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To "MURPHY" Who established The Great Laws:

1. In Any Field Of Scientific
* Endeavor, Anything That Can ,
Go Wrong, Will Go Wrong. o

.2. Left To %hemselves, Things
Always Go From Bad To Worse

L4 ¢
3. 1If There Is XgPossibility Of .
Several Things. Going Wrong,
The One That Will Go Wrong,
Is The One That Will Do The
Most Damage. :

*

4. Nature Always Sides With The -
Hidden Flaw. - - X

, T4

5. 1If Everything Seems To Be
Going Well, You Have Obviously )
, Overlooked Something.

6. Mother Nature Is A Bitch,

P .
11 a
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ABSTRACT

. PART ONE; * . -
_ : 4 ‘
The syntheses oJf 3,3-di(trifluoromethyl)-2,3-dihydro-

furan (g)'and 3,3édimethy1—2,3—dihydrofurah (2) are described.

o ' -
The photochemical cycloadeition of 2—acétoxycyclopent—
2-en-l-one (7) to the dihydrofurans (6) and '(9), and to 2,3-

dihydrofuran (8) are investigated.
-

With either dihydrofuran 8 or 9, the cycloaddition
procgeeds smoothly to give, in each-case, two 1l:1 adducts.

On the othef'hand with dihyd}ofuran 6 no such adduct is

' a
formed. ’

-~

»

’

The stereochemistry of the 1:1 ad8ucts is shown to
. be anti; head-to-tail and syn, head-to-tail in the case of.
8, and anti, head-to-tail and anti, head-to-head in the

case of 2. .

’

These results are’discusse& in termg of three
fa?tors: the dipoie—dipole'interacéf%ns,{stéric and elec-
. troni& effects. The,importancé of the dipole;dipole |
interaction is éhéwn in the observed sblvent-dependency

of. the product’ratig)in thesa,cycloadditioﬁs:

.

’ The failu;éjgfthe cycloaddition in case of 6 is

-

iv
\j
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proposed‘to be duerto both steric and dipole-dipble \'
-interaction effects. .
‘ ' \ . fﬂ’J

PART TWO ‘,
’

«

The stereochemical aspect of the photochemical
cycloaddition of cyclohexenones to olefins is discussed
) N ’ .
assuming triplet 1l,4-biradicals to be the reaction inter-

mediates. It is proposed that trans-fused products are
" . . ’ J
~ formed only from those biradicals which'are generated by

. .
/— ®

the reaction” at C2 of the enones.
. » ' “

In order to justify this view, syntheses of the
. trip}et biradicals by a route other than the photocyclo-

i - .
addition are planned. .
™ -

Tn particular the biradicals which are assumed to
n \

¥ ~  be intermediates in the addition of cyclohex-2-en-l-one to
. 0 ‘ .

.isobutylene are chosen as the synthetic targeti. As. their
immediate precursors, the.corresponding six-membered ring

azo compounds are chosen, and the attempted synthesSes of.

‘these substances are described, .
. - - <. /

A 1
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PART ONE

THE ORIENTATION DETERMINING FACTORS

IN ENONE PHOTOCYCLOADDITION = o+ #

"INTRODUCTION %’ i
[y

The potential synthetic.usefulness of the

photochemical cycloaddition of'cyclﬂc enones to olefina

-

has been exgmplified several times.  Amongst application
so far made have been successful syntheses of strained

molecules, e.g., a [2;2,2] propellane (l)‘(l), of natural

¥

products, e.qg., cgiyophyllené (2) (2), a=-caryophyllene
~ - _ .
R ' :
alcohol. (3) (3), methyl isomarasmate (4) (4) and

talatisamine (5) (5) (Figure 1). (Other synthetlc

//;Bpllcatlons have been:sumffarized in- referenceg 6 and ?)

~

_When u51ng an unsymmetrlcal olef}xﬁ the problem of
- the orfntatidn (r 1ospec1flclty) of the reactlon*ls one
of the most difficuylt problems the synthetic Qrganlc
chemist has to face (7). I% is Fhe;éforé very important
to achieve an Gnderstanding of the mechanistic factogsl
Qﬂicg‘control Fﬁis regiospecificitQ.

-

Two oriengational faﬁters have been proposed in
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> .

&
°

<t
i,

the literature. Corey obéerved hioh orientational specificdty
in his study on cyclohexenone phptocycloadd&t&ons: ‘when
unsymmetric olefins 9av1ng electron donatlng substltuent(s)
“;ggﬂdouble bond were used;, head to- tall (HT) orlented

products were foiped predomlnantly (8) In omder to
ratlonallze thlsﬁpeclf1c1ty,he proposed the. formation of "

a HT-oriented complex as the first step of the reaction. ‘

\HE found that with assumptlons w1th regards the electron
dlstrlbutlons in the excited enone and the known polarlzatlon

-

of substituted dleflns, he cepuld predlct the observed

/H_ regiospecificity. The assumptions were that- the state:

/

‘/d{;nvolved'was the nn* state;-and that the ctron di?krib—

ution derived from°calculation of the Frank - Condon State
v , .

.

8T
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Wwere plausible. These indicated that C3 was rather more

'

electron-rich thanacz.

An example of the application of the v}bw is

~

shown in Figure 2.
s , , FIGURE. 2 - -

- ) Corey’s ’ Dipole-dipole
Oriented Complex . Interaction
E)
| €orey's analysis has been accepted widely in .
- . * l
~ e

the literature (6, 9, 10) and has been termed the
"oriented complex rule" (9).

A second orientational factor which has been
. { ! .
b - .
proposed in the literature i8 a“dipple-dipole interaction

" between the triplet enone and ground state olefin (7, 11,

12, 13). This interaction jis believed to be operative

[

because of solvent effects on regiospecificity which are

linearly related to a dipdle—&ipolé‘interaction of the-

Kirkwood-Onsager type€ (14). This was, first reported
J

(for a ground state reaction) by Benson as being operati&e
. . :

-




- 3 .
. 5 '
, . . 3 e . - 5
. l . i ‘ ¢
, in Diels-Alder-reactions (15). Later, de Mayo 'reported
<  a drastic solvent effect on reaction 1. .In hydrocarbon
solvents the head-thhead (HH) addﬁct'was formed in 98]{
. ' " ’ »
whilé in methano}, this adduct was formed only in rather
. ‘ o J
‘less than 50 9%4(16). Since thefg is little polarization '
of the olefinic double bond in this olefin (7),rthe forma-
tion ,of specifically oriented complex which requires. pola-
rized double bonds can not Qe expected. Thus, the dipole- N

dipole interaction is elearl& important in this reaction. ,»
L4

L | - | C?Ac

HH

HT

. For reactions using unsymmetric électron;fich
olefins (e.g., methoxyethylene), the predicted orientation

is the same on the basis of either the dipole-dipole inte-

raction or the electronic effect (Corey's oriented complex

.

effect). An example is shown in Figure 2. Therefore,

it remains to be determined which of the two orientational

‘factors is the more important in the reactions with electron-

T




- 6

gich olefins. In order to investigate this, it is necessary
to choose a suitably substituted electron-rich olefin
in which the overall dipole‘momenticould\pe vari‘ed by

.,A. ‘ . | . g -.

appropriate substitution.

A B For this purpose, 3,3-di (trifluorcmethyl)-2,3-

& , .
dihydrofuran (6) was chosen as the ¢lefin in the present =

,research. This substance has suppoéedly an electrdn-rich

- polarized double bond (required for the electronic effect),
. , ) . i
and a relatively large dipole moment (required for the

dipole-é;;gié\interaction). Since the direction of the °

[

dipole moment is expected to be roughly opposite to those

N ", of simple electron-rich olefins (e.g., methoxyethylene),

-

,préfe;gﬁiial formation of HH—orieﬁﬁed product§7is predicted
}f the dipolé—dipble interaction be the stronger influence,

% If the electronic effect be the étronger, then the normal

'Cgrey'—oriented products wilf'be obtained,.because the

el

direction of the bond po ization in 6 is same as those

- - of. simple electron-rich efins. '
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As for @he reaction partner of 6, 2—§cétoxyclopent—

2-en-l-one (7) was chosen on the basis of the following
considerations. First, the choice of a cyclopentenone
rather than a cyclohexenone was made to decrease the

number of possible pfbducts; that is, by uéing a five=.

membeged enone the formation of trans-fused.products would
' . . .

be avoided (). Second“ to obtain a largef dipole—dipole'

intergction, it seemed better to iﬁ%roauée é'suitable
substituent on C, of cyclopentenone. The éﬁbiag of
acetoxyi groué-as ;he substituent was conszgéreé Fo have
a two-fold efﬁect: it would increase the d%pole movement
of éyclopentegone withpﬁt affecting its direction gregtly;
~éﬁd the‘detérminagion of produdt-orientatigns'WOuld be
simplified by applying the known facitle base:catalysed.

rearrangement of such adducts to the‘2,2,l—bicy016heptane

system as shown in reaction 2 (4).

Q OAc\ . | (

g

T =

To our knowledge no trans-fused product.to a
cyclopentenone has ever been reported.

-

‘.
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> .
Finally, the presence of an extra substituent

would simplify the pmr spectra. -

Although the introduction_ of this substituent

intotthe'cyclopentenone~skeleton could cause steric . . .

-

'problems as well as some perturbation in the efectrpnic

»

nature of the excited states of the enone, it was believed

that these .factors would not alter the orientational
- mode of the reaction.

3 A .
°

Far comparison, photoeycloadditions of enone,7
- with 2,3-dihydrofuran (8) and 3,3-dimethyl-2,3-dihydrofuran
(9) were also investigated. N

-

’

-/ In the following séction, the syntheses of the - ’
unknqwn‘dihydrofurans (6 and 9) and the photochemical'J '
cycloadditions of enone 7 with these . dihydrofurans (6,

8 and 9) will be described.

RESULTS
/ s

SYNTHESES OF DIHYRDOFURANS

2,3-Dihydrofuran (8) was prepared by the method e
of R. Paul et al (17). The subétance showed signals fo;
pd .
the olefinic. protons which were analyzed as an AX spectrum .

with v, = 6.31 and v (18).

A = 4,93 ppm with JAX = 2.4 H

B -]

t

LY M .
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'&{-1

In the cmr spectrum the sp carbons appeare t 145 95 S
and 99.29 ppm ().

3, -Dl(trlfluorogethyl) -2, 3-d1hydrofuran (6)
and 3,3-d1methyl—2,3—d1hydr%furan (g) were synthesized

according to Scheme 1. ~

: i) 3,3-DIMETHYL-2,3-DINYDROFURAN (9)

3, 3-DimethyIpent—4—en— -al (13) was prepared -

follow1ng the gene f p. Cresson (19), that is,

via Cope rearrangement oﬁ the allyl vinyl ether 12

Ozonolysis of the corresponding dimethyl acetal li in

" methanol at «-78° and subsequent reduction using sodium

borohydride gave the cyclic acetal'lg in 75% yield. The
acetal'lg was passed entralneodby nitrogen through a
heated (240°) column packed with finely powdered sodium
bisulphate (20) to give a mixrure of the dihydrofuran (9),
methanol and unreacted acetal 16 in the/ratio of 1.7 :

1.7 : 0 ' (estimated yield of 9 = 54%). thhlumwalumln

"

‘Vhydrlﬁe was added to the mlxture to. destroy the methano

and subsequent distillation of the mixture yielded 9 of

473 purity (gle). This substance after purification by glc

had a moleqular\ion peak at m/e 98 and showed the expected

A} .

pmr pattern; the methyl 3£pups and the methylene group

*  We would like to exp;egs our thanks to Dr. Stothers
for his kindness in obtaining the cmr spectra., .
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,carbons at lll 59 and 144.05 ppm,_

.n; >

h E4
appeared as 51ngletssat 1.13 ‘and 3.95 ppm, respect1ve1y,~

o

and the oleflnlc protons showed an AX pattern at 4, 86 and

6.24 ppm w1th J = l 3 H,. The cmr. showed the sp2

.

-

. 5 ) . )
» i - ] ¥
\ An attempt to éene ate the dlhydrofuran 9 by
dehydratlon of the hemlacetal.il was rather unsuccessful.
This was prepared by hydrolyéis of 16 using 10% aquesous

sulfuric acid in a sealed fube,at 65-70°. Upon treatment
/

‘with catalytic amounts of concentrated sulfﬁric.acip or .

i
'

p-toluenesulfonic acid (21), or of activated sodium biSulphate'
(al} under nitrogen), 17 gave the dihydrofuran 9 but iR

a poor yield and with the predominant formation ofVtars.

~

ii) 3,3;~DI(TRIFULUOROMETHYL)—2,3—DIHYDR®FUR§N (6)
[4

The allylic alcohol 18 (22, 23) was prepargd by °

-~

the Mee rwein-Pondorf reductlon (*) of-the correspondlng

h -
- L]

ketone, based on the reported procedure of Plakhova_and.

&

Gambaryan (22). The substance, isolated by a epinning ' -

band column distillatioﬁ, showed a sipgle peak on glc and
boiled at -124-126°, although an azeotropic mixture of 18
and diethylether of bp 125-126° was reported to.be obtained

— . T a .
by the authors (22). ‘ . '

% In our experiments, the reported method (22) using
lithium aluminium hydride did not yield 18 clean<y
instead-the major product was CF2 = 'C(CF3) CH2CH (OH) CH3.
At least three minor products were observed-on glc. The
results are #imilar to those.reported in reference 23.



Vinylation of ﬁhé‘él;ohol 1B was performed by
modification of fhe methéalA of W. H. Watanabe et al (24),
' using’n-amyl vinyl ether.ngyland mercuric &cetate (¢).
The reaction was only sué;essful at bath temperatures
below 75° and thqs reduced pressure was neéeéfgry to
- @istil the prodpcflgrom the reaction pot as it was formed.
The yield of the allyl vinyi ether (20) was ca. 45%. v
When the reaction was.conducééd at higﬁer temperatureﬁ

(with the total exclusion of acidic impurities)(ﬁ), 20

. .
was not formed at all, but unidentified decompositions

]
took place.

@ -
- ~ .

Cope rearrangement (19, 25) of 20 at 200° in a ’

nitrogen atmosphere led to the formation of the alkehal

21, bp 146-148°, in 66% yield. Oxonolysis of the .
corresponding dimethyl aceta1122“at -78° aﬁd subsequgﬂgi”
reduction Qith sodium borohydrlde gave the hydroxy &1methyr
dcetal 23 in 93% yleld.‘ Hydroly51s of 23 (5% aqueous .
Ssulfurlc acid) in a sealed tube at ,110-115° ylelded ’ *

the cyclic acetal 24 as the predomlnant product

* The purlflcatlon of mercurlc _acetate was not e
necessary in our eXperlment. However see reference .25 .

When the apparatus had not been treated with base,
several products were formed, one, the di-n-amyl
acetal of acetoaldehyde predomlnatlng. The latter was
identified (pmr, ir and mass) by comparison with an
authentic sample (see Experimental).

¢

.
i®
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. » .
when the reaction was stopped after ca. five hours.

However, when the reaction was heated for a longer time
(34 hours), the cyclic hemiacetal 25 was isolated in 93%

yield. ' . .

Attempts to convert 24 to the dihydrofuran 6 by .
/
elimination of methanol using various acids (21) or

- sodium’bisulphate (20) were all unsuccessful. The
generatlon of 6 was achieved by dehydratlon of 25 using a
catalytlc emount of concentrated sulfuric acid (21) at - q"
120—125°: The yield was 72%. Actlvated sodium bisulphate

- s ]
also catalysed the dehydration. The dihydrofuran 6 . $

Y 3

showed a molecular ion peak at m/e 206. The olefinic

protons appeare®d at 6.61 and 4.96 ppm .as an AX pettern

|

with JAX = 3.0 HE‘ The methylene protons appeared as a

singlet at 4.52 ppm. The cmr showed the SP, carbons at

.

153.57 aﬂd 93.25 ppm. -
‘ *

STRUCTURE AND STEREOCHEMISTRY OF THE ADDUCTS

i) with 2,3-DIHYDROFURAN (8)

2-Acetox&cycloéenf—z—en—l—one (i) wae irradiated in
. the presenceof 2,3-dihydrofuran (g),(solvent- a mixture .
of ether and cyclohexaneé) to give two crystalllne adducts
- B , mp 64,0-64.5°, and 2%, mp 79;5—80.0°. Both adducts
showed.the strong absorption band at ca. 1735 cm t expected

r

for this kind of adduct (4). The pmr confirmed the 1:1




M~

- comformational variations of the cyclobutane ring and

, \
nature of the adbucts since the acetyl methyl and the

,CH,~ were readily diggg}nible.

The former appeared at 2.05)in 26 and 2.07 ppm in 2%. The

partial structure -CHOCH

methylene protens on carbon bearing oxygen appeared as an -

AB part of an ABXY system in both adducts at 3.98 and

3.76 in 26 and. 4.15 and 3.78 ppm in 27. The cqrresponding

methine proton appeared at-4.63 in 26 and 4.26 ppm in

(4). . a
(
Four structures, A-D (R=H), are possible for these
adducts (see Figure 3). However, strgctural assignment

in such systems is complicated when using pmr data because

‘of the well-known variation in J . and J with the
cis trans :

' .
because of the occurence of diagonal coupling (26). We,
‘ N -
therefore, took advantghe of the known facile rearrangement

" (4) whith leads to tﬁé bicyclo {2,2,1] cycloheptane syséem.
Treatment of 26 and/gi with Mild base led to the expected
acyloin reavrrangement. Both products 28 and 29, liquids,
showed absorptions due to a hyd;oxyl group (ca.“3550'aﬁd

3400 cm—l), a b;idgéd carbonyl group (1782-1785 cm_l) (27) -
and the partial‘structure —CHOCHZCﬁ -. Again, four

2

structures, E-H (R = H), corresponding to the previous

+

four, -are possible for these two substances, 28 and 29

(see Figure 3).

.
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" _which may be of the order of 6-11.4 ﬁ;, the exo-exo

‘with J = 9.5 and 4.9 H,. Structure E (R = H) mecessarily

The basis for structure allocation in the "dihydro
and dimethyldihydrofuran adducts lies in observations
established in the literature for the magnitude of

coupling cEQsEants in the bicyc;opeptane system. The

only large couplings (bearing in mind the cis adduct fusidn)
z . . - i , .
which can dccur in such‘systems are HZX/H3X' HZN/HBN

be}ng larger than the endo~endo (28) (see Figure 4 for

the specific protons). Of intermediate size is the H3X/H4

]

"IGURE _4 7 « | \

LJ

?
coupling (340-5,0 Hz) which is distinctly larger than the
corresponding endo couplin.‘-H3N/H4) (5_1.3'HB) (28, 29). ’
- ’ ‘ (Y R

A small long range coupling §< 1.9 Hz) occutrs between HZX/

qo

6X (HBX/HSX) (28, 29).

p X T .
The methine proton (Ha) on’carbop bearing oxygen
in compound,28 appears at 4.36 ppm as a doublet of.doublets
. 3 .. M

.,

follows for this substgnce. The,W‘cogpling with Hd'ﬁas

not fééélvaglé, but appearéd as line broadening (Al/? = 2.4 HE)‘

]
il

)

%
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- The equivalent prdton in compbund 29 appears at 4.23 ppm

~as-a broad doublet (A 1/2 = 2.6 H,) ‘with J = 8.0 H_. This

broadening is clearly due to a small coupling with He °

(a broad doublet at 2.21 ppm with J = 4.%‘Hg), since Ha

gives rise to a sharp doublet (Al/2 = 1.5 HB) upon double

=}

irradiation at 2.21 ppm. The small coupling (-~1.1 Hg)
between‘Ha/HCvmﬁst arigse from a vicinal coupling in

structure F, because sizable long range couplings of

i

type Ha/Hc in"'G and H, to our knowledge, have never been

observed (#8,29). Structure F (R = H) necesgsarily follows *

for substance.29. )

-

The following experimental observations confirm  _
- . \ .
’ the conclusions. First, when 28 and 239.were exposed to

moist -air, 28 rapidly formed a hydraée (30), whereas 29

{ did not. This bépa§iour is characteristic of such bridge-

-

s,

head cafbonyl co&gounds (30{.~ Since all othefwfactors.
>
are'identical we conclude that steriq hindrance muét.pe
r;sponsibie for éhe absence pf hydgate:fofmation iﬁ 29; -
- i.el, that the ethereal ring has the éxo sterebgﬁemistry.
Secondly, we have'studied the effgct of the europium
K | shift reagent, Eu(féd)3,£3l). "With compou?d 29 the G
shift reagent produced much;the same displécement of Ha,
Hb:and Hc (See Table-1). We'interprét’this tg méan that
the etbéreql function is on the opposite side from the

[ - ¢ L ' A . s
* » &  hydroxyl grogf. In an instance (see below) where we

believe both oxygen functions to be\SH the same side only
¢ - , L .
‘ : L3

. »
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hd

Ha is affected by the reagenE.

0}

Thirdﬁy, the Ha/Hb coupling constant in 28 .
. (3 = 9.5 HB)'is larger than that of 29 (J = 8.0.H,). _ ‘

. - - °
This is as would be expected for an exo/endo relationship (28).

- . . »

™ . : TABLE 1
‘ Eu(fod)3 EFFECT (Appm)* ON -
KETO-ALCOHOLS 29, 34 and 35 - 7~ ,
’ ' i EE " N \
; )i .
substance Ha Hb Hc . Me Me ' OH
) ‘ : » ‘ )
29 0.61 0.68 0.63  ---~ -<-- 2.50
34 0.86 0.78 0.75 0.56L 0.35 2.50 ~
" 1
, 35 1.38 «0.52 0.46 0.20 0.18 2.50 !
- " * The values for 29 and éi were obtained‘by extrapolating ’
to those corresponding.to A = 2.50 ppm for their .
hydroxyl protons (in CDCl; at 30°). BN

-

'Since‘the'st ctures of the rearranged products

0',

are thus assigne Egg photoadducts, 26 and 27, must have
. ‘& '

f

* structures n-HT (A R = H) and anti-MT (B R = H) respectively.

ii) wiyh 3,3-DIMETHYL-2,3~-DIHYDROFURAN (9) :

. J Irradiqtion of  2-acetoxycyclopent-2-en-l-one (7)

—t

inAthé presence of 3,3-dimethyl~2,3—dihydrofuran (9) gave

_ ) T
three adducts, 3I, mp 224.0-225.0°, EZ, mpr87.5-88.0°,
q .
N ., ¥

\

~

L'

IS




and 33, a liquid. Addpct 31 had strong'abéofption at.
1740 cm 1 and showed a mass ion peak‘at m/e 280: the ¢
latter correspoﬁds to ‘that expected for a dimer of the
‘énone. In fact, thé’substance wa's formeg upon irradiatipn
* of the enone in acetonitrile in the agsence of olefin,
;. confirminé the interpretation.
Adducté 32 and 33 showed absorption at %746.and
1735 cm 1, respectively (4).  The pmr confirmed ‘the 1:1
nature of the adducts,'bgca&se the acetyl methfl’agd~the
geminal methyls were observed-as three singlets at'2.06;1
1.33 and 0.98 in 32 and 2.09, l.lQ’and 1;03 ppm‘insgé,' .
respectively. Four structures A-D (R = Me), are possible
for these adducts (see Figure 3). Upon treatm;nt with

base 32 and 33 were transformed to the corresponding-keto-

alcohols, 34, mp 76.5-77.0°, and 35, mp.91.5-92.0°,

'

“respectively. Both showed the expected infrared spedt{al
dhgnge, i.e., appearaﬂce of iknds indicative of hydroxyl

‘and bridged carbonyl; 3560 and 1777 in 34 and 3560 and 1780
L4 - .

Cem 1 in .35. Again four structures, E-H (R = Me), are

\

/J’/ﬁb possible for-these two substances (34, and 35). Ha and Hb

. . J, v o
protons in 34 appeared as AX goublets (qab = 819 HZ)
centered at 4.46 and 2.29 ppm, respggtivaly.' The equivalent
’ - N -~

"protons in 35 appeared also. as AX doublets (Jab = 7.3 HB)‘

at 4.27 and 2.29 ppm, respectively. These couplings -(*)

T
% The size of these&coupling‘constants is;rather cleser

b
A -

.)
.
L ) . - , -
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!
‘were confirmed by double irrag:;tion experiments. The

absence of an additional large coubiiﬁg with He k3.0—5.0 HZ).
(28, 29) clearly shows that both 34 and 35 have endo- Coa
oriented Ha and Hb. This conclusion is supported

by the fact that the substances resisted th? formation

of hydrates, probably because of the steric crowding caused

by the efé—ethereal‘ring.

Further étructural distinction, between F ‘and H,
by pmr data could bé>achieved by careful analyses of the
expected small vicinal coupliqg (iKI,3 Hz) (28,29) between
Ha/Hc in F and ﬁb/Hé in 'H. Qnﬁsrtqnately} Ha and Hb in ‘
both 34 and 35 do not show the small splitting, but clearly
exhibit a difference in their liné Qidth. Némely, Ha
(A1/2 = 2.5) is broader than Hb (Ai/2 = 2.6) ip 34, whereas
Hb (Al/2 = 2.0) is broader than Ha (Al/2 = 1.2 H,) ‘in 35.
This implies the small coupling between Ha/Hc in 34 and
Hb/Hc in 35, hence, structures F (R = Mg) and H (R = Me)
'are_assigned for.éi_and 35, respectively. '

In order &o confirm the conclusion, Eu(fod&B “w
effects on* 34 and, 35 werg investigated. In structure F,
Ha, Mb and Hc are all_in rather close vicinity to either

the ether oxygen or the hydroxyl group, whereas in H,

only Ha is close to both groups. Similarly, the methyl

ta that (Jap = 8.0Hg) of 29 than that(Jap = 9.5 Hg) of

28, indicating that both 34 and 35 have the same stereo-

chemistry as that of 29 (i.e. Ha and Hb aue both endo-oriented).
’ X



_groups close to the ketone and acetoxy groups which are

' _the methyl groups in 32 are considerably displaced by the

~

. . . % ) y
groups are very much closer to the hydroxyl group in F..

than they are in H. We, therefore, expect a reasonable
éuropium effect on Ha, Hb, Hc as well as the methyl

groups; for F and a large effect only.on Ha for H.

—

L4

Upon addition of the reagent, Ha, Hb, Hc and the

methyl"groups of 34 shift?d downfield, while only Ha of

2

35 was affected to any majdr extent in agreement with

prediction (see Pable 1).

Accordingly, the structures B (R = Me) and D
(R = Me) for the adducts 32 and 33 necessarily follow (*).
Again, the europium effect on these substances is

s -

cogfirmatory of their strﬁctures. - Thus only 32 has methyl
capable of ceomplexing with the reagent. Experihentally

reageﬂtq whereas those in 33 are barely affgcfed ( see

Table 2). . N ]

“*r .

iii) with 3,3-DI (TRIFLUOROMETHYL)-2, 3~

DIHYDROFURAN (6) -

2—Acetoxyclopent—2—en—l-ohe (7) was irradiated

- ’ 4

¥ The methine proton on carbon beérlng the ethereal
oxygen in 32 appears at 4.22 ppm ag a doublet of doublets

~with J = 5.0 and 1.5 Hg. The equivalent proton in 27

alsa appears as a doublet of doublets with similar coupling -
constants (J = 5.4 and 1.6 Hg). - This 31m11ar1ty in their
chemical shifts and coupllng c0nstants is indicative of

their similar stereochemistry.
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] ) ‘ TABLE 2
Eu(fod)3 EFFECT (Appm)*

ON ADDUCTS 32 and 33

" substance Ac - Me Me
’ 32 0.39 0.39  0.30
33 0.42  0.99  0.74

"+ * gamples consisted of 20 mg adduct and 18.56 mg Eu(fod)3

h

in 0.25 ml CD&l3 (at 30°)

¥

with exeess dihydrofuran 6 in a variety of solvents,
i.e., n—hexane,cyglohexang, ether, acetonitride ;nd a ,,.-
mixture of methanol and wéter (9 :+ 1), and in tﬁe absence
of éolvent, ’In’all cases, ﬁsne of the expectted adducts
were detectea by tlc and glc other than a dimer of the
enone. The latter was identified as 31 by mp and ir.

In one case when a mixtu;e of water and methanol was

used as solveﬁt, two‘néw peaks were oﬁserved on- gle, but
they were not photoadductsof the enone and 6. This was
.éstabliéheq because the same peaks were observed gy‘
”irraaiatioﬁ in thg’mixed solvent in the absence of E. The
structures of thése compSLndg have not been invesﬁigated

“+
further.

“

SOLVENT ELFFECTS ON PRODUCT RATIO

- -

\ In order to test the solvent effects onsproduct

ratlo,/a—acetoxyclopent ~2-en- l-one (7) was 1rraﬂ1ated with

22




2,3-dihydrofuran (8) and 3,3-dimethyl-2,3-dihydrofuran (9)

.

in three solvents with different dielectric constants:

isooctane, ether and acetonitrile. The product ratios

>

(at <20% conversion) were measured by glc (using#suitable'

calibration compounds) and extrapclated to zero concentration

of the substrates in each solvent (see Table 3). The

latter is necessary because the epone and olefins are

Q

themselves polar compounds and at high .concentrations

[ 4

;
they contribute to the polarity of the solvent. This is

l

more important in less polar solvents (32)..

s
TABLE 3 o
PHOTOLYSES' OF 2-ACETOXYCYCLOPENTENONE

AND'DfHYDROFﬁh§Ns 8 AND 9 )

(product ratios in %)*

: |
olefin - ey 2

s product - 26 27 32~ 33

isooctanea 47.7 52.3 39.3 60.7

-

\ ether “ 35.7 64.3 41.7 58.3

acetonitrile 10.9 89.1 . 52.6 - 47.4
]

*3 of total mixed adducts, .error limits 0.6 for 8
and +1.2 for 9. T

As the solvent polarity decreases, using dihydro-

-furan 8 as a substrate, the yield of syn-HT adduct 26 .

h

.

)
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Inc;;Lses, whiLe‘aﬂQi—HT adduct 21 decreases. On the -«
other hand, in the case of dihydrofuran 9, the yield'of
aﬂ£i—HT gdduct 32 deéreaseé; while anti-HH adduct gg’
increases:; In both casés, theglogarithm of the prodﬁct s
ratio ig'Iihearly }elated to solvent polaéity in terms

‘of E;(30) (33) (¢), 2 {15), or the Kirkwood-Onsager

parametér for‘the~solvent (14) .

The nelativé impgrtgnce of the solvent effects -

may ‘be estimated as follows: The logarithm of the
product ratio reflects the energy difference between the .
transition states which lead to the different products (¥).
Therefore, any difference‘in product ratio which is caused
by solvent should be proportional to the phange in this e
energy difference. The change in the energy differeﬁce
4 may thus be used as a measure—of‘thevsolvent effect. This

is becayse the prOportionalify factor (34) for a given

,reaction (the portion of the reversible intermediate that

cyclizes to give adducts) (see below) is probably indépendent

of the solvent used. ¥For example, the quantum yield of _ -

*  Ep(30) value (an analogue of Z value (33) ) for
isooctane is not rep ted_in reference 33. Therefore the
.value of n-hexane was assumed.

¥  Under kinetically controlled conditions, product ratio
< A/B can be expressed in terms of the energy difference
ks between the two transition states, AAGap' = AGp -~ AGR*:
ALGAE' = -RT 1n. (A/B).° ,




c&cloadditibn between cyedopentenone (0.1 -'0.2 M) and
cyclohexene (2.0 M) is reported to be constant (0.42 -
: ' | ®

0.48) over a wide range of solvent polarity (cyclohexane,

ether, acetonitrile, t-butanol and acetic acid) (12).

In isooctane, the energy difference correspending
to loé(gg/gl)wlém54 cal and it rises to 1246 coal in
acetonitri;e, when using 8 as olefin. On the other hand,
: when 9°is used, the energy difference corresponding to
109(32/33) is 259 cal in isooctane andv—61 cal in
acetonitrile (the values are at 25°).\ Thegehergy differences

caused by the solvent change (from isooctane to acetonitrile)
: . .
are 1192 cal in the former case and 320 cal in the latter,

i.e., about four times more with & than with 9.

DISCUSSION

First of all, it was veryxunfortunate that the
maost relevant reaction in the presenzaétudy, the cyclo-
addition between 2—acetoxycyclopent—?—enwl—one (7) and |
3,3—di(trifluoromethyl)-2,3—dihydrofuran-(gf, did not oécur,.
thé only product isolatéd being a dimer (31) of the enone.
This is in strong cdntrast to the cycloadditid.. of the
analogous dihygrofurans (8 and 9) which proceeded smoothly.
To learn the reason for this failure, one c attempt to

‘

analyse the react1v1ty of both the enone (7)~and thg olefin

» (6).~ It appears well-established that the reactive species

-

-
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in the photocycloaddition of cyclic enones are triplets
having enemgies in the 70-kcal/molée region (7, 12, 35} (t).

i#\seems reasonable, therefore, to assume that the

-

reactive species in the cycloaddition of 2-ace£oxycyclopent—

2-en-1l-one (7) is also its lowest triplet.

There are two low-energy spectroscopic states in,

]
the enone triplet manifold. They are,nn* and nn* states.

. B L]
According to recent calculations (38), the mn* state

jprefers a twisted geometry around Cz'-C3 bond (as well

as out-of-plane deformation of Cz-ﬂydrogen). The nm*

state prefers to stay iq a planar form when relaxed,

Since the former distortion is very much dependent upon .
the fiexibility\of the molecule, the relative energies of
these two states depeﬁd largely on ﬁolecular flexibility.

That is, the 'mn* state is feléﬁiveiy,more stabilized in

2

more flexible endnes'than'is the nm* state.

L4
¢

It appears, on the basis.'of recent emission studies

Y
-

on constrained ﬁolycyclic cydlopentenones (39), that in :
. ,

these substances the two statbggare energetically very
~ close. ‘In more flexible cyclopentenbnes (such as 7).,
Y.
the nn* state may become the lowest triplet state. It is

also Known, on the basis of phosphoreqcence exitation

.

{

1 é
* ‘Cyclohexendnes having a conjugative substituent at
. C3 (such as a vinyl (36) or phenyl group (37) have,
however, been reported to react in thei# -singlet excited
states toward olefins.

-~




/?reaétive.towérd the usual olefins, since it :3; reported

o

*

. results with the analogous dihydrofurans (8 and 9) in order

* "NORMAL" ORIENTATION: THE ELECTRONIC AND DIPOLL‘-DII"OLE

,expecfed on the basis of either the dipole-dipole inter-

spectroscopy studies on the steroidal 4-en-3-one system

(40) , that the introduction of an acetoxyl group at C2
.09

stabiliges the nmn* state and destabilizes the nn* state.

P

Thus, the nm* state of enone 7 is most probably the lowest
triplet state, and is probably the épecies responsible <

for the cycloaddition to olefins.
/

The triplet state of the enone (7) is evidently

. - L J
to react with cyclopentene and spiro-[2, 4]-hept-5-ene (4),

and did react with the diliydrofurans (8 and 9). The enone

also appears to behave normally in terms of regiospecificity

(see below). The inertness of the enone to dihydrofuran 6,
. T -
therefore, must be due to some special property of the olefin.

It is thus necessary,gilrst, to analyse the positive

to understand the reason for the negative result with 6.

L4

)

EFFECTS

. s
With 2,3-dihydrofuran (8), the acetoxy-enone (7)
- g L

'
yielded two pfoducté; syn-HT~ and anti-HT- adducts (26
- - L
and 27) (Scheme 2). The orientational specificy was
- . N
adtion effect or the electronic effect: The magnitude _
\\ \

* -
of dipole moments of wn* triplet states of cyclic  enones

is experimentally unkno“. However, on the basis of recent

)

~
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calculations (38), it can be estimated to be a slightly
larger than that of the ground state enones (u -~ 3.5).

