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ABSTRACT

The genus Dictyopteris is one of the few genera of seaweeds

possessing odor. Its essential oil is composed of C
ll

hydroc~rbons.

The isolation and identification of eight hydrocarbons, ~. dictyop­

terene A [(+)-(R,R)-trans-l-(trans-hex-l'-enyl)-2-vinylcyclopropane

(1)], dictyopterene B [(-)-(R,R)-trans-l-(trans,~-hexa-l',3'­

dienyl)-2-vinylcyclopropane ~], trans,£![,~-undeca-l,3,5,8-

tetraene (2), trans,trans,~-undeca-l,3,5,8-tetraene~, trans,£!!-

undeca-l,3,5-triene (2), trans,trans-undeca-l,3,5-triene (~,

dictyopterene C' [(-)-(R)-6-butylcyclohepta-l,4-diene (0], and

dictyopterene D' [(+)-(S)-6-(£![-but-l'-enyl)-cyclohepta-l,4-diene

1 2 3 4QV] are described. ' " The compounds were separated by gradient

chromatography on silver nitrate-silica gel and gas chromatography

and were identified by spectroscopic and chemical methods. Bio-

genesis of the hydrocarbons is discussed. The thermal Cope re-

arrangements of 1+2 and 1+1Q have been shown to be stereospecific

and to involve a diradical intermediate. Compounds i and 1Q were

found to be identical in all respects except optical properties with

1 and i respectively.

(1) R. ~. nuu~~. Je fie P~tLU~. JL •• all~ M. s. uu~y, TCtL4­
hedron Lett., 4787 (1968). (2) J. A. Pettus, Jr. and R. E. Moore,
Chern. Commun., 1093 (1970). (3) J. A. Pettus, Jr. and R. E. Moore,
Abstracts, l6lst National Meeting of the American Chemical Society,
Los Angeles, Calif., March 1971, N~. ORGN 113. (4) J. A. Pettus, Jr.
~d R. E. Moore, J. ~~r. Chem. Sec., 93, 3087 (1971).
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INTRODUCTION

CHAPTER I



2

DiMethylsulfide (11) has been the only odoriferous substance

to be identified from wet undecomposed algae prior to this study.S,6,7

When Polysiphonia fastigiata, P. nigrescens, Enteromorpha intestinalis,

or Ulva lactuca is exposed to air dimethylsulfide is spontaneously

evolved, presumably by enzymatic decomposition of dimethyl-8­

S 8propiothetin (12) to 11 and acrylic acid (13).' An enzYme has been

isolated from P. fastigiata which is found to accomplish this

8-elimination •9

(f)
(CH3)2S-CH2-CH2-COOH

12

enzyme )
CH

3
-S-CH3 (11)
+

CH2=CH-COOH (13)

JB+

Methionine Q~) has been shown to be an efficient precuIJor for the

10biosynthesis of 12 in U. lactuca. Both methyl groups and the sulfur

of 12 are derived from the methyl group and the sulfur of methionine

and the carboxyl group of 12 arises from the a-carbon of methionine by

a multi-step process.

CH -S-CH -CH -CH-C06=>
3 2 2 I

NIl
(±)3

14

)

12

Related sulfonium compounds have been found to be biological methyl

11donors.



Dictyopterisplagiogramma (Montagne) Vickers is one of the

most abundant sef"Weeds found on the shores of Hawaii and usually

grows together with D. australis Sonder (1852). The Hawaiian

species of Dictyopteris are some of the relatively few algae

possessing odor and apparently species of Dictyopteris growing

elsewhere in the world do not possess this odor. Two new

sesquiterpenes, viz. dictyopterol <12.) and dictyopterone (16),

however, have been isolated from the steam distillate of dried

12Dictyopteris divaricata found in Japanese waters.

3

HO HO

Several known sesquiterpenes have also been isolated from the steam

13 14 15distillate of Dictyopteris divaricata and D. polypodioides. ' ,

D. plagiogramma, known as limu lipoa to the Hawaiians, was

eaten often by them in earlier times and still is to some extent

today. It was pounded and mixed with other seaweeds to give them

it i 1 i i £1 and odor. l6s part cu ar penetrat ng, sp cy avor It was fre-

quently eaten with raw fish and meats or put into the gravy or stews



tCl give them a peppery flavor. The Hawaiians considered the spicy

taste and odor to be very agreeable, and it undoubtedly took the

place of spices such as pepper and sage which were unknown to them.

The aim of this study was to isolate and characterize the

odoriferous constituents in the essential oil of Dictyopteris

p1agiogramma and australis.

4



EXPERIMENTS

CHAPTER II
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A. Isolation of the Essential Oil· of Dictyopteris

1. Method A. The freshly collected, wet Dictyopteris (an

unseparated mixture of D. plagiogramma and D. australis) was placed

in several vacuum desiccators (20 em x 25 em), each holding about 3 kg

of wet seaweed. The desiccators were subjected to reduced pressure
/' --

(vacuum pump) for 4-6 hr. The essential oil and water were trapped

in a dry ice/acetone condenser. The condensate (mostly water) was

extracted thoroughly with n-pentane (carbon disulfide was used in

earlier batches). The extract was dried over magnesium sulfate

and the n-pentane removed at room temperature and reduced pressure

(water aspirator). The residual clear colorless oil (density, ~.

0.93 g/m!) was stored in the freezer. Earlier batches of the oil

were molecularly distilled at 70-100° and atmospheric pressure but

subsequently this was found to be detrimental to several of the

components of the oil. The isolation of essential oil from six

batches of Dictyopteris using Method A is summarized in Table I.

2. Method B. Fresh wet Dictyopteris (unseparated) was

digested in 15% methanol in chloroform for 3-4 days. After evapora-

tion of the solvent, the oily residue was distributed between

n-heptane and methanol. The methanol layer was backwashed several

times with small amounts of n-heptane. The combined n-heptane

fraction was evaporated and the residual oil molecularly distilled

-6.
at ca. 10 . torr and room temperature. Tne pure essen~ial oil

(density, 0.93 sImI) was col1etted in a dry ice/acetone trap. ~hout



7

TABLE I. Isolation of Essential Oil afrom Dictyopteris

Collection Date of Isolation Percentage
Batch location collection method Yield yield

1 Kapiolani AC 120 mgd

Parkb

2 Kapiolani April, 1968 AC 260 mgd

Parkb

3 Sandy Beach July, 1968 AC 2.34 gd O.On:e

4 Sandy Beach May, 1969 AC 1.7g O.OU
e

&Kagiolani
Park

5 Sandy Beach February, A 5.6 g 0.03%e
1970

6 Sandy Beach A 13 g e
February, 0.04%
1970

7 Sandy Beach April-June B 24 g
1970

8 Sandy Beach June, 1971 B 43.5 g 0.25%f

(a) An unseparated naturally growing mixture of D. plagiogramma
and D. australis was used. (b) Adjacent to the Waikiki Natatorium.
(c) Carbon disulfide was used to extract the oil from the condensate.
(d) Obtained after distillation of the crude oil at 70-140°.
(e) Based on wet weight of algae. (f) Based on dry weight of algae.



8

60% of the n-heptane soluble portion was found to distill. The

isolation of essential oil from two batches of Dictyopteris using

Method B is summarized in Table I.

B. Separation of the Constituents in the Essential Oil of Dictyopteris

1. Gas Chromatography.

a. Column Preparation. The liquid phase was weighed and

dissolved in a suitable solvent. 17 This solution was then added to a

weighed amount of solid support in a round-bottom flask and placed on

17a rotary evaporator at water aspirator pressure. Heat (water bath)

was applied to the flask when needed. The column material was then

dried in a forced air oven at 60-80°. The various coated supports

that were prepared and evaluated for separation of the constituents

of the essential oil are listed in Table II.

Some of the silver nitrate impregnated column materials were

prepared in a slightly different manner. The support for columns

10 and 11 was prepared by a method similar to that of Bednas and

18Russell. A saturated solution of silver nitrate in ethylene

glycol (~. 0.9 g of silver nitrate/ml of solution) was prepared

and added to the appropriate amount of solid support. These in-

vestigators apparently used no solvent for the application of the

liquid phase and a suitable one could not be found in this work.

All common volatile solvents precipitated the silver nitrate. The

liquid phase was therefore added directly to the solid support in a



dropwise manner with thorough mixing. It is reported that 65° is the

maximum column temperature with retention of activity.18

Columns 12-13 were prepared in the more conventional manner,

i.e., by use of a solvent, absolute ethanol, to apply the liquid

phase to the solid support. Since the silver nitrate concentration

was lower in th~s~ columns, no silver nitrate precipitated upon

dissolution of the liquid phase. Thus the liquid phase could be

evenly distributed on the solid support by slowly removing the

ethanol by the rotary evaporator method described above.

All ~olumn tubing was commercial 1/8 in., 1/4 in., or 3/8 in.

o.d. copper tubing. Columns were cleaned with the following

sequence of solvents prior to packing: chloroform, acetone, water,

dilute sulfuric acid, water, acetone, and chloroform. The columns

were dried with nitrogen. One end was then plugged with glass wool

and the tubing straightened and stood on this end. The support was

then added at the top end. Intermittantly, the column was tapped

and vibrated (electric engraver) to aid proper settling of the

support. For cvlumns of 20 feet or longer it was found more con­

venient to first bend the tubing into a U shape and add the support

to one end only until a few feet had been packed. The tube was then

rebent at a poi!\t midwa~T in the packed area and concurrently the old

bend was straig~t~ned. Both sides of the tubing were then packed as

described above.

With a glass wool plug in each end of the column, Swaglok

fittings were attached with proper adapters to fit the gas chromato-

graph. A Varian Aerograph Model 705 gas cllromatograph was used for

9



both analytical and preparative work. Nitrogen was used as the

carrier gas with flow rates usually being measured with the column

near room temperature. Hydrogen for the flame ionization detector

was supplied by a Elhygen electrolytic hydrogen generator (Varian

Aerograph Model 9652). Medical grade compressed air was also used

for the detector.

By gas chromatographic convention, the reported percentage of

liquid phase in a column is not the percentage of total weight, but

rather the percent weight of the support. For example, coated

support consisting of 10 g of suppo~t and 3 g of liquid phase would

be considered 30% (not 23%).

b. Evaluation of Columns. The capabilities of the glpc

columns prepared to achieve separation of the constituents of the

essential oil are summarized in Table II. For analytical separations

0.4-2 ~l samples of pure oil were injected. Less frequently, an

equivalent amount of oil in pentane was used.

The seven silver nitrate columns pLepared (columns 10-16, see

Table II) did not achieve very good separation of the essential oil.

The reasons are surely technical in nature and could be resolvable.

The basic idea of silver nitrate as an agent for separating un­

saturated compounds (based on its ability to form ~-eomplexes) is

sound. There may be one or more underlining causes for the failures.

First, possibly the solid support is non-compatible with the silver

nitrate. Perhaps a support of higher separating efficiency such as

firebrick (low relative inertness) or a support of high relative

10



inertness such as Chromosorb T (low relative efficiency) may be

better.

Second, the copper column may react to a significant degree

with the silver nitrate, therefore stainless steel or glass tubing

may be a better choice. A different liquid phase for the silver

nitrate may also increase efficiency.

The 30' x 1/8" column of 30% DEGS on Chromosorb W (100/120

mesh, column 19, see Table II) separates the essential oil into

eight bands representing all of the eight compounds identified (see

Figure 1).

11



TABLE II. Evaluation of Various Gas Chromatographic Columns for Fractionation of
the Essential Oil of Dictyopteris

rt Q. Results
lD .... n ">;! .... z.9 l:S 0 EI .... OD:l CD~ dw. ....

t:~
.... 111 'tl n

olD lD ~ .... rt lD lD Relative peak height /retention
n n ... n a... n

~a~ time in minutes. Values in 00 111 rt g::r.... L1.quid
rt 0 _

l:S 111 fll .... designate peaks not well resolved
m

c:: ... rt lD 0 C'o
phase Support Dimensionsa ... lD Q.~ .... ~ from each other.lD n C' lD

1 10% SE-30 e 10' x 3/8" 90/160 1 4 53/38£; 100/48; (85/56; 50/59)Aeropak 30 --
2 10% Zony1 Chromo Wg 8' x 1/8" 90/150 25 2 5 (25/3; 100/3.5; 15/4.5;

E-7 30/5.5; 20/6)

3 20% Carbo- e 8' x 1/8" 100/150 25 2 5 70/11; (100/18; 10/20);Jlf!ropak 30
'-'ax 20 M (25/25; 45/27)

4 20% Carbo- Chromo Wg 8' x 1/8" 100/150 25 2 5 100/8; (100/14; 15/15);
,-'ax 20 M 25/19; 45/21

5 20% TCEPEh e 8' x 1/8" 100/150 25 2 3 60/1.5; (100/2; 75/4)Jlf!ropak 30

6 20% DEGSi e 8' x 1/8" 100/150 25 2 5 85/3.5; 100/6; (45/8; 40/8.5;Jlf!ropak 30
50/9)

7 30% DEGSi j 8' x 1/8" 100/150 25 2 5 60/5; 100/S; (30/11.5;(:brom. W
25/12); 30/13

8 i j 30' X 3/S" 120/170 210 5 8 100/18£; (20/24.5P; 5/25q;30% DEGS (:brom. W
3/25.5r ); 70/29s ; (10/36.5 t ;
10/3S.5u; 1/40.5v

9 25% Zony1 e 20' x 3/8" 70/165 175 2 5 40/96 f ; 100/117s ; 5/168;Jlf!ropak 30
E-7 15/212; 25/240 ....

N



TP.~U~ II (cont.). Evaluation of Various Gas Chromatographic Columns for Fractionation of the
Essential Oil of Dictyopteris

rt e,i:3 Q.
ID .... n o tl:l .... z.g =' 0 .... ~ al l:: ResultsoW' .... "S~ .... rt'tSn~

n nIDID~ n ID ID d
0 11 n .... 11 ~:T~a~ Relative peak height /retention.... ~ rt =' IU
l:: rt 0 ....... rt IDOal .... time in minutes. Values in 0
~

l:: 11 ID Q.Hl 0-0
Liquid :i1 n 0- .... Hl designate peaks not well resolveda ID
phase Support Dimensions from each other..

10 '.0% AgN03 Chrom. Wj 21" x 1/4" 62/142 60 3 0 Nothing eluted

27% et glyk

11 2% AgN03 Chrom. wj 2' x 1/4" 60/160 80 3 4 100/3; 70/5; 100/7.5;

54% et glyk 20/11

12 Ll% AgN03 Chrom. Wj 5' x 1/4" 65/170 80 3 6 20/11; 100/15: 60/27;

20% et glyk 70/47; 80/57; 25/80

13 4·% AgN03
m 5' x 1/4" 64/165 75 3 0 Nothing elutedVaraport 30

2.0% BzCNl

14 4% AgN03
m 10' x 3/8" 55/165 175 3 5 (25/19; 100/22); 80/40;Varaport 30

k (30/70; 50/82)15% et gly

15 4% AgN03
m 5' x 1/4" 65/170 170 3 5 (100/10; 15/13); 55/16;Varaport 30

n (lOO/16; 20/30)20% tr gly

16 8% AgN03
m 6' x 3/8" 61/163 90 3 4 100/36; 85/52; 100/68;Varaport 30

n 20/12425% tr gly

....
w



TABLE II (cont.). Evaluation of Various Gas Chromatographic Columns for Fractionation of the
Essential Oil of Dictyopteris

==-================================================
l"t l:1<
~ ~n ~ ~ z Resultsa::so a ... Ob:l QlI::

n 'tSc...... 0 ~cu'tSnB d
o 0 ~ ~ ~ ~ ... l"t ~ ~ t:J" Relative peak height /retention
... ntotn a n CUtot~G lb l"t ~ tot I:::r' l'\'::S tot time in minutes. Values in ()
~ l"t0 ...... ::scu Ql QI~
:3 Liquid I:: tot l"t ~ 0 0" 0 designate peaks not well re-

a 11 ~ l:1<Hl ... Hlphase Support Dimensions ~ n 0" ~ solved from each other.--
17 25% DCS-703° Varaport 30

m
12' x 1/8" 54/170 22 5 4 100/10.5; (40/13; 40/14.5);

80/21

18 30% DEGSi Varaport 30m 20' x 1/8" 85/165 18 5 8 45/12; (30/15.3; 5/16; 5/17;
100/19); (15/25.5; 15/27);
30/31

19 30% DEGSi Chromo Wg 30' x 1/8" 120/170 20 7 8 50/21f ; 15/29Pj (15/31qi
10/33r ; 100/35 ); 15/44~;
15/47u; 1/51v

--
(a) All column tubing was copper. (b) See Table I. (c) Nitrogen carrier gas.

(d) Does not repr(!sent the relative amount of cCi1l1ponent present. As the retention time increases,
peako become broader. (e) Varian Aeropak 30 (70/80 mesh). (f) Dictyopterene A (1). (g) Varian
Chromosorb W (100/120 mesh). (h) Tetracyanoethylated pentaerythritol. (i) Diethylene glycol
succinate. (j) Varian Chromoeorb W, DMCS (dimethyldich1orosi1ane) treated, (100/120 mesh).
(k) I~thylene glycol. (1) Benzyl cyanide. (m) Varian Varaport 30 (70/80 mesh). (n) Triethy1ene glycol.
(0) Dow Corning SHicone-703. (p) Dictyopterene C' <1). (q) Compound,2,. (r) Compound i.
(e) Compound 1Q.. (t) Compound 1. (u) Compound i. (v) Dictyopterene B <1,).

...
4l'-



1.
dictyopterene A

1

2

dictyopterene B

15

7 8

dictyopterene C' dictyopterene D'

MQ Q
/\ .~~... H

H

9 10

Figure 1. 1.-~: Isolated Compounds from the Essential Oil of
Dictyopteris. ~ and 10: Isolated as the Thermally
Rearranged Products of 1. and 1 respectively.
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c. Collection Apparatus. The collectors shown in Fig-

ures 2 and 3 were used during various prepa~ative glpc separations. All

collectors were cooled in a dry ice/acetone bath to aid condensation

of eluted compounds. The collection apparatus ehown in Figure 2 was

found to work poorly for several reasons. First, the line between

the heated outlet of the chromatograph and the collectors was not

properly heated or insulated. Condensation of the essential oil

constituents usually resulted before reaching the collectors.

Second, the inside diameter of the glass tubing used in the fraction-

ator is too large, i.e., there is a large dead volume, thereby allowing

eluted compounds to mix.

The condensation problem could be resolved by devising a

method of heating the fractionator from the inlet to the ball-and-

socket joints to a temperature equal to or greater than the column

temperature, while maintaining a low collector temperature. The

dead volume problem may be eliminated by reconstructing the

fractionator using 1.5 or 2 mm i.d. tubing.

Shown in Figure 3 in order of increasing trapping efficiency

are four collectors A, B, C, and D. These collectors are connected

directly to the heated outlet of the gas chromatograph mId were used

routinely. Collector D is the most efficient and had been used with

the apparatus shown in Figure 2. This collector is based on ones

described by R. Teranishi, ~~.19 After collection of a fraction

the collector is centrifuged and the top portion of the 14/20 joint

____....._A
~~""Uycu..

pipet.

mate~ial can then easily be removed with a syringe or



Fractionator (smaller
than actual size)

gas outlet

I~

9 mm i.d.~~~

3 mm fed. I.~)I

~
small bulb for liquid
collection during
centrifugation

~

T 14/20-~~'P ~,

coiled and meshed ~. I

nichrome wire,
gauge no. 40

(12 stopcocks

/'

85 mm ~I

I
45 mm~ I

I I
, I

I~

J

CC_-,

I..

