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Part A

3¡tadiene was add,ed to p-benzoquinone to give 4a,5,8'8a-

tetrahydro-l,4-naphthoquinone v" This Diels-,ålder adduct was made

aromatirei', then methylated with KrCo3rdimethyl sulfate to give 5'8-

dimethoxy-lr4-dihydronaphthalene Vr. Hydrolysis of the double

bond with BZïø/HZOZ followed by oxidation of the alcohol yielded

5 r8-dimethoxy-2-tetralonellT. Conversion of IX to 2-hydroxy-2-

acetyl-S.,g-dimethoxytetralin XIII \¡ras accomplished either by

addition of an acetyleneS,rignard 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.

P-PropÍol.actone waa ûà.åni.€d with NaNO, to give J-nitro-

Proploaie acid. IQCVII. lü1th the aoid hallde )fflIIII of thLs co!Êpol¡ltd"

Ìrat condensed nethylvinylcarbj¡rol to yie1d. sec-butenyl l-nitro-
propioÃate Ð(D(. Ozonolysis of the product afforded lr-fonøylethyl

3-nitropropioaate lÐ(X which would. not cyc3;lze þo {-nltro-5-
hydro:q¡- ó-met hyl- 2- pJË&non€ o

l-l-f_

Abstract

Part B

Several 6-hydroxy thioacetals

hydrolized with T1 (CF3co2), to test the

reaction.

were synthesized,

specificity of its

then

solvolysis



Benzyl magnesium chloride was reacted with ally1

bromide to give 4-phenyl-l-butene :.XxXVfff which was epoxidized

to yield lr2-epoxy-4-phenyl butane xxxlv. To this was added the

anion of cinnarnaldehyde thioacetal XLI giving ]zashabushiketol

' thíoketal XLIII. Solvolysis yiel<led not racemic yashabushiketol

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

tetrahydro-4-pyrone.
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Daunomycin (fig. i), a new antibiotic isolated from

Streptomvces peuc:3!iu=l, has been shown to inhibit DNA and RNA

slmthesis in vivo in bacterial cell-s2 .rrd animal ce11s3-5 and to

inhibit DNA-dependent RNA polymerase and DNA pollmerase in vitro.6

This i¡hibition resulte from the fact that daunonycin binds to the

DN.{ Tenplate; in the case of cells, Lo the D}üA of the chromouo",*.7

Thus, dar:nonycin is toxic and specific for aninal turnor cells r.¡hj-ch

have an accelerated rate of growbh.

PART A

INTRODUCTION

fn clínical applicatíons, a dose of 1 mg/kg per day for

6 to 8 days produces complete or good part,ial remission in childhood

ler¡kenia with seem:ingly no accumulative bone marrow dam"g..8

Daunomycin consists of two moieties: daunomycinone (fig.

ii a), an aglycone, the structu¡e of whichwas finally elucidated by

Mondeli et 
"1,9'10, 

.rra an amino sugar, daunosami.ne (fig. iib)11,

Figrure i



wl¡ich is attached Èo the aglycone via

-2-

¿rn cf -lirrkage at C-2.

. Goodman .È gL12 have slmthesized the amino sugar,
daunosamine' while the slmthesis of racemic daunomycinone has recentry
been accomplished in this laboratory.l3

The first section ofthe work was devoted to finding a
shorter, si'rpler synthesis of r one of the inÈermediates of. the
daunornycÍnone lyntheøia, nanely, 2-hydro>çr_2_acetyÌ_5¡g_dfnethox¡rtetralin

(fig' iii). . The first section arso invorved an approach to the syn_
thesis of the amino sugar, daunosa¡rine, frorn a ,,non_sugar,, starting
naterial.

Figure ii

T}TE I{ATURE OF THE PROBTEM



-3-

. 5r8-dimethoxy-2-tetraline Ix was prepared according to
1L

the proced,ure outlined by Grob and Jundt--, schene f, save for one

sma1l change. In lieu of sodium in methanol for enolization of the

Ðie1s-{Ider adduct, II, to IIa, potassium carbonate in acetone vtas

used" As a result, the yield from II to fII was increased from 658

to 87*; otherwise, yields in scheme f Lüere comparable to those of

Figi:re iii

RESULTS .AND DISCUSSTON

Grob and Jundt.

Due to the fact thaÈ the synthesis of the starting material,

2-methoxy-1r4-butadiene I, took two weeks to compleÈe, the synÈhesis

as outlined in scheme I was thought too lengthy and, Èherefore, an

alternate synthesis of 5,8-dimethoxy-2-tetraline ïV was devised

(see scheme rr).

p-Benzoquinone was react,ed with butadiene in benzene at

roorfl temperature for one r,treek to give 4ar5r8r8a-tetrahydro-tr4-
*î

naphthoquinone v inl BOt yie1d. The melting point, 51 - 53oc (a11

temperatures will be given in C,elcius) corresponded to that given by

15
Van.lane1enl- The infrared spectrum (i.r.), figure IR-I, gave the

conjugated Ú-diL.torre absorption at 1695 cm-l; the nuclear magnetic

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

nass spectrqn showed the required i:'r'.P. = 162.
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}í-2CO3/MI2SO. in acetone to give 5r8-dimethoxy-I r4-dihydronaphthalene

/VI, 
"" a light brown oil which on distil-Iation yieliled a faintly

yellow oil. that crystallized on. standing to a white solid m.p. 43 -

44o (Terent'"rr16 reports 5oo). The i.r. (.fis" rR-rr) revealed no

carbonyl absorption, but did show peaks corresponding to an

aromatic double bond (1600 *r-t), and ether linkagds (1075, 1O9O

-tcm ^). The n.m.r. (fig. NMR-II) was consistent with the structure

VI and the mass spectrun again manifested the desired molecular

ion at 190 anu.

At thia pointr several successfuJ. and. unsucceEsful attenpta

Ìrere nådc to convert the olefin VI to the tetralone lX.

One such attempt r,r¡as to first convert the olefin Vf to

The tetrahydronaphthoquinone V was then treated with

-5-

the epoxíde VII, then to isomerize the epoxide to the ketone IX

with BF, etherate. The epoxide formed, smoothly at room Èemperature

with MCPA (metachloroperbenzoic acid), giving a white crystalline

sória in 75% yietdr m.p. 131-1320. The i.r. (fis. rR-rrr) was

similar to that of the olefin save for the appearance of a peak at
-1860 cm -, indicating the presence of the desired, epoxide. The n.m.r.

(fig. NMR-III) was now minus the olefinic proton absorpÈions and

showed peaks at 5=6.61 (2n, sfi,ingJ.e1y' ) 3.75 (6H, s), ca 3.4

(4H, multiplet), and 2.5 - 3.0 (2HJ" The mass spectrum gave the

desired 'l = 206" Attempts at isomerization, howeverr with BF,

etherate in benzene or with acetic anhydride, proved fruitless, with

none of the desíred ketone IX being isolated.

À one step conversion of the olefin VI to the ketone IX

i.r
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Ç

K}CO.4/
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acetone
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/

-6-

\

I"ICPA 
/
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involving hydroboration followed by chromic acid oxidatíon also

failed. The crude product of thís procedure showed a a1ngl.e rlarbonyl
(_l

peak, at 1670'cm - in the i.r.. so purification of the oit rvas not

attempted. It ís believed that the chromic acíd attacked the

susceptible benzylic position rather than cleave the alkyl-boron

bond-

The successful approach to compound tx proved Èo be

hydroboration of the olefin VI with subsequent, oxidation to the

-7,-

alcohol VIII by HrOr/NaOH followed by oxidation employing the

cro3-pyridine complex in methylene chloride.

The hydroboration of the olefin was carried out at room

temperature and subsequent addition of HrO, gave a snow-white

crystalline crude product (m.p" 131 - 1320' Lewis reports L30.5 -

tS,ZoITt in essentially quantitative yield. The i.r" (fis" IR-rv)

exhibited an absorption at 3640 cm-I (OH stretch), along with the

now familiar peaks in this series: aromatic double bonds' 1600

-1cñ-r, and, ether linkages, 1095 "*-1. The n.m"r. (fig. NMR-rv)

showed resonances corresponding to aromatic protons at 6= 6.62

(2tt, s), OH and CHOH ca 4.1 (broad, 2H), aromatic OCH3 at 3.75

(6H, s), benzylic protons ca 2-8 (4H, multiplet), and aliphatic

protons ca 1.9 (2H, multiplet)" .The mass spectrum was also consis-

tent with the strucagr", giving fragment masses at 208 (P) ' 190

(P - H2o) and 175 (P - H2o,.cH3)

" It waa found ùhat oxidation by Cr0, in acetj-c acid i.ras

too vigorous and that the benzylic posiùton. was attacked" The mild

CrO3.2 pyridine complex oxidation was successful, however, giving



5rSdimethoxy-2-tetialine IX in 84t yield as healryr white crystals

(m.p. 98 - 99.50) "

The i.r" (fig. IR-V), n.m.r" (tig" NMR-V) and mass

spectrum are identical to those given by the tetralone synthesized

by Grob's method.l4 oxidatitn of the alcohol vrII to the ketone

IX employing dry dimethylsutphoxide (DMSO), Dicyclohexylear-

bodiimide (oCC) was also successful. The yield was somewhat lower,

but the method is amenable to conversion of larger quantities in

a single reaction.

