aiesd e o e L
‘ ' BIBLIOTHEQUE NATIO

. NATIONAL I..IBRARY ,
I OTTAWA ' . OTTAWA .
e E .

R woon.. M AATEER

L ‘ TITLE oF mesxs...?f.f:f.@!gf.:.s OREIE . Mone oF Dﬁcawﬂpgﬂm/

- L OF. SRIME. AL cyw/e.osam;r@.s AND. TE d&.-‘
R ‘ ﬁurn PRESTERS. / ........ i reeeens

})
B
>
=
2
@
&
%
§
6
%
D
2
G\
.
N
N
ay

.........................,.........-a;;

Pernlssion is hei‘eby granted to THE NATIONAL LIBRARY

0’ CANADA to nicrofﬂu th1s thes1s and to Qlend_or, sell cop1es ‘

;‘ = J,the f1lln

oo TR The authormresetyes other publicatmn rights and

—

O -;,5 ne.ither the the51s nor extensqe extracts fro- {t may be

printed or otherwise reproduced without the author's

untten pernss ion"

) : Jpermissi | : ' / E | - L
~ -~YAL'7’*-:-.Y' ‘ | b ‘ ‘ -—./», / . (Signed) $/ 4 ””é ..... Lo o

b _
- PERMANENT ADDRESS %

L comanu. At
" e ...7%..4/!/./ .........
nmzn..W ? I;,...1974/ ' |

Nl%ﬂ (10-68)




_{a‘ ~

'STUDIES ON 'rmz MODE OF %ozcouposr'rm,w op SOME

iy ALKYL CHLOROSULPITES AND tert-BUTYL~PERESTERS

!

-k

l

THE UNIVERSITY OP ALBERTA

¢ . \

A.“

st

] ) : BY .
@. HARRY LUTZER .

7

o A THEggE

AN

. e

SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH?]

IN PARTIAL,PULFILMENT OF THE REQUIREMENTS FOR THE DEGREE

/-

' OF
DOCTOR OF PHILOSOPHY

N A
:

/
/

DEPARTMENT OF CHEMISTRY

-

EDMONTON, - ALBERTA

' SPRING, 1974



TﬁE UNIVERSITY.OF ALBERTA

i ' - . .
FACULTY QP‘GRADUATE,STUDIES AND RESEARCH -

~ The underslgned certlfy that they have\gead and

.

-

recommen% to the Facﬁlty of Graduate Studles and .

Research for acceptance, a the51s entltled
J'STUDIES ON THE MODE OF DECOMPOSITION OF SOME = .
" e SN

ALKYL® CHLOROSULFITES AND tert- ~BUTYL EERESTERS"

' submltted by HARRY LUTZER in part1a1 fuﬂfllment»,

of the requlrements for the degree of Doctor of

Ph1losophyq > °
o m ........
T Superv1sor ‘
o ?,;a/z/c g? D/z*y?/ }eé
Y PN 4 & S baranah s S rege .
.- S TR e ) ') ‘ . .
N v : Te Afk\.(... 1/ ....... 'f )
)
s
Date...,,ff.;.;..l,.i;.......a

RS






v“.l, ¥ . ‘ N
‘i'/ " ABSTRANCT
y, —

PART I ‘
In order to assess the influence of a B-substituent

-on the rate of decomposition of a series of dialkyl per—

esters, a number of tert—butyl 3-subst1tuted 2 2~d1meth-

ylperpropionates were decomposed tyermally.
were measured by monitoring the- disappearance,_f“a

_frared, of the carbonyl stretchingvbandsyof'ff” 5gresters.

On,the basis of the small-variation‘iﬁg

RN

of the rate constants and activation parameters Ebserved,

it was concluded that anchimerically assisted acceleration
- of the rate of decomposition by’ a B-chloro, bromo, iodo or
f phenylthio substituent does not occur. The rate.constants,'
activation parameters,»and the near quantitative amcunts
of carbon dioxide observed have established’that all the
peresters decompose by a ongfstep, concerted§loss of car-
bon dioxide. The small variations in the rate constants_
- are rationalized on the basis of inductive and steric,5~
- effects. The products observed from the decomp051t10n of "
itettebutyl -2, 2*dimethyl—3-phenylthioperproplonate are
rationalized on the basis of the concerted two-bond .
-scission mechanism T | _'
PART IT o s |
The reactaon of thionyl chloride with various d;-
benzobicyclolz 2.2)- and 3. 2 1] octadienyl alcohols,

'_several solvents was studied to shed some light upon the E

'-echanism and stereochenical course of the reaction of .i'
v
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alcohols with thionyl chloride. -',»ﬂ'

N

4

An 1ntermediate dralkyl sulfite was rsolated fro-
'the react1on of d1benzob1cyclo[2 2. 2]octad1en-2-ol. No .
intermedlate alkyl chlorosulfite or: d1a1ky1 sulfrte |
could be isolated from the [3.2.1] alcohols ¢ { |
_ N ‘Near quantltatlve yxﬁlds of chlor1de product vere
tobserved ghree chlorides’ were forned ‘in the reactron-'
7-chlorod1benzob1cyclo[2 2. 2]octad1ene, g{géG-chloro—
-d‘dlbenzobrcyclo[3 2. lloctadlene and endo-l-chlorod1benzo-/
':blcyclo[3 2. lloctadlene. The prodiicts obtalned are conJ
’ 813tent wlth an 1on1c Eechanlsm in whlch an 1n1t1a11y /
’formed benzyllc [3 2. 1] catlon produced fro- both systems
. 12.2.2] and [3.2.1], 1eadstoamxtureo£exo-and '
| ‘endo-[3 2. 1] chlorides.,fhese are.the major- prcducts
Awobseryed under all reactlon cond1t1ons except when the

. reaction was carr1ed out 1n toluene. It has been pro-_ '

chlorlde catalyzed rearrangement of the [3.2. 1] chlor-:
'1des to. the [2.2.2]} chlorlde can occur
‘ * The results”ﬁg?the reactlon of c13-3-deuter10d1—'
benzob1cyclo[2 2. 2]octadlen-2-ol w1th thlonyl chlor1de
Ademonstrated the stereospeclflclty of the [3 2 1] to

[2 2.2] rearrangement.

o
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- in Scheme 1.
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A large'nﬁmber of ihvestigatidhs aeéling with the

mechanism of the decomposition of tert-butyl ﬁeresters

- have been concerned with the'relatiohship between the

"structure'of the peroxide and its mode of decomposition'

. g )
(1-27). Bartlett'and Hiatt (5) p682:¢ated that the ther-

mal_degfmpdhition qf’avsimpleAperest r'can occur by at

}east two distinct pathways, oneébond'scissionf(path_n),

]

’ and“a‘eoncerted'two;bond 7LissiOh (path B), as illhst:ated

4 r o ¥ '}# o ?
Path A ; S
g | - | +. +0-C(CH,) ,
R- O-O-C(CH )/ O S |
bac ' [ 0 ' 1
Path B BT . " ’ ,
l ‘ ) Roo .Co_c_o_o. -.o-(CH3)3 —_— R. + Co -
o . : -

SCHEME 1

—

-
»have propdsed a cr1t¢r10n to allow a dlstinctxon to be

l

:made between the modes of decomp081tion of a‘Perester'

the decompos1tion of a perester in a stepw1se fashlon .

(path A), or a concerted fashion (path B). They suggeste_d__O

that when the alkyl radical, R, is of equal or greater~

: |,
stabil?ﬁy than is tert-butyl, there is a simultaneous '

e

L

"2

'On‘the basis of their fesults Bartlett and coworkers (5),t-»



> .

. invenergy:is, however, achie

4

2.

Q.
’

cleavage of the alkyl to carbonyl carbon bond (b) and’ png.
oxide oxygen—oxygen bond (c), produc1ng carbon dloxlde andu
the alkyl radical in the rate determlnlng step. However,
when R- is.not‘as stable as the tert-bbt&i radical ‘(eg.
nethyl or phenyl) only bond ¢ cleaves in the rate deter-‘
mining step to glve alkyl carbonyl-oxy and tert-bd@%xy
radicals. Bartlett and Hiatt (5). developéd a relatlonshlp
between the mode of decomp051t1on and the enthalpy and
entropy of act1vat1on, AH# and gs . obta1ned from the de—
co-posxtron of the peresters stated. As the concerted M

nature of the decompostylon 1ncreases, (an 1ncrease ;h

the stabrlxty of the rad1ca1 R ), AB* decreases due to’ a ’

-louer1ng of.the energy barrier to reactlon.’ “This decrease

N

only at the expenSe of

AS*, which becomes more negative. ThesedenthalpylchanQes

‘reflect certain rotational restrictions in the transition f’

states of peresters leading to stable radicals by con-. T

certed loss of carbon dioxide. For example, in.tbe‘deb
co-position of.tert-bntyl*phenylperacetate,ewhiCh is

proposed to decompose by a concerted two-bond sc1551on,
nerther bond b ~nor the bond between the carbonyl carbon

-

and peroxlde ~oxygen is free to rotate in the tran51t10n

state. Bond b must be *frozen" to allow the resonance

delocaliration‘of the‘unpaired_e;eCtron developed infthe

incipient benzyl radical (I), and the bond between the

" carbonyl carbon and peroxy oxygen must be "frozen®. to

A



~ eliminate the benzyl radical and the tert-butoxy radical

u

from the carbon dioxide in a trans manner. ‘ ‘ ‘ .

"‘i’ »- ) o ‘ r . - * |

"frozen bonds"

(1)
‘

. On’ the other hand, no bonds are 'frozen in the transi;>
'tlon state for the non-concerted decomp051tlon of Eggge
butyl peracqﬁate and thus it was ant1c1pated that thls
bjperester uould g1ve -a higher enthalpy and entropy of
;actlvatlon. The actlvatlon parameters; AH+ and AS+ for
' tert-butyl phenylperacetate are 29 kcal/mole and 4 e.u.
-respect1vely, for tert-butyl péracetate AH+ 38 kcal/
~mole and AS* = 17 e.u. For the entlre series of per-
esters studled nere, Bartlett and Hiatt were ‘able to
demonstrate the conrelatlon between AH* and AS*; whlth
N suggests that the favorable AH* for the decomp051t10n

of the more unstable peresters was obtained at the ex- .
' pense of restrlctlons of rotat10na1 degrees of freedom,

wh1ch were reflected in a smaﬂl AS* ' It was p9381ble to



€

\

;e D S A
discern from their- data, ranges of AH* and As+ character-
istic of decomposltlons involv1ng trans1tlon states hhving

: restr1ction of rotation about 0, 1, 2, or 3 bonds. BTEe

"rates and_activaiion parameters'for avnumber'of illustra¥,
tive substrates are'listed in Table 1.

It is 1mportant to emphasxze that the ‘principles put
forth by Bartlett and Hiatt should be used as qualltatlve
tools only. Clearly, Bartlett and Hiatt were only: postu-’
1at1ng a 11m1ted correlatlon between actlvatlon para-
meters and the number of bonds w1th restrlcted rotatlon.
in the transition state. Some workers have employed the
postulates of Bartlett_and‘ﬂiatt rigorously anddhave‘set

alimits'on the magnitude of the activation parameters for‘n
the purpose of dlStlﬂgUlBhlng between concerted or non-
concerted decomposition.' Por example, Martin (14).statedf'
that’perestefs wj}ch decompose by a step-wxse mechanism
(patb A) ‘are jassociated thh values of AH* > 35 kcal/mole

’and AS* > 13 e.u. S1m11arly, Lorand (20) put forth a cor-

éan concerted decomposltlon and actlvatlon

relatlon be

: parameters here it was suggested that concerted’ﬁwo-bond .

scission c‘n occur only when’Aﬁ* < 32 kcal/mole and As* <T

ll2 e;u. | |
Pryo _(28).critici£es such:rigo%aus applicationsaof'

the Bart ett-Hiatt criteria; He citeS'eXamples‘tO‘illust-.

rate th t solvent effects can have a very,garked lnfluence'

on act vat1on parameters.- Bloomgulst and-?errls_(Z), for



5.

. J.
- ‘ ) ’ ST o : I\-.

VR L oy n%:3o..o-o-wm:gzo..mzsm:oo.
g te , - _ Yy o € Epay iz 6,9
z 8'S | 1'92 A (*H0) 0-0-0-g~° (*HD) D-"H7D
T _v. "9'0¢ R0t x¢e nﬂmzoxw-o-o-mrom
8L . §Uee | JOTXe A.nAmrmvu.olouw-mzoo.

(tuo)

o eee 4, 0TXx5S 0 %(fn0)0-0-0-2-fmo

wcoﬂuwuou (‘n*9) . .Aaos\auoxv_ Acﬂsv .oQo 3%
- pB3OTIIEBY ST JEY . ®ITT-ITEH

Bl

wvwoumouom‘

\\w

B

.09 3u suezusqoxoTyd ut petpnas ¢ (tnd) 00000y s1e3seTRd

T43ang-3393 jo uon&ﬁraq JO BlejPWRIRG UOTIVATIOV puv 893wy UOT3Fsodwooaq

T 16Vl

N



up,;z¢q¢2<1n pﬁenyl ether led to quite dlfferent actlvatlon

"parameters than when the-decomp031t§on was carrled out in
p___fchlorotoluene (Table 2). This result would lead one i
to conclude that tert—butyl perbenzoate decomposes by a |
non—concerted mechanism 1n phenyl ether, and by a concert—
ed mechanlsm 1n pa__ chlorotoluene. Albelt that. thls is |

‘an extreme case 1t does, however, underline one of the o

serlous 11m1tat1ons of the Bartlett-Hiatt cr1ter1a. Per— .

Sa

‘haps, even subtle solvent changes could blur
‘ences between the actlvatlon parameters of some'per sters.,
_Therefore, 1t is 1mportant to restrlct the Bartlett—Hlatt
test to data from a sxngle solvent.» \' |
Pryor (28) pornted out another 11m1tat10n of the | f ‘,
| usefulness of the actlvatlon parameter test and that is
the 1mprec151on 1nvolved in determlnlng AH* and AS# For
;the decomp051t10n of tert-butyl 2, 2-d1methyl§erpropronate
1n cumene Lorand and coworkers (20} report actlvatlon
parameters of AB* = 27 6 kca' ‘mole and AS* = 3.6 e. u Fort
"and Pranklln (21) also studled the decomp051t;on of thlS
:perester 1n cumené\and found AH+ ~25.5 kcal/mole and
AAS* g,_z,g e.u. It is dlfflcult therefore, to use the
. , RN
actlvatlon parameters to compartmental;ze prec1se1vﬂ£er-
festers either as regards the number of bonds that are

rotatlonally restrxcted ~or that are‘under901ng scission

fat«the tran31t10n state. Pryor suggests that the most

l(B



TABLE 2 .

