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’ ABSTRACT
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The electrophillc addition of areneselenyl and arenesulfenyl halldes
to alkyl substmtuted allenes was investlgated

It was found that both species-attack the allenic moiety in a 1 : 1 fashion

giving rise to additioﬁ products of E and Z stereochemistry where attack of the

Seleno- or Thio moiety had ogcured exclusively on the central allenic carbon atom.

. I

In the case of 2-Nitroarenesulfenyl chloridés, there is no evidence for a special
ortﬁo-Nitro,grpup effect iﬁvolving ; spirosulfurane type intermediatg. _ !
Fo:_benzepeselenation;preferential formation of the Z-alkened was observed in
contrast to the Sulfur véréion which favors E-alkenes.

The mechanism of these additions was iﬁvestigated by following_ their kiqgtics by ‘
means of the stopped-flow technique, It was found that different ihterﬁediates are
in;olved in areneselenation and arénesulfenation of allenes., In the case of PhseCl
a mechanism is suggested wherein the electrophile and allene approach each other so
S as to form an aikylideneepiéelenurane—like sp;cies.during the rate determining step.
For the Ssulfur analoéue there is evidence for an‘SNZ type ﬁeéhanism. In this case
the allenic T -orbitals are considered as nucleophiles and the halogen atom as the
leaving group. This involves the eventual formation.of alkylidenethiiranium ions.

A separate investigatioﬁ was concgrned with the first observation of axial dissym-~
metry induced magnetic nonequivaiénce in the Carbgn-}S NMR of allenes.

Finally, the electrophilic addition of PhSeCl, PhSCl and Iodine to el-allenic
alcohols was applied to the synthesis of 2,5-dihydrofuran derivatives. A consequence

of this work was a reéognition of the stereospecificity of the electrophilic

addition.of PhSeCl and PhSCl to the allenic system.







PART A: SYNTHETIC APPROACHES TO ALLENES

-, .

-

I- ALLENES . o ~

1- General introduction

vN
) AN

Substances which contain the //C(=Q)n=c\\ grouping are knownas

cumulenes. A subset of these,haviﬁg gnly two cumulated doubleAbondgiare known

-

as allenes. ~

Cumuleées first éﬁpeared in the literature aé eariy as 1864;when Reboul!
suggested that vale:ylenicontained a propad;ene unié. Even#hough this was later.
: éhqwn to be only a mixture of C5 hydrocérbons he w;s-the first one to advance
the formula of an allene. |

The triv}al name "allene™ originatés from the work of Henry2 in 1875 and is

" now widely used for .propadiene derivatives. The earliest authentic synthesis

of allenes were reported nearly 80 years‘;gos. Methods of preparation were

_tedidns and allenes were thought to be relatively unstable. Because of this

precedent these novel compounds became chemical curiosities rather then useful

1

-synthetic tools,mainly of interest for their unusual stercochemistry which
Van't Hoff predicted .as long ago as 18754.— ' . '
In 1921, Brand5 accidently obtained the next higher homologue of allene,

namely a butatriene and it took another 17 years to extend the series of

- . cumulenes still furthere.

N

>

In the last 20 years this situation has entirely changed. Several convenient
methods have been devised for the synthesis of allenes, and an evergrowing
volume of publications is unfolding their interesting properties. They have

found use in industry as dyes , antioxidants , polymers , copolymers and heat-



or corrosion-resistant materials, ) H/

-

Proof that natural organisms'produce compounds contﬁining the allene bond
system was first obtained in 1952 when Celmer and Solomon37 showed that the

highly unstable antibiotic, mycomycin (1) contains an allenTc grouping to which

it owes its optical activity. . _
: ]

'\

HC!CCECCH=C=CHCH=CHCH=CHCH2COOH

(1)

Recently development has been achieved in the study of cumulenes mainly because

of progress realized in the field of acetylenic chemistry.

2- Physical properties: .

Allenes boil at higher temperatures than paraffins with the same
carbon skeleton and have higher refractive indlces than the corresponding

acetylenes. On the basis of molecular orbital theory, no conjugation or delocali—

zation of electrons occurs between the twp'ﬂ:bonds, which are mutually perpendi-

cular,

Heats of hydrogenation and combustion suggest that allenes are less stable
* than the isomeric species having isolated double bonds. The bond energy8 of the

allenic double bonds amounts to 133,97 Kcal/mole,



. .
One of the most striking physical propertiesof adequatly substituted allenes
‘is their optical activity, According to Van't Hoff's theory, cumulenes with - .
an even number of-dbubles bondslhave thei; four substituents arranged in two
'peréendicular Planes, whereas in the case of an odd number of doubles bonds,

»

the substituents must be in the same plané.

This impiies that members of the former type {allenes) must occur in optically

active forms if Rl # R2 and R3 R4. On the other hand, cumulenes with an odd

-

number of double bonds will occur as cis and trans iéomers.

3- Nuclear magnetic resonance spectra:

Proton nmr spectra of allenes are of considerable interest. Allenes

of the type

. show exceptlonally large coupling constants between the protons H and Hb
(6-7 Hz: ), in spite of their separation by four bonds. This is one of the

,/,/igigest ‘3% s0 far observed. The large coupling is attributed to Gijfninteraction

between the electrons of the C-H bond and the double bond furthest from it.

( The rigid nature of the allene bond also minimizes steric hindrance of resonance).

s
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The vinyl protons in allenes resonate at higher field than in simple olefins
due to shielding of the terminal protons by the central sp-hybridized carbon

atomc ) L}

The 13C resonance spectra of allenes also present interesting features. The
central allenic carbon resonates at 200-215 ppm downfield from tetramethyl-
silane. ' I

Magnetic noneguivalence has been observed in the pmr spectra of allenic ethers

v
)

of the type: . - _ .

PhCH=C=CR—O-:—CH CH { R= Me, i-Pr )

2773

-

Their molecular asymetry ié revealed by the observation of ABx3'patterns for

the methylene hydrogens of the ethyl group.

. » o .
In the course of this work, axial dissymmetry induced magnetic nonequivalence .

of isopropyl methyl carbon resonances in appropriately substituted allenes,

was observed for the first time. M~

V%

4~ Infrared spectra:

To a first approximation( a symmetric allenic system may be con-
sidered as a triatomic linear vibrator, for which three vibrational frequencies

are to be considered:

‘.—)—(——]3“——(——-. ())1, asymmetric streching )

s ) —o—<%—e © (Y, symmetric streching )

(1)3, bending )

-

u—=
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For idéntification of allenes two bands are of special'interest. In the 1970 cmfl !

_reg on,l/i { due to the antisymmetric C=C=C gtreching vibration ) and))

-

“{ due to torsional motion of an allenic termina methy 1 ne ) in the 850 cm -1

of)J

-y,

II- SYNTHETIC Rc»?rm‘s TO ALLENES:
I

1- Introduction: .

Many of the earlier synthests were based on the well-established

metho@s for introducing carbon-carbon double bonds into organic molecules,
These methods soon proned to be nory laborious and yields were usually very
low. Fortunately the growing interest in allenic chémistry has motivated thev

, development of new techniqﬁsspooifio to allene synthesis such as dehalogenation

of gqn—dihalocyclopropanes, rearrangement of acetylenes and 1,4 addition to

vznylacetylenes. .. ; -

[

e

In scheme.I are summarized various synthetic routes to allenes.

SCHEME I . '

a. Dehalogenation'of gem-dihalocyclopropane39:

-Br -

N acBr. N o T2 ~ -

A= " C><‘"' N 7 e=e=e
B0%

1

Br Br
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C. Proﬁargfl rearrangementll:

AT AN _ - . ~
¥— ¢ — C=CH Y  e——————3 X + /C==C==C- Y
70%
. : ) - _
‘s . S 12
d. Addition to vinylacetylenes “: o
7
S5 . : XY )
C=C— C=(C > X= C— C=C=(C— Y
, 80% ~

For this work was needed a variety of allenes posseSsing ﬁifferent structural

! ‘ ' ey . .
features. ?héh planning on the synthesis of a large quantity of a class of
L -
compounds, ‘one must choose a convenient and versatile roudte that will provide
‘ . ' . * ) ' "/
the pure desired product in fair.yield in a relatively small period of time.

One'must also consider availability and cost of starting materials. For these - _

”~

reasons, all allenes were synthesized by mainly €Wo Youtes: dehalogenation

of gem-dibromocyclopropanes and‘nucleophiliéﬁpisplacem n on'propargyi alcohol

egters by organbcuprate-derivatives' L . a '
- ! * ‘ *'\l i T o V
' The first method proved intergspiggjgg;:;%zava lability of a variety of branched

clefins. The second one is more versatilef and've

-

igtéreéting due to exfkemély

C; .

. ,low cost of starting materials. , _ . 1

A Y

™
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2= MECHANISM OF THE FORMATION.OF ALLENES BY DEHALOGENATION OF

GEM-DIBROMOCYCLOPROPANES : ,

.

The first§step in the preparation of a %;i:dibromocyclopropane
is the generat?on of aibromgcarbene from bromofo}m in strongly basic medium.
The best results are obtained with a slurry of freshix prepared alcohol-free
'potassiuh t-butoxide in;pentane according to scheme II. -

SCHEME II . : 3

A5 >

- Y it 'i‘-"‘m...__ ' .
HCBr. + O-C(CH.), ———3"  ~HO-C-(CH
-3 373 - .

: 3h3 ¥ CBry
-  e— T
f*CBr3 I e Br + :C_B;!’:2

The reaction of dibromocarbene with E~ or Z-alkenes is stereospecificl3 and

produces the E- or'Z-l,I—HibromOCYClopropanes respectively.
. b ] *

-
-

i Br o
/——\ ] ~
. + .CBr2 v
' Br
- ] Br
—\ + :CBr, ‘—H
a7 Br

U1t is proposed that the intermediate complex in carbene-olefin reactions is a

partially-formed cyc¢lopropane with carbonium ion character developped on one of

the carbons of the double bond13= -
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Cee=C . \@ .
/ /
—> /. >
) .Q - Br l!r Br
()“'En: hd -

The.eecond gtep is dehalogenation of éhe“gem*dibfoﬁochlgafeéaee and-conve:eiqP
into the cor;eeponding allene. The first»apﬁroéch to this p;oblem was given
ﬂgrﬁboering and‘LaFlammél4 and was later revised by Skateebol who suggested

the use of aliyllithihms as dehalbgenating agentsg. The first step can be

deplcted as a halogen—lithium interconversion with formation of a 1l-lithio-

¢

l—halocyclopropane 1ntermed1ate (2} -

' RLi . a N S
' _ S c=C=C
X X ' X Li X .

(2)

~ o Y "’\c;'-c‘/‘, - \/7\7*

(3)

/
It 15 expected that intermediate (2) readlly eliminates lithium hallde. This

?.ﬂ

may occur by two’éifferent mechanisms: e
a- Concerted elimination and ring opening to an allene

b- %~elimination to carbene intermediate (3) -
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Path a- is most likely to be the correct one eventhough non-allenic isomers
have been reported in some reactions. This method was successfully applied

to relatively unstrain mono-, di-, and trisubstituted olefins.

' 3- ALLENES VIA PROPARGYL REARRANGEMENT:

The most widely ﬁsed method for ﬁhe synthesis of allenes is pro-
bably that using gem—dibromocyclopropanes; however, alkenes are often expensive
and yields are very low in the case of sterically hindered olefins, In 1975
was reported an efficient synthesis o% allenic hydrocarbons from 2-propynyl

tosylates and organocopper (I} reagents in tetrahydrofuranls.

2

1 2
- T (RCuBr) Mgx R-\\ R
R'— Cs=C— ¢— OTs > C=C=C
. - ~

H THF H ' H

This reaction is thought to occur via Cu(III) intermediatgﬁvsucqias

\ — . ] _'-59
’ —— (O _. 2 \
RT— T C=C— R ‘aayr ,K\x
ouIIT S
| '
R

The main disadvantage of this method is that tosylates are not very stable

and very difficult to obtain pure in.the case of tertiary alcohols. With this
prdblem in mind, Vermeer showed that the more readily av?ilable sulfinate esters
can be substituted very satisfactorily by organocopper(I) reagentsls-When

carried out in THF, alkylheterocuprates (RCuBr)Mgx convert 2~propynyl esters (4)

. into allenes (5). *°
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2 : 1 2
1 ? {RCuBr )MgX R R
[, e
R Ce=— C=—— 0S (O)CH3 > O
3 THF e \ 3
. R , R _ R

@ ‘ (5)

(vields:  90% )

We have applied successfully. this method to R, Rl, R2, 3. H, alkyl or aryl.

H‘§e again, the reaction is thought to proceed throug CuIII intermediates.

4- 1-CHLOROALLENES FROM PROP-Z-YN%l-OLSl-’:
[

TertMiry acetylenic carbinols react with thionyl chloride. to give
l-chloroallenes and alkenynes, whereas secondary and primary acetylenic carbinols
give mainly acetylenic chlorides. Good yields of chloroallenes are obtained from

sterically hindered tertiary acetylenic carbinols.

ci

o socl. AN /
—_— 2 — /
pomned OH | Syridine c——c#c + H—=

v

(50%)

5-§~ALI.ENIC ALCOHOLS:

The occurence of the O(-allenic alcohol moiety in naturally occuring

substanceshas promoted active research in this field. ({—-allenic alcohols are

—

synthesized by four major routes:

_Propargylic transposition

synthesis from &+~allenic ketones

Addition to 1,4-~vinylacetylenes
Y

Synthesis involving gem-dibromocyclopropanes



z Only the first route will be discussed as it is the most widely used due to

versatility and availability of starting materials., The other routes are discussed

in the excellent review article by M. Huchela

The first step is the conversion of aanacetylenic alcohol to a pyranyl ethe::]'9

R  CH SO_H &t
) 3 3 !
+ > MCm=C—

H C=C— C— OH C—

|
. R2 o r2

This intermediate is then condensed with a ketone or aldehyde via a Grignard

reaction:
1 ' : 1
R R o}
. . THF !
. HC==C— (|2—-— + EtMgBr ———>> BrMg— C=C— C—
R2 . 3 R2
» R\
C=0
4/
R
) 3 R
l ]
HO — C — C=C— (I:-—-
R4I Rz

The alcohol is reduced with lithium aiuminum hydride, yielding the f{-allenic

alcohol in approximately 70% yield.

: _ N
. . OrJ \\\ 2 . ,' 2/c:==c—--=c—<|:4—on
,/>< | R R
_Al—o '

~

«f
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This method is applicable to the three classes of alcohols, to ene-allenols

(R3 = -—-c==CR5R6 ) and to the synthesis of@—allenic alcohols. For the latter,

symmétrical epoxides are condensed with the Grignard instead of carbonyl compounds.
o -allenic alcohols are useful synthetic intermediates. They can be converted to
the corresponding ketone, aldehyde or a.midezo or éyclized to unsaturated,
functionalized ethers as demonstrated in this work.
Note that ({-allenic alcohols synthesized im this way always contain a hydrogen in
the (f-position on the allene. o i
Other leaving groups such as chloride21 or t:riet:l'gylamine22 can be used as
substitute for the pyranyl ether. - ‘l
F;or instance:
‘SOClz LAH \ y,
C— C=C— C —_— C— C=Cc—2C —_—> C=C=C - OH
HO/ OH . HO/ '\Cl 4 N
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PART B: ELECTROPHILIC ADDITION REACTIONS OF ALLENES

1- General information

a2

A relatively high degree of unsaturation and a readily accessible.
TU-bond gystem makes gllenic‘cdmpounds particularly reactive towards electro-
philic additions.Because of the geometry and polarizability of the 7{-bond,
groups attached tec the cumulene bond will strongly affect orientation of
attaék by electrophiles. Attack of an allene by an unsymmetrical reagent XY
can lead to two different products depending on whether the electrophile attacks

at the central carbon or at a terminal pesition:

o= — ¢ —
N\ / ,/”’//’27 X Y
C=C=C + Xy
| [
Y X

If the twoTi~bonds are differently substituted, their reactivity is likely to
be different and the reagent may therefore be expected to show some selectivity
between them, as well as between the two carbons of a given bond. Also, when

the substituents at one terminus are different, two directions of approach

" of a reagent are possible and this leads to E and Z isomerism. In total there

are eight possible products of addition of XY to an unsymmetxically substituted

allene. ' : *
By

. v



.
b

-18=

- x Y
&, 1T .
abC=C —-?cd abC=C — Ccd
Y X
a ¢ (E& 2 ) (E&2Z)
- C=C=C

b a :vlc Y

abT — C=Ccd abC — C=Ccd
\ Y X

—

Distribution of producés resulting from electrsgkilic addition of XY to an

. allene will depend on the structure of the-reactibh“intermediate as shown in
scheme III.
Attachement'df the electroghile X+ to a terminal carbon probably involves
vin&lic cation (6) intermediates. On the other hand, attack at the central
carbon indicates that ailylic cations (7) may be formed. An alternative to
non-planﬁr ions (7) are bridged ions (8) in which the locus of initial attack
has lost some of its meaning. Bridged ions ( bromonium, episulfonium ions ) -are
thought to be involved in stereospecific trans-addition of halogens,'sulfenyl
chlorides and mercuric salts to alkenes. It remains uncertain whether electro-
philic attack at the central carbon of an alleniclsystem will involve resonance
stabilized allylic intermediates (9) or non-planar allylic intermediates (7) or (8).

Occurence of a particular intermediate will clearly depend on the structure of

the allene and the nature of the electrophile.

2~ Reactivity of 1,2-propadiene:

- 1 -

The dependence of product formation on structure of both allene
substrate and attacking electrophile is clearly demonstrated in the case of

i,2—propadiepe itself.



Ne=c=
~c=c=C

,N&

=]1G=-

SCHEME III

(6)

——

(8)

C=

~
“

i 4

\

LI x

~ _~C

X+ “ T{/+
N

(9)

-
Al
a

>

X
N o et y- . G
> >C=C-C D AR c=c_ v

_l §&

N e

n””/
Yo ~a_ o
-—_9 e — C \-C .“\\\\\
. l‘\.
/’x 7
C\\é' —— . Optically active
ity products )
(7}

Rotation 900

Sy ) X
\T _Y__> >C=C<+
=7

Racemic products
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- Methoxymercuratibn and hydrogen halide addition give electrophilic
attack at the terminal carbon23.
- addition of sulfenyl .halides and halogené on the other hand result in

the opposite orientation24.

In the .case of alkénes, addition of electrophiles such as halogens and. sulfenyl
halides occurs via bridged ion intermediateszs. However, electrophilic additions

to allenés seem to follow one of two paths dééending on #he nature of the reactant.

o

_Hydrogen halides add with the formation of a vinylic carbonium ion intermediate

whefeas interhalogen compounds attack ( e.g. BrCl ), involves formation of a
. 8w '
. bromonium ion and subsequent nucleophilic attack of the chlorjde ion on the

’

terminal sp3 carbon.

. X 1.
CH,C =CH,, —> CHy — =CH,
CH,=C=CH, .
Br - Br
/@\ Cl

N

A similar episulfonium ion intermediate (10) can a priori be considered for

the sulfenyl chloride addition to allene:

R .
)
S SR
' ) o &\ |
CHz'--C—CH2 + RSC1l > - CHZ‘— C—Cﬂz-—-——? ClCH2C—CH2-
(10) '

L
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3- Reactivity of substituted allenes

If one considers more highly substituted Ellenes, the situation

~ may be entirely different. For example, addition of HCl to 1,3-disubstituted

allenes appeargto proceed 1argely‘by way of central electrophilic atéack26'27.

~ N
In the case of oxymercuration, on increasing methyl substitution there is a

clear change in orientation from exclusive terminal electrophilic attack on

. .
allene to exclusive central attack23.

Sulfenyl chloride additions to allenes are reported to orient the sulfenyl group

-

to the central allenic carbon and the chloride to a terminal position.

A

| \\\\\\\ RSCL ( SR

~ RN

\
e N\

Jacobs?B has obtained evidence.that a disymmetric intermediate such as the
vinylic episulfonium ion (11) must be involved in the addition of 2,4=dinitro-
benzenesuifenyl chloride (2,4-DNBSC), to optically active 2,2-dimethyl-3,4-
hexadien-lfol (12) since the cyclic adduct (13) was obtained optichlly active.

CH_OH

- 2 ' 0
T3 2,4-DNBSC
CH,CHwC=CH — cI:cnon - > e E— —
. cHy . S TAr SAr
(12) R .) (13)
L} . .

- Allenes in which the cumulated double bonds are'differently substituted of?er

two different sites for attack by sulfenium -ions.

¥

L T T L TR



T, \ el
. RSCL ! ,S\ c1” © -HCL -

14) RSC._‘l | \ f:— 5 cl | \ / S
hd r
(15)

One might anticipate that.the more highly substituted double bond would be attacked
preferentially{ However, the addition of 2,4-DNBSC to 1,l-dimethyl allene {(14) |
gives the primary chlbride (15) rathe? then the isomeric tertiafy allylic chloride29
althbugh approximately 60% of the overall producﬁ mixture is the diene30 (16).

More recently, Jacobs and Kammerer31 reported that the mﬁjor adduct of 2,4-DNBSC

. - - '-'_“\;/'
with various monosubstituted allenes is that of type A rather than that of type B -

structure. ' i '
R x -
CHC1 ' CHSAr —~
. qH2=c\ CH,=C
" SAr - cl ~
A . B

’

av

It was reported in the same article that 1,3-disubstituted allenes give mixtures

'of adducts of type A and B. We have found tEﬁt attack by sulfur occurs exclu-

sively at the central allenic carbon32 yielding mixtures of E and 2 isomers .

CHC1R ' m CHC1R
/ .
c=

N AT
7N
(W]

~

(E) (2)
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The case of halogenation;resgﬁbles that of oxymercuration in that the'electro-

v

phile enters at thel central carbon and the nucleophile at the more highly

-

substituted carbon. The bromination of 2,2-dimethyl~3,4-hexadien-l-ol is thought

to be non-stereospecificze-whereas that of 1,3-dimethyl allege is reported to

N

retain configuration33. ’ RN S )

4- The effect of methyl substitution

The influence of methyl substituents is due to a balance between

steric and electronic effects. It is related to the fact that carbonium ion

stability increases with methiyl substitution. The chang
N =y s .
terminal to central electrophilic attack with incre

reflects the increase in stability o eco :
B - 4 ,,‘.

nelative to pr ry and Ginyl carbonium ions. The preference for attack at the

in oriéntation\fgpm
ing methyl substitution

y and tertiary carbonium ions

more highly s tituted of two cumulated bonds is also related to such factors.

This becomes o

less importance in bridged ion intermediates where the position
of attack becbmes obscure. The transition state neverghelesé has carbonium ion
character and\will be stabilized by electron donating substituents such as
!

Steric effects a

alkyl g?oupé.
more ambigudus. A reagent approgching one dodEle bond is
coplanar with the substituents at the terminal of the other doﬁble bond, and
this in principle could lead to unfavorable steric interactions. Steficleffects
of this type do not appear to be a dominating influence as evidenced by the

fact that the major pfoducts of halogenation and oxymercuration are the Z-alkenes.

'G.Schmid and al.34 have studied the rates and‘broducts of addition of benzene-

sulfenyl chloride to allene and its five methyl-substituted derivatives.Substi-~
tuting the hydrogens on allene by methyl groups has a large effect on the rate

of addition. The rates of addition to 2,3-pentadiene and 3-methyl-l,2-butadiene
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are almoét-idgntical, indicating that the effect of a methyl group is

;mitted across both dduble bonds.
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INTRODUCTION:

The allenes used in the present investigation were synthesized accordiné to lite-

rature methods described previously in the introduction.

Overall yields were low due to azeotroping of the allene by residual amounts of

»

solvent. However, Nuclear Magne;ic_&gggpaﬂée revealed a purity greater than 90% in
most caseé. Impurities were identified ag residual solvent (THF) or unreacted
sulfinate ester that could not be separated by simple distiliation. Hoﬁever they did
‘not inte;fere when the allene was subjected fo électrophilic additicn conditions.
Tﬁe allenes were fully characterized by IR (band at 1975 cmhl), lH ﬁHR and 13C NMR
'SPQctroscopy.
As a representative example, the IR Spectrum of 1,2-cyclotridecadiene is shown in
figure l.QThe C=C=C strec2£}s easily discernable at 1970 cm-l.
The lH NMR spectra of gllenes are characterized by two main features:
~ the allenic protons resonate at a high chemical shift ranging from
. 5.0 to 5.4 ppm downfield from TMS, and are strongly coupled.

: . 5 : .
~ The spectra are always complex due to the importance of the "J coupling

constant between allenic érotons and aliphatic substituents.

CH3—— Zb= C== (I_':— CH3
H
a

¢

This is exemplified in figure 2 which is the 60 MHz lH NMR spectrum of 2,3-pentadiene.

. The methyl group appears as a triplet becauée of the coupling with both H.a and Hb

5

R s . 3
protons. It is interesting tq note’ that JMe_Ha=== JMe-Hh:

;

-

-
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The 1H NMR spectral parameters ( chemical shifts and coupling constants ) of all
>

allenes synthesized in this work are tabulated in Appendix I.

‘Carbon-l3 NMR spectroscopy also allows unequivogal identification of the
allenic moiety due to the very lowfield resonance of the central allgnic carbonsz'53
( about 200 ppm downfiela from TMS at 20 MHz ).

In the case of tetraéubstituted allenes, Carbon-13 NMR was the only reliable
identification tool as the IR allenic absorption was too weak to be observable and
there were no allenic protons present. .

The central allenic carbon being quaternary its intensity is very weak and it was
found ﬁecessary to use concentrated samples of the allene ( approximately 30% in
CDCl3 }. This increased the signal to noise ratio to‘an extent that the characteristic.
carbon resonance was easily distinguishsble from the background.

The Carbon-13 NMR spectral parameters of allenes used in this work are tabulatedlin

A}

Appendix II,,
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PART 1

BXIAL DISSYMMETRY INDUCED MAGNETIC NONEQUIVALENCE IN THE

CARBON-13 NMR SPECTRA OF ALLENES

’ 1- INTRODUCTION :

It is generally assumed that two identical atoms or groups aftached to

a common atom ( eg.{rthe protons of a CH, group ), are indistinguishable due to free
rotation about a single bond.
often, one has to consider fhe 3-dimensional molecular structure in order to under-
stand unexpected nonequivalence.
Two atoms are defined as magnetically equivalent if they are isochronous and if
their coupling constants to any other atoms are identical. Unfortunately sucﬁ factors
as Accidental Magnetic Equivalence often complicate the picture.

Majnetic nbnequivalencé occurs e;en when there is no chiral cénter present in
the molecule. This is a result of the fact t£hat ;ome atoms are diastereotopic.
This is exemplified in the complexity of the 1H NMR spectrum of the triglyceride,

Triacetin.
CHaHETOCOMe
CH-OCOMe

|
CH_,H_—0COMe

TRIACETIN
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Magnetic nonequivalence is not restricted to proton:NMR spectroscopy.
Carbon-13 MMR chemical shifts can be influenced by molecular asymmetry.
A

The effect of molecular asymmetry on the rescnance of methyl carbons

in isopropyl groups in compdunds of the type

was reported by Roberts et al?
Carbon-13 MMR spectroscopy is a very'useful tocl in the stud& of magnetic non-
equivalence because the effect of conformational change onllac c#emical shifts is
quite significant.

Magnetic nonequivalence is not restricted to molecules haviﬁg a potential-

_ asymmetric

center. The chirality may be induced by an axis of dissymmetry such as in allenes
or biphenyls.
The methylene protons of the ethyl group in the allene depicted below are not equi-
. valent due to the a;is‘of dissémmetry inherent of the allenic moiety :

g,

ph CH (c:'H3 Y,
H OCH_H_ Me,

The corresponding effect in carbon-13 spectroscopy has not been investigated

to a significant extent. The only two eﬁﬂﬁples that have appeared in the literature

are not as clear cut és one would-liﬁg: !
e

/_-—’



G.A.Krudy and R.S.Macomber53 have reported the' nonequivalence of the two methoxy

groups in the following phosphonic ester :

tBu C——P

However, only an averaged chemical shift was reported.

Isopropyl methyl carbons in trisubstituted allenes have also been reported
to be nonequivalent but the difference was small and in one allene out of three
studied, acczdental coincidepice was observed.

)

Because of the avaiYability of a large number of allenes prepated for view
during this mechanistic study, weiundertook an extensive, systematic investigation
of the NMR properties of the allenes. We Present unequivocal evidence for the axial

dissymmetry induced magnetic nonequivalence of isopropyl methyl carbon resonances

in appropriatly substituted allenes.

\f '

e
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2- OBSERVATIONS :

The Carbon-13 NMR spectra were recorded using a VARIAN ASSOCIATES FT-80
spectrometgr with a proad band probe dberating at 20.000 MHz, using 16K memory.
Initial proton—decoupled'spectra‘weré run with a spectral width of 2000 to 2809 Hz
dependent upon‘fold—back'probiéms. _ ‘ ‘ ) ‘.

A pulse width of 5 microseconds corresbonding to a flip angle of approximately 21.5°

was employed. Chemical shifts are reported¢S ppm downfield from an internal TMS

] ]

standard + 0.02 ppm.

[

*  The carbon-13 NMR spectral parameters of allenes are reported -in Appendix II.

-

In tablell are reported the 13C chemical shifts of the methyl carbons of isopropyl

-

groups in appropriatly substituted allenes.

The dégree of magnetic nonequivalence is defined as the difference in

chemical shifts of methyl groups a and b.

b

| | A =S5 -$
( the designations as a and b are arbitrary )

The magnitude of A\ is seen to be very dependent on the gsubstitution pattern,

varying from 0.00 to 0.83 ppm.

-
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TABLE XI

\ DIASTEREOTOPIC ISOPROPYL ME CARBONS IN ALLENES
1 3
t R/”u, R
C H
a3
. /
R ca\\\
CpHs
3 1 2 :

R R R //’//ga . A = 5a -3b (+ 0.02 ppm)
H Me H 0.03
H Et H 0.05
H ipr H 0.17 ;
H tBu H 0.18
H Me Et 0.10
H . Me iPr 0.18
H Me tBu 0.18 -
H Et tBu 0,00
H iPr tBu '0.03
Me Me H 0.16
Me Et H 0.15
Me iPr H : ¢.15
Me CcH, - H 21.74 21.57 0.17
Me t8u H 21.70 21.55 0,15
Me Me tBu 21.64 21,50 \ - 0.14
Me Bt £Bu 21.72 21.72 "\ 0.00
Me ipr tBu 21.96 21.64 0.32
Et Me tBu 21.99 21.99 0.00
iPr Me H 22.50 22.21 ;o 0.29
ipr Bt H 22.57 22,31 ©0.26
iPr ipr H 22,73 22.39 0.34
ipr tBu H 22,73 22.35 0.38
ipr iPr tBu 21.83 21.26 - 0.57
tBu Me H 24.85 24.31 0.54
-tBu Et H 24.94 24,39 0.55
tBu irr H 24.87 ° 24.21 0.66
tBu +tBu A H 25.17 24.34 0,83
£Bu Me Et 24.95 24,95 0.00
tBu . Me ipr 25.11 24,82 0.29
tBu Me tBu 24.98 24,77 0.21
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One can analyse the data by considering the effect of increasing steric

bulk of the substituents using the féllowing model :

. _ 1
A CHy ), CH\\\ R
L) \)’Q
/C=C=C
R ‘.&3
g Group. R™ seems to have the greatest influence on.CL, independently of

groups Rl and R2. This is seen by keeping R3 constant and varying the substituents

away from the isopropyl group ( r' ana r? ).

-
)

)

When R3 = H .ZS varies from 0,03 to 0.18 ppm

When R3 = Me A w " 0.14 to 0.32 ppm

When R3 = iPr A " " 0.26 to 0.38 ppm

Wwhen R = tBu A " " 0.21 to 0.83 ppm* ]

- i
Therefore, the bulk of the substituent geminal to the isopropyl group

seems to be the dominant influence governing the magnitude of the difference in

-

‘chemical shift of the two isopropyl methyl groups. The.larger the steric bulk.of the

s
-

geminal substituent, the larger the difference in chemical shift,

—

The influence of group R3 can also be viewed in a diffﬁxent way. Ht
o 3

Consider for example the 1,3-disubsti%uted allenes :
iPr—CH=C=CHEL

As the group R is varied from Hethjl to Tert-Butyl there is a drastic change in

the valﬁe ofék.

£
R A (ppm) C
rtaé
Me 0.03 - g
Et 0.05 _
ipr 0.17 - Variation = 500}

tBu 0.18

o
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On the other hand, if one looks at the value of A for l-methyl-l-isopropyl-

3-gubstituted allenes, the difference is not significant on varying the remote

substituent from Methyl to tert-Buty

.

. 1 .

iPr |R :
\\\szzc:::c . .
/ ///”‘ﬁ -

Me H
1 _
. R A\ (ppm) v
Me 0.le
Et 0.15
iPr 0.15 Variation = 13% )
) £Bu 0.15
CeHyy ~0.17

A similar trend is observed for 1,1-diisopropyl-3-substituted allenes :

iPr\\\ Rl
[et—— C=C\\‘ \
1Pr/ H
1
. R _ Atppm)
Me 0,29 )
Et 0.26 Variation = 30%
KN ipr 0.34 -
' tBu 0.38
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Similarly :
iPr\- o r* '
N\
. C==C=C
-~ —.,_‘_?
tBu/ ' , \H
R {(ppm) N
Me . 0.54
) _Et 0.55 Variation = 54%
"iPr 0.66 -
tBu 0.83

TN

-

—

Summarizing these preliminary results we consider the -effect of varying

.the group remote from the isopropyl moiety.
! . . .

R3 ! A % when Rl = Me...Et...iPr...tBu
H : 500
Me 13
- - -
: . iPr 30 . : '

r X ) . L]

\\\\" tBu _— : 54

{ ’

t - -
TherekﬁéJa tremendous difference between the series where R3vis Hydrogen\and the others.