FLiI"'("
outlet

Collector (actual size)

F:Lgure 2. Nultiple Gas Chromatography Collection Apparatus.
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d. Preparative Separations

i. 10% SE-30 Column. Initial separations of

dictyopterene A from the essential oil were performed on a 10' x

3/8" column of 10% SE-30 on Aeropak 30 (see Table II). This column,

however, did not separate the rest of the oil very well. Seven

50 pI samples of oil (batches 1 and 2) were separated on this

column (column temperature 5 90°; injector temperature, 160°). The

spiral collector C (see Figure 3), which is not as efficient as

collector D, was used for trapping 2. 8 mg of dictyopterene A

(12% yield, based on the amount of ! present in the injected oil)

21°as a clear colorless oil, [a]D +77° (c 0.0051, 95% EtOH); uv:

A95% EtOH 206 nm (e 16,000).
max

~. Calcd for CIIHl8 : mol wt 150. Found: 150 (mass

spectrometry).

ii. 25% Zanyl E-7 Column. A 20' x 3/8" column of 25%

Zonyl E-7 on Aeropak 30 (see Table II) separated the oil into five

principal fractions and was used with limited success with the

multiple collection apparatus shown in Figure 2. The first two

bands were dictyopterene A (1) and rearranged dictyopterene B (,1&)

respectively. For the first separation about 450 ~l of oil

(batches 2 and 3) was chromatographed in 30-80 ~l portions over a

five day period (column temperature, 70 u
; injector temperature, l65~;

4.5 hr for each run). No solvent was used in the collectors and

oxidative polymerization of most fractions occurred. About 15 mg

(7% yield) or rearranged dictyopcerene B (10), however, was isolated

in fraction 2.

19



~. Calcd for CllH16 : mol wt 148. Found: 148 (mass

spectrometry).

In a second separation experiment~. 220 ~l of oil (batch 3)

was passed through the column in three portions, one portion using

isothermal and isorheic conditions (column temperature, 70°;

injector temperature, 165°; nitrogen flow rate, 175 ml/min; 4.5 hr

for each run) and two portions using temperature plus flow

programming. All three runs separated the oil into five main

fractions. For the programmed runs samples were introduced directly

onto the column with a 250 ~l syringe fitted with a seven inch Leur

Lock needle. The column was initially at room temperature with no

nitrogen carrier gas flowing through it. In the first programmed

run the temperature and flow rate were increased slowly over a two

and one half hour period to 90° and £!. 130 ml/min respectively.

About 85 ~l of oil was injected (an amount which would overload this

column using normal techniques). All compounds were eluted from the

column within four hours. There was no overloading, but separation

was not quite as good as with normal flash vaporization, isothermal,

and isorheic conditions.

In the second programmed run 90-95 ~l of oil was injected.

The temperature and flow rate were increased very slowly over a

four hour period to 80° and ~. 130 ml/min respectively. After five

and one half hours all compounds had been eluted from the column.

There was no overloading, but again separation was noL quite as good

as when using normal conditions.

The combined fraction 1 from the three runs was pure

dictyopterene A. The combined fraction 2 which was collected in

20



as a clear

the second

21

pyridine-d5 , was .£!.. 5 mg of rearranged dictyopterene B. The nmr of

this latter sample is shown in Figure 56.

Fractions 3, 4, and 5 were collected in deuteriochloroform,

but 3 and 5 were too small for further investigation. The solution

of band 4 was used for nmr analysis and was subsequently shown to be

trans,~,~-undeca-1,3,5,8-tetraene~.

~. Ca1cd for CllH16 : mol wt 148. Found: 148 (mass

spectrometry).

In a third separation experiment 360 pl of oil (batch 3)

was passed through the column under the isothermal and isorheic condi-

tiona given above. Fraction 1 was combined with the fraction 1 from

separation experiment to give 14.3 mg of dictyopterene A

26°colorless oil, [a]D +68° (c 0.014, 95% EtOH). The re-

arranged dictyopterene B in fraction 2 was collected in benzene-d
6

and its nmr spectrum is shown in Figure 55. Band 3 was collected in

benzene-d6 but was too small for further investigation. Band 4 was

also collected in benzene-d6 and its nmr spectrum (see Figure 65) was

found to be identical to that of trans,£!!,~-undeca-l,3,5,8-tetraene

(!, Figure 66) isolated from column chromatography of the essential oil

on silver nitrate-silica gel. Band 5 was collected in benzene-d6 and

was found to be an impure sample of dictyopterene B <1>.

iii. 30% DEGS Column. The 30' x 3/8" column of 30% DEGS

on Chromosorb Wseparated the volatile oil into eight bands, representing

all the compounds which have been identified in this study. This

column was used to further separate fractions obtained from column



chromatography of the essential oil on silver nitrate-silica gel

(see p 36).

In one experiment, 600 ~l of a mixture of dictyopterene A

and dictyopterene C' from column chromatography of the essential oil

(trial 12, see p 36) was passed through the 30% DEGS column in ~.

80 ~l portions (column temperature, 125°; injector temperature, 160°;

nitrogen flow rate, 165 ml/min; 45 min for each run). Collectors A

and B (see Figure 3) were used and the chromatography yielded ~.

200 ~l of dictyopterene A and 24 mg of dictyopterene C' as a clear

26 0

colorless oil, [a]n -14° (c 0.024, CHC13). The carbon-13 nmr

spectrum for this sample of dictyopterene A is shown in Figures 13

and 14.

In another experiment, 1.0 ml of the mixture of dictyopterene

A and dictyopterene C' (from column chromatography trial 13, see

p 41) was chromatographed in ~. 90 ~l portions to give 400 ~l of

22°dictyopterene A, [a]D +77° (c 0.067, CHC13) and 73 mg of

22°dictyopterene C', [a]D _12 0 (c 0.073, CHC13).

In a final experiment, 6 ml of a 25-40% solution of dictyop-

terene A and dictyopterene C' in pentane (from column chromatography

trial 14, see p 41) was chromatographed in 350 ~l portions to give

25 0

960 ~l of dictyopterene A and 340 ~l of dictyopterene C', [a]D _10 0

(c 0.201, CHC1
3
). The nmr spectrum of dictyopterene C' (see Figure

Figure 55).

This column was also used in isolating dictyopterene D' (!D

from a complex mixture obtained from column chromatography of the

22
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essential oil (trial 13, see p 41). A 700 ~l solution of the mixture

in ether/n-pentane was chromatographed in 90 ~l portions (column

temperature, 130-140°; injector temperature, 160°; nitrogen flow rate,

165 ml/min; 45 min for each run). Collector D (Figure 3) was used and

about 1.5 mg (estimated from comparison of its

of dictyopterene B of known concentration) was

nmr spectrum with that

23°
obtained, [a]D ~.

+75° (c 0.0015, CH2C12). The nmr spectrum of this sample is shown in

Figures 62-64.

e. Comparison of Essential Oils from D. plagiogramma and

D. australis. Generally Dictyopteris plagiogramma (Montagne) Vickers

and D. australis Sonder (1852) grow together (see Plate I), and were

not separated during collection.* The unseparated mixture of seaweed

was processed for the essential oil used in this study. The approxi-

mate percentage composition of samples of essential oil isolated by

Method A (described on p 6) and by method B (described on p 6) are

given in Table III. The percentages are based on peak areas obtained

from gas chromatography on a 30' x 1/8" column of 30% DEGS on

Chromosorb W (100/120 mesh, see Table II).

Dictyopteris collected at Sandy Beach in June, 1971 was

separated into the two species, D. p1agiogramma and D. australis, which

were fou~d to be present in about a 4:1 ratio respectively. The

separation was tedious, taking about eight man-hours to separate a few

*Theae species were identified with the help of Dr. M. Doty, Professor
of Botany at the University of Hawaii.
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handfulls. D. plagiogramma has apically diverging lateral macroscopic

veinlets with reproductory structures in longitudinally elongated dense

spots beside the midribs (see Plate II). D. australis does not have the

lateral macroscopic veinlets. The reproductory structures or hair groups

are in apically converging sori or rows (see Plate III). Upon casual ob­

servance, D. plagiogramma has narrower leaves with the edges more curly.

The leaf vein structure can be more easily discerned in D. plagiogramma

than in D. australis. D. australis has wider leaves with dark brown line

markings perp~ndicular to the leaf vein structure, i.e., the veins in

the leaves of both species are in a V shape, while the brown markings

of D. australis are in an upside down V shape (A).

The two species of Dictyopteris were processed for essential

oil by method A. The approximate percentage compositions of the

constituents in the oils of the two species are compared in Table III.
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PLATE I. Top: Dictyopteris australis (life size).

Bottom: Dictyopteris plagiogramma (life size).
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PLATE II. Dictyopteris plagiogramma (8 x linear magnification).
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PLATE III. Dictyopteris australis (7.5 x linear magnification).
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TABLE III. aApproximate Percentage Composition of Essential Oils from Dictyopteris

D. plagio-
Retention D. plagie- D. austra- gramma

timea Unseparated Unseparated gramma lis IncubatedQ

min Method Ab Method BC Method A Method A Method A

21 22 % 25 % 16 % 25 % 52 %

29 7 7 8 30 30

31 2 8 1.5 4 2

33 0.8 5 0.8 2 1

35 61 37 69 36 13

Compound

Undecatriene 1
Undecaf:riene 6

Dictyopterene D' (§)
and rearranged
dictyopterene B (.!Q)

Dictyopterene A (1)

Dictyopterene c' (J)

-------------------------------------

Undecatetraene 3

Undecatetraene i
eDictyopterene B (~

44

47

51

3.5

3.5

o

9

10

o

1.5

3

o

1.5

1.5

o

1

0.6

o
-----------------------------------------------

(ll) Separated on a 30' x 1/8" column of 30% DEGS on Chromosorb W (100/120 mesh), column tempera­
ture, 120°; injector temperature, 170°; nitrogen flow rate, 20 m1/min. (bi Batch 5 oil, see Table I.
(c) Batch 7 oil, see Table I. (d) Dictyopteris used for sodium acetate-l- 3C feeding experiment.
Incubated at 24°C in sea water for seven days, see P 113 • (e) Thermally rearranged to 10 during
chromatography. Dictyopterene B is usually only detected if the oil is injected as a dilute solution
in pentane or by lowering the column temperature.

w,..
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2. Column Chromatography on Silver Nitrate-Silica Gel. 20 ,2l,22

a. Column Preparation and Technique. The adsorbent was pre-

pared by mixing a solution of silver nitrate in water with silica gel

(Baker reagent). The adsorbent was then dried !!! vacuo in a large

round-bottom flask (wrapped in aluminum foil to omit light) on a

rotary evaporator and further air-dried in an oven at 1000 for 12 hr.

The essential oil was applied to a column of the silver nitrate im-

pregnated silica gel wetted with n-pentane. The column was covered

with aluminum foil to omit light. Elution was initiated with

n-pentane and then the ether concentration in n-pentane was gradually

increased from 0 to 100%. Fractions were collected automatically and

assayed by uv spectroscopy using n-pentane as the solvent. The con-

ditions for several chromatographic trials are summarized in Table IV.

Figures 4-7 show the plots for four trials (3, 6, 7, and 9) obtained

from assaying each fraction by uv spectroscopy. Each type of

compound was monitored by observing its absorption maximum. The

initial silver nitrate-silica gel is white. After addition of the

olefin rich essential oil, the column becomes black, and after

complete elution of the components, the support is light gray.

When analyzing the absorbance VB solvent graphs care must be

exercised in determining when separation of compounds is beginning to

as Such.
.1:. _

.&..LUW

centration of a component in the solvent. In trial no. 7 (see

Figure 6) 3% ether in n-pentane was used as the solvent well before

the undecatrienes 1 and i began eluting 8nd was continued throughout
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elution. Thus, the two peak triene curve is attributed to partial

separation. In trial no. 9 (see Figure 7) 2% ether was begun in the

middle of the elution of the undecatrienes and thus the second peak

is attributed to a sudden increase in concentration of the overall

triene mixture caused by an increase in solvent polarity and the first

and third peaks are attributed to partial separation. This phenomenon

is apparently the cause of the double peaks appearing during the

elution of the dictyopterene A/dictyopterene C' fraction in trial 6

(see Figure 5), the dictyopterene B fraction in trial 7 (see Figure 6),

and the undecatriene mixture fraction in trial 9 (see Figure 7)

mentioned above. This phenomenon can be avoided by slower addition

of ether to the solvent or by increasing ether concentration between

compound elutions.

Addition of carbon disulfide to the essential oil before

placing it on the column seems to aid separation. The reason is not

known, but separation may be increased even more by adding a small

amount of carbon disulfide to the eluting solvent. Some difficulty

will be encountered in compound detection by uv, however, because of

the fairly strong absorptions of the carbon disulfide.

During the variouD chromatographic experiments, the recovery

of material was found to be quite variable, i.e., components eluted

with different concentrations of ether in pentane. This may be

attributed to the variability in the activity of the silver nitrate­

silica gel. It is difficult to dry the support consistently.

Reagent grade ether (MC&B) ?as used in solvent preparation.

The n-pentane used (98% MC&B) was purified by the following scheme:
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About 800 g portions of n-pentane were extracted with three 60-70 ml

portions of a 1:4 mixture of nitric and sulfuric acids. The n-pentane

was then washed five times with 300 ml portions of distilled water.

The n-pentane was distilled and passed through a column of 30% silver

23nitrate on alumina with a layer of magnesium sulfate on top of the

alumina column for drying. About 1 lb of silver nitrate-alumina was

needed to purify 1-4 gal of pentane. depending on the purity needed

and the temperature at which the purification was carried out.

Very small bubbles form in the column soon after packing. This

is attributed to the very volatile n-pentane (bp 35°) evaporating

(this could be eliminated by using n-hexane). This tends to make

component separation more inefficient but was acceptable because of the

better recovery of components due to the high volatility of n-pentane.



TABLE IV. Silver Nitrate/Silica Gel Column Chromatography of the Essential Oil
of Qictyopteris

--:==============================================
0- 0 H1~

N I-'- 1-'-t'1 .... '1j Number of
8 8 .... til 8 ~ 11» ro (') .... til .... 0 fractions

~ (10 ::s () _ tT ro - ~ taken/m111 Z n en ~ .. ~ lb ::s S 11 I-'-
I-'- 0 S I-'- r rtrt I-'-IllS
lb u.l o I ro n I-'- ::s rt lb of each Solvent.... III ::s :1 0-;:T'1ll ro rt

sequenceC Commentsdtil tT .... ro fraction---
I llO 1.1 x 20 3/0.16 0.5 60/3-20 300 m1 0%, 150 m1 50%, No separation

150 m1 100%

2 20 1.1 x 18 3/0.20 1 48/3-8 200 ml 3% Poor separation

3 20 1.1 x 26 4/0.30 1 77/3-10 80 m1 0%, 60 m1 1%, Fair separation.e
60 m1 2%, 50 m1 3%, Tetraenes partially
60 m1 5%, 100 m1 10% separated

4 20 1.1 J( 52 4/0.60 1 278/5-6 200 m1 0%, 360 m1 1%, Run at 1°C. Poor
310 m1 2%, 270 m1 5%, separation.
130 m1 10%, 440 m1 50%

5 20 1.1 :x 26 4/0.42 1 405/6-10 160 m1 0%, 340 m1 1%, Run at 21-22°C.
610 m1 2%, 1.3 1. 5% Fair separation

6 20 1.1 J( 33 5/0.60 1 132/5-15 150 m1 0%, 180 m1 1%, Fair separatione
230 m1 2%, 110 m1 5%,
140 m1 10%

7 10 1.4 ]I: 38 5/0.50 1.5 216/10-20 200 m1 0%, 340 m1 1%, Fair separation. e
170 ml 2%, 580 ml 3%, Trienes partially
700 m1 5%, 300 m1 lOr. separated

VJ
V1



TABLE IV (cont.). Silver Nitrate/Silica Gel Column Chromatography of the Essential Oil
of Dictyopteris

0 Hl-t'0. ..... t':I
Number ofN ..... 51 I-' CD 1-''1:1

t-3 51 l":l I-' CD j'!.~a fractions11 l~
ltl I) C"ltl..... Q :s ,... c:: ~ :s - x taken/ml~ z CD P CDrtrt El 11 ....

I-' 0 ..... ~ ltl n ..... ..... ~m of each Solventu) o :' 0. ~~ ::s rt
d~ ::s ltl rt

fraction c
D'.l - ltl sequence Comments--

8 J.O 1.8 x 36 5/0.70 1.5 140/10-20 320 ml 0%, 320 ml 1%, Fair separation
450 m1 2%, 600 m1 3%,
180 m1 4%, 180 m1 5%

9 25f 3.1 x 66 6/2.5 4-5 427/20 1.7 1. 0%, 940 ml 2%, Good separation
860 ml 3%, 800 m1 4%,
680 m1 5%, 540 ml 6%,
700 ml 7%, 700 ml 8%,
1.3 1. 10%

10 25f 4.9 x 70 7/6.5g 12 170/20 2.1 1. 0%, 3.2 1. 10%, Good separation.
2.0 1. 20% Tetraene i separated

11 25f 1.1 x 54 h/1.3 0.8 26/15 400 ml 1% Poor separation

12 25£ 1.1 x 46 i/1.0 0.8 85/15 1.3 1. 1% Poor separation

13 25 j 4.9 x 75 7/8.0g 12 236/20- 1.0 1. 0%, 4.7 1. 5%, Fair separation
200 0.7 1. 15%, 0.8 1. 20%,

2 1. 50%, 1 1. 100%

14 25 4.9 x 74 7/12k 10 209/20- 2.1. 1%, 4 1. 3%, 2 1. 5%, Good separation
120 1.2 1. 10%, 2 1. 20%,

9 1. 30%, 2 1. 60%

-- w
0\



TABLE IV (cont.). Silver Nitrate/Silica Gel Column Chromatography of the Essential Oil
of Dictyopteris

-- ================================================
(a) Percentage of silver nitrate on silica gel, i.e., per.centage of the silica gel weight. not

percentage of thl~ total weight. (b) Discussed on p 6. (c) Given in terms of percentage (by
volume) of ether in pentane. e.g. "0%" is pure pentane. "5%" is 5% ether in pentane. and "100%"
is pure ether. Cd) All chromatographies were run at room t~mperature unless otherwise stated.
(e) Separation rnsults are shown in Figures 4-7. (f) With 10% water added. (g) With 1.0 ml
carl>on disulfide added. (h) Dictyopterene A/dictyopterene C' fraction from trial 10.
(i) Dictyopterene A/dictyopterene C' fraction from trial 11. (j) With 5% water added.
(k) With 3.0 ml l:arbon disulfide added.

w

"
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b. Compounds and Fractions Isolated.

i. Chromatography Trial 3. The material eluted with

2% ether in pentane (the third peak in Figure 4) was found to be impure

trans,trans.~-undeca-I.3,5,8-tetraene~ by comparison of the nmr

spectrum with that of pure i isolated in trial 10 (see below).

Benzene-d6 was added to the material eluted with 3% ether in pentane

(the fourth peak in Figure 4) and the pentane and ether were then

evaporated under reduced pressure (water aspirator). This fraction

was identified as trans,~•.£!.!!.-undeca-l,3,5,8-tetraene <1>. Its nmr

spectrum is shown in Figure 66, with nmr data summarized in Table XVI.

The ultraviolet spectrum of tetraene 4 in n-pentane shows A 274, 263,
- max

254, 245 (sh) nm.

~. Calcd for CllH16 : mol wt 148. Found: 148 (mass

spectrometry).

ii. Chromatography Trials 6 and 7. The fractions eluted

with 2% ether in trial 6 (see Figure 5) and 3% ether in trial 7 (see Fig-

ure 6) were combined and partially evaporated ~ vacuo. Benzene-d6 was

added to the concentrate and the remaining pentane and ether were removed

under reduced pressure (water aspirator). The nmr spectrum (see Figure

71) in conjunction with the data given below showed that it was about a

3:1 mixture of trans,~-undeca-I,3,5-triene(2) and trans.trans-undeca-

1,3,5-triene (~respectively. The ultraviolet spectrum of the triene

mixture in n-pentane showed A 273. 262. 253, 244 (sh) nm. The
max

proton nmr of this mixture was found to be quite similar to the nmr of
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the same triene mixture (only a 1:2 mixture of i and i respectively)

. 24 25
obtained from the gununy resin of Galbanum.' Their carbon-13 nmr

spectra (see Figures 20, 21, 22, and 23) were found to be identical

except for relative intensities.