Froir the tetralone IX, two successful synthetic routes

were found to the desired 2-hydroxy-2-acetyl-5 r8-dinethoxytetralin

XIIf (see scheme fII).

The first route involved the conversion of the tetralone

via an acetylene Qrignard to 2-hydro>q¿-2-ethynyl-5r8-dimethoxy-

tetralin X which could be isolated as a colorless oil in 838 yield.

The i.r. (fig. IR-VI), no\¡r minus a carbonyl absorption, showed an

isorption for an alcohol at 3630 .*-1 
"nd 

the sharp acetylenic

hydrogen stretch peäk at 3340 cnr-l. The n.m.r. (fig" NMR-VI)

rras as expected.; the mass spectrum also gave the desired molecular

ion at 232 amu and P - ,ZO al 2L4.

The hydroxyaceÈylene, compound X, which need not be isolated,

-8-

was then hydrolysed with HSSA'/HrSO, in wet tetrahydrofuran (thf) to

give 2-hyd.roxy-2-acetyl-5,8-dimethoxytetralin XIIr in 87å yield.

The m.p. , LO2 - LO2l5o, compared favoura-bly to that reported by

R.J. Schw.rrklS of 100 - 1020. The mixed m.p. with an authentic

sample was unchanged and the i.r. (fiS. IR-VII; compare IR-VIIA,

rr*-'i
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an authentic sample), n.m.r" (fig" N¡tR_VIf ) and mass spectrun

were superimposable on those of the authenÈic sample.

The second successf*I approach invorved: first, conver-
sion of the ketone IX to its cyanohydrin Xï (noÈ isolated), blockage
of the hydroxyl group with a trimethysilyl ether XII (also not,

isolated), and then 'Ehe use of either 
'*"an", 

rithium or methyr

magnesiurn iodide to convert the nitrile to a methyl ketone (see

scheme rrr) " Hyrtrolysis of the trimethyJ-sily1 ether by dilute

-10-

NE4c1/Hc1 afforded a product identical to the desired hydroxy

ketone XffI.

Addition of methyr lithiun .irec.ly to cyanohyd.rins have

been reportedrlg but in this case, the reaction of methyl li.thium
with the cyanohydrin xr gave a product, which appears to have been

compound xw- The mass spectrìu of the isor-ated product gave a

uplecular ion at 222 amu and the i.r. showed a hydroxyl group

absorpt-ion but no carbonyl absorption. rt, seems that, in basic
medium, this cyanohydrin eliminates HCN to give the original ketone
rX which then may add CHrIi.

It ndght, be mentioned at this point that g_methoxy-2_

tetralone *20 r"""ted analogously to the dimethoxytetrarine ïx,
giving the hydroxykebone xvr through both the hydroxyacetylene and

cyanohy<lrin intsrorediates. since this was used as a model system,
no datae,f,Xg reported. excepting the i.r. (fig. IR_VIII) and n.m.r.
(fig. ii¡l4R-vÏTr) of the hydroxyketone xvl.

ån -attempt to slmthesize 2-hydroxy-2- r.-r-oxo-2r -hydroxyethyr) -
S'Sdimethoxytetralin xrx (which might be a usefur intermediate in Èhe

tWr:ÍF'



proposed synthesis of adriamycinone xx?ltne aglycone of another

potent antitumor antibiotic, adriamycin) via scheme IV was a

failure. The vinyl Orignard reacted in good yield with the dime-

thoxykeÊone IX to give the hydroxy olefin XVII, but subsequent

attempts to epoxidize the double bond¡ varying reagents, cond.itions

and blocking groups for the hydroxyl group gave at best 5g" yields

of compound XVIII.

-I1-

XV

Since radical conversions of of -hydroxyketones to

61r'-dihydroxyketones are already krrorr, ?1' 22a' 22b and are

fairly efficient, this scheme was abandoned without attempting

fínal

XVI

step "

-

without attempting

0Me

the

+

x\¡ü

sclm,nE w

FÉ-vJ'a 
. -J¡ì



Following this, the atÈempt

anion XXI with the dimethoxytetralone

giving compound XXII in yieJ-ds of the

-tr-

lffi

to react the

IX (scheme. V)

order of 1Og"

o

2-meÈhyldithiane

also failed,

at best.

Although unsucceasful. iJI attaining the desired goala,

the¡e l¿sù two rçsults would seem to be jn agrsement ''rith an hypo-

the¡le pronulgat"U O" p""""o#3 d.enoting the reaetivitiee of speeier il

te-rss of hard/soft aeide and bases (HSm). He saye that 'rhardr¡

acids tend to react with trhardtt baees and rtsoftrr acide tend to

SCHEÎE V

,"J,

lr'"



react wíth rrsoft" bases. The more localized the charge is, the

harder.the acid or base.

In this case, theC^-carbonatqr of the tetralone IX,'¿
being doub1y bonded to the o*yg"rr, would be quite electron deficient

¡naking it a much harder Lewis acid than the benzylic hydrogen.

The hard acetylene and vinyl Grignards (scheme VI),

being sp and =p2 hybridized anions respectively, preferentirilly

attack the02-carbon atom vrhite the soft lithium dithiane an,3 eEhyl

@;rignard (priva.te communication from Dr. T.-r..- uo), being sp3

anl,ons, react with the benzylic hydrogen giving the anion )O(III

(see tabte I) i
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In concluding this series, the synthesis of 2-hydroxy-2-,

acetyl-Sr8-dimethoxytetralin XIII, an intermediate in Èhe labora-

tory prepration of daunomycÍnone iia, has been shortened with

Êome improvements in yields.

An attempt at the racemic synthesis of a second intermed-

iate of d,aunomycin, its sugar moiety, daunosamine XXVb, $las not

nearly as successful. The limitation was placed on the project

(scheme VII) that the starting materials would not be sugars,

which Goodman "! ei2 had used with success in his s1mth""i".

F-elopiof.ctone XXVI was reacted with aqueous sodium

t¿.nitrite-- to give the whíte crystalline 3-nitropropionic agid XXVII

in 22* yield (m.p. 63 - 650). The n.m.r. (NMR-X) and i"r. (IR-x)

verified the results.

-14-

3-Nitropropionic acid was converted to its acid halide

XXVIIf with thionyl chloride, then, without isolation, vras reacted

with methylvinyl-carbinol to give sec-butenyl 3-nitropropionate

xxlx, as a,colorless oil, ín 618 yield. The n.m"r" (Uun-xf) was in

agreement with the structure, the vinyl and allyl protons (deshietded

by the oxygen) showing as a four.proton multiplet (6= 5.0 to 6.1),

the four methylene protons as broadened triplets at 6 = 4.56

(2H) and 6= 2.9o (2H¡, and the nethyl protons as a doublet at

6= 1"31 (3H). the i.r. (IR-XI) showed an ester carbonyl absorption

-1 -1at 1735 cm - and peaks corresponding to a nitro group at 1560 cm *

' -1and 1380 cm -. Atthough Èhe mass spectrum showed no molecular ion

at 173 amu, it díd show expected fragments at 55, 7L, and 102 amu

(fig. iv). The elemental anàlysis made it quite certain that the
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isolated ester was the expected compound )O(IX.

IO(IX to tJ:e aldehyde XXX. This step provided the aldehyde ester in

77t yield" The com¡u:nd 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 column chromatography. Further, it

was found Èo decompose when heated, even und,er high vacuum distilla-

tion. Because of this, its analysis was virtually impossible so

the strrrcture of compound XXX had to be confirmed primarily by its

infrared spectrum and its n.m.r.

The next step was an ozonolysis to convert Èhe olefin

-16-

The i.r. (IR-Xff) still had the nÍtro and ester peaks

except that the ester peak was shifted to higher wave number by

-t5 cm * and also, that it had become quite broad., indicating the

Pfôbabílity of the presence of another overlapp.ing carbonyl

frequency. There was great, variance in Èhe fingerprint regions

between the olefin ester )O(IX i.r" (IR-XI) and the aldehyde ester

ÐO( i.r. (IR-XII¿, with several notable peaks (olefin , L64l *-1,

terminal methyli<lene, 935 *,-1) absent ín the latter.

The best evidence that the assignment is correct, however,

comes from the n"m.r- (NMR-xIf). îhe complex vinyl-atlyl multiplet,

has been replaced by a clean quartet arising from the methine

proton resonance" The two sets of broad triplets from the methylene

protons are stil1 in evidence as is L,he methyl doublet (although

now f1a¡rked by impurities). The aldehyde peak at 6= g.50 would

also seen to verify the structural assignment"

The fact that the àldehyde proton is not a doublet is

frr""l



not anomaious. Karabatsos and gsí25 showed that because of a

stable conformation, Èhe coupling constanÈs of cf-substituted
aldehydes commonly fall below 2 tlz (trertz = cycles per second).

At 50 hz sweep width, The coupring shows onry as a sright broad-
ening, indicating a coupling consta_nt.(J) of 0.5 tlz or less.

