Ottawa, Canada N L . - -

K1A ON4

CANADIAN THESES

NOTICE '

The qyaﬂty of this microfiche is heavily dependent upoh the
quality of the original thesis submitted for microfilming. Every
effort has been made to ensure the hlghest quality of reproduc-
tion possible. :

If pages are missing, contact the umversny which granted the
degree .

N t .
Some pages may have indistinct print especially if the original
pages were typed with a poor typewriter ribbon or if the univer-
sity sent us an inferior photocopy

. 2
Previously copyrighted materials (jourrfal articles, pdblished
tests, etc.) are not filmed.

Reproductioo in full or in part of this film is governed 'by the
Canadian Copyright Act, R.S.C. 1970, c¢."C-30.

THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

.o

NL-339(r.86/08)

THESES CANADIENNES

: AVIS

La qualité de cette microfiche dépend grandement de la qualité
de la thése soumise au microfilmage. Nous avons tout fait pour
assurer une qualité supérieure de reproduction

S'il manque des pages, veuillez communiq{‘er avec l'univer-
sité qui a conféré le grade. :

La qualité d'impression de certaines pages peut laisser a
désirer, surtout si les pages originales ont été dactylographiees
a l'aide d'un ruban usé ou si I'université nous a fait parvenir,

une photocopie de qualité inférieure.

Les documents qui font déja I'objet d'un droit d'auteur (articles
de revue, examens publiés, etc.) ne sont pas microfilmes.

La reproduction, méme partielle, de cé microfilm est’ soumise
alaLoi canadlenne sur le droit d'auteur, SRC 1970, ¢. C-30.

‘LA THESE A ETE
MICROFILMEE TELLE QUE
NOUS L’AVONS REGUE

Canadi’

0



THE UNIVERSITY OF ALBERTA

2-DIETHYLPHOSPHORYLOXY-1,3-BUTADIENE AND TRANS-2-DIETHYL-
PHOSPHORYLOXY-1,3-PENTADIENE IN LEWIS ACID CATALYZED

DIELS-ALDER REACTIONS. }

by

WAISENG MARTIN F

A THESIS
" SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH
IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE

OF MASTER OF SCIENCE

’ v
DEPARTMENT OF - CHEMISTRY

\ EDMONTON, ALBERTA

SPRING 1986 : S .



~“Mérmission has been granted
to! the National Library of
Canada’ to microfilm this
thesis and to lend or sell
copies of* the film.

The author
has reserved
publication rights,
neither the thesis nor
extensive extracts from it
may be printed or otherwise
reproducgd without
written permission.

(copyright owner)
other

ISBN

and.

his/her.

"

L'dutorisation a/@t@ accordée
a la Bibliothédue nationale
du Canada de . microfilmer
cette thése et de préter ou
de vendre des exemplalres du
fllm.

L'auteur (titulaire du droit

d'guteur) se ré&serve les
autres «roits de publication;
ni la th&se ni de longs
extralts de celle-c1i ne
doivent @tre 1mpr1més ou

autrement reproduits sans son
autorisation &crite. .

0-315-306214-3



THE. UNIVERSTITY OF ALBERTA

'RELEASE FORM

. . f
NAME OF AUTHOR WAISENG MARTIN EENG ) > .ﬂ

i~ . y

TITLE OF THESIS 2-DIETHYLPHOSPHORYLOXY~1,3-BUTADIENE AND :
TRANS—2—D;ETEYLPHOSPH0RYLOXY—1,3-PENTA—
DIENE IN LEWIS ACID CATALYZED DIELS-ALDER
- REACTIONS

DEGREE FOR WHICH THESIS WAS PRESENTED M.Sc.

R Y

YEAR THIS DEGREE GRANTED 1986

-

Permission 1s hereby granted to THE UNIVBRSITY OF
ALBERTA LIBRARY to reproduce single copies Qﬁ\thls
thesis ‘and to lend or sell such coples for prlvate,
scholarly or scientific’ research purposes only.-

The author reserves other publication rights, and

helther the thesxs nor extensive extracts from it may

'be prlnted or otherw1se reproduced W thout the author's

wrltten perm1551on.

(Signed)

B " PERMANENT ADDRESS:
f. #6 Quie Kong 4th Road

Tongshan, Canton City" -
_Ch1na .

DATED %&’uv, &K /2 19 2 &
< ' o



.7

THE UNIVERSITY OF ALBERTA

FACULTY OF GRADUATE STUDIES AND RESEARCH

r;commend to the Faculty of Graduape Studies and Research,
for acceptance, a thesis éntitled 2—DIETHYLPHOSPH§RYLOXY—
1-3,BUTADIENE AND TRANS—ZjPIETHYLPHOSPHOR*HOXY-I,3!PENTA—
.DIENE IN LEWIS ACID CATALYZED.DIELS—ALDER RBACTIONS

submitted by WEISENG MARTIN. NG

in partial fulfilment of the requirementé for the degree ‘of _
N ‘ l. + .l" ) ‘ e
MASTER OF SCIENCE - \- ‘

¢ B

b;;#ﬁTG\xi.y\.\f -

'
— -
¢

’H.J.\}Jﬁ}_Supervisori'\~ }

o Fran ol 2 igse



S

IS

a

51



S ABSTRACT ‘ ’ j

4

The Lewis acid catalyzed Diels-Alder ‘reactions of 2-
>

diethylphospﬁoryloxy—l,3-butadiene i were studied. This

diene phosphate was found to react with a variety of a,f-

LN . .
unsaturated_carbonyl compounds under'Lewis acid catalyéis

‘¢

to q1ve synthetlcally useful . cycloheXene derjvatives, with

P

excellent reg1oselect1v1ty.' The adducts were produced in.

accordance with the normal rukes governlnq the D1els Alder

b .

addition. In the presence of stannlc chlorlde, acyclic

,B-unsaturated ggtones such as methyl vinyl ketone ii and

ethyl v1nyl ketone iii teacted rapldly w1th diene

-~

phosphate i to afford exclu51ve1y the para-oriented
adducts iv and V- 1n excellent ylelds. Even with trans-3--
penten-2 oné v1, whlch 13 known to be a relatlvely poorJ"

dlenophlle, the cycloaddltlon reactlon proceeded smoothly

«
'Wlth complete regloselect1v1ty to glve adduct vii in good

y}e{d, Dlene phosphaté i was also found to undergo k
cycloadd1t1on react1on with 3—butyn-2=one’v111 under

stannlc chlorlde cata1y51s to produce the expected enone

a

': ix in good y1eld along w1th ‘small amounts of the
.nreglolsomer x. 1In cases of c;cllc a ,f-unsaturated
ketones, the stannic chlor1de catalyzed addltion of dlene
i to.p;benzoqu1none xi qave readily aromat1c enol-
,;phosphate xii._ Slmllarly when dlene i was treated wlth 1;
:cyclicAenone-eeteg‘x1illln the:presencezof_ferr;c chloride

TR
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a singlé‘addﬁgfxxiv was obtained in good yield. 1In this |

-

barticula} case, ferric chloride was shown to be a much
/
betté?'catalyst\thqg boron .trifluoride etherate and

-

" stannic chloride. The Diels- Alder reactions of dxens i

"

with 2-cyclopenten-l-one xv and 2- eyclohexen l-one xvi
\

~

were also examined using stannic .chloride as a catalyst.
& " . .

These reaétions were fbund to be less facile and the

P

desired adducts xvii and xviii were obtained only in low

v
s v

yields.

The stannic chloride catalyied Diels-Alder“reactions’
]

of trans-2-diethylphosphoryloxy-1,3-pentadiene xix were

)

also studied. Diene phdsphate'xix'was found to react

efficiently with a number of acyclic a,B-unséturated

ketones such as meth?l-vinyl ketone ii, ethyl vinyl ketone

~iii and transJB—pehteh—Z-one vi with complete regio- and

stereoselectivity to give cyclohexene derivatives xx, xxi.
. A . A

’

N I'e
and xxii.. The addition of ‘diene xix to p-benzoquinone xi

13

was shown to be equally facile resulting in the formation'

of aromatic enol-phosphate xxiii in synthetically useful
: N _ N

yield.

A
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CHAPTER 1
INTRODUCTION

The cycloadditigp of dienes with olefins (dieno-

.
¢

philes) to give cyclohexenes was first observed and
correctly formulated by Diels—Alder13 to be a general
process in 1928. Since then, the Diels-Alder reaction has .
been studied extensively.‘ Now it is one of tﬁe most
common and elegant methods fof the construction of six-
membered ring systems and has been used for the total
-synthésés of natural productg. Howéver, the detailed
nature of the mechanism of this.reaction still remains in
question.sf14 ‘'The formulation of the cycloaédition as a
concerted electrocyclic proceSs15 has .recently received
support ffom Frontier Orbital Célculations,14'16'17 which
successfully predict the regioselectivity of the
reaction. On the other hand, MINDd/é calculations{8
ind}caie a highly unsymmetrical transition state in which
the two new o bonds are formed at ‘two different "stages" of
cyélbaddit'ion.l9 An understanaing of_the character-

N

PC features of the Diels-Alder reaction has led to the

b

A

= — . » o
For general references on the Diels-Alder reaction see
references 1-12. :



"development of a series of empirical rules which easily
predict the structural outcome of the reaction.
7

An impor?ant feature of the cycloaddition reaction is
now embodied in the Elg;princ{ble. This principle
predicts that the addition to the di.ne in the required
cisoid conformation occurs from th¢” same side at each end
of the diene moiety and also thét attack atupOFh ends of
the dienophilic double bond 6ccurs f rom the:saﬁe face of
the dienoph;}e. If further predicts that the‘relative
configurations of the substituents in tﬁe transition ' o
'states (for example, 3a, Scheme 1) are preserved in the
producté. Thus £etraphenylcyélopentédienone (l)vreacts
with maleic anhydride (2) to give adduct 3.20,21  1pe cis-
principle to which no vidiation has been observed to date,
is expressed in the modern'formulation of the reaction by
IWOodward and Hoffmann as a concerted. 2ns + 4xus cyclo- |
"addition reaction.?13

The endo-rule was originally formulated for the

additions of cyclic dienes to dienophiles to'predict that)
of the twq possible "sandwich-like" transiﬁion states (for
éxamp;e,.Sa and 6a), the.more preferred would be that with
the "maximum concentration of double bonds".3'5 Hence,
the reactian.of 1,3-cyélopehtadiene (4) with maieic
’anhydfide (i)aprbceeds to give only the gggg:adduét 5 and

. o
not the exo-adduct 622 (Scheme II). The favoured

.
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tormation of the endo-adduct in the Diels-Alder reaction

‘has been explained15 by a stabilization of the transition

state (for example, Sa) in which sécondary orbital overlap
can occur between theln system of the diene and a n system
in conﬁuoation with the dienophilic double bond. The term
téig" therefore refers to the édd}tion vié the transition
staté (for éxample, 6a) in whirh nolsecohdary orbital
overlap ‘can occur. Thesevexplanatidnswfor the endo-rule
canvequally be applied to acyclic ca;es.

In the cases in which unsymmetrical dienes react with

unsymmetrical dienophiles, regioisomeric adducts can, in-

1 - . Ny

principlepﬁbe.obtaiﬁed. Very often, a regioisomer is

.preferentrally formed and such a bias in favour of one

regioisomer 1s governed by a group of orhentatlonal rules

which have greatly 51mp11f1ed predlctlon of the

reglochemlstry of the cycloaddltlon reactxon. It has been

,shown that a 1l- substltuted d1ene combines with-a

dienophile to give the adduct in which the substituent of

the diene component is adjaéent (ortho) to the substituent

_of 'the dienophile. 1In accordance with this "ortho-rule",

the principal-product of the addition of trans-piperylene
to methyl acrylate is adduct 7 rather than ester 8.
N If a 2 -substituted diene is USed the sub5t1tuent

promoggs formatlon of the product°hav1ng the “two

substltuents in a gara relatlonshlp. VIn*accordance with

9

.
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\

this "para-rule”, it was observed that the addition of
isopreﬁe to acrolein led to the predeminant formation of

7 the adduct 9.23 The regioisomer 10 wes obtained as a'
minor product.

~ " In the case of a.1;3—dieubstituted diene, the ortho-
and EEEE}rUleS ope?ate in a complementary fashioh and give
Fhe adduct obeying bothbrules. However, it has been shown,
that, of the two competing ortho- and para-rules that can
operate in the case of 1,2-disubstituted Qiene, the ortho-
rule usually predicts the structural outcome of the cyclo-
addition ;eaction |

K16

Usihg Frontier Orbital Theory, Hou predicted that,ﬁg

where substituents of both diene and dienophile are
- electron donating, the favoured product should have meta-

orientated substituents. This "meta~rule" has since been

' -

observed experimentally pm'Fleming.24, He fdéund that the
B ﬁ‘ﬁ%‘ \
major product of addition of ethyl v1ny #éther to the

diene 11 was adduct 12.