Activation Parameters of the Decomposition of

- tert-Butyl Perbenzoate

y Solvent _ AH - o As“
: ' (kcal/mole) (e.u.)
' : ' —_—
. »
Phenyl;ether : .  37.5 . 15.8.

p-Chlorotoluene 3.5 | Y 7.8



r(I | ; o . - | é.
restrictive classification that can be made is that per-
esters with AH% > 33 kcal/mole probably decompose by simple
one bond homoly51s w1th no restrlcted rotatlons in the
tran31t10n state, and those'w1th-AH* < 27 kcal/mole prob-
ably decompose by a concerted mechanlsm witl one or more
‘bonds restrlcted in tue transition state. ’
| Another facet of the. structure-react1v1tyArelatlon—
,ghlp in- perester decomp051tlon has been the effect of
nelghbourlng groups on both the mechanlsm of the decompo—
sition and its absolute rate relatlveeto the unsubstltuted
pe{ester (12 14, 29) To examlne the pOSSlblllty of
neighbouring group part1c1pat10n by a B-phenyl substltuent
ha_Martln (13) studled the klnetlcs and mechanism of the de-
ﬁ‘fc0-p051t10n of tert—butyl 3- phenylperproplonate (1) “~ An

_‘acceleratlon<mfthe rate of decomp051tlon could in theory ﬁ_‘f

‘.occur via a tran51t10n state 51m11ar to II (Scheme 2).. hv
| \
0

. -a—’ _-'-_- 5 :
CgHg~CH,~CH,=C-0-0-C(CH;)

L o o= v : L o
B NI R et et e ( TO DO

CHZ\—'T:CHZ + -CO2 + *0-C(CH

N,

,illl_

SCHEME 2~




The Activation parameters for the decomp051tlon of thls
pef/Pter fell in the same reglon as those for the decom— ,
position of Egrtfbutylperacetate (Egstfbutylv3—phenylper—
fdpropionate, AH* =-3$.hcal/mole, AS* = 13 e;u;,,tgrtfbutyl“
d peracetate,pAg* = 38 kcal/mole, As*d= 17 e.u.). 'On;the
basis of the ﬁart —Hlatt criteria, Martin concluded
that the decomposition of this perester occurred via a -
: nom—concerted one-bond sc1551on (path A). Therefore, he
proposed that the phenyl grodp was not effectlve ‘in thevl
_ acceleratlon of the decomp051t10n of this perester by
.stablllzatlon of the 1nc1pfent 2-p;en;lethyl free radlcal.
An example of nelghbour'ng group part1c1patlon by 8-

_substltuted heteroatoms 1n the

‘ermal decompos;tlon of
diacyl peroxldes was demonstrated by Leffler and .co-
'npworkers (29c). The rate of decomp051t10n of b;Q(B 1odo-::
f‘proplonyl) peroxlde 2 was accelerated by a factor of 17
‘aver that of the parent peroxlde, and the magnltudes of |

the actlvatlon parameters were compatible with a cycllc

2

_ flve—membered tran51t10n state, as 111ustrated 1n Scheme 3.

—CH g O-O-g—CH —CH -1

' o o |
2 CH,——CZ . PR
| ™ 0-—-0-L-cu_-cn -1
_ P Rl Ay
. CH, S
_ \\\\'I" : v - . |
B P cuzmcg{
I . I-CHZ—CHZ-‘g—»O.‘.‘ﬁ-- I - /c=o
' SCHEME 3 im0 .

7
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_ ) . _
Martin and cbuorkers (12)i§?22§fthatfbond homolysis 'jjf
‘eas accelerakfd hyineighbeuring iegide ahd sulfide groups
hlin the decomﬁositieh of some tert-butyl peresters. Very
large acceleratlon-of the first-order thermal deqpmp051—
 tions of tert—butyL ortho-substituted perbenzoates, g,'
was ptov1ded by sulfide and to a lesser extent by 1od1de,
relatlve to tert-butyl perbenzoate. The relatlve rates;
of decomp051t10n of these peresters at 40° in chloroben—

o

_‘iége. and’ thelr activation parameters, are 11sted in Table

%ﬁf: The rat$<e:%ancement by both sulflde fﬁﬁ”lodlde

v substltuents wa ascrlbed to nelghbourlng group part1c1-
pat1on ir a homolytlc bond cleavage, the 0-0O bond cleav-
age being accompanred by 51mu1taneous O-S or O-I bond
-formatxon. The lowerlng of the act1vat10n parameters AH*

.and AS* upon comparlson w1th those of the unsubstltuted
perester, x-% H, wlth the ortho-substltuted peresters, .
X=1x and.x = §- CGHS,vls consrstent wlth ‘a transition
state in whxch there is restrxcted rotation about ‘three

bonds as indicated by the arrowsllnvthe structure4helow.

g———O-O-C(CH )

Fisher and Martin (12d) speculated that the decomp951t10nft
A ’



The kinetic data Qas réported-by'Martin énd7_

' coworkers (12).

PO

j%ll.
4 \&’
>
TABLE 3 o .
r) . ’
o A ) ’
.Deigppbsition of.tert—Butyl ortho-Substituted
'Perbenzoatés at 40°vin Chlorobenzenefa -\;
v - : : , y
® Relative rate AH* ‘ AS*‘
N T | .(kcal/mol) = (e.u.)
: C-O—O—C(CH3)3 ' -
3 :
X = SC.H, 6.53 x 107 23.0 -3.4 .
X =1 80.5 - 28.0 -0.8
o » | _ -
X = H 1r 34.1 10.0-
]
>
a



"well as effects attrlbuted to anch

: of‘tgrgfbutyl égsggji o«aZj:Ziiig—bhenylthioperbenzoate R
proceeded via a eYclie/f red transxtlon state. .

~in which stabilizationis galned at ‘the expense of ro-

oy

INL - i Vo 12

fow] ",

tatlonal freedoﬁ\as deplcted by structures I11 and IH in

Scheme 4.

.

X

gfo—d; (cas)3f'

.‘ . C - »
| . - 0. L
. . <. + .
O. +0-C(CH.) - ,c/o - O=C(CH.)
( _ -
. ° 0 ‘ E .
111 o Iv N
N | . N
SCHEME 4 T . ‘
“ sl R

Polar effects have a strong 1nf1ue ve on the rate of frag—

\l

mentatlon of peroxy esters. ;'It S demonstrated by

"Bartlett and- Ruechardt (10) that ;ﬁe rates of\hecompo-

-sxtlon of substltuted tert butyl peroxyphenylacetates (4).

: 1
follow a Hammett relatlon (pa )y wrth a p = —1 09 for

the thermal decomposrtxon of these peresters in. chloro~

’ J

~

~ A ¢ )

4y



benzene at 90.66°. 'ThencbrreiétiOn of'the rate constahts
, wlth the Hammett equatlon w1th the use. of o ‘has been in-

terpreted as arlslng frOm a dlrect resonance 1nteract10n '

°

between the subst;tuent group and‘the”:eaetlon center . e
(Schenme 5) .- ) !
e | 9 &
- qﬂz—cepfofc (CH3) 5 = 2—--c-'(_).-'--o-C(cn3) ;
2 7 | |
CHzfv+ CO2 + O-C(CH3)3
! ' .
S S .
SCHEME 5
‘There exists the possibility that anchimeiic accel- -,
eration of the rate of decom9051t1on of tert—buty1-3—' . Lff\\

- bromo—z 2= dlmethylperpropxo-ate could occur via a cyclxc

tran51t10n state sxmllar tr V. o "_,f& :
o _ ' Y
o 4
| CHBT_—;C---',“TC“T'"O‘""O‘C (Cﬂ3) 3
. BL‘" ' I L ol b . . o
' ”CHZ :
- ;
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Neighbour1ng group part1c1pat10n by the bromlne substituent

ejcould also proceed via a concerted, multl—bond cleavage

leadlng to the *ran51tlon state dep;cted by structure'VI.-‘

- o M
c 3..c..... -c-—.-—O-.--—O-.C (CH3) 3

v

.  Br

- , . -,
_ : " 4 : ] v
Slmllarly, anchlmerlc asslstance by the B-chloro, g- -

iodo and B phenylthlo substltuents could occur v1a Ehe.‘

-

rtypes of tran51tlon-states depxcted for the B-bromo per-
s N

«ester. In addltlon, there exlsts the p0551b111ty of an-

chlmerlc a551stance by” B-iodo and B phenylthlo subst1tu?'_

e%ts v1a a cyc11c f1ve Fembered tran51t10n state such as

VII. o L
~ -_ncn3 o j

" e
CH;———<C SN R R
| - ’f,o ----- 0-C(CHy) 4
L CHy—X e

- VII.
3

This tran51t1on state is: analogpus to- the one postulated

&

by Fisher and Martln (12d) for the decomp051tlon of tert-

butyl ortho— ubstltuted perbenzoates, or the one postulated,

-



by Leffler (29¢), '”fgr'. the decompositj:oh of bis( 8-1iodopro-
,Pionyi) Peroxide..\; = "{.’ |

' f It would be expec ed that nelghbourlng group part-’ |
ic1patlon v1a any‘;EE of the transitlon states 111ustrated
above should lead to substantial acceleratlon of the rate
of decomposltion of the perester, compared to the unsub-
stxtuted case.i The examination of the activation_para- _h

' neters for théir decomp081t10n m1ght shed some 119ht upon "

the nature of the trans1t10n state in thls decompositlon.»”'-

- Polar effects caused by the,various B-substituents

 must also be considered"(ViII);

~ H S ’...'
SR st ‘f S |
CH. -c----.-‘ '*",'O ----- o- C(CH3)3
o % o . |
2 o . ]
N VIII

i.If X is a strongly electron-donatxng group,-xt would be
‘predlcted that the rate of decomp051t10n would be 1n—
creased;by stablllzatlon of the catlonlc center on the
‘ tertiary carbon. And the opposxte effect would preva11
for an electron-w1thdraw1ng group.r - ”

} In v1ew of the abov: conszderatlons it was dec1ded toi
study the thermal decompesztlon of the various tert-butyl E

8-subst1tuted perproplonates.

N
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1  RESULTS - /

Preparation of the Starting Pefesters

The tert—butyl 3- substltuted 2, 2-d1methy1perprop10n-

'ates (X-CH C(CH3)2 CO C(CH3)3, 17- 22 ‘were synthe51zed by

convertlng the correspond1ng 3- substltuted 2, 2—d1methy1pro-._

plonlc ac1ds 5-10, into . their 3- substltuted 2,2-dimethyl-
propanoyl chlorldes 11-16, and treating the acid chlorides

w1th tert-butyl hydroperoxlde in the presence of pyr1d1ne.

[N

OH - |
/ /
X X
5X=H 8 X = Br 11 X = H  14.X = Br
6 X = | - 53 - C.H. -
6 X = CyH, 2x=1 W12 X = C,H, 15 X x
7X=Cl 10X =CHSS ._1_§x=c1‘5x=c‘6~ﬂss
0 : o : ' C
| Pyridine //
‘_cn3—<i——c + (CH )3c003 — cu3——c—c\
n-Pentane |- O-O—C(CH )
- | 0°c " CH.

o "/2' - T2
17 X = H B | /Z\_Q*‘-‘Br

3 R . .
mciem o m
_~l%’-‘ ca > o~ g

I
2]
o]
7]

The acids,gél-were eommercially available. Aeidsjg'(x‘=_8r)l

. o E

16



and 9 (x = I), were synthe51zed by the reactxon of 3 ~hyd- .
"roxy—z 2-d1methy1proplon1c ac1d (23) w1th the approprlate
hydrogen halide. Acid 23 was - synthes.tzed by pota351um i

per-anganate ox1dat1on of 2 Z-dlmethyl 1,3-propane diol =~

(24).,
CH ‘ CH.
N S RMnO, l 3/°
CH3-C-CHZ—OH R —————> CH3-C C
_ Lﬂ | | | ) | “Son
i 2 fﬂz .
ol OH
| Y
24 ; 23
N l HX; X = Br, I
fﬂ3_ o
‘ CH -_ -v / ¢ L
03 f N (
CH OH
X LG
B . N
8 and 9
The acid 10 was sy sized by the reactlon of 3-chloro-

~

‘,3“3 -0 f“a o - 0
LN 2 C_H.-S Na y/ '
cu3—c—'/v 6 5 > cn3-c-c/
1 N N
. “OH 4 OH
,(('_Hz ' Ez s
C1 t g / :
AR L 10
Cells

2 Z-dnnethyl-B-phenylthloproplom.c acid (10) was converted
v U _

rl.;



into 2,2—dimethy1—3*pheny1thiopropionyl chloride }lg) by

I : o
means of reaction with oxalyl chloride in benzene.

o | |

RS CH, .
CH3-C-dé7 _ Oxalyl chloride B %449
; |~\oa —— —» CH;-Cc-C_ .
CH, S 250 N
I < Benzene - ?Hz’
cI:ﬂ ? ){
65 '
> C_H
.65
10 16

The more vigorous conditxons for convertlng the ac1d into’ ;
the acid chloride with thlonyl chloride at 80°, could not
be used for the preparat n of thxs partlcular acid chlor-~

1de, since under these eactlon condxtlons the acid chlor---

S

ide underwent an 1ntramolecular cycllzatlon to y1e1d thio-

cromanon (25). o

¥ e, —-——» -
3 Ne CHy
| - T ‘ |
) P - “ - CH2 ’ ‘ ’ CH3 .
S.'Cs“sfg
= o S =

® 4
-2, 2-Dimethy1-3-pheny1thxopropzony1 chlorlde (16) could not
be converted 1nto tert-butyl 2, 2-d1methy1-3 phenylthxoperpro-
pionate (22) by the usual procedurf described for all the'
: : v(. .

Y
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other peresters. Underuthese reactlon condltrdhs no per-
.ester formed but 1nstead two ac1ds were realized as na]or

products, lg and 26.

fﬂ3 0 L i o
'CH-;—C%——C// qn-——4}——cf?_
. CHy ~ CH, .

-7 / : :’4() { :

S L -l 0= >
/o | ‘
Ces =~ Cels

10 26

a different procedure for the conversion of the acid chlor—
ide, 16 to the correspondlng tert-butyl perester, 22 was
employed. . The modlfled procedure 1nvolved the s1mn1tan—
~eous addition’ of pyrldlne and the acid chlorlde to a
‘pentane solution of tert—butyl hydroperox1de (see expeqé?
mental page 64). 'The perester 22 thus syntheslzed,vwas
free of all extraneous bands in the hydroxyl and carbonyl
reglons of the 1nfrared spectrum | '

N The peresters 17-22 were pur1f1ed by repeated re-'
_~crysta1112atlons at —78° from n-pentane, or- by column
vchromatography‘at 0° p The . purlty of the various per—v
esters was determlned by their nmr and 1nfrared spectra,
elementary analysls,pand the reproduc1b111ty of thexr

ﬂunimolecular rates of decomposxtlon.
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- Kinetics

- S '1 A

- The Eggt-hutyl 34substituted 2.2-dimethylperpropion—
ates (17-22)'were thermally decomposediin cyclohexane at
'the approprlate temperatures. 'The rates were'determined»
by mea ing the decrease in 1nten51t1es of the 1nfrared
carbonj?iﬁbsorptlons of the peresters at.1760-1775 cm 1.
The kinetic data for the deconposition‘of these per-
»'esters'are sunnarized in Tablehdf _From the rate constants
shown 1n Table 4 1t was possible to -calculate the. activa-
tion parameters. [Th? magnltudesvof the activation parah

meters are also illustrated in Table 4.