There \,vas no molecular ion at 175 amu in the mass

spectrum" Beyond this, nass spectroscopy was not used as a tool
for identification since smarr amounts of impurities may give

prominent peaks at positions incongruous with the structure.

This series ended atrruptly when the aldehyde XXX

refused to cyclize to com¡nund xxxr under the infruence of basic
catalysts including NaH, KotBl and Naor!'Bu with solvents including
thf, ether, benzene and tertiary buÈanol.

-17-



:lr Sínce the Íntrod,uction of the addition of thioacetal

aníons to various electrophilic compounds by Corey and Seebach,

there has been a flurry of activity to discover simple methods for

hydrolysis of the resulting thioketals and thioacetals to their

respective ketones and aldehydes. Some of these reagent-methods

are! chloramin" l126 ceric ammonium nitrate (cAN) r27 ,-"1ky1"-

tionr2S' 29' 30 '=o¡¡" acid oxidation (Hg2+, cu2+¡ r3r' 32' 33' 34

concentrated sulphuric acidr4O *ethylfluorosulphonate r4l silver

salts ,42' 43 N-halosuccinimide44 and tr tcr'rcor)r35"

TTTE NATURE OF TTÍE PROBLEM

PART B

INTRODUCTION

The attempted synthesis of the hydroxyketone XIII (section

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

Tr-L. Ho and c.M.S. wor,g27' 35 prompted the study of the solvolysis

of dithianes leading to d -hydroxyketones and c( -hydroxyaldehydes.

The extension of this study was to carry out the racemic

synthesis of the newly isolaÈed f,ashabushiketol xxxrlI,tt " c6-C7-c6

natural product from the male flowers of Alnus fir*a S:-eb.

XXXIII

-l_8-
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The study began with a test of the effectiveness of ühaltíe
trifluoroacetate (T1 (TrA)3) on cú-hydroxythioacet"f"?5 The thio-
acetals in Table rr were prepared, by Robert's method.37 The anions

were formed at -30 to -2oo in thf under a dry No atmosphere and

took approximately t hour to form completery. The carbonyr was

then added at -5 to -10o and allowed to react a further 3 hours.

Those compounds in Table rr with references are known while the

other two were prepared in this raboratory for the first, time. For

these reactions, the yierds are typicarry high. These high yields
and the sirnple apparatus more than offset the little extra care

needed in preparation and justify wide spread use of this reacÈion.

Large amounts of trifluoroacetate esters of the resurting
alcohols were detected by t.l.c. when bicarbonate was used to
neuÈralize after the reaction. To alreviátptt¡is problem and

increase yields, armnonium hydroxide was used successfurry in rieu
of sodium bicarbonate to hydrolyse the esters while neutralizing the

reaction medium.

RESULTS AI{D DISCUSSION

-l o-

with one

was not

reaction

For some reason, as yet not known, compound XXXrve reacted

equivalent of TI(TFA)3 to give 218 starting material and it
until two equivalents of the thalrÍesa1t were used that the

went to completion, giving XXXVe in 758 yieId.
The solvolysis of 2-hydroxydiphenytmethyr-2-methyldithiane

xx.xrvd did not proceed as expected. The crude i.r. showed no trace

of a carbonyl absorption in the region ca L72o "rn-I, so that is was

apparent that simple hydrolysis had not occurred..

The infrared of thà purÍfied hydrorysis product (rR-xxrv)

EtrF^-'tt:



compound

XXXfva

b

c

d

e

Slmthesis

R

H

cHg

ø

c*g

ø
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TABLE II

of o(-hydroxythioacetals

H.$,*)Þ,

Rt rRtt

ø,ø

- (cH.) 5-

Ø, H

ø,ø

- (cH) a-

B yield

77

83

81" 5

69

91.5

reference

33

33

33

Solvolysís

com¡nund.

r¡BrÍ,i

-

SCHN,ÍE VITI

XXXVa

b

c

d

e

a Reacts

ot o(-hydroxythioacetals according to scheme IX

I yíeld reaction time T1(TFA)3
(hours) (equivalents)

79 1

70 0.5. 1

77 0.5 1

_a1l-
75L2

\
TABLE III

OH

according to scheme X.

YF-'" 4
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was sitrilar to that of the starting material (rn-xvrrr) showíng

onry minor differences in the positions and intensities of the

najor bands" The n.m.r. (W¡æ-XxIV, compare Nl4R-)ffIIf) showed the

aromatic ¡irotons having some change in environment and. showed

resonances for what courd stitl be the methylene protons of the

thioketaL moiety. The most dramatic change was the replacement

of the methyl group resonance of the starting maierial by an

absorption for rvhat appears to be 2 non-equivalent vinyl proions

( 5= 5.05 to 5.35) "

The reaction then, ít would seem, proceedêd. vía scheme X,

the burky phenyl groups brocking attack by water at the carbonium

ion. This steric hindrance hypothesis is supported by the fact

that the other similar diphenyr com¡¡ound xxxwa takes 2 hours, a

relativellt long time, to solvolyse to the aldehyde.

'Ihís one exception, however, d,oes not limit greatly the

effectiveness of this reagent as a faírry specific hydroryzer of

thioketals and. thioacetals. The yields were generally high (ra¡te

III, 75 - 79t)rf,þ¿s Tl(TFA)3 was mild. enough so as not to harm the

fairly sensitive d-hydroxyketones produced. The most encouraging

resurt is the production of the d -hydroxyaldehyde xxxva in 79t

yierd. Even the mild cupric and rnercurié salts would most rikery

oxidize this product.

Sínce cond,ensations of thioaceÈal anions and their sr:b-

seiuent hydrolysis to ald.ehydes and ketones are quite predictabry

high yieJ-d reactions, it. was at this point decided to attempt the

synthesis of a natural B-trydroxyketone, yashabushiketol XE(TII*=This

-22-



mild solvolysis reaction was thought to be a good choice for this

synthesis since under too acidic or too basic cond,itions a

þ -nyato*ycarbonyl is so susceptible to elimination"

According .to scheme xI, benzyl magnesium chloridexxxVII,

was reacted with alIyl bro¡nide in ether to give 4-phenyl-I-butene38

ruo(vrr (bp = 183 - 1850) as a colorleds oil in 658 yield. The i.r.

(IR-X{V) showed the presence of a terminal double bond (1640 cñ l,

-l905 crn 
*) and the n.m.r. (NMR-XXV) was consistent with the given

structure showing resonances for 5 aromat,ic protons l6--ø.9 - 7.3),4

methylene protons (6=Z.0 - 2"85) and 3 vinyl protons (6=q.75 - 6.15).

The epoxidation of compound XXXVIII with MCPA in CHC13

proceded in 82? yield to give 1r2-epoq¿-4-phenylbotan"39 xxxfv as a

colorless oil (bp = 1O5o @ 12 mm Hg). The double bond absorptiort

of 4-phenylbutane gave way in the i.r. (fn-xxvf) to epoxide bands

-1 -lat, 825 cm * and 905 cm' indicating that the desired reaction had

occurred. The n.m.r. (lq¡¡n-xxvl) was also in accord, the resonance

for the vinyl protons having moved "up-field" so that there were

absorptions for 5 aromatic protons (6= 7.13) and 7 a1kyl protons

spread-from 5 = 1.60 to 3.00.

In the meantime, cinnamaldehyde XL was gti.ned with

-23-

propane-lr3-dithiol (BF3:ether catalyst) to give the corresponding

thioketal XLI (858 yield) as a light ye1low oil which upon distilla-

tion solidified to whiùe crystals (mp = 57 - 58o). the n.m.r.

(NMR-XXVII) showed an absorption for the 5 aromatic protons

( b = 7.O - 7.7) , an ABX pattern by virtue of Èhe two vinyl protons

and the methine proton respectively ( 6 = 4.6 - 7.0) and broad

Fg\4:.,-¡
¡ 'i :t¡
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absorptions for the 6 methylene protons of the thíoketal moiety

( 6 = I.60 - 3.25). Thê i.r. (IR-XXVII) was in accord with thís

structure and the elemental analysis was satisfacÈory"

The deep red anion XLII of the thioacetal formed ímmediately

on addition of n-butyllithium. Addition of the epoxide XXXIV to

the anion XLII caused the deep red .oror to fade to a light green

in about 10 minutes, indicating that the reaction is quite fast.

Since the oil formed by this reaction would noÈ crystallize

-25-

and decomposed upon distillation, purification was carried out by

t.l.c. (thin layer chromatography). Thus purified, the

f3-nyarox-Tthioketal XLIII (89.58 yield) is a viscose, light yellow

oil.

The i.r" showed an OH absorpÈion (3625 cm-I) indicating

that the condensation had taken place" This was confirned by the

mass spectrum (1"1S-I) which gave the desired molecular ion at 370

amu. The n.m.r" (NMR-XXVIU) showed the ABX multiplet had iiven

way to an AB guartet (2H) centered at 6 = A.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).