It is knOWn that Lewis acids exert a strong

catalyzlng effect on the~Blels -Alder reactions but solvent

polarlty seldom‘lnfluences the cycloaddltlon
25

reactions. Lew1s acid catalyzed Dxels—Alder‘reactions
are of great synthetic importance because they are not

only faster2ds 2§ 27,28 pit also more st:ereoselec:t1ve25'29

2

[and regloselectwe25 30, 31 32 than the uncetalyzed



. r /
cycloaddition reactions. The observations that Lewis acig

Catalysis produces large increases in the: rates of the
Diels-Alder react:ious have made available many
adductsz("z—/’%8 which had previously been obtained with
défficulty {high temperatures, sealed tubes, etc.). For
example, the thermal cycloaddition of dienes to cyclo-
hexenones is nctcriously recaicitrant. And yet, it has

}
recently been shown that Lewxs acid can be applled to the

33

Diéls-Alder reaction of cyclohexanones. Kitahara and -

co- workers reported the use of alumlnum Chlorlde as
catalyst for the addition 'of several d1enes to 2-methyl- 2—
cyclohexen l-one. Alumlnum hloride has also been used by
Wwenkert34 ang cellahgrat rs to catalyze the addition of

l1,3-butadiene to a series of cycloalkenones and 2-

methylcyclcalkenones; In both cases adducts were obtained

1

in synthetically usetul yields. Liu and Browne conducted
an extensive-study35'of the Diels-Alder reactions of 4,4-
dimethyl-2-cyclohexen-1-one (13) and its derivatives 14

and 15. They similarly observed roved yields with the

use of Lewis acid'catalysts.35 Interestingly, regio-
chemical control was also foundlto be affected by the use

of Lewis ac1ds as 111ustrated by

'thhvthe dienone—ester 1535 (see Scheme I11). Thls has led

to the successful syntheses of a- and B hlmachalene.35 It
is well known that stereoselect1V1ty 1s enhanced by Lew1s\

N

he reactions of isoprene -
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acids. This can be showﬂsby the reactions of cyclopenta-
diene (4) with methyl acryi@teBG (see Scheme 1V).

The Diels-Alder reactién of hetero-substituted 1,3~
diene with dienophile has béen incgifsingly developed as a

valuable method for the synthesei/of highly functionalized
ring systems. THe greater comprehension of the electronic
and steric effects governing this reaction has resulted in
the utilization of specifically functionalized dienes and
dienophiles to produce hxtherto unattainable substltutlén
patterns req1oselect1ve1y and stereoselectlvely. The
introduction of hetero—substituents on the diene >
invariably has a dominant effect on- the regiochemistry of
the cycloaddition, and permits further transformationg“
which take advantage of the relationship between the
heterc-substituents and.the newly-formed ;arbqnfcarbod

I

double bonds. The use of such dienes has recently been an
area of great synthetic activity;jl_“iggfe*amﬁ}e\\
silyloxy-substituted butadienes37 have come into

widespread use in natural product syntheses. However,

these types of dienes and the cycloadditieén products
derived from them are rather labilé under acidic or basic
conditions, or even in polar solvents.\\In a practical
sense, the 1nstab111ty of these compounds 1s sometlmes a
serious problem 1n the D1els Alder reactlon as well as 1n

-

the further transformatlons of the adducts. On the other
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hand:'diethyl 2—bqtadien}1.phosphaté 116)38+39 was found
to be énloxygen—substitJ%?éﬁdigng of unusual
stabil&ﬁy.BBY Liu ‘and Ngooi used its. analogue diethyl
trans—l,é—pentadiene—Z—yl phosphate (1'7)40 to react with
" 2-carbomethoxy-2-cyclchexen-l-one (18).40 The Diels-Alder
‘adduct 19 was formed with excellent stereoselectivity.
Thi; haé‘led to the successful.sgnthesis of petasitolone
(20).49 At that time, they also found that the addition
of trans<+2-trimethylsilyloxy-1,3-pentadiene (21) to the
dienone—egter (185.afforded the préduct as a mixture of
two epimerit Qikétoées 22 in much poorer yield. The
~diketones 22 resulted apparently from the hydrolysis of
the expected Diels-Alder adducts. 40
Digne phogphates, such as compounds }6 and {7:
represent themselves as attracﬁive materials to serve as
the dienelcomponent in the Diels-Alder reiction. In fact,
phosphate 16 has been previously studied38 briefly b?

Kienzle and Rosen as a diene in the cycloaddition reaction

using thermal conditions.  The potential use of diene

-
23

phosphates in diene synthesis éoupled with the observed
stability of these compounds towards acig led us to
undertake a study of the synthetic utility of compounds 16 -
and 17 in Lewis acid catalyzed Diels-Alder reactions.‘ The
details of this inveSéigatio; are described in the next’

chapter.
' *



CHAPTER 2

RESULTS AND DISCUSSION
‘e
' Z—Piethylphosphoryloxy—l,3—butadiene (16) was

prepared from methyl vinyl ketone and diethyl
chlorophosphate.39. The reaction was carried o:; by
treatment of ﬁeéhyl\vinyl ketone with lithium
diisopropylamide in tetrahydrofuran at -78°C, followed by
trapping the enolate ion thus formed with diethyl chlofo—
phosphate.‘ After the distillation of the crude product at
82-84°C/1.2 torr, diene 16 wasugﬁtained as a colorless oil
in 52% yield. 1Its mass séectrum showed a molecular ion at
m/é 206.0707 corresponding to'the molecular formula
C8H15PO4. The ir spectrum exhibitéd absorption bands at
1280 and 1045 cm~ ! due to the phosphate moiety. The ly
nmr spectrum showed a doublet of doublets of doublets (J =
17, J3' =10, J" = 3 Hz)vat.66.20 due to the proton og
C-3. Two multiplets at §4.20 (four protons) and 1.38 (six
protons) were assigned to the methylene groups and the
methyl groups respectively. Diene phosphate 16 can be
stored at 0°C over a long period of time without apparent
deterioration. | |

trans-2-Diethylphosphoryloxy-1,3-pentadiene (20) is

14 N



also a stable compound at O°CT\\I£ can be easily

obtained?4? from.trans—B—penten—2—one and diethyl

" chlorophosphate. Although trans-3-penten-2-one 1is com-

mercially available, it is rather expensive. Fpr the
;\m—%

presenf studies, this compound was prepared44 b

aluminum chloride catalyzed acylation of propylene wf;h
acetyl chloride followed by dehydrochlérination.48
Treatment of trans-3-penten-2-one wiﬁh lithium\
diisopropylamide followed by‘trapping the resulting
enolate ion with diethyl chlorophosphate gave diene 17
(b.p. 84-86°C/0.5 torr)las a colorless oil in 41% yield.
The mass spectrum indicated a molecular ion at m/e
220.0865 corresponding to the wolecular formula
CgHy7PO4. The ir s?ectrum showed. the phosphate

absorptions at 1275 and 1270 cm™ 1

. The lH nmr showed two
multiplets at §4.82 and 4.60 due to the terminal vinylic
protons. The remaining vinylié protons were found as a
complex multiplet centered approximatedy at 66. The four
methylene protons appeared as a doublet of quartets (J =
J' o= 7 Hz)'at 64.17. Thessix methyl protons of the
phosphate moiety appeared as a triplet (J = 7 Hz) at
61.35. A dbublet (J = 5.5 Hz) at 61.80 was assigned to
the vinylic methyl gfoup.

The Diels-<Alder reaciions of dienes 16 and 17 with a

variety of dienophiles were carried out under Lewis acid

.
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catalysis. The results are discussed in the following

sections.

1. Diels-Alder Reactions of 2-Diethylphosphoryloxy-1,3-

" Butadiene (16)

DieneA16 was subjected to reactions with a number of
a ,f-unsaturated carbonyl compounds at temperatures ranging
from 0°C to 20°C. Stannic chloride, ferFic Chl%ride,
boron trifluoride etherate, aljuminum chloride, and zinc
chloride were used as catalysts».__The results are

summarized in Table I and Scheme V.
' )

A. Addition to Ethyl Vinyl Ketone (Entry 1)

The Diels;Alder addition of diene phosphate 16 to
ethyl vinyl ketone at 0°C and under stannic chloride
catalysis proceeded rapidly to give a 1:1 adduct in 94%
yield. The 13¢ nmr analysis showed that it was a single
compound. The mass spectrum showed a molecular ion at m/e
290.1278 corresponding to the molecular formula
Cy3H,3POg. The ir spectrum exhibited bands due to a

ketone at 1710 cm~!, an enol-phosphate at 1680 6m-1, and a

< ‘
phosphate group at 1277 and 1035 cm~!. The 14 nmr
spectrum showed a broad singlet at §5.52 - for the vinylic
proton. and a multiplet at §2.53 due to the two .methylene

protons adjacent to the cérbonyl group. The methyl group
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Table I. Stannic Chloride Catalyzed Diels-Alder Reactions of Diene 16 ,

: X T - 1 equiv. Sn(‘:l4
i i —s—ndd
Dienophile + ;l\ chcl., odc Adduct(s)
OPOOCHTH,), 272 - -
/" 16 : ] N
Entry® Dienophile Diene Time, Yield®  Product(s)
. Il(eqniv.) . (h)b A (ratio)
¢ o * o . (-U
1 \)H 1.3 1 94y \/U\@ ,
| ™ rOOO, .
23
€(
q [
2 )\\ 1.3 1.5  100% .
| , ' _ ORODOYOAL,
- 28
2
3 4.3 40 90V /Q
| He R 0PODGLO,
32

4 )1\ 1.3 18- 81
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Table I. (Continued) . e ‘1\\
Entry® Dienophile Diene Time Yield® - Product(s)
{ (equiv.) (h)b -(ratio)

oo j |

0 o
=
5 1.3 S 93% |
~
B.
41
D ooy 8 coon -
. a : b
6 , 1.3 65 23%° |
OPODOYOAY,
L H
45 (4.5:1) : 46
‘ ~y N l "v.
. - » and/or " b
7 3 54 12% . .
. ‘ i A\ .
- ’ . 4
53 54
Y. ¢
s N | ,
8€ ‘ 4 38 34

5 SR
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Table 1.  (Footnotes)

a . . . .
All reacgtions were carried out under a nitrogen or argon atmosphere. .

QTﬁe cited times reflect only the periods used to ensure the completion

N

of the reaction. .

“The yields were calculated based on the amounts of the dienophiles

used.
dThe yield was 72% based on the consumed starting material.
®This reaction was perforTed at room temperature instead of 0°C. The

solvent system for the reaction was a 1:1 mixture of dichloromethane

and diethyl ether.
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SCHEME V
oy
(¢}
"‘*"'+ N 1 eq. sncCl
‘“"._4__._
P
H , °©
< j\amo,a\., c ,C1,. 0°C
N, 6
(1:1.3) 2 6> h
23%
. i
€O,
~ 1 e BF_*Et O
) LSS :
ORODOYOY Y, Et,zO, r.t. [} OPODTHOYY,
(1:2 N_, 24
) 5 h
48%
. o
1 eq. FeCl3 'ccip"
Et.O, r.c. \)\ . -
2 . \ A Rt SN
(1:2) - N_, 2 "
N 2 4 h
61%
0 ‘.
o
OO, 1 eq. FecCl coo
+ 3 oo | |
= Et_O, 0°C .
“Soro0oyoty 2 5 ,
(1:2) N., 72 h
2 r

71%



of thg ketone side-chain appeared as a triplet (J 7 Hz)
af 61.08. Two multiplets at §4.17 and 1.38 were assigned
to the ethyl protons of the éhosphate group. If the
Diels-Alder addition followed the normal.EEEE;rule, then,
these spectral data shggested that the structure 23 could
be assigned to the adduct. However, it 1s known that the
Diels-Alder reaction with a 2-substituted diene could iead
to a mixtu:e cf regioisomers and orientational reversal in

violation of the Qafa-rule has also been observed.41

2l
It was therefore possible that the addition of diene

phosptate 16 to ethyl vinyl ketone could .lead to the

regioisomer 24. To rule out this possibility, a more

[

. (o) . ) O «
, | "
. " OPO(OCH,CH, )
/\l\oPO(ocﬂ,CH,)2 L :
23 : 24
/-

. N . . \\ ; ¢ X
rigorous proof of the regiochemistry was warranted. A

/ :
conclusive proof of the regiochemistry/might be achieved

\

by the conversion of this adduct to a dike;one. Such a
derivatization of the Diels-Alder adduct cowld lead to
either the diketone 25 or .the isomeric diketo 6.  The

’ ™

Y
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25 26

former compound must be derived from 23 while the latter
from 24. Distinguishing the two diketones should be

13¢ nmr spectrum. The

WF

‘possible by inspection of the
diketone 25 should show seven lines in the 13C nmr

13

more than seven lines.

spectrum because of its plane of symmetry, while compound
26 should shS\\

The Diels-Alder adduct was treated with sodium
hydroxiae in refluxing methanéi’in order to hydrolyze the |
phosphate group. Two compounds were obtained in 44% and
12% yields, réspectively, after chromatography of the’
crude product on silica gel. The major compound, which

was obtained~és‘a white solid, showed in thé mass spectrum
a molecular ion at m/eAISX.IOOZ corresponding to the
molecular formula CgHy40,+ The ir spé¢£rum showed a
hydroxyl absorption at 3420 em™1 and a ketone signal at

1710 em~ 1. The lﬂ.nmr spectrum showed a broad singlet

n
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[

(one proton) at §2.58 which disépbeared upon addition of
D,0. A methyl signal appeared as a doublet (J = 7 Hz) at
£1.16. -‘Also observed was a muitip}et*at 52.25,
integrating to two hydrogen atoms. This signalncould be
attributed to protons a t» a ketone carbonyl.” The 13C nmr
spectrum showed a set of: 9 lines. The minor compound was
‘a yellow oil. 1Its mass spectrum showed_a'molecular lon as
the base'peak at m/e 154.i000‘indicating‘the molecular
formula CgHy40,. The ir spectfum showed a ketone

1 1

absorption at 1711 cm™-'. The “H nmr showed a methyl gron

i}

as a tfiplet (J 7 Hz) at 61.10 and a methylene group as

a quartet (J = 7 Hz) at §2.58. A methine proton appeared
as a triplet of triplets (J = 10, J° =:4 Hz) at 62.82.