) )

- The thermolysiskof_cyclohexane solutions of.peresters
) 17 and 18 gave 98‘and.99%4yie1ds of the theo)r:etica
hcalculated amount of carbon d10x1de and followed steady
: f;rst—order kinetics to gréééer -than - 80% reactlon (30).
| The 1nsens;t1v1ty of the rate constant to a change in
- percent decomp051t10n suggests that 1nduced decompositidn
was not a compllcatlon he;e.. The rate constants for the
‘thermal decomp051t10n of peresters 17 and 18 in cyclo-
hexane at 55° 65° and 75°, and the1r actlvatlon parameters~
are llsted in Table 4. '°" o
" The rates of decompos1t10n of  peresters 19 (x“ CI)
and 20 (x = Br), in various solvents did not show simple
, flrst-order k1net1cs, a plot of ] P /p vs tlme d1d not

‘g;ve a straxght line (30). It was found that at hxgh

percent decompOsition,;some accelerat1on of the rate‘of
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TABLE &4

‘Rate Constants andvActivation Parameters for.thé’ThermaI

Decomposition of the tert-Butyl 3—Substigg;ed 2, 2-Dimethy1—

' perpropionates (X CH C(CH ) CO3—C(C§3)3) at ngetal Tem-

'pera;ures,_in Cyclohexane

Substrate Temp Ratekconsﬁantv Relative Activation- parameters
' X °c | k x los,sec;l' rates v.AH+ _ . AS+
‘ (kcal/mole)  (e.ui)
S5 0.355 + 0.014 0.345 + 0.007 . e
ca? 65 1.48 +0.04 0.368 + 0.005 30.7 + 1.4 10.0%+ 4.3
75 ©5.65 4/0.10 0.390 + 0.010 S
B 55  0.950 + 0.028 | 0.922 + 0.010 ,
B2 65" 3.58 +0.19 0.890 + 0.016 28.2 + 1.4 40 % 3.3
-« 75 123 '+0.6  0.841 * 0. 007 S
55 ; 1.03 + 0. 02 :
H 65  4.02- + 0. 16 ' 7.8 + 4.1
T 75 1405 +0%, ¢ - g
| c6uss | 55 1.63 +.0.04 o
CeH.S 55 1.61 # 0. o4 _ W 3.8+ 0.7
| csussat_‘; 75 1‘9._3 _,,_#5‘_0..4- ,,‘_‘, L #37 TET g
| .55 1. 66 +0. 01 . 61§ (
CH, 65 . 6.31 # 002579 57 f .00 4.0 + 2.7
K 75,-{:* -22_".’3' ._i,o,,{. 154t 90k o
o LR T
. 55 '2.91.% 0.08 “2 B+ :
I 75 37.6 +

~+-0. 70 P 39 ’

RI J
'j:" i




B 22,
L |

-
decomp051t10n had taken place when radical scaveﬁgers I3
such as DPPH gaIV1noxy1 or iddine were not\%#?sent in

the solutlon. "For example, the rate constan ‘for the

decomposition of the 3 bromo perester, 20,aﬁé-cumene at

65°, was observed to increase w1th,t1@g %Ehls result 1s
iy 3, .
- m@

'actlon. The decomp051t10n of" the perester was hccompan—

‘1ed by a steady 1ncrease in the formatlon of 3 brqyo—z 2-
dimethylpropionic ac1d.' Similarly, the decomp051tlon of
B-broho perester;ZO in cyclohexane w1thout added iodine
1ed to only 11% of the theoretlcally calculated amount

_of carbon d10x1de, and 87% - (mole/mole of perester) of

the B bromo a01d, 8, was 1solated It was ant1c1pated that
the radlcals (CH3)2 ¢-CH, - X (X = c1, Br),'formed in the

» decomp051t10n of the parent peresters, could 11berate a Cl-

or Br-.atom by B ellmlnatlon, subsequent abstractlon of.
~hydrogen from the solvent would lead to the formatlon of 7{.
. the correspondlng hydrogen halide._ The hydrogen hallde |

‘jvformed in the reactlon most llkely leads to an acid- ‘- .

'”catalyzed degomp051tlon of the peresters. In the presencec&
-1od1ne nelthér the acceleratlon of the rate of decompo-‘
'31t10n nor aspd‘formatlon was observed  With added iodine
first- order‘alnetlcs were observed. | |

The decomposxtlon of perester 19 (X = Cl1) in chloro-
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TABLE 5

4

" ‘Decomposition ofptert-Bﬁtyl 3-bromo-2, 2-dimethylper-

~ propionate (200%*® in Cumene at 65°

Decomposition time k x 10°, sec”!
(hours) . . '
, 0.5 » 5.81 .
X ‘1.0 6.40
2.0 '7.32
4.0 8.67
' ®
a S A _ o ’ o o
A total of 0.199 mmoles were used in the decomposition
‘studyﬁ;;.. ) . . ﬂ(i o
: - 4 ! v . ’ Fé?'?)
b 2 ‘ R

The concentration of the perester solution was 0.03986

moles/1.
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benzene gave‘a quantltatlég)amount of carbon dioxide. (30).
ﬁ Deconpos1t10n of perest“%s gg.(X"= Br) and Zl (X = Ijn in
' cyclohexane with added iodine‘also gave quantitatﬁve' '
amounts offcarbon‘dioxide, 99%'and”97% respectively._The
rate. constants and the activation parameters for the
thernal decomp051tlon of peresters 19 21 are llsted in
Table 4. | |
- For the 3*pheny1thio perester, 22 catalyzed decom—tv
\\;_ggsstioh\was not a compllcatlon when the klnetlcs for its
:vudeco-pos1t10n were studied; the magnltude of the rate con—'v
| stant for the decoﬁp051tlon in cyclohexane at 55° was the
same v1th1n the 11m1ts of exper1menta1 error, whether the
‘deconp051tlon was carrled out in cyclohexane w1th or with-
out added iodine (1.63 x 107 sec7ly. Under either of
the deconp051tlon condltlons the rate constants obtalned
/for perester 22 were essentlally the same as those for
the other_peresters in the serles,.as,lllustrated in

Table 4.-

Product Studiesf

The " products of decomp051t10n of perester _2 (X = //)n.
’C6 5 S) were thoroughly examlned The perester was heated%
‘in. cyclohexane at 75° for 10 half—llves and the- products. |
of the decomposxtlon were analyzed : The data are outj

llned in Table %fﬂﬁ o o ;t



TABLE 6 -

' P:oducts of Decomposition df'tert—Bdtyl 2,2-dimethyl-3-

L]

phenylthioperpropionate iﬁ Cyclohexane at 75°

f

Pfoduét

Carbon’ dioxide
tert-Butyl alcohol
Isobutjlehe
.Cyclohexylphenylsulfide :
Diphenyldisuifide

X

B-Methylallylphenylsulfide

- Amount’

'Amount;  Perester
(tig) . (mmole) moles/mola
30.8 0.673 0.94
46.3 0.625 0.90
33.8  0.603 0.84
;8-6 ~ 0.110 0.16
64.1 ‘:0.334. 0.47
21.3 0.098  ' 0.14

25.



DISCUSSITON

!

-

Bartlett and Hlatt (5), who studled the klnettcs
of the thermal decomp051tlon or a wlde varlety of tert—
X butyl peresters, R~CO C(CH )37 have demonstrated that

the decomp051tlon of a perester may occur by one—bond or

concerted two-bond sc1551on._ They postulated that when'

'the stablllty of ‘the resultant R~ radlcal 1s so-constlt—

~

uted as to have a deﬁiee of stablllzatlon con51derably
exceedlng that of the methyl or phenyl radlcal, the
thermal decomp051t10n of a perester can occur with con-
certed rupture of an 0—0 bond and a C-C bond to produce

carbon dxox1de and the free radlcals (CH3)3C—0' and R‘

In an endeavour to establlsh whether the lncreased

"stabllxty of the ‘tert- utyl rad1ca1 over a methyl or

.phenyl radlcal As suff1c'ent to facllltate a decomp051—

tlon via a concerted two—bond scission mechanlsm,
Bartlett and Slmons (9) undertook to study the klnetlcs
of the ‘thermal decomposxtlon}of tert—butyl Zhg-dlmethyl—

”pe oplonate (17) in the temperature range 58 88°. and
S & . ‘ : -
in the solvent chlorobenzene. S o

i
-

o

Thelr klnetlc studies showed that the rate of de—v
composrtxon of perester l7 was accelerated by a factor

of - 103 over tert—butyl peracetate, and by a factOr of

102 over tert—butyl perbenzoate. and the 1ncrease in the

.rate of deco-posxtlon was accompanled by a lowerlng of
‘:-the activation parameters.(tert—butyl peracetate.;An*'=

26

N
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38 kcal/mole, As*-; 17 e.u.; tert-butyl 2,2-dimethylper-
propionate, AH=l= = 30.0 kcal/mole, AS* = 11. 1 e. u. ). Bartlett:
and Hiatt (5) observed larze amounts of carbonyl—conta1n1ng
products (ac1d and ester) from the decomp051tion of tert-
butyl-peracetate. However, tert-butyl 2, 2-d1methy1per-_
'proplonate d1d not give rise-to carbonyl-conta1n1ng pro—
ducts, instead, /90% of the theoretlcal}g calculated amount:
of carbon ledee was fqund Slmllarly, Koenlg (19{
found 91% of the theoretlcally calculated amount of carbon
dioxide dur1ng the course of the study of the decon9031t10n
'%of perester 17 in chlorobenzene. L v
Lorand (20} and Fort (21) stud1ed the thermal de- J
icomp051t10n of perester 17 at var1ous temperatures 1n
' cﬁmene. Lorand reported a near quantltatlve y1e1d of
“‘carbon d1ox1de under these decomp051t1on condltlons."
Yabuuch1 (30) of this laboratory, studled the k1net1cs of .
' the thermal decomp051tlon of: tert—butyl 2, 2-d1methyiper-'
‘proplonate at 55, 65 and 75° in cyclohexane. _He also
"-observed a near quant1tat1ve y1e1d oflcarbon d1ox1de for
the tgermal decomp051t10n of perester 17 The rate con—i

| stants, actlvatlon parameters, and ylelds of carbon d1—

oxlde reported by the above authors, for ‘the decomp051t10n

~—

~of perester 17 .at 65°, are llsted in Table 7
Bartlett and Simons (9) and Lorand (20) carrled out
a detalled study of the products from the decomposxtlon B

of perester 17 The products, and ‘the yxelds based on ‘Z?

- . ' ’ “’ IR R

~

;o



TABLE 7 . - %

: Thermal-becomposition bf'égEE—Butyl 2,2-dimethylperpro-

pionate'at'65°,'

S st st " co,
Reference . losk,‘secfl' (kcal/mole) (e.u.) (moles/mole‘

v : o K o ‘ perester)

N 2 L S T

(.200 . 5.8l 27,6 . 3.6  0.98 .

- ‘4.‘ ‘\. ' B
30 402 .7 2003 . 7.8 , o0.98

o

a Decomposxtlon in- ethrobenzene. o :;{

b Calculated rate constant using the actlvatlon parameters
: found by Yabuuch1 (30) ERE :;,_ :(

¢ Decomposxtxon in cumene. |

Dec0mpo§1t1on,1n cyclohexanef'- e e



: ;kcal/mole and As* between 4 to -5 e.u.

;, 29.
7
vmoles/mole-of perester, found by Bartlett and Simons (9) .
were:. acetpne 0 26, tert-butyl alcohol 0.79, 1sobutykene
‘and 1sobutane 0.29, and polybutylene 0. 46. Lorand'found
:ﬂ_t:-'-butyl alcohol 0.79, isobutylene 0.40, isobutane 0.30,
dicumyl'O;GB and di-gggtfbutyl ether 0.02. The products
: can all be rationalized on the ba51s of the products de-
rived from (CH ) -C 0, R and carbon leXIde."VV

The Bartlett-Hiatt criteria predict that peresters_'

\which decompose by a mechanism in which the rotation of -~
'eone bond is restricted in the transition state will show
:‘values of AH* between 30 and 35 kcal/mole, and AS* between ‘
6 and 13 e. u. For those peresters in which there is. re-f'z
'stricted rotation about_two bonds, the values of’ AH* -
should lie between 26 and 30 kcal/mole and AS+ between .

4 and 6 e.u.’ If there is a further bond whose rotation

is restricted, AH+ is predicted to lie between 22 to 26°

<
o

\s\fn the case of perester 17 a concerted decomposition

o requires tha< the bond from the carbonyl carbon to peroxy

oxygen be restricted because of the tgggs elimination of
?the tert—butyl and tert—butoxy radicals. The magnitude

j of the activation parameters found by Bartlett and Simons
~(9) and by Yabuuchi (30) for perester 17 (Table 4), are
-‘compatible with th: Bartlett-Hiatt criteria ‘for restricted f
%

'rotation about one bond in the transition state. However,

“the activation parameters reported'by Lorand (20) for thev”

AR
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decomposition of-perester 17 in cumene, would predict're-
strlcted rotatlon about two bonds 1n the tran51t10n state,
and tﬁé actlvatlon parameters reported by Fort (21) for

/.
the decomposlt1on of : perester 17 in the same solvent,

']‘wouldopredlct restr1cted rotatlon about three bonds in

‘:_the number of bonds w1th restrlcted rotatlon 1n the'

the transltlon state.h ThlS lowerlng of - the actIVatlon .
parameters should be reflected in substant1a1 increases

in the rate constant for the decomp051t10n of perester 17
Bar*lett and Hiatt (5) observed a 75- fold decrease in. the _
i'»rate of decmmp051t10n in 901ng from a perester for whlch
h-there was a predlcted restr1ct10n~of rotatlon about threeh
‘bonds to perester l7 for whlch there is a predlcted re-
str1ct1on of rotatlon about one bond It seems reasonablel
to u.ggest, then, that Bartlett and Hlatt were postulatfng

k

- a 11m1ted correlatlon between actlvatlon parameters anﬂ
\ Lo
"tran81t10n state. However, the1r postulates have been

vextended, at least as a worklng hypothe51s, by some workers

'\' \

RE

‘to include a correlatlon between actlvatlon parameters and

vconcerted or non—concerted decomposrtlon.ﬂ For example]
"Lorand (20) postulated that peresters may decompose via
«spontaneous, concerted two—bond sc1351on whenever the
stab111ty of R-vls equal to or great;rvthan that of tert-
butyl Aﬂ* less than or equal\tg 32 kcal/mole, and AS* less
‘than or equal to 12 e u. o

Tbe results from the kxnetxc study of perester 17
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listed in Tableii,'and the nature of the products report- .
‘ed by Bartlett and Simons (9), and by Lorand (20) for the
decomp051tlon of thls perester, can- be ratlonallzed by |
'prop051ng a f1rst—order concerted cleavage to yleld car-

-bon d10x1de, tert—butyl radlcal and tert butoxy radlcal

as 1llustrated 1n Scheme 6.

_ : ] (CcH,),C...C---0
0 A » 3 3 - ;‘
(CH3)3—C-C-O—0-¢f(CH3)3 — R C(CH3)3
' L N
17 ;
'(C83)3C-, A }.+ | co,, o+ . 'O—C(CH3)34

. SCHEME" 6 -

| It can be seety from the-data contained. in Table 7
that for the decomp051t10n of perester l; the enthalpy
'of actlvatlon (AH*) varies from 30 o kcal/mole to 25 5
kcal/mole, and the entropy of actlvatlon (AS*) varies

from 11 1 to —2 9 e.u. Some of ‘these. dlscrepanc1es mayw

' ‘arlse from a lack of prec151on 1n the data or from the

use of dlfferent solvents.‘ Pryor (28) has c1ted examples
in whlch solvent effects have led to consxderable dlf-

ferences 1n the actrvatlon parameters observed in the

v
"a

fﬂ;decomposrt10n~of some peresters. leferences in the

I C e .
F .