~. Calcd for CllHl8 : mol wt 150. Found: 150 (mass

spectrometry).

The fractions eluted with 5% ether in pentane in trial 6 (see

Figure 5) and 5-10% ether in pentane in trial 7 (see Figure 6) were

26combined and evaporated. Molecular distillation of the residual

-2oil at room temperature ~. 10 torr) yielded about 200 pI of pure

dictyopterene B as a clear colorless oil. Its nmr spectrum is shawn

in Figures 49 and 50, with the nmr data summarized in Table XIII.

The carbon-13 nmr spectrum is shown in Figures 15 and 16.

A fraction which eluted just before the undecatriene fraction

was found to have a A 225 nm in its ultraviolet spectrum. Thismax

shows the presence of a conjugated diene chromophore. The yield was

too small for further analysis.

iii. Chromatography Trial 8. The fraction eluted with

4-5% ether in pentane was evaporated to give dictyopterene B which was

combined with the samples of dictyopterene B obtained in trials 6 and

-27. Molecular distillation at room temperature (~. 10 torr) yielded

274 pi or dict:yopt:erene B @ as a iight y~llow cl€:& i.' uil (%.6% pu:L<:;

25°by glpc), [a]n _43 0 (c 0.021, 95% EtOH). The ultraviolet spectrum

in 95% EtOH showed A 246.5 nm (e 29,000).max
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~. Calcd for CllH16 : mol wt 148. Found: 148 (mass

spectrometry).

iv. Chromatography Trial 9. Another sample of the

mixture of undecatrienes i and ~was obtained from the fraction

eluted with 0-2% ether in pentane (see Figure 7). The carbon-13 nmr

spectrum of this sample in dioxane is shown in Figures 20-21.

An additional quantity of dictyopterene B was obtained from

the fraction eluted with 9-10% ether in pentane.

v. Chromatography Trial 10. From the fraction eluted

with 10% ether in pentane was obtained 1. 3 ml of a mixture of dictyop-

terenes A and C'. Attempts to further fractionate this mixture by re-

peated silver nitrate-silica gel chromatography (trials 11 and 12, see

Table IV) were unsuccessful. The mixture was separated cleanly by

gas chromatography on a 30' x 3/8" column of 30% DEGS on Chromosorb W

as described on p 21. The fraction eluted with 10% ether in pentane

was several milligrams of trans, trans ,..s..!E.-undeca-l.3 ,5 ,8-tetraene (i).

The proton nmr spectrum is shown in Figures 69 and 70, with the nmr

data sunmarized in Table XVII.

~. Calcd for CllH16 : mol wt 148. Found: 148 (mass

spectrometry).

Z·Y<iiiC:."utic::. of the fr~ct:!.c!! el1..!ted wi. th 10-20% ether in pentane

gave 730 ~l of dictyopterene B as a clear yellow oil. After molecular

-2 -3distillation at room temperature and 10 -5 X 10 torr 550 ~l of

clear colorless liquid was obtained. Analysis showed that this
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sample was 95.4% pure (glpc) and contained small amounts of unde-

catetraenes 1 and i.

vi. ChromatographY Trials 13 and 14. A 0.60 m1 sample

of the mixture of undecatrienes ~ and i was obtained from the fractions

eluted with 5% ether in pentane in trial 13 and 3% ether in pentane

in trial 14. Separation of the individual undecatetraenes 1. and i

was not achieved in trials 13 or 14. The fractions obtained by

elution of the chromatograms with 5-15% ether in pentane in trial 13

and 5% ether in pentane in trial 14 were combined and evaporated to

give a 1:1:3 mixture of 1. 1. and i respectively. The carbon-13 nmr

spectrum of this sample is shown in Figures 17. 18 and 19.

A 2.5 m1 sample of the dictyopterene A/dictyopterene C' mix-

ture was obtained from the fraction eluted with 5% ether in pentane

in trial 13 and 3% ether in pentane in trial 14. The mixture was

separated by gas chromatography as described on p 21.

Evaporation of half of the fraction eluted with 5-10% ether

in pentane in trial 14 gave ~. 550 ~1 of dictyopterene B as a yellow

oil.

The fraction eluted with 50-100% ether in pentane yielded a

complex mixture containing dictyopterene D' and a compound having a

conjugated tetraene chromophore (ultraviolet spectrum in pentane showed

~ 308, 294, 281, 270 (sh) nm, see Figure 24). Dictyopterene D' (~.
max

1.5 mg), [a]D +75 0 (c 0.0015. CH2C12), was isolated by gas chromatography

on a 30' x 3/8" column of 30% DEGS on Chromosorb Was described on p 22.

The nmr spectrum (see Figures 62-64) was found to be ideutical to Ie-

arranged dictyopterene B ~ see Figure 55).
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C. Structural Studies

1. Physical Methods.

a. Proton Nmr Spectroscopy. All spectra were run on

a Varian HA-lOO spectrometer. Calculated spectra were obtained by

27use of computer programs LAOCOON I and LAOCOON II. Computer time

averaged spectra were accumulated in a Varian C-1024 computer. All

46

chemical shifts are given in 0 units (ppm) relative to TMS as internal

standard in organic solvents and external standard in water solutions.

All spectra are listed in the List of Illustrations on p xii and nmr

data Tables are listed in the List of Tables on p xi.

b. Carbon-13 Nmr Spectroscopy. All spectra were run at

25.15 MHz by Mr. L. F. Johnson at Varian Associates on a modified

Varian HA-lOO spectrometer with a Varian V3530 time averaging com-

puter (CAT), with the number of scans given in each Figure. The

spectra were determined in dioxane solution (total volume~. 1 ml) in

an 8 mm sample tube with TMS as internal standard. All spectra are

listed in the List of Illustrations on p xii and the spectral data for

dictyopterene A and dictyopterene B are summarized in Tables V and

VI respectively. Carbon-13 chemical shifts appearing in these two

Tables were calculated using the data compiled by G. B. Savitsky and

28K. Namikawa. From 70 carbon-13 chemical shifts of unsubstituted

hydrocarbons a list ~f constitutive bond parameters for the carbon-13

chemical shifts were tabulated with a standard error of 2 ppm, with

all but one individual deviation lying within ± 4 ppm.



Similar parameters fit olefinic compounds. regardless of the

presence or absence of double bond conjugation. Unlike other forms

of spectroscopy carbon-13 nmr seems to be relatively insensitive to

double bond conjugation in unsubstituted hydrocarbons.

The chemical shift of a carbon is estimated by summing the

values of the parameters assigned to the structural fragments immedi­

ately bonded to it. The seven parameters needed for the compounds in

the essential oil are (in ppm relative to benzene): -H. +31.8;

-CH3• +24.7: -CH2-. +16.2; -CH • +9.3; -CH-. +16.9; mCH2. -57.1;

and -CH-. -49.9. For instance. the central carbon in the structural

unit -CH2-CHaCH- would have a calculated chemical shift relative to

benzene of +16.2 +31.8 -49.9 a -1.9 ppm. Since benzene absorbs at

128.8 ppm downfie1d from TMS. the calculated chemical shift relative

to TMS would be 130.7 ppm.
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TABLE v. Carbon-13 Nmr Data for Dictyopterene A (l)

Tentative Calculated
List of the actual assigned chemical

chemical shiftsa carbon shiftsb

14.2 6' 17.2

14.8 3 c

22.5 5' 24.3

23.7 1 or 2 c

24.5 2 or 1 c

32.1 3' (or 4' ) 32.1

32.5 4' (or 3' ) 32.8

111.8 2" 115.1

128.9 2' 130.7

132.0 l' 137.6

140.9 1" 144.8

(a) Ppm (0) relative to TMS. (b) Ppm (0) relative to TMS.
Calculated using the parameters of Savitsky and Namikawa. 28

(c) No parameters for correlation of ,::yc1opropane rings were
available.
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TABLE VI. Carbon-13 Nmr Data for Dictyopterene B (1)

Tentative Calculated
List of the actual assigned chemical

chemical shiftsa carbon shiftb

14.4 6' 17.2

15.5 3 c

24.5 1 or 2 c

25.2 2 or 1 c

21.2 5' 23.6

112.2 2" 115.1

124.3 2' (or 3' , 4' ) 130.0

128.3 3' (or 2' , 4' ) 130.0

131.0 4' (or 2' 3') 130.7,
136.0 l' 137.6

140.5 1" 144.8

(a) Ppm (0) relative to TMS. (b) Ppm (0) relative to TMS.
Calculated using the parameters of Savitsky and Namikawa. 28
(c) No parameters for correlation of cyclopropane rings were available.
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c. Ultraviolet Spectroscopy. Spectra were recorded on

a Cary 14 double-beam recording spectrophotometer and on a Beckman DB

spectrophotometer. Double distilled 95% ethanol and purified pentane

(see p 33) were used as solvents. Ultraviolet spectra for some of the

natural constituents of the essential oil are shown in Figure 24. Uv

data for some of the natural constituents and for two thermally re-

arranged natural compounds are summarized in Table VII.

d. Infrared Spectroscopy. Spectra were determined on a

Beckman IR 10 infrared spectrophotometer and a Beckman IR SA infrared

spectrophotometer. Samples were run both neat and in carbon tetra-

chloride. The spectra for dictyopterene A Q), dictyopterene B (2),

rearranged dictyopterene A (i), and rearranged dictyopterene B (lQ)

are shown in Figures 25-28, respectively.

e. Mass Spectrometry. All spectra were determined by

Sister Mary Roger Brennan on a Hitachi Perkin-Elmer RMU-6D single

focusing mass spectrometer operating at 15 eV or 70 eVe Spectra for

the tetraenes 3 and 4 and trienes 5 and 6 were determined as a- - --
solution in deuteriochloroform or benzene-d6• Therefore the

molecular ion is all that is of value.

Tetraenes 1 and i. Calcd for CllH16 : mol wt 148. Found: 148.

Trienes 1 and i. Calcd for CllH18 : mol wt 150. Found: 150.

The spectra for the essential oil, dictyopterene A (1),

dictyopterene B (~, rearranged dictyopterene A (i), and rearranged

dictyopterene B (10) are shown in Figures 29-33 respectively.
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Figure 24. Ultraviolet spectra of the following compounds in n-pentane:

~. Undecatrienes 2 and i, Amax 273, 262 (€ 30-60,000), 253,

244 om; ~. Undecatetraenes 1 and i. Amax 274, 263

(€ 30-60,000), 254, 245 nm; £. Dictyopterene B ~),

A 246.5 nm (€ 29,000); d. Unidentified compound con-
max -

taining a conjugatec tetraene chromophore, ~ 308, 294,max
281, 270 nm; ~. Unidentified compound containing a conjugated

diene chromophore, A 225 nm; f. Dictyopterene A (1\.max - ':.I

A 206 nm (€ 16.000).max
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TABLE VII. Ult:caviolet Spectral Data for Some of the Constituents of the Essential Oil
of pictyopteris and their Rearrangement Products.

Extinction
Compound A , nrn Solvent coefficientmax

Dictyopterene A (.!.) 206 95% ethanol 16,000

Dictyopterene B (~) 246.5 95% ethanol 29,000

Mixture of undeeatetraenes 3 and 4 274, 263, 254, pentane 30-60,000- - 245 (sh)

Nixture of undel~atrienes 2. and £. 273, 262, 253 pentane 30-60,000
244 (sh)

Rearranged dictyopterene A (2,.) end absorption pentane a
< 195

Rearranged dict:ropterene B (10) end absorption pentane a
< 195

Unknownb 225 pentane a

Unknownc 308, 294, 281, pentane a
270 (sh)

(a) Not determined. (b) Contains a conjugated diene chromophore, see pp 39 and 202.
(c) Contains a I~onjugated tetraene chromophore, see pp 41 and 202.
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f. Circular Dichroism. Spectra were recorded on a

Cary 61 spectropolarimeter with the help of Dr. J. McConn, using

purified n-pentane (see p 33) as the solvent. The CD curves for re-

arranged dictyopterene B ~), dictyopterene D' (~), dictyopterene C'

(Z), and rearranged dictyopterene A ~) are shown in Figures 59 and 60.

g. PolarimetrY. All optical rotations were determined on

an ETL-NPL (Ericsson Telephone Limited) Automatic Polarimeter,

type 143 A, equipped with a sodium D line filter (wavelength band-

o
width: 5813-5973 A) and a 1 cm cell (1 ml capacity). The specific

rotation was calculated from the equation

[a]temperature a ~

D cd

where a is the measured angle in degrees, c is the concentration in

g/ml, and d is the path length in decimeters. All samples were

weighed on an automatic Mettler micro balance (precision: ±~. 20 ~g)

in a 1 ml beaker. Rotations were determined on samples dissolved in

either 95% ethanol or chloroform and diluted to 1 ml in a volumetric

flask. The optical data are summarized in Table VIII.



TABLE VIII. Specific Rotations of All Optically Active Compounds

--
Sample a

[a]D [a]Dc (g/m1) Temperature b
Compound No. X 103 Solvent °c a

degrees degrees Average

Dictyopterene A (.!.> 1 5.13 95% EtOH 21 +0.0395 +77

2 14.3 95% EtOH 26 +0.0975 +68

3 67.42 CHC13 22 +0.485 +72 +72

Partially racemized 4c 26.25 CHC13 22 +0.069 +26d

dictyopterene A

Dictyopterene B <l> Ie 20.58 95% EtOH 24 -0.0860 -43
2£ 101.3 CHC13 24 -0.412 -42 -43

Dictyopterene C' (2) 1 24.41 CHC13 26 -0.0345 -14

2 73.17 CHC13 22 -0.0854 -12

3 201.0 CHC13 25 -0.194 -10 -g

Dictyopterene D' @) 1 1.5
g CH2C12 23 +0.0116 +75 +75

Rearranged 1h 84.58 CHC13 26 +0.0170 +2.0
dictyopterene P. (2.)

2h 158.2 CHC13 21 +0.0316 +2.0 +2.0

3i 95.77 CHCl3 22 +0.029 +3.0d

00
0



TABLE VIII (cont.). Specific Rotations of All Optically Active Compounds

a
[a]n [a]nSample c (g/ml) Temperature ab

Compound No. X 103 Solvent °c degrees degrees Average

Rearranged lj 70.20 95% EtOH 28 -0.173 -25
dictyopterene B QQ.)

2k 142.6 CHC1
3

22 -0.334 -24 -25

(a) Since all compounds were diluted in a 1 ml volumetric flask, this number also equals the
weight of compound used in mg. (b) Readings of 0.1-0.5 0 were Ineasured using the 0.5 0 scale with
diviEdons of 0.010

, estimable to 0.001 0
• Readings of less than 0.1 0 were measured using the 0.10

SCalE! with divisions of 0.002 0
, estimable to 0.0002 0

• (c) Heal:ed at 173-1750 for 2.8 hr. (d) Not
included in the average. (e) 96.6% pure. (f) 97% pure. (g) Estimated by nmr from signal/noise
ratio comparison to dictyopterene B. (h) Obtained from total rearrangement of dictyopterene A.
(1) Obtained from 80% rearrangement of dictyopterene A as described in (c) above. (j) 97% pure.
(k) 98% pure.

(Xl....
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2. Chemical Methods of Structure Determination.

a. 29Osmium Tetroxide-Periodate Oxidation.

i. General Procedure. A 0.25 M stock solution of

0.5 g of osmium tetroxide in 8.0 ml of spectrograde benzene was

prepared and stored in the freezer until ready for use. Excess

osmium tetroxide reagent (1-3.5 ml, a 2-3 : equivalent excess) was

added to 5-15 mg of the hydrocarbon in 10 m1 of benzene in a stoppered

25 ml round-bottom flask. A black precipitate of the osmate ester

formed after a few minutes. After standing for 12 hr, the benzene

and excess osmium tetroxide were removed in vacuo and 6-20 ml of a

0.1 M aqueous sodium metaperiodate and 0.0025 M aqueous potassium

permanganate solution was added to the residue along with ~. 30 mg

of potassium carbonate. The mixture was shaken oocasionally. When

the osmate ester had completely dissolved, the solution was acidified

with phosphoric acid, sodium bisulfite was added to destroy excess

oxidizing agent D and the mixture filtered to remove the precipitated

osmium. The pH of the solution was adjusted to 1-2 and the mixture

was continuously extracted with ether for 24 hr or longer. The

ethereal layer was then assayed for its acid content by either paper

chromatography or nmr spectroscopy or both (see below).

ii. Determination of Acids by Paper Chromatography.

The carboxylic acids were extracted from the concentrated ethereal

solution with~. 0.15 m1 (5 drops) of 1.S N diethylamine in water.



Aliquots of the amine solution (10-20 ~l) were spotted on 23.2 em x

57 cm Whatman no. 1 paper with a capillary tube. Six spots, each

5-5.5 mm in diameter, were applied to each paper at a distance of

7 cm from the end and 3.3 em from the edges and from each other.

Approximately 50 lIg of a known acid was spotted for comparison with

an unknown. The concentration of known acids in the diethylamine

solution varied from~. 8 mg/ml for individual acids to ~. 10 mg

total acid/ml (1-2.5 mg of each individual acid/ml) for mixtures of

known composition.

Separation was carried out in a descending tank using

n-butanol, water, and diethylamine in a volume ratio of 100:15:1 to

develop the chromatograms. Approximately 18 hours was needed for the

solvent front to travel the length of the paper. The development time

was varied between 18 and 96 hours. The paper was air-dried for 1-2

hours and then sprayed with 1% bromcresol green (yellow at pH 3.8,

blue at pH 5.4) in absolute ethanol. Acids appeared as blue spots on

a yellow-orange background. When the paper was thoroughly dried, most

of the acids appeared as very weak spots after spraying and it was

frequently necessary to moisten the sprayed paper momentarily in an

atmosphere of steam (a light spray of water will not work). Oxalic

acid would frequently appear as a yellow spot, probably due to its

greater acidity, but would turn partially blue when the paper was

treated with steam. The amount of acid needed to show up using this

indicator is so large that the bands are spread out and many times

poorly resolved. especially for the diacids.
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iii. Determination of Acids by Nmr Analysis. The

carboxylic acids were extracted from the ethereal solution with 10 ml

of 0.5 M ammonium hydroxide. The extract was evaporated !!!.. vacuo

and the residual solid salts were dissolved in deuterium oxide and

analyzed by nmr spectroscopy using TMS as the external standard.

The signals for the ammonium salts of formic. acetic, propionic,

malonic, and succinic acids could be readily detected in several

trial experiments (see Table IX) with quantities as low as 0.03

mi11imo1es. It was found, however, that the signal for ammonium

malonate was the weakest one as its a-protons have a significant rate

of exchange wi~ D20. To demonstrate the presence of ammonium

malonate, the nmr spectrum either had to be determined within an

hour or else H20 had to be used in place of D20 as the solvent.

The nmr tube with the 2 mm capillary tube used for the

external reference, in this case TMS, is shown in Figure 34. The 4 mm

top portion of the innertube fits snugly into the nmr tube and no

wobbling was found to occur.



4 mm pyrex
tubing

2 mm pyrex
tubing
filled
with TMS

~. b.
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Figure 34. a: External TMS standard tube.
b: External TMS standard tube fitted into a
thin walled'nmr tube.



TABLE IX. Prot"n Chemical Shift Values in 0 (ppm) from TMS (external) For Ammonium Salts of Known
Carboxylic Acids at 100 MHz in D20.