'

The fact that the substituents away from the isopropyl group has little i

o

the magnitude of A is depicted in the next table.

iPr Ri-c=c=cp-r’

- value of A\ for R3 =
gt H Me iPr tBu
Me 0.03 0.16 0.29 0.54
Et 0.05 0.15 - 0,26 0.55
1Pr 0.17 0.15 0.34 0.66

tBu  0.18 0.15 0.38 0.83 K
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M _'_; .. It can bé seen that whatever tE? substituent away from the isopropyl group
( R I thpre is a similar trend (Zlincreases), when changlng R3 from Hydrogen
to-tert-Butyl (i.e., down ‘& column) . ) .
- So far, we hE?é only -examined the case of trisubstituted allenes.
N B a

chsider tetrasubstitutﬁd allenes where all four groups are different. These alleries

vary onl{ in the spatial arrangement of the various substituents

-‘ -~
v .
LI - .
.

~ iP:g\\ Rl :
. o
- /C——“&;—JC\ .
rF- ‘ .. . -
‘ S. RO T R '
-~ , -
. B A r2 R3 A
- : © Bt tBu . Me 0.00 )
s - - . F N ' .
" - Me tBu Et 0.00 -
. oL et e .
Me -~ Et ~ tBu 0.00 ' ‘

In these éasasiﬁaccidental coincidence of the'pethyl carbon resonances

o of the isopropyl groups is observed. °~
!
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3- DISCUSSION :

Rationalization for the existence and magnitude of A can be made on the

-

grounds of conformational effects. This is due to the fact that the substituents in

the 1 and 3 positions of an allene are sufficienfly remote from one another that

%
there can be no steric interaction between them.,

}
i.e., the steric bulk of a substituent on one side of the allene moiety does not
influence the spatial conformation of a substituent on the other side.
It was mentioned in the introduction’ that the allene moiety contains 2 -
. "

systems which are mutually perpendicular. If substituent effects are observed accross

this system, it must arise from perturbation of the 3T —orbitals as shown below.

-

<

-

'pertubations of the collinear 71 orbitaxg,,ﬁfl.aﬁd'-ﬁtz by the substitdents:

+

Rl and Rz'may affect the conformétions of the isopropyl and the R3 group on the
\ ' . .

other side of the allenic system. The magnitude of this perturbation will depend on

* the steric and electronic properties of the groups Rl and R2. This can be envisioned

a lot better by considering Newman projections of the allenes along the bond joining
the isopiopyl group to the propadiene system.
There are three possible staggered conformations to ﬁe considered as they

are the most stable and reflect best the ground state. ra
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NOTE : In the case of allenes, the staggered conformations are different

frothose of an isopropyl group bonded to an 593 center. This is due to the fact
that the R3 group is oriented perpendicular to the two Corbitals.

( vs 109° in the sp3 case )
772
r

5 CH3 CH3 3
Sp sSp

R R
. -
CH, CH,
(a) (B)

As it can be seen, the gauche interaction of the isoprqpyl methyl groups
with the JU orbitals in A are greater than the analogous interaction of the isopropyl
methyl groups with wicinal substituents in. the case of B.

A rationale for the small magnitude of /\ is the attenuation of the substituent
effects with transmission of the dissymmetry over the two bonds of the allenic system.
On obgervation of conformers (I), (2) and .(3), it is obvious that the R3 group will
have a greater effect on the isbpropyl methyls than the two remote substitueﬁts

R' and R?, as is observed experimentally.
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The steric bulk of R3 will determine the importance of the conformers

relative to one another.

r

e.g., if R3 is very large ( tert-Butyl ), conformers (2} and (3) should predominate,
over the first one, providi;g the t@o methyl groups with very different environmentﬁ)
Therefore, resulting in a large ZS . However, if the R....Me interaction is still
s;gnificant, there will be a.de;iatioﬁ from the perfectly staggered conformations
wpich will tend to eclipse the two methyl groups with the'Tt-o?bitals as demonstrated

-

below : ' .

2

-

CHy CHy CH CHsy

N ~
. — 7 '
tBu Tr’

H

tBu

\—4\ '
1f such is the case, the magnitude of A should become small unless Rl

and Rz have a different ability to perturb their respective ™ -orbitals. This last

factor may be the explanation to abnormal behavior observed in table ( 11 ).

When R} = H and R2 varies from methyl to tert-Butyl, normal behavior is

obsgerved.
i.e., \ increases with the ability of the remote substituent to perturb the <7 -

system. The ability is governed by both steric bulk and electron donating power.

On the other hand, deviations are observed when Rl # R2 # H

Wt
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2.Gey
iPr ., tBu
“y
. (/c=c_c<
H R2
r? A
H 0.18
Me 0.18
Et 0.00
iPr 0.03
Similarly :
. 2
- iPr,, R
. - %{’c C= c/
Me/ \ tBu
] RZ A
Me 0.14 ;
. )
Et - . 0,00
;-
iPr 0,32 A

In the two previous examples, the value of /A does not increase linearly
with the ability of the remote substituent to perturb the YU =~orbitals. On the
contrary, the value of A goes through a minimum (\magnetic equivalence ).

-

However this is observed only when Rl =.tert-Butyl gnd as will be seen later,

anomalous behavior often occurs when allenes are substituted with tert-Butyl groups.

.
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It is not yet possible to correlate carbon-13 chemical shifts with steréo-
chemical factors but one can say that the methyl carbons of the isopropyl group
experience both a € - and a g‘-substituent.effect of the order of 0.3 ppm and 0.2 ppm

respectively ( both to higher field ).
o ’

22,9
CH3

L

A B ¥ 8 €.
CH-CH==C==CH, . ( CHy ) ,CH-CH==C==CH—--C—

CH

L

With the data available at present, it is not y&t possible to state
whether A is due to conformer populations only or if it reflects intrinsic
diastereomerism of the averaged environments of the isopropyl methyl carbons as

we1154.

?

The contribution of intrinsic diastereomerism to the magnetic noneguivalence

.«

-

of the diasterectopic carbons is determinable only in these cases where the indivi-

dual conformers are observable. This could not be achieved in the scope of this work.

at_ve
Yy

. ' .
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PART II

CONCERNING THE ORTHO-NITRO GROUP EFFECT IN THE REACTION OF

ARENESULFENYL CHLORIDES WITH 1, 3-DISUBSTITUTED ALLENES

1- INTRODUCTION :

- Our work on electrophilic édditions to allenes was initiated about a year
ago when the reaction of 2,4—dinitfobenzenesulfeny1 chloride ( 2,4-DNBSC ), with
various 1,3-disubstituted allenes was reexaminedss.

As mentibngd previdﬁsiy in the introduction, substituted allenes can give
rise to eight possible addition products with unsymmetrical electrophiles.
However, we observed that allenes reacted with 2,4-DNBSC in a l:1 fashion to give

adducts where attack of sulfur had occured exclusively-at the central allenic

carbon giving products of E and Z configuration.

“ yd N\ s
C=C=C + NO SClL ~—m——» c=
SN 2 , -~ \S>r
‘ 0
2
E + 2

Because of our interest in elucidating the factors influencing the nature
of the product determining step in the reaction of arenesulfenyl chlorides with

allenes we extended our work by examining the reaction of twelve different arene-

\

sulfenyl chlorides with a series of ten 1,3-disubstituted allenes.

)

As ﬁreviously observed, the sulfenyl chlorides were found to add to the

allene mbiety in a 1:1 fashion with exclusive attack of sulfur on the central allenic

carbeon. *
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Products of double addition of the sulfenyl chloride on both double bonds -
of the allenes was not observed and adducts did not'eliminate HCl as had been

observed previously57.

]

The mechanism of addition of 2,4-DNBSC to allenes is not yet very clear
_but there is evidence for AdEZ type behaviorsa.

Possible pathways are shown below in SCHEME v ¥

In this case, the results were interpreted in terms of steric approach
control59 leading to £he formation of a series of alkylidenethiiranium ions or
alkylideneepisulfuranesGo.

iIn order- to confirm these predictions we ﬁnderwent an extensive study of
additions of.sulfenyl chlorides to allenes where the steric requireﬁents and aptitude
to stabili;e development of charée on sulfur would be varied. '
Ip addition to present some evidence for an AdEz type mechanism, the effect of an
ortho-Nitro group on the sulfenyl chloride was also analyzed.

It has been postulated61 that an ortho-Nitro group in a 2-Nitrobenzene-
sulfenyl chloride may stabilize a éositive charge on sulfur by delocalization into

the adjacent Nitro group. Compare for example the spirosulfurane intermediate (17)

and the commonly accepted thiiranium ion (18)

S—-'O\ ¢l1-
};::() ~ C]f
7 wo,
+
S
R
(17) | (18) R
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If such is fhe case, arenesulfenyl chlorides containing an ortho-Nitro
. <
group would be expected to react quite differently from other simple alkyl-substi-

tuted arenesulfenyl chlorides61 (e'f). "fc,x\\
Due to its nature, the Nitro group in a 2~Nitroarenesulfenyl chloride may also
influence the course of/an electrophilic addition to a double bond through desta-

bilization by inductdive-‘electron withdrawal, and/or steric effect.

2~ ADDITION‘OF ARENESULFENYL CHLORIDES TO 1,3-DISUBSTITUTED ALLENES 3

In order to gain information on the effect of the ortho-Nitro group
apdrﬁhe Hegree of invglJﬁent of steric and electronic factors-we investigated the
" reaction of 1,3-disubstituted allenes with a series of 12 arenesulfenyl chlorides

shown below.

. 1,3-DISUBSTITUTED ALLENES

RCH=C=CHR'

R . R

Me ’ Me

Et T Bt

iPr . iPr -
tBu tBu
' Me Et

Me ' iPr « .
Me tBu

Et ) iPr

Et tBu

dpr tBu
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>

PARASUBSTITUTED ARENESULFENYI, CHLORIDES

Q ~
( SERIES 2 ) ' —
&4 sc1
g2

Entries R2 R4

I H NO,

II H CF
III H c1

™v H H

v H \ CH,
VI H OCH,

ORTHO-NITRO-PARASUBSTITUTED ARENESULFENYIL CHLORIDES

{ SERIES B )
r - SC1
R2
Entries R2 R4
T ovII NO,, © NO,
VIII _ " c1
IX " H
"
X CH3
XI " OCH
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-

ORTHO-SUBSTITUTED ARENESULFENYI CHLORIDES

{ SERIES C )
. _ r? scl
Rz
Entries R2 R4
XII CH,
XIII CF,

N v

Series A and B will provide evidence for or against the ortho-Hitro
group effect, while 'series C will serve to demonstrate specific steric and
electronic effects.
Depending on the nature of the sulfenyl chlorides, additions were carried
2

out either in CH Cl2 at ‘room temperature or as NMR tube reactions in CDCl3 at p°c,

4 .
Reaction end-points were determined by the disappearance of the S-Cl

chromophore ( TA max =~ 392 nm ), or a negative starch-iodide testsz.
The mixtures of adducts were analyzed immediatly by 1H NMR analysis in order to
obtain the kinetically controlled distribution of produ;;s.

Arenesﬁlfenyl chlorides'bontaining a Nitro group in the 2-position were
found to react ma#y orderé of magnit¥de slower than the othera,(rﬁalf—life of the
order of 3 days at 0,05 M vs a few milliseconds ).

Consequently, isomerization of products was found to be negligible'over a pericd

of time much longer then that required for analysis of initially formed products.

In these cases, the reactions were run at room temperature in dichloromethane.
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On the other hand, all sulfenyl chlorides lacking the 2-Nitro substituent

were found to be more reactive; isomerization of products occuring within a few
hours or minutes even at low temperature, Consequently, these reactions were run
at 0°C in NMR tubes and analyzed immediatly,

In some cases, it was not possible to obtain the kinetically controlled product

¢

‘distribution due to fast isomerization, Eg=22, at ambient temperature.

( sulfenyl chlorides Vv, VI, XII ). ' /

The relative reactivity of the 4-substituted-2-Nitrobenzenesulfenyl

chlorides ( series B ) was observed to follow the order,

-

X1 x> 1x N vizz ) vir

. )
in accord with the rate measurements of Brown and Hoggsa. This reflects the

charge stabilization ability of the 4-substitugnt.
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3- ANALYSIS OF ADDUCT MIXTURES :

’ v
Analysis was peﬁformed by 1H NMR, 13C NMR spectra and Mass Spactral
. A W
Fragmentation patterns.according to criteria previously establishedss. Thesg will
now be summarized, E . ' N

The reactions were found to be regiospecific with exclusive attack of

sulfur on the central allenic carbon

Y, 32CHQ1R' CHCIR
RCHzC=CHR' ——}p .RCH=C\ + R'CH=<
' - SAx - “SAr
(E+2}) - (E+2)

’ ¥ ‘ . :
Spectral parameters for adducts of these types are reported in APPENDIX IIY
Evidence for regiospecificity is given by the Carbon-13 chemical shift

of the carbon bearing the chlorinj atom.

-~
CH 54'8cn4c1rc5 3 61'5CH4C1-—CH :
’ 3 ,,/ o .3 H\\\ _ 3

_ 2.
C==C /,/fc lC\\\ e |

/

~
3H’/// SAr g CH; |
(19) B -~ (20)

u

Based on the electronegativity of the two suﬁstituents,

~

'S = 2.48
cl = 2,99

»

one expects a carkon bearing a sulfur atom to resonate at a higher field with

" respect to one attached tofa chlorine atom. ' . ’
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T " The observed Carbon-13 chemical shifts are consistent with the presence

o allylic chlorines.

: ’ \\\\\ ) " C=*CCH SAr exhibits a 13C resonance at 45.4 p

_;‘_\" - C=*CCH ClcH, " v " 56.9 ppm

. Ty -
(-G,H.Schmid, S;?ﬁfoshalmy, and D.G.Garratt, J.Org.Chem., in press)

Furtheqﬁoré the one bond coupling constant J is in the range expected

for a carbon directly bonded to a halogen.

( 151.6 vs 148,7 ppm for CH

3c1 - See table 13, APPENDIX III )

e / Further indication for regiospecificity is found in the Mass Spectral

»

Pattern f:fhe'adducts;-They all exhibit A -cleavage with-loss of CHCIR from the
ar

" molec n. No radical or cationic species of the type CHSAr could be

detected as would have been expected from an adduct resulting from attack of

chlorine at the central ailenic carbon.

’ - .

~

igne@eﬁk of confiquration as E and 2 follows from several criteria

MMR chem;ca&?shlfts and coupling constants. If one considers

based pn "H and
\:).the twol adducts (19, and (20), proton HJ

.¥)// of the ¢ \fsz:jj% g 5 isomer (20). H, on the other hand is deshielded in the E

is shielded iq,the E isomer relative to that

J’ ' 4J

P ., isomer reﬁit;d-‘)F hat of the corresponding 2 lsomer64.
. . ) . :

The allylic proton-proton cbupling constant 4JHC:CCH(cis) is larger than

< 4

JHC:CCH(trans) thus allowing (20) to be assigned the Z configuration. ‘

Vicinal carbon-proton coupling constants of the type JCC-CH are more reliable.

3 3
Tpe valuesfor Jcc=CH(cis) and Jcc:cﬂttrans) are normally very different

i ~

(trans is larger than pié).
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-

An exarftinat?.on of table 13 of APPENDIX III is in accord with this con-
figurational assignement, .
Carbon-13 chemical shifts may also confifm.our assignements as they are very
dependent on stereochemistry. Using 6 -gauche interaction effects, one expgctg
the ﬁethine carbon bonded to chlorine ( C, in tablel4 ) to be ‘shielded in the E

isomer relative to the 2 isomer. o .

"All observations described above were found to be consistent throughout
the series of arenesulfenyl chlorides. Figures 3-6 provide examples of.spectra
obtained from adducts of symmetrically and unsymmetrically 1,3-disubstituted

allenes-.



. *30nppe suaipejusd ‘g-g Jo wnizoads awu zHWOOT € sand14g

+YS
™, — -
- + k] +
- " I *
) b -
. (]
0 o -] ox o oor
o €n
N | . PUSTISPR | - 1 P " [ A btk bk 4 1 o " 1
NN . L 1 L | ad | 1 A 1 el 1 1 1 A L 1 1 1 ]
- * ' 1 o R ; L
« . ’
-
-] . )
] L]
t



=55~

| A . .

\

-

‘(uotsuedxs) jonppe mcmﬁnmpwwmwm.m Jo wnajosds Jawu ZHWOOT &HE€ 2In8T4g

‘- -
T 1 M M DAL
| M I ML
\ 4
. *
-
)
oo i
o \
1 1 4 i f o ﬂ
. |
N !
1
. i
LN ] T ) _
D :
.t v '



- j0Nppe suUsIpPEXaY-‘g-g 2U3 JO wnajoasds Juu H

T

ZHWOOGT

tp 2an314g

AL I S UL B LI I

.._-I-Iqqd..-

T

..._.

PN IR

PPN APEPETEPE N

P SRR |

.-.-I-.<-..._..-.__.J-\-q-¢_¢...-..-—-..._.

ity

T

las — AP I
-—.-.____.._n._—__—..—.p»._....—.._.

L
Lz i ]

4
V-
\ .
AARS T R S Ty
[ T o T T
L ”-
1 __
. i i
fL u
O i
v J |
' |
:
o . o R &)
<
N PP | NPT UM WP S I Ararar un
.H._.-._- _.._-.._._.........—._» L
h g
L3 ) “n
1]



ruoT8ad Eaamn% [o3:1 mn%vnﬂcoﬂmcmaxvv 1onppe mrmﬁvmxmcl

£i2 213 mo.Esppomam Jwu Ht ZHWOOT 3¥ 2an3Td

g T T S

__.“_u..,___.___d_...ﬁ.‘_._- -m_-_—_.___.._—_.____.._—__._._a_—___
T .__.__._._.._.q_ﬁ.-._._.____- _______-.__._.__.ﬁ__.___._ ™ 1
. . . -7
- -
L9 o
.

2 a
i —
X A4
»
4
: -
in .
]
T
3
0ol [+ 24 00E ooy
! ! ~___._._.___.____.__._..__.._—.._._.._.._.._...._._._—_._...—_._.__
| ! ___.______,____________._____._._____.______._________._.____H.____
w1
'
1
s
)




*uoT3a.d

Eaawumvop vu,mncoﬂmcmgxmv 1onppe ausIpeBXauU-t

iz ayuj3 Jo Eﬂupowam.psc H

1

T

L]

LEBLEE |

. rlive it

~58-

ZHWOOT 'V ean3td

'
- - -
0¢
[
00z 00€ ooy . 0C
L4 ’ - 8
N IR T NN N U TN U ST TN SO W JNN U TR TN SN JNN N Y P [SU O S G O T S IR TE N PR SN WU YA T [N VAT U T N U TR T O PSSR T S
.u__.,_.___._____________.__________~______._________u_._______ﬁ




L L |

T

LA

b

*UoT3ad Eaamuw 01 ou%?ﬂo.ﬁm:maxmv 1onppe m:mﬂvmchtm.rm m:ptm.o Ewﬁuow,wm JWu mﬁ- NmzooH ".:vm..hd.mﬂ.m

T TT"T7

gJ.0 1T -.— L T

| )

001 002 0OE .
__ LI L T T T NN TN SN VAN U S NN TN W N A W A PIR R N T N TR T SR T (N SO M S S OO N N U P T N TS A A S T N N SRR I - L 1
1 L [ T O O T Y A _ 1.t 14 -4 4t 1 I S O O T W | _ I N N I ;I N T I “ /I I I I B | N P |

FRIFVLS, SNES



Figure 5.:

13¢5

-6Q-

cvay,

ibppnmstbi bl

" fully uncoupled

.Y
cdupled

mr'spectrum of the 3,4-hexadiene adduct

+



‘uoTBaa Eaamuw o3 mu% ..ncoﬁamaxmv 3onppe m.cmivﬂmxmc..m.m ay3 Jo ‘E:puomam Juu Hi ZHWOOT AV 2an8Ta |

wrpm s

- T _____....ﬁ__.._.__..__-__._..%____ﬁ_d_.._._u_ﬁ._-.‘_..d.___,_._.
T e B AL mut e IS B B B AL B RPLINS BRLLL LN S B A B M N | __._._.______.__._-.__.__.__A.—.,
TN
- >
-

. —
=2 g
i —
od ...
g .
Ll
¥
L -
n
I
’
’
Mr
QoL 00z 00E 00y o ]
. ) 00X
1 ' .ﬂ.—_.__._.____..___..___..__—.__._..__ ._..___..__.___...__...__.
] 1 mp.-______,___._________________________.______,___._____.__—____ﬂ..
w1
1
w E]
— -




*®

%, B

LT

N

-

iy

Figure 5" :°

62w

!

f

MWL
13¢ nmr specfrgm of tihe 5,5-~dimethyl -2,3-hexadiene adduct




T i Lk St g

S

"—h

.

8pL40|Y2> {Ausd4 (NS-3UIZUSQ-0WOLG- yJiM JudLpejuad-g-Z 10 Janppe

9 auanbL}

............... \ i
i i A
! ; H
i i !
I . :
]
[ |
i - _ .
A ! _
-y . -
, ! !
oo i
_ i _
; T i ;
. . ‘4 |
! ot i : ! s
' ! b _ 3 i : _
1 : : - uy T : ; P
5 ! ! i 1 ! ‘ ; ! !
' _ ; 1 i ; ‘ ! vl
i T i { o I : |
: _ ; ous ! : . i NI
P “ | : ! : - !
N R T [ P i i© - o0s
PO — 2 L R ST W e ) S
s — '] 2 — 2 — | 'l 2 _ 1 1

‘'8 NI 1aYH
1095 L¥WHD




T

I

T \ Ty L o e " L | T 1 Ty ] T T r -..— T T y—

ong oop ‘ oo . 1]

e

i L] L
b 1 ad o | NN | I TN I AN S T 1




P,

~65- ' .

»‘\.

®

5,
4- KINETICALLY CONTROLLED DISTRIBUTION OF PRODUCTS. :

’

Table (12) is the kinetically controlled prodyctdistributions for

the reactions of arenesulfenyl chlorides with 1,3-disubstituted allenes, .
: } : . BRI
In this table, the ratio o 2 p reflects the.éhemoselectivity of the reaction.
. B S . - _ .
i.e., the proportién of attack 'upon one of the mutual%g,perpendicular'Tf-bqnds

relative to the other ; . L7 .
B
o K '
. - ,
" - H R' .
~ v
. : c=cC=—c :
- ., @*" v \ ) M
s R u
¢ - . Lo
1l [y R @ - e

The ratio of E:3Z 1somers lS related to the conflguratlonal select1v1ty

and- is malnly governed by stéric effects. ' .

®-

v

a~ Symmetrical 1,3-disubstituted allenes -

As was reported in the ‘case of-2,4- SCSG, for synmetrical alléenes

the E : 2 ratio increases as R and R!

seas oTertButyl - Al o
It is most convenient to analyse the data by comparing the sulfenyl chlorides

from serles A to those of serjes B or C

One first point of interest is the obserﬁation that in the case of
sulfenyl chlorides lacking the ortho-Nitro group, the E:Z ratios are fairly

constant. ' s = '
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+’.' . KINETICALLY CONTROLLED PRODUCT DISTRIBUTIONS FOR THE REACTIONS
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-

e
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} : E:Z Ratios For The Addition Of Arenesulfenyl
Chlorides I-VI, x;sjd. XIII To Symmetrically

1

1, 3-DIsubstituted Allenes

-

- _
’ X RCH=C=CHR i
R - E:Z Ratios
Me 50: 50 to 55:45 L .
Et 69:31  to ' 72:28
iPr 79:21 . to 82:18

tBu 97:03 to  100:00 . e .

The effect of an ortho-fiitro grou§ results in a-5% to 10% increase of the E:Z ratios.

Me 59:41 to 64:36

- - d
: Et 72:28  to  80:20
iPr 82:18  to  92:08

tBu ) 100:00-

On the ground of these observations, it‘is not possible to say whether
this effect is due to an electronic stabilization or simply a steric eff?ct due to
the bulk of the 2-Nitro substituent. One must also no;e'thdt very little difference

. . ] .

occurs within a given series,

b~ Unsymmetrically 1l,3-disubstituted allenes :

In addition to configurational selectivity, unsymmetrically substituted
allenes allow an insight in the chemoselectivity of the reaction (i.e., o :pnz:apios).
In the case of 2,3-hexadiene ( R=Me, R'=Et), there is no selectivity with respect

to which double bond is attacked by the sulfenyl chlorides ( I to XIII ).
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The of : § ratios are roughly constant at 53-55 : 47-45

.o ~t :

‘Thie suggest that no real difference in steric interaction exists between Me or Et

groups and the sulfenyl chlorides.

However, when one goes to the next higher homologue, i.e.,
- . »

' - "R = Me H R' = iPr
some trends appear in the ¢ :Q ratios.
In the case of 2-NitrolsuBstituted sulfenyl chlorides {( VII to XI ), the

‘proportion of attack next to R' is found to be 5 to 10% less then with the other

- sulfenyl chlorides.

e e

Allene ... LT Sulfenyl chlorides
o N
CH3CH=C=CHiPr ‘ - I to VI © VII to XI XII to XIII
o : Q@ /_HE\\ 55:45-63: 37 48:52-53:47 66:34

3
v

As one increases the steric bulk of one of the substituents, this becomes

more important. In the case wflere R = Me and R' = tBu the difference is now of .

the order of 20-40%, . . L
' ) - . <f S o

CH,CH=C=CHtBu 55:45-73:27 - 33:67-45:55 48:52

Here again, little variation occurs within a given series of sulfenyl

chlori One must note that in the case of 4-methoxybenzenesulfenyl chloride(VI)

due' to rapid isomerization of initial adducts. For this reason, one must not be
suprisedrto find some anomalies in the table.
The E : Z ratlos for the ofand (3 bonds show trends similar to those found for sym-

metrically substituted allenes,
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5~ DISCUSSION :

i
' .
Sﬁ, we did not observe: chemo-

In our first paper related to this work
selectivity with respect to which 6f the mutually perpendicular)f bonds of the

allene system was attacked :

—

'l

R R of :@ '
Me Et 53 : 47
/ '
Me iPr 52 : 48 !

Me tBu . 42 : 58

This suggested to us that the electron donating ability of the various
alkyl groups was transmitted to the remote double bond. At present, more data is

available and one can see that our interpretation was rather limited.

R R! « : 0 -
‘ VT R ipr 46 : 54 - o
o Et tBu 33 : 67 '
- ipr

tBu 38 : 62

It is now apparent that there is a slight preference for one of the double

Ay

bonds attacked by the sulfur atom, the most sterically subsﬁituted double bond

being favoured (. in the case of 2,4-DNBSC ).

As’the grou increases in bulk, the o :p ratios becomelsmaller, especially in

case of sulfenyl chlorides bearing a substituent in the 2-position. ~

Of PRIME importance. is the fact that this ortho- substituent need not to

be a Nitro group as is exemplified by sulfenyl Ehlorides-XII and XIII.

b = 3
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intermediates-of the sﬁirosulfurane type (17).

~70-
'
This observation would tend to rule out the existence of a stabilized

spiroeulfurane intermediate of type (17) as a Methyl or Trifluoromethyl group

can behave 51m11arly to a Nitro group in affecting the ratlo of attack on one

double bond relatlve to the other,

As a general rule, it seems that in the case of sulfenyl chlorides with

"no ortho- substituents, there is very little preference over which double bond is

attacked, the least hindered one being favored by 5-10% in some cases,

For ortho—substituted sulfenyl chlorides, there is a net preference for attack on

the most sterlcally encumbered side ( 5-15% in most cases ).

The effect of a Nitro group is slightly more important than for a methyl

group due to the greater steric bulk of the former. The effect of a trifloromethyl

group is intermediate and sometime comparable to the Nitro group.

The o :Q values are therefore in accord with a steric interaction

mechanism during "Steric Approach Control".

The trends observed in the E:Z ratios for the ¢f and(& bonds, for both -

L3

symmetrlcally substituted and unsymmetrically substituted allenes, were found to be

very similar. The cqnfigurational~seiectivity favors the formation of the E—isomer

( as governed by steric apprdach control ) over that of the Z-isomer as the steric
bulk of the substituent increases. This gives additional suﬁport to the steric

involvinent of an orthe-Nitro group. ,
f

To-summarize, one can say that in the reaction of 1,3-disubstituted allenes

with arenesulfenyl chlorides, the effect of an ortho~Nitro group is strictly one of
t . . .

‘steric nature and there dpes not appeae to be any stabilization through novel .




-71-

PART III

-

THE ELECTROPHILIC ADDITION. OF ARENESELENYIL HALIDES TO

1,3-DISUBSTITUTED ALLENES

l- THE ADDITION OF BENZENESELENYIL CHLbRIDE TO 1,3-DISUBSTITUTED ALLENES :

a- INTRODUCTION :

.

To further establish the results described in PAﬁT II, the reaction
of Benzeneselenyl chloride { Phséél } with 1,3-disubstituted'?llenes was next
examiﬁed. Here again attempt was made to investigate faétors affecting the nature
of the product-distributions. ‘

The reactions were carried out under the same experimental conditions,
using the same-allenes as in PART II. The pfoducts were found to be stable at low
temperature but slow E—)Z lsomerization was observed at 25°C. However, the kineti—.

cally controlled product distribution‘was obtained by immediate 1H and 13C NMR

I

analysis and was the same as for test NMR-tube reactions in CD2C1

2"
Analysis of products was performed by lH and 13C NMR and Mass Spectro-
metry using the same criteria previously described. /’¢!

In all cases, 1:1 adducts were formed in quantitative yield via regio-
specific attack of the phenylseleno moiety on the central allenic carbon.

)

[}
w

CCl’/’
N

/\r

) | \\C===C
- A .

SePh

{ E+Z )



C=72-

. 3 .

Spectral Parameters for the adducts are summarized in APPENDIX Iv.
“

The product distribution is shown in TABLE 13. =

TABLE 13

KINETICALLY CONTROLLED PRODUCT DISTRIBUTION FOR THE REACTION OF

PhSeCl WITH A SERIES OF 1,3-DISUBSTITUTED ALLENES IN CH2C12 AT 25°C ’

H
v,,// //

-~

R H
»
SYMMETRIC ALLENES € RATIO OF ISOMERS
R =R "E : 2
Me : . 26 : 74 -
Et | 40 : 60
iPr : ' 36 : 64
tBu : 0: 100 -
ASSYMMETRIC ALLENES g —
R R' E: 2
Me Et 30 : 70
Me iPr 43 : 57
Me  tBu 39 : 61,
Et iPr 46 : 54
Et ' tBu 27 : 73
iPr tBu 16 : 84
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To illustrate this, consider the addition of PhSeCl to §,S-dimethy1-

2,3—Hexadiene.

” . H c\ /cuc1-c (CH,) 4 ‘
7%
/TN

E (1)

SePh ‘

CH Cl—C (CH3) 3

N/

_ C=C\S 70%
H3 ePh . .
z (2)
PhSeCl .
CHz=CH C==CE=C (cn3)3 , .
(CH }.C CHCI—CH
3

. - . \ / o9%

H/ SePh

—

E (3)

o , o CHC1~CH,
LT T | 1-> =c< 14%

Compounds (1) amd (2) both exhibit quartifs in the vinyl region of their
1H NMR spectra,( 5.88 and 6.47 ppm ) and singlets for the methine protons geminal
+o chlorine ( 4.92 and 4.51 ppm }. Our assidnment as E and 2 for (1) and (2)

respectively is based on the shielding of the vinyl and methine protons and the
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magnitude of the vicinal carpon-proton coupling constant 3JCC=CH56' )

See TABLE 5 in APPENDIX. IV.

. - q
Similarly, (3) and (4) were assigned the E and Z configurations respectively.

The product distributions in TABLE 13 are those of kinetic control,,
Evidence for this is the fact that a slow isomerization of the E-alkenes to the
corresponding Z—alkéne was observed over a period of a few weeks. This probably

proceeds by way' of an allylic intermediate as shown below.

-

Et CHC1lEt

N
N\

E

cl

-
A
]
i
SePh %
1

Cl




b~ RESULTS :
On observation of the kinetically controlled distribution of products

in TABLE 13 one can see that in the case of PhSeCl, the Z-isomer is formed pre-

ferentially.
. SYMMETRICAL ALLENES . RATIO OF ISOMERS
R = R' = "E : Z
Me ' 26 : 74
Et 40 : 60
iPr ) ' 36 : 64
tBu a 0 : 100

RN

Similar trends}are observed iﬁ the case of unsymmetrically sﬁbstitﬁted
allenes..In addltlon, the double bond w1th the most electron donatlng and sterlcally
hulky substituent is prefg;;ntlally attacked as reflected by the value of the x: (3
ratios in TABLE 13, |

Attack on a double bond with a Tert-Butyl substituent appears to favolr

‘formation of the: thermodynamlcally table Z~Alkene
ALLENES % ATTACK ON tBu SIDE !
R . R' . () ' E: Z
Me _ tBu 16 ) 09 : 91
Et tBu 80 i 12 : 88
iPr tBu TS 1 : 89
tBu  tBu 100 ' 0 : 100
’ ' I}
. - e _
t of the substituent on the remote double bond with respect

to the E : Z ratio app to be negligible in the case of Methyl substituted

allenes.
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oA
CH-,B—CH= C==CH-R
' 8

R A3 E:2 ()
‘Me '50.: 50 26 : 74
Et 33 : &7 27 : 73
iPr 56 : 44 30 : 70

76 : 24 09 : 91

tBu

In the case of Ethyl, Isopropyl or Tert-Butyl groups, some fluctuations

are apparent,

o
.4
Et- CH==C=—==CH=-R
?
A B
R ol : 3 . E: Z (ﬁl)
Me. 67 : 33 30 : 70"
Et 50 : 50 - 40 : 60
iPr 56 : 44 . 46 : 54
tBu : 20 : 80 27 : 73
J d
iPnr- CH=C=C.H—R 1.
T . )
3
R o: @3 E: 2 (&)
Me 44 : 56 43 : 57
.Et 54 : 46 46 : 54
iPr 50 : 50 64 : 36
tBu ‘25 ; 7% 1 : 84
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. d I
o v
tBu-CH===C=—CH-R .
| T+ ~
- B R
R o: p ‘ E:2z (o)
Me o 24 :76 . 39 = 61 . '
Et ' 20 : 80 : 27 : 73
- ipr 25 : 75 16 : 84
tBu - ‘50 :

50 ) 0 : 100 .

