32), 95 (30 ), 43(100).
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