Most importantly, ﬁhe 13¢ nmr showed a set'of 7 lines.

The above spectral data strongly suggested that the minor -
product was the diketone 25 and the major product was the

hydroxy ketone 27. The latter compound was apparently

s

27
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derived from the former one by an intramolecular aldol
condensation reaction.

The 1solation of cégpounds 25 and 27 indicated that
the adduct must possess the regiochemistry defihé®,by

structure 23, as a result of para-addition.

-

B. Addition to Methyl Vinyl Ketope (Entry,2)

The diene phosphate 16 was found to react rapidly
with methyl vinyl ketone at 0°C in methylene chloride in
the presence of stannic chloride to give a 1:1 gdduct in
quantitative yield. The 13¢ nmr analysis indicated the
Apresence of a single isomer. The mass spectrum showed a
molecular ion at m/e 276.1125 corresponding to the
molecular formula Cy,H,)POg. The ir spectrum displayed e
absorptions due to a ketone (1710 cm—l),~an enol-phosphate )
(1685 cm—l), and a phosphafe group (1276 and 1035 cm—l).

The lH nmr spectrum showed a broad singlet at 5§5.53 for a
vinylic proton and a singlet at 62.20 for a methyl

group. Two multiplets at 6§4.18 and 1.38.were assigned to
the ethyl brdtons of the phosphate group. If the Diels-
Alder reactién followed the norhaIIQEEQTrule, then these
spectral data were in agreement with the structure 28 for

the adduct. However, abnormal addition wouldilead to the

regioisomer 29.
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2

o ..
/u\@/ OPOOCH,CHy),
OPO(OCH,CH,), |

28 . 29

To determine the regiochemistry conclusiQely, the
Diels-Alder adduct was treated with sodium hydroxide in
regiuxing methanol to give a diketone in 27§ yield. The
mass spectrum showed a molecuiar ion as the base peak at
m/é 140.9844 indicating the mqlgcular formula Céleoz. In
the’¥H nmr spectrum, all the signals appea@éd abosé-62.90
in the high field region, iﬁéluding a triplet of triplets
(J = 10, J3' = 4 Hz) at.62.80 for a methine proton and a,
éinglet.at 52.24 for a methyl group. The ir spectrum
showed a kétone absorption at i710 cm’l.‘ The 13C nmr
spectrum displa}ed four lines at 548.46, 39.66, 27.99 and
27.76 (the two carbonyl signals failed to appeéar). The
above spéctrai data indicated that the diketone must have
the structure 30 and not 31. Ssince diketone 30 was
derived rirom the Diels-Alder product, it follon»thgt the

Diels-Alder product must possess the "para" regiochemistry

as depicted in structure 28.
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G

. It is noteworthy that several outstanding features

weré observed for the stannic chloride catalyzed reaction

of methyl vinyl ketone and the diene phosphate 16,
i~ : .
including the fast reaction rate,- the excellent yield, and

-the complete regioselectivity. 1In the case of the thermal

addition of methyl vinyl ketodne to 2-dimethylphosphoryl-

-oxy;g,3—butadiene,38 two inseparable regioisomers'were

Ry
isolated in a ratio of 2:1. ' -

Addition to trans-3-Penten-2-one (Entry "3)

The diene phosphate 16 reacted smoothly with tran§-3- -

pentén;z;pne under stannic chloride catalysis at 0°C to
afford a 1:1 adduct in 90% yield. The 13¢ nmr spectrum
/

verified that the adduct was a single compound.' The mg@s&aﬁ

qpectrhm showed a molecular ion at m/e 290.1284 for the X

“.molecular fofmula C13HE3POS. ThQ\ir spectrum showed bands

due to a ketone at 1711 em™l and gﬁbhosphate group at 1275

£



and 1036 cm™ Y. The 'H nmr spectrum showed a broad sinélet
at §5.48 for. a Qinylic proton. A metﬁyl group attached to
a carbdnyl group appeared as.a singlet at 62.10. A |
"doublet (J = 6 Hz) at 50.98‘was assigned to a methyl group
attached to the B-carbon of ‘a ketone. Two multiplets at

4 ,

54.16 and 1.36 were readily attributable to the ethyl
proto;s of the phosphate group. AAtriplet of.dgublets (J
; 10, J' = 5.5 Hz) at 8§2.42 was assigned to a methine
proton adjacent to the ketone. [

Preliminary analysis of the spectral data indicated.
that the structure of the Diels-Alder adduct was either

32, resulting from the normal addition, or 33, resulting

from the abnormal addition, The stereochemistry of the

o)
P
HC? | OP&OCHzCHa)z
H
32 ', | | 33

¥
adduct Sould be easily assigned based on the cis-principle

to which-no violation has been observed. Thus, the’
‘tertiary proton « to the ketone should be trans to the 8

tertiary proton. This felationship'was confirmed by the
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v nmr spectrum of the adduct which showed a doublet of
doublets of doublets (J = J' = 10, J" = 5.5 Hz) at 52.42

for the a« methine proton. The appearance of two large

' A

trans-1,2-diaxial coupling constants of 10 Hz each is
possible only whenqthe two methine protons 1in question are
(» trans toveach other.

It remained to determine the regiochemistry of the
Diels-Alder adduct. Due to the nonsymmetrical nature of
'this molecule,‘its conversion to a diketone would not lead
tn the successful détermination of the regidchemistry:
However, a conclusive“proof of é%e regiochemistry‘miqht be
achieved by aromatization of the Diels-Alder adduct. Such

a derivatization could lead to either the aryl-ketone 34

"or the regioisomeric aryl-ketone }5; Distinguishing these

I
| /J:Q/@poyc@;
OPO(OCH,CH, ), N

+

O

“ 34 | 35 .
aryi—ketones should -be possible by inspection of the 1y

nmr spectrum. The carbonyl group should cause the 4 nmr

signalldf the B proton of either 34 or 35 to be shifted

<
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down-field siénificantly and the coupling pattern of this
proton would provide evidence for the regiochemical
assignment of the aromatic compound. Therefore, the
regiochemistry of the Diels—Aider adduct could be
determined.

The cycloaddition adduct was aromatized with N-bromo-
‘'succlinimide in carbon tetréchlor{?e at reflux for 1 h.
The reaction gave a rather comélex mixtu}e of products
from which the aryl-ketone 34 was isolated in 19% yield.
The mass 'spectrum of this compound showed a molecular ion
at m/e 286.0974 corresponding to the moiecular formula
C13H19P05. The ir spectrum showed absorptions due to an

v . - )

aromatic ketone-at 1684 cm -, a phosphate group at 1278

and 1031 cm~! as Qéllﬁas an aromatic ring at 3060, 1610

BN
and 1580 cm™!, ‘The 1H'nmr spectrum showed the aromatic

proton édjacent to the acyl grdup as a doublet at &67.78

with a coupling constant of 8.5 Hz. The proton para to

\

the methyl group appeared as a doubleét of doublets (J =
8.5, J' = 2.5 Hz) ati67.18. The remaining aromatic proton

éppeared as a doublet (J = 2.5 Hz)} at §7.14. Two singlets
\
at 62.59 and 2.56 were: attrlbuted to the methyl groups .and

the multlplets at 64. 27 ,and 1. 38 were a531gned to the

\

ethyl protons of the phosphate group. The above spectral
. o ‘ Ve , b
data, particularly the cdppling pattern oﬁmthe aromatic
- \
protons, agree only with 6pé structure 34. Hence the



rediochemﬁstry of the Diels-Alder adduct must be as

defined by structure 32.

D. Addition to 3-Butyn-2-one (Entry 4)

Diene 16 reacted with 3-butyn-2-one under stannic
éhloride catalysis to éive an inseparable mixture of two
iéomeric adducts in 81% yield. The mixture showed ir
abgorptions at 1670 (a ,B-unsaturated ketone), 1705 (enol-
phosphate), 1277 and 1031 cm_ll(phosphate group). A
molecular ion peak at m/é 274.0968 in the mass spectrum

1

indicated the chemical formula as C12H19P05. The “H nmr

spectruw showed two sets of signals in an integral ratio
of 8:1. One set, due £o the mdjor pfbduct, showed.Fwo
vinylic prbtons as multiplets at §6.82 (B to ketone) and
5.58 (eﬁol—phosphate). A methyl group appeared as a
singlet at 62.33. Two multiplets at §3.16 and 3.03 were
assigped to‘the‘methylene groups of the cyclohexadiene
ring. -Etﬁyl protons of the phosphate group appeared as
multiplets at §4.18 and 1.36. The other set, due to the
minor product,ﬂconsigted of multiplets at 66.86 and 5.52
due to two vinylic protons, as well as a singlet at . §2.34
due to a methyl group. Thé }3C nmr spectrum also’ showed
two sepé of sig;%ls. These spectral da£é indicated that a
mi%ture of‘the"enbl—phosphate 36 and ' the regioisomeric:

enol-phosphate 37 was formed. ‘However, the structures of
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the major the minor products remained to be
determined. According to the para-rule of the Diels-Alder
reaction, adduct 36 is expected to be the major product

and 37 to be the minor product. This expectation was

1 9 1
O—P—0CH,CH,
0 12

37

36

supported by the 13¢ nmr spe;tral daté listed in Table II.

In thé 13'C nmr spectrum of compouna 36, the signal
corresponding to C-3, which is linked to a center (C-2) of
greater electron deficiency, is expected to appear at
loyer field than the signal of C-6 attached to a cafbon
(C-1) which is electronically less deficient. It is
further expected that C-3 of compound 36 should appear as
a doublet due £o the carbon-phosphorus coupling while a

singlet should be observed for C-6. -Similarly, in the 13¢

spectrum of 37, C-3' signal is expected to appear in the '
. Py . T .
lower field relative to that of C-6'. In this case,

"however, a doublet is anticipated for the C-6' signal due
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to the carbon—phosphofus coupling. An examinatibn of the
13¢ nmr spectral data (Table II) reveals that the major
signals are consistent with those expectedrfpr structure
36 while the minor Signals agree with those expected for-
the structure 37'? Conseguently, structures 36 and 37 were
assigned respectively to the major and the minor 5dducts
obtained from the Diels-Alder reaction of 3-butyn-2-one
and diene phosphate 16. ¢

Rigorous proof of the'regiochemistry of the adducts
36 and 37 might” be achieved by aromatization.
Dehydrogenation of the mixture obtained from the Diels-
Alder reaction would afford aryl-ketones 38 and 39.
Pistinquishing these aryl-ketones should be feasible by
;nspectipn of the 13¢ nmr and lH nmr spectra. In the 13c
nmr speetrum, compound 38 should show 8 signals while 39
should display more thén 8 signals. 1In the 4 nmr
spectrum, compound 38 shoqld show a pair of doublets in

the aromatic région, while 39 should show a more complex

splitting pattern for the aromatic protons.

(OCH,CH,),

#O(OCH,CH,),

38 L ' .39
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The mixture of tﬁe Diels-Alder adducts was treated
with 2,3-dichloro;5,6-dicyano—1,4—benzoqu}none in benzene
at reflux for 2 h. An ihseparable mixture of two isomeric
aryl-ketones was obtained in 79% yield. The mass spectrum
of the mixture showed a molecular ion at m/e 272.0816
indicating the molecular'formula C12H17P05. The ir
.spectrum exhibited an « ,8-unsaturated ketone band at 1686
cm'-1 and aromatic absorptions at 3060, 1600 apd 1050

.
)

ecm™!.  The lH nmr showed two sets of signals in an
integral ratio of 11:1. The major set of signals showed a
doublet (J = 9 Hz) at §7.79 due to the aromatic protons
ortho to the acyl group and a doublet of doublets [0 =9,
J' = 1 Hz (carbon-phosphorus coupling)] at 67.32 for the
remaining aromatic protons; A sharp singlet at §2.58 was
assigned to the methyl ketone protons. Two multiplets‘at
64.24 and 1.36 due to the ethyl groups were also |
Lobserved. The minor set consisted of two multiplets at
67.78 and 7.47 for the aromatic protons and a singlet at
§2.60 due to the methyl-ketone group. The 13¢ nmr

*

spectrum of the mixturé showed mainly one set of signals
consisting of four singlets and four doublets due to
carbon-phosphorus coupling. The corresponding signa%s of

.1 " ' : : :
the minor aromatic compound were too weak to be

s
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detected. The preceeding spectral data indicated
conclusively that the aryl-ketone 38 was the major product
and 39 the minor product. Sinéq;gryl—ketones 38 and 39
were derived from the enol-phosphates 36 and 37
respectively, the %ssignments of the major Diels-Alder

adduct to 36 and the minor adduct to 37 were confirmed.

