B

A

Synthetic Studies of Precurors to Daunomycin

Solvolysis Studies of Hydroxythioacetals and an Attempted

Synthesis'of Yashabushiketol

by

Raymond James Hill

A thesis submitted to the
Faculty of Graduate Studies and Research
of the University of Manitoba
In Partial Fulfillment of the Requirements
for the degree

Masters of Science

f

’ ) “M
April 15, 1975 NV E
pri 43X£ Ul Eﬁgvﬁk_

Wz

OF MANITODA

N LIBRARIES F

T~ AR



To my loving wife,

Dorothy



"A  SYNTHETIC STUDIES OF;'PR'ECURORS TO DAUNOMYCIN
SOLVOLYSIS STUDIES OF HYDROXYTHIOACETALS AND AN ATTEMPTED
SYNTHESIS OF YASHABUSHIKETOL"

by
RAYMOND JAMES HILL

A dissertation submitted to the Faculty of Graduate Studies of
the University of Manitoba in partial fulfillment of the requirements’

of the degree of

MASTER OF SCIENCE

© 1976

Permission has been granted to the LIBRARY OF THE UNIVER-
SITY OF MANITOBA to lend or sell copies of this dissertation, to
the NATIONAL LIBRARY OF CANADA to microfilm this
dissertation and to lend or sell copies of the film, and UNIVERSITY
MICROFILMS to publish an abstract of this dissertation.

The author reserves other publication rights, and neither the
dissertutiqn nor extensive cxtracts from it may be printed or other-

wise reproduced without the author’s written permission.




ii

Acknowledgements

I would like to express my gratitude to my supervisor
Dr. C.M. Wong for his guidanCe and time given so freely, but
especially for his patience in allowing me to persue my own
methods even if he felt they would not work. |

My thanks is due Dr. Robert'J. Schwenk for moral support

in times of trouble and Dr. T.-L. Ho for taking me under his wing

while Dr. Wong was away for a time.




iii

Abstract

Part A

Butadiene was added to p-benzoquinone to give 4a,5,8,8a-
tetrahydro-1,;4-naphthoquinone V. This Diels-4lder adduct was made .
aromatie,. then methylated with KZCO3/dimethy1 sulfate to give 5,8-
dimethqu—l,4—dihydronaphthalene VI. Hydrolysis of the double
bona with B2H6/H202 followed by oxidation of the alcohol yielded
5,8~dimethoxy~-2-tetralonelX, Conversion of IX to 2-hydroxy-2-
acetyl-5,8-dimethoxytetralin XIII was accomplished either by
addition of an acetylene&krignard\followed by hydrolysis with
mercuric salts or by addition of HCN to the ketone, blockage of
the alcohol and then addition of methyl lithium to the nitrile.

£ -Propiolactone was stirted with NaNO_, to give 3-mitro-

2
| propionic acid XXVII., With the acid halide XXVIII of this compound ;
wag condensed methylvinylcarbinol to yield sec-butenyl 3-nitro-
propionate XXIX. Ozonolysis of the product afforded 1!'-formylethyl
3-nitropropionate XXX which would not cyclize to 4-nitro-5-

hydroxy-6-methyl-2-pyranone.

Part B
"Several o -hydroxy thioacetals were synthesized, then
hydrolized with Tl(CF3C02)3 to test the specificity of its solvolysis

reaction.

anszn e
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Benzyl magnesium thoride was reacted with allyl
bromide to give 4-phenyl-l-butene (XXXVIII:- which was epoxidized
to yield 1,2-epoxy-4-phenyl butane XXXIV. To this was added the
anion of cinnamaldehyde thioacetal XLI giving yashabushikeﬁol

thioketal XLIII. Solvolysis yielded not racemic yashabushiketol

XLIV as hoped, but cis and trans 2-phenyl-6-(2'-phenylethyl)

tetrahydro~4-pyrone.
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PART A

INTRODUCTICN

Daunomycin (fig. i), a new antibiotic isolated from

Streptomyces peucetiusl, has been shown to inhibit DNA and RNA

synthesis in vivo in bacterial cellszAand.animal cells3-5 and to
-inhibit DNA—dependent RNA polymerase and DNA polymerase iﬂ.ZiE£2~6
This inhibition results from the fact thaﬁ daunornycin binds to the
DNA Template; in the case of cells, to the DNA of the chromosome.7
Thus, daunomycin is toxic and specific for animal tumor cells which

have an accelerated rate of growth,

1 e 0 OH

Figure i

[

In clinical applications, a dose of 1 mg/kg per day for
6 to 8 days produces complete or good partial remission in childhood

leukemia with seemingly no accumulative bone marrow damage.8

Daunomycin consists of two moieties: daunomycinone (fig.

ii a), an_agl?cone, the structure of which was finally elucidated by

0
Mondeli gE_éi.g’l, and an amino sugar, daunosamine (fig. iib)ll,



L which is attached to the aglycone via an d-linkage at C-7.

a
OH
CH3

NH2
H

b

L

Figure ii

THE NATURE OF THE PROBLEM -

Goodman et al%z have synthesized the amino sugar,

daunosamine, while the synthesis of racemic daunomycinone has recently

been accomplished in this laboratory.13

The first section ofﬁhs work was.devoted to finding a
shorter, simpler synthesis ¢f: one of the intermediates of' the A
daunomycinéne synthesis, namely, 2—hydroxy—2~acetyl—5,8—dimethoxytetralin
(fig. iiij. . The first section also involved an approach to the syn-
thesis of the amino sugar, daunosamine, from a "

non-sugar" starting

material.




RESULTS AND DISCUSSION

5;8-dimethoxy—2—tetraline IX wés prepared according to
the procedure outlined by Grob and Jundtl4, scheme I, save for one
small change. In lieu of sodium in methanol for enolization of the
Diels-Alder adduct, II, to IIa, potassium carbonate in acetone was
used; As é result) the yield from II to IITI was increased frém 65%
to. 87%; otherwise, yields in scheme I wefe comparable to those of
Grob and Jundt.

‘Due to the fact that the synthesis of the startihg material,
2—methoxy—1,4—butadiene I, took two weeks to complete, the syﬂthesis-
as outlined in scheme'I was thought too lengthy and, therefore, an
alternate synthesié of 5,8-dimethoxy-2-tetraline IV was devised
(see scheme II). B

p-Benzoquinone was reacted with butadiene in benzene at
room temperature for one Qeek to give 4a,5,8,8a~tetrahydro-1,4~

z,
naphthoquinone V 15380% yield. The melting point, 51 - 53°% (all
temperatures will be given in Qelcius) corresponded.to that given by
VanfTamglenfs The infréred spectrum (i.r.), figure IR~I, gave the
conjugated 8 -diketone absorption at 1695 cm—l; the nuclear magnetic

resonance spectrum (n.m.r.), figﬁre NMR-I, was as expected and the

mass spectrum showed the required 2T P = 162.
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The tetrahydronaphthoquinone V was then treated with
K2CO3/Me2$O4 in acetone to give 5,8—dimethoxy—l,4—d%pydronaphthalene
/VI, as a light brown oil .which on distillation Yielded a faintly

yellow oil. thét crystallized on. standing to a white solid m.p. 43 -
44° (Terent'ev16 reports 500). The .i.r. (fig. IR-II) revealed no
carbonyl absorption, but did show peaks corresponding to an
aromatic double bond (1600 cm-l), and ether linkages (1075, 1090
cm—l). The n.m.r. (fig. NMR-II) was consistent Qith the structure
VI and the mass spectrum again manifested the desired molecular
ion at 190 amu.
At this point, several successful and unsuccessful attempts
were made to convert the olefin VI to the tetralone IX.
| One such attempt was to first convert the olefin VI to
the epoxide VII, then to isomerize the epoxide to the ketone IX
with BF3 etherate. The epoxide formed smoothly at room temperature
wiﬁh MCPA (metachloroperbenzoic acid), giving a white crystalline
s6lid in 75% yield, m.p. 131-132°. The i.r. (fig. IR-III) was
similar to that of the olefin save for the appearance of a peak at
860 cm—l, indicating the presence of the desired epoxide. The n.m.r.
(fig. NMR-III) was now minus tﬁé olefinic proton absorptions and
showed peaks at §=6.61 (2H, ngingle57 ) 3.75 (6H, s), ca 3.4
(4H, multiplet), and 2.5 - 3.0 (2H). The mass spectrum gave the
desired ??i = 206. Attempts at isomerization, however, with BF3
etherate in benzene or with acetic anhydride. provea fruitless, with

none of the desired ketone IX being isolated.

A one step conversion of the olefin VI to the ketone IX
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involving hydroboration followed by chromic acid oxidation also
failed. The crude product of this procedure showed a singleaéﬁfbonyl
peak at 1670 ém—l in the i.ri so purification of the oil was not
attempted. It is believed that the chromic acid attacked the
suscepﬁible benzylic position rather than cleave the alkyl-boron
bond.

The successful approach to compound IX proved to be
hydréboration of the olefin VI with subsequent o#idation tq the
alcohol VIII by H202/NaOH followed by oxidation employing the
CrO3-pyridine-complex in methylene chloride.

The_hydrdboration of the olefin was carried out at room

temperature and subsequent additicn of H gave a snow-white

2%2
crystalline crude product {m.p. 131 - 132°, Lewis reports 130.5 =~

7
13201 ) in essentially gquantitative yield. The i.r. (fig. IR-IV)

exhibited an absorption at 3640 cm_l (OH stretch), along with the
now familiar peaks in this series: aromatic double bonds, 1600
cm-l, and ether linkages, 1095 cm—l° The n.m.r. (fig. NMR-IV)
showed resonances corresponding to aromatic protons at 6= 6.62
(24, s), OH and CHOH ca 4.1 (broad, 2H), aromatic OCH3 at 3.75

(6H, s), benzylic protons ca 2;5 (4H, multiplet), and aliphatic
prptons ca 1.9 (2H, multiplet). The mass spectrum was also consis-

tent with the structure, giving fragment masses at 208 (P), 190

(r ~ H20) and 175 (P - H20,°CH3).