Individual Mixture of salts: b
Ammonium salt salts Trial la Trial 2 Trial 3c Average values

FOl:mate 8.89 8.87 8.87 8.94 8.89

Acetate 2.35 2.38 2.40 2.40 2.38

Propionate d 1.50, 2.66 1.50, 2.69 1.52, 2.66 1.51, 2.67

Malonate 3.58 3.61 e 3.60 3.60

Succinate 2.90 2.90 2.93 2.88 2.90

~1!!!!.-1,2-Cyclopropane- 1.66, 2.29 d d d 1.66, 2.29
dicarboxylate

--
(a) An ethElr solution of 5.6 mg formic acid, 8 mg acetic acid, 10 mg propionic acid, 14 mg

malonic acid, ard 16 mg succinic acid (approximately equal molar amounts of each) was extracted with
dil ammonium hydroxide. The salts were evaporated to drYness .!E. vacuo, and dissolved in D20.
(b) S.ame procedu.re as above, but with less acid: 1.4 mg formic acid, 2.0 mg acetic acid, 2.5 mg
prc,pil,nic acid, 3.5 mg malonic acid, and 4.0 mg succinic acid (approximately 0.03 millimoles of each
acid, equivalent: to the molar amount of an acid from ca. 5 mg of one of our C compounds). (c) A
water solution clf 1.6 mg formic acid, 2.0 mg acetic aCid, 2.5 mg propionic act!, 3.5 mg malonic acid,
and 4.0 mg succinic acid was acidified with phosphoric acid after adding some sodium bisulfite. This
solution was then continuously extracted with ether for 24 hr. The ether was extracted with dil
ammon:Lum hydroxide. The salts were evaporated to drYness and D20 added. (d) These experimental
trialu were not conducted. (e) Not detected because of exchange with D20. 00

0\
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iv. Oxidation of Dictyopterene A (1). About 8 mg of

dictyopterene A collected by glpc using a 10% SE-30 column (described

on p 22) was dissolved in benzene and degraded to carboxylic acids

with 1.2 m1 of the osmium tetroxide reagent and 10 m1 of the sodium

metaperiodate-potassium permanganate reagent as described above. The

presence of n-valeric and formic acids was determined by paper

chromatography. Trans-l,2-cyclopropanedicarboxylic acid was detected

by paper chromatography. After removal of the n-valer1c and formic

acids in vacuo, 8.3 mg of a colorless crystalline solid, mp 125-140°,

25°[a]n +132 0 (c 0.0083, 95% EtOH), identified as (+)-(S,S)-trans-

1,2-cycloprcpanedicarboxylic acid <!1)30 remained.

HOOC~

~
- eOOH

Recrystallization from carbon tetrachloride/ethanol eAVe 2.1 mg of

purer 17, mp 159-162°, [a]~5° +155° (c 0.0021, 95% EtOH).