E. Addition to 1,4-Benzoquinone (Entry 5)

The addition of diene 16 to p-benzoquinone under
stannic chloride catalysis proceeded smoothly and rapidly
to give an aromatic compound in 93% yield. The mass
spectrum showed a molecular ion peak at m/e 314.0921
indicating the molecular formula Ci4Hy9POg. The ir
spectrum showed a hydroxyl absorption at 3320 cm—l, an

enol-phosphate band at 1705 cm™ 1

' aroq?tic absorptions at
3010, 1615, and 1491 cm_l, as well as phosphate bands at
1287 and 1038 cm™). The lfi nmr spectrum (CD30D) showed a
sharp ginglet at 66.50 due to two aromatic protons. A
vinylic proton appeared as a multiplet at 65.64. A
slightly broad singlet at 63;36‘was attributed to four
allylic protons: Two multiplets at §4.18 and 1.36 were
attributed to the ethyl protons of the phoséhate group.
The above spectral data indicatedtthat‘the iniﬁially

formed Diels-Alder cycloaddition product 40 had undergone

further isomerization under the influence of the acidic
N . ‘ ¢

ol .
Y
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& .

conditions to the aromatic enol-phosphate 41.

PO(OCH,CHy),

40 41

<

This structural assignment was further éﬁ%firmed by the

13¢ nmr spectrum which indicated the presence of eight spz

carbons.
/

‘ . L.
F. Addition to 2-Carbomethoxy-4,4-Dimethyl-2,5-

' - ; »_«1@‘:. -
gxclohexadienésgg&ne (44) (Entry 6)

4 Dienone-ester 44 was easily prepared from enone 42

via intermediate 43.42 It can be seen that there are 1in

o o 7 o

CO,CH,

42 o 43 / a4
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factethree dienophilic moieties in 44 as illustrated by
44a, 44b and 44c. On the basis of the Alder-rule,” the
unsubstituted enone system of 44a is expected to be
relatively unreactive. Ordinarily it would be unnecessary
to distinguish the relative reactivities of the two
moietiés 44b and 44c except in the case where the endo-

rule comes into effect. The presence of a carbomethoxy as

an activating grbup offers several interesting features.

44a , 44> 44c

It can be easily removed from the resulting keto-esters by

-y

*The Alder-rule predicts that substiggtion of an electron-
withdrawing substituent on the dienophilic double bond
.increases the reactivity of that bond and_ that
substitution of electron-donating su’b‘stitue’ngs on the "
diene increases the reactivity of the diene.” ° -
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3 ) - o . .7
decarboxylation and it offers a level of functionalization

~

which might be used effectively in further synthetic
manipulations. The results of the Diels-~Alder reactions

of the diene 16 w1tﬂ¥ﬂaenone —ester 44 usxng dlfferent
= A

Lewis acid catalyQts aré,summarlzed in Scheme V.

When the dienone-ester 44 was treated&with diene 16

-

in the presence of stannic phloride at 0°C, the cyclo-
addition reaction proceeded 510wly. After 65 h, it gave
an inseparable mixture of two isomeric addudcts in 23%

|
yield and in a ratio of 4.5:1. The starting material 44

>

was recovered in.68%. The mixture sqbwéé a molecular ion

peak at m/e 386.1496 in the mass spec@rum indicating the

molecular formula C18H27PO7. Theﬁ@r spectrum showed ester

N

absorptions at 1746 and 1731 cm_l, hp a,sgunsaturated

ketone band at 1675 cm~! as well as phosphate group
\

1 o

absofiptions at 1275, 1054 and 1030 cm™ 3\ The lH nmr

\\

spectrum displayed two Sets of signals’in\ah inéégral
: \ y
ratio of 4.5:1. The maJor set showed two g ubletsx(J = 10

Hz each) at 66.60 and '5.90 due to the 8- and'whe a*proton
(

of an a,f-unsaturated ketone. Another v1ny11c\proton
LY
\

appeared as a broad 51nq%gt 9t 85. 50. A sharp singlet’ a&
63.74 was due to a methyl ester. Two multlplets at 64.15
and 1.35 were assigned to ethyl protons of the phosphate“‘
group. A methine proton appeared‘aségagoublet of doublets

(3 = 7, 3' = 3 Hz) at 62.91 and two additional methyl



singlets were observed at 61.22 and 1.15. The minor set
consisted of two doublets (J = 10 Hz each): at 66.62 and
5 92 for the R- and the a-proton of a conjgg;ted enone
system, and three_methyl singlets at 6§3.76, 1.23 and

1.12. On the basis of these spectral data and the cis-

principle governing the stereochemistry of the Diels-Alder
reaction, the structures 45 and 46\fou1d be tentatively

Further tification of

assigned to the two adducts.
‘cofipound 45 as the mafor adduct ang 46 as tke minor one -

follows from the subseduent studifes

CO,CH,

The Diels-Alder reaction of the enone-ester 44 and
the diene 16 was found to be highly'depenéeﬁt on the Lewis
acid QSed.J¥When these two COmp0unds were subjeefed to the-
cycloaddition in the presence of boron trifluoride "

etherate at’ roqm\temperature, the reaction occurred.mgna/f""/

N
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. ' ~/

rapidly to give a single adduct in 48% yield. The
spectrai data of this comppund indicated that it was
identical with the maj6r proqut‘obtained previously from
the stannic chloride catalyzed reaction. The
determination of ihe‘regiééhemiétry ‘of thig adduct might
be achieved by the rembval of the aﬁgular methyl ester and
theﬁhydrdlysis of the.phosphate. Such a derivatization
could lead to the formation of a pair of the "para"-
dik&tones 47 and 48 or a _pair of the "ortho"-diketones 49
and 50. Identification of these pairs of diketones might.

a

be possible by spectroscopic and/or. chemical methods.

H

4 . L

SR 50
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The single Diels-Alder adduct was treated with
lithium iodide dihydrate?3 in refluxing 2,4,6-collidine to
give a mixture of two epimeric dikétones 47 and 48 (l:g)
'in 70% yield. These compounds were separated by careful
flash chromatography on silica gel. The minor diketone 47
showed, in the mass speétrum, a molecular ion at m/e
192.1150 corresponding to the molecular formula
C12H1602. The ir spectrum displayed two carbonyl
aSsorptibn bands, one at 1714 cm_.1 and the other at 1677

cm‘l. The 1H nmr spectrum showed a B-enone proton as a

.
douZlet of doublets (J = 10, J' = 2 Hz) at §6.56 and an a-
enone proton as a doublet (J = 10 Hz) at 66.00. Two
methyl groups appeared as singlets at 51.36 and 1.11. The
majo; diketone 48 showed, in the mass épectrum, a molegtlaf
ion at m/e 192.1156 ipdicating the molecular formula

‘ , v \
Cy12H1609, and 12 lines in the 13¢ nmr spectrum. The ir

spectrum showed a ketone absorption ét'1711 cm”
band at 1678 cm~1 characteristic of "an a,f-unsatugated
ketbnéc' The 1H nmr spectrum showed a B—eﬁone pro oﬁ as a
dbublet }J = 10 Hz) at 66.71 and ;n @ —enone pfot n also as
a doublet,(J_=>10 Hz)'at 55.91. Two methyl groups
appeéred as a singlet at SL.12. A dqﬁblet of dqublets of

doublets (J = Jv = 13,‘\]" = 4 HZ) at 62.09 was assigned tO
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the methine proton adjacent to the gem-dimethyl group.
. The cis ring junction of 47 was indicated by the 1y
nmr spectrum which showed a long range W-coupling of 2 Hz
between the protons H-3 and H—4af An examination of
Dreiding model feveals that the protons can assume a W-
arrangement only when the two rings are cis-fused as shown
in formula 51. When the rings are trans-fused as in 52,
the methine proton at C-4a is locked in an axial posi£ion
relative to both rings and thus cannot achieve a wW-
configuration ‘witl the enone proton at C-3. 1In decalin
systems, the trans—-fused isomer &s normally more stable

St ‘ ‘ . 3
than the cis-fused isomer and predominates under

- ' -

equilibrium cond%tions. In proof of the ring junction
stereochemiétré; treatment of compound 47 with aqueous
sulfuric acid in refluxing ethanol affected its completé

a

epimerization to give the trans ‘isomer 48 in 87% yield.

-4

.51 . o 52
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The regiochemistry of 48 was determined Ey an
extensive study of the ' oamr spectrum including Nuclear
Overhauser Enhancement (NOE) experiments. As expected,
saturation of the gem-dimethyl singlet at §1.12 caused
substantial enhancemeént of the signals corresponding to
H-4a (18%), H-5 axial (13%), H-5 eéuatorial and H-8a (a
total of 22%). These expériments allowed the
determination of the coupling patterns of béth the axial
and the eguatorial érotdns attached to C-5. The former
proton was found to be a douﬁlet of doublets with two
large .couplings of 13 Hz each, while the latter was
observed also as a doublet of doublets with a large
geminal poﬁéling constant of 13 Hz and a Qmall vicinal .
coupling constant of 4 Hz. As indicated by these
findings,’the C-5 carbon must be lihked directly to a
carbonyl group as in strucfure 46 and not linked to a
methylene.group as in structure 50.

In order to further improve the Diels-Alder addition
of thé dienone-ester 44 to the diene 16,’ the use of ferric
chléride as a éatalyst was also carried out. Whén the
reaction was perfo}med at room temperature, éompound 45
was obtained as the sole product in 61% yield. An even
better yield 6f 71%‘was-obtained when the reaction
température was reducedrto 0°C. Clearly, ferrié chlo;ide
is tﬁ% caﬁalyst of choice‘for thisfparticular Diels-Alder

reaction.
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G. Addition to 2-Cyclopenten-l-one (Entry 7) «

3

In the presence of stannic chloride the diene 16 was

treated with 2-cyclopenten-l-one at room temperature for
54 h. Aftgr flash chromatography, a mixture of products
was obtained as indicated by the 13¢c nmr. The mass
spectrum showed a small peak at 288.1130 cofresppnding to
the molecular formula Cy3Hp POg oOf the<B1els—Ald¢r

adduct(s) 53 (and/or 54). However, a istronger peak

* ooHOH): |
53 54

P

appeared at 276.1131 in the mass spectrum éorreSponding to
C12H2]P05:which could not be explained as a fragment from
the molecplar ion-C13H21POS. The ir spectrum of the
mixture showed an absorption at .1740 cm™ 1 due to‘a 5-
membéred ring ketone. 1In additién,-a stronger band
appeared at 1710 cm—I characteristic of a saturated ketone

carbonyl. The presence of the molecular ion peak at

288.1130Aand the ir absorption band at 1740 em™ 1 strongly;

N
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suggested that the desired adduct was formed. An

b .
inspection of the 1H and 13C nmr spectra of the mixture

showed, however, that the major signals were identical
with thoge of compound 28 preQiously obéained krom the
addition of methyl vinyl ketone to the diene 16. It was
subsequently observed that the major fragmentation pattern
of the mass spectrum was also consistent with that of

28. These observations suggested that the major componént

of the mixture was ketone-phosphate 28 representing 75% of

1

a

the mixture as indicated by “H nmr integration.

Therefore, compounds 53 and/or 54 were present in ca.

25%. Based on 75% of 28 and 25% of 53 and/or 54, the
carbon and hydroéen contents of the mixture should be
52.67% and 7.59% respéc&ively. The microanalysis results
were consistent wiﬁh this calculation, showing 52.42% for
carbon and 7.58% for hydrogen. %ufther proof of the
structure of compound 28 was obtained by the aromatizatiqn
:eactibn. When the mixturé was treated withhﬂjbromo—
succinimide in refluxing carbon tetrachloride in the
presence of a cétalytic amount oflbenzoyl peroxide, ghe
reaction ‘proceeded rapidly to give an aromatic cbmpoUnd‘in
57% yield (based on the amount of 28 in the mixture). The

spectral data of this product were found to be identical

with those of aryl-ketone 38.
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Compound 28 could have been derived from the Diels-
Aldef.reaction B;tween the diene phosphate 16 and methyl
‘vinyL ketone, which, 1in turn, éOuld have been generated by
the cleavage of the aiene phosphate 16 under the acidic
conditions over a relatively long period of time. In.
order to verify this rationale, the diene phosphate 16 was
treated with stannic chloride in ethér at room temperature
‘for 44 h. The compound 28 was indeed formed but only in a
comparatively small quantity. Presumably, methyl vinyl ‘
ketone was generated more readily'in the presehce of 2-
cyclopentenone which faci%itated the cleavage of the diene
phosphate 16.

: | .