It was found that oxidation by Cro, in acetic acid was
too vigorous and that the benzylic positien . was attacked. The mild

Cr03.2 pyridine complex oxidation was successful, however, giving



5,8—dimeth6Xy—2-£e;iéline IX in 84% yield as heavy white crystals
(m.p. 98 - 99.5°).

‘The i.r..(fig. IR-V), n.m.r. (fig. NMR-V) and mass
spectrum are iﬁentical to fhoSe given by the tetralone synthesized
by Grob's method.14 Oxidatign of the alcohol VIII to the ketone
IX employing dry dimethylsulphoxide (ﬁMSO),v;g;cyclohéxlear—
boaiimide (DCC) was also successful. The yield was somewhat lower,
but'fhe method is amenable to conversion of larger quantities in
a single reaction.

From the tetralone IX, two successful synthetic routes
&ere found to the desired 2—hydroxy-2—acetyi—5,8—dimethoxytetralin
XIII (see scheme III).

The first route involved the conversion of the tetralone
via an acetylene(grignard to 2—hydroxy—2¥ethynyl-5,8—dimethoxy—
tetralin X which could be isolated as a colorless oil in 83% yield.
The i.r. (fig. IR-VI), now minus a carbonyl absorption, showed an
aﬁsorption for an aicohol at 3630 cm—l and the sharp acetylenic
hydrogen stretch peak at 3346 cm—l. The n.m.r. {(fig. NMR-VI)
was as éxpected; the mass spectrum also gave the desired molecular
ion at 232 amu and P - H20 at 214.

The hydroxyacetylene, compound X, which need not be isolated,
was then hfdrolysed with HgSO4/HZSO4 in wet tetrahydrofuran (thf) to
give 2-hydroxy-2-acetyl-5,8-dimethoxytetralin XIII in 87% yield.
The m.p., 102 - 102IS§ cqmpared favourably to that feported by

R.J. Schwenk18 of 100 - 102°. The mixed m.p. with an authentic

sample was unchanged and the i.r. (fig. IR-VII; compare IR-VIIA,
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an authentic sample), n.m.r. (fig. NMR-VII) and mass spectrum
were superimposable on those of the authentic sample.

‘The'seéOndvsucceSSful approach involved: first, conver-
sion of the ketone IX to its cyanohydrin XI {(not isolated), blockage
of the hydroxyl group with a trimethysilyl ether XII (also not
isolated), and then the use of either ﬁethyl lithium or methyl
magnesium iodide‘to convert the nitrile to a methyl ketone (see
scheme III). Hydrolysis of the trimethylsilyl ether by dilute
NH4C1/HélAafforded.a product idenﬁical to the desired hydroxy
kefone XIIT. |

Addition of methyl lithium directly to cyanohydrins have
been reported,19 but in this case, the reaction of methyl lithium
with the cyanohydrin XI gave a product which appears to have been
compound XIV. The mass spectrum of the isolated product gave a
molecular ioh at 222 amu and the i.r. showed a hydroxyl group
absorption but no carbonyl absorption. It seems that in basic
médium, this cyanohydrin eliminates HCN to give the original ketone
IX which then may add CH3Li. |

It might be mentioned‘at this point that 8-methoxy-2-
tetralone XV20 reacted analogously to the dimethoxytetraline IX,
giving the hydroxyketone XVI through both the hydroxyacetylene and
cyanohydrin integmediates. Since this was used as a model system,
no dataaX® reported excepting the i.r. (fig. IR-VIII) and n.m.r.
(fig. NMR-VIII) of the hydroxyketone XVI.

An_attémpt to syntheéize 2—hydroxy—2—(l’~oxo—2‘—hydroxyethyl)—

5,8-dimethoxytetralin XIX {(which might be a useful intermediate in the

g
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OMe OMe OH

proposed synthesis of adriamycinone XX%lthe aglycone of another
potent antitumor antibiotic, adriamycin) via scheme IV was a
failure. The vinyl @rignard reacted in good yield with the dime-
thoxyketone IX to give the hydroxy olefin XVII, but subsequent
attempts to epoxidiée the doubie bond; varying reagents, conditions
and‘blocking groups for the hydroxyl group gave at best 5% yields
of cqmpoﬁnd XVIII.

Since radical conversions of « -hydroxyketones to

21, 22a, 22b

of, ¢ '~dihydroxyketones are already known . and are

fairly efficient, this scheme was abandoned without attempting the

final step. OMe . . OMe OH
—>
Me
) XVII
OMe |
OH 0 OH
—_ —_
OMe XTX

SCHEME IV




Following this, the attempt to react the 2-methyldithiane
anion XXI with the dimethoxytetralone IX (scheme. V) also failed,

- giving compound XXII in yields of the order of 10% at best.

XTI

OMe XIII

SCHEME V

Although unsuccessful in attaining the desired goals,

these last two results would seem to be in agreement with an hypo-

thesis pfomulgated by Pearson23 denoting the reactivities of species in
terms of hard/éoft acids and bases (HSAB). He says that "hard"

acids tend to feact with "hard" bases and "soft" aecids tend to

..d.,..y.
B 7{3
1
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react with "soft" bases. The more localized the charge is, the
harder the acid ér base. |

.In this case, theCz—carbonatom of the tetralone IX,
being doubly bonded to the oxygeﬁ; would be quite electron defigient,
making it a much harder Lewis acid than the benzylic hydrogen.

The hard acetylene and vinyl Grignards (scheme VI),
- being sp and sp2 hybridized anions respectively, preferentially
atté;k theC2~carbon.atom while the soft lithium dithiane and ethyl
&rignard (private communication from Dr. T.-L: Ho), being sp3
anions, react with the benzylic hydrogen giving the anjon XXIII

(see table I) , : |

. Me
OMe 0 ox
0 RX R
—_>
XIv

OMe X OMe _
_SCHEME VI
TABLE I

»

Yields (%)of products of carbonyl addition of sp, spz, and sp3 anions
to compound XI

. R : X ' % XXIV
HC=C ‘ MgBr ' 83
H,C=CH ) MgCl 75
H,C-CH, | MgBr 10
CH,E-5\ i 10

S- (CHz) 3
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In concluding-this series, the synthesis of 2-hydroxy-2;
acetyl-5,8-dimethoxytetralin XIII, an intermediate in the labora-
tory prepration of daunomycinone iia, has been shortened with
some improvements in yields.

An attempt at the racemic sfnthesis of a second intermed-
iate of daunomycin, its sugar moiety,’daunosamine XXVb, was not
nearly as successful. The limitation was placed on the project
(scheme ViI) that the stafting materials would not be sugars, .
which Gooaman SE.EliZ had used with success in his synthesis:

/B -Propiolactone XXVI was reacted with aqueous sodium
nitrite24 ﬁo give the white crystalline 3-nitropropionic aFid XXVII
in 22% yield (m.p. 63 - 65°). The n.m.r. (MMR-X) and i.r. (IR-X)
verified the results.

3-Nitropropionic acid was converted to its acid halide
XXVIII with thionyl chloride, then, without isolation, was reacted
with methylvinyl-carbinol fo give sec-butenyl 3-nitropropionate
XkIX, as a colorless oil, in 61% yield. The n.m.r. (NMR-XI) was in
agreement with the structure, the vinyl and allyl protons (deshielded
. by the oxygen) showing as a four proton multiplet (6= 5.0 to 6.1),
the four methylene protons as broadened triplets at 8§ = 4.56
(2H) and §= 2.90 (2H), and the methyl protoﬁs as a doublet at
5= 1.31 (3H). The i.r. (IR-XI) showed an ester carbonyl absorption
at 1735 cm_1 and peaks corresponding to a nitro group at 1560 cm_l
aﬂa 1380 cm_l. Although the mass spectrum showed no molecular ion

at 173 amu, it did show expected fragments at 55, 71} and 102 emu

(fig. iv). The elemental analysis made it quite certain that the
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isolated ester was the expected compound XXIX.

The next step was an ozonolysis to convert the olefin
XXIX to the aldehyde XXX. This step provided the aldehyde ester in
77% yield. The compound was found to be unstable on silica gel and
several other solid supports so could not be purified by thin layer
chromatography (t.l.c.) nor by coldmnAChromatography. Further, it
was found to decompose when heated, even under high vacuum distilla-
tioh. Beéause of this, its analysis was virtually impossible SO
the strucfure of compound XXX haa to be confirmed primarily by its
infrared spectrum and its n.m.r.

The i.r. (IR-XII) still had the nitro and ester peaks
except that the ester.peak was shifted to higher wave number by
5 cm_l and also, that it had become quite broad, indicating the
PEobability of the presence of another overlapping carbonyl
frequency. There was great variance in the fingerprint regions
between the olefin ester XXIX i.r. (IR-XI) and the aldehyde ester
xix i.r. (IR—XIIZ, with several notable peaks {olefin, 1647 cm_l;
terminal methylidene, 935 cmnl) absent in the latter.

The best evidence that the assignment is correct, however,
comes from tﬁe n.m.r. {(NMR-XII). The complex vinyl-allyl multiplet
hésvbeen replaced by a clean quartet arising from the methine
proton resonance. The two sefs of broad triplets from the methylene
protons are still in evidence as is the methyl dogblet {(although
no;l flanked by impurities). The aldehyde peak at 5= 9.50 would

also seem to verify the structural assignment.