The direction of th® dipole moment is presumably the same
N

-as -in the ground state. The dipole-dipole interaction may

orient the approaching molecules in a HT-manner, so that *

C, and C, of the triplet enone are in close vicinijty to

2 3

C4 and C5,

as a reference).

respectively, of the aihydrofuran (see Figure 2

'
-~
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With fhe assumbtion that thé‘charge distribution
on thé ddﬂ%le bond (C2—C3) of thesrn* triplet eﬁone (7)
is similar to that recently calculated for unsubstituted
enonés (38), the Cé is slightly” electrophilic, while the
Cy is rather neutral, which is basically in agreement
with Corey's assumption (8)1 Therefore, the\gz of the
triplet enone may prefer to interact, either direétly,
or indirectly‘via "oriented exciplex" as proposed by

Corey (8), with the negative énd of the .dihydrofuran

double bond (see Figure 2 as a reference).
Thus, either based on the dipole—dipoLe interaction

effect or based on the electronic effect, the predominant
N

formation of HT-orfented products wag expected.

The séﬁe predictions should be applic;blé to the
reaction with 3,3-dime?hy1-2,3-dihydrofuran (9), éihce the
polarization of its double bond, and both tbebmagnitude
and direction of ite dipole moment shoulz be similar to
those of 8. However, with thfs dihydrdfq;an (8), the
acetoxy-enone (7) gave not only the expected HT-product .
(32) but also the ungxéected HH-product (33) (toggther:
with the dimer (31) of the enone) (Scheme 2). The

differeHEe in behavior of these dihydrofurans (8 and

9) must, therefore, be due to sterio reasons.

e
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"of anti-products in the cycloadditien of cyclopentenone

"ABNORMAL" ORIENTATION: THE STERIC-EFFECT ’ , ‘

-

The stefic effect(zg(enAng cycloaddition has
been disiiifedron several occasions in terms of syn-
versus anti-stereochemistry (6) q% well as in the
readiness of dimerizatioﬁ of substituted cyclopentenones
(41): Eaton stressed the‘imporfénce of the steric

effect in order to rationalize the exclusive formation .
L o P i

togcyclopentene (42) and in the dimerizdtion of cyclo-

pentenone (43) (see below). Schaffner has also pointed

out the importance of steric effects in ‘explaining the
absence of photodimerization of 3-t-butylcyclopentenone
(41). ) - X

However, the orientational effects of steric

-

hindrance have not been discussed in the literature.

This is because, in the use of electron-rich polarized
olefins (such as methoxyethylene and l,l-dimethoxyethyléne),

. .
there is no -example of HH-product formation reported.
R .

It is reasonable to assume, on thé basis of
presently known facts (8, 34, 44), that triplet 1,4-
biradidals are intermediates in enone cycloadditions. Theg
triplet biradicaf; are believed to form eiﬁher directl§
from a triplet enone and an olefin, or indirec¢tly via

1 R K
exciplexes (7, 8). In either case, the biradical formation

step (the format%fj/fﬁ the first bond) must.ﬁgﬁ;rmine the

t
4
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<

orientational as well as stereochemical ontcome. g o

1

Both Cé‘and C3Lof‘triplet enones are known to'° .

have radical-like characters and be reactive toward, -

‘,non~polarized olefinic bonds, such as,that of norbornadiene

c

(45). However, toward polarized bonds due to conjugatlon

with electron donatlng substituents, such as those of

%

methoxyethylene and l,l—dlmethoxyethylene, the C, appears

to be more reactive than the C3. This is for the following
: é
reasons.

-

7 H
WitP the electron-rich polarized clefins, enones ol

generally give on1§”ﬁT~products {6, 8) kan example is .

shown in reaction 3.(8) BN The HT—product(reactlon 3)

is most -probably produced by cycllzatlon of the biradical

(36) rather than of the - isomeric blradlqal (gl). This

is because the unsubstituted end of the olefin has the

4 \ ’ ." .
&Z ,RJL%——’ L Ll ome (3)
S \ () ‘
- . Me .

. Gmé' -r&’. l{')Meo

Me - j (5

Me




highest free valence (and so is the most re ive toward
radical species) and because the same position,is

~sterically less crowded (and thus more susceptible to
L , t .t s
radical addition (46) ). Furthermore, the+el§%rophi1ic ',

C2~of-the triplet enone prefers to react with the relatively
! . > .
" negative end of the double bond, yielding the biradical

(362, which is more stable than 37.- ‘i ’ ’

. . -
Therefore, with dihydrofuran 8, the first bond

formation probably proceeds also predominantly.at <, of

the acetoxy-enone (7), giving e two HT-hiradicals \j

(gg and 39, R = H in Figure 5).4 The latter, upon

ring-closure, would give the obse&¥ved products (26 and 27).
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..
:

With dihydrofuran 9, the formation of the . .o
. .

equivalent biradiéa;s (38 and 39, R = Me) would be
éxpected for the same reasons. Howevef, of these expeéted

- “ —
.

products, only the an —HT-prod?ct ?32) was obtalned. .
Furthermore,‘as yve - have seen,. unexpeé;ed products —
“the antl-HH—prdduct (}g)’and the dimer (gi? of the
enone — were also prdduca?. The cémpetitive formation
of the dimer (gi),‘which was not formed.using olefin 8,

~;\ suggested that the cycloadditions were (following the

.introduction of the methyl groups ig 9) occuring at a

»+ Slower rate.

. . - Tk g -
T, '
The formation of the syn-product with the exp@ﬁted \
&* R
orientation was apparently excluded because of. the large

steric™~dnteraction intékduced,valthough, that the .

. N Q
corr sgg;ding biradical might have been formed can not .-

he formation of the "abnormally".oriented T 5 .

t
.

) \ . '
product (33) iqdicated that this route be less subject to .

steric 1nterference by the methyi groups than that of the
\normally" oriented product (32}. The steric anteractlon

in the &atﬁbr pathway must be between the OXC and ‘Me -

[ES

groups, as indicated in Figure 6. This particular inter—iﬁ

action is evidently lacking in the former process,

\ ' . \ N
which gave 33.

Although the electronic or/and the;dipole-dipole '

effects are impbrtant in the absenee of steric hindrance,




FIGURE 6

o

[
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.

. AN e . .
.. ‘ ) s ‘ar ’
(case 8), these ‘effects, in the presence of .the steric et
interaction, ‘(case 9), play a minor role. .
. / ’
HE SYN-PRODUCT: IMPOi?TANCE OF, THE DIPOLE-DIPOLE 'EFFECT .

: It is evident :kTEHEQZ;sis of the foregoing’

discussions that steric effect js impqrtant‘iﬁ'deciding

syn- and anti—stereocﬁgmistry (as well as orientation)

o

- of products. When'using olefins,‘which»ﬁ;;e negligible :

- o . B
dipole moments (such as cyclopentene, 0.20 D (47) ),

cyclopentenones are known to give exclusively anti-products

‘regardless of the Lolvent used. Examples are shown in

-

reactions 4 (42) and 5 (4). . T :

1

However, in the present reaction using dihydrofuran

8, the steribal;y less favored syn—-product (gg) was fHormed

in as high as 48% yield (in iscoctane).’ Since the steric

-




.

k\of the father.lérge dipole-dipole effect is evident in

[
3

‘
.éffects are éxpegted to 5e of'similar drderAin both
cyclopentene and the dihydrofuran, the ﬂigh yield of the

» syn—-product (26) must,be due to the dipoie—dibole
ihteractioﬂ effect: the dihydrofuran hés a reléﬁively

large dipole moment (calcd.™ 1.58 D) (%)}. The operation

4 »

- 'that the syn-product is largely assisted in less polar

solvent (see Table 3). ) . .

However, in the presence of steric interactions,

\

as that in the reation with 9, the effect, as we have

seen, éppears tp*become less important (as evidenced by
. e

the appearance of the abnormally oriented product).  This

-

-

. i &

» The dipole momént of 8, which is not known expe

a ~ — e

rimenta%}y,

—

»
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decline in importance is also.reflected in'the,ralatively

small solvent effect on product ratio observed with 4,

4

THE "NEGATIVE" CYCLOADDITION ~ . N}

L J > . '

With enoge 7, iihydrofuran 6 did not givé any

adduct at all: the only product was the dimer (31) of °

the enone.

. a

N .
This inertnéss of the olefin does not seem .to be® s
restricted to the acetoxy-enone, but may be general, since

»

the olefin did not yield any product with cyclopenterione
. . .

itself: again, ®nly the dimers (43) of the enone were
obtained. The inertness must therefore be due either to
the fact that the olefin is not reactive“enough to compéte

with the photodimerization of the enones, or that an efficient
. - -
energy transfer from the excited enones to the ?1efin may

!

have taken place. .- . ;

To test the latter possibility, the efféct of the

hd 5

olefin (6) on the cycloaddition of 7 and 8 (in acatonitrile) !

' . . . ’ . !
was investigated. Parallel experiments showed that, in {

the presence of ﬁ,(0-24 Ml-l),'the reaction ( [7] = 0.011 ;

and [8] = 0.29 M17h), was approximately 73% as effective®

as in the absence of 6. - The efficiency of 6 in quenchihgé

‘the excited enone was thus rather low (27%).

.

. was calculated (agssuming a planar model) using the values
. of tetrahydrofuran (u = 1.63) (47) and cyclopenteney
*u = 0.29) (47) .

\

4



Thus, the question is: 1Is the partial quenching
» Que to the rather slow energy transfer, or due to some

unproductive chemicallp;ocess(es)? Though Qiéiﬁinite v 4

1 ¥ 3

answer is presently not available, it seems likely that the
latter is responsible for'the observed gquenching. This

. 1s because the trifluoromethyl group does not appear tS,

lower the triplet energy (ET) of nm* states to any. great

extent, as may be seen from the E, values (kcal/mole)

T
of benzehe (84.3), thrifluoromethyl benzene {83.4) and

methyl benzene (82.5) (48). - -

~
[
-~ b2

« A possible inteipretation is as follows: With
olefin 64 certain triplet biradicals are formed. - These
- .

b;radiéals, hdwévef,leffectively diésociate into the
ground state ﬁolecules_(éfter spin in;?rsiop). If»this
view is correct, the biradicals are most probablg
syn-biradicals, since the geminal~t§i§1uoromethyl groups
are appro;imateiy 1.5;2.0 times bulkier than the
corresponding methyl groups (%) and olefip 8 did not

vield syn-products at all.

Why are these sterically less favored biradicals

formed predominantly over anti-biradicals? This can not be

* The relative bulkiness of the substituents is relative
to hydrogen and estimated on the basis of the Taft Es values
(49) (1.24 for H, 0.00 for Me and -1.16 for CF3) and of the
calculated values (A°) using covalent radii and van der
Waal's radii (50) (2.25 for H, 3.79 for Me and 4.43 fo®
CF3) . .

L]

4 »
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answered on the basis -of the electronic effect, since

.the Corey-fype interaction, if important, présumably
. ’ N ) : N
takes place in-a sterically least hindered manner, i.e.,

" in an anti-mode. It seems, thus, 1ikeiy that the
fqrmation'of ‘the syn-biradicals might have been favored

by the dipole-dipole interaction effect. .

The calculated dipole moment of 6 is ~ 1.5 D (%),
AY

which is in a range similar to those of 8 and 9 (~ 1.6 D).
Therefore, the dipole-dipole interaction (with a éiven enone)
should, as far as magnitude is concerned, be simjlar within
these)dihydrdfurans. _However, the alignment oﬁ_olefin‘g
with the triplet enone (becauée-of £his interaction) will
not be the same as those of 8.3nd 9. This is because

-

the diréction of fhe dipole moment 6f 6 is, -as shown in
Figure 7, not the ééme, but is rather rougﬁly the reverse.

" Thus, the possibility exists that the d;poleJdipole
interaction ﬂi@ﬁt have . aligned the enone and

6 predominantl§ in syn- (pxobably HH) -manner. In this

38

partjicularly aligned pair, the t'u‘rnirgg 'O'\—Ié'i:‘“’éb"’th'éhﬁtm"“““ T

Raab

-

é;ti—alignmeﬁt, which was observed with olefins 8 and 9,
might have been prohibited, thus yielding only the un-

productive syn-biradical. -

- ¥ » -

'# fThe dipole moment was calculated using the calculated
value (1.58 D) for 8 (vide infra) as the basis. The
value 2.36 D was used for the group moment of CF3, group.
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FIGURE 7

| »_8_‘R=H
«‘_gé_ R = Me

-
*
. -

We believe, therefore, that the apparent lack )
of reactivity of olefin 6 is due to a combination of
steric and the dipole-dipole interaction effects. At

this point any conclusion must, however, be tentative.

s




.-
P .
Fd
B
; EXPERIMENTAL: PART ONE
GENERAL
. Pmr spectra were taken on Varian T-60 or HA-100

instruments with TMS as internal standard. Chemical shifts
are reported in ppm unit and coupling éoqgtants (HZ) |
correspond to apparent splittings. Al/2 refers to half-
heigﬁt—width in HZ.Cmr'spectra were measured on Varian
XL-100 instrument with TMS as internal standard. Chemical
shifts are e#presséd in PPm unit. Mass spectra were
recorded on Varian M-66 spectrometer, Glc analyses were
‘carried out on Vaiiap Aerograph e?uipped wf%h thermal .
conductivity detectors, unless otherwise mentioned. Four
g;c colﬁmnslwerq used:’S,,lo and 20% Carbowax 20M on
Chromosorb P, and 5% FFAP on Diaport S (abbre&iated'to
column A, B, C énd D, respectively). /Tlc and preparative
tlc were perfermed using silica Gel 60 {Merck ) and, for
column chrématographies, Silica.Gel 60 (Merck ) was used,-
‘unless otherwise specifig@. Melting.poihts were measured

°

)
on Reichert hot stage and are uncorrected.

)

*
MATERTIALS

-

2,3-Dihydrofuran (8) was prepared;accordiﬁg to the

method of R. Paul et all (17) and had bp 53.5-54.5° °

@

40



(>99% purity by glc: column A, 54°). The pmr spectrum
(100 Mc) showed signais at 6.31 (-CH=CHO-), 4.93 (-CH=CHO-),

4.27 (-ngo—) and 2.58 ppm (—CEZCﬂZO-).' The'coupling

constant between.the vinylic protons was J=2.4 Hz (18).

The cmr showed signals at 145.95 (-CH=CHO-), 99.29 (-CH=
CHO-~) , i9.52 (—EHZO-) ;nd 29.29 ppm'(—gHZCHZO-). 2-
Acetoxycyclopentenone (7) was freshly recrystallized and
dried just b?fqre usé; i;radiation solvents: isooctane,
cyclohexaﬁé and n—hexanez(all qustral grade) were passed
through alumina (neutral, grade 1) and used immediately;
éthér (Mallinckrodt anhyd) was refluxed over sodium for
several hburs and freshly distilled before use; acetonitrile
(BDH, Lab reagent) was refluxed over a mixture of phosphorous
pentoxide and potassium carbonate for 6'hours and distilled
before use; methanol (spectra; grade) wasl|used without

-s‘
further purification.

-

IRRADIATION . N

A Hanovia 450 W medium pregsure lamp with a Pyrex
filter was used for all irradiations, unless otherwise

mentioned. All irradiations were conducted at room

[N

temperature.

LY

3.3-Dimetylpent-4-en-l1-al Dimethyl Acetal (li)'

-

The following conditions are based on a reported

method for preparing diethyl acetals (51). 3,3-Dimethylpent;

Ve
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4-en-l-al (lg).(Z.Z g), trimethylorthoformate (12.7 gf and
a catalytic amount of p—toleunesulf;nic aciq Qere dissolved
in methanol (100 ml, dried over type 4A.molecu1ar sieves)
and kept at room temgperature for 2 days.. The mixture was
neutraliz with sodium carbonate and extracted with ether.’
Isolation?ié?)distillation gave the acetal 14 (2.6 g; 84%) ’
Qf bp 75°;;2 mm: ir (CHC13) 3075, 2970, 2912, 1110, 1032
and 900 cm_l; pmr (CDC13? ¢ 5.81 (44, 1, J=18.0 and 10.0 Hz), '
4.9 (dd, 1, J=18.0 and 1.0 Hz)f 4.90 (dd, J=10.0 and 1.0 ’
{ : Hz), 4.35 (t, 1, J=5.0 Hz), 3.25 (s, 6), 1.61 (4, 2, J=5.0
Hz) and 1.02 (s, 6); mass spectrum (70 eV) m/e (rel

intensity) 127 (5), 75 (100) and 69 (38).
S ~ Anal. Caled for CgH, 0,: C, 68.31} H, 11.47. Found:
' C, 67.94; H, 11.56.

1

2-Methoxy-4, 4-dimethyltetrahydrofuran (16)

3,3-Dimethylpent-4-en-1<al dimethyl acetal (I4)
(1.00 g) in dry methanol (25 ml, dried over type 4A

molecular sieves) was subjected to ozonolysis at -77°. The
ozone supply was continued until a permanent blue color

3

appeared (ca. 1 hour). Sodium borohydride (1 g) was added

-to the reaction in portions. The reaction was allowed to

~

warm to room temperature and extracted with ether.

Isolation and distillation yielded the methoxytetrahydrofuran

A

‘

16 (620 mg, 75%).. An aﬂalytical?sample was collected by glc |

»

(column B, 100°) and bulb to bbb distilled, bp ca. 66°/105

3




’

mm: ir (GHCL,) #94Q, 1360, 1085 and 1026 cm '; pmr (CDCly)

" o 6 5.03 (ad, 1, J=5.% and 3.0 Hz, -OCHO-), 3.63 (4, 1, J=,

8.3 Hz, -CH,0-), 3.48 (4, 1, J=8.3 Hz, -CH,0-), 3.35 (s,
3, -OMe), 1.93 (dd, 1, J=13.0 and 5.5 Hz, -CH,CHOMe), 1.64

(d4d, 1, J=13.0 and 3.0 Hz, -CH,CHOMe), 1.14 (s, 3) and

2
1.08 (s, 3); mass spectrum (70 eV) (rél intensity) 100 (30),

99 (61), 85 (100), 70 (82), 55 (58), 43 (27) and 42 (21).
-7

Anal. Calcd for C C, 64.58; H, 10.84. Found:

, CH140,¢
C, 64.35; H, 11.00. '

2-Hydroxy-4,4-dimethyltetrahydrofuran (17)

a Zéﬁeﬁhoxy-4,4—diﬁethyltetrahydrofurancikg) (120 mg)
and 10% ag. sqlfuric acid’ (10 ml) was sealed'in a glass tube .
ana heated at 65-70° for 15 hours. The reaction was cooled,
neutralized (N32C03) and extracted with ether. Drying
(MgSQ4), evaporatioﬁ and bulb to bulb'distiilation kca. 60°/3
mm) of the residual oil gave the hydroxytétrahydrafuran 17
(73 mg, qé%)i ir (caci}? 3600, 3400, I215 and 1015°cm” 1; pmr

'(CDC13) § 5.56 (a4, 1, J=5.4 and 4.0 Hz, —OCEO-)J 3:62 {d,

1, J=8.0 Hz, -CH,0-), 3.47 (&, 1, J=8.0 Hz, -CH,0-), 1.99
(dd@, 1, J=12.8 and 5.4 Hz, -CH gHOH), 1.61 (dd, 1, J=12.8
and- 4.0 Hz, —C§2CHOH), 1:16 (s, 3), 1.06 (s, 3) and ca. 4

(broad s, l)ﬂ

N o

Reflux without use of a sealed tube led to very

slow reaction. Increase of temperature (ca. 115°) also

. increased the complexity of the reaction.
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3,3-Dimethyl-2, 3-dihydrofuran (9) : ! L

- ~

"< 2-Methoxy-4,4-dimethyltetrahydrofuran (16) (350 mg)

was placed in a distillation flask (pre-washéd with base
and dried) which was fitted with a long column packed with
finely powdéred sodium Qisulphate (pre-heated at 500° for --
20 hours). The pack®d coluﬁn was heated to ca. 240° dyring
the distlllation. With the aid of a 'nitrogen stream and a
slight vacuumg appliea to the receiver compound ;g.was
volatilised (bath temperature: 40—50°) on to the column

_ and thence *into a\cooled (dry ice—acetqne) receiver which

¥, contaimed a few mgs of anhydrous sodium carbonate (#).

Distillation required ca. 15 hours. The distillate (302
mg)’ contained (column C, 100°) dimethyldihydrofuran (9),
methanol and 16 in the.?atio of 1.7:1.%:1.0, respectively

(est. yield of 9: 54%).

To the mixture, ca. 5 mg of lithium almini®m hydride
(LAH) was added at -78° and the mixture gradually warmed
to room temperature. 'Ehis addition of LAH was repeated
until no more ﬂydrogeﬁ evolution was observed at room
’temperature. The mixture was’q%gtilleﬁ through a vigreux
column (bath temperature ca. 60° Eaf 130 mﬁ) to give 9 of
.\ 97% puriéy (b§ glc); Analytical samble was obtained by a
o ! gic separation (columb B, 60°) anduéubéequent'distillation:

* ir (CHCl,) 2991, 2946, &607, 1365, 1134, 1035 and 944 cm-l;

-

3

* #In the é%sence 6f sodium carbonate, the dihydrofuran'(g)i/f
and methanol slowly reacted back to the starting material
(16) . . |




-

. |
pmr (CDC1,) & 6.24 (d, 1, J=1.3 Hz, -CH=CHO-), 4.86 (4, 1,
J-1.3 Hz, -CH=CHO-), 3.95 (s, 2) and 1.13 (s, 6); mass
spectrum (70 eV) m/e (relzinﬁensityy 98-(39),.83 ﬁlOO),<:/>
67 (12), 55 (34) and 53 (17); cmr.(CDC1l,) & 144.05 (-CH=
CHO-)", 111.59 (-CH=CHO-), ez.zz‘?-gnzo-f, 42.38 .(=CMe,)

and 27.93 (=C§323.

Anal. Caled for CgH, 0: C, 73.48; H, 10.27. Found:

» 4

C, 73.13; H, 10.46.

Dehydration of 2-hydroxy-4,4-dimethyltetrahydrofuran -
(17). using catalytic amounts of acids (sulfuric acid or
p—tbluenesulfonlc acid) or’of. actlvated sodium blsulphate

gave 9 (and water) in poor ylelds. Reproduc1b1b1ty was 1§

also poor. T ;
- - 4 '
4,4-Di (trifluoromethyl)~but-3-en~-2-0l1 (18) v

'4,4-Di (trifluoromethyl) ~but-3-en-2-one” (22, 23)
(76.24 %) éhd aluminium isoproﬁoxide {190.00 g) were >
allowed to react in isopropanol (500 ml) [method of Plakhov
and Gambaryan (22){. The crude product was distilled S
(spinning band column) to give isopropanol (u;‘td 82°)f

a f%y drops of materlal bp 83-123°, and then the allylic

alcohol 18 (43 3 g, .57. 5%), bp 124-126°. The last fraction

showed a single peak on glc (column C, 130°). [Lit. bp

125-126°, obtained as an azeotropic mixture contaf%ing

o

19.8% of diethyl ether .(22)7.
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Acetoaldehyde Di-n-amyl Acetal C
T Y ‘

Adétoaldehyde di-n~amyl. acetal was prepared from

n-amyl alcohol (246 g), mercuric oxide (1.5 g) borotri-
fluoride ethe;ate CliS.ml) arrd vinyl acetate (129 g),
preparation o¥.di-n-butyl acetal of acetoaldehyde. . The
yield of the di-n-amyl acetal was 227 g (75%) , bp I00-107°/

@

water pump pressure. [Lit. bp’ll4-1185/16_mm (53)1.

n-Amyl Vinyl Ether (19)
« L

L)

n- ~¥l vinyl ether was prepared frqm di-n-amjl

"abetalnby the method of Voronkov (20) . This reference

. [
does not adequate experimental details necessary .for o

= 4

success. = Technical grade sodium bisulphate was ground\/

to a ,fine powder, then heated overnight 'in a porcelaine
Iz -

crucible in an oven at 500° (not heating or heating for *

-

. P
longer times was found ‘to give less satisfactory results).

The material was allowed to codl in a desiccatoy over

-

’ PZOS’ then groudd into a fine powder, and used at once.

DiTn—ain acetal (101.0 g)- ahd dried sodium
" bisulphate (0:09 o) were maggeticaliy stirred in a
N\.distillatign apggratu§.a;d'he$ted to 190°. n-Amyl vinyl
‘ether (19) ,/ n-amyl alcohol @nq a}littf@ di-n-amyl acetate’
slowly ‘distilled at 110-130°, being collected in an ice-
: |

| . |
cooled flask containing a few mgs of anhydrous potassium

carbonate. As the dolume of reactants decreased,' the .

following the{general method of Croxall et al-(52). for the



&

batﬁ_pempgratﬁre was gradually ind}easeﬁ to 220° Aand after .

a total of 9 hours heating, a colorless distillate (90.59
. » 7 ‘ . ~
g) had been collected. Glc.(c lume C, 130°) indicated -

this to be ca. 1:1 n-amyl vinyl-eéther: n-amyl alcohol,
- plus a small quantity of di-n-amyl acetal. If correctly .

)
prepared catalyst is used, only slight yellowing of the

réqctidn takes place, but otherwi;e a brown tar,%ay f?rm

’ and much of the n-amyl vinyl ether is destroyed. Distilla-
tion of a portion of the mixture (36;20 g) (spinning band
colymn) gave n-amyl vinyl ether (19) (13.90 g, 67%), bp 115-
118.5°. The b%lkaof the sample diéfilléd at 118-118.5°,

(Lit. bp 111° (54) and 116-118° (55)].

~ N ' .
']

Vinyl-2-[4,4-di(trifluoromethyl)~but-3-enyl]-ether (2Q)
. 1

P

/Y

VinleZ—[4,4‘di(trf?luoromethyl)?but-B-enyli—ether
was prépared by héating the allylic achhol~£§'énd n-amyl ~
vinyl ether with mercurié’acetaté; using a quified vergion
o% pfoéedure g of Watanabe and/Conloh (24).. Commercial
mercuric acetate (Fisher Certified Reagent) was used,
further purification of the catalyst being founé not T e

-

necessary (25). . o . ' s
[
) . . VA
Allylic alcohol 18: (4.16 g), n-amyl vinyl etlrer
— = .
(13.78 g) and mercuric acetate (1.50 g) were heated in a
* * .
distillation apparatus (70-75°) at 50 mm for 11.5 hours.
v+ The receiver flask was connected to a cold finger trap,

both being cooled by powdered dry ice. Material distilled

’ ] L]

® N ¥




+.
S . Y \

-

qver at or to ca. 48°. ‘

Gic stugdy (column C, 110°). of the material from
both traps showed this was a mixture of the'required

product *(20) and n-amyl vinyl~ether, containing only a

trace of the starting alcohol (18).

-

£ =

A further amount of meréur}c acetate was added to
the reaction flask and heating was continued until no

more unreacted alcohol 18 remained (12.5 hours). As the

volume of reactants in’ the flask decreased the temperature
i . ‘ K

was raised to 80° (40.mm). The material from the two

" traps was combined and distilled jsbinning band column) to
give a mixture of n—aﬁyl vinyl ether and vinyl ether 20
distilling up to 118° %5;0? g); estimated yieid of 20 by
glc was ca. 2.10 g (ca. 45%); Careful redistillation

" (spinning band column)’gave >97% pure 20, which was used
)

for the,preparati@n of 21. An analytical'sample was

. _collected by glc (column C, 110°), bp 88-89°: ir (cc14j

1680, 1622 and 1200 cm_l; pmr (CC14) § 6.65 (4, 1, J=8.0

Hz, (CF,),C=CH-}, ca. 6.2 (m, 1), 5.00 (m, 1), 4.20 (m, 2)

st et ’ ~and l.él:jd,;gLﬂg=7.0 Hz); mass spectrum (70 ev) m[e"(rél'

. intensity) 234 (15), 191 (3), 171 -(23), 151 (12), 145 (50), .

» \

121 (12), 101 (10), 75 (12), 69 (18), 44 (100) and 43 (37).
. R N TR

» v

]li “Anal. Calcd for C&HéFGO: C, 41.03; H, 3.41: F. .

S 48.72. Found: C, 41.29; H, 3.28; F, 48.88.

~
£Y

Attempts to prepare the vinyl ether 20 at higher

L -
p——
*



} |

temperatures without applying reduced pressure gave

unsatisfactory results. Por example, allylic alcohol 18
(1.04 g), n-amyl vinyl ether (19) (1.44 g) and mercurig
acetate (60 mg) were heated at 120° for 11 hours. The

reaction mixture was then allowed tb.cool to room temper-

: » -
ature and excess anhydrous potassium carbonate was added.

Glc (column C, 110°) on the mixture showed three peaks, »

L

(other than unreacted alcohol 18) in the ratio bf 1.00:
1.12:1.87 in the order of incréasing retengion time. ipe
major component had identical pmr, ir and mass spectra fo
an authentic Qample of acgtoaldehyde di-n-amyl acetal.

~

The first two peaks werk separated by preparative glc and
N

assigned as the diaste;eomeric mixed;acetalg, n-amyl-2-[4,
4-di(trifluorom%thyi)»but—é—enyl]—acetals ofmacetoaldéﬁ§de
(40, first peak, and441, second peék). Acetal 40 had: ir
(£ilm) 1675 gna 1165‘cm_l; pmr (CCl,) 6 6.58 (broad a, 1,
J=9.0 Hz), ca. 4.8 (m, 1), 4.57 (g, 1, J=6.0\Hz), 1.6~p.8
(m, 9), 1.30 (4, 3, J=7.0 Hz) and 1.25 (d, 3, J=6.0" Hz);
mass spgcg;um (iO eV) m/e (rel intensity) 307 (9), 2?5

(100), 191 (12), 171 (51), 151 (11), 145 (40), 121 (11)

L4

hd Ll

and 115 (44). "

Acetal 41 had: ir (£ilm) 1675 and 1165 cm *; pmr
(cCl,) & 6.75 (broad-d, 1, J—8.5 Hz), ca. 4.6 (m, 2), ca:
3.4 (m, -2)~ 1.6-0.8 (m, 9), 1.29 (4, 3, 3=7.0 Hz) and

. ’ :
1.25 (4, 3, J=5.0 Hz); mass spectrum (70 eV) m/e (rel

“intensity) 307 (8), 2}5'(100}, 191 (14), 171 (59), 151 k2 \

-
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(10), 145 (45)°, 121 (13) and 115 (47).

3,3-Di (trifluoromethyl)hex-4-en-l-al (21) )

-

-

vinyl ether 20 (9.70 g) was heated in a sealed tube
under nitrogen at beP for 2.5 hours. .Glc (column C, 135°) .

of the reaction showed essentially gquantiative conversion

“‘\ﬁg the aldehyde 21. Distillation of. the material under

nitrogen gave 21 (6.62 g 66%) of bp 146-148°: ir (CC14) k

-

2860, 2760, 1730- 1700 and £\!o cm™ Y; pmr (cCl,) & 9.62

(m, 1, -Qﬂo), ca. 6.0 (m, 1{, 5.58 (4, 1, 3=16.0 Hz, -CH=
CHMe), 2.85 (4, i, J=3.0 Hz, -CH,
and 1.5 Hz, —CH=CH§§)L mass spectrum (70 eV) m/é‘irel

CHO), 1.87 (dd, 3, J=6.0

1nten31ty) 235 (6), 234 (6), 219 (8), 192 {16), 191 (7),'
171 (18), 167 (26), 164 (50), 145 (95), 121 (4N, 95,(66),

77 (57) and 69 (100) .

' " Anal. Calcd *for CgHgFO: C, 41.03; H, 3.41; F,

48.72. Found: C, 41.19; H, 3.46; F, 48.85. ' 7/

- . N . L)

: - If oxygen was not excluded,frbm the reaction system,
» severak products were obtained, theghajor one being the
. : ‘
allylic alcohol 18. The datter was pjesumably formed bfk'

ac1d catalysed fragmentation of the v nyl'sther 20 (#).

- .

3,3-Di(trifluoromethyl)hexj4—en-l—al Dimethyl Acetal’(gg)

The following method is based on a reported

#Control experiments showed that even under acid free
-conditions the alcohol 18 was “formed... Possibly acid may
have been. generated by the afr oxldatldn ef the v1nyl
ether 20. | '
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procedure for preparing diethyl acetals (51). 3,3-Di
N T -«
(trifluoromethyl)hex~-4-en-1-al (21) (6.09 g), trimethyl-

? ~
orthoformate (4.8 g) and a catalytic amount of

p-toluenesulfornic acid (15 mg) in dry methanol (15 ml)

were allowed to stand for 4 days (room temperature), by . .
which time glc (column C, 135°) -indicated ca. 95% reactign.
The acetal was isolgted with ether, and dried (CaCi2$.
pistillation (vigreux column) gave tbe dimethyl acetalﬂggl
bp 80-82° (ca. 30 mm), contaminat‘Q with a trace of
nmethahél. Pure material (column C, 135°) had: ir (cc1,)
1670 and 1230 cm *; pmr (CCl,) & ca. 6.0 (m, 1, -CH=CHMe),
5.47 (dd4, 1, J=16.0 and 1.5 Hz, -CH=CHMe), 4.49 (t, 1,

J=4.5 Hz, -CH(OMe),), 3.25 (s, 6, -OMe), 2.19 (4, 2, J=4.5
Hz, -CH,CH(OMe),), 1.86 (dd, 3, J=6.0 and 1.5 Hz, -CH=CHMe);:
"mass spectr;m (30 eV) m/e (rel intensity) 279 23), 249
(100), 179 (16), 145 kl4), 115 }14), 8? (15), 83 (25)

and 75 (83).

Anal. Calcd for C O,: C, 42.86; H, 5.00; F,

10%14%6
40.71. Found: C, 43.27; H, 5.23; F, 40744,

_4z-Hydroxy-3,3-di ttrifluoromethyl)butyraldehyde Dimethyl

* Acetal (23), -

P

-

. 3,3-Di(trifLﬁromethYl)hex—47gn:lgal dimethyl acetal
(22) (0.771 g) in dry methanol (25 ml) was subjected to
ozonolysis at'528¢ﬂfo; 8 hours. - This time was necessary .

P

to coﬁp}ete the xeaction, althfugh within 3.5 hours a




*

permanent blue color appeared. Sodium borohydride (0l700
g) was added in portions to the cold solution, which was
then allowed to warm to room temperature sléwly Isolatlon

and distillation (70-75°/8 mm) gave the hydroxy d1methy1

acetal 23 (0.695 g, 93%), >95% pure by glc (column B, 130°)
ir {CCl,) 3400 and 1240 cm *; pmr (CDCl,)*6 4.68 (t, 1,
J=5.0 Hz, -Cg(OMe)z), 3.95 (broad s, 2, —Cﬂon), 3.39 (s,

6), 2.82 (broad s, 1, ~-QH) and 2.20 (4, 2, J=5.0 Hz, —CEZCH

(OMe) ); mass spectrum (70 eV) m/e (rel intensity) 239 (4,

221 (7), 207 {52), 189 (17), 139 (45), 75 (100) and 69 (69).
L el
Anal. Calcd for C8H12F602 C, 35.56; H, 4.44.
Found: C, 35.61, H, 4.14.