‘

- ‘- COMPARISON WITH THE CASE OF ADDITION OF ARENESULFENYL CHLORIDES i

1
P

In both cases fSee PART II), the Thio or Seleno moiety was found to

—— ~ }1_' - - . .

attack the central allenic carbon exclusively. However, the effect of alkyl groups
on the product orientation and regiochemistry is very different as shown in TABLE 14,
Y

‘ [ ‘ ‘ .;:j- )
. 1 : {A .
: o TABLE 14 '
A comparison of the kinetically controlled product distributions
.for the reactions of a series of 1,3-disubstituted allenes with
PhSeCl and 2,4-DNBSC at ambient temperature in CH,C1, solution.
. R-CH== C=CH-R'
£ 6 .
SYMMETRIC ALLENES . ~RATIO OF ISOMERS; E : Z
R = R . ArSecl Ar'scl :
.V.\ . : .n
. % Me Yo 26 : 74 64 -: 36
Et - oo . 40 : 60 80 : 20
iPr S . 36 :64 % . 92 : 08
' : 100 iceg . 00

tBu ) 0

[ X



e
ASSYMMETRIC ALLENES ArgeCl Ar'scl
R R' oA
Me B _ 33 : 67 53 : 47
Me iPr ’ 56 : 44 52 : 48
Me tBu - 76 : 24 42 : 58
Et iPr 44.: 56 54 ; 46
~ Et tBu 80 : 20 67 : 33
iPr tBu 75 : 25 - 62 : 38
- E: 2 ()
Me . Bt ) 27 :+ 73 ‘ 66 : 34’
Me iPr - 30 : 70 65 : 35
Me tBu .09 : 91 69 : 31 ®
Et iPr 27 : 73 00 : 100
Et tBu ,12 ; 88 00 : 100 ‘
iPr tBu' 11 : 89 100 : 00 -
' E:2z () ]
Me Bt " 30:70 . 86 :'14
Me . iPr _ " 43 5 57 95 : 05
Me . tBu 39 : 61 100 % 00
Et ipr 46 : 54 . 24: 76
Et “tBu 27 : 73 24 = 76
. ipr  “4Bu 16 : 84 100 : 00

In the case of Afscl} the E~isomer.was formed preferentially. The ratioc
of g-:lz Alke?e increases as the Puik of the substituent ¢is to the -SAr'group
increases. Very l;tﬁle regipselectivity is observed. Alsb,fthe alkyl substituent
on the double bond which is attacked does not affect the E : 2 tatio'to any degree,

.All these observations contrast with the case of PhSeCl as described above.

-l



d- DISCUSSION ;
.‘ns previously mentioned (PA#T II;,‘the Proposed mechanism for the '

. addition of ArSCl to alkenes f:llowe AdEé type'Eehavior. Ehis is also expected’ U
in the case of Phsec1®> ‘ '

However, the two reactions must have considerably different transition state
structures in both Rate and Productaetermining steps as reflected 1n TABLE 14,

o It is generally accepted that Ln.the case of olefins, bridged species

of type (21) or (22} are involved)in the rate determining transition state. '

Z{:>Se”’tar o .Se")’fr o | “_
¥ - Y _.

cl . A
.(21) | o (22 .
SELENIRANIUM ION . . EPISELENURANE
. ‘ S , . - . -4
. . b ) ﬂ _ _ .
These species subsequently undergo Antl-Nucleophllic attack by the -,
halide ion.in a fast sStep {See SCHEME V). - ’
. . '.0. . - A‘ i ) ) W,
.‘, In the case of allenes the reaction is found to follow second order
: kinetics, first order in allepe and first order in Selenyl chloride. If one
f .
assumes the stereospecificlty to be similar to that of ArscCl, one can postulate
the formation of intermediates such as (23) and (24)..§
» " . . .‘. . : Id
L " ‘ o
Ar cr’ ’ . cl l’ '
i \ l | ' ‘ .
SR N _Ar
Se : Lo N -
/+ - yacy
t v [\ . I\ ..
\cﬁc-'cQ‘H R\(.‘;C Con-
2 R . . \
/ , A - R -
R /@y . R® 20y 7
E : RVeH; R2=R \

Z¢ R1=R: Ro=q’
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To jillustrate this, conéider the addition of PhSeCl to §,S-dimethyl-

2,3-Hexadiene.

H3 \ /CHCl—C (CH3) 3 ' :
7%
/ BN

E (1)

SePh +

H\ /CH Cl—C (CH3) 3
70%
v

Hy X
Z (2)
. PhSeCl .
—CH=C =% —_—) :
CH3 CH C CH-C (CH3)3 . . ]
(CHB) 3C\ /CHC]:-CH3
. - * C===C\\\ 9%
H/ SePh
—/ ~
E (3)

o . o CHC1~CH,
- = - ‘ H> c< 14%

«

Compounds (1) amd (2) both exhibit quarti:s in the vinyl region of their
1H NMR spectra, { 5. 88 and 6,47 ppm ) and singlets for“the methine protons geminal
to chlorine ( 4.92 and 4.51 ppm ). Our assidhment as E and Z for (1) and (2)

respectively is baged on the shielding of the v1nyl and tethine protons and the



,/f .

[ 9

12
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The stereospecificity of the reaction will be demonstrated latter.
On the basis of data available at present, one must still envisage

the possibility of non-planar or resonance-stabilized allylic carbonium ions as

‘

possible intermediates. It will be shown later that allylic ions are not involved

in the isomerization process. The predominance of the Z-Alkenes under conditions

rium” between 23-E

of kinetic control can be rationalized in terms of a “Preequilib

and 23-Z-with product determining attack by chloride ion on the sterically less

hindered side of 23-Z as depicted'in SCHEME VI.

.
. [

2=~ ROLE OF STERIC VERSUS ELECTRONIC EFFECTS IN THE REACTION OF

) ARENESELENYIL. HALIDES WITH 1,3-DISUBSTITUTED ALLENES :

a- INTRODUCTION :

T

If the proposed mechanism is valid, nucleophilic attack of inter-

mediate® (23} or (24) by bromide rather than chloridé should resuit in an inchased

preference for the Z-isomer.
. .

On the other hand, if the Z-Alkylideneseleniranium ion or Z~Alkylidene-

T ow

episeienuraqe is destabilized through steric effects from suitable Ortho-substituents

. on the phenyl group of the areneselenyl chloride, an increased proportion of

E-isomer should be‘observed.' .
In order to verify these hypothesis the following Areneselenyl hélqdes

were synthesized and reaéted with the usﬁal~1¢3‘disubstituted allenes.

.

i

[
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, \ s
Rl R2 ' R3 . X
H H H Ccl
H H H Br
CH32 ~CH3 -CH3 Br

> : A . \\\\\\
The reactions were carried out under the same experimental conditions '
r

previcusly described. The Kinetically—éontrolled product distributions were
9 . . .

determined by immediate 1H NMR analysis of the reaction mixtures and are reported

in TABLE 15.

" The products were found to isomerize within a few days at-room temperature..

However immediate 1H NMR analysis provided true kinetically controlled distributions.

The product configurations were determined as usuals !

- -
[h * 4
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. ; - TABLE 15

‘ 'l‘he kinetically controlled product distributions for the
reactions of benzeneseleni}l chlor:.de, benzeneselenyl bro-
mide, and 2,4,6—trimethy1benzeneseler;y_l bromide with a
‘series of 1,3-disubstituted allanes in CH cl, at 25°C.

2
\ ' ) oy s T e
. . RCH=C=CHN E ,
t t oo '
’ L.
' v ' . ) 1 Composttiun
Sy-etriull ) :
Substituted Allenes  CoHgSec) | CgHgSeBr  2,8,6-(CHy) O H,SeBr l\
. _Re=g o :2 ,
CHy 67 2872 . 555
e CHs 40:60 37:63 Bl
1-CyH,y 36:64 - 30:70 80:20
t-C g 0:100 . 0:100 100:0 S
- . ~(CHy)g- B 100:0 100:0 -
Ao . 36:64 -32:68 10:00
¢ ‘ﬁnsmttlully "
. . ' Sulistituted Allenes i .
’ R=CHy R = CH, 3362 65:35 . 'ss:5,
_ NN E N ‘ TS I ;
- e TOy M. de:na 89: n . 65235
, : CHy 1, au:ss "4a.szr_ 2
CCMg tCHy | 80:20  7m:22 7N:28 I
- =L Hy O 75:25 m:21 64:%
T . . .
' oo se ‘.:
. Oy CHe an 28:72 . - A2:8)
1 o Oy G, ¢ 0 - M . ey
- Gy oty T 9l 2 . sssus
: " CHg 1-C, 27:1 L2 B | PP
i ’ CHy t-Eyhg 12:88 13:87, ma .
* 1Ly t-Cg 1:69 . 14:86 L H I o
a : )
oy . cH, - 30:70 N:69 62:38 °
CHy.. §-CH, 42:57 50:50 35:15
o - B T 2 T
- - _ L Gy =y 46:54 42:58 8347 “
&_ . e Ty ey 2:n 73 - 100:0
o . : . ] [ .
- U $Cyly - s - e84 e j0g:0 '
’-
: . L]
\ . * -
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b- RESULTS : . b

‘on observation of TABLE 15 one notices that PhSeCl and PhSeBr

-

behave very similarly. In both cases the product distributlons reflect a preferential
1 ?

formation of the Z-Alkene under kihetic control.

On the other hand, 2,4,6—trimethy1benzeneeelenyl bromide favors E-Alkenes;

For example, consider‘the product distributions in the case of 2,2,6,6-tetra-

methyl-3,4-heptadiene (1,3-ditertButyl allene).
. . .' . . : S ,
PhSeCl PhSeBr . 2,4,6- Me3C6H25eBr
E : % RATIOS 0 1(‘)_0'.‘\ 0 : 100 100:0 _
' Reversals of smaller'magnitudes are observed througnout the series =
of 1, 3-disubst1tuted allenes 1nvestigated The fact that in the case of 2,4 6-‘:';* ;
tn;methylbenzeneselenyl bromide*the E—isomer is formed preferentlally can be .;
tentatively attributed to the ster ulk of the electrophile (i. e., " Steric- |
ApproachIControl "). | ' - _ . .
Kinetic data are however much more informative as will be seen in the .
nextlsection. _ ‘ ; P . ' ) e Y
.

’ .

¢~ KINETIC STUDIES : _

- Kinetic data -are shown-in TABLE le6. The rates of addition were

Ll

determined using the stopped-flow technig‘as described in the Experimental section.

The rate of disappearance of PhSeCl, PliSeBr ,and 2, 4 6- M33 6 2SeBr were followed by

¥ oo -

measuring the decrease in their respective absorptions at 433, 468 and 497 nms,

In all’ cases, the additions were found to exhibié(;:cond Order Kinetics; first Order

in Selenyl Halide and first Order in Allene, to at least 90% completion of the reaction.
. ' L 4 .

- . . -
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TABLE 16

Specific and Relative rates of addition for the reactions of

\ PhSCl, PhSecl, PhSeBr, and 2,4,6- (CH Y,Cc_H

’,

- Allene
R R
iy oy
Colls  Cats
1-CH, 1-CH,
CHy czus‘
CH3 t’C4H9
CHg 1-Cqy
‘0
1-Cy t-CeHg -
Allepe
R R
i 'cua
T Gy o
gy e
fHy  CHg
Qi3 Ci-CH,
Gy . t-Cyhg
CHs 1-CH,
Cty t-C g
1y t-Caly

1, 3-disubstituted allenes, RCH=C=CHR', in CH.Cl1

—tad

CGHSSCI

- 15N,

126,
82.0
165,
125,
104.
39.8
106.

" 56.0

CeHgSC1 - CelisSeCl ™~ CBHSSeBr

1.00

0.83
0.54
1.09
0.83
0.69

- - 0.66

0.70

0.37

3'3%6"2
2

ky (an® mo17? 571

T

2

SeBr with some

at 24.5°C,

CGHSSeCl ’ cﬁussesr ‘ 2;4.6-(CH3)3C6H25e8r-.

19,700 4820
6,740 L0
1,870 f&v-.—f—’

18,000 , - .4,890

3,410 .646,
‘342, 79.8
2,000 -316.
233. 44,5
6.0 . 163
trtl

1.00 . 1.00
~. 0.3 - 0.27
' 0.095 . 0.13
0.9 1.1
0.7 0.15
0.017 0.918
0.10 . .g.0m,
0.012 10,010

\ S
0.00: 0.0037 . - .

v

153.
40.8
18.2

" T40.
35.4
3.15
13.7
1.63
0.394

2.4.6-(CH3)3C5HZSEBF

1.00
0.27
0.12

0.92 .

0.23
0:021
) Ly

0.090

0.0 - :
0.0026 .



/,J

. ‘ ~87-" ) ' '

For purposes of comparisoh,'the analogous rate data for PhSCl are

also given in TABLE 16. There is found to be a large rate decrease upon substitu-

ting Sulfur for Selenium.

b . o—

\The effect of Alkyl substituents on the allene moiety on the rate of

'

-

addition to PhSCl is very minor. On the other hand, PhSeCl experiences drastic

. __b . -
fluctuations. . .
PASCLY : . k, = 56 165  (amomol ts™t)
' i .
PhSeCl : k, = 62 19,700 ( " v )

In the case of PhSeCl, the rate of addition decreases as the steric

bulk and electron donating ability of the Alkyl substltuents on the allene 1ncreases.

The variations in rate as reflected in TABLE 16 for the addition of

PhSCl to the_ allenes closely resembles the case of addition to similar substituted

L

Ethylenes®®. ' : . C::::Jk
. * It appears that in the case of Arenesulfenylati

tiony" a Methyl group will
! f
~ stabilize the rate determihing transition state as effectively;as an ethylidene

( =CHCH ) group. Similarly, the stabilization ability of an Ethyl, Isopropyl and

Tert-Butyl is comparable to that of a n-Propylidene ( ==CHCH2

A =CHCH(CH ) ) and neoPentylidene ( =CHC(CH ) ). . Y

), isbButylene

This does not appeaf to be true in the case of PhSeCl as large fluctuatlons in
TABLE 16 are probably of Steric origin. For example, the rate of reactlon drops by
" a factor of 90% when substituting the Methyl groups of 2 3-pentadiene for 1soPrbpy1
]

‘groups. Similarly, substitution of only one, of the Methyl groups brings about.a .

contlnuous decrease in the rate of addition- ' o SR



v ~88=

PhSeCl "PhSeCl Phscl PhSC1
v ) VG - — . . ———

R ’ R krel rate:vs krel rate vs
Me Me 1.00. 100% 1.00 ] 100%
Me Et ' 0.91 91% 1.09 109%
Me . iPx 0.17 Sy 0.83 83%
Me tBu 0.0}; 1.7% 0.69 . 69%
tBu irr 0.0031 0.31% 0.37 37%

.. ' /
. /\‘ L ~
In the case of PhSeCl, the rate of addition fof”1Cmethy1-3-tert-Butyl
allene is 0.31% that of 1,3-dimethyl allenef'Under the s conditions the Sulfur

‘version’gives a rate which is still 37% that of 2,3-pentadiene.

This implies different behavior of Selenium and Sulfur in the rate determining

transition state567.

on Surther examination of TABLE 16 the similarity between the Benzene-
selenyl halides with réspect to .steric effects is quite significant. To clarify this

idea TABLE 17 presents the ratio of the reactivity of PhSeCl -over that of PhSeBr.

[
!

As it can be seen, these ratios are more or less constant'(Average'= 4.68 + 1.02})..

L///;:;ilarly, the ratio of the reactivity of PhSeBr over that of the tri-
-~

substituted Arenesulfenyl bromide is constant at 28 8+ 4, 7

-
.

One must-note that a 5-10% error is involved in the-ﬁeésurement of rate
constants t_xa_der our experimenta.j c'onditﬁs.

QOﬁtrastingly, the ratio of the reactivity of PhSCl over that of PhSeBr
shows no cérrelétion {(Average = 6'203.1 0.25 ); This rules out any simiiarity‘

-

between the two Rate® determining transition states. !

On the other hahd,.it appearg that all,three Arengsélenyl halides
sttd&ed'do have similar rate determining transition states. ?his together with
© the fact-that PhSeCl and PhSeBr on the one hand-and 2,4, trimethylbenzene;

-l
selenyl bromide on the other experlence d1fferent<bubstituent effects upon the -

.
‘V"U - 0 s - b -

S S
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TABLE 17

Rate ratios as a function of changes in "the nature of the

- .

Electrophilic species.

. Allene

" K& k Mo o
RCH=CRCHR" 95“55C1 CGHSSeCl CgHsSeCl CGHSSeBr
R R - |
CHy CHy 0.0077 . .46 '
: L ] , :
1-03H7 1-03H7 . 0:044 . - 3.30
QH3 1-03H7 | 0.037 r : 5.28 .
| CZHS 1-03}17 : 0.050 _ 6.33
1-63H7 t-C4H9 o 0.90 | 3.80
avg. 4.68
k /Ky o e .
CGHSSeBr 24+4,6 {FH3}3CGH2§eBr :
:Cﬂs | CH3 ] 28.9 .
cZ“S CZHS s 28.9 . )
1-53H7 'I-C3H7 . _ 3.2 ) . \\\
CHa °z“5 : - 34.9 ) )
CH3 1-03H7 . 18.2
CH3.--Callgy : 25.3 .
c2H5 “! ’C3H7 . o ) 23- I ) .
%5 t"c‘Hg N 27-3 o
1 c 7 t"C4H9 b . ‘l-‘ :
avg. 28.8 .
. A < -
4 .
5,

R




=90~

product determining'transitionrstates leads us to the further‘conclusion that
the rate and Etoduct determining transition states are quite distinct from eacn ' \\
other and must be separated by at least one intermediate. |

. The consequence of this is that the broduct distributions obtained forlr
the reactions of 2,4,6-t:imethylbenzeneselenyl bromide can not be rationalifed in
terms of " Steric approach control * despite the reversal of configurational-

selectivities'in favor of the E—isomer. : ' .

-

To further illustrate this behavior, the product distributions obtained
from 2,4,6- (CH3)3c6H25eBr are compared with those obtained from PhsCl and

2,4,6- (CH3)3C6H2501 and the corresponding bromide (See TABLE 18 ).

,. The results from additions of 2,4,6~(CH )306H25Br -are of little utility i}

N .

as they may not reflect Kinetic control distribution due to rapid 1sbmerlzation.

-
- -

Howaver, a comparison in the behavior of the remaining electrophiles allows us to

. -

investigate Selenylation vs Sul@enylation,

~

In agreement with the data, the activation enetgy of the reaction must

be large compared with the barrier to interconversion between E and 1 isomers.

.

A Mechanistic Scheme compatible with the observations is given in SCHEME VII.

The main question arising from the scheme iswhether an Alkylidene-

se@eniranium halide is formed first or is an Alkylidéneepiselenurane ‘involved as

an intermediate, . ‘ o . )

( Note that the latter may collapse directly to products or dissociate first - ‘to
o .
an Alkylideneseleniranium ion ). ) - .

Voo . , . ., . . -



A comparison of the initjal distributions of products for the '

reactions of 2, 4 6=Me C H

|-§JH? t-C‘Ns

CHy CHe 7/63;‘_-.\38:62 L0030

36 2

SéBr, 2,4;6-Me_C
‘and Phsc1 to some 1 3—disubstituted allenes -in CH

¢ RCH=C=CHR’
I |

“.

Q

Sy AeGy 85:15
Oy o t-CHy © | 100:0
e A-Cyty a.’mv
S te 100 o
-G, tG K, 100:0

Ar = !.A.G-trll:‘t:lwlphcn.rl

*"_ the adducts derived from Z.A.S-trl'-"ulylbtnuawlphcnyl tromide were .

P

Symmetrically '
Substituted Allenes ArSedr
Ren
Ols 55:45
CHg 54:46
1=CHy B0:20
t-C‘Hg _100: 0
Unsymoetrically N
, Substituted Adlehes
‘R Cy R - 55:45
o
CH; 65:35
‘z“s 52:48
Czlls 71:29
l-CJH, 64:36
GIJ . C‘-,Jls 4.?:5.'1
CHJ l‘CfI, . 61:29
013 t-C‘Ilg ) 55:4?
Czlls i-C..fl’ n:2g
CHy  t-CHg 13327
a1:19

L}

-

1 Composjtion
- 1

3CeH,

SBr,

. 1
Arsar ArsCl CglgSCH

E:Z
60:40 60:40

" oa5:65 98: 2

A5:55 100: 0
100: ¢ 100: 0

- aib

45:55 60:40

67:1 ""?a:su ‘ 70:30

60:40 a2:12
45:55 62:38
56:44 8317
65:35 80:20

,('t:z)

m 82T 60:40
X5:65 80:20
57:43 106:0
51:49 100:0
2N 100:0 -
5:95  100:0-

™Y - 100:0

- 18:22  -100:0 -

3:69 100:0
N . 100:0 1

. 100:0 - 100:0

55:45
12:28
80:20
97: kJ

.

53:47
$5:45

59:4

47:53
55:45
44

56:44
57:4)
58:42
64:%
67:33
771:23

10:30

*

. 80:20

88:12
73:27
00:0

28:12

2,4,

2

.found to hc—rlu very rapidly even.at <78°C. Values given in t.nls

ol thus do not necessarily refl

e 3

I3

irétic control.

-
6= He3C6H SC1
at 25°C

Y.
|
|
|
i
'\
|

A
1
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. 'SCHEME ‘VII

Spectral parameters for adducts of 1,3-disubstituted allenes with

,varidus Selenyl and Sulfenyl halides :are tabulated in APPENDIX V.

Q.
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® o
From the available data we cah postulate that the product determining

o

transition states arise from the alkylideneseleniram.um ion ion-pa:u:'s after

equilibration of the various configurational :Lsomers. Two competitive steric

-

effects are in action as demonstrated bglow.

Consider the case of PhSeCl and PhSeBr ( E : z'(]_-). \

™
~
\ N
I T
\
\/ >
(@} 1
!1 s
e

™ Se \H .
v - , .
\ Ph - - X .
- . .
E ‘ ‘ z .
.. FAVORED . N
In the case of thé E-isomer the.re\i.\s an inter@cticn betwaen the 3

attacking nuclecphile (X = Cl:l-, or Br

N h

) e and the a.lkyl group on the olef:t.nic

-

portion: of the Alkylideneseleniranium mn. This interaction is m:.n:.m.zed ,in the

4

K]
_ case of the- Z-isomer, thus favoring the latter with . resPect to the E—conf:l.quxatlcn.

. .
' . - - .
> - . . . .

., - In the casea of 2,4 G-tfimethylbenzenesal,enyl bromi.d'e,' the 'situéticn‘i's

completelyreversed ‘as - shown by a predomnance of the E-isbmer in the product d:i.-Btr:.-

butions. This can be attributed to steric :Lnteraction between the sanre olefim.c

't o
alkyl group and the ortho-Methyl groups on the Selenyl bromide as depictegi below. . -
. v N | . e R _ . . R !

B Gl
. v o

R

.



N\
-y
)
/” \\ s
s \
H / H oy
= ! = /
c:\ _R ! X’ H
- R"E;\ C=—==C \ R"E{\\\‘c====c’//,
Se”” : -~

\es

E

L |
| &3

FAVORED

In this case the E-configuration would be favored.
’

Elucidation of the structure of the Rate-determining transition state

is more of a problem. The available Kinetic data confirm the presence of one

molecule of Selenyl halide and one molecule of Allene in the transition state. A

A large steric effect is observed with respect to Alkyl substituents on the allene

( especially in the case of iPr- and tBu- groups ), but no ehange in the structure-

reactivity profile is apparent upon substitution of ortho-Methyl groups for the

ortho-Hydrogens on the electrophile.

Of note is the fact that there is no evidence of a steric effect i the
rafe-determining step aqﬁgevealed by the rates of addition of PhS¢Cl to allene and

its wvarious Methylvsﬁbstituted derivativesGB. { A linear correlation being found

between log k2 and Zg=). )

It thus appears that eleétgngc effects are involved. This is also

observed in the case of Ethyl-substituents. For example, compare the rates of

addition to the following pairs of allenes

.

N
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a "
R R' PhseCl (k) PhseBr (k)
,  Me . Me 19,700 - 4,420
Me Et 18,000 4,890
ipr Me | 3,410 , 646
iPr Et 2,000 316
tBu Me 342 79.8
tBu Bt ‘ 233 44.5

The presence of a second Ethyl group does, however lead to a significant rate
retardation :

Me Et S 18,000 . 4,890
Et Et | 6,740 1,190

This observation implies that configurational interactions invoiving
only one of the Al#yl groups on the allene are&present in the rate-determining
transition state. -

If an episeleﬁurane—like species is involved in the rate—dete;mining
transition state, the increased atomic radius of Bromine relgtive to Chlorine
would then account for the approximateiy 5-fold decrease in reactivity between
PhSeCl apd PhSeBr.'The analogous 29-fold decrease in regctivity between PhSeBr
and 2,4,6-trimethylbenzeneselenyl bromide may be accounted for in a similar fashion;

The increased congestion of the larger Aryl moiety leading to the rate retardation.

v
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PART IV

¥

1- INTRODUCTION :

It was sbown in PART III that fhé addition of PhSeCl to l;3—disubsti—-
tuted allenes proceeds via at least one intermediate and two transition states
{i.e., Rate and Product determining transition states), differing in their structures.
If one recalls that the addition is stereo;pecific {(see PART VII), the transition .
states are likely to have bridged structures, and resonance.stabilized allylic
ions are not i;volved.

| It was also mentioned that the electrophile could interact with the
alienic double bond following a typical SN2 type pathway giving rise to thé
formatioﬁ of an Alkylideneseleniranium ion pair (23) or alternatively, a tetra-
covalént Alkyiideneepiselenurane (24) can also be formed. The latter species
can collapse to products either directly or wia (23},

These idea%are summarized in SCHEME VIII.

2- KINETIC OBSERVATIONS : N

a- PRELIMINARTES :
The rate of addition of PhSeCl to various allenes was measured at 24.5°C

in Dichloromethane by means of the stopped-flow technique. (The rate of disappearance

of PhSeCl was followed by measuring the decrease in its absorption at 433mm).
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SCHEME: VITIX

-

SeX
+
RRC=C=CRR
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//fo -+ ~'The expression for the rqte'gquation follows from the observation
that under Pseudo-First 6rdg; conditions (large excess of allene vs PhSeCl),

"~ the rate -of addition is independent of both the allene and PhSeCl concentrations -

as shown below.

: [Allengf‘ ,[PhSeC1]} k., o
" (mole/1) {mole/1) : (dm3molﬁls_l)
0.002351 0.001921 , 11,500
0.025331 ] ©0:001921 . 10,300
i . . :
‘ 0.004310 , 0.001902 / 10, 600
0.007176 .. © . _ 0.,001962 9,600 :
«* 3-methyl-1,2butadiene ’
It follows that :
: - [EheeCll ™ oy - fphseci). [allene]

dt

i

) N
‘Furthermore, the best results were obtained by trea}ing the data

. d : .
using a 2" order rate program. See for examplé FIGURE 7.

" For comparison purposes the same data were treated with a 3°% order
& ' N
rate progfam?“TQe results are shown in‘FIGURE 8, \

1 ~. -
"-.___k’,/\

Therefore the rate determining transition state can be defined as

' , v ,
containing ohe mglecule of Selenyl chloride and one molecule of Allene,

Rate data are pre\ientEd in TABLE 19.
\ ’ . -

4
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[ TR = T + « IR B = A TR & 4 B O
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13
14
15
16
17
18
19
20
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TABLE 19.

Specific rate constants,'kz' dm3 o171 57

, for-the reaction of

_ benzeneselenenyl chloride with some alkyl substifuted allenes
" in methylene cnloride solution at 24.5°C

i-CH

62H5

RYR?C=C=CRR

Allene
R® R3
H H
H H
H H
H H
H H
H H
H CHy
H CH,
H CHy
H CHy
H CHy
H " CHy
b C,He
Ho'' -G,
H CHs
H , 1-c3ﬁ7
[ B tCalg
HiCy,
Ho t-Cylly
CH L teCyHg
H CH,
H CHy

4

Rate Constants

Rt o 2

H ‘ 8l.23

CHy a3,

C,H 528.
i-Cgfly 118.
-C gHgCH, 124.
t-CyHg 5.9

CHy 11000

Cohs 279000
1-C4Hg 2880
t-CyHg 210.
t-CoHgCHy 1600

H -, 19700

W . 6740

H 1870

H 18000

H 3410

H 342.

H 2000

- 233.

oy 62.0

CHy 218000

CHy 111000

Krel
1.00
53.1°
64.2 -
14.3
15.1
0.72 .
.1340 |
33900
350.
25.5
194.
2390
819.
227.
2190
414.
41.6
243.
28.3
7.5
26500
13500




23
24

25
26

27

28

29

K

31
32
33
34
35

© 36

37

. 3g'
39

40
41

42

43
44
45
46
47

48

43

30
51

t-C H

49

C,H
i-C.H,

37

tCollg
C,Hs

i-CH,

£1CHye

CH

C2H5

t-Chhg
CH

25

i-C3H7

t-C4Hg

CH
CHe
i-CH,
t-Cyflg
c-Cehyy
CH

Cokg

i-C3H7

t-C4Hg

C-CGH]]

37

T - =T =T =T =<

xr ==
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CH

; O3 3
CcHy  CHy
CHy  CHg
Cos . Cofts
Cofls  CoMg
Cafts CoHg
-(CHZ)S-
(G-
-(CHZ)SM
-Gy i-G3Hy
ity 1-CH,
i-CqHy  1-C4;-
i-Ca, i-C3H,
CHy  ChHg
CHy  CoHg
CHy oM
CHy  CoHg
CHy  i-CHy
CHy  1-CgH;
CHy  i-C4f
CHy  i-CoH,
CHy Y i-CaHy
CHy  t-C,Hg
CHy  t=Cflg
Gy t-Cytg
CCHy  teCyg
CHy  t-CyHg
CH,  t-Cylly
i-CaH,  t-CyHg

36400
27600
" 1540
12400
3100
217.

© 132000

54600

| 6730 .
260.
109.

4.55°

4420
3350
“187.
1510

377.
26.4
16040
6640
818.
31.6
13.2
8.5
7.38
2690
2640
1760
n.7
- 2130
2780
570.
255.
751.
188.
169.
39.4
0.553
58.3

2.0]

4.03




52
53
54
55
56
57
58
59
60
61
62

i=-C_H

H . 1'63“7

H " i‘C3H7
CHy

3
i-CH

CHy

g7 1-Cifty

CZHS i-C3H7

37 r CH3

i-C3H7 CoHe

1‘C3H7 1’C3H7

t-C4H9 CZHS

t-C4H9 CZHS

th4H9 1-CBH7

o
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t-CqHg

t'C4Hg
CH,

i-C3H7

t-C4H9

t-C4H9

t-C4Hg

1-C3H7
t-Cqu

15.7°
6.2.

5400000

9.3

© 0.80
180.,
155.

8.7
22.0

. 2.40

0.16
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It can be seen that the rate of addition increases with increasing

f

the electron donating ability of the substituents. This reflects the elebgiophilic

character of e investigated reaction. However, the electron donating power of

P

the substituent is not the only factor influepcing the rate determining transition

state. Steric effects are also involved to fome extent. =
In order to evaluate the importance of Ahese égf fa§¥ors, an extended TAFT
correlation69 was attempted. ’ . ~

It had been obSéfved7Sithat noe steric effects are involved in the -

rate limiting transition state for the reaction of Allene and its Methyl—substi%yéid

-

derivatives with PhSeCl; a linear correlation was obtained between log kreind E:(j‘*
B ]

{ TAFT's val 9569). This is shown in FIGURE 9. =
/ . ;

FIGURE 9

log k
g rel
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The 62 allenes were treated similarly but unfortunately no correlation

was apparent unless sterically hindered allenes were rejected from analysis, -

This failure in relating Steric effects to the rate of addition suggest that both

Polar and Sferic effects are involved in the rate determining transition state.
ST S .
Because of the large number of data available, the allenes were grouped

into a series of‘subsets.as indicated in TABLE 20.

TABLE 20
‘ .
4 \
R1R2C===C===CR3R AN
\\ \
\ a
'SUBSET T
! r? R’ r? k
rel
|
H H " L0 g
H H Me 5.31 X 10
K H Me Me 1.34 x 10°
- Me H Me “H 2.39 x 10° _
Me H Me Me 2.65 x 10* o
Me Me Me Me 6.56 X 10° i
. ey '
. :
l
!
. 1
R




-

e

-~

/_4

/ - SUBSET II

! R R R k
rel.
H H H H 1.0
H o H Et 6.42 X 10
Et H Et H. 8.19 X 10°
TN - 3
A >N H Et Et 1.51 X 10
! ird . N
1_41'\"‘ﬁ "'
(s ,
N e
P
SUBSET 111
. LA
>~
Rt R® R’ g3 k
rel
H H H H 1,0
H H H iPr 1.43 X 10
\\‘jiﬁj// H iPr H 2.27 X 10°
irr H ~. iPr iPxr B.5
iPr iPr iPr iPr 1.13
,
SUBSET IV
. R? > r? k
rel
“~ H H H tBu 1.0
H H ,Me tBu 3.56 X 10
Me H H tBu 5.8 X 10
Me H Me tBu 2.63°x 107
Me Me H +Bu 2.61 X 102
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A}
. ~ SUBSET V
1 o
. R % R3 R4 Nk
. - rel
H H H Et 1.0
H H Me Et 5.28 X 102
Me H H Et 3.41 X 10
Me ' % Me H Et 2.10 X 10°
N , G
Me H Me Et 4.19 X 10
r
ra
SUBSET VI
" -
) 1 2 3 4 4
T R R R R k
rel
Me Et iPr tBu 1.0
N Me iPr Et tBu 1.94 X 102
Me tBu Et iPr 2.8 X 10
2

e

{

b- POLAR ‘vs STERIC .EFFECTS

v

The effect of adding Methyl groups to the allene unit results in‘a-raggl

enhancement. Simi%fr trends’ are observed'féf-Ethyl groups. ( SUBSET II ).’
. . . -

effects, v

-3

effects take oyer from polar effects as.depicted in SUBSET III.