The fact that the aldehyde proton is not a doublet is
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not anomalous. Kérabatsos and Hsi25 showed that because of a
stable conformation, the couplihg constants of O -substituted
aldehydes commonly fall belo& 2 Hz (jertz = cycles per second).
At 50 hz sweep width, The coupling shows only as a slight broad-
ening, indicating a coupling constantm(J) of 0.5 Hz or less.
There was no molecular idn at 175 amu in the mass
specfrum. Béyond this, mass spectroscopy was not used as a tool
foi identification since small amounts of impurities may give
prominent peaks at positions incongruous with the structure.
This series ended abruptly when the aldehyde XXX
refused to cyclize to compound XXXI under the influence of basic
catalysts including NaH, KOtBu and NaO%Bu with solvents including

thf, ether, benzene and tertiary butanol.

T Bk




PART B

INTRODUCTION

Since the introduction of the addition of thioacetal
anions to various electrophilic compounds b? Corey and Seebach,
there has been a flurry of activity t6 discover simple methods for
hydrolysis of the resulting thioketals and thioacetals to their

réspective ketones and aldehydes. Some of these reagent-methods

are: chloramine T,26 ceric ammonium nitrate (CAN),27 S—-alkyla-

28, 29, 30 + 2+, 31, 32, 33, 34
7 ’

tion "soft" acid oxidation (Hg2 , Cu” )

concentrated sulphuric acid,40 methylfluorosulphonate,41 silver

~salts,42’ 43 N.--halosuccinimide44 and T1 (CF3C02)335°

THE NATURE OF THE PROBLEM

The attempted synthesis of the hydroxyketone XIII (section

A) by scheme V as well as previous studies in this laboratory by

35

T.-L. Ho and C.M.S. Wong27’ prompted the study of the solvolysis

of dithianes leading to of -hydroxyketones and & ~hydroxyaldehydes.

The extension of this study was to carry out the racemic

synthesis of the newly isolated ¥ashabushiketol XXXIII,36 a C6—C7—C6

natural product from the male flowers of Alnus firma Sieb.

”~
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RESULTS AND DISCUSSION

The study began'with a test of the effectiveness of thalilie
trifluorocacetate (T1 (TFA)3) on d-hydroxythioacetals?5 The thio-
acetals in Table II were preéared by Robert's method.37 The anions
were formed at -30 to -20° in thf under é dry NQ atmosphere and
took approximately 1 hour to form completely. The carbonyl was
then added at -5 to —10o and allowed to react a further 3 hours.
Those compounds in Table II with references are known while the
other two were prepared in this laboratory for the first time. For
these reactions, the yields are typically high. These high yields
and the simple apparatus more than offset the little extra care
needed in preparation and justify wide spread use of this reaction.

Large amounts of trifluoroacetate esters of the resulting
alcohols were detected by t.l.c. when bicarbonate was used to
neutralize after the reaction. To alleviatethis problem and
increase yields, ammonium hydroxide was used successfully in lieu
of sodium bicarbonate to hydrolyse the esters while neutralizing the
reaction medium.

For some reason, as yet not known, compouﬁd XXXIVe reacted
with one equivalent ofv'I‘l(TFA)3 to give 21%'starting material and it
was not until two equivalents of the thalliesalt were used that the
reaction went to completion; giving XXXVe in 75% vield.

‘The solvolysis of 2-hydroxydiphenylmethyl-2-methyldithiane
XXXIVd did not proceed as expected. The crude i.r. showed no trace
of a carbonyl absorption in the region ca 1720 cm_l, so that is was
apparent that simple hydrolysis had not occurred.

The infrared of the purified hydrolysis product (IR-XXIV)
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TABLE II

Synthesis of ol-hydroxythioacetals

compound R . R',R" $ yield reference
XXXIVa H g, @ 77 33
b CH3 - (CHZ) 5=~ 83 33
c 7] @, H : 81.5 -
d CH3‘ o9, @ 69 33
e & - (CH,) ,- 91.5 -
” H y;
3 & ®
nBul.i
R”2 A5+ 0o —>
)
SCHEME VIII

~

TABLE IIT

Solvolysis of o -hydroxythioacetals according to scheme IX

compound . % yielq reaction time T1(TFA) 3
’ (hours) (equivalents)
" XXXVa 79 2 1
b 70 ‘ 0.5 1
c 77 0.5 1
- d _a 1 1l
e 75 1 2

a Reacts according to scheme X.

TR



‘ R OH R’ XXKTV

OH
, OH
2°3
iEf
/ /
- R/’OHR// ' R OHR
R 0
_ XV
/ v/4
R OH R
SCHEME IX
: ©
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t
was similar to that of the starting material (IR-XVIII) showing
only minor differences in the positions and intensities of the
major bands. The n.m.r. (NMR-XXIV, compare NMR-XVIII) showed the

aromatic protons having some change in environment and showed

resonances for what could still -be the methylene protons of the
thioketal moiety. The most dramatic change was the replacement

of_the'methyl group resonance of the starting material by an

absorption for what appears to be 2 non-equivalent vinyl protons

(§= 5.05 to 5.35),
The reaction then, it would seem, proceeded via scheme X,
the bulky phenyl groups blocking attack by water at the carbonium
ion. This steric ﬁindrance hypothesis is supported by the fact
that the other similar diphenyl compound XXXIVa takes 2 hours, a
relatively long time, to solvolyse to the aldehyde. -
This one exception, however, does not limit greatly the
effectiveness of this reagent as a fairly specific hydrolyzer of
tﬂioketals and thioacetals. The yields were generally high (Table
III( 75 - 79%Lthm§'Tl(TFA)3 was mild enough so as not to harm the

- fairly sensitive f-hydroxyketones produced. The most encouraging

result is the production of the & -hydroxyaldehyde XXXVa in 79%
yield. Even the mild cupric and mercurié¢ salts would most likely

oxidize this product.

Since condensations of thioacetal anions and their sub-
sequent hydrolysis to aldehydes and ketones are quite predictably
high yield reactions, it was at this point decided to attempt the

synthesis of a natural ;3-hydroxyketone, yashabushiketol XXXITI. This
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mild solvolysis reaction was thought to be a good choice for this
synthesis since under too.acidic or too basic conditions a
/3—hydroxycarbonyl is so susceptible to elimination.

According to scheme XI, benzyl magnesium chloride XXXVII,
was reacted with allyl bromide in ether to give 4—phenyl—l-—butene38
XXXVII kbp = 183'— 1850) as a colorless oil in 65% yield. The i.r.
(IR-XXV) showed the presence of a terminal double bond (1640 cm—l,

205 cm-l) and the n.m.r. (NMR-XXV) was consistent with the given
structure showing resonances for 5 aromatic protons (d8=6.9 - 7.3),4
nethyleng'protons (6=2.0 - 2.85) and 3 vinyl protons (6=4.75 - 6.15).

The epoxidation of compound XXXVIII with MCPA in CHCl3
proceded in 82% yield to give l,2—epoxy—4-pheny1butane39 XXXIV as a
colorless oil (bp = 105° @ 12 mm Hg). The double bond absorption
of 4-phenylbutane gave way in the i.r. (IR-XXVI) to epoxide bands
at 825 cm—1 and 905 cm_l indicating that the desired reaction had
occurred. The n.m.r. (NMR-XXVI) was also in accord, the resonance
for the vinyl protons having moved "up-field" so that there were
absorptions for 5 aromatic protons (&= 7.13) and 7 alkyl protons
spread.from &= 1.60 to 3.00.

In fhe meantinme, cinhémaldehyde XL was gtirred with

propane-1,3-dithiol (BF _,:ether catalyst) to give the corresponding

3
thioketal XLI (85% yield) as a light yellow oil which upon distilla-
tion solidified to white crystals (mp = 57 - 580), The n.m.r.
(NMR~XXVIY) showed an absorption for the 5 aromatic protons

{(§= 7.0 - 7.7), an ABX pattern by virtue of the two vinyl protons

and the methine proton respectively ( 6 = 4.6 - 7.0) and broad
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absorptions for the 6 methylene protons of the thioketal moiety
(6=1.60 - 3.25). The i.r. (IR-XXVII) was in accord with this
struqture and the elemental analysis was satisfactory.

The deep red anion XLII of the thiocacetal formed immediately -
on addition of n-butyllithium. Addition of the eéoxide XXXIV to
the anion XLII caused the deep red coior to fade to a light green
ih about 10 minutes, indicating that the reaction is quite fast.

Since the oil formed by this reaction would not crystallize
and decomposed upon distillation, purification was carried out by
t.l.c. (thin layer chromatography). Thus purified, the
/S—hydroxythioketal XLIIT (89.5% yield) is a viscose, light yellow
oil.

The i.r. showed an OH absorption (3625 cm_l) indicating’
that the condensation had taken place. This was confirmed by the
mass spectrum (MS—I’ which gave the desired molecular ion at 370
amu. The n.m.r. (NMR-XXVIIT) showed the ABX multiplet had given
wéyvfo an AB quartet (2H) centered at § = 6.45 revealing that the
anion had attacked via the 2 position of the dithiane ring, rather

than the position immediately adjacent to the phenyl ring (fig. v).
@6

_Figure v



=26~

Integration showed 10 aromatic protons (§ = 7.05 -
7.55), 2 vinYl protons (AB quartet, § = 6.54), one proton bonded
to the cérbon of the aicohol»(multiplet 6= 3.85 - 4.25) and 13
aliphatic protons ( & = 1.45 - 3.20).