Figure v
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,

Integnation showed I0 aromatic proton* ( 6 = 7.05 -
7.55), 2.vinyl protons (AB quartet,, 6= e"54), one proton bonde<l

to the carbon of the alcohol (multiplet 6= 3.85 - 4.25J ancl 13

aliphatic protons ( 6 = 1,45 - 3.20) .

Since compound >CLIII 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 contributed to evid,ence in favour of its

assigned structure

The hydrolysis of this p -hydroxythioketal did not proceed

as expected. Although a variety of reagents were employed (tabte

w along with other reagents), there was no yashabushiketoÏ:,XXfI]I

isolated or even detected by spectroscopic means. Upon hyd,rolysis,

the molecule rather cyclized (scheme xII) to form the cis and æ
isomers of 2-phenyl-6- (2 | -phenyleÈhyl ) tetrahyd.ro-4-pyrone.

In a¡r attempt to prevent cyclization, the hydroxyl group

wâs blocked by acetyl, trifluoroacetyl and. trimethylsiJ.yl groups.

This effort proved in vain, however, since the only reaction prod.ucts

isolated from these derivatives were either the starting blocked

alcohol or small amounts of the teÈrahydropyrone mixture XLVII,

r,,rhich seemingly resurted from hydrolysis of the blocking group (by

traces of water in the reagents or solvents) follorved by cycliza-

tion. A probable eçlanation is that the blocking group sterically

hinders atÈack on the sulf,urs, 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.

l t"- !
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Both were viscous oils with idenÈicaI boiling points (bp = 12Oo @

0.2 nun), their elelnental analyses were the same and acceptable

while their i.r. and n.m.r. spectra were different enough to allow

fairty definite assigrunent of the isomeric structures.

The sÈereo-isomeric assignment was *aáe initially on the

basis of the infrared spectra.

-'24-

The i"r. (IR-xxIx) of the cis compound XLVII c, while

showing no hydroxyl absorption, did show an absorption aÈ 1720 cm-l

corresponding'to an unconjugated ketone carbonyl" The i"r. (IR-XXX)

of the tràns compound XLVII t vras 'quiÈe s-imilar to that of the gþ,

except that the carbonyl band was slightly broader and, more signi-

ficantly, was at a higher frequency, suggesting greater ring strain

as might be e>çected from the trans compound. More precisely, in

either chaír configuration" compound XIJVII t will have an axial

eubstl.Èuen:b which by way of a reflex effect45 r"d.o".s the internal

angle of the carbonyl, raising its stretching frequency" The

¡roaaer bandwidth of the absorpt,ion probably denotes rapid conforma-

tional changes expected from the less sta!¡le 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 cis compoundn having

a fairly sharp absorption for ùC:Ou was deemed to have the st,able

chair conformation illustrated in figarre vii.

Both stereoi-somers exhibited molecular ion peaks at 280

amu in their mass s¡>ectra (gþ tuS-ff , trans MS-IïI). The majority

of peaks for the trans coinpound, can be accounted for by way of

scheme XIII. The cis compound, however, exhibits a more complex

qF¡:-t 3
! ri:



pàttern. Scheme XIV seems to account for the extra fragments

although the reason for the appearance of the peaks at, 218 and

22O is not entirely clear. It should be,noted that all these

"extra" peaks appear in the mass spectrum of the trans compound

but ín lower intensities" Thus both isomers fragment to some

degree by both schemes.

The mass spectra, then, do not differentiate between the

two stereoisomers but are quite consistenÈ with the conjecture that

the products are stereoisomers"

The n.m.r. of the c.i-s compound (NMR-xxIx) was assigned

according to figrure vii. The spectrum showed resonances for two

sets of aromatic protons (5H, pseudosinglet, 6 = 7.23¡ 5H,

pseudosinglet, 6= l.OB). The methylene protons appeared as a

broad multiplet from 6 = 1.55 to 2.gO. The chemical shift of the

C-6 proton \¡¡as about one ppm higher than that of the C-2 proton,

the latter being benzylic (signals were centered at 6 = S.45 and

6= ¿.45 respectively). The splitting of the H^ signal ('irarr

denoting axial and "e" denoÈing equatorial) ,roÍ".oonling with the

axial and equatorial C-3 protons ("2"3_ = 9.5 fr", t2^3" = 5.0 Hz)

was clearly observed, the conformation of the molecule thus being

st,able enough for the observation of the coupling.

-29-

(NMR-xxx) of Èhe *tf#ls tetrahydropyrone, which again suggests that

the rapid equilibrium indìcated in figiure vi is taking place. Thj-s

rapid equilibrium is further suggested by the fact that the aromaÈic

protons of compound XLVII t appear as.single peak in Èhe n.m.r.

This type of coupling is not observed in the n.m.r. spectrum
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spectrum, therefore indicating an averaging of the environments of

these phenyl protons. The aromatic protons of compound XLVfI c on

the other hand, appear as two single peaks of about five protons

each, which indicates a relaÈively stable environment for each

phenyl ring"

The analysis, is not compl.t.fy without question. Generally

it is found in an n.m.r" spectnxn, that an axial proton appears at

higher field than an equatorial proton, yetr H, and HU of the cis

compound, which are deduced to be axial, appear approximately 0.2 ppm
I
to lowêr field than H, and Ha of the trans compound, even though

these latter protons should spend a great,er.portion of their time

in the equatorial position.

'32-

Yields of gE

reagent

T1(TFA) 
5̂

lleI

cucl2'/cF3co2H

and @Êg tetrahydropyrones

B trans t cis

43 57

45 55

43 57

78 22

43 58

Hso/Br.3

TÀBLE TV

HSClr,/NaHCO,

of the

several

In the

thioketal

diverse

from compound

net trans

course of the studies of the attempted hydrolysis

precursor XLIII of racemic yashabushiketol XLIV,

reagents werè tried to cause the conversion to

XLII

+ cis

53È

53*

65r

45.54

492

ixl*'." t



yashabushiþetot(tableIV). From the mechanism proposed in scheme xrr,

it would be expected that the nature of the reagent shoutd have

Líttle bearing on the ratío of cis to

this holds true almost to within Ì8.

Hgo,/BF, may be due to the strong Lewis acid's (e!). equilibrating

the mixture" The fact that alt other mixtures are approximately l:1

in ratio supports XLVI as an intermediate with no preferred side of

attack by the hydroxyl group on the carbonium ion.

-33-

It was found, by infrared spectroscopy that trifluoracetic

acid established an equilibrium between the thioketal XLIII and

the pyrone mixture XLVII. Equilibrium \¡¡as reached in about 2 hours

and there was no change in the i"r" of the mixture after several

days" The exact ratío 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 XxXIfI

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

above as Èried on the thioacetal of benzaldehyde with no aldehyde

being detected by i.r.

To shift the equilibrium toward.s the pyroner CuCl, was

added to oxidize the thiol" Î¡thile cuc12 or cucLr/cuo were alone

trans andrremarkably enough,

The anomalous behaviour of

ineffective in promoting hydrolysis, table w shows that cucl 2/cî3co2r
gave the best yield of all the reagents. This mild method was also

tried on the thioacetal of benzaldehyde and, aft,er 2 days at room

temperature afford.ed only a Èrace of benzaldehyde (ca 5?) r¿hich was

F1;Y r- e



detected by the infrared spectrum of the crude míxture"

Thís method then, would not seem to be of general applica-

tion, but was instrumenÈal in pointing to XLVI as an intormed.iate

in the solvolysis of compound XLIII and, supports scheme XfI as the

nost likely route to the tetrahydrone mixture XLVII"

Although the synthesis of racemic yashabushiketol XLIV

was not successfully completed, the reaction of its p:lecursor to

form a mixture "f .gE, and, trans 2-phenyl-6-(2' -phenylethyl)tetra-

hydro-4-pyrone proved to be of interest.

I

i

-34-
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Elmer rrrodel 710 i.r. spectraphotometer neat, in methylene chloride

solution or as arllñrjoltlmui.l. All nuclear magnetic resonance (n.m.r.)

spectra vrere recorded on a Varian HA-56/6OA spectrometer neat, in

CDC13 solution or CCln solution using tetramethylsilane (t¡,tS) as

internal standard. Chemical shifts are given in 5 units and the
I

coupling constantrJ, in hertz (tÞ).

The infrared (i.r.) spectra ï7ere recorded on a perkin

E)(PERIMENTAIJ

The mass spectra were recorded on a Finnigan modet 1015

mass spectrometer. Microanalyses were conducÈed by Kolbe Labora-
i

tories in lVest Germany and melting points were obtained from a

Fisher-Johns melting point apparatus and are uncorrected.. Alunina

and silÍca gel for column and thin layer chromatography (t.l.c.)

was Camag brand from Mondray Ltd., I'fontreal . T.l"c" was done

employing I mm thick adsorbent on 20 x 20 cm glass supporÈ plates.