v. Oxidation of Rearranged Dictyopterene B (10). In a

first experiment about 15 mg of dictyopterene B was oxidized with

2.5 m1 of the osmium tetroxide reagent and 20 ml of the sodium

~~~p~riuu~~~pu~~~iumpermanganate reagent as described above. Tne

resulting ethereal solution of fatty acids was analyzed by paper

chromatography as described above &id the results are summarized in

Table X. From these data it is concluded that propionic acid is



TABLE X. Paper chromatographic Data for the Carboxylic Acid Products
of Osmium Tetroxide-Periodate Oxidation of Rearranged
Dictyopterene B QQ.).

88

Acid

Formic

Acetic

Propionic

Butyric

Oxalic

Malonic

trans-l,2-Cyclo­
propanedi­
carboxylic

Distance Distance
travelleda in cm travelleda in cm
after 47.5 hr after 96.5 hr

27-32 44-46

26-31 b

35-39 t:

48-52 c

4.5-5.0 "'7

5.7-6.2 "'7

7.6-9.0 11-12

Unknowns from
rearranged dicty­
opterene B (.!.Q)

26.5-32

36-38

0-9.5

46-48

0-10

(a) Figured for farthest most front of the acid spot. Given as a
range covering several trials. (b) Not spotted. (c) Eluted off the
end of the paper.
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present and butyric acid is absent. Either formic or acetic acid or

both are present. trans-1,2-Cyc1opropanedicarboxy1ic acid is not

present. but one or more other di- or tribasic acids, which were not

identified, are present.

In a second reaction, about 5 mg of rearranged dictyopterene

B QQ) in pyridine-d5 (sample used for nmr analysis) was oxidized

with 1.2 m1 of osmium tetroxide reagent and 6 m1 of sodium meta-

periodate-potassium permanganate reagent as described above. The

resulting ethereal solution of acids was extracted with ammonium

hydroxide and analyzed by nmr as described above. Propionic, acetic

and formic acids were the only products that could be detected.

vi. Oxidation of Dictyopterene B (2). An impure

sample of dictyopterene B (ca. 5 mg) was oxidized with 1.2 ml of

osmium tetroxide reagent and 10 ml of sodium metaperiodate-potassium

permanganate reagent as described above. The ethereal extract was

concentrated to about 1.5 m1 and the optical rotation determined,

a = +0.14°. The ether and volatile acids were removed ~ vacuo

yielding a partially crystalline solid, (+)-(S,S)-trans-l,2­

cyclopropanedicarboxylic acid (17), a a +0.15° (H 20).

b. Ozonolysis

i. General Procedure. The apparatus described by Beroza

31 32and BierI' (see Figure 35) was used with little success. The
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stainless steel needle became plugged within a few minutes after the

Tesler coil was turned on. A modification of the apparatus. shown in

Figure 36. was constructed and found to work satisfactorily. The

glass pipet has a much larger diameter than the stainless steel needle

and rarely became plugged during operation. There is also a longer

and clearer pathway for the oxygen to traverse while being subjected

to the electrical discharge. i.e •• for the same flow rate in each

apparatus. the latter allows more electrical energy to interact with

the oxygen for a probable higher yield of ozone.

The compound to be ozonized was dissolved in ethyl acetate and

placed in a test tube (1 cm x 7.5 em) or a 25 ml pear-bottom flask.

The flask was attached to the apparatus as shown in Figure 36. and

ozone/oxygen was allowed to pass through the solution at a flow rate

of 20-40 ml/min. The solution was ozonized until the exhaust gas

turned a starch-iodide solution* dark blue within a few minutes. indi-

cating the presence of a significant excess of ozone. The flask

containing the solution being ozonized was cooled to _20 0 in a carbon

tetrachloride/liquid nitrogen slush. Additional ethyl acetate was

added periodically with a syringe to replenish the solvent lost through

evaporation.

*Thi8 te8t 8~!utio~ i8 r~er~~ed i~ the followlne mRnnp.T! 1 ml of a 5%
aqueous potassium iodide stock solution. 1 ml of a 5% aqueous sulfuric
acid stock solution D and 2 ml of fresh (not more than 2-3 days old)
aqueous starch solution are added to a 1.3 cm x 10 cm test tube and
diluted to 7 ml. The starch solution is prepared by heating a small
amount of soluble starch in a few milliliters of water.



__ 8 rom o.d. glass tubing

15 cm

Jt N2

three way stopcock

aluminum foil wrapped around
glass tubing

silicone rubber supports

steel needl~
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Figure 35.

~--~==::~= Tesler coil

~---- --~>~ to starch-iodide test solution

o \
\ ~~__- solution being ozonized

31 32
Ozonolysis Apparatus of M. Beroza and B. BierI. '
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~02

__---------- three way stopcock

'---N2

1---- connnercial glass disposable pipet,
7 nun o.d.

1 --3 mm o.d. pyrex tubing

u..-.....__ 18 gauge nichrome wire
10 em

_ aluminum foil wrapped around
glass tubing

Tesler coil

~~V~~=== ----~~~ to starch-iodide test
solution

25 ml pear-bottom flask
containing solution being
uzu(t:1.zt:u

Figure 36. Ozonolysis Apparatus.
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The ozonide was worked up using a procedure similar to that

33described by Narula and Dev. The ozonide solution was added to a

125 ml erlenmyer flask and 30 ml of reagent acetone added. Jones'

reagent (2.7 g chromium trioxide. 2.3 ml sulfuric acid and 10 ml

water) was added dropwise with swirling. while maintaining the solu-

tion at 0°. Initially the solution turned blue. then gradually

darkened to a brown-black color with the formation of a dark green

precipitate. Addition was stopped at this point. After standing

for 1 hr. 50 ml of water was added. The resulting clear dark gree~

solution was extracted eight times with 30-50 ml portions of ether.

The total ether solution was extracted several times with 3% sodium

hydroxide. The aqueous solution was acidified and exhaustively

extracted with ether. This ethereal extract contained only the

acidic products. This procedure was found to give the best yields.

with the least racemization of products. Deviations from this

workup are noted in the ozonolysis experiments described below.

ii. Ozonolysis of Dictyopterene A (1). In one trial

9 mg of 1 dissolved in 2.5 m1 of chloroform in a 1 cm x 7.5 em test

tube was treated with ozone/oxygen at a flow rate of ~. 10 ml/min.

The solution was cooled to -8 to _10° in a sodium chloride/ice bath.

After 40 min the reaction was complete as indicated by the starch-

iodide test. The ozonide solution was placed in a 10 ml round-bottom

flask with 3 m1 of 30% hydrogen peroxide and a few milligrams of potas-

sium carbonate. The mixture was stirred for 12 hr at room temperature
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and the mixture refluxed for~. I hr until the chloroform evaporated.

More water was added and the solution refluxed for another hour.

The solution was acidified with dilute sulfuric acid and extracted

five times with 5 ml portions of ether. The acids were extracted

from the ether with dilute ammonium hydroxide. The ammonia solution

was evaporated to~. 0.5 ml and nmr analysis showed the presence of

ammonium formate.

In a second trial~. 20 mg of dictyopterene A was ozonized

and processed as above. The nmr spectrum of the resulting ammonium

salts is shown in Figure 37. Ammonium formate, n-valerate, trans­

1,2-cyclopropanedicarboxylate. and a small amount of acetate were

found to be present. The ammonium acetate was attributed to the

small amount of ethanol present in the chloroform solvent that was

oxidized during the ozonolysis. From blank studies it was shown

that ethanol does give acetic acid under the ozonolysis conditions.

iii. Ozonolysis of Dictyopterene B (2). About 45 mg

of 2 was ozonized and worked up oxidatively with hydrogen peroxide

as described for! above. Ozonolysis took~. 4.5 hr. After oxi­

dative work up 0,5 ml of dilute sulfuric acid was added. The

solution was extracted seven times with 6 ml portions of ether. The

ether solution was extracted with dilute ammonium hydroxide and

analyzed by nmr spectroscopy. The nmr spectrum (see Figure 38)

showed the presence of ammonium formate, propionate, trans-I,2-

cyclopropanedicarboxylate. and acetate. Amwonium oxalate was not

detected by this method.
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iv. Ozonolysis of Rearranged Dictyopterene B (10).

About 70 mg of !Q in 95% ethanol was ozonized and processed as

described above for dictyopterene B. Ozonolysis took~. 5 hr. Nmr

analysis of the resulting ammonium carboxylate salt mixture showed

it to be a 24:10:5:3:1 mixture of ammonium formate, acetate,

propionate, succinate, and malonate, respectively. The nmr spectrum

of this sample is shown in Figure 39.

v. Ozonolysis of Rearranged Dictyopterene A (9).

In trial I, 85 mg of i was dissolved in 3 m1 methylene chloride and

ozonized for 4 hr at £!. _5°. The solution was then oxidatively

worked up with hydrogen peroxide as described above for I. The

initial ethereal extract containing all organic products from the

reaction mixture had an a = +0.012°. This solution was then ex­

tracted with sodium carbonate solution and the aqueous solution

acidified and extracted with ether. This ethereal solution, con­

taining only the acidic products, showed no optical rotation. The

presence of malonic acid was demonstrated by nmr analysis.

In a second experiment 158 mg of 9 was dissolved in methylene

chloride and ozonized for 12 hr at -8 to _12°. The solution was

oxidatively worked up with hydrogen peroxide and the resulting acids

purified as described above in trial I, except 3% sodium hydroxide

was used in place of sodium carbonate. The ethereal extract of the

acids had no observable optical rotation. This loss in optical

purity was probably due to the severe work up conditions.

97
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Half of the ethereal extract was concentrated and the less

soluble malonic acid that precipitated out was removed by decanta-

tion. The mother liquor was esterified with diazomethane as described

below in trial 3. The mass spectrum of the resulting oily ester,

which was identified as dimethyl butylsuccinate (ll>, is shown in

Figure 54.

~. Calcd for ClOHlS04: mol wt 202. Found: 202 (mass

spectrometry).

The remaining half of the ethereal extract from trial 2 was

subjected to preparative thin layer chromatography. Most of the

malonic acid precipitated on concentration of the ethereal extract

prior to tIc. Silica gel plates (0.25 mm thick) were used and the

chromatograms were developed with benzene, methanol, and acetic acid

(volume ratio 90:16:8). Three spots were detected on spraying the

plates with dilute bromocresol green in 80% ethanol. From the

largest spot a small amount of an unidentified compound was obtained,

but the yield was too little to be analyzed by nmr spectroscopy.

In trial 3 approximately 80 mg of i dissolved in 20 ml of

ethyl acetate (and, accidentally, some technical grade acetone) in a

25 ml pear-bottom flask was ozonized and oxidatively worked up with

Jones' reagent as described above. The concentrated ethereal solution

tained.

__ , ,_._, -' __ ..1 _'- .1: _

W~ UClLf\. Leu CUIU Ulli:i;;;.l.C.LV.a.c;:;.

__ ___..I .... _, ..2_ ... 1...:1 1.. __1-.. _
I.&U vt''''' ..... '-Cl..L ua. Q '-''''-.. .... '-£ .., .... v..,-

Diazomethane was prepared by the foll~ling procedure: Potas-

sium hydroxide (2.5 g) was dissolved in 6 ml water and 15 ml 95%



ethanol in a one piece distillation apparatus consisting of a 100 ml

round-bottom flask and condenser. A solution of 11 g Diazald

(p-toluenesulfonylmethylnitrosoamide) in 65 ml diethyl ether was

placed in a separatory funnel fitted by a rubber stopper to the top

of the distilling flask. The mixture in the flask was heated to ~.

65° (62-68°) and the Diazald solution was added dropwise. The

diazomethane which co-distilled with ether was collected in a 125 ml

erlenmyer flask cooled in ice. After the addition of the Diazald

~. 30 min) an additional 20 ml of diethyl ether was added dropwise.

Several milliliters of the ether solution of diazomethane was

added to the mixture of acids and the ether was allowed to slowly

evaporate in the hood. Dimethyl butylsuccinate was purified by

preparative glpc of the oil on a 20' x 3/8" column of 30% SE-30 on

Chromosorb W (column temperature, 150°; injector temperature, 210°;

nitrogen flow rate, ~. 175 ml/min; retention time, 31 min). The

dimethyl ester (nmr spectrum shown in Figure 52) was saponified by

refluxing a solution of the ester with dilute potassium hydroxide in

aqueous methanol for 8 hr. The reaction mixture was acidified and

extracted with ether. The yield of butylsuccinic acid was estimated

at several milligrams. The nmr spectrum of the butylsuccinic acid is

shown in Figure 51.

In trial 4, 240 ~l ~. 200 mg) of ~ was ozonized and oxi­

datively worked up with Jones' reagent as described above. The

purified ether extract was concentrated to 1 rol. The light yellow

100
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solution showed a • -0.024° indicating the presence of (-)-(S)­

butylsuccinic acid (!2).34

HOOCJt-l00H

V\
~
~

~ H

19

vi. Ozonolysis of Dic;yopterene C' (7). In the

first experiment 73 mg of 2 was ozonized for 3 hr and oxidatively

worked up with hydrogen peroxide. The initial ether extract con-

taining all organic products from the reaction had an a • -0.128°.

The acids were extracted from the ether with 370 sodium hydroxide,

the aqueous solution was then acidified and the carboxylic acids

were extracted out with ether. The ethereal extract of the acids

had an a a +0.008°, indicating the presence of (+)-(R)-butylsuccinic

acid (20).34

H

c. Maleic Anhydride Reaction. A 3.0 ml <.£!. 18 mmoles)

sample of essential oil (batches 5 and 6) was added to a 5 ml benzene

solution of 1.7 g of maleic anhydride ~. 18 mmoles) and a few milli-

gramR of hydr~uinone in a 10 ~~ ro~~d-bQttom flask equipped with a
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drying tube and condenser. After refluxing 3 hr, the solution was

cloudy but no precipitate had formed. After standing in the freezer

for 2 days, a large amount of crystalline material appeared. The

clear yellow mother liquor <E!.. 2 ml) was separated and short path

distillation at 60-65° at 18-21 torr gave a distillate which

partially solidified. Glpc analysis of the distillate on a

30' x 1/8" colunm of 30% DEGS on Chromosorb Wshowed no undecatetraene

i present and only a very small amount of undecatetraene 1 remained

(this peak may represent another compound). No detectable amount

(i.e., less than 20% of normal amounts) of either undecatriene i or

.2. was found, but dictyopterene A (1), dictyopterene C' (D, and re-

arranged dictyopterene B ~ were present in the same relative

amounts found in the essential oil.

d. Cope Rearrangement of Dictyopterene A (1). A solution

of 200 ~l of pure dictyopterene A and 20 ml of hexane in a sealed 10 mm

o.d. x 30 cm thick wall (2 rom) pyrex tube was heated to £!. 165° in an

oven for 48 hr. The hexane was evaporated in vacuo (water aspirator)

21°yielding 158 mg of clear colorless oil, [a]n +2.0° (c 0.158, CHC13).

Glpc analysis showed the presence of less than 0.005% dictyopterene A

(the limit of detectibility).

In another experiment 240 ~l of .1 dissolved in 4 ml of hexane

in a sealed 9 mm o.d., 2 rom wall pyrex tube was heated at £!. 160-175°

for 2.8 hr. After removal of most of the hexane ~ vacuo (water

aspirator), compounds 1 and i were separated by preparative glpc on a



103

30' x 3/8" column of 30% DEGS on Chromosorb W (column temperature,

125°; injector temperature, 160°; nitrogen flow rate, 165 ml/min)

giving 96 mg of rearranged dictyopterene A (2) as a clear colorless

23°oil, [a]D +3.0° (c 0.096, CHC13) and 26 mg of dictyopterene A Q)

23°as a clear colorless oil, [a]D +26° (c 0.026, CHC13).

e. Cope Rearrangement of Dictyopterene B (2). About

0.5 ml of 1 was dissolved in 4 ml of pentane and the solution sealed

in a 9 mm o.d. thick wall (2 rom) pyrex tube. The tube was heated to

103-108° for 40 hr. The solution was evaporated to a yellow liquid

26which was molecularly distilled using a micro distillation apparatus

-3at room temperature and £!. 2 x 10 torr to give 490 ~l of a clear

colorless oil (98% pure by glpc) , [a]~3° _24° (c 0.143, CHC13).

f. Reaction of Rearranged Dictyopterene B (10) with

Diimide. A 143 mg sample of 1£ (0.97 mmoles) was placed in a 50 ml

three necked pear-bottom flask containing 10 ml methanol, a few milli-

grams of cupric sulfate (catalyst) and 0.50 ml (10 mmoles) of hydra-

zine hydrate. To the flask was attached a water condenser and a gas

delivery tube through which dried medical grade air was bubbled

through the solution for 4.8 hr. Glpc analysis showed complete loss

of ~ and small yield of i (4% of the volatile components). The three

major components (96~ of the vnl~t:Ue compt)!1...nt~) wp.!,~ ~ot tde~t:f.fied:

In a second run about 200 mg of 1£ was reduced as described

above except lesn hydrazine hydrate (0.15 ml, 3 mmoles) was present
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initially. After one hr of aeration it was shown by glpc that only

about 30% of 10 had reacted and that only a very small percentage of

i had been formed. After three hr only about 40% of 10 had been con­

sumed and a little more i had formed. An additional 0.15 m1 (3 mmoles)

of hydrazine hydrate was added and aeration was continued for an

additional 2.3 hr. Glpc analysis showed that~. 4% of 9 was present

with £!. 15% of 1& still remaining.

Preparative glpc of the combined hydrocarbon mixture on a 30' x

3/8" column of 30% DEGS on Chromosorb W gave an estimated 1-2 mg

(collected in pentane) of a compound identified as compound i by

circular dichroism (see Figure 60) and nmr spectroscopy.

D. Chemical Studies

1. Kinetics of the Cope Rearrangement of Dictyopterene A (1)

A solution of 5 ~l of 1 in 5 ml p-xylene was heated to reflux (140°)

in a 10 m1 round-bottom flask with an oil bath. Both the p-xylene

solution and the oil bath were stirred magnetically. Three ~l aliquots

were removed periodically with a syringe and examined by glpc (30' x

1/8" column of 30% DEGS on Chromosorb W). The relative amounts of un-

reacted dictyopterene A and its Cope rearrangement product i were

(i.e., the concentration of 1/1 + ~ verses time (see Figure 40) gave

a ~, of 14 hr at 140°.
""2
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In a second experiment twenty sealed tubes of 1 ~l dictyopterene

A in 20 ~l benzene were emersed in a 10 ml two-necked flask of refluxing

2-octanone (173°). Individual tubes were removed periodically and the

progress of the reaction was again monitored by glpc analysis. A plot

of the data (see Figure 41) gave a t~ of 0.48 hr at 173°.

Pseudo-thermodynamic data (activation parameters) were calcu-

lated from the following equations

Ea •
R In K2/Kl

(1/T2 - l/Tl )

... -RT In ....h. K
kT react •

... E - RTa

...

-1 -1Where R ... 1.986 cal deg mole ; Kl , K2, K t'" reaction rates,reae •
-27i.e., the recipieal of the half life in seconds; h • 6.626 X 10

-16 -1erg sec; k = 1.38 X 10 erg deg ; and T ... temperature in OK. The

results are:

E a 37.4 kea1/molea

6Gf a 33.3 keal/mole at 140°

6Ht ~ 36.6 kcal/mole at 140°

The estimated maximum error for the energy of activation is ± 4

keal/mole and the probable error is .£!.. ± 1-2 keal/mole.
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2. Kinetics of the Cope Rearrangement of Dictyopterene B (2).

A solution of 60 pI of 1 in 0.7 ml of benzene was sealed in a medium

wall nmr tube. The tube was suspended in refluxing isopropyl methyl

ketone (92.2°) heated with an oil bath. Both the ketone and oil bath

were magnetically stirred. The nmr tube was removed periodically and

the nmr spectrum of its contents determined. The relative amounts of

dictyopterene B and its Cope rearrangement product 10 were determined

by the relative heights of the central peaks of the two methyl trip-

lets in the nmr spectra. An average of four determinations was used

for each percentage composition determination. A plot of log

[dictyopterene B (1)] (Le., the concentration of 1/1 + 10) verses

time (see Figure 43) gave a t 1 of 2.9 hr at 92.2°.
"2

In a second experiment, another sealed nmr tube containing a

solution of 1 in benzene was emersed in refluxing hexane (69.5°).

Again the tube was removed periodically and the relative amounts of

1 and 10 determined by nmr analysis. A plot of the data (see Figure

42) gave a t~ of 39 hr at 69.5°. Using the equations given above, the

following thermodynamic data were calculated

E = 28.5 kcal/mole
a

~G* = 28.2 kcal/mole at 69.5°

~H* = 27.8 kcal/mole at 69.5°

The estimated ma~~mum error for the activation energy is ± 3 kcal/mole

and the probable error is ~. ± 1 kcal/mole.
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Figure 40. Isomerization of dictyopterene A (].) to .2. at

140 0 Half life c 14 hr.
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Figure 41. Isomerization of dictyopterene A (1) to 9 at 173 o.

Half life = 0.48 hr.
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Figure 42. Isomerization of dictyopterene B ~) to 10
at 69.5 0 Half life c 39 hr.
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Figure 43. Isomerization of dictyopterene B (!) to 10 at
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III

E. Biosynthetic Studies

1. 13Synthesis of Sodium Acetate-l- C. The apparatus used is

outlined in Figure 44. The labeled barium carbonate (1.0 g, 5 mmoles)

was placed in flask (4) and excess concentrated sulfuric acid (15 ml)

was placed in bulb (2) with glass wool in glass tube (3). In flask

(1) was placed seven ml of ~. 1.5 M methyl lithium (10 mmoles) in

ether cooled with liquid nitrogen. The system was evaporated to ~.

10-4 torr (oil diffusion pump) and stopcock (5) was then closed and

bulb (2) tipped to allow acid to slowly drip onto the barium carbonate.

After complete reaction and allowing sufficient time for the carbon

dioxide produced to condense out in the liquid nitrogen cooled flask

(1), stopcock (6) was closed. The flask was allowed to warm to room

temperature over several hours and water was then added to destroy

excess methyl lithium. The mixture was then acidified and evaporated.

The acetic acid solution was collected in a dry ice/acetone trap and

neutralized with sodium hydroxide solution.

From 1.00 g of unlabeled barium carbonate, an overall yield of

90% of sodium acetate was obtained. When the carbon-13 labeled barium

carbonate was used, sodium acetate-1- l3C was obtained in only 67% yield.

This decrease was due to the fact that during rotary evaporation of the

acidified reaction mixture too much heat was applied to the flask and

8c~e cf the ~u!furic ecid e!2o pe22ed o~er to the dry ice/acetone

condenser. Therefore this condensate was run through the evaporation

and condensation sequence again.
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Fi.gure 44. Schematic of apparatus used for sodium acetate-l- C preparation. ........
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2. 13Attempted Incorporation of Sodium Acetate-l- C into the
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Essential Oil of Dictyopteris. Three small bunches ~. 6 in. across)

of Dictyopteris plagiogramma were collected about 300 ft offshore from

the University of Hawaii Aquarium in Waikiki. The plants, which were

attached to a coral substrate, were placed in a five gallon glass

aquarium with fresh sea water. The water was aerated and kept at 24° C

in an air conditioned room. The aquarium was also cooled by a water