[
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activation parameters may also arise from the 1nfluence of
induced decomposition, although all the data llsted in
" Table 7 were obtained by researchers who endeavored to :
‘eliminate this complication. Por example, Yabuuchi studied
‘the decomp051tion of perester 17 in pure cyclohexane, and .
with O 04 M iodine added, and found the rate constant and
| activation parameters to be the same wzthin the 11m1ts of
<experimental error. The differences between the activation
vparameters found by Bartlett and Simons (9) for the decom-
p081tion of perester 17 in chlorobenzene, and those found
| by Lorand (20) ‘and Fort" (21) for the decomp051tion in
céﬁene, may be attributed to the differences in the sol-
‘vents used 'However, the significantly different activa-
'tion parameters .reported by Lorand (20) and by Fort (Zlf}
.for the decompogL fon of perester 17 both - in cumene,
appears to revea?Ran imprecision which may be involved An i
.determining AH* and AS* -
Fort studied the kinetics of the thermal decomp051tion

of tert—butyl 2,2- diethylperbutanoate ((C2H5)3C CO3 (CH ) 3

and tert-bu€/1 2,2~ dimethylperpentanoate (CH CH CH C(CH

2 3)2
CO3 C(CH3)3), and compared the rate constants and activa-‘
tion parameters for the deccmposxtion of these two per- |
esters with those of the . 1ess substituted tert-butyl 2, 2-
‘i dimethylperprOpionate (17) The rate“constantS'and acti-

[

vation parameters for the thermal decomposition of these

'ffj.peresters at 65° in umene_arezgiven,;anable.s'
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TABLE 8- o &
Thermal Decomposition of Various tert-Butyq Peresters
R-CO,C(CH,) y at 65° in Cumene
R .k ox 10%, st ast  Relative
BT - sec™! (kcal/mole) (e.u.) . rate
(CH;) 5C © 4.53 - 25,5 -2.9 1.0
C'B3CH2CH'2C-(CH3)2.' 7_-.7§ | ‘25.2_ | -3.2 1.67
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The results %n;géble 8 shoﬁ no significant varia-
tions in the magnltude(of the actlvatlon parameters.
AThere is a steady increase in the rate of decomp031t10n
as‘the substltut;on of the R- rad1ca1 1ncreasesr Fort
attributes’this inCrease to the increagedinuthe stabilityj
of R- byvvirtue‘of the_inductive effect of-their addi-

tional carbons. 'Yabuuchi'(30) studied_the kinetids of

the deComposition of perester 18 atvseveral temperatures

.pin cyClohexane. .The rate constant for the decomp051tlon
-iof thlS perester at 65° was -found to.be 6. 31 x 10 S?sec-fl.
The actlvatlon parameters observed (AH* = 28 8 kcal/mole,b‘
irAS* = 7.0 e.u.). ‘were higher than. those reported by .Fort.
‘An_lnvestlgatlon of the products from the thermal decom—

p051t10n of thxs perester was not carr1ed out; however,‘

~ .
Yabuuch1 did observe 99% of the theoretlcally calculated-‘

'amount of carbon ledee. Fort found that the rate of
decomp051t10n\of perester 18 increased by '42% over per-
ester 17 at 65°° Yabuuch1 found" thls 1ncrease to be 36%

in cyclohexane. The activation parameters found for

perester 18 are well wlthln the 11m1ts requlred for de—

comp051t10n via the concerted two-bond sc1551on mechanlsm.‘

They do not dlffer sxgnlflcantly from those reported for
_perester 17 with the reactlon carrled out in cumene. It
can then be postulated that thevmode of decomp051t1on of

these two peresters occurs by a srmllar mechan1sm, namely

concerted two—bond sc1ssxon.‘ The 1ncrease31n the rate of
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: L ‘
d$oompositi0n of perester 18 over perester 17 can be ra-
tionalized as due to an increase»in'the stability of R-
by virtue of the additional ethyl group. The observed‘
increase in the rate of decomp051t10n as the R group ofo
the perester becomes larger may also be ratlonallzed on
the ba51s of sterlc grounds.‘ An examlnatlon of a,space
fllllng model of perester l8-revea1s thatlstericvihter-
‘ actlon between the B- ethyl'substltuent w1th the carbonyl

peroxy oxygen of the perester can occur: .

l3ﬁ
CHB-C———C\\

- 0-0-C(CH 3 R -
. CH2 \- @ | : ;
TR Y

H

Q=0

2
3
The reiief.of this'steric straih.ooald result in an‘in-r
orease in theorate of decompositioh of-the morevsubst{tuted
peresters over_tert—butyl 2.2~dimethylperpropion5te'(17)
It was observed that both the B- chloro and 8- bromo
peresters, 19 and 20, d1d not glve flrst-order klnetlcs
‘when the decompos;t1on ‘'was carried out wlthout an.added
radical soavehger. bfhemrate of4decompositionvincreased,‘
«,with”increasihgbpercent decomposition;'and’the main pro-
vducts were 3- chloro-z 2 dlmethylproplonlc ac1d (7) and

3-bromo-2, 2- dlmethylproplonlc acid (g)._ This result was.
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aétributed to an acid catalyzed decomposition of these

.,peresters as 111ustrated for the B-bromo perester, 20,

in Scheme 7 (31)

CH : ' -

)3 | | . | ACH3
Br-CH,-C- -~ — » Br- + CH,—=C -
_ NI ! N\

CHy | - CHy

" Br® + R-H — ji“Br)'* R’ 2
o . o ....( — — /N o

B ) . . ) w)
HBr + Br-CHz—C(CHj)2—CO3-C(CH3) ——)--——)—Acld + other

ducts

S ' _ : L .-p.'

The decompoeltlen of the,@ halogen peresters, 19 and 20,
gave flrst—order klnetlcs in cyclohexane solutlons W1th

added 1od1ne. It was ratlonallzed that iodine scaveﬁges

_the radlcal .species quickly and 1nh1b1ts the formatlon

- of Hx._ Under,these CQnditions catalyzed decOmposition

was cempleteiy eliminated<as“eyidehcedbby1first—order

kiheﬁics and‘absence of carbqnjlécontaininé products;
'near,qﬁantitetive amoents of carbon,diexide;were‘found
-for_both’of‘these pereéters. The:kinetié‘Study of the § ; ;3

‘thermal decomposition of the 8-iodo perester, ‘21, was
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also carried outiin‘a cyclohexane.solution with added io-
dine. The decoﬁkosition offthe B—phenylthiol‘perester,

22, gave f1rst-order411net1cs under both condltlons, neat.
»cyclohexane and cyclohexane with added iodine. The rate.
constants and actlvatlon parameters for the decomp051t10nl
of peresters 19 and 20 as 111ustrated in Table q, do not
exhlblt-any_slgnlflcantly large Variation.

| Anchlmerlcally a531§ted acceleratlon of the rate of
deconp051t10n by a nelghbourlng halogen atom such as chlor—
ine, bromlne or 1od1ne could occur via tran51tion states

of the type deplcted below in which there would be re-

'strlcted rotatlon about bonds a and ¢ in 1 '“dvE and c

o

in X. | | ,
1+ T
’,O—C(CH3)J : .~ _o-C(cH )3#
el 3 ﬁ . .
8 -...c__o’ .
CH3 B’ .
F%‘EC;
x. ‘Ia
1
1.1 1

this’type of stabilizatidn-by a oeighbouringvhalogen-atom |
should be reflected by a con51derable lowerlng of the
actlvatlon parameters when they are compared to those of
the unsubStltuted perester 17. From the data in Table 1

. PeS 1t. can be seen that Bartlett and HJ.att observed a
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lowering of the enthalpy of actlvatlon by 7 kcal, and a
lowering of the entropy of actlvatlon by 13 e.u. when com-
par1ng”perester il with predicted rotation about one bond
'in.the transition state to a:perester_with predicted-re—

- stricted rotations about three honds. Furthermore, this
increase 1n the number of restrlcted rotations was accom—i
-panled by a 75—fold increase in the rate of decomp051t10n.

It,was ant1c1pated then, if any 51gn1ficant anchimeric
: acceleratlon by Cl, Br or I d1d occur 1n the decomp031tlon
of these tert-butyl 3-subst1tuted 2, 2- dlmethylperproplon—‘“
;ates, then the rates of decomp051t10n of these peresters
should be substantlally higher than those of the unsub— :
stltuted analogue, and the 1ncreased stablllzatlon of the
inc1p1ent R- rad1ca1 via tran51t10n states IX or X should
be: reflected by a lowerlng of the actlvatlon parameters.

Examlnatlon of the k1net1c data of Table 4 shows
\that only the B-1odo perester, 21, exhlblts a small accel-
'eratlon of the rate of decomp051t10n over the unsubstltuted
| perester, 17 Indeed the rate constants for both the
chlorine and bromlne derlvatlves are lower than those of
the unsubstltuted perester. Furthermore, the actlvatlon
parameters for these peresters are the same w1th1n the
limits of. experlmental error. In view of these results
it must be concluded that anchlmerxc acceleratxon of the

-type as deplcted 1n tran51tlon statg X, or by concerted

eliminqtlon as outlined in tran51t1onfstate IX, does not



occur to any significant extent; lt‘appears‘that the
re%ﬁtiue.rates of. these perestersvare goVerned by'a com—v
_blnagéon of steric and inductive effects,_and these w1ll
. be 'discussed subsequently. | A
As proposed in the 1ntroduct10n, “oth lodlne-andbiv
sulfur could, by analogy with the tert—butz% QEEEQ'SUb‘
stituted perbenzoates studled by Fisher and Martln (lZd),_
:cause anchlmerlcally accelerated bond homoly51s in the

»tert—butyl 3—subst1tuted 2 2- dlmethylperpropxonates, v1a

a CYCllC flve—membered tran51t10n state VII.

o B (':H3
“ 7 |cn —c———@ 1 y
. A \O---O-C(CH ) o
T cnz—x ‘

As previously stated a node of decomposition*!ig such a
transition state requires restricted rotation about ‘ ’
three bonds (a, b and c$ actlvatlon.paramepers consi&%gnt
with thls loss of degree of rqtatlonal freedom 1n the S
transltlon»stateb and a-substantlal accelerat;on of the
firsthrder thermal-decompOSitlons'ofethe‘B-substituted‘
peresters, 21 and 22, over the unsubstltuted pé%ester,
'll) Although both the 1od1ne and sulfur derlvatlves de-

“composed at a faster rate than the unsubstxtuted perester,

the increase in the rate of decomp081tion was not. signifi-
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cant enough to allownone to ascribe this to anchineric

(.

assistance. Because the.zctlvatlon parameterS‘ﬁg the
2,

B-J.odo perester 21 and B-phenylthio perester, 22 are the

same, withln the limits of experimental error.}the prob-

*

abilitf of anchimeric assistance by these two substitueuts;

via the cyc11¢ flve-membered tran51tlon stateisyI;“is lOw;

’ Thus, the klnetxc study of the thermal decom9051tlon

‘ofjtye ESEE‘thyl 3-subst1tute§’2.2—d1methylper?rbplonates
a

has not shown any dramatic variations in the rate constants

or activation parameters.
LT

Considering the charge*separated_structure VIII.'it§

is clear that an increase inthe electronegativity‘of the

st fﬂ B
cn3————c———~c-———o—-—-o—c(cu )5

cuzx‘ - S '_/_

VIII -

substituent should be less’faVOrable to. the partially
developed p051t1ve charge in- the ac1d portlon of the per—
ester. This polar structure w111 be most destablllzed by

the electronegatlve chlorlne atom, and thlS perester
‘.;J?
actually exhlblts the lowest rate of decomp031tlon of v
l

. the series of peresters studled.

The polar effect of the 8-subst1tuent on the ground _

state energy of the peresters should also be consxdered

Electron—yxthdrawxng-groups like chlorlne\should reduce
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repuL51ve forces between the lone pa1rs on the two per-
oxlde oxygens and thus increase the stability of the

perester. Electron-donatlng 9roups should exhlblt the
opp051te effect. 'ff" f”u
4

Elther argument presented above predlcts that the

Q 1

; p051t10n should be CB3CH2 >H >
¥ '

_ CGHSS > I > Br > Cl, the.lnductlve order. Experlmentally

. 0
1t was found that therorder for the rate of . thermal

e x\f“ .

decomp051tlon of the ) erestersrstud1ed was I> CH3CH2

whlch is not the 1nduct1ve order.

order of the rate of def

‘

.Csﬂss‘:-,.) H > Br »

'Bartiett and Rue". t (30) demonstrated the 1nf1uence

" of, the 1nduct1véfhffect of a chlorine atom upon the—

- rate of thernhl decomp051t10n of a tert—butyl perester,

when they Eompared the rate constant for the decomp051t10n

‘,i of tert—butyl meta—chlorophenylperacetate wlth that of the ;‘
: unsubstltuted perester, tertﬁbutyl phenylperacetate, in. |
'hchlorobenzene at several temperatures. :The re1at1ve

rate of the meta—chloro substxtuted perester to the un—n

substltuted one was foundxto be 0. 4. A sxmllar retarda— -

-tlon oﬁ\the rate of decbmp051t10n due to a chlor1ne atom B

‘was observed for the tert-butyl 3-'subst1tuted 2, 2-d1-— ', o

' nethylperproplonates (k 9/k17 = 0. 4). It appears that

the rate constant for the decomp051t10n of the B-chloro

._perester, 19 is governed almost exclusxvely by the

elet rou-w1thdraw1ng 1nduct1ve effect of the B-chlorlne_
atom. S e v . _
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| On the basis of the relatively small d1fferences in

' the electronegat1v1t1es of- the halogen atoms, chlorine,
ebromlne and 1od1ne, one would predlct that the rate of
-decomposxtlon of the - B- bromo perester should 1ncrease
slightly over that of the B8- chloro perester, and the
B-iodo perester should decompose at a sllghtly accelerated
rate over that of the B- bromo derlvatlve. However, the' )
'rate constants of all of the B- halogen peresters would

tbe ant1c1pated to be less than that of the unsubstituted

”ﬁperester. Indeed if a purely 1nduct1ve effect prevalled

then the rate. constants should fit the Hammett—equatlon

- w1th the use of Taft o Q- Experlmentally 1t was found

Athat the rate constant for the B~ bromo perester, 20, was-h
MV1rtua11y the same as that of the unsubstlthted perester,
.17,,(relatIVe rate’ of perester 20 to perester 17 was .0. 9),
f_and the rate constant for the B-1odo perester, 21, exceeds1>*
that of ‘the unsubstltuted pe;este r, 17 by a factor of 3.
ZAccordlnc v a plot of log k qf Qas not 11near. A
\qurely 1nduct1ve order also predlcts that the 8- phenylthlo
vperester, 22, should decompose at a slower rate than the
”‘unsubstltuted analog It 1s dlfflcult to rat1onalhze on. <
“the ba51s of inductlve effects why the B—lodo perester, o
- 21, decomposes at. a faster rate than both the 8- ethyl
vperester, 18, ‘and’ perester 17, and why the B-phenylthxo ,

’ perester, 22 decomposes at a fayter rate than the un-

R

substituted perester, 17. ' §.V



43.
The dlfferences in the rate constants and actLVatlon
parameters of tHe various- peresters are far too insignlfi-

Y

~cant to. permxt one to speculate convxncxngly as to the
cause of this observed order in the rates of deco

osition. -
It was speculated earlier that .the accelerated rate of l
:decomp031t10n of the B-ethyl perester, 18, may be ascrlbed
to steric factors. - Slmllarly, the accelerated rateyofAde—'i
composition of the B-iodo ande-phenylthiq perestZars,i

21 and 22, over the unsubstltuted case, could also be
attrlbuted to sterlc factors. An examlnatlon of the
structure of the two peresters, 21 and 22, u51ng space flll-
1ng models ‘reveals an even greater steric 1nteraction be-;v-
eweentheB-lodo or B-phenylthlo substltuent and the per-
oxy oxygen whlch is bonded to the: carbonyl carbon, than

- for the B-ethyl. substltuent.‘ This steric 1nteract10n
appears to’ﬁe most pronounced for the-large 1od1ne atom.'b
’ﬂThe release of thls?sterlc straln in the transitlon state

E could result 1n a rate of decomp031tlon greater than that

;whlch would be predlcted if a purely inductlve effect

i

prevalled o R . S \\

The products of. the thermal decomp051t10n of tert-~ o

butyl 2, Z-dlmethyl-3-phenylthzoperproplonate (22) 1n
j»'cyr.:lohexane, were studied 1n detall. It was found that
the .rate constant for the décompos;tion of thls perester
was the same whether the decomposltlon was carrled out in
i''ff"cyclohex:-.\ne with iodine added or in neat cyclohexane.

,5}.
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Slmllarly, an’ 1nvest1gat10n of the products of decomp051—

:&9 :
-

'tion in a cyclohexane solutlon w1th 1od1ne added revealed

,that they were the same as those deALved from the decompo-

81t10n in neat cyclohexane.

1

5

The decomp051tlon products of

tperester 22 in pure cyclohexane are summarlzed in Table 6.