I, 4, 6 -Tr imethoxy:S, 8-dihydroxynaphthal ene f f I

To 8.0 g (0.059 formula units) of potassium carbonate and

75 mI acetone mechanically stirred in a 200 ml three necked round

bottomed (r.b.) flask equipped with a condenser, \,vas added 3.84 g

(O-.02 moles) of 6-methoxy-4a,5,8,8a-tetrahydro-1,4-naphthoquinone fI

with external cooling. After 0.5 hour of stirring at gentle reflux,

2.1 mI (2.8 S, O.O22 moles) of dimethyl sulfate was added over 5

PART A
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minutes with external cooling. The solution was then allowed to

come to a reflux. Heat !{as subsequently applied and refluxing was

continued over a total of 4 l,ours. After coolíng, water was aclded

until dÍssolution of the salts had, occurred,. The solutíon was

extracted with chloroform (2 x 50 ml).. The organic extract was

dried over magnesium sulfate, l;iltered the chloroform evaporated

and the residue distilled (140 - LAZoC @ 2 run) to give 3.83 9 (87t)

of compound III as ä. light ye,lì.ow oi1. The oil crystallized on

sitting to an almost white scl-i,l which was identical in nixed np,

1.r., n.¡[.r. and rnaos spectrr:1. to naterial prepared. by Grobrs methodu.

i

4a r5 r8 rBa-'.etrahvdro-l r 4-naph :hoquinone V
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a

Into a 500 ml r.b. ::la.sk, were placed 50 g of practical

grade p-benzoguinone and 350 ¡r1 of benzene. The mixture was

cooled to ( IOoC in an ice bath and 30 g butadiene dissolved into

the solution. The result.ing dark solut,ion was sealed and stirred

6'days at room temperature. It was then charged with ca (circa) 59

charcoal, stoppered and stirred overnight. The mixture was then

filtered, evaporated and the solid residue recrystallized from I

liter of hexanes to gíve 60 g (808) of white fluffy crystals with a

melting point (mp) of 45 - 4goc.. Another recrystallization from

hexane gave material with mp = 51 - 53oc

i.r. (IR-r): absorption at 1695 cn-l (conjugated l-¿i-fetone)

n.m.r. (NMR-I): resonances at 6.66 ßH, singlet(s) rquinone grotony',

s.øs þu, tripret,(t), J - 1.5 Hz, otefiníù,3.0 - l.+ þa, nuti-
plet(m), methiny' and t.g - 2.8 (4H, m,metìrylene).



mass spectrum:

5, 8-Oimethox¡z-l, 4-dihydronaphthalene VI

The same procedure was used as for the isomerization

and methylation of compound rr, except that compound v was userr, as

starting materiar. The oir from this proced.ure was distilled at
145 - l5OoC G 15 rmn (air condenser) giving compound vI as massive

crystals (mp = 43 - 44oc) in near quantitative yierds.

í.r" (rR-rr): absorptions at 1600 cm-l (aromatic double bonds),

and 1O?5 and tOgO cm-l (ether linkages).
i

n.m.r. (NMR-II): resona,nces at 6.59 (2H,s,aromatic), 5.g5 (2H, t,
J = 2 Ïlz, olefinic), 3.73 (6H,s, methoxyl) and 3.25 ß,H, doublet,(d),

J = 2 tlz, allylíc-benzyljrg/ .

P = 162 amu
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¡nass spectrum:

2 ,3$poxy-5 ,8-dimethoxvtettaLin Vf I
380 mg.of the orefin vr, 425 mg of g5t metachroroperbenzoic

acid (MCPA) and 20 ml of benzene were stirred overnight at room

temperature. The solution '¡¡as then extracted, with log .equeous

NaoH (2 x 25 mr), evaporated and the residue recrystarlized from

CHC13 to give 307 m9 Q4.5*) of compound VII as white crystals
(mþ = 131 - zoc).

ip = l90r 175 (p - cH3) and I59 (p _ ocH3)

i.r" (IR-Irr): absorptions at 1600

10gO cm-l (ether linkages) and 860

-1cn

-1cm

(aromatic double bonds),

(epoxide).

I

)



n.m.r. (NMR-fff ): resonances

(6H, s, methoxyl), 3.25 _ 3.SO

(2H, m, epoxide protons).

massspectrum: p =206

To 1"70 g distilled olefin vr in 15 mr tetrahydrofuran
(thf) with o- r4o g NaBH4 powder ,o"p..d.à was added over 20 minutes
0'63 ml BFr:etherate and the resulting mixture v/as stirred for
another 70 minutes under Nr- Excess BrHu was d,estroyed vrith 0.5
ml water and then 2 mI 0f 3 N NaoH were added foll0wed by 1.5 ml
3Ot peroxide (exothermic). The aquous rayer was saturated vrith
sodiu¡r chroride. The thf rayer was then removed, diluted to 60 ml
with benzene,.washed with saturated sodium chroride sorution, dried.
and evaporated to a small volume. petroreum ether was then added
to precipitate r-7g g (96g) compound vfrr as fluffy white crystals.
Thus prepared, the alcohol vrrr melted at 13r - 20c and cour.d, not
be further purified by recrystallization (CHclr,/net ether). LewislT
reports a mp of 130.5 _ l3ZoC. -
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at 6.61 (2u, s, aromatic), 3"75

(4H, m, benzylic) and 2.50 _ 3.0

i.r. (fR-rV): absorptions at 3640 cm-l
double bonds) and 1095 cm-l (ether) 

"

n.m.r"

(2H, m,

and 1.8

(l¡¡tn-rv): resonances at 6"62 (2u, s;
CgOÐ , 3.75 (6H, s, methoxyl), 2.5 _

- 2.L (2H, m, methylene).

(oH¡ , 160o cm-l (aromatic

aromatic), 3.95 _ 4.25

3.3 (4H, m, benzyÌic)

li

t:
þg--"- .:, i



mass spectrum:

5 r8-Ðimethoxy-2-tetralíne IX

A.

pyridyl complex dissolved in 1O0 mt CHrCl, (dried by passing through

column grade neutral alumina; 10 9 for 100 m1 methylene chloride) in

a 250 ml r"b. three-necked flask equipped with a drying tube, was

added in one portion, 2.O g of alcohol VIII in 25 ml of warm dry

P = 208, 190 (P - HZO) and 175 (p - H20r CHr) amu

Into a mechanically stirred solution of 7 "5 g of CrO,
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CH2CL2. 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 NaIISO, was added and the mixture

agitated overnight" The mixture was triturated with ether, the

solid collected and the tetralone was separated with saturated

aqueous NaHCO3 solution. This mixture vras extracted with chloro-

form and the chloroform layer dried and evaporated to give 1.665 g

(84t¡ e¡ the tetralone IX which after recrystallization from ether

had a mp of 98 - 99.5oc.

í.r" (IR-V): absorptions at 1707 cm-I (carbonyi), 1600 cm-I

(aromatic double bonds) and 1O9O crn-l (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 C(-keto protons) , 2.9 - 3.25 (2H, m, benzylic) and 2.3 -
2.65 (2H, m, of-keto protons).

mass spectrum: ;.f; = 206 and 191 (P - CH3) annu



B.

surfate (DMSO) and 80 I H3Po4, \iìras added 1"0 g dicyclchexyrcarbodi-

ímide (DCC) " The solution was st,irred 1.5 hours at room temperature,

diluted with 10 mI of benzene, filtered,, washed with water (3 x 30 mI)

and dried over M9SO4. ft i.ras then applied to a column of silíca gel

(10 S) and, eluted with CHC13 to give ö.225 g (578) of r^,'hite crystal-

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

To 400 mg alcohol VIII in 2 ml of benzene, 2 ml dimethyt-
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2 -Hydroxy- 2 -ethynyl - 5, 8-dimeÈhoxyte tral in X

Fifteen mmoles (millímoles) of acetylene S,rignard was

prepared in 100 ml of dry thf, according to the method of Skattebll

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

g of the tetralone IX ín 10 ml of dry thf and the resulting solution

was then stirred overnight under a dry nitrogen atmosphere. The

solution was Ëhen added to 100 mI cold saturated aqueous ammonium

chloride solution. The resulting layers were then separated and

the aqueous phase extract,ed with ether (2 x 50 ml). The combined

organic extracts were dried. (mSSOn) and evaporated to give 1.93 g

(838) of almost colorless oil (used without purification in the next

step) " After separation by t.1.c. (2C CH3OH:CHCI, on silica geI,

Rf = 0"4), compound X was obtained as a pinkish oil which gave t-he

following spectra:

i.r. (rR-vr): absorptions at 3630 cm-l (oH), 3340 cm-l (ethynyl c-H),

1600 cm-l (aromatic double bonds) and 1090 , LOTO and 1030 cm-I

(ether and alcohol C-0).

pr'-'i



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.L9 (1H, s, methine) and 1"65 - 2.05 (2H, m, methylene) "

mass spectrum:

2-Hvdroxv- 2-acetvl- 5, 8-dimethoxvtetralin XI I I

-41-

A.

with 0.2 g powdered H9SO4 was added 2 ml of 108 aqueous HrSOn.