H. Addition to 2-Cyclohexen-l-one (Entry 8)

. In the presence of stannic cnloride, treatment of 2-
 cyc1ohexen—1-one with the diene 16 at room temperature for
34 h gave of a mixture of the desired adduct and the by-
product‘28 in a 18 nmr integral fatio of 1;44:1. Thé
lattér compound could be rémoved by extensive column
‘chromatography of the mixture on‘silicé gél. The 13¢ nmr
spgctrum of sthe pure adduct thus obtained ihdicated that
it was a‘single.comp@und. Tﬁe mass Spectrum showed a
vmolecular ion at m/g 302.1273 indicatin% the moleculaf

formula> 4H23POg. _The 4T spegtru exhibited a ketone
— T e Y . ‘

.band at 1710ACm’1. The H nmr ;EBW d the pri7ence of a



vinylic proton with a broad singlet at 65.50. Two W

47

multiplets at 6§4.18 and 1.36 were due to ethyl protons of

the phosphate group. These 5pectral data indicated that

/
the adduct could be either ketone phosphate 55 or its

regioisomer 56.

o :
i @T

55 56

LS

4 In order to determine the ring junction stereochem-

istry, the adduct was treated with sodium carbonate in
\aqueous methanol at room temperature for 20 h and also
with agueous sodium hydroxide in methanol at room
temperature for 23'h. 1In both cases, the starting
material was recovered intact. Since the compound was
affected under conditions which are expected to induce

epimerization, it was'highlyvlikely that the original

not

adduct with the expected c1s stereochemtstry had undergone

eplmerlzatlon to glve the more sta le trans-isomer durlng

the reactlon or during the purlflcatlon.
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The regiochemistry of the compdund might be
determined by hydrolyzing the phosph;le group. Such ag
transformation could lead to either the diketone 57 or the
regioisomeric diketone 58. The former must be deri&ed'
from 55 while the latter from 56. D;§ferentiation og the
two diketones could be achieved by direct comparison with
the authentic samples.

Diketones 59 and 60 were easily prepared from 1,6- w5
dihydroxyhéphthalene (61) via the intermediary of cis-1,6-
dihydroxydecalin 462). Using 5% rhodium on alumina as a
catalyst, compound 61 was hydrogenated in acetic acid and
ethanol at room temperature for 25 h to give the diol
62. It showed a molecular éon at m/e 170.1307 (C10H1802)
in the mass'spectrum, and two hydroxy absorption bands at

1 (free) in the ir

3490 (hydrogen-bonded) and 3635 cm~
spectrum: = The 4 nmr showed a singlet at 64.61 due to the
hydroxyl protons (exéhangeable with D,0). T@d multiplets
at 5§4.08 and 3.75 were assigned to tﬁevprotons adjacent to
‘the hydroxyl groups..

The transformation of the diol 62 to the Eig;diketone
59 was achieved in 77% yiéld by treatment with'pyridinium
chiorochr&mate45 in‘methyleqe chloride at room temperature
for 3.5 h. The mass spectrum of 59 showed a molecular ion
as the base peak atlm/e 166.0994 (CygH}405). The ir

spectrum showed a typical ketone abgorption band at 1710
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57

58

')

I---

---T

61
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A

1 01

&mf . In the” "H nmr spectrum, the signals were not well
separated and appeared approximately between 61 to 3. The
13C nmr spectrum displgyed ten signals which are listéd in
Table II11.

Upon treatment with sodium hydroxide in agueous
methanol at room temperature for 10 h,igiE;diketoneVSQ was
isomerized to trans—diketog; 60 in 97% yield. The 3¢ nmr
spectrum of 60 also showed 10 lines (Table III) which weke
found to be completely different from those of S59. 'The
mass spectrum of 60‘shqwed a molecular ion a§ the base
peak at m/e 166.0954 (C10H1402). The ir showed a strong
ketone absorption band at 1710 cm™ 1. All the sigpals in
the lu nmr spectrum were obse;ved in the region 6i.1—é.6.

\.In order to determine its regiochemistry, the Diels-
Aider adduct was subjected to treatment with sodium
hydroxide in refluxing aquedus methanol. After 3.5 h, two
‘separable products were formed in a ratio of 11:1 in Gi%
yield. Thin layer chromagographic and spectroscopic
analyses showed that the major and the minor products were
identical with the diketones 60 and 59 respectively. As a
result, the regiochemistry of the Diels~Alder adduct, must
be defined by structure 55

In attempts to improve the Diels-Alaer reagtibn,
other Lewis acids, such s ferric chloride, aluminum

chloride, zinc chloride\and boron trifluoride etherate,
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were also examined. Unfortunately, all these catalysts
were found to be inférior to stannic chloride. With
FeCl;, AlCl3 and ZnCl, no detectable amount of product was
formed even over a long period of,reaction time. With

boron trifluoride etherate, the reaction did occur h{ixfhe

yield of the adduct was found to be considerably poorek:

2. Diels-Alder Reactions of trans-2-Diethylphosphoryloxy-

l,3-Pentadiene (17)

The diene phosphate 17.was subjected to the Diels-
Alder reaction with éeueral a,f-unsaturated ketones. The
results are summarized in Table IV. Stannic chloride was
used as the catalyst. The reactions were carried out in
ether or methylene chloride over a temperature range of

0°C to -30°C.

A. Addition to Ethyl Vinyl Ketone (Entry 1)

In the presence of 1 equivalent of stannic chioride,
ethyl vinyl ketone reacted rapidly (15 pin) with the diene
phosphate 17 in methylene chloride at d°C to give an
adduct in 61%lyie1d. The 13¢ nmr spectrum indicated that
it was a single compound. The méss'spectrum showed a
molecular ion at m/é 304.1432 suggesting'the molecular

formula Cy4H,cPOg. The ir spectrum‘Sthed diagnostié
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absorption bands at 1710 (ketone), 1680 (enol-phosphate),

1273 and 1033 cm”!

(phosphate’). The 4 nmr spectrum
showed a vinylic proton as a multiplet at 6§5.53 and a
methyl group as a triplet (J = 7 Hz) at &§1.02. Another
methyl'appearéd as a doublet (J = 6.5 Hz) at §0.81. .Two
multiplets at 64.16 and 1.33 were assigned to the eth?l

protons of the phosphate group. If the Diels-Alder.

reaction followed the normal rules, then these spectral

data were in agreement with the structure 3. @
o CH3 H -
\\\/;ll |
\ ~
OPQKX}HCﬂﬁzl
\
. &3 \

Evidence in support of the regiochemical and
steredchemical assignments was obtained from 4 amr

decoupling experi%%nts. A one-proton signal appeared in-

1

~
~

.. . . ‘ ,
the "H nmr spectrum as a doublet of doublets of doublets
(3 =13, 3''=7, 3" = 4 Hz) at 62.72. This siqna1/ which

was a551gned to the methlne proton adJacent to th//ketone
. LA
- .carbonyl, was coupled with a one- proton mult1plet at 62. 83

4 f
i
!
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due to the allylic methine proton. ‘Irradiation of the
signal at &2.83 caused a change of the signal at 6§2.72 to
-a doublet of doublets (J = 13, J' = 7 Hz). The irradia-
‘tion alsb led to a change of the vinylic proton at 65.53
from a multiplet to a broad einglet. As well, the methyl
doublet co}lapsed to a sinqlet; These results indicaced
clearly the reqiochemistry of the adduct as depicted in
structure 63. The cis stereochemistry was also deduced
lfrom the 1H nmr analysis. A coupling constant of 13 Hz
was observed for the methine proton. adjacent to the
ketone. As required by the large coupling, this proton

must possess an axial orientation. This proton was further

shown (vide supra) to couple with the allylic methine

proton with a small coupling constant of 4 Hz indicating an
equatorial orientation for ®he latter proton. Thus, a;glg
‘relationship of these two protons was concluded. ”
The Diels-Alder reaction was also found to proceed at
—§0°C in ether u51nq 0.5 equivalent of stannic chlorlde.
Although the reaction was much slower (24 h) under these

conditions, a substantially ‘improved yield of 81% was

obtained for tﬂe adduct 63. f. e

i
.

B. Addition to Methyl Vinyl Ketone (Entry 2)
Under'stan%ic chloride catalysis (1 ‘equiv.) diene -

phosphate 17 reacted 'very rapidly with methyl vinyl ketone



(o]

in ether at -30°C to give, in 72% yield, a 1:1 adduct
which showed a single set of signals in the 3¢ nmr
spectrum. fhe‘mass spectrum showed a molecular ion at m/e
290.1283 characﬁéristic of the molecular formula
Cy3H,3POg. The ir spectrum showed a band at 1709,cm_1 due

to a ketone carbonyl and an absorption at 1678 cm” )

-

indicating an enol-phosphate. 1In addition, the //

absorptions of the phosphate group were displayed at 1273

4 omr spectrum showed a vinjlic

and 1027 cm Y. The
//*;;;%on as a multiplet at §5.56 and a methyl ketone group
as a sharp singlet at §2.17. Another methyl group

7 Hz) at 60.87. A triplet (J =

appeared as a doublet (J
7 Hz) at 61.35 and a multiplet'at 54.18 were assigned to
the ethyl groubs of the phosphate moiety. 1f the Diels-
Alder reaction followed the normal course, these spectral

data were in agreement with the structure 64.

64



Evidence in support of the regiochemical and.
stereochemical assignments.,was obtained from 4 nmr
studies. A one-proton signaltappeared as a doublet of
doublets of aoublets (J = 10, J'" = J" = 5 Hz) at 62.71.

It was assigned to the methine proton adjacent to the
ketone carbonyl group. By dec0uplidg expefiments, this
proton was shown to be coupled with a proton at 62.86 with
a small couglinq constant of 5 Hz. The'latter was éurther
coupled with the methyl protons at 6§0.87 and the vinyl
proton ét §5.56. On the.basié of these results, the
stereochemiétry and regiochemistry were deduced. And the
structure 64 was finally assigned to the Diels-Alder -
adduct. |

When a smaller-apount of stannic chloride (0.5
equiv.) was Qsed, t;:x?éaction was found to be much slower

but the yield was slightly improved (79%).
L

C. Addition-to trans-3-Penten-2-one (Entry 3)

e

i

When £}5n5—34penten—2-one was treated with the diene
phosphate 17 under stannic chloride catalysis in efher at
‘0°C, the cycloaddition reaction proceeded smoothly to
afford a 1:1 adduct in 72% yield. The 13c nmr spectrum
indicated that the adduét wa3s a single compound.

| The Diels-Alder adduct, if formed according to the

usual rules, would have structure 65. In agreement with

-



OPO(OCH,CH,),

65

the expected structure, the 4r spectrum displayed
diagnostic absorption bandé at 1710 (ketone), 1685 (enol-
phosphate), 1270 and 1033 em™ 1 (phosphate). 1In the mass
spectrum, a molecular ion peak at m/e 304.1433 verified
the required molecular formula of Cq14H,75POg- The
regiochemistry wasbindicated by thé 18 nmr speétrum. THE
signal due to the proton at C-4 (62.6157Qas a distinct
doublet of QOublets with coupling constants of 11 Hz and 5
Hz indicating thaﬁ_the proton had only: two neighbor{ng
protons, as wasvthe case ih structure 65. When ;he

multiplet at 62.75 (C-3 proton) was irradiaﬁed, the %

. : P
doublet of doublets collapsed to a doublet with a large

coupling constant of 11 Hz. At the same time, the methyl-
. ’ 1 4

"doublet at 60.86 changed to a singlet and the multiplet at

65.55 due to the vinylic proton sharpened to give a'bréad

'sfhglet.' These findings lent further support to the



60

regiochemical assignment.

The stereochemistry of the adduct was also deduced
from the splitting pattern of the doublet of doublets at
$2.61 due to the C-4 proton. The presence of a large
coupling constant of 11 Hz and a small one of 5 Hz
indicated that this prbton was axial and further coupled
to an axial proton (C-5 proton,.J = 11 Hz) and an

equatorial proton (C-3 proton, J = 5 Hz).

D. Addition to 1,4-Benzoquinone (Ent:ym4)

Under stannic chloride catalysis, diene phosphate 17
reacted rapidly with 1,4-bénzoquinone in methylene
chloride at 0°C to_give an aromatic compound in 52%
yiéld:r Thé’mass spectrum showed a molecular ion at
328.1075 characteristic of the chemical formula
CigHy1POg. The ir spectrum.dlsplayed bands at 3304 (-OH),
1700 (enol-phosphate), 1492 (aromatic ring), 1247 and 1035
cem™ 1 (phosphate group). The 1y nmr .spectrum (acetbné—dG)
showed two phenolic hydroxyl‘protons (D,0 exchangeable) as.
a broad singlet at §7.86. Two afpmaﬁic protons appeared
as singlets at 66.60 and 6.65. The appearance of these
brotops as singiets was apparently due to the‘closepéss‘of
‘their.chemical shifts...The'spectrum alsb'indiééted the
presence of“a vinyllprotoh with a multiplet at §5.72. Ab

doublet (J =7 Hz) at §1.27 was .assigned to an allylic

!



methyl group and two multiplets at 6§4.20 and 1.33 were
attributed to the ethyl protons of the phosphate gron.
Other signals were'found at 6§3.75, a broad singlet for a
methine proton, and §3.43, a multiplet for two methylene
protons. These spectral data suggested that the expected
Diels-Alder adduct 66 had isomerized to the corresponding
aromatic cdmpound‘G?. In agreement with this assignment,
the 13C nmr spectrum indicated the presence. of eight_sp2

carbons.