'The hlgh yleld of carbon dlox1de (94%) is cOn51stent w1th _

'the mechan1sm of concerted decomp051tlon and not w1th the

'.carbonyl product produc1ng pathway.'

'-1n thls study are outllned ‘in Scheme 8.

CH3-C—v—C ﬁ~0—C(CH )

' CH.

3.0
|

/' 2

\CH

.

. CH3 P |
CH3-c—-»c—--o~--e-C(CH ) 3
/pﬂ ,f '. «
a\c He . h

i
N
~

The products obtalned'

SN
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| SCHEME 8

Under the reactlon condltlons employed for this
_study the tert-butoxy radlcalawas.ﬁ;xed as tert- butyl

‘alcohol to the extent of 90%. The tert-butoxy radlcal

'.‘vunder these reaction: condltlons did not undergo a B—scis-z :

51on reactlon to’ yleld acetone, a product obtained 1n
other tert-butyl perester decomp051t10ns. Bartlett and .

>Ruechardt (10) also found a hlgh yleld (90%) of tert-

‘butyl alcohol in the1r decomp051t10n studles of tert-

x

butyl phenylperacetate 1n toluene at 95° - In chloro—

benzene a con51derable amount of acetone was formed Thus

':whenever there is ‘a good hydrogen donor the main fate of

,the tert—butoxy radical is to form tert-butyl a;cohol.
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In summary, it can be concluded that the tert-butyl

3-substituted 2, 2-d1methy1perpropionates studied decom-

‘pose by the concerted two-bond sczssion pathway, and that

anchimeric acceleratlon of the rate of decomposltlon by
neighbouring group partlclpatlon of the B substltuent does
not occur. The order for the rate of decomposition is not

explalned by a purely inductlve effect - The suall dif«

ferences whlch do occur, in the order obtained for the

gecpmposltlon of the tert butyl 3-subst1tuted 2, 2 dlmethyl-
perproplonates, may perhaps be attrlbuted to sterlc

factors.



EXPERIMENTAL

-~ GLPC Analysis
An‘herograph 90-P gas*chromatograph equioped with a
thermoconducrivity detector‘was-used thronghout. fhe
volatlle and low b0111ng products were analyzed on a
20' x 1/8' FFAP column (4% chromosorb W A/w DHCS 80/100
mesh)- at 72°.. The h1gh b0111ng products were analyzed on
a 5" x 1/4“ SE—30 column (10% chromosorb W A/W’GO/BO

mesh) at 172°

Materlals

Thlonyl chlor & was pur1f1ed accordlng to the pro-
'fcedure descrlbed (see exper1menta1 P. 172). Oxalyl chlor—
1de, ‘from Terochem Laboratorles Ltd., was used without .

- further purlflcatlon. tert-Butyl hydroperoxlde was
- purchased from the Borden Chem1ca1 Co. and pur1f1ed by
‘mfnn%d;stlllifgon ﬁﬂder ieduced pressure (32-3 5°/15 mm). n-.
Pantane was wﬁ?ﬂé%}thh concentrated sulfurlc acid fol-
lowedfby d15t1ll@tlon from phosphorus pentoxlde. Cyclo-.
hexane, Ph1111ps [ Research Grade, was purjfied by

v"

refluxlhg'over sodium metal for_sevegal hours followed

by dlstlllatlonu The infrared spectrim of the neat
cyclohexane, purlﬁ}%g in this manner, showed no extran-

e

eous absgrptlon bands in the.olefinic region.



—

48.
,

Preparation of Peresters and Anthentic Samples

~ Some of the 3-subst1tuted 2, 2-d1methy1prop10n1c
acids (x—cn C(CH )2 CO H) were commerc1ally avallable.
2,2fDimethylprop10n1c acid (2), 2,2-dimei ylpentan01c

acid (6),andv3-chloro-2,2-dimethylpropionic acid (7)\were

_ obtained from the Aldrlch Chem1cal Co., and were employed

‘by Mr. Yabuuchl of this laboratory, as startlng ‘materials

for the preparatlon of the correspondlng peresters. The

»meltlng poxnt and/or b0111ng p01nt,band carbonyl absorp- '

tion of these acids are llsted ‘in Table 9 and thelr

nmr spectra (CDC13) are llsted_rn Table 10.

- Preparation of 3-Bromo-2, 2-dimethylpropionic Acid (8)

The g-bromo acid, 8, was~prepared by the reaction

t‘of fumlng hydrobromlc ac1d upon 3-hydroxy-2 2-d1methyl-

proplonxc acid (23). The ac1d, 23 was prepared by

”potassxum permanganate oxldatlon of 2 2-d1methy1 1,3-

propane d'Bﬁ (24), accordlng to’ the method of ‘Testa (32).-

The oxidation of 24 by this method netted 37 g (36%). of

3-hydroxy—2,2—d1methy1proplon;‘;,c1d (gg). The melting

point and'oarbonyl'abSorption for'this acid is listed
in Table 9, and the nmr spectrum (CDCl ), in Table 10-

~The carboxyllc ac1d 23, thus synthe51zed was =

; converted to 3—bromo—2 2- dumethylproplonlc ac1d (8) Ulth

!

’hydrobrom1c acxd according to a modxflcatlon of a pro—

cedure descrxbed by Nerdel (36)." 1

3



: : TABLE 9°

Melting Point and/or Boiling Point,ﬁénd Carbonyl

Absorption of Various 3-Substituted 2,2-Diﬁethyl—

propionic Acids (X—CH24C(CH3)2-C02H)“

CGHS—SO »l28.5—l30

Substrate ﬁp or bp . ‘iit‘  Lit., C=0
x e value ref. cm~ 1
OH . ‘l) 122-126 123-125 32 1680
H . 33-35 34 33 _1585
CHg 98-9,/9mm = . 34 1695
ca 126-9/30mn 108-12/10mm 35 1700
Br.  51-52 52 36 1705
I : 48.5549{5‘ ARV 3? . 1708
CHoS  115.5-116 . 115 38 1683
- - 1700

49.



TABLE 10

Nmr Spectra of Various 3-Substituted 2,2-Dimethylpropionic

S P ' - |
Acids (xfCHz-C(CH3)2C02H)

Substrate ,- Chemical Shift (t) -~
X - Carbonyl OH Methylene Gem—dimetﬁyl_ - Other
OH = 6.437(s) 8.86 (s) )
H -2.41 (s) S 8.78 (s, .
: ‘ - : © tert-butyl) . .
C H . -2.21.(s) .B.54 (m)  '8.82 (s) 9.06 (t,
7 : . L : _ - ‘methyl) -
. - . A
cl . -2.45 (s) 6.43 (s) ' B8.68 (s)
‘Br -1.18 (s) 6.51 (s) - 8.63 (s)
I -2.31 (s) 6.69 (s)  8.65,(s) |
| CgHgS =175 (s)  6.82 (s) 8.70 (s)  2.48-2.96
- 2. . 7 o v . --@ﬁ (m, aro-
_ o ’ matic)
e ‘ : . N .
CgHgSO -1.38 (s) 6.86 (s)  B8.44 (s), - 2.08-2.61
: ) : 8.58 (s) (m, aro-
matic)

R acd

%,

2 Nmr spectra were taken in CDCl3 with TMS as interndl?%%‘;a

. standard.
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\

necked round—bottomed f1a§k¢f1tted W1th a thermometer,

- reflux condenser and a fritted glass gas—dlsper51on tube,
' were added 38.97 g (0 33 mole) of 3—hydroxy—2 2- dlmethyl—
proplonlc ac1d and 218 ml (4.80 mole) of 48% hydrobromic

" acid. The solutlon was  allowed to st1r for Zl,hours at
'95-100° whlle a constant flow of hydrogen bromlde was.
'bubbled through the solutlon. The reaction mlxture was'

: allowed to cool to 25° and 250 ml of water was added .

s

The entlre mixture was ‘extracted several tlmes w;ﬁh

' ether, and the organlc solutlon was drled over anhydrous

magne51um sulfate. After removal of the solvent by ,

‘rotary vacuum evaporatlon, 54 g (98%) of a sllghtly

yellow solld rema1 Ed', After recrystalllzatlon from
Egmethylproplonlc ac1d was obtalned

as a white crystalllne solid. The melting p01nt and

v carbonyl absorptlon, and the nmr spectrum (CCl ) are

listed in Tables 9 and 10 respectlvely.

Preparati%g of 3-Iodo—2,2-dimethy1propionic,Acid (9)

>
The B8-iodo ac1d 9, :was prepared accordlng to a-
modification of a method described by Kohn and Schmldt
’(37). Into a 500 ml three—necked round- bottomed flask,
fltted wlth a reflux condenser,_magnetlc stlrrlng bar

~

"and a thermometer were added 32.6 g (0.29 mmole) of
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acid 23, 225 ml (2 9 mole) hydrlodlc ac1d and 7. g (0 23
-oie) of red phosphorus. The solution was allowed to
'stlr under reflux for 12 hours, followed by stlrrlng
~“at 30° for an add1t10nal 12 hours. Subsequently, a
distillation was carried oQi at atmospheric pressure and
" a white erystalliue material‘soonbbegan te‘eolidify on
the-ﬁall'ef the reflux eoudenser.v The solid material
waé periodically flushed out of the condenser with
) earbou tetrachloride.l The:dietillation'was_contiuued
‘until_only a viseons residuerremained. “The residuedwaé”
. extracted several times withdcarﬁon'te£;:chloride.and
the COmbined‘extrﬁcrs,rand the‘carbon‘tetrachlbride sol—‘
‘ut1on of the solid dlstlllate, were drled over anhydrous
magne31um_sulfate. After evaporatlon of the solvent.
37 g (56%) of.a white crystalllne materlal remained.
The g-iodo acid, 9, was purlfled by recrystalllzatxon
from petrole&ﬁrether; The melting’ p01nt and carbonyl,

absorptlon, and nmr spectrum (CDCl ) of th’s acid are

- 9
, llsted 1n,Tables 9 and 10, respectlvely. G

Anal. Calcd -for CgHgO,I: C, 26.30; H, 3.95.’Found: C,

26.49; H, 3.95.

| Preparatlen of 2d2—Diﬁethyl-3:phenylrhiopropionle a;ldrflg)
The ac1d, 10, was grepared accordlng to a modlfl—j .
catxon of the method used by Truce and. Knospe (39) for‘
the preparatlon of 2, 2-d1methyl-—3—methy1th10proplom.c

‘acid. Into.a 300 ml round-bottomed_flask:fxttedexth a
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magnetic'stirring bar and a reflux‘condenser were added
130 ml absolute ethyl alcohol and 9.7 g.'(0.47 mole)
sodium metdl. The solutlon was allowed to stir at 30°
for 2 hours after wh;ch_tlme all of .the sodlum metal»had
disappeared. To this.mixture,wasadded another solutionlb
thich,had been prepared_ln the'followinc manner: into a
300 ml-round;hottomedftlask fitted with a reflux con-
denser and a magnetlc st1rr1ng bar and contalnlng 130 ml
' of absolute ethanol,,were added 25 gs(o 52 ‘mole) of
Afreshly distilled phenylthlol and 11.3 g (0.50 mole) of
- sodium metal. Th;s solutlon was allowed to stir for %
hours at 30°. | ) | |
aThe“combined_mixture waslsubseéuently addéd drobwise
into a one-liter round-bottomed flask contalnlng a solu-
tlon of 64 g (0.47 mole) of 3- chloro—2 2- dlmethylpro-
"plonlcvac1d (7) in 93 ml absolute ethyl alcohol. The
resultant m1xture was allowed to stir at reflux for 24 :
hours, after whlch time the solutlon was concentrated by
means . of rotary vacuum. evaporatlon.' When ‘the solutlon
'was cooled, a white SOlld re31due remained whlch was‘
subsequently ac1d1f1ed w1th 10% aqueous hydrochlor;c
~acid. The aqueous solutlon was. extracted se;eral tlmes
w1th ether, ‘and the comblned ethereal extracts were "
dried over anhydrous magne31um sulfate.‘ After removal - ”
;of the sglvent by means o£.rotary vacuum evaporatlon,”
87 g’ (80%) offa-wh1te solld was lsolated.. The crude

oY
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product was recrystallxzed fro- chloroforl/carbon tetra—

mﬂ& chlorlde. mhe-neltlng poiat and carbonyl absorptlon. and
?%FI S ctrum (CDCl ) for acid 10 are listed 1n Tables09

,"h‘l *\Q“

o

“flcd for C a 0,8: C, 62.82; H, 6.71; S, 15.25.
Found: c, 62 50; H,6. 19; S. 15 36 |

3~Subst1tuted 2, 2-Dlmethylprop10nyl Chlorldes (x—ca*—

'C(ca ) —coc1)

The procedure for tae conqersxon ofbthe varlous.3—
substltuted 2, 2~d1methylprop10n1c acids, to the corres-

‘ pond1ngn3 substltuted‘z 2-d1methylproplony1 chlorldes.
was the same for ac1ds S (X H), 6 (X =cC ), 7 (X =
Ccl), 8 (X = Br) and 9 (x = ). The procedure for the -
‘conver51on of the ac1d 8, to the acid chlorlde. 14 .

‘wlll be descrlbed in detallﬁ Intora 100 ml round-bottomed
three-necked flask, f1tted Hlth a magn Lie st1rr1ng bar .
and a reflux condenser were added 13.6 « "0, 075 mole)

o of 3- bromo-2 2 dlmethylproplonlc ac1d (B)and 12.5 g .

| (0. ll mole) of freshly pur1f1ed thlonyl chlorlde.‘ The
;mlxture was allowed to reflux at 80° for 4 hours. The.J
‘crude mater1a1 was dlstllled under reduced pressure and.l
8.48 g (59%) of a colorless 11qu1d uas collected. ' Some :

/’\bf the phy51cal constants and carbonyl absorptxon. and'.
"~ nmr spectra (cc, ) of the, 3 substltuted 2, Z-dlmethylpro—
pionyl chlorldes are llsted 1n Tables 11 and 12, re-

spectxvely. )

3 ) N - . : Y
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. 3-Substituted 2}2—Dimethy1p:opiehyi'Chloridq% (X-CH.,~-

"C.H

.
‘ - . ss,
oo TABLE 11 = ‘
i IABLE 11 - . | o

——

Physical Constants and Carbonyl.Absorption of Various

2

L]

C(CH,) ,~COC1)
Substrate . Bp ‘Lit.  Lit. ng U
X L eC value . ref. - -1

PR

H . * . 48/100mm 107 40 ~  1.4126 1795

C, Hi ' 59/31mm  45/10mm 34 1.4213 1790

ct ., .-  85-6/60mm 41 - - 1795

2

CBre’ ' 65/10mm  64.5/13mm 36 - 1795

I ' 90/92/9mm - T '~”1.480? 1795
S g 142/,5mm_ \\\\\- - ) - -1780 _ o

5
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' TABLE 12
—

qu Spectra of Varlous 3 Substltuted 2,2- Dimethylpropionx*

Chlonides (X-CH —C(CH ) 'COCl)

4

- Substrate ,—— Chemical Shift (7) %»_
’ ’ Ie} ¢ . ‘ 'aad’

X g ‘ fmethylene gem-dinethyl ""3other_”

i @3'( o . .
- %967 (s, tert-
w -bqtyli'

CH. C8.45 (m)" 8.72 (s) 9.06. (t, methy

,.
]

et 6.38(s)  B8.60(s) -,
Br  6.61 (s) 8.52 (s)
'ili'- I 6.48 (s) o 8,58 ()
c.H.S 679 () 8.62 (s)  2.50-2.93

v S : S - (m, aromatic)

-~ .: ) "‘ . ’- .
N N ’

‘ g t‘; o
. v T L
P Ly
R D , N
» " “_‘- S s T . : . N
. &%&’J T £3 ’ t
& .