TiHe effect of

SUBSET IM.’

”

" In the case of Ethyl groups, the effect is not as impressive due to a

small participation,from steric effects neuirélizing electron donating ability

27

If one goes to the next homologues (lsopropy}\and tertbutyl groups), steric

\ne SLngle ‘substituent is almost pne of polar nature as ?eflected in

&

_)
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. -
-

However, the stereochemical location of a second substituent will lead to a

significant variation in the rate of addition. This is best pictured in SUBSET V.

ALLENE k .
rel .
- H2C=C=CH21 ' l.Og - )
H2C=C=CMeEt 33,900 .
MeCH=C=CHEt -2190
EtCH=C=CMe2 13,500 .

MeCH=C=CMeEt 2,690

~This can be interpreted in terms of competition between b&th Steric +

Po}ﬁr effects inherent to the Ethyl moiety (compare the effect of a Methyl group

in SUBSET I and IV where ohly polar factors are present).

-

It is apparent from SUBSET II that the electron donating ability of
an- Ethyl group is inferior to that of a Methyl. One can therefore imagine that

the’ observed decrease in reactivity is due to one or both of two factors -

Y ' 1- Increase in steric effects in an Ethyl group.

2- Decrease in electron donating ability.

The fact that the effect of an Ethyl group contains contributions from

\Qteric factors is revealed in TABLE 21,

rs go
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TABLE 21

1 2 3 4

" ® ® ® el e/ e
Me Me 2390 2.9
Et Et 819

" Me 13:* _ 414 1.7
Et iPr -’ H 243
) . ﬁf
Me Iidj tBu ~ 4%.6 1.5
Et H tBu 28.3°
Me H Me Me 2§SOO 2.0
Et H Me Me 13500 5.1
Et H. Me Et 2640 1.7
Et H Et Et 1510
iPr ) -H Me_ Et 1760 4.7
iPr Et Et 377
tBu Me Et ¢ 71.7 2.7
tBu Et Et 26.4
Me Me EF 2690 1.0
Et H Me Et 2640
Me . Me tgu 188 1.1
Et Me tBu 169 '
iPr Me tBu 39.4 15.1
iPr | H Et tBu 2.61
Me- 7 iPr Me tBu 21.9 1.2
Me ipr Et tBu 18.8
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The best indi;ation of a steric effect is seen upon comparing the

1,1-diethyl allenes with the 1,l-pentamethylene allenes.

Kk
rel
) .
Et H Et Et 1510
Et H -( CH, 15— 16040
iPx' H ' Et Et 377
iPr H -{ CH2 )5— 6640
tBu H Et Et 26.4
tBu H -( CH2 )5— _ 818
Pentamethylene allenes react a lot faster due to conformation

restrictions. In the case of an Ethyl group, the retardation is often quite small,
However, if one considers the next higher homologue (i.e., iPr) where steric

- R . 7 A"
effects are taking over polar effects, net retardations are apparent.

Compare for example 15-16, 26-27, 41-42, 58-59, and 61-62.

Exceptions are allenes 39 and 43.

c~ SUBSTITUTION PATTERN :

If one recalls FIGURE 9 one can see that '1,3-dimethyl allene and

1,1-dimethyl allene have a similar rate constant indicating that where polar effects

v

dominate, there is no preferred substitution pattern. On the other hand, if

substituents are present for which steric factors play a dominant role, the rate of

addition is found to be very dependent on the substitution pattern. See for
example SUBSET VI where the three allenes contain the same substituents arranged

differently with respect to each other.

h
)
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The least reactive allene appears.toc be that which pldces two bulky
substituents geminal to each other.
Similar variations in the rate of addition are observed for the following

allenes : 25-45, 32-42, 23-40, 22-36, 39-46 and 43-47

d- PhSeCl vs PhSCL :

TABLE 22 allovws a compariSon-betwgen the rates of addition of PhSeCl
and ‘'PhSCl to 61 gllenes. In both cases, an increase in electron donating power
results in A; increase in Ehe rate of addition.-The point of most. importahce
is the fact that PhSeCl is more sensitive to sterié effects than is P£SC1.

Ve

(Compare L
We have seen that in the case of PhSeCl the case of PhSeCl the turnover
from polar to steric effects is at Ethyl. For PhSCl, a similar turnover is observed
somewhere between Ethyl and Isopropyl.’
It has been reported that Selenium and Sulfur compounds often exhibit

) 71 . .
essentially identical bond lengths which suggest that the difference is not

due to a difference in size of the electrophiles. However, if the transition

states are of the same sizk and shape, this would implynfhat both systems should

behave the same way with regpect to steric effectsf TAgLE 22 reveals however that
this is not the case and as/ mentioned previously (PART III) the transition states
of the rate determining sfeps are different for the addition of PhSeCl and PhSCl.
e been reported with respect to the analogous aikenes72.

Similar results h

This however deces not shiﬁé y light on what the difference is between these’ two

>

transition states. Different sibilities are : : .

- Different geomefiry and/or charge distribution.

- Degree of bond-fraking or bond-breaking in transition states

of similar siructures.
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1

Tﬁe last possibilitf would be significant if an SN2 type df approach
of ailene and electrophile is involved. This would result in more bond-making
in the fate determining transition state of PhSeCl relative to that of PhSC1,

The larger steric dependeﬁce of PhSeCl can be rationalized in terms of
an earlier rate determiniﬁﬁﬁtransition state which would result in a lower
Activation Energy and a faster rate of reaction relativé to PhsCl. ‘Wowever, PhSeCl
being more reactive, it should also be less selective. This is not observed as" |
PhSeCl has a greater ability to select between the allenes then PhSCl does,
As both reactions were run under identical experimental conditions, the difference
would tend to be accounted for by two trans;tion states differing in Geometry

.and/or charge distribution.- Yz

&= CONCLUSICN :
In accord with the observations discussed above, a tentitative mechanism
can be presented in which the rate determining transition state involves the

formation of an Alkylideneepiselenurane species.



~116+~

PART V

ELECTROPHILIC ADDITION OF BENZENESULFENYL CHLORIDE

TO ALKYL SUBSTITUTED ALLENES; A KINETIC INVESTIGATION.
4

=
1

INTRODUCTION :

r

In order to elucidate the nature of the transition state intermediates

involved in the addition of PhSCl1l to dllenes, we have investigated the rate of

addition of the sulfenyl chloride to 61 allenes. The rate of addition in anhydrous

dichloromethane at 24.5°C was measured by means of the stopped-flow technigque.

The rate of disappearance of PhSCL was followed by measuring the decrease in its

absorption at 392nm. In all cases we observed overall an order kinetic behaﬁior,

first order in allene and first order in the sulfenyl chloride.

The rate of addition is given by the expression:

. _d fphscl) _ k, [PhSC1] {Allene]
/ at '
N ‘

2—- RESULTS :

The rate data for the addition of PhSC1l to alkyl substituted éllenes

given in TABLE 27. <o

i
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TABLE 27

ALKYL SUBSTITUTED ALLENES IH CH,Cl, SOLUTIOH AT 24.5°C.

FOR THE REACTIONS OF 4-CHLOROBENZENESULFENYL CHLORIDEWITH

a2 .
SRR C B
\c ==c =c/
~ o n:/ ! \-R-c
]
L of 1y o { £1Z ) p Loz x,

lu ] K K 50150 0.698 1.00
2n H B Ke 71,127 71129 129 16.5
3u H H e 70130 76123 12.4 17.8
Lu i i ivr 19121 i 71129 q? 16.0 21,9
s i n " 1Bu 65115 - <4146 4 16.3 21,3
6HR it H $BucH, €5135 51149 6.1 8,74
38 ] H tBu STt 100:00 4.1 5.87
§ n H Ma ne 86114 195.0 279.0
9. H " Ma Bt 85%0.0 1220.0
1o 4 b Ma nrr 6124 ) 92:00

nw u He ter 100500 )

u | Ha iy 60132 . 92:068 £4.0 77.4
[ H Mo (3.1 85115 100100

Wow ] He By 100400 1.0 18,6
I5 K H Ka touch, 04116 83117 2.0 5.8
ii me H Me R 50150 54145 55543 151.0 216.0
17. 2T H re K 50150 72128 12128 126.0 161.0
T wr n 050 6o 80:20 02,0 117.0
19 thy B tbu H 50150 97:03 97103

10 Me [ Et H 53147 56144 70110 165.0 236.0
1] ba H ipr H £5:45 57:43 80120 125.0 179.0
1 ke H tBu  H 59:41 58142 812 104.0 149,0
13 Et H iPr M 50150 72428 84:16 99.8 TR
P -3 H thu W 4951 That 100100 106.0 152,0
15 pr K tbu M 50150 . 70130 90110 56.0 80,2
2 Me H He Ha 59141 59141 1040.0 1490.0
7 e H He Mo 50142 40160 €35.0 910.0
A5 e H He Ma 52:40 62:38 10%0.0 1504,0
a4 tmu n Mo Mo 76124 58142 - 56,0 08,0
30 thu M He Ha 100100 57:43 6000 860.0
o H Er re 81519 - 84:16 1%0.0 58,0
3L 1pr M r re 03:17 96104 130.0 186.0
33 tbhu L1 Et Et 84116 ah1p 141.0 02.0
e u -(en) - 62118 0150 RN 11040
[TRT - (cm,) - 70130 65145 90,9 1330.0
36 th " -(q:)s- 79321 80120 1.0 1350.0

‘ -

N
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tBu
thu
tBu
tha
irr

thu

FEFEE

6. 62
34166
4T3
BOr 12
100100
100200
62137
79121
100400
85115
100:00
90:10
03117
100100
100100
651215
63127
100100
8lil9
100: 00
77c2)
85t15

100100~

50150
50150
100100
100100
100400
100100
05:13
100:00
30270
00¢ 100
10190

100100

08,12
89;:11
44136

100300

$3:147
62117

100100

T7:2)
74126
35:458
69131
59141
€9:31
7129
80y 20
86314
94106
sério
8614
110
8020

100100

100,00
100400

100:00
100100

100400

100: 00

100:00

100100

100:00

1¢0;00

1.0
11.4
16.0

4.1

400.0
690.0
400.0
1%0.0
280.0

hFE

204.0

174.0

213.9

102.90
114.0
115,0

1%.1

113.0
19.4
1.0
4.0

13.8
16.3
51%%

5.0

571.0
$69.0
573.0
3150.0
401.0

463.C
292.0

249.0

3.0
146.0
178.0
165.0
" 56.0
34,0

27,8
10,6

RN

2)60,0 \\\‘ 3380

53.0
0.8

140.0
12,5
3.l

120.0
1.9
1.5

1%.0

"1ﬂ1.z

100.0

17.0
4.4

171.0

1.9
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3. .
Rate constants cover a range of 2.3 X 10 in reactivity. The analogous
) 7 ¢ ro
reactions with PhSeCl covered a range of 3.3 X 10, It appears that the Xxate of
addition of PhsCl is ﬁery much slower than for the corresponding Selenium version.
However, increased substitution of the allene moiety still'increases the rate of

additién and therefore demonstrates the electrophilic character of the reaction

" ( In this respect, PhSeCl and PhSCl give similar results ).

Rate retardations are obgserved in the case of sterically hindered allenes
indicating that steric effects once again play an important role in the rate
limiting transition state.

In order to evdtuate the relative importance of both polar and steric .
L

leffects, an extended TAFT correlationegfwas attempted with all 61 allenes. As in

the case of PhSeCl, -no correlation was cbtained demonstrating the importance of

steric effects,

The presence of a single bulky group (such as tert-Butyl) does not appear

to affect the electron donating ability of a methyl substituent to a great extent,
7

R1R2C=C=CR3R4

1 2 3 4 g -

R R R R . krel
H H tBu 1.00
H H Me - tBu 3.2
Me H H  tBu - 25.4
Me H Me tBu 24.9‘
Me Me H tBu 146.5

However, the location of a second alkyl substituent is of prime importance. '
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For example, consider the following series:

£

o S

_ I
oo rir?c=c=cr’r?
| . o -
. \Yz - R r? k.
‘ rel
H Et 1.0
_ Me Et . 68.5
Me H. H Et 13.3
. Me mé H Et 51.1
 Me H Me Bt 32,2

The efféct is more pronounced in the case of isop

RlRZCfp=CR3R4

1 2 3 4

R R R R™ . .k

H - H H _iPr. 1.0

. Me . H H iPr 7.8
Me H M‘e iPr 26.0

Me Me H iPx 65,7

The magnitude of the rate constant depends on the stereochemical location
of the substituents (similar results were obtained in the case of PhSeCl).
From a graph of Log krel vs Lo~ for Methyl-substituted allenes (FIGURE 11), it is

apparent that there is very little, if any, steric effects involyed.
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FIGURE 11

0.49

0,98

1.47
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It would theisfore'appeaﬁ,that the anomalous behavior of isopropyl

.‘allenes (and to a lesser extent,'Ethyl gllenes)’ as demonstrated above is due to

a competition between qyeric and polar effects rathef than a new steric effect on

" behalf cof the metﬁyl group. This wa; also obser;ed in the case of PhSeCl whe
steric ef%ects started tb ;ppear in the case of Ethyl al}enes. In the sulfun versio
the unset lies somewhere between Eéh?l and Isopro?yl.
That the isopropyl group giués rise to adsferic effect can be demonstrated by
cénsideriné the following examples:

{Ethyl and Isopropyl groups have a smaller electron donating power then a Methyl

substituent) t ) &
rYr%c=c=cr>r*
AN
— i}
r R? R’ r? k
rel
H H H H o, 1.0
H H H-’/ Me . 18.5
H H H Et 17.8 ’
‘ H H v iPr 22,9
H H Me ‘Me C279.00 .
l N \ .’.
Me (H ' H © Me _ 216.3 '
Et - H H Et 180.5
iPr H H iPr 117.5
%
Me Me H Me ° 1490.0
Et Et H Et 358.0
ipr  ipr H iPr 51.6 * B
Me Me Me Me 3381.0

ipr ipr iPr iPr ' 76.0°
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As previously noted in the case of PhSeCl, the dacrease in reactivity is

1

due to a steric effect as opposed to a reversal in the "nbrmal electrostatic order".
.The substitution of both Methyl groups by Ethyls in 2,3-pentadiene leads to a

1.2. fold decrease, in reactivity. If one goes to 1,3-diisopropyl allene, the

PLal

factor is now 1.8 a

R1R2C§C=CR3R4

. © Rt RZ R’ gt el
H H H H 1.0
Me H Me H 216.3
Et H . Et H 180.5
iPr H iPr H 117.5
s '

Substitution{of only one Methyl group by Ethyl or isoPropyl has only a marginal

‘effect,
/

‘ Me H Me H 216.0
. ' Me H Et H 236.0
Me . H iPr H 179.0

Similar decreases in reactivity uﬁfn substituting Ethyl or isoPropyl for Methyl

are observed in comparing the following setsof entries:

21-23-18 " 42-43-44
22-24-25 51-52-53
26-27-28 : 53-56-58
27-43-47 64-65-66
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In contrast to the sometime marginal effect of substituting Ethyl for
Methyl, the increased bulk of an isoPropyl group is seen to lead to large rate

retardations. The rate constant is very dependent on the substitution pattern as

-
'

far as steric factors are concerned. Compare for example the following allenes }

that contain the same substituents in a different spatial arrangement:

4
. =L Rz 23 R K ,
2 -
Me Et iPr . tBu 0.8
Me iPr Et tBu 17.0
Me tBu Et iPr 171.0 ’

The least reactive allene is the one having two bulky substituents geminal to each
other (Tﬂis was also observed for PhSeCl).

.

If one compares the Sulfur and Séiénium versions one comes to the conclusion
that larger steric effects exist-in the case of the Selenyl chloride. |
(See TABLE 22 in PART IV). The origin of this has been discussed in PART IV.
Most importantly we have come to the conclusion that the rate determining ‘transi-
tion states .for the addition of PhSeCl and PhSCl to alkyl—sﬁbsﬁituted allenes are
different. For tﬁe Selenium version we favored an éttacg sequence wherein the
electrophile and the allene approach each other so as to form an alkylideneepiselenurane-
like species during the rate determining step ofrthe reactio;. '

This does not appear to be the case for the Sulfur yersion. In order to get
more insight into the natu%gvéi:Fhe‘r7te determining transition state for the

B W, ;
addition of PhSCl to allenes, we havé investigated the rate of addition of various

sulfenyl chlorides to 1,3- and 1,1-dimethyl allenes, Results are summarized . in

TABLE 28, -
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TABLE 28

,RATES OF ADDITION OF VARIOUS ARENESULFENYL CHLORIDES

TO 1,3- AND 1,1-DIMETHYL ALLENES IN CH,Cl, AT 24.5°C

ALLENES ! ARENESULFENYL CHLORIDES

PhSC1 2,5—Cl2 3,4—Cl2 \4—Cl 4-Me 4-F 4-Br 4-OMe 2,4,6—M83
. .\\\
1,1-dimethyl 200 150 200 170 150 170 220 120 155'
: l,deimethyl ) 150 100 200 150 130 150 220 20 37

4

o

On changing the substituents on the sulfenyl chloride benzene xring, we
kY

vary the extent of charge development on the Sulfur atom. From the rate data it
is clear that there is only very little effect on the value of the rate constant

(a plot of Log k vs 6-'*'15 linear with a ‘3 value very clcsse to unity or slightly

positive).

- N /
Data available at present strongly suggeststhaf the'‘rdté determining step in the

arenesulfenation reaction follows tﬁE—SNZ type a.ﬁtack.

\\
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In this case, the allenic T( -orbitals are considered as nucleophiles and the

halogen atom as the leaving group. Upon completion of bond breaking and bond

formation, one obtains a species of the type depicted below:

R'
\C\
R/ N =" -
\(I: X
- R/ 'h”,”,R'

This scenario jis important only if the entering and leaving groups can form a

colinear arangement with the Sulfur atom.
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Y

ANALYSIS OF PRODUCT DISTRIBUTIONS FOR THE REACTIONS

OF PhSeCl AND 4rCldC6H4SCl WITH ALKYL SUBSTITUTED

ALLENES IN DICHLOROMETHANE SOLUTIONS AT R.T.

1- INTRODUCTION :

v

Thé kinetically controlled product distributions for the reactions of
<benzepeselényl ;ﬁloride and 4-chlorobenzenesulfenyl chloride with 70 alkyl-
subét;tuted allenes in dichloromethane solutions are given in TABLE 27 and 29.
As previously mentioned, PhSeCl is mére reactiﬁe then ‘the Sulfur analogue. We
would therefore expect a decrease in'selectivity of the selenyl chloride. This
was however not the case and a consequence of this observation is the existence
of two distinct rate determining transition states for afeneselenation and arene-
sulfenation of allenes.

We shall now see that the product determining transition states must also differ
to some extent as the product distributions are very different,.

We have already seen that in the case of l,3-disubstituted allenes, the
E~-iscmer wa; formed preferamtially for arenesulfenation whereas z-alkenes were

formed in the Seleni

‘case '+ On observation of TABLE 27 little selectivity is
found in the case of ?hSCI and 1,3-disubstituted allenes with respect to which
mutually perpendicular T\ _bond system of the allene is attacked. For the Selenium

case , the analogous allenes show a net preference of attack for the double bond

carrying the most electron donating and sterically bulky substituent.
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TABLE 29

.. The kinetically controlled product distributions for the
reactions of benzeneselenenyl chloride with 70 alkyl substituted
allenes in methylene chloride solution at 23-25°C.

1 of

3
R g /.“‘\\‘R
C=C=cC
P
o2 t \\R4
e
Entry : Allene Ratio of Isomers
R\ R R3 R? a:p aff:Z)  8(E:Z)
1 H H H H _50:50 |
2 H H H CHy 27:73 29N
3 H H H C,He £ 30:70 24:76
5 H H H 1-C4Hg 12:88 - 33:67
6 H H H i-C,4HgCH, 26:74 44:56
7 H H H t-C4Hg 51:49 | 37:63
8 H H CH, CHy 13:87 |
9. H H CHy C,Hg 10:90 | 59:41
10 H H CHy  n=CoH, 9:91 58:42 =
1 H H CHy i-CSH, 10:90 60:40
12 H H CHy  i-C g 0:100 59:41
13 H H CHy  s-C/Hg 8:92 61:39
14 H H CHy  t-CgHg 60:40 75:25
15 H H CHy  t~C4HoCH, 0:100 75:25
16 CHy H CHy  H 50:50 0 26:74  26:74
17 CHe H CHe  H " 50:50 40:60 40:60
18 i-C,H, H i-CjH, H T 50:50 36:64 36:
19 t-C,H, H t-C,H Hoo 50:50 0:100 0:100
2 gl 4"9 s
20 CHy H ngS H § 33:67 27:73 30:70
21 CHy H itCHy H U 56:44  -30:70  43:57
22 CHy H t-CyHy H 76:24 g:91 39:61
23 g H i-CH, H 44:56 27:73 46:54
24 CHg H t-ChHg H 80:20 12:88 27:73
25 i-CH, H t-CHy H 75:25 11:89 16:84



Entry

& |2

49
50

|

oo Jon on jon fan
(=2 B LSl = T PV R NV R L)

Ry

CH
Gl
t-C4Hg
Caflg
=Lty

CHs

CH
CoHg

CH
1 - ]
1 C3|‘|7

CH.,-

i—C3H7
t-C

CH
Cflg
c-Cehyy

‘I-C3H7

CoHg -

X X x I = x = X

o XX X =T

T X X X X

&= X X T =«

t-C4H

XL I xT©T T X

-i"'C3H7
i-C3H7
i.-C3H7

5
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—(CH2)5-

-(CHZ)S_

-(CHZ)S_

iTC3H7'

i-CH,
1-C3ly
i-C4fly

RS

C,H

H

5
c2”5

CZHS .

i-C3H7

' t-C4H9
t-C4H9
't-C4Hg'
t—C4H9
tTC4H

L
t" 4”9

Ratio of Isomers

- 100:0

a: B alE:Z) 8(E:7Z)
11:89  23:77
18:82 0:100
13:87 49:51
21:79 19:81
31:69  100:0
29:71 48:52
40:60 68:32
100:0 85:15
30:70  60:40
51:49 71:29
44:56  100:0
100:0 37:63
100:0 25:75
62:38 93:47
47:53  100:0
100:0 100:0
35:65  29:71 .  55:45
11:89 18:82 55:45
15:85 47:63 57:43
. 50:50 78:22 47:53
30:70 . 33:67 55:45
30:70 23:77 66:34
33:67 24:76 60:40
61:39  0:100  41:59
39:61 . 21:79 " 56:44
100:0 30:70
100:0 53:47
100:0 54:46
100:0 46:54
100:0 41:59
65:35



S

Q!
57 ColHg
58 i-CH,
59 t-CyH,
S
61 1-CHy
62 CHy
63 o
64 CH,
65 CHg
66 CH,
67 Ci,
68 CH,
CERRE
10 Chy

i-C.H

377

CoHg

Cohs
i-CH,
-C
-C 5
i-CH
£-C,Hg
£CHg
t-CyHg

i-c H7_ i

t-C H

i-C3H7

~130~

t-CqH

t-C4H

Ratjo of lsomers

a i 8 a(E:7) B(E:Z)
100:0 62:38
100:0 _ 67:33
100:0 70:30

50:50

50:50

60:40 - 50:50 60:40
75:25 55:45
100:0 50:50
100:0 50;50 ;
80:20 50:50 50:50 _
85:15 53:47

0:100 ‘ 52:48
25:75 75:25 75:25
33:67 '75:25 - 80:20

Va
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2~ TERMINAL ALLENES :

a=- PhSeCl : There is a net tendency for the Selenium reagent to attack

the unsubstituted side of terminal allenes. As the substituents become bulkier
this preference increases (compare eﬁtries 2-6). The preference is also increased
on going from mono- to 1l,1-disubstituted allenes (entries 2 and 8). -
‘Reversed behavior are observed in the case of allenes‘carrying tert-Butyl groups
(7 and 14). The anomalous behavior pf tert-Butyl substituted allenes has élready
been mentioned. |
If one considers the E : 3 ratios for attack on the unsubstituted side (P) dhe
- notices interesting reversals:
In the cése of monosubstituted allenes, the Z-isomer is formed preferentially as
previcusly observed in the case of 1,3;diSUbStituted.allenes. However, the E-alkenes
are favored over the Z in the case ;f 1,l-disubstitﬁted allenes,
In both cases, the stéric bulk of the s%tituents increases the proportion of the
E-iscmer. |

' b- PhsCl : 1In al; cases ( 2-15 ) attack of the electrophile occurs preferen-
tially on the most‘éﬁbétituted double bond. The oniy factor\Affecting the value of
the o :(’:: rétj.o is LEhe nature of the geminal substituents. As one goes from mono-
to 1,1-disubstituted allenes there is an increase in selectivity,
Substitution of a Methyl group for a Hydrogen brings about.a-ZO% increase in the '
selectivity (compare the following pairgof allenes: 2-8, 4—11, 7-14 ).
With respect to the ﬁ : 2 ratios, PhSCl follows trends previously described for
1,3~disubstituted allenes. In all cases, the E-isomer is favored over the Z. In

the case of 1,1-disubstituted allenes, there is a very large preference for the

former (larger than’ 83%),



-132-

¢= PhSeCl v§ PhSCl : The selectivity of the Selenium reagent is greater
- T
. than that of the sulfenyl chloride. In most cases PhSeCl has a preference larger
than 75% for th&wunsubstituted double boﬁd whereas Sulfur is less descriminafing.
The selectivity of PhSecCl increases with substitution on the double bond remote
from the sight of attack. Iq the case of monosubstituted allenes the selectivity

is of the order of 70-88%. For 1,l-disubstituted allenes it increases to 87-100%.

Selectivity also increases with electron donating ability of substituents.

CH2=C=CMeR
R % attack on terminal double bond
qu - 87 , ‘
‘ Et a0
iPr an
iBu ~ . - 100
’ tBu 40

A

A similar trend is observed in the monosubstituted alleﬂl.series. In the case of

PhsSCl, there is no apparent correlation between the sight of attack and the allene

L)
structure,

3- 1,3-DISUBSTITUTED ALLENES :

14
These cases have already been discussed in PART III and IV and in our

. first paper56 for the PhSeCl and PhSCl ver#fons respectively.

o
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4- TRISUBSTITUTED ALLENES :

Note that in the case of 1,1-, tri- and tetra-substituted allenes,
elimination of HCl from the adducts (to give dienes), was observed and often ==

obscured the analysis.

a~ PhSeCl : When the two geminal groups are not bulky, there is a net
preference for attack on the monosubstituted double bond. This is observed in the
o
following cases:

' rICH=C=Ccr?R>
2 3 :
Rl_ R R Entries
Me-tBu Me Me 26-30
Et, iPr Et Et : 31-32
Me—-tBu Me "Et ' _42-45

Me-tBu Me iPr 46-50

b}

On the other hand, bulky groups will favor attack on the disubstituted double bond.

RlCH=C=CR2R3

1 2 3

R R R Entries
Me-tBu iPr iPr 37-41
Me-tBu Me tBu : - 51=55

iPrx Et tBu 56
Et-tBu iPr ‘ tBu 57-59

The reason for this is not clear.
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_ Reversals are also observed when the steric bulk of the lonely substltuent
is comparable to the t bulk of the two geminal substituents on the other double
bond. Compare for example entries 40, 45 and49,

When the attack does occur on the least substituted double bond there is almost
no preference for the E- or Z-alkenes. Compare the vd&Tue of @ ( B:Z2 ) for allenes
‘42 to 50. In most other cases, the E-alkenes are favored. There is no apparent
correlation between the value ofof'( E : 2 ) and the allene structure. However,

.. when the lonely substltuent is tert-Butyl, the E-isomer ig always formed exclusively.

*
-

“'The only exception is entry 49, R

When other substituents are present (Me, Et, iPr), the correlation is not apparent:

- -

1 2.3 ot
R CH=C=CR R *
' &
3
R RZ R A (E:2)
* Me Me - Me 23 : 77
Et Me "Me 00 : 100
iPr Me Me 49 : K1 (
\
iBu , Me Me *19 : 81
]

tBu Me - Me 100 : 00

The direction of attack seems to be very depéndenthon the substitution patter
on the remote double bond. One of the factors that determines the value of the
E : Z ratios is the fact that the Z-alkenes are kinetically favored when little

interaction takes place (as in the case of 1,3-disubstituted allenes).



-135-

2
i

b- PhSCl : 'As in the case of terminal allenes there is a net preference
for attack on the double bond which is the most substituted as demonstrated by

entries 26-59. Exceptions are allenes 37, 38, and 39. When the two geminal substi-
!

tuents are Methyl groups, there is only a very Jittle preference for the disubstituted

double bond. The percentage of attack on the mosé\substituted double bond depends

on the nature of the substituents on the remote doulle bond.

EtCH=C=CRR'
o ) R R' g : (5
Me Me . 58 : 42
Me Et 63 : 37
Et Et 8l : 19
Me iPr 100 : 00
Me tBu ‘' 65 : 35
' irr iPr 34 : 66

oF

The proportion of of —attack increases as one increases the steric bulk of the two
geminal substituents until steric effects overcome polar effects at which point
the ratios increase in favor of the (3-attack.

In all cases the E-isomers are favored over the Z (for both o and @ ffr-systems).
The fraction of E-isomer increases as one proceeds through the seriés Methyl.....

e

Ethyl.....isoPropyl.....tertButyl. (e.g., entries 51-54). There are however a--few

. . Ay
exceptions.

c- PhSeCl vs PhSCl : Once again, the Selenium and Sulfur versions have

opposite preferences wifh respect to which double bond they will attack. When
PhSeCl attacks the monosubstituted Tr—system, PhSC1 reacts withlthe disubstituted

double bond and viceversa.

- I ‘ o8

-~ . -~
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o)

If carbonium ion like species are .involved in the product determining
transition state, the direction of attack leading to the tertiary chlorides should
be prefered (a5 in the case Ff Fh5Cl). The fact that benzeneselenyl chloride leads
to preferential attack on the.lepst substituted double ﬁond implies thatzthe inter-
mediétes are different. However, in some'cases, Selenium dees attack the most substi-
tuted side of the allene, This suggest that the prodﬁct determining trénsition
state consits of two p955ible structures, one oﬁywhich could be common to both the
Selenium and Sulfur versions. Normally, the two additions p£§3§ed via their own
transition states (structurally different}, but occcasionally, Selenium may proceed
via a Sulfur-like intermed;ate.

Once again, the selectivity of PhSeCl appears to be superior to that of PhscCl,

esPécially for entries 26 to 30.

5- TETRASUBSTITUTED ALLENES :

Products of addition to tetrasubstituted allenes were difficult to analyse

due to the lack of olefinic protons. It was found that the adducts readily eliminated
-~ ' :

HCl to give dienes. Analysis of the dienes d to strycture identification of the

original adducts., i

a- PhSeCl : The selﬁktivity of the Selenium reagent is reflected in the

product distribution of allenes 62, 65 and 68, All three substrates carry the

- same substituents but their spatial arrangement arcund the allene moiety is

different. .
rr%c=c=cr’r?
Y r? R r? a : (3
S ' Me. Et ir _ tBu 60 : 40, &-
: " Me iPr Et" tBu 100 : 00 ST

Me £Bu Et iPr 00 : 100
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Preferential attack occurs on the‘double bond carrying the tert-Butyl group
(i.er, most bulky substituent)., The same thing is observed for the other members
of the allene series. There is ne preference for either the E or Z isomers with
respect to attack on either side pf the alleric moiety.
The only exceptions are for allenes 69 an§ 70. They are the only oneé having two
tert-Butyl substituents. In these two cases, attack on the less hindered side is A
favored a;“E;;erned by steric approach control regg}rements. Also, the E isomers
are favored due to the steric bulk of the tert;Butyl substituents.
)

b- PhSC1 : 1If one compares allenes 62, 65 and 68, it can be seen that

for tetrasuﬁstituted alleqes, the selectivity of PhSCl is gréater than that of

PhSeCl ( ). 85% in every cases vs 60% for the -Selenyl chloride).

‘ 4
R1R2C=C=CR3R
.
Rl R2 R3 R4 :
Me Et  iPr tBu 100 : 0O
) Me © iPr Et tBu 100 : 00
Me tBu Et iPr ) 30 : 70 t .
7
Rgain, attack occurs on the double-bond carrying the tertQButyl group..Similar

trends are observed for the remainder of the allenes. e

”~ —

Not mtich can be said about the E : Z ratios due to lack of data but it appears
(entries 64 & 65) that the tert-Butyl groups haﬁe a very large influence on the
direction of approach of the electrophile, the E-alkenes being formed exclusively

in both cases.

Comparing allenes 69 and 70, it seems that PhSCl also prefers to attack on the least

hindered double bond of the allene.
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c- PhSeCl vs PhSC1l : It seems that PhSeCl and PhSCl behave very similarly

with respect to tetrasubstituted allenes:
F . L '

- Unusually high selectivity of PhSCl
- Preferential formation of E-alkenes in both cases

- Preference for attack on the double bond carrying the tért-Butyl
group(s). '

L

It would therefore appear that in the case of tetrasubstituted allenes, the
addition of benzeneseienyl chloride and benzenesulfenyl chloride proceed via

product-determining transition states that may be similar in structure,
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6— CONCLUSION :

From analysis of product distributions for the addition of benzeneselenyl
chloride and benzénésulfenyl chloride to alkyl-substituted a;leneg it appears that
both elecéfopbiles can react -through atlleast two different product determining
transition states differing in structure énd/or geometry. Depending on the structure
of the allene the addition.will proceed via one or the other of these transition
statds. In some cases (tetrasubstituted allenes), the intermediates for the Sulfur
and Selenium versions may be very similar in structure.

