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SUMMARY

PART T

. . , 7 .
An investigation of the previously reported synthetic sequence

leading to endo triazolines (e.g. 10) has been carried out. The existing

procedure for the preparation of the key intermediate in this sequence,
chloroamine 13, has been modified, increasing the yield and purity of

this compound.

NO
N
N
N= NHZ 2

10 13 18

An alternate approach to chlorcamine 13, reductive amination of 3-chloro-
norcamphor with sodium cyanoborohydride and ammonium acetate, was found
to produce secondary amine 18 in addition to the desired chlorocamine (13).
The best separation of these amines achieved was unsuitable for large
scale preparations.

Coupling of chloroamine 13 with several diazonium salts was found
in most cases to be an unsatisfactory method of preparing the required
diazoamines. In the case of p-carbomethoxy compound, spectral evidence

suggested the only solid isolated from this coupling reaction had struc-



ture -2_._%

0H3020-©—NH~N:N—©—COZCH3

22

Evidence suggesting successful formation of the desired diazoamine in the
case of the p-bromo compound was obtained from spectral data of the prod-
uct of the reaction of this diazoamine (25) with base. The lH-NMR spec-
trum of this product (26) was very similar to that obtained from the
p-nitro endo triazoline (10) and supported the structure of the desired

endo triazoline (26) as well as the structure of diazoamine 25,

ﬂ§’ )
Cl
Br /@)/
jof \
N ) N

HN—N=
25 26

PART II

A reinvestigation of the dehydration of carotol (3) by thionyl
chloride has shown the presence of two new products in addition to the
previously reported daucene (5). These products have been isolated and
identified as acoradienes 9 and 10. Acoradiene 9 is a known natural

product found in the essential oil of Vetiveria zizanoides (Stapf).27

Acoradiene 9 was shown to have the enantiomeric configuration to that

reported,27 by its formation by a stereochemically unambiguous means from



xi

carotol (3), a compound of known absolute configuration.

gD e

The importance of the double bond in the seven-membered ring in
the dehydration of carotol (3) by thionyl chloride has been demonstrated

by the absence of acorane products in the dehydration of dihydrocarotol

14).

S

14 15 s
Upon prolonged treatment with formic acid, carotol (3) and daucene
(5) gave the same mixture of five products., The structures of alcohol 25
and formate 26, which make up 80 percent of this mixture, were determined

from spectral evidence, especially 13C-NMR. Ether 24 was also isolated

24

25) R=H
26) R=COH -
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from the reaction mixture and identified by its spectral properties., A
structure (22) was proposed for one of the two minor products of the
reaction mixture. Preliminary studies of the composition of the mixture
with time have shown the large amount of daucene (5) initially present
rearranges rapidly to alcohol 25 and formate 26, Formate 26 was produced
in larger quantities at first, but hydrolyzes with time to alcchol 25.
Carotol acetate (33) gave the same products as carotol (3) when
treated with formic acid. Carotol acetate was found to rearrange on
silica gel, whereas carotol does not. The major products of this re-
arrangement have been isolated and identified as daucene (3), acoradiene

9 and acoradiene 10.

OCCkb
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CHAPTER I
INTRODUCTION

Interest in A2—1,2,3-triazolines (thereafter triazolines) arises
from the fact that decomposition reactions (photolysis and thermolyses)
lead in many cases to substituted aziridines. Aziridines are an interest-
ing, useful group of compounds which have been studied extensively.l The
biological properties and industrial uses of aziridines make any good
synthetic pathway to this moiety important. Two of the most publicized
uses of these heterocycles are as chemosterilants and anti-cancer drugs.

The classical procedure for preparation of triazolines is the
azide-olefin pathway, wherein an olefin (1), usually containing a strained

double bond, and an aryl azide (2) undergo a 1,3-dipolar cycloaddition.2

N\
Ny—C M, ———> N
+ 3 veg's L /
AN
C.H
5 2 3 s's

Triazoline decomposition has been the subject of a recent excellent
review.2 The general results of thermal decomposition of triazolines are
summarized in Figure 1. The usual course of thermolysis, Path A, in-
volves expulsion of nitrogen; the remaining fragment is converted to

aziridine and imine, as originally shown by Alder and Stein.3 Cleavage



by Path B produces diazoalkane and imine and is a well established decom-
position pathway in the reaction of arylsulfonyl azides with linear

amines.™?

~~C=N=N 4+

Figure 1, Generalized Thermal Decomposition of Triazolines

These pyrolyses are more complicated than originally assumed and
their product distributions appear to be dependent: on a number of struc-
tural and experimental factors. Figure 2 shows the products obtained in
the reaction of norbornylene (l) with benzenesulfonyl azide, which gives
substantial amounts of endo-aziridine (5b) and imine (6b) at elevated
temperatures and in the presence of certain solvents and surfaces. The
intriguing formation of endo-aziridine 5b from the unstable and not iso-
lated exco-triazoline 3b (hereafter triazoline-azidine inversion) was
first reported in the reaction of cis-endo- and cis-exo-norbornene-5,6-
dicarboxylic anhydride with benzene-sulfonyl azide in refluxing carbon

6
tetrachloride. In these cases, the endo-aziridine was the major product



RHN

NHR
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Legend: & R=CgHg, b) R=50,C-Hy, c] R=p-NO,~CgH,.

Figure 2. Generalized Thermolysis of a Triazoline



(68 to 76 percent). The only other product was the exo-aziridine, It
was proposed that the endg-aziridine arose from exo-triazoline via diazo-

imine intermediates 9.

N=N o n=N Re=N
- €3 = H
NR NR
%a 9b Sc

The exact mechanism of the formation of the diazoimine intermediate
is uncertain, Previous reports from this laboratory have discussed an
approach to this problem as well as the general nature of "trizaoline-
aziridine inversion."7 This work involved development of a synthetic
route (Figure 3, p. 22) to the heretofore unknown bicyclic endo triazo~
lines in order to determine if such an "inversion"” would also occur in
these isomeric compounds. An endo triazoline, 3-p-nitrophenyl-3,4,5-

triazatricyclo[5.3.l.02’6_end9]dec-é-ene (10) was prepared and pyrolyzed.

In addition to polymeric material (presumably due to the high pyrolysis



temperature), exo-aziridine 4c (7.3 percent), endo-aziridine (3.7 percent),
and imine 6c (10.0 percent) were found.7 These results, in particular the
observation of the "triazoline-aziridine inversion,' added further support
to the postulation of diazoimine intermediate 2.?

The purpose of the present work, then, was to further develop the
synthetic route to endo triazolines allowing preparation of a variety of
compounds, The pyrolyses of these endo triazolines could then be compared
with those of the readily available exo triazolines.2 The variaﬁles which
are responsible for the product distribution on thermolysis of both endo
and exo triazolines could then be studied in order to gain a greater
understanding of the mechanism(s) of these decompositions. This would
also allow an opportunity to study the chemistry of the little known endo
aziridines, as well as supply a broad range of structurally related tri-

azolines and aziridines for biological testing.



CHAPTER II
INSTRUMENTATION AND EQUIPMENT

Melting points are uncorrected and were determined on a Thomas-
Hoover capillary melting point apparatus. Microanalyses were performed
by Atlantic Microlabs, Atlanta, GA. Removal of solvents in vacuo was
done using a Buchler Instruments rotary evaporator at water aspirator
pressure. Infrared spectra were recorded using a Perkin-Elmexr 237B spec-
trophotometer with solids in the form of potassium bromide pellets and
liquids in the form of thin films between sodium chloride plates or in
CCl4 solution. The band at 1601 cm-l of polystyrene film was used as a
reference,

All 1H--NMR spectra were obtained, with solutions containing tetra-
methyl silane as an internal standard, using a Varian Associates A-60D
spectrometer. Mass spectra were obtained using a Varian Assoclates Model
M-66 mass spectrometer,

All thin layer chromatography was carried out using plates pre-
coated with Silica Gel~G, Analytical plates (Brinkman 661412-09) were
5 cm by 20 cm with absorbant 0.25 mm thick. Preparative plates (Brinkman

661000-09) were 20 cm by 20 cm with absorbant 1 mm thick.



CHAPTER 1II
EXPERTMENTAL

2-Nitroso~3~chloronorbornane (11)

This compound was prepared by

addition of NOC1 gas to norbormylene
Ci

NO
and Hill.7 The yield and spectral 2

according to the procedure of Zalkow

properties of the product were identi-~ i

cal to the reported values.7

3-Chloronorcamphor Oxime (12a)

Isomerization of 2-nitroso-
3-chloronorbornane to 3-chloronor-
camphor oxime was accomplished by Cl
refluxing the former in urea as
previously described.7 The yield N—OH
and spectral properties of the 12 a

oxime were identical to the reported values.

3-Chloronorcamphor Oxime p-Nitrobenzoate (12b)

Esterification of the oxime (l2a)

was carried out by reaction with p-nitro- Ci

benzoyl chloride in ether as previously P
7 NW\.OA—@—NOZ
described, When the product had been 12b



recrystallized from 95 percent ethanol, the yield and spectral properties
were the same as those previously reported.7 This compound is a powerful

veslcant and should be handled with due caution.

2-FEndo-amino-3-exp-chloronorbornane (L§)7

Preparation of this amine as its
hydrochloride salt following the pro- cl
cedure of Zalkow and Hill7 gave the
variable results in yield and purity hﬂiz
reported., When the method of Feuer 13
and Braunstein8 and a commercially -
prepared solution of borane in THF was used the yield and quality of the
product were greatly increased.

To a chilled (ice bath) solution of p-nitrobenzoate 12b (13.8 g,
45 mmol) in THF (500 ml) freshly distilled from LiAlI-l4 was added 130 ml
(60 mmol) of a 1.3 M solution of borane in THF (Ventron 35117). The ap-
paratus was connected to a gas trap containing Hg and acetone. The solu-
tion was allowed to warm to room temperature and stirred for two days.
The solution was then chilled in an ice bath and small pieces of ice
cautiously added to destroy excess borane. The THF was removed in vacuo
and concentrated HCl added to the residue until the pH was two. The
solution was refluxed 1.5 hours, cooled to room temperature and continu-
ously extracted with ether for 48 hours, The aqueous layer was separated,
basified (pH 8) with 6 M KOH, and continuously extracted with ether for
48 hours, The ether extracts were collected, dried over MgSO4, and

filtered. Addition of HCl gas (through a fritted glass tube) yielded a



white precipitate (7.56 g, 93%) which was collected by filtration. Re-
crystallization of this solid (14) from 95 perceunt ethanol gave white
crystals, mp 256-257'(reported7 254-2553, showing spectral properties

identical to those reported.7

Coupling of p-Nitrobenzene Diazonium Chloride with 2-Epdo-

amino-3-exg-chloronorbornane (15)

Recrystallized (from water)

p-nitroaniline (691 mg, 48.2 mmol)

in 1.5 ml of water and 0.75 ml of i

concentrated HCl was cooled to 0°C HN

in an ice bath. This solution was \N:N—©—N02
stirred half an hour at 0°C main- 15

taining temperature by direct addition of ice to the flask. The solutiom
was filtered onto ice (10 g) and then added to 10 ml of cooled saturated
sodium acetate solution. The pH of this solution was above 5.5 and less
than 6.5 by pH paper. (A standard buffer solution of pH 6 %+ 0,0l also
appeared to have a pH of 6.5 on the pH paper.) Over a 40 minute period
the salt solution was added several milliliters at a time to a solution
of free chloroamine amine (1.38 mmol)} in ice water (25 ml). A yellow pre-
cipitate was observed after the first several milliliters had been added.
Sodium chloride (10 g) was then added and the reaction stirred on hour

at 0°C. Stirring was continued while the mixture warmed to room tempera-
ture overnight. Filtration removed 43 mg (227) of a dark yellow solid,
mp 110-112°C (reported’ 112-115°C). This material was used without

further purification or analysis.



10

-1,. . -
IR: v (em 7): 3400 (N-H); 1600 OV=N).

3-p-Nitrophenyl-3,4,5-gpdg-triazotricyclo [5.2.1.02’6J

dec-4-ene (;g)7

Diazoamine 15 (42.5 mg, 0.14 mmol)
in absolute ethanol (10 ml) was heated at @NOZ
55°C with a hot water bath for one half E
hour. Sodium ethoxide (42.5 mg, 138 ul
of a 1.04 M solution) was added using a 10
500 ul syringe. The pale yellow solution
immediately turned wine red. The temperature was maintained at 60°C for
an additional half hour. A solution of silver nitrate (25 mg in 7.5 ml
of absolute ethanol) was then added by pipet. Appearance of a very fine
brownt precipitate obscured the red color of the solution., After stirring
10 minutes, the solution was filtered, the precipitate washed with ethanol
and discarded. The solution was then reduced to drymess in vacuo. The
residue was taken up in CHCl3 and filtered again. The CHCl3 was removed
in vacuo leaving a red-brown residue which was taken up in CCl4 and
filtered. The CCl4 was removed in vacuo leaving a small amount of red
oil which partially crystallized upon standing overnight. The IR spec-
trum of this oil was identical to that of authentiec triazoline, but no
further characterization was possible due to the small amount of material
produced.

1

IR: v, . (em ): 1595, 1500, 1378, 1320.
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Reductive Amination of 3-Chloronorcamphor (L&) with NaBH3CN

A solution of ammonium acetate (7.7 g, 100 mmol) and NaBHBCN (0.44
g, 7 mmol) in freshly distilled anhydrous methanol (30 ml) containing
several grams of 3A molecular sieves was stirred at room temperature in a
flask fitted with condensor and drying tube. Neat 3-chloronorcamphor
(1.13 g, 0.96 ml, 10 mmol) was added via syringe and the solution stirred
for 48 hours. Concentrated HCl was added wmtil the pH of the solution
was less than two and the solution reduced in vacuo to constant volume,
The residue was taken up in water (10 ml) and extracted with CHCl3. The
aqueous layer was then brought to pH 10 by addition of solid NaOH and
extracted with ether. The ether extracts were combined, dried over MgSOa,
filtered, and hydrogen chloride gas added until no more precipitate ap-~
peared. This white precipitate (0.58 g, 41% based on desired amine salt
14) was collected by filtration, washed with ether, and alr dried over-
night. This material was spotted on a precoated silica gel platé and
developed with acetone, Two spots were detected by iodine wvapor:

R = 0.59 (same value as authentic amine salt l4), agﬁ R. = 0.23., The

b
following spectral properties were observed for this mixture.
IR: VKBr (cm-l): 3400 (b), 1585 (m), 1555 (m), 1490 (m), 1470 (m),

1375 ), 1300 (w), 1130 (w), 1025 (w), 945 (w), 930 (w), 815 (w).

Lismr (s, CF,C0,H-CDCL,): 1.0-2.0 (6H, complex); 2.32 (IH, m); 2.50

(14, m); 3.63 (2H, m); 7.3 (2.5H, m).

Mass Spectrum: Mt 4= 273 (30%), calculated (C 12N-HCl) = 145;

foun ) 4C

7
base peak m/e = 238,
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Reductive Amination of 3-Chloronorcamphor (15) with NaBHscN

Using Excess Ammonium Acetate

A solution of 3-chloreonorcamphor (0.74 g, 0.63 ml, 5 mmol) in
freshly distilled anhydrous methanol (11 ml) was added dropwise to a
previously prepared stirred solution of ammonium acetate (30.8 g, 400

mmol), NaBH_CN (0.44 g, 7 mmol), and several grams of Davidson 3A molecu-

3
lar sieves. The solution was stirred an additional 20 minutes after addi-
tion was complete. The solution was flltered to remove the sieves and
concentrated HCl added until the pH was two. The solution was then re-
duced in vacuc to dryness and the residue taken up in a minimum amount of
water. The solution was then extracted with CHCl3 to remove starting
material, the pH raised to 10 by addition of solid KOH, and extracted
with ether. The extracts were combined, dried over MgSO4 for one hour,
and filtered. Hydrogen chloride gas was added via fritted glass tube
until precipitation ceased. The white precipitate thus formed was col-
lected by filtration, washed with anhydrous ether, and air dried over-
night. TLC analysis (preccated silica gel plates developed with acetone)
of this solid showed two spots: Rf = 0.59 (same value as authentic amine

salt 14) and R_ = 0.23 (presumably secondary amine salt 17). The size

f
and intensity of the spots (as detected byiodine vapor) suggested that

nearly equal amounts of each compound were present in the mixture.

Attempted Separation of Amine Salts 14 and 17

The best separation of primary amine hydrochloride 14 and secondary
amine hydrochloride 17 from the reductive amination of 3-chloronorcamphor

with NaBHBCN was achieved by thin layer chromatography. A precoated
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silica gel plate developed with acetone gave amine salt 14 an Rf of 0.59
and amine salt 17 an Rf of 0.23. When acetone was used to develop a pre-
parative TLC plate, useful separation was obtained only if less than 40
mg of mixture was applied to the plate., TLC was therefore judged imprac-
tical for large scale separations of this mixture,

Column chromatography on acid washed alumina and on silica gel
using a series of solvents was also found to be unsatisfactory for separa-
tion of the two compounds in this mixture. In all cases the mixture
applied to the column was eluted without separation. The solvents used

in these attempted separations were hexane, benzeune, methylene chloride,

chloroform, ethyl acetate, isopropancl, and acetomne.

Reductive Amination of 3-Chloronorcamphor (16) with

NaBHBCN and NH3

A slow stream of ammonia gas was bubbled through a refluxing solu-
tion of ammonium acetate (15.4 g, 200 mmol) and 3-chloronorcamphor (1.13
g, 0.96 ml, 7.5 mnol) in freshly distilled methanol (175 ml) contained in
a flask connected to a soxhlet extractor containing 3A molecular sieves.
NaBH3CN (0,44 g, 7 mmol) was added and refluxing continued two hours,
The solution was then cooled to room temperature and stirring continued
three hours. The stream of ammonia was then cut off and the reaction
worked up. Concentrated HCl was added until the pH was less than two and
the solvent removed in vacuo. The residue was dissolved in a minimum
amount of water and extracted with CHClB. The aqueous layer was then

basified to pH 10 with solid KOH and extracted with ether. The ether ex-

tracts were combined, dried over MgSOa, and filtered. Hydrogen chloride
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gas was added to the ether solution via a fritted glass tube. The white
precipitate initially produced disappeared after several minutes forming
a gummy tan residue which was collected by filtratiom, The CHCl3 ex-
tracts, from above, and the tan gum were analyzed by TLC (precoated silica

gel plates developed with acetone)., The CHCl3 extracts showed only one

spot (Rf = 0.93) with an R, identical to authentic starting material.

f

The tan gum showed two spots;: Rf = (0,59 (the same value as desired amine

salt 14), and R, = 0,23 (presumably amine salt 17)., The intensity and

f
size of these spots, as detected by iodine vapor, suggested the major

product was the secondary amine salt (17).

Reaction of Benzenediazonium Chloride with Chloroamine 13

Benzenediazonium chloride soluticn was prepared by mixing chilled
{ice bath) solutions of NaNO2 (48.5 mg, 0.70 mmol) in 1.0 ml of Hzo and
aniline hydrochloride (84.5 mg, 0.65 mmol) in 1.5 ml of H20 containing
concentrated HC1 (0.5 ml, 9.07 mmol). This diazonium salt solution was
stirred 15 minutes in an ice bath then added to 10 ml of a chilled (ice
bath) saturated sodium acetate solution., The pH of this solution was six
as determined by specific range pH paper. A small amount of yellow pre-
cipitate appeared upon addition of this buffered diazonium salt solutiocn
to a solution of free chloroamine 13 (generated from 250 mg, 1.38 mmol,
of hydrochloride saltg) in 10 g of ice and several milliliters of H20.
No visible precipitate was present the next day in the darkened sclution.
A yellow residue on the sides of the flask was taken up in ethancl and re-
crystallization attempted. No crystals were obtalned. The ethanol was

removed in vacuo and several milliliters of ether added. A portion of
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the ether soluticon was allowed to evaporate on a NaCl plate and an IR

spectrum obtained.
IR: Voeat (cm-l): 1600 (s), 1500 (w), 1275 (m), 1225 (m), 1140 (s},

845 (m), 765 (m), 690 (m).

This procedure was repeated with the following modifications:
(1) the diazonium salt solution was stirred two hours at 0°C to insure
complete reaction, and (2) only enough saturated sodium acetate solution
(1.5 ml) was added to raise the pH of the diazonium salt scolution to six.
A visible bright yellow precipitate appeared as the coupling reaction was
carried out. After complete addition, the mixture was stirred at 0°C for
one hour, then 10 g of NaCl was added. The solution darkened overnight,
The aqueous solution was extracted with ether (6 x 25 ml), and the com-
bined extracts washed with H20 then dried over MgSO4 and filtered. Re-
moval of the ether in vacuo from the bright yellow solution gave a red-
brown oil (40 mg). The residue remaining on the sides of the reaction
vessel was worked up in a similar manner to give a red-brown oil (70 mg).
Both of these product mixtures were analyzed by TLC on precoated silica

gel plates developing with CHC1 The only identifiable spot (Rf = 0.66)

3¢
was 2-chloronorcamphor. Five other spots were observed by lodine detec-

tion: R = 0.16, 0,22, 0,35, 0.74, 0,81. No further amalysis of this

complex mixture was attempted.

Reaction of p-Carbomethoxybenzenediazonium Chloride

with Chloroamine 13

To a previously chilled (ice bath) solution of p-carbomethoxyaniline

(99 mg, 0.65 mmol) in 1.5 ml of water containing concentrated HC1 (0.75
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ml, 9.1 mmol) was added a chilled solution of NaNO2 (48.3 mg, 0.65 mmol)
in 1.0 ml of water. This diazonium salt solution was stirred in an ice
bath one half hour, then chilled saturated sodium acetate solution added
until the pH of the salt solution was &6 as determined by specific range pH
paper. This buffered diazonium salt solutiowm was then added several mil-
liliters at a time to a previously chilled solution of free chloroamine
13 (generated from 250 mg, 1,38 mmol, of hydrochloride saltg) in water.
When this addition was complete, NaCl (10 g) was added and the solution
stirred at 0°C one hour, then allowed to come to room temperature over-
night., A fluffy, orange solid (40 mg) was recovered by filtration and
recrystallized from chloroform-hexane. An additional 20 mg of solid
appeared in the mother liquor and was recrystallized in a like manner.