Sihce compound XLIII was purified only by thin layer
chromatography, no elemental analysis was done; however, it was
felt that sufficient data had been gathered to identify the com-
pound. The next step also céntributed to evidence in favour of its
assigned structure.

The hydrolysis of this f3 ~hydroxythioketal did not proceed
as expected. Although a variety of reagents were employed {table
IV along with other reagents), there was no yashabushiketol XXXIII |
isolated or even detected by spectroscoéic means. Upon hydrolysis,
the molecule rather cyclized (scheme XII) to form the cis and trans
isomers of 2-phenyl-6-(2'-phenylethyl)tetrahydro-4-pyrone.

In an attempt to prevent cyclization, the hydroxyl group
was blocked by acetyl,‘trifluoroaéetyl and trimethylsilyl groups.
This effort proved in vain, however, since the only reaction products
isolated from‘these derivatives were either the starting blocked
alcohol or sﬁall amounts of thé tetrahydropyrone mixture XLVII,
which seemingly resulted from hydrolysis of the blocking group (by
traces of water in the reagents or solvents) followed by cycliza=-
tion. A érobable explanation is that the blocking group sterically
hinders attack on the sulfurs, preventing their oxidation and forma-
tion of the cation necessary for hydrolysis.

Fortunately, these isomeric tetrahydropyrones could be

separated from each other by thin layer chromatography on silica gel.



ooy

9 IIAIX

)

ITI X
_L -




-28~

Both were viscous oils with idenﬁical bﬁiling points (bp = 120° Q
0.2 mm), their elemental analyses were the same and acceptable
while theix i.r. and n.m.r. Spectra were different enough to allow
fairly definite assignment of the isomeric structures.

: y

The stereoisomeric assignment was made initially on the
basis of the infrared spectra. ‘

The i.r. (IR-XXIX) of the gis compound XLVII ¢, while
showing no hydroxyl absorption, did show an absorption at 1720 cm_l
corresponding to an unconjuéated ketone carbonyl. The i.r. (IR~XXX)
of the trans compound XLVII t was ‘quite similar to that of the cis,
except that the carbonyl band was slightly broader and more signi-
ficantly, was at a higher frequency, suggesting greater ring strain
as might be expected from the trans compound. More precisely, in
either chair configuration, compound XLVII t will have an axial
substituent which by way of a reflex effect45 reduces the internal
angle of the carbonyl, raising its stretching frequency. The
bfoader bandwidth of the absorption probably denotes rapid conforma-
tional changes expected from the less stable trans compound (see
fig. vi), further reinforcing the allegation that IR-XXX is the
i.r. of the trans compound. The i.r. of the ¢is compound, having'
a fairly sharp absorption fdergb;*wasldeemed to have the stable
chair conformation illustrated in figure wvii.

Both stereoisomers exhibited molecular ion peaks at 280
aéu in their mass spectra (cis MS-II, trans MS-III). The majority

of peaks for the trans compound can be accounted for by way of

scheme XIII. The cis compound, however, exhibits a more complex
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pattgrn. Scheme XIV seems to account for the extra fragments
although the reason for the appearance of the peaks at 218 and
220 is not entirely clear. it should be noted that all these
"extra" peaks appear in the mass spectrum of the trans compound
but in lower intensities. Thus both %somers fragment to some
degree by both schemes.

| 'The mass spectra, then, do not differentiate between the
two stereoisomers but are‘quite consistent with the conjecture that
the products are stereoisomers.

The n.m.r. of the cis compound (NMR-XXIX) was assigned
according to figure vii. The spectrum showed resonances for two
sets of aromatic protons (5H, pseudosinglet, §= 7.23; 5H,
pseudosinglet, &= 7.08). The methylene protons appeared as a
broad multiplet from &= 1.55 to 2.90. The chemical shift of the
C-6 proton was about one ppm higher than that of the C-2 proton,
the_latter being benzylic (signals were centered at § = 3.45 and

§= 4.45 respectively). The splitting of the H, signal ("a"

2a
dénoting axial and "e" denoting equatorial) from coupling with the

axial and equatorial C-3 protons (J = 9.5 Hz, = 5.0 Hz)

2a3a J2a3e

was clearly observed, the conformation of the molecule thué being
stable enough for the obserﬁation of the coupling.

.This type of coupling is not observed in'the n.m.r. spectrun
(NMR-XXX) of the §$%2§ tetrahydropyrone, which again suggests that
the rapid equilibri;;.indicated in figure vi is taking place. This
rapid equilibrium is further suggested b;lthe fact that the aromatic

protons of compound XLVII t appear és.single peak in the n.m.r.
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spectrum, therefore indicating an averaging of the environments of
these phenyl protons. The aromatic protons of compound XLVII ¢ on
the other hand, appear as two single peaks of about five protons
each, which indicates a relatively stable environment for each
phenyl ring.

The analysis, is not compleéely without question. Generally
it is found in an n.m.r. spectrum, that an axial proton appears at
higher fiéld than an equatorial proton, yet, H, and H_ of the cis

2 6

compound, which are deduced to be axial, appear approximately 0.2 ppm

1

to lower field than H2 and H6 of the trans compound, even though

these latter protons should spend a greater portion of their time

'

in the equatorial position.

TABLE IV

Yields of cis and trans tetrahydropyrones from compound XLII

reagent % trans % cis net trans + cis
" T1 (TFA) 3 43 57 _ 53%

MeI 45 55 53%

CuClz/CFBCQZH 43 57 65%

HO/BF 78 ” 22 45.5%

HgC1,/NaHCO, 43 . 58 49%

In the course of the studies of the attempted hydrolysis
of the thioketal precursor XLIII of racemic yashabushiketol XLIV,

several diverse reagents were tried to cause the conversion to
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yashabushifetol (tableIV). From the mechanism proposed in scheme XII,
it would be expected that the nature of the reagent should have

little bearing on the ratio of cis to trans and,remarkably enough,

this holds true almost to within 1%. The anomalous behaviour of

HgO/BF3 may be due to the strong Lewis acid's (B%)f equilibrating
the mixture. The fact that all other mixtures are approximately 1l:1
in ratio supports XLVI as an intermediate with no preferred side of

attack by the hydroxyl group on the carbonium ion.

It was found by infrared spectroscopy that trifluoracetic

acid established an equilibrium between the thioketal XLIII and
the pyrone mixture XLVII. Equilibrium was reached in about 2 hours
and there was no change in the i.r. of the mixture after gseveral
days. The exact ratio of tetrahydropyrone to thioketal was not
determined but was estimated from its spectrum to be about 1:10.

It was surmised that the major reason for the equilibrium
was not the potency of the reagent acid, but the facile formation

of the carbonium ion at C-3 of the thioketal (see compound XXXIII

for numbering). To test this conjecture, the same procedure as

above as tried on the thioacetal of henzaldehyde with no aldehyde

being detected by i.r.
To shift the equilibrium towards the pyrone, CuCl2 was

added to oxidize the thiol. While CuCl2 or CuClz/CuO were alone

ineffective in promoting hydrolysis, table IV shows that CuClz/CF3C02H
gave the best yield of all the reagents. This mild method was also
tried on the thicacetal of benzaldehyde and after 2 days at room

temperature afforded only a trace of benzaldehyde {ca 5%) which was
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detected by the infrared spectrum of the crude mixture.

This method then, would not seem to be of general applica-
tion, but was instrumental in pointing to XLVI as an intermediate
in the solvolysis of compound XLIII and supports scheme XII as the
most likely route to the tetrahydrone mixture XLVII.

Although the synthesis of r;cemic yashabushiketol XLIV
was not successfully completed, the reaction of its precursor to
form a mixture of EEE and trans 2—9henyl-6—(2'-phenylethyl)tetra—

hydro-4-pyrone proved to be of interest. -




‘EXPERIMENTAL

N

The infrared (i.r.) spectra were recorded on a Perkin

Elmer model 710 i.r. spectraphotometer neat, in methylene chloride

solution or as a"Mujol"mull. All nuclear magnetic resonance (n.m.r.)
spectra were recorded on a Varian HA-56/60A spectrometer neat, in
CDCl3 solution or CCl4 solution using tetramethylsilane (TMS) as
internal standafd. Chemical shifts are given in $ units and the

v
coupling constant,J, in hertz (Hz).

-

The mass spectra were recorded on a Finnigan model 1015
mass spectrometer. Microanalyses were conducted by Kolbe Labora—
tories in West Germany and melting points were obtained fr;m a
Fisher-Johns melting point apparatus and'are uncorrected. Alumina
and silica gel for column and thin layer chromatography (t.l.c.)

was Camag brand from Mondray Ltd., Montreal. T.l.c. was done

employing 1 mm thick adsorbent on 20 x 20 cm glass support plates.