After 3 hours of stirring at room.ternperature. The solution was

decanted,, washed with 10 ml saturaùed, aqueous NaCl and 20 ml of

ether was added. The solution was washed with bicarbonate, dried,

filtered and evaporated. The residue v¡as recrystallized from

CHC13- pet ether to give 1.09 g (87t) of white crystals melting at

l-r}2 - 1O2.5oC and identical spectroscopically and in mixed, mp to a

sample of compound xïII prepared. by R" Schwenk.IS

= 232 and 2I4 (p - H20)

To 1.16 g of crude acetylene alcohol X in 10 mL of thf

i.r. (rR-vrI): absorptions at 3520 cm-l(oH), l7O5 cm

1600 cm-I (aromtic double bonds) and 1O8O cm-I (ether

n.m.r. (Nun-vrr): resonances aE 6.47 (2H, s, aromatic), 3.7L, 3.67

.(each 3H, singlets, aromatic methoxyl), 3.27 (1H, s, OH) , 2"5 - 2.9

(4H, m, benzylic) r 2.I'1 (3H, sr -COCH3) and 1.56 - I.9O (2H, m,

methylene).

tnass spectrum: P = 25O, 234 (P - H.0) and 207 (P - COCH,)¿3.

B. To a stirred solution

-1 (carbonyl),

alcohol OH).

of 1.22 g of crude blocked



cyanohydrin XIf (next two preparations) in 15 m1 dry thf under N,

was added 2.0 ml (loE excess) of 2.3 N MeLi (methyr rithium) in
ether and the solution stirred r hour at room temperature. The

solution was carefully poured over 50 mr of saturated aqueous

a¡rnonium chloride solution containing 
_1 ml concentrated HCI solution

and stirred for an additionar 3 hours" After extraction with ether
(3 x 50 mr), drying (r'lsson) and evaporation of the solvenÈ the crude
material was purified by t.1.c. (Z+ MeOH:CHC'. on silica gel,

3

Rf o'4) " rt was then recrystarlized from cHCrr-net. ether to give
0.733 9 (7gS) of compound XrII"
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2 -Hydroxy- 2 -cvano - 5, g -d.ime thoxytetra L in X I

1.03 g (5 mmoles) of 5rg-dimethoxy-2_tetralone lx \¡¡ere

dissolved into a suspension of 3.5 g NacN in 20 mr of methanor.

7"5 mI of acetic acid were added and the mixture stirred for 3 hours

at room temperat*re. 50 ml of water were then added and the mixture
vras extracted with CHCI3 (3 x 50 m1). The combined CHCI, extracÈs
were then dried over Na2son and the solvent evaporated,. The yierd
of compound XI as an impure oil was 1"04 g (g9.5C). The product was

not isolated for the next step.

o a solution of r.o4 g of the crude cyanohyd.rin Xr in ro ml

of benzene and r mt of pyridine (dried over KoH) was added 2 nr of
chlorotrimethylsilane and this resulting solutíon was then stirred for
2 hours at room- temperature under the protect,ion of a drying tube.

lsiloxy-2-cvano-5, B-dimethoxyëetralin XII



The mixture \âtas then evaporated in vacuo to remove the excess chloro-

trimethylsilane. The solid residue was taken up into 20 mI of

benzene and washed with ice-co1d water (25 mI) and 58 sodiurn bicar-

bonate solution (2 x 25 ml) and then dried over MSSO."

The benzene vras removed ín vacuoi more benzene was added.

to be again removed in vacuo" This procedure was repeated until the

last traces of pyridine had been removed. The crude compound XII

(1.28 g, 942) was again not purified, but was used, directly in the

reaction with methyl lithium to make the hydroxyketone XIII two

steps preceding.
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2 -Hvdroxv- 2-acetvl-8-methoxvtetralin XVI

This compound was prepared from 8-methoxy-2-tetralone XV

using the above two procedures with similar results" Via the

acetylene grígnard, the overall yield was 76? and via the blocked

cyanohydrin, 518. The product was a colorless oil that was not

analysed.

i.r. (rR-vrrr): absorptions at 3520 "*-l(or¡), 1720 cm-l (carbonyl),

1600 cm-l (aromatic double boncls) and 1120,1105 and 1090 c¡n-l (ether

and alcohol C-O)

n.m.r" (NI4R-VIII): resonances at 6.4O - 7.L5 (3H, m, aromatic) , 3.7O

(3H, s, ATOCH3), 3.34 (IH, s, oH), 2.60 - 3.08 (4H, m. benzylic), 2.I4

(3H, s, -COCH3) and 1.57 - L.94 (2H, m, methylene).



2 -Hvdroxv- 2 -vi_nvl - 5, 8 -dimethoxvtetr al in XVI f

412 mg of 5r8-dimeÈhoxy-2-tetralone IX in 5 mI of t.h.f.

was added over 5 minutes to l-"5 mt (2.8 M) vinyrmagnesium chloride

in 5 ml thf" - 'fhe reaction míxture was refluxed 15 ¡ninuÈes and

then cautiously poured into 10 ml of saturated aqueous NH4CI

solution. The layers were separated ánd the organic lalzer washed

with saturated NaCl solution (2 x I0 mI), dried, over M9SO4,

evaporated and the residue purified by t.I.c" (silica gel, 2z

methanolr/CHcl3, Rf = 0.25) to give 352 mg (758) of compound XVII

as a pinkish oiI.
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i"r" (IR-IX) absorpti,on at 3620

olefinic), 1600 cm-l (aromatic C

and alcohol C - O) and 920 cm-l

n.m.r. (NMR-IX): resonances aÈ 6.58 (2H, s, aromatic) , 4.93 -
6"28 (3H, m, vinyl protons), 3.74, 3.71 (each 3H, s, ATOCHT), 1.55 -
2:94 (6H, m, methylenes)r 6.88,6.26,4.13 and 3.27 (spinning side

bands) "

-1 -1cm * (oH), 164o cm-'

= C), tr100 and 1080

(terminal vinyl CH2) "

3-Nitropropion-ic gcid XXVII

18 g of /-nropiolactone was added dropwise to a cooled,

stirred solution of 25 g of NaNO, in 50 ml of water (15 - ZOoC).

Stirring was continued 4 hours and then the red solution was cooled

to- -5o. Ether was added (25 ml) and, then 
":"O4 

was added dropwise

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

the ether was decanted frequenrly and fresh portions added. The

(c=
-1

cm

lC,

(ether

,Fr':-!':ê.



combined ether solutions were dried, evaporaÈed and the oil frozen

(dry íce) " The frozen oi1 was placed on a suction filter and

alrowed to thaw, leaving a white sorid. This freeze-thaw proced,ure

was repeated twice more on the remaining oil to give a totar of

6"0 S Q2*,) of the nitro acid XXVII. Recrystallization (cH2Cf2)

gave stable white needles with a mp = 63 - 65oC.
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i"r. (IR-X): absorptions at
-'tcm ^ (p-substituted acid),

(C-O bond) "

n"m"r" (NMR-X): resonances at 9.30

4"83 2H, m, ú-nitro methylene) and

methylene).

2900 cm-I broad (-Co2H),

1560 and 1380 cm-l (nitro

$ec-butenyl 3-nitropropionate XXIX

3.6 g of nitro acid XXVII was ptaced in a 250 ml r.b.

flask in an ice bath (fume hood). 10 mI thionyl chloride was then

added d.ropwise with swirring over 10 minutes. The reaction was

stoppered loosery and let stand 0.5 hour with intermittent warming

on a steam bath (35 - ¿Soc) and, swirling. The SoCl, was then pumped

off in vacuo (ca 4oo) with benzene being added to remove the last

traces of thionyl chloride. 10 mI of benzene \^¡as added. The

flask was then i¡nmersed in an ice bath and a solution of 2.6 ml

(i.z g¡ of methylvinyt alcohol, 20 ml of benzene and 3 ml of pyridine

was ad.d,ed, dropwise, with the temperature not being allowed Èo exceed

15oc. The frask was equipped with a drying tube and the contents

(1H, s, carboxylic acid) , 4.47

2.90 - 3.20 (2H, m, O(-acid

1755 and 1720

and 1I4O cm=l



stirred for I hour, stirr below 15oc. 30 mr of water was added

and the flask shaken tiIl dissorution of the solid. The benzene

layer was sepaïated and the aqueous layer extracted with more

benzene (2 x 50 ml) - The combined benzene extracts were dried

(MSSO.) and evaporated and the oil residue distilled Èo (75 - g5o

G 0.4 mn) to give 3.19 g (61?) of .o*poond XXfX as a colorless oil

*í::.n 
\35 

(index of refract.ion) = 1.448"
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analysis

i.r. (IR-XI) :

and 1380 cm-1

calculated,

found

n.m.r. (NMR-XI): resonances at 5.O - 6.2 (4H, n, vinyl and, methine) ,

4.56 (2H, E, J = 6.5 11,2, of-nitro methylene), 2.9O (2H, t, J = 6.5

tlz, {.-ester methylene) and 1.31 (3H, d, J = 6.5 I\,2, methyl).

nass spectrum: iong at 102, 71 and 55 anu (see figrure XXXII).