bath at 24°. The aquarium was in a small bench area (4 ft x 8 ft)

off of the main laboratory room. This area had large windows on three

sides, exposing the alga to considerable diffused sunlight. Labeled

sodium acetate (0.27 g) was added to the sea water in the aquarium and

the plants were allowed to remain in this environment for seven days.

The seaweed was then removed from the tank and processed for essential

oil using method A (described on p 6 ). The plants were chopped up

before processing. The yield of essential oil was about 20 mg.

No detectable amount of carbon-13 was incorporated into the

constituents of the essential oil as determined by mass spectrometry.

For the compounds having a molecular weight of 150, it was noted that

the m/e 151 peak had not increased over that of the normal essential

oil, i.e., there was less than 2% total incorporation of l3C (the

limit of detectibility using mass spectrometry) into the essential

oil. The glpc analysis of this oil is given in Table III.
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Isolation. Dictyopteris grows abundantly at Sandy Beach, Oahu

during the spring, summer, and early fall. Growth is not as prolific

during most of the fall and winter months. It is also found in smaller

amounts close to Waikiki Beach, Oahu. The seaweed is collected as it

floats in the surf and is processed for the essential oil within 2-4

hr after collection. TWo methods are employed for isolation of the

essential oil. In method A, algae are placed in large desiccators and

subjected to reduced pressure. The condensate, which is trapped in a

dry ice/acetone condenser, is extracted thoroughly with n-pentane.

Evaporation of the n-pentane yields a clear colorless oil in 0.01­

0.04% yield from wet weight of algae.

In method B, seaweed is digested in 15% methanol in chloro­

form for 3-4 days. After evaporation of the solvent, the oily residue

is distributed between n-heptane and methanol. Evaporation of the

n-heptane layer followed by molecular distillation of the residual

oil yields about 0.25% of a clear colorless oil from dry weight of

Dictyopteris. The essential oil composes about 40% of the lipid

content. While isolation method A is simpler and faster, method B

gives the highest yield of essential oil and is especially rich in the

minor components. The essential oil must be stored in the freezer when

not in use. Even at this low temperature oxidative polymerization is

very extensive after 5-10 months.

Separation. Initial separations of the essential oil were

performed by gas chromatography, however, two major problems were en­

countered with this technique. First, it was found that dictyopterene B



isomerizes to 10 (see p 19) during chromatography because of the

elevated temperatures used. Second, large losses are incurred during

flash vaporization in the gas chromatograph injector chamber and also

during eluent collection due to polymerization.

The analytical 30' x 1/8" column of 30% DEGS on Chromosorb W

separates the oil into eight bands representing compounds 1-], and 10.

Figures 45 and 46 show the actual gas chromatograms of essential oil

isolated by methods A and B respectively. These data together with

approximate percentage compositions are summarized in Table XI.

The composition of the essential oils from the separated

species D. p1agiogramma and D. australis differ somewhat (see Table

XI). It can be seen that the essential oil from australis is richer

in dictyopterene A (1), dictyopterene c' (J), and the undecatrienes

1 and~. All these compounds have the molecular formula CllHlS '

The essential oil from plagiogramma, in contrast, is richer in the

more highly unsaturated compounds dictyopterene B (rearranged to 10

during chromatography) and the undecatetraenes 1 and ~ (all CllH16).

The significance of this has not been determined.

Column chromatographic separation of the essential oil was

tried with considerable success after the problems of isomerization

and polymerization were encountered with gas chromatography. 25%

silver ni~ra~e-silica gel columns were usea with 0-10070 ether in

n-pentane as solvent. During the course of several chromatograms

fairly pure samples of mos t compounds were obtained. The undeca­

trienes 1 and i never completely separated from each other: but fair

separation was obtained twice. Dictyopterenes A and C' are another
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group which only separated partially, but were nicely separated by

preparative gas chromatography. Undecatetraenes 1 and! separated

cleanly twice. Dictyopterene B separated from the other components

very well in most cases. The fraction containing dictyopterene D'

was complex and had to be further separated by gas chromatography.
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aTABLE XI. Approximate Percentage Composition of Essential Oils from Dictyopteris

D. p1agio-
Unseparated Unseparated gramma D. australis

Compound Method A Method B Method A Method A

Dictyopterene A (.!.) 227- 25% 16% 25i.

Dictyopterene C' (2) 7 7 8 30

Undeeatriene 1 2 8 1.5 2

Undeeatriene .§. 0.8 5 0.8 2

Dictyopterene D' (J!) and rear- 61 37 69 36
ranged dictyopterene B (10)

Undeeatetraene .;! 3.5 9 1.5 1.5

Undeeatetraene 4 3.5 10 3 1.5
'- b

0 0 0Dictyopterene B (l) 0

(n) Separated on a 30' x 1/8" column of 30% DEGS on Chromosorb W (100/120 mesh), column
tempElrature, 120°; injector temperature, 170°; nitrogen flow rate, 20 ml/min. (b) Thermally re­
arranges to 10 during chromatography. Dictyopterene B is usually only detected if the oil is in­
jectEld as a dilute solution in pentane or by lowering the column temperature.

........
00



!!Eulre 45. Gas chromatogram of essential oil isolated by method A. Separated on a 30'
x 1/8" colunm of 30% DEGS on Chromosorb W (100/120 mesh), column temperature,
120°: injector temperature, 170°; nitrogen flow rate, 20 ml/min. Identified
compounds with retention times in minutes: ~. Dictyopterene A (1), 21.
J2.. Dictyopterene C' (D, 29 • .£. trans,cis-Undeca-l,3,5-triene Q), 31.
£. trans,trans-Undeca-l,3,5-triene (4), 33. ~. Rearranged dictyopterene B ~)
and dictyopterene D' (§), 35. i. trans,c1s,.£!!!.-Undeca-1,3,5,8-tetraene (1), 44 •
.B.. trans,trans,cis-Undeca-l,3,5,8-tetraene (~), 47.

....
~
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Figure 46. Gas chromatogram of essential oil isolated by method B.
Separated on a 30' x 1/8" column of 30% DEGS on
Chromosorb W (100/120 mesh), column temperature, 120°;
injector temperature, 170°; nitrogen flow rate,
20 mi/min. Identified compounds with retention times
in minutes: .!.. Dictyopterene A W, 21. b. Dictyopter­
ene C' (7), 29. c. trans,cis-Undeca-i,3,S-triene (3),
31. d. trans,trans-Undeca-i,3,S-triene (4), 33. -
~. Re~rranged dictyopterene B ~) and dictyopterene D'
(8), 35. f. trans,cis,cis-Undeca-l,3,5,8-tetraene (3),
44. A. trans,trans,cis-Undeca-1,3,S,8-tetraene ~),-47.
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Dictyopterene A. Fraction 2 from chromatography of the

essential oil on 25% silver nitrate-silica gel is approximately

a 3:1 mixture of dictyopterene A and dictyopterene C'. Dictyop-

terene A is separable by preparative gas chromatography (see p 21)

and has been identified as (+)-(R,R)-trans-1-(trans-hex-1'-eny1)-

2-viny1-cyc10propane (1,). It is the second most abundant

constituent, comprising about 25% of the essential oil. It is an

optically active compound, [a]D +72°, showing the presence of at least

one asymmetric carbon. The ultraviolet spectrum in 95% ethanol shows a

A 206 nm (E 16,000) which corresponds to a vinyl cyclopropanemax

chromophore. The mass spectrum (see Figure 30) shows a molecular

ion mle 150 which corresponds to the molecular formula C11H18 with

an unsaturation number of 3. The carbon-13 nmr spectrum (see

Figures 13-14) shows the presence of four olefinic carbons and

seven saturated carbons (see Table V). Thus, 1. must have two double

bonds and a cyclopropane ring.

The proton nmr spectrum (see Figure 47) shows quartets at

04.81 (J = 10 and 2.5 Hz) and 04.98 (J = 17 and 2.5 Hz) for the

methylene protons of a vinyl group. The doublet of doublets of

doublets at 05.37 (J = 17, 10, and 6) is attributed to the rnethine

proton of the vinyl group. Because of this splitting pattern it must be

adjacent to another methine proLon.



The protons of the second double bond are found as a doublet of

doublets of triplets at 04.99 (J c 15.5, 6, and 1.2 Hz) and a

doublet of triplets at 05.45 (J c 15.5 and 7 Hz) for a trans

disubstituted double bond with adjacent methine and methylene

protons respectively.

The triplet at 00.77 (J. + J t C 14 Hz) is assigned to the C-3
~ rans

methylene of a 1,2-disubstituted cyclopropane. The coincidence of

the chemical shifts for the two methylene protons establishes the

substitution as trans.

The down field position of the two cyclopropane methine protons (ca.

01.25) together with the above data leads to the partial structure

124

-CH2

A triplet at 00.87 (J = 7 Hz) is assigned to a methyl group attached

to a saturated methylene. There are no other methyl groups present.

The above assigniiients are suulIilarized in Table XII and have been

corroborated by the decoupling experiments summarized in Figure 48.
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This then suggests that the structure of dictyopterene A is 1.

Lemieux oxidation of dictyopterene A afforded formic acid,

n-valeric acid, and (+)-(S,S)-trans-l,2-cyclopropanedicarboxylic

30acid (hI). This oxidation is thought to occur as shown in Chart I.

Formic acid and n-valeric acids were identified by paper

chromatography. The presence of 17 establishes the absolute

configuration of 1 as R,R about C-l and C-2.

Ozonolysis of dictyopterene A gave formic acid, n-valeric

acid and (+)-trans-l,2-cyclopropanedicarboxylic acid (hI) as shown

in Chart II. The presence of all these acids were confirmed by

comparison of the nmr of their ammonium salts (see Figure 37) with

authentic samples.

These data establish structure 1 unequivocally for

dictyopterene A.

The infrared spectra for 1 are shown in Figure 25 and contain

the following assigned bands, given in -1cm : 3090 (m, medium intensity),

ring and/or olefinic C-H stretch; 1670 (w, weak), ~ stretch of the

trans disubstituted double bond; 1640 (m), c==c stretch of the terminal

methylene (RHc==cH2); 1450 (m), C-H bending of the saturated methyl

and methylene groups.

35 36(±)-Dictyopterene A has been synthesized ' and its ir and

nmr spectra match exactly with the natural product.



::1::::::: ::1 :::;::: I::::;::: I :::,: : I : : ,: : C:
3 8 (PPM) 2 I

~~JJVUII
I : :;::=J : I :.=:1 :.: I : : : : I : :,::

6 5

Fi&.u~~. Proton nmr spectrum of dictyopterene A Q) at 100 MHz in CDC1)_

....
N
CJ\



1

TABLE XII. Nmr Spectral Data for Dictyopterene A <!)

127

Description
of signal

bTriplet

cQuartet

Doublet of
tripletsd

Doublet of
doublets of
tripletse

Multiplet

fTriplet

Doublet of
doublets of
doublets

Doublet of
doublets

Doublet of
aoublt=l:t:l

No. of
protons

3

2

1

1

6

2

1

1

1

Chemical
shift
o(ppm)

0.87

1.95

5.45

4.99

ca. 1.25

0.77

5.37

4.81

4.98

Coupling
constantsa

Hz

7

7

7, 15.5

15.5, 6.
1.2

6, 17, 10

10, 2.5

17, 2.5

Assignment

CH -CH ­-3 2

-CH -CH==-2

(a) All coupling constants are apparent, i.e., they are obtained
from the separation of the major lines. (b) Collapses to a singlet when
irradiated ~t 01.25. (c) Ccll~poCG to ~ brc~d triplet (J = 7 Hz) ~hen

irradiated at 05.45 and to an unresolved doublet (J ~ 7 Hz) when
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TABLE XII (cont.). Nmr Spectral Data for Dictyopterene A Q)

irradiated at 01.25. (d) Collapses to a doublet (J • 15.5 Hz) when
irradiated at 01.95. (e) Collapses to a doublet of doublets (J • 15.5
and 6 Hz) when irradiated at 01.95 and to a doublet of triplets (J •
15.5 and 1.2 Hz) when irradiated at 01.25. (f) Collapses to a singlet
when irradiated at 01.25. (g) J i + J t • 14 Hz.c s rans



Figure 48. Double resonance experiments for dictyopterene A (1) at 100 MHz in CDC1 •
Beat notes indicate area of irradiation. ~: Irradiate 05.45 -- quartei
at 01095 collapses to a broad triplet. b: Irradiate 01.95 -- doublet of
doublets of triplets at 04.99 collapses to doublet of triplets, doublet
of triplets at 05.45 collapses to a doublet. £: Irradiate at~. 01.25
-- triplet at 00.87 collapses to a singlet, triplet at 00.77 collapses to
a singlet, quartet at 01.95 collapses to an unresolved doublet, doublet
of doublets of triplets at 04.99 collapses to a doublet of triplets.

....
N
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HOOC

~+
COOH

/\ACOOH

n-Valeric acid

Osmate ester

1104-'
-

Mn°4

+ HeOOH

Formic acid

(+)-trans-l,2-Cyclopropanedicarboxylic
acid ill)

CHART I. Osmium Tetroxide-Periodate Oxidation Scheme for
Dictyopterene A ~).

) Ny0

Ozonide

Hooe
, /A,

~OH
+

AAeOOH
n-Valeric acid

+ HCOOH

Formic acid

CHART II. Ozonolysis Scheme for Dictyopterene A (1).
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Dictyopterene B. Fraction 5 from chromatography of the essen-

tial oil on 25% silver nitrate-silica gel has been identified as

(-)-(R,R)-trans-l-(trans,~-hexa-l',3'-dienyl)-2-vinylcyclopropane

<1>. It is the major constituent of the essential oil making up

35-60% of the oil as determined by gas chromatograph~' (see Table XI)

and carbon-13 nmr (see Figures 8-10). It is an optically active

compound, [a]D - 43°, showing the presence of at least one asymmetric

carbon. The ultraviolet spectrum in 95% ethanol shows a A 246.5 nmmax

(£ 29,000) which corresponds to a conjugated cyclopropy1 diene

chromophore. The mass spectrum (see Figure 31) shows a molecular

ion mle 148 which corresponds to the molecular formula CllH16 with

an unsaturation number of 4. The carbon-13 nmr spectrum (see Figures

15 and 16) shows the presence of six olefinic and five saturated

carbons (see Table VI). Thus, l must have three double bonds and a

cyclopropane ring.

The proton nmr spectrum (see Figure 49) shows quartets at

04.82 (J c 9.5 and 2.6 Hz) and 04.96 (J = 17 and 2.6 Hz) for the

methylene protons of a vinyl group. The doublet of doublets of

doublets at 05.30 (J = 17, 9.5, and 7.5 Hz) is assigned to the methine

proton of the vinyl group and its splitting pattern shows that it must

be adjacent to another methine proton.
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The triplet at 00.92 (J = 7 Hz) is attributed to a methyl group

attached to a methylene group found as a doublet of quintets at

02.08 (J = 7, 7.5, and 1.3 Hz). Because of the splitting pattern

and the down field chemical shift of thi~ saturated methylene, the

ethyl group must be attached to an olefinic methine.

H......... ./
c=c

CH:-CH/ .........
-3 -2

The triplet of doublets at 05.22 (J = 7.5 and 11.0 Hz) is attributed

to this proton which is also cis coupled to the triplet of triplets

at 05.89 (J c 11.0, 10.8, and 1.3 Hz). This proton shows allylic

coupling (J = 1.3 Hz) with the saturated methylene mentioned above.

From the uv data we know that this double bond must be conjugated with

another double bond. The doublet of doublets at 06.34 (J c 10.8 and

15 Hz) is attributed to an adjacent olefinic methine, which is trans

coupled to the doublet of doublets at 05.04 (J = 15 and 8.5 Hz).

Because of the splitting pattern of this latter proton it must be

adjacent to still another methine proton



The multiplet at ca. 00.68 (J i + J t • 14 Hz, J • -3 Hz)
- .£...!. rans gem

is assigned to the C-3 methylene of a trans-l,2-disubstituted

cyclopropane. *

The multiplet (approximating a quartet) at 01.31 is assigned to the

two cyclopropane methine protons, each attached to one olefinic

methine. These assignments are summarized in Table XIII. This then

suggests that the structure of dictyopterene B is 1. The above

assignments have been corroborated by the decoupling experiments

summarized in Figure 50.

The proton attached to C-Z' is found at a lower field posi-

tion (06.34) relative to the other olefinic protons, in particular

the C-3' proton (05.89). This is attributed to Van Der Waals de-

shielding caused by the close proximi ty of the C-2 t methine and the

3'4'saturated C-5' methylene. This stereochemistry is due to the 6 -

double bond.

Lemieux oxidation of dicyopterene B afforded (+)-(5,5)­

30trans-l,Z-cyclopropanedicarboxylic acid (hI) after evaporation

of the volatile acids. The presence of 12 establishes the absolute

dictyopterene A Q).

*The trans substitution was only suggested by nmr data. Other evi­
dence includes: cis-l,Z-Dienylcyclopropanes are unstable even at
room temperature;~ degradat1ve studies discussed below.
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Ozonolysis of dictyopterene B gave formic acid, propionic

acid, and 17 as shown in Chart III. The presence of all these acids

were confirmed by comparison of the nmr of their ammonium salts (see

Figure 38) with authentic samples. Ammonium Oxalate is not detectable

by this method.

These data establish structure 1 unequivocally for dicty-

opterene B.

The infrared spectra for 1 are shown in Figure 26 and contain

the following assigned bands, given in -1cm : 3090 (m), ring and/or

olefinic C-H stretch; 1680-1660 (w), c==c stretch of the disubstituted

double bonds; 1635 (m), c==c stretch of the terminal vinyl group;

1450 (m), C-H bending of the saturated methyl and methylene groups.

(±)-Dictyopterene B has been synthesized in the laboratory of

37Professor B. Weinstein at the University of Washington. A sample

obtained from Professor Weinstein was found to be identical to the

natural product by proton nmr spectroscopy.
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TABLE XIII. Nmr Spectral Data for Dictyopterene B <1>

Chemical Coupling
Des~ription No. of shift constants
of signal protons o(ppm) Hza Assignment

b 3 0.92 7 CH3--eH2-Triplet

Doublet of 2 2.08 7, 7.5, , /H
quintets C 1.3 /0=<:.......

CH3 --cH2

Triplet of 1 5.22 7.5, 11.0, H" /H
doubletsd 0.8 ,./'c=c.........

-CH2

Triplet of 1 5.89 1. 3, 11.0, H" /H
trlpletse 10.8 c=c

-CH/ ............c=
2 H/

Doublet of 1 6.34 0.8, 10.8, /H
doublets of 15 =c........ /H
doublets f

/c==c.........
H

Doublet of 1 5.04 15, 8.5 H
doubletsg .........c=c/-~

H/ » "H

h 2 1.31 J
ll

, .,. 8.5,

=~~H
Multiplet

J 2l" _ 7.5;
-,,,

14i H 1 2 c==- ,./'
H
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TABLE XIII (cont.). Nmr Spectral Data for Dictyopterene B ~

Chemical Coupling
Description No. of shift constants
of signal protons o(ppm) Hza

Multip1etj 2 0.65. 14i •
0.72 J c: ±3

gem

Doublet of 1 5.30 7.5, 17,
doublets of 9.5
doubletsk

Assignments

Doublet of
doublets

Doublet of
Doublets

1

1

4.96

4.82

17, 2.6

(a) All coupling constants are apparent, i.e •• obtained from the
separation of the major lines. (b) Collapses to a singlet when
irradiated at 62.08. (c) Collapses to a doublet of doublets (J - 7
and 1.3 Hz) when irradiated at 00.92 and to a partially resolved
doublet of quartets (J = 7.5 and 1.3 Hz) when irradiated at 65.22.
(d) Collapses to a broad doublet (J a 11.0 and 0.8 Hz) when irradiated
at 02.08. (e) Collapses to a triplet (J • 11.0 and 10.8 Hz) when
irradiated at 62.08. (f) Collapses to a sharp doublet of doublets of
doublets (J = 14.6, 10.7, and. 0.8 Hz) when irradiated at 01.31.
(g) Collapses to a doublet (J • 15 Hz) when irradiated at 01.31.
(h) Collapses to a broad triplet (J

ci
+ J t • 14 Hz) whens rans

irradiated ca. 05.2. (i) The ring co,;plings J i + J t = 14 HZ,- c s rans
i.e., J,~ _~_ + J,~ • =14 Hz and J~~ _~_ + J~~ .: =14 Hz. The

..L.J,~ • ..", .... .LQ.&.1.0 ~.,.,,~ ~J .... .La.u.o

individual values of J i and J t have not been determined.c s rans
Reasonable values, however, would be J t = 4-5 Hz and J i =rans c s
10-9 Hz. (j) Collapses to a partially resolved AB quartet-r-J =

gem

±3 Hz) when irradiated at 61.31. (k) Collapses to a doublet of
doublets (3 = 9.6 ana i7.2) when irradiated at 61.31.



F!mtre 50. Double resonance experiments of dictyopterene B (1) at 100 MHz in benzene-d
6

•
Beat notes indicate area of irradiation. a: Irradiate 00.68 -- multiplet
at 01.31 collapses to a broad doublet. b:- Irradiate 00.92 -- doublet of
quintets at 02.08 collapses to a doublet-of doublets. £: Irradiate 01.31
-- doublet of doublets of doublets at 06.34 sharpens up, the doublet of
doublets of doublets at 05.30 collapses to a doublet of doublets (~), the
multiplet at 00.68 collapses to an AB quartet, and the doublet of doublets
at 05.04 collapses to a doublet (V). ~: Irradiate 02.08 -- triplet of
triplets at 05.89 collapses to a triplet, the multiplet at 05.22 collapses
to a broad doublet (0), and the triplet at 00.92 collapses to a singlet.
~: Irradiate~. 05.2 -- doublet of quintets at 02.08 collapses to a
partially resolved doublet of quartets, and the multiplet at 01.31 collapses
to a broad triplet. f: Irradiate 05.89 -- doublet of quintets at 02.08
collapses to a quintet.
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Ozonide

CH -CH -COOH3 2

Propionic acid

HeOOH

Formic acid

HOOC-COOH
+

Oxalic acid

HOOC

\~~-'~
17\

(+)-trans-l,2-Cyclopropanedicarboxylic
acid

CHART III. Ozonolysis Scheme for Dictyopterene B (1).
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Cope Rearrangement of Dictyopterenes A and B. Dictyopterene A

Q'> undergoes a facile thermal Cope rearrangement above l40 d (eq 1).

'AQ
H .2.

(1)

This reaction has been shown to go essentially to completion. In one

experiment the amount of dictyopterene A (h) left after heating in

pentane at 175 0 for 19 hr was ~0.005% (the limit of detectibility by

gas chromatography). No other peaks have been observed during gas

chromatography. Also, no unidentified peaks in the nmr of rearranged

dictyopterene A (2) have been observed. Therefore, the thermal re-

arrangement of .! to 4-(trans-hex-l' -enyl)-cyclopent-l-ene (n.. eq 2)

occurs to an insignificant degree or not at all.

(2)

21

The thermodynamic data for reaction 1 are given below and the

plotted data are shown, in Figures 40 and 41. Compound 2 ([a]D +2.0°)

has an optical purity of ~. 17%, assuming the optical purity of the

*trans-l,2-Divinylcyclopropane has been reported to isomerize to
... . ...,. ... ~ ..... .,0

cyc~onepta-~,4-d1eneat ~~u-.JU
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natural compound, dictyopterene C' (L, [a]D +12°) is 100%. Therefore,

this reaction is partially stereospecific. The stereochemistry is

shown in Chart V and is discussed in more detail below.

t~ - 14 hr at 140°

t~ • 0.48 hr at 173°

E - 37.4 kca1/mo1ea

Ad!: • 33.3 kca1/mo1e at 140°

AH* - 36.6 kcal/mole at 140°

Dictyopterene B (1) undergoes a facile thermal Cope rearrange-

ment above 75° (eq 3).

Q
/\ : H

10

(3)

Rearranged dictyopterene B (~ is the only product formed as deter-

mined by glpc and nmr analysis. Therefore, the thermal rearrangement

of 1 to 4-(trans,~-hexa-1',3'-dieny1)-cyc10pent-1-ene(22, eq 4)

occurs to an insignificant degree or not at all.

22 u
(4)
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The thermodynamic data for reaction 3 are given below and the

plotted data are shown in Figures 42 and 43. Compound 1& ([a]D -25°)

has an optical purity of about 30%, assuming the optical purity of the

natural compound, dictyopterene D' ~ [a]D +75°) is 100%. Therefore,

reaction 2 is partially stereospecific.

t~ - 39 hr at 70°

~ • 2.9 hr at 90°

E • 28.5 kca1/mo1ea

~G+ • 28.2 kcal/mole at 69.5°

~H+ -27.8 kcal/mole at 69.5°

The value of ~ is the half life of the reacting compound,

i.e., the time required for half the reacting component to rearrange

at a particular temperature. The value E is the Arrhenius activationa