. . & T o
The nmr spectra’ were taken in CC14“Vi£h TMS;asﬁinternalv

‘A. A . n -

. D .\ .
a ;
standard. - < R SRR
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2, 2-Dimetpyl—3fphenylthiopropionyl chloride (16)—"

{ |
solutxon -of 10 4 g (0. 05 mole) of 2, 2-diméthyl<3 phenyl-

thloproplonic ac1d in 100 ml of benzene was prepared in.
a 500 mlmround—bottemed flask flttec with a magnetlc
stlrring bar, a reflux condenser ‘and a dropping funnel.,f

Fromathe dropplng funnel was slowly added 112. 5 g (0 89

;mole) of oxalyl chlorxde dlssolved in 30 ml of benzene.

_The entire mixture was allowed to stir at 30° for one-

hout.» Subsequently the volatlle products and solvent
were dlstllled at reduced pr;ssure at room temperature.
A total of 11 g (97%) of a brlght yellow llquid was
obtalned. The physxcal constants and carbonyl absorp-
tlon, and nmr spectrum (CCl ) of thls “acid chloride are.
llsted in Tables ll and 12, respectlvely. ‘ _

. - The'crude 2, 2-d1methyl 3- phenylthaoproplonyl
chlorlde was. subJected to purlflcatlon bylvacuum dis-

-

i tlllatlon. The fractlon bo;llng at 142 l43°/5mm was col-

lected as a colorless V1scous llquld An ;nfrared spect-

rum of the dlstlllate revealed two carbonyl stretchlng

bands at 1672 and 1780 cm 1; The nmr spectrum in carbon _

‘-tetrachlorxde showed ﬁ? methylene absorptlon bands at
: Qf' ;

d
T 6 79 and-7. 12, and

)\-' g

tion bands at T 8. 62 aﬁd”a 78. The integration ratios
showed that . the ratlo of ac1d bhlorlde,'l;, to the new

compound wh1ch formed durlng the dlstlllatlon was 3:1.

oA column chromatography purificatlon, employing Woelm ”
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neutral alumina and:diethylﬁether'as the eluting solvent,.
ylelded a pure whlte solld This compouhd was character—

1zed.as 1-th1ocromanon (25) mp 33 35° (llt 34-35° (38)),

: l
c=0" 1672 cm nmr (CCl ) T 1 93 - 2 13 (multl-

plet, 1H, aromatlc), 2. 77 -3 14 (multlplet, 3H, aromatlc),'

ir (CCl ) v

7.12 (sinqlet, 2H, methylene) and 8. 73 (51nglet, GH, gem-

fdlmethyl). ’ 1‘ o LT & o gge'

Anal. Calcd, for C)H,,0S: C, 68.71; H, 6.29; S, 16.68. -

11 12’
Found C, €8.58; u, 6.31; s, 16. 63. |

 An attempted synthe51s of 2 2 d1methy1 3 phenyl—"
th10prop10ny1 chlorlde by refluxlng in neat thlonyl chlorfﬂkb
. 1de, the method employed in the synthesxs of the other¢J
acxd chlorldes prepared here, also gave a mixture of

ac1d chloride, 16‘ and l thlocromanon (25) The oxalyl

chloride method had the advantage that. the reactx@n could e

&

be carrxed out at room temperature, therefore preventlng

the format1on of l-thlocromanon.

i Peresters L . ;

‘The peresters were prepared from the correspondlng

aL

'ac1d chlorldes. The peresters l7 (x H), 18 (X = )
and 19 (xk él) wgﬁe synthe51zed by leoshl Yabuuch1 of
thxs-laboratory (30) .- The method for,  the conversion of
the aciduchlorides to‘the correspondlng peresters was 5
\td the same for the preparatlon of peresters 17 - 21. 2, 2- ~l
Dimethyl 3-phenylth10prop10nate (22) had to- be preparedv

%

by a modxflcatxon of this method.
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A mixture of_an acid chloride (0.15 mole), freshly
_purified tert-butyl hydropesroxide JOhZSS'nole)_and 100"
ml n-pentane was allowed to stir.at 0; Purlfled pyri¥
dine (0.165 mole) was then added dropw1se with stlrrlngb*
over a period of 20‘m1nutes, while the temperature_was
maintained-below 5°. The reaction mixture was then
allowed to stand at room temperature for an addltlonal
40 mlnutes to ensure complete reactlon. Subsequently
‘ the mlxture was poured onto ice. The organlc layer was y"

separated and washed succe551ve1y w1th cold 10% hydro-

chloric ac1d 10% sodlum blcarbonate solutlon and dis-
rd '

&

tllled water, and flnally drled over anhydrous sod1
. sulfate._After removal of the solvent, the remalnlng
crude material (usually da\— 90% yield) was purlfled
either by recrystalllzatlon from n-pentane at -78° or . .
fby pa551ng it through.a c¢olumn of ‘Woelm neutral alumina
at 0°, u51ng ether as the eluant ‘The latter method
was shown to be partlcularly effectlve to remove all
-traces of lmpurltles.. Perox1de contents as deternlned
~"by 1odometr1c t1trat10n developed by Sllbert (42), were

'nOt very rellable (B C 86. 5%,, B<H, _84. 7%, g-C1,

5.

98t3%: B-Br, 98 2%). Bartlett (9) and Koenlg (19) also

_ obta1ned unsatlsfactory results by thls method for

/ establlshlng'the purlty of the peresters synthesxzed by
them,_ YThe purlty of the peresters was therefore deter-

«m.une% by then: 1nfrared and nmr spectra, k1net1c
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- behaviour and elementary analysis. The vyefractive indices

R

and cafﬁonyl absorptions, and the nm pectra (CC14) of
the peresters are listed in Tables 13 and 14, respectiv-

ely.‘ The-elementary analyses of these peresters'are con-
, A

tained in Table 15. = | , ~\
R N \

— e

tert Butyl 2,2- dimethyl- -phenylthioperpropionate
tl'(22) was synthesized in a different manner. “An attempt
Ato synthe31ze this perester from the cortesponding ac1d
chloride according to the procedure employed for the

_ other peresters, gave an unsatisfactory result because

VA
"of the apparent spontaneous decompOSition of the per-- S;LQ

‘vuester duringvthe preparation. The major products 1sol-

ated from this attempted synthe51s were two acids. One

of these acids was 1dent1fied as 2,2- dimethyl 3-phenyl-

-_thiopropionic acid (10) on the basis of 1ts nmr and in-

-~

frared spectra, and mixed melting p01nt.b It was specu-"'

lated that the- other ac1d formed in the reaction could

, perhaps ‘be the sulfoxide of 2,2- dimethyl 3-pheny1thio—
propionic ac1d.‘ The synthe31s of 2,2-dimethyl-3 -phehyl— -
isulfoxypropionic a01d (26) was thus carried out. The
“procedure employed was sxmilar to the one ‘described 1n-,

,'Organic_SyntheSLs 1143);A Into,a-lOO ml round-bottomed

» - flask fitted withAa»magnetic stirrer was added 5.0 g-

(0. 024 mole) of 2,2~ d1meth>¥3?-phenylthiopropionic
acid in 12 ml of dioxane. v 'rhe solution wag cooled 1n

yice and 5. 40 g (0 0252 mole) of meta-sodium periodate
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. TABLE 13

Refractive Index and Carbonyl Absorptlon of Various tert—

Butyl 3—Subst1tuted 2,2- D1methy1perprop1onates (x-CBz-'
~ C(CH,) 5~C04-C(CH,) )
-éubétr'ate a5 4 v‘ :
\ p . - C=0 - Lit. ref. for synthe51s~_
R _ - oL a1 . of peresters
H ~ l.4100 © . 1761 - 5 o
CH, L4226 1765 21
c1  1.4390 1765 -
Br  1.4569 1775 .
I . 1.5198 - 1764 /-
C.HS - . 1760 B



TABLE 14

Nmr Spectra of Various tert—Butyl 3—Subst1tuted 2 2

62.

-Dl-'

- bt 81 a
methylperproplonates (x-CHZ-C(CH3)2(_:O3 Q}CB3)3)

' a.

TMS as’ 1nterna1 standard

§ubstrate‘ / Chemical shift (1) —\
X methYlene‘ .ggm—dlmethyl tert-butyl  other -
\ . ~ (peroxy)
H ' 8.76 (s) 8.80 (s,
‘ tert-
. ‘ butyl)
CH, ' '8.68 (m) 8.84 (s) ' 8.74 (s) (9.08 (¢,
o : ' E L g methyl)
c1 6.40 (s) '8.68 (s) 8.73 (s)
Br . 6.58 (s) 8.69 (s) - 8.74 (s)
) 6.72 (s) " 8.69 (s) 8.73 (s)
CeHcS 6.88 (s)- - 8.72(s)———  2.60-2.97
.+ matic)

. The nmr spectra were taken in carbon tetrachlorlde wlth
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in 40 ml of water was added., The reaction mixture was}'
aliowed to stir for 18 hours. The excess solvent was
removed by vacuum dlstlllatlon, methylene chloride w%s Wt
subsequently added, and the sodium perlodate was removed
byvflltration. ‘The organlc solutlon was washed twice
with water. The crude mater1a1 was freed of 1od1ne by
shaking it w1th sodlum thiosulfate in a methylene chlor—
ide (20 ml)/water (5 ml) solution. The organlc layer
was drled over anhydrous sodlum sulfate.» After removal

of the solvent by rotary vacuum evaporatlon and re-

crystalllzatlon of the crude material from a carbon

tetrachlorlde/chloroform mlxture, 5 28 é (97%) of pure
2,2~ dlmethyl 3 phenylsulfoxyproplonlc acid (26) re-
mained. The refractive 1ndex and carbonyl ahsorptlon,‘“
and nmr spectirum (CDC13) of acid 26 are listed in
Tables 9 and 10, respedtively.

Anal. Caled for C 0,S: €, 58.38; H, 6.24; S, 14.17.

ll 1473
grnd C, 58.11; H, 6. 23 S, 14.10. ‘The SUlfOdee ac1d

"2& leolated from the attempted perester synthe31s was .

'fféal with that of independently synthesized acid,

‘ & '
,procedurem escrlbed for the other peresters. Into a

100 ml three—necked round bottomed flask submerged in
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an ice bath and’ equlpped with a magnet1c st1rr1ng bar,
a reflux condenser and two dropplng funnels, was added
1 68 g (0.177 mole) of freshly dlstllled tert-butyl‘ |
hydroperoxlde in 10 ml of purlfled n-pentane.‘ A solu-
¥ tlon of 2, 2-d1methyl—3—pheny1th10proplonyl ‘chloride
(3.07 g, 0.0135 mole) in 10 ml n—pentane, and a solu-
tion of pyrldlne (l 34 g, 0.0170 mole) in 10 ml n-pent-’
ane, were slowly'and 51mu1taneously added to the stirred
solution of tert—butyl hydroperoxlde. After the addltlon -
perlod (20 mln), the resultant mlxture was poured onto
ice. The organlc layer was separated waShed success-
1vely wlth cold 10% aqueous hydrochlorlc ac1d cold 10%
aqueous sodlum carbonate and. cold water, and dried over
anhydrous sodium sulfate. The solvent was removed under
reducéd pressure whlle the flask containing the perester
was kept'at>109. . The 01ly residue was purified by _
column chromatography at 0°, as prev1ously descrlbed
and 0 530. g (15%) of a colorless oily re51due was 1501—

-~ ated. 2, 2—Dlmethyl-3—phenylthloperproplonate (22) had _ s
1\ an elementary analy51s as reported in Table 15, and ,ﬁﬁf
showec nmr (Table 14) and’ 1nfrared (Table 13) spectra

whlch were con31stent with its a551gned structure.

\
Y

\

|

' B-Hethylallylphenylsulfide (27)

&

The reactlon of thlophenol w . th B—methylallyl

'chlor;de to yleld B-methylallylphe lsulflde was carried
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. outﬂaccording to the procedure of é093: Morr;}on and

Field (44).Abp 83 - 84°/2.8 mm (lit. 89°/)37%4 mm) ; the

nmr sp¢¢ﬁfum (neat) was compatible with the one reported

"for ‘this compound by Kwart and Evans (45)

- 0

)3"7:?

AnalL Calcd for ClOHZZS: C, 73.11; H, 7 36; S 19 52.

Found: c, 73 27‘ u - 7.46; S, 19.64.

/

PR
.

Cyclohexylphenylsulfide (28)

The‘compound 28, waS*prepared according to a
method 51m11ar to that employed by Savilie (46) A

mixture of 40 ml (0 40 mole) of purified cyclohexane,*'

54 ml (0.527 mole) of,phenylthiol>and 1.5 g of AIBN was‘M

heated to 75-80° for 40 hours under a constant,stream

jbf.nitrogen. The resultant reaction mixture was purified‘

sulfide. bp 126—129°/2 8 mm (lit. 111°/0 l~mm),

(neat) T 2 74 - 3 29 (multiplet, SH, aromatic), 6.80 —-

,7 51 (multiplet lH Hl_of cyclohexyl) and 8. 00 - 9. 65

(multiplet, 1OH, cyclohexyl).

'Anal calcd for C S: C, 74.94: H, 8.39; S, 16.67.

12 l16™"
Found: C, 75.00: H, 8.69; S, l16.70.

Kinetic Studies:

~

" ¢ The rate’of disappearance of the peresters was'

stretching band of the peresters at 1760 - 1775 cmpl.

a

by distillation ‘to give a 65% yield of cyclohexylphenyl—~~

"monitored by following the disappearance of the carbonyl -
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yﬁ?A'Perkin—Eimer infrared.spectrophotometer;'Model 21 or‘
{421, was employed throughout this study. Products from
the_decompositiontm'the’peresters did not have any ab-

nzisorptions inzthis region of the infrared spectrUm.

ﬁ | A cyclohexane solutlon of a perester (0.04 M) was
1n1t1ally prepared. In the case of the peresters, 19 |

(X = Cl), 20 (X = Br), 21 (X = I) and 22 (X = 6 5S),

flodlne (0.04 M) was added in order to exclude anticipa-

ed 1nduced decomp051t10n of these peresters. ‘Beer's
ot

Law was verlfl & for thlS system, as evidended by the

- K

stralght 11nes obtalned from a plot of log kY transmit-
tance vs thevknown conqentratlon of the perester, for
a. serles of standard solutlons._ Aliquots (1. 5 ml) of
lthe solutlon were degassed by three cycles of the freeze—n:
~thaw method and szaled in Pyréx ampoules.' The .ampoules .
were then 1mmersed in a bath kept at the approprlate“
temperature w1th1n + 0. 05° ,After varlous reaction ‘
'perlods the tubes were removed fromJ;he bath. The

first sample was . removed after 10 mlnutes ‘and- was re-;
‘garded as the zero—tlme sample. Upon removal from the
-_bath,‘each sample was quenched by 1mmersrng the react n
(tube 1n 11qu1d nltrogen ~ When all of the’ samples for a
: partlcular run had been obtalned they were opened and ;
‘allowed to warm to room temperature, and the percentage

vtransmlttance was measurgswfor each sample at- the fre—

~quency maxlmum of the perester carbonyl band in_ the

67.
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infrared. The cells used for this pnrpqse uere a 0.3 mm
AgCl sample cell-and a variable Nacl reference cell. For
each sample only the region fron 1675 to 1975 cm l_vas
scanned. To obtaln an average value for the percentage
transmlttanceaTb, a total of 5 scans over thls reglon |
w3as made for each SMple. Generally the concentratlon

of the start;ng perester was so chosen that all samples
were 1n the reglon of 20 —-80% transmlttance, ‘a con-
'v centratlon of 0.04 M generally gave a T (percentage

".tran%nlttance of the blank), of about 20%. Beer's Law';'
requires that 1log T, - log Tp should be proport1onal to'
the concentratlon of perester P, where T is the percent—
age transmlttance of pure solvent and Tb is the average
percentage transmlttance of the.perester at tlme t. o
;Experlmentally, for predetermlned solutlons. the plots
of perester concentratlon vs (log T, —- log T) uere con-
firmed to be 11near for all the peresters studled (T is
the percentage transmlttance for a known perester con—"‘ 
'centratlon) - From these callbratlon curves it was pos—:

S1ble to obtaln.P .the 1n1tLa1perester concentratlon

-(concentratlon of the perester in the blank), and P, the

N e

perester concentratlon at tlme t. The fxrst—order rate
l.constants for perester decomp051§;on at each tlme t,

were obtalned by substituting 1nto the rate expre331on.
ko= ? 303,logl’ /P. The rate constants obtalned for

several tlmes t, were the same wlthlnithe;linits of ex-
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o

perimental error.. For each perester, the rate constants
calculated fornthe varlous tlmes t, were averaged and re-'
ported. The detalled k1net1c data for each of the per-.
\JESters studled are.contalned in Tables 16 to 22.h Dup11~‘
‘ cate experlments were carrled out and the values ohtalned
were the same, w1th1n experlmental error as those llsted
= .

in the- Tables.