The fact that tertiary chlorides (from attack on the most substituted double bond),
are formed'preferentiaily in ?he case of arenesulfenation suggest the presence
of allylic carboqium ions (35) as possible intermediates in the product deter-

\

mining transition state.

-
N

SPh : SPh
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PART VII
PRODUCT DISTRIBUTION AS A FUNCTION OF RING SIZE
FOR THE ADDITION OF VARIUS ELECTROPHILES TO A ‘ =

SERIES OF CYCLIC ALLENES IN (.'.'1-12(_3_1_,1 AT 25°C.

1-INTRODUCTION :

The reaction of cyclic allenes with PhSeCl, PhsCl and 2,4-DNBSC in
dichloromethane was next investigated. Preliminary results have already been

reported in our first paper56.
2= RESULTS :

Studies using Dreiding models iﬁdicate that for th&ﬂallene to give ﬁhe
Z-isomer would involve apprcach on the most hindered face of each double bond
"{i.e., From tﬁe inside of the ring). This sterichhindrance to approach at one face
of each double bond is reflected in the distribuﬁion of products .in TABLE 26,

Spectral parameters for the adducts are given in TABLE 27.
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TABLE 26

THE PRODUCT DISTRIBUTIONS FOR THE REACTION
*,OF CYCLIC ALLENES WITH PhSeCl,'PhSCl AND-

»
'2,4-DNBSC IN DIQHLOROMETHANE AT 25°C,
HC=—=C—=CH (CH.) = CH=C1
I I —_— 2'n
C C=XAr
n 4
/C
a H
RING SIZE 2,4-DNBSC PhSeCl PhSCl
n E : 2 / E : 2 . E : Z
6 100 : 00 100 : 0O 100 : 0O
)
8 B2 : 18 54 : 46 51 : 49
9 71 : 29 41 : 59 57 : 43
10 86 : 14 36 : 64 81 : 19

1l,2-cyclononadiene reacts with all three electrophiles giving the E-isomer
exclusively. As the ring size is increased, the kinetically more stable isomer is

formed in varying amounts depending on the flexibility(.cqf the ring.

SCHEME X illustratesthe various modes of approach of the electrophile.

’

SCHEME X

Cl
SAr




=142~

TABLE 27

lH NMR SPECTRAL PARAMETERS FOR THE ADDUCTS
OF CYCLIC ALLENES WITH PhSeCl, PhSC1l AND

~ : 2,4-DNBSC IN DICHLOROME?HANE AT 25°C,
c —en
IC“z//’ " 2\\3cn c1
. Nep = ¢ ~
N,
ring size Electrophile Chemical shifts and coupling constants
n ¥ By 3J1,2' Hy 3J3,4 4J2,3
4 Phse E 5.90t 8.8 5.25dd 10.6;5.2 0.2
éth Z
6 PhSe E 5.82dd 11.5;5.2 5.17dd 11.0;4.5 '
PhSe 2 6.51t 7.5  4.57dd  8.0;4.7 1.2
7 PhSe E 5.82dd 11.5;5.5 5.12t 7.0
| PhSe 2z  6.42t 7.0  4.68dd 11.0;6.5 _
8 PhSe E 5.83dd  9.5;5.5 4.92dd  9.2;5.8 0.2
PhSe 2  6.31lt 7.0 4.53dd 8.0;5.5
6 PhS E 5.69dd 11.0;6.0 5.2m
- PhS 2 6.62t 7.5  4.53dd 7.5;6.0 1.0
7 ~ PhS E . 5.66dd 11.7;5.5 5.16t 7.0
PhS 2  6.25dd 9.0;5.5 4.78dd  10.2;5.2
8 Phs E 5.93dd  9.8;6.2 5.13dd  10.0;6.2
| PhS 2z  6.50dd  7.4;7.5 4.67dd. 8.9;6.4
4 2,4-DNBSC E  6.68t 8.5 5.33dd  10.5;3.0
2,4-DNBSC  Z '
3 2,4-DNBSC E  6.47dd 10.6;6.0 5.37dd  11.0;4.5
2,4-DNBSC 2 4.64t 7.0 1.5
7 2,4-DNBSC  E  6.27m 5.29t 7.0
2,4-DNBSC 2 6.36t 4.81dd  10.3;5.5
8 2,4-DNBSC E 6.39dd  8.5;6,5 5.05ad 9,2;3.0
2,4-DNBSC  Z  6.72dd  7.0;6.0 4.75dd 10.572.5
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We have observed that in the case of Benzenesulfenyl chloride, the E-Alkenes

were formed preferentially under conditions of kinetic control.

™~
1,3-diethyl allene gave a 50:50 ratio of E-~ and Z-isomers.

When the ring size al;ows some flexibility (1,2-cycloundecadiene and *
1,2-cyclododecadiene), the E- and Z-Alkenes are formed in comparable quantities
( 51 : 49 and 57 : ;3 respectiQily), indicating that there is no real steric constraints
imposed on the adducts by their cyclic sﬁfuc£ﬁres (compared to the acyclic 1,3- |
diethyl alléne ).

If one increases still the size of the ring, the allene can adopt a.
conformation that can once agaiﬁ..hinder ‘. approach of the electrophile from inside
of the ring to form Z-Alkenes. This is_reflected in the E : 2 ratio that goes back
to 81 { 19 in favor of the E-isomer.

In the case of 2,4-DNBSC, a similar trend is observed but the E-isomer is
always favored over the Z becaﬁse of the greater steric bulk inherent t;‘the elec-

trophile. As a result, 2,4-DNBSC will prefer outside attack independently of the

size of'the'ring. (compare E : Z = 80 : 20 in the case of 1,3-diethyl allene).

For the Selenium véréion we have seen that in the case of l,3-diethyl'allene
the ratio of E to 2 i;omer was 40:60 in favor of the Z-Alkené. If the ring size
allows approach from ghe iﬁside, comparable ratios will be obtained in the case\?f
cyclic allenes. This does not occur until one reaches the l2-membered rihé (E:2 =\\‘4!!1:59)
and the 13-membered cycle (E:Z = 36:64). "

In the case of 1,2-cyclononadiene, the only allowed product is the E-Alkene.
As one moves along to 1,2cycloundecadiene, the por;ion of Z-Alkene (kineticayiy
favored) reaches a proportion of 46% ;till inferior to the acyclic case.

Comparing attack by PhSeCl and PhSCl it is interesting to note that in the

case of 1,2-cyclotridecadiene and PhSeCl, no fold-back of the allene is observed.
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/ ' C e
The E:Z ratio increases continuwously in favor .of the Z-Alkene. It would

be interesting to investigate the addition to the l4-membered ring to see whether

the fold-back occurs at this point.
The results described in this section are summarized in FIGURE 10. ‘

FIGURE 10

GRAPH OF % E~ISOMER vs RING SIZE
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PART VIII =~ .

w

THE SYNTHESIS OF 2,5~-DIHYDROFURAN DERIVATIVES

i- INTROPUCTION :

Because of the facile nature of the electrophilic addition to allenes
and the guantitative yields obtained in every cases, we sought for some useful
synthetic applications of this process.

An obvious application is the synthesis of vinyl selenides. However, in
most cases, complex mixtures of isomers are obtained and there are-bther'more
convenient routes to this sYnthon73. :

As suggested by the number oﬁ papers published every year , the synthesis
of heterocycles has recently received a great deal of attention and in particular,
some groﬁps héve'been concerned wifh the synthesis of heterocycles via the
electrophilically-induced cyclization of unsaturated species.

| Clive and coworkers have demonstrated the utility of PhSeCl in inducing
the cyclizétion of 3'; 5 -unsaturated alcohols to ring fused tetréhydrofurans74.

For example :
)

PhSeCl, EtOAc, 18 hrs Ref.74

A o

-65°C then RT :
. - ]
OH iy CJ

7% -
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SePh
) - PhSeCl; EtOAc Ref. 75

: -75°¢, 3. :
MeO H » 3.5hrs MeO 0

79%

This type of process is very attractive as the reaction conditions are

very smooth and many functionalities may be tolerated. Moreover, the presence of

theé phenylselenc moiety allon further elaboration of the structure. This leaded

us\ to investigate the reaction of ch-allenic alcohols with,various electrophiles.
_ g .

v
2- ADDITION OF PhSeCl TO ¢ -ALLENIC ALCOHOLS :

a- INTRODUCTION :

Conceptually,' PhSeCl should add to dd~allenic alcohols giving adducts

that should cyclite spontaneously as described below :

CH2==:C:==CHCH20H

PhSeCl PhSeCl

o~
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In order to establish the preferred pathway, we subjected 3,6-8iethyl-

-

4,5~octadien-3-0l (25) to.one equivalent of PhSeCl in dichloromethane at room

‘temperature. Immediate workup gave a single compound in quantitative yield,

identified as (26) on the basis of its lH and 13C NMR and its mass spectral

fragmentation pattern.

. Bt
HO
Et., - c . . .
Do’ EE Phsecl —
P4 - AN ‘ CHyCl, 7
Et H Phse H
(25) - (26)

The mass spectfal analysis shows the production of fragments corresponding
+. Lt +. T +. . o
to M) *, (M-Et) °, (M~Et-SePh) ", and (PhSe) -. Furthermore, the infrared spectrum

showed no hydroxyl or allenic absorptions.‘ ‘

b- RESULTS :
. -‘\‘J/‘_] N
This ring ®lgsure reaction was found to be general as demonstrated in
. . s
TABLE 23, Spectral pdrameters for the 2,2;SLQ;ZééraalkYI—3~phenylseleno-2,S—dihydro—

furans are reported in TABLE 1 of APPENDIX VI.

All reactions proceeded spontaneously at room temperature as revealed
by test lH NMR tube reactions. Cyclizations involving terminal allenes were found

to proceed in better Yields in the presence of one equivalent of triethylamine to

react with the HCl which is given off.
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' TABLE 23
3
1 Ho,h\c\\\\---R
%@y===c===cl// r? PhSeCl 5
27 s\‘u P
¢ .
Rl R2 R3 R4 $YIELD
@Z
H Et Et 85
H ipr iPr 70
H Me tBu* - 100
H- iPr " H iPr 100
H iPr " iPr H ‘ 100
H iPr Et Et 100
H iPr iPr iPr ' 100
Me Me Me Et 85
Me Me Me iPr l1o0
Me Me ' . Me tBu 92
" Me Me - ipr if: 85
Me Et ‘ H iPr 85
Me Et iPr H 85 -
Me Et Me iPr 100
Me Et Me tBu 60
Me iPr H iPr 100
Me o  iPr ipr H 100
Me iPr Me iPr h 100'!
Me iPr ! iPr Me 100
Et Et Et Et 100

* In the presence of one eguivalent of Et3N
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}—'STEREOCHEMISTRY OF THE ADDITION OF PhSeCl 1o o\ ~ALLENIC ALCOHOLS :

A

i Y ‘ .
The stereochemistry of the ring closure was demonstrated by the reaction

. , ~
of diastereomeric A -allenic a%cohols 2
. )
HO — -
\ e H Me Y,
CH : (oh .
3., - iprr . iPx
Y, - Pr
4{: —c ] PhSeCl N 1
iPr H ' PhSe |
e
(27) ~ ‘ © 100% (28)
{3-RS, 5-RS) allenic alcohol Z-2,5-dihydrofuran
o
HO_ - -1iP .
ox \C\\\\-' irr Me 2 O \\\\J..Pr
37, ye ~— H %
R N -
—c==cC PhSeCl g _ H
"’ \\\ : > iPr
iPr H
PhSe H
(29) : ' 100% (30)
(3-RS, 5-SR) allenic alcohol E-2,5-dihydrofuran

"

'

' Q:% Assignment of (28) and (30) as the Z- and E-isomers respectively follows
from the

respective 1H MMR analysis of the ring protons of the furan system :

3
J4'5—l.50Hz

0] H 4.264d - 0 ier
A N Me s, “.‘ﬂ 3

Me =,

o

. 3 J =1.25Hz
iPr *J =7.50Hz

. 4,5
1P 5,6 ipr H 4.26ad , |
: J =4,75H=z
PhS 5,6
H g 34a;%3, =1.508z ~©°° H 5 30a;35 _=1.25Hz
4,5 : 4,5 %

z (28) E (30)
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As one’ can see, the magnltude of 3J5 6 is very different for the two isomers
—

{ H is the methine proton of the\isopropyl group directly bonded to C5 ).

In the Z-isomer, there is a large steric interaction between the two' isopropyl

groups as revealed by molecular models. In this case, protons HS and'H6 will tend

to adopt an Anti-conférmation with respect to each other . This of course gives

rise to a larger coupling constant between protons HS and H6. This latter con-

formation is more important in the Z-isomer than in the ?i and it is thus natural

to assign the Z-configuration to the species that exhibits the 1arger.3J5 6"
r

Similar results were obtained for .the other series of diastereoisomeric allenes

studied.

4- MECHANISTIC CONSIDERATIONS : . /

When the of -allenic alcohols were subjected to kinetic studies with
PhSeCl (or PhSCl),overall 2nd order kineticswere 6bserved; first order in both
allene and electrophile. This suggest the presence of one molecule of allene and

cne molecule of eledtrophile in the rate determining transition.igggg. This is

drawn in SCHEME IX. (/“j/ﬂ

The intermediate (31) or the nen-resonance sta '1izeq carbonium ion t32)
is involved which collapses to product before bond-fétatio _td/the resonancef
stabilized form (33) can occur. On the basis of ;ur observationslon the‘elec£r0~
philic addition of PhSeCl and PhSCl to allenes, the reaction hypersurface probably
contains cyclic- intermediates (31).

~




PhSeCl

i
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SCHEME IX

(31)

3
L3 R
\\\\“R \Q“
Ho——-(l:‘ o4 HO"_IQ.‘R"‘
Rl cy + _C—H . R%-- @ c—H
N7 ‘ e V4
/c—-c\ v 4 C\ L
2
R sePh . R @ , 5ePh

{33)
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5. 3-PHENYLTHIO-2,5-DIHYDROFURANS :

~

PhSC1 gave cyclization producté similar to those described in the
Selenium version. Here again, reactions were spontaneous and products were obtained
in quantitative yields as shown in TABLE 24. Spectral parameters are given in

TABLE 2 of APPENDIX VI.

o TABLE 24 A
C:il _ \\\J @ (ﬂ-'
1 v*R3 -/ R O- \R
R Ho.___c\.‘..R4 “, R
phscl  + %E===c::=c’/( - oencl, R¥\__ /¥
RZ" \\\H RT "
PhS H
gL R rR> r? $YIELD
o -( Et Me - ipr - 95
Me Me Me iPr ' 75
Me . Me " Me tBﬁ 89
.Me ‘ Me iPr .. iPr T 95
Me . Et ‘Me Et 80 )
. Me Et Me iPr 90
Me " iPr H iPr 95
Me iPr Me " tBu 90
Me iPr iPr ’ iPr 70

Et Et Et Et 100

Identification of products was performed as described for the Selenium

version. Additions were Stereospecific.




=153~

6- 3-I0DO-2,5-DIHYDROFURANS :
= —

_J( Halogens add to allenes giving unsaturated dihalides. However, the addition
is often complicated by elimination of JEX from the p;oducts or by double addition
of haldgen to both alleAzc double bonds.

When ol-allenic alcohols were treated with one equivalent of iodine,
_Spﬁétaneous cyclization to the cdrresponéing_3—iodo-2,S—dihydrofurans was cbserved.
(Tﬁe reac;ion was not stereospecifi; and the products were iso}ated as dark labile
oils. Their instability contrasted with that éf the Phbﬁ}l eleno and Phenylthio-
Aderivatives which were indefinifely stable at 0°C. These %ﬁducts still gave very
clean sﬁectra and could be identified using the c§;;2ria_gle& previously.

Yields are presented in TABLE 25. See TABLE 3 inifﬁPENDIx VI.for spectral

;
parameters. Lt ‘ \¥

.. TABLE 25
3
. R
1 AN R’ O \RB
R, “wgr K o
Yy I_, CH.Cl N 4
(c C c\ 2 272 R R
R2 H
I H
Rl R2 R3 R_4 $YIELD
. ¢
H iPr Et Et 90
i H 2 ipr iPr  iPr 85 Y
Me Me Me Et a0
Me Me Me iPr 85
Me - Me Me tBu 85
Me Me iPr iPr 90
Me iPr H iPr « 90

Et . Et Et Et 100
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7- CONCLUSION :

The electrophilic addition of PhSeCl, Phs{Cl and 12 ;o d-allenic
alcohols has, been sugcessfdﬂy applied to the synthesis éf 3-functionalized—
2,5-dihydrofurans. Stereospecific introduction of the vihylic'Pheny;seleno
moiety can be elaborated to give a FuraqoneTQ which could eventually lead to the

alkaloid Muscarine {34)

R
Me HO“‘ES
e < H phSeCl o
H
HgCl2
MeCN
[] ¢ -
H
+ -—
Me CHN'Me, X ‘
N
N : — — &
1 ]
H 0 H
: ' MUSCARINE (34)
—

(25, 3R, 5R)
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The method was also applied to the synthesis of spiro-2,5~dihydrofurans :

'JMe

\\r—-tBu

HO

2\

PhSeCl

) v Phse H

The only other route to the synthesis of suqh species is that described
by D.Gange and P.Magnus77. Their procedure involves the cyclization of ™ -allenic
alcohols using Potassium hydride in THF at reflux in the presence of dicyclohexyl-
18-crown-6. ( 12 hrs to 4 days ). Yields are of the order bf 75%.

No mention is made about the stereochemistry of the reaction.

L
It would probably prove very fruitful to apply this method to tpe stereo-

specific synthesis of 2,5-dihydrothiophenes, 2,5-dihydropyrroles and derivatives.

L

o
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CONCLUSION
-
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-

Areneselenyl halides and arenesulfenyl halides add to alkyl-substituted
: o i
allenes with exclusive attack of the Arylseleno or Arylthio mdiety on the central

allenic carbon atom, u: C ‘ -

Ar;;esulfenyl cﬂlorides.lacking ortho- substitueqts show no‘seléétivity with'

respect to which double bond is attacked. For ortho-substituted sulfenyl chlorides
there is a ﬁet preférence for attack 6n'the most étericai}y éncumyered side. L]
The configurational selectivity favors the formatidn of tﬁe'E—isomer as thé steric
bulk of‘the substituent-increases. In the.reaction of l,3-di5ubstitutea'allenes

with arenesulfenyl chlgrid;s,.the effect of an ortho—Nitr9 group is stictly one of
steric nature and there is no stabilization through novel intermediates of the -~
spirosulfurane‘typg,

-

Benzeneselenyl chloride adds to allehes in a fashion similar to that of
sulfenyl chlorides. The reaction follows 2nd-qrdef kinetics énd ;s stereospecific
(as in the case of PhSCl), PhSedl attacks the do;ble bond with the most electron
donating and sterically bulky substituent., The phenylseleno moiefy always attaeks
the central allenic carbon. In every cass , ﬁhe Z-isomer is fdrmeq preferentially,
PhSeCl and PhSeBr were found to behave very similarly towards electrophilic attack.
On the basis of kinetic studies we have come éo the condlusion that the arene-
selenyl halides studied all have a similar rate-determining transiFion state.
Furthermore, the rate and product determining transition states.are different and
seﬁa;ated bj@a? least one intermediate. We have postulated that the product
determining transition states arise from alkylideneseleniranium ions and £here is
evidence ﬁor an alkylideneepiselenurane-like species in the rate-determining tfansi-
tion state. The rate deterﬁining transition states for PhSeCl and PhSCl are different.

For the sulfur version there is strong evidence that the rate determining step

follows the SN2 type attack (through a thiiranium ion intermediate).
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There is strong evidence for several intéﬁnediates in the product-
determining transition states Jfor both areneselenation and arenesulfenation of
allenes. In the‘ case of sulfur, 'allylic carbonium ion type intermediat'es may be
involved. The allene structure détermines_ the ﬁature fe intermediate. -
The reactiongsof PhSeCl, PhSCl and 2,4-DNBSC witféj.j::lenesshow- a net .
dependence of the E : Z ratio on the ring size. |

Finally, the addition of PhSeCl, PhSCl or Iodine to ol-allenic élcohols'
appea:gs t\6Lbe a very efficient route to the stereospecific synthesis of 2,5-dihydro-
furan derivatives. This method can be extended to the fo:.-mation of dihydropyran.s

from {3 -allenic alcohols. However, spectral proof for this process is not

available at present.
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I~ Technical information:

a- Instrumental:

—

Nuclear magnetic resonance spectra (nmr) were obtai#ed using Varian
T-60, HA-100 and FT-80-16K instruments;the latter was used for the 13C nmr
spectra. Chemical shifts are'réported in parts per million down field from
internal TMS (d). Chloroform-D (Silanor C) was used as an internal lock and
reference for carbon spectra. Probe temperature was approximately 30°C for
carbon spectra and lH nmr spectra were run at room temperature.

The follbwing abbreviations will be used in tables: . . -
2

s = singlet q = quartet
. ~d = doublet g'= guintet
t = triplet m = multiplet

Infrared (IR) spectra were measured on a Unicam SP1100C spectrometer and are not
calibrated. Sodium chloride optics and carbon tetrachloride or chloroform-D
solutions were used. "

Melting points (Mp) were obtained on a Fisher-Johns melting point apparatus

All boiling and melting points are uncorrected.

b~ Reagents and solvents:

Reagents and solvents were commercial grades and used without

further purification unless specified. Tetrahydrofuran was distilled fzrom

-] "
lithium aluminum hydride and stored over 4A molecular sieves.

/
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h

¢~ Kinetic measurements:

’ A Durrum model D-150 stopped flow spectrometer ﬁés used. It was
operated in the transmittance mode. Decay of transmittance was stored and
photographed from an oscilloscope ﬁsing a BIOMATION model B05 waveform recorder.
Témperature was maintaned at 24.5 + .1°C using a HAA#E model KT33 con;tant
temperature bath c%rculator. -

All measurements were done in reagent grade diﬁhloromethane.'

~tomalipy

The following wavelength and extinction coefficients were used throughout..the

experiments.
. X max €
', {nm) . (l.moleTlcm_l)
Benzeneselenyl chloride . 433 267.04
All arylsulfenyl chlorides ’ 382 ‘ 399.5
ﬁenzeneseienyl bromide . 468 238
2,4,6-trimethylbenzeneselenyl bromide 497 | 183

Results were comgpter analysed and only runs having a correlation coefficient
better then 0.996 ;ere considered. Exberiments were repeated until three
different. runs agreed within 5%.

To ensure pseudo-first order kinetic behavior, allene 501utioné were made ap-

prozimately ten times more’ concentrated then the electrophile solutions

Computer program for data ‘snalysis:
'1‘ . "
The detailed computer printout' is shown below for the reaction of 3-methyl-

'
7

\ butenylidenecyclohexane (17} with benzeneselenyl chloride.

B

—_
S

17
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P

Oscilloscope trace of transmittande (y axis)
vs time (X axis) for the reaction of (17)
with benzeneselenyl chloride,

(The baseline represents 100% transmittance)

i

A
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s£JN8 ACCT=NUMGID I 3FAULTIEUY ,PAGES=20,TIMF=20 . :
DITMFEFNSION A{S00YT{S020)«ND(S02)}, DY(500), RK({S500)
12 DPFAND, NPy A, 1K I PUN
PEAD, {(T{T1)sT1=14NP)
RFAD, (A(T), T=1,N2}
nNo 1  T=1,NP
TP=({AC.5—-A(1))78A .5
A(TIYI=—ALOG{TP)

A(1)=ALTY/534,0876

1) = (ALUG!@n*A(I)/(Aﬁ*(GU AD+A(T1)))))/70AN—-AN)
51 COMTINUE

CALL  LTSO(T3NNP W R,PMSUM,CCL,NY)

PK(1)=N0,0

N 70 1272 ,NP

PRETI=O(TIZT(T) )
70 COMTINYF —

A2 V= 333NN W9

WPTTFIAR,71) TRUN
71 FOPMAT (1HL,,?0H PFSULTS O RUN ND.-TA«7TH FOLLOW)Y
WRITE (A ,72) -
T2 FOPMATL IMN 43X ,5H {AT),10X,5H (AN) .1 0Xs3H K 210X +25H CORRELATINN CO
FFFICIFENT 35%,15H MEAN NDEVIATINON//Z .
2N WETTF(A «73) AN BN W, CCaRMASUM
21 73 FNCMATIAXsF 1N4B+5X4eT 1 0e8s5X+Z18B.7+¢5X+F10, 6.13x F18.6/7}
22 WRITE(A,74) A

AN

[ SN

3y
-
[

23 T4 FOR2MAT( M ,2249 INTFROCER2T OF LIME IS +F1RB (/)
4 S WPRTTrE{ A, 7R} ' -
25 76 FOPMAT{IHO W IOX s4HTIME 10X 7H9CINC e AL AX s 13HRATF CONSTANT.GX.SHPHINT|
110X 4 OHTIEVIATIONS /) ' .
EEWADNTMNGE X FXOECTING COM4A AETYWEEN FAORMAT T TEMS NTAR INTIO

2F 75 FQF-‘_"“»’\T(1H0'!6oFlO.ﬁ1F150'H'F18c702F1506)
27 \-.’QITF(FW?‘:-)(I'T(I)-f\(l),QK(I),H(I)-DY(I)-I=I W NP
! G TN 12 -
Els) STND
EHWARY TNGERE  UNNUMAFPED EXECUTASLE STATEMENT SOLLNWS A TRANSFED'
2n N
T SUNRDUTIME LTS (XY ¢NoA T PUSUMGCC, DY)
32 NIMENS TN X{N).Y{N)Y.DY(N) o
37 SUMX=0 40
14 SUMY= 0, N
TN SUMXY.=N .0
an . SUMYY =N ,0
27 SUMXY=0,.0 ,
39 SUMP=N,n
39 naoSo 1=1,.N
an SUMX=SUMX+X{T)
41 SUMY=SUMY Y ( T) ~
42 SIIAXX=SUMXXEX{T I&X(T)
a3 SIMYYZSUMYY+Y (T )&Y( 1)
an SUMXY=SUMXY +X (T )&Y( 1)
s S0 COMTINMUR N
LR 7=M
67 M=ZESUMXY —S UMY =51 X
ne A=( ZXGUMXY-SUMX R SUMY) /? ’ 1
40 Az ( SUMMXESUAY—SUAXESTIXY ) 7P .
50 S=7ESUMYY ~SUMY ESIIMY
\ 51 CO= (7% 3UMXY— SUWX#SUMY)/SORT(R*Q}
G2 Nno AQ TI=1s+M
57 " CY=AZX({T)+ -
54 DYt I)=Y(T)="Y
g —
T 59 PEIY(IIEDY (1)
- Gih SUMP=Sunsn ,
Y4 AD CONTINUS
=3 RASUM=SAPT (SUMP/P)
59 QF TUPN

A0 * END

SENTRY .
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" ".Explanation of symbols:
- NP : number of points used in analysis
- AO : initial concentration' of electrophile after mixing with
substrate, (=i/2 original concentration) in moles/liter.
+ = BO :.initial'conﬁentration of substrate after mixing with elec-

\, trophile in moles/liter.

IRUN: 4 character identification number for each runs.

T(I): time data points (sec.).

A(I): transmittance data from analysis of photographs. (In mm )

— Line 6: is to convert mm in actual transmittance.

Line 7: conversion of transmittance into absorbance,

Line 8; conversion of absorbance into concentration using

A= EC1 A = absorbance
E = extinction coefficient
1 = light pathway (= 2 cm )

"' - Line 9: rate equation

For ZEd order: D(I)

(ALOG {BO*A (X) / (RO* (BO-AO+A(I)) )) )/ (AO-BOY .

For 32 order: b(I)

((-1/(n0-BO)) * ((1/A(I))~-(1/R0)))+

1 ((ALOG (BO*A (I)/ (RO* (BO-AO+A(I)))))/ (RO-BO) **2)
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2- 1,1-DIBROMOCYCLOPROPANES: _ ) \
.a= General prbcedure: Gem-dibromides were¢ prepared according to

5,36,37,3 ’
35,36,37, 8 a slurry was made by mixing freshly

standard 1iterature quhéds
prepared alcohol-free potassium t-bﬁ%oxide with a pentane solution of an olefin.
at room ‘temperature. A pentane solution of bromoform was then siowly added.
The mixtures were stirred at room temperature for approximately twenty hours.,
After aqueous work up, extraction with ether, drying over. anhydrous magnesium
sulfate and evaporation of the solvent, the products were purifiéd-by high
vacuum distillation ( 1lmm ). Gemdibromocyclopropanes were characterized by their
H nmr spectra. {(no olefinig signals).

b- 1,l-éibromo—Z—Z,B—diethyl cyclop}opane: A slurry was made by
mixing fresh tassium t-butoxide (0.040 Aole)ywith a solution of Z2-3-hexene
(0.025 mole) in 20 mls of pentane. Bromoform (0.020 mole) in.lo mls of pentane
was added over a period of one hour and the mixture was further stirred for 20
hours at room temperature. Aqueous work up anpd vacuum distiliétion yielded pure-
1,1-dibromo-2-2,3~diethyl cyclopropane (Bp. 54°/1lmm} in 55% yield based on
bromoform.

Yields and boiling points of various gem-dibromo cyclopropanes are reported in

table(I). Low yields are due to mechanical loss during distillation.

3- ALLENES FROM 1,1-DIBRCMOCYCLOPROPANES:
’ [
a- general procedure: All gem-dibromocyclopropanes were dehalogenated
using methyllithium according to the method of I, SkatebblBS. The 1,l~-dibromo-

cyclopropane derivative was diluted with 50 mls of anh drous ether under an
P og >4

i
inert nitrogen atmosphere. The mixture was cooled in dry ice/acetone at -60°C.
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TAELE (I}

Starting alkene % Yieldb Boiling pointsa
°C/mmHg

Ej2—pentene 70 63-67 /11
4-methyl-2-pentene - -
2-4,4-dimethyl-2-pentene 36 52 /1
Z-3-hexene 58 54-56 /1
2-2,5~dimethyl-3-hexene 20 75 /.5 .
2-methyl-2-pentene ! 59 43 /l‘
234~dimethyl-2-pentene 50 -
2,4,4~trimethyl-2-pentene 32 ‘ 78 /1
2,5—d&methy1-2—hexene 42 69 /1
3-methyl-2-pentene 64 50 /é
E-3,4-dimethyl-2-pentene 60 57 /1
3,4,4-trimethyl-2-pentene 21 83 /.5
3-ethyl=-3-hexene 48 76 /.5
3-methyl-l-butene 38 " 60-63 /14
4-methyl-l-pentene 34 62 /.5
S5-methyl-l-hexene 25 70 /.3
2-methyl-l-pentene 52 50 /1
2,3-dimethyl-1-butene 23 49.5 /1
2,4-dimethyl-l-pentene 40 64 /1
2, 3-dimethyl~l-pentene _ 24

64 /1
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2,3, 3-trimethyl-1-butene : 25 68 /.125
N : : .
2,4,4-trimethyl-1-pentene 28 74 /1
Cyclooctene 63 148-154 /14
E+z—cyc¥ododeqene - ' 55 160-162 /1

a- Boiling points are uncorrected.

b- Yields are based on starting bromoform.

An etheral solution of methyllithium (20-50%'excess of a 1.3 M solution ) was

'
added dropwise oVer a period of one hour., The reaction mixture was further
stirred for 2 hours éllowing the tempergture to raise gradually to room tempe-
rature. This was followed by an agueous work up,.extraction with ether, drying
over anhydroué magnes;um sulfate and evaporation of the solvent. The allene was
purified by ordinary distillation. Alleneé were identified by IR and lH nmr

!
sSpectroscopy.

- o7
b- 3,4-heptadiene: 1,l-dibromo-Z-2,3-diethyl cyclopropane (0.017 mole)

was diluted in 50 mls of anhydrous ether under dry nitrogen and the solution

waé cooled to -60°C. A 50% excess of methyllithium was added dropwise over a
period of one hour. The reaction mixture was further ;tirred for two hours
allowing the temperature to raise gradually. After normal work up, the allene.was
purified by distillation. 3,4-heptadiene ( Bp. 101°C ) was obtained in 46% yield.

Results are summarized in taple (II}.
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TABLE (XII)

ALLENES FROM GEM-DIBROMO CYCLOPROPANES

- (CHZ) 6-

R1
>- C=C=C /
H ™ r3 °
L
Rl R R3 Yield Boiling points Pressure_
% °C i mmHg .

H H iPr 40 70 760
H H iBus - 25 '
H 3-methyl-propyl 53
H Me nPr 50
H Me iPr 40
H Me iBu 55
H Me secBu 35
H Me tBl:'l 50~ -
H Me  3,3-dimethyl-propyl 56 -
Me Et H O 45 75 760
Me ipr H 44 74-75 L 760
Me tBu H 26 94-96 760
Et Et H 65 101 760
iPr iPr H 10 128-130 760
Et Me Me 40
iPr Me Me 50
iBu Me Me 50
tBu Me Me 57
Me Me Et 52
Me | Me iPr 65
Me Me tBu 38
Et Et ! Bt 61

- (CH,) - 80 72-74 .17 .

—(CH2 8-—_

-(CH2)9—

—(CH2)1O—— 49 85 1

Me . 50
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A
4- TERMINAL PROPARGYL ALCOHOLS; %C—CRIR%H:

a- General procedure: Terminal propargyl alcohols were isolated
from the reaction of ethynylmagnesium bromide with various ketones and aldehydes
in tetrahydrofuran solutions,’

Simple aldehydes and ketones were commercially available from Aldrich, Chem.

Sample Co . and Eastman Kodak.
~

3-methyl-2-pentanone was prepared according to known methodng.

2,2-dimethyl-3-propanal was obtained by alkylation of isobutyraldehyde‘ﬁsing .
solid-liquid phase-transfer catalysis according to the method of V.G. Purohit
and R. Subramanian40. !