energy. It is the difference between the average energy of the

starting material and the energy of the activated complex. The

activated complex is the arrangement of atoms whose energy is higher

than that of any other along the reaction path. AG* is the free

energy of activation. It is a direct logarithmic expression of the

magnitude of the rate constant. ~H* is the heat of activation or

enthalpy of activation. It is a measure of the energy barrier which

must be overcome by the reacting molecule. 6S* is the entropy of

__ .1_.. _ 3__ TAo" ~ ... f:' ,_~ ~ _, 1 __ 11 ... .1 _._ .. ~,_ ..

...o.; v uu. ... .....13 d WC...t>U1.C VI. llUW UU1UY VI. LoUt: WU.l.t:CU.l.t:ts WU.LCll 1l1::lVt:

enough energy to react, actually do react. This includes steric,

orientation, concentration, and solvent effects. Monomolecular

reactions such as eq land 3 usually have entropies of activation
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near zero because these effects are small or do not exist. It is

determined by the equation

flH* - flG:I:
T

It can be seen that if the difference between flH* and flG* is small

then flS* will also be small. This is the case in both reactions 1

and 3. An actual value has little meaning in these cases, however,

because the errors in the values of flH+ - flG+ are of the same order

or larger than the values themselves, 1.e., the values of flH+ and

flG+ are subs tractive, while their errors are additive.

The difference in E of reactions 1 and 3 is 9 ± 2-3 Kcal/mole.
a

This is the stabilization energy of the activated complex involved

during the isomerization of dictyopterene B (eq 3) as compared to

that during the isomerization of dictyoptereue A (eq 1). It also

closely approximates the extra stabilization energy possessed by the

reactive intermediate involved in reaction 3 relative to that involved

in reaction 1.

It seems likely that these reactions involve diradical

mechanisms and are not concerted for three reasons. First and most

obvious, the steric requirements for a concerted ring closure cannot

be met by either starting material, as the geometry around the

cyclopropane ring in both compounds is trans. Second. the relatively

large stabilization energy of the activated complex (or intermediate)

of reaction 3 as compared to reaction 1 would be hard to explain in a

concerted reaction, as the influence of the extra double bond should

be minimal in such a case. The third reason is based on the results



of an incomplete Cope rearrangement experiment involving dictyopterene

A. Pure dictyopterene A ([a]n +72°) was dissolved in hexane. sealed

in e glass tube, and heated at £!. 160-175° for 2.8 hr. Compounda 1.

and 9 were then separated by preparative glpc. The recovered

146

dictyopterene A was found to have reduced optical activity ([a]n +26°)

while rearranged dictyopterene A (2.) was found to have increased

optical activity ([a]n +3.0°). This can be best explained in terms of

a diradica1 intermediate. By breaking the cyclopropane ring a di-

radical ~ may be formed which may either go on to product ® or

revert back to (+)- or (-)-dictyopterene A (1).

(+)-1
23

j

.0
V\(-~

H
7

\
0'\ " .......

V\lt.
H

.2.



Intermediate 24 (Chart IV, eq 6) should be significantly more

stable than intermediate 23 (eq 5), as we are comparing the resonance

energy of a pentadienyl radical with an allyl radical. The obtained

value of 9 kcal/mole is a reasonable stabilization energy when

comparing the two intermediates.

Compounds .2. and 10 have been shown to be partially optically

active. This piece of data would tend to favor a more concerted

mechanism ..! priori. This is not necessarily the case, however, as

can be seen by a comparison of the steric arrangement of ! and 1 with

.2. and 10 (see Chart V). During the course of this partially stereo­

specific isomerization the cyclopropane ring is broken and recombina­

tion of the molecule takes place predominately through the shortest

pathway through space (shown by the arrows). The two ends of the

molecule rotate upward out of the vertical plane of the paper toward

the reader to give the product shown. Rotation of the intermediate

in the opposite direction, i.e., downward away from the reader is a

much longer pathway and gives a lesser amount of the product with S

configuration.

The cis double bond of dictyopterene B (the bond between

centers a and b in 1, eq 6) is retained in 10. This would be pre­

dicted if the reaction were concerted, but in a diradical mechanism,

we canno~ say..! priori. From firs~ order Huckel molecular orbital

calculations, the mobile bond orders give us some good evidence. A

mobile bond order of 1.0 means single bond character only, 2.0 means

completely localized double bond character. Using butadiene as a

model compound for 1 the bond order for bond a-b and c-d is 1.9.

147
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)

23

1
(5)

\j\,Q (

HH 23
.2.

)

2
24

1
(.6)

10

(

/\ .:L' ~ ~H J
24

CHART IV. Thermal Cope Rearrangement of Dictyopterenes A (1) and
B (1) with Diradica1 Intermediates.
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!

R

! or 1.

H

R

+

8 (35%)

.!.Q. (65%)

1\9
H

H

n or 24

V\Q
H

H

!
H

.2. (59%)

+

I (41%)

H H

9 or 10

CHART V. Stereochemistry of the Cope Rearrangement of
Dictyopterel'leS A (1) and B (~).
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Using the pentadienyl radical as a model for 2.4, the mobile bond order

for bonds a-b and c-d is 1.8. This means that rotation around these

bonds in 24 is almost as energetically difficult as in 1.

Interestingly, the bond order of bond b-c in 14 is 1.6.

Because reaction 3 occurs at a lower temperature than reaction

1, the diradical intermediate 24 has less energy and less molecular

motion therefore giving a more optically pure product (10, £!. 30%

optically pure). Intermediate 23 has more energy and more molecular

freedom therefore giving a less optically pure product ~, £!. 17%

optically pure).

We conclude, therefore, that reactions 1 and 3 involve either

partially or completely formed diradical intermediates, most likely

the latter. A partially formed diradical intermediate would be an

intermediate somewhere between diradical and concerted. A completely

concerted mechanism, i.e., one involving no radical character at all,

is ruled out.

Rearranged Dictyopterene A. Rearranged dictyopterene A has

been identified as (+)- (S)-6-butylcyclohepta-l, 4-diene (2). It is not

a natural product, but is obtained by the~lly rearranging

dictyopterene A Q., see P 102). It is an optically active compound,

[a]D +2.0°, showing the presence of at least one asymmetric carbon.

It has no ultraviolet absorption above 195 nm, showing the absence

of any conjugated olefinic chromophore. The circular dichroism curve

shows a positive band below 195 nm. The mass spectrum (see Figure 32)

shows a molecular ion mle 150 which corresponds to the molecular
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formula C11H18 with an Wlsaturation nUDi>er of 3. The carbon-13 nmr

spectrum is shown in Figures 11 and 12 as a 3: 5 mixture of 1 and 10

respectively. The spectrum shows the presence of seven aliphatic

carbons and four olefinic carbons. Thus, 1 must have two double

bonds and a ring.

Ozonolysis of 2 (see Chart VI) afforded malonic acid and

(-)-(S)-buty1succinic acid ~), a -0.024°). The presence of malonic

acid was demonstrated by nmr. 1be buty1succinic acid was esterified

with diazomethane and the resulting dimethyl butyleuccinate ill) was

purified by gas chromatography. The mass spectrum (see Figure 53)

shows a molecular ion mle 202 which corresponds to the molecular

formula C10H1804. The molecular weight and the fragmentation patterns

(see Chart VII) confirm the structure of 18. The proton nmr (Figure 52)

shows two carbomethoxy1 groups at ~3.65 (singlet) and 03.68 (singlet).

The multiplet in the <52-3 region is assigned to the methylene and

methine protons (0-3 and C-2) which are adjacent to the two carbo­

methoxy1 groups. The large multiplet at.£!. 451.::"5 is attributed to the

C-2' and C-3' methy1enes. The multiplet at.£!. 151.55 is assigned to

the C-1' methylene. This methylene is fOWld at lower field because

of its proximity to the carbomethoxy1 groups. The triplet at <50.90

(J = 6.5 Hz) shows the presence of the 0-4' methyl attaChed to a

methylene.

The dimethyl ester 18 was saponified to buty1succinic acid

~). The nmr spectrum (see Figure 51) shows a broad singlet at ~9.60

for the ~,;lC c::rbc~l prctor~. The re~!nder of the spectrum is quite

similar to that of 18 dis cussed above.
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These data establish rearranged dictyopterene A as 1. The

34presence of (-)-(S)-butylsuccinic acid~) as a degradation product

establishes the absolute configuration of 1 as predominately S at C-6.

The proton nmr spectrum of 9 (see Figure 54) shows a triplet

at 00.87 (J = 6.5 Hz) for a methyl group attached to an aliphatic

methylene. The six proton multiplet at~. 01.26 is assigned to the

side chain methylene groups. The aliphatic ring methine proton (C-6)

is found as a multiplet at 02.40 (see the decoup1ed spectrum,

Figure 54). The multiplet at 02.11 is assigned to the C-7 methylene.

The nonequivalent C-3 methylene protons are found as a multiplet

centered at 02.71 which collapses to a partially resolved AB quartet

(J = -20 Hz) when irradiated at 05.6. The four olefinic protonsgem

are found as a multiplet at~. 05.6. These assignments are summarized

in Table XIV.

These data establish l unequivocally for rearranged dicty-

opterene A.

The infrared spectra for l are shown in Figure 27 and contain

the following assigned bands, given in -1cm : 3090 (w) and 3010 (m),

olefinic C-H stretch; 1650 (m), c==c stretch of the cis ring double

bonds; 1450 (m), C-H bending of the aliphatic methyl and methylene

groups.
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O~O
/ 0 0 I
o 0

Ozonide

!H2Cr04

HOOC-CH
2
- CooH

Malonic Acid

+
HOOC CooH

Butylsuccinic acid

20

CHART VI. Ozonolysis Scheme of Rearranged Dictyopterene A (2)
and Dictycpterene C' (2).



"'c
rlls

~
'l~O

I
s."

I
Ij.

I
3 PPM (.)

I
2.

Figure 51. Proton nmr spectrum of butylsuccinic acid <12.) from rearranged dictyopterene A
at 100 MHz in CDC1

3
"

...
V1
~



1000 -1
!

'00
,
,~o

I
100

'0
I

.00 II
I.
!'

/:

I
I

Jo:l 100
~.,)o

: Ha

I~

T"S

,

r

..l.­
oj:z.

'~..,..J

3 PPM(~)

I
]1 I

J
II
II

1:

1

-r-""'~'''-~~ "i
I ==:=J -~

I ---..l-..
II-

Fig~e 52. Proton nmr spectrum of dimethyl butylsuccinate (lID from rearranged dictyopterene A
at 100 MHz in CDCl3.

...
VI
VI



100

80

~
H

60u:z
f;-J

~
H

£:J
40;;>

H
Eo-<:s
f;-.:l
~~

20

X 100
I )

I
I
I

II U~~ 1.'1 ~ I
I

,II, I'
Ihl. I II -+ l-.-- I 11.1

I I • I I I I I I

20 40 60 80 100 120

MASS NUMBER (m/e)

140 160 180 200

Figul~e 53. Mass spectrum of dimethyl buty1succinate ~) at 70 eV.

...
V't
0\



-- e ~~
C02Me

m/e 202

- ·OMe

+

- ·OMe

157
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CHART VII. Mass Spectral Fragmentation Patterns of Dimethyl
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\AQ
H

.2-

TABLE XIV. Nmr Spectral Data for Rearranged Dictyopterene A (.2)

Chemical Coupling
Description No. of shift constants
of signal protons 6(ppm) Hza Assignment

Triplet 3 0.87 6.5 CH:3-CH2-

Multiplet 6 £!.. 1.26 b CH -(CH ) -c?3 -23

Multiplet 1 2.40 b II /
/C, /CH2

H /C"
CH2 H

l{ultiplet 2 2.11 b II
C

'CH-CH/ "H
"" -2

c 2 2.58 -20Multiplet H\ A!.
and (Jgem) H\ /C" }l
2.84 C C

II \\
Multiplet 4 £!.. 5.6 b

0!! !!.

(a) All coupling constants are apparent. i.e •• they are obtained
from the separation of the major lines. (b) Not determined.
(c) Collapses to a partially resolved AB quartet (J c -20 Hz) when
irradiated at 05=6= gem
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Rearranged Dictyopterene B. Rearranged dictyopterene B has

been identified as (-)-(R)-6-(cis-but-1'-enyl)-cyclohepta-l,4-diene

QQ.). It is not a natural product, but is obtained by thermally re-

arranging dictyopterene B (2, see p 103). It is an optically active

compound [a];) -25 0
, showing the presence of at least one asymmetric

carbon. I t has no ultraviolet absorption above 195 nm, showing the

absence of any conjugated olefinic chromophore. The circular dichroism

curve shows a negative band at.£!. 205 nm (see Figure 59). The mass

spectrum (see Figure 33) shows a molecular ion role 148 which corresponds

to the molecular formula ellH16 with an unsaturation number of 4. The

carbon-13 nmr spectrum is shown in Figures 11 and 12 as a 5:3 mixture

of 10 and .2. respectively. The spectrum shows the presence of five

aliphatic carbons and six olefinic carbons. Thus, 10 must have three

double bonds and a ring.

The proton nmr spectrum (see Figure 55) shows a triplet at

00.89 (J = 7.5 Hz) for a methyl group attached to a saturated methylene.

The methylene is found as a quintet at 01.97 (J = 7.5 and 7.0 Hz). The

low field position of this group and the splitting pattern indicates that

it must be attached to an olefinic methine.

The partially distorted triplet of doublets at 05.30 (J m 7.0 and 10.8

Hz) is attributed to an olefinic methine proton attached to a saturated

methylene and~ cot~led to the multiplet fotmd at 05.41 (J a 10.8

and 9.3 Hz).
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The C-2' proton absorption collapses to a doublet (J • 10.8 Hz) during

a double resonance experiment in which the 61.97 area is irradiated

(see Figure 57). A saturated methine group absorbing at 63.47 was

found to be attached to C-1' from another double resonance experiment.

Irradiation at 63.47 collapses the C-l' proton absorption to a doublet

(J • 10.8 Hz). At the same time the saturated two proton multiplet at

02.21 collapses to a broad singlet, thus establishing two more carbon

pieces.

The down field position of the C-6 and C-7 protons indicate these must

be adjacent to double bonds.

C C
II \\
C" /c

CH3--eH2"'-. /CH--CH2c=c
H/ "H

The two proton multiplet centered at 02. 7 was found to collapse to an

AB auartet (J m -20 Hz) when irradiated ca. 05.6. The unusually
- gem -

large J and the down field position of the ~Gcrption indicate the
gem

methylene must be attached to two double bonds.

/Cii2",
C C

II \\
c C
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The las t four protons of the molecule are olefinic and are found as a

multiplet at 05.55-5.85. 'These assignments are summarized in Table XV

and have been corroborated by the decoupling experiments summarized in

Figure 57 and the calculated spectra shown in Figure 58. 'This then

suggests that the structure of rearranged dictyopterene B is lQ.

The value of J for the C-3 methylene group in both compounds
gem

9 (see p 152) and 10 is -20 Hz, in contrast with a J of ca. -13 Hz
- gem -

for methy1enes in an alkyl environment. This very large negative value

can be explained in terms of the two adjacent double bonds. The

absolute magnitude of geminal coupling constants increases with an

increasing number of adjacent n-bonds. 38 In cyclic systems such as

2. and 10 the methylene protons have a relatively fixed orientation

with respect to the two adjacent w-systems. In such fixed systems, the

absolute value of geminal coupling becomes larger when the methylene

protons lie to one side of the n-orbital and approaches a maximum when

39
the angle between each of the protons and the n-orbital approaches 30°.

I
K-­
I
I
I

I

8/HI

/

IJ I at a maximumgem
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From molecular model studies of .2. and .!Q. it is estimated that this

angle is between 0-75 0 with both protons usually being situated on

the same side of each 'Il'-orbital. Thus, the value of J would begem

expected to be in the region -(18-21 Hz).

The results of the Lemieux oxidation of rearranged dictyopterene

B were inconclusive. Paper chromatography of the acid products showed

the presence of propionic acid as expected. Acetic acid and/or formic

acid, and one or more dibasic acids were also detected.

Ozonolysis of ]Q (see Chart VIII) afforded formic acid,

acetic acid, propionic acid, malonic acid, and succinic acid. These

acids were confirmed by comparison of the nmr of their ammonium salts

(see Figure 38) with authentic samples. All of these acids except

acetic acid and formic acid were expected. Some acetic acid would be

expected from oxidation of the ethanol solvent, but probably not in

the large amotmt found. These two acids may possibly be formed by

degradation of malonic acid or even succinic acid or by rearrangement

of the ozonide intermediate followed by degradation.

The absolute configuration of 10 has been determined as pre-

dominantly R at C-6 by diimide reduction to.2.. Compound 2. was purified

by gas chromatography and identified by nmr and circular dichroism (see

Figure 60). The yield in this reaction was very poor ~. 4%).

0\
~'po

H
V\Q

H

9 (4%)

+3 other
compounds
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The two ring double bonds should be more sterically hindered than the

side chain double bond, which would seem to dictate side chain

hydrogenation occurring first. This, however, is not the case. Ring

strain relief is apparently a more important influence in the reaction

rates. From molecular model studies it has been shown that 10 does

have significant ring strain as compared to its saturated ring counter­

part (cis-1-cyc1ohepty1but-1-ene).

These data establish structure 10 unequivocally for rearranged

dictyopterene B.

The infrared spectra for 10 are shown in Figure 28 and contain

the following assigned bands, given in cm-1: 3090 (w) and 3010 (m),

olefinic C-H stretch; 1650 (m) and 1630 (m), c==c stretch of the cis

double bonds. The 1630 band is probably due to the side chain double

bond because this band is absent in the spectrum of rearranged

dictyopterene A (2,) while the 1650 band is present; 1450 (m), C-H

bending of the saturated methyl and methylene groups.
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H

.!.Q.

TABLE XV. Nmr Spectral Data for Rearranged Dictyopterene B Q2)

Chemical Coupling
Description No. of shift constants
of signal protons o(ppm) Hz Assignment

a 3 0.89 7.5 CH -CH-Triplet -3 2

b 2 1.97 7.5, 7.0 CH3-9!2'\.Quintet

0-

H/

Complex 1 5.30 7.0, 10.8 -cH2, /cmultiplet e--c
H/ "H

Complex d 1 5.41 10.8, 9.3
"'-multiplet

" CH-c=-c/
W...... "H

e 1 3.47 9.3 /IMultiplet /
/C, /CH2

H /C"-C" !!H

f 2 2.21 \\Multiplet g
...C,

CH---CH/ "H-2

h 2 2.60 -20Multiplet
and (Jgem) H"-.., /H
2.81

H"'C/C~C/H
/f \\
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TABLE XV (cont.). Nmr Spectral Data for Rearranged Dictyopterene B ~)

Chemical Coupling
Description No. of shift constants
of signal protons o(ppm) Hz

i 4 5.55-Multiplet g
5.85

Assignments

(a) Collapses to a singlet when irradiated at 01.97. (b) Collapses
to a doublet (J = 7.0 Hz) when irradiated at 00.89 or to a quartet (J =
7.5 Hz) when irradiated at 05.30. (c) Collapses to a doublet (J = 10.8
Hz) when irradiated at 01.97. (d) Collapses to a doublet (J • 10.8 Hz)
when irradiated at 03.47. (e) Collapses to a triplet (J67 + J67' =
13 Hz) when irradiated at 05.42 or to a broad doublet (J = 9.3 Hz) when
irradiated at 02.21. Fine structure was not observed in the latter
signal. The small splittings reflect coupling with the C-5 proton and
virtual coupling with the C-4 proton. (f) Collapses to a broad singlet
(width = 10 Hz) when irradiated at 03.47. This broadness is caused by
small values of J17 and J17' plus virtual coupling J27 and J 27 ,.
(g) Not determined. (h) Collapses to an AB quartet (J = -20 Hz)
when irradiated around 05.6. gem
(i) Irradiation of the multiplet centered at 02.7 produces significant
but uninterpretable changes in this signal.



Figu~ 57. Double resonance experiments of rearranged dictyopterene B (10) at 100 MHz in
benzene-d6• Beat notes indicate area of irradiation. ~: Irradiate 00.89 -­
quintet at 01.97 collapses to a doublet. ~: Irradiate 01.97 -- multiplet at
05.30 collapses to a doublet <t), triplet at 00.89 collapses to a singlet.
c: Irradiate 02.21 -- multiplet at 03.47 collapses to a doublet.
d: Irradiate 03.47 -- multiplet at ~4l collapses to a doublet <+), multiplet
at 02.21 collapses to a very broad singlet. ~: Irradiate around 05.4-5.6 -­
multiplet at 03.47 collapses to a triplet, multiplet at 02.7 collapses to an
AB quartet. i: Irradiate 05.3 -- quintet at 01.97 collapses to a quartet.
Irradiate 02.7 -- multiplet at 05.7 changes significantly, but uninterpretably.
Irradiation experiments other than these produced no significant changes in
the spectrum.

I-'

"o



J.-".._----• ......"".=-'--.....,---
'£

171

o

~....::..~=-­
~~!:"'""-"

.£



171

---

..~

o



172

.1 I II L

8 9

h

.!i, /H
......... C=C,

-CH 9 8
10 2

,l I I
I I

8 9
I

n n
u ';7

Figure 58. Comparison of calculated spectra with actual spectra
of the olefinic systems shown for rearranged
dictyopterene B (10). The bottom two 6ysterr~ are
nmdr spectra. The best values ohtained for the
coupling constants are: J 78 a 9.3 Hz, J 89 = 10.8 Hz

(cis), and J 910 = 7.0 Hz.
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HOOVOOH
+ CH -CH -COOH

! H 3 2
HOOC Propionic acid

+ HOOC-CH2-COOH

I-CO2 Malonic acid

11HOO~COOH

Succinic Acid CH3COOH HCOOH
+

Acetic acid Formic acid

CHART VIII. Ozonolysis Scheme of Rearranged Dictyopterene B (~.
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Dictyopterene ct. Dictyopterene C' (Z) was first detected in

the essential oil by examination of the carbon-13 nmr spectrum of the

essential oil (see Figures 8-10) and comparison with the carbon-13 nmr

spectrum of rearranged dictyopterene A (see Figures 11-12).

Dictyopterene C', which had to be chemically identical with rearranged

dictyopterene A, was found to be the third most abundant constituent

in the essential oil, making up £!. 7% of the oil (see Table XI).

Isolation of dictyopterene C' was achieved by chromatography

of the essential oil on 25% silver nitrate-silica gel. Fraction 2

was approximately a 3:1 mixture of dictyopterene A and dictyopterene C',

separable by preparative gas chromatography. Dictyopterene C' has been

identified as (-)-(R)-6-buty1cyc10hepta-1,4-diene (I). It is an

optically active compound, [a]D -12 0
, showing the presence of at least

one asymmetric carbon. The ultraviolet spectrum shows no absorption

above 195 nm. The proton nmr (see Figure 61) is identical to that of

rearranged dictyopterene A ~ see Figure 54) discussed above (see

p 150).

The circular dichroism curve (see Figure 60) shows a negative

band below 195 nm. Ozonolysis of 1 (see Chart VI) afforded (+)-(R)-

buty1succinic acid @, a +0.008 0
). The presence of 1Q. establishes

the absolute configuration at C-6 in 1 as R. 34
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Dictyopterene D~. Dictyopterene D' has been identified as

(+)-(S)-6-(cis-but-l'-eny1)-cyclohepta-l,4-diene (19. It was ob-

tained by preparative gas chromatography of fraction 6 from column

chromatography trial 13. It is the most minor component identified

from the essential oil, comprising £!. ~l% of the oil. It is an

optically active compound, [~]D £!. +75°, showing the presence of at

least one asymmetric carbon. The circular dichroism curve (see

Figure 59) shows a positive band at~. 205 nm. The mas~ spectrum

shows a molecular ion a~ mle 148 which corresponds to the molecular

formula CllH16 • The proton nmr spectrum is shown in Figures 62-64

and is identical to that of rearranged dictyopterene B (10, see

Figure 55) discussed above (see p 161). Since compound 10 has