The enthalpy of actlvatlon (AH*) could be obtalned

X R
log -2 = 16g -2 4+ pHT 1 2 x 103
" kg T, 2.303 R -

The entropy of actlvatlon (AS*),'was then obtalned by
. .
' substltutlng thls value of Aﬂ* and the values of k and T
for any rate constant 1nto the expre551on‘
L v “kj;,lev eAS /R e AH' /RT . 3
" where k is the spec1f1c f1rst—order rate constant at
temperature T, k* 1s the Boltzmann constant, h 1s )
7 . v
Planck S constant and R is the gas constant. The act1—~
; vatlon parameters, thus calculated for the varlous

-

peresters, are’ summarlzed in Table 4



. TABLE 16

700'

\

Decdmpositi6n of téfE-Butyl 2,animethYlperbropionate'in';

f.\’_
Temp \
oé h

concn,M

'mf . Cyclohexane
" rime

min.

Decomposition '"Rafe const?nt .
i - k x 10°, sec!

oL

55

0.04-

o

210 -

330

480

840

11.90 ~ '1.01
1810 © 1.71

‘;6 5

{x

T"18ff '
54
ETEE

> 14.90  14.9 .

2840 15:1 14.5 £ 0.45 .
 ?_37;i0’.?;L4.5':vf ) '5>::
;;?46}§Q#§7 13.9 “.ﬂ-fl ’
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CTABLE 17 - i

Décomposition pf tert—auty;f2,Ziaimethylperpentanoate in'

) .

Tgmp"‘Initial

°C_.  conén,M

.Time'" Decomposition Rate constant

ggyclohek&ne

min, - S _ kx 10°, sec”!

55 .. .0.04

o , oe

210 ' 18.80 1.66
330 - 27.80  1.65

492 37.80 1.60 ' 1.66 + 0.01

660 48,10 . 1.66

840 < 56,60  1.66

P

65 0.04

0 '. '. ) - o b ..

60 21,00 656

- : o L
90 28.50 . 6.22 6.3l + 0.25
120 35.80  6.16

180 - 49.50 6.33.
240 . 59.60  6.29

75 - 0.04

0 0

18 - - 21.40  22.3

| . . N
54 - 81.30 0 - 22,%
7% 6470 22,3

L

367 - 37,60 k(8 22.. % 0.15
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. P
' .-+ TABLE 18 '
Decomposition of tert-Butyl/3-chloro-2,2-dimethylperpro-

| Lﬁionatg in Cyglohe*énéiﬁi§h Q;04§§ }6d§ne

3

7 Temp  Initial Time;ff*?Decbm osition Rate constant
. : - . o . . - - N . =1 ¥
°C . concn,M min. .’ TR .k x los,sec 1

©°780 . 1479 ©0.340.

S5 . .0.04 1680 30.70°  0.364 0.355 + 0.012"

2520 . - 40,80 . 0.347
3800 .. . 55.00 . 0.369

B
i3

‘ .>'0' - -
N - 240 © - 19.60 - 1.52
UET S, 420 . 30070 1.46

65 . . 0.04 600 - 40.50 - 1.44 1.48 + 0.04

i | 780 49.20 . 1745
a //65;21020 , 59.80 . 1.49

1380 7150 1.52 - -

60  18.30  5.62

750 0.04 120 - —— . —— 5.65 1 0.07

180 - 45.20  5.57

ST

.. 2400 -~ 56.30  5.75
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Decomposition of

73. .
PABLE 19

tert-Butyl 3-bromo-2,2-dimethylperpro-

pionate in Cyclohexane with 0.04 M Iodine

| Temp . Initial

°C concn,M

. Time

‘Decomposition Rate constant’
e 5 1

min. = $ ,sec

i

55

K TR 0
330 .

900
1260
- 1680 -

k x 10

‘18.30  1.00

630 ©'30.40 . 0.959

0.952 " o
0.972 + 0.017
0.976 =

' 40.20%
§2.20 -

© 61.60 . 0.950

120 - -

. 480

'g40 1

0 f "vf>-\' o

180
" 270

1360

_.2%§?ov
32010
.43.60 3.
5360
'63.70

 82%j§f

75

RN R SR

54

18 " 11.90
B . . ",,',.' '12)3't O'6><
36 - ~ 26.80 L1232 0
SR 32»8@  - R X SE
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TABLE 20“

Decompositxon of tert—Butyl 3-iodo-2,2- dimethylperproplon-

P

. ate in Cyclohexane with 0.04. M Iod1ne )

r .
7.

Temp = Initial Time ‘Decompoéitioh Rate constanf
°C ' concn,M min. s 0 kox los,sec-1

f$'° I

‘ (k B T 3450 2.98 N
. 202 ”36 74 -2.72
‘ .55 f(i_0;04"_. 279" o _40 58 | 2;57;'2.91,t,9§07_f
o f s3§L a3, 80 2,93 R
438 48.80.  2.98
516" - s2.50  2.98

10 . 30:50 - 36.0
-7 200 7 37.70.  38.4

..0.04 30 . - 43.30 379  37.6 £ 0.73
= . ST R T
: ' 40 " 48.90  37.0

© 50 . . 55.00 - 37.8

&

60- -~ 59.60 - 38.5
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TABLE 21

:Decdmbqéitipﬁvof tert—Butylv2}24dimethy143;pﬁény1thiqper—

'propionate in CycIohexane at 55°
friély Initial'.“Time — Decomposi;ion.‘jkate.éonstant"

concn,M ! min. L $ ‘ffX'ios,éec’%

0 0
93 4035 - 1.63
225 . 44.08  1.60

348 y 7.47f03 ,‘” 1.56,

©1.63 +0.04

483 .- . 51.00  1.62

e 602 . 54,05  1.69
o 739 .+ 56.05  1.67

I o Firoﬂ)l' 5 .p‘ |

90° -34.03 . 1.57
. 194 37.24 . 1.68
f L0311 40.25  1.65 . 5

S ' ~ % 1.61 + 0.05
405 - 42.70 1.62 .\,

505 44.30  1.51
©s8L. . 47.13  1.62

1 " . » -;,', ..J
'a‘Iodine was added (0.04 mol/l). ° .- =i

v
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TABLE 22

- Deconposxtxon of tert-Butyl 2, 2-d1methy1—3—pheny1thioper;_;/////

e A

‘*g;opionate in Cyclohexane, at 75° with 0.04 M Iodlne
: N . - :). /y - - i o ) P
Tr ial In1t1a1 . Time ' ° Decomposition Rate constant
Iy ol ' L i 5 -1 .
concn H cmine o0 $ kx107,sec

k¥4

ST e e e

N VI T 3362 19.3019.43 % 0.43
e 32 . 38072 1819
40 - .{'fi~,-f39 48.' jiobog"‘ | |

87 3128 20003
e T ae 136,02 19.63 R,

20 oee e TR BT 0.4

. . L B i ”( K ‘,24{ “.'“ o i‘ ! . 4‘0.38 x 19.18, e : '. : : B i
o ey a2 deass v

Clasl stz 2085
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Product Studles on the’ Thermal Decomp051tlon of tert- -

Butyl 2, Z-dlmethyl -3~ phenylthloperproplonate (22)

A total of 0. 475 g- (0. 00169 mole) of the B—phenyl—
tth perester, 22 was acdgrately welghed lnto a 50 ml
two—necked round—bottomed‘flask whlch was - fltted Wlth
;a break—seal ' To the- perester was added 40 ml of a
'¢cyclohexane with added iodine (0 04 M) solutlon. The
h"solutlon ‘was degassed and sealed The flask: was then
..ammersed in a constant temperature 011 bath (75°) for i
'10 hours (10 half- llves) , After this reaction’ perlod
ithe flask contalnlng the products was attached(to a
vacuum llne, cooled in. llquld nltrogen and opened tou
the llne by breaklng 1ts break-seal ‘The volat;le gases
were then allowed to equlllbrage 1nto three traps, theA
-m.flrst two cooled to ~122° wlth -a pentane/llquld nitrogen
slurry, and the thlrd cooled w1th*liqu1d nltrogen.}
:‘After 15 mlnutes, the llquld nltrogen trap contalnlng
carbon ledee was- 1solated from the other traps.’ The

¥

trap. was then warmed to room temperature and the volume

" of. carbon ledee measured by means of a Toepler pump.

The measured carbon dlox1de was frozen 1nto a Pyrex

tuhe contalnlng a break-seal The‘tube was”degassed A_f

i and sealed and submltted for mass spectral analysis.
,The cracklng pattern, MS-9 spectrometer, confirmed“that
"the gas collected was pure. carbon xide (0. 00160 mole,

'95% of the thegfetlcally calculated amount).




cribed above, was shown to be pure carbon d10x1de.

\ , | } ,
The perester, tert-butyl 2“2-dimethyl-3-phenyl—

thioperproplonate, was decomposed in cyclohexane, wlth—

out 1od1ne to observe the effect of 1nduced decomp051t10n

with added iodine. The carbon ledee lsolated was 93%

of the theoretically calculated amount:
’ The gas formed during the decomp051t10n of the

\
peresters was analyzed at 0° by gas chromatography by -

: passxng it through a glass column (éwlylpack 1, 4' x

1/4') afflxed to the vacuum apparatus. C0ntrol experi—

\ ments WLth authentlc gases showed that methane, ethane,

carbon dioxide and 1sobutylene could belseparated under

these conditions. The gas collected by‘the method des-

2R

ThlS method for determining the amount of carbon

' dioxide glven -off in the perester dec0mp051t10n was
used for all peresters studred In each ‘case the amount jl'

‘of carbon d10x1de was greater than 93% The results 05

these measurements are llsted 1n Tabile 23 ;-,

' After the removal of carbon d10x1de ffom the ré—

'actlon mlxture the reactlon flask was cooled 1n llguld

'nxtrogen and was evacua“ed and sealed The flask was

v

th n cooled in lquld nltrogen, opened a known amount

o benzene was added as J“.nternal standard for gl d.“ %

:ana1y51s, and the open neck-whs 1mmed1ately covered

~with a Serum’ stopper. Allquots of the solutlon were/.

: withdrawn and analyzed by ‘glpc (FFAP, 72° . The pro--l‘
-

4
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TABLE 23

. N : ‘
Measurement of Carbon Dioxide in the Decompositivn of tert-

Butyl 3;Substitd;éd 2,2-Dimethylperpropionates 2' P+ C
Perester . Mmoles = f | Mmoles Carbon Dioxidé i
sbstrate  p of  Selvent O,  perestery
17 (30y? 2.00  cyclohexame ~  1.95 0.98

18 G 2.00 " cyclohexare  1.97. - 0.99

19 (30) ‘Hv2.00 - chlorobenzene 2.06 . l.03 .
_20: © 0.85 é&ciohéxanei ~ 0.85 " 0.99
21 o ‘d1.55.’7,cyclohexane ‘; - 1.50 o .0.97‘
22 Lo cycldhexahe.“é;\ 1.61 0.95
22% . 0,72 cyclohexane o011 P oue3

| - | %

The startlng perester concentratlon wa%?generally 0. 04
moles/llter. _ : . ' : ”:_ &m
‘ .The decom9051t10ns were carrled out w1th @‘04 molar‘

:1od1ne added except where otherw1se 1nd1catéd
%.

The petesters were generally decomposed to great@r than

; A : . . ) - ‘3})’6
-10 half-llves. - ' R B

No 1od1ne was added T
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ducts found under these condltlons were; isobutylene
(84%) and tert-butyl alcohol (90%). Subsequently the
solvent and volat11e components wege evaporated under
hlgh vacuum and the solution concentrated to a constant
weight. A welghed amount of dibenzyl was added as in-
ternal standard the entire mixture dlssolved in a small
-volume of etber, and the products of the non-volatlle
re51due were analyzed by glpc employlng as' <1/4"
SE-30 column at 172°. The products found under these
conditions were: B4methy1allyiphenylsulfide (15%),
cyclohexylphenylsulflde (47%) and dlphenyldlsulflde
(14%). The volatlle products were ldentlfled by mass .
spectroscopy, retention time (compared to authentlc
\_samples), and by comparlson of thelr 1nfrared spectra
w1th those of authentlc sample/i The products from-

the acid rad&cal of the perester, hlgh boxllng liquids
or SOlLdS. ‘were 1dent1f1ed by retentlon tlmes in glpc,
mass spectroscopy, mixture meltlng p01nt and comparlsOn
of thelr 1nfrared spectra w1th those of authentlc '

compounds.‘
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PART II I~nrnonuc-rio'n .

. ' N ' f .
- . N
One of the more usual methods of convertlng al%?hols

to alkyl chlorldes is thelr treatment wlth th10nyl chlorlde,
SOQIZ; : ,

. ROH '+vsoc12 —> RCl + HCl + So,
'The practical appeallof this reagent is\that the two inor-
ganlc by-products sulfur ledee and hydrogen chlorlde, are
gases, and thus can be removid readily from the reactlon

The reaction.of thlonyl chlorlde does not proceed -

b

readlly with some prlmary or brldgehead alcohols. Whitmore
. ‘e .
- and Rothrock (1) could not obtaln a yleld greater than 30%

of n—butyl chlorlde from the reactlon of n-butdnol w1th
L » .9

' neat th10ny1 chloride. The reactlon‘of pentyl alcohol

..wlth thlonyl chlorlde falled to yleld any chloride product..

Instead - the startlng neopentyl alcohol was reléolated
~quant1tat1ve1y. Bartlett and Knox - (2) found that the re—
action of apocamphanol 1, (lx w1th th1onyl chlorrde at re-»u‘

fluxlng temperatures did not lead to. chlorlde product, but
S _
1nstead, l-apocamphanyl sulflte (2), was 1solated 1n

k]

quantltatlve amount. When the sulf;te was warmeddwlth 30% )

“sodlum hydroxlde solutlon it gave back the start1ng alcoholl

L Py
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the reactlon of secondary alcohols Wéth thloh;l chlor-

ide. is a very fac1le one and frequently h1gh y1e1ds of

alkyl chlorlde can be obtalned It has heen shown that
’secondary alcohols with thlonyl chlorlde,quve the hlqhest
y1e1d of chlorlde 1n the presence of pyrldine or dimethyl—l
| or dlethylanlllne (3), or when there is a phenyl group |
attached to the o oraB carbon of the carblnol (4). Cram
could obtain a 95% yield of 2—chloro— -phenyl 2 butane from-
the reactlon of 3-pheny1 2- butanol w1th neat th10ny1 s
bchlorlde (Sf : : b&*ﬁl

Tertlary alcohpls also can lead to chlorldes in hlgh

yield. McKenzle and Clough (6) zéolated an 83% yield of tert-

amyl chlorlde from the reactlon of tert—amyl alcohol with-

'reported a 66% yleld of theochlorrde, 4, from the reactlon '

of anhydracetone ben211 (3) wlth th10nyl chlorlde._-

C
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Prequently, however, the react1on of secondary and

]

tertlary alcohols w1th th1ony1 chlorlde is compllcated by’
the fo t1on of a con51derable amount of olefln product. VJ
‘Thus, the yleld of olefin from the react1on of 2-butanol
vith th10ny1 chlorlde in dloxane is 60%, and cyclohexene
can be prodnced in over 80% y1e1d from the reactlon of |

cyclohexanol Hlth neat th1ony1 chlorlde (8c).