Two additional crops of crystals were obtained from the mother liquor
(total weight obtained was 70 mg). The spectral properties of this yellow
solid, mp 210-212°C with bubbling, indicated it was not the desired p-
carbomethoxydiazoamine,

IR: Vg (em™Y): 3400 (bm), 3245 (m), 1700 (s), 1610 (s), 1285 (s),

1250 (s), 1170 (s}, 1110 (m), 850 (w), 765 (w), 695 (w).
1

H-NMR (5, CDC1,): 3.14 (6H, s); 7.04 (4H, d, J =8 Hz); 7.57 (4, 4,
J = 8 Hz).
Mass Spectrum: M;ound = 313 (1%); calculated for desired diazcamine = 307;

base peak m/e = 135.

Reaction of p-Methoxybenzenediaznonium Chloride

with Chloroamine 13

A chilled solution (ice bath) of NaN02 (48 mg, 0.70 mmol) in 1.0
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ml of H,0 was added to a chilled solution (ice bath) of B-methoxyaniline

2
(80 mg, 0.65 mmol) in 1.0 ml of H20 containing 0.1 ml of concentrated

HCl. The resulting lavender colored solution became orange after stir-
ring several minutes., The diazonium salt solution was stirred 20 minutes,
filtered onto 10 g of ice and replaced in the ice bath. A solution of
free chloroamine 13 (generated from 200 mg, 1.1 mmol, of hydrochloride
salt l&) in 7 ml of ice water was added in 1.5 ml portions over a period
of 10 minutes to the diazonium salt solution (the pH of the salt soluticn
had been adjusted to 5.5-6.0 by addition of saturated sodium acetate solu-
tion}. This reaction mixture was stirred 15 minutes, NaCl (10 g) added,
and then placed in the refrigerator overnight. The cloudy aqueous solu-
tion was filtered and the flask and filter rimsed with CHC13. The CHCl3

rinsings were combined, dried over MgSO filtered, and solvent removed

4?
in vacuo. The IR and 1H—NMR spectra of the tan solid (100 mg) obtained
support the structure of the desired diazoamine 23. This material was

used without further purification.

IR: Vcc14 (em™Y): 3400 (w), 3300 (W), 1600 (s), 1505 (sh), 1500 (s),

1460 (m), 1440 (m), 1400 (m), 1300 (m), 1250 (s), 1230 (s),
1175 (s), 1040 (s}, 830 (s).
YaomR (s, eDC1,): 1.1-2.1 (6H, complex); 2.5 (2H, m); 3.70 (IH, m);
3.80 (3H, s); 4.30 (1H, m); 6.90 (2H, d, J = 8 Hz); 7.35 (2H, 4d,
J = 8 Hz).
This reaction was repeated using diazonium salt sclution prepared

from p-methoxyaniline (160 mg, 1.3 mmol), NaN02 (97 mg, 1.4 mmol) and

0. This solution was stirred 3,0

concentrated HC1 (0.2 ml) in 2 ml of H2

hours in an ice bath. The pH of this diazonium sall solution was then



18

adjusted to 5.5-6,0 by addition of saturated sodium acetate solution. A
chilled solution of free chloroamine 13 (1.3 mmol) in 3 ml of ice water
was then added to this buffered diazonium salt solution and the mixture
stirred in the ice bath one hour then placed in the refrigerator over-

night. No precipitate or oil was visible in the solution the next day.

Reaction of Crude p-Methoxydiazoamine 23

with Potassium t-Butoxide

A solution of crude E-methoxydiazoamine 23 (100 mg, 0.29 mmol) in
t-butyl alcohol (15 ml) was stirred in a hot water bath until dissolved,
and added to a solution of potassium t-butoxide (56 mg, 0.5 mmol) in t-
butyl alcohol (8 ml) prepared in a similar manner. The resulting deep
orange solution was stirred at 60°C for 30 minutes. To this solution
was added AgNO3 (51 mg, 0.30 mmol) in absolute ethanol (11 ml). A dark
green precipitate formed immediately. After heating an additional 15
minutes, the solution was allowed to cool to room temperature, filtered
and the solvent removed in vacuo. The residue was takepn up in CCIQ, fil-
tered, and the CCl4 removed in vacuo. A pale yellow oil (55 mg) showing
the following spectral properties was obtained.

IR: VCCla (cm_l): 3400 (bw), 1600 (m), 1505 (sh), 1500 (s), 1460 (m),

1440 (m), 1290 (m), 1240 (s), 1175 {(m), 1040 (s), 830 (m).

Reaction of p-Bromobenzenediazonium Chloride with Chlorcamine 13

To a previously chilled (ice bath) solution of p-bromoaniline (112

mg, 0.65 mmol) in 1.0 ml of H O containing concentrated HC1 (0.1 ml, 1.17

2
mmol) was added a chilled solution of NaNO2 (48.5 mg, 0.7 mmol) in 1,0 m]
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of H20. This diazonium salt solution was stirred in an ice bath 15
minutes, then chilled saturated scdium acetate sclution added until the
pH of the resulting solution was 6 as determined by specific range pH
paper. This buffered diazonium salt solution was then added several
milliliters at a time to a chilled solution of frze chlorocamine (gener-
ated from 250 mg, 1.38 mmol, of hydrochloride sa1t7) in water. The
chloroamine solution became cloudy yellow upon addition of the first por-
tion of diazonium salt, After addition was complete, the solution was
placed in a refrigerator overnight. A yellow precipitate was collected

by filtration, taken up in CHC1 dried over Mgsoq, and filtered. Removal

3!

1
of the solvent in vacuo gave 50 mg of a yellow solid. The IR and H-NMR
spectra indicated this solid contained the desired diazoamine 25. This
material was used without further purification.

IR: vy, (em™1y: 3420 (w), 3315 (w), 1600 (m), 1500 (s), 1475 (m, sh),
4
1235 (s), 1170 (s), 1075 (m).

"H-WR (5, CDCL,): 1.1-2.2 (6H, complex); 2.52 (2H, m); 3.83 (IH, t,

t

J =4 Hz); 4.28 (1H, m); 7.15 (24, 4, J = 8 Hz); 7.48 (24, d,

J

8 Hz).

This reaction was repeated and carried out in a cold room (3°C). A dark
yellow precipitate appeared overnight as before, and was collected by
filtration, taken up in CHCI3, dried over MgSOa, and the solution fil-
tered, The solvent was removed in vacuo leaving 62 mg of yellow solid.
The lH-NMR spectrum of this solid showed signals only in the aromatic
region of the spectrum, indicating diazoamine 25 was not present.

Liomir (s, CDC1,): 7.15 (d, J = 8 Hz); 7.48 (d, J = 8 Hz).
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Reaction of Diazoamine 25 with Base

Several milligrams of diazoamine 25 were added to a small amount
of 1,04 M sodium ethoxide in ethanol. No change in the yellow color of
the diazoamine was observed. A stronger base was apparently required,

A solution of potassium t-butoxide (22.4 mg, 0.20 mmol) in t-butyl alco-
hol (8 ml) was added dropwise to a solution of diazoamine 25 (50 mg, 0.15
mmol) in t-butyl alcohol (3 ml). The initially yellow solution became
darker, then lightened as a white precipitate formed in the flask. An
additional 20 mg of base was added and the solution heated to 55°C. After
stirring one half hour, a solution of AgNO3 (25.5 mg, 0.15 mmel) in abso-
lute ethanol (8 ml) was added causing formation of a dark green precipi-
tate which obscured the color of the sclution. This solution was stirred
10 minutes, filtered through a fritted glass funnel, the solvent removed
in vacuo, and the dark residue taken up in CHCl, (10 ml). This solution
was filtered three times using a2 Buchner funnel, the solvent removed in
vacuc and the residue taken up in CC14 {10 ml). Filtration of this solu-
tion through a Celite 545 pad produced a yellow filtrate. The solvent
was again removed in vacuc and the yellow residue recrystallized from
hexane. A small amcount of bright yellow crystals was obtained, mp 135-
136°C with bubbling. The spectral properties exhibited by this solid
support the structure of the desired endo triazoline 26.

IR: vy, (em™1y: 3455 (bm), 1595 (m), 1480 (s), 1465 (sh), 1365 (m),

1135 (w), 1120 (m), 1100 (m), 1085 (m), 1075 (w), 990 (sh), 985

(m), 820 (w), 805 (m).
1H—NMR (&, CDCI3): 1.2-1.6 (6H, complex); 2.75 (lH, m); 2.95 (1H, m);

4,03 (1H, d of d, J = 5.0, 12 Hz); 5.08 (lH, d of d, J = 4.5, 12

Hz), 7.18 (2H, d, J = 8.5 Hz); 7.46 (2H, d, J = 8.5 Hz).
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CHAPTER IV
DISCUSSION OF RESULTS

As stated in the introduction section, the purpose of this research
was to determine the general synthetic utility of the endo triazoline
synthesis previously developed in this 1aboratory.7 The preparation of
the endo-p-nitrophenyltriazoline 10 by this synthesis is illustrated in
Figure 3. The nitrosyl chloride dimer (l1) was prepared and smoothly
isomerized to the 3-chloronorcamphor oxime (12a) as reported.7 The p-
nitrobenzoate (12b) of this oxime was easily prepared by reaction of the
oxime with p-nitrobenzoyl chloride.7 The benzoate 12b is a powerful
vesicant and produced severe allergic reactions in all individuals who
came into contact with it. Reduction of 12b with diborane yielded chloro-
amine 13, isolated as its hydrochloride salt (14) in 40 percent yield as
reported.7 The free chloroamine 13 was prepared9 and coupled with p-
nitrobenzene diazonium chloride to give the p-nitrodiazoamine 15 in 22
percent yield. A yield of 62 percent was previously reported.7 In gpite
of the low yield in the present case, the IR spectrum and melting point
of the product were identical to those of an authentic sample. The endo
triazoline 10 was then prepared by treatment of diazoamine 15 with sodium
ethoxide in absolute ethanol, forming a deep red colored solution, and
addition of silver nitrate, causing a dark precipitate of silver chloride
to form, The IR spectrum of the product was identical to that of authen-~

tic endo triazoline 10.
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Since preparation of the endo triazoline 1C was carried out with
crude diazoamine 15, the low yield obtalined was not surprising. The major
problem with this sequence then appeared to be the variable yield and
purity of chlorcamine 13 obtained in the hydroboration of p-nitrobenzoate
12b. Although this reaction does give the desired product, the yield is
only moderate and attempts to scale up the reaction were unsuccessful.

A possible alternative approach to chloroamine 13 was found in the
reported reductive amination of the closely related norcamphor with so-
dium cyancborohydride in the presence of sodium acztate in anhydrous
methanol.10 A 68 percent yield of endo-norbornyl amine was reported.10
Reductive amination of the readily available 3-chloronorcamphor (16)
would produce chloroamine 13 with the desired stereochemistry. This re-

action was carried out according to the procedure reported for norcamphor,

o] NaBH3CN cl

N

NH4OZCCH3

NH
16 13 2

and the product isolated as the hydrochloride salt in 41 percent yield.
The IR spéctrum of this product, although similar to that of the desired
chloroamine salt (14) showed broad absorption in the N-H stretching region
of the spectrum. The 1H-NMR spectrum appeared identical tco that of the

desired material, but integration showed 2.5 protons in the N-H multiplet

of the spectrum, Analysis of this product by TIC showed an extra spot as



24

well as the spot corresponding to the desired chloroamine salt (14). The
nature of this mixture was determined from the mass spectrum which showed
a molecular ion of m/e 309, instead of m/e 145 expected after loss of HCl
from the hydrochloride salt of chloroamine 13. A molecular ion of m/e 309
requires a formula of 014H22013N, which corresponds to a bicyclic second-
ary amine hydrochloride (17). Loss of HCl from the molecular ion gives
rise to a set of peaks confirming the presence of two chlorine atoms in
the molecule in addition to the hydrochloride., Table 1 lists the observed
and calculated12 intensities of isotope peaks for an ion containing one

and twe chlorine atoms.

Table 1. Intensities of Isotope Peaks Due to Chlorine

P P+2 P44
Cl (calc) 100 32.6 --
Cl (obs) | 100 30 -
Cl, (calc) 100 65.3 10.6
c1, (obs) ¥ 100 64 11
e = m/e 238; Fp = /e 273

The set of peaks at m/e 273, 275, 277 has intensities corresponding to
the presence of two chlorine atoms (structure 18), and the set at m/e 238
{the base peak) and 240 corresponding to the presence of one chlorine
atom (structure 19). A peak (m/e 145, 34 percent of the base peak) cor-
responding to loss of HC1l from the molecular ion of the desired chloro-
amine salt (l4) was also present in the spectrum,

The presence of secondary amine 18 in the product mixture suggests
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that formation of an imine from 3-chloronorcamphor and ammonia (produced
from ammonium acetate) is slow when compared with formation of an imine
from 3-chloronorcamphor and bicycloamine (or amine-cyanoborohydride com-

plex). +

Cl

Cl INHeHG) Cl INH NH

17 18
19

In order to decrease formation of the secondary amine (18) the
reaction was repeated with the following modifications: (1)} the reaction
was carried out in the presence of 3A molecular sieves, (2) an eight-fold
excess of ammonium acetate was used to increase the rate of formation and
concentration of the desired imine, (3) a two-fold excess of sodium eyano-
borohydride was used to increase the rate of reduction of the imine, and
(4) the volume of the solution used was doubled. In addition, 3-chloro-
norcamphor in methanol was added dropwise to a solution of the other re-
agents, reducing the concentration of unreacted ketome in the mixture and
decreasing the probability of imine formation from ketone and reduced
imine (or reduced ketone-cyanoborohydride complex) which would lead to
formation of the secondary amine salt (18). Analysis by TLC of the prod-
uct from this reaction again showed the presence of both primary amine

salt (14) and secondary amine salt (17). The size and intensity of the
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spots, as detected by iodine vapor, suggested that nearly equal amocunts
of each compound were present.

A successful separation of these two amine salts was achleved using
preparatory TLC, but the small amount of material obtained from each sepa-
ration made this method impractical on a large scale. Column chromatog-
raphy on acid washed alumina and on silica gel using a wide variety of
solvents also proved unsatisfactory.

A final attempt was made in eliminating secondary amine produced in
this reaction by using ammonia gas in addition to ammonium acetate., A
stream of ammonia was bubbled through a dilute solution of ammonium ace-
tate and 3-chloronorcamphor (16) in anhydrous methanol. The apparatus
was connected to a soxhlet extractor containing 3A molecular sieves to
remove water produced in imine formation. After two hours, the solution
was cooled to room temperature, sodium cyanoborchydride added, stirred
three hours, then worked up in the usual manner. Addition of hydrogen
chloride gas in an ether solution of the product produced a white precipi-
tate which immediately became a tan gum, Analysis of this gum showed the
two spots corresponding to both primary and secondary amine salts. The
intensity and size of the spots as detected by iodine vapor, suggested
the undesired secondary salt (17) was the major product.

These results forced a return to the original method of preparation
of chloroamine 13. The major faults of this procedure were the compli-
cated apparatus required for generation of the diborane, and the variable
quantity and quality of the product.7 The first difficulty was eliminated

by use of a commercially prepared solution of borane in tetrahydrofuran.
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A search of the literature revealed the use of continuous ether extrac-
tions in the work-up procedure.8 When these modifications were implemented
excellent yields (as great as 93 percent) of chlorcamine salt 14 were ob-
tained with even large scale reactions. Recrystallization of the product
from 95 percent ethanol gave beautifully crystalline sharp melting crys-
tals, exhibiting spectral properties identical to those of authentic
material.

Now that the key intermediate in this syntbesis of endo triazeolines
was available in high purity and large quantities, the coupling reactilons
of this intermediate as well as triazoline formation itself could be in-
vestigated. It was decided to prepare the parent compound in the series,
phenyldiazoamine 20. The procedure used was that reported in the litera-
ture for the p-nitro compound (15).

No visible precipitate was obtained

on work up of this reaction. A ZC::Ei:;7¢fCI

vellow residue found on the sides of //K:::)
HN—N=—N

the flask was collected and an IR
20

h——

spectrum obtained. The overall ap-

pearance of this spectrum was similar to that obtained for the p-nitro-
phenyldiazoamine (15) when the absorptions due to the nitro group were
neglected. The procedure was repeated with the following modifications:
(1) the diazonium salt solution was stirred two hours to insure complete
formation of the salt, and (2) only enough buffer {saturated sodium ace-
tate solution) was added to raise the pH of the dizzonium salt solution

to six. When the solution prepared in this manner was added to a soclution

of chloroamine 13 a visible bright yellow precipitate appeared. The solu-
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tion darkened overnight, however, and the dark red oil obtained on work
up was shown by TLC to contain six products. No further analysis of this
complex mixture was attempted.

It was then decided to attempt preparation of p-carbomethoxy diazo-
amine (21), which, with the electron withdrawing para substituent, should
be similar in nature to the previously prepared7 p-nitro compound (15).
The published procedure7 was followed
and a yellow solid (mp 210-212°C with
bubbling) was isolated. The IR spec- %}r”C'
trum of this solid showed the expected N’S::::S/

HN—N—

COZCH3

strong absorption at 1700 em™! for the

ester carbonyl, but also showed a broad 21

medium intensity absorption at 3400 cm_l.

The lH-—NMR spectrum showed the expected signals for the p-carbomethoxy-
phenyl moiety, but no signals were observed for the bicyclic portion of
the desired product. The evolution of a gas upon melting this solid, and
the absence of signals in the aliphatic region of the 1H-—NMR spectrum in-
dicated the diazonium salt had coupled, but not with the chloroamine (13).
The mass spectrum of this solid suggested coupling of the diazonium salt
with undiazotized p-carbomethoxyaniline had occurred and that the struc-
ture of the product was that shown in 22, None of the peaks in the mass
spectrum showed isotope intensities requiring the presence of chlorine,

A molecular ion was barely detectable at m/e 313, corresponding to a form-

ula of C16H15N304' Loss of nitrogen from this molecular ion gave a peak



29

22

at m/e 285 (13 percent of the base peak). Loss of nitrogen and a methoxy
group from the molecular ion gave a peak at m/e 254 (12 percent of the
base peak). The base peak at m/e 135 corresponded to a carbomethoxyphenyl
ion., No peaks were observed for the molecular ion, or molecular ion less
nitrogen, of the desired diazoamine (19).

The yield of 22 obtained corresponds to over two-thirds of the p-
carbomethoxyaniline used in the reaction, It appears that diazotization
was incomplete, and the coupling reaction much faster with the aniline
than with chloroamine 13.

In another attempt at preparing a diazoamine suitable for closure
to an endo triazoline, p-methoxyaniline was used. The reported procedure7
was followed and the spectral properties (see experimental section) of the
tan solid isolated supported the structure of the desired p-methoxyphenyl
diazoamine (23). The procedure was repeated on three times this scale
and the diazonium salt solution stirred three hours to insure complete
diazotization, but no precipitate or oil was observed in the aqueous solu-

tion when the reaction was worked up.

Cl OCHq ?\
~ N

|
N=N

HN-—N=N

CCH

23 24
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An attempt to form the endo triazoline (24) with the crude diazo-
amine (23) produced earlier using the procedure described below for the
p-bromodiazoamine (25) resulted in the isolation of a pale yellow oil.
This IR spectrum of this oil was essentially the same as that of the
starting material (23),

A fipal attempt at obtaining a bicyclic diazoamine was made with
p-bromoaniline, The reaction was carried out as bafore and a yellow pre-
cipitate collected. The spectral properties of this solid indicated it
was the desired diazoamine (25). The IR spectrum was similar to that of
the p-nitrodiazecamine (13), but also showed the presence of some primary
amine (presumably p-bromoaniline) by very weak absorptions at 3420 and
3315 cm™’ in the N-H stretching region of the spectrum. The Ly nur spec-
trum showed two doublets (J = 8 Hz) corresponding to the aromatic protons
at § 7,15 and 7.48 ppm. A complex six proton signal was observed at §
1.1-2.2 ppm. A two proton multiplet (presumably the bridgehead protons7c)
was observed at § 2.52 ppm, Multiplets observed at & 3.83 and 4.28 ppm
were assigned to the protons alpha to the chloro and amino functions.

This reaction was repeated in an attempt to obtain more material,
but the 1H-NMR spectrum of the solid isolated showed signals only in the

aromatic region of the spectrum.

Ay g Ay

HN—N=N N==

25 26

e ——
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The p-bromodiazoamine (ég) obtained earlier was dissolved in sodium
ethoxide in absolute ethanol preparatory to addition of silver nitrate and
ring closure to the endo triazoline. No change in the yellow color of the
solution was observed, indicating a stronger base may be required to form
the anion needed for displacement of the chlorine. When the diazoamine
was dissolved in t-butyl alcohol and potassium t-butoxide in t-butyl alco-
hol added, the light yellow scolution became darker. This solution was
then heated and silver nitrate added following the reported procedure.7
The spectral properties of the sharp melting (with bubbling) bright yellow
crystals obtained from this reaction support the structure of the desired
endo triazoline (26). The 1H-NMR spectrum, in particular, gave dramatic
evidence to this effect. The expected bicyclic and aromatic signals were
observed (see experimental section), but more importantly, the protons on
the carbon atoms in the triazoline ring each appeared as a doublet of
doublets at & 4,03 ppm with J = 4.5 and 12 Hz and at 5§ 5.08 ppm with J =
5.0 and 12 Hz. These are essentially the same chemical shifts and coup-
ling constants observed in the 1H-NMR spectrum of the p-nitro endo triazo-
line (l_(_)_).7 Based on this previous work, these multiplets were assigned
to the protons on C3 and CZ’ respectively, the larger coupling of 12 Hz
corresponding to J2,3, and the smaller coupling corresponding to J1 2 of

]

5.0 Hz and J3,4 of 4,5 Hz.
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CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS

An investigation of the previously reported7 synthetic sequence
leading to endo triazclines has been carried out. The existing procedure
for the preparation of the key intermediate in this sequence, chlorcamine
13 , has been modified. The yield and purity of 13 obtained have been
greatly increased,

An alternate approach to this chloroamine (13), reductive amination
of 3-chloronorcamphor (16) with sodium cyanoborohydride and ammonium ace-
tate, was found to produce secondary amipe 18 in addition to the desired
chloroamine (13). The best separation of these amine salts achieved was
unsuitable for large scale preparations.