been shown to have predominately the R configuration at C-6 by

diimide reduction to 2 (see p 106), ~ must have the S configuration,

as ~ and 10 are enantiomers. A compound having the gross stzucture

of dictyopterene D' has been reported to be the male-attracting

substance produced by the female gametes of the brown alga

40Ectocarpus si1iculosus. No optical rotation has been reported

for the sperm attractant, but a sample obtained from Professor L.

Jaenicke (Institut fUr Biochemie der Universitat ~oln) was shown to

have a + rotation and to be identical with dictyopterene D' by proton

*Private communication.
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tr8rts.ciB.cis-Undeca-l.3,5!~tetraene(3). Fraction 4

(optically inactive) from chromatography of the essential oil on 25%

silver nitrate-silica gel was identified as 1. It is a minor

component of the essential oil, making up 1.5-9% of the oil as

determined by gas chromatography (see Table XI). The ultraviolet

spectrum in pentane shows a ~ 274, 263 (E 30-60,000), 254, 245max

(shoulder) which corresponds to a conjugated triene chromophore.

The mass spectrum shows a molecular ion at m/e 148 which corresponds

to the molecular formula CllHl6 with an unsaturation number of 4.

Various traces of the carbon-13 nmr spectrum of a 1: 1: 3 mixture of

1, !i, and 1, respectively are shown in Figures 17-19. Since the

undecatetraenes 1 and !i are present in equal concentrations, the

individual carbon chemical shifts have not been determined. It can

be seen, however, that there are three saturated carbons and eight

unsaturated carbons in both compounds. Thus, 1. must have four

double bonds, with three of them being conjugated.

The proton nmr spectrum (see Figures 66 and 67) shows a triplet

at 00.89 (J a 7 Hz) and a quintet at 01.96 (J a 7 Hz) for an ethyl

group attached to an olefinic methine.

H"c=
CH -CH/
-3-2

A broad triplet at 02.85 (J = 7, 1.5 Hz) is attributed to a saturated

methylene group flanked by two olefinic methines.
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The quartets at 04.98 (J • 9.5 and 2 Hz) and 05.10 (J • 17 and 2 Hz)

are assigned to the methylene protons of a vinyl group.

These data are consistent with either an undeca-l,4,6,8- or

1, 3,5, 8-tetraene.

2

An unequivocal Choice of the 1,3,5,8-structure is permitted from the

following double-resonance experiments (see Figure 67): Irradiation

at 05.3 reduces the quintet at 01.96 to a quartet and the triplet at

02.85 to a singlet. This indicates that the three olefinic protons

coupled to the two saturated methylene groups ~bsorb in the complex

multiplet at 05.2-5.5. The vinyl methine, however, is located in a

four-proton multiplet at 05.8-6.7, as irradiation at 06.33 reduces the

vinyl methylene signals (04.98 and 5.10) to two partially resolved

doublets (J = 2 Hz).

The triplet of triplets at 06.00 is assigned to the C-5

proton whiCh is coupled to the C-4 proton (J = 11 Hz), cis-coupled

to the C-6 proton (J = 11 Hz), and long-range coupled to the C-7

methylene (J u 1.5 Hz).
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The long-range coupling is removed by irradiation of the C-7 protons

(01.96). The C-4 proton appears essentially as a doublet of

doublets at 06.49, indicating coupling to the C-5 proton (J • 11 Hz)

and trans-coupling to the C-3 proton (J IZ 15 Hz).

8Finally, the geometry of the !:J. -double bond is most likely cis as the

closest match of calculated spectra with the complex region at

05.2-5.5 (C-6,8, and 9 protons) for the normal and decoupled spectra

is obtained with J • 11 Hz for the C-8 and C-9 proton interaction (see

Figure 68). The complex three proton multiplet at 05.8-6.7 (C-2, 3,

and 4 protons) has been closely matched with a calculated spectrum,

corroborating the above assignments (see Figure 68). These assign-

ments are summarized in Table XVI.

The methylene protons underlined below absorb in the nmr at

02.85 for 1 and 02.75 for i, while the underlined methine proton ab-

sorbs at 06.49 for 1 and~. 06.1 for i. All other chemical shifts

is assigned to Van Der Waals deshielding caused by the proximity of

the methine and methylene protons. This arrangement is caused by the

3cis double bond at the ~ -position.
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TABLE XVI. Nmr Spectral Data for Undecatetraene 1

Chemical Coupling
Description No. of shift constants
of signal protons o(ppm) Hz Assignment

a
3 0.89 7 CH -CH -Triplet -3 2

b 2 1.96 7 CH -CH -CH=Quintet 3 -2

Multiplet 1 5.38 llc 7 ~ ~,
/c=-c,

-CH2

Multiplet 1 5.34 llc, 7 H, /H
/C'=C"" ./

CH2

d 2 2.85 7, 1.5 H"" ./HTriplet
~

=CH-CH/ '-
-2

Multiplet 1 5.39 7, 11 H~ /H
c=c

-CH/ ""2

Triplet of 1 6.00 11, 1.5 H, /H
tripletse o==c

-CH~ ,~
H./

M'•• 1 ... ..t_' _~ 1 6.':9 11 15 ,It
...- .... ""' ... 1"' .............. --, /--

=c'-.... ./H
c==c

H/ "

188
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TABLE XVI (cont.). Nmr Spectral Data for Undecatetraene 3

Chemical Coupling
Description No. of shift constants
of signal protons o(ppm) Hz Assignment

Multiplet 1 6.13 15. 11
" /!!c=-c

H/ .............e-=-cH
H/ 2

Multiplet 1 6.33 11. 17. 9.5 /H-=C, /H
o=-c

H/ 'H

Doublet of 1 5.10 17. 2 , ,/oH
doublets f o=-c

H/ 'H

Doublet of 1 4.98 9.5. 2 H
doubletsg 'C=C/

H/ 'H

(a) Collapses to a singlet when irradiated at 01.96.
(b) Collapses to a doublet (J c 7 Hz) when irradiated at 00.89 or to a
quartet (J = 7 Hz) when irradiated around 05.3. (c) The best value
obtained from comparison with calculated spectra. see Figure 68.
(d) Collapses to a singlet when irradiated around 05.3. (e) Collapses
to a triplet (J = 11 Hz) when irradiated at 02.85. (f) Collapses to
a broad singlet (apparently not completely decoupled) when irradiated
at 06.33. (g) Collapses to a broad do~blet (J = 2 Hz) when irradiated
at 06.33.



FiEl!!!:e 67. Double resonance experiments of trans,cis,cis-undeca-1,3,5,8-tetraene (3) at 100 MHz
in benzene-d6. Beat notes indicate area of irradiation. ~: Irradiate 01.96 -­
multiplet at 05.38 collapses to a doublet (+), triplet at 150.89 collapses to a
singlet. k: Irradiate 02.85 -- multiplet at 155.34 collapses to a doublet (+),
triplet of triplets at 06.00 collapses to a triplet. c: Irradiate ca. 05.35 -­
quintet at 01.96 collapses to a quartet, triplet at 02-:-85 collapses to a singlet,
~: Irradiate 06.3 -- doublet of doublets at 155.10 collapses to a partially re­
sol,~d doublet, doublet of doublets at 04.98 collapses to a doublet.
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Fif~L§l!. Co~)arison of calculated spectra with actual spectra of the olefinic systems shown.
On~, underlined protons are included in the calculated portions shown. a and bare
the normal partial spectra. c and dare nmdr spectra. The best coupling constant
values obtained are: J 78 = 7 Hz, J 89 a 11 Hz, J9l0 :I 7 Hz, J12,~ .. 17 Hz,

J 12:. c1s a 9.5 Hz, J 23 '" 11 Hz, J 34 III 15 Hz, J 45 .. 11 Hz.
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trans,trans,cis-Undeca-l,3,5,8-tetraene (4). Fraction 3 from

column chromatography of the essential oil was identified as i.

Compound i (optically inactive) is a minor constituent of the essen­

tial oil, composing 2-10% of the oil as determined by gas chroma-

tography (see Table XI). The ultraviolet spectrum in pentane shows

A 274, 263 (€ 30-60,000), 254, 245 (shoulder) which correspondsmax

to a conjugated triene chromophore. The mass spectrum shows a

molecular ion mle 148, corresponding to the molecular formula Cl1H16

with an unsaturation number of !i. The carbon-13 nmr spectra are

shown in Figures 17-19 as a 1:1:3 mixture of 1, !i, and 1 respectively,

From the number of down field carbons, it can easily be seen that !i

must have four double bonds.

The proton nmr spectrum (see Figures 69 and 70) is quite

similar to that of undecatetraene 1. It shows quartets at 04.96

(J • 9.5 and 2 Hz) and 05.08 (J • 16.5 and 2 Hz) for the methylene

protons of a vinyl group. The vinyl methine is found at 06,3 as

irradiation there partially collapses the vinyl methylene. The

triplet at 00.91 (J • 7.5 Hz) and the quintet at 01.97 (J • 7.5 and

7 Hz) indicates an ethyl group attached to an olefinic methine.

The triplet at 02.75 (J = 6.5 Hz) is assigned to a saturated methylene

group connected to two olefinic methines.
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These assignments were affirmed by decoupling experiments (see Figure

70). Irradiation at ~. 05.4 reduces the quintet at 01.97 to a quartet

and the triplet at 02.75 to a singlet. Irradiation at 61.97

collapses the multiplet at 65.42 (assigned to the C-9 proton) to a

8
doublet (J • 11 Hz), thus establishing the £!!. geometry of the h -

double bond. Irradiation at 02.75 reduces the multiplet at 05.34

(attributed to the C-8 proton) to a doublet (J • 11 Hz) and the

doublet of triplets at 05.54 (C-6 proton) to a doublet (J • 17 Hz),

5 3establishing the h -double bond as trans. The h -double bond is most

likely trans because of the close similarity of the chemical shifts

of the C-3, 4, and 5 protons (ca. 06.1), and also by analogy with the

other isolated polyene compounds, 1, i, and i. Thus, the structure

of this undecatetraene is established as i. These nmr spectral data

are summarized in Table XVII.
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TABLE XVII. Nmr Spectral Data for Undecatetraene i

Chemical Coupling
Description No. of shift constants
of signal protons o(ppm) Hza Assignment

b 3 0.91 7.5 CH -CH -Triplet -3 2

c 2 1.97 7.5 t 7 CH -CH -CHgQuintet 3 -2

Doublet of 1 5.42 7t 11
-CH2"tripletsd e-=c/

!!,/ "H

Doublet of 1 5.34 lIt 6.5 /CH2\
tripletse "ce=c

H/ "H

f 1 2.75 6.5 /CHZ,Triplet

==C'" /0==-=HH

Doublet of 1 5.54 6.5, 17 CH
tripletsg / 2, /H

H/O=-C"

Multiplet 1 "'6.1 17, h
" /Hc=c

H/ '0-=
H/

Multiplet 1 "'6.1 h /H
=C", /H
H/c:e-c,

197
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TABLE XVII (cont.). Nmr Spectral Data for Undecatetraene i

Description
of signal

Multiplet

Multiplet

Doublet of
doublets i

Doublet of
doubletsi

No. of
protons

1

1

1

1

Chemical
shift
o(ppm)

'\16.1

4.96

5.08

Coupling
constants

Hza

h

h. 9.5.
16.5

9.5. 2

16.5. 2

Assignments

(a) All coupling constants are apparent. i.e •• obtained from the
separation of the major lines. (b) Collapses to a singlet when
irradiated at 01.97. (c) Collapses to a doublet (J = 7 Hz) when
irradiated at 00.91 or to a quartet when irradiated ca. 05.3.
(d) Collapses to doublet (J = 11 Hz) when irradiated-at 01.97.
(e) Collapses to a doublet (J = 11 Hz) when irradiated at 02.75.
(f) Collapses to a broad singlet when irradiated ca. 05.4.
(g) Collapses to a doublet (J ~ 17 Hz) when irradiated at 02.75.
(h) Not determined. (i) These lines partially collapse when
irradiated~. 06.3.



Fig!!!,!! 70. Double resonance experiments of trans, trans, cis-undeca-1, 3,5, 8-tetraene <.!> at
100 MHz in benzene-d6. Beat notes indicate area of irradiation. ~: Irradiate
00.91 -- quintet at 01.97 collapses to a doublet. ~: Irradiate 01.97 -- triplet
at 00.91 collapses to a singlet and the triplet of doublets at 05.42 collapses
to a doublet (+). £.: Irradiate 02.75 - triplet of doublets at 85.34 collapses
to a doublet (\7) and the triplet of doublets at 05.54 collapses to doublet (+).
d. Irradiate ca. 05.4 -- triplet at 02.75 collapses to a broad singlet and
quintet at 01.97 collapses to a quartet. ~: Irradiate~. 06.3 -- terminal
methylene mu1tip1et~. 05.0 partially collapses.
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trans,cis-Undeca-l.3,5-triene (5). Fraction 1 from chromato-

graphy of the essential oil on 25% silver nitrate-silica gel is

approximately a 3:1 mixture of undecatrienes ~ and ~ respectively.

The carbon-13 nmr spectrum (see Figures 20 and 21) was found to be

identical with that of an authentic sample (see Figures 22 and 23) of

the same triene mixture (a 1:2 mixture of i and ~ respectively, obtained

24 25from the gummy resin of Galbanum ' ). Compound i is a minor

component of the essential oil, comprising ~. 2-8% of the oil as

determined by gas chromatography (see Table XI). The ultraviolet

spectrum in pentane shows A 273, 262 (€ 30-600,00), 253, 244max

(shoulder) for a conjugated triene chromophore. The mass spectrum

shows a molecular ion at mle 150 which corresponds to the molecular

formula CllH18 •

The proton nmr spectrum shows a triplet at 00.92 (J a 7.5 Hz)

for a methyl group (C-ll) attaclled to a methylene. The multiplet at

~. 01.25 is assigned to the saturated three carbon methylene chain

(C-lO, 9, and 8). The two proton multiplet at 02.1 (J = 7 Hz) is

attributed to the methylene (C-7) attached to an olefinic methine.

The triplet of doublets at 05.43 (J = 7 and 11 Hz) is due to the C-6

olefinic methine coupled to an adjacent saturated methylene and~

coupled to another olefinic methine. The multiplet at 66.0-6.6 is

assigned to the four olefinic protons attached to C-5, 4, 3, and 2.

The doublet of doublets at 05.01 (J = 9 and 2 Hz) and at 05.14 (J =

16 and 2 Hz) are assigned to the C-l olefinic methylene group. These

data are summarized in Table XVIII.
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trans.trans-Undeca-l.3.5-triene (6). Compound i was f~und to

be the minor component in fraction 1 from column chromatography as

mentioned above. Compound i was identified by comparative studies

with an authentic sample (see p 201). This optically inactive

compound is a minor component of the essential oil, comprising about

0.8-5% of the oil as determined by gas chromatography (see Table XI).

The caron-13 nmr spectrum is shown in Figures 20 and 21 as a 1:3 mix-

ture of i and i respectively. The ultraviolet spectrum in pentane shows

A 273, 262 (£ 30-60,000), 253, 244 (shoulder). The mass spectrummax

shows a molecular ion mle 150 which corresponds to the molecular

Unidentified Minor Constituents. In two column chromato-

graphies of the essential oil (trials 6 and 9) a very small amount of

material was eluted prior to the undecatriene mixture. Its ultra-

violet spectrum in n-pentane showed a A at 225 nm (see Figure 24).
max

This material was far too small for nmr analysis. Its chromato-

graphic behavior, h~wever, coupled with the uv spectrum suggests that

this material is a conjugated diene for which II and li are possible

structures.

25

In another column chromatography of the essential oil (trial 13)

a complex fraction was eluted with ether after dictyopterene B had

ceased to emerge from the column. The ultraviolet spectrum of this
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TABLE XVIII. Nmr Spectral Data for Undecatriene 1.

203

Description
of signal

Triplet

Multiplet

Multiplet

Triplet of
doublets

Multiplet

Doublet of
doublets

Doublet of
doublets

No. of
protons

3

6

2

1

4

1

1

Chemical
shift
o(ppm)

0.92

.£.2.. 1.25

5.43

6.0-6.6

5.01

5.14

Coupling
Constants

Hza

7.5

b

7, b

11, 7

b

9, 2

16, 2

Assignment

CH -CH­-3 2

H,
c=­

-CH -CH/
2 -2

(a) All coupling constants are apparent, i.e., they are obtained
from the separation of the major lines. (b) Not determined.
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fraction showed that a conjugated tetraene (A 308, 294, 281, 270max

nm, see Figure 24) was present. The mass spectrum showed a mle 146

peak as the most abunc!ant molecular ion. These data lead to the con-

elusion that an undecapentaene such as 27 is present in Dictyopteris.

27

The second most abundant constituent of this fraction as shown by the

mass spectrum is a compound having the molecular weight 164. A

possible structure for this compound is~. An infrared spectrum of

this fraction was not determined.

28

Small peaks are also observed at mle 162, 166, and 148. The former

two may possibly represent the presence of an undecatetraenone and an

undecadienone such as ~ and 1Q respectively.

o
. /I .

\I\!\/V\f
30



The small amount of material having a molecular weight 148 turned

out to be dictyopterene D' which was isolated by gas chromatography

of this complex fraction.

Biogenesis. The eight compounds identified from Dictyopteris

(compounds l-~ see Figure 1) are closely related structurally.

Based on this close relationship, the biogenetic scheme shown in

3 4Chart IX was proposed.' In this scheme all compounds are derived

206

from intermediates 11-34. Compounds 31, 32, 11, 34 are assumed to be

hydrocarbons in the scheme, but the actual intermediates surely have

additional functionality to account for the induction of asymmetry

into 1, 1, L and~. After isomerization this extra functionality is

lost to form the various hydrocarbons in the essential oil.

The actual hydrocarbons 11-34 have not been identified in the

essential oil, but the presence of a trace of hydrocarbon showing

the ultraviolet spectrum of a diene (see p 202) suggests that either

or both of the hydrocarbons 31 and 11 may be present.

A thermally induced 1,5-sigmatropic proton shift in 31 or ~

from C-3 to C-7 should result in 1 or 1 (eq 7). Photoisomerization

of 1 and 1 should give ~ and i respectively (eq 8).*

3*No cis 6 -undecatrienes have yet been found in the essential oil.
Photoisomerization studies performed by R. S. H. Liu and Y. Butt41,42
on a100cimene have shown that the 65-double bond isomerizes much
faster than the 63-douh1e bond and at the photostationary state the
trans, trans- nnd the trans,cis-isomers predominate.
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For 1, !, .Q., J!, 32, 34, and 36

CHART I~. Possible Biogenesis of Compounds 1-8.
No
"



208

42 43A photochemically induced di-n-methane rearrangement ' of

the ~ or ~ system should lead to lor 1 (eq 9), while a di-n-methane

H
31a, 32a-

H

H

1, 2

rearrangement of the ~ or 34 system should lead to dictyopterenes C

(ll) and D Q§" eq 10). Thermal rearrangement of racemic 35 to 1 (eq

11) has been reported to occur at ~. 15°35 and thus rearrangement of

dictyopterene C to C' would be expected to occur in the plant. Thermal

rearrangement of 36 to ! would also be expected to occur below 15° and

therefore proceed rapidly in the seaweed.

There is evidence that the di-n-methane rearrangement of ~,

trans-l,4,6-undecatriene (!h) to dictyopterene A via an excited

i 1 t 43,44 i 1 d L" d H d f ds ng e or a tr p et may not procee. 1U an ammon OUll

that irradiation of m-3-methylenehepta-l,5-diene (37) with photo-

sensitizers gave only e~- and ~-5-methyl-2-methylenebicyclo[2.l.l]­

45
hexane Q§. and ~ respectively) as products. The cyclization of 11.

to 2-(trans-2-methylcyclopropyl)-buta-l,3~diene(~ was found not to

occur.
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40

Sasaki, ~ &. found that trans-2,5,5-trimethylhepta-l,3,6-triene (ill

undergoes a facile di-~-methane rearrangement to trans-l-isopropenyl-2-

vinyl-3,3-dimethylcyclopropane (42) b~cause the Cs-gem-dimethyl group pro­

46vides the proposed intermediate diradical with the proper stabilization.

41

42
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Eight sulfur containing compounds have recently been isolated

47 48 49
from Dictyopteris. " All these compounds contain a Cll-chain

or two Cll-chains linked with sulfur. Compounds 43, 44, and 45 are

three of the identified compounds.

45

The isolation of these compounds suggests a better biogenetic scheme

than the one just proposed. Compound 45 may be the precursor for the

undecatrienes i and i. By simple elimination of acetic acid and

thioacetic acid undecatriene 5 may be fo~ed (Chart X, eq 12) followed

by sensitized photoisomerization, possibly by chlorophyll, to i (eq

13). The undecatetraenes 2 and i are likely produced in a similar

manner, i.e., elimination of acetic and thioacetic acids from 46 (not

isolated to date) to form 3 (eq 14) followed by a sensitized photo-

isomerization to ~ (eq 15).

The precursors for the dictyopterenes are probably conjugated

enones. Compound ~ could eliminate thioacetic acid to give ~

(Chart XI, eq 16). Compound 28 (a possible minor constituent of the

essencial oil, see p 205j may be reduced to compound 46 (eq li)
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CHART X. Biogenesis of Compounds 1. ~; 2; and 6.
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(16) l-CH3COSH

o

'VV"VVV
28

(18)

dictyopterene A ~)

H H

dictyopterene C (35)

(20)
)

dictyopterene C' (1.)

CHART XI. Biogenesis of Dictyopterene A <1'> and Dictyopterene C' (1.).
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containing singly bonded oxygen to an enzyme or a good leaving

group. Some type of enzymatically controlled hydride transfer to

the C-4 position of 48 followed by cyclopropane ring formation and

elimination of the oxycompound may produce either dictyopterene A

(h, eq 18) or dictyopterene C ~, eq 19). Dictyopterene C is not

35isolable as thermal rearrangement occurs at ~. 15 0 (eq 20).

Dictyopterenes B (1) and D' @) are likely formed in an

8analogous reaction sequence, in which a ~-6 -double bond is present

in each compound (see Chart XII). Elimination of thioacetic acid in.

49 would give ~ (eq 21, a possible minor constituent of the essential

oil, see p 205). Reduction of ~ may give ~ (eq 22) followed by re-

action with hydride ion to give dictyopterene B (2, eq 23) or

dictyopterene D ~, eq 24) by an enzymatically controlled process.

Thermal isomerization of 36 to dictyopterene D' (8, eq 25) should

occur spontaneously in the plant.

Hydrocarbon formation may not be as simple as depicted here.

For example, the elimination of thioacetic acid in eq 12, 14, 16, and

21 may take place at a later stage or the actual sulfur linkage may be

to a larger molecule or enzyme which eliminates a hydrocarbon molecule

during, or at the end of a reaction sequence.

R' R

\f\s/ )

R'

V + H
S

R
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o 0

s)\

(21)!-CHPlSH

29

(22)1

(24)I
(23)

(25)

dictyopterene B (£)

A0
"H

die:tyuptt::Lt::llt: D'

CHART XII. Biogenesis of J'ictyopterene B (~) and Dictyopterene Dr (J!).
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Biosynthesis. One unsuccessful attempt was made to incorporate

sodium acetate-1-13C into the essential oil of Dictyopteris. A small

amount of D. plagiogramma was incubated in a five gallon tank with

sodium acetate-1-13C (60 atom %) for seven days. No detectable amount

of carbon-13 was incorporated into the constituents of the essential

oil as determined by mass spectrometry.

If the sem~eed had incorporated the carbon-13 labeled acetate

into the essential oil, it would have not only shown that the C
Il

­

hydrocarbons are derived from acetate, but would have also given a

means of differentiating between the two routes to the dictyopterenes

discussed above. For example, if carbon-13 labeling (*) had occurred

at every other carbon in the undecatriene i (as determined by

carbon-l3 nmr) we may have proposed regular acetate building units

producing the labeled precursors l!. or 47 (see Chart XIII). The

labeled positions in dictyopterene A (h) would give added support to

one, but not both, of the proposed biogenetic schemes described above.

Di-~-methane rearrangement of intermediate 31 would give dictyopterene A

Q) labeled at C-2 in the cyclopropane ring (eq 26), whereas hydride

transfer followed by ring closure in 48 would lead to 1 labeled at C-3

in the cyclopropane ring (eq 27).

The percentage composition of the essential oil isolated from

13the acetate-l- C feeding experiment was quite different from freshly

collected D. plagiogramma (see Table III). There is a large increase

in the amount of both dictyopterene A (1:) and dictyopterene c' (1),

and a concomitant decrease in dictyopterene B (~).
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