Ethynylmagnesium bromide was prepared by the slow addition of ethylmagnesium
bromide to a saturated solution of purifieg acetylene in THF under a vigorous
stream of acetylene. The ketone or aldehyde was subsequertly added and the
mixture refluxed over-night. Hydrolysis with dilute hydrochloric acid, extraction
with ether, drying over anhydrous hagnesium sulfate and distillation'fielded
the alcohols in 40-~50% yiele.

b- 3-isopropyl-2-methyl-4-pentyne-3-0l: Acetyleﬁe was purified by
passing through a trap at -50°C, concentrated sulfuric acid, é;dium hydroxide
pelle£s and anhydrous calcium sulfate. It was then bubbled for :en minutes
in 200 mls of dried THF before the addition of 0.5 molesof ethylmagnesium
bromide in 250 mls of THF was started. The Grignard was added very slowly
while a vigopous'stream of acetyleqe was going ;hrough the reaction mixture.
The solution turned dark brown while ethane was evolved. Subsequently, 2,4-
dimethy&—B—pentanone (0.3 moles) was added and the mixture refluxed overnight,
Normal acidic work up and distiliation under normal pressure yvielded the desired
alcohol in 62% yield (Bp. 168-169 ;C). The alcohols were characterized by their IR

2

absorptions and their 1H nmr spectrum.
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5= DISUBSTITUTED PROPARGYL ALCOHOLS; RlGCCRZRBOH:

#- General procedure: Monosubstituted acetylenes (from Chem. Sample
&

co .) were treate? with a 10% excess of n-butyllithium in tetrahydrofuran at
0°C under inert atmosphere. The resulting mixture wés stirred for two hours
and subsequently, a 10% excess of an aldehyde or-k;tone-was added in THF and
the mixture refluxed for another tweo hours. Saturated agueous ammoﬁium chloride
hydrolysis, extraction with ether, -evapcoration of solvent and distillation |
yielded the pure alcchols in good yieldé. )

b= 5-cyclohexyl-2-methyl-4-pentyne-3-o0l: Cyclohexyl-ethyne (0.1 mole)
was dissolved in 25 mls of dried THF under a nitrogen atmosphere. A 10% excess
of 1.6 M n-BuLi in hexahe was added at .Q°C. The mix;pre was stirred for two
hours and subsequently,_o.l} moles of isdbutyraldehyde was added at room tem-
perature. Reflux for two hours, normal work up and distillation under reducéd
pressure yielded the pure alcéhol in Bl% yield. {Bp. 120-122°C/14 mm).
Yields, physical and'spectroscopic properties of propargyl alcohols are reported

4

in table(III). - N N
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v : . TABLE III
R2
1 A
R-—C=C—C—0H )
1?'(3 .
! &2 & Bp °C Pres. Yield IR absorptions cm™t
o pmHg A Hc=c  cac ot OH Free
H H H 113 760 33758 2140w 35008b 37008
H H e 108-110 760 2 33708 2150w  3300-3700sb  3700s ‘
H H Et 124-126 760 a3 33808 2150w  3400-3600sb - 3700m
H H irr 102-104 760 50 33808 2140w 35108b 3700m
H H tBu 139-145 760 30 33708 " 3500sb
H H Ph 117-120 10 61 33753 2150w 3500ap _ 3700m
i H N l-naphtyl 180-186 .35 35 33758 3400-3600sk  3700m
H Me Me 110-112 760 47 3370s 3500mb 3680m
H Me Bt 120 760 ' 52 33758 3500sb 3650m
H Me ibr 130-131 760 43 3370s 1500mb 3690m
H Me tBu 145-148 760 62 33658 3550mb 3690m
. H Me Ph 108-111 7 a 3370s 2140w .  3500sb
H Et Et 50-55 10 44 3380s 3500sb 3690m
H ipr ipr 168-169 760 62 3708 2140w 3550s8b 3700m
H " tBu  tBu 70-80 11 17 33705 2140w 37008
H iBu  iBuw 84-89 2 54 33708 : 3550mb 2700m
H Ph rh 150-160 .25 75 33708 2145w 3600mb
H R%= R%= cyclbhexfl ,81-83 10 61 33758 2140w 34005b 3680m
H Rz- R3- 3-Hecyclohexyl ;0—.93 18 59 33658 N 3400-3600mb 3680m -
‘ i R 4-tBucyclohexyl Mp; 98-99 56 33708 3500wb 3670m
Mp: 207.5-209 47 33750 3500wk 3690m -
83-85 .25 46 3375s 2140w 3550mb 3695m
107-140 10 40 33758 3450-3660sb’  3700m
H ipr 120-121 12 gL - . 3300-3600sh  3700m
Et Et 172-176 760 45 2265w  3400-3600sb  3700m
Me tBu 76-80 13 62 2270w 3450-3650sh  3710m
I H tBu 77-79 10 39 3400-36005h 36953
tpr . iPr  iPr 89-90.5 12 42 2265w 3550ub 3700m
‘ tBu ] Mo ¢ 3300-3600wb 3710w
tBu H Et 60 3300-3600mb 3710w
tBu H ipr 176-178 760 60 2265w  3400-3600sh  3700m
g thu H tBu 40 2265w 3400-3600mb 3705w
tBu Me Et 45 3400-3600mb 3700w
tBu Mo ter 7 72-77 10 7% 2280w 3400-3600sb  3705m
tBu Mo £Bu #0-B4 10 68 2280w 1500-~-36008b 37103
iBu * iBu  4Bu 138-139 ‘4 . 58 3400-36000b  3700m
2-methyl H ipr | 60 ' 3400-3600mb 3720w

~butyl
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fﬂé{ 6- ALLENES FROM PROPARGYL AICOHOLS:

a- General procedure: Propargyl alcohols were converted to allenes accor-
ding to known -‘1iterature methodsdl.
In a first stage'the alcoho}s were converted into sulfinate esters. This was
achieved by treating a dichlorcmethane solution cf the alcohol at —50°C‘

. with an ‘excess of triethylamine and methane sulfinyl chloride42. Meanwhile an
organocuprate was prepared from an alkylﬁagnesium bromide or chloride, freshly
prepared cuprous bromide43 and anhydrous lithium bromide in THF at -530°C under
inert atmosphere. Finally, the sulfinate ester in THF was carefully added to
the wvigorously stirred suspengion of the'organocuprate at -50°C, The mixture was
subsequenély stirred for one hour at room temperature and hydrolyzed in satu-
rated aqueocus ammonium chloride in the presence of a small guantity of sodium

cyanide. Extraction with pentane, washing with water, drying over anhydrous

magnesium sulfate and distillation yielded the allenesin 40-60% yield,

% b- Sulfinate ester: 2,3-dimethyl-4-pentyne-3-ol (2.16g; .02 moles)
was dissolved in 50 mls of dry CH2C12 and coocled to -60°C. Addition of 5 mls

of triethylamine and ..025 moles of CH,SOC1 gave at once a white precipitate

3

indicating the formation of the aminé\hydrochloride. The mixéure was fqither
stirred one hour at room temperature. At this point, a yellow to oraége slurry
was'obﬁained. Thi; was worked up in 100 mls of water. Extraction with 50 mls
of.CH2C12 followed by drying and evaporation of the solvent yielded the crude
ester in quantitative amount. It was characterizeé by its IR spectrum

1

(disappearance of Hﬂl’oxyl strech, HC=C at 3375 cm_l, CeC at 2140 cm )

and its lH'nmr spectrum ( 2.50-2,60 s, CH , disappearance of hydroxyl signal).

3

Theféster was used without further purification in the next step of the synthesis.
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c~ Cyclohexyl—CuMgBrz.LiBr:'The Grignard was érepared in 50 mls
of dry THF by reacting .035 moles of magnesium turnings with a small excess of
'bromocyclohexane. After cooling to room temperature it was added dropwise to
a solution of 5.02 g of cuprous bromide and 3.045 g of lithium b?omide in 50 mls
of THF at -60°C under inert atmosphere. The mixtu;e was allowed to Qtir for
15 mins before dropwise{addition of the sulfinate éster in 25 mls of THF. f. *
4
The solution was brought to room temperafure and stirred for one hour. Subsegden—

/ .
Cl in the presende o

tly, it wassyhydrolyzed in 200 mls of saburated'aqueous NH

4

1 g of NaCN. 50 mls of- e were added and the mixture stirred vigorously

for 30 mins. This was repea and the combined extracts were washed with water,
-dried over magnesium sulfate and distilled under reduced pressure. The allene

! - .
was obtained in 64% yield at 93-96°C/12mm. =

NOTE: Allenes with aromatic substituents were found to be very sensitive to
heat, oxygen and silica gel.” Therefore they could not be purified. Polyarcmatic
allenes f{e.g. with naphtyl groups) on the other hand were found to be stable

and could be safely chromatographed. B

Yields and physical properties of allenes obtained via the organocuprate

route are reported in table’ {IV).
£

o
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A R
TABLE (IV) ’ ~ c=c=c/
2 AN
R3CECR1R20H R4CuMgBr2.LiBr ’ ield Bp. Pressure
Rt rZ R R "*---\:k Co% °C mmHg
H H H tBu 24 77-79 760
H Me H iPr 26 74-175 760
H Me H tBu ! 28 94-96 760
H. Et H iPr . . 28 100-104 760
H Et H tBu 27 118-12] ‘ 760
H ipr H iPr 40~ 128-130. 760
H iPr H tBu . 36 127-130 760
H tBu | H eu ./ 33 ! A
H l-naphtyl H l—ﬁéphtyl ﬁp; 239~-242
H l-naphtyl H 2-naphtyl /"\;34 mp: 109-113
H l—nqphtyl H 9-phenanthryl
Me Me H Ph : ' 34 86-90 9
Me Me H p-tolyl _ 22 '
Me Me H p-chlorobenzZene 35
Me Me H p-methoxybenzene 25
Me Et Hl “Et - 20 115-118 760
Me Et H iPr 23, 90-93 760
Me Et "H tBu, ; - '
Me iPr H Et 42 125-128 760
Me iPr. H " iPr ' 33 125-130 760
Me \EPr H tBu 45 135-136 760 ‘
Me iPr H cyclohexyl 64 93-96 12
Me tBu H Et 49 135-138 760
Me tBu H iPr 45 125-135 760
Me tBu H tBu 50 54-56 12
Me tBu H cyclohexyl 60 103 12
Et Et H Me D
Et Et H iPr 3 16 41-45 12
Et Et H AELBu 34 45-46 12
ﬁt £Bu H iPr 33 57=-60 9
iPx iPr H Me ' 20 92-95 760
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iPr. iPr H Et © 45 140-148 760
iPr ipr H iPr : .40 . 48-50 12
ipr ipr @ " tBu 46  65-66 . 12
iPr tBu H Et R 20 50-55 7
iPr tBu H _ iPr / 29 60-70- 9
iPr tBu  H i tBu . 18 74-75 9
' tBu tBu H iPr _ - 120
'ﬁ;Bu 2-methylpropyl H iPr‘. , 22 80-86 12
cyclohexyl H Et ‘ 27 72 16
cyclohexyl -H -iPr ) L 53 65-69 12
cyclohexyl H tBu o 38 73-75 12
4-tBucyclohexyl H tBu ' 27 111-115 12
Me Et  thu ipr 27 62-64 9
Me Et tBu " tBu. - 29 64-68 -
Me iPr tBu Me : © 54-60N 14
Me iPr tBu Et 21 .66-67 9
Mo ipr 'tBu : iPr 35 72-73 11
Me iPr tBu tBu . 20 © 75=80 12
‘Me  tBu - Et iPx 25 64-74 10
Me tBu tBu Et 1.5 31 71-73 - 7
Me " tBu tBu iPr 32 76-80 7
iPr - iPbr iPr " ipr , 38 82-84 14

.
Spectral parameters of allenes are reported in APPENDIX I
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7-oALLENIC ALCOHOLS FROM PROPARGYL ALconogég-
. a- General procedure: Propargyl alcohols were treated wi;;\a 20%
excess of 2,3-dihydropyran énder mild acidic conditions. The correspondlng
tetrahydropyranates were purified by distillatioﬂ under reduced pressﬁre44.
Boiling peints and yields are reported in table (V).
The protected alcohols were then coupled to aldehydes or ketones via a Grignard
. reaction using THF as solvent. This farsé 1nvolves exchange of the acetylenic
hydrogen with ethylmagne51um bromide followad by the addition of the: carbonyl
substrate. Reaction times were typically of the order of 10 hours at room
tégperature. After acidie work up, the monoprotected diols were iscolated via
. . ‘ - . .
high vacuﬁm distillagion. ﬂgtsome cases they were used directly ﬁithoub puri-
fication.
4
Yields and boiling points are reported in table.(VI).
Rearrangement of the acétylehic derivatives to allenic alcﬁhols was échievedt
with lithium aluminum hydride in THF, according to the method cf Landor and al.45

Allenes were isolated by distillation under reduced pressure,

Yields and boiling points are reported in table (VII).

“n,
-
TABLE (V) ° )
¢
L) |
R—C— :
29707 .
C=CH C »
1 . b oo ) -1
R R 3yield "Bp°C Pressure /  IR;cm
_ . mmHg (HC=C)
7 X —
H 92 . 178-181 - 760 - 3370s
Et 89 95-103 3 3370s
: JiPr 8s  8@-97 - 14 . 3370s g
He Mg g8 64.5-65.5 8 3370s
Me . Bt T 63 - 103-107 3 16 = * 33805

Me ivr 42 . lle-125 ' 21, 3380s
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. 1> %
R=Rl= 4-tBdcyclohexyl 3380s
R=Rl= d,l-3-methylcyclohexyl Be 114-118 .3 3370s -
TABLE (VI)
. 3 .
Ho— ¢ -csc-c——oO
2 4 0
R R

Rl R2 R3 R4 Yield Ep ) Pressure

% °C mmHg
Me Me H H 66 120-133 .6
Me Et H H 61 125-128 .65
Me iPr H H 69 137-138 .5
Me tBu H H . 60 137-139 .45
ﬁe_ 12 H H 87 '
Et Et H . 63 125-131 .4
ipr iPr H H 55 153-156 | .75
Me H H Et 58 125-130 .3
iPr H . H Et 48 125-130 .25
Me Me H Et 49 115-120 .25
Me Et H Et 59 130-135 .25
Me . iPr H Et 41 130-135 .35
Me tBu H Et 46 130-135 .3
Et Et H Et 47 145-150 .27
iPr iPr H Et 54 140-145 .25
Me iPr  H 64 £ 125-130 .85
Et iPr H 51 145-150 .24
iPr -iPr H 61 140-144 .5
Me . Me iPr H 52 140-143 1.5
Me© * Bt iPr H 88 145-150 . .5
Me iPr ier’ @ 69 147-153 .4
Me tBu iPr H p 46 156-160 « .75
Et iPr H 54 148-152 1.6

Et

*
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X

iPr
iPr
Me
Me
Me

Me
Me
iprr

Me
Me

iPr

‘Et

iPr
tBu
Et

iPr
Et

iPr
tBu
iPr
iPr
iPr

tBu

iPr
Me
Me
Me
Me
Et
Et

‘Et

Et
Et
Et
iPr
iPr

iPr

Me

Me

-Me

Me

Me _

Me .

Me

" Me

Me
Me
Me
Me
Me

«179=

77

60"’

75
60
64
84
87
85
67
72

75

80
80
77

165~170
135~-138
113-116
120-129
125-128

.
[P T - - < 3

Boiling‘points are not indicated when tHe material was not purified prior to

reduction.
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TARLE 11
. 3
n\ /:
CmCnC
‘1___ C/ . \l."- F/
Y w? n? s Yiald pp pressurs IR, ! m, ol 0“/ \n: Ly mr spoctral paramaters
1 o g { C=C=C ) [{e){}] prt dovnfield from THS
% n M FH 125-120 760 L, 197is 2300-3600 sb S.30q" (1)1 4. 006 (111) 1 4. 306(0U) 3 4.1 3 (2N}
He Ho " n hH B5-88 760 ' 3530 sb
Mo 13 n x 74 98-101 760 1900w 3400-3600 nb S.20m (1) 14.07m (210) 1. 63he (O] § 2. 17q{210) ) 1. 258 (31) s 2. 125 (30
Ra irc n " 22 95-97 %0 1970w 3450-3600 wb 4.97m (L11);4.038¢20};1.02a(38))1.034{CH} '
He tra W 30 1970m 1500-3560 wb 4,878 (20}74.778(11071,250(2H) ;0. 938 (911) . .
Mo P u " 120-124 13 . 1400-3600 sb :
re £t " n PP p 1900m 35203500 ab 5.001»(11::u.'nmum.x.o:v.(cm "
ire irr i I 30 105-111 760 1985 3400-3500 wb 4.81a (30);0.874a(121)
Ma U rt bl 32 72-79 18 1980m 34001600 ab
ter { u et " 7 125-128 s 19721 3400-3550 b
He Ha 23 " 30 67-10 16 3400-3550 mb -
ra 3 et n 54 7500 C17 3450-1600 mb §.9-5. 3m (2N} ; 2. 100 {4113 s 1. 738 {35) ) 1, 00t (6K)
He [t rt H 6 75-80 17 3400-3560 wb 5,925, 2m{2M) 52,170 (311 ;1. 728 (3H) 1 L. 004 [611) 2 1. 00 (613}
Ma thu re n 49 8%-08 16 LT 3400-30600 wh 6.0-5.6m(211)32.13a (211 71,738 (381} 1.07a (9Mn}1.07e (3D
13 23 -3 " 63 05-90 14 34D0-3600 vb €.0-5.3m{2H};2.33-1,B1a (6N} 1,004x (94) ind
irr ire Et " 50 95100 15 ¥ 1970w 3400-3700 wvb 5.0-5.20(21) 1 2,97q" (21} 1 2,102 : 1,033 (124} 1 1. 0OE (3H)
'™ " 3 " 36 110-115 760 34003600 mb 5,655, 230211 13.63q" (1t}1 1. TIA(INY 11,00 {610
e n " e n* 13 110-11%5 15 1973w 2400-1600 wb 5. 230 (TArHa ) 11.63m (3115 1. 03 (6H) 1 1. 60T (3K)
ier n ipt 1 10 90-95 15 3400-3600 wb 5.65-5.200{21)1.024 [6H})1.00d{6H) . '
Ha Me 1pr u HH 75-80 14 3400-3600 wb 5. 47m(21) 1. 138 (6H) ;1,004 (61)
He re 1rr n b3 ] ao-a% 14 1975w 3400~1550 =b 5.65—5.0::(2":;1.10:(2:n:1.12-(:lu:|;l..noa(&m;x.ontmt)
Ma irr ter i a2 90-98 13 1500w J400-3600 wb §.65-5,00{21) 1,700 (311) r 1,004 (22H)
Ka m@ ipr - B 'Y 105-110 14 19759 3400-1600 &b 5.55-5.0-:(2:1).1.13-_uun'1f.'o'r-¢9u)
£t rr irr .H 48 100-110 17 1975 1400-1700 wb 5, 5%, 0a (2H) 1. 50241} 1.1054 (6112 0,90t (&)
1T ipe  irr o as 115-120 16 1999 1%00-3700 mb 5.65-3.0m(210) 2. 2-1,35a 311 1,034 (124}, 0,50 {68}
ier n Ha Ha &0 85-93 760 985 3400-3600 Wb 6. 274 (10} 1,762 (111 51,0744 {611) 1 1. 738 (3H)
M rt Ke Ha 59 124-127 760 (mnn G0-3560 ab 5. 00m (110 $ 2. 758 (30 1. 703 {30) ) 1. 108 (30) 0. 97E (31
e 1Pr He na 6 1237-133 - 760 1980w  J460=1560 sb ‘8. 0m [1H) 11,708 (30) 1 1. 738 (3] 5 1. 27 (31}, 1,004 {6H)
e o He He 74 150165 760 1985 3440-3600 wb_ 5.13201H) 71725 (31 51,708 (311 1 1. 26 (3N} 0. 923 (9H) 3
irr irr He Ma 20 B4 10 19050 3460-3600 sb 4.9::{111);1.1%(:1::,1.7:-(3:1);0.51ddt12:|) .
# r re Ma - 10 952100 5 1905¢  3400-3650 sb '
B irc -3 " TR 1o 3 ' 196%  3400-3600 ab 5,9-5.4m (101) 72, 10a (311} 1. 728 (30 ) 1. 00A (61} y 1. 00 (311} K
na n £ o 4 100-10% y 3480-3650 mb C
e ter,  Ee e “s6 90-94 20 340023600 sb -
He i rt e 54 57-100 19 - 3400-3600 mb 6.0mi{Li) ;2.1 (20111 1, 73 (301) 52,054 {12m1)
irr ipr zt re 45 116-120 14 1580k  3400-3600 mb . .
H iPTr iPr He s 104-103% 14 1572m  3400-)700 mb 5. 17o (110} 5 3,766 (Li) y 1. 734 (31} 1.03a (61} 1 0. 9IA(EH]y
Ke wr i M 45 105-108 18 3400-3600 Eb )
"a o rr Ma 37 106-113 1 3400-3700 W 6.1-5.7m{IN) ;1. 70% (31} 1 Ly 208 (I} 11,054 (90) 5 1. OSA{6R)}
=3 - n 43 1975%a  M400-3600 mb ) .
e era 4-tBucyclohaxyl o 3400-1600 wb 5.60-5.1;:1:1).:.:—1.0-(19!11.1.61-(:u),1.0:-;1.02.1911)‘:‘
ale a2a 23 M00-3600 wb :

b W l..- 4-tBucyclohexyl

v

5.07m{111)12.33-1.00m(151)) 0. 6Bs (18H)
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b~ Preparation of 4—isopropy1—5-methyl-l,2—hexadi€ne—4-ol:

A 100 mls round bottomed flask was charged with 0.3 moles of pro;
~parg§l alcohol ( Aldricﬁ che@ical Co.) and 0.36 mcles of 2,3—dihydrop§ran
( Aldrich). The ?la;k was equipped-with a reflux condenser protected by a CaCl2
drying tube. Upon addition of a crystal of p-toluenesulfonic acid an exothermic
.reaction started at‘once. The. mixture was stirred for 30 mins.lAnhydrouslpotas—
sium carbonate (.5 g) was‘added and‘Phe slurry stirred ocvernight at room tempe-
fature; The product was decanted and distilled under normal pressure.
{ Bp: 178=181°C; yield: a2y ) .

. _ 5 -
NOTE:In the case of more sterically hindered alcohels it was found necessary

to heat the mixture to 50-60°C to affect the formation of the tetrahydropyranate.

Ethylmagnesium bromide was prepared in THF from 0,018 moles of

-

m§§nésiuﬁ turnings and 0.02 moles of ethyl bromide. 0.015 moles of the tetra-

hydrobyranate was added to the Grlgnard and the mixture ftlrred 30 mins at

room temperature. This was followed by ‘the addltlon of 1.71g of dllsopropyl
._; .

-

: keéone and reflux overnlght. The reactlon mlxture was worked up in saturated
aqueous ammonium chloride and extractéd Qith ether, After washing and dry?ng
over gg504, the'solveno was evaporated.and the product distilled unde; high
vacutm (Bp: 153-i56°c/.75‘mmﬂg; yield: 55%). IR shows @isappearance of HC=C
strebﬂxand strong hydroxyl band 4 |

The acetylenlc derlvatlve was added to 0 00825 moles (0 3l31g) of
11th1uﬂa1um1num hydride in 20 mls of dr;?d THF. The-mixture was refluxed over-
ﬁightJFnd worked uplln 25% aquequs HCl followed,by extraction with etheé, ‘
washing and drying over Mg804. The product was recoveroo by distillation
under normal pressure: Bp 105-113°C; 30% yield.

“\! o, 4
IR shows weak absorption 1nY1975 cm -1 region andYstrong hydroxyl band.

[

-
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c- 1,2-butadiene-4-ol:
4-chloro-2-butyne-l-ol was prepared according to the method of
Bailey and E‘uji‘.'a'ara.f'l'{'3 and converted to the allenic alcohol following a procedure
) Y '
by Bailey and Pfeifer .

Found, Bp: 125-128°C; yield: 23%

d- Q~allenic alcohols:

They were prepared 'accordir}glto the same procedure as for the
o\-al}enic alco?mls except that ethylgne oxide was copvdensgd_ to the tetra-
hydropyranafes instead of aldehydes or ketones,

Yields, boiling points and spectral properties are reported in table (VIII).

TABLE (vgfz)

1 '

R . A
. \c=cécucu CH..OH
. 2
R ' .
Rl‘ kRz o Yield , Bp Pressure’ IR, c_m-l IR, cm—l
, % -°C mmHg . C=C=C OR
& .
H . H .32 .. 100-110 760 1974m  3300-3600sb*
) . - ’ K .-' . .
B Et | 36 150-155 760
H iPr 23
~ . : L
Me _Et 26 110-115 760 1978w 3300-3700sb
Me tBu 27 105-110 1 - 1978w 3300-3700sb
. Et  Et- 27 107-112 ¢, 8 1974w 3300-3700sb
. I R . N
r Ll
¥ J
1 ‘a
- a
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TABLE (VIII) continued

Rl R2 lH nmr spectral parameters

ppm downfield from TMS

H Et '5,10m (2H)’; 4.17~3.17m(2H) ; 2.00-1.33m; 1.0Qt (3H)
H iPr 5.13m(2H) ; 4.00-3. 33m; 2.00-1.33m;1. 00d (6H)
Et Et _ & 27m (1H) ; 3. 58m (2H) ; 2.00-1.33m; 1., 00t (6H)

. | ’ -

. S hY
. s i .
e e «
8- CYCLIC ALLENES: *CH=C=CH n=28,9 ’

Cyclodecanone (1lg) and cycloundecanone (1g) were reduced to the alcohol stage
. -
with sodium borohydride (.3g) by stirring overnight at room temperature in 10 mls
.‘) - . " LY
of absolute ethanol. The reaction mixtures were treated with 20 mls of 10% NaOH

and extracted w1th CH C12 aAfter drying and evaporatién of the solvent, the

alcohols were obtained in quantitative yields. IR shows strong OH absorption

and no_carbonyl band.

The alcoholé were dehydrated in benzene (30 mls) with 5 mls of 85%
orthophosphorlc acid by refluxing for 4 hours. The benzene solutioﬁs were‘washed
with-water aﬁd saturSQEd sodium bicarbonate, dried and the solvent evaporated
yielding the corresponding olefins in quantitative amounts. )
IR shows no OH band; lH nmr contains olefinic signals in 5.0-6.0 ppm region.

The alkenes were treated with a‘4 fold excess of potagsium
t-butoxide and a 2 fold éxcess of bromoform in 20 mls of pentane according to

t

the usual pfécedhre.'The corresébndlng gem-dlbromocyclopropanes were obtained

in good,yfelds. They were 36/;erted to the-allenes w1th methylllthlum as descrlﬂggﬂ

. : - - -
pfeviouél}. Co . /
l,2-cycloundecadiene: 50% overall vield Bp: 175-180°C/18mmﬂg fl

{l,Z-éyclododeca iene: 60% v "

. ' e T
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.9~ CHLOROALLENES, ClCH=C=CRR>: )

Chloroallenes were prepared  from:
* 3-isopropyl-4-methyl-l-pentyne-3-ol
* 3,4,4—£rimethyl—l-pentyne-3-ol
* 3,3-diphenyl-1-propyne-3-ol
The propargyl alcohol was dissolved in 25 mls of dioxane in a round
bottomed flask equipped with a reflux condenser protected fiom moiﬁture by
a calcium chloride drying tube, A 30% excess of thionyl chloride was added
dropwise and the mixture.refluxed for two hoqrs. The ;ntensely coloured reation
mixture was worked up with saturated aqueous sodium bicarbonate and ether.
After drying the products were recovered by distillation under reduced pressure.
The allenes were contaminated with alﬁfnyne products but could be purified
by distillation or column chromatography on silica with CHcha as eluant.
l-chloro-3-isopropyl-4-methyl-1, 2-pentadiene: 50% yield; Bp: 65-66°C/20mm
l—chloro—3,3-dipheny1—1,2—propadiene: Mp 190-194°C )

l-chloro-3,4,4-trimethyl-1, 2-pentadiene: Bp 117-120°C

NOTE;ﬁIn the case of 3,4,4—trimethyl:1ﬁpentyne—3-ol and '3, 3-diphenyl-l-propyne=-

3-0l, .¢ne equivalent of pyridine was used to absorb the HCL pfoduced in the reaction. .

[N . '
L . .
- 1
'

P~
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10- BIS(2,4-DINITROPHENYL)SULFIDE:

This was prepared according to a revised procedure for bis(o—nitrophenyl}
disulfideqa. Sodium disulfide_(o.l moies) was prepared as follows: Sodium
monosulfide nonahydrate-(oll moles) was dissolved in 200 mls of hot 95% ethanol.
An equimelar amount of sulfur (0.1 moles) was added and the mixture was stirred
until a clear red-brownish solution resulted® (15 mins). Meanwhile a 30% excess
of 2,4-dinitrochlorobenzene was dissolved in 30 mls o£ hot ethanocl. The sodium
dishlfi&e solution was slowly added and the mixture refluxed for two hours.

The precipita%ed mixture of ofganic disulfide and sodium chloride was washed
with Qater and a few mls of cold ethanol. The product was driea overnight under .
vacuum. - ‘ ' '

Pure bis(2,4-dinitrophenyl)disulfide (Mp: 245-290°C dec.) was obtained in 63%

yield. (Ref. Mp is 240-280°C dec.)

11~ 2,4-DINITROBENZENESULFENYL CHLORIDE; {2,4-DNBSC) :

This material was prepared following the proceéure described by D.Lawscn and

N. Kharasch i,BtS.L‘___t_l--d:Lnltrophenyl)ch.sulf:.de {3. Og) was suspended in 100 mls

of CCl4 A catalytic amount of pyridine (0.5 ml$) and a large excess of redistilled
sulf 1l chloridg (10 mls ) were added and the mixture ref}uxed for two hours.

The sulE{ng clear yellow s tion was treated with decolorizing charcoal,

filtered and concentrated by evaporation of the solvent. Cooling and recrystal-
lization from hot CCl4 gave pure 2,4-DNBSC as yellow needles (Mp:_96-96_5°C)'
in” 45% yield. Product of lower gurity could be recovered from tHe mother ligquor.

-

(Mp: 97-98°C). : 4
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125 2- 50 ™
NITRO-4-CHLOROBENZENESULFENYL CHIDRIDE,/j//)

il N N .\'
p-dichlorobenzene (20g) was nitrated using-10 mls of concentréted nitric acid

and 12 mls of conc. sulfuric acid by stirring overnight at 135°C. The mixture

and water and recrystalized from

was poured over ice, washed with Na2C03

95% ethanol. 2,5-dichloronitrobenzene was obtained in 76% yield (Mp: 53°C).
This material was converted to the sulfenyl chloride using the same procedure

as for 2,4-dinitrobenzenesulfenyl chloride.

Disulfide: 68% yield Mp: 214-218°C Ref. Mp: 212-21B°C
s . :
Qulfeny} chloride: 6l% yield Mpﬁ 98-98.5°C Ref. Mp: 98°C

13- 2-METHYL-4-NITRO, 4-METHYEZ2-NITRO AND 4-METHOXY-2-NITRO-

< HENZENESULFENYL CHLORIDE FROM ANILINES:

")

Anilines were first converted to the aryl bromides via a Saﬁdmeyer reaction.
These then yielded the sulfenyl chlorides by the usual route.
The aniline (0.l moles) was heated in 25 mls of 1l:1 aquecus sulfuric acid. -

Cuprous bromide was prepared By refluxing a mixture of cupric sulfate (0.04 moles),.

- ¥ o

copper metal turnings (0.032 moles) and sodium bromide (0.15 moles) in 100 mls

of water containing 2 mls of conc. sulfuric acid. The aniline solution was ™
cooled to 0°C and sodium nitrite (0.11 moles) wés sléwly adﬁed.'The resulging
clear solution was poured into the slurry of cuprous bromide previously cooled

to 0°C. Diazotization was accomplished by he%&ing the mixture at 60°C for 2 hours.
Extraction with CH2C12, drying over MgSO4, qvaporation of the"solvept and distil—l
lation under high vacuum or recrxstallization from ethaﬁol.yieldgd.the pure

»

bromides.

. .

These were converted 6 the disulfides and chlorinated in the usual manner to
give the corresponding sulfenyl chloriées.(See table IX).

hY
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TABLE {IX)
gl
Rl R2 X Yield Bp Mp
% - °C/mm °C
N0, CH,0 Br 55 © 128-130/.15
! ’ ‘
NO,, CH,0 disulfide 74 140-148
N .
NO,, CH,0 scl 72 106-107 dec.
NO B 55 o
5 CHy r - 11%/.8
NO,, CH, disulfide 51 194-194.5
No, CH, scl 69 , | 85-90
‘ , ,
CH, NO,, | Br 45 75-77
cH, 0 NO, disulfide 95 : ~ 157-163
CH, . mo, scl ‘ 40-41
" /J

14~ 2-NITROBENZENESULFENYL CHLORIDE:

Available from Aldrich Chemical Co.

Recrystallization from CCl4 n Mp: 76°C ~ (Lit. 74.5-75°C)

15- p-METHYL, 0-METHYL, p-ETHYL, o-&p-METHOXY, p-CHLORO, 2,4-DIMETHYL,

2,6-DIMETHYL, 2,4,6-TRIMETHYL AND o- & p-TRIFLUOROMETHANE-gg '

’
BENZENESULFENYL CHLORIDE:

. The corresponding bromides were converted to the thiols by a Grignard reaction
th . v : _
. with elemental sulfur and subsequently chlorinated to the sulfenyl chloride

using chlorine gas at low temperature. : ‘ .
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The Grignard was prepared in THF from 0.030 moles of Mg turnings and 0.030 moles

of an aromatic bromide. Sulfur (0.030 moles) was added and the mixture stirred

‘overnight at room temperature. Hydrolysis with cold dilute HC1, extraction

with ether, drying and evaporation of the solvent yielded the correspeonding thiol.