OH  CH,

OPO(OCH,CHy), OPQ@(OCH,CH;);

66 67

in én attempt to improve the yield of compound 57,
the Diels-Alder reaction was pgrformed in ether at ?30°C
for 36 h and then at -5°C for 7 h. Interestingly, in
additionlto the desifed product 67 (24%>yield)) an
unexpected compoﬁnd 68 was formed in 24% yield. A more.
successful result was obp;ined ﬁhen the reaction was
carniéd.out iﬁfmethylene éhlo;ide at -20°C using 3

v

L . o



OPO(OCH,CH, ),

68

L
equivalents of the diene i?. Under these conditions, the
yield of the product 67 was increased to 60%.

In cohglusion, diéne phosphates 16 and 17 have been
shown to be useful substrates in Diéls—Alder reactions
under Lewis acid catalysis. These compounds were found to
be uqisually stablé towards aéids relative to othe?
oxygen-substituted dienes such as silyloxy and alkoxy
dienes.\ The applicétiqﬁs ;f Lewis acids to the Diels-

(
Alder reagtions of dieﬁé;pﬁosphates are, therefore, more
facile relétivg to other oxygen substitﬁted dienes.
Compounds 16 arid 17 were found to react with a'variety of
a ,A-unsaturated ketones_lt;e more dienophilic ones in
' particular) Wieh high regio- and stereoselectivity to give
synthetically uséful cyclohexene dérivatives.

v
-0 .
\



CHAPTER 3
EXPERIMENTAL

General

Melting points were determined on a Kofler hot stage
apparatus and are uncorrected. Elemental analyses were
performed by the microanalytical laboratory of this
department. Inffared (ir) spéctra were recorded on a
Perkin-Elmer model 457 or Nicolet 7-199 FT-IR
spectrophotometer and, except where otherwise statéd, were
obtained in sblutions of chloroform. Proton nuclear
magnetic resonance (1H nmr) spectra were recprded on a
vaiRn HA-100, HA-100/Digilab, Bruker WH-200, or WH-400
spectrometer and, excep£ where otherwise stated, were
obtaiﬁed in solutions of deuterochloroform with tetra-
meEhylsi}ahe as internal reference. Carbon-13 nuclear
magnetic resonance (13C nmr) spectra-were recorded on a
Bruker HFX-90/Nicolet 1085, Bruker WH~20b, or WH-400
systé% and were,?Btained in solutions of deuterochloroform
usind tet;amethylsilane as internal reference. The
following abgreviations aré used: s = singlet, d =
doublet, t = triplet, g = quartet, and m = ﬁultiplég.
Mass spectra (ms) were recorded using an A.E.1. model MS9,

T )
R .

~f
/

\
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MS12 or MS50 mass spectrometer. Anhydrous magnesium
sulfate was used for drying oraganic solutions.

Crystalline samples were recrystallized before submitting
-

for elemental analysis.

M&terials

}

Ether and benzene were freshly distilled over lithium
aluminum hydride. Dichloromethane was® freshly distilled
over phosphorus pentoxide. Anhydrous stanhié chloride was
éurchased foom A.G. Fluka andIQSed without further
purification. Nitrogen and argon were passedbthrough a
purification train of Fieger's solution,46 saturated
aqueous lead acetate, concentrated sulfuric‘a;id, and
potassium hydfoxide pellets. Flash chromatography

developed by stil1?7 was used routinely for purificatfion

and separation oft product mixtures.

l-Diethylphosphoryloxy—4-(l—oxqprggyl)-l—cyclohexene (23)

Diene 16 (773 mg, 3.75 mmol) was dissolved in
dichloromethane‘(2 mL)_under an atmosphére of nitrogen.
The solution was coqledrto 0°cC. Anhydrogs stannic
chloride (753 mg, 2:89‘mmol) was added dropwise to the

stirred solution over a 2 min period, followed by the

addition of ethyl vinyl ketone (243 'mg, 2.89 mmol). After

-
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stirring at 0°C for 1 h, the reaction mixture was diluted
with dichloromethane. Then 5% aqueous sodium bicqrbonate
was added and the resulting emulsion was filtered with
suction. The filtrate was extracted with
dichloromethane. The extracts were combined, dried,
filtered and concentrated. The crude oily résidue was
subjected to flash chromatography on‘silica gel. Elution
with a solution of 25%‘acetone in petroleum ether gave the
diene 16 (144 mg, 19% recovery). Continued elution gave
the pure enol-phosphate 23 (787 mg, 94% yield) as a light
yellow oil. The adduct showed the following spectral
daka: ir 1710 (kgtone C=0), 1680 (enol-phosphate C=C),
1277 and 1035 em~1 (phosphate); ms M* 290.1278 (éalcd. for
C)3Hp3POg:  290.1283); lH nmr 65.52 (broad s, 1H, -CH=C-),

4.17 (m, 4H, 2 x -OCH,CH3), 2.53 (m, 2H, CH;CH,CO-), 1.38

(m, 6H, 2 x gzcgs), and 1.08 (t, 34, J = 7 Hz,

! o
“ CH3CH,CO-) ; nmr §212.69, 147.05, 146.96, 108.78, °

»,

108.72, 63.99, 63.95, 45.17, 33.75, 26.96, 26.92, 25.38,y

@

24.60, 15.92, 15.86, and 7.54. Anal. Calcd. for

& C13H3POg: C, 53.78; H, 8.00. Found: C, 53:87; H, 7.96.
&

xr
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4-[1-oxopropyl]=-l-cyclohexanone (25) and 4-hydroxy-3-
» »

methylbicyclo[2,2,2]octan-2-one (27)

N

—

" Enol phosphate 23 (251 mg, 0.87 mmol) was dissolved
in methanol'(14 mL) and a. 0.5 N agueous solution of sodium
hydroxfhe (i4 mL) was addea with stirringﬁ The reaction
mixture was heated at reflux under an atmosphere of
argon. After 5 h, the mixture was cooled to 0°C, poured

into cold aqueous 10% hydrochloric acid, and extracted

with methylene chloride and then ethyl acetate. The

>

.

extracts were washed with water, dried, filtered and
lggncenﬁraped. ‘The yellow oily residue was subjected to
g&ash chromatography on silica gel. Elution with a
solution of 10% acetone and 30% ether in petroleum ether
gave diketone 25 (16 mg, 12% yield) aé a-yellow oil: HH
nmr 82.82 (tt, 1H,"J = 10, J' = 4 Hz, -COCH-), 2.58 (q.
2H, J = 7 Hz, CH3CH,CO-), and 1.10 (t, 3, J = 7 Hz,
CH3CH,C0-); 13¢ nmr 6212.24, 209.83, 47.64, 39.82, 34.04,
28.06, ;nd 7;71; ir 1711 cm—l (ketone C=0); ms Mt 154.1000
(calcd. for.C9H1402:_ 154.0994). Continued elﬁtioﬁ gave
hydroxy ketone 27 as a white solid (59 mg, 44% yield)52;

m.p. 123-127°C; 8 nmr 62.58 (broad's, 1H, D,0

‘exchangeable, -OH), 2.25 (m, 2H, -CHCOCH-), 1.16 (d, 3H, J

= 7.Hz,7§CH3)} 13¢ nmr 6216.70, 71.72, 53.14, 41.33,

827738, 22.88, 21.76, and 9.36; ir 3420 (-OH) and

3
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1710 em™! (ketone C=0); ms M* 154.1002 (calcd. for

4-Acetyl-l-diethylphosphoryloxy-l-cyclohexene (28)

Diene 16 (783 mg, 3.80 mmol) was dissolved in
methylene chloride (2 mL). The solution was cooled to 0°C

under an atmpsphere of nftrogen. Anhydrous stannic

‘e

. chloride (753 mg, 2.89 mmol) was added dtopwise to the «
stirred solution over a 2 min'period, followed by the
addition of methyl vinyl ketone (203 mg, 2.90 mmol). %%
Afte% stirring at 0°C for 1.% h, the reactioq mixture was
diluted with méthylene chloride. Then 5% agueous sodium
bicarbonate was added and the resulting emulslon was

3
filtered with suction. The flltrate was exé?écted with
methylene chloride and then ethyl acetate. The extracts '
were combined, -dried filtered, and concentrated. Flash
‘chromatography of the yellow oily residue o&\s111ca oel,
elutlng with a solptxon of 10% acetone and 30% ether in
petroleumbether, gave the diene 16 (119 mg, 15;%?
recovery). Continued etion 'ga\}e t/fet pure 'bi;els¥A1de§
adduct 28 (797 mg, 100% yield) as a colorless oil. The
adduct showed the followlng data- -i? (£ilm) i710 (ketqne.
C=0), 1685 (enol phosphate C= C), 1276 and 1035 cm™]
(phosphate); ms M* ’276.1125J(calcd. for Cy,H,POg:

)

"



276.1127); 1@ nmr §5.53 (broad s, 1H, -CH=C-), 4.18 (m,
4H, 2 f‘-oqucn3), 2.20 (s, 3H, CH3CO-), and 1.38 (m; 6H,
2 % -OCH CHy): 3¢ nmr 6209.85, 147.18, 147.10, 108.70,
108.65, 64.05,, 64.00, 46.16, 27.81, 26.94, 26.90, 25.23,
24.47, 15.96, and 15.90. Anal. Calcd. for CyoHy POg: c,

52.17; H, 7.66. Found: C, 52.42; H, 7.70.

4-Acetyl-l-cyclohexanone (30)

Adduct 28 (200 mg, 0.72 mmcl) was dissolved- in
- \ ' b -
" methanol (11 mL) and a 0.5 N aqueous soditm hydroxide

solutien (11.6 mL) was added with stirring. The reaction
_ mixture was heated at reflux under an atmosphere of

- ' o

argon. After.3.5 h, the reaction mixture was cooled to _
0°C. Cold adueous S%VhydfOChloric acid was,agded The.
réSUItlng mlxnure was extracted w1th methylene chlbrlde

and - then ethyl acotate.‘ The extracts were comblned

4

dried, Eiltered, and %oncentrateq.u Flasﬁ‘chromatography
of~€he yéllowvoily résidue oh:sihlcaagel, clutlng with 10% .,'

acetone and 30% ether in petroieum ether, gave the

,.

dlketone 30 (27 mg, 27% ylela) whlth was ‘a. yellow 011 1y

hmr 52.80. (%t, 18y J = 10, . =° Aer,"-COCH ' 2.24 (5,

.
S' "0;.

1H, CHyco-); 13¢ nmr 548.46, 39. 66, 27 89, and 27.76 (two

carbonyl carbons drd noc appear), 12 I7LO m’l‘(ketcne

k4

C=0); %s M+ 140. 0844 (calcd. for éeﬂl,fff\ 140.0837).




trans-4-Acetyl-l1-diethylphosphoryloxy-5-methyl-l-cyclo

el

hexene (32) ¢

.To a solution of diene 16 (729 mg, 3.54 mmol) in
dichloromethane (2 mL) at 0°C and undér an atmosphere of
nitrogen, was added anhydrous stannic chloride (709 mg,
2.72 mmbl), followed by the addition of trans-3-penten-2-
one (228 mg, 2.71 mmol). After stirring for 40 h, the
reaétion mixture was diluted with dichloromethane and 5%

_ aquebus sodium bicarbonate solution‘gas added. The
resulting mixture was extrdrted with dichlorométhane. The
extracts were combined,Adried, filteted, and evaporated to
drynesé. The light yellow oiiy résidue was subjected to
flash éhromatograpﬁy on silica gel.' Elution with a
solution of QQ% acetone and 20% ether in petroleum ether
... gave diene 16’(15& %g, 21%(récovery). Continued €lution
game‘the pure enol—phosphate 32 (706 mg;v90% yield) as a
paleiyellow<EEE> Adduct 32 showed the following data: Ay
nm e 55.48 (broad&s, 1H, =-CH=C-}, 4.16 gh, 4H, 2 x ‘
-OCH,CH3), 2.42 (dt, 1H, J = 10, J' = 5.5 Hz,” -COCH-)¥
2.10 (s, 3H, CH3CO-), 1;36‘(m, 6H, 2 x -OCH,CH3), and 0.98

(d, 3H, J°= 6 Hz, ¢537cuﬁ>;=13c nmr 6210.58, .146.42, .

146.33,108.01, 107.96, 63.89, 63.83, 53.00, 34.95, 34.92,

30.48, 29.10, 26.07; 19.16, 15.81, and 15.74; ir 1711

(ketome. C=0), 1275 and- 1036 cm™ ! (phosphate); ms M*

i A



290.1284 (calcd. for Cy3H,3P0Og: 290.1284). Anal. Calcd.
for C13H23p05: C, 53.79; H, 7.98. Found: C, 54-05; H,

7.98.