[ 4

2-Methoxy- and 2-Hydroxy-4,4-diftriflﬁSfBﬁethyl)tetrahydro~

furan (24 °and 25)
I
=

4;Hydroxy—3f3—di(trifluoromethyl)-butyraldehyde
dimethyl acetal (23) (0.400 g) in 5%'aqueoqs sulfuric
acid (25 ml) was heated in a sealed tube at 110-115°
for 34 houre. The reactien was ellowed £o cool to

room temperature, neutralized (Na CQ3) and extracted

2
(ether). The extract was dried (MgSOZ) and the solvent
removed (vigreux column) Bulb to bulb distillation (60~

70°/10 mm) of the re51dual 011 gave the hydrd&ytetrahydro-

furan 25 (0 309 g, 93%), which showed a single peak on glc

l; pmr (CDC14)

(colwmn B 120°): ir (CC14) 3440 and ‘1240 cm
§ 5.62 (m, 1, -OCHOH),.4.23 (broad s, 2, -CH,0-), 3.27

(broad, 1, -OH) and 2.40 (m,. 2, ¥C§2CH0H); mass spectrum

-




3

' (100), 189 (21), 177 (15) and. 139 (13).

-
~ .

(70 eV) m/e (rel intensity) 223 (8), 207 (100), 177 (8),

157 (23), 155 (17) and 145 (20).

.

6lgF 602"

50.89. Found: C, 31.86; H, 2.49; F,.50.63.

_ Anal. Calcd for C C, 32.14; 'H, 2.68; F,

In order to complgyé/the realtion, heating at least
34 hours was_reéuired. If heating was curtailed to a few
hours, methoxytetrahydrofufan gg‘was isolated‘gs,thq\
préabmigigi_gfgéggglﬁVThe\product 24 was collected by glc:
ir (CCl,) 1300 and 1240 em™L; pmr (CCl,) & 5.09 (m, 1,
-OCHOMe) , 4.15 (d,,1, J=10.0 Hz, -quo—f, 4.05 (44, 1,
J=10.0 and 1.5 Hz, -CH,0-), 3.30 (s, 3) and ca. 2.35 :(m,

2); mass spectrum (70 eV) m/e (r&l intensity) 237 (8), 207

3,3-bi(tfifluoromethyl)—z,3~dihydiofuran (6) .

 J
Hydroxytetrahydrofuran 25 (0.148 g) was placed in

a distillation apparatus and heated under nitrogen at 120-
125° for 8 hours in the presence of a catalytic amount of
concentfated sulfuric acid, while the distillate was
collected in a receiyer cooled in dry ice. At a later

stage it was necessary to raise the temperature gradually

to 200° in order to complete the reaction. The distillate
appeared as twoulayers; The bottom organic'layer was
separated (0.107 gr, 72%) from the aqueous layer. Its pmr

v 2
spectruih showed the presence o# the dihydrofuran 6 as an -
- 7 »

only detextable product} An analytical sample (glc; column

=

+

-




* C, 55°, and distillation) had: ir (CC14) 1623 and 1240

¢
® —

. cm™d; pmr 66.61 (4, 1, J-3.0 Hz, -CH=CHO), 4.96 (d7 1,
J=3£Q‘Hz[ -CH=CHO-), 4.52 (s, 2, —cgzo-); mass séebtrum

| " (50 eV) /e (rel intensity) 206 (45), 139 (22), 137 (100),

117 (12), 89 (28) and 69 (22); cmr (CDC1ly) 6 153.57 (~Cl=

CHO-), 93.25 (~CH=CHO-) and 70.24 (-CH,0-).
A ~ Anal. Calcd for CegHy FO: C, 34.95; H, 1.94. Found:
C, 34.95; H, 2.02:

With larger amounts of conc. sulfuric acid or at

higher initial temperatures, the yield of 6 decreased,
4 ' !
with the formation of tars. Activated sodium bisulphate ,

could also catalyse the dehydration under comparable

conditions. . -

Attempts to, convert methoxytetrahydrofuran 24 to
6 by elimination of methanol with acids '(conc. sulfurijc
acid, p-tolulenesulfonic acid and 85% o-phosphoric acid)

or sodium bisulphate, failed.

A

1
H

Irr%9&ation of 2-Acetoxycyclopentenone (% and 3,3-pi

,

(tfifluoromethyl)~2,3-dihydrofuran (6)

-
o

2-Acetoxycyclopentenone (7) and the-dihydrofuran 6

-

were irradiated in n—hexahgy\cy ohexane, ether and .
acetonitrile as solvents, or in t absence of additional
solvent. A typical experime opsisted of the enone

P -
(4 mg) and the olefin (140 mg) in the presence of ‘solvent

(1L ml)w 1In all cases, no adducts were detected by either




tlc or glc‘(Hifi'ﬁerographtequibped wifﬁ“hydrégen flame
. detector, column B égd_D, 200°) other than a dimer of the
enone. This waé identified as adduct 3} by mmp and ir.
This compound was also formed whén ﬂﬁé enone (4 mg) ig

acetohitrile (1 mli-Was irradiatea in the absence of the

gihydrofﬁran.
\ When a mixture (1 ml) of methanol and water (9:1)
-/) ‘ was used as soiveng (enone, 3 mg, and olefin, 75 mg), .two ¢

-

néﬁ peaks appeared on glc (column D, 200°). But the same

peaks were observed when the enone was irradiated in the

"

ixed .solvent in the absence of the dihydrofuran. The

A3

.2-Acetoxycyclopentenone (1.00 g) and 2,3-dihydrofuran
7 (5 ml) were irradiated in a mixed solvent of ether (15 ml) .
and cyclohexaqﬁL(SO ml) for 16 hours, until the;enone
disappea;ed completely“(ir). The solvent was evaporated
ana glc of the residual o0il showed two peaks (coluymn B,
200°) with latio‘35;65 (the minor comﬁonent'with the

o .~ shorter retention time). .The corresponding compoumnds were

- . -

- N *
isolated as white crystals by preparative tlic (petrol

ether, bp 60-80°, : ether,” 3f1); the minor compound 26

3 , : ' -
with larger Rf value, mp §40—6Q50, a?ﬂ’ e major compound

27, mp .79.5-80.0°. BOth compoﬁnds were rectystallized

-




from petrol ether (60-80°), Compound 26 had: ir (CHCl,) v
1732 em 3, pmr (CDCl,) 6 4.63 (dd, 1, J=6.7 and 7.2 Hz), . 7
3.98 (dt, 1, J=9.3,.9.3\and 5.9 Hz), 3.76 (dt, 1, J=9.3,

9.3 and 7.% Hz), 3.26 (m, 1), 2.83 (m, 1) and 2.05 (s, 3).

§ 4.63 proton coupled with 3.26 and 2.83 protons with J=
. 7.2 and 6.5 Hz, respectively‘(double irfédiation);mass

spectrum (70 eV) m/e 168, 151, 150, 141; 122, 99, 70, 69, -

55, 43, 42 and 41. . A

Apgl. Calcd fgr C11H14O4: c, 62.84;.H1 6.71. Found;

C, 63.22; H, 6.82.

Compound 27 had: Jir (CHC1,) l;gé and 1745 (sh) cm—l;
pmr (CHC1®) 6 4.26 (dd, 1, J=5:4 and 1.6 Hz),\4;15‘(ddd,-
1, J=9.0, 7.6 and 1.4 Hz), 3.78 (ddd, 1, J=10.8, 9.0 and
‘5.5 Hz), 2.94 (broad dd, 1, J=9.0 and 5.4 Hz, 81/2=3.%5 Hz)
and 2.07 (s, 3).. & 4.26 éroton coupled with 2.94 proton

with J=5.4 Hz (double irradiation); mass spectrum (70 eV)

m/e’” (rel intensity) 168 Y21), 151 (67), 150 (25), 141 {(15),

L4

122 (77), 99 (35), 70 (100), 69 (27), 55 (27).43 (70), .

42 (47) and 41 (27). : .

Anal. Calcd for C11H140,4° Co 62.84; H, 6.7k. Found:

C, 63.00; H, 6.75.

- 8
The effect of dihydrofuran 6 on the photocycloaddi-

tion of 2-acetoxycyclopentenone (i) and 2,3-dihydrofuran
(8) was investigated in acetonitrglé. Three samples, A-C,
each of which consisted of 7 (3.51 mg) and 8 (46.50 mg) in

acetonitrile (2.3 ml), were irradiated in the presence'of

L]
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e
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6 (128" mg in sample A and 64'mg in sample B) or in the

absence of 6 (sample C). The. irradiations were perfo%med

in a merry-go~round apparatus (A=366 nm) for 34 hours.
Photoadducts 26 and 27 were formed inAQ;l cases and the

% conversion was ca}culated by glc (Hifi aerograph with .

- hydrogen flame detector, Eolump D, 200°) using benzophenone

as the Galibration material. The % conversions were 1.1,

"l.3 and 1.5% for samples A, B and C, respectively. -

Irradiation @f 2-Acetoxycyclopentenone and 3,3-Bimethyl-2,

3-dihydrofuran (9)°

El

2-Acetoxycyclopentenone (256 mg) and 3,3-dimethyl-2,

3-dihydrofuran (1.305 g) were irradiated for 6 days, by
which time the bulk of the enone had been consuﬁed (glc:
column E,~220°). A small quantity of colorless cryséals
were observed on'the wall of the irradiatioﬁ‘tube. The
crystals, compound il (4 mg), were collected. The

filtrate showed two product peaks on glc (coiumn B, 226°;
uqder these éonditions a peak ;orresponding to 31 was not
observed). Tlc (petrol ether, 30-60°, and ether, 1:1) ;

showed two spots other than compound 31 and unreacted enone.

The two fractions were isolgted by preparative glc (column

]

B, 220°); compound 32 (shorter retention time) as colorless .

crystals (122 mg), and crude compound 33 as a colorless

ligquid (92 mg). The latter was contaminated with a trace
/.
of 32 (by tlc), and subjected to preparative tlc (petrol

o’




ether, 60-80°, and ether; 1:1) to give compound 23." .

- x

Compound 31 was récrysféiiizeqﬂigg%c12/etﬁer, 1:1),
mp 224.0-225.5° (with subiimatidﬂf: ir (CHC13) 12?0~and
1220 cm_l; mass-spectrum (50 eV) m/e' (gel intenéity) _
280 (9), 238 (x2), 210 (5), 196 (2351'195 (24), 179 ('23),'~
167 (12), 150 (lOO),(l4O (13), ;22 (71), 108 (51) and 99
(16) .

’ ‘ .
Anal. Calqd fpr C14H1606‘ C, 67ﬂ32’ H, 8.22;
. »n

Found: C, 66.88; H, 8.33. ' ) L -

,

,‘) ”1’

. -

4

, Compound 32, on recrystallization (petrol ether, .
60-80°), had mp 87.5-88.0°:, ir (CHC13) 1740 (broad), 1372
and 1245 (broad) cm™'; pmr (Ccpcl,) 6 4.22 (dd, 1, J=5.0

and 1.5 Hz), 3.78 (4, 1, J=8.8 Hz), 3.62 (4, 1, J=8.8 Hz),

ca. 2.7 (m, 1), ®.36 (broad 4, 1, J=5 Hz), 2.06 (s, 3),
1.33 (s, 3) and 0.98 (s, 3). & 4.22 proton coupled with

2.7 and 2.36 protons with J=1.5-and 5.0 Hz, respectively

-

(double irradiation); mass spectrum (70 eV) m/e (rel

intensity) 196 (2), 195 (5), 179 (72), 178 (32), 163 (44),

150 (27), 135 (17); 98 (49), 83 (100), 55 (31) and>43 (62) .-
/ .

e

Anal. Calcd for C13H1804: C, 65.53; H, 7.61. Found:

”

C, 65.44; H, 7.80.

<
}

An analytical sample of compound 33 was obtained

(glc: column A, 195° and distillation ca. 95°/2 mm,
. - .. .
successively). The cblorless liqujd had: ' ir (CHC1,)

1735 (broad), 1380, 1245 and 1210 cm ' ; pmr (CDC1;) & 4.44

L I

-



- 2 * ) , R
§ .{d, ¥, J=5.0 Hz), 3.72 (4, 1, *=8.5Hz), 3.62-(d4, 1, J=
. .

8.5 Hz), ca. 2.7 (m, 1), 2.09 (s, 3), 2.08 (broad t, 1, -

J=5 Hz), 1.10 (s, 3) and 1.03 (s, 3). 6 4.44 proton,
coupled w1th 2. 08 proton (double 1rrad1atlon)

’
N \ ‘ :

3

. ~ Anal. Calcd for C13H1804 C, 65.53; H, 7.61. Eonnd:
C, 65.47; H, 7.52. .
Solvent Effects on Product Ratio >

s .
. . N ~ a
A 1

E e solvent e¢ffects on thephotocycioaddi;ions of
. v & . T,
2-dcetoxycyclopentenone with dihydrofurans gﬁand 9 were "

S investigated in Ehree~solyents, ispoctane, ether and
* : fo . . ‘ ’ R ' !
. acetonitrile. For each solvent and olefin pair, three
samples were made with different "“eoncentrations of enone

and olefln ([olefln] < 0. 9 M ll&l), while the moiaf ratio,

df enone to olefln was kept canstant (1: 20) The ifradia+

- ,—/"’

~

tlons were conducted in a merry go- round apparatus w1th

P
4

. xﬁhx 366 nm light (<30% conver51on) Conirolled «

experlments showed product ratlobwas constant at least up

e - : '(”& L&
. . to 309q%onver510n -~ g ) . Qﬁ@ -

. . ’ X . ’ ‘ - . .
Cael L when the irraddiation was over,-the solvent was

.
.

evaporated at’;oom temperqture with a nitrogen strﬁim and
a known amount of’ callbratlon compound was added; benzo-¢

. . phenone and 2- acylnaphthalene were gfed %i the calibration

-

L

vmatbrlal for the reactgon with § and 9, respectively.

- . .

'  Product ratio as wgll as percentage conversion were

. . \ . - o . .
measured on- Hifi aerograph (model 600-C) equipped with

e




. o ’ &
hydrogen flame detector. Columns B (200°) and D (200°)
were used for the reactions with 8 and 9, respectively.

For éach‘sample, three glc runs were made and the averaged

i i » ) - ¢ - +
ratio was calibrated and percentage conversion was deter-

mined. Produet ratio in each solvent was obtained by .
. /

extrapolating to zero substrate chcentratidnJ and the

-
P

a - values, thus obtained, are listed in Table 3.

-

« Base Catalysed Rearrangements of The Photoadducts 26, gz,

‘ 32 and 33

Y

- ) > o
A,typical example of .the rearrangemen£ is as follows:

ca. 50 mg of a photoadduct was absorbed on badlc alumina
. ' .

'{(5 g) packed in a column and left for ca. 2 hours (liguid

A 4

phase:- ether). Then the product was eluted with ether and

methanol. Upon evaporation of the solvents, crude

rearranged product was obtained.”

-

#).)’\\;; ’ . i) Keto-alcohol 28 o

Crude 28 (30 mg) was obgained ds a liquid'ffom

photoadduct géa(SO mg) . Upoh exposure-to moist ait, this

liguid was transformed into a crystalline hydrate ig, mp

-

. , ,
ca. 110°, which resistedssolution in ether, benzene, or l

: . chlproform, but did dissolve in methangl and acetone. The

s

ketOTélcohol 28, which was soluble in any of the solvents,

»

L - was regenerated from:.the hydrate by simply evéporating

methanol from-a méthanol’' solution of the.lattem. 4 It was
! 3 . r . .




_ purified by glc (column A, 195°) and subsequent- bulb to

(25), 69 (92),°55 (55), 43 (59), 42 (36) ‘and 41 (49). Jo

971474" -
. : o]
C, 58.32; H, 7.76. ' o . -
\\/ ’ o - R
ii) KetOjalCOhOl _2__9_ ) .-

" liquid frém photoadduct 27 (50 mg). The keto-alcohol 29

. \\\- 61
. - f\ . 4
. 4 v

bulb distiilation, and dhtained ;s a’ viscous lf@uid: ir \JéFj
(CHC13).3560; 3430 (broad) and 1785 cm ': pmr (D1 ¢

4.36 (dd, 1, J=9.5 and'4.9 Hz), 4.17 (ddd, 1, J=9.0, 7.4

and 5.8 Hz), 3.90 (dt, 1, 3=9.0, 9.0.and 7.3 Hz), ca. 2.8

(broad s, 1, OH) and ca. 2.5 (m, 1). 6.4.36 proton coﬁpled

with ca. 2.5 protoh with J=9.5 Hz (double irradiation) ;

3

M ) J . . .
mass spectrum,jSQ eV) m/e (rel intensisy)<168 (6), 140

(26), 122 (35), 96 (88),-95 (23), 84 (80), 83 (100), 70

The hydrate gg_wa§ recrystailized from tetrahydro- ,_

furan and pétfol ether: ir (KBr) ?350 (broad) cm;l; mass

spectrum (70 eV) m/e (rel fhéensity) 168 (24), 140 (61),

122 (51), 96 (100), 95 (39), 84 (85), 83 (95), \HJ'(42), '

69 (67), 55 (39) and 41 (38). i _

. ! - -
Anal. Calcd for CgH,,0,: C, 58.05; H, 7.58. Fohna.%

+

-

Cr%de keto-alcohpl 29 (35 mg) was obtained as a
wasvpurified‘ successively, by 'preparative tlc (ether),
glc (cdlumn A, 195°) and bulb to bulb distillation, and
obtained as a colorless liguid. All attempﬁs to mak he
corresponding hydrate weré'unsuccesSful. The compound

had: ir (CHCIB) 3540, 3420 (broad2 and 1782 cmhl;‘pmr

he —_—

. L
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r s

v

¢

(CDC1,) 6 4.23 (dd, 1, J=8.0 and of}ﬁ/ﬁz), 3:85 (dddd, 1,
J=8.7, 7.8, 3.5 ang 0.2 Hz), 3.53 (4t, 1, J=8.7, 8.7 and

6.0 ®z), 2.70 (dddd, 1, J=9.3, 8.0, 6.8 and 0.2 Hz), ca. '
2.7 (broad s, 1, OH) and 2.21 (broad 4, 1, J-4.2 Hz). §
4.23 p;otoﬁ\goupled with} 2.21 proton with J=1.1 Hz
(double irradiétion); mass spectrum (70 eV) m/e (rel
infensity) 168 (5), 140 (4), 96 (14), 84-(M), 83 (14),

74 (100), 69 (12), 59 (74), 45.(59) and 43 (45).

.
-
- .

Anal. Calc%/;or C9H1203 C, 64.27; H, 7.19. Found-:

C, 64.01;: H, 7.26.-

iii) Keto-alcohol éi

13

‘Crude keto-alcohol 34 (43—mgi was obtained from

photgadduct 32 (56 mg). Upon preparative tlc (ether and
r

petrol ether, 2:1), the keto-alcohol 34 gave pale yellow
crystals (%7 mg) , which was recrystaIliQéd from ether and

petrol ether, yielding colorless crystals, mp 76 5-77. 0°~

-1

ir (CHC1 y 3560 and 1777 ‘cm ;. pmr (CDClB) § '4.46 (d,'l,

3
J_8.0 Hz, A}/2=2.5 Hz), 3.42 %4, 1, J=8.5 %z), 3.28 (4,

4

1, J-8.5 Hz), 2.69 (s; 1, OH), 2.29 (4, 1, J=8.0 Hz,

‘ Al/2 2.0Hz), 2.21 (m, 1) and 1.15 (s, 6); mass spectrum

(50 "eV) m/e (rel inténsity) 196 (19), 153 (10), 138 (12),
123 (11y, 112 (16), 98 (44), 97 (60)y, 96 (lOO), 95 (49),

g3 (86) and 70 (16).

-
-

Anal. Calecd for C C, 67.32+ H, 8.22 Found:

N /
1101693
C: 67.49; H, 8.15.

N ‘ . E ’ | | 34’;

-



iv) Keto-alcohol 35

Pale yellow crystals of keto—alcohol 35 were

~

ﬁbygined from photoadduct.33. The crude products were

reérystallized:twice from a mixture of ether and cyclo-

P
hexane, yielding colorless crystals (44 mg), mp 91.5-92.0°:

3

ir (CHCl,) 3560 -and 1780 em™t; pmr (cnc13) § 4.27 (4, 1,

»

J=7.3 Hz, b1/2=1.2 Hz), 3.48 (d, 1, J=9.0 Hz), 3.32 (4,1,
J=9.0 Hz), ca. 3.0 (broad s, 1, OR), 2.29 (d, 1, J_7.3 Hz,

Al/2=2.0 Hz), 206 (broad s, 1), 1. 13-4s, 3) and 1.03 (s,

~

3); mass spectrum (50 eV) m/e (rel 1nten51ty) 196 (29),'

153 (10), 141 (34), 99 (30), 98 «95), 96 (73), 95 (31),

83 (100), 81 (44) and 70 (35). . s

Anal. Calcd for C11H1603: C, 67.32; Hf 8.23)/?§pq<d:

C, 66.88; H, 8.33. ~ | .

Eu(fod)3 Effects

The effect ofs/the europium shift reagedt was,

A

1nvestlgate5 on adducts 32 and 33, arld keto-alcohols 27,

34 and, 35 All measurements were made-in CDCI3 at 30°,
2% c -=r . - v

*ﬁ51ng Varian HA-100 1ﬁstrhment. Each sample consisted of

»

4

substrate (ca\\QO mg) in CDCl3 {ca. 0.25 ml), anad at 1east

three measurements were taken at three different concen-

-

trations of the reagent (typically, 4, 10 and 18 mg).. In

all -cases, linear relationship between Appm of protons and

+

concentration of Eu(fod) ; was observed.
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PART TWO
\

ATTEMPTED SYNTHESES OF
BIRADICAL PRECURSORS IN

)

ENONE- PHOTOCYCLOADDITION .

INTRODUCTION -

THE GEOMETRY AND ELECTRONIC NATURE OF ENONE TRIPLETS

It appears well-eétablishg% that the reactive
species in the photocycloaddition of cyclic enones and
simple substifﬁted enones ake triplegs having energies ‘ -
" #in th? jO-kcal/mole’regioﬁ (1, 2, 3) (#). The two lowest

' spectroscopic states in the enone triplet manifold are
>,
the nn* and nn*. Recent calculations (6; 7, 8) have shown

the variation in energy of these states with molecular

distortion. It has been shown that the vertically

v

generated planar nn* and mn* triplet states(Frank-Condon
L3 .

states)undergo different relaxation processes.. The n7n* state
felaxes primarily by bond-stretching, remainipg planar,
while the 7wm* state relaxes largely by rotation around

th? CZ—C

3 bond ;nd.out<of-plane deformation of H-C2 bond

»

#However, certain cycl!c enones conjugated with a further
double bond (4) or with a phenyl group (5) are reported
to undergo the photocycloadditions via a singlet excited

‘* state. . .

4

.




-

in addition to bond stretching. Since this.geamet}ical
change provides a large amount of stabilization energy,

the wn* state, although energetically higher than the nm*

state in a'plénaf geomgtry, becomes the lowest triplet-
. .

upon full reglaxation. Then, by.a process f%sembling the

decay of olefin triplets, a rapid crossing to the ground

state hypersurfadce may occur. The triplet may then
pfdvide a rapid decay route to the ground state.

Consequently,'simple alicyclic enones and }arge—memberea
cyclic enones (> 7) which are flexible enéugh to undergo
the rotation around C,-C3 bond have the mn* triplet state )
belSQ the nn* triplet state. If the ring size is sméll

enough to restrict.complete relaxation‘by rotation yet
still permit the crossing of the.nm* and mn* surfaces the
excited species may have a long enough lifé time to

undergo- processes such as cycloaddition. Such appears to

be the case  for cyclepentenones and cyclohexenones.

Although the extent of the distortion in these cyclic

enones is not known, it-is very likely that the nv* and

Tm* states are energetically very close to each other.
This is supported by the recent emission studies on

‘*geometrically rigid cyElopentenones {(9). .,

- L g

An understanding of the difference in the'reactivity

-

of these triplet excited states is, as we shall discuss
N {

. -’
shortly, important in térms of the orientation and stereo-

’ : b
- chemi®try in photot¢ycloaddition. A rough estimation of

)

5 o )
.
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their reactivity on the basis of recent calculations (7,

8) seems possible
' ' b}
N. C. Baird showed, in his calculations (7), that

spin distribution in the relaxed n7n* triplet state-was
rather similar to that of an,anion radical ofJan a, B
unsaturated ketone (10). Therefore, the‘nﬁ* g%iplet

staLe Bay bé considered as consisting of two independent
reactive species:’ an oxygen radical (in—plane; anq an
anion .radical of an o, B-unsaturatedketone(outlof—plane)f
(Figu;e l),. Consegquently, this state may show two
completely different reactivitieé corresponding to these
hypothetical species. The oxygén radieal type behaviour .-
of the triplet requires am in-plane approach of arreacting
partner to the oxygen. An' example is the reported oxetane
formation between 4,4—dimethylcyclohexenone and te@ra-
methylethylene (11). The reactions of the anion rédical

- of an‘u, B-unsaturated ketone with olefinic compounds are

R 4

not well-understood at.the *present time. Since the spin

4 <

density is known to be/highest at C3 of the anion ;adicai

(160), it seems likely that C,; of the excited enone is the

reactive center toward olefins, provided that this typé

‘"of anion radical does indeed ungergo typical radical
reactions, e.g., in pa;ticular, addition to 5§éfinic bonds.
Furthermoré, according to. his calculatiqns, C3 of the

triplet enone bears a negative net charge, a fact which is’

in agreement with Devaquet's calculations (8). Considering

»

-

L
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9 ~ : » " 3
these facts, "it seems’ likely that, if tmiﬂpv* state

o v

. - . .
s -participates in”enone cylegggiE}ons, the reactive site’

_shou&d be C "This center may well behave like a nucreo—

3"
-philic,radical. The reactlons must under these conditions « -
» .\‘ * 2
e take placé in an out-of-plane manner. ? f
1. ¢ " M . ' _
« Similariyy‘¢he fully relaxed nn* state-can be
' - . - ¢
considered as éonsisting of two‘reaétive épecies: a .

\
.

carbon radical at C, and an oxa—allyl radical with the

3 .
hlghest spin density at C2 Accd}dlng to Balrd s calcula—

tlons (7}r these tw0\react1ve centers bave very §1m11ar
L T o
energles #%, butéthey differ in electron densities: Cz‘

is cLearly:eLectron—deficieﬁﬁy while C3 is‘electronically
h g neutral QTEact which'is ba51cally 1n agreement w1th

.

, . Devaquet's results (8). Therefore, lf an.enone mwu* state
- Pk
part1c1pates in cycloaddltlon, both c, and C3 cptld be .

.

/
'1ma91ned as belng the relevant reactlve spec1es w1th C2

be&ng more electro Hl ie. e olefln-attac on C, is in
P 2

-0 —pla@e mode whlle the attack to Cj may vary.’

1n—plane to near outtof-plahe dependlng upon

4 /__
' . the: degree of rotation ,around CZ_C3 bond.-
/- i v . - .

from'ne

Xl

.
hd -
. .

- ’_ . . * ' F’ a ]
A% '~. . . ) . . ?‘ . . “r‘ v .
~ .. | THE SMBREOCHEMISTRY OF PRODUCTY oo

.o
- B N ' . o
-~
L4 . . " - o
M B

. ' - It seemg'tbat both cyblopen_, Qnes'and éyclohexenones-,

r - . . :‘ .

- T WL e,

] #Accordlng to the calculatlons (7),5the fully twisted wm¥* .
' ‘.« triplet gtate df . acrolein has two ‘néarly -degenerated -
’ HOMO's: the NBMO of the "C.-radicalX™ is slightly abov%

_« the HOMO of the. "oxa—Fllyl radical". °




react rather similarly in terms of regiospecificity as,

showntin, reaations 1 and 2° (12). - . b
o v : . )

~

-

.0
| )

Y

:

HT-trans '/
70 &

+

©

However ; there is frequently a distinct difference in the

stereochemistry of -fhe products; that is, the stereo-
B .‘ K]
chemistrylof theig.riqg juﬁations; cyclopentenones’ are:

known to. yield only cis~fused products, while cyciohexe—
_ A - 2! it
- . . LIRS ‘3

nones. are known to yield cis- as well as trans-fused

»

sproducts (12 13,7 14). \Tﬁe extent of formation of the "

N ’ B - 3 ) = : 3 » .

‘trans-proguct varies, depending on the nature of the
‘ ) i R
_reacting pairs, from nil (reglidén 3) (15) td 100% "
(reaction 4) (11), ‘ o ‘ t \
L}
' s .
. »
' M + N

- " , ¢ &




s
. . \

It is well known that these trans products readily
eplmerlze to the corresponding cis- products ﬂhder ﬁlldly
pasic conditionsn(e.g., alumina) or under ' usual glc

conditions. 'This is simply & ‘consequence ofJFhé addigional

\ . Ve

strain intgoduced by-the f£¥ans ring juncture (12, 16).

Several mechanistic possibilities to ratiohalize'

, 3

the formation of these strained species have been discussed
in{the literature. ’ These are: 9 stepw1se reactloms via (“
5

triplet 1,4-biradicals (14, 17, 18), concerted ‘photo-
rer 2 _ ’ S .
.chemical [2m+2n] reactions between dLstorted enone’ triplets . “

and olefins (8, 19); and concerted ‘thermal [2m+27%] reactions
between trans—cycioheXenoneS'and olefins) (1%, i6). These -
possibilities..are shown in Illustration i, ta¥ing reaction

; N , | '

_ 4 as an example. . LT

- ’ o - .. . " .
.Although the concerted re#ctions are interesting.
" / <

ol ' !

-
-

LA "
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possibilities (#), it seems reasonable to assum

basis &f the presently known facts (12, 14, 21, 2
\ ’ . . r B .
that triplet 1,4-biradicals are intermediates in e

cyckoaddditions. Therefore, any satisfactory explanation\

’ -/

f for the -formation of the trans—prodggts should be based

6n the view that these 1,4-biradicals or some closely

* . ¢ -
retated spedies are the imhediate precursors.

Assuming the interhediacy of triplet 1,4-biradicals,
» v

A ]

there are two different approaches to the problem (14).
One apprcach (14, 17) assumes a véry short "life time for
the ‘triplet biradicals so tiwt they could lead to tragis-

product formation beﬁore relaxation-at C Rapid closure

2
after relaxation -at CZ‘WBuld give éis—products (see

H ! . -» b
Illustration 2). Alternatively, the ot{er approach

_proposed by Béuslaugh assumes a relatively long life #ime

for the biradicals s . that cqonformational equilibrium can

be establishéd. Then, certain conformers would prefenﬁy‘

‘entiaL}y.lead to trans-products, while others QOUld".'

L 3

R , - ' '/
give cis=products (see Illustrqtg;n 3). The result would
'dggigg/dh Fgg'populatioﬁs of the corresbondipg confdrmers

and the magnitude of the steric'interactions'%noouﬁtexea-"

.

during these ring closures (18).

‘ - ' L . - _ ' ‘ “1'\
'The former %;2}y§is regulres preferential retention s
I . * ‘ a N n ’
[ 4 . .

i,

L D T : T
#The thermal [2m+2n] reactjon is least likely in‘view of «
. the known hehavior of sf&éined trans-cycloalkenes (20).
Since the latter react in an angﬁrafacia} manner, tHe
adducts should be qis—qugd. :

"




.0of olefin stereochemistry in the products 414) since, the
. » '

.
R 4 N >

ring closure is assumed to be very rapi at least as

S 1 B d e % [}

; rapid as a small geometric‘relaxation (at C ) . However,

/ .
studies on the detailed stereochemistry of the g‘roductsv
such as in the CYClOaddlthnS between cyclohexenéne anq

01s- ‘and trans -2-butene ° (12) and betwﬂén'cyclopentenpne
. A ‘ - v
8 : .

\[. - .
. L
Ad ' . - . . .




“w

!
9 -
y o
L3 ° . * . Y X ¢ - L] ~
/7 __— and .cis-and trans-1,2-dichloroethylene (22, 23)., do not
‘agree with this éxpectat\:%n.‘.Furthermo're, although rapid
. ring closures which would:lead to more ..tr_ans—'produc’qﬁ
K would be expscted for smalleqlefins with'little steric
- s N . L S . .
» ~ - » ) ) \‘ ‘ o ,
‘ : se ‘ ‘ & ’
. 3
\




-

hindrance rather than bulky olefins (#)9% the limited

cbgerved results (reactions 3 ‘and 4, also see reactions -,

>

a . ' . -
. 2 and 9) are not in ag!‘bment with expectation. Further-
more, according ‘to this approach, the C2—radical orbital

e . ‘must be in an equatorial position .in the ‘deformed mwn*
L v :

trié&gt erione (see Illustration 2). This is highly

L |
-

Gnfikely becauge in this orientation the pyramidal <Cy-
orbital can not effectix@ly.cbnjugate with tnﬁuﬁdja@thfi““”ﬁu

C -(ketone) grbltal It s¢ems stsibe, thére?ore, that’

.this apprqgch is not ;he most appropriate tp ratlonallze’)

the problem of Erans product formation.
—— - i ’ .
On the other hand, Bauslaugh's analysis is-in .

L

. ' ¢ ’ .
agreement with‘téjzmixed stereochemical rei-lts concerning

olefln sggreochem try 1n.quducts (18) . "However,

examination of models reveals that his conformational

- analyses and consequent arguments coﬁcerning'whxﬁ%rans—‘
) ' - . ) 3 o *
produ®ts should be formed from certain conformews, are

not, as pointed out.byhde Mayo (14), .as persuésive as
* R N ?

would be desired. Furthermore, it is not_d&f%r why -
birgdiCals of a certain configuritidn, such as 1 (Figure

L)

2) prdduced in the reaction between 4,4;aimethylcyclg—

- 'hexenone and tetramethylethylehe (reaction 4), should be }
R & ' l‘. ) : ) '
' W s .
#The steric effect on ring-closure. of triplet 1,4-biradi-
~ @cals is presently unknown:.® The 6nly available data
, ‘relevant gg*the-sterig effect i—sé however, the

‘steric ef ctsqon'the rate const of free radic
coupling actions. The rate constants .for methyl,
. ~ h-propyl, cyclohexyl and t-butyl radlcals are 8.9, 3.4,
. 2.7 and 2.I X 109, respectively, §24).

1 . . -




formed preferentialily over alternatiées;zsﬁch as 2 "(18).
This ,suggests: that, although his basic direction of

: . ' 7
approach’ to the problem might’be reasonable, additional

and more detailed consideratflions are @pparentl& needed.

For this purbose, the available literature was reviewed.

. . , -
-Eaton first stated.that glefins'conjugated with,

electron-withdrawing groups did not appear to yiqlde-trans=

EN

f¥§ed.prodﬁcts (13{} - This observéfion wa;'éased on the
fact that’cyclohexenone, when réac;ing with electrpn-poorA
olefins (actylonit;ilei(lZ)'or cyclohexenoﬁe itself (3,
25)), did not give aﬁf‘trang—product (reaction S;and‘6).
Qowever, this appafent §Enerqlity'as siﬁce,pointed out
(14), Q9e§'not hgld in certain Ste;oidal'énane sysﬁéms;‘
equip“i‘on 7"'(26)'a;1qé @7. | o .

: - . -

Another possible generalization which might'be'
| s . v e © : -

' made is that trans—proaudtsxqre only ,[formed,with HE-

s




taazomers (5)

LY
&
W f , -
’ - i ' - .
' + - Other - ( i )
froducts .
L o ® "‘
- o Y
.

Other -
+ %roducts




'

orientation regardless 6f the nature of the olefins ueed.

(This statement will become -the basis of the present ‘

-

analysis -and be substantiated later).

biradieals), lead%ng to HT~or%en S, st have
some special characteristic which opens the possibility

of giving trapsTpf§€3cts, while triplet 1,4-bitadicals

' - »
! (HH-biradicals), leaQ}ng to HH-~-oriented prodyets lack
' ———— )

this feature (see Figure 3 for the specific biradicals),

:

Since the orientation of the adduct is determined by ‘the

first bond formed between enone and olefin, it is .. -
N B R4

important to learn about this first bond formation.step.