Coupling of chloroamine 13 with several diazonium salts was found
in most cases to be an unsatisfactory method of preparing the diazoamines
required in this sequence. Spectral evidence suggested coupling of p-
carbomethoxybenzenediazonium chloride with undiazotized p-carbomethoxy-
aniline had occurred. Evidence suggesting successful formation of the
desired diazoamine in the case of the p-bromo compound was obtained from
spectral data of the product of the reaction of this diazoamine (25) with
base. The 1H-NMR spectrum of this product (26) was very similar to that
obtained from the p-nitro endo triazoline (10) and supported the structure
of the desired endo triazoline 26.

This sequence, then, would be satisfactory as a general synthesis



of endo triazeolines only if difficulties in the preparation of the re-

quired diazoamines could be solved.
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CHAPTER I

INTRODUCTION

The major component of the essential oil derived from the seeds

of the Indian Black Carrot (Daucus carota L.} has been found to be

carotol, a sesquiterpene alcohol of formulé 015H26O' Isolation of
carotol was first accomplished by Asahina and Tuskamoto in 1925.1 Sorm
and Urbanek originally proposed carotol had structure 1 in 1948.2 Eleven
years later, Chuirdoglu and Descamps offered evidence in support of
structure 2.3 At the time of this report, Sorm and co-workers proposed
structure 3 on the basis of new degradation studies.a Convincing NMR

evidence in support of 3 was put forth by Zalkow et al. in 1960.5

CH .
OH OH

! 2 3

This structure was finally confirmed by an x-ray crystalleographic study

of daucyl D,L-alaninate hydrobromide (_ﬂ).6 Daucol, which co-ocecurs with
carotol in the essential o0il, is easily obtained from carotol on oxidation
with peracids.4 Levisalles et al., who proposed the stereochemistry
8,9,10

shown in 2,7 published a synthesis of carotol from carvone in 1972,

The carotane class of sesquiterpenes, of which carotol (3) is the
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principal member is a small group of compounds containing the cis-fused
five-seven membered ring structure of carotol., Relatively 1little is

known of the chemistry of this interesting class of compounds. Levisalles
et al., for example, in their conversion of daucene (3) into carotol (3),
have made a detailed study of the properties of the various epoxides and
epoxyalcohols available from these compounds.lo No attempt was made,
however, to investigate the chemistry of these compounds or their deriva-

tives. In addition to Levisalles' synthesis, two additional pathways to

I
SPC?HNHsBP

CHS <
—

4 5

daucene have been published, but here again, no attempt was made to in-

11,12 The earlier studies

vestigate the chemistry of the compound itself,
on carotol were carried out in order to elucidate the structure and stereo-
chemistry of that compound and not to investigate its chemistry. The
reaction sequences involved in all of these studies were, of necessity,
known reactions whose products were well documented.

It is not surprising then, that in addition to the lack of knowl-
edge of the chemistry of the carotanes, the biogenesis of these compounds
is also not well understood. A typical study of the biogenesis of ses-
quiterpenes (and terpenes in general) involves examination of postulated

biogenetic pathways, followed by "in vitro" experiments to simulate these

postulations. The rationale usually involves illustrating how a new
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skeletal type could arise by mechanistically and stereochemically sound
means from a previously known skeletal type.

Sesquiterpenes are thought to be biosynthesized in some way from
farnesol, the biogenetic equivalent of which is farnesyl pyrophospahate
(g).13 The process is envisaged as removal of the pyrophosphate anion

and participation of the central or terminal double bonds and cyclization

of the resulting cation to the desired sesquiterpene skeleton,

A A >
OP,0gHy

Soucek envisioned two possible modes of cyclization of the farnesyl
cation which could produce the carotane skeleton (Figure 1).14 Path A
supposed direct cyclization to the carctane skeleton, while Path B re-
quired cyclization to a ten-membered intermediate and subsequent shift of
a methyl group. Incorporation of labeled sodium acetate (1-140) into the
carrot plant, extraction of the essential oil, isolation of the radioactive

carotol followed by degradation showed C,_ and its attached methyl group

6
to have one-sixth of the total incorporated activity. This finding is
consistent with Path A, involving direct cyclization to the carotane
skeleton.

From the preceding discussion, it is obvious that a thorough in-
vestigation of the carotane sesquiterpenes was in order. The purpose of

this research, then, was to begin such an investigation. Such a small

class of natural products may be related to another larger class of



Figure 1.

Postulated Biogenesis of Carotoll

4
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naturally occurring compounds. Biogenesils may occur via some cyclized
sesquiterpene skeleton instead of directly from farnmesyl pyrophosphate as
proposed by Soucek.l4 Alternately, the carotane sesquiterpenes cculd be
an intermediate class between farnesyl pyrophosphate and another group of
sesquiterpenes. Perhaps a simple biogenetic-type synthesis could be de-
vised.

Only recently has an investigation of this type been carried out
on thujopsene QZ)}S"IB 'Thernodynamic stabilities and cation solvation in
different acidic media can dramatically influence reaction pathways. A

number of the compounds obtained in these studies had already been found

to be natural products.19

Reaction of carotame sesquiterpenes under conditions known to
produce carbonium ions would most probably lead to an interesting chemical
investigation of this atypical sesquiterpene skeleton. More importantly,
additional light may be shed on the biogenesis of these compounds as well

as their relationships with other sesquiterpenes.
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CHAPTER II
INSTRUMENTATION AND EQUIPMENT

Melting points are uncorrected and were determined on a
Thomas~-Hoover capillary melting point apparatus, Microanalyses were
performed by Atlantic Microlabs, Atlanta, GA. Removal of solvents in
vacuo was done using a Buchler Instruments rotary evaporator at water
asplrator pressure. Low pressure hydrogenations were cérried out on a
Parr hydrogenation apparatus. Atmospheric hydrogenations were carried
out using an apparatus similar to that described by Augustine.20 Gas
chromatographs were obtained on a Hewlett-Packard Model 402 gas chroma-
tograph using a flame ionization detector. Preparative gas chromatog-
raphy was performed on an F and M Model 400 gas chromatograph fitted with
a glass capillary stream splitter. The following GC columns (glass bent

into a U-shape) were used:

Column Liquid Support Column
Number Phase Size
I 3% SE-30 100/120 Gas 4' x 1/4"
Chrom Q
11 3% SE-30 100/120 Gas 6' x 1/4"
Chrom Q
III 10% XE-60 60/80 Gas 6' x 1/4"
Chrom Q
v 20% XF-1150 100/120 6' x 1/4"

Chromasorb W
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Infrared spectra were recorded using a Perkin-~Elmer 237B spectro-
photemeter with solids in the form of potassium bromide pellets (approx-
imately 3% by weight) and liquids in the form of thin films between
sodium chloride plates or in CCl4 solution. The band at 1601 -'.:m-1 of
polystyrene film was used as a reference.

All nuclear magnetic resonance spectra were obtained using solu-
tions containing tetramethyl silane as an internal standard. 1H-NMR
spectra were obtained using Varian Associates A-60D or T-60A spectrom-
eters. 13C-NMR spectra were obtained using a JEOL PFT-100 Fourier
transform spectrometer, and are broad band proton decoupled unless
specifically described as off resonance proton decoupled sPectra.21

Optical rotatory dispersion curves were obtained using a JASCO

ORD/UV-~5 spectrophotometer.
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CHAPTER IIIX

EXPERIMENTAL

Purification of Carotol (3)

The carctol used in this work was
obtained from two sources. A ninety percent
pure carotol fraction (bp 80-94/0.1 mm) of
carrot seed oil obtained from Magnus, Mabee, OH
and Reynard, Inc., New York, N. Y, was fur-
ther purified by chromatography on silica gel. 2
When all impurities were eluted with hexane (as detected by GC, Col III,
170°C), gas chromatographically pure carotol was obtained in the 25
percent benzene in hexane eluent,

A second batch of carrot seed oil (P. Robertet and Co,, Grasse,
France) was distilled on a Nester-Faust 36 inch stainless steel spinning

band column and the carotol fraction (bp 65-85°C/0.5 mm) redistilled to

give pure carotol (bp 73-74°C/0.35 mm).

-1
IR: v . (em ): 3600, 3500 (0-H).

1H-—NMR (&, CDClB): 0.95 (1H, s, tertiary methyl); 0.96 (3H, 4, J = 6 Hz,
isopropyl methyl); 1.02 (3H, d, J = 6 Hz, isopropyl methyl); 1.18
(lH, s, hydroxyl proton); 1,65 (3H, s, olefinic methyl); 5.40
(1H, bm, olefinic proton),

13C-NMR (5, CDC13): 84,3 (hydroxyl carbon); 122.2, 138.3 (olefinic

carbons).
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+
. = °'° — 2.
Mass Spectrum: Mfo nd = 222 (2%), calculated (C15H260) = 222;

base peak m/e = 161.

ORD (c = 3.02, CDCl,): [G]700 = 29.3, [¢]600 = 58.3, [ai]589 = 74.6
172.7, [¢]350 = 246.2,

(lel2ag = 33.6), 8150, = 91.9, [0,

[¢]300 = 389.6.

Dehydration of Carotol with S0Cl,

A solution of carotol (1L.00 g, 4.54 mmol) in dry pyridine (16 ml)
was chilled with an ice bath for 15 minutes. To this solution SOCl2
(1.2ml, 1.9 g, 16.3 mmol) in dry pyridine (16 ml) was added over a period
of 10 minutes. The solution was then stirred in the cold for 10 minutes.
The yellow solution (containing pyridine hydrochloride crystals) was
poured into 20 g of ice and extracted with ether. The extracts were com-
bined, washed with 10 percent HCl until acidic, then with water until
neutral, dried over MgSOa, filtered, and ether removed in vacuo leaving
0.88 g of yellow o0il. GC analysis (Col III, 170°C) showed three products:
R, = 0.8 min (daucene), Rt = 1.0 min (acoradiene 9), R = 1.1 min {(acora~

t t
diene 10), At 125°C, however, a fourth product was observed: Rt = 3.1
min (daucene, 65%), R, = 4.2 min (unidentified, 3.5%), R = 4.6 min
(acoradiene 9, 117), R, = 5.2 min {(acoradiene 10, 20.5%). Chromatography
of this mixture on 25 percent silver nitrate-silica gel eluting with dis-
tilled olefin free pet ether (30-50) gave three main fractions (in order
of elution): 76 percent pure acoradiene 9, a 10:l mixture of daucene and
acoradiene 10, and finally pure daucene,

which showed the following spectral

properties, identical to those reported

)]
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. 7
in the literature.

-1 .
IR: v .. (em "): 3030, 830 (olefinic C-H).

lH-NMR &, CDCl3): 0.90 (34, d, J = 6 Hz); 0.90 (3H, s, tertiary methyl);
1.00 (3H, d, J = 6 Hz); 1.40-2.90 (11H, complex); 5.47 (1H, m,

olefinic proton),

Pem (5, coer,): 122.8, 138.8, 139.5, 142.0 (olefinic carbons).
- + — 9 — -
Mass Spectrum: Mfound = 204 (7.4%), calculated (015H24) = 204;

base peak m/e = 161.

ORD (c 62.9,

2,92, CHCL,): = 66.3, [#lggq = 69.0

#1700 = #1600
([alggq = 3.2), Wlgoo = 9.3, (Bl = 150.2, 0]y = 178.1,
[G}]300 = 337.3.

Acoradiene 9, obtained 70 percent
pure (GC Col I, 130°C) by column chroma-
tography on 25 percent silver nitrate-
silica gel (1 g mixture to 100 g absorbant)
and then isoclated 98 percent pure by pre- 9
parative gas chromatography (Col II, 108°C), N

The NMR, IR, ORD, and mass spectrum of this material were identical to

those obtained with an authentic sample.

IR: v (cm-l): 3035, 3020, 805, 795 (olefinic C-H).
neat
1

H-NMR (5, CDClB): 0.80 (3H, d, J = 6.0 Hz); 0.90 (3H, d, J = 6.0 Hz);
1.57 (64, s, olefinic methyls); 1.40-2.20 (L2H, complex); 5.30,
5.37 (1H each, olefinic protons).

= 204 (137), calculated (CISH = 204;

24

+
Mass Spectrum: Mfound

base peak m/fe = 94.
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ORD (c = 1.51, CH,OH): [o]700 = -27.0, [¢]600 = -33.4, @l gy = -33.8

(laligy = -16.3), #1550 = -60.8, @], = -141.8, [1,5, = -249.9,
[¢]300 = -540.4,
Acoradiene 10, obtained 50 percent pure

(GC Col I, 130°C) by columm chromatography on

25 percent silver nitrate-silica gel (1 g mix-

ture to 100 g absorbant) and then isolated 99

percent pure by preparative gas chromatography

(Col II, 140°C), showed the following spectral 10
properties.

-1 .
IR: Voeat (ecm 7): 1640, 885 (olefinic C-H).

1H~NMR (5, CDClB): 0.84 (3H, 4, J = 6.0 Hz); 0.94 (GH, d, T = 6.0 Hz);
1.65 (3H, s); 1.15-2.70 (12H, complex); 4.79 (2H, m, olefinic

protons); 5.4Y (lH, m, olefinic proton).

+

Mass Spectrum: Mfound = 204 (20%), calculated (CL5H24) = 204;

base peak m/e = 16l; exact mass determination 204.187 + 0.004,

calculated exact mass 204.188,

34.0, [G]600 = 52.9, [G]589 = 55.9

ORD (e = 1.35, CH,0H): [G]700
25 ~ _
([elggq = 27.4), [Blgy, = 86.9, (8], = 162.4, (8], = 256.9,

(0135, = 460.9.

Attempted Dehydration of Carotol with POClg

A solution of carotol (1.00 g, 4.5 mmol) in pyridine (4.0 ml) was
flushed with nitrogen for 10 minutes, then chilled with an ice bath. To
this solution was added by syringe POCI3 (0.82 mL, 1.4 g, 9.0 mmol),

The solution was stirred under nitrogen three hours at 0°C. The solution
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became dark orange but no new peaks were observed by GC (Col IIIL, 170°C).
The solution was allowed to come to room temperature then stirred 89
hours while the reaction was followed by GC. Only a small amount of
several low retention time products was observed. The solution was
poured into ice (10 g) and extracted with ether. The extracts were com-
bined, washed with 10 percent HCL until acidic, then with water until
neutral, dried over MgSOA, filtered and solvent removed in vacuo leaving
0.95 g of yellow oil shown to be 90 percent pure carotol by GC (Col III,
170°C). This oil was chromatographed on silica g=l eluting with 10
percent benzene in hexane. A small amount of two compounds showing GC
retention times identical to daucene (5) and acoradiene 9 were eluted
first, followed by the major product. The IR and NMR spectra of this

compound were identical to those of the starting material, carotol.

Dehydration of Carotol with Methanesulfonyl Chloride

A stream of nitrogen was passed over a solution of carotol (210 mg,
0.95 mmol) in dry pyridine (4 ml) for 20 minutes. To this solution was
added by syringe, methanesulfonyl chloride (0.08 ml, 120 mg, 0.95 mmol).
After stirring 28 hours at room temperature, GC analysis (Col III, 170°C)
showed only carotol. Enough methanesulfonyl chloride (0.72 ml, 1.06 g,
9.3 mmol) was added to make a ten-fold excess and stirring continued
under nitrogen 19 hours. Again no change in the GU trace was observed.
The solution was then refluxed 25 hours, causing it to become very dark.
Analysis by GC showed four new peaks. Columm III, 170°C: Rt = 0.8 min

(daucene, 41%), Rt = 1.0 min (acoradiene 9, 20%), Rt = 1.1 min (acoradiene

10, 10%), Rt = 3.0 min (unidentified, 5%), Rt = 3.5 min (carotol 24%);
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Column I, 141°C: Rt = 1,5 min (daucene), Rt = 2,0 min (acoradiene 9),
Rt = 2.2 min (acoradiene 10); Column IV, 108°C: Rt = 4,0 min (daucene),
Rt = 8.8 min (unidentified), Rt = 10.7 min (acoradiene 9), Rt = 12,1 min

(acoradiene 10).

4 ,7-Dimethyl-10-isopropylbicyclo [5.3.0] decanol (l4)

or Dihydrocarotol

A stirred solution of carotol
(3.0 g, 13.5 mmol) in glacial acetic
aclid (353 ml) containing 243 mg of
83.4 percent PtO2 was hydrogenated at OH
atmospheric pressure (740 mm) and 22°C. - 14
After two hours uptake of hydrogen ceased -
with 415 cc having been consumed, The solution was filtered through
Celite 545 and most of the acetic acid removed in vacuo. The remaining
liquid was taken up in ether and washed with saturated KHCO3 until basic.
The ether solution was then washed with water until neutral, dried over
MgSOA, filtered and solvent removed in vacuo. The yellow oil thus ob-
tained was distilled under vacuum (68-69°C/0.075 mm) giving 2.75 g (91%)
of colorless epimeric dihydrocarotol.
IR: v (cm-l): 3610, 3515 (0-H).
1H~NMR (6, CDC13): 0.88-1.03 (9H, overlapping multiplet); L,00 (3H, s5);
1.25 (14, s, hydroxyl proton); 1.30-2.10 (L5H, complex).
13C-NMR (, CDCl3): 83.8, 87.8 (hydroxyl carbons-one signal for each
epimer).
+

Mass Spectrum: Mf0und = 224 (2%), calculated (CISHZBO) = 224
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base peagk m/e = 163.

Analysis (C 0): calculated: C 80.36, H 12,50

15828
found: C 80.34, H 12.50.

Dehydration of Dihydrocarotol with S0C1,

A solution of SOCl2 (2,0ml, 3.2 g, 27,1 mtmol) in dry pyridine
(15 ml) was added dropwise over a period of 15 minutes to a solution of
dihydrocarotol (1.00 g, 4.46 mmol) in dry pyridine (15 ml) which had
been chilled by an ice bath. Stirring was continued 15 minutes after
complete addition. The yellow solution containing pyridine hydrochloride
crystals was then poured into 10 g of ice/water znd extracted with ether,
The extracts were combined, washed with 10 percent HCl until acidie,
then with water until neutral, dried with MgSO4, filtered, and solvent
removed in vacuo leaving 0.92 g (95%) of a pale yellow oil. Analysis of
this oil by GC (Col III, 170°C) showed three products: Rt = 0.6 min
(28%), Rt = 0.7 min (51%), and Rt = 1.0 min (21%). Chromatography of
this oil on 25 percent silver nitrate-silica gel (1 g mixture to 100 g
absorbant) eluting with distilled olefin free pet ether (30-60) gave
three main fractions (in order of elution): pure minor epimer 16, pure
major epimer 15, and a 1:5 mixture of major epimer and olefin 1l7.

The minor epimer 16 of dehydrodihydro-
carotol was isolated as a colorless oil (i
(bp 50-51°C/0.07 mm) and showed the following
spectral properties,
16

-1
IR: Vheat (cm “): 1445 (s), 1360 (m),

1345 (m), 1175 (w), 1100 (w), 1060 (w), 10.0 (w), 970 (w).
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lh-mR (5, CDC1,): 0.87 (3, s, tertiary methyl); 0.88 (3H, d, J = 6 Hz);
1.03 (3H, ¢, J = 6 Hz); 0.86-0.97 (3H, overlapping multiplet);

1,20-3,00 (14H, complex).

L3 R (s, CDC1,): 139.8, 142.9 (olefinic carbons).
+ o _ .
Mass Spectrum: Mfound = 206 (13%), calculated (C15H26) = 206;

base peak m/3 = 163.
Analysis (015H26): calculated: C 87.37, H 12,63
found: C 87.35, H 12.62.
The major epimer (15) of dehydrodihydro-
caroteol was also isolated as a colorless oil
(bp 50-51°C/0,07 mm) and showed the follow-

ing spectral properties.

) -1, i
IR: V., (em™ ): 1540 (s), 1365 (m), 1345 (m), 15

1080 (w), 1035 (w), 1000 (w), 980 (w).

lymr (5, cDCl 0.92 (3H, d, J = 6 Hz); 0.97 (3H, d J = 6 Hz); 0.93

3
(3H, s, tertiary methyl); 0.92-0.98 (3H, overlapping multiplet).

13C--NMR (5, CDClB): 139.7, 140.9 (olefinic carbons).

+ o
Mass Spectrum: Mfound = 206 (10%), calculated (C

base peak m/e = 163.

1502¢) = 2063
Analysis (015H26): calculated: C 87.37, H 12,63
found: C 87.34, H 12.63.
Olefin 17 was obtained pure by chroma-
tography of the mixture of olefin 17 and
major epimer 15 on 25 percent silver nitrate-

silica gel (1 g mixture to 100 g absorbant).
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Pure olefin 17 was obtained as a colorless oil (bp 54-55“0/0.05 mm) and
showed the following spectral properties.
-1 . .
IR: Voeat {cm "): Bl0 (olefinic C-H).
1H-NMR (&, CDC13): 0.88 (3H, s, tertiary methyl); 0.70-0.98 (9H, over-
lapping multiplets); 1.10-2.70 (13H, complex); 5.40 (1H, m, ole~

finic proton).

Lo R (5, CDC1,): 118.0, 153.9 (olefinic carbons).
+
. =2 4 - .
Mass Spectrum: Mfound 06 (8%), calculated (CISHZG) 206;

base peak m/e = 163,

Analysis (C calculated: C 87.37, H 12.63

1526 °
found: C 87.33, H 12.65,

Reaction of Olefins 15, 16, and 17 with HCOZH

Approximately 10 mg of each olefin was stirred magnetically in
0.5 ml of 90 percent HCOZH. Each reaction was followed by gas chroma-
tography (Col I, 130°C) for 20 hours. No change was observed in the GC
trace of major epimer 15 or minor epimer 16. (These two reactions were
repeated at a later date. No reaction was found after stirring in HCOZH
for 30 days,) After ome hour the GC trace of the solution containing
olefin 17 showed 15 percent conversion to major epimer 15.