4-Diethylphosphoryloxy-2-methylacetophenone (34)

To a solution of adduct 32 (101 mg, 0.35 mmol) in
carbon tetrachioride (5 mL) was added N-bromosuccinimide
(124 mg; 0.70 mmol) with stirring Qnder an atmdéphere of
nitrogen. The reaction mixture was heated atvreflux for 1
h. The mixture was then cooled to room temperature and
filtered. The filtrate was concentrated. Flash
chromatography of the residue on silica gel, eluting with
20%.acetone in pétroleQm ether gave the impure aryl ketone
34.‘ Furtgef purifications.by Kuhrgelrohr distillation at
110°C under 1.0 mm Hg pressure, then preparative tﬁfn
layer chromatography developed twice with 2% acetone in
ether, gaQe ﬁhe'ppre aryl ketone 34 (19.mg, 19% yield).
Compound 34 was a light yélloW‘bil and SAOWed the
"-following data: !4 nmr 67.7§‘(d, l1H, J = 8.5 Hz,
=CH-CH=C-C=0), 7.18 (dd, 1H, J = 8.5, J' = 2.5 iz,
=CH-CH=C-C=0), 7.14 (d, 1H, J = 2.5 Hz, =CH-C(CH;)=C~C=0),
4.27 (m, 4H, 2 %;fOQE2CH3)y 2.39 ks, 3H, Ché@rf¢42;56 (s,
3H, CH3Ar) and 1.38 (m, 6H, 2 x -OCHZQﬂa);‘ir (film)'§060

. (aromatic C-H), 1684’(a;ﬁrunsatqra¥éd ketone'Cédf, 1610 -

.
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and 1580 (;romatic C=C), 1278 and 1031 cm™ 1 (phosphate);

ms M* 286.0974 (calcd. for C13H19P05: 286.0970).

l—Acetyl—4—diethylphosﬁhogyloxy—l,4—cyclohexadiene {36) and

l1-Acetyl-5-diethylphosphoryloxy-1,4-cyclohexadiene (37)

To a solution of diene 16 (942 mg, é.S? mmol) in
methylene chloride (3 mL) at 0°C and under an atmosphere
of nitrogéh was added anhydrous stannic chloride.(886'mg,
3.40 mmol), followed by the adgition of 3-butyn-2-one (230
mg, “3.38 mmol). After stirring for 18 h,/ the reaction
. mixture was diluted with methylenevchloride. 5% agueous
sodium bicarbonate was added. fhé resulting emulsion was
filtered and the filtrate was extracted with methylehe
chloridé.. The extracts were combined, dried, filtered,

»

and c06centrat¢d. The yellow o0ily residue was subjected .
to flash chromatography on“siliéa gel. ElutiéA with a
solution of 20% acetone and 30% ether ih petroleum ether
géve the diene 16 (22§hmg, 24% recovery). Continued
elution afforded the pure enol phosphates 36 and *37 (747
mg, 81% yield) in a syatio of 8:1. The mixture was a péie"
yellow o0il and séowed thé féllowing data: ir 1705 (enol-
pHosphate); 1670 (a,a unsaturated ketone C= 0), 1277.aﬁd4
1031 cm™!- (phosphate); ms M+\%74 0968 . (calcd for

:212 19P05 274,097_0). . The lH. nmr spectrqm of the_ mi*;ﬁre‘

. B
3 <
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of adducts showed two sets of signals in an‘integral ratio
of 8:1. The major set, assignable to 36, shoeed signals
at 66.82 (m, 1lH, -CO-C=CH-}, 5.58 (m, 1lH,.-CH=C-0-), 4.18
(m, 4H, 2 x -QCH,CH3), 3.16 (m, 2H, -CH,-), 3.03 (m, 2H,
~CHy=), 2,23 (s, 3, CH,CO-), and 1.36 (m, 6H, 2 x
~OCH,CH3) ;. the other set,{ass{gnable to 37,‘Showed‘eignals
at 66.86 (m, 1H, -CO-C=CH-), 5.52 (m, 1H, -CH=C-O-), 4.18
(m, 4H, 2 x —OCEZCH';)‘, 3.16 (m, 2H, —‘CHZ"—I), 3.03 (m, 2H,
-CH,-), 2.34 (s, 3H, CH3-CO-), and i.3(; (m, 6H, 2 x
-O0CH,CH3). The 13¢ nmr spectrum also ehowed two sets of
signals. The major set, belonging to 36, showed signals
at 56196.60, 142.62, 142.53, 135.41, 134.64, 107315,
IO?.iOn 63.48, 63.41, 28.79, 28.76, 24.28, 23.96, 15.23,
and 15.16;- the minor set,‘belonging to 37 showed signals
at 6§196.38, 145.05; 144.96; 135.66, 135;27, 104.83,

104.78, 63.48,A63.Q1, 26.92; 26.20, 26.15, 24.28, 15.23,
and 15.16. Anal. Calcd. for C12'H19P05-‘:. c, ?2.55,.1&,
6:93. - Found: C, 52.25; H, 6.91. ' .,

-

f-D{ethylphosphoryloxyaCetophenOne (38) and m-Diethyl-

osphb:ylcxyacetophénbneV(39) ' A -

..

5

'*v’ | - .
A 8 1 mlxture of Dlels-Alder adducts 36 and 37 (157
,'fmg,ﬁo 57 mmol) was dissolved in benzene (2 mL) 2,3—1.

:Dxchloro-s 6 dlcyano—l 4 benzoqu1none (145 mg, 0 64 mmol)
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was added. The reaction mixture was then heated at refiux
;:ger an atmosphere of nitrogen. Afterystirring for 2 h,
rthe reaction mixture was cooled to room temperature and
then filtered. The filtrate waé concentrated., Flash
chromatography of the brown-red oily residue on silica
gel, eluting with 20% acetone and 30% ether “in petroleum
ether, gave the pure aryl ketones 38 andv39 iﬁ 79% vield
(118 mg) in a ratio of 11l:1. The hixture showed the
followiag data: ir 3060 (aromatic C-H), 1686 (a ,B-
unéatuAa;ed ketone C=0), 1680 and 1505 (aromatic C=C),
1267 and 1035 cm™] (phOsphqte); ms M* 272.0816 (caled. for

CyoHy7PO5:  272.0813). The 13 nmr spectrum of the aryl

A

ketone mixture showed two sets of signals i an inﬁeqfalu ff?
ratio of 11:1. The major ;et:waégigdable Eé)SB, sthed

signals at 67.79 (d, 2H,‘J = 9.Hz, 2 ; ;CO;C=CH—), 7.32

(dd, 24, J = 9, J' = 1 Hz, 2 » ~COC=CH-CH=), -4.24 (m,'4n;_

2 x —oqucn3), 2.58 (s, 3H, CH3-CO-) and 1.36 (m,~6H,wgfx
’OCHZQEJ)’ the other set, aésignable to 39,vshbﬁéd'gi9nélg

at 87.78 (m, 2H, 2 x -CO-C=CH-), 7.47 (m, 2H, aromatic), ”\g

1.36 (m, &H, 2 x -OCH,CH3). Anal. Calcd: for Cy,H,,POs:
C, 52.93; ‘H, 6.31. Found: C, 53.013 H, 6.20.

»

N «
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2-Diethylphosphoryloxy-5,8-dihydrdxy-1,4-dihydronaph- -

thalene (41)

-

Diene phosphate 16 (505 mg, 2.45 mmol) was dissolvéd
in methylene chloride (2 mL) and the solution was cooled
to 0°C. Then anhydrous stannic chldride (487 mé, 1.87
mmol) was added under an atmosphere of nitrogen,-followéd
by the agdition of p-benzoquinone (198 mg, 1.83 mmol).
After stirring for 5 h, the viscous solution was diluted
with methilene chloride. Water was added. The resulting
émulsion was filtered by suction. ‘The filtrate was
extracted with methyléné chloride. The extracts were .
combfned, drmed, filtered, and concentrated. The gléék

jﬁily re51due was subJected to flash chromatography on

~ silica gel. Elution with»lO% acetone and 30% ether in
petroleum-ether g$ve'very‘l@ttle diene 16. Continued
elution afforded the adduct 41 (532 mg, 95% yield).
Adduct 41 was bright white and ‘needle- 11ke after,
recrystalllzdtlon from acetone and ether.“ It wag soluble
1p methanol or hot acetone, but not in e;her. ,Adduct 41
showed the following data: m.p. 124.5-126. sgc; ir -(KBr)

3320 (-OH), BOiO'faromaﬁfE C-H), 1705 (enol-phosphate
,C=C)f', 1615 and 1491 (aromatlc C= C), 1287 and - 1038 ¢m -1

(phosphate), ms. M 314 0921 (calcd. for C14H19P06'

314, 0919) Qg “nmr (in co3oo) 56, so (s, 2H, aromatlc), 5.64

£



: g , .75
A/ |

N
.

(m, 1H, -CH=C-0-), 4.18 (m, 4H, 2 x -OCH,CH;), 3.36
(slightly;proad sp 4H, 2 x -C=C-CH,-), 1.36 (m, 6H, 2 <
~0CH,CH4)5 13C nmr (in CD,0D) 6148.49, 146.62, 146.44,
122.04, 121.74, 133.1, 133.40, 109.16, 109.05, 64.98,

| : |
65.86, 28.23, 28.15, 25.87, 16.43, and 16.30. Anal.
Caleéd. for C),H,qPOg: C, 53.50; H, 6.11. Found C, 53.71;

H, 6.15.

cis-1- Carbomethoxy -8~ Giethylphosphoryloxy 5,5- dlmethyl— ’

bicyclol4,4, O]deca 3,8- dien-2-one (45)

- To a solhtion of dienone ester 44 (306 mg, 1.69 mﬁol)
and diene phosphate 16 (691 mg, 3.35 mmql) in ether (2.5
mL) at’ 0°C and under an atmosphere of n1trogen, was added’

anhydrous fe%rlc chlor1de1(270 mg, 1.66 mmol). After
stirring for,72 h, water was added and the resulting

L4

mixture was extracted with dichloromethane. The extracts
&

were washed with water, cohbined; dried, filtered, and

'concentrated. _Flash chromatography of the red-brown 011y

L)
residue on silica qel, eluting w1th a solutlon of 10%

5acetone and 30% ether in petroleum éther gave the d1ene 16
- (326 mg, 47% recovery) . Continued elution gave the pure
~ enone phosphate 45 (462 mg, T1% yield) as a pale yellow

'Q}I;’ Adduct 45 showed the follow1ng data'_ 1H‘nmr 66.60

] . ) .



-CO-CH=CH-), 5.50 (broad s, 1H, -CH=C-0-), 4.15 (m, 4H, 2
x —OC_l_1_2CH;), 3.74 (s, 3H, ;_.COOCH3), 1.35 (m, 6H, 2 x
~OCH,CH3), 1.22 and 1.15 (2xs, 6H, gem-dimethyl); 13 nmr
5196.43, 172.02, 157.69, 145.78, 135.69, 123.72, 108.29,
108.24, 64.22, 64.17, 64.12, 56.09, 52.53, 41.80, 36.01,
30.07, 27.77, 26.52, 26.49, 23.08, 15.98, and 15.91; ir
1747 and 1731 (ester C=0), 1275 and 1029 cm™1 ({phosphate);
ms M' 386.1498 (calcd. for C gH,,PO;: 386.1494). Anal.
‘Calcd. for CygHy,PO7: C, 55.94; H, 7.06. Found: C,
"55.85; H, 7.114 0

[N
¢

'ALitHiumqudide Dihydratg-Collidine Reagent

e
o

Binely divided anhydrous lithium iodide (514 mg, 3.84
" mmol) was suspended 1552;4,6-c0111d1ng (3.05 mL) with ,
r‘vigorous'stirring. Water (138 uL,.138 mg, 7.68 mmol) was
added and the suspension dissolved. The resultlng,pale

.yellow splution had a calculated concentratlon off 1 20 N

in lithjum iodide dihydrate. ~
\é . , ] |

cis- (47) nd. transLS 5 blmethylb1cyclo[4 4. 0]dec 3 -ene-~

2,8-dione (48) _ ."' S Bos by

. A. From Enone Phosphate 45

e
.
. . FN . . . . . . . 3 ‘ . ,

= " . B ) L ¢ e .‘ ! Lo



in lithium iodide dihydrate-collidine reagent (3.19 mL,
3.83 mmol) and heated at reflux>ﬁith stirring.- After 2.5
"h, the mixture was cooled té room-temperature, pgurgd into

cold 5% aqueous hydrochlorié acid and extracted with
methylene chloride. The extracts were washed with water,
dried, filtered and concentratéd. Fiash chromatogfaphy of
the yellow ;esidue on silica gel, eluting with 10% ethef

»

in methylene chloride gave:pure diketones 47 and 48 in 70%

yield (124 mg) in a ratio of 1:6 (integral ratio in the lﬂ-

nmr spectrum of the mixture). 47 was separated from 48 by

¢

further flash chromatography on silica gel. Elution,with
a solution of 10% acetone .and 30% éther in pet}oleum ether
e R ‘

gave diketone 47 as a white solid: 14 nmr 66.56 (ad, 1H,
Ie) .

.

J =10, J' = 2 Hz, -CO-CH=®H-), 6.00 (4, 1H, J = 10 .Hz,

.- -

-Co-CH=CH-), 1.36 aud 1.1l (2fs, 6H, gem-dimszhyl): ir .

1714 (ketone C=0) and 1677 cmf1 (a ,8-unsaturated ketone
v ST

= . + ? ll .‘-
-C=0); ms M° 192.1150 (calcd.” for Cjy,H;g0,: 192.1150). .