)

14

. : w»

FIGURE , 3

. . X
. HT - biradical- HH --biradical
S .o . ’ !& - ©

~

‘THE FIRST. BOND-FORMATION STEP AND THE FORMATION OF
, TRANS-FUSED PRODUCTS ' .

» —

0'.

] o -
The triplet blradlcals may be formed either -
¥ o o/
dlrectly from triplet enones,—erwind;rectly via triplet

L )

. .
Nl e~ R
yor -




exciglexes. This has'béen di§cussed Ey Corey (12), de o

Mayo (14), McCullough (17) and Cantrell (16). 1In either
4 . -

case, it seems reasonable to assume that the electronic

nature of triplet enones (n7* and 7nn*) is important in
&

deciding the first bopd formation. The triplet. enones

are known to react with olefinic bonds at both C, and C,

: _+(12, 23, 28). However, the reactivity of these sités are
. )

expected to be quite different, as discussed previoidsly:

" that' is, there is'electrophilié radical gharacter at C2

, 4 - :
(mn*¥, and neutral (mn*) as well™as nucleophilic (nn*)

P

N radical character at C3. ‘

4 Since the Teactibity of these triplet states toward

*

. olefins seems éo varyi(as I shall discuss shortlz), “«
. ’ & . v
depending on electronic nature of olefins,- it is“convenient
- N L4 ' ,
-~ . - 4
j\( touclassify unsymmetrical.olefins gommonly used in enon®

-

olefins bearing electron-

T

ycloadditions into thfee types:

releasing polar substituents (electron-rich polarized

olefins such as°me£hoxyethylene and 1,1l-dimethoxyethylene) s

A olefins Bearing ‘alkyl groups (non—polarized'olefins suchk

\]

v as isobutylene); olefins conjugated with electron-withdraw-

ing polar substituents (electron—poor-polarized olefins
such: as ‘acrylonitrile and cyclohéxenone). When. an

. ", electron-rich polariéed olefin approaches the epdne .
. . . A . R . ] W {x
. " "%riplet under the control of dipole-8ipole interactions

R L]

a, (3, 14, 29) 4n a HT-manner, the initial kond formation

should most likely take place between”C2 and the uhsubsti-

L




~ é‘ i -
tuted end QP the olefin, . This is mainly due to two

factors: the electronic effect and aipolefdipole inter-,

)

actions, The latter arranges‘thg approaching molecules:

in HT—briented‘manner so that C2 and the_unsubstituted"end

of the olefin are in close vicinity. The former suggests,

¢ - | ' -
as in Corey's oriented complexes (%?), that the partially
. . ' ¢

‘bositive C2 (mm* staté) interacts stgangly with the

partially negative end of thé olefin (7, 8). Furthermore,

* A

the olefin has the highest free valence at that position,

making that position the most reactive toward radical

spécies.g‘ihis bond formétibn at C2 of enone leads to a
'HTforienFed biradical (Figure 3). In fact,‘wheh this type’

. * 6‘ 0 - . .
of olefin is used, only HT-products are.obtained (reactions}

2, 9-13) (12, 16, 30,.31). The probability of producirg :
‘trans-fused products froﬁ:HT-biradicals ls dependent d£1 ‘

the enone and olefin used. With cyclohexenone, the bulkier
Ay \ Al N .

‘olefin (dimethoxyethylene) ténds to g%xe the higher yield

Al

of trans-product than the stericéllyfghaller olefin . :

(methogyethelgne). This tendency 1is held even using non-
‘ * - . P , N
polarized"olefing'Yincluding‘symmetrical olefins): see

reactions 3, 4 and 15. The methyl substituents én C5 do
- ( -

not- appear to affeét the yield. of “trans-product (compare-

reaction 11 with 12). The effect of substituents on C4

.1s mot known since the yield of the tians—product in

©

When Iess‘polarized olefins (npn-polarized olefins)

s - . ‘ -

reaction 10 was ﬁot reported (30). o ’

—

S
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are used, the orientational preference becomes less
- 1

obvious, primarily because of the reduced drpole—dipole

Ne

interaction between triplet enones and the nonvpolar

£y

. oleflns. which type of blsadlcals are formed predomlnantly
is, therefore, malnly dependent on the electronlc nature

of both the enone'¢r1p1et and the olefin. If C, of the

~
A M - ~

enone reacts with the unsubstituted end of the double bond,

a HT—biradical is produced, while if GB reacts at the same

»

position of the olefln, a HH-blradlcal is produced (Figure

3) . Experlmentally, Héth types of products are observed

3 in reactions between simple cyclohexenones and isobutylene

.(including the olefinic products shown in reaction 14 and
-~

15) (12, 16). fhe ratios (HT/HH) are 77:23 for cyclohex-

¥

* enone and 45:55;for 3—methylcycloﬁexenone.” However, the

.reaction between the sterdida1'4-en—3-oqe‘system and

. P ~ v . . ~
\u isobutylene gave only HT-products (reaction 16) (31).

The apparent relative reactivity of the steroidal C4
. . » . . “'E'
position, as compared with C2 qf 3-methylcycl¢hexenoﬁe,

might be attributed to steric factors.f\The planar nm*
triplet state ,probably has rings A and B in half-chair

and chaiﬁ'dbnformatiéns,,respectively (Figure 4). In
ithis conformation, the a-side'of C, is least hindered
"Ysee arrow in Figure 4). The 7n* triplet state, on the
other haqd,<is l;keiy to be twisted about the C4--C5
bond, in order to.minimizelthe‘repulsive overlap between

the C, and Cg orpitels and maximize the overlap between
‘ . i

4
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the C4 and C3 (ketone) orbitals (7, 8). TS achieve this

geometry, the C5 orbital must occupy a quasi—équatorial

position’ with respect to ring A. Therefore, the most -

likely conformation of the mrn* triplet state has rings A
,and. B in half-chair and quasi-~boat fofms, respectively
(Figure 4). In thi; coﬁformation, the o-side of C, is
agéin least hindered. This steric approach control can

explain the apparent high relative reactivity at Cy

(lead?ng to more HT-biradicals than in cyclohexenones),
as well as the observed stereo ﬁemistry of the products'
in reaction 16 (31). It is c’éarly shown in reaction

. . 14 (12) that although both HH- and HT-products are formed
from cyclohexenone and isobutylene, a traﬁs—préduct is

formed only with HT-orientation.
/

When electron-poor polarized,olefins are used in
'y : .t R & L] .o 9 *
AR

LI ]
- “




» oo -7 ¢ “e

N ] . . P . . ) .
enone cycloadditions, the ‘situation is not as clear as
. hd \

, .
that in the other cases. This is because the dipole-

- >

dipole ihteraction effect is acting against the electronic

o effect: the former arranges the molecules in'HTQmanner,
while thé latter favors HH-orientation as shown in Figure
5 iﬁ the case of cycloﬁexenone dimerization (reaction 6)
(3). The dipole—dipgie interactign between solui;_es is

\\khown to Sé depéﬁdént on the polarity of the solvent used,
becoming less important in méég;poLar solvents (32). vThus;

in an extremely polar solyeﬁtl the eYéctronic'effect‘méy

. « xf,icpliﬁ 5. "

Flad

------
......

HT - HH |

3

play a more'significant'role in determinipg the oriénta;
tion of products than the dipolﬁ—@ipole interaction effecf,
and ansequently.the HH—pfoduct may predominate. On thé~
other hand, in non-polar solvents, the dipolqrdipole .
effect appears to be more important, l‘ding-f:o HT-.-prodﬁct

formation (for an example, sée reaction 6). « .

v'~




h

;_ m-ggadition of d

'_4fen—3—one system. The former effect may be due to the

*° ' ’ R ‘ }
. - S . - .

J :
ﬂRégardless of the orientation ogfprcdncts, the

addition of the triplet enone to an selectron-deficient

olefin (e.g., cyclohexenone itself) may have taken place
. . «
at C3 of the enone. This is because this bosition has

3
either a neutral (mwn* state) or nucleophilic (nm* state)

: . . ,
radical character. The enone C, position, on the other
‘ . .

‘ hana, is ela&ctrophilic. v

4 L ~

-

pe;imentally*it_would appear that the HT-biradi-

b ]

cals, which are formed by the addition of-C3 of the ST

triplet enone, do got give trans-fused products: the

trans-products have not been isolated in the HT-dimerjza-
tion of‘cyclohﬁxenone ¢3, 25) and isophorone (33). On

the\o%her hand, when the HT-biradicals are, for steric

-

reasons, derived -from the reaction of C, (rm* state) of
the enone (e.g., in the steroidal 4-en-3-one system),

these biradicals seem to behave normally‘and give trans-

a

fused produéts (reaction 8) (27).

Thus, the HT-biradicals, which ‘are produced by
- -

p of’gifpiptbnones(nn* state) to olefins,

seem to be capable of giving tr&ns-fused products. .
: ' C0 | ' .
However, the extent of trans—formaﬁiqn from these HT-

¢

biradicals varies cohsiderably in the case of simple'

cyclohexénones, though much less so in the steroidal

«

4 .

bulkiness of the olefins used. The question then.remains: .

why should "trans-products be formed only‘from Hf:biradicals?

-




. ' L ’
8 :

'»l What factors control the probability of traﬂg-product

///:formation from HT-Biradicals? - Fo aﬁswer these questions, '
_;? " let us.examine probable r?aétion pathﬁgys,Sﬁgn%for the S -
two types of biradicalé;_for example, thos% formed ‘
"\ between cyclohexenone and iéobuﬁylene.' .

" e 1

Y SHOULD TRANS-FUSED PRODUCTS BE FORMED?

~

‘s

The bond formation of C2 (mn* triplet enone) giving

-

the HTE%iradicalfis probably stereo-electronically

contro

led and leads to an’axially gubstituted. triplet

cyclohexq?one biradical (3),as'thé init:al product. This.
subsequently follows one of the three possible péthways:v

. ) \
cis-cyclization (kc){to cis-fused product (5)% comnforma-
‘tional r?%antion (ko) to the isomeric biraddcal with ‘an
équ§tor1al substltugnF (4); or cleavage (krev) to cyclof
hexenone and isobuylene; These possibilities are

illustrated in Scheme 1. Cleavage, the reversal of the

addition process if the biradical is still a triplet,hor

-

the generation of the ground state components if a singlet,
is possiblg in .3, because the radical orbitals and the

C2-C3' bond (see scheme)- - are in the same plane ¢34). On

the other hand, cleavage is retarded in the equatorial - .

conformer (4) because the C2—C3' Bond is orthogonal to

-

the orbifal at C Oonce 4 is formed, the most probable

3-
reaction path open for this biradical is thus ring- -~

4
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iy

- -

closure (#). The cycllzatlon ?ay, 1n contrast to that

—

of 3, lead to a trans fused product (6), if one .assumes

the presence of 1,3—carbonyl-radical interaction (shown

4

. in Scfeme 1) (##). If such is important, the reaction
! :

should take place from the side opposite to this 1,3-
i&teraction.‘ The equivalent is well-known in cation

chemistry. For example, the solvolysis of the steroidal

BB—chﬁororS-ene-system gives a product witH‘retention of

“stereochenistry at C, (reaction 17) (36). This specificity

(#)The reversion of 4 to 3 ,may also be p0551ble However,
this process is not considered here because it should
have a relatively high actlvatlon energy compared with
that of rlng closure (kt). T

(##)Thls type of homoallylic carbonyl- -radical interaction
of 1,4-biradicals 1s'¥resently unknown in the literature.
However the well-known facile rearrangements of triplet
B, r-unsaturated ketones to the.corresponding cyclopropyl
ketones (35) might be interpreted on the basis of

&
v

/A:
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haébeenexplalned on the basis of homoallyllc back-side

5,6 ’ :
T electrons (37). Attackipf

-

participation of the A

LU,

the enterlng anion then occurs with SNZ inversion at the
‘homoallylic center. A similar participation may be

responsible for-the preferential formation of  the trané—

fused product (6) from the equatorially substltuted
- ¥ .

blradlcal (4)

'S

The 1,3—carbony1—radica1 interaction is only

possible in HT-oriented biradicals and this explains the

general observation that trans-products are bnly formed
. “

in HT-products. " . - -

~
-~

Q : \i
Assuming the correctness of the above arguments, o
. ) . A

it'beGOmes‘possiblé:fo analyse’the general observation

discussed préviéusiy in more detail. The probability

- Y
W, . k%
i " -

tﬁht-awﬁbeiradical'will give a trans-product depends

mginlx, therefore, on the ratio of ka'e/(kC t ko) The
riqg closure, kc, from 3 to 5 will evidently be more

L ®
2

rapid the less the steric hindrance of this process.
Hence with the less §u§§;ituted olefing, HT-radical would,

on this basis, be expected to give less trans-fused’

4 4

products. A comparison of reactidn 2 and 9 gubstantié%eé

S

id

homoallylic' interaction of 1,2-biradical s eciea with an ¥
olefin. The homoallyllc 1nteractlon, pictured in Scheme

1 and in other schemes in this thesis, does not nécessarily
ma@an Pull interaction between the relevant orbitals. These
interactions coduld involve only partial overlap betweep

-thé& 1,3-orbitals to ga\n the maximum stabilization energy

possible: that is, delocalization energy minus strain,
enerdgy. . . .




L -

)

. that substituents on C. do not affect ;Qf*s@eric inter~
: . ' / ’
-actions appreciably. Substituents on C4, on the other

,haﬁd, do appear to increase the interactions. Therefore,

*

2

this. As regards the effect of substituents on the encne

ring, it appears, on the baéis of model- examinations,

s

‘one would predict that, the yield of trans-products will

be insensitive to the presence of substituents on CS' but

sensitive to that at C4. In fact, it was prev;pusly

g-Substitution did not affect the yield of
' J
trans-products (compare reac¢tion 11 with 12). Examples

)3
shown that C

of a C4-subst1tuent effect have not been found .in the
literature, but the reaction between 4,4-dimethylcyclo-
hexenone and tetramethylethylene (reaction 4) can be

explained on the basis of this effect (see below) .

The conformational aspects of HT-biradicalsy in the
steroidal 4-en-3-one system may similarly be analysed.

The steroidal enone in its nr* tr¥plet state has probably

-

the B ring in a boat type conformation (see above). When

an olefin (for instance isobublene) approache this encne

at C4 from the a-side, taking the least' hind redgside.

approach, the initial product may well be formed under

-

. stereoglectronic control; that is, the biradical 7 may

1

be formed. Both rings A and B are then in a boat type

Pl

conformation and the substituent at C, in gquasi-axial
pos1t10n. This biradical is expeéted to change its .

conformauaon very rapldly because of the large l 4-boat
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~ interaction between’ the o-H on c,
¢ ~ ' '
and because of the ring strain inherent in this system.

Jand the C4 substituent,

Conformets 8 and .9 are, then, probably produced from 7.

.o )
Conformer 8 has rings A and B in a quasi-chair and a

guasi-boat form, respectively, .with the’C4 substituent

3'4in a.quasi-equatorial position. Conformer 9 has the

reverse arrangement; that is, these rings in a quasi-
¢

>

boat and a quési-chair, respectively. the C, substituent a

4

is now in a quasi-axial position (the quasi-axial nature’ [~”

. . ~/
'0of the C4 substituent in 9 does not cause any severe qég;

. @ N "
bonding interaction). Conformer 8 can leaq to the trangy-

product 10 due to the favourable 1,3—carbonyi-radical '
interaction, whereas conformer 9 é;n give the cfs—produét
1l. The conformer 9 can also revert back to the steroidal
enone and 1sobutyiene. This reversibildity ig‘at leasg ad
» partially responsible for the generally low quantum
yvield for sterocidal cygloadditions, for instance,(Q =

ca. 7 x 1072

for testoFterone propionate and cyclépentene

-~ (38). Therefore, altﬁough apparent yields of trans- ',,
‘pToducts frg% anbiradicals are commonly 15-30% (15% for
isobutylene aﬁd 30% for diethoxyethylene, see reactions
14 and 17), the meeﬁanistic significance of these yields

will not be clear befqre the nature of the process(es) by

which >90% of the energy is dissipated are understood.

When -symmetrical olefins (e.g., ethylene, cyclopen-

- tene and tetramethylethylene) are used iﬁ‘gnone cyclo~

- . ‘ - . -



additions, the analysis of trans-fused product formation

'is rather difficult, because‘theré is no way to distin=
guish between.twp types (Hﬁ and HT) of biradicéls byd
examining the structure of the proauéts. 'Noﬁethefess
trans—producﬁ} shou%& be formed from Bifadicals simila}
) to HT-biradicals; that is, by reaction at C,. Ifmo *

trans-products are produced (see reaction 3), the reason

is, aecording to mf.intgiéretation, é&the; that there is
a

‘no reaction at C2 or th the HT-type of biradicals fail

to give trans-products. In this réspeft, it seems worth-
i | e

while to consider why the4reaction¢betyeen 4,4-dimethyl-
cycloheienone and tetramethylethylene gave only trans-

fused product (reaction 4) (11).

.The enone maw, in principle, react either at C2 or

N
—

o . ) . s
C3. mmhe experimental result implies that only C2 rea¢ted
2 . -

with the olefin to form a HT-type of biradical 12, as S
_ghown in Scheme 3. Thiss cotld be for two r;és?ns.
'F}rst, the'qlefin is eleCtron'-rich-(th_QC2 of the mn*
tripleﬁ;enone és*si:thIy electrophilic)';;dq second?

%

- *

the stéric approach control favors the -first bond -formation

L4 -

at C2 rather than C3 (é3 is of neopenﬁyl typeﬁand the
) L\

.both ends of the olefin are gﬁefﬁcally hindered). The

-

biradical (12) either’'cleaves to the enone and the olefin, d

- » : . . : .
or relaxes conformaticnally to the equatorial biradical
.

o (13). These processes are expected to be verﬁ fast

because the axial substituent on C, is-as bulRy as a




N

1

t-butyl group and, furthermoré,‘ﬁﬁis substituent is in-a -
N ; - ’ -

1,3-diaxial relaéion witﬁfthé axiél,C4 methyi grpup.
Therefore, there seems.to%be little chance- for the
biradiéalz(ig) tg ring~close to pis—fu;;d product. The
poiif&h of the biradical (lg) which produces the isomeric

biradical (¥3) should give only trans-fused product (li):

if the contribution of the 1,31cqrbonyl-rad§cal inter-

-

action is accepted. ° This rationalization could lead to .

the generalization that C4—subStituted cycloﬁexenonesﬁ
- oo » .

should tend to give more trans-produéts from HT-biradicals

L] -4 <




.4/;1' ' ./, 1401 ’
' : . _ ‘I\

‘
1

(]

than the corresponding non-substituted cyclohexénons (see
, ¢ : : :
. above). . ) - ki

-
(N

‘ LSimilar.considerations may be used to explain the
. =4
. product' , disﬁributién in the cycloaddition of 4,4—' 5

diﬂ$£hylcyclohe£énone to cyclopentene (reactibn 18) (17).

| o (18)

. :'15 . . - 0

3 N ' v -
v

) L .
Under the steric appreach control, C, of the enone

prefefentialiy reacts with the doiple bond of cyclopentene, -

-

giving two types pf biradicals (19 and 20) as shown in
: h . , g

Scheme 4. Biradical 19 can cleave fo two starting

.
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materials, cyclize to the cis-product (15), or/and.,con-
~ .

fonﬁatiénally relax to biradicai 21. The latter coulgi'
cyclize to the trans-product 16. On the other hand,
bgfgéical 20 ¢an not cyclize readily to the‘correspondihé.
cis*product (18), because rotation of thé cyclopentane
'}ing is apparently severely restricted By interaction with
the Cq ﬁethyl group. Therefore, biradical 20 eithe?»

‘ »
cleaves to the enone and the olefin or relakes to

biradical 22{\\E?re the rotation of the cyclopentane is
,not restricted and leads to its conformer,(gz) which would

‘produce trans-product (17).

i

Thus, these considerations seem-to rationalize
. ' i X )
the basic problems of trans-fused product formation in

the-enone-cjcloadditions. However, it is not clear on the
Basis of the present apalysis why trans-fused products
. >

" have never been identified in the dimerization,6 of simple

c}clohexenones, although HT-dimers are frequently'obtainedﬂ

as the major'broducts (see appove). There are,a few

possible ways to rationklige this observatipn.: T

One possibility is, as already pointed out,_ that

in the dimerization as well as in the cycloaddition of
simple- cyclohexenones to electron-poor polarized olefins,

v . .
the triplet enones may reacg predominantly at|C The
: J

3‘
biradicals-, thus préauced, which eventually lead to HT-

products, might give only cis-fused products. This
S
possibility, however, does not seem to hold in the case

»




of dimerizatioh, because the same biradicals coﬁld,_in'

. principle, be also formed by reaction at C2 of. triplet

. enones, However, examination of the conformation of the:
HT-dimeric biradicals suggests that these biradicals
~ prefer torgive cis~fused products. This is illustrated

in Scheme 5 for the dimerization of cyclohexgﬁone.

¢
1

Reaction at C, of the triplet,@nohéigiveé'initiaily

a diaxial biradical 24. This biradical, because of a

a

séyége 1,4-boat -interaction, rapidly reléxég&io its
conformers 25 (axial-~equatorial) and 26‘(die66ato;ial),
26 being more sta&le than 25. Since the cleaﬁagé to P
regenerate the startlng materlal 1s forbldden in both

radicals (#), they might establish a confOrmatlonal

&

equilibrium. Biradical 25 gives a cis-fused dimer, while

26 gives, in-priﬂbiple, a trans-fused dimer. However,
\ " ) L . . . . ,
the latter trans-formation seems “%to be unlikely, because

the radical centers in 26 dre far‘apért from each otﬁEf“

diie to the diequatorial conformation 26. Therefore, .cis-
- cyclization from 22 may predominate.
. ' '// E

Another poss&bility is as foljdws. The HT-products

A ‘

» are 'probably formed mainly because gf the effect of the

dipolé-dipole interaction. This interaction may brxing,

the two reacting molecules into such 5?blose proximity

-—

»

) ) #The probability of the biradicals giving products is
: roughly 75% in the dimerization of cyclohexenone (3}.
. This suggests that cleavage to the starting material

- is 1neff1c1ent. !

-~ . - . .
~ . . .. '™
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’ . SCHEME 5§

Cis==gCis
product

{possibly with excimer formation) that a considerable

change in the electronic nature of the triplet enone may

take place. This is because the dipole-diéole effect is

p

acting against the electronic effgctr(see above) .’ )

Consequently, the course of cyclization from these strongly
- - . . )
dipole-oriented species might be different (giwing only

. cis-products) from that produced under electronic effect

' L , cOnt;ol.
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It is evident that the rationalizafion ofvthe
traﬁs-fused préduct formation procéss is of some
cohplexity.‘ Nonethéiess, there remain othér factors
. which havé’not yet been 2onsidered.' These are: (1)

question of spin inversidn; (2) the effects of solvents
on product ratios; and (3) the prgbleh of reéersibility

in 1,4—b§radicals. The last ‘two are of considerable

consequence because the basis of. the foregoing mechanistic

discussion has been the analysis of product ratios.

o

erably depending _on the nature of reacfing pairs (2, 3,

- ]

i3, 25, 29, 30, 39). This fact makes a complete analysis
of the solvent effects énd, consequently, product ratios
difficult. In this thesis, it has been attemptea, as

much as possible, to compare product ratios obtained in

.
3

similar region of -solv polarity.

A The reversibility of 1,4~biradicals is reflected’

¢ in the size of the quantum yields forv addition extra-

polated to infinite concentration (21). It appears to

-

be a general tendency that the guantum yielas of the
. - B 4

enone cyéloaddi%ions are much higher when simple cyclo-'

LS

hexenones are used (14) than when the steroidal ‘4-en-3-

.

orte system is used (see above). . Therefore, an analysis
o ; )

of mechanism on the basis of product formation is much

A

‘more’ reliable in the former case.

The, magnitude of the solvent effects varies consid--
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There’ have been'numerous dlscu551ons in the

- . . . L

literature with. regards the spln-lnver51on step in

cycloaddition (40, 41 42, 43). As yet there is no .

~— 7. ' .
agreement, evén among-theoretieians, and no experimental

- 2 - -

evidence to indicate the rate of this process and‘exactly

»

» at which p01nt on the ene;gy surface the cros51ng takes

place. Therefore, it has been necessary to ignore. thlS

Za
»

"

. important aspect.

-

THE -EXPERIMENTAL PROPOSAL

fl

The present anafﬁsis of the ‘reasons for’the
formation of traqs-fuseq\products.appears to rationalize
. the ggneral mechanism 6}~enone_cycleadditioss. However, ,
the egalysis'is largely based on two assﬁmptions: that

triplet 1,4-biradicals are inﬁermediates in the cyclo—‘

. /' s
additions, and that only HT-oriented biradicals have the

A J

opportunity to give trans-product. HH-oriented biradicals : 'y
are presumed to give only cis-products. Experimentally, 4
' these assumptieﬁs should be justified. To do this, .

» . , .
syntheses of suitable tripléé_1n4-biradicals by routes
other than, via the enone cyc;oadd;tiohs are required.;

This will permit aicomparison betweenl%he reac¥ions of

these "authentic” biradicals and the corresponding efone

cycloaddition biradicals to be made.
- - [ .. .

Whlch partlcular 1, 4—b1radlcals should be the

synfchetlc; objectlves" As f1ready pointed out, steroidal
3
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. . * O .. . . . - g
« ~4-en-3-one systems gre'less efficient in giving productss

. Thus, the cyéloadditiéns of siﬁplg cyclohexenones are
probably moreé suited. for the present purpose. Of the

. .. ; . a ‘-iw d . .

3 PR | iV - -, * “ i C e g
known gycldadditxpns in' this categpYy, only one reaction

-, ) N (g S . ' . %
! 1s reported to glve~botﬁ HT- and HH-products with-both
: s S - - . - e
cis~ and Efans-steredchemiétgies at their ring junctions.

’ ‘This is the cycléaddition between cyclohexenone and

-

isobutylene (12). Therefore? this reaction is a:légigal

cor

choice for the present study. @onsequently, the synpthetic

s - B
objectives are the two triplet 1,4-biradicals (27 and 28) '

.shown in Figure 6.

_ ' - ) FIGURE 6 .. ¥

a

[

. » 27 - -
(HH) © - (HT)w

N - . - -
4 4 a
‘ -
\-/ - '
. '

Although several methods ,are known for _the Yenera-

e

tion of 1,4-biradicals (41, 4i), photolysis of sikh o

membered ring azo compounds seems to be the best choice .
. ' - - % .

in the present case. This route appears to have been

-

most generally followed, and hence possesses the greatest
. y




body of information (44T:.:Althougﬁ.the multiplicities

~ .

and mechanisms of. the photdéhemical nitrogen-eliminétions'“

‘

are not certain in some'%&rec% photolyses (45, 46), it
is reasonable to assume that triplet biradicals‘are .
- formed with sens;EiZed photolysis (40, 41,'44*°4f, 48,

49). Thereforel ‘the recursors to the triplet .biradicals

v

(27 and 28) are the corresponding two: azo compounds (29

-

and 30) shown in Figure 7.

v

' " Apart from specific interest with regard the enone

-

cycloaddition, the phobligses ofﬂthe azo compounds (29 and‘

‘ 30) are in themselves rather interesting in“vfewtof the ~

7

contradicting opinions appearing in the 1itera£ure

FIGURE 7

1

29 L ae
(HH) . |

A -

concerning the photochemically rééptive state of azo

compounds. Steel has suggested, on the basis of his

photokinetic studies of bicyclic azo compounds, a commoﬁ‘L
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. "
- ) “»
reactive state in both direct aﬁa sensitized photolysis

(46) . However, spin-correlation effects, . which have.been

hd .

generally recognized in the .photochemistry of azo

compounds (41, 47, 49, 50),‘sugggst that this is not so.

~

With the azo compounds (29 and 30) available the problem

‘ S

may be solved.

\Tef efforts toward the synthetic objectives (29

and 30) are discussed in the following sections.
. . L .
" RESULTS AND DISCUSSION ~
= >

-

e

BASIC SYNTHETIC PLANNING
L] .

R . Known prgcedures for the préparafion‘of six- N
membered cyclic azo compqgndé are generally (thdugh‘not
always (51)) oxidation of‘?hé corresponding hydrazines.
It is convenient to divide the genera£~routes to cyclic
hydrazines into two classes: coupling reactioné between
two amino groups; and forﬁa} [4+2]-cycloaddition
* , reactions using an.N-N unit as thelz_ﬁnit. These .
reactioﬁs are illustratéq'in generalqterms.in eéuations ‘
19 and 20. The\coupling'?eactionsfcaﬁ7be achieved either
. directly (49, 52) or via sulfamides, (-NH-SO,-NH-) (53).
Two reaqtions are commonly used for thé cycloadaition o -
reactiSn proceés: 5 Diels—Aldeﬁ/iﬁaction between diene -
ané a dienophile (R-N=N-R) (54, 5§L 56); and a sequential

r

double substitution (57). Of thésé two reactions, the"~

o . ’ o T ~ -

- ]

LR ]
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e . n: (19)

X ' :
: R
re
N Hz |
HN< q
x v

—f

Diels-Alder reaction has been the more f;equently used
R ,

4. 2 |

The use of the coupling reactions affords the
direct preparatiog of the é?blic hydrazines from the
corresponding diamines. In contrast, the oéher method '
requires extra manipulation fér‘the removal of thé substi- .
" tuent tobgenerate the free hydrazines. However, other -

important aspects of the application of these.methods to

the syntheses of 29 and 30 must be considered.

-The potential intermediates (31 - 36) for the

syntheses of 29 and 30 necessitated in these methods are




~ ' .
ﬁhdwn in Figure 8: 31 -and 32 for the Diels-Alder
.reactions; gé aﬂd‘éie}or the double substitution
‘reactions; and 35 and 36 for the coupling reactions. The
'

. ., ketone\§50ups of 35 and 36 would be subject to condensa-

tion with the amino groups, and the aminoketones might

FIGURE 8

5 X
, / 1
| 31, 32 . 33 3
o ) “\\;/G
O X NH2
X NH2

be difficult to isolate. The application of" the double

-

substitution reactions also has an obvious problem in that

one of the leaving groups (X) of gé and 34 is on a

.
tertiary carbon. The application of the Dfels-Alder
' - . - -

~
..
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~

« ° :
reactions may also produce some difficulties, since the

dienes (31 and gg) are probably not co-planar in Eheir

&

v - .
.s-cis-forms, the planar s-cis-forms being known to be

preferred fg9r the smooth cycldéintions (Sé, 59). However,

the latter problem seemed the most easy t fdvercome by

»

cheosing axpowerful dienophile (58, 59).

-

For this reason, the'Diels—Algéf reaction was chosen

~ for the key reaction in the syntheses of 29 and 30. Thus,

[

A

the prime synthetic targets were, the dienones {31 and 32).
These, by reaction with a gpitable dienophile (R7N=N—R),‘\

should lead to the adducts (37 and 38) which were suibable

L4

Q

* SCHEME 6

L Y

4

\]

4

‘_‘-

"‘L ’
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'« precursors for 29 and 30 (Scheme 6). .

L]

-

N . D) ' . ,

SYNTHESES OF 2- ANDa3—ISOBUTENYECYCLOHEX—2—EN-l—ONE (EL
- AND 32) . :
;\3 r o 3-Isobutenylcyclohexfz—en-lrone (31) is a known

) "

substance (60) and wae prepared from 1, 3-cyclohexandione
. §

- (39) as ouglined in equation 21. Following'the procedure

r

O

O

s ,
= ; o .
. j'/l ‘N
. ., ‘39  '..40 -
Lo | ) “ ‘
A L] - N Q °
. - of Esdhenmoser>(61) for preparing zimethyl-3—isobutoxy;'

cyclohex-Z—en—i—o%e, ethérificétién of 39 was carried
- ‘ . - : - - Q
out using isobutanol in the -presence of a catalytic.

amount of p-toluenesulfonic acid. .The product (40)

was converted to él,'fo%loﬁing the general proéedure of

Crisan and Normant'(GO),_using isobutenyl magnesium

* bromide. ‘ . .

o _ . 2&1ébbutqulcyclchex—Z—en-14oné'(33) was an

unknown compound. and was s&nthesized from 39 as indicated

d -
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in Scheme 7. The key step of this synthesis was the

condensation reaction between 39 and isobutyraldehyde.
& : 'I " -‘
It is generally %known that condensation of 39 (or its

analogues) with &n aldehyde often leads to 2:1 adducts

1nstead of 1:1 adduct (62). Recently, Polansky and

« Margaretha 1nvestlgated the condensation reactions
- . .- a N
. between dimedone and arylaldehydes, and found suitable
. N

conditions undef which the 1:1 adducts were formed : .o

-

preferentially (63), and their method was applied}

= v
M . L3

The sodium salt of 39 was treated with excess )

- ieobutyraldehyde in dry methanol under refluxing corditions ,
Sl . - .
for one hour. After evaporation of -the solvent and the

excess eldehyde, a slightly colored precipitate was

obtained. Presuimably this precipitate consisted largely

-

° of 41. Upon treatment ‘with dry hydrochloric acid in

ether, the pr1c1p1tate gave a mixture of products,

enedlone 42 predomlnatlng. ThlS compound (42) showed ‘its

L

>

-

N megt.hyl signals as a doublet (‘-’-6 0 H ) at l 09 ppm and
1ts vinylic.proton also as a doublet (J—lO 0 H, ) at 7.15

- ppm\ln the pmr spectrum of the reaction mlgyure.

-~ -

When this reaction mixpure was kept under nitfogen
or under reduced pressu;e (rodﬁ temper;;ure) 32 gradually
disappearedgand‘ig started to appearf-.After 16 hours} 42

.- nwes completely converted to '43; the other\byhproducts

remalned unchanged. Compoung 43 showed its allyllc

methyl gr?ups at 1.50 and 1. 80 ppm and Jts V1nyllc proton

at 5.53 pﬁm. "Double irradiation experlments showed that -
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‘ ' ‘ ,the latter proton had a long range coupling with -the former

/ : prqtbns (J=1.0 Hz).

»

+ -All attempts to isolate 42 andméé_frém.the reaction

W

mixture by means of .distillation and preparative tlc were

unsuccessful. Instead, upon preparative tlc, two major

by-products, 45 and 46, were isolated as poiorless crystals,

-

«

FIGURE 9

.
- mp 98.0-98.5° and 189.0-190.0°, respéctively._jgi the basis

. of their Spectroscopic properties and the known analogies

d '

(62), the produéts were assigned as the 2:1 addub?%
(Figure 9). S - I

»

AN

, . When the réaction_mixture, containing 43 aé the N
major éonétituent, was exﬁbsed to air, colorless crystalsh N
were gradually formed (overnight for a 50 mg mixture). The
crystals, mp 153.5~150.0°, showed a positive Nal test

suggesting the presence"of a peroxide group, and had a

. ‘ -1 )
hydroxyl group (3600 cm. ) and an gynsaturated ketone group .

: ‘
I 2
. :
,, ¢ ﬁ
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(1695 and 1645 cm ~; 227 nm (s 7008). The structure 47 ‘

-

was assigned to this substance (reaction 22). The fact

£y

v

. 4 . o
that the formation of 47 took place even in the dark
implies that singlet oxygen was not resp%néible for the .

addition reaction (64). The facile'addition of ground

state oxygen to 43 is not common; but there is an analogy

-

reported in the literature (65) (reaction 24).