In order to confirm product identification, the reaction was re-
peated using 98 mg (0.475 mmol) of olefin 17 and five ml of 90 percent
HCOZH. After stirring 19 hours at room temperature, five ml of water
were added and the cloudy solution extracted with ether. The extracts

were combined, washed with saturated KHCO, until hasic, then with water

3

until neutral, dried over MgSOa, filtered and the solvent removed in



51

vacuo leaving 80 mg of colorless oil. The GC trace of this oil showed 73
percent major epimer 15, 7 percent unidentified, and 20 percent unreacted
starting material, Chromatography of this mixture on 25 percent silver
nitrate-silica gel eluting with distilled olefin free petroleum ether (30-
60) yielded 98 percent pure major epimer 15. Spectral properties (IR and
NMR) of this o0il were identical to those of authentic material prepared

by dehydration of dihydrocarotol,

One Hour Reaction of Dihydrocarotol (1l4) with HCOZH

A solution of dihydrocarotol (100 mg, 0.45 mmol) in 90 percent
HCOZH (5 ml) was stirred one hour at room temperature. A GC trace (Col
I, 170°C) obtained after 20 minutes showed the prasence of three compo-
nents and no starting material. The solution was stirred an additional
40 minutes, then poured onto several grams of ice and extracted with ether.
The ether extracts were combined, washed with saturated KHCO3 until basic,
then with Hzo until neutral, dried over MgSO4, filtered and the solvent
removed in vacuo to give B2 mg (95%) of a pale yellow oil. This oil was
shown to be composed of olefin 16 (25%), olefin 15 (70%), and olefin 17
(5%) by comparison of GC retention times at 132°C with those of authentic
material: Col I: Rt = 2.6 min (16), Rt = 3.0 min (15), Rt = 3.9 min
(17); Col IIT: Rt = 3.4 min (16), Rt = 4.0 min (15), Rt = 5.7 min (17);

Col 1IV: Rt = 3.6 min (16), Rt = 4.2 min (15), Rt = 6.4 min (17).

Reaction of Daucene (5) with m-Chloroperbenzoic Acid

A solution of m-chloroperbenzoic acid (208 mg, 1 mmol) in CH2C12
(5 ml) was added dropwise to a stirred chilled (ice bath) solution of

daucene (205 mg, 1 mmol) in CH2012 (5 ml). After 45 minutes no peracid
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was detected (starch-iodide paper)} and the solution contained a large
amount of white precipitate. The solution was stirred an additional 15

minutes, allowed to warm to room temperature, washed with saturated KHCO

3
until basic, then with HZO until neutral. The CH2012 layer was dried with
MgSOa, filtered, and solvent removed in vacuo leaving 185 mg of yellow oil,

Four products were observed by GC (Col III, 170°C): Rt = 3.8 min (41%),
Rt = 4.2 min (23%), Rt = 13.4 min (8.5%), Rt = 16.0 min (22%). Chroma-
tography of this mixture on silica gel (18 g) separated the first pair of
compounds (90 mg, 30% benzenef hexane eluent):

R: v, (em™Yy: 1725 (s), 1285 (s), 1270 (s), 1120 (m), 1075 (m),

820 (m).

lH—NMR (5, CDC13): 0.85-1.15 (overlapping multiplets), 1.35 (m),

1.80 (m), 4.22 (s), 4.30 (s), 5.43 (m).

Mass Spectrum: = 210 (10%), calculated (C 0) = 210;

+
M ound 1594

base peak m/e = 124,
The second pair of compounds (72 mg) was eluted with 20 percent ether-
benzene, This mixture (presumably the diepoxides) solidified upon
standing at room temperature overnight. No further chromatographic

separation was cbtained.

IR: v (em™1): 1450 (s), 1385 (W), 1100 (w), 1080 (w), 1065 (),

neat

1055 (w), 1020 (w), 1010 (w), 965 (@), 920 (w), 890 (w), 870 (w),
865 (w), 850 (W), 845 (w).

Yhowr (s, CDC1,): 1.05 (3H, overlapping multiplets); 1.38 (3H, s);
2.8 (14, d of d, J = 7.5 Hz, J = 8.0 Hz).

Mass Spectrum: MY = 236 (8%), calculated (C

found ) = 236;

15%24°2
base peak m/e = 43.
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Epoxidation of Olefin 15

A sclution of 85 percent m-~chloro-
perbenzoic acid (640 mg, 3.?2 mmol) in
CHZCI2 (20 ml) was added dropwise over a
period of 10 minutes to a chilled (ice
bath) solution of olefin 15 (500 mg,
2.43 mmol) in CH2012 (20 ml). No peracid
was detected by starch-iodide paper after stirring 0.5 hour. The solution
was stirred an additional 15 minutes and allowed to warm to room tempera-
ture. The solution was then washed with saturated KHCO3 umtil basic,
with H20 until neutral, dried over MgSO4, and filtered. Removal of the
solvent in vacuo gave a colorless oil (497 mg, 93%). The GC trace (Col
III, 170°C) of this o0il showed two peaks in a 2:1 ratio. Separation of
these two components could not be achieved by column chromatography on

silica gel, acid washed, neutral, or basic alumina.

1 emly: 1450 (s), 1380 @), 1015 (m), 980 (@), 960 Gv),
940 (w), 920 (w), 890 (w).

1H-NMR (&, CDClB): 0.85-1.15 (12H, overlapping multiplets).

Lewr (s, ODCL,): 72.4 (€-0), 74.7 (C-0).

- + — o,
Mass Spectrum: MfOund = 222 (13%), calculated (015H24

base peak m/e = 43, Exact mass m/e 222: found: 222,196 + 0.004,

0) = 222;

calculated: 222,198,

un

Reaction of Epoxides of Olefin 15 with HCOoH

A solution of the epoxides of olefin 15 (156 mg, 0.70 mmol) in 90

percent HCOZH (6 ml) containing dioxane (1.0 ml) and H20 (0.1 ml) was
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stirred at room temperature. The composition of the reaction mixture was
found by GC (Cel I, 170°C) to remain constant after three minutes. The

solution was stirred two hours, H20 added and the mixture extracted with

ether. The ether extracts were combined, washed with saturated KHCO3

until basic, then with H20 until neutral, dried cver MgSO4, and filtered,

Removal of the solvent in vacugo gave a yellow oil (118 mg). GC analysis

(Col I, 126°C) of this oil showed three major components: Rt = 3.7 min

45%), Rt = 4.1 min (30%), Rt = 4.4 min (L0%). These compounds were
separated from the four minor components in the mixture by coiumn chroma-
tography on silica gel (hexane eluent) and showed the following spectral

properties (as a mixture):

IR: v . (em1)y: 1445 (s), 1375 (@), 1355 (@), 990 (&), 925 (w),

885 (w), 850 (w), 815 (w).

Lior (s, CDCl,): 0.80-1.10 (complex multiplet), 1.50 (@), 2.1 (m),

5.5 (m), 5.85 (m).

Reaction of Epoxides of Olefin 15 with SnCl,

To a chilled (ice bath) solution of the epoxides of olefin 15
(100 mg, 0.45 mmol) in anhydrous benzene (L0 ml) was added by syringe
SnCl, (0.2 ml, 0.47 g, 1.8 mmol). The solution was allowed to warm to
room temperature and stirred two hours. Ice water (5 g) was added and
the mixture extracted with benzene., The benzene extracts were combined,
washed with HZO’ dried over MgSOa, and filtered. Removal of the solvent
in vacuo left a viscous yellow oil (112 mg). GC analysis (Col III, 170°C)
of this oil showed 14 products, two of which (Rt = 2,7 min and Rt = 3.0

min) made up about 85 percent of the mixture, No starting material was
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present as detected by GC, after 10 minutes reaction time.

IR: v o0 (em” ): 1450 (s), 1445 (m), 1375 (m), 1100 (w), 1030 (w),

925 (w), 890 (w), 850 (w).

lH-NMR (6, CDCl3): Complex spectrum containing no signals below 2 ppm,

Epoxidation of Olefin 1

The procedure used in this case was

identical to that used for epoxidation of

Hi
olefin 15, above, Epoxidation of olefin I

16 (400 mg, 1.94 mmol) in CH2C12 (15 ml) (f

with m-chloroperbenzoic acid (510 mg,

2.52 mmol) gave a colorless oil (256 mg,

83%) shown to contain two epoxides in a 1l:1 ratio. The reaction mixture
was stirred three hours before the peroxide test (starch-iodide paper)
was negative,

1 (cm™Y): 1450 (s), 1380 (m), 1010 (m), 980 (w), 985 (m),

960 (m), 940 (w), 920 (w), 885 (w), 860 (w), 855 (w).

lynvr (5, CDC1,): 0.85-1.20 (L2H, overlapping multiplets).

L3eomur (s, CDCL,): 75.0, 75.4 (C-0).
+ = o = .
Mass Spectrum: Mfound = 222 (20%), calculated (CL5H24O) = 222;
base peak m/e = 43, Experimental exact mass mass: 222,196 % 0.004,

calculated exact mass: 222,198,

Reaction of Epoxides of Olefin 16 with HCO,H

A solution of epoxides of olefin 16 (244 mg, 1.1 mmol) in 90 per-

cent HCOZH {8 ml) containing dioxane (1.5 ml) and HZO (0.2 ml) was stirred
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at room temperature. The reaction was followed by GC (Col I, 170°C)

and found to be essentially complete after 10 minutes. Stirring was con-
tinued for 15 hours then HZO (8 ml) was added. The solution was ex-
tracted with ether, the extracts combined, washed with saturated KHCO3
until basic, then with water until neutral, dried over MgSO4, and fil-
tered, The solvent was removed in vacuo leaving a yellow oil (220 mg)
shown by GC (Col I, 108°C) to contain six major components: Rt = 4.3 min
(5%}, R, = 5.7 min (25%), R = 6.1 min (35%), Rt = 7.7 min (20%),

Rt = 8.5 min (35%), Rt = 10.0 min (10%). This oil was chromatographed

on silica gel (20 g) eluting with hexane. The first fraction eluted
contained the first five components of the mixture:

R: v (em )i 1455 (s), 1375 @), 820 ().

L-mvr (5, CIC1,): 5.2-5.9 (bm), 5.9 (), 6.0 (m).

The second fraction eluted contained component 6 (Rt = 10.0 min) which
showed the following spectral properties:

IR: (cm-l): 1450 (s}, 1380 (m), 1375 (m), 1365 (m), 1190 (w),

v
Ccl4

1015 (w), 990 (w), 975 (w), 885 (m), 870 (w).
Liomr (8, CDCl,): 0.88 (34, s), 0.90 (31, d, J = 6 Hz), 0.95 (34, d,

J = 6 Hz), 5.28 (lH).

Reaction of Epoxides of Olefin 16 with SnCl,

To a chilled (ice bath) solution of epoxides of olefin 16 (9.8 mg,
0.05 mmol) in anhydrous benzene (10 ml) was added by syringe SnCl4 (0.02
ml, 0.04 g, 0.15 mmol). The solution was allowed to warm to room tem-
perature and stirred 48 hours. WNo starting material was observed by GC

(Col III, 170°C) after two minutes reaction. The composition of the mix-
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ture did not appear to change after 12 minutes reaction time. At least
a dozen volatile products were observed by GC; three of those made up
about 70 percent of the mixture: Rt = 1.3 min, Rt = 1,6 min, Rt = 2.0

min.

Attempted Hydrogenation of Daucene (5)

A solution of daucene (175 mg, 0.86 mmol) and 83.5 percent PtO2
(10 mg) in ethyl acetate (5 ml) was stirred under hydrogen at 23°C and
740 mm pressure., After three hours uptake of hydrogen ceased with 25 ce
having been consumed (theory requires 43 cc), the solution was then fil-
tered through a Celite 545 pad. The solvent was removed from the fil-
trate in vacuo leaving a pale yellow oil (156 mg, 89%). This oil was
shown by GC at 132°C to contain a 1:1 mixture of olefins 15 and 16 ob-
tained from dehydration of dihydrocarotol (l4): Col I: R, = 2.6 min
(16), Rt = 3.0 min (17); Col III: Rt = 3.6 min (16), Rt = 4,2 min (17);
Col IV: Rt = 3.4 min (16), Rt = 4.0 min (17). This oil was taken up in
ethyl acetate (5 ml) and hydrogenation attempted at three atmospheres in
the presence of 83.4 percent PtO2 (10 mg). After shaking 23 hours at
room temperature, the reaction was worked up as before. The GC trace
obtained under the conditions above showed only starting material in the
oil (143 mg) obtained. A final hydrogenation of daucene (220 mg) at
three atmospheres was attempted in ethanol (4 ml) containing concentrated
HC1 (2 drops) and 10 percent Pd/charcoal (15 mg). This solution was
shaken 24 hours at room temperature then worked up as before. The color-

less oil (215 mg, 96% based on C15H26) obtained was found by comparison

of GC (Col I, 130°C) retention time with those of authentic samples to be
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33 percent major epimer 15, 53 percent minor epimer 16, and 14 percent

daucane 18,

Carotane or Daucane (Lﬁ)ab

Carotol (520 mg, 2.34 mmol) in glacial HOAe (5 ml) was stirred at
room temperature (229C) for six days
under hydrogen at atmospheric pressure
(740 torr) in the presence of 10 per-
cent Pd on charcoal (104 mg). After
three hours 75 cc of hydrogen had been 18
absorbed (theory requires 59 cc for one -
double bond). The rate of absorption then decreased. After six days
uptake of hydrogen had ceased with 140 cc having been consumed (theory
requires 117 cc). The solution was then filtered through a celite pad
and the pad washed with ether (3 x 10 ml). The filtrate was washed with
water (3 x 10 ml) then with saturated KHCO3 until basic, then with water
until neutral, dried over MgSOa, filtered and solvent removed in vacuo
leaving 465 mg (95%) of colorless oil, bp 44-45°C/0.02 mm. Spectral
properties of this oil (98% pure by GC, Col I, 130°C) were identical to
those reported.Bb

1

IR: Voeat (ecm ~): 1455 (s), 1380 (), 1370 (w), 1160 (w), 1080 (w),

1020 (w), 960 (w), 940 (w).

1H-NMR (3, CDC13): 0.75-1.00 (9H, overlapping multiplets), 0.93 (3H, s,

tertiary methyl), 1.,2-1,8 (16H, bs).

- + — 9 -
Mass Spectrum: Mfound = 208 (23%), calculated (CISHZS) = 208,

base peak m/e = 95,
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Analysis (C ): calculated: C 86.54, H 13.46

15728
found: C 86.49, H 13,47,

Three Hour Reaction of Carotol (3) with HCO,H

A solution of carotol (97 wmg, 0.43 mmol) in 90 percent HCOZH (4 ml)
was stirred three hours at room temperature. Ether was added and the so-
Iution washed with saturated KH003 umtil basic, then with water until
neutral, dried over MgS0,, filtered and solvent removed Ilm vacuo. The
yellow oil (49 mg) remaining was shown by GC analysis to be composed of
six main products. The major components of these six were found to be
daucene 5 (40%) and acoradiene 3 (25%) by comparison of GC retention
times at 132°C: Col I: R, = 3.0 min (3), R, = 3.9 min (9); Col III:

Rt = 4.5 min (5), Rt = 6.5 min (9); Col IV: Rt = 4,8 nin (3), Rt = 7.5

min (9).

Five Day Reaction of Carotol and HCO,H

A solution of carotol (1.68 g, 7.4 mmol) in 90 percent HC02H (100
ml) was stirred for five days at room temperature, Ether (100 ml) was
added and the solution washed with water (3 x 100 ml). The ether layer
was washed with saturated KHCO3 until basic, then with water until neutral,
dried over MgSO4 and filtered. Removal of the solvent in vacuo gave 1.45 g
of yellow oil. GC analysis (Col I, 170°C) of this o0il showed four major
components which were separated by chromatography of the mixture on
silica gel (140 g). Fraction one (hexane eluate) was shown by GC to con-
tain two cowponents (116 mg). Fraction two (50 percent hexane-benzene

eluent) was shown to contain 112 mg of 98 percent pure (GC, Col I, 130°C)

24, bp 44~47°C/0.12 wm ¢hot box). The following spectral properties were
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observed for ether 24:

-1
IR: Voeat (em "): 1110, 1040 {(ether).
1

H-NMR (5, CDCL,): 0.73 (3H, s); 0.85 (3, d, J = 6 Hz); 1.13 (3H, 4,

J=6Hz); 1.22 (3H, s); 1.30-2.60 (l4H, complex).

Beomr (s, CDC1,): 77.3, 92.8 (ether carbons); 44.0, 77.3, 92.8

{quaternary carbons),

Mass Spectrum: M- = 222 (43%), calculated (C 0) = 222; base

found
peak m/e = 179,

15H26

CRD (c = 3.39, CHCl3): [¢]700 = -27.9°, [G]600 = -33,6°, [G]589 = -39.1
([elggg = =17.6%), (@150 = -50.3°, (@1, = -89.5%, 13y, =
-195.7°.

Analysis (CISHZGO): calculated: C 81.08, H 11.71, P 7.21

found: C 81.04, H 11,73, P 7.23,
Fraction three (50 percent hexane-benzene eluent} contained 392 mg of 95
percent pure (GC Col I, 130°C) 26, bp 83-87°C/0.1 mm Chot box). The

following spectral properties were observed for 26:

-1
IR: Voeat (cm
1

H-NMR (6,CDC13): 0.83 (31, s); 0.97 (3H, s); 0.98 (3H, d, J = 7 Hz);

): 1730 (C=0), 1180, 1150 (C-0).

1.07 (3H, d, J = 7 Hz); 8.13 (lH, s).

L3:.nr (s, CDCL,): 101.1 (C-0), 160.2 (HCO,-), 45.9, 50.0, 618, 10L.1

{(quaternary carbons).

Mass Spectrum: M' not observed, calculated = 250, M -HCO H = 204 (34%),

2
base peak m/e = 161,

ORD (¢ = 4.52, CHCl,): = 48,9°, = 66.4°, [¢#] = 71.9°

1500 @600 589

= 28.8°), = 99,5°, = 176.9°, = 365°.

(le)5gq @1500 #1400 81300
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Analysis (C calculated: C 76.80, H 10.40, 0 12.80

16826020
found: C 76.83, H 10.41, 0 12.76.

Fraction four (50 percent hexane-benzene eluent) contained 313 mg of 98
percent pure (GC Col I, 130°C) 25, mp 46-47°C. The following spectral

properites were observed:

R: v, (em™Y): 3450 (0-H), 1070, 1020 (C-0).
1

H-NMR (5, €DCL,): 0.85 (3H, s); 0.93 (3H, s); 1.02 (3H, d, J = 7 Hz);

1.15 (3, d, J = 7 Hz); 1.42 (lH, m, O-H).

PemR (6, CDCL,): 91.7 (hydroxyl carbon); 47.4, 48.5, 60.2, 91.7

(quaternary carbons}.

= 222 (6%), calculated (Clﬁﬂzﬁo) = 222,

+
Mass Spectrum: Mfound

base peak m/e = 179,

ORD (c = 5.67, CHCl;): @] = 43.1°, [@] = 52,9°,

600 ~ = 54.8

1559
137°, (9]

700

(fo} = 24.7°), = 30L.1°,

_ -3
sg9 = = 78.3°,

[G}SOO [0]400 =
0): calculated: C 81.08, H 11.71, 0 7.21

300

Analysis (CISH26

found: C 81,28, H 11,75, 0 6.97.
Fraction one was rechromatographed on 25 percent silver nitrate-silica
gel (10 g). Olefin 22 (69 mg; bp 42-45°C/0.05 mm, hot box) was eluted
98 percent pure (GC Col I, 110°C) with distilled olefin free pet ether

(30-50) and showed the following spectral properties:

-1
IR: v {cm " ): Bl0 (trisubstituted olefin}.
neat
1

H-NMR (8, CDCly): 0.72 (3H, d, J = 6 Hz); 0.90 (3H, d, J = 6 Hz);
1.00 (34, s); 1.62 (3H, m); 5.07 (1H, m).

13C—NMR s, CDCI3): 116.2, 1424 (olefinic carbons, s and d respectively,

in off resonance decoupled spectrum), 52.5 (quaternary carbon).

+
. = on . = * b
Mass Spectrum: Mfo d 204 (35%), calculated (C15H24) 204 ; base peak
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m/e.= 123,
ORD (¢ = 3.01, CHCl,): [@].,, = 54.3°%, (Blgpg = 7457 (#15gq = 81.2°
(lalggq = 39.8%), [B]5,, = 122.0°, [@1,50 = 2L0.1°, [B14,, = 576.1°.
A second fraction (pet ether eluate) contained several milligrams of a
mixture of olefins 22 and 23. A third fraction (benzene eluate) contained
7 mg of 95 percent pure (GC Col I, 110°C) olefin 23 which showed the fol-
lowing spectral properties:

IR: Veet,, em™1): 1445 (s), 1370 (@), 1145 (w), 1110 (w), 1095 Gv),

1020 (w).

1H-NMR (6, CDCl3): 0.83 (3H, s); 0.95 (3H, s); 1.58 (6H, m); 2.30 (1H, m);

2.78 (1H, m).