-

Continued elution gave diketone 48 as a white solid: 1y

nmr §6.71. (d, 1H, J = 10 Hz, -CO-CH=CH-), 5.91 (d, 1H, J =

10 Hz, -CO-CH=CH-), 2.09 {td, 1H, J-= 13, J'.= 4 Hz, '
OFC-CH=CH-C—Q§;Y,’1.12 (s, 6H, ggm;dimethyl)i ir 1711

(ketone C=0) ané 1678 cm‘i-(a,sbgnsatupated ketpﬁefc=oi;
ms' M 192.1856 (calcd. for € H160,:. 192.1151); 13¢ nmr.
,ESZIGQOOj'IQ?QQQ,l{Gﬂ.GO, ;zs;Oi, 48.00, 44f07;%4;,?9, i
40,28, 35.98;;272202f26.i7,,and“20.3g;r: c e

L

.
N
. '-"
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silica gel ;hin—l%yer chromatographic behavior to the

stirring at room

‘emulsiongﬁas fthefed‘by_spction~and the filtratg'was_

78

B. From Diketone 47

o
vy

Diketone 47 (5.68 mg) was dissolved in ethanol (0.5"

mL) and 10% sulfuric acid (0.5 mL) was added with

.

stirring. The reaction mixture was then heated at

. B . ! .
reflux. After stirring for 3 h, the mixture was cooled to

room temperature, diluted with water and extracted with

. ) . » a
methylene chloride. The extracts were washed with water,

driéd, filtered, and cdncentnated. Flash chromatography

of the residue op silica gel, eluting with 10% ether in

-~

" methylene chloride, gave a diketone (4.92 mg, 87% yield) |,

\
which was identical in !H nmr and ir spectra, as well as

~

\
—_—

trans-diketone 48. 1 \\;\ ’ . .

: 8—Dféthy;ahosphotylo&xbigyclo[4.4,0] ec-8-enl2-one (55)

- To a solution of diene 16'(1.20‘ g, 5:85 mmol) in

L]

ether (1.5 mL) -and methylene chloride (1.5 mL) at 0°C and

o

.und&r an atmosphere of nitrégen, was added anhydrous

~

Stannic'chloride'(399 mg, 1.53 mmol) followed:by the

© addition of 2-cyclohexen—i¥one.(141 mg}‘l{47 mmol) . ‘Affefh

temperature .for 34.h,” the reaction
. . . ) . - ‘ . ‘ .
mixture was diluted with methylene chloride. . 5% aqueous’
'sqdidm picarbonaté,solutioh was added. The resulting
’ ' I . ' ' '

P Y
s



-extracteggwith methylene chloride. The extracts were
combined, washed with water, dried, and concentrated.
»

Flash chromatography of the yellow oily residue on silica

s

- gel, eluting with a solution of 20% acetone and 30% ether
inlpetroﬁéum'ether, gave the diene phosphéte 16 (779 mg,
4
65% récovery). Continued elJEion gave a mIxture of.

N y N
~adducts 55 and 28° (224 mg). The adduct 55 could be
4 Tyt A . - ' N :

yseéparated from 28 by extensive column chromatography on
silidéfbel.; 55 showed the following data: 1y nmr 65.50

(=bfda‘d.*n,“ ~CH=C-0-), 4.18 (m, 4H, 2 x -OCH,CH3) and
13 i

© ©1.36 (m, 6H, 2'x -OCH,CH3); }3C nmr §210.69, 145.68,

2

%5.’5;, 109.41, 109.30, 64.16, 64.04, 49.44, 41.76, 40.17,
35.28, :35.22,.3'2..21,‘25.87-,. 2303, 16.07, and 15.94; ix
1710'.9331 (ketone C=0); ms M' 302.1273 (caled. for
C14Hy3P0s: 302.1274). Anal. Calcd. for Cy4H,3POs:  C,

55.65; H,,7.67. Found: C, 55.72, ‘H, 7.66. The' spectral

data of 78 were already reported (vide supra).

A}

: cis—l—Diéthylphosphory10xy—3—methyl44—[l-oxoptopyl]—l—,
o .

-

N
N

cyglohexene (63)
“ | .
To.a solution of digne phosphate 17 (834 mg, 3.79
mmoi)-énd ethleyiﬁyl ketome (240 mg, 2.85 mmol)’ih‘ether"

o P S F : L Py
(% mL)_at,-3OQCJand¢upderianmatmosphere of nitrogen, was °

SR ~ NS _ o o
addédlgﬁhydrous'stanﬁig chloride (377 mg, 1.45 mmol).

LIREN . . ‘>
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N

AW

After stifrinq for 24 h the rea&tion mixture was diluted
with ether. 5% agueous sodium bicarbo%ate was added. The .
_ resulting emulsion was filtered by suction. The filtrate
was extracted with methylene chloride.r The extracts were
Cg;;;ned, washed with water, dried, filtered, and |
vcgncentrated. Flash chromatography of the yellow oily
residue on silica gel, eluting with a solution of 20%
acetone and 30% ether in petroleum ether gave thé diene 17
(157-mg, 19% recovery). Further elutign'afférded the pure

enol—phosphatq 63 (703 mg, 81l% yield) wﬁiéﬁ was'a‘kq{g
yellow oil. Adduct 63 showed the following éata: "4 nmr
€5.53 (m, 1H, -CH=C-0-), 4.16 (m, 4H, 2 x -OCH,CH3), 283
(m, 1Hy -CH(Me)-CH=C-), 2.72 (ddd, 1H, J = 13; 3; = 7,'3"
1"= 4 Hz, ~CO-CH), 1.33 (m,6H, 2 Q-—ocﬁzcg3); {;pz‘kc; 3H,
3 =7 ne, CH3-CH,-CO-) and./0.81 (d, 3H, J = 6.5 Hz,
-CH(Me)-CH=C-); 13c nmr 6211.57, 146.92, 146.74, 114.67, -
114.56, 63.64,’63.52,~48.62, 33.67, 29.63, 26.72, 26;65,.
13.9?, 15.78, 15.58, 15.45, and 7.00; ir 1710 (ketone
c=0), 1680 (enol-phosphate C=C), 1273-and 1033 cm™1’
kphésphaté); ms m* 304.1432 (caled. 'for Cj4H,5POg: .
394.1439). Anal. Calcd. for Cy4H,cPOc: C, 55.24; H,
8.30, Found:.. C, 55.27; H, 8.06. L



81

cis-4-Acetyl-l-diethylphosphoryloxy-3-methyl-1l-cyclo

hexene (64)

To a solution of. 8iene phosphate 17 (801 mg, 3.64

mmol) and methyl vinyl ketone (196 mg, 2.80 mmol) in ether,

~

’

(2 mL) at -30°C and under anAétmbspHéfé o{tnitrégenp was .
‘ . ' e
added anhydrous stannic chleride (731 mg, 2.81 mmol).

After stirring for 5 min the reaction mixture was diluted

with ether. 5% aqueous sodium bicarbonate was added. The

v
- resulting emulsion was filtered by suction. The filtrate
o .
ﬁqipgxtracteq with dlchloromethane.- The gxtracts were

L

-

washed with water, dried, filtered, and concentrated. The

vyellow oily residue was subjecﬁedito_flash cﬁromatography

o

on silica gel. Elution with a solution bf 20% 8cetone and *

30% ether in petroleum ether gawe the diene'17 (205 mg,

4

":éG%jrecovery). Continued e{uthﬁ.gavq the pure enol-
phosphate 64 (586 mg, 72% yield) which was ‘a pale yellow
o{P“éaAdduct 64 showed the followlng data 1y Amr 55.56 '

(m, IH, -CH=C-0-), 4.18 (m, 4H _2 x 'OC_QCH3)' 2. 86 (m,

1H, =CH(Me)-CH=C=), 2.71 ‘(ddd, 1H; J=10, 3 =3" =5 Hz,

—co—CH41, 2.17 (s, 3H, CH3- co-), 1. 35 (t,,6H,»J = 7-Hz, 2
A \S & ’

x “OCH,CH3) and 0.87 (d, 3H, J =7, Hz, —CH(Me) cH=c-); L3¢

-

- fimr 209.50, 147.33, 121.97, 414.97, 114.87, 64.04, 63
50.15, 29.73, 28.34, 27.07, 27.00, ¥8.17, 15.96, and’

15.81; ir (nedt) 1709 (ketone C=0), 1678 (enol=phosphate: -



~

. ~OCH,CH3), 0.96 (d, 3H, J = 6 Hz, -CO-CH-CH(Me)-,

82

d

C=C), 1273 and 1027 Cm_l\(phosphate); NQ,M+ 290.1283
(calcd. for Cy3Hy3POg: 290.1283). Anal. Caled. for

,C13H23POS: C, 53.77:; H, 8.00.- Found: C, 54.05; H, 7.94.

- Q-
~

-

4a¥Acetyl—i—diethylphosphoryloxy—3a,55—dimetﬁxj—l-qyclo—

hexene (65'

‘ 4
To a solution of diene 17 (783 mg, 3.56 mmol) and

‘ trans—3—penten—%—one (204 mg, 2.43 mmol) in ether (2 mL)

ar‘OQC and under“an ath§phefe gf arqon,.waS\?dded
anhydrous stannié,ch;orid; (620 mg, 2.38 mﬁql). ‘After
stirriﬁg for 11 h, the reéction mixture was di}uted wifh -
ether. S%‘aqheous\sodium bicarbonate was added. The
resultiﬁg“emgisiop w;s'filtered gy’suctiéﬁ. 'The'filtrate
was extracted with dichl'oronie"thane7 Thé‘exﬁrgcts-were
.coﬁﬁiﬁed, drieq, filtered; and evaparated to drynéss.
Fla;h,chgbmatogrgbhy of the dark yellow oily residue oh,A
silica gel, eluting’with-a sblution)bf 20% acetone and 30%
ether in petfoleum etherigave the pure adduct 65 (529 mg,
%2% yield, no dieﬁe~17‘recqvgry). Enolféhosph;te 65 was a

light yellow 0i? and showed the following data: 1 nmr

65-55 (m' IH, —CH=C-O-), 4-19 (m' 4H' 2

R

-OCH,CH3), 2.75

(m,” 1H, -CH(Me)-CH=C-), 2.61 (dd, 1H, J 11, J3' = 5 Hz,

-CO-CH), 2.17 (s, 3H, CH3-CO-), 1.36 (t, 6H, J = 7 Hz, 2 X

o



equatorial) and 0.86 (d, 3H, J = 7 Hz, CH(Me)-CH=C,
axial); 13C nmr 6209.22, 145.97, 145.88, 114.45, 114.40, .
63.83, 63.79, 56.29, 35.13, 35.10, 30.31, 30.00, 24.64,
~19;2§, 16.71, 15.77, and 15.70; ir 1910 (ketone C=0), 1658
(gnbi—phosphate C=C), 1270 and 1033 %m;l (Phosphate)a ms
M* 304.1445 (calcd. for Cy4qH,5POg: 304.1440). Anal.
Calcd. for C,4HysPOg: C, 55.24; H, 8.30. Found: C,

55.16; H, 8.18.

s
S

-Q—Diethxlphosphorylaxy—g;8:dihxgroxyl—4—methyl—l,4—

dihydronaphthalene (67) .
)

' |
.-To a solution of diene 17 (598 mg, 2.72 mmol) and p-

' benzoguinone (195 mg, 1.80 mmol) 1in gichloromethane (2 mL)
at 0°C and under an atmosphere of nitrogen, was added
anhydrous stanhiqnchloride (465 mg, 1.79 mmol). After
stirring for 30 nif, wéter was added and the resulting
emﬁlsion was fiitereg with.suctibn. The filt;ate Qas

- extraqted‘with dichloroﬁethane, The extracts’wére
combined, dried, filtered, and evaporated to dryness:
Flash cﬁromatography of the biack oiiy residue on‘éilica

gel, eluting‘with a solution of 20% acetone and 30% ePther

in petroledmiether{ gave the aromatic enol—phoéphate 67

-

(308 mg, 52% yield, no diene 17 recovery). 67 COUIimi://j'
-qrgstéllized from acetone and petfoleqm ether to;folv

¥ ;



jgﬁ '
,.1‘1}1%}3 ‘o w M

light»yyéibw crystal. Adduct 67 showed fhe following
& . -
e e '

‘ P : ) .
data:Sim.p. 130.5-132.0°C; !H nmr (in acetone-Dg) 67.86

7

(broad s, 2H, D,0O excliangeable, 2 x -OH), 6:60 and 6.59

(two single peaks, 2H, aromatic), 5.72 (m, 1H, -CH=C-0-),
h 4 '
4.20 (m, 4H, 2 x -OCH,CH3),  1.33 (m, 6H, 2 x -OCH,CH3),

and 1.27 (d, 3H, J = 7 Hz, -CH(CH})-C=c0); !3c nmr (in

' acetone-dg) 5148.15, 145.99, 145.90, 127.28, 121.53,

'115.18,>115.Q3, 113.81, 113.16, 64.96, 64.92, 31.44,
28.16, 28.12, 22.62, 16.41, and 16.35;7 -ir 3304 (-OH{, 1700

(enol-phosphate C=C), 1492 (aromatic C=C), 1247 &nd 1035

4cmf1 (phosphate) ; mé,M+ 328.1075 (calcd. for CysHoPOg:

<

N

328.1075), Anal. Calcd. for CygH, POg: C, 54.86; H,

6,463 Found: C, 54.84; H, 6.46.
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