"

L
-

In the absence of-air, the formation of 47 was *

completely supressed. Instead, 43 very slowly gave a new

coﬁpound‘(halfvlife time of 43: ca. two weeks-at ca. 25°),
RN . % o ‘ . ,
This compound was an isqmer of 43, because it had a mole-
cular ion peak at m/e 166. This_subsfahce showed a sharp

. v r >
y 1 -

»



o ~ t-Bu

- 2 ’
) . .0
i N o S N 8 , (24)'
‘ NH: CHCI3

i dark T .
(mtheh rk) NH: "

‘\ t-Bu : . t’Bu IOO‘%

“singlef‘(1.4l ppm) for the geminal methyl groupsé implying
probable existance of a plane of symmetr&.( fhetprésence
of‘a 1,3-diketone enol ether was suggested in its ir and
uv spectra (i655 and 1635 cm_l, and 2712nm‘(€ 15000))

(61). The’strqcturevgg_was assigned for this compound
(reaction 23): its formatibn was probably induced by

‘traces of acid catalyst.’

In order to optimize etherification of 43, the
reaction mixture, containing mainly 42, must be kept -
Nfree of oxygen, and be treatea with diazomethane (66)
as soon as the isomerizatgion éf ig to 43 is completed.
The complete tramsformation ‘to 43 is necessary £Q avoid
a posesible (1,3] dipolar dybloéddition of the" diazomethane
to the double bond of 42 (58): The yield of isolated 44 -
e .

was ca. 30§ based on the amount of 39 cgnsuméd. Thié

- -

qustance showed the expected properties: the methoxy

>
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e group (3.78 ppm); the 1sobutenyl group (two allylle methyls |

at 1.47 and 1.84 ppm, and a vinylic proton at 5. 65 ppm) o
Upcn litﬁium aluminium hydride reducficn (0°,
. ether), 44 gave three products; 32, 49 and the oxygen
adduct (47) (equation 25). >Compound 32 showed the
expected spectral data for 2~ 1sobutenylcyclohex—2-en-l—

°

one. The crvoss conjugated dlenone moiety was observed

]

44 50

in its pmr (two allylic methyl groups and two vinylic (;:D

«:protons, Ha and Hb; the Ha coupled with Hb and the methyl

protons) (equatlon 25). The substance ‘had a strong

B —
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hb;:kption at ‘1665 cmﬁl. Its uv absorption was 212. (e

17800) and 269 nm (e 3700). -t

7
L]

Tﬂe structurg of 49 was assigned largely because

of the following gata? a molécu;ar ion peak ap 152 and

" the presence of a hydrogyl group (ir), a'cgnjuéated diene
(uv), two allylic methyl groups and two vinyl;c‘protons

«

(pmr) . .

The oxygen gdduct’ 47 was formed presumably by
addition of oxygen to 43; it, in‘turn; probably produced
s . p

from unreacted starting material (44) during the acidic

.isolation step (10% HC1).

-

. The'éroduct ratio 122/22) was affected by the
amount of ljithium aluminium hydride (LAH).used. On the
other hana,:the combiqéd yiéld (32 + 123 was not affected
to any great extent (fO-SO%). The rétio(gg/ig) increased
rfrom‘1.8 to 7.8 when the moiér equivalent ratio of‘LAH/ié

“was decreased from 14.3 to 2.6.

When the reduction of 44 was conducted at a higher
\ "temperature (boiling ether conditions), a mixture of

products was obtained, which .did not include 32. - The major

\

1

product, isolated, showed a moleculr ion peak at m/e 166

and had a partial structure, Me2C=CH-C—C(OMe), (pmr) .
The.structure 50 (reaction 26) was assigned to this
substance; its probable formation being as outlined in

P o
’ N .
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- ; r
" Scheme 8. The intermediate 51, one of the possible precur-

&

-

sors for the desired product (32), may have been trans-
3 N - , Q
formed to 52. -The latter, upon 1,4-reduction by LAH,
’ would produce 50. . ;

SCHEME 8-

LAH e . | Law

44 32 50 .

‘ ;o
'DIELS-ALDER REACTIONS AND DIRECT APPROACHES TQ .THE AZO-
KETONES (29 and 30)

+ .

In order to prepare a 3,475,G—tetrahyd;opyridazine

derivative using a Diels-Alder reactiom, the nitroéén

-

‘ ' <
substituents must be easily removable. The choice of

-




c

ﬂ
dlenophlle Jhas, therefore, a two—fold importance; its

d\enoph111c1ty and fa0111ty of removing its substituent

H
groups at a later stage of the synthesis. The most

commonly used’dienophiles.are qiethylaiodicarboxylate (53,

R=Et) and 4-phenyl-l,2,4-triazoline-3,5-dione (54). The

former "has a rather poor dienophflicity, consequently

v ~

reactions with sterically crowded ditnes yield ene,

-4

. {
reactions rather than Diels-Alder reactions (67). However,

if .a Diels-Alder reaction does také place, this dienophile

has substituents which can be easily removed by base. The

o

S
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s

latter dienophile (54) (59, 68, 69) is one of the best
, :
dienophiles known, .and will add to sterically crowde

3 : . LY .
dienes.that refuse .to accept imost common dienophiles,

e.g., maleic anhydride (51). The disadvantage of using
thisqgienophile is the conversion of the product to a

hydrazine after the Diels-Alder reaction.
' . ) ’ . '
The compound 54 was chosen for the present

)

\ synthesegs, because it was reguired to reacE/yﬂth stexri-
s - ;

cally crowded dienes like g;; 32 and 44, even though it

-

. ﬁ »
could pose ,problems in the later stages of the synthesis.-

¢

-

;The Diels-Alder reaction of dienone 31 and its
) ‘subsequeng trénsforﬁations‘are outlined in.equation 27.
‘Upon addition of 54, .31 gave.aaduct'éi as colQ{Eess
crystals, mp 150.0—15.15°, in 82% yield. This substance
. « showed the expected p?operﬁigs: a molecular ién peak
\\\\ at m/e 325, a gingle yinylubroton (5.38 pém), two methy}‘
groups (1.42 and 1.71 ppnm), the aromatic prot02$ and the
methine proton (; to ﬁhe ketone group) (5.02 ppm). The -
- , =presence of the urazole moiety is apparent in the ir ,
. -speci&rum (69). Upon ﬁydrogenation'(S% Pd/c), 55 yielded
56, mp 185.0-187.0°%, i;.91% yield. This compoﬁnd had

its molecular ion peak at m/e 327 and showed no vinylic

‘proton in its pmr spettrum. This compound was_probably

g

f = - LT
“not a mikture of the two possible diastereomers (cis and

t>ans%ﬂ:t#e ring junction), since it showed only a pair

of singlets for the gen‘aal methyl groups and only one

a Al

x




. H/Me. 1t iévthus likely that the trans-isomer is the .

has a trans junction.

[y

kind of the methine proton a to ketone. Furthemore, that
this compound had the thermodynamically more stable ring

~5
junction was shown by its resistance to epimerization

>

under basic conditions (KOH in MeOH in water).

-

Dreiding models of the two isomers showed that the
cis-isomer has either 1,3-diaxial non-bonding interaction
between CH,/Me in conformation 57, of between H/Me and
H/CH2 in 58 (Figure 10). On the other hand, the trans-
isomer (59) has only one equivalent interaction between

3

thermodynamically moré stable isomer. Hence, 56 probably

- i

The synthesis of compound gi'was carried ouf
following two different rqutes as outlined in Scheme 9.
The Diels-Alder reaction between 44 and éifgavé the

adduct (60), mp 141.0-142.5°. This adduct had the’




expectedtrisubstitgteddlefin conjugated‘wiﬁh kétpne

(1650 cm , strong, and 6.45 ppm, singlet) and the

gepinal methyl groups (1.47 and 1.88 ppm)..° The preséhce

of the methoxy group (pmr) and the urazole moiety (ir)

was apparent. ;
Y A
Upon hydrogenation (four hours) in ethanol using:
5% Pd/c as the catalyst, gg gave twe products/ 63 and 64,
mp 223.0~224.5° and 162.0~163.0°, respectively {(Scheme
10). The former had a .molecular ion peak at m/e 357, a

methoxy group (3.18 ppm) and a geminal methyl groups (1.33

~




‘+ ~

\

and 1.83°ppm). No olefinic protons were observed. The
- [l
compound was assigned the structure 63. This bompoundt

#

was most fiﬁely on}y one of the two possiblg'stereoisomers,‘
and not a mixture, because it showed.a sharp melting point
and- no methyl signals'qthér than those mentiohgd above:.

Its steiedchemistry‘was not inyestigated. The second

- compound 64 showed a sharp singlet (1.59 ppm)~<oé the ’

€<
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SCHEME 10 .

-

55 hr
. (pyridine_)

A

geminal methyl groups, implying the ﬁresence of a'plﬁﬁg'of
symmetry. Two pairs of allylic protons were observed

1 and 3.25 ppm) and these pairs had a long range

-

ing (J=2.0 Hz) between.them. The uv absorption of

64, 215 (¢ 5800) and- 301 nm'(e 13000), was considerab;y

] .red-shifted in comparison with tlat of the saturated

L : NG .
- . a2 -
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™

analogue (63), 217 nm (¢ 13800). This compound was
- e readily obtained ‘from 63 by elimination of methgnol under
/42cidic or basic conditions. Thus,.the structugp shown

in Scheme 10 .was established for this substance. .

Hydrogeeatioﬁ‘of 64 for 35 hours using 5% Pd/c, led

to the formation o 1 in rather poor yleld (ca. 39%) .

The fhajor portion of the reaction product was a mixtlre .
) AN
- of unidentified substances. A similar mixture of .

croductslwas'obtained upo; direct.hydrogenation (55 hours)
. of gg in the presence of a few drops of pyridine, and 61 )
. was isolated in ca. 41% yield from this mixture (Schemeh.
10).. ’ |
Compound 61 had a mp 185 0-187.5° and showed the
‘expected molecular ion peak (m/e 327) The two methyl
groups appeared as 51ngleﬁs (1.38 and.1.80 ppm) and the”

. _/ . i
methine p;ofgg\a to thé ketone appeared as a doublet of

' ' triplets (3.00 ﬁpm, J=13.5, 5.0 and 5.0 H)). This. ‘
‘ substance was, judding by the pmr spectrum (see above), ‘
1y -

- a single stere01som , - .
L | : L .
[N e B 4 o

Thus, compound 61 could'be prepared by the hydro:
, : genatlon of elther 60 or 64 But the yield was rather low -
and the reproduceablllty of xhese hydrqgenati ns was poor.
Another ioute to 61 viakhe Diels-Alder reaction between
’ 32 and 54 was investigaced (Scheme 9), wi#h’betéer

success.

Vs
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-

. Upon additioncof 54 32 gave adduct 62 mp 157 0-’ -

159.5°, in 87% yield. This substance‘showed the expected
triéubstituted olefin conjugated witQ‘the ketone group e
(1645 cm_l, strong, anQTG 34 ppm,, 1H) and the geminal.

methyl groups (1 60°and 1.68 ppm) The allxlld methine

proton appeared at 4.45 ppm and thls proton had a' long )

range coupllng 4J=2 5 H ) W1th the v1ny11c proton. 0

Using 5% Pd/BaCO, as. a catalyﬁt hydrogenation in
ethanol contalnlng a few drops of pyrldlne gave 61, mp -
184 0-186.0°, in 93% yield. ThlS product was 1dent1fieo\ o
by comp;;¥son with an euéhentic sample'obtain$d4py-hydro—‘ | .
genation of~é3. In the absence of pyridine the yield of |
61 decreased to,ca;’70%. The yield also decreased (50- . 8
60%) when the hydrogenation was conducted using 5% Pd/c

instead of 5% Pd/BaCO3.

Compound 61, thus prepared by hydrogehation of

3 “ -
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either 62 or 64, was believed to be one of the two _

-~ possible cis- and trans-stereoisomers as already
5

aiSCusséd. The stereochemistry of 61 should be cis, . 3
" ) . ‘
provided that tHe hydrogenation of 64 proceeded with ¢is-

addition of hydrogen. However, trans-addition of hydrogen

has been recorded in cergain cases; an example is ghown .

- R P

. & ’
in equation 28 (70),. The cis-isomer was expected to be * 4
r " . s .
/\ 1' et ‘» ' _.. ’ £ -
. Hz2 " LT NG .
Q0 =2 QOO 9
' - PdsC : L)

B

<. .10 s " 90 . , ' ot

2 * 4 <

¢

the thermodynamically less stable in that this isomer had

lérgen.ﬁan-bonding interactions. (1,3-quasidiaxial
——t . ’ ’ .,
interactions between Me/CO in 65 and between H/Me and
» ‘ L]

H/CH, in 66 as shown in Figure 11) than the other isomer

-

(between H/Me in 67)." An attempt to epimerize the ring

- junction of 61 using triethyl amine was unsuccessfdl, and,
under stronger basic conditions, 61 gave 68 (the formation
of 68 will be discussed in a later section). he stereo-

chemistry of the junction is thus not known.'

The conversion of 56 and 61 to the corresponding

keto-hydrazines, 69 and 70, respectively, was attempted i
4’ * .
»
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by basic hydrolysis (reactions 29 and 30) . The reactions

were easily folicued by examining the formation of aniline.

When 56 was treated with potassiﬁm hydroxide at room
Vd
:témperature in water and metharcl, no reaction occured

and only starting material was recovered. At 105° (18
. : # ’ A »
Rours) in a sealed tube under nitrogen, a single product

5

“(as well as aniline) was detected in the pmr spectrum,of

the reattion mixture. This product had an NH group (ca.

+

3.7 ppm, exchanged with D20) but did not have the saturateq

1
.
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carbonyl groub expeéted-for,gg. Instead, an absorption
‘cofrespondfﬁq to aﬁaminbenone (71)'waa observed (1655 and

1603 cmrl). The pmr showed a sharp sinélet for the geminal

ﬁethyl groups, implying that.a p%ane'of symmetryhexistéd

in the product. Two possible sﬁrugtﬁrésv 71 anq 12, were

considered for this product, basedvgn the above data

(Scheme 11).. %he cleavage of the N-N bond of 6f,(a

probable intermediate) and subseguent closure to form a

five membered ring would lead to 71. Alternatively, -the
product migﬁt.be 72, the formation of which would require
the oxidation- of ég, possibly by okygen: duriné the

hydrolysis or the isolation. When the reaction 4nd
- L]




-Aisolation were conducted with tﬁe strict exclusion of

- oxygen, the reactioﬁ yielded the same pfoduct. This
fact suggested that the structure of the product was -71
rather than 72. Attempts ﬁo isplate the compound by means

of preparative tlc and distillation were unsuccéssful.
The hydrolysis of 61 at 70° (2 days) using potagsium

li

bydrdxide in methanol and water, gave 68 as the only product -




"had a 8-v1ny11c proton of a,B-unsaturated - ketone at

by-product, aniline,'by distillation. 'Its physical

a ' | 135 .

(Scheme 12). This substance (not isolated in pure form)

6.80 ‘ppm (trlplet J=4. 0 H ), implying that’ the cleavage,
of the B-(C-N) bond,in 61 had occured. The gemlnal ‘b -
methyl groups gave a sharp s1nglet (l 47 ppm) , supportlng -

the prev1ous assignment.

»

When the hydrolysis tempéfétq;g was raised to llO—"l
115° (84 hours), a new product was formed togeﬁher'with -

aniline. This compound was very sensitive to air and was

isolated only in.the absence of oxygen. It was obtained

-&
- s colorless cyrstals, mp 54.0-56.0°, upon removing the

properties were measured either under nitrogen or in \

—

degaséed solvents. This compoﬁnd'did not show any

carbonyl group at all, thereby excluding the structure 70.

.

It showed a molecular ion peak at m/e 164 cdfresponding

._]_)

to structure 74, and had an NH group (3340 and 3260 cm
ahd a frisubstituted olefin'(a vinylic proton at 5.65 ppm,

multiplet). The conjugated nature of this olefln was
I e s — .

‘apparent from its uv spectrum (A nax "225 and 287 nm).

Based on these data, the tentative-structure 74 was

» ‘-

assigned to this substance (Scheme‘lZ).‘

~

Y Thede results clearly showed that under these
strongly basic conditions, the formation of either 69

or 70 could not be achieved; the basic conditions were

*

= .
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‘necessary.for the hydrolysis of the urézole, but: too
severe for the survival of the‘probablyﬂ formed initial -
products (69, and 70 ¢r 73). A‘die\x;ophile was \req_uired
from which the hydrazi eé‘couldﬁbe generated undef m@lder
condgions. p ' N , —

’

Very wecently, Corey and Snider_reportednghe

o . synthesis ‘of 1,3,4-thiadiazoline-2,5-dibne (75) ‘and its

&
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use as”a dienophilic reagent (72). Th%.advantage of this
dienpphile was that the resulting thiaurazoles-were vety
readily hydrolysed to hydrazines. For example, relativel§ .
s/ -
< - ‘
- s i
‘ °§\/S\FO Ox""~\20 ’
N=N - HN—NH \
¥y
-f
mild conditions (0.1 N lithium hydroxide in water-diglyme
-at 25°) were sufficient for the hydrolysis #hown in boe

L)

reaction 31. The disadvantage of this dienophile was that

’
H

119:,1“‘( ion &,f = (31‘)'

_Nz

. ?

it was only stable at low temperatures (<-20°). Following
‘ g J
the procedure of Corey and Snider, 75 was prepared,-in

situ, from 1,3,4- thladlazolldlne -2,5~-dione (76) (72) and
the Diels-Alder’ reactlon between 31 and 75 was attempted.

-
”




L3
’

. " .
Unfortunately, the dieme was found to be unreactive at
the low temperatuag. In contrast, the other'éienone (32)
‘reacted smooth;y even af -78°, to yield an adduct (77),

mp 155.5-160.0° (reaction 32). This -adduct showed a

I
similar pmr spectrum as that corresponding ti the triazo- -

line dione adduct (62) with the exception of the aromatic
protons. Upon hydrogenation, 77 gave 78, mp 124.0-125.0°
. (reaction 32). This compounqﬁpad the expected molecular &
ion peak (m/e 268) and showed a siﬁilar~pmr spectrum to
that of 6. This substance was believed to be a single
- stere&disomer, because only one pair ?f meth&l signals
(1.41 and 1.81 ppm) was observed.  Its stereochemistry

was not investigated.

Upon basic hydrolysis (piOH, water-THF) at room
temperature (2 hours), 78 disappeared completely and a .

!

new compound (79) appeared. %his product was not the |

-

o0 * -
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" expected basic material (70). It)éhowed a sharp singlet

| %

lfor the geminal methyl groups (1.53 ppm), and a triplet’
for the B-vinylic proton of an o,B-unsaturated carbonyl

s

“group (6.88 ppm, J=4.0 Hz). The structure zg,“with either A

78 — X

4

|
x
.é
W
L)

a thiaurazole (X=S) or oxaurazble (X=0) moiety, waé

assigneg to this substance (reactiomr 33): tﬂe oxauragole
migﬁt'have been pfoduced from the corresponding thiauragole ‘
by sulfur—oxfgen exchange uhdér the basic conditions., )
Compound 79, upon treétment with .acid, gradually '
disappeared, and‘wa; replaced by a compound which had an
identical pmr spectrum to that of the starting matéfial

y (78) . This substance. (not isolated in pure state) was

‘most probably either 78 itself or its oxygen analogue.

i

When the hydrolysis of 78,was conducted at a higher

-

temperature (55°), a new methyl,signal. (1.27 ppm) appeared

(other than those of 78 and 79) and no change in the methyl
. A b}
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signals odcured when the reaction mixture wés exp?ggd

Yo air for one week. The new-substan?e-was probagly not

‘the required product (70). At still higher, temperature
(105°), the hydrolysis yielded an air-sensitive compound

as the sole product. /This was identified as 74 by '

comparison i mr spectrum with that of an authentic

samplef

Because the direct approach to the generation of 70
by basic hydrolysis failed, an alternative approach was

required.

>

APPROACHES USING A PROTECTED KETONE FUNCTION: 1
- KETALIZATION

»

-

Ketones 56 and 61 were converted to the correspehd-
ing ethylene glycol ketals, .80 (mp 170-171.0°) and 81
(mp 137.5-139.5°), *respectively. The ketals (80 and 81)

howed a pair of methyl-.sdignals at 1.31 and 1.76, and 1.34

4

and 1.80 ppm, régpectively. No othér~methyl éignals were
observed. This, énd the sharpness of their melting
points, implfes that both™~gre pure s erecisomers. The

> e ) )
ketal 80 is .a probably trans-fused iazadeca}in, since it

comes from a trans precursor 56. On\the other hand, the

of .

stereochemistry of the ketal 81 is not known.

S
Basic hydrolysis of 80 usipg potassium hydroxide

in® aguecus methanol (refluxing conditions) gave 82 as

-

the only product (reaction 34). . Aniline was not detected

v . _‘ . ' ’ ,
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1

(4.35 ppm, a DZQ exchangable broad-singiet, and 3350.and T
-, . -

+ 3240 cm-l) and an NHCO (8.70 ppm, a DZO exchangable
‘ ’

singlet and v , 1665 cm™!). The continuing presence

max
of the ethylene ketal (ca. 3.80 ppm, 4H) and theé geminal

»

* methyl groups (0.97. and 1.14 ppm) were apparent.- The

+

" {
structure 82 was assigned to ‘this substance. The isomeric
{ - . .

structure 84 (see reaction 36) could not be discarded at
.- PR - - -
o ~ this stage. However, facts which justify this decision

» will be presented in a ld%gr section.

When, the hydfolysis was performed at a highér

4 T
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éemperature (150°) in an inert atmosphere, §g_wae further
hydrolysed to 83 .and aniline (reaction 35). . Compouna 83,

being-air-sensitive, the hydroiysie an&_iéolatign as well;
~as the spectroscapic meé%ure&ents had po be carried out”

¢

-either under nitrogen or under reduced pressure. Upon

» o
distillation of the aniline under reduced pressure, 83

.

was isolated as a colorless liquid. This substance did
not have a carbonyl group and showed the expected spectre—'

scopic properties for 83: two deuterium exchangable NH

protons at 3.7 ppm, and v___ 3360, 3260 and 3180 cm !

-

(73) .. The methine proton on carboh beéring~nitrogen

appeared at 2.63 ppm ‘as a broad doublet (J=5.0 H ); The
: L

ethylene ketal was still present (ca. 3.99 ppm, 4H)

prever, the appearance of the geminal methyl groups as

a sharp singlet (1114"5@%) was rather puzzling, since v
- ’ - -
they were ‘supposedly an—equivalént methyl groups. Hence,

to confirm the structure, reaction with phenylisocyanate'

‘was carried out.

Addition of a‘dedessed-soiution of péenylfsocyanate
to.§§ under reduced pressure gave two produets} their j i
- ratio being 1:2. The minor product was identified as 82
by'compapison b¥ its mp, ir énﬁ'pmr spectre with those of
aﬁ authent%c sample obtained by hydrolysis of 80. The
- major prodﬁct showed a‘similar pmr spectrum to that” of

82: NH (a D,0 exchangable proton between 3.8 and 4.1 ppm),

NHCO (a D,0 exchangable broad singlet at 8.87 .ppm) ,-
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ethylene ketal (3.815.1 ppm, 4H) and geminal methyl . .

groups (1.47 and 1.58 ppm). The isomeric' structure 84

83 X"
. < L
was assigned to this substance (reaction 36). The loca~

‘tion of the GeNH¢ ‘group was clearly shown by the trlplet

nature (J 7. 0 H ) of the methine proton (3.21 ppm) on\/’

’

. carbon bearing the K group in 84, which became a “doublet . X

. 1’ L} )

upon\addltlon of DZO' ThlS requires that the gther 1somer

be 82 as preyiously'inélcated.

-

- The formation of both 82 and 84 frdm 83 strongly,/ '
supported the stzuctural assrgnment of 83. The sharp
81ng1et of the gemlnak methyl groups observed in, 83

therefore, must have been” due to colnc1dental identlty ,

1

¥ e

. of chemlca} Shlft for the two methyl,%roups. “

o

y .

° When a colorless degassed solution of a mixture of

83 and anlllne was exposed to air, a Yellow colqyr .

developed 1mmed1atel . .The pmr spectrum of this yellow , .
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solution showed the appearance of a new pair of methyl
signals (1.19 and 1.50 ‘ppm) foQ 85 as well as the methyl < ~

>
signal of g;z When this solutlon was kept at room v /)

— I (3)

temperature’for one day, 83 disappeared completely and a

(8}

new palr of methyl signals”® (those for 86)«appeared at 1.06
and 1. Il ppm, those for 85 still belnq present ' Their

ratlo (85/86) was 1:1. S7milar results\were obtaired e

)
- 3

u51ng oxygen instead of air. a ST

Hydrazines are known to-give the corresponding azo
compounds readify upon oxidation™ (55, 57). Facile iso- -

merization of azo group fo-hydrazone by the actionh of -

’

ad&d, base or heat is algo well-documented in the
-k .

liter§ture, 55, 57, 74). - For this reason, compounds 85
and 86 were' assigned the structures indicated (reaction -
37). : ' !, ‘ ) .

The above oxidation reactions did not provide an

» . 4
-



efficient route to 85; it was inevitably acedmpanied by -

- ..
86. In order to obtain 85 cleanly and mipimize the
catalyﬁic action of the base present, quick oxidation of

- 83 was required. This was-achieved using mercuric oxide

-

as the oxidant. Upon'éddition of mercuric oxide to a

'solution of 83 and aniline, 83 disappeared quickly (pmr

\ spectrum) and 85 appeared without apparent contamination
by 86. The aniline'signals remained unchanged. Compound
83 showed nine ppotons‘between 1.1 and 2.0 ppm and five .
protoﬁs between 3.9 and 4.1 ppm, other than the methyl
signals. The methine proton on oarbon bearing the azo
group was not apparen; and was presumably beneath the

n signal of the ethylene kéuél. All attempts to isolate "

" this substance in its pure state were unsuccessfuij

hecause contamination with 86 took place during . -this

isolatien. . . . ' C

-./_.'-f/

Coﬁpound 86 was also formed when'gg was subjected ”
to preparative tlc in air. The iseolated 86 was obtained f
as colorless crystals, mp 129.0—136.0°. The yield Y?s
86%, based o; the amount of 80 congumed. This‘substancé' s
*shOWed.theiexbected moléculgr ion‘péak at '-m/e %?4-and.had
- C=NNE (Viax 1634 and 3300 cm 1y (75). The broad signal‘
" ) - of the NH apiae'ared.a‘t 4.92‘ ppm and ‘the uv abs'orptior;
co;respondihg to the hydrazone was also observed at 213

nm (e 4700)+ and 239 nm (& 5100)'(76):

K]

The approach to the synthetic target (29) from 83

-

’ . . N LY
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requires the removal of the ketone protecting group. The
. .
hydrolysis of the ketal could be achieved, in principle,

in two ways: direct hydrolysis--of -83 leading to 69, oxn

hydrolysiguéf 85 after oxirdation of 83. The latter case

; SCHEME 13 . . ’

/

.Sty

4

obviously requires gyitable protéction pof tﬂe azo group,
51nce 85, would lmmedla ely 1somerlze to 86 -umder the
aCIdlc conditions re#ulré% for the hydroly81s. This
protecting group would have to be removéﬁiunder near

. 5 L4 L
neutral conditions in order, to prevent the facile

'isomerization of 29 to 88 (Soheme 13). One possibility




o authentic sample obtained by basic hydroly81s of 56.

RUT—— h | 147

might be conversion of 85 to its cupric complex* (87).
The formation of this type of complex is well 111ustraté&>
in the literature (55, 56, 77) and such compiexes regener-

ate the azo group upon treatment with a weak base (e.g.,

L4

an amine) at low temperature. -

\5- However, this latter route to 29 was gqot attempted,
“because the isomeric azo comﬁbpnd 89 failed to give the

\’, . — . [ -

’ . .
- -

corqgsbonding cupric Eomﬁlex upeon tredtment with cupric
chloride; (see later section). [Therefore, the other route
to 29, direct hydrolysis of 83, was invesgigated with the\‘

hbpe of obtéininb 69, which could be easily‘fonverted to

P

- »

29 under neutral conditions.

s

"Upon acidic hydrolysis (HCl, 55°) in an inert !
\atmosppere, 83 yielded a single compound. Unfortunately
this product was not the hoped-for 69, but was identified

s

‘as 71 by- comparlson of 1ts pmr Spectrum w1th that of an

!
[l
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(reaction 38). When the hydrolysis was conductel under

—_— - — ) . ' 4

X

, ) | . . . | CSQ * B
TS O A el
RN nVouLE - (38)

————

Q B
milder eonditioné (AcOH, 80-85°), the same product was
obtained-together with starting material. A similar

rationale for the formation of 71 to that shoWﬁuin‘

N d . F

‘Scheme 11 is probably applicable.

These results clearly indicated that 69 the
direct precursor of the flnal target (29) , could not be - b,
' synthe51zed under acidic or ba51c condltlons. The syn-

- thes1s of the precursor had to be achleved under
. P
conditions as neutral as p0551b1e;

-

The synthetic work toward the azo-ketone 29 was

stdpped at this stage, and synthetlc efforts were directed

/ -

toward .the other target, azo—ketone 30. [THe planned , oo

' synthetlc sequerncé was similar to that for the synthesis -

[y . -

~0of 29 and is outlined in,Scheme 14,

-

Basic hydrolysis (KOH, fg0° under nitrogen) of
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compound 81 gave 90 and aniline as the only products.
The aniline was removed from the mixture by a series of

vacuum distillationéf'to give ggvaé coloriess Srystals,
mp_]9:077l.0°; These c%ystéls changed to a pgie yéilow
‘li’éqﬁid ypon exposure tcf/ air. The physiéal constants for
thi; air—sensi%ive cdhﬁound were measured either under
nitro'gen or in degasséd sol{re.n"cs. “'-Thiis substance had the

*
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expected spectral properties fgr 90: two NH groups (a
broad_  singlet of two Dzo‘excﬁangéble protons at 3.34 ppm,

and v___ 3200 cm™ 1), and two methine protons which coupled

ax
mutua}ly with J=5.0 H, (2.05 ppm, a broad doublet of *.

triplet with J=13.0,'§.0 anéé;lo Hz,ﬂgnd 2.91 ppm, a N
broad doublet of triplets with J=12.0,,5.0.and 5.0 H) .
The ethylene ketal appears at 3.90 ppm as a singlet and

_ ot ¢ * ~N
the geminal methyl groups at 1.05 and 1.13 ppm.

N .The hydrazine (90) reacted rapidly with phenyl-

thioisocyanate to give a crystalline prodﬁct (reaction 39).
* y

This substance, mp 225.0-226,.0°, had a molecular idn peak

(m/e 361) correspondiﬁg'to 92 (or €3). The NH proton appeared
~ E -

=) 90

. . . | g ' . ‘ jx ”f
| ‘%N\'tu , .N‘N g : 5(39)
// - Ha :¥=45- | o |

QHN
92 . - .93 | o

2 -
1:,
Z
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at 3.38 ppm as a singlet and the NHCS proton appeared at

9.74'é§m as a Qfoad singlet. The two methine protons
appeared‘at 2.54 and ca. 5.84 ppm and their mﬁtual
coupling constant was 5.2 H, (by doublenirradiation).-
. The presence of the ge@iffl methyl groups (1.14 and 1.24
)| ppm) , ethylene ketal (ca. 3.95 ppm, 4H) and arométic A
protons (7.1-7.6 ppm, 5H) was apparentl The structural-
differentiatioﬁ between 92 and gé‘was acﬁ%eved by |

ﬁ(? comparing the chemical shifts. (methyl groups and Ha) of‘

the compounds which are listed in Table 1.

When the CONH group was o to the geminal methyl

N
groups as in 84, the chemical shifts of the methyl groups .
. (1.47 and 1.58 ppm) were much closer to those of 80 and
» 81 (1.31-1.80-ppm) than to those of 83 and 90 (1.05-1.14 . \

ppm). In contract, the. chemical shiff of Ha (3.21 ppm).
'was‘rather close to those of 83 and ég (2.9l‘ppm)‘than

to those of gg‘qﬁd 81 (4.35?4.%5 ppm) . Thq,;éversed
situation was apparent when the CONH group-was loc§ted

Q to the geminal methxl groups, aSriq ég. Here, the.

. Tchemicai shifts of the metﬁyi groups'(6,95 and 1.14 ppm) -

were in range similér to th&ig\of Eg'ang 920, whileﬂfhej
chemical shift of Ha (4.64 ppm) was similar to those of ..

» / .
80 and 8l. The fact that the phénx}hi01spcyanate adduct

¢ »

. {
. (reacticii- 39) had Ha at ca. 5.58 and the Aethyl groups

) /.
at 1.14 and 1.24 ppm, clearly implied tHerefore that this-

A «? AL : .
compound had structure 92 rather than 93. This-conclusion '

[ g
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Table 1

(Chemical Shifts in ‘ppm)

‘4.35

'\_/ 1.31, '1.76

4.64

0.97,

4.45
1.34,

1.

1.

152
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was substantiated by the singlet nature of the NH proton -

(3.38 ppm).

' Ain%?xidation of 90 slowly led to the formation of

the corresponding azo compound- {89). The same compound

was rapidly formed wher/ mercuric oxide was used as the

pale yellow crystals. These crystals melted at 49.0—?2,0°

and rapid further -heating (to ca. 120°) resulted in the

«

E
- 4
N
L

X

1 ¢
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clear at the present ;:ime.

O ‘ A Y
evcktion of gas, presumably nitrogen. The mass spectrum

did not show a molecular ion peak, presumably becaﬁse of
this facile elimination of nitrogen.: This substance had
uv absorption at 363 nm (e 140) whgﬁhvgs characteristié

of an azo group contained in a six-membered ring (78). -

The azo compound (B9) was surprisingly resistant
to isqperization to the corresponding'hydrazone. Even
in the presence of pyridine, it took about two months

(at ca. -15°) to convert 60% of 89 té 94 (reaction 40).

However, upon addition of p-toluenesulfonic acid at

room temperature,. the conversion was rapid. Compound 94,

mp 119.0—120.5°, upon exposure to air, very slowly .
turned dark brown. The crystals had the expected
molecular ion peak (m/é 224) and the cha;acteris%ic_
absorption of a Pydrazone group [at 211 nm }e 3800) and
235 nm (e 4700)] (76). Upon slow heating of 89 to above
120° (the change from 52° to llO°_tq§ing 20 minutes),

there was no evolution of nitrogen, and it is presumed
I !

that rearrangement to the hydrazone 94 accured more

. rapidly. ’ ‘ : o

. . J

The conversion of 89 to its cupric complex (91)

»

was attempted (reaction 41), but instead of the expected

-red precipitate of the complex, the formation of a dark

prown tar was observed. The reason for this 1s not

-

1

. - \

154
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Attempts to generate 70 (Scheme 14) by acidic

e ‘ M -
hydrolysis of 90 were-made. Upbn Hydrolysis (HCl, room 3
- "—V-\ : i R,

- s
temperature under nitrogen) of 99, an air-sensitive

compound was produced. This compound. did 'not show the

et
¥

. L r
expected carbonyl group of 70 in its ir spectrum, and” 4
o ( j -

was identif%ed (pmr, ir) as the conjugated hydrazone 74,
previously obtained by basic hydrolysis of 61 (reaction 42). :

Compound 70 (or its equivalent compound 73) was probably -

¥ »

. s
. 1
. - . b
.

=

’ -
. .o h

PR
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" required.
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4 w . H

an intermedia%e in the formation of\2£ in a mechanism

\
4

similar to that in Scheme 12.

. _ . o
These results showed that compound 70, the direct - »

L]
-~

.precursor for the synthetic target {(30) tould hot be
, ’ Ty ;

generated under acidic or basic conditions. A protecting .