Mass Spectrum: M+ = 204 (100%), calculated (C = 204; experi-

found 15124
mental exact mass = 204.190 + 0,004, calcuvlated = 204,187,

Reaction of Olefin 22 with HCO,H

A solution of olefin 22 (4 mg) in 90 percent HCOZH (0.5 ml) was
agitated at room temperature and the reaction followed by GC (Col I, 170°
C) for a period of 30 days. A single peak (corresponding to starting ma-
terial) was observed in the GC trace until 21 hours reaction, at which
time a small shoulder was noticed on the side of this peak. The shoulder,
corresponding to olefin 23, and starting olefin 22 remained in a 2:1
ratio for 70-145 hours reaction time. After 289 hours, the composition
of the mixture was (Col I, 119°C): olefin 22 (58%), olefin 23 (41%),

and alcohol 25 (1%).
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Reaction of Ether 24 with HCOZH

A solution of ether 24 (5 mg) in 90 percent HCOZH (0.5 ml) was
agitated at room temperature for 30 days. The reaction was followed by
GC (Col I, 119°C). A small amount (2 or 3 percent based on amount of
ether 24) of daucene (5) was observed after 21 hours and remained until
144 hours. At 288 hours the composition of the solution was found to be
one percent olefin 22, one percent olefin 23, 69 percent ether, 21 per-

cent alcohol 25, and seven percent formate Z26.

Reduction of Formate 26 with Lithium Aluminum Hydride

A solution of formate 26 (117 mg, 0.46 mmol) in anhydrous ether
(3 ml) was cooled by an ice bath and LiAlH4 (160 mg, 4.20 mmol) added.
After stirring 10 minutes the solution was allowed to warm to room tem-
perature. Stirring was continued an additional 50 minutes. Excess LiAlHA
was destroyed by cautious addition of small pieces of ice. The solution
was stirred until no gray coloration was observed. The ether layer was

separated, washed with water, dried over MgS0,, and filtered. Removal of

4?
the solvent in vacuo gave 99 mg (95%) of off-white solid, mp 46-47°C,
The NMR, IR, and mass spectrum of this solid were identical to those of

alcohol 25. A mixed melting point of this alcohol and alcohol 25 showed

noc depression.

NMR Shift Study of Alcohol 25 Using Eu(fod)3

Alcohol 25 (25.2 mg) was weighed into a small flask and CCl4 (0.6
ml} added by pipet. The solution was transferred by pipet to am NMR tube,

a drop of TMS added, and the NMR spectrum recorded. Approximately 10 mg
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of Eu(fod)3 shift reagent was added directly to the NMR tube. The tube
was shaken several times to completely dissolve the shift reagent and the
spectrum recorded., This procedure was repeated 10 times using the amounts

of shift reagent listed in Table 1.

NMR Shift Study of Alcohol 25 Using Eu(dpm),

A solution of alcohol 25 (20 mg) in CCl4 (0.7 ml) was prepared and
an NMR spectrum recorded. Several drops of a solution of Eu(dpm)3 (20
mg) in CCl4 (1.3 ml) was added and the NMR spectrum recorded. This pro-
cedure was repeated four more times, The signal at § 0.85 ppm correspond-
ing to a tertiary methyl group was observed to shift downfield as shown

in Figure 5 (p. 107).

67 Day Reaction of Carotol (3) with HCO,H

A solution of carotol (16 mg) in 90 percent HCOzH (1.0 ml) was
agitated at room temperature and the reaction followed by GC (Col I,
170°Cy. After 10 minutes reaction, the GC tracé of a sample obtained
directly from the reaction mixture showed a peak with the retention time
of daucene corresponding to 90 percent of the volatile components. Peaks
corresponding to the known products of this reaction (page 59) were ob-
served at 21 hours. The composition of the solution remained essentially
constant after seven days, and at 67 days was found to be olefins 22
and 23 (6%), daucene (5, 1%), ether 24 (3%), alcohol 25 (62%), formate
26 (16%), and four unidentified products (2%). Arother experiment (10
mg carotol in 1.0 ml H002H) was followed by GC at 119°C (Col I). The
composition of the solution as determined from the GC trace is given

in Table 2 (p. 114). The sclution became amber colored after several
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Table 1. H-NMR Shift Study of Alcohol gé/Eu(fod)3 Solutions*

Eu(fod)3 Chemical Shift (&, ppm)
wt in mg molesf R OH H H* H H H CH CH ¥ CH ¥ CH
P 3 3 3 3
12.5 0.28 0.25 6.95 --- — --- --- --- 1.53 1.533 1.33 1.20
20.5 0.46 0.40 11,97 --- --- --- --- -— 2.20 1.92 1.62 1.52
32,2 0.72 0.64 19,26 6.33 5,60 4.97 4,20 --- 3.10 2,43 2,02 1.90
42,1 0.94 0.83 25.00 7.99 6.75 5.97 5.05 4.33 3.82 2.90 2,37 2.23
52,0 1.16 1,03 --- 9.58 7.90 7.05 5.90 5.03 4.58 3.43 2,70 2,55
62,5 1.40 1,23 -—— 11.17 8.88 8.08 6.63 5.70 5.30 3.78 3.03 2.88
77.9 1.74 1.54 --- 13,00 10.10 9.10 7.42 6.47 6.05 4.27 3.33 3,18
96.7 2,16 1,91 --- 15,13 11,53 10.47 8.40 7.32 6.92 4,83 3.78 3.60
114.4 2.56 2,26 --- 16.00 12,50 11.37 9.03 7.90 7.50 5.23 4,07 3.88
130.5 2,92 2,57 --- -—-- 13.02 11,97 9.48 8.32 7.87 5.43 4,23 4,02
150.2 3.36 2,96 - -—- 13.58 12.43 9,78 8.45 8.22 5.62 4,35 4,17

¥25.2 mg, 1.135 x 107 moles alcohol 25 in 0.6 ml CCl

4-

1.Mmles x 10-4.

¢Isopropy1 group.

c9



66

hours, but remained homogeneous. This experimen: was repeated on the
same scale in order to check the abnormal percentages of daucene and
formate found at 48 hours, At 45 hours in this reaction, the percentages
were found to be in agreement with the general course of the previous re-

action: 15 percent daucene and 33 percent formate.

Reaction of Alcohol 25 with S0Cl, in Pyridine

A solution of SOCl2 (0.2 ml, 0.32 g, 2.7 mmol) in pyridine (2 ml)
was added dropwise over a 10 minute period to a chilled (ice bath) solu-
tion of alcohol 25 (100 mg, 0.45 mmol) in pyridine (2 ml). A pyridine
hydrochloride precipitate appeared immediately. The GC trace (Col I,
130°C) of a sample taken directly from this solution showed less than 10
percent reaction., An additional 0.2 ml of SOCl2 in 1.0 ml of pyridine
was added dropwise over a five minute period. The solution was stirred
an additional 50 minutes after completion of this addition, then poured
onto ice (5 g) and extracted with ether, The ether extracts were combined,
washed with H

0 until neutral, dried over MgSO filtered, and solvent re-

2 4°

moved in vacuo. The yellow oil (78 mg) obtained was shown to contain four
products by GC (Col I, 130°C): Rt = 2.4 min (13%), Rt = 3.4 min (43%),

Rt = 7.0 min (15%), Rt = 11,0 min (29%). None of these products had re-
tention times corresponding to the olefins obtained in the reaction pro-
ducing the starting alcohel 25. Mixed injection (under the conditions
above) of this mixture and daucene showed the second component to have the
same retention time as daucene (Rt = 2,3 min). A mixed injection on Col
IIT (170°C) alsc indicated the second component of the mixture was dau-

cene: Rt = 1,0 min, Rt = 1.2 min (daucepne), R_ = 2.8 min, and Rt = 5,0

t
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min., A mixed injection on Cel IV (150°C) however showed the presence of
five components, one of which did have the same retention time as daucene:

Ry

R = 6.9 min (15%), R

2.4 min (13%), R

. 3.1 min (20%, daucene), Rt = 3.4 min (23%),

10.6 min (29%).

t

Reaction of Aloohol 25 with SOCl2 in Anhydrous Pyridine

A solution of SOCl2 (0.2 ml, 0.32 g, 2.7 mmol) in freshly distilled
anhydrous pyridine22 (2 ml) was added dropwise to a previously chilled
(ice bath) solution of alcohol 25 (98 mg, 0.45 mmol) in anhydrous pyri-
dine (2 ml)., No precipitate had appeared after stirring 40 minutes. The
GC trace (Col 1, 130°C) of a sample obtained directly from this solution
showed no starting material present. After stirring a total of one hour,
the solution was poured onto ice (5 g} and extracted with ether. The
ether extracts were combined, washed with HZO until neutral, dried over

MgS0 filtered and solvent removed in vacuo. The yellow oil (68 mg)

43
obtained was shown by mixed injection on three different GC columns to
contain five products with retention times identical to those of the prod-

ucts from the previous reaction: Col! IV (150°C): Rt = 2.4 min (39%),

Re

3.1 min (5%, daucene), Rt = 3.4 min (13%), R.t = 6.9 min (3%),

R
t

I

10.6 min (40%).

Reaction of Alcohel 25 with HCOsH

A solution of alcohol 25 (10 mg) in 90 percent HCOZH (0.5 ml) was
agitated at room temperature. The reaction was followed by GC (Col I,
119°C). The composition of the solution obtained from GC traces is given
in Table 3 (p.114). The solution remained colorless and homogeneous

throughout the reaction.
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Reaction of Formate 26 with HCOZH

A solution of formate 26 (10 mg) in 90 percent HCOZH (0.5 ml) was
agitated at room temperature. The reaction was followed by GC (Col I,
119°C)y, The composition of the solution obtained from GC traces is
given in Table 4 (p. 115). The solution remained colorless and homogeneous

throughout the reaction.

Twelve Day Reaction of Daucene (5) with HCOZH/H0104

A solution of daucene (208 mg, 1.02 mmol) in 90 percent HC02H (10

ml) containing 1.0 ml of 20 percent HCl0, was stirred at room temperature.

4
After 12 days the composition of the reaction mixture had remained con-
stant for five days as determined by GC (Col I, 170°C). Ether (25 ml)
was added and the solution washed with H20 (3 x 5ml). The ether layer
was then washed with saturated KHCO3 until basic, with H20 until neutral,

dried over MgSOA, and filtered. Removal of the solvent from the filtrate
gave a yellow oil (185 mg) which contained four major volatile components
(GC Col I, 170°C): Rt = 1.0 min (40%), Rt = 1.2 min (27%), Rt = 2,2 min
(30%), Rt = 3.4 miﬁ (6%). Chromatography of this mixture on silica gel
(20 g) separated four components subsequently found to be identical to
those formed in the reaction of carotol (3) with HCOZH (p. 59). The first
fraction (hexane eluent) contained the first component (Rt = 1.0 min)
shown by gas chromatography (Col I, 109°C) to be a mixture of two com-
pounds: R = 4.6 min {62%), Rt = 4.9 min (38%). Comparison of IR, NMR,
and GC retention times showed these to be the same as olefins 22 and 23,
respectively. A second fraction (70% benzene-hexane eluent) contained

the second component (28 mg, R, = 1.2 min) found by comparison of IR, NMR,

t
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and GC retention time with those of an authentic sample to be ether 24,
A third fraction (70% benzene-hexane eluent) contained the third compound

(23 mg, R_ = 2.2 min) in the mixture. By comparison of IR, NMR, and GC

t
retention time this compound was found to be alcohiol 25, A final frac-
tion (707 benzene-hexane eluent) was found to contain formate 26 (10 mg,
Rt = 4.9 min) the remaining component of the mixture. This compound was
identified by comparison of its IR, NMR, and GC retention time with those
of an authentic sample.

This reaction was also carried out using 90 percent HC02H (0.8 ml)
containing 25 pl of 70 percent HClO4 and daucene {27 mg). After 2.5
hours stirring at room temperature, the GC trace {Col I, 170°C) of a
sample obtained directly from the reaction mixture showed more than 60
percent of the volatile components to be alcohol 25 and formate 26 in
approximately a 1:2 ratio, After four hours, these components comprised
less than 30 percent of the reaction mixture as determined by GC as above.
The reaction was worked up as before after stirring 25 hours. The yellow
0il obtained was found by GC comparison with authentic materials to con-
tain the following volatile components: daucene (5), olefins 22 and 23

(44%), ether 24 (20%), alcohol 25 (24%), formate 26 (7%), and unidenti-

fied (5%).

Reaction of Daucene (5) with HCOoH

A solution of daucene (10 mg) in 90 percent HCOZH (0.5 ml) was
agitated at room temperature and the reaction followed by GC {Col I, 119°C).
The products were identified by comparison of GC retention times with those
of authentic materials. The composition of the mixture given in Table 5

(p. 117) is illustrated graphically in Figure 9 (p. 118). In a separate
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experiment (14 mg of daucene/1.0 ml 90% HCOZH), t:he reaction was followed
by GC (Col I 170°C) for 67 days. The reaction mixture maintained approxi-
mately the same composition as in the previous experiment. The composi-
tion at 22 days was found (as above) to be: 22 (2%), 23 (4%}, 24 (14%),
25 (55%), 26 (22%), and 5 percent of five unidentified products. At 67
days the composition was 22 (3%), 23 (3%), 24 (14%), 25 (56%), 26 (20%)

and 2 percent unidentified product.

Carotol Acetate (22)7

Acetyl chloride (5.5 ml, 6.05 g, 77
mmol) was cautiously added via syringe to a
solution of carotol (5.5 g, 25 mmol) in
OCCHg
freshly distilled N,N-dimethylaniline (20 g

ml). The solution was stirred at 50°C for

33

36 hours., A bright blue color which deepened

with time appeared after 15 minutes of heating. The solution was cooled
to room temperature, poured onto ice (20 g) and the blue solution ex-
tracted with ether until the ether extracts were colorless. The extracts
were combined and washed with 10 percent HCl until acidic, then with water
until neutral, dried over MgSOa, filtered and solvent removed in vacuo
leaving 5.99 g of yellow cil., Distillation of this oil from K2003 in an
apparatus rinsed with 1 § NaOH then washed with water, ylelded 5.49 g
(82%) of colorless carotol acetate 80-81°C/0.06 mm. The spectral proper-
ties of this o0il were identical to those reported in the literature.7

IR: v .. (em™1): 1730 (C-0), 1250, 1015 (C-0).

1

H-NMR (§, CDCly): 0.93 (3H, d, J = 6 Hz), 0.97 (34, s), 1.00 (3H, d,

J =6 Hz), 1,65 (3H, s), 1.92 (3H, s), 5.25 (1H, m).
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L3¢ R (3, CDC1,): 97.4 (C-0), 121.2, 136.0 (C=C), 169.5 (C=0).

Mass Spectrum: M' not observed. M+-02H402 = 204 (13.5%), base peak

m/e = 161.

Rearrangement of Carotol Acetate (33) on Silica Gel

Carotol acetate (5.19 g, 19.7 mmol) was chromatographed on a silica
gel (300 g) column prepared in distilled hexane. Several fractions (hex-
ane eluate) were obtained and found to contain identical mixtures composed
of five major products (GC Col I, 130°C). The column was then washed
with benzene. No volatile products were detected by GC. The hexane
fractions were combined and solvent removed in vacuo to give 4.83 g (91%
yield based on daucene) of colorless oil; five products were observed by
GC (Col I, 130°C): Rt = 2.7 min (54%), Rt = 3.4 min (7%), R.t = 3.6 min
(19%) , Rt = 3.9 min (15%), and Rt = 5,5 min (5%). A sample of the major
component (Rt = 2,7 min) of the mixture was isolated by preparative gas
chromatography (Col II, 101°C). The NMR spectrum of this material was
identical to that of authentic daucene (5). A sample (isclated by pre-
parative GC as before) containing 64 percent of component three (Rt = 3.6
min) was shown to be acoradiene 9 by comparison of its NMR spectrum and
GC retention time to that of an authentic sample. A sample containing 84
percent of component four (Rt = 3.9 min) was also isolated and identified
by its NMR spectrum and GC retention time as acoradiene 10. One gram of
the original mixture was chromatographed on 25 percent AgNOB/silica gel
(100 g). The first fraction eluted (distilled olefin-free pet ether)
contained 113 mg of a 3:2 mixture of components two and five, Preparative

gas chromatography (as above) afforded both components in greater than 98
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percent purity. Component two (Rt = 3.4 min) exhibited the following
spectral properties:

IR: Voeat (cm_l): 815 (trisubstituted olefin), 710 (disubstituted ole-

fin).

Liomvr (s, CDCL,): 0.83 (3H, d, J = 6 Hz); 0.92 (3, d, J = 6 Ha);
0.85 (3H, s); 1.63 (3H, m); 5.23 (1H, 4, J = 10 Hz); 5.32 (lH, m);
5.67 (1H, d, J = 10 Hz).

= 204 (14%), calculated (C ) = 204; base peak

+
Mfound 15H24

m/e = 119; experimental exact mass: 204.187 + 0.004, calculated

Mass Spectrum;

exact mass: 204,188,
Compound five (Rt = 5.5 min) exhibited the following spectral properties:

IR: vy, (em™1y: 1445 (s), 1370 (m), 1130 (), 1125 (w), 1100 (w),
4
1060 (w), 1015 (w), 980 (w).

"o (s, CDCL): 0.70 (3, s); 1.50-1.80 (9H, m); 5.40 (1H, m).

+
Mass Spectrum: Mfound = 202 (11%), calculated (C

m/e = 159.

15H24) = 204; base peak

Reaction of Carotol Acetate (33) with HCO-H

Carotol acetate (6.2 mg, 0.024 mmol) was stirred in 90 percent
HCOZH (0.4 ml) at room temperature, The GC trace (Col I, 170°C) of a
sample (after one minute reaction time) showed two peaks, neither of which
had retention times corresponding to carotol acetare. After 30 minutes,
the composition of the mixture had not changed, as detected by GC.
Ether (1 ml) was added to the solution, which was washed with saturated
KHCO,, until basic, then with water until neutral, dried over MgS0Q,, and

3 4!

filtered. Mixed injections at 130°C of this mixture and authentic materials
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showed the two peaks to correspond to daucene (83%) and acoradiene 9
(174): Col I: Rt = 3.0 min (daucene}, Rt = 3.9 min (acoradiene 9);
Col III: Rt = 4,5 min (daucene, Rt = 6.5 min (acoradiene 9); Col IV:

R, = 4.8 min (daucene), R

. = 7.5 min (acoradiene 9). This reaction was

t
repeated at a later date with 16 mg of carotol acetate in 1.0 ml of 90
percent HCOZH. The reaction was followed by GC (Col I, 170°C). After
stirring two hours at room temperature, the GC trace of a sample obtained
directly from the reaction mixture showed peaks with retention times the
same as those of the products from the reaction of carotel with HCOZH

(p. 65). The composition of the reaction mixture became essentially
constant after 10 days: 6 percent daucene, olefin 22, and olefin 23; 15

percent ether 24; 53 percent alcohol 25; 22 percent formate 26; and 4

percent of five unidentified components.

Dihydrocarotol Acetate (36)

Carotol acetate (2.00 g, 7.6 mmol)
in ethyl acetate (20 ml) was stirred in

the presence of 50 mg of 83,47 PtO, under

2
an atmosphere of hydrogen at room tempera- (JﬁC+43
0
ture (23°C) and atmospheric pressure (740
3

mm), After two hours, 198 cc of hydrogen
had been absorbed (theory requires 188 cc). The sclution was filtered
and the ethyl acetate, 85 percent pure (GC Col I, 170°C). Distillation
of this o0il from KZCO3 in an apparatus rinsed in 1 N NaOH, then washed

with water, yielded dihydrocarotol acetate, 95 percent pure as detected

by GC.
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-1 _
IR: v .. (em™): 1730 (C=0), 1250, 1015 (C-0).
1

H-NMR (8, CDC1.): 0.88 (3H, d, J =6 Hz), 0.92 (3H, 8), 0.93 (34, d,
J =6 Hz), 1.03 (3H, s), 1.95 (3H, s), 1l.2-1.8 (15H, complex).
e (s, CDC1,): 98.2 (C-0), 169.2 (C=0).
Mass Spectrum; M+ nct observed, M%-Czﬂaoz = 206 (10.2%), base peak
m/e = 163, Exact mass m/e 206: found = 206.204 + 0.004, calculated

= 206,204,

Attempted Preparation of Dihydrocarotol Acetate (36)

Acetyl chloride {0.53 ml, 0.57 g, 7.3 mmol) was cautiously added
via syringe to a sclution of dihydrocarotol (0.53 g, 2,37 mmol) in freshly
distilled N,N-dimethylaniline (5 ml}. A c¢ondensor with drying tube was
added and the solution stirred at 50°C for 38 hours. A pale blue color
appeared in the solution after 15 minutes and darkened to deep blue after
several hours. The solution was allowed to cool to room temperature,
poured into ice (20 g) and the mixture washed with ether until the ex-
tracts were colorless (the blue color remained in the water layer). The
ether extracts were combined, washed with 10 percent HCl until acidic,

then with water until neutral, dried over MgS0O,, and filtered. Removal of

4
the solvent in vacuo gave 0.48 g of colorless oil. GC analysis (Col I,
170°C) of this oil showed six volatile products., The desired acetate

comprised approximately 30 percent of this mixture as determined by GC

comparison with a sample prepared by hydrogenation of carotol acetate, A

better yield was obtained by catalytic hydrogenation of carotol acetate.
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Reaction of Dihydrocarotol Acetate 36 with HCO,H

Dihydrocarctol acetate (6.3 mg, 0.024 mmol) was stirred in 90 per-
cent HCOZH (0.4 ml) at room temperature. The GC trace (Col I, 170°C) of
a sample (after one minute reaction time) showed three peaks, none of
which had retention times corresponding to dihydrocarotol acetate. After
30 minutes the composition of the mixture had not changed as detected by
GC. Ether (1 ml) was added to the solution, which was washed with satu-
rated KHCO3 until basic, then with water until neutral, dried over MgSO4
and filtered. Mixed injections (130°C) of this mixture and authentic
materials showed the three peaks to be the minor epimer of dehydrodihydro-
carotol (16, 16%), the major epimer (15, 81%) and olefin 17 (3%): Col I:
Rt = 2.6 min (l6), Rt = 3.0 min (15), Rt = 3.9 min (17); Col III: Rt =

3.6 min (16), Rt = 4,2 min (15), Rt = 6.4 min (17); Col 1IV: Rt = 3.4 min

(16), Rt = 4.0 min (15}, Rt = 5.7 min (17).