The thiol was dissolved in 50 mls of dry carbon tetrachloride and cooled to 0°C

before chlorine gas was bubbled through the solution for 15 mins.

The solvent was evaporated from the red solution and the residue distilled

undﬁf reduced pressure. Yields and boiling points are reported in table (X).
’ . .

~

TABLE (X)
]
- R3
RZ scl
- Rl
Rl "R% > Yield Bp Pressure
% °c mmHg
H CH, H 60 B85 1 h
H cl H 80 71-72 .12
H Et H \-25 78-82 .25
H OCH, H 38 125-140 .1
CH H H . 53 85-100 .5
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2,4-dimethyl, 2,4,6-trimethyl, pa¥a- and ortho-trifluoromethane- henzenesulfenyl

chloride were used without purification due to unstability of material.
p-chloro and'p—methyl thiophencl were commercially available from Aldrich

Chemical Co.

16— p—NITROBENZENESULFENYﬁ CHLORIDE:

Commercial p-nitrothiophenol (Aldrich) was chlorinated in dry dichlorome¥hane
at 0°C, No attempt was made to purify the unstable sulfenYl Ehlor;de which was
used immediat&ly after preparation.

- ' o =

- 17—~ 2,4,6-TRIISOPROPYLBENZENESULFENYL CHLORIDE:

B * ”\ -
The commercially available {Aldrich-Chem. Co.) sulfonyl chloride was reduced
- /L .

tébthe corresponding thiol following a standd}d procedureSl. Distillation

under high vacuum afforded the thiol along with‘éoﬁe t;iisopropyibenzene.

The thiol was chlorinated at 0°C in CCl4 and the orange sulfenyl chloride

,

purified by high’vacuum distillation. (Bp: 130-136°C/.45mm).

)

18- 1-NAPHTYI AND 9—PHENA&THRYL SULFENYL CHLORIDES:

' . '
The bromides (Aldrich Chem. Co.) were converted to the corresponding.thiols:

via a Grignard reaction as described before.

~ . '
\ ‘ F 4
p.

l-naphtyl thiol: 84% yield (brownish oil) .
X . . < -
9-phenanthrylthiol: Mp 170-176°C (light yellow crystals)

L]

A dichloromethane solution of the thiol was étirred 30 mins at room tempe-

o

- .
F e ~

took an orange coloration. ' ' . T
A

-, . - !

rature with one equiﬁalent of N—chlorosuccinimide.:The,gdlutign progressively |

-

*
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The solvent was evaporated and the sulfehyl chloride.yas-separated from the
succinimide by three sucessive washings with anhydrous ether, Evaporation of
. the solvent yielded dark red oils that could not be purified.

The sulfenyl chlorides were found to be very sensitive to atmospheric moisture,
] _

-

. -
\

19- BENZENESELENYL AND 2,4,6-~TRIMETHYLBENZENESELENYL BROMIDES:

The diselenides were first prepared frém the corresponding aryl bromides via

a Grignard reaction. ’

4

To Mg turnings (0.05 moles) in 25 mls of drigd THF was added 0.05 moles of the

i

aryl bromide., The reaction was initiated with a crystﬁl of iodine and gentle
f Il LN . m-' 3

warming.IPowdered selenium (0.05 moles) was then carefully introduced and the |

mixture refluxed for two hours. This was followed by a dilute aqueous HC1

work up, extraction with ether, washinéiand drying overlﬂgso ) "

4.
The re@aininﬁ selenols were. oxidized to fhe diselenide stage by passing air

through ‘the etheral extracts.

The products were crystalized from ethanol as light-orange nquleé.

, : .7 oL
Bis {2,4,6-trimethylbenzene)diselenide: = 58% yield; Mp 113.5-115°C
The diselenides were subsequently brominated at 0°g¥in CCl, using elemental

bromine. The déep purﬁie solutions were stirred at.room-tgﬁperature for 2 hours

Id

and the solvent evaporated.

¥ - 2

'3 e
. 66-67°C

Benzeneseélenyl bromide:  80% yield' <

, 2,4,6~trimé£hylbenzené§qlenyl bromide:  91% yield

-
i-

22
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ﬂ/// 20~ 2,4,6-TRIMETHYLBENZENESULFENYL BROMIDE:
( »

[

Th;::;ﬂterial was prepared following the procedure for the selenium derivaéive.
‘ Aryl bromide: 0.05 moles
Magnesium: 0.05 m;lés
: sulfur: 0.05 moles.

The thiol was brominated at room temperature in CH2C12 using elemental bromine.

The product was obtained as a dark fuming”red oil and could not be purified.

21- 77SELENIUM ENRICHED BENZENESELENYIL BROMIDE: v

94,38 atomd 77Se was obtained from M,S.D. Isotopes. 50 mg of 77Se was diluted
“to 200 mg.with natural selenium and addgd to 2.2 mls of 1.76 M éhenyllithium
in benzene under inert atmosphere. 20 mls of dried THF were uséd as cosolvent.
The selenium dissolved within 30 mins at room temperature giving a deep orange
solution. This was worked up_in saturated NH4C1 and the product was extracted
with éther: To ensure complete oxidation to the diselenide, air was passed
through the solution for one hour. Evaporapion of the solvent gave éhe disele-
.ﬁide as yellow needles.<?;;;1;:\54%). .

The ﬁiselenide was brominated at room temperature with bromine in dry\CHzclz.

Yield after evaporation of solvent was 66%.
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22- ADDITION OF 2,4-DNBSC TO ALLENES:

«?

o
a- general procedure: Equimolar amounts of the allenes and 2,4-DNBSC

Al

P
were dissolvgd/in CHZClz' The clear yellow seclution was stirred at room tempe-

rature for a period of 5-6 days. A slight darkening of the solution usually
occured. The solvept‘yas evaporated and the resulting orange oil .was dried over-

night under high vacuum. This usually yielded a mixture of oil and crystals

which was analyzed by lH and 136 nmr spectroscopy.

b- E and 2Z-5-chloro-3-hepten-4-yl-2',4'-dinitrophenyl sulfide:

-

L. R
3,4-heptadiene (1.41 mmoles) and 2,4-DNBSC (1.40 nmoles) were dissolved in 10 mls

of CH2C12. After stirring for 6 days at/room temperature, the solvent w?s
evaporated. The pure adduct was obtained in quantit;tivé yi%ld and,wasfshown by
, b

nmr td consist of a mixture of E and Z‘igomers in a 80:20 ratio.

23~ ADDITION OF BENZENESELENYL CHLORIDE TO ALLENES:
-

Benzéneselenyl chloride was commercially available from Aldrich Chem. Co.
a- General procedure: The allene was dissolved in 20 mls of dry -

CH2C12. An equivalent of PhSeCl was added in 2'mls of the same solvent. The

[

addition was carried out such that the allene was always retained in.excess.

Instantaneous decolorization of the selenyl chloride occured giving an essential- :
5 |

ly colorless solution. The solvent was immediatly evaporated at a temperature

ofe-45°C, Traces of dichloromethane were azeotroped ¢ff using CHClB—D. After

drying under high vacuum for 2 hours, the yellowish oil was analyzed within

24 hours. (Samples were stored at low temperature to prevent product isomeri-

‘zation). Control experiments run in CD

,C1,/THS and subjected to immediate nmr !

analysis showed the same product distribution.

- ;
i

~./
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S5-chloro-3-hepten-4-yl-phenyl selenide:

3,4-heptadiene (6.00 mmoles) in 50 mls;of CH2C12 Qas reacted with an equiva-

lent amount of PhSeCl. After normal work up, the residual oil which correspon-—

ded to a quantitative yield, was analyZed by lH and 13C nmr and consisted of

a mixture of the E and Z isomers in a 40:60 ratio.

F

24— ADDITION OF ARYLBENZENESULFENYL HALIDES TQ ALLENES:

The following arylsulfenyl halides gave addition products with allenes which

were found to isomerize
conditions. In order to
were carried ocut in nmr

immediately

rapidly at room temperature under the experimental
obtain kinetic product distribution, these reactions

tubes at ©°C and the lH nmr spectra were recorded

4—me£hoxybenzenes;1fenyl chloride f/”
4-methyl- " " f
4-chloro- " " J
2,4-dimethyl- ) ' " ’#IJJm.a»’// |

' -

2,4,6-trimethylbenzenesulfenyl cﬁloride
2,4,6—triiso§ropyl " "
4-trifluoromethyl- LY . u
2—trif1uoromethy1—- " o
9—phenanthrylbenzeneéulfenyl chloride
l-naphtyl " "

2-methyl- - "o "

beﬁzenesulfényi cHIBride

" " .bromide

2,4,6-trimethylbenzenesulfenyl bromide
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The following arylsulfenyl chlorides were run as previously described

under "addition of 2,4-DNBSC t allenes”.
~ 4-nitrobenzenesulfenyl chloride
- 2-nitro " " "

- 4—chloro—2—nitrobenzenesulfenyl chioride

- - d-methyl-2- " " n

4-methoxy-2- " " " -

25- ADDITION OF ARYLSELENYL BROMIDES TO ALLENES:

Benzeneselenyl and 2,4,6—trimethylbenzeneselenyl bromides were reacted with
allenes under the same conditions as described under "addition of PhSecCl to
allenes".

26- FORMATION OF 2,5-DIHYDROFURANS:

APDITION OF PhSCl, PhSeCl AND IODINE TOQ—ALLENIC KI.—COHOLS:

All reactions Qere spontaneous in " dichloromethane at room temperature.
Except for iodine adducts, all ﬁroducts were stable; Reactions were performed
by adding one equivalent of the élgctrophile to one equivalent-of the allene
\
in 20 mls of CH2C12. The mixtures w;fevdgcolorized inst?ntaneously except for
iocdine which gave deep purple products. The solvegt was evaporated after stir-
{ing at room temperature for 5 mins. IR spectra showed disappearance.of Oﬁ ’
absorption and structures were revealed by lH, l3C nmf and Mass spectroscopy.
In the case of terminal allenic alcohoi;, it was found necessary to add one
. . oy
equivalent of triethylamine to the reaction mixture in order to promote cycli-
sation. : .
In most cases, yields were quantitative.

2,5~ dihydrofuran derivatives could be purified by column chromatography on

silica gel if necessary.



/

-195-

APPENDIX



N

TABLE 1
TABLE 2
TABLE 3
TABLE 4
TABLE 5
‘TABLE 6

-196-

APPENDIX I
e —————

-

IR AND “H NMR SPECTRAL PARAMETERS FOR ALLENES

Terﬁinal allenes

Trisubstituted allenes

1,3-disubstituted allenes

Tetrasubstituted allenes ©

¢
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- BAPPENDIX II

CARBON-13 NMR SPECTRAﬂ PARRMETERS FOR:ALLENES

TABLE 1 : 1l,l-disubstituted allenes

TABLE 2 : Trisubstituted allenes
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. | d 37 .
/ ; g : g
o Pt TABLE ' —
1 __/l‘ |
AN R 13

OBSERVED C NMR CHEMICA_L SHIFTS FOR A SERIES OF &/

1,1-DISUBSTITUTED ALLENES C Y

\-.._' S~
_-\\ ) lll
. N C v
( LT //
Rt R c c ’/ c e c.. c o c
(= 1 (5 - b‘ 1 1! 20 ‘ Bt R I 1"
: Ry . .
Me Me 93.8 «'206.9 72.5 20.0 20.0
* . , - . .
. He nPr . 98.3 206.4 73.7 ) 35.8 13.8
Me ‘sBu  102.7 206.0 74.0 18.8 38.7 27.8 11,6 ™~ —Tg5-—" >
Me tBu  107.2  205.4 . 74.2 14.8 32.6 © 29.0 . -
Me tBuCH, 95.9 558.8 72.7 21.4 47.8 34,5 - 29.8
' ;
le
o N o -
v y -
e
|‘ -
-:
L
\./ 3
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TABLE 2

CHEMICAL SHIFTS OF SCME TRISUBSTITUTED ALLENES

"

2. 1 1= 2 3 3
c—=c c—c—2¢ ()
e N Vol
. O C wamees .
v
. 2,\2,:__1‘:(« a 'l\" 7 .
- -
1 2 3
R R R 1= S G . €, € € € € c
Mo e e .0 202,08 03.3 14.7 20,8 20.5
Ko Mo r 95,3 701.4 90.6 13.5 20.7 20.7
rd
He Mo 1pr ,795.07200.3 96.6 28.4 3 20,8 20.8
Mo Mo tbu | 96,4 199.2 101.1 32.1 10.4 20,9 20.9
. . He Me ibu  \ 93.9 2b2.6 87.4 10.9 28.5 20.6 20.6 -
neo n Mo 10¢.8  202,3 05.6 15.2 ¢ 27.5 12,5 19.3
Ko e rE 1017 200.5 92.6 2.5 108 27,1 12.3 19.3
Jotr o f22.63 .
o . ne rn 1PT  102.2 199.2 90.4 \.9.$7 22,59 211
Ko Et . thu  102.6 198.0 103.0 Y2.¢ 10.3 27.1
Mo iPr  Me 1060 2003 B5A o 32.2
e iPr  Er I0G.% 193:% sz.p-f%z.s 13.5 2.1
’ ‘el 22.75
. c ne 1PT  iPr  106.7 198.6 93,4’ 28.4 {2).57 32.0 {
N fPr  thu  107,2 197.3 103.2 32.1 30.4 2.1
21,55
. na tby Mo 105.8B 201.2 84.7 15.0 33.4 29.1 1s.0
) T, me  thu  rr T108.8 200.0 92.0 22.1 1.2 M1 29,1 15.1
" na thu  iPr  109.4 198.8 98.0 29.4 {::'23 13,2 29.2 15.3 .
"o thu  tBu  109.8 197.5 102.4 32.¢ 30.1 33,3 29.2 15.4
. n £t Et - 100.5 199.8 S4.7 22.6 13,8 2009 12,3 25.7 12,3
§ Zt  SPr  109.1 198.5 100.7 26.% 2.7 25.8 12,4 25.8 12.4
e wthe  109.7 197.1 105.1 32.0 30.4 25.9 12.4 25.9 12.4
-3 Et BOC{C,N,),113.4 196.9 101.1 74.0 33,3 8.2 26,0 12,5 26.0 12,5
n tBu . iPr 116.6 197.B 101.0 20.4 22,59 3.4 29.5 20,0 12.9
~(CH,) - Er  102.9 .197.9 90.4 22.3 13.3 31,0 27.5 31,8 27.5 26.2
- iPr 103.5 196.8 96.3 0.2 22.5 32,0 .27.6 32.1 27.8 26.3 . ~
. thu  1o4.1 195.6 101.0 31.9 30.4 32.1 27.8 32.1 27.8 26.4
- tBu £ 104,2 195.3 101.0 32.0 30.4 32.2 28.8 32.2 20.8 48.0 27.6
- TEU AL €3 thuz  103.9 195.1Y0L.1. 0.4 32,2\ 20.8 32,2 20.8 &8.0 27.6
»
fPr 1P Me  1217.3 199.9 0.6 15.0 29.6 {42737 20.6 {32-39N .
iPr 1P Et  118.6 198.5 96.1 22.5 13.4 29.7 (23.57 3.7 [22.57
.ar 2.31
o+4PT  iPr  iPr_ 119.1 197.2 102.27 8.5 22,7 ‘29,8 (42.7) 29.8 f22.13
’ 2.39 22,33,
iPT 4Pr e 119.4 195.7 106.6 1.9 0.4 29,8 {22.73 9.0 [22.73
' : 22.35 22,35
. iPr by "Me  120.3 200.0 BB.6 15.0 34.0 29.1 26.9 {24.85
: . 24,31
iPr  thu £ 121.4 190.8 96.1 22.5 13.4 34,0 29.4 26.0 f24.94
. 24.39
©iPr  tbu  iPr 121.5 197.2 101.8 26,5 [22.51 M6 29.3 28,3 {24.31
] : ) 22,51 4.1
tixt tiu iPr  123.1 201.7 1p7.7 28,4 21.7 35.3 30.0 35.3 .10.0
. i ! -
Ty .
‘ -
C
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APPENDIX III

#

4

lH NﬁR SPECTRAL PARAMETERS FOR ADDpCTS OF

ARENESULFENYL CHLORIDES WITH11,3—DISUBSTITUTED ALLENES

- sc1
TABLE g R?
; : L
1 H QCH3 .
2 H cH,
3 H CF,
4 o H NO,,
5 © cH, _ H
6 .. CFy H
7 NO, H.

8 NO, ) oCH,
9 NO, ci
10 Nd2 CH,
11 r\fo2 - NO,

”,



CARBON-13 NMR SPECTRAL PARAMETERS FOR ADDUCTS OF

ARENESULFENYL. CHLORIDES WITH 1,3-DISUBSTITUTED ALLENES

. =207~

APPENDIX III ( CONTINUED }

R 5C1

. TABLE R R
12 NO, NO,,
13 NO,, NO,,
"
\
-
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TABLE 1

‘C&H:l-—§c-—§C

' 7/ : .
] c—c—en=c SAT = CH,0 s

1 cHo1R? ' :
R CH-C(SI\r Chemical shifts and proton-proton coupling constants
Rl R2 'Ccmflguration . Hl Hz 332'3 H.‘! : '4.13'4 H4 3.]4'5 _HS “6
ipr iPr . E 0.96d 2,742 5,370 4.550  10.2 2.27m 0.94d
- z , 9.5 6.142 1.5 4.18d 6.0
tBu tBu E 1.19s - S.42s 5.195 1.11s
 Me " tBu . B ’ 6.6 Sl46q 4.885 l 1.15s5
. z 6.9 6.42q 4,328 1.04s
tou He E . , 5.70s 5.433 7.0
2 )
ipr Et E 10.0 5,38d T 4,34 7.5
N
z " 9.3 6.10d
Et iPr E - 7.7 5.35t 4:,_55(1 10.0
z 707630t 1.2 4.214 6.0
ipr tBu E 1.09d 10.0 5.21a 4.863 1.14s
z ©.94d 9.5 &.184 4.23s
tbu ipr E 1.15s ) 5.50s 4.84a 10.4 0.95a
z - .
tBu Et E 1.055 : 5.645 5.15t 7.5
Z
Et tBu E 7.7 5.35t 4.855 1.16s
z | L7742 6.34t 4.275 ) 1.13s
. Y

Methoxy protons : 3.78-3.79 ppm
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TABLE 2

5. 6
1c-2c-3cu=c/ SAr = CH —©—s
N T 3

2
el Cigm - CHCIR

~sAr Chemical shifts and prot?§7protonwcﬁﬁﬁling constants
R1 Rz Configuraticn Hl J-J:L'2 H2 3J2'3 L3 4.2[3‘4 H4 334'5 H5 3J5,6 H6
. X A
ipr  iPr E 0.93d 6.8 10.2 5440d~,_ 4.554 10.2 6.8 0.95d
6.8 1.06d
z 1.15d 6.5 . 10.0 6.23d 1,0 %,21d 5.5 0.90d
thu  tBu E 1.195 5.625 5.\203.—~\ 9.54
z \ ‘_\——-—\‘\ | —
Me ipr E 1,894 7.3} 5.57q 4.57d 10.0 ~
p 1.754 6.8 4.264 6.8 )
irr Me E 10.0 5.14g 6.9 1l.65d
2z 10.0 4.49q 6.0
Me  tsu E 1.884 7.4 5.63q \\4_975 1.15s
z 1.754 7.0 6.49q .35 1.058
tBu  Me E 1.185 5.89z :\.::eq - 6.8 1.64d
) z
ier Bt E . 10.0 5.574 4,84t 7.5
2z N 9.0 6.22d - 4.2t 7.0
Et ipr E 7.6 5.54t 4,55d) 10.0
z 7.5 6.40t ’ .
ipr  tiu E 10.1 5.44a - a(87s 1.03s
z 5.75d 4] 24s 0.96s
tBuy  iPr E 1.14s5 5.70s 4. 10.0
z .
tBu  Et E 1176 5.83s5 5.16¢" 1.5
) z
Et tBu E 8.0 5.56t 1.0 4.85s 1.15s
2 7.3 6.42¢ 4.305 1.05s

Aromatic methyl groups t  2,31-2.32 ppm
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TABLE 3
-
e
41 —c B¢
e 2 -9cn:::c'/ SAr = c§3-—<::::>-- s
SAr
1 C!iCle
R CH-C::SAr Chemical shifts and proton-proton coupling coﬂbte::s
&t ®? Configuration Hy 331,2 H, 3J2'3 Hy 934 H, 334'5 By TIg o Hg
He Me F 1.95d 7.1 6.20qg 5.18g 6.8 1.66d
z 1.85d 6.6 6.66q 1.5 4.69q 6.5 1.61ld
Et Et E 1.00t, 7.6 2.3m 7.5 6.12t 4.87¢ 7.5 1.97m 7.5 0.97t
z 7.5 6,54t 1.8 4.41t 7.0
ipr irr E 1.154 8.0 10.2 5.85d 4.60d 10.0 6.5 1.06d4
1.09d 6.3 - 8.0 1l.o0d
z 9.8 6.404d 2.0 4.24ad !
tBu  _ tBu E 1.215 . 5.98s 5.225 1.15s
z
Me Et E 1.93d 7.5 6.15q 4.79t 1.5 ¢ 6.9 0.98t
z 1.86a 7.0 6.62g 4.44t 1.0 6.9 0,98t
Et Ke E 1.14¢ 8.0 6.13t 5.17¢ 6.9 1.62d
z 1.0t 7. 7.5 6.55t 4.66q 7.1 1.67d
Me irr - E 1.504 7.5 6.08q 4.60d4 10.0 e
z 1.87d4 7.0 6.63g 2.0 4.29d 6.8
irr He E 10.0 5.95d .5.19g 6.8 1.63d
zZ 9.2 6,404 '
Me tBu E 7.5 6.14q 4.90s l.12s
Z 7.0 6.64q 4,38s 1.06s
tBu Me E 1.265 ° - 6.18s 5.48 6.8
z . .
iPr Et E 10.0 5.93a 4.88t 7.5
z 9.5 6,374
Et irr E 7.5 6.01t 4.59d 10.0
2 7.5 6.55t 2,1 4.274
irr thu . E 10.3 5.844 4,89s 1.13s
z . 9.2 6.41a 4.275 1.13s
tBu 'iPr E 1,238 6.085 4.89d 10.0 6.5 1.04d
6.7 1.024
thy Et E 1.255 o 6,183 5.19t 7.4
Et thu , 7.5 6.04t 4.87s, 1.128
z 7.0 6.58t 4.34s 1.01s
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TABLE 4

6
4'CHIZ':II.-—' c—~—cC

1
SAr = N02—©—S

2 - X
RlCHmg —~CHCIR . ‘

c~2clu=c
\
SAr

lear Chemical shliftn and proton-proton coupling constants
t 3 3 :
& R? Configuration N 3,2 1 5,3 H 433'4 n4" 334,5 H 3J5,6 Hy
He' Me E 2.03a 7.5 6.35¢ - 7.0 1.62d
z 1.86d 6.8 6.74q ., “6.8 1.69d
Et Et E 1.1t 7.5 2.39m 7.7 6.25¢t. 1.96m
z 7.0 6,59t :
ipr ipr E 1.164 6.5 2.86m 10.0 6,004 \3}19m 6.5 1,07d
1.11d 6.7 ‘ v
z 9.9 6.44ad 1,
thu tBu E 1.25s5 6.10s 1.15s5
Me Bt E 2.01d 7.2 6.35q 7.6 1,06t
z 1.874 6.8 6,71 .6 0,99t
Et Me E 1.14t 7.5 2,429’ 8,0 6.25¢ 1.63d
z 1,02t 7.7 7.5 6.63t 1.5 4.7 1.69d
Me irr B 1.97a 7.3 6.31q
z 7.0 6.6%q 1.7 4.33d 7.§ LN
iPr  Me E 10.2 6,064 5.25q 6.9 1.62d
2z 5.8 6,464 *% 1.674
He tBu E 1.974 7.3 6.36q 4,943 1,125
z 1.87¢ 7.0 6.73qg 4.428 1.07s
tBu Mo E 1.30s A 6.30s 5.52q 6.7 1,63a
irr Bt E . 10.3 '6.07d 4.92t 7.4
z ‘ 10.0 6.43d 1.5 4.41t 6.8
Et ipr E 7.6 6,20t 4.62d4 10,0
z 7.1 6,60t 1.8 4.29d 7.0
ipr tBu e 10.5 5.984 4,91s 1.11s
‘ 2 10.0 6.46d 4.30s
tBu  ipr E 1.275 6.21s 4.89d 10,0
thu Bt E 1.28s ' 6.29 5.22t 7.5 1.91m 7.5 1.07te
z 6.70s '
Et tBu E 2.38m B.0 6.21t 4,925 1.11s
z 7.5 6.62t 4.38s
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TABLE 5
Senc1 c S CHy
2o =c BAT = s
T e |
/ R (:‘H--C’c“m'R Chemical shifts and - - )
proton-proton coupling constants
o r2 configuration H 331.2 Hy 332,3 Hé“ 433'4 Hy 3J4'5 He 3J5’6 Hy
He Me E 1.854d4 7.0 5.554q 5.16dg ;.9 1.65da
. z 1.81d 7.0 6.S8g 4.56g 7.0 1.68d
Et Et E 1.00t 7.7 7.8 5.37ad 1.6 4.84dd 7.5 7.7 0.96t
z 1.00t. 7.7 7.0 6.45t . 7.7 0.96t
irr ipr E ’ 10.0 5.09dd 1.9 4.57d410.0
z 9.5 6.32d 4.174 9.0
tBu tBu E 1,219 5,244 2.0 5.12d(J=1Hz) 1.12s
) 2 .
Me irr E 5.06d 10.0 6.8 0.99d
z 7.0 6,553 2.0 4.584d10.3 .
irr Me E . 9.5 5.314
z 9.9 6.304
iPr Et E 4.85t 7.3
~Z 11.0 6.28Q - '
Et irr E 4.55d 10.0
z 7.0 6.57t
irr tBu E 5.144d 4.88s
z 9.6 6.33d © 4.36d 9.0,
+Bu ipr E {J= 5.8Hz) 5.36d 1.5 4.88d 10.5
2 6.21s5
tBu = Et E (d= 3.8Hz) 5.51d 1.5 5.18t 7.5
z 6,218
Et tBu E 6.0 5.28t 1.5 4.86d \
z 7.5 6.49t
s
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TABLE 6
.
: A Sc S <3
112 dg—c” SAr = s
\s:u.-

1 _CHCIR? .
R CH=C Ssar Chemical shifts and proton-proton coupling constants L
Rl Rz Configuration 3.1’ H 3J H Other protons

2,3 3 4,5 4 _
Me Me E 7.0 S5.08q 4. 550
z 7.2  6.06q | 4.55m
Er Et E 7.7 5.94t 7.4 4.76t
z 7.6 6,24t 6.6 4.25¢ .
iPr irr E 10.0  4.90d 10,5  4.56d.
z 10.2 5.66d 10.0  4,51d .
Me Et E .1.5. 5,199 7.4  4.76c
‘Z 7.0 6.15g
Et He E ' 7.7  5.97t 7.2 S.04q
' z 7.0 6,5t 7.2  4.09g
He tBu E _ : 5.03c .
z , 4,798
tBu " Me E 6.03z 6.8 Byt 0.84s
z " 6.228 .
tHu ét E 6.01s 7.5 Hl :t 1.18s
2 6.256 7.0
Et +Bu E H, t+ 1.10s

z 8,0 5.92t
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TABLE 7 . //f
e ' '
.
s
—-\‘; _]' .
LY T
v y s 3 . Aomcr—Pc & | O, = .
c-Sc—"cu=c - SEr = s
R]'Cl{-c’\'gislnz 'Jﬁcmicn.l shifts and proton-proton coupling.constants
! 3
N -
st R Configurationt;:u\ 3J1’2 Hz(“\33;;3 H, 4J;)4 Hy 3J4'5 H, 335,6 He
— .
Me Me | E 2,084 7.3 6.43q 2.0 5.20q 6.8 1.58d .
1.87d 7.0 6.82g 4.72qg 6.7 .1.68d
Et Et _1.13677.5 245" 7.8 6,33t 4.80t 7.5 1.99m 7.5 0.99¢
. L3t 7.5 7.4 6.70t 1.0 4.37t 7.5 8.0 1.02t
iPr 4P E i‘ 1.14d 6.8 10.0 6,084 4.55d 10,0 6.8 1.08d
. 1.124"' 6.8 ; » 6.8 0.96d
z 6.54d 4.15d
tBu tBu E * 1,245 6.1%5 5.25s 1.16s
Me Et E 2,04d 7.5 6.43q 4.82t 7.5r 7.6 0.99t
' Z 1.89d 6.9 6.79q 1.5 4.4lt 6.5 7.5 1,02t
Et Me E 1.14t 7.6 2.47q' B.0 6.32¢ 5.10q 7.0 1.63d 4
Z 1,226 7.6 2.38q" 7.5 6,71t 4.629 6.8 1.70d
Me irr - E— 0y 2.02d4 7.4 6.40q 4.57¢ 9.6 2.3lm 6.8 1.l0d
z 1.91d 6.8 6.79%dq 1.0 4.27ad 6.5 6.9 1.00d
‘ 6.9 0.984
iPr Mo E 1.13d 6.5 3.03m 10.3 6,124 s.l2q 6.7 1.64d
z 9.5 6.54d 1.6%4d
Ho tBu E - g 2.03d 7.5 &.42q 4,818 1.13s
z . 1.94d 7.0 6.80q 4,305 1.088
tBu  Me E “1.30s > 6.29s 5.51q 7.0 1.654
irr  Et E 7.0 3.02m 10,5 6.12d 4.79t 7.3 2,009' 7.5
.z 10.0 6.53d
Et ipr E 7.5  2.43q" 706 6.30t 4.53d 9.8
2 7.6 6.7t 1.0 4.23d 6.0
iPr  tBu E 10.7 6.06d 4.80s 1.13s
z 9.9 6.55d 4.18s 1.21s i
thu  iPr E 1.27s 6. 265 4.934 10.0 10,0 1,074
©10.0 1,004
thu Bt E 1.29s 6.30s 5.23t 7.5 1.909" 7.6 1.01t
. - )
Et tBu E 7.8 2.43q" 7.6 6.27t 4,80s 1.125
z 7.0 6.72t 4.25g 1.09s

/

ke

o/

\
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TABLE 8
'
~ : 4cnc1 —._sc‘—-ﬁc &
te2e 3oy’ Sar = cH 0
2 \s“"’
1 CHCIR
3 CH-C\SM- Chemical shiftg ang Proton-proton coupling congtantsg
A i L
rRt g2 Configuration H 331'2 H, 3J2'3 Hy 3.14’5 H, J_;"'_; By Hg
Me  Me E 2,03d 7,3 6.419 6.9 5,06q 1.61a
N z 1.87¢ 7.0 6.783q 7.1 4.63qm - 1.684
Et . _Et’ E 1.12:\‘_2 2.20 7.2 6.33t 7.3 4.8 2.2m 0.98¢
. z 1.15¢t 6,9 2,24 7.2 6.71t 6.7 4.27¢ 2.2m 0,96t
197 ¢ ipr E 1134 6.5 2.8m 10,1 6.084 0.8 4.5 2.m -3
z 1.17d 6.7 2.pp 9-9 6.54ad 10.1' 4.18aq 2.7m 1.024
C : 0.96a
tBu tBu , E 15223 . 6.03s 5,25g 1.16s
Mo Et E T 00a 7.4 &32¢ 7.5 4776 7.5 1.97q70.97¢
z - 1.68a 7.0 6.73q . 7.5 1.01¢
Et Mo E 1.11:';//5 2.42¢" 7.5 6,220 ' ¢.a 5.05¢ 1.614
' z l.474
Ma ipr E
5
iPr Me 1,634
% 7.0 1,474
Mo tBu E 1.11s
z S < 1.06s
Ma E l.26a 1.624
iPr\ Et E.
Et  ipr E
oz
irr  tmy B 1.15¢ 8.0 1.12q
z N
tBu  ipr E 1.245 6.165  10.0 4.89a g3 ;:g;g
tBu  Et E 1,258 6.21s 7.5 5.19¢ 7.5 0.99¢t
Et  emu E 1.06t 7,5 © 7.5 6.16¢ 4.76a 1.10s
z : . 4.22s

- Aromtic_ Methoxy signal : 3.84-3,86 rrm (@)
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. TABLE 9
y
Sency —5c S¢
c-—c—acnzc/ . SAr = cl 's
SAr L )
‘ 'q‘ | o,
nlcn-c<g:§m Chemical shifts and proton-prc;r_on coupling constants
Rl Rz Oggﬁ_%ntion “1 3.]'].'2 l12 3J2'3. 113 . 433'4 114 ;{4\5 HS/"B?S,G H6
Me Mo \z T72.044 7.2 6,38q s.a29 €8l 143
z 1.87d 6.8 6.82¢ 1.0 4.7lg 6.8~l.e9a
Bt Et E 0.98t '7.5 2.43q" 7.6 6.32t 4.76t 7.3 1.98q' 7.0 1.12¢
. Z . 1,02t 7.5 2.35g" 7.5 €67t 1.0 l.91q* 1.2
ipr  ipr E 1.114 6.8 2.99m 10. 4.55d 10,0 2,30m 6.8 -1,07d
1.14d 6.5 . -—Mﬁ(ﬂ/O.SSd
z . 1.0 4.23d 9.6 @
tBu  tBu E /1’.'L2‘—sj 5.27s 1.16s
Ke Et E - \ 2,054 7.0 4.83t 7.5 2,00q' 7.5 0,99t
~ z } / 1.894 6.5 4.42t 7.0 7.5 .03t ,
Et m,/ E 1.15¢ ( 7.5 2.46q' 7.6 5.12q 6.7 1.64d
‘ 2 . L 7.5 6.7zt 4.639 7.0, 1.704
He ipr E Ay, 2.02a 7.2 6.42q 4.584 9.5 - 6.5 1l.lod
z 1.90d 6.8 6.78q 4.25¢ 6.5 6.9 0.94d
iPr Me E 1.142 6.5 10.3 6.12a §.12¢ 6.6 1.65d /
z 1.01d 6.5 10,0 6.554 1.684
He tBu E 2,004 7.5 6.45q 4,828 1.10s
z _ .. 4.29s8 1.06s
tBu Mo E 1.29s 6.305 5.50¢ 6.8 1.63d
fpr  Et E 10.3 6.14d 4.81t 7.1
z ) 7.5 6.76d 4,24t ;
Bt irr . E 7.5 6.31t 4.55a 9.7
z 9.5 G.a;at J
iPr  thRu E 10.6 6.064 4.815 . 1.13s
z 4.17s
tBu  ipr E 1.285 6.265 4.92q 10.0
tBu  Et E 1.288 6.335 5,21t 7.5 i o1t
2
Et tBu E 1.08t 8.0 6,30t 4.79s 1.11g
z 4,248
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TABLE 10