~ group which could be removed under neutral condftions was

.- -

~
-
. -
f — a
N . < - 1

e -, B -

APPROACHES USING A PROTECTED KETONE EyNCTION' 2) A PHOTO-
LABILE PROYECTING "GROUP \W . -

) The otentlal carbonyl group to be us l in the

present synthe51s must satlsfy at least two ¢ ons':
the.group must be stable under strongly basic condltlons, -
and the conver51on to calﬁonyl functlon must be achleved

under neutral.condltlons.* There are several functlonaL .

-

groups known to fulfil these requirements. " A few examples
M . - ‘) . . "
'are'shown in the following equations 43-45. Reactions 43
>,

and .44 1nvolve thp of oxidizing reagents,re.g.,’oxygen,

'

trlazollnedlone (54)~4#ﬂ and mercuric. chlorlde, 1E’t
¢ Y o
“tarbonyl generation step, whereas reactlon 45 does not.

-

The use of’ ox1dants, in the p;esent system, is precldEed T

LRl

because ox1datlon of a hydra21ne to an azo compound is 4
pexpected to be faé;er thah that of an qjcoho#}to a ketone.

3

Rearrangement of the azo group to the hydrazone would

-

#An attempted oxidation of alcohol 95 (see text) to ketone
61 using the. trlazollnedlone was unsuccessful . (see
Experlmental) C e . . °

* £l - i
~ . ‘ L . . ~'g.i;f
. - i : . PR



\_\\: | OH . N LN |
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54 or its analogs (80)

° !

Lm0
. 70 (a9)

~

g - f;‘ o o
L ><° | w L §'45)

presumably follow rapidly. 1In reaction 45 which does not

- P , . . N .
f:,/w\\‘. need any o©xidant, the yield of ketone is vamiable and may

be rather low (20-70%) (82). '

“

; ~ ““1 ST For these reasons two'neé kindsvéf carbonyl-
> protedt%ng groups fequatibns'46 dnd 47) were deviséﬁ. In
| addition a recentlyrﬁeveibpéq protectigg.g:ﬁup by Hebert ‘.
. and Gravel (éguét%pn 48) (83) was considered. |
: £ e B The.firét ig giﬁply an‘app;ié&gion of gh@ well- .
; known facile hy_drogenofy's'.is fpf benzylic e'tr}ers.ﬁsi) .. The
,secogQ 15 an application,of'the4Well~known photo-tybe'llf ‘
.-' | ' - . ~ . T . -

* ‘ * ' « B ’/”( i : t
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cliizfge of phenyl ketones (34,, 85). The third is

mechanistically similar to the second since it involves

¢

r—hydrogén abstraction by'a photo-activated functionél

group.. . » 1)

RV

However, -the hydrogenolysis may introduce a‘rear
L ?
‘possibility of competitive hydrogenolysis of the N-N
» ) B ’ L4

bond of the hydrazine (86). The third reaction carries

the daﬂger af reaction of the hydrazine wi%h the photp-

- ’

formed nitroso éroup (87). 1It is also possible that tﬁe ]

,protecting‘groﬁp would not survive ®the strongly basic

L




. . - by o
conditions required, because of eliﬁﬁggéion process sthn
sin reaction 49. The~u—alkoxyacetophenbne (equation _47)
]

- could also suffer possible cleavages (eQuations 50 and '51)

under these conditions. However, the danger seems less
L] -

¥ o ’ , e

& -

than that of the former case, because the E;idity of Ha &
is.lower in the aceﬁopﬁenone (reaction 50), and becausé’-
‘ﬁhé alkoxidé aﬂion is a relatively poor i?avinéjgroub
(reaction 51). One obvious problem is that the Type II
» process is not §'clean reaction, but is often accompanied
bywthe fbrﬁatipn of cyclobutanol derivatives (34, 85?.
There appears to be ‘some con;fol 6ver thg’incursionJof
‘éhis reactiqn since it is éisfavoured in certainWSOIQénts'

v

-

r]
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. (88). The planned synthetic scheme is jllustrated in

Scheme 15. .
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. Upon sodium borohydride reductionr, ketone ¢l yielded

“alcohol 2§,Amp 153.0~-154.0°. This substance showed the

N\ , ‘ ;
. bands of the expected hydroxyl. group (Vmaé 3600 and 3460

-1 , .
cm ) and the urazole group (vm

{

- / - - .,
.y 1770 and 1710 em™ ). rhis

\

|




- <

substance showed only one pair of the methyl groups in
gfbe pmr spectrum and the sharp melting point, implying
that this was one of the two possible stereoisomeric

alcohols and not a mixture.
- a » v B ES

Generally, when an a-alkoxyacetophenone is prepared

_ .
from_the corresponding ‘alcohol and a-diazoacetophénone, a-

. ' .
large excess of the akcohol is used in order to increase

the yield (89). Foréyhé preparation”Qf 96, only small

amounts of alcohol 95 were availablé and therefore id

v ' . .y - . K . . ey s * i
* was critical to find the optimum reaction conditions.- A ¢ .
“»
Yo, . ) ‘ 4 T
' ’ reasonably satisfactory procedure was found using diazo-

LN

acetophenone and, in addition another, using oa-tosyloxyl-
' v

acetoéhenone {reaction 52). Follo@ing these procedures,
’ . , + e

-

only eguivalent amounts of alcohol 95 were reqﬁired to

»

-produce 96 in ca. 65% yield.. When in the Eirst reaction

~

ether or dioxane was used instead of diisopropyl éther'as/

' the solvent, the major product was not 25,:but instead

.

alkylation of,gpe alcohel by the oxonium cation (produced'" .

Prom the ether) predominated. In the second reegtion, if

1

-

phenacyl bromide or chloride was useéd ,instead &f tosyloxyl-

acetophenone, it was found, as reportéd ?y others (90),

g. , that far less satisfactory results were obtained.
- -
\ . T .
Compound 96 was thus obtained as cdlorless crystals,

-

mp 58.5-60.0° and showed the expected molecular ion pelak

(m/e 448). Thé methylene protods on the carbon bearing

Fy

the et':he"r oxygen appeared as a AB. quartet at 4.68 and 4.‘85 L
. 4 . \

- .

- [ S
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g © e |
OH / 8Fj~etherate ,

»
. "

ppm (J=17.0 'H,). Tpe methine protons, a to the ether
group and o to the urazole,‘appeared at 3.56 and 4.16
pPpm, respectively. The presence of the urazole moiety

was apﬁarent\(vm

—l .
ax 1765 and 1705 CT ).

This suﬁséancé was‘subjeFted tg b@siﬁ-hydrolysis
(KOH, 100°, 37 hours) under niproéen in order to obtain
the'corresbonding hydrézinq (21); ﬁnfoftunately, under .
the hydrolysis conditions, a mixture of products, including
aniline was obtained. Thé complexity of the reactién
mixture was mdst.Iikely dug ﬁo:two=competing processes:
cleavage‘éfjthe ether linkage (as already shown in’

equation 50); and bimolecular condensation of the a-alkoxyl

¥

162




“ | . 163 -

. -

acetopﬁenones (96'and 57) under the basic conditions. That

L 3

"such was occuring was suggested by the hlgh (l 9) ratio -
of the beanyl methylene to all aromatic protons in the

pmr spectrum.

. The use of the photo-labile protecting group, s

therefore, necessitates the generation of the hydrazine ‘ .

group in 97 under™mild eéﬁaitiqns. 'The use .of the
thiaurazole could allow this, but the poss}bility has not.

. f -

been tested:

-
’ - -

PHOTOLYSES OF THE THIAURAZOLE (78): ATTEMPTED SYNTHESIS
OF THE AZO-KETONE (30) . ’ ;

\
Since all acid and base induced reactions had < a
1] . B ) . -
failaed, an attempt was made to find a photoc¢hemical way
® . -

-

of generating the azo compound.

o~ -
Acid anhydrides and its analogues are known to

undergo photochemical degradation, and a few exemples ate

illustretedOin equations 53 (91), 54-and 55 (92). The

present synthetic intermediates (ég,(§£ and 78) have

similar structural features and,-if‘similar photoChemical

degradations take 'place, the.desired azo-ketones (29 ané»“

gg)tﬁay,be dbtgined directly “rpm these?intermediates. -
. . .

B
. The uv absorptlon spectra of 56 and 61 are similar,™

-
l{ -

both hav1ng strong absorptlon at 216-217 nm (8 15500—

16800), whlle that.of 78 is sllghtly ‘red shlfted [223 nm

(e 5500)]. Since a4conven1ent llght source was available
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— JL +,C0: + CO (54
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with A 254
. max

" irradiation.

ﬁhis compodnd had,

\ 4

' + co.+ co (55)
L N e

4

nm, the latter compound was chosen for

at 254 nm, a larger

absorptlon coeff1c1ent (e 2200) as against € 306*for

the former compounds. : ™

-~

A degassed solution of 78 in acetonitrile-d
" was irrédiated in a quartz tube at ca. 7°

Durlng the 1rrad1atlon, colorless crystals appeared and

*

raccumulated on the reactlon wall.

”

3
for 53 hours.

The collected crystals,
v )

mpy 202.Q:264.0°, had a molecule:;ion peak (m/e 180)

~

--corrésponding

*show tie expected ge;urat!ﬂ carbonyl group.

to the desired product (30), but did not

Instead,

. ! . - -1
this substance showed absorptions at 3400 and 1590 cm ,

-




and at 223.nm (e 1400) and 301 nm (¢ 13000). These

o absorptions are similar to those of known B-amino-=o,B-
. anaéurated ketones, (93). The geminal methyl groups
. o . . N R

apbeared as a sharp singlet (1.07 pﬁh), implying the

existance of a plane of symmetry in this substance.

Based on these -data, the structure 98 was assigned to gﬂpﬂ'

s

the product,(réaction 56). The same substance was readily

obtained when 89 was hydrolysed by acid.

-7 - . R

M When the irradiation was cond$cted in methylene

| » * . ¢

chloride—d2 at -78°, the same -compound (98) was formed
: A :

as the only product.

- These results implied‘}hat the desired product

(30) was formed, but, under, the photolysis conditions,
further trapsformation to 99, thence to 98 took place

(Scheme 16). This type of photochemical isomerization of

. azo compounds to hydrdzones has analogies in the literaturew.

{ .
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-

Aanism is presently not well-
: >
understood (44), thefe is a possibility that the isomeri-

(94). Although the mec

zation is cg}glyséd by acidic impurities which might have
begh present in the reaction systemﬁor preduced during
inrédiation. If one could prevent this iggmerization,_
'the azo product (30) might be obtaiﬁed, or, more likely,
photochemical nitrogén elimination in 30 may take place.
*The latter process Z;ould lead directly to the formation
of éhe HT-biradical.égg) in its singlet state, if the

excitation be direct or singlet-sensitized; or in_its

L4
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triplet state, if the reaction be triplet-sensitized.

4 The latter biradical is the final target of the present

synthesis. ) S : . b
° A . : ° .

Although the photochémical lability® of such azo

chl‘oride—d2

-20°, isomerization of 89 to the corresponding hydrazone
i
~a

’(23) again took plapé instead of the eﬁpected nitrogen

1

elimination. This isomerization was -accelerated when  the
irradiation was carried out at 0° in the presence of a
trace of aniline (40 mingtes). The results may well be

due to the basic impurity (aniline)and/or some acidic

/ ] ‘impuritieé produced in the photolysis, perhaps from the
- solvent. . .
a > . : i .-

An attempt to eliminate nitrogen from 89 ‘was
undertaken using the photochemical sensitizer, acetone.

Irradiation (Pyrex) of a degassed solution of 89 in

- v -

?aetone-dz (at -78°) for 24 hours led neithet to the
elimination of nitrogen nor to the isomer%zation to the

hydgazone (94): only étarting material was recovered.
N\ - N -

- , i
This®* was not investigated Ffurther. |

Further investigations are clearly needed.
. v : !

-
4 [
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EXPERIMENTAL : PART TWO

GENERAL - ) .

Ir spectra were measured on Beckman TR-20A infrared
spectrdphotometer. Uv spectra were taken on Cary Recording
Spectrophotometeér. Pmr spectfa were taken on Varian T-60
,or HA-100 instrumeﬁts with TMS as internal standard.

Chemical, shifts a¥e reported in ppm unit and coupling

constants (Hz) correspond fo apparent splittings. Mass

‘

spectra and precise mass measurements were carried out on

[

Varian M-66 spectrometer. 6 Tlc and preparative tlc were
performed using SilicaMGeluGF-254 (Merck) and for column

chro tography Slllca Gel 60 (Merck) was used, unless

otherwise specified. Irradiations were carried out using

a Hanovia 450 W medium pressure mercury lamp, unless

otherwise mentioned.. Melting points were measured on

Reichert hot stage -affd are uncorrected. 1In the following

description, isolation generally means extraction, washing,

drying and distillation.

Preparatioh‘oflelsobutoxysychhex-Z—en—l-qgs (40)
T

Keton 40 was prepared following the general method

/

reported by Eschenmoser et al for preparing 2-methyl-~3- . r

.

isobutoxycyclohex-2-gn-l-cne (61).




. A mixture of 1,3-cyclohexanedione (10.1 g; Aldrich,

97% pure), isobutanol (20.0 ml), benzene (70 ml) and p-

toluenesulfonic ac¢id (p-TsOH) (0.5 g) was refluxed for 15 -
- : ° . '-
hours. During this time, water was removed continuously . _

' - 8 » -
-a8ing a Dean — Stark apparatus’. The reaction mixture,

RTIXE -

Cq & :

after cooling to room temperature, was poured into an
ice-cold saturated solution of sodium bicarbonatefa isoia—
tign gave 40 as a slightly colored liquidkjFp 102—103;/
0.5 mm (13.9 g; 94%). This,liquid was pure (pmr) and used

without further purification.,

Preparation of Isobutenyl Bromide

Isobutenyl bromide was prepared from 1,2-dibromo-

2—méthyipropane, following the.Propedure of Brauée and

.

Evéns (95).

m
[

A solutipn of potassium hydroxide (58.0 g) in

ethylene glycol (140 mlfjwas-ﬁlaced in-a distillation

appafatus equipped with a dropping funnel:. To ?he well-
stirred heated{%oldtioﬁ (l40—150°) was added dropwise
under nitrojén;l:2—dibromo-2—methyipropahe (131;0:g). A
d;étillgte"of bp 90-95° (116.5 g)_ was célledteé in an ice-
cooled recéiver.. THe distillate was washed successively-

-~ with ice-cold laqueous sodium carbonate, dried XCaClz and

~
«

- : ' redistilled (nitrogen) to give isobutenyl bromide‘'as a -

_colorless liguid (86.2 g; 76%), bp 91.0-99.0°. . [Tit. bp .
. : - >
C. 91-922 (96), 90-91° (97), gnd 92° (9511, - oo

Y
~

- D - \




Preparation Dﬁw3—isobufényicyeiohex-2-en—1-one’(EL)

L v I}
- -

3- Isobutenylcyclohex—z ene—l -one (31) was prepared “

follow1ng the general procedure of Normat/)(60).

Magne31um (48 5 g) and isobutenyl bremide (i 5 q)

- -«

1. 5 ml tétrahydrofuran (dlstllled over sodium) were

placed in a flask under nltrogen. As sqon as the ‘i

» -

"reacp;on startedj(alded by a p1e§b of iodine), a solution
- . ~ - »

»of isobutenyl bromide (26.5 g) in dry tetrahydrefﬁren (40 .

S . ™ . ) . \

- . . < B .
mly, was slowly added to the mixtdré. After the additiOn,

-~ the reactlsn mlxture was codled 1ance and dlluted with

dry ethe;ALZO ml, dlstllled ov&r sodlum) -To thls ice-

3 LY

cooied well stlrred mlxture was added dropw1se under e
nitmogen. a solutlon of ketane 40 (13. 9 q) in dry ether‘

(25 le.' The rehctlon mlxture was then allowed to warm

. i o/
- £o 'room temperature‘and stirred for 5 hours The reaction
Cm R ﬁ. XU

; ”:mlx ure was ‘then cooled in ice end ac1d1f1ed to pH30(59 :

£ . AL - . ” )
éﬁlfurlc c1d) ' Isolatlon gaue ketone 3F as a pale yellow i g

llquld “bp 91- 95"//6- 8 mm (10, 9.g; 88%).-‘1"_[th.;bp 87%0 , 7mm

f. a ’ s 1‘

.0y, o SR
‘ - vy ':'._f v ' . . . f\\\

Preparation of 4fPhenylﬁ;,2,44tri —3,5:dio&ax(§i)

'. [ . . . ,,) )
4 Pheﬁyl 1,2, 4 trlazollne 3, 5 dlone {54) was<’
‘prepared follOW1ng the method ' deR.-Arnold (98)-. A

. 4!'* )
‘ To a.slurry of 4- phenyIUrazole in dloxane (400 mi)

~ was added  dropwise at room teﬁperature with vigorous,
0 - ' . / 0‘. ’ i “ :*.

£ . . 1 . ) . . . . nt
. ” . n , 9 te ""C M } .
¥ . - - - oo 7 o
o ! [ . . A
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: . ' £ . .
' Stlfrln% t—bdtylhypochlo;lte (13 5 9, Frlnton) Thet
. )
. reaction mlxture turned red 1mmed1atehr After complete

addltlon of thel}—butylhypochlorlte (30 mlnutes), the red '
solutlon was stirred another,ZO minutes, then, f11tered

o ' L e .
td remove the unreacted 4-phenylurazole. The dioxane was

removea under reduced pressure (4dv45°)‘and under nitro-

gen. The residue éonsistéd‘of red crystals which were SER

LS

then sublimed (55—00°/10'2 mi) to glve the trlazollnedlone .
54, mp 170- 179° w1th decomp051tlon. . oy ' >

Ll ’ - . 'z’. Co
Preparation of Adduct 55- S ..

. “
- - .
. . ] A

-

' % s jo a qg@netically—stir;ed solution o§'3-isobuteoylj

‘ -2 ~ i -
clohex-2-én-l-one (435 mg) in benzene (70 rg) was added

ks

under |nitrogen a few mg of the triazolinedione (54)
’ The lution immediately turned\red .The red colour of - .
the dlenophlle was\dlscharged w1th1n a few seconds. The

' «

addltlon of»éi was continued until the red qplor

<

'pefsisteo for 2 hours,{(ca. 510 mg). Methanol was then

- -

- ‘o + s ?
added to the mixture and the solvents were evaporatea to

give colored'crj;kals.. Upon crystaﬂiiation from a mixture
‘of methylpne chLorlde and etherﬁ colorless crystals 1696

mg), mp 150.0-153.0°, were 1Ected . The mcther llquor_

gave additional’material (7 mg) upon addition o? n-pentane

(total Y1eld 82%5 . Adduot~§§ of this purity_was,uséd for S

L4

‘ preparlng ketone 56 Recrystallized material’ (twice,

CH Clz/ether) had: . ir ¢CHC1%) 1774, 1742, ‘1710, .1600, = ¢




.‘

-

. ""‘l‘

as wh;te crystals (243 mg; 91%),°mp 185.0-187.0° (dec ).

1500 and 1420 cm 1; AMeOH

<h 215 2? (e 17400) (mgx) 282

-, (360), (sh) ‘260 (570) and. (sh) 266 (490); pmr (CDCI,)

$ 1:42 (s, 3), 1. 71 (s, 3), 5.02- (4, 1, J=2.0 Hz), 5. 38;

" (broad s, 1) and 7.3-7.6 (m, 5) % mass spectrum (70 eVv)

m/e 3125 (Base peak), 310, 282, 118, 83n 73 and 58 .“J“
Anal. Calcd for C18H19N3O3 94/66.44; H, 5.§9; N{.' . 4{
" 12.95, Found: ‘C, 66.15; H, 5.83;N, 12.75.°
- # h‘ ’ ! - ¢
Preparation "of Ketone 5% - ' - .

'Adductvéé (267 mg) in ethanol (70, m1) was hydro-
: . ‘ \
. genated for 2 days (atmospheric pressure, réBm température)

over 5% Pd/c (39 mg). Filtfation,and:evaperation of the . .

v ..

reaction mlxture gave sllghtly "colored" crystgls, which- ¢

upon recrystalltzation (CH'Cl /ether{, yielded ketone 56

A

3

Ketone 56 .had: _ir (CHC13¢/1770, 1710, 1580, 1510 and 1430

-1 : a . ~
em™ 5 AMCOH 217 nme (e '15500); 294 (40), (sh) 259, (280) < e |
‘and (sh) 266 (190); pmr (CDC1;) 6 1.37 (s, 3), 1.75 (s,\n
"3y, 4.78 (4, 1, J=6.2 ﬁz) and 7.3-7.7 (m, 5); mass ~ o

spectrum (70 eV}’ ‘m/e (re%.lnten51tY) 327 . (100), 312 (3),

299 (4), 284 (?4), 178 (7), 165 (13), 151 (%) 137.(9),

“

1234(12), 122 (24), 119 (13), 107 (8),” 91 (7)& 81 (10),

'67'115)-ahd_55 ©). f\‘ PR . -

) : ' - 'dl’ . \
Anal. Calcd for C18H2103N3 C 02_(.59:03'; H, 6.47; N, N

©12.84. Found: ¢,7%66.20; H, 6.50; N, -12.99.

~ * . . )
A . - 5
' B hd » ! ' ’
L1 .
- & -
. N . ‘ -



" Preparation bf 2r;sobUtgny}:}:pethoxydyclohex-2—en-l—One

] , S ,- . ) :A
($4) . . . . .
. 2= ) - » - )
y e ) - : e

"Td a maqnet}cully stlrred solutlon of cyclohexe?e‘

1l,3- dlone (5.56 g) and sodium methox1de in methanol

' (sodlum, l 15 g, and methanol 200 ml), was*adde drop-

L]

W1se at under hltrogen a solutlon of isobutyraldehyde

-

(Ex

hly dlstllledwunder nltrogen) in dry~methanol (100
‘ 1l

ed over type 3A molecular sieves). After the

\

ron was over,‘thefmlxture was ‘ref I\kxed under nitro-
| J

yrélde- .

hyde were qistilled off under nitrogen (85°/water pump

pressuge), ledving a pale brown solid‘as.residue.”'Thie»‘
solid, after drying. (8‘5°/10-2 mm for 5 Jhours) , .was washed

three tlmes with a mlxtqre of dry ether and dry benzene

L

. . _(l'l), and again dried . (65° /0.4 mm) . A suspen51on of the

solid in dry ether. (400 ml) was treated w1th a stream of |
., - .

dry hydrochlorlc a01d (gas) fbr one hour, wblle being

stirred v1goroﬁsly’by a mechanical stirrer. . The suspende@
v splid gradually“diseolved during the bubbllng, and was’

« . . o : . ~
" {replaced by a colorless precipitate (mainly NaCl)." The

« : - .
- A ; . -

reaction mixture was filtered an9 theasolvent was immediately

at
a Y

evaporated {45§/water pump pressureffto give a yellow
i liquid, to which benzene (20 ml) was added and then
'eyapéfatea'fb;reméve any hydreehloric acid remaining.- The .

: . . . . . - = ' 1) N -
-~ addition and evaporation process,wes.reéeated three times.

- -
. ) . : : .
D 25 The 1liqguid', thus optaiﬁéd,‘was a.complex mixture of products

.
L8

-




 {3.00 4d). This was compound 44 (> 95% pure by pmr) gpd -
22 : \ .

dienone 44 had: Ar (cCly)- 1666 T605, 1360, 1290 and

T 174
_ ! : T v )
(by/pmr), enedlpne 42 predomlnatlng . pmr spectrum’of 42

-~
(CDC1,) 6 1.09 (4, 6, 3=6.0 Hz) "and 7.15 ppm (d, 1, J=

10.0 Hz). This product mixture was kept under nitrogen

* [

at.room_temperature for 16 hours. By that time, the bulk
of the enedione 42 had been converted to a hydroxydienone
gir(pmr): pmr of 43 (CﬁCIB);.S 1.50 ld[ 3, J=1.0 Hz),

1.80 (4, 3, J=1.0,Hz), 5.53 (septet, 1, 3=i.0 Hz) and ca.
7.5 ppm (broad‘s, 1,exchanged witﬁ D O):';The signals of
the other products remalned unchanged 'Tnis mixture was

1mmed1ately treated with ca.‘S -fold excess dlazomethige
4

" in ether (ca. 300 mly, and kept at 0° for 3 hours.

Evaporatlon of the ether and excess dlazomethane gave
a slightly colored llquld (6.075 g), *which showed4one mjor

spot on tlc (benzene 4nd ethylacetate, 122).“ Upon prepéra-

.~

tiye tlc (benzene -an ethylacetate, 3:4) , the cobmpound

corresponding to the‘major spot was isolated as a liquid

”»

‘used fogipreparations oflég'and‘g!_without further pd&ifi-
cation. Analytical sample -of 44 was prepared as follows.
'Rreparatlve tlc was repeated (n—pentane/ether) 7:5) and

the lower half of the band of 44 was collected "Bulb to

bulb dlstlllatlon (50°/< 10 -3 mm)_of this llquld gave

tolorless ‘crystals, which were sublimed }room temperature/ .-

<1073 mm) to give materiaalof mp 42.0-44.0%. Methoxy- T

1240 om™® ; Aﬁ:OH 224 nm (e 12700) ana 475 (12200), pmt

’

~ ’ - . "



- - ) v ) - ‘ .
+ . , ‘ . » a - ° 1 7 5
Ry . :
-

= . - : . -
(CDCl ;)-8 1.47 (4, 3, J=1.2 Hz),'i 84-7(d, 3¢.J=1.2 .Hz),
3.78 (s, 3). and 5. 65 (septet, 1, J‘l 2 Hz), § 5.65 proton
. 7
coupled with § 1t47 and § 1.84 protons with J=1.2 Hz =,

- . (double irradiation); mass spectfum (70 eV) m/e (tel

\

intensity) 180 (67), 165 (100), 149 (73} ,and 55 (40)

o .
. ¢ " ) .
. n : o N g AR

”)/ _© For CyjH;¢0,, m/e 180 . 1130 (calcd 180 . 1149).

- When the mixture of hydroxy-dienone 43 and other
products was subfec}ﬁd to preparative tlc (benzene/ethet,
- -

>
1:1), two major by-products of the condensation ‘reaction

were 1é%lated as colorles$ crystals. compounds 45 and

46. Neither gg nor 43 were isolated. ‘ .
RN ' R - C 4

I A
-+ . Compound 45 was recrystallized (n—pentane/ether),,
' 98.0-98:5°C: .ir. (CHCl ) 1668, 1617, 1379,,1172, 1128
~ " l. 3 ’ L \
: _and 952 cm 1; xiggH, 232 nm (e 21500) di 292 (5150); .

~ -

’ ppr (CDCly) & 0,72 (d, 6, J=7.0 Hz), 7 :(doublet of

» . " o .
septet, ‘1, J=3.5 for d and J=7.0 Hz for heptet), 3.84

R ' ‘A
(broad 4, 1, J=3.5 Hz), & ca. A 2?7 proton couple®with

b )

¢ © 3°0.72 protons (J=7.0 Hz) apd with & 3.84 proton (J=3.5 -
Hz) (double 1rrad1atlon), mass spectrum (70 eV) m/e (rel

';intensity).zls (18).and.2l7 (100).

»

’:: .: . R >, ‘ ‘ ) © .
f{ : Compound 46 was recrystalllzed (C‘.Flzjether), mp
r 189 0-190. O°’ 1r~(CHCl ) ca. 2600 (broad), 1590, 1381
' . 1369 and 1190 cmb17 xﬂeOH 261 nm (e 25000), pmr 0.80. (d,

c -2 g , ax

6, J=6.0 Hz), 2.80 (doublet of heptet, , J=11.5 foy d and

J=6.0 Hz for heptet), 2:89 (§, 1, J=11!
4 ‘<

P " .
. : S

) Hz), ca. ll:85‘

L 4



- L 4
. ) ' <

a » o .
(bréad, 1, exchanged with D,0) and 12.85 (s, 1, exchanged
withtDZO); mass spectrum (70 eV)‘m/ea(rel intengity) 278

(20), 236 *(14) and 235 (100). . .
- N (

: . ,
Reactions of Hydroxy dienone 43

‘e
ES . ’ »
rd ~
.
-

Hyaroxy'éfénone 43 'was not isolated in the pure -
state. Crude hyd}oxy dienone 43, used in the following

reactiqns, was prepared following the method described

-
N -

' qu the preparatitn of methoxydienone 44. <

»

-

»

i) Formation of Oxygen-adduct 47 . 4
) 27

r3

"When érude hydroxf ketohe 43 (ca. 30 hg; liégid)
was kgﬁt in contaét yith air (room,tempéra»ure/byernight ,
colorless crystals appeared. These crystals were
céi;eéted and recrystallized (n—pentané/éthé}) to gﬁve

- the oxygen-adduct él,_mp'153a5-15§;0°. Thig substance .

&
4

was stable underaacidic'!Penzene;p—TsOH refluxing) and

basic (basic alumina) conditions, an® showed *a positive
iodide test. Upon treatment with triphenylphosphine,

. ) . ot T ' , )
47 gave a mixture of products. Oxygen-adduct 47 had:, ir

MeOH -

(CHCl;) 3600, 1695, 1645, 1275, 1185, 1170 .and 975 c?ﬂn;
227 nm (¢ 7000); pmr (CDCl;) 6§ 1.31 (f' 3), 1.

4 (s, -

A
max

+3), ca. 3.8 (broad s, 1, éxchanged w;th'DZO).and 6.5

1

(s, 1); mass spéctrum (70 eﬁ) m/e (rel inténsity7‘198 +(28)
» , " . ‘ A < ) .
..169 (27), 166 T100), .155 (56), 151 (56), 139 (46), 127 ,

(25), 111 (71), 99 (48), 83 (68), 72 (52) and 55 (57) .
~ N o y o

8 -




. . -

1404: C, 60.59; H, 7.12, e

-~

Anal. Calcd fof ClOH

L2
[ 4

* - Found C, 60.87; H, 7.2?’ . . ‘

The oxygen-adduct gz:was‘also formed when a soliw
. w, . @ . s d.
tion of crude hydroxyketone 43 .n air-saturated CHC13A

L ]

: - . . 4
> ) vasikept-(in the dark) at -20° for a week.. . ' ‘

-~
ii) Rearxrangement to ‘Ehone 48
EK{ . 22

. When § dggagssed pmry solution (fo—ﬂ=mmwb§dffeeze-thaw

" . Ccycles) of. ’e‘hnggxy\ig£6né 43 was kept‘at room
temperagpre forhé@é‘ﬁeeké,'oxygen-adduct gifwas not formed

‘at'gllr rather ca. half’of 43 wls converted to enone gg:

4 | rative tlchépwpentane/

liquid-.. This 1iquid

The latter was isolatedtﬁy pr

ethér,\1:3) as af:hightly co

Sy e Q‘. . )
changed to colorless crystal upon the follewing purifica-.
tions: bulb to bulb distillfition (50°/0.2 mm), preparas
tive,&lc (n—peﬁtane/etﬁgf ®:1) and a series of bulb to
" . bubl distillation (50°70.02 mm), successively. These

colarless crystalls of enone 48 melted at,caf room -
3ﬁeg§épature. Enone 48 had: ir (CClé) 1655, 1635, 1400,

. > :
1370, 1269, 1170, 1058 and 999 cm @ ; A Fon

L]

271 nm (e
. o
015000) ; pmr (pDClB) § 1.41 (s, 6), 1.85-2.15 (m, 2), 2.2?—
W : - e o ) . 0 '
a” 2.45 (m, 4) and 2,60,8t, 2, 1.6 Hz); mass spectrum (70 T

e %

" gev) 166 (90), 151 (100), 138 (23), 123 (21), 110 (15) and

L T 957 (37). QT* BT, ~ .
. ) ,"ﬂ . | ,ror C10ﬁ1402: ‘m/e 166.052, (ca%cd l6§.0993)n
N ' * The enone 4B was also formed during bulb'to bulb

. ¢ : .
. . . -




’1?,distillation.(120°/0:3 mm)* of crude'hydroxyketone 43.

+

LAH Redyction of Methoxydienone 44 (6%,A99)
‘ @ » —

! w -_.v"" Ny 7 . LT
To a stirred mixture of lithium aluminium hydride

AL ;-s»w7‘(95kﬁg5"ln“ary ether (30 ml) was added dropwise~ot 0% a ?

13

solutioz of methoxydienone 44 (446 mg) in dry ether (15

'ml). After completion of the addition (10 minutes), the

reaction mixture was kept -stirring for 15 minutes at 0°.

Methanoly(% ml) wa§ﬂadded.to the mixtudre to destrgy the
excess féducing,reagent. Then, the mixture was acidified
to pH4 with an ice-cooled solution of 10% hydrochloric

. - . . . '7 ’
acid. ‘The reaction mixture wyas immediately extracted

-

~

with ether (four times). Isolation gave a liqtid_(340 o
mg). This showed three spots on tlc (benzene/ether, 7:1),
The correspondlng products were collected by preparatlve

" tlce (benzene/ether, 10: 1) in otder of degreasing Rf
-~ - “ ' » ’ “
( value,. 2-isobutenylcyclohex-2—enel—one (32) as a colorless

‘ﬂpqu1d (224 mg), dikne-alcohol 49 as a sllghtly colored
. ) ~3
v - llquld (66 mg). and oxygen-adduct 47 as crude Crystals

LS

* ' (30 mg), The crystbls showed,an identical pmr spectrum
. . to that of an authentic sample. .
\ A . .

The liguid (32) was distilled (bulb to'bulb, 60°/

Q.8 mm) -and the distillate was used for ‘spectral measure-~

> _  ments. Compoond 32 had: ir (CHCl3)fl665l(sf?6ng), 1446,
\ 1431, 1383, 1863, 1328, 1174, -1113 and 978%m™ x;;f(e“t?“e
P o ’L A ¢ . ’ ‘

#

212 nm (¢ 17800), 269 (3700), (sh) 329 (z‘ca; 342

-
[

. .




IR | | . qwe

- <

.ca. 357 (30) and ca. 375 10 pmr (cpcly) 5 1.69 (a, 3,

. J=1.5Hz), 1.81 (4, 3, 3=1.5 Hz), ca. 2.0 (m, 2), @a. 2.4

s

(m, 4), 5.88 (octet, 1, J:l.5 Hz) and 6.72 (dt, 1, J=4.5,

- i »

. 4.5,and 1.5 Hz), & 5.88 proton coupled with ¢ 1.69 and

1.81 protons and with § 6.72 proton (J=1.5 Hz) (by double
\ \

1rrad1atlon), mass spectrum &70 eV) m/e (rel 1nten51ty)

. 150 (100), 135 (35), 122 (21), 117 (11), 107 (25), 93 (19),

~

91 (19), 79 (39) and 77 (21). w
? 1] . .
'For»daoﬁizb: m/e 150.1048 (éalcd 150.1044) .

1 ¥

* The 'enol 49 was dlstllled (bulb to bulb 50°/b.7

&

mm) : 1B§QCHC131q|EOD, 3420, ca. 2960, 1645, 1440, 1380,

: . -1 | MeOH
1220, ca. 1040, 980, 950, apd™915.em™ ; Ao 55y (o

9600); pmr.(CDCl3) 8 1.?7 (bfead s, 6) 1:5-2.3 Zm,'ﬁ),
4.06 (g, 1) and ca. 5.64 (m, 2); mass spectrdm t70 ev) ’
m/e (rel iptens%ty) 152.(100), 137 (27), 134-(53), 119
(87), 109—(76lk 106 (éB),)lQS (29), 97 (71), 95 (36),

93 (78), 91 (86), 84 (54), 81 (50), 79 (56) and 77 (54).

r

. N
For CgH, g0 mfe 152.1217 {caled 152.k2007. ° ° ,

1 . . . . -

The amount of lithium aluminiu@‘hydrids, used in .
the,redﬁttion of‘gé, had groeotpced effects on the'p:oduet
rgdio (32/539. on the othei”hand the combined yield f3£;$‘
+ 49) was ﬂ'k affected to ahy ma jor extent (70%803) u51ng

molar egulvalent ratios of LAH/44 of 2.65 (7.3), '4.30 -

/tatios in parentheses].

v

(3.4) and 14.30 (1.8) [53:49

" When the reduction s conducted aththe temperatmre

3




’ N
t ->

least four producﬁs.by tlc),; and purified by bulb to bulb.