2,5-Dimethyl-2-(4-methyl-3-pentenyl)-4-cycloheptenone (22)23

A solution of c¢is and trans

nerolidel (4.44 g, 20 mmol, Aldrich e

H 5960-5) and N-bromosuccinimide2 o
(3.74 g, 22 mmol) in 44 ml of dry CCl4

was stirred five days at room tempera- 39

ture. Fifty milliliters of petroleum

ether (30-60) was added and the succinimide precipitate removed by filtra-
tion. After addition of freshly distilled collidine (9.7 g) the solution
was reduced in vacuo to a constant volume at aspirator vacuum. The re-

maining liquid was heated under nitrogen one hour at 110°C and three hours
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at reflux then made acidic by addition of excess cold 10 percent HCI.

This solution was extracted with ether and the combined extracts washed

with water until neutral, dried over MgSOA, filtered and solvent removed

in vacuo leaving 4.04 g of brown oil. Chromatography of this material on

25 g of silica gel eluting with hexane yielded 2,04 g (46%) of 95 percent

pure (Col I, 160°C) cycloheptenone. Infrared and NMR spectra were similar

to those previously reported.23

IR: Voeat (cm-l): 1700 (carbonyl).

1H-NMR (5, CDC13): 1,05 (3H, s, tertiary methyl); 5,05 (1H, bs, olefinic
proton); 5.45 (1H, bm, olefinic proton).

e g (s, CDC1,): 121.6, 126.3, 131.4, 136.7 (olefinic carbons); 215.9
(carbonyl carbon).

Mass Spectrum: M;ound = 220 (1%), calculated (013H240) = 220; base peak

m/e = 138,

2,5-Dimethyl-2- (4-methyl-3-pentenyl)-4-cycloheptenol (42)

A solution of cycloheptenone (39)

(1.02 g, 4.64 mmol) and LiAlH, (1.75 g,

N~
4,40 mmol) in anhydrous ether (40 ml,
freshly distilled from LiAlH,) was stirred HO
three hours at room temperature. The so- 42

lution was then cooled with an ice bath
and excess LiAlH4 destroyed by cautious addition of small pieces of ice.
Water (15 ml) was added and the organic layer separated. The aqueous

layer was extracted with ether, The extracts were combined with the or-

ganic layer and washed with water, dried over MgSOa and filtered. The
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solvent was removed in vacuo leaving 1.03 g of yellow oil. Chromatography
of this o0il on 55 g of silica gel eluting with 50 percent benzene in
hexane gave 0.70 g (70%) of pure alcohol (Col I, 160°C) bp 60—61°C/0.05nmu

-1
IR: v .. (em )i 3400 (0-H); 1015 (C-0).
1

H-NMR (&, CDC13): 0.82, 0.98 (3H, s in 1:2 ratio, tertiary methyl);
1.65 (91, s, olefinic methyls); 3.48 (1H, m, protonm on hydroxyl

carbon); 5.25 (2H, m, olefinic protons).

s mr (s, cnel 81.2 (hydroxyl carbon); 122.4, 125.4, 130.9, 140.1

3"

{olefinic carbons).

+ B o _ .
Mass Spectrum: Mfound = 222 (16%), calculated (C15H260) = 222; base peak
m/e = 41.
Analysis (C15H260): calculated: € 81.02, H 11.73

found: C 80.84, H 11.80,

Attempted Reaction of Cycloheptencl 42 with HCOZH/Acetone

A solution of cycloheptenol 42 (50 mg, 0.23 mmol) and several drops

of 90 percent HCO,H in acetone (5 ml) was refluxed 19 hours, No change in

2
the reaction mixture was observed by GC (Col I, 170°C}. The solution was
allowed to cool to room temperature and HZO (5 ml) added. The solution
was made basic (pH 10) by addition of 0.1 N NaQH and extracted with ether
(3 x 15 ml). The ether extracts were combined, washed with H20 until
neutral, dried over MgSOa, filtered and solvent removed in vacuo. The

yellow oil (45 mg) thus obtained was shown to be starting material by com-

parison of its IR to that of an authentic sample.
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Reaction of Cycloheptenol 42 with Refluxing HCOsH

A solution of cycloheptenol 42 (60 mg, 0.23 mmol) was refluxed in
90 percent HCOZH {5 ml) for 1.5 hours. The solution was allowed to cool
to room temperature, HZO (5 ml) added and then extracted with ether (3 x
30 ml)., The ether extracts were combined, washed with 0.1 N NaOH until
20 until neutral, dried over MgSOA, filtered and solvent

removed in vacuo to give a yellow oil (20 mg). Analysis of this oil by

basic, then with H

GC (Ccl I, 170°C) showed three products in addition to starting material;
R = 2.0 min (387), Rt = 2.3 min (267% cycloheptenol), Rt = 3.1 min (26%),

R, = 3.4 min (10%).

Reaction of Cycloheptenol 42 with HCO,H at 23°C

A solution of cycloheptenol 42 (98.6 mg, 0.45 mmol) in 90 percent
HCOZH {4 ml) was stirred at room temperature for three hours. A pale blue
color, which became more intense with time, was first noticed after 0.5
hours. The solution was then poured into H20 (4 ml), destroying the blue
color. The cloudy solution was extracted with ether (3 x 15 ml), the ex-
tracts combined, washed with saturated KHCO3 until basic, then with water
until neutral, dried over MgSOA, and filtered. Removal of the solvent
in vacuo gave a yellow oil (84.6 mg) shown by GC {(Col I, 170°C) to contain
15 distinct components: Rt = 1.5 min (1%), Rt = 2.1 min (7%), Rt = 2,3
min (5% starting material), Rt = 3.6 min (3%), Rt = 4.0 min (6%}, Rt = 4.4
min (4%), Rt = 5.1 min (37%), Rt = 5,8 min (3%), Rt = 6.2 min (23%), Rt =
7.5 min (2%), Rt = 8.0 min (3%), Rt = 11.0 min (3%), Rt = 12.0 min (3%),
Rt = 16.5 min (3%).

-1
IR: v . (em ): 3500, 3400, 1725, 1175, 1190.
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2
Attempted Preparation of Cycloheptenol Tosylate (43) >

A solution of cycloheptenol 42 (0,20 g, 0.8 mmol) in dry pyridine
(5 m1) was cooled to 0°C by an ice bath. p-Toluene-sulfonyl chloride
(0,30 g, 1.6 mmol) was added and dissolved by shaking. The solution was
then stoppered and placed in a refrigerator for six days. The pale yel-
low solution was extracted with ether, the extracts combined and washed
with cold 1:1 water-concentrated HCl until acidic, then with water until
neutral, dried over NaSOa/Na2C03, filtered and solvent removed with a
water aspirator at room temperature. The infrared spectrum of the yellow
il (0.22 g) thus obtained was identical to that of the starting material.

This procedure was repeated allowing 19 days reaction time. In-

frared and NMR spectra of the product were again identical to that of

starting material.

3,3,7,10-Tetramethyl~2-0xo-tricyclo {5.5.0.0]1’4-

2
9-dodecene or Carotol Ether (40) 3

A solution of cycloheptencne (39)

(7.5 g, 34 mmol) in dry freshly distilled

CH3N02 (75 ml) was purged 15 minutes with

a stream of nitrogen then chilled with an 0
ice/water bath, To this stirred solution
SnCla (0.70 ml) was added dropwise over a
five hour period. The solution was extracted with ether; the extracts
combined, dried over MgS80,, filtered, and ether removed in vacuo to yield

5.6 g of yellow 0il., Chromatography of this oil on silica gel eluting

with 40 percent benzene in hexane gave 4.6 g (62%) of 95 percent pure
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(Col I, 160°C) carotol ether. Infrared and NMR spectra were similar to

2
those previously reported. 3

-1
IR: Voeat (cm 7): 905, 950 (ether),.
1

H-NMR (8, CDC13): 1.04 (3H, s, tertiary methyl):; 1.22, 1.29 (3H each,
s, isopropyl methyls); 1.65 (3H, s, olefinic methyl); 5.37 (1H,

m, olefinic proton).

13c_MMR (5, CDC1.): 78.0, 86.7 (ether carbons); 119.9, 134.0 (olefinic

3)
carbons).

Mass Spectrum: M: = 220 (6%), calculated {C 0) = 220; base peak

found 15H24

m/e = 94,

Attempted Preparation of B-Acoratriemne (51)23

A solution of AlCl3 (1.37 g, 10.3 mmol) in four milliliters of
anhydrous ether (freshly distilled from LiAlHa) was added to a chilled
(ice bath) solution of LiAlH4 (0.19 g, 5.15 mmol) in four milliliters of
anhydrous ether. The resulting dark solution was then heated to reflux
and a solution of carotol ether 40 (1.12 g, 5.08 mnol) in five milliliters
of anhydrous ether was added in one milliliter portions over a period of
ten minutes. After two hours at reflux, the solution was cooled to room
temperature and the remaining LiAlH4 destroyed by slow addition of wet

ether (5 ml) and saturated NH,Cl1 (3 ml). The solution was then extracted

4
with ether and the extracts combined, washed with water, dried over MgSo0,,
filtered and solvent removed in vacuo leaving 1.04 g of yellow oil. The

GC trace {Col I, 170°C) showed a complex mixture containing at least seven

components and ne major product. Chromatography of the mixture on silica

gel using benzene and ethyl acetate did not affect separation as reported
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in the literature.23 Additional chromatographies on silica gel and

alumina also failed to separate the mixture.

Reaction of Carotol Ether (40) with HCOsH

A solution of carotol ether (103 mg, 0.47 mmol) in 90 percent HCOZH
(4 ml) was stirred at room temperature. After stirring three hours, four

components were present as detected by GC (Col I, 170°C): Rt = 1.6 min

(6% , Rt = 2.3 min (63%, carotol ether), Rt = 3.8 min (14%), Rt = 5,3 min
(18%). The solution was then heated to 50°C and stirred for three hours.
The reaction mixture was cooled to room temperature, HZO (5 ml) added,

and the solution extracted with ether. The ether extracts were combined,

until basic, then with H,0 until neutral,

washed with saturated KHCO

3 2

dried over Mgsoa, and filtered. Removal of the solvent in vacuo gave a
yellow oil (84 mg), which was shown by GC (Col I, 165°C) to contain at
least seven volatile components: Rt = 1.8 min (47%), Rt = 2.7 min (21%,
carotol ether), Rt = 3.2 min (6%), Rt = 4.2 min (10%), Rt = 4.6 min (57),

Rt = 5.0 min (5%), Rt = 6.2 min (6%). The oil was rapidly chromatographed

on silica gel (8 g). The first fraction (hexane eluent) contained the
first component (Rt = 1.8 min) which gave the following IR spectrum:

IR: (em Yy 1465 (s), 1460 (s), 1450 (s), 1435 (s), 1375 (m),

v
CCl4

1360 (m), 1150 (w), 930 (w), 910 (w).
The second fraction (1:1 benzene/hexane eluent) contained component six
(Rt = 5.0, 5 mg, 85% pure) which gave the following IR absorptions:

-1
IR: Veel (em “): 1725 (s), 1175 (s).

4
Two fractions containing 90 percent pure compounds were obtained eluting

with CHClB. The first contained component seven (Rt = 6.2 min, 13 mg)
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and showed the following IR absorptions:
IR: v (cm‘l): 1720 (s), 1705 (sh), 1180 (s).
CCl4
The second contained component four (R_t = 4.2 min, 5 mg) which showed the
following IR absorptions:

IR: Voel (cm-l): 1960 (w), 1815 (w), 1465 (sh), 1465 (s), 1370 (m),

4

1225 (m), 1210 (m), 1030 (m), 670 (s).
A final fraction (ethyl acetate eluent) gave component six (Rt = 5.0 min,
5 mg) which gave the following IR spectrum:

IR:  voog (em™1y: 3500 (w), 3400 (w), 1450 (s), 1375 (s), 1180 (m),

4
1160 (m), 1100 (m), 1065 (m), 960 (m), 910 (w}, 895 (w), 890 (w).
This reaction was repeated with 11 mg of carotol ether in 1.0 ml of 90
percent HCOzﬂ. The solution was stirred at room temperature for 30 days,

After three days stirring, the GC trace (Col I, 170°C) was identical to

that obtained from the 50°C three hour reaction above.

3,3,7,10-Tetramethyl-2-oxo-tricyclo [5.5.0.0]1’4-

9-dodecane or Dihydrocarctol Ether &323

A gtirred solution of carotol ether (483 mg, 2.2 mmol in glacial
acetic acid (6 ml) containing 39.4 mg
of 83.4 percent PtO2 was hydrogenated
at atmospheric pressure (740 mm) and
23°C. After two hours uptake of hy-
drogen ceased with 68 cc having been 44
consumed. The solution was filtered
through Celite 545 and most of the acetic acid removed in vacuo. The re-

maining liquid was taken up in ether and washed with saturated KHCO, until

3
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basic. The ether solution was then washed with water until neutral, dried
over MgSOa, filtered and solvent removed in vacuo yielding 267 mg (55%)
of yellow oil. GC analysis (Col III, 170°C) showed an 86:14 ratio of the
two possible epimers of dihydrocarotel ether. This oil was purified by
chromatography over silica gel (1 g mixture to 100 g absorbant) eluting
impurities with 50 percent hexane in benzene. The pure epimeric ether
was then eluted with benzene,
IR: v (cm'l): 900, 945 (C-0).
Li-mMR (5, CDC1,): 0.90-1.15 (34, overlapping multiplet); 1.00 (3H, s,
overlapping multiplet); 1,20 (3H, s); 1.25 (3H, s); 1.40-1,90
{13H, complex); 2.10 (1H, m).
13C-NMR (8, CDC13): 77.5, B6.4 (ether carbons).

Mass Spectrum: M+ = 222 (11%), calculated (C 0) = 222, base

found
peak m/e = 43.

15%26

Reaction of Dihydrocarotcl Ether (44) with 8nCl,

A solution of SnC14 (83 mg, 0.03 ml, 0.32 mmol) in anhydrous ben- |
zene (2 ml) was added dropwise over a period of 10 minutes to a chilled
(ice water) solution of dihydrocarotol ether (71 mg, 0.32 mmol) in anhy-
drous benzene (5 ml). This mixture was stirred 1,0 hours and saturated
KHCO3 added until basic. After stirring an additional 15 minutes, the

now colorless solution containing a white precipitate was extracted with

benzene, The benzene extracts were combined, washed with H,0 until neutral,

2
dried over MgSOa, and filtered. Removal of the solvent from the filtrate
gave a yellow oil (51 mg) shown by GC (Col III, 170°C) to contain five

ma jor volatile components:
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Rt = 1.3 min (8%), Rt = 1.7 min {(26%), Rt = 2.1 min (35%), Rt = 3.7 min
(15%, dihydrocarotol ether), Rt = 7.8 min (16%). Chromatography of this
0il on silica gel (5 g) separated the first three components of this mix-
ture (hexane eluent). Benzene eluted fi}st dihydrocarotol ether (identi-
fied by GC retention time and comparison of IR and NMR spectra with those
of an authentic sample) and second the fifth component (Rt = 7.8 min) 80
percent pure by GC. The IR spectra of both these mixtures showed absorp-
tion at 1700 cm-l. No other characteristic absorptions were observed due
to the mixture of compounds involved in both cases. An NMR spectrum of
the fifth compound was unobtainable due to the small amount of material
available. The NMR spectrum of the mixture of the first three compounds

showed a complex signal at & 0.75-2.50 ppm. A broad multiplet at § 5.25

ppm indicated olefinic protons were present.

Reaction of Dihydrocarotol Ether (44) with HCOpH

A solution of dihydrocarotol ether (11 mg, 0.05 mmol) in 90 percent

HCO,H (! ml) was stirred at room temperature for 30 days. The reaction

2
was followed by GC (Col I, 170°C) and found to contain greater than 90

percent starting material after stirring one month. The remainder of the

mixture was found to contain several low retention time components.
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CHAPTER IV
DISCUSSION OF RESULTS

As mentioned in the introduction section, the purpose of this
research was to begin a study of the chemistry of the carotane sesqui-
terpenes paying special attention to the interrelationship of the carotanes
and any other sesquiterpene skeletal type discovered during the course of
the investigation. A logical starting point for such a study is the re-
investigation of any known reactions involving the carotane skeleton.

The dehydration of carotol with thionyl chloride7 is such a case, allowing
not only an opportunity to obtain another member of the carotane family,
but also the chance to look specifically for other skeletal types which
may be formed in the reaction,

The carotol available to us was obtained from two sources., A quan-
tity of 90 percent pure carotol (bp 86-94 C/0.1 mm) had been purified by
previous workers by fractional distillation of carrot seed oil obtained
from Magnus, Mabee, and Reynard, Inc., New York, N. Y. This material was
further purified to 98 percent by chromatography on silica gel. A second
sample of carotol was obtained 99 percent pure (bp 72-74°¢/0.35 mm) by
two fractional distillations26 (on a Nester-Faust 36 inch stainless steel
spinning band column) of the essential oil obtained from P, Robertet and
Co., Grasse, France,

Dehydration of carotol was carried ocut with SOClz-pyridine at ice

bath temperature according to the published procedure.7 The oil obtained
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from this reaction was shown by GC analysis to contain not only the
reported daucene (5) in 65 percent yield, but also two additional products:
9 in 11 percent yield and 10 in 20.5 percent yield. A third product (3.5
percent) was observed in the GC trace, but was not isolated. Separation
of this mixture was achieved by chromatography or silver nitrate-silica
gel. The properties of the daucene obtained were identical in all respects
to those reported in the literature for the naturally occurring compound.7
The ORD curve of this compound was also obtained and found to be a plain
positive curve as expected from the reported value of the specific rota-
tion at the sodium D line,

The second compound (9) isolated from this reaction was found to
be a member of the acorane sesquiterpene family. The NMR spectrum of 9
(Figure 2) shows two multiplets (one hydrogen each) in the olefinic region
indicating the presence of an additional trisubstituted double bond not
present in daucene. The methyl region of the spectrum shows a pseudo-
triplet corresponding to the methyl groups on the isopropyl substituent,
The remaining two methyl groups are observed near & 1.7 ppm, indicating
each is attached to a doubly bonded carbon atom, These facts ruled out
dehydration into the seven-membered ring, the only other dehydration path-
way of carotol possible without rearrangement, The presence of trisubsti-
tuted double bonds was confirmed by absorption at 795 and 805 c:m-1 in the
IR spectrum. The absence of oxygen in the compound was suggested by lack
of absorption in IR spectrum and confirmed by a molecular ion of m/e 204

{C ) in the mass spectrum.

15824
A literature search revealed a report of the isolation of the

. . . . , . , 27
enantiomer of 9 from the essential oil of Vetiveria zizancides {(Staph).
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The spectral properties of an authentic sample of this natural product
were virtually identical to those of acoradiene'?_.28 Both natural and
synthetic 9 have essentially identical plain negative ORD curves. Since
the absolute stereochemistry of carotol is well documented,7 the absolute

stereochemistry of the naturally occurring compound must be that shown in 9.
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Figure 2. ly-3MR Spectrum of Acoradiene 9

The third compound (1l0) isolated showed spectral properties very
similar to those of 9. The NMR spectrum of 10 (Figure 3) again shows a

pseudotriplet from the isopropyl methyl groups. The olefinic region of
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the spectrum, however, shows only one hydrogen on a trisubstituted double
bond. A signal corresponding to a vinylidene grouping was observed at §
4.79 ppm, with only one methyl group attached to a double bond. The mass
spectrum again indicated a molecular formula of C15H24, but the base peak
wag due to simple elimination of the isopropyl group and not to rearrange-
ment as was the case with acoradiene 9. Confirmation of the vinylidene
grouping was confirmed by absorption at 885 cm_l in the IR spectrum. A
plain positive ORD curve was obtained. From the known absolute configura-
tion of carotol (3) and the spectral evidence given above, this dehydration
product was assigned the structure and absolute configuration indicated

in 10.

L Ua
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Figure 3. lH-NMR Spectrum of Acoradiene 10
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It seems likely that both acoradienes 9 and 10 arise by simple
deprotonation of acorenyl cation 8. The ratio of 10 to 9 formed (two-to-
one) approaches the statistical ratio (three-to-two) of hydrogens avail-
able for deprotonation in 8, accounting for the large yield of the less
stable disubstituted double bond.

Inspection of a model of the carbonium ion generated by loss of
water from carotol shows that the seven-membered ring can easily assume a
conformation in which the 08-09 bond is antiparallel to the leaving group.
When the molecule adopts the conformation allowing complete coplainarity
of the four atoms involved in the rearrangement, the seven-membered ring
must assume a boat configuration. The double bond is then positioned
directly under the incipient carbonium ion and may stabilize the positive

charge long enough for rearrangement to occur.

- - o

3 5
8 9 10
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Biogenetically, both acoradiene 9 and acoradiene 10 (not a known
natural product as this time) may arise from the previously postulated
P-acorenyl cation27 as shown in Figure 4. The absolute configuration of
acoradiene 9 is consistent with the co-occurrence of this compound with
(+)-zizaene, a sesquiterpene postulated to arise biogenetically from the
R-acorenyl cation.27 A simple 1,4-hydride shift would give cation 8,
which can yield 9 and 10 on deprotonation. A 1l,4-hydride shift as indi-

cated in 11, a related system, has recently been s:uggested.29

0 » ——> [+]-Zizaene

H H
ﬁ—acorengl cation

N
Ih '
H
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" e
/s 1
H

9 10 12

Figure 4. Proposed Biogenesis of Acoradicnes 9 and 10
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The configuration of a second acoradiene isolated from vetiver oil
was not fully determined.27 If it arises from the same B-acorenyl pre-
cursor, it would bave the absolute configuration 12.

Daucene (5) and acoradiene 9 have been previously related as the
products (in 70 and 20 percent yield, respectively) of the reaction of
synthetic alcohol 13 with tin (IV) chloride in benzene-ether (five-to-one

1 In this instance, 13 was prepared from racemic dehydro-

ratio) at o°c.
linalool. This alcohol has, however, been prepared optically active from
(+)-1imonene.12 Acid catalyzed cyclization of optically active 13 with
formic acid for 10 minutes at room temperature gave a mixture of five com-
pounds. The main component (42 percent) was (-)-daucene, the enantiomer
of the naturally occurring compound. While one of the remaining products
was ldentified as an uncyclized formate, the remaining components of the

mixture were not identified, Surely one or more of these must have the

acorane skeleton!