PART A

1,4,6-Trimethoxy-5,8~dihydroxynaphthalene III

To 8.0 g (0.058 formula units) of potassium carbonate and
75 ml acetone mechanically siirred in a 200 ml three necked round
bottomed (r.b.) flask equipped with a condenser, was added 3.84 g
(0.02 moles) of 6-methoxy-4a,5,8,8a~-tetrahydro-1,4-naphthoquinone II
with external cooling. After 0.5 hour of stirring at gentle reflux,

2.1 ml (2.8 g, 0.022 moles) of dimethyl sulfate was added over 5

~35-
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K

minutes with external cooling. The solution was then allowed to
come to a reflux. Heat was subsequently applied and refluxing was
continued over a total of 4 lours. After cooling, water was added

until dissolution of the salts had occurred. The solution was

extracted with chloroform (2 x 50 ml). The organic extract was
dried over magnesium sulfate, %iltered the chloroform evaporated
and the residue distilled (140 - 142°C @ 2 mm) to give 3.83 g (87%)

of compound III as & light yellow oil. The oil crystallized on

sitting to an almost white sclid which was identical in mixed mp,

- VA
i.r., n.m.r. and mass spectrun. to material prepared by Grob's method .

i
4a,5,8,8a- .etrahydro-1,4-naph:hoquinone V

Into a 500 ml r.b. lask, were placed 50 g of practical

grade p-benzoquinone and 350 n:l of benzene. The mixture was
cooled to <110°C in an ice bath and 30 g butadiene dissolved into
the solution. The resulting dark solution was sealed and stirred

6 days at room temperature. It was then charged with ca (circa) 5g

charcoal, stoppered and stirred overnight. The mixture was then

filtered, évaporated and the solid residue recrystallized from 1

liter of hexanes to give 60 g (80%) of white fluffy crystals with a
melting point (mp) of 45 - 48°C.' Another recrystallization from

hexane gave material with mp = 51 - 53°C.

i.r. (IR-I): absorption at 1695 cm-'l (conjugated ¥ -diketone)

n.m.r.(NMR-I): resonances at 6.66 ZEH, singiet(s)Jquinone proton§7,
5.69 /2H, triplet(t), J - 1.5 Hz, olefinic/, 3.0 - 3.4 /2H, multi-

plet (m), mething7 and 1.9 - 2.8 (4H, m,metihylene).
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mass spectrum: é = 162(amu

5,8—¢ﬁmethoxy-l,4—dihydronaphthalene VI

The same procedure was used as for the isomerization
and methylation of compound IT, except that compound V was used as
starting material. The oil from this procedure was distilled at
145 - 150° @ 15 mm (air condenser) giving compound VI as massive

crystals (mp = 43 - 44°C) in near quantitative yields.

©
-

i.r. (IR-II): absorptions at 1600 cm-l (aromatic double bonds),

and 1075 and 1090 cm_l (ether linkages). [
!

n.m.r. (NMR-II): resonances at 6.58 (2H,s,aromatic), 5.85 (2H, t,

J

2 Mz, olefinic), 3.73 (6H,s, methoxyl) and 3.25 ZZH, doublet (d),

J = 2 Hz, allylic-benzylic/.

mass spectrum: P = 190, 175 (p - CH;) and 159 (¢ - OCH,).

2,3%poxy~5,8-dimethoxytetralin VIT

380 mg of the olefin VI, 425 mg of 85% metachloroperbenzoic
acid (MCPA) énd 20 ml of benzeﬁé were stirred overnight at room
temperature. The solution was then extracted with 10% ' aqueous
NaOH (2 x 25 ml), evaporated and the residue recrystallized from
CHCl3 to éive 307 mg (74.5%) of compound VII as white crystals

(mp = 131 - 2°).

i.r. (IR-III): absorptions at 1600 cm-l (aromatic double bonds),

1090 cn™l (ether linkages) and 660 cm - (epoxide).
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n.m.r. (NMR-III): Tesonances at 6.61 (2H, S, aromatic), 3.75
(6H, s, methoxyl), 3.25 - 3.50 (4H, m, benzylic) and 2.50 - 3.0

(2H, m, epoxide protons).

mass spectrum: P‘ = 206

2—Hydroxy—5,8—dimethoxyteralin VIIT

To 1.70 g distilled olefin VI in 15 ml tetrahydrofuran
(thf) with 0.140 g N'aBH4 powder suspended was added over 20 minutes
0.63 ml BF3:etherate and the resulting mixture was stirred for

2 2
ml water and then 2 ml of 3 N NaOH were added followed by 1.5 ml

another 70 minutes under N,. Excess B H6 was destroyed with 0.5

30% peroxide (exothermic). The aquous layer was saturated with
sodium chloride. The thf layer was then removed, diluted to 60 ml
with benzéne,»washed with saturated sodium chloride solution, dried
and evaporated to a small volume. Petroleum ether was then added
ta precipitate 1.79 g (96%) compound VIIT as fluffy white crystals.

Thus prepared, the alcohol VIII melted at 131 - 2°C and could not

7
be further purified by recrystallization (CHC13/pet ether). Lewisl

reports a mp of 130.5 - 132, -

i.xr. (IR-1IV): absorptiohs at 3640 cm—l (oH), 1600 cm“l (aromatic

double bonds) and 1095 cm-l {ether).

n.m.r. (NMR-IV): resonances at 6.62 (2H, S; aromatic), 3.85 -~ 4.25
(2H, m, CHOH), 3.75 (6H, s, methoxyl), 2.5 - 3.3 (44, m, benzylic)

and 1.8 - 2.1 (2H, m, methylene).

i
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mass spectrum: 'Pv = 208} 190 (p - HZO) and 175 (P - H20, CH3) amua

5,8~Dimethoxy—-2-~tetraline IX

A. Into a mechanically stirred solution of 7.5 g of CrO3
pyridyl complex dissolved in 100 ml CI—;ZCl2 (dried by passing through
column grade neutral alumina; 10 g for 100 ml methylene chloride) in
a 250 ml r.b. three-necked flask equipped with a drying tube, was
added in one portion, 2.0 g of alcohol VIII in 25 ml of warm dry
CH2C12. After 5 minutes of stirring, the mixture was filtered,
evaporated to dryness, the residue taken up into benzene and the
solution filtered and evaporated to remove the remaining pyridine.

6 ml of saturated aqueous NaHSO3 was added and the mixture
agitated overnight. The mixture was triturated with ether, the
solid collected and the tetralone was separated with saturated
aqueous NaHCO, solution. This mixture was extracted with chloro-
form and the chloroform layer dried and evaporated to give 1.665 g

(84%) of the tetralone IX which after recrystallization from ether

had a mp of 298 - 99.5°C.

i.r. (IR-V): absorptions at lfb? cm-'l (carbonyi), 1600 cm_l

(aromatic double bonds) and 1090 cm--1 (ether).

n.m.r. (NMR~V): resonances at 6.67 (2H, s, aromatic), 5.27 (impurity)

3.77, 3.73 (6H, 2 singlets, methoxyl), 3.46 (2H, broad singlet,
benzylic o -keto protons), 2.9 - 3.25 (2H, m, benzylic) and 2.3 =~

2.65 (2H, m, of -keto protons).

mass spectrum: P = 206 and 191 (P - CH3) amu
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B. ' To 400 mg alcohol VIII in 2 ml of benzene, 2 ml dimethyl-
sulfate (DMSO) and 80 1 H3PO4, was added 1.0 g dicyclohexylcarbodi-
imide (DCC). The solution was stirred 1.5 hours at room temperature,
diluted with 10 ml of benzene, filtered, washed with water (3 x 30 ml)
and dried over MgsSO,. It was then applied to a column of silica gel

(10 g) and eluted with CHCl, to give 0.225 g (57%) of white crystal-

3

line material identical in every way to that prepared by method A.

2-Hydroxy-2-ethynyl-5,8-dimethoxytetralin X

Fifteen mmoles (millimoles) of acetylene Grignard was
prepared in 100 ml of dry thf, according to the method of Skattebgl

46 To this solution, was added over a 30 minute period 2.06

et al.
g of the tetralone IX in 10 ml of dry thf and the resulting solution
was then stirred overnight under a.dry nitrogen atmosphere. The
solution was then added to 100 ml cold saturated agqueous ammonium
chloride solution. The resulting layers were then separated and

the aqueous phase extracted with ether (2 x 50 ml). The combined
organic extracts were dried (MgSO4) and evaporated t§ give 1.93 g
(83%) of almost colorless oil (used without purification in the next
step) . After.separation by t.i.c. (2% CH3OH:CHC13 on silica gel,

Rf = 0.4), compound X was obtained as a pinkish oil which gave the

following spectra:

i.r. (IR~VI): absorptions at 3630 cm_l (OH) , 2340 cm_l {(ethynyl C-H),
1600 cm“l (aromatic double bonds) and 1090, 1070 and 1030 cm_l

{ether and alcohol C-0).
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n.m.r. (NMR-VI): resonances at 6.44 (2H, s, aromatic), 3.66 and
3.63 (6H, s, methoxyl), 2.5 - 3.25 (5H, m, OH and benzylic protons),

2.19 (1H, s, methine) and 1.65 - 2.05 (2H, m, methylene).

mass spectrum: Py = 232 and 214 (P - HZO)

-

2-Hydroxy-2-acetyl-5,8-dimethoxytetralin XITI

A. To 1.16 g of crude acetylene alcohol X in 10 ml of thf
with 0.2 g powdered HgSO4 was added 2 ml of 10% agueous HZSO4.
After 3 hours of stirfing at room temperature. The solution was
decanted, washed with 10 ml saturéted aqueous NaCl and 20 ml of
ether was added. The solution was washed with bicarbonate, dried,
filtered and evaporated; The residue was recrystallized from
CHCl3— pet ether to give 1.09 g (87%) of white crystals melting at
102 - 102.5°C and identical spectroscopically and in mixed mp to a

sample of compound XIITI prepared by R. Schwenk.18

i.r. (IR-VII): absofptions at 3520 cm-l(OH), 1705 cm_l {carbonyl),

1600 cm-l {aromtic double bonds) and 1080 cm_l (ether or alcohol OH).

n.m.r. (NMR-VII): resonances at 6.47 (2H, s, aromatic), 3.71, 3.67
(each 3H, singlets, aromatiq methoxyl), 3.27 (1H, s, OH), 2.5 - 2.9
(4H, m, benzylic), 2.17 (3H, s, ;COCH3) and 1.56 —‘1.90 (2, m,
methylene).

mass spectrum: ‘P = 250, 234(P - HZO) and 207 (p - COCHB)

B. . To a stirred solution of 1.22 g of crude blocked
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cyanohydrin XII (next two.preparations) in 15 ml dry thf under Nz
was added 2.0 ml (10% excess) of 2.3 N MeLi (methyl lithium) in
ether and the solution stirred 1 hour at room temperature. The

solution was carefully poured over 50 ml of saturated aqueous

ammonium chloride solution containing 1 ml concentrated HC1 solution
and stirred for an additional 3 hours. After extraction with ether
(3 x 50 ml1), drying (MgSO4) and evaporation of the solvent the crude

material was purified by t.l.c. (2% MeOH:CHCl3 on silica gel,

Rf 0.4). It was then recrystallized from CHC13—pet.ether to give

0.733 g (73%) of compound XIII.