. distillation (60°40.5 mm). Compound 50 had: ir (CCl,)

. -1 L
1250 cm ' ; pmr -(CDC 3) § 1.75 (broad s, 6), .30 (s, 3)

and 5.56 (broad s, 1); pmr (70 eV) m/e (rel intensity)

-

166 (21), M (24), 134 (100), 119 (85), 106-(79), 93

(44) . and 91 (65). .

r .
R

Diels-Alder Reaction of Methoxy Dienone 44 and Tfiazoline—

>

dione 54 . ’

#

-

Methoxydicnone 44 obtained from 1,3-cyclohexanedione

(2.78 g) following the method previously described and
£ ," ,_\

the ¢rude product was used for thé’following reaction.

To the solutioncﬁfgi in benzehe {30 ml) were addeqd
. ' . - - .
small portions of triazolinedione 54 until the solution

2
-

remained rede Evaporation of the solvent gave a yellow"v

» Yigquid which uppn column CQFomatography (bénzene and

142.5°:7‘ir (CHCIB) 1775, 1718, 1650, 1500 and 1415 cm " ;

A

ether, 1:1) yielded adduct 60 (colorless crystals) (1.46
‘ > ' » ,/4 B

g). After recrystallization (EtQH), this had & mp 141;9'

R .

MeOH

UeOR 218 nm (£ 26000), (sh)- 260 (250) and (sh) :266 (190);

. } 3 g
pmr (CDC13) § ¥.47 (s, 3), 1.88 (s, 3), 3.32 (s, 3),'ca.

3.6 (m; 1), 6.45 (s, 1) and .ca, 7:4 (m,.S); mass)spectrUm

.

N

180




/’

o a

o

-

(70 eV) m/e (rel intensity).355 -(100), 340 (15), 324 (53),

e »

. -
323 (25), 308 (17), 180 (24), 179 (20), 165 (28), 149 (21),

119 (8) and 55 (5). * . '

Anal. Calcd for C19H2104N3:‘ c, 64.21; H,‘5.9§;9N,
11.83:; Found: C, 64.35; H, 5.90; N, 11.84.

Y

L Y
Hydrogenation of Adduct 60: Compounds 63 -and 64

-

Adduct 60 (I'l6 mg) was hydrogenated (room tempera-
& 4 “ ?
ture, atmospheric‘pressure) in ethanol (40 ml) for 4

L
hours, over 5% Pd/c (14 mg). Filtration and evaporation

Y yiéided a colorless liéuid, which upon standing changed

pagtially into colorless crystals. The crystals (38 mg; -
. » L;;:
32%) were collected and had, after recrystaliza%ion

‘M(éthanol and a mixture of CH,Cl,/gther, successively), a

-

‘e 223.0-224.5?»~QThiélsubstance was methoxyketone 63:
ir (CHC1,) 1758, 1710, 1595, 1495, 1445, 1405, 1270, 1150,
¢ .

T e _,l .«\ i
1140, 1105 and?1055 cm™ ; AM2OM 217 nm (e 13800), (sh)

255 (290F, 260 ,(:320) and 266 (310); pmr (CDCl,) 1.33 (s,

3A
3), 1.83 .(s, 3), 3.18 (s, 3) and ca. 7.4 (broad s, 5);

»

mass sbectrum (70 eV) ﬁ/e (rel intensity) 357 (16), 326

(7);, 325 (8),°218 (100), 181 (67), 119 (9). 56 (29) and

. : v
53 (11). .

Fa

> - R ’ ,/; : 4
) An%}. Calcd for C19H2304N3: C,;63.85;’H,‘6.48; N,
AN 11.76. Found: C, 63.79; H, 6.36; N, 11.69.

on preparative tlc (benzene/ether, 2:1), the -mother

-
/ -
Py




<

182

on

oy - - .
4 & * ’

liquor yielded enone 64 as colorless crystals {59 mg:
56%) ; rECrystalllzatlon (a hmixture of EtOﬁYether and
ethanol, successviely) gave material with mp 162.0-

163.0°: ir (CHClB) 17Z§, 1725, 1650, 1615, 1500, l@}d,

M -1 ‘oL -
1380, 1370 and 1290 cm  ; af%@“ 215 nm (¢ 5800), and (max)
| -~ ’ ' 3 ' . ¢

301 (13000); pmr (CDClB) 6 1. 59 (s, ), ca. 2.1 (m, 2),

"2.45,(m}02), 2.51 (t,. ~J=2.0 Hz), 3.25 (tt, 2, J=5.5
and 2.0 Hz) and 7.45 (s, 5), & 3.25 protons couoieé‘with 5
‘2.51 protons KJ=2&B Hz) , é 2;51 protons coupled with &
2.18 protons (J=5.5 Hz) (double if;ad;ation); mass spectrum'
(70 eV)-m/e (rel intensity) 325 (100), 310 (10), 282 (21) .,
206 (15), 191 (35), 164 (30), 150 xzof, 149 (14), 135 (12),

119 (13),-91 (11) and 55 (9).

o

Anal. Calcd for C18H19N3O3 C, 66.44; H, 5.89; ﬁn.
-12.92. Found: \66 28 H, 6,06; ‘N, 12.76.
Hydrogenation of Adduct 60: ‘Compogﬂd 61 . ‘ -

~

’

Adduct 22 (174 mg) was'hydrogenateé (room tempera-
ture,(at;ospheric‘oressuré) in ethanol (60 ml) and

, pyridioe (3 drops) for .55 hours over 5% Pd/c. (18 mng) .
Filtration and evaporatlon gave a mlxtq’e (171 mg) of at.

least four progucts (by pmr). Upon addition of methanol

' ' _'Lt < . > ., .
L A the liquid partially crystallized (63 mg: 412} . The
, crystals, -ketone 61, after recrystahization (CH2C12/ ’
& ether), had mp 185.0-187.5°: ir (CHClj) 1770, 1711, 1505,

. Sy r
1420, 1275 and.1200 cm '; »MeOH
. max

216 nm (c 16800), (sh) 260

-




183

(270), (sh) 266 (}80) and (max) 3qp.k4o>;;pmr (CDC1,) &

1.38 (s, 30,'1.8€ (s, 3), 3.00 (dt( 1, -3=13.5, 5.0 and '

5.0 szh, 4.46 (m, 1) and 7.3-7.5 {m, 5); mass spebtruﬁ~ )
‘o, i : ‘ -~

(70 eV)\o/e (rel intensity) 327 (100), 3&2/1{;77*216 . ‘

(43), 19% (10), 178 (8), f5i (32, 150 (10), 124 (14),-

Bl

119 ¢15), 97, (10} and 55 (13).

Anal. Calcd for C C; 66.03; H, 6.4%; N,

1852193%3"

. . ‘ _ L . ;
® 12.84. Found: C, 65.95; H, 6.61; N, 12262. . - .
. ! i \-'Q\ ’ \
‘Enone 64 from Methoxyketone 63 : R -
, h % e ’ : .
s ' . A solution of methoxyketone 63 in benzene (10 ml)
e I
was refluxed overﬁ&ght‘in the presence of a few mg. of
p-toluenesulfonic acid. During.the féfluxiggw mefhanol
7 : .- ¢ )

was removed continuously using a Dean-Stark apparatus.
i , . , . )

: . . , ,
"To the cooled solution.was added a mdxture of anhydrous

. . ]
sodium carbonate (30 mg) and magnesium sulfate. Filtra-

tion and evaporation ga;e colorless cr&stals (34 mg: 97%), .

show1ng a s1ngle spot correspondlng to enone 64 on tlc

%
(benzene/ether, 3.2) The pmr spectrum was also identdical
to tﬁét'of enone 64, obtagped by hydroggﬁatlon of addutt
= » e | ’ .
g_g' ° ) ’ . oo l
. ’ ! - [4 ¢ f‘— ' - C. \/f/'
s | o

Hydrogenatign of Enone 64
P

] ald -

Enone 64 (36 mg) was hydrogenated (rbom temperature,

"a*tmospherlc’.pressure) -in ,ethanol (13 ml) for 35 hours over

= 5% Pd/c (4 mg). Filtration and\evaporation gdve a mixture’
[ ]‘ . i ) . -

1 . .
> ' L - " * .
F- Th [ 3
v . ! N .
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of products as a liquid (31 mg), which, upon addition of

e ' ' ’3

ether, yielded colorless crystals (14 mg: 39%) of keppne

61. |

LY

..

‘Diels-Alder Reaction of Diendne 32 and Triézoliﬁedionehggﬂ

To a magnetiq?lly stirred solution of dLénone 32
(224 mg) in bengene (25 ml) were added small portlons of

) trlazollnedlone 54 until the solutlon remained red. Upon .

completlon of this-addition, the solution was stirred for
.a further 2 hours. Then‘ethanol (2 ml) was added to the
') mixture. -Evaporation of the solvents yielded cruge
« ~ crystals, which, after'recrystallizatioh (EtOH), gave
adduct 62 as colorless crystals (423 mg: 87%), mp 157.0-
15§.S°.. Adduct 62 had: iy (CHCl ) 1774;.1710,-1645,
1505, 1420, 1370 and 1270 cm ; xﬁggﬂ 220 nm (c 18000); \'
- pmr'\CDCl;) 6§ 1.60 (s, 3), 1.68 (s, 3), ca. 3.15 (m, 1),
4.45 fbroad ddd; 1, J=11.0 5.0; 2.5 Hz), 6.34 (4, 1, J=
2.5 Hz) and ca. 7.4 (m, 5), & 4.45 proﬁqn couplep with 3§
6.34 proton and with 6 ca. 3.15 proton (J;Z.g\;nd 5.0 Hz,

respecti&ely) (dquﬁle irradiaiion)i mass spectrum (70 eV)

m/e 325 (base-peak), 310, 191 and 150. -

* %

Hydrogenation of Adduct.gg ; N ’“\\v,~\

»

Adduct Eg (484'mg) was hydrogenated (room tempera-

ture, atmospheric pressure) in a mixture of ethanol (90

’

1) and pyridine (5 drops) for 36 hohrs, over 5% Pd/BaCO3'

/’“"3 "




n [U’ ‘ .
(62 mg). Filtration and evaporation yielded crude ¢rystals,

~. which, upon recrystallization (EtOH), gave white crystals

- (451 m%; 93%), mp 184.0-186.0°. The latter was identified

»

N

~as ketone 61 by cqmparls;(/w1th an authentic sample (tlc

and pmr). N
) ‘ N%
When the reaction was carried out in the absence of y &
pyridine, the yield of 61 decreased to ca. 7Q§. Theqyieid
' of 61 also decreased (to 50v60%) if 5% Pd/C waeL/sed as - . -
. ‘ - .
- ) the catalyst instead of 5% Pd/BaCOB. : -
Basic“Hydrolysis of Ketone.56
T * Ketone 56 (100 mg) was placed in a glass tube which "

- contained lithium hydroxide (50. mg) in methanol (3 ml) and
H . . n .« N ,
. water (1. 5 ml). A slow stream of nitrogen passed over

Catalyst 3R-ll (BASF), was bubbled into the solution {25 o
minutes, 0°), and the glass tube was then sealed. The

sealed tube was heated at 105° for 18 hours. During the

heating, the solution turned,pale vyellow. The tube) after
4

being allowed to,cool,to-rod% tdmperature, was cooled ih.

dry ice and opened. The contents were immediately poured

into a separatory .funnel which contained methylene chloride
- (ca. 20 mi), water (ca. 20 ml) and several pieces of dry

»

ice. The chilled methylene chloride layer was quickly

separated after wvigorous shaking. Quick. isolation

(avoiding air) gave a brown lquld " A specimen for pmr )
-3

spectrum prepared under reduced pressure (5 x 10+~ mm)

[
3




e

using aegéssed solvent (<10-3'mm by freeze-thaw cycles)

showed only onet sharp singlet (1.23 ppm) in methyl region.

Signals for aromatic protons were also observed. The .

L d

latter wera. identified as ﬁhose due to anilineg by

. . . | Dy s
comparison with a pmr of an authentic sample of aniline.

The high field signal was attributed to the methyl groups

]

of compound 71. The pnk (#) and ir of 71, pbtained"by
subtracting 'the aniline signals, are: pmr (CDC13) 8

;,23 (s, 6), 1.2-2.6 (m,*8) and ca. 3.7 (broad s, 1,

-

exchanged with D,0); ir (cnc13i 1655 (strong) and 1603

-1 ’ )
.Cm .

Tl (benzene/ether) of the mixture showed one
/ - . :
. major spot-other than that of aniline together with at

least four minor spots. Separation of the major

-

component -by preparative tlc (ether) was unsuccessful.
B 4
* Attémpts to obtain pure 71 by distillation (up to
120°/<10”3

mm) were also unsuccessful.

When the'hydrolysis was carried eut at 70° (12
hours), the product mixture showed flVP methyl 51gnals
(1.1-1.6 ppm) other than those of staztlng material (56),

" and anlylne was not detected. At 140° (29 hrs), three
methyl signals (1.1-1.5 ppm) other than thaf of 71 were

observed together with the signals of aniline.

#The identical pmr spectrum was abtained in a separate
experiment, where all the 1sdlation ppgpesses were
conducted either in a nltrogen‘box or uhder reduced
pressure (<5x10 3 mmr




3
. -

When' lithium hydroxide,was"substftuted with potés—

- sium hydroxide, the same results were obtained.

_ Basic Hydrolysis of Ketone 61

Ketone 61 (54 mg) was piaqed in a glass tube which

contained a potassium hxgroxide'(zo mg) solution in .

N

methanol (2 ml) .and water (1 ml). A small stream of

nit}Ogen, passed over Catalyst R3-11 (BASF), was bubbled
. L4

through the solution (30 minutes. at 04 and the tube was

sealed immediately. The sealed tube was heated at 110-

115°" for 84 hours. The solution remained colorless during.

TR

the heating (#). ' The reaction tube, after cooiing to
room\Femperature,-was cooled in'dry ice, opened-aﬁd;

immediately transfemred finto a funnel which-contained a

well-mixed mixture of methylene dﬁloridébica. 20 ml),

1 . j ,

water (ca. 20 ﬁl) and several pieces of'dry‘ice{--ﬁxtrac—
tion, evapor?tion of thé solvent (room tempépature) gave
a very slightly colored liquid. The pmr of the liquid

. (kept under redyced pressure, 2x10‘2 mm) showed a sharp
singlet 11.02 ppm) in me%hyl region.’ A¥Omatic érqtong
were also observed.. The.;gster was identified-éé‘thése
of aniline by comp@rison with an authentic}saﬁplel The
férmef'was identified as hydrazone 74 by comparison with
a;pmr spectrum of<an~aﬁth ntic sample prebared py acid

AN tyij ' @ .

#When nitrogen directly from a cylinder (L-grgde, quuld

Air Ltd.) was used the: solut;on turned brown during the
heatlng -

e \ * 1}
8 -
L ™~
. : ,

-y
»
»

N

Fled !
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/ - | S &
: _ o | .
hydrolysis of 90.- No sign of a third préauctiwas detected.
£ - rd ‘

When the hydfolfsis was conducted at~75% (2 days) ,
neither 74 nox aniline were formed, but a new compaund,
probably 68, appeared. This material was not isolated,

ﬁut showed the following pmr (CDC13): § L.47 (s, &), 6.80

"(t, 1, J=4.0 Hz) and 7.33 (broad s, 5). - T
- - . ¢ 2 o« ‘\
- Attémptegd -Ddels-Alder Reaction between Di ne 31 and
Thiadiazolinedione 75
2 .
3 ) . v i

Dienone 31 (130 mg) and 1,3,4-thiadiazolidine-2,5-
dione 75 (60 ymg) was dissolved in a mixture of THF (1.57
ml), dimethylformamide (1.0 ml) and acetic acid (0.2 ml). . ,

‘A
The hixtufe was cooled to -78° and stirred magnetically.
[ ¢ . ' .

Lead tetradcetate (400 mg) was .added to the solution and
the solution was stirred at -78° for 7 hours. Ethylene

g;Zcol (0.2 ml) was then added to the‘reac;ion mixture

v

and the mixturé was allowed to warm up . to room temperature.

Examination Qf'the product (tlc, pmr/sﬁéétrum) showed it

— »
ES

..~ -to_be essentially sE&ffing material.

Diels-Alder Reaction between Dienone 32 &@nd Thiadiazoline- »

dione 75

Addd&t 77 was prepared following the general \

«

.procedure of Corey (72) using thiadiazolinedione 75. v

-

Dienone 32 (500 mg) and 1,3,4-thiadiazolidine-2,5=diong

(550 mg) were dissolved in a- mixture of tetrahydrofuran




% , -
1 \ ) . :5

(6 ml), dimethylformamide (4 ml) and ‘acetic acid (0.8

*ml). The magnetically stirred mixture was. cooled in a
-« - " . , i - .
dry ice-acetone bath and lead tetraacetate (2.4 gr) was
added. The mixture was stirred at -78° for‘3'ho-£§f o

Ethylene glycol (2.5 ml) was then added and the reaction

12

mixture was allowed to warm gradually'to room temperQQ

-~
ture. The mixture was poured into water (100 ml) and
extracted with methylene chloride. The extract was

washed with a satﬁrated'sodium'carbonate solution and
- .

dried over cotton wool. - Evapoqation of the solvent gave

. r .
a colored liquid. The tlIc of the 1iquid'showed_three

major spots corresponding to dienone 32, adduct 77 and
. t —— %Y ——

an unidentified product, in order of decreasiné Rf «value.

Ad b4

Upon addition of ethandl, the liquid gave colotless
crystals (582 mg) of adduct 77. The crystals, after
recrystallization (EtOH) had mp 159.5-160.0°: ir (KBr)

1700, ca.. 1650, 1460, ca. 1250, 1180, 1090, and 908 cm_l;

MeOH
max

(s, 3), 4.8l (add, 1, J=11.5, 5.0 and 2.0 Hz) and 6.16

A 223 nm (¢ 5900); pmr (CDé13) § 1.50 (s, 3), 1.80

L4

(d, 1, J=2.Q Hz), & 4.81 proton coupled with & 6.16
proton with J=2.0 Hz (doﬁbie>irradiation); mass sbectrum

i
(70 eV) m/e (rel intensity) 267 (15), 266 (100), 191 (62),

164 (19), 150 (47), 149 (17), 135 (30), 122 (22), 107 (15),

79 (40) ana,77'(24).

For C O3N

12Hl4 25 m/e 266.0715 (calcd 266.0725). /
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Hydrogenation of Adduét‘iz L ~ :

<
A solution of adfuct 17 (264'mg) in a mixtuge’ of

methanol (100 ml) and pyridine (2 drop!l was subjected. to
hydrogenation (room te%perature/atmospheric pre§Sure)
over 5%-Pd4d/C (348'mg)[‘ fh%'réaction was;stég;ed aftér 6
'days, although Stafting maﬁﬁﬁial still remained on tlc

, %beﬁzene/ether,‘B:Z). ﬁThe product, upon preparative tlc
"(benzene/ether, 2053), gave.ketone 78 as:é colorless[

~ Iiquid -(179 mg) and starting material as EOIOEIess cr;stals
(Zﬁ mng) . Thefformer, upon éddition of ether, gave cqior—

less crystals. These crystals were'recrystallized (CH2—

ether and petrol ether, 30-60°), mp 124.0-125.}°:

" cl,,
ir (fér) 1710, 1680, 1470, 1400, 1250, 1210, 1170,.1110
) ' -1 _MeOH - ‘
and. 1000 em ; A - 223 nm (e 5500); pmr (CDC13) § 1.41

max

. - 9°
{8, 3),'1.81 (s, 3), 2.95 (broad d4t, 1, J=14.0, 5.0 and

5.0 Hz) and 4.73 (m, 1), 6 2.95 proton coupled with &

o .
4,73 proton with J=5.0 Hz (double irradiation); mass

]

~

H p , ~ T
spectrum (70 eV) m/e (rel intensity) 269 (14), 268 (96),
208 (15), 193 (12), 152 (84); 124 (36), 112‘(29)i/109

[ .. - Al : . /
(21), 97 (100), 95 (21), 84 (32) and 81 (29). |

For.CleIBOBNés m/e 268.0862 (calcd 2?8.9881).

Basic Hydrolyéis of Ketone 78 .

¥

-

“'i) at 105°

‘Keton 78 (29 mg) was placed in a glass tube, )

togethef with potassium hydroxide (45 mg), methanol {2 ml)

- .
’ ‘
.
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er y

£
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.
L

and water (1 ml): The glass tube was sealéd after bubbliﬁé

L4
*

a . 'small stream of‘nitrogeng passed over Catalyst R3-11

k3

(BASF) , through the mixture for 2% minutes at 0°. The

« -,

v 4 " -
seal:d tube wgs heated at 105° for 22 hours. After cooling
in

y ice, the tube was opened‘énd the contents were
tragpsferred into a separatory funnel which contained a

mixture,of methylene chloride, water and several pigce%

- ¢

of dry éﬁe. Quick extféction and evaporation gave ‘a
sligﬁtly colored liquid. ﬁponuadditiontof undegassed
solvent for pmr the liquié gave a dark §ellow solution.
Thé pmr showed an idenfical'spectrum to that of‘Compound
74 obtained by aéidic hydrolysis of hydfaiine 90.

hd

s

'ii) at Room Temperature .
Ketone78 (42 mg) was dissolved in a solution which
contained Tithium hydroxide (20 mg), tetrahydrofuran and
. 1
water. K The mixture Was.stirred magnetically gnder .

nitrogen and kept at room temperature for 2 hours. | -

A

« The reaction mixture (coldrless) was poured into water

. Ad

(15 m}) and extracted with methy%ene‘éhloride, to give .

-

"only a"tracé of slightly colored oil. The water layer
was acidified with acetic acdid until-pH 5 and re-extracted

with methylene chloride. Evaporaticn of the -solvent Yave

+

» [

a siightly %oiored liguid (34 mg) . The pmr spectrum of
the liéuid showed’ no signgas of the starting material,
but showed the. following éignals which.were assigned
as those of compéund 79: (CDCl,) § 1.2-2.7 (ar—8%y 1.53
' o .

, . o 4 ‘

191
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(s, 6), 6.88 (t, 1, J=4.0 Hz) and ca. 8.2 *(broad, 1)

| I
This substance was not 1nvest1gated further.

iri) at 55°° _

A-, A mixture of,#etene 78+ (24 mg); lithium hydroxide
(54 mg),-tetrahydrefuran (2 ml) and water (2 ml), was
- - heated.at'§5°ién'a sealeé tube (under nitrogen) fer 2'
days. Isélation of the produqt gave é miXture of 79/78
and an unknown substance (stible under air) in Toughly
equal amounts. The material was not -further inyestigateai

] .

) Preparation of ,Ketal 80 . . -

“ A mixture o¥ ketbne 56 (1.566 g}, ethylene glycol_ \

(1 250 @) and" p—TsOH (0 115 g) in benzene (150 ml} was ,

- -

5$,e;\5t refluxed (40 hours) in a flask equlpped with a Dean——

Stark‘apparatus After coollng to room temperature, gsodium

carbonate (cayp, 3 g) was added, followed by isolation to

give crystalline residue. ?his was recrystellized ‘:
(CH2C12/ether) to yield ketal 80 kl}§l4ig; 91%2,~mp 170.0-
: t171.0°. I A
r ] ' .
Ketal 80 had: ir (CHCly) 1760, 1700, 1603, 1502,
1420, 1290, 1275,. 1150, "1025 and 950 cm™t ; Aﬁggﬂ 217 nm °
(e 16500?\‘fsh) 259 (310) and (sh) 266 (180) ;”pmr (CDCL,)
6 1.31 (s, 3), 1.767(s,.3), ca. 2.5 (m, 2), 3.6-4.0 (m,
4), 4,35 (d, 1, J=4.5 Hz), and 7.2-7.5 <m, 5), 6 4.35

'proton goupled with one of & ca. 2.5 protons with J=4.5
. . ' :



S 193

* . . <

Hz (double irradiation); mass spectrum (70 eV) m/e (rel

intensity) 371 (100), 356 (5), 283 (11), 270°(10), 119

(14), 99 (38), 86 (13) and 55 (11).
- .g -

*

gnal Calcd for C20H2504N3 N, 11.31. Fognd: N,

T

’ 'i;.ze.

v ~ Prepéfation of Ketal 81

A solution of ketone 61 (133 mg) in a mixﬁure of
. : ' _ 3
-~benzene (10 ml) and ethylene glycol (150 mg), was

refluxed overnight in the presence of p-toluenesulfonic

acid (20 mg). iDuriﬂé the refluxing, a Dean — Sgérk
appar;tus was used to remove water. After coslinag,
iénhydrous sodium carbonate (ca. 200 mg) was.added;
filtration and evaporation then yielded a liquid. Upon
prepérative tlc (n¥pentane/eth?f, 1:1), the liquid %ave

ketal 81 as white crystals (149 mg). This substance had,

after recrystallization (ether/n-peitane), a mp 137.5-,

. 139.5° and showed: ir "(CCl,) 1782, 1713, 1502, 1412,
3 o '
1332 and 1108 cm™ ; xﬁng 217 nm (¢ 16000), (sh) 260
. * (260) and (sh) 266 (180): pmr (CDCly) § L.34 (s, 3),.

1.80 (s, 3), 1.3-2.0 (7), 2.25 (dt, 1, J=5.0, 5.0 and
12.5 Hz), 3.95 (s, 4),'2 45 (m, 1) and 7.2-7.6 ppm (m, 5);
mass’ sgéctrum (70 ev) m/e (rel intensity) 371 (100), 356

(13), 195 (60) and 9&,(19)
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Basic Hydrolysis of Ketal 80: Formation of ‘Compound 82

-

*a solutlon of ketal 80 (50 mg) and potassium

\ -

hydroxide (250 mg) in methanol (3 ml). and water (2 ml)
was refluxed .under nitrogen for 3 days. Isplation gave-

A “x , * -
§g as white crystals (48 mg), which showed a single spot

n

o

on tlc (benzene and ether 3:1). After recrystallization
(ethanol/ether) the material had mp 152.0-152. 5°> ir (KBr)
3350, 3240, 1665, 1586, 1526, 1437, 1215, 4160 and 1028
cm;l; pmr (CDC13),& 0.97 (s, %), 1.14 (s, 3), ca..3:80 (m,
4), 4.35 {broad s, 1, exchangable with D,0), 4.64 @1,
J=6.0 Hz), 6.8-7.7 (m, 5) and 8.70- (broad s, 1, exchang-
able with D20);‘maes spectrum (70 eV) m/e (rel intensity)
346 (22), 345 (100), 330 (21), 226’(27), 211 (24)'agd 166

L d

(17).

When the hydrolysis was stopped after 24 hour-
reflixing, a mixture of 82 and the starting material '(80) w

was obtained in the ratio of 4 to 3. :

*
o

S

Basic Hydrolysis of Ketal 80: Formation and Oxidation

of Hydrazine 83 [

Ketal 80 (41 mg) was in a glass tube containing a

solution of potassium hydroxide (30 mg), methanol (2 ml)
and water (1 ml), and was deoxygenated by pﬁssing

itrogen (0°, 25 minutes). The tubewas then sealed and °*

heated at 150° for 36 hours. After cooling to xpoom

1

»
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temperature and then in dry ice the tube was opened and
-~ : ’ C
the contents were transferred into a separatory funnel

which contained a mixture of methylene chloride, water
and several pieces of dry’ice. The latter mixture had
been previously shaken for 5 minutks. The chilled
methylene chloride extract was 1mmed1ately passed /
through cotton wool and the solvent was evaporaE_HJ/

<

35° to give a colorless liguid. This was immediately
- !
-3

degassed (<10 mm) Bnd the pmr solution (colorless) was -

prepared on a vacuum line using degassed solvent (510"
mm) . The pmi showed a sharp singlet (1.14 ppm) for the
methyl groups oé 83 and no other methyl si;ﬁals were .
observed. The sea}ed pmr tube wa§'opened and, after a

Slow stream of oxygen was bubbled through the solution

7
(5 minutes), it was resealed. As soon as the oxXygen was

.introduced, the solution turned yellow. The pmr (30
minutes after the introduction of okygen) ghowed the
aépearahce of a pair of methyl signals (1.19 and '1.50
ppm) of eéual intensi;y beside the sharp eihglet of 83.
"The signals were att;ibuted\to those of the azo compound
85. The ratio (83/85) was ca. 5:1.' The ratio was
reversed to ca. l:g when the pmr solution was kept for
12 hours (room temperature). At éhe same time, a small
pair of methyl signals sterted appearing at 1.06 and .’

1.11 ppm and an unidentified methyl siénal also appeared

at 1.19 ppm. The former signals were believed to be those

.




\’ i . - s . ‘.\

.of the hydrazone §é.’ After a total of 31 hours exposure

-

to the oxygen, the methyl signals carresponding to ég and

85 had disappeared completely and only those corresponding
to 86 and the-unidentified product remained. ‘Fhe.aniline

signals remdined unchanged during the transofmrations.
. L]

. . . . s
Similar results were obtained when air was used as oxidant

instead of oxygen.

- ".‘ ) -‘.
In a similar separate ¢xperiment, a degassed pmr

solution (colorless) of 83 (and aniline) ewas pfepared:
Upon addition of mercuric oxide (ca. 20 mg), the color of,

the solution immediately changed to a reddish;brown.

The pmr mixture, after shaking 5 minutes (room temperature)

196

*

~

showed a complete disappearance of 83 and the quantitative

2y

formation, of gﬁ; There were no other methyl signals nor
was any,changg in the signals of aﬁiline‘observed. The'l
solgtion was filtergd through a celite layer (CHZCiZ) and
thé/solvent Qas immediately evaporated (room Eempgrature).
* The pmr of thé residuaf brown Qil‘showed not'onl; 85 but

also 86, fheir ratie{Zéé/BG) being ca. 3:1. After 6

hours (room temperature), 85 dlsappeared completely,

-

Y

6
whereas 86 remained. ,Nn\rethyl 51gnals other than those

" of 86 were obsgerved.

-

I - >

Compound 85 had the following pmr signals (CDC1,) :
~ - . )
§ 1.1-2.0 (m, 9), 1.19 (s, _3), 1.50 (s, 3) and 3,9-4.1

*

ppm (m, 5).

> s

ES
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pressture—{<10

VA
-

| BN

_described. The mixture was distilled at room temperature

"+ 1367, 1170, 1140, 1110, 1090, 1060 and 959 cm

Isolation and Characdterization.of the Hydrazine 83

g %

A mixture of hydnéqine 837 and aniline was. prepared

t

from ketal 80 (54 mg), ¥Following the method prev1dnsly

(<10_3 mm) ovérnlght to yield colorless crystals in a

P 3 - ) @
reteiver cooled in an acetone-dry‘ice bath. The crystals ‘\

melted when they were allowed to warm up to room tempera—

. - ‘ < ‘g
ture, and thg pmr spectrum showed the signals of aniline. *

» -3(

When.the distillaﬁion temperature was raised to 60° (<10 o
mm) , another colquess liquid (hydrazine ﬁé) was collected ’ "
in the second cooled receiver. The 11quidfwasasealed.in |
the receiver:- under neduced pressure and transferred into

a nitrogen-filled box where the samples for ir and fass

B LY
M

spectra were prepared. A degassed carbon tetfaéhloride

x

(<10 =3 & mm by freeze- thaw cycles) was used as the ir
solvent. " A pmr solutipn was prepgred under reduced
-3 - -3

mm) using degassed solvent. (5x10
- .

mm) .

Hydrzine 83 had: ir (C€l,) 1360, 3260, 3180, 1450,

L. omr (cDCl,)

§ I.44 (s, 6H), 1.05-2.40 (m, 9H), 2.63 (broad 4, 1, J=
5.0 Hz), ca. 3.7 (broad s, 2, exchangable with D 50) and.
ca. 3.99 (m, 4); mass spectrum (70 ev% m/e (rel 1nten51ty)
227 (11), 226 (100), 211 (65), 181 (13), 166 (58), 165

(24), 139 (52), 125 (54), 112 {79) and 99 (58).

-
v

For Cle%‘O’N ‘m/e 226,1660 (calcd'226.l680).

. - Yo
. ° . -t o
- ro,

“ . . !

: " -




. described. To the mixture, a degassed solution (5x10™

» . -
[ - .

Reaction of Hydrazine 83 with Pheﬂjl Isocyanate \\. :

-
-

A mixture of hydrazine 83 and aniline was prepared

frok ketal gg_(joo mg) following the method préﬁiouslg

5

3

mm) of phenyl isocyanate (72 mg) in chloroform (2 ml) was

3

added under reduced pressure (<10~ mm) and the system

was sealed, and kept at room temperature (24 hours). -

~ -

During this time éolorless crystéls appeared in the
solution. The solvent and the excess phenyl ;sbcyanaté

were then evaporated, to give colorless crystallfﬁa

—

:esidue'which showed three distinctive spots (under uv)
2 . a -
on tlc (benzene and &thyl acetate; 3:1). The crystals

partially dissolved in chloroform and the insoluble

.

crystals were collecte&"(40 mg)’and identified as N,N'~

Pl

diphenyl Lrea by comparison with an authentic sample (tlc
and ir). This substance showed a spot corrésponding t@

. »
the spotd with the highest Rf value on the original tlc.

-

The chloroform-soluble .part showea two- Major spots. Upbn-

preparative tlé; (benzene and gthYl acetate, 5:1) the

corresPohdiné two fractions ‘were. obtained, the higher Rf

being 40 mg and the other 21 mg. The latter was )

v

identified, after récrystallizatigm (methanol/water),

as compound 82 by comparison (mp, ir, pmr and tlc) with

an*authentic sample obtained by basﬂc ﬁydrolysis of 80.

A

The former traction was'purified by preparative

-




¥

“into a separatory funnel which contained a mixture of ~

@
\

tlc( (benzene and epher, 3:1) and ieciYstallized (ethanoi)'

to give compound 84, mp 145.0-150.0°: pmr fepciy. s ¥
/ _

L ] LN
1.47 (s, 3),,1.58 (s,*3), 1.2-2.0 (m, 8), ca. 2.15 (m,

1) 3.21 (broad t, 1, 3=7.0 Hz), 3.8-4.1 (m, 5), 6.8-7.5

(m, 5) and 8.87 ppm (broad s, 1). § 8.87 plroton excharged
with BZQ, 5 protons (3.8~4.1 ppm) decreased to 4 under
D,0 and at the éame time the broad pripfet (3.21 ppm)

changed to a broadsdoublet (J=7.0 Hz).

Acidic Hydrolysis of Hydrazine 83

-

A mixture of ketal 89}%34 mg) , pota551um hydroxide
(60 mg), methanol (2 ml) and water (1 ml) was reacted 1n -
a sealed tube as described prev1ously: . After the_hydroly—'
sis was over,vthe sealed tube was cooled in dry icq,
opened and alLéwed-to Warm'to 0° under nityogen. To the
solution, concentrated hydrochlbric aéid was added drop
by drop to pH 2 and the‘reaction'systeﬁ was sealed under -
n;trbgen, paséed over Catalyst 3R—li (BASF), and kept at

550 overnight. The solution remained colorless. The

sealed reaction system was then cooled to -78° (dry ice)

.and opened. The contents were immediately transferred

methylene chloride, water and several pieces of dry ice.
Quick isolation yielded a yellow 0il. When the oil was

dissolved in undegdssed émrlsolVent (CDC13), the colq'

. )
changed to brown. The pmr showed a mixute ‘of 71 and
L} > I \ .
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. ~ TR S
anil}ne; the spectrum was identical to that obtained ?aip

the basic hydrolysis of ketone 56..