absorptions at 1735 cm-l. (ester carbonyl), 1560

(No2), 1195 cm-l (ester c-o) and 935 cm-l (vinyl cur)

tc cH

48"55 6.40

48.50 6.36

!' -Formylethyl 3-nitropropionate XXX

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

cHcl- cooled. to -Iooc in an ice-sart bath, was bubbled ozone for 1.5J

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

The solvent v/as evaporated in vacuo in a warm (5Oo) water bath then

the residue cooled to room temperature. 3.5 mr of acetic acid were

added, and then with stirrinþ, 2 g of powdered NaI was slow1y added



while the temperature was kept below 3oo uy a water bath" stirring

was continued 15 minutes at which time a saturated, sorution of

sodium thiosulfate was added to d,ecororize'the iodine. The product

was extracted with cHcl3 (3 x 50 mr), and then the cHcr3 solution

was dríed and evaporated to give aldehyde xxx as a colorless oi.l

in 774 yield (0" 338 g) .
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There was no analysis because of the instability of the

compound." This instability also prevented sufficient purification
(The aldehyde decomposed on silica ger prates and d,ecomposed at its

bp 90 - loooc G 0.4 mm) to obtain'a mass spectrum without a large

number of impurity peaks

í.r. (rn-xrr): absorptions at 1740 cm-tr (ester and aldehyde carbonyl),

1560 and 1380 cm-I (No2) and 1tB5 cm-l (esrer c-o).

n.m-r" (NMR-xrr): resonances at 9.50 (1H, s, ardehyde proton), 5.11

(lil, q = quartet, J = 7.O Hz, methine), 4.54 - 4.93 (2H, m, Cf -nitro
methylene), 2.85 - 3.22 (2H, m, Cf-ester methylene) and I.4O (3H, d,

J = 7 "O Hz, methyl).

4!temple4 cyclizations of the nitro aldehvde XXX

A. 215 ng of. 57È NaH/oiI was : washed twice with 20 ml portions

of petroleum ether. To this NaH, stirred, and suspended in 5 mI of

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

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

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

for an additionar 2 hours. The mixture was then cliruted with 20 mr

Fo=*-!



of benzene and filtered" The filtrate was pumped down several times,

with benzene being added each time to remove water and thf" The

materj-al was then leached from the oxalate salts with 10å MeOH/CHCI,

to give '127 ng (85%) of golden oil.

The crude i.r. showed absorptions for hyd.roxyl and carbonyl

giroups with the nítro groups showing great.ly d,ecreased intensity,

but no cyclized product was isolated, purification having been tried

by t,.l.c" of the oil on silica geJ., neutral alumina and cellulose.
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B. 500 mg of crude aldehyde XXX in 3 ml of dry Ë-butanol was

added to 125 mg (before washing with pet, ether) of 574 NaH,/oil

dissolved in 1O ml of dry t-butanol. The mixture was stirred 6 hours,

then worked up in the sane manner as in A.

Again, the i.r. v¡as promising, showing this time besides

the hydroxyl peaks, full strength nitro absorptions, however,

attempted isolation proved fruitless.



Formation of thioacetals3T (a"¡t" 
=r)

(L"19 g, 1.1 ml) l,3-propane dithiol in 10 ml of CHCI-3 was added.

0.25 ml of BF, etherat.e. The resulting solution was stirred 3

hours, then washed: 1 x I0 ml H2O, 2 x 10 ml 2N NaOH and 1 x 10 ml

HZO. It was then dried (MgSOr), the solvent evaporated ij vacuo

then the resid,ue recrystallized or distilIe,l, with the following

results (see table II):

To a solution of 0"01 moles of aldehyde and 0.0II moles

PART B

AcetaldehvdethioacetallS (R = CHr)

yield 87t; bp L25 - tZgoC € 40 mm

i.r" (IR-xrrr) i n.m.r. (NMR-XIII)

Benzald.ehvdethioacetal (R = Ø)

yield 89ã; mp 69.5 - 71oC (methanol)

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

L'll,3-Ðithiane (R = H) v¡as prepared by the slow additÍon of 1.0 mI

,*t 
", 

a-2 mole) of methylal and 1.0 ml (1.0g 9, O.O1 mole) of

l,3-propanedithiol in 10 ml CHCI, to 0.25 ml BF, etherate in 5.0 mi

CHCI- at reflux. l{ork-up was performed. in the same manner as in theJ

previous preparation. The yield was 86.5t (1.04 9) of lr3-dithiane

as white crystals mp 50 - 5O.5oC (methanol).

i.r. (IR-XV) i n.m.r. (N¡{n-xV)
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Addition of the thioketal anions to carbonyl compounds

1)

5 mmoles of co¡runercial 2N n-butyl lithium in ether was

addeit to 5 mmoles of thioacetal in 15 mI dry thf which was stirred

under dry nitrogen rid of O, by a Fieser solution and dried with

NaOH pelJ-ets and" Drierite. During addition, the solution was

maintained at -3OoC in a dry ice - me'Ehanolr/water (l/2') bath and

the stj-rríng was continued at -2O to -3OoC for t hour.

2, Reaction with the carbonyl

Formation of the anion

-50-

To the above solution of the anion, was added 5 mmoles

of carbônyl compound in 5 ml of dry thf. The resulting solution

was stirred at -5 to -lOoC for 3 hours. To the mixture r^ras slowly

added 2O ml of saturated aqueous NH.CI; the lower layer was then

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

saturated NaCI. The thf vras evaporated and the residue disÈiIled

or recrystallized to give the following compounds:

2-flvdroxv-2r2-diphenvlqcetaldehvdethioacetal XXXIV a (R - H, R' = R" = Ø)

nP (hexane) = 136 - 137oC (reporE,ed 136 - tgO.SoC33)

i.r. (rR-xvl); n.m.r. (NMR-)ffr)

M.ethyl-I | -hydroxycyclohexylketonethioketal

bp = 125 - 13ooc G 0.2 mm (reported tosoc G

í"'r. (IR-XVII) i n.m.r. (NMR-XVII)

xxxw b

t.z **33)

rq'* tr



l-tbdroxy-l, l-diphenylacetonethioketal XXXIV rJ

mp = 134 - 135oc (methanol; reported 136 - L37.soc33)

í.r. (IR-xvrrr) r n.m"r. (lû"R.-xvrIl)

Benzointhioketal XXXW c

Analysis
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mp = 130.5 - 1¡t.5oc (methanol).

i.r. (IR-XIX); absorptions at 3635 crn-l

C = c) and 1190 crn-l (thioketal).

n.m.r.. (NMR-xIx): resonances at 6.7O -
4.g5 (1 H, s, O(-hydroxy,l), 2.25 - 2.e5

and l.7O - 2.LO (2 H, m, methylene).

calc.

found

tc

67.5L

67.53

P,henyl-I' -hydroxycyclopentvlketonethioketal XXXIV e

CH

6.00

6. 03

Analysis

bp = l4OoC @ 0.2 Ímr mp = 84 - 85.5oC (ether-petroleum ether)

i.r: (rR-xx): atrsorptions at 3605 cm-I (oH), 1600 cm-l (aromatic

c = c) and 119o c¡n-I (thioketal) .

calc.

found

(on¡, 160o cm-I (aromatic

7 "8O (10

(5 H, m,

n.m.r. (lüan-p(): resonances aÈ 7.L7 - B.2O (5 H, m, aromatic) 2.45 -
3.05 (5 H, m, OH and ttrioketal methylenes) and l.LO - 2.45 (lO H, m,

methylenes).

H,

og

cc

m, aromatic),

and methylene)

64.24 7.r9

64.30 7 .I5

TH

iî 1,



Thallium flf trifluoroacetate hydrolysis of the thioketals

To I nunole of thioketal ín 2 mI of wet thf (1 drop HZO)

was added 600 mg (1200 mg in the case of XXXV e, table fII)

T1(cr3co2)3. The sorutions did not warm noticibly (unrike the

cases studied by Ho and wong35) and the reaction took from 0.5 to

2 hours (table III) to go to completion. lO mt of water was

added and the solution was extracted with cHc13 (2 x 20 ml). The

combined extracts were d.ried and evaporaled 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 od acetone

and 2 ml conc NH4OH to convert the trifruoroacetate to arcohol.

This solution was extracted with cHClr; the organic layer was then

dríed, evaporated and. the residue recrystallízed.

2-Hv{roxy -2, Z-díphenylacetaldehyde XXXV a

-52-

mþ = 232 - zzloc (semicarbazoner reported 23B.soc36)

i .r . (IR-XXI ) ; n.m. r. (w¡¡n-XXr )

:Methvl-i I -hvd,roxvcl¡clohexvlketone XXXV b

bp = 95oc @ 15 run

i.r. (IR-xxII) i n.m.r. (NMR-xxrri

Benzoin XXXV c

mp, nixed mp, i.r., n.m.r. and mass spectrum identical to authentic

sample



Phqnyl-l | -hvdroxvcvclopentLlketone XXXV e

mp = 193 - lgsoc (reported tesoc3T¡

i.r. (IR-XXIII)

4-Phenvl-1-butene xÐryIIf

In a 250 ¡nl r.b. flask equipped with an efficient stirrer,

was placed 4.86 g (0.2 mole) Mg turnings, 20 mI of ether and, an I,

or¡zstal. l0 ml of a solution of 23 ml (0.2 mole) of benzyl chloride

ín 100 m1 of ether was added. to initiaÈe the reaction and the

remainder added over the next 0.5 hour.