2-Hydroxy—2—cyano—5,8—dimethoxytetra1in_XI

1.03 g (5 mmoles) of 5,8—dimethoxy—2—tetralone IX were
dissolved into a suspension of 3.5 g NaCN in 20 ml of methanol.
7.5 ml of acetic acid were added and the mixture stirred for 3 hours
at room temperature. 50 ml of water were then added and the mixture
was extracted with CHCl3 (3 x 50ml). The combined CHCl., extracts

3

were then dried over Nazso4 and 'the solvent evaporated. The yield

of compound XI as an impure oil was 1.04 g (89.5%). The product was

not isolated for the next step.

Z—Qrimethylsiloxy—2-cyano—5,8-dimethoxytetralin XIT

- To a solution of 1.04 g of the crude cyanohydrin XI in 10 ml
of benzene and 1 ml of pyridine (dried over KOH) was added 2 ml of
chlorotrimethylsilane and this resulting solution was then stirred for

2 hours at room temperature under the protection of a drying tube.
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The mixture was then evapérated in vacuo to remove the excess chloro-
trimethylsilane. The sclid residue was taken up into 20 ml of
benzene and washed with ice-éold water (25 ml) and 5% sodium bicar-
bonate solution (2 x 25 ml) and then dried over MgSs0, -
The benzene was removed in vacuo; more benzene was added
to be égain removed in vacuo. This procedure was repeated until the
last traces of pyridine had been removed. The crude compound XII
(1.28 g, 94%) was again not purified, but was used directly in the

reaction with methyl lithium to make the hydroxyketone XIII two

steps preceding.

2-Hydroxy-2-acetyl-8-methoxytetralin XVI

This compound was prepared from 8fmethoxy-2-tetralone XV
using the above two procedures with similar‘results. Via the
acetylene grignard, the overall yield was 76% and via the blocked
cyanohydrin, 51%. The product was a colorless oil that was not

analysed.

i.r. (IR-VIII): absorptions at 3520 cm_l(OH), 1720 cm-l (carbonyl),
1600 cm_'l (aromatic double bonds) and 1120,1105 and 1090 cm-l (ether

and alcohol C-0).

n.m.r. (NMR-VIII): resonances at 6.40 - 7.15 (3H, m, aromatic), 3.70
(%H, s, ArOCH3), 3.34 (1H, s, OH), 2.60 - 3.08 (4H, m. benzylic), 2.14

(3H, s, —COCH3) and 1.57 - 1.94 (2H, m, methylene).
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2-Hydroxy-2-vinyl-5,8~-dimethoxytetralin XVII

412 mg of 5,8-dimethoxy-2-tetralone IX in 5 ml of t.h.f.
was added over 5 minutes to 1.5 ml (2.8 M) vinylmagnesium chloride

- in 5 ml thf, . 'The reaction mixture was refluxed 15 minutes and

then cautiously poured into 10 ml of saturated aqueous NH4C1

solution. The layers were separated and the organic layer washed

with saturated NaCl sclution (2 x 10 ml), dried over MgSO4,

evaporated and the residue purified by t.l.c. (silica gel, 2%

methanol/CHClB, R_ = 0.25) to give 352 mg (75%) of compound XVII

£

as a pinkish oil.

i.r. (IR-IX) absorption at 3620 cm“l (OH) , 1640 cm-l (C = | ’
olefinic), 1600 cm_1 (aromatic C = C), 1100 and 1080 cm-1 (ether

and alcohol C - 0) and 920 cm—l (terminal vinyl CH2)°

n.m.r. (NMR-IX): resonances at 6.58 (2H, s, aromatic), 4.93 -
6.28 (3H, m, vinyl protons), 3.74, 3.71 (each 3H, s, ArOCH3), 1.55 -
2.94 (6H, m, methylenes), 6.88, 6.26, 4.13 and 3.27 (spinning side

bands) .

3-Nitropropionic acid XXVII

18 g of /3—propiolactone was added dropwise to a ccoled,

in 50 ml of water (15 - ZOOC).

stirred solution of 25 g of NaNO2

Stirring was continued 4 hours and then the red solution was cooled
to -5°. Ether was added (25 ml) and then H3PO4 was added dropwise

until the solution was acidic (gg 10 ml). During acidification,

the ether was decanted frequently and fresh portions added. The
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combined ether solutions were dried, evaporated and the oil frozen
(dry ice). The frozen oil was placed on a suction filter and
allowed to thaw, leaving a whife solid. This freeze-thaw proceduré
was repeated twice more on the remaining o0il to give a total of

6.0 g (22%) of the nitro acid XXVII. Recrystallization (CH2C12)

gave stable white needles with a mp = 63 - 65°C.

i.r. (IR-X): absorptions at 2900 cm_l broad (—C02H), 1755 and 1720
cm-'1 (/3—substituted acid), 1560 and 1380 cm—1 {nitro and 1140 cm--l

(C~0 bond).

n.m.r. (NMR-X): resonances at 9.30 (1H, s, carboxylic acid), 4.47 -
4.83 2H, m, o -nitro methylene) and 2.90 - 3.20 (2H, m, O(-acid

methylene).

Sec-butenyl 3-nitropropionate XXIX

3.6 g of nitro acid XXVII was placed in a 250 ml r.b.
fiaék in an ice bath (fume hood).v 10 ml thionyl chloride was then
added dropwise with swirling over 10 minutes. The reaction was
stoppered loosely and let stand 0.5 hour with intermittent warming
on a steam bath (35 - 45°C) and:swirling° The SOCl2 was then pumped
off in vacuo (ca 400) with benzene being added to remove the last
traces of thionyl chloride. 10 ml of benzene was added. The
flask was then immersed in an ice bath and a solution of 2.6 ml
(2:2 g) of methylvinyl alcohol, 20 ml of benzene and 3 ml of pyridine
was added dropwise, with the temperature not being allowed to exceed

15°c. The flask was equipped with a drying tube and the contents
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stirred for 1 hour, still below 15°c. 30 ml of water was added
and the flask shaken till dissolution of the solid. The benzene
layer was separated and the aqueous layer extracted with more
benzene (2 x 50 ml). The combined benzene extracts were dried
(MgSO4) and evaporated and the oil residue distilled to (75 - 85°
@ 0.4 nm) to give 3.19 g (61%) of coméound XXIX as a colorless oil

2
with 72,5 {(index of refraction) = 1.448.

analysis 3C $H
calculated 48.55 6.40
found 48.50 6.36

i.r. (IR-XI): absorptions at 1735 cm_l_(ester carbonyl), 1560

and 1380 cm t (NO,) , 1195 cm ! (ester c-0) and 935 cm * (vinyl CH,).

n.m.r. (NMR—XI): resonances at 5.0 - 6.2 (4H, m, vinyl and methine),
4.56 (2H, t, J = 6.5 Hz, of-nitro methylene), 2.90 (2H, t, J = 6.5

Hz, d-ester methylene) and 1.31 (3H, d, J = 6.5 Hz, methyl).

mass spectrum: ions at 102, 71 and 55 amu (see figure XXXII).

1'-Formylethyl 3-nitropropionate XXX

Through a solution of 0.5 g of nitro ester XXIX and 50 ml

CHCl3 cooled to —IOOC in an ice~salt bath, was bubbled ozone for 1.5

hours (ca 10 l/hour). The ozone was generated from bottled oxygen.

. . o
The solvent was evaporated in vacuo in a warm (50 ) water bath then
the residue cooled to room temperature. 3.5 ml of acetic acid were

added, and then with stirring, 2 g of powdered Nal was slowly added
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while the temperature was kept below 30° by a water bath. Stirring
was continued 15 minutes at which time a saturated solution of
sodium thiosulfate was added to decolorize the iodine. The product

was extracted with CHCl3 (3 x 50 m1), and then the CHCl3 solution

was dried and evaporated to give aldehyde XXX as a colorless oil
in 77% yield (0.338 g).
There was no analysis because of the instability of the

compound. This instability also prevented sufficient purification

(The aldehyde decomposed on silica gel plates and decomposed at its
bp 90 - 100°¢ @ 0.4 mm) to obtain-a mass spectrum without a large

number of impurity peaks.

i.r. (IR-XII): absorptions at 1740 cm—l (ester and aldehyde carbonyl),

1560 and 1380 cm_1 (N02) and 1185 cm"l {(ester C-0).

n.m.r. (NMR-XII): resonances at 9.50 (1H, s, aldehyde proton), 5.11
(1H, g = quartet, J = 7.0 Hz, methine), 4.54 - 4.83 (2H, m,  -nitro

methylene), 2.85 - 3.22 (2H, m, ((-ester methylene) and 1.40 (3H, 4,

J = 7.0 Hz, methyl).