‘- v : R
" Under milder conditions the hydrolysis of 83. .
was “incomplete (AcOH/80-85°) or did not occur (AcOH/55°

or HCl/room temperature).

ISolation andy Characterization of Hydrazone 86

~

A miXtuxe of hydrazine 83 and aniline was prepared
from ketal 80 (188 mg) as described previously. The tlc
(ethér) of the mixture shoﬁéd in air a long t;ilihg spot
Egd a spot corresponding tb aniline. Thg former, upon
prepafatgve tlc (ether), was separatéd to give crude

‘colo;ed crystals (99 mg) of hydrazone 86 (86% yield based

oR the amount of ketal 80 used). dublimation (70-95°7

2

2%x10° © mm) of the éiystals yieldea vellowish crystals

_ $
(90 mg) which were recrystallized (ether/n-pentane) to

give colorless crystals (22 mgj, showing a single spot on

»

tlc (ether). The pmr spgctrgm of ‘the crystals was

measured and the crystals recovered from the pmr measure

‘mént\yere sublimed twice at 75-‘-800/5x10-2 mm. The

sublimed crystals melted at‘;29.0—130,0° and had: . ir

(CC1,) ca. 3300, ¥634, 1435, 1382, 1367, 1197, 1172, 1060,
\

,1035 and 912 cm *; AMSO" 213 nm (e 4700) and 239 (5100);
] \ .

'pmr (CDC13) 8 }.06'(5, 3), 1.11 (s, 3), ca. 2.35 (m, 1),

_~J 3.7-4.2 (m, 4) qnd 4.92 (broad, 1, ‘exchanged with DZO);

mass spectrum (70 eV) m/e (rel intensity) 224 (61), 209 .

r/ .
.

L o -
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(48), 195 (1l6), 181 ?83), 165 (21), 152 (46), 139 (219,

-

v =

. 137 4{100), 109 (iS), 99 (67), 95 (18) and 86 (38).

For C

12H2002N2 m/ei224.1503'(ca1cd 224.1?24).

hd ]

Basic Hydrolysis of Ketal 8l: General Observations

Ketal 81 (127 mg)'was placed in a glass:tube which
cont3ined a solution of potassium hydroxide (392 mg) in

hefﬁénol (4 ml) and water (1.5 ml). A small sffeam of

nitrogen, passed over Catalyst R3-11 (BASF),:Was bubbled

‘ . =<
through- the solution for 35 minutes at 0° and the glass

.

tube was immediately se%led and heated at 150° for 23 *

hours, the solution remaining colorless. " After cooling, "
- »
.the tube was further cooled in dry ice, opened and the

contents were 1mmed1ate1y transferred into a separatory

S -

funnel which contalned a mixture of water (20 ml), methy-

lene chlofide (20 ml) qnd several pieces of ‘dry ice (#).

'l

The products werevgxtracted three times (CH,C1,). The

combined, chilled extract was quickly paéséd throﬁgh
‘4 - ‘

" cdbtton wool and evaporated (35°¢%) fougive a slightly .
colored liquid (94 mg)‘, which was kept 4 d:ar\\&rmm/ﬁklo_z'

! - [
mm) at -15° unt11 use. - . , -
Using ca. 40 mg of the liquid, a“pmr solution was *

prepared under nitrogen. It shéﬁeﬁ‘a pafé of methyl

- [

~ " ' #When the extraction was done w1thout using dry ice (0°
. room temperature), some portion of the product (90) was
oxidized to -89 durlng the 1solat10n.
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signals of equal intensity (1.05 and 1.13 ppm), a sharp

2

well as the low field signals for arxomatic protons. The

singlet -for -OCHZCH O- (3.90 ppm) as distinct peaks as

latter was identified as those due to aniline, by

cdmparison with pmr of an ‘authentic sample.- The ,former

.signals were assigned as those due to product 90: " No

sign of the presence of a third product was detected,

since total integration of protons was in agreement with

% L

22 protons for 90 and 7 protons_for aniline, the ratio

(90/aniline) being 1.36%1. - The yield of 90 was calculated

to be 94% based on the ratio and weight of the profiuct
'\

-

mixture. . . ' ,

The products, recovered from the pﬁr sqlution,‘

-

were képt at -15° overnight exposed to air. Then Ehe pmr/
of the proéoducts were remeasuied under nitrogéﬁ, showing
a decrease in the intensity 6f the methyl signals of 90
and the appearancé of a new pair of méthyl signals (1.25

and 1.44 pbm) which were assigned as those due to compound

89. No change in signals for aniline was observed.. The

~

ratio (90/89) was ca. 3:1. The ratio did not change nor'

1

did new signals appear, when the solution was kept under .

nitrogen for 4 days (—15°l}/ But the ratio changed to 3:2,

.when a small stream of air was bubbled through the pmr

- solution (30 minutes at 0°). Further change in the ratio

to ca. 3:4 was observed after bubbling with oxygen (24
hours ‘at 0°). The oxygen stream was shut off and excess

<
-

202
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* mercuric oxide (50 mg) was added to the solution. The .

L}

mixture was stirred at roomxtemperatﬁre for 5 minptes.
The pmr showed-q complete disappearance of'coﬁpound 90
and a full éigearance of'gg. Aniline éfill”reméined
unchanged: The mixture was poured into water and .

’extracted with-methylenevchlor;de. The pmr spectrum.of

‘the Ebsidue, obtained by evaporation of the solvent,

z

‘\ showed no change in the'signals of 89 and of aniline.

When the pmr solution waé'kept under air for-2 months
at -15°, the pmr showed the appearance of another new

pair of methyl .signals (l.OS-and 1.13 ppm), and a

- -

decrease in fntensity of the methyl signals for compound
89. .The ratio was 3:2.: The new compound (gg) completely
reSléced compound 89 when small crystals of p-toluensul-

. fonic acid were added to the solution and this solution

- .

kept at room temperature for. 1 daﬁ. . '

3

The rest of the initial product mixture (ca.. 54 7

o

m?) was dissolved in ether (15 ml), satyrated with air,

and kgpt Svernight at -15°. Then products were isalated
) - . T

by gemoviﬁg the ether. The pmr spectrum showed two pairs

. . . . .y

of methyl signals,’ corresponding to products 90 and 89

" in the ratio of ca. -1:6. The signals of*aniline remained

unchanged., The products; éecovered from the pmr meaéure-

meﬁk, were/ immediately subjected to a bulb to bulb

diStilldtion (fbom temperatd%e/0.0Z mm) : for 12‘bours, e

%L give a distillate and a‘fesidue. The former consisted-

of a mixtufb of colorlesé crystals and a.colorlgss liquid,
‘ T
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wh;ch were collected in a rece1 er, ooled in acetone—dry

3

N ice. | But u _exposure to alr, colorless mixture

. - ‘gradually turnefi-to a pale yellow liqv;d The pmr

-

‘Aspectrum of the air-exposed dlstlllate showed‘aniliné as

-
-

2 ~ the major product and 90 and 89 as, the minor products

- (the ratio gg/gg was ca. 1:3). The latter residue was

*dight brown”iiquid, and its pmr showed only compounds’ .
. : ’ '
Y ) 20 and 89 in the ratio of «ca. 6:1, with no trace of . !

<
N

aniline. The mixture, recovered after the ,pmr measure-
ment,‘§as treated with a m%xture of mercuric and mercurous
E ‘ ’ . <

chloride in water, giving a very dark brown tar.

»
-

. - Isolation and Characterization of ‘Hydrazine 90

- -

A mlxture of ketal 814(54 mg) , KOH (80 mg) , methanol

(3-ml).and water441 5.ml) was reacted folloW1ng éte
previously déscribed procedure to give a slight&g colored
mixture of substance 90 -and aniline. The products were ° v

.~ -immediately placéd in a bulb to bulb distillation . .

-

apparatus, which coHsLsted of a sefles of four rece1v1ng

=3 mm) - "

-

into the flrst bulb’ whHich was cooled by acetone, leaving

bulbs. The products were dlStllled at 65° (5x10°

a trace of yellow liquid as the re51due.' Under the same

y ‘Dconditions, the colorless distillaté was redistilled from
. - A the first to the second bulb the latter was inh turn

-

cooled by acetbne,.yleldlng a'colorless distillate. The

bulbs were wrapped with dry ice and sealed in Between them

‘ -

).C ) - ‘ - -




. »by flame. Repeat of the dlstlllatlon (45°/<10 -3 me) '

from the’ second 1nto the thlrd bulb cooled in acetone,
,gave colorless cryatals, some of"- Wthh were subllmed at

{

room temperature (<10 =3 mﬁ) to the acetone-cooled fourth

-

+

bulb (12.hours) 1n ordef to make sure all aniline was

rémoved from the re51dual colorless ¢rystals in the third

»

bulb. The residual crystals ¢compound 90) in the third,

I " bulb were seal g”unde} the reduced/ pressure, transfef;ed
1

into a nitrogen;filled dry box.. In the box , the samgle

for ir was made using degassed carbontetrachloride (10-4

. Tm bf frepze~thaw cycles) and the samples for a mass g

spectrum and/mp’measurement were sealed }n caplllary

tubes under the nitrogen. . ' ﬂ j
* The pmr solution (separate prebaration);was 3

prepared on a vacuum line by -mixing 90 and degassed -

-4

solvent (10 mm by freeze-thaw cycles). .

-

K

Ta Compound 90 had: mp 70.0-71.0°; ir (cci ) 3200,
2960, 1260, 1100 and 1082 cm '; pmr (CDc1 3) 8 1.05 (s, 3),
1.13 (s, 3), 2.05 (broad. dt, 1, J=13.0, 5 0 and 5. 0 Hz),

- 2.91 (broad dt, 19-5=12.0, §;0 and 5.0 HZ), 3.34 {h;oad
s, 2) and 3.50’(5, 4), 6 3.34 pFotons exchanged witﬁ D,0,

T : § 2.05 proton coupled with 6 2.91 proton wlth J=5.6’Hz

(dduble irradiation); mass spectrum (70 ev) m/e (rgl-*
intensity) 227 (13), 226 (100), 212 (13),”211‘(951, 183

(28), 181 (36), 112 (49), 99 (88), 98 (50).and 8§ (54).

. ]
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For C12N2202N m/e 33§:1655 (calcd 226.1680).

Isolation and CharacterisatiGn of Azo Compound 89
T ]
Ketal 81 (47 mg), KOH (65 mng) , methanol (2 ml)

and water (1 ml) were heated in a sealed tube‘golloWLng

-

the uéqal proce&Ure, to give a mlxturevof compound 90

A4

and aniline. To the products were added mercuric oxide
(ca.- 100 mg) and methylene chloride (3 mi) ahd'the mixture

r was stirred for 15 minutes "at room temperature.' The

®

mlxture was then fllteréd through a srntered glass funnel
to remove excess mércuric and mercurous ox1des. éhe -

= filtrate was evaporated under reduced pressure at room

~

temperature to remove anilines, giving a pale yelIow

liquid. Distillation of the Liquid (48=50°/<10"> mm;

\‘-\

8 hours) yielded a small amountvgf a pale yellow llquld Ll

-

-

. E 4
X\, "as’ distillate in-a recelver coo%ed 1n‘acetone, whlle-the
- ~
Hulk ofpthe liquid remgined as the residue. Upon cooling-
to -15°, this distillate gave.pale jyellow crysﬂals_qf .

compound 89. ‘Upon.rapid heating,ithe crystals melted,at
© 43-48° and further rapid heaélng<to ca. 120° resulted, 1n

nltrogen evolution. when heated slowly (the change from

52° to 110° taking 20 mlnutes), they melted at 49.0-52. 0°-

and no nitrogen evolutlon was observed even above 14pf{
The crystals were used fbr\ir, uv. and mass spectra

measurements. The rest of the crystals were comblned

with the distillation re31due'(wh1ch showed same tlc as':

.I .
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the distillate) and its pmr was measured. Compound 89 .

Ll

‘had:™ ir (CClé) 2950, 1466, 1293, 1098, 1030, 941 and 914
" =1 MeOH .

cm o ; Xmax 363 nm (¢ 140%7"pmy (CDC13) § k25 (s, 3),
1.44 (s, 3), 2.37 (m, 1), 3.92 (broad s, 4) and4.40
(m, 1), 6§ 2.37 proton coupled with § 4.40 proton (double

irradiation); mass spectrum (70 eV) m/e (rel intensity)

N\ 112 (58), 99 (100) and 86 (26).° L

’ ‘ . K "
Isolation and Characterization of Hydrazone 94

A mixtwre of ¢ompound 89 and aniline was prepared,
following the meEhod previously'described, from ketal 81 '
(48 mg), KOH (68 mg), methanol kZ ml) and wafér (1 ml).
The mixture was dgssolved in methylene chloride (ca. 3 ﬁl)
and a catalytic amount of p-toluenesulfonic acid was ‘added
to the solution. The solution was stirred under hit;ogen
at room temperature for 2 hours. ExtraE%ion (CHZClZ) and
évaporation géve a‘sligﬁtlylcolored liquid, a mixture of

. compound 94 and aniline.. In order to remove the aniline,
distillation was performed at 60° (<l0-3 mm) to give-é
mixture of colorless cyrst;is and yellow liquid as thg
distil}ate,_colle?ted in an aéetonejcooled_reqeiver. Upon‘

3

redistillation of this mixture (80°/<10 ~ mm) were obtained

colored crystals as the distillate and colorless crystals
, .
as the gesidue. The latter, compound 94, melted at 119.0-

' 120.5° and was used “immediately for the spectroscopic

measurements. Compound 94, upon exposure to air, very
- I

-,

" ’
. . \ D v
. .
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slowly tutrned yellow, then dark brown. Compound 94 had:

ir (CC14) 3370,.2960, 2890, 1450, 1169, 1139 and 1080

-1 MeOH . ‘ . )
em” 7y A, 211 nm (e 3800), }35 (4700) ; pmr - (CDCL,) ﬂ
8 1.05 (s, 3), 1.13 (s, 3), ca. 1.1=2.9 (9) and ca. 3.95 ’

(m, 5). & ca. 3.95 (5H) changed to_ca. 3.95 (4H) under
DZO; mass spectrum (70 eV) m/e (rel intensity) 225 (8),
224 (61), 209 (22), 15? (24), 99f(100), 96 j29) ana 86

| e
(26) . : - S

"For (C N, m/e 224.1500 (calcd 224.1524).

12H2002
I\ z

Reaction of Hydrazine 2° with Phenyl Thioisocyanate

v

A mixture of hydrazine 2Q'and aniline was

~

Prepared, by the general method, from ketal 81 (50 mg),

KOH (20b ng) , methanq} (2 ml) and water (1 ml). The

3

aniline was distilled off (room temperature/leOﬂ mm for '

-

[ 4
12 hours) from the mixtq*e. The pmr of the residue using

air-saturated solvent showed the methyl signals for

compound 90 as well as 89 in tfie ratio of ca. 5:1. This
/ :

pmr solution was diluted with ﬁndegassed methylene chloride
(3 m1), and phenyl thioisocyanate (80 mg) was added under

reduced pressure to the diluted solution. - The mixture

-

was stirred (rodﬂ temperature) overﬁight; Then the

solvents and excess phenyl thioisocyanate were evaporated -

3

at room temperature (<10 ° mm), yielding a slightly colored

liguid, which upon addition of ethanol (1 ml) gave compound

92 as colorless crystals (16 mg). The broduct, after

{
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v

\.

, o \
~’//,‘.':pmr spectral measurement, was recrystdllized (EtOH) and

-

4

had mp 225.0-2260 °: ir (KBr) 3287, 3230, 3174, 2950,
1600, 1591, 1526, 1445, 1377, 1349, 1276, 1205, 1190,

1095 and 1085 cm 1; ‘pmr (cnc133 5§ 1.14 (s, 3), 1.24 (s, 3),
2.24 (at, 1, J=12.8, 5.2 and 5.2 Hz), 3.38 (5, 1), ca.

3.95 (m, 4),_;a. 5.84 (m, 1), 7.1-7.6 (m, 5) and 9.74
(broad s, 1), 6 2.24 proton coupled with ¢ ca. 5;84
proton'XJ=5.2 Hz, double irradiatién);,maég spectrum (76'

eV) m/e (rel intensity) 361 (41), 225 (23), 210 (100),

204 (15), 135 (24) and 99 (54):

Aéidic Hydrolysis of Hydrazine 90: General Observations

2

<

Ketal 81 (75_2?)'was reacted in a sealed tube
with KOH (222 mg) in methanol (3 ml) and water (1 ml) as
described previously. The sealed tube was opened at -78°,
immediately placed under nitrogen, and the solution

allowed to warm to 0°. To the soluﬁion was added concen-

-

trated hydrochloric acid drop by drop until the solution y

.

reached pH 2. Then the solution was sealéa under nitrogen
in.a glasé tube and heated at 70-80° for 7 hours._ The
ré!%tion tube hﬁ: allowed tg cool to room temperature‘fnd‘
then cooled to 0P. The tube was opened and the coqténts
were immediately poured into a mixﬁhre of methyléne chloride,
water and several pieces of dry\ice. The water layer was

basified ﬁsing sodium carbonate until pH 10. Quick

extraction (methylene chloride, three times) sand evaporation

> N

[ ] .+




[T A

(20° /water pump pressure) yielded a slightly colored"
b ] ~ \
liquid,«a mixthre of compound 74 and aniline., When a

solution of the‘miLture for pmr spectrum was prepared
. . ,

using air-saturated solvent,(there developed immediately -

» i

. . » ;
a yeldow colar. The pmr spectrum showed, besides the
signals for.aniline) one shafp methyl signal at 1.09

pﬁm and a multiplet at 5.65 ppm, their relativé integra-,

tion ‘being 6:1. Distillation (25°/10—2 mm) of the yellow )

S N »

liquid, recovered from the pmr tube and dried, gave first \\

N

a colorless liquid' and then c‘lorless,crystals as the_
’ . 3\ LI
distillate, ieaying colored crystals as the residue.

The liquid-distillate consisted of aniline and 74 (pmr).
’ ] : -

The crystalline distillate, upon exposure to air, turned

-~

-

immediately int§ ve w crystals and, subsequently into

‘an organge 11qu1d This 11qu1d showed at least seven

methyl 31gnals other than that of 74. Signals for aniline
H
were also detected. The colored residue of the distilla-\

tion, which had béen kept under vai“'. (10—2 mm) , was

sublimed to give colorless crytals txot air gun/l{

mm) . The latter was d;ssolved in a degassed solutioh of

.

CDCl3 and TMS (degassed to 10 ? by freeze -and thaw cycles)
under vacuum (10_3

solution was colorless. 'The pmr showed no detectable
aniline 51gn.%s, but solely those of 74. The tube was

opened under nitrogen, phenyl tthlsocyanate {ca. 50 mg)
*
was added to the soclution, and the tube was sresealed .

Fl
1

L Y °

mmY, and sealed in a pmr tube. The .
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'under nitrogen. The pmr showed vekLy slow appearance of

i . .
two weeks at room temperature, was ca. 3:1.. All

" preparative tlc were unsuccessful,

7 conditions;  using a few drops of concentrate

o

H

A . . . . .

a new methyl signal at 1.80 ppm and a concomitant disap-

pearance of the methyl signal of 74. The raF}o,"aftef

attempts to isolate the new compound by distillation and

Oxidation of 74 using mercuric oxide did not give
clear results, a complex mixture of products being formed.
B ‘ - - - ¢ X Q

Compound'zgfwas also prepared under gilder

L4

drochloric

o

acid at room temperature for 3 days | But when acetic

ac1d was used (60-65° for 2 hours), no formation of 74 °

was observed, starting material being recovered.

Isolation and Characterization of Hydfazoﬁe 74

o
g

[

- A mlxture of. compound 74 and anlllne was prepared

Y

from ketal 81 (57 mg) follow1ng the procedure descrlbed
prev1ously. The_mlxture was placed in a bulb to bulb

distillation apparatus, which had three receivirig bulbs

-

and a branch cennected'to a aav cell between the second ‘ .

and third bulbs. The third bulb was connected_ym;h a -
‘ . .n
cold finger trap (dry lce/acetone)./ Dlsplllatlon of the

-3

liquid (room temperature/<10 mm) gave a‘EOlorlees liquid -

.

/

* in thé first bulb, cqoﬁEd in?acetone. Iin the cold finger,

! <

bulk of aniline was trapped as colorless crystals, which .
melted durihg warming to rddm tempeyatude. The distillatien:
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’ flask, which contained the residue, was removed from the

. First bulb by sealing in between them. The distillate

* LS - 4 -
- in the first bulb was redistilled (room temperature/<10 3

l“ . mm) Into the second bulb which was cooled by acetone’ -

v

The digti}laéé was colorless crystals of 74 which did not:

o~
@ . e : . .
melt at room temperature. The residue in the first bulb

i

was also coldrless crystals of: 4. The|lé£ter was sealed
under reduced pressure from the distillation system.and
- - . used, for mp, ir and mass speétra’mgaSuremles. The

samples for mp aya mass spectrum were prepared under

y

nitrogen. The sample'for ir épectrumkwas&also prepared
LA . ] . .

. under nitrogen using'degdssed carbontetrachloride.

a

The' bulk of.the crystals in the second bulb were
3

.

sublimed into the third.bulb in_acetone (55-60°/<10 N

‘ mm)g 'The second bulb and the uv.cell were detached from

o .

the third bulb by sealing. The uv sample of 74 was

- Jprepéred under vacuum by introducing degassed n-pentane

e uv cell and the second bulb which contained the

. residual white-crystal!.of 74. The sample was colorless
r . : N 7

and the uv’ spectrum was run immediately. The pmr’ spectrum

mp 54.0~56.0°:1 i; (CC1,)-3340, 3260, 2920, 1430, 1380,

1364, 1249,. 1190, 1060 -and 990 em ; pmr (CDCl,) 1.09

J , © .
- . s, 6}, 5.65 (m, 1); mass spectrum (70 eV) m/e (rel
d ) . intensity) 165 (7), 164 (323, 150 (16) d 149 (100); - *
: . v
MeOH ) ) . . “ )
Amax 225 and 287 nm. . ’ ‘
, ) )
[ .

.
-

was obtained from a separate éxperimeng. Compound 74 haé//‘\J/
I} ‘ ®

212

-

~wY
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»
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For CioHi6No M/e 164.1307 (calcd 164.1313).
‘ /
-+ Acidic Hydrolysis of Azo Compound 89

Azo compound 89 (aniline free) was prepared from
purified 90 which, in turn, was prepared“erp ketal §l

(47 mg) as described previously. This cé%peund was
] -~
treated with a catalytic amount of p-toluenestilfonic acid

. in medhanol‘(z ml) and water (1 ml). The azo compound
89 was imhediatelj rransformed into hydrhzone 94 (t;c)._
The reaction mixture was heated pnéer nitrogen at 60° "
for 22 hours gpd then at 80° fé& 5 hoprs. By this!;iﬁei
rtlc (ether/ethanol,‘95:5) showed th'appearanqe ef a

polar.compound'gg_es the sole product. The mixture was |
b} ' 5 \
poured into water and extracted (CH2C12). The extract,

D ¥

after washing (H,0) and drying (cottan wool), was
iﬁblored crystals. The :

'evaporated to give a trace of

. watir layer .was further extrapti?_(CHZCIZ), to yield a -
iy '

'*  trace of colorless crgfta}s. The' latter was identified

-

as compound 98 by coﬁbarison with ir of an authentic’

' \ - ' .
o (/}"Bémple obtained by photolysis of 78. : ) . L

Reduction of Ketone 61 with Sodiam Borohydride -

Keton 61 (474 mg) was dissolved in methangl (40

ml) -under refluxing conditions. The solution wa en
cooled in ice and sodium borchydride (90 mg) was added

to)the magnetically stirred eolution. Pl of:the sélption,

K

X
&

a




. * .
r . * ! B

¢ ¢

after 10 minutes at 0°, showed the complete disappearance
I oo .
of starting material. A dilute solution of hydrochloric

L

acid was added to .the solution. Extraction (CH Clz), -

2 .
drying (Mgso4) and evaporation’gave a colgrless oil. Upon
addition of ethanol, the liquid gave colorless crystals

) (405, mg) of alcohol 95. A pmr sbectrum of the mother

.liquor sﬂbwed not only the methyl signals of .95, but also

another pair of methyl signals at 1.25 and 1.78 ppmi; The J
recrystallized (E¢OH) alcohol 95 had mp.153.0-154.0°: ir

(CHC1,) 3600, 3460, 1770, 1710, 1505, 1425, 1290, 1190,

<

21065 and 1005 cm F; pmr (CDCL,) 1.32 (s, 3, 1.78 (s; 3),
- Rt U e =
t.z—l.B (m, 8), 2.3 (broad s, 1, Di? exchangable), 2.44

- (m, 1), 3.73 (m, 1), 4.13 (m, 1) and 7.2-7.5 (m, 5); *

mass spectrum (70 eV)'m/e (rel intenéity) 329 (100), 314

-4

- (15), 178 (30), 135 (21), 119 (21) and 108 (21).

Cfr‘\///iETEAttempted Oxidation of Alcoholjgg with Triazolinedione 54 -

| , s

Alcohol 95 (34 mg) was dissolved in B@nzene (1 ml)

and triazolinedione 54 (16 mg) was added to the sol{tion. -
The mixture ‘was stirred at’réém temperaturé under nitro- °
.gen for 24 hours. Methgnol 52 ml) was then added to the
solution, which had.beén remaining red,dto~destfoy the

B

oxidant. The solvents were evaporated -to yield %'yellow
. ) o

liguid. The pmr of the liquid showed no signals correspond-

ing to the expected ketone 6l. The major component was

starting material. : ‘ 4 .
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Preparation of Phendcyl Derivative 96

-,

*

. 1) using a~Tosyloxyacetophenone

v

- A mixture of alcohol 95 (88 mg), a—tox?ioxyacetor

. phenone (144 mg), 1,8-bis-(dimethylamino)-naphthalene (55

E 4

mg) ang toluene (3 ﬁl) was placed in a sealed tube under
nitrogen aéa heated at 120° for 4 days. Upon cooling the
solution separated inte two layers: The top layer was a
vellow solﬁtion in which:Were suspended a few colorless

crystals.‘ The bottom layer consisted of browﬁ‘crystals.A'

. The sealed tube was opened after being cooled in dry ice.

The crystals were removed by filtration and the-solvent

- ‘ -
.~ - ..

was evagbratedwfrom”the-filtrate to give a brown oil. The
oii was partiaFly soluble'fn a mixtute of methylene
chloride and ether. The soluble part was separated and its
tld_shpwgd three major spots, cofresponding to a-tosyloxyl-
acetopheaohe, phenacyl deriﬁat;ve 96 and alcohol 95, in -
order of decreasing Rf value. Upon preparatibé tlc, 96
,and 95 were isolated as a yellow llquld (72 mg) and as

l

slightly colored crystals (26 mg),‘respectlvely. Distilla-

tion of the liquid'was attempted at 125°/10_2 mm, without

?uccess. It was thén dissdlved in boiling cyclohexane
]
and the soluble part-was separated (from the 1nsoluble

part).. After evaporatlon of the solvent and preparative

tlc (alﬂ%ﬁha, ether), the very slightly colored liguid

3

obtained was distilled (200°/5x10”> mm) in a bulb to bulb

apparatus to give a colorless viscous liquid. When this

gy .




liquid was pldqu}under reduced pressure iroom tempara-

2

ture/10 “ mm) for a week, it crystallized (mp 58.5-60.0°).

Phenacyl derivative 96 had: ir (CH,C1,} 1765, 1705, 1600,

1510, 1410 and 1125 cm ' ; pmr (CDCL;) 6 1.35 (s, 3), 1.80 .

(s, 3), 2.71 (m, 1), 3.56 (m, 1), 4.16 (m, 1), 4.68 (4, 1,
3=17.0 Hz), 4.85 (4, 1, J=17.0 Hz), ca. 7.4 (m, 8) and

ca. 7.9 (m; 2); mass spectrum (70 eV) m/e (:el iﬁTensiﬁy)
.448;(255, 447 (100), 432 (7), 357 (12), 329 (12), 327
(24), 312 (15), 292 (10), 216 (29), 178 (31), 151 (17),
135 (49), 119 (37), 108 (58), 105 (49), 93 (21), 91 (34),

81 (23) and 77 (28).

-

1 -

ii) using a-Diazoacetophenone

A;cohblfgg (55 mg) was dissolved in diisopropyl
ether (7 ml)’undef refluxing conditions, and a small drop
of BFj-etherate was added to ‘the solution. To the
magnetidally st%rred solgtibn was added dropwiée a
solution of diazoacetqphenone k25 mg) in diisopropyl

Y

ether (1 ml), over a 5 hour riod. When ca. three
quarters of th; solution d been added, brown tars
sta;ted appearing on the:reictioﬁ wall. .The tars
Q;e§en;ed the functgpn of the magnetic stirrer in éhe
later stages of the reaction. -The reactiorn was stoppéd
3 hours after the finai‘portion of the diazoacétophenoﬁe

- - a .-
solution w#b added. Evaporation of the solyent'gave a

dark biowifiiquid. Tic (benzene 4nd ether, 1:1) of the

(

216

t
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[(' B lliquid showed three major tailing spots together wifhf*—fj~i~\\\

several minor spots. One of the major spots, correcpond-

ing to pheacyl derivative 96, was separated as a color-

less liquid (29 mg) preparative tlc (benzene and’

ether, ld:7)5 Alcphol 95 (27 mg) was also recovered from

the tlc. The pherdacyl derivative 96, thus obtained, had

an identical pmr ayx that obtaine previously usipg a-

3

tosyloxylacetophenone. ooy
. . : ' ¥

Basic Hydrolysis of Phenacyl Derivative 96
L

Phenacyl derivative 96 (?7 mg) was placed in. a .
glass tube which conta;ned_a.m%kture of potassium hydro-
xide (90 mg), methancl (2 ml) and water (1.3 ml). A
small Stfeam oéknitfogen, passed over Catalyst R3-11
(BASF) , was bubblggbthrough the ;olution for 30 minutes
at 0° and the glass tube was sealed immediat€ly. ° The
sealed tube was ‘heated at 100° for 37 héuxs and then
cooleénin dry -ice. The contents were immediately .
transferred into a sepéfétqry funnel which contaihed a
weilhstirred ﬁixturé‘of metﬁyiene chloride, water and
several piécés of dry ice. Quick extraction with the
chilled methylene chloriae and evaporation of the solvent
(room temperqture/wéte} ﬁump pressure) yielded a pale ’
yellow liguid. The liquid was iﬁmediatéiy placed_under CZ:D
3

reduced pressure (10~ mm) . A solution, for pmr of the

liquid was prepared on a vacuum line by mixing with ~
N . o N

- &
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"3 1 by freeze -and thaw cycles).. The

‘s

pmr spectfum showed a complex mixture which did not

degassed solvent (10
contain starting méterial. Thé5pheacy} group appeared

to have been essentially destroyed.
: \

Photolysis of Ketone 78

A degassed solution (.thlO—5 mm by freeze-thaw
cycles) of -ketone 78 (39 mg) in acetonitrile—d3 (0.25
ml) was prepared in a quartz pmr tube and irradiated in

a Rayonet reactor at 7-8° using 254 nm iight. After 6

»

" hours of irrgdiation, colorless crystals started appearing

‘on the reaction wall. The irradiation was stopped after

*

total 53—hod&—irradiation, because the wgll was, by that
time, covéred with the colorles$s érystalsf - The solﬁtion,
origina11§ c?lorless, was yei%ow. The pmr tube was
opened and the contents were transferred into a flask
rirising with methylen? chloride. Evaporation of the

sorﬁents gave colored crystals. The pmr spectrum of the-

crystals showed a sharp methyl singlet of compound, 98 as

well as the ﬁethfl signals of. the starting material.

The ratio (98/78) was ca. 3 to 1. The crystals were

recrystallized twice (acetonitrile) to prepare 98, mp

202=204.0°: ir (CHZCIZJ 3400, 1590, 1485, 1465, 1390,

1380, 1185 and 1140 cmfl;‘xgng 223 nm (e 1400) and 301

.

(13000); pmr (CDGl,) 1.07 (s, 6); mass spectrum (70 eV)

m/e (rel intensity) 181 (12), 180 (100), 165 (71), 163

£l

’ , 4

a [}

218
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(21), 150 (22), 135 (51), 124 (81l) and-79'(58)f

-

- | For CpHj ON, /e 180.1255 (calcd 180.%262) .

' "i Compound %28 was also formed when a deg%;sea solu-

tion of ketone lg in methylene chloride-d2 was irradiated

(kméx 254. nm) at -78°. No other product was difected

(by pmr).

Photolysis of Azo Compound 89

@ . . Q

i) in c13c:13 . - "
i ’

Azo compound 89 was prepared, by the qsthod previously
described, from hydrazine 90 which was in turn prepared from

ketal 81 (36 mg). It was contaminated with a small amount

of aniline (the distillation of aniline was not complete) ,
(pmr). A degassed sample (5x10_%_mm by freeze-thaw

cycles) of 89 (and a trace of anilihe)—was prepared in a

-

pmr tube (Pyrex) and the tube was seal®d. The solution
was pale yellow.
N . \ - —

- Upon irradiation at 0°, the color of the solution
gradﬁélly changed to a deépe; yelloﬁ. After 30 minutes

of irradiation, ca. 70% of 89 was trénsformed in..

-

hydrazone 94, ang, 10 more minutes later, the only ‘ T

substance detected was 94 other than a trace of éhiline.
T 4 , ‘.

L}

: <
2C1, _ , .

e et
Y - i

N -

” o Puri.’fv hydrazine 90 was obtained from ketal 81

L}

ii) .in CD

S

. - -

Iz
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¢

{39 mg) following the method’ previously described. The 1

hydt*zine 90 was reacted with mercuric oxide (35 mg) in

g S

; .

. CD2C12 (0.3 ml, passéd thfough Na2Cb3 layer) to giye,

after a filtration through a sintered glass (fine)

\ v
funnép, a pmr solution of 89:in CD2C12, which was pale

féllow. The pmr sample’ (Pyrex) was degassed to 510—3 oo

*

by freeze-thaw .cycles, and showed no presence of anilinéa\

Upon irradiation at -180-30° for 15 hours about adthifd 
) .

of 89 was transformed to hydrazone 34. WNo sign of any

other product was observed.
‘ e

.

-
B

iii), in Acetone-d6 .

*

S

Azd compound 89 was prebared f:pm pu{ified hydré¥

zine 90, which was in turn prepared from ketal 81
. ' - - : . y .
following the method-%reviously described. To make sure

there wag no aniline Qresent; the azo gompound 89 was
. 3 '

. placed in a distillafjon apparatus (35°/<10 - mm) for 4

-

-

hours to remove any volatile impurity. The residue was
. . .

a pale yellow liquid, which wids@iextracted with n-pentane/

‘water. The solvent was evaporated and the residue was
¥ .o

dried under reduced pressure (room temperature/<101'1-3 mm) .
3

The pmr of a degassed solution (<10 ° mm by freeze-thaw

cycles) of the  dried res}dae in acetoné—d6 (0.2 ml) .

- . ’ ’ .
. ./éhoweq only the signals corresponding to 89. When this -

samplé (in the Pyrex pmr tube) was irradiated at -78°

For 24 hours, no change in the pmr signals was observed.

- -~
LY

-
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