2O ml (0.23 mole) of al1yl bromide in 20 ml of ether was

then added over 0.5 hour, slowly at first, then more rapia'ly as

the reacÈion came to completion. The mixture was st,irred and

refruxed a further 0.5 hours. 50 mr of loB aqueous NHncl solution

was added slowly (frothing!) then enough water was ad,ded to make 2

clear layers. 2oo ml of benzene was added and the layers separated.

The organic layer was dried over Mgso4r the solvent evaporated. and,

the reàidue distilled to give ]-7.2 g (658) of 4-phenyl-I-butene

as a colorless oil which was collected between 175 and l85oC.

' 38 nt of 175 - L77oc.Aronheim-- reports a boiling poi

-53-

i.r. (rR-xxvr)

(aromatic C = C)

n._m.r. (NMR-XXV): resonances

.6.15 (3 H, m, vinyl) and. 2.O2

methylênes).

absorptions .at

and 905 cm-l

1640 cm-l (olefinic c

(olefinic CH2).

at. 7.05 (5 H, s, aromatic) , 4.76 -

- 2.82 (4 H, m, benzylic and allylic

= C), 1600 cm-l

'ff:-"r.



1, ?-Gpoxv-4-phenvlbutane xxxrx

2.64 g (20 nrmoles) of 4-phenyl-1-butene XX)$/III and 5.0

g Q4.6 nunoles) of 85t MCPA in 50 mI CHC13 were stirred together at

room temperature for 3.5 hours. The reaction product was then

washed with 50 ml of 20t aqueous KrCOr, 10* aqueous NaOH (2 x

30 m1), and 25 m1 of water. the solvent from the organic layer

¡ras evaporatecl and the residue distilled (bp IO5oC G 12 run) to give

2.425 g (828) of 1r2-epoxy-4-phenylbutane xxxrx as a svreet smelling

colorl.ess oil. The reported39 boiling point is 106 - Iogo c G

31 .nrn.

-54-

-'li.r. (IR-xxVI) i. alsorptions at 1600 cm-r

-1and 850 cm ^ (epoxide).

n.m.r. (¡wn-xxvf ): resonances at 7.15 (S

3.0 (5H, m, benzylic and epoxide protons)

C-3 protons).

Cínnamaldehydethioacetal XLf

To a solution of 0.63 mI (5.0 nmoles) of cinnamaldehyde

and 0.61 ml (5.5 mmoles) of l,3-propanedithiol in 20 ml of CHCI, was

added 0.25 ml of BF, etherate and the resuJ-ting cloudy mixture was

stírred 6 hours. This mixture was then washed with 30 mI water,

2 N NaOH (2 x 20 ml), and then another 30 mI of water" The solution

was then dríed, the solvent evaporated and the residue distilled (145

15OoC @ O.2 nrn) to give 945 mg (858) of cinnamaldehydethioacetal XLI

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

crystals melÈing at 57.5 - SSoC (when recrystallized from methanol).

(aromatic C = C) and 825

H, s, aromatic) , 2.25

and 1.55 - I.98 (2 H, m,

m¿r"



Analysis

calc.

found

i.r. (rR-xxvu):
-1cÍn * (aromatic C

n.m.r" (NMR-xxVu): resonances aE 7"24 (5 H, s, aromatilc\, 6.77

(1 H, d, J = L6 T{2, olefinic), 6.23 (1 H, g, J = 16 Hz, '7 fi2,

olefinic), 4.75 (1 H, d, J: 7.H2, C-2 of dithiane), 2.67 - 3.2O

(4 H, m, dithiane methylenes) and I.6O - 2"2O (2 H, m, methylene) .

-55-

absorptions at 1640 cm-I (olefinic c = C), 1600

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

rc

64.84 6.35

64.89 6.30

5-4ydrgxv-l, 7-diphenvl-1-hepten-2-onethioketal or

yashabushiketonethioketal XLI II

IH

To a solution of 700 mg (3.17 mmoles) of cinnamald.e-

hydethioacetal XLr in 10 mr of dry thf und.er N, at -3ooc was added

1.4 ml of 2.3 M (3.23 mmoles) n-butyllithium in eÈher, the deep red

anion forming almost inunediately. The solution was arrowed to

stand for 0.5 hour and, then 0.5 mI (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 3O minutes.

: 10 m1 of saturatêd aqueous NH4C1 was then slowly added,

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

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

gel plates (28 methanol/CHCl3, R, = 0.4) to give 1.048 g (89.58) of

compôund xlrrr as a light yellow oil that would, not crystallize.

The compound boiled at 21Ooc G 0.2 mn with some decomposition.

racemr_c



i.r. (rR-xxvrrr):

(aromatic C = C)

n"m.r. (lom-xxvrrr):

6.88 (1 H, d., J = 16

3.83 - 4.23 (1 H, m,

methylenes)

mass spectrum (MS-I):

absorptions at 3630 cm-l

and 106o cm-l {c-o).

-56'

resonances at 7.05 - 7.55 (10 H, m, aromatic),

fl2, olefinic), 6.23 (1 H, d, J = L6 Hz, olefinic),

= CEOH) and 1.5O'- 3.27 (13 H, m, OH and

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

(r':-ph"n"1"thvl) and separation of the isomers

A" 11 (CF3CO2) 
3

To 185 mg (0.5 mmole) of thioketal XLIrI in 2 ¡nI of thf,

was added 300 mg of thallium trifluoroacetate'with stirring continued

over I hour. The work-up, outlined for hydrolysis by Tl(CF3CO2)3

previously, provided 118 mg of crude oil. This was purified by t.l.c.

on silica ge1 plates (CHCI3:benzene, 1:1) Èo give two fractions;

cis and trans isomers with respect, to C-2 and C-6 substituents of

(Ou¡ , 1600 cm-I

P. = 370

2-phenyl - 6 - (2' -phenylethyl ) tetrahydro- 4-pyranone .

The cis isomer XLVII c (42 mg, 30t) had

and bp = 12Oo c @ 0.2 nun and was-a colorless oil.

Analysis tc tH

_ 
calc. 81.40 7.L9

found 81.32 7.25

-li.r. (rR-xxrx): absorptions at 1720 cm - (c = o),

c = c) 
"rrd 

io¿0. .*-1 (ether c-o).

an Rf value of 0.55

-11600 cm * (aromatic

f¡i"'"'



n.m.r. (N¡¿n-xxrx): resonances at 7.23 (5 H, 2, aromatic) , 7.Og

(5 H, s, aromatic), 4.45 (1 H, g, Jza,r" = 1.5 lÍ2, J2ar3e= 5.O l2zt

ArCH-O),3.37 - 3.78 (1 H, m, C-6 proton) and 1.55 to 2.90 (8 II,

m, methylene).

mass spectrum (MS-II): :P

L29, IO3.

-57-

0.30, a bp = l2OoC G

Analysis

The trans

calc.

tound.

i.r. (IR-xxx):

C = C) and 1040

= 280 anrvr.262 (P - H2O) , t-75, L74, 157,

isomer XLVII t (SZ mg, 234) had an R, value of

0.2 mm and was a light yellow oil.

n.m.r. (lq¡¿n-xxx): resonances at 7.08 (10 H, m, aromatic), 4.03 -
4:4O (l H, m, ArCH-O), 2.95 - 3.28 (1 H, mr = CH-O) and I.57 - 2.95

(8 H, m., methylene).

absorptions at L725 cm-l (c = o), 1600 cm-I (aromatic

cm-l (ether c-o).

cc

81.40 7.19

8L.19 7 .28

mass spectrum (MS-III): P = 28O,262 (P - H2O),22Or 2L8, 189, L84,
j-,

L47 , L3O, L27, 103 and 9t

B. Methyl iodide

A solution of 185 mg of thioketal XLIII, 1.0 ml MeI and

5.-0 mI 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.I.c. with a net yietd of cis '

r1*-''l



trans

trans

isomers of 53* (see table JV for individual yields of

isomers).

c. cucl2lcF3co2H

To a solution of 185 mg of thioketal XTIII in 5 mI of

CHC13, O"1 ml of trifluoroacetic acid'and one drop of water, t{as

added 150 mg of CuClr.HrO and the resulting mixture was stirred

overnight. The mixture was then washed with sirute aqueous bicar-

bonate, the solvent evaporaÈed and the residue dist,illed.

D. HgOlBF3 etherate

185 ng of thioketal xLIrr, 275 mg HgO(l mmole), O.l5 ml

of BF, etherate (1 nurole) and 5 ml thf were stirred. overnight, thenJ

taken up in CHC13 and, washed with bicarbonate. The solvent was

evaporated and the residue purifie<l by t.I.c.

E. HSclr/bicarbonaÈe

185 mg of thioketal XLIII was stirred overnight with 3IO

ng H9C12(1 mmc¡Ie) and 200 mg of sodium bicarbonate in 5 ml of thr-.

The mixture was taken up into benzene and, washed with aqueous sodium

bicarbonate. The solvent was then evaporabed and the resid,ue puri-

fied by t.1"c.

-58-

cis and
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