SnCl

18,3
o

OH

- HCO
£0M + 4 products

[18;]
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Having completed this investigation of the dehydration of carotol

by SOCl,-pyridine, it was decided an investigation of this dehydration

2
under other conditions would be of interest. Thionyl chloride-pyridine is
known to be a stronger reagent than P0C13-pyridine for the dehydration of
alcohols.26 Dehydration of carotol with the latter reagent, however, gave
essentially no reaction. The solution was stirred at ice bath temperature
three hours, then almost four days at room temperature. The o0il obtained
on work up was shown by GC and spectral data to be 90 percent starting
material. Chromatography of this oil gave, in addition to pure carotol,

a mixture of two compounds with GC retention times corresponding to dau-
cene (5) and acoradiene 3. Some bubbling was noticed as water was added
to the reaction mixture during work up, indicating the presence of un-
reacted POC13. Apparently carotol is too hindered and/or POCl3-pyridine
too mild a reagent for the reaction to occur.

The reaction of carotol with mesyl chloride was similar to reaction

with POCl,-pyridine. No reaction was obtained after more than one day at

3
room temperature. A ten-fold excess of mesyl chloride was added, but no
reaction obtained. The solution was then refluxed (llSOC) for a day and
then gave the same products obtained earlier with SOClz-pyridine: daucene
(41 percent), acoradiene 9 (20 percent}), acoradiene 10 (10 percent), un-
reacted starting material (24 percent), plus one unidentified component
(5 percent),.

In order to learn more of the effect of the double bond in the de-
hydration of carotol (3), dihydrocarotol (l4) was prepared by catalytic

hydrogenation of carotol.2 The spectral properties of the product were

. , ; ; , 2 . s es .
identical with those reported in the literature. The first indication
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that reduction of the double bond had not occurred stereospecifically was
found in the 13C-NMR spectrum, In addition te the expected 15 signals,
another apparently complete set of signals was observed. The height of
these peaks was approximately half the height of the "main" signals. The
result of this second set of signals was to make each carbon atom appear
to have a pair of signals (one large and one small) associated with it.
The obvious explanation of this duplication of signals is the presence of
two epimeric (at C6) forms of dihydrocarotol,

The areas under 13C-NMR peaks are usually not a reliable guide to
the numbers of 130 atoms present in a molecule due to long relaxation
times for 13C nuclei and varying degrees of Nuclear Overhauser Enhancement.
In this case, all of the "large" peaks are very nearly the same height,
and as well, the "small" peaks are all of equal height. This fact sug-
gests, keeping the above cautions in mind, that the two epimers were
formed in approximately the same ratio as the peak heights, i.e., two-to-
one.

Dehydration of dihydrocarotol by SOClz-pyridine was carried out as
with carotol. The three products obtained were separated by chromatography
on silver nitrate-silica gel and assigned structures 15 (51 percent), 16
(28 percent), and 17 (20 percent) based on the following spectroscopic and
chemical evidence. Each of these compounds showed similar mass spectra.
The molecular ion in each case had m/e 206 indicating a C15H26 formula,

The base peak of m/e 163, in each case, resulted from loss of the isopropyl
group from the molecular ion. The 1H-NMR spectra of 15 and 16 were very
similar in that each showed a pair of doublets (J == 6 Hz) for the methyl

groups on the isopropyl substituent, as well as a singlet corresponding
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to a methyl group attached to an aliphatic carbon atom. The doublet for
the cycloheptyl methyl group was partially hidden by the other signals in
this region. No olefinic protons were observed. The IR spectrum of these
compounds also offered little help in structure elucidation. No oxygen
was indicated, confirming the mass spectral evidence, nor was any olefinic
carbon-hydrogen absorption observed. The key to the identification of
these compounds was to be found in the 13C-NMR spectra. Each of these
spectra showed two signals for carbons in the olefinic region, requiring
the existence of one double bond in each compound. The similar chemical
shifts of each pair of signals (see Experimental) implied that not only
must the two double bonds involved be in similar environments, but that

the two compounds containing these double bonds alsc be very similar. The
IR and 1H-NMR spectra required that these double bonds be tetrasubstituted.
Since the mass spectra indicate the presence of isopropyl groups (i.e.,

no isopropylidene grouping) the most logical structures for these compounds
are those given in 15 and 16, the major and minor epimers, respectively,

of dehydrodihydrocarotol (dihydrodaucene}, Further evidence in support of
these structures was obtained by the hydrogenation of daucene described

below.

HCOZH

— + -+

OH
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The third compound (17) isclated from the dehydration of
dihydrocarotol was shown to be a trisubstituted olefin by the presence of
a signal (one hydrogen) in the olefinic region of the lH-NMR spectrum. A
corresponding absorption (810 cmnl) was observed in the IR spectrum. The
mass spectrum again showed a molecular ion of m/e 206 (C15H26) and a base
peak (m/e 163) due to loss of the isopropyl group from the molecular ion.
The 13C—NMR spectrum also indicated the difference in the carbon atoms of
the double bond by the large difference in chemical shift of the two sig-
nals invelved (118 and 154 ppm). Assuming no rearrangement, the most log-
ical structure for this olefin is that indicated in 17. Reaction of 17
with formic acid for 19 hours showed 73 percent conversion into major
epimer 15, proving the stereochemistry of the methyl group at Cﬁ to be
the same as in the major epimer 15. Both 15 and 16 showed no reaction
under these conditions,

Reaction of dihydrocarotol with formic acid gave the same dehydra-
tion products: 15 (70 percent), 16 (25 percent), and 17 (5 percent). The
amount of 17 produced is less in this case due to the aforementioned equi-
libration of 17 and 15.

With these structures in mind, it is now possible to return te the
cautious statement made earlier: that the relative peak heights in the
13C—NMR spectrum of dihydrocarotol indicated the e¢pimers were in a two-to-
one ratio. The minor epimer 16 made up almost one-third of the dehydration
mixture, while products enantiomeric at C6 made up two-thirds. This find-
ing indicates a two-to-one ratio of C6 epimers in dihydrocarotol--the same
as indicated by the 13C-NMR spectrum of dihydrocarotol,

Inspection of a model of carctol shows that the seven-membered ring
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can assume a variety of presumably low energy conformations. It is not
clear which one of the least strained conformations 1s preferred. It seems
most likely, however, that absorption onto a catalytic surface would be

on the bottom side of the molecule, away from the bulk of the quasi-axial
methyl, hydroxyl, and isopropyl groups. The seven-membered ring would be
in a chair conformation allowing hydrogen transfer from the catalytic sur-
face to produce a quasi-axial methyl group at C6 (the major epimer 15).
Hydrogenation of the double bond with the cycloheptyl ring in a twist boat
conformation would produce the minor epimer 16 with the methyl group away
from the other substituents on the ring. Inspection of models shows this
twist boat cycloheptane to be more stable than the cyclohexane twist boat,
due to the additional atom in the former.

Partial hydrogenation of daucene (see p. 28) gave a one-to-one
mixture of 15 and 16 under mild conditions. Hydrogenation of daucene
under more vigorous conditions gave 33 percent major epimer 15, 53 percent
minor epimer 16, and 14 percent daucane (carotane). Assuming little epi-
merization during hydrogenation, this finding implies major epimer 15 is
more easily hydrogenated than minor epimer 16. This would be the case if
15 were in the flatter chair form, making absorption onto the surface of
the catalyst more facile than with the more bulky twist boat,

The most interesting facet of the dehydration of dihydrocarotol (14)
is the absence of rearranged products. This reaction gives straight for-
ward dehydration products, all of which are equivalent to the formation
of daucene in the dehydration of carotol (3). Carotol gives 35 percent
rearranged products. The presence or absence of the double bond in the

seven-membered ring must certainly explain part of this difference in re-

ation pathways (see p. 89).
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Epoxidation of olefins 15 and 16 was achieved with m-chloroperbenzoic
acid in methylene chloride., A mixture of the two possible epoxides was ob-
tained in both cases. The epoxides of olefin 15 were found by GC to be in
a two-to-one ratio, but the epoxides of olefin 16 were in a one-to-one
ratio. The only difference in these olefins is the stereochemistry of the
methyl group in the seven-membered ring. The low energy conformations of
this ring appear to be determined by the stereochemistry of this methyl
group, and in turn determine the direction of epoxidation of the double
bond in the five-membered ring.

The spectral properties of these mixtures indicated epoxides were
present, but since twe compounds were present in each mixture, specific
structural assignments could not be made in several instances. The "H-NMR,
for example, must contain in each case signals for an isopropyl group in
two different environments, as well as two methyl groups in a similar
situation. Moreover, all of these signals must cccur in a relatively
small region of the spectrum. Separation of these mixtures could not be
accomplished by column chromatography.

Reaction of the epoxides from olefin 15 with formic acid at room
temperature produced a mixture of seven products. Reaction of these epox-
ides with tin (IV) chloride in benzene was even more complex; at least a
dozen products were formed. Similar results were obtained with the epox-
ides of olefin 16 under the same reaction conditions.

The difficulties encountered above in assignment of structures to
compounds containing a double bond as the only functional group gave rise
to an interest in the parent compound of these sesquiterpenes, carotane

(18). Depending on its source, this compound has been called both carotane
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and daucane, The terms will be used interchangeably here. The IR spectrum
of carotane would show absorptions due only to the carotane skeleton.

These patterns should then prove useful in determining if an unknown com-
pound is of the carotane type, Any unknown olefins obtained could then

be hydrogenated and the IR spectrum of the product compared with that of
carotane to determine if the unknown had the same skeleton. This procedure
should also be applicable to all unknowns providing any functional groups
present could be removed without skeletal rearrangement.

Several attempts at preparation of carotane by hydrogenation of
daucene were unsuccessful. Daucene gave, upon hydrogenation at room tem-
perature and pressure in the presence of PtO2 in ethyl acetate, two prod-
ucts identified by GC mixed injection as 15 and ]16. These are the major
and minor epimers, respectively, of dihydrodaucene obtained earlier by

dehydration of dihydrocarotol with SOCl,-pyridine. This result firmly

2
establishes the structures of these compounds. These epimers were un-
reactive under the hydrogenation conditions above, even at three atmospheres
pressure overnight. A final hydrogenation of daucene was carried out over-
night at three atmospheres using 10 percent paladium on charcoal in ethanol
containing several drops of concentrated hydrochloric acid. The oil ob-
tained was found by GC mixed injection to be 14 percent daucane (carotane),
33 percent major epimer 15, and 53 percent minor epimer 16. Dauben,
Hubbell, and Vietmeyer have reported a similar resistance to hydrogena-

tion under similar conditions of a related compound (12).27
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Carotane was finally prepared by reduction and hydrogenolysis of
carotol.3b A 95 percent yield was obtained by stirring a solutiom of
carotol in glacial acetic acid containing 10 percent paladium on charcoal
under hydrogen at atmospheric pressure. The spectral properties of the
product were identical with those reported in the 1iterature.3b The strong
absorptions in the fingerprint region of the IR spectrum of carotane are
listed in the Experimental Section, Many of the prominent peaks in the
mass spectrum of carotane can be rationalized as shown below. Peaks at
m/e 193 (54 percent) and 165 (85 percent) correspond to loss of a methyl
and isopropyl group, respectively, from the molecular ion.

With this background knowledge of the fundamental rearrangements
of carotol, it was now possible to begin an investigation inte the unknown
chemistry of the carotanes., The biogenesis of sesquiterpenes is postu-
lated to occur via carbonium ion type rearrangements as stated in the in-
troduction, It is, therefore, logical to study the reaction of natural
products in acidic media if one wishes to obtain information of possible
biogenetic significance., Andersen has reported that nerolidol (20) can be
converted in 20 percent yield to w-cedrene (22) in a one pot synthesis by
first treating a pentane solution of nerolidol with formic acid and then

. . .
trifluoroacetic acid, 8
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A solution of carotol in 90 percent formic acid was stirred three
hours at room temperature. The oil obtained from this reaction contained
six components. The major components were identified by GC mixed injec-

tion; daucene (40 percent) and acoradiene 9 (25 percent)}., The remaining
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four components comprised only 35 percent of the reaction mixture. Before
working with the small quantities involved in this reaction, it was de-
cided to repeat the experiment allowing a longer reaction time. The re-
action was stirred five days and followed by GC. The reaction proceeded
as before. After one day several new peaks were observed in the GC trace.
After stirring five days, the GC trace was essentially the same as that
obtained after four days sc the reaction was worked up. The four major
components in the o0il obtained were separated by column chromatography on
silica gel.

The first fraction obtained from this chromatography was shown by
GC, at a lower temperature than above, to contain two components. (The
composition as determined from GC traces, of the crude product mixture was:
olefins 22 and 23 (1l percent), ether 24 (12 percent), alcohol 25 (42 per-
cent), formate 26 (33 percent), and four unidentified products (2 percent).
Since the IR and NMR spectra of this mixture indicated both compounds were
olefins, the mixture was rechromatographed on silver nitrate-silica gel.
The first fraction eluted from this chromatography contained pure olefin
22, a colorless oil. The mass spectrum of this c¢il showed a molecular ion
of m/e 204 indicating a C15H24 formula, and a base peak at m/e 123, The
IR spectrum confirmed the presence of a trisubstituted double bond by an
absorption at 810 cm-l. The 13C-NMR spectrum also indicated the differ-
ence in the carbon atoms forming the double bond (116 and 142 ppm). Only
one quaternary carbon atom was observed in the off resonance spectrum,
The double bond carbon atom at 142 ppm was alsoc a singlet in the off reso-
nance spectrum, indicating it to be tetrasubstituted. The 1H-NMR spectrum

of olefin 22 showed a single olefin proton as well as the usual pair of
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doublets (J = 6 Hz) for the isopropyl methyl groups. A singlet arising
from a methyl group attached to a saturated carbon atom and a signal for

a methyl group attached to a double bond carbon were also observed. Ole-
fin 22 gave a plain positive ORD curve. From these data, the unidentified
structure of 22 must be optically active, have a C15H24 formula, and con-
tain one quaternary carbon, an isopropyl group, and a methyl substituted

double bond. One such structure formed from carotol with little rearrange-

ment is shown below.

22 (?)

A second fraction from this chromatography contained a mixture of
olefins 22 and 23. A third fraction contained enough pure olefin 23 to
obtain some spectral data. The mass spectrum of 23 gave a molecular ion

and base peak of m/e 204, requiring a C formula. The IR and lH-NMR

15724
spectra showed no olefinic protons. In addition, two interesting multi-
plets (one proton each) were observed at &§ 2.30 and &6 2.78 ppm. The
structure of this interesting olefin could not be assigned on this small
amount of spectral evidence.

Olefin 22, when stirred with formic acid for one day, gave a small

amount of olefin 23, as detected by GC. After stirring 12 days, the ratio
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of olefin 22 to olefin 23 was two to one. A very small amount of alcohol
25 was also observed in the GC trace.

The third compound isolated from the reaction of carotol (3) with
formic acid was assigned structure 24. The mass spectrum of this color-
less oil gave a molecular iom of mfe 222, indicating a formula of C15H260'
The base peak (m/fe 179) corresponds to elimination of the isopropyl group
from the molecular ion. The IR spectrum showed no alcohol or carbonyl
absorption, Indicating an ether linkage was involved. This was confirmed
by appropriate signals in the 1BC-‘NMR spectrum. Both these signals as well
as one additional signal appeared as singlets in the off resonance spec-
trum. The 1H-NMR spectrum showed the expected palr of doublets (J = 6 Hz)
for the isopropyl methyl groups as well as two singlets for the remaining
two methyl groups. The compound was also shown to be optically active by
its plain negative ORD curve. The simplest struccure consistent with this
spectral evidence is that indicated in 24.

Further evidence in support of structure 24 was obtained by treat-
ment of 24 with formic acid. After stirring 12 days in formic acid, the
solution contained 6% percent 24, 21 percent alecohol 25, 7 percent formate
26, and 1 percent each of olefins 22 and 23.

The two remaining products of this reaction comprised 75 percent
of the mixture. Since alcohol 25 and formate 26 are of the same skeletal
type, they will be treated together. Reduction of formate 26 by lithium
aluminum hydride gave alcohol 25 in 95 percent yield. The chemical and
physical properties cof this alcohol were identical to those of authentic
alcohol 25 isolated from the reaction mixture. The spectral properties

of formate 26 (see experimental section) are consistent with the assignment
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of structure 26. Reaction of 26 with formic acid is discussed below (see

p. 115).
OH
3

HCO,H ‘\’ 5 days
22 + 23
0
b 11OH + ..HHCH
24 25 26

Alcohol 25 was isolated as a low melting solid and purified by sub-
limation at room temperature under 0.2 mm vacuum. The molecular ion m/e
222, in the mass spectrum, required a 015H260 formula. The base peak of
m/e 179 corresponds to the loss of the isopropyl group from the molecular

ion. An intense peak (78 percent of the base peak) due to loss of water

and isopropyl group from the molecular ion was observed at m/e 161, The
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1H-NMR gspectrum showed the hydroxyl proton at & 1.42 ppm, This signal

disappeared upon addition of deuterium oxide to the sample. Overlapping
singlets and doublets (12 hydrogen integration) represented the four
methyl groups in the molecule, but could not be further assigned from this
simple spectrum. The IR spectrum showed the appropriate absorptions for
an alecohol, The compound is optically active as shown by its plain posi~-
tive ORD curve.

Thus, the compound is an optically active alcohol containing an
isopropyl group and two methyl groups, each attached to saturated carbon
atoms. If a double bond is present, it must be tetrasubstituted. The
molecule may be spherical in shape since it is a solid and sublimes at
moderate temperatures,

The key to the structure of 25 lies in the 13C-NMR spectrum. There
are no signals in the olefinic region of the spectrum. The proton decoupled
spectrum contains a signal (91.7 ppm) for the hydroxyl bearing carbon atom
in the expected region of the spectrum. Three additional signals (47.4,
48.5, and 60.2 ppm) are well separated from the rest of the signals. The
usual "rule of thumb'" predicts quaternaxry carbon atoms to give rise to
signals at 40 * 10 ppm. The off resonance proton decoupled spectrum bears
out this suggestion., All three of these signals are singlets in the off
resonance spectrum. More importantly, the signal due to the hydroxyl
carbon atom is also a singlet. Thus, there are four tetrasubstituted car-
bon atoms in the structure of this alcohol,

Evidence in support of the presence of an isopropyl group and two
methyl groups on quaternary carbon atoms in alcohol 25 was obtained in a

series of 1H-NMR chemical shift studies, A solution of alcohol 25 in
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carbon tetrachloride was prepared and the spectrum obtained. Several drops
of a solution of shift reagent [Eu(dpm)3] in carbon tetrachloride were
added and the spectrum obtained. This process was repeated until the sig-
nals from each of the methyl groups in the molecule were clearly visible.
The methyl regions of the spectra obtained in this series of experiments
are shown in Figure 5. One methyl group (signal A in Figure 5), which is
not part of the isopropyl group, was observed to shift downfield rapidly
indicating its proximity to the alcohol--europeum complex.

In a second series of experiments, a larger amount of solid Eu(fod)3
shift reagent was added to the sample solution between each spectrum ob-
tained. The results are illustrated graphically in Figure 6, a plot of
the chemical shift of each signal vs. Rp (the mole ratio of shift reagent
to sample). Ten sets of signals shifted out of the initial complex spec-
trum. The hydroxyl proton (square points), being nearest to the alcohol--
Europeum complex, is shifted the most, followed by five individual protons
(round points), and finally, the four methyl groups (triangular points).
0f the individual protons shifted, only the isopropyl proton may be as-
signed a specific multiplet in the spectrum--6 8.96 in Figure 7. Irrida-
tion of this multiplet caused the doublets corresponding to the isopropyl
methyl groups to coalesce to singlets. The relatively large slope of the
line in Figure 6 corresponding to this isopropyl proton suggests its prox-
imity to the hydroxyl group in 25.

Due to restricted rotation about the bond joining the isopropyl
group to the molecule, the methyl groups on this substituent are shifted
to different extents, The remaining methyl groups are also shifted dif-

ferently. The reason for this difference in slope is best seen in
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structure 25a. One methyl group is on the same side of the cyclopentyl
ring, whereas the other methyl group is at the opposite end of the mole-
cule away from the complex and therefore shifted to a smaller degree.
Figure 7 illustrates the spectrum at Rp 2.96,

The proposed structure then, must be consistent with the following
data: tertiary alcohol, isopropyl group, two methyl groups-presumably on
tertiary carbon atoms, three quaternary carbon atoms, and spherical-type
structure with a tricyclic C15H240 formula., Structure 25 meets all of
these criteria. The postulated mechanism for the formation of 25 from
carotol (3) is shown in Figure 8.

As noted above, the structure of alcohol 25 must contain three
quaternary carbon atoms as well as a tertiary alcohol. 1Initial studies

on the reaction of carotol in the presence of 50Cl,-pyridine and formic

2
acid suggested that the dehydration products arose from a common carbonium
ion precursor. Daucene (5) was formed by simple loss of a proton from
this carbonium ion. The two acoradienes (9 and 10) were formed by rear-
rangement of the carbonium ion followed by deprotonation. A tertiary al-
cohol could be obtained by capture of either of these carbonium ions by
water followed by deprotonation. Each of these products, however, would
still contain only a single quaternary carbon atom, Further rearrangement
must therefore occur, This rearrangement must lead to twe additional qua-
ternary centers as well as the tertiary alcohol, It appears reasonable

to assume that these centers will be formed from carbon atoms which are
already tertiary in nature, thus requiring the smallest degree of rear-

rangement to obtain the desired end.

The only "functiocnal group” in the molecule is a double bond which
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is known from spectral data to be absent in the f£final structure. Reaction
of this double bond with the carbonium ion in 8 produces structure 27a,
containing both of the remaining quaternary carbon atoms required. Con-
sidering only the atoms involved in the cyclohexyl and cyclopentyl rings
of 8, the molecule contains a plane of symmetry including all of the carbon
atoms in the cyclopentyl ring. Attack upon this carbonium could be from
either side. Addition to this system of a double bond and isopropyl group
on opposite sides of this plane, as in 8, necessitates reaction on the
side of the carbonium ion away from the isopropyl group.