Attempted cyclizations of the nitro aldehyde XXX

A, 215 mg of 57% NaH/oil was : washed twice with 20 ml portions
of petroleum ether. To this NaH, stirred and suspended in 5 ml of

thf was added 875 mg of crude aldehyde XXX in 5 ml of thf and

~

stirring was continued under N, overnight (16 hours) at room temper-

2

ature. 500 mg of oxalic acid was added and stirring was continued

for an additional 2 hours. The mixture was then diluted with 20 ml
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of benzene and filtered. The filtrate was pumped down several times,
with benzene being added each time to remove water and thf. The
material was then leachea from the oxalate salts with 10% MeOH/CHCl3
to give 727 mg (85%) of golden oil.

The crude i.r. showed absorptions for hydroxyl and carbonyl
groups with the nitro groups showing éreatly decreased intensity,

but no cyclized product was isolated, purification having been tried

by t.l1.c. of the 0il on silica gel, neutral alumina and cellulose.

B. 500 mg of crude aldehyde XXX in 3 ml of dry t-butanol was
added to 125 mg (before washing with pet ether) of 57% NaH/oil
dissolved in 10 ml of dry t-butanol. The mixture was stirred 6 hours,
then worked up in the same manner as in A.

Again, the i.r. was promising, showing this time besides
the hydroxyl peaks, full strength nitro absorptions, however,

attempted isolation proved fruitless.



PART B

Formation of thioacetals37 (table II)

To a solution of 0.0l moles of aldehyde and 0.0ll mcles

(1.19 g, 1.1 ml) 1,3-propane dithiol in 10 ml of CH’Cl3 was added

0.25 ml of BF3 etherate. The resulting solution was stirred 3

hours, then washed: 1 x 10 ml H20, 2 x 10 ml 2N NaOH and 1 x 10 ml

H20. It was then dried (MgSO4), the solvent evaporated in vacuo

then the residue recrystallized or distilled, with the following

results (see table II):

Acetaldehydethioacetal18 R = CH3)
yield 87%; bp 125 - 128°C @ 40 mm

i.r. (IR-XIII); n.m.r. (NMR-XIII)

Benzaldehydethioacetal (R = @)

yield 89%; mp 69.5 - 71% (methanol)

i.r. (IR-XIV); n.m.r. (NMR-XIV)

1,3—Dithiane47 (R = H) was prepared by the slow addition of 1.0 ml

(0.89 g, 0.012 mole) of methylal and 1.0 ml (1.08 g, 0.0l mole) of

1l,3-propanedithiol in 10 ml CHCl3 to 0.25 ml BF3 etherate in 5.0 mi

CHCl3 at reflux. Work-up was performed in the same manner as in the

previous preparation. The yield was 86.5% (1.04 g) of 1,3-dithiane

as white crystals mp 50 - SO.SOC (methanol).

i.r. (IR-XV); n.m.r. (NMR-XV)

-49-
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Addition of the thioketal anions to carbonyl compounds

1) Formation of the anion

5 mmoles of commercial 2N nébutyl lithium in ether was

added to 5 mmoles of thioacetal in 15 ml dry thf which was stirred
under dry nitrogen rid of O2 by a Fieser solution and dried with
NaOH pellets and Drierite. During addition, the solution was
méintaiged at -30°C in a dry ice - methanol/water (1/2) bath and

:j.; ) . the stirring was continued at -20 to —30°C for 1 hour.

2) - Reaction with the carbonyl

To the above solution of the anion, was added 5 mmoles
of carbényl compound in 5 ml of dry thf. The resulting solution
was stirred at -5 to -10°C for 3 hours. To the mixture was slowly

added 20 ml of saturated aqueous NH,Cl; the lower layer was then

4
run off and the organic phase washed once more with 20 ml of

saturated NaCl. The thf was evaporated and the residue distilled

or recrystallized to give the following compounds:

2-Hydroxy-2,2-diphenylacetaldehydethiocacetal XXXIV a (R = H, R' = R" = ¢J)

mp (hexane) = 136 - 137°% (reported 136 - 136.50C33)

" i.r. (IR-XVI); n.m.r. (NMR-XVI)

Methyl-1'-hydroxycyclohexylketonethioketal XXXIV b

bp = 125 - 130°C @ 0.2 mm (reported 165°C @ 1.2 mm )

i.r. (IR-XVII); n.m.r. (NMR-XVII)
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1-Hydroxy-l,l-diphenylacetonethioketal XXXIV d

mp = 134 - 135°%¢ (methanol; reported 136 - 137.5°C33)

i.r. (IR-XVIII); n.m.r. (NMR-XVIII)

Benzointhioketal XXXIV c

Analysis %C . %H
calc. . 67.51 6.00
found 67,53 6.03

mp = 130.5 -~ 131.5°C (methanol).

1 (0H) , 1600 cm—l (aromatic

i.r. (IR-XIX); absorptions at 3635 cm
C =C) and 1190 cm-l (thioketal).
n.m.r.:(NMR-XIX): resonances at 6.70 - 7.80 (10 H, m, aromatic),

4.95 (1 H, s, Cf—hydroxYl), 2.25 - 2.85 (5 H, m, OH and methylene)

and 1.70 - 2.10 (2 H, m, methylene).

Bhenyl—l'—hydroxycyc1opentylketonethioketal XXXIV e

Analysis %C %H

calc. ‘ 64.24 7.19
found 64.30 7.15.

bp %_140°C @ 0.2 mm; mp = 84 - 85.5°C (ether-petroleum ether)

i.rf (IR-XX): absorptions at 5605 cm"l {OH) , 1600 cm—l (aromatic

C =C) and 1190 cm * {thioketal).

n.m.r. (NMR-XX): resonances at 7.17 - 8.20 (5 H, m, aromatic) 2.45 -

3.05 (5 H, m, OH and thioketal methylenes) and 1.10 - 2.45 (10 H, m,

méihylenes).

,

T
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Thallium ITI trifluoroaceﬁate hydrolysis of the thioketals

'To 1 mmole of thioketal in 2 ml of wet thf (1 drovaZO)
was added 600 mg (1200 mg in.the case of XXXV e, table III)
Tl(CF3C02)3. The solutions did not warm ngticibly (unlike the
cases studied by Ho and Wong35) and the reaction took from 0.5 to
2 hours (table III) to go to completion. 10 ml of water was
added and the solution was extracted with CHCl3 (2 x 20 ml). The
combihed extracts were dried and evaporated and the residue
distilled or recrystallized. )

After the extraction of compound XXXV e, the residue
after evaporation of the solvent was hydrolysed in 5 ml oﬁ‘acetone
and 2 ml conc NH4OH to convert the trifluoroacetate to alcohol.

This solution was extracted with CHC1 the organic layer was then

37

dried, evaporated and the residue recrystallized.

2—Hydroxy—2,2-diphenylacetaldehyde XXXV a

mp = 232 - 234°%¢ (semicarbazone; reported 238.5°C36)

i.r. (IR-XXI); n.m.r. (NMR-XXI)

:Mathyi—l'—hydroxycyclohexylketone XXXV b
bp = 95°C @ 15 mm

i.r. (IR-XXII); n.m.r. (NMR-XXII)

Benzoin XXXV c
mp, mixed mp, i.r., n.m.r. and mass spectrum identical to authentic

sample
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Phenyl-l'—hydroxycyclopentylketone XXXV e

mp = 193 - 195° (reported 198°C37)

i.r. (IR-XXIII)

4-phenyl-l-butene XXXVIII

In a 250 ml r.b. flask equipped with an efficient stirrer,
was plaéed 4.86 g (0.2 mole) Mg turnings, 20 ml of ether and an 12
crystal. 10 ml of a soiution of 23 ml (0.2 mole) of benzyl chloride
in 100 ml of ether was added to initiate the reaction and the

20 m1 (0.23 mole) of allyl bromide in 20 ml of ether was

then added over 0.5 hour, slowly at first, then more rapid&y as

" the reaction came to completion. The mixture was stirred and

refluxed a fu;ther 0.5 hours. 50 ml of 10% aqueous NH4C1 solution
was -added slowly (frothing!) then enough water was added to make 2
clear layers. 200 ml of benzene was added and the layers separated.
The_organic layer was dried o&er MgSO4, the solvent evaporated and
the residue distilled to give 17.2 g (65%) of 4-phenyl-l-butene

as a colorless o0il which was collected between 175 and 185°C.

Aronheim38 reporﬁs a boiling point of 175 - l77oC.

i.r. (IR-XXVI) absorptions at 1640 cm_1 {(olefinic C = C), 1600 cm—l

(aromatic C = C) and 905 cm_l (olefinic CHZ)'

n.m.r. (NMR-XXV): resonances at 7.05 (5 H, s, aromatic), 4.76 -
6.15 (3 H, m, vinyl) and 2.02 - 2.82 (4 H, m, benzylic and allylic

methylenes).
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1,2-Fpoxy~-4-phenylbutane XXXIX

2.64 g (20 mmoles) of 4-phenyl-l-butene XXXVIII and 5.0

g (24.6 mmoles) of 85% MCPA in 50 ml CHCl., were stirred together at

3

room temperature for 3.5 hours. The reaction product was then

washed with 50 ml of 20% aqueous KZCO3, 10% agueous NaOH (2 x
30 ml), and 25 ml of water. The solvent from the organic layer
was evaporated ahd the residue distilled (bp 105°%C @ 12 mm) to give

2.425 g (82%) of 1,2-epoxy-4-phenylbutane XXXIX as a sweet smelling

colorless oil. The'reported39,boiling point is 106 - 109° ¢ @

31 -mm.

i.r. (IRfXXVI)i absorptions at 1600 cm_lu (aromatic C = C) and 825

and 850 cm_l (epoxide).

n.m.r. {(NMR-XXVI): resonances at 7.15 (5 H, s, aromatic), 2.25 -
3.0 (5H, m, benzylic and epoxide protons) and 1.55 - 1.98 (2 H, m,

c-3 protons) .