L

Ry
t .
\ A
4
cHCl-—"c ¢ -
3 /s [¥ad
pC—"c—cCH=c Shr =
Nsar
' cuerr? .
LLEN R}C“-C<5Ar Chenjcal shifts and proton-proton coupling constants
. < - oo prha
) R?  configuration ' H, >3 n, >3 ‘!I 4 H I3J [ TEN
: N 1 L,z M2 0 Ya2,3 W3 3,4 Hg 4,5 s 5,6
He ., HMe R 2.02¢4 7.3 6.39q 5.09¢ 6.8-71:604°
z 1.868 6.8 6,79dq 1.0 d.63q 7.3 1.,67d
Et Et E 1.12t 7.2 2.46q' 7.8 6.29¢ 4,75t 7.3 7.5 0.98t
A z 1.14¢ 2.38q' 6.9 6.67t 4,34t 6.5 7.5 1,02t
ipr irr E- 1.13d 6.5 3.03m 10.5 6.03d 4.51d 10.0 2,30m 7.0 0,99d
1,09 6.5 6.8 0.95d
z
tBu tBu E 1.248 C6.11s 5.268 ' 1,165
¢ He Et E 2.024 7.0 6.39q 4.80t 7.5 7.5 1,12t
z 1.88d 6.8 6.76qg 4,40t 6.5 7.7 1.01t
Et Me E 0.98t 7.5 . 7.8 6.28t .5,08q 6.8 1.61d
z 1.20t 7.5 7.5 6.70t 4.6lq 6.5 1.68d
Fe ipr E 2.01d 7.3 6.36q 4.564 9.5 L 4
z 1.914 7.0 6.76q 1.0 4.36d 6.4 0.994
ipe Mo E 10.1 6,084 5.119 6.8 1.684
z 6.528" 1.64d
| Me tBu E 1.99d 7.5 6,36q . 4.79s ~1l.1s
z 1.924 7.0 6.76q 4,285 1.06s
tBu Me E 1.28s 6.25s5 5.50q 6.7 1.62d
. ipr Et B 10.3 6,084 4,78t 7.5 1.98g"
z 9.5 6.51d
Et iPr E 7.7 6.24t 4.524 9.6
z 7.5 6,68t
irr tBu U ED 1.154 9.5 11.0 6.02d 4.78s, 1.12s
tBu iPr E 1.27s 6.22g 4.91d 10.0 9.6 1.07d
10.0 0.99d
b .
tBu Et E 1.27s " 6.278 5.20t 7,5 7.3 1.00t
Et tBu E 7.7 6.24¢ 4.76a 1.11s
z 1,08t 7.5 4.23s

Aromatic CH, protons at ?.37-—2.40 prm

3
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TABLE 11
)
4mm1—ﬁc75b . "
! SAr = HO
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-

RICH-C<§;E_1H2 Chemical shifts and proton-proton coupling constants
r r? Confi?uration Hy 331’2 H, 332'3 Hz'@ 4.:3'4 H, 3.14'5 He 335’6 H
Me Me ‘“/;. 2.11d 7.0 6.479 0.2 5.21q 6,5 1.68d
2 1.90d 6.5 6.89qd 0.6 4.75qd 6.5 1.748
Et Et E 1.13t 6.8  2.63q" 6.7 6.57t* 0.2 5.07t 6.6 2.13g' 6.8 1.32t
z 1.1t 7.0 2.6m 6.90t @.5 4.62v 2.2 m 1.3 ¢
ipy irr E 1.164 6.6 2.8 m 10.2 6,150 0.2 4,584 9.8 2.2m 6.5 1.10d4
0.97a
z 1.18d 6.6 10.0 6.47dd 1,1 4.183d 9.0 2.2nm 6.5 1.l2d
0.994
tBu tBu E 1.31s 6.263 5.33s 1.18s
Me Et E 2.14d 6.8 6.56q 4.96t 7.0 2.06q' 1,31t
z 1.954 6,7 6.8B9dg 0.5 4.62ddd7.0 1.11t
Et Me E 1.06t 7. 2.54q" 7.5 6.42t 5.24q 6.5 1.72d
z 1.11t 7. 6.81td 0.5 4,78gd 6.8 1.77d
He irr E 2,054 7.2 6.51y 4.674 9.6 2.3 m 6.7 1,13
. ) ) 6.7 1.02d
b 1.928 7.1 6.85q 4.30d 7.4 2.3 nm
ipr Me E 2.8 m 10.4 &.19d 5.42q 6.8 1,674
'z 2.8m 7.8 6.84Q 4.58§ 6.6 1.73d
Mc tBu E 2,074 7.2 6.63q 5.03s 1.14s
z 1.95d 7.2 7.00q 4.43s 1.10s
tBu Me E 1385 P 6.475 5.679 6.4 1.69d
ipr Et E 10.2" 6.22d 4.91t 7.0 2.0z 7.4
Et irr E 7.5  2.49m. 7.5 6.40t 4.624 9.8
4.26d 7.5
z \—_
ipx thu E 10.7 6.164, 4.90s 1.14s
z T
tBu ©  iPr E 1.325 6.35s 4.982 10,0
tBu  Et E 1,32g 6.39s 5.27t 7.5 7.0 1.03t
z .
-1 tBu E 7.5 6.39t 4,905 l.12s
z

4,315
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APPENDIX IV

D

H AND C NMR SPECTRAL PARAMETERS FOR ADDUCTS QF PhSeCl

WITH VARIOUS ALLENES IN CH_Cl_ AT 25°C

- TABLE 1 :

- TABLE 2

- TABLE 3

’ = TABLE 4

- TABLE 5

2 2

lH NMR parameters for adducts of PhSeCl with

mono- and 1l,l-disubstituted allenes.

lH NMR spectral parameters for adducts of PhSeCl

with 1,3-disubstituted allenes.

Carbon-13 NMR parameters for adducts of PhSeCl

with mono- and 1,l-disubstituted allenes.

Carbon-~13 NMR parametéré for adducts of PhSeCl

with 1,3-disubstituted allenes.

Proton-carbon coupling constants for the adducts

of PhSeCl with 1,3-disubstituted allenes.
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LE 1

1ll NG SPrCTRAL TARAMETERS pop THE ADDUCT

5 OF Phoetl amp A S

HONO A0 1, 1~DISU[L-"?ITU’!‘E) ALLFNES

1,l-dlsubltltuted-l—chlo:u—l—phenylltllnoprnpcnul

(R} ‘C -—C —‘C

179;— =, (rR")
// \\ I3
e .

H Ha 4.109" 6.33q 1.88ac
Ha " 4.152 6.19q 1,724
'y ze 4.174t 63311 2.05¢" 1,03t
e H 4.3s 6.20c 2,384 1.08¢
I ier 4,100 6.13q¢ 0= 1.0m
ier H 4718s 6.024 2.9 1,05q
. " thy 4.014 g 43 1.27¢
thy I T 4.16a 6,15, 1.23s
[ iy 4.143446.32¢y - 4 2.2e9 1.7 q,934
i g 4195 6.18c 3,13n 1.7a. 0.934
B 1buch, 4.14dt 6.29:¢ i ) 2,37 1,2 1.2n/0,8a4
itacn, g €.19s 6.18c 2.2 1.2 1.2m/0, 804
Ma LT 4_295s 1.99; 2,052
Ha It 4.28s 1.99a T 2.4nq l.o1e
rt [ ) 4.31a 2.369 '1.12¢ 2.04s
Mo nPr 4,252 1,98, 2.4¢r 1.55::;&.95:
npr Ha 4,308 246t Listrq  o.ese 2.gs. ’
Ma ipr 4.295 1.60s J.4%a 0,994
iPr Ke 4.34s J.lia 1,694 1.90s
[ iby d.268 1.99s 2.404 1.93m g 934
1By He 4,125 .21 1,933 3, qgp 2,020 .
o s €282 1.85a ’ J.u:q(}_‘g?:“ 0.85¢
aby He 4.30anq '2.95:q“-‘g;:“ 0.93t 1.pg,
Me e, 4245 2,052 I.01e 1,008
tBICH, Me 4.31a 2.01s  1.008 2,05,

’
J.3-d1nublt1:u:ed-]-ch19ro-2-pheny1:e1cnopropencs

3

1.204
1,114

1.128
1.2m

H Me 5.90dd §_ 2644 ‘.659dd1.67d
H n 5.954a 5 374 (.JBde!.O‘q' 1.1t
H ipr 5.834d 5 3274 ‘4.27ad 2,323,
H tBu 5.822 5 244 4.27s
. M ibucH,  5.8884 5,35, 4.45 1,97

H 1Bu 5.87d8 5_ 23y
Ma Ka ’ 5.87d 5,064 1.87x
He re 5.90d 5,054

. Me nPr 5.88d 5,074
Mo irr S.90d 5.044 2.5
Ha 28y 5.87du 5_gey ;:;;d
Ma thy S.Bod 5,214 1,058

AN

1
cn,el
\Jc;=?c"' N

sc-sc—‘c/

SaPh

1,2m/0,94 %

0.92¢

Q.82

1.87g
1.81g
1oLy
1.73a
l.G&q
1.0as

0.3
2.0

0.2
1.8
1.02

ERIES OF

l.40
0.3
1.00
0.3
2.1
0.3
2.0
0.5
2.50
0.3
2,1
0.5

1.4
1.0

1.25
[ 0]
l.o4
0.3
0.3
0.3

2.1
0.¥y
1.5
0.5
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TARLE 2

’

1 .
The cobserved "H NMR parameters for the products .

\/' of addition ‘of PhSeCl to some 1,3-disubstituted
~ . allenes in CY,Cl, at 25°C.

' -~
RCli=L (Sefh)CHCR" .
R r Configuration Adduct Chemical Shifes ans Couwpling fmum:s ) . ¢
‘“‘:ﬁ“’r‘ [ J!.: ha J:. L Jg,c Hy da s e "’S.ﬁ H:
y Gy 3 n 1.75d 7.2 6.91q £0.3  5.32¢ 575 1614
z 1n 15340 675 6.6 gqd 0.9 4.65 Gqub.75 1.6 ¢ ’
.Cz“s Gt E 24 1.62¢ 7.2 L2347 5T €02 471t 7.3 1.96 ddy7.2 3.5t
z 25 1.03¢ 7.2 2.R %'6.9 6.29 m‘p.e 4,31 o £.4 1.58 déq?.2 0.5¢ ¢
1-C -t 3 2 231 W 0.0 5.62 ¢d 0.2 £.5¢ dd 9.3 2.8 &
& 7 z i \ o236 52 606 dd 1.0 4.27 dd 5.6 29 o
e t'ciﬂ. 1 8 12T ) 6.67d 0.2 4334 , 1.36 ¢
~(0, ) E 30 2.0 w 8.8 5.50 ¢t sn.(}hn{;rfés 23w
Q)" E n 9.5/5.5 5.53 ¢d S0.2, ;4.92 42 9.2/5.8
1 frd 7.0 6.31¢t 4.53 ¢ar-0/5.5
CH, Mg E » 1.80d 7.0 599 ¢ £0.2 467t 7.2 2.2 m 72 0.7 t
P A 12 .37 d 6.7 €.43°qd 1.0 4.83 d¢&5.8/6.7 2.2 m 7.2 2,56 ¢
i CHy E AL} Lge 7. 22 n 7.5 5.5t 0.2 5.14g 6.6 1.63d
2 15 098t 7.0 2.2 m 6.8 6.2 t =0.5 4.66 gn 7.0 1.67 d
al, 1-C £ 16 1.76d 7.0 5.83 g 1584 8.5 2.3 m
z 17 1.E8 dd 6.7 6.41 q 4.31 da 6.5 23 w
1-CH, iy E 18 2.3 m10.0 5.78 d 5.13q 6.6 1.63d
z 1 23 £ 9.0 El6d 455qa7.0 - LESd
ol t-C,Hy t 20 1.723d 6.8 5.88 q - ARs 123 s
z 21 1.78d 7.0 6.4Tq 4,51 5 : 1.05 s
t-CHg oy £ 22 1.27 s €.07 s 5.19q 7.0 1.58 d
’ z 23 Luis 6.65 s 4.89q 7.0 1.63 4

R}
a1l cherical shifts are reperted fppm relative to fntemal TS in l‘.l:.c‘la -

s = singlet; d = doublet: q = quartet; q' = quintet; h' = Leptet; o = wultiplet; dd = doublet of douhilets;
qd = quartet of doublets; td = triplet of doublels; qqd = quartet of quartets of doutlets; t = triplet:

dq' = doublet of quintets; gm » nuartet of rultiplets; da = douhlet of aultiplets;tm = triplet of cultiplets;
ddo = deublet of doublets of multiplets; ddg = doublet of doullets of quartees.

nurbering scheme:

t Cl\‘/’
’(,C\ r 2 /C

Co s v}
\\caxi

—CH=C _
\Se—@ !
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TABLE 3 ; v
i ,
- | J
"cnsrmrmmnnmmwrm«mmama
\ #on0 anD 1, 1-DISUBSTITUTED ALLENES -
' . :I.,l-di.mhstitutnd-l—chloro—d-phunylualcnop:opcnon
Y
3 5. 4 1 )
\ ) "o SRR
. 6! 5 gt -
A oy % e -4 Serh
x 'Y c ¢ e c c c c ¢ c Y 4 i 1,
1 2 3 4 3 6’7 4 50 & /1 cock e e o,
u Mo 50.0 12071 134.4 17.6 g4 15,0 1278
ne M 43.2 1275 135,1  15.4 . 9.7 147.5 127.9
n £ 49.8 12806 143.1 25,4 13.4 6.7  1%0.3
r it 43.4 1297 1.8 23,3 136 9.8 1s1.9
u 1Pr  49.8 147.2 .5 22,4
irr B ) 151,14 1.3 226
u tbu  s0.8 31,0 2.3
thy H 44,1 7.0 0.7
» In £9.9 132.5 139.4 40,9 20,8 72.% :
T " 43.7 142.9 36,9 1.0 22,5
H pucit,  49.9 128.1 152.9 8.1 0.0 g;;
ibaci, n 42.9 130.6 150.3 315 298 {:;g .
Ke Ho 4£7.1 134,8 122.1 20.8 5.9 152.0 127.3 127.4
He I .1 10.4 2.6 12,6 P
e Mo 45.7 0.0 1.1 2.4
Me nPr  47.0 10,6 a3 2.5 13e
nPr Mo 5.0 q 7 T M me
He 1 474 17.% N5 0.6
ipr He 46.3 n.s 21,0 © 1803
¥a in 40.0 19.2 4.8 1.7 225
1By He 46.8 €18 27,4 22,6 4.0
e e 47.1 135.7 1505 17.7 s (1895 122
By Mo 46.4 135.7 151.9 4z.9 [ig';’; 12,4 19,2
e tbucH, 48,2 6.8 4.0 3.0 .7
thocH, Mo 4.0 471 a0 30,7 205
.
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TABLE 3 ( continued )

svee L°0tg 9°1¢ 9°9¥ 6°18 2"LTT  “HOnga oW
0°9¢ £°62 T8¢ 1798 z°£5T £°61T  nE3 o
. Lzt MMHMMW L9y v es z°LTT  nds oH
6°5¢ 9°97 6°LE 5°28 0°5ST ATA S SEE Y s SR
L°0¢ 9°8T°  0°T¢ 5" 9¥ 8°6L" 6°LTT  3du oH
zroe - { 96 geLE v 8L 8151 1°8TT 33 R
0°€€ . N 0°€e 0°zL ALY 4 AR o oR
¢ ee stz [ oe°1e 5°LE ¢ oL £ eyT s*0zT  ‘monar  H
M“va 9°5¢ 9°€p £°99 g eyt 2°6TT  naf H
L2 g ce ) 0°6¥T 5e1zT  nE3l H
M”www 31> 8°2L T LYY 1°02T  1dt H
01t AR 1> T L9 €7G9T 6°61T 3 H
£°52 §°09 L3 9" 61T oK H
o ! % 5 Y5 £ s I o g

ugss H

_ P e

0 ~95—0z= ot 1T

>
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The observed Carbon-13 NMR parameters for the products

o

el
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TABLE 4 -

of addition of PhSeCl to 1,3-disubstituted allenes.

ROeZ(SeMh)CLIR
4 R* Conffcuratien Acouct G
wleoLer
Giy clis £ pind
z n
Cotlg c..ns L 2z 1£2.3
z 25 1£2.7
-y 1-C,ll, £ 25 1£7.7
Fd 27 120,
t-E‘EHg t-C4|19 z 29 1£9.3
~(CH216- £ an 12€.5%
-(U‘.zlm- £ N 143.4
1 32 1430
013 LMy E 12
' z 1 135.9
CZHS CH3 £ " 143.9
7 15 141.9
ma i-!::;ll7 ‘ E S e 134.7
‘ F4 17 135.1
1~C3H7 oy E 18 149.9
1 19 147.1
cua t-C H, E 20 139.9
i 21 133.6
t-C‘Hg iy E 22 151.0
z 23 . 148.8

41) chemical shifts are reported 8 ppo, with res
solutions were apprexicataly 3¢ 2 w/w in m::13

nurbering schepe:

A N4

Ct

) C—HC=C

C
s \cs-(‘:/ \C’.}‘
C\. L /

Ne, _@

€1.1
£9.8
€6.7
€2.4

€3.9

te.2
62.%

€5.5
74.5
%.7
62.6
70.4
7.2
£5.8
€2.9

34.3
33.3
25.4
25.3
38.1
kP
25.3
25.1

27.5
27.5

pect to Intemel TIS

25.9
7.2
e

7

6.7
25.8

13.7 -

1.3

213
211

28.4
27.8

N

13
. . . .
w [ ~ 3

15.4
174
31.6

31.3
17.1

18.2
31.2
30.7
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TABLE 5

Observed Proton-Carbon coupling constan for

the adducts of PhSeCl to 1,3-disubstituted Allenes.
A} N

IR B RIS I |

: E - Isorers ‘ - Z - Isorers _
e R PR - S
10 - 152,80 11.3 11 1518 - L,g
12 154.1 11.5 13 157.2 3.1
14 152.4 9.8 15 149,€ 4,3
16 151.8. 10.1 17 155.1 3.5
152 9.9 19 149,8 4.2
21 153.0 3.1
23 146.9 2.1
150.2 11,8 25 153.1 2.5
151.3 12,4 27 1LE.7 1.2
| 28 153.1 5.2
30 149.4 R.7
31 150.3 - 9,1 33 147.5 2.k
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(\ * APPENDIX V

PROTON NMR SPECTRAL PARAMETERS FOR THE PRODUCTS OF
THE ADDITION OF ARENESELENYL AND ARENESULFENYL
HALIDES TO A SERIES OF 1,3-DISUBSTITUTED ALLENES.

- TABLE 1 : BENZENESELENYL BROMIDE
- TABLE 2 : 2,4,6-TRIMETHYLEENZENESELENYIL BROMIDE
" ;
- TABLE 3 : 2,4,6-TRIMETHYLBENZENESULFENYL CHLORIDE

TABLE 4 : 2,4,6-TRIMETHYLBENZENESULFENYL BROMIDE

-
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TABLE 1

H NMR parameters for the addition of PhSeBr to

oer’
ReHeC 7

~
SaCH,
R R

cH CH

3 3
Csz CZHS
l-CJIIJ. |'CJH,
[ PR )

"5
3 1,
Hy -Gy
CHy Oy
CHy -y
e, t-Cy
-EH, Oy
1-C 0ty €l
$-Cly t-C

1-C Hy CH,

LTy Gl

£ 1-CH;

Cunfiguration

£

4
E
F4
E
z
E
1
E
1
€
z
E
F
E
1
E
1
E
4
£
i
£
z
E
1
3
1
£
4

1,3-disubstituted allenes.

Y

. "E}C:I

HZ

1.75d
2.13 ¢

Y re

0.96t 2.27m 1.1

0.9 ¢t

0.97 t
1.01 t

0.95 t

0.99d 1.80m

1.05d

1.24 s
1.6 3
1.07 3
.21 s

.27 m
2.58 @
2.8 m
1.84 d

1,83 d

1.80 ¢

1.80a
2.71%m
2.8 m

d [
LCHBr-C. ¢

)

En=c

SeCHs

3J2.3 ¥y 4“34 Hy
7.2 6.03q=0.3 5,12
7.2 6.51dq 1.5 4,95
5.87 t 5.00
700 633t 4.59
0.0 5.08 d a.77
9.4  6.214d 1.3 4.45
79 %.93 q 5.02
6.5 6444915 4.62
7.3 5.07gq en
6.6  6.46 dg 2.0 4.51
6.01 q 5.16
6.7 6.494 ‘4,72
7.4 sS4t £ 5.30
6.7 6.35dL 1.5 4,8
7.5 st £.74
7.2 5350t 1.0 4.49
5.98 ¢ 5,16
7.0 6.2t 4.69
9.3 S.7bd 5.32
9.5 6.19dd 4.76
10.0 5.7) d 5.02
8.5 6.054d 1.0  4.53
5.81 d 5.8
9.5 6.¢8 4 4.64
6.00 3 5.58
6.65d 1.0 4.58
5.95 3 5.29
S 6.64d 1.6 4.38
5.81 s 5.02
6,704 1.5 4.3

q

[al

[ =N

4,5
1.2

1.2
1.4
14
0.1
5.6
7.8
7.0
9.5
1.2

6.7
1.0

v.2

6.6
7.0
1.3
6.9

6.7
7.0
1.0
6.5

10.3
5.0

1.75 d
2.13 d
2.0 m
Z2.04 m
2.5 m

2.¢5u

.27 m

1.68 d

1.99 4

2.06 d
2.15 ¢

1.89 ¢
2.09 d

0.94 ¢
U.94 t

0.96 t
0.94 ¢t

1.10 s

1.15 ¢
1.10s

0.98 t

0.93 ¢

1.14 ¢
1.04

0.93 ¢
0.98 ¢t
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asrr’

5e(2,4,6-(CHy) €1, ]

Configuration

R R
Ty iy £
Clg  CHg
1-Cy 1-C5Y;
My Ch,
oy tCy
Gy t-CHg
€M ‘cua
CMg  1-C
CHg  t=Cyllg
1-Cfly CHy

i-Caﬂ, CZMS
1-C3H, t-C‘H9
t-C‘Hg CHJ

. t-C4H9 CZHS

t-C‘H9 i-CaHJ

MMM R M MmN M MM N M MmN M

e m ~ m "~ m . (] ~ ™m ~ [aad ~
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TABLE 2

1

He W, 3

1 2

1.90 d
1.96d
1.03t2.0 =
1.01t2.6 m
1.20 d
1.24 ¢
1.90 d
1.92 d
1.91 d
1.92 d
2.11.4
2.08 d
.02 t°
.02t

0.96 t
0.508 ¢t
0.09 4
1.204d
1.17d 2.5 &
1.22d 2.5 m

1.23 s
unknowm
1.2
1.28 s

4 r
,CHBr-C_

C. 7
_é‘c’ NeH=C
N
Se

4

CH,

3.4
0.4

1.8

0.4

1.2

2.0

1.0

CH;
23 M
6.6 5.27q
7.1 6.3 qd
6.5 4,88t
6.6 6.20 tg
10.2 4.77 d
9.0 6.12 dad
7.0 5.3 ¢q
6.8 6.3 qd
2.1 5.30.9
6.7 6.35 dq
6.9 5.7q
7.1 6.5) dq
7.5 s5.02¢t
7.0 6.831dt
7.5 5.001 ¢
_ 7.0 6.26 dt
7.4 53¢
1.0 6.1/ ¢t
10:5 4.77 d
9.5 6.07 dd
10.1_4.?5 d
8.2 .07 dd 1.0
10.6 5.06 d
9.5 &.18 4
5.30 s
- 6.8 s
6.2 s
5.21 s

.22 s

unknown

o
Q.

H NMR parameters for the adducts of 2,4,6- (Me)

C_H.SeBr

37672
with 1,3-disubstituted allenes at 25°C.

Hy JJ"S i H
4.88q 6.9 1.754
4.25d9 7.2 1.61 d
472t 6.8 2.0 m 0.87t
3.91 tn 6.8 .2.0 m 0.B4 t
4524 10.0 0.62 d
4.01 dd 4.5 0.85 d
L85t 18 0.u5 t
4.04 dt 7.0 0.85 ¢
4.67d 10.0 0.81 d
4.074d 5.0 0.14 d
4.83 5 1.03-2
a.28 d 1.05 s
4.83q 5.8 1.574
4.28dq 7.0 1.73 4
4634 10.0
4.04 dd 5.2
s 1.00
4.20 s 1.06
4799 7.0 1564
4.37q 7.0 L.nd
a2t 16 2.0 Mo
3.99 dt 7.1 2.0 = 0.9
4.66 s 1.0
PREY 1.0
489q 6.8 1.68d
466t 7.7 2.0 m 0.97
a2t 7.5 2. m 0.97
4444 9.5 2.7 m 1.08

, 1.03 4
1001 d

‘.

t
t
d, 1.09 4
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o1 —%c Sc ‘
1 -2c-—3cri=c/ SAY = s
\ - =T
Shr
1 cHelr? )
R C.‘H--C:sAr Chemical shifts and proton-proton coupling constants
1 2 3 3 4 a 3
.R ~ R Configuration I_ll "’1,2 Hz J2,3 l13 33'4 H4 J4'5 H5 J5,6 HE
Me Me E 1.94d 7.0 5.18q 4.56q 7.0 1.53d
- z 1.78a 7.0 6.18g 1.9 4.02q 7.0 1l.62d
Et Et E 1.02t 7.9 . 7.8 4.86t '4.52t 7.8 8.0 0.83t
2
ipr  spr E 1.17a 7.0 10.6 4.59d 4,204 9.8 . 6.8 0.83d4
1.13d 6.8 . 7.0 0.Bla
z
tBu  tBQ _E 1.26s 5,241 " 4.38s 1.02s
% 2
1
Me tBu E 6.7 5.51qg 4.50s : 1.02s8
Z
tBu  Me "E 1.21s ¢ . 4.95g
2
irr - Et E 10,5 4,594 4,49t 7.6
z
Et ipr E 1.05t 7.5 7.7 4.8Bt 4.36d 9.8 6.7 0.862
- . ‘ 6.7 0.823
2
ipr  tbu E 4.965 4,234 10.0
2"
LN
tBu ipr E 10.5 4.904 4.45s 1.01s
z ”~
thu  Et E 1.07s 4.938 4.50t
z

Et tBu - E 1.20t 6.8 7.5 5.20t 4.508 ‘ -1.028
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o TABLE 4
- X . ‘-
: v - ' ‘
“ . . ‘ ]
- | Koume oS
etedaze L
N 2 Ar
CHEIR
RICH-C l Chemical shifts and proton-proton coupling constants
SAr - P
T : ~ .
Rl _Rz Configuration Hz 3J2,3 HJ H4 3J4'5 Hs H6
He He E 7.5 5.27q 6.21q 7.3
z 1.93a 6.9 4.55¢ 4.12q 6,9 1,694
Et Et ‘B 4,88t 4.08dd
‘ 9z : 7.3 6.10t 3,88t 6,8
irr  {Pr E 11.0 4,774 4,244 9.7
z 9,3 6,034
Me Et E . 7.1 5,269
z 6.3 6.21q b
B He E 8.0 4.98t 4:59q 7.5
Y 1.3 6.6t .
Me *  iPr’ E 7.0 5.29q 4.324 9.8
- z 6.8  6.24q 3.93d 6.9 -
iPr  Me E - 1007 _4.764 4.50q 7.2
z 9.2 5,964 4.07q 7.0 =
Me tBu E ’ 4.19s ’
2z 7.0 6,30q 4.02s
tBa  Me E 5,686 4.46q 7.4
i z : 6.105 -
tpr Et E ' 10.6 4.738 4.44t 7.5, ' -
Z 9.1 5.954 3.94t 7.0
Et ipr E 7.5 5.00t 4.324, 10.0
z 7.2 6.17t 3.83a 7.0
irr tBu E ”
z 8.5  6.084 3.97s : 1.053
tBa irr E 5.18s
z . o
thu  Et E 'S.14s 4.40t 7.5 |
z 6.083- '
Et tBu E 7.5 5.3lt 4.465
z

7.0 6.24t 4.00s
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APPENDIX VI

SPECTRAL PARAMETERS FOR 2,5-DIHYDROFURANS

TABLE 1 :
TABLE 2 Jt
TABLE 3 :

TABLE 4 :

-

3~Phenylseleno-2,5-dihydrofurans ( lH NMR )

3-Phenylthio-2,5-dihydrofurans
3-Iodo-2,5~dihydrofurans

3-Phenyl-2,5-dihydrofurans

( TH MR )

(

1

‘13

{

H HMR )

C NMR )
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TABLE 1

1.84m
1.27s iPr .884
‘ 1.25s J=7.0
1.26s .84t:J=7.8" -
. 54m - <Bs
‘PhSe H 5.46s PhSe H 5.59s
gy
tBu 1,03s iPr
1.25s 1.37s 1.95m
~//, - , .92d; .84d
1.23s ’ y iPr
J=6.0
Phse H 5.665 - PhSe (H S.4ls
L) l‘i
4.68dd 4.89dd )
H JPr
J=2.3 Agp=2.3 i, < 1.83m
iPr iP iPr
1.98m
PhSe "H 5.54d;J=2.3 PhSe H 5,38d;J=2.3
(
1.665 M Me 1.63s
.91t .82t
J=8.0 J=8.0
1.00t Et iPr 1.03d4
. J=7.0
PhSe H 5.44s PhSe H 5.85s
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TABLE 1 (continued...)

1 ¥

H O e 1.27s H iPr
ABg: 4.85;4.47 4_.65s l.BZ_’:m
J. =11Hz %y — /' Mpu 0.92s H ipr
AB
*PhSe H 6.12s ) PhSe H 5.79s
0 : _ Et Me
1.63s Me 5 1P %, it
Bt —_— iPr Me — Et
PhSe H 5,92s FhSe H 5.82s
. 1
1.665 Me 'm, {n' ipr 1.03aa 1-87s Me 4 am £BU 3055
1.00t Et —— Me 1.63s Et Me 1l,.67s
PhSe H 5.85s PhSe H 5.88s
]
v *
l\
O: . Me 1.
1.625 Medy, W Me 1.62s iPr s, o € 1.62s
. iPr - i
iPr * 1.62s Me E— iPr
-~ ' PhSe H 5.73s PhSe H 5.87s



1. 405

1. 415
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TABLE 2

1 225 mel- 418
—_— 0.85d 13384
H 5 28s PhS
1.58s 1l.43s
1. ;ﬁ 1.43s
' " phs

PhS H PhS
Other protons:
«
!,’l; - 0 .\‘\\ ,h"-.
v N 1.03s R
——— tBu 1Pr
PhS H 6.01s PhS
\"j 50%
) CH,'s : 1.54-1.70 m

=~

1l.24s
e

Bu0'895

H g a8s

iPr l.94m
0.83d
0.924

:iPrJ=‘7'5

5.10s

iPr
.84-31.1m

iPr -

Hy 5,254

Jl,2=2'l

2.2-1.44m

50%



PhS

PhS

¢/ =237 2%

TABLE 2 {continued...)

1.48s

iPr

508 J=2.07

) l. 375”“'1
ll

iPr

Et %%%h

3.50m H

PhS

PhS.

50%

H 5.87s
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TABLE 3
1. 37s ]_ 295
1.37s
H 5.98g

1.32s 1. 26s
1.355>Qt5u 0.92s

H 6.02s
l 0.85¢
- 0.85t
H 6.08s
iPr iPr
4.88bs
H 6.09¢t

1.33s

1.35s

1.39s

. 1.39s

1,245

iPr 0.804
0.83d
J=7.0

ipPr

H 5,925
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TABLE 3 (continued...)

0 4.26dd 1.31ls | H 4.46dd
2 3=8.5 -S My, Sl
2 J=1.8 / N U2
ay, =L =
iPr —_— /iPr . . J=1.8
iPr iPr
I H 6.13d I H 6,07d
J=1.8 J=1.8

Other protons : 0.90m (24H)

Ratio of two isomers : 62 : 3B
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preZTiL LT bg*gz
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CLAIMS TO ORIGINAL RESEARCH

Arenesulfenyl and areneselenyl ﬁalides add to the allenic functionalitys
in a 1:1 fashion with exclusive attack of the heteroatom on the central allenic
carbon.

The mechanism of these reactions was investigated. It was found that the additions
follow AdEZ type behavior.

In the case of sulfur there is evidence for an SNé type of attack leading to the
formation of . an alkylideﬁethiiranium ion. In the case of selenium it is suggested
that an alkylideneepiselenurane-like specie; is formed during the rate determining
step.

The electrophilic addition of PhSeCl, PhSCl and iodine tod|-allenic alcohols leads

to 2,5-dihydrofuran derivatives in guantitative yields. In the case of PhSeCl and

PhSC1, the reactions are stereospecific.

B separate investigation was concerned with the first observation of axial dissymmetry

induced magnetic nonequivalence in the Carbon-13 NMR of allenes.
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