All that remains is creation of a tertiary alcohol. Neither of
the two remaining tertiary carbon atoms in 27a are close to the carbonium
ion. Inspection of models shows 27a to have the stereochemistry depicted
in 27b. It is now possible to visualize a 1,2-hydride shift, moving the
carbonium ion in 28 one atom closer to the tertiary atoms. A 1,3-hydride
shift will form a tertiary carbonium ion which in turn will give the de-
sired tertiary alcohol. The isopropyl group and site of reaction in 28
are again on opposite sides of the molecule. The hydrogen atom on the
carbon bearing the isopropyl group is not only on the same side of the
molecule as the carbonium ion, but due to the rigid structure of the spiro
skeleton, is very close to it. At first glance it is not possible to de-
termine the direction of attack in 29. However, if the 1,3-hydride shift
(28 - 29) and attack on the carbonium ion formed (29 - 30) were a concerted
process, the absolute stereochemical outcome would be that shown in 25.

Dauben and Aoyagi have postulated a mechanism similar to 8 » 27 for
the conversion of P-chamigrene into 2;.33 This rearrangement occurs when

P-chamigrene is allowed to react at room temperature with 0,02 M perchloric
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acid--acetic acid. These conditions are similar to those used in the

formation of alcohol 25: 90 percent formic acid at room temperature.
Olefin 32, possessing a structure similar to that of alcohol 25,

had been found to be the major hydrocarbon formed when thujopsene (7) is

treated with 0.02 M perchlorid acid in refluxing acetic acid.34 Dauben

notes that the energy for the conversion of this bicyclic olefin into the
tricyeclic olefin must be obtained from the net transformation of one
carbon-carbon double bond into two carbon-carbon single bonds. This ob-
servation is appropriate in the present case, as daucene (3), when treated
with formic acid under the same conditions as carotol (3), gives an iden-
tical mixture of compounds (see p. 116).

In an attempt to determine the rate and order of formation of these

products, carotol was allowed to stir in formic acid for 67 days. The
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composition of the solution, as determined by GC, is given in Table 2.

The GC samples were obtained directly from the reaction mixture, which
appeared to remain homogeneous throughout the reaction. But, the percent-
ages should be viewed only as approximations. The table does show the im-
mediate formation of daucene, which forms alcohol 25 and formate 26 over

a period of time.

Table 2. Reaction of Carotol {3) with Formic Acid

TIME PERCENT COMPOSITION
(hr) (day) (22) (23 €) (24) €D (25) (26)
0.5 0 2 84 14
1.0 6 66 K 11
2.3 8 68 9 6 6
3.5 11 1 54 8 5 4 7
24 1 6 3 28 15 6 18 28
48 2 6 3 36 17 1 23 12
71 3 8 3 4 14 37 35
95 4 3 2 2 13 45 33
120 5 4 2 1 15 48 31
216 9 2 1 1 17 58 21

Dehydration of alcohol 25 by SOCl,-pyridine produced five compounds

2
as detected by GC. None of these compounds had retention times correspond-
ing to any of the products obtained in the reaction of carotol with formic
acid (to give 25, etc.). This dehydration mixture was found by GC to con-

tain 20 percent daucene. When the reaction was carried out in carefully

prepared anhydrous pyridine, only three percent daucene was obtained.
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Reaction of alcohol 25 in formic acid under the conditions of its
formation also produced a large amount of daucene immediately. Table 3
shows the composition of this reaction mixture determined from GC retention
times as above. After 10 days, the composition of this mixture was similar

to that produced by reaction of carotel with formic acid for nine days,

Table 3. Reaction of Alcohol 23 with Formic Acid

TIME PERCENT (OMPOSITION
(hr) (day) (22) (23) (2) (24) (25) (26)
0 0 100
1 16 83 1
24 1 2 2 35 61 a
46 2 1 1 2 1 77 17
70 3 8 10 18 3 56 4
96 4 1 1 16 4 64 13
270 11 2 1 <1 7 68 23

8GC turned off before retention time of this compound

A similar experiment was carried out with formate 26. The results,
given in Table 4, show a similar trend: 1initial formation of daucene,
which equilibrates over a period of 11 days to essentially the same com-

position as obtained with alcohol 25,
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Table 4. Reaction of Formate 26 with Formic Acid

TIME PERCENT COMPOSITION
(hr) (day) (22) (23) &) (24) (25) (26)
0 0 100
0.5 2 1 19 2 76
26 1 2 1 23 5 27 b
48 2 5 5 10 10 35 35
71 3 3 2 38 8 39 11
122 5 2 2 15 9 55 17
270 11 1 1 <1 10 65 23

The reoccurrence of daucene (5) in each of these reactions prompted
new interest in this olefin. Daucene was stirred in 90 percent formic
acid for 12 days. The composition of the reaction mixture, determined as
above, became essentially constant after seven days. The products were
isolated in the same manner as the products from the reaction of carotol
and formic acid. Spectral data of the five products showed them to be
the same as those obtained from carotol. This reaction was repeated and
followed by GC for 67 days. The composition of the mixture is given in
Table 5. The results for the major components of the mixture are illus-
trated graphically in Figure 9. The concentration of daucene decreases
steadily over 48 hours. Since the concentration of formate ion in the
solution is much greater than the concentration of water, formate 26 is
formed faster than alcohol 25. Slow hydrolysis of formate 26 occurs in

the acid solution so that the equilibrium mixture shows a two-to-one ratio



117

Table 5. Reaction of Daucene (5) with Formic Acid

TIME PERCENT COMPOSITION
(hr) (22) (23) (2) (24) M (23) (26)

2 13 87

22 9 6 45 13 1 13 12
45 7 6 6 10 3 26 44
69 5 2 4 13 3 37 42
91 6 2 3 12 6 36 30
187 3 2 <1 =~ 15 3 54 20
259 3 2 < 1 12 1 57 23

of alcohol 25 to formate 26.

From this and the preceding reactions, the following conclusions
can be drawn. Ether 24 is formed and slowly rearranges to alcohol and
formate. Without knowing the structures of olefins 22 and 23, it is dif-
ficult to assess their role in this reaction. Olefin 22 contains one
quaternary carbon atom and a trisubstituted doubleée beond, and cannot,
therefore, be formed by direct deprotonation of any of the intermediates
proposed in the formation of alcohol 25. Neither olefin 22 nor 23 is a
dehydration product of alcohol 25, so perhaps they are ring opened products.
Carotol initially leads to daucene which appears to lead reversibly to
the various products. When ether 24, alcohol 25, or formate 26 are sub-
jected to the reaction conditions under which they were formed, all five

products are found. Olefin 23 could not be tested, but olefin 22 produced
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Reaction of Daucene (5) with Formic Acid

olefin 23 as well as some alcohol 25. Alcohol 25 is known to form ether

24 and formate 26 under these conditions. Further study of this interest-

ing rearrangement of carctol and daucene is needed to fully determine the

mechanisms and equilibria involved.

Carotol acetate (33), a known derivative of carotol, is easily

prepared by the action of acetyl chloride on the latt:er.7 In light of

the previous discussion, a study of the reaction of carotol acetate with

formic acid was of interest. The reactivity of this compound should be

enhanced due to the better leaving group properties of acetate.

Carotol acetate was prepared in 87 percent purity according to the

published procedure.7 Purification by chromatography on silica gel was

attempted, No carotol acetate was eluted; a mixture of olefins was
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obtained. Daucene (5) comprised 54 percent of the mixture. Only two of

the four remaining compounds had been previously reported35: olefin 34 (7
percent), acoradiene 9 (19 percent), acoradieme 10 (15 percent), and olefin
35 (5 percent). From the weight and purity of the carotol acetate applied
to the column, and the weight of the olefinic¢ material eluted, a 91 percent

yield of olefin was obtained.

len
i

+ olefin 35

B

This olefinic mixture was chromatographed on silver nitrate-silica
gel. The first fraction eluted contained pure daucene (5), which exhibited
spectral properties identical to those of authentic material. Each of four
additional fractions eluted from this column contained one of the four re-
maining components of sufficient purity so as to be isolated at least 98
percent pure by preparatory gas chromatography.

The presence in this mixture of acoradienes 3 and 10, indicated by
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GC, was confirmed by comparison of spectral properties of these compounds
with those of authentic materials,

The IR spectrum of olefin 34 showed absorption for a cis-disubsti-
tuted double bond (710 cmfl) and a trisubstituted double bond (815 cmql).
The methyl group region of the 1H-NMR spectrum showed a pseudo-triplet
corresponding to the overlapping pair of doublets from an isopropyl group,
as well as a singlet due to a methyl group attached to a quaternary carbon
atom. A singlet due to a methyl group attached to a double bond was also
present. The olefinic region of the spectrum showed a doublet at § 5.67
ppm (J = 10 Hz) which integrated for one proton., An unsymmetrical doublet
which integrated for two protons was observed at § 5.23 ppm (J = 10 Hz).
The downfield signal in this doublet integrated for 1.5 proteons, and the
upfield signal for 0.5 protons. These results supported the infrared evi-
dence for the presence of both di- and tri-substituted double bonds.
Although the extinction coefficient was extremely low, the ultraviolet
spectrum suggested conjugated double bonds.

The mass spectrum showed a molecular ion of m/e 204, indicating a

C formula, Possible pathways to all of the major peaks in the mass

1524
spectrum of olefin 34 are given below. This proposed sequence requires
the double bonds to be conjugated in the seven-membered ring. This struc-
ture appears logical in view of the spectral evidence obtained and the
conditions under which this compound was formed. ©Deprotonation into the
seven-membered ring of the carbonium ion formed by loss of acetate, or

a direct cis elimination, followed by isomerization to the more stable

conjugated olefin would give the proposed structure (34).
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The lH—NMR spectrum of olefin 35 showed a one proton multiplet in

the olefinie region, and only one three proton singlet in the methyl group
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region, Integration of the spectrum revealed the remaining three methyl
groups to all be attached to double bonds. OQne of these must be attached
to the same double bond as the colefinic proton. The remaining two must be
part of an isopropylidene group. Due to the small amount of material on
hand, the IR spectrum was obtained in solution and any olefinic carbon-
hydrogen bending present was occluded by solvent absorptions,

The mass spectrum of olefin 35 showed a molecular ion of m/e 202,
and therefore a formula of C15H22' The base peak at m/e 159 corresponded
to loss of an isopropyl group from the molecular ion. These results do
not agree with the presence of an isopropylidene or a formula of 015H24.
The spectrum was therefore obtained again on a sample purified from the
same original mixture by preparatory gas chromatography at a later date.
This mass spectrum was almost identical to that obtained earlier. It
seems highly unlikely that reduction would have occurred, even under the
hetercgeneous reaction conditions employed in this case., A trisubstituted
double bend is present, and loss of acetic acid could produce a second
double bond, but a mechanistic explanation for the third double bond (or
ring) is difficult to imagine.

Carotol acetate was finally purified by vacuum distillation from

potassium carbonate in an all glass apparatus which had been washed with
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10 percent potassium hydroxide, then rinsed in distilled water and dried,
(Distillation without these precautions resulted in a distillate consist-
ing of almost 50 percent rearranged products.)

Reaction of c;rotol acetate (33) with 90 percent formic acid at
room temperature for 30 minutes gave 83 percent daucene (5) and 17 percent
acoradiene 2. A small peak (1 percent) corresponding to acoradiene 10 was
observed in the GC trace. Had the reaction been continued, this compound
most probably would have comprised a larger part of the mixture. When
this reaction was allowed to proceed for 10 days, the products and com-
position of the mixture were essentially the same as those from carotol
(3) under the same conditions.

Carotol acetate (33), then, is more reactive than carotol (3) under
some of the conditions used. To determine the effect of the double bond
in the seven-membered ring on reactivity in carotol acetate, dihydrocarotol
acetate (36) was prepared by hydrogenation of carotol acetate. This oil
obtained was successfully purified by distillation from potassium carbon-
ate. Preparation of this compound by reaction of acetyl chloride with
dihydrocarotol (14) resulted in a mixture of six GC detectable products,
only 36 percent of which was the desired acetate,

The spectral properties of dihydrocarotol acetate (36) were very
similar to those of carotol acetate (33). The 13C-NMR showed barely
detectable peaks corresponding to the epimer of the major product, indi-
cating that reduction occurred predominantly from one face of the molecule.

Catalytic hydrogenation of dihydrocarotol (l4), discussed above, showed a

two-to-one ratio of epimers,
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Reaction of dihydrocarotol acetate (36) with formic acid gave the
same compounds'as reaction of dihydrocarotol (1l4) under identical condi-
tions: olefin 15 (81 percent), olefin 16 (16 percent), and olefin 17 (3
percent). The products were identified by mixed GC injection with authen-
tic samples on three different GC columns. The percentages of the major
epimer products (15 and 17) and the minor epimer product (16) are in a
five-to-one ratio, agreeing with the conclusions reached from lac—NMR
peak height evidence. These results offered more evidence for participa-
tion of the double bond in the seven-membered ring in complex rearrange-
ments. Without this double bond, only simple dehydration products are ob-
tained, even with a good leaving group at the site of initial reaction.

Carotol ether (40), an unusual ether related to carotol, has been
prepared by Demole et al. in their synthesis of cedrene.23 The synthesis
of carotol ether (40) and its rearrangement to the acorane skeleton is
given in Figure 10. Reaction of nerolidel (37) with N-bromosuccinimide
(NBS) in carbon tetrachloride is thought to involve formation of a bromon-
ium fon at the central double bond of nerolidol, Reaction of this bromon-
ium ion with the hydroxyl group produces the bromo tetrahydrofuranyl inter-
mediate (38). This bromo intermediate is then refluxed, without isolation,
in collidine causing dehydrobromination and a [3,3] sigmatropic rearrange-
ment which forms cycloheptenone 39. This cycloheptenone is converted into
carotol ether (40) by a [2 + 2] cycloaddition catalyzed by tin (IV) chloride.

It is interesting that this laboratory synthesis of carotol ether
involves an intermediate very similar to that postulated in the biogenesis

of carotane sesquiterpenes (Figure 1). The spectral properties of cyclo-

heptenone 39 were identical to those reported in the literature.
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Reduction of this ketone should produce cycloheptenol 42, which upon
solvolysis may give the postulated biogenetic intermediate, Cycloheptenol
42 was prepared from cycloheptenone 39 by reduction with lithium aluminum
hydride. The spectral properties observed for this alcohol were consistent
with the assigned structure. It is interesting that the 1H-NMR spectrum
showed two singlets, in a two-to-one ratio, for the methyl group attached
to the quaternary carbon atom. The 13C-NMR spectrum also showed the non-
stereospecific nature of this reduction by the presence of two signals for

each carbon atom in the molecule,

/OH

Cycloheptenol-42 was refluxed overnight in acetone containing sev-
eral drops of 90 percent formic acid. WNo change was observed in the GC
trace of the mixture. The oil obtained on work-up was shown to be starting
material by comparison of spectral data with those of an authentic sample.
Reaction of this alcohol in refluxing formic acid produced a mixture of
three major compounds in addition to starting material., Reaction for
three hours in formic acid at room temperature also produced a complex
mixture {15 compounds as detected by GC). Since none of these reaction
conditions yielded mixtures containing a single major product (greater

than 50 percent of the mixture), preparation of the tosylate of alcohol 41
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was deemed necessary. The cycloheptenol tosylate (43) should react under
very mild conditions and give an intermediate containing a great deal of
free carbonium ion character. 1In this manner it was hoped to cbtain a
single (at least major) product, presumably cyclized to the carotane skel=-
eton. Preparation of tosylate 43 was attempted according to the procedure
of Fieser.30 Only starting material was recovered from this reaction.
The procedure was repeated allowing three weeks reaction time in a refrig-
erator. Again, only starting material was recovered. Further investiga-
tion into the reactions of this possible precursor to the proposed inter-
mediate in the biosynthesis of carotol was left for future workers.

Carotol ether (40) was prepared from cycloheptenone 3% as outlined
above. The spectral preoperties of the product were identical to those
given in the literature.23 Reaction of carotol ether with lithium aluminum
hydride-~aluminum chloride, the next step in the published synthesis of
cedrene, was repeated in order to obtain a sample of acoratriene 41. The
product mixture obtained contained at least seven GC detectable compon-
ents, which could not be separated by the published procedure.23

Carotol ether appeared to be a likely candidate for conversion into
carotol (3). Demole has reported preliminary attempts at achieving this
goal using lithium aluminum hydride in various solvents without success.
A strong Lewis acid (Sncla) was used in the preparation of carotol ether,
It was therefore of interest to determine the result of the reaction of
pure carotol ether with another acid. Carotol ether was stirred three
hours in 90 percent formic acid. A GC trace of a sample obtained from the
reaction mixture showed three products in addition to carotol ether, which

comprised 63 percent of the mixture. The solution was then heated to 50°¢
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and stirred at that temperature for three hours, The reaction was worked
up and found by GC to contain seven components, including carotol ether
{21 percent}. These products were partially purified by chromatography,
but due to the small yield of purified products eluted, only IR spectra
were obtained. Those spectra showed the presence of an alcohol, formate,
and several olefins in the original mixture, Further investigation of
this potentially useful reaction is needed.

Dihydrocarotol ether (44) was prepared from carotol ether (40) by
catalytic hydrogenation at atmospheric pressure. The spectral properties
of this compound were similar to those of carotol ether, Reaction of di-~
hydrocarotol ether with tin (IV) chloride produced a complex mixture of
five GC detectable compounds, including 15 percent unreacted starting ma-
terial. Chromatography of this mixture on silica gel removed the starting
material, but no further purification was achieved. The IR spectrum of
the mixture eluted contained a carbonyl absorption at 1700 cm-l. The
1H-NMR spectrum indicated the presence of olefinic hydrogens by a multiplet
at & 5.25 ppm.

After treatment of dihydrocarotol ether with 90 percent formic acid
for 30 days, less than 10 percent reaction was observed by GC. Since di-
hydrocarotol ether did not form any major products upon treatment with

either of these acids, investigation of this compound was terminated.
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CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS

A reinvestigation of the dehydration of carotol (3) by thionyl
chloride has shown the presence of two new products in addition to the
previously reported daucene (5). These products have been isolated and
identified as acoradienes 9 and 10. A biogenetic pathway to these products
has been proposed. The importance of the seven-membered ring double bond
in the rearrangement has been demonstrated by the absence of acorane prod-
ucts in the dehydration of dihydrocarotol (14).

The acoranes have not been considered biogenetically related to
the carotane sesquiterpenes. In light of the facile conversion of carotol
to acoradienes presented in this work, a study of the conversion of acorane
to carotane skeletal types should be undertaken to shed more light on the
biogenesis of both types of sesquiterpenes.

Upon prolonged treatment with formic acid, carotol (3) and daucene
(3) gave the same mixture of five products. The structures of the major
products, alcohol 25 and formate 26, were determined from spectral evi-
dence, especially 13C-NMR. An X-ray crystallographic study of a heavy atom
derivative of alcohol 25 should confirm the structure and stereochemistry
of these products. Perhaps 13C-NMR shift studies (especially off resonance
studies) would give further spectral proof of these structures. Confirma-
tion of the structure of ether 24 should be obtained, This compound should

be readily prepared from daucol. A structure was proposed for one (olefin
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22) of the two minor products in the mixture. The structure of the other
minor product could not be determined from the minimal spectral evidence
available, and awaits reinvestigation.

Further investigation into the mechanism of the formation of these
products would also be of interest. Preliminary studies of the composi-
tion of the mixture with time have shown the large amount of daucene ini-
tially present rearranges rapidly to alcohol 25 and formate 26. Originally,
more formate is produced, but hydrolyzes to alcohol with time, so that the
equilibrium mixture contains approximately 60 percent alcohol 25 and 20
percent formate 26. A plot of the composition of the mixture with time
shows an unexpected plateau in the curve representing alcohol 25. Further
study should be done to determine if this plateau really exists,

A study of the reaction of carotol (3) and daucene (5) with other
acids would be pertinent. Changes in the acidic medium of the reaction
would likely change the nature and reactivity of the carbonium ions formed.
The composition of the product mixture may change or an entirely different
set of products created. The proposed mechanism for the formation of alco-
hol 25 involves an acorenyl cation. Acoradienes are known products of re-
action of carotol with formic acid. The acorane sesquiterpenes are there-
fore prime candidates for study as possible biogenetic precursors to tri~
cyclic sesquiterpenes,

Carotol acetate (33) gave the same products as carotol (3} when
treated with formic acid. Whereas carotol acetate rearranges on silica
gel, carotol does not. The major products of this rearrangement were
identified as daucene (5), acoradiene 9, and acoradiene 10, Two minor

products need further structural clarification., Finally, the reactions
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of the epoxides of olefins 15 and 16 must be studied in greater detail.

Biogenetically, cycloheptenol 42 is of great importance as a po-
tential precursor of a postulated intermediate in the biogenesis of caro-
tol (3). By using various conditions and by variations in the nature of
the leaving group derived from this alcohol, a broad spectrum of inter-
mediates, with varying amounts of positive charge on the seven-membergd
ring will give an opportunity to simulate "in vitro" the postulated bio-
genesis of carotol.

This work, then, begins an investigation into the chemistry of the
carotane sesquiterpenes., Much work remains to be done. Now that a few
of the structures of the many products formed by the carotanes are known,
and some of the chemistry of the carotanes investigated, it is possible
to begin 2 more systematic study into this interesting area of natural

products chemistry.
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ERRATA

azidine, read aziridine.

endo-aziridine, read endo-aziridine Sc.

D,L-alaninate, read dl-alaninate.
[5.5.0.0.]11:%, read [5.5.0.01:4).
same as page 14,
coplainarity, read coplanarity.
reference 26, read reference 30.
reference 27, read reference 32.
paladium, read palladium.
reference 28, read reference 32.

perchlorid, read perchloric.