Cinnamaldehydethioacetal XLI

To a solution of 0.63 ml (5.0 mmoles) of cinnamaldehyde

- and 0.61 ml (5.5 mmoles) of 1,3-propanedithiol in 20 ml of CHCl3

was

added 0.25 ml of BF

3 etherate and the resulting cloudy mixture was

stirred 6 hours. This mixture was then washed with 30 ml water,

2 N NéOH_(Z x.20 ml), and then another 30 ml of water. The solution
was then dried, the solvent evaporated ana the residue distilled (145 -
150°%¢ @ b.2 nm) to give 945 mg (85%) of cinnamaldehydethioacetal XLI

as a’light yellow oil which crystallized on standing to give white

crystals melting at 57.5 - 58°¢c (when recrystallized from methanol).
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Analysis- : 3C | $H
calc. 64.84 6.35
found 64.89 6.30

i.r. (IR-XXVII): absorptions at 1640 cm_l {olefinic C = C), 1600

cm 1 (aromatic C = C) and 1160 cm-l (thioacetal).

n.m.r. (NMR-XXVII): resonances at 7.24 (5 H, s, aromatic), 6.77
(1H, 4, J =16 Hz, olefinic), 6.23 (1 H, q, J = 16 Hz, 7 Hz,
olefinic), 4.75 (1 H, 4, J = 7.Hz, C-2 of dithiane), 2.67 - 3.20

(4 H, m, dithiane methylenes) and 1.66 - 2.20 (2 H, m, methylene).

5-Hydroxy-1,7-diphenyl-1-hepten-2-onethioketal or racemic

yashabushiketonethioketal-XLIII

To a solution of 700 mg (3.17 mmoles) of cinnamalde~

hydethioacetal XLI in 10 ml of dry thf under N2 at -30°C was added

1.4 ml of 2.3 M (3.23 mmoles) n-butyllithium in ether, the déep red
anion forming almost immediately. The solution was allowed to
séaﬁd for 0.5 hour and then 0.5 ml (3.5 mmole) of 4-phenyl-l,2-
epoxybutane XXXIX was then added. The red color completely dis-
appeared after only 10 minutes‘at -5 to —lOoC, but stirring was
continued for a further 30 minutes.

10 ml of saturated aqueous NH,Cl was then slowly added,

4

and the layers separated. The organic layer was then dried and the

solvent evaporated. The residue was purified by t.l.c. on silica

gel plates (2% methanol/CHCl3, R, = 0.4) to give 1.048 g (89.5%) of

£
compound XLIII as a light yellow oil that would not crystallize.

The compound boiled at ZlOOC'@ 0.2 mm with some decomposition.
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1 1

i.r. (IR-XXVIII): absorptions at 3630 cm (oH) , 1600 cm

(aromatic C = C) and 1060 cm-'1 {C-0).

n.m.r. (NMR-XXVIII): resonances at 7.05 - 7.55 (10 H, m, aromatic),
6.88 (L H, 4, J = 16 Hz, olefinic), 6.23 (1L H, d, J = 16 Hz, olefinic),
3.83 - 4.23 (1 H, m, = CHOH) and 1.50 ~- 3.27 (13 H, m, OH and

methylenes)

mass spectrum (MS-I): P = 370

Preparation of mixture XILVII, cis and trans isomers of 2-phenyl-6-

(2'-phenylethyl) tetrahydro-4-pyranone and separation of the isomers

A. T1(CF_CO.)

377273

To 185 mg (0.5 mmole) of thicketal XLIII in 2 ml of thf,
was added 300 ﬁé of thallium trifluoroacetate-with stirring continued
'ovgr 1 hour. The work-up, outlined for hydrolysis by Tl(CF3C02)3
previously, provided 118 mg of crude oil. This was purified by t.l.c.
oﬁ siliga gel plates (CHC13:benzene,Al:1) to give two fractions;
cis and trans isomers with respect to C-2 and C-6 substituents of
2—pheny1-6—(2'—phenylethyl)tet;ahydro—4-pyranone.
The cis isomer XLVII c (42 mg, 30%) had an Rf value of 0.55

and bp = 120° C @ 0.2 mm and was-a colorless oil.

Analysis :  se %H
calc. _— 81.40 7.19
found . 81.32 7.25

i.r. (IR-XXIX): absorptions at 1720 cm--l (C = 0), 1600 cm—l (aromatic

C =C) and 1040.cm * (ether €-0).
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n.m.r. (NMR-XXIX): resonances at 7.23 {5 H, 2, aromatic), 7.08

(5 H, s, aromatic), 4.45 (1 H, q, = 9.5 Wz, J = 5.0 Hz,

J2a,3a 2a,3e
ArCH-0), 3.37 - 3.78 (1 H, m, C-6 proton) and 1.55 to 2.90 (8 H,

m, methylene).

mass spectrum (MS-II): iﬁ = 280 amu, 262 (P - H20), 175, 174, 157,

129, 103.

The trans isomer XLVII t (32 mg, 23%) had an Rf value of

0.30, a bp = 120°% @ 0.2 mm and was a light yellow oil.

Analysis %C %H
calc. 81.40 7.19
found ) 81.19 7.28

1

i.r. (IR—XXX): absorptions at 1725 cm ~ (C = 0), 1600 cm_l (aromatic

C = C) and 1040 cm_l {(ether C-0).

n.m.r. (NMR-XXX): resonances at 7.08 (10 H, m, aromatic), 4.03 -
4.40 (1 H, m, ArCH-O), 2.95 - 3.28 (1 H, m, = CH-O) and 1.57 - 2.95

(8 H, m, methylene).

mass spectrum (MS-III): P = 280, 262 (P - H,0), 220, 218, 189, 184,

147, 130, 127, 103 and 91.

B. Mathyl iodide

-A solution of 185 mg of thioketal XLIII, 1.0 ml MeI and
5.0 ml of wet acetone was refluxed overnight. The resulting solution
was then taken up into benzene, washed with water, the solvent evap-

orated and the residue purified by t.l.c. with a net yield of cis -
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trans isomers of 53% (see table IV for individual yields of cis and

trans isomers).

C. CuC12/CF3C°2H
To a solution of 185 mg of thioketal XLIII in 5 ml of
CHC13, 0.1 ml of trifluoroacetic acid ‘and one drop of water, was

added 150 mg of CuClz.H C and the resulting mixture was stirred

2
overnight. The mixture was then washed with silute aqueous bicar-

bonate, the solvent evaporatéd and the residue distilled.

D. HgO/BF3 etherate

185 mg of thioketal XLIII, 275 mg HgO(l mmole), 0.15 ml
of BF3 etherate (1 mmole) and 5 ml thf were stirred overnight, then
taken up in CHC13‘and washed with bicarbonate. The solvent was

evaporated and the residue purified by t.l.c.

E.:.chlz/bicarbonate

185 mg of thioketal XLIiI was stirred overnight with 310
mg HgClé(l mmole) and 200 mg of sodium bicarbonate in 5 ml of thf.
The mixture was taken up into benzene and washed with agueous sodium
bicarbonate. The solvent was éhen evaporated and the residue puri-

fied by t.l.c.

gy -~ r



59

ooy -

{ ST Ll

Lo

le ! u

——
—
—_—
- -
premm—

,,,,,,,,,,

JUONTY F I Y "V WO IR 00 0 S R

e 370
R e e ':::?Ej'.’i i .’ :, B ’ b

MS-I Racemic yashabushiketonethioketal XLIII: 100°C




60

MS-II cis-2-phenyl-6-phenylethyltetrahydro-4-pyranone XLVIIc: 80 C

.
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MS=III Trans-2-phenyl-6-phenylethyltetrahydro-4-pyranone XLVIIt: mooo

100%
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NMR-V 5,8-dimethoxy~2~tetralone IX: 1000Hz sweep, OGH\P
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NMR-VI 2-hydroxy-2-ethynyl-5,8-dimethoxy tetralin X: 1000Hz sweep, CCl 4
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NMR-VIII 2~hydroxy-2~acetyl-8-methoxytetralin XVI: 1Q00Hz sweep, CCl 4
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NMR~IX 2-hydroxy-2~vinyl-5,8-dimethoxytetralin XVII: 1000Hz sweep, OOH»
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NMR-X 3-nitropropionic acid XXVII: 1000Hz sweep, OUDHw
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NMR~XIT 1-'formylethyl 3-nitropropionate XXX:

1000Hz sweep, ce1,
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NMR-XIII acetaldehydethiocacetal: 500Hz sweep, CCl s
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NMR~-XIV benzaldehydethiocacetal: 1000Hz sweep, CCl
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NMR~-XV 1,3-dithiane: 1000Hz sweep, OQH»
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NMR~XVI 2-hydroxy-2,2-diphenylacetaldehydethiocacetal XXXIvVa: 1000Hz sweep, OOHhH
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NMR-XVII methyl-1'-hydroxycyclohexyketonethioketal XXXIVb: 1000Hz sweep, CCl 4
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NMR=~XVIII H|wwmnoxwfw.PrmHm:mzwwmomnozmﬁﬁ.owmgw XXXIvd: 1000Hz sweep, CCl
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NMR-XXII methyl-l'~hydroxycyclohexylketone XXXVb: 1000Hz sweep, CCl 4
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NMR~XXV 4-phenyl-l-butene XXXVIII: 1000Hz sweep, CCl 4
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NMR-XXVI 1,2-epoxy-4-phenylbutane XXXIX¥ 1000Hz sweep, CCl 4 w
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NMR~XXIX cis-2~phenyl—-6-(2'phenylethyl) tetrahydro-4-pyranone XLVIIc: 1000Hz sweep, OUnHw
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