The mechanism of the. reactlgm of alcofﬁ”’ %fh thi-
onyl chlorlde has been exten51vely 1nvestlggt§:

\ i Bl
. mechlnistic stud:.es have largely 1nvolved a7 ination

-of the stereochemlstry of the chlorldes f-"
reactlon of Opt1cally active secondary alcohols -

The reactlon was postulated by Hughes, Ingold and co- .

uorkers (4), to proceed through an 1ntermed1ate alkyl

‘ chlorosulflte (5). . . o C L, L e
e ) -HC1 _ " o
. R-0H + 50C1, ——=—» R-o-‘s—c1 }
| é? Alkyl chibrosulfite
| | 5

T —
- o

In some cases thls ester has- been lsolated The flrst

evxdence for the formatlon of chlorosulflte 1ntermed1

' was cited by chenzle and Clough (6) in 1913. They sié

cessfully 1solated the chlorosulflte of tert-amyl alcohol
%p excellent yxeld e |

/ﬁj: o _ R -



‘ * - } . ) . R
CH, . CH *
1304 soa, [
CHy~£-CH,CH; ~ ——= cu:,--c--cnzcn3 (90%)
. H N ) ) o/ ’ m 1 . L
Yoo L o S ¢
b ) ' ' ' : " _‘ .‘ . . T B . )
‘tert-amyl alcohol I tett-amyl,ehlorosulfite
- 4.

Since then‘humerdus‘ chlorosulfites, vhxch can be
‘11qu1ds or solids, have been 1solated (8-11). when these .
chlorosulfites are heated they decompose to the’ correspond-

n

) ing al\kyl chlor]_de and sulfur dloxxde.u v b
- . ROSOCL ——» Rl + S0,
: A con51derab1e number ‘of éases have been c1ted in
4
- which” the reactlon of. alcohol wlth thlonyl chlorlde d1d
not vield alkyl chlorosu1f1te- 1nstead a d1a1ky1 sul-
f1te was formed. Carre and L1bermann(12) carrled out

the reactlon of cyclohexanol with neat th10ny1 chlarxde at

0' and obtalned a mlxture of cyclohexene. cyclohexylchloro-

.su1f1te and a 34% y1e1d of a liquid boxllnq at 182°/19 mm )

fwhlch ‘was 1dent1f1ed as dlcyclohexyl sulflte (7).

: : o -

. ‘ . ' | S. -’l"_;‘ v‘.. ‘ . ‘.' ) . . ‘
- , soc1 | AN 4 -
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) .
,“fh?gh Has 1dent1f1ed as_gramyl

R .;‘ Y

By a 51m11ar procedure. Gerr§§d7carr.edaout the preparatlon'

"V. \

of d1—n-buty1 sulflte ﬁn 87%\y1e1d¥£rom n—butyl alcohol

Further, 1t was found that when the ré;ctiog m;xture from

1 mole of alcohol 1 mole of thlonyl chlorlde and '?mole
11 e
of pyrldlne was heated for three hourQ@ £h

dlalkyl sulflte reacted further with thé’re51dua1«th10ny1
'chlorlde to form the correspondlng chloros&%krmengosocl), j&w
. whlch was then catalytlcally decomposed by the pyrldlne |




| RC1l and sulfﬁr ledee at temperatures far below those B

.90,5ﬂ

.

This was Verified by warming the’approprlate chlorosulflte

wlth a mall quantity: of py£1d1ne hydrochlorlde and ob—

. taining plactlcally theoret1ca1 ylelds of the chlorlde,

3

_'requlred to decompose the chlorosulfites themselves. Thus,

the fac11e decomp051t10n of the alkyl chlorosu1f1te.vas

attrlbuted to. the presence of the chlorlde anlon.
.. Gerrard (9) formulated the reaction of a dlalkyl sul—
f1te w1th th10ny1 chloride as being a direct metathet1ca1

»,

process qccurrlng between one mole of dialkyl sulfite

~ and one of thlonyl chlorldet

'
i

/

RE) ) ‘ ( RO ' “‘ o .s’
\\ L N\ o
/ ~>0 +:80CL,) —» J§ >0 | —— 2rosoc1
" RO T ] me o
" SR : C1 |
- \bl -

Bartlett (10) undertook to study the k1net1cs of the reac-

t10n between di-n-butyl sulflte and thlonyl chlor1d! to

. yzeld n~buty1 chlorosulflte, in order to determlne the -

Je
va11d1ty of the mechanlsm formulated by Gerrard It was

.found that the reactlonfwas not a 31mp1e second order meta-

the51s between the two reactants. When the two reactants

were present ‘d equal concentratlons, the rate was proporv

t10na1 to the concentratlon of one reactant, and the,.'»J'

[
BN
AT
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kinetics werg simply first-order When the reactagts were
present in 1nequaf%boncentrat10ns, the reaetion was roughly
.jﬁ;st-order with respect to dlbutvi sulfite and even
approx1mately SO with respect to thlonyl chlorlde. The
reaction was powerfu%/y catalyzed by chlorlde 1on, but not
by hydrogen chlorlde. The results obtalned were\éon51stent

@XLth an jonic chaln reactlon involving steps (l) and’(Z).

Buyso; + c1™ —L1 o piosoct s Buo.  _(3) .-
" o kz j » o lu‘,‘ . “.‘..
SOCLl, + Bu0O© —= __, puyosocl + Cl ' (2)

b
When a mechanism 1nvolving the formatlon of a chloro-
v.fite as an 1ntermed1ate had&been established, it then

\ecame necessary to establlsh the manner in wh1ch thls

1ntermed1ate decomposes to glve alkyl chlorldes. *Three
- )

p0351b1e noutes ‘for the thermal decomp051t10n f the chioro-;'

: sulflte were proposed by Hughes, Ingold and co-workers (4).
' v ) | t ' _ ' '

N7

. - - / N .
., —c-0s0" +c1- Cl-C~ + SO (s 2)
' (inversion)
. v . i‘-
\c* + 50, + c1” 1-¢— - |
. — —— Cl-C— » : e

‘/C-OH “-b} S —-—->O ——»—C- Cl + SO2
' » Cl : i
[ - L (retentlon) o



g ‘ : ~

The study of the tereOchemistry of the alkyl chiﬁr-

| 1des formed from the ¢ actlon of op;*cally actlve alcoAKH
hols w1th th10ny1 chlorl e sheds a great dea b 11ght~upon
the mechanism of the decomposition of the*lntermedlate
alkyl chlorosulfite. Renyon and‘Phllllps (13) demonstratéd

the: effect of pyridine on the sﬁerlclcourse of the reaction.
\

ﬁhen ethyl mandelate was\allowed to react w1th neat thlonyl

chlorlde, the resultant chlorfﬁe formed w1th 100% retention.

(%Y
of conflguratlon (equatlon (l), Schemqﬁl). However, ‘when
e

LA
the .same reaction was carrled out with an added equlvalent

..1

of pyrldlne, complete 1nver51on of conflguratlgn resulted
(equatlon (2) and (3), SCheme 1)., R

CeH CeH

<65 6 o
\/cﬁou + soc12 — K\:~c1 + HC1 + so, (1)
COEt - oy CogEt

. N N % .

Yo - : (retention)
\c——oﬂ + soc1f + O . ﬁ——- 0SOC1 # @ c1.
. L (2)
COZEt: - | CO,Et + .4 ,
F6H5 S ) ~ ..
'l"H 5 -
DSO0—C1 —» 1 T +-SO2 + Cl
' : g : : (3)
v COZEt o

(inversion) ~




| v e ~‘\ /\)j ] \
o "7 . B g3,
nnghes and Ingold (4) postulated that\the pyr#dlne éan
transforn the hydrogen chlorlde, formed durlng the reactlon
of the alcohol with th1onyl chloélde,?lnto the pyrldlnnum'
hy‘drochlorlde salt (C_H

55
' atkack the chlorosulflte by a? S 2 process as 1llustr ed

NHCl). whose chloride ions may

. in Schene 1. Stevens and Grummltt (14) also proposed the
s 2 nechanlsm to explaln the 1solat10n of trans-1, 2- d;;
chlorocyclohexane from the redctlon of c1s- 1Fhlorocyclo-

hexanol Ulth th10ny1 chlorlde and added pyrldlne.

A+soc1 Q — 3

Cl os o 1
‘ - ‘ . : (inversion)

)

The stereochem1ca1 reeolt was attrlbuted tQ/a cataly51s of J
the deconp051t10n of the alkyl chlorosulflte by chlorlde.
anxon arlslng from the’ pyrldlne hydrochlorlde.

Lewis and Boozer (8b) showed that dllute solutlons
.of p§r1d1ne hydrochlorlde in dloxane gave, from optlcally
-, aet1Ve sec-butylohhlorosulflte, extensi?ely 1nverted sec—..4
<buty1 chlorlde, although conflguratlonals retalned in- ‘

tpe
absence of thls salt | Lew1s and Boozeg (Bdﬁrstudled t&%l'

*
V3
T

’ . R : -
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4

order coutse, wlth the apparent flrst-ordor rate constants
1ncreaslng linearly :;th the concentratlon of the catalyst
BoéL the stereochem1cal outcome of thxs base catalyzed re-.,
action, and the klnetlcs are con81stent wlth a blmolecular

' dlsplacement of the S 2 type between chlorlde 10n and the

. chlorosulflte.

Hughes, Ingold and co-workers (4), suggested that the
3

decompos1t10n of alkyl chlorosulflte by. the S 1 mechanlsm

. can proceed via the route deplcted in Scheme 2.

.
~

. . ¢ ' 3 : ' - :
~ . =S0., - ~as @ N S
‘ —c—oso’ —_ 2 —=c* —» —C—<1 .
/ . ~ . / . .. - . . / .

<1racemized)l

>

‘The 1n1t1al step is the'ionlzatlon of the S Cl bond Carbon-
ium 1on formatlon should be ravored\by strongly 1on121ng
solvents and by electron—releas?ng groups attdched to the
carbonwunder301ngsubstltutlon. If the carbonlum ion becomes
really free, or 1f it is solvated symmetrlcally on both 31des,
the chloride ion may attack from elther é?ae w1th equal |
fac111ty and an’ 1nact1ve ‘racemic mlxt re results. Hughes

and Ingold attrlbuted the format1on of racemlzed l-chloro—l-

' phenylethane in the reactlon of a-phenylethanol with neat

thlonyl chlorlde, to<the ab111ty of the phenyl gro to -\.

a1d ing the 1onlzataoﬁ?of the C-O bond of the ester-hallde

ot
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g vCram (5) fouud that racem12at1on 1ncreased consider~

ably when the reactlon of optlcally actlve 3—phenyl-2‘£ut-'
- J
anol wrth thlonyl chlor1de was carried out 1n a strongly ‘

1on121§g solvenﬁ suph as’ formlc ac1d The reactron of tﬂe
J

above alcohol with. negt thionyl chlorlde gave an alkyl 3 e
s/chlorlde product w1th dlmost complete retention of con-
*&flguratlon. However, the reactlon bf the same alcohol S

" with thlonyl ch105lde 1nﬁform1c ac1d resulted in totally
racemlzed product Slmllarly,A Lewis and Boozer (8b) T
observed ;hat in solvents wlth fairly hlgh d1electr1c con-

LB

ra

'stahts (dloxolane, ethylene chlorlde), the mechanlsm ﬁf
= : ‘P’Q -
: the decomp031t10n of the secondary alkyl chlorosulfltes» -

(2 butyl Z-pentyl and 2-octy1).wh1ch led to racemlc pro-<

duct was the one which domlnated ¢ - hae

[

The decomp051t10n of an alkyl chlorosulflte whlch

leads to alkyl chlorlde w1t§ 1nversxon of conflguratlon
Nt 8 ot ‘
. can’ be ratlonallzed on the basis of the 5,2 mechanlsm, or it

PN
'may /come about: from an 1on—pa1r where the front $1de is

1protected by the gggen 1on.l Decdhposxtron leading to | >

’racemlzatlon was explalned-on the ba31s OL the s 1 mech—

_)' ® LR _"g“'

tor
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anism.wj‘uowever, a‘somewhatldifferent reaction path. term- .
-ed by Hughes, Ingold and cgworkers, the S i mechanism ig
(substitutlon, nucleophlllc internal) was. proposed to be
: necessary to explaln retentlon of the chloride product..
They proposed that formatlon of alkyl chloride product w1th
_etentlon of conflguratlon results from anrlnternal dis-’
lacement w1th chlor1ne of the chIorosulflte actlng as the.
-nucleophlle. Thus, the decomposition of the alkyl chloro-
ﬂrsdliite via the E\TSEEehanism, accordlng to Hughes and

\_

Ingold is a one—step proceSs, whlch 1nvolves the sxmultan—_

o

ueous loss of sulfur ledee and the formatlon of a carbon—

4 H

chlorlne bond at the p01nt where the oxygen had prevlously{g E

' been a%tached by way of a cyc11c transltlon state.
‘ . _ : &

uThls orlglnally proposed mechanlsm requlred exten51ve j

°

modlflcatlon, s;nce 1t ‘was subsequently demonstrated (‘jﬁ éé
8, ll 15) that the decomp051tlon of alkyl chlorosu1f1tes

;1ead1ng to. retentlon of conflguratlon 1nvolved 1nter-

.

_medlates whlch exhlblted cons1derable ionic character. '

. Lewis and Boozer (8a) studied the k1net1cs d% the . thermal

decomp051tlon of 2-butyl 2-penty1 and 2-octy1 chlorosuld‘

@ -l :
‘fltes in dioxane -and isooctane. In dioXane e"reaction
.’ . R ) B . ~. rv
was found to,be.flrst-order and“thezchloriQS\had the same
. D€ & ‘ _ .

-



configuration as the alcohbl from which it was derived.

* The decomp031tlon &n isooctane was much slower but the

reactlon was st111 apparently first-order. The chloride
had . the opposite conflguratlon from the alcohol Lew1s
and Boozer proposed that if. the reactlon d1d proceed by

the cla551cal S i mechanlsm, then the reductlop in rate

.on changlng to a less polar solvent rmplles that thé

tran31tlon state has a higher dipole moment than the nor-
mal chlorosulflte, and contrlbutlons ﬁb the tran51t10n

state from structures 10 and ll as well as 9 and 12 should

.. be con51dered-

-

N

Cram. (5) p01nted out that the mec anism for produc1ng
\ W Coa
‘chloride with retenti nﬁ}s closely rel ted to the S l
@ v
mec@anlsm, since tﬂq\mééhanlsm leadlng to retention of

conflguratlon best competes wlth other reactlon path% when

-a relatlvely stable carbonlum ion can be formed and that

‘phenyl 2-butanol w1th th10ny1 chlorlde, makes the plau51b1e

’ action, w1th the formatlon of an 10}*’

t

the reactlon proceedsvmore rapldly in better 1on—solv_

£ 3-

‘medla. Further, Cram, 1n the study of the reactlon_

postulatewthat the reactlon beglns 11ke a typ1ca1 S 1 re-

»However, in

e

o K

97.
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B the solvent employed in Cram s study.-

o 98.
 the case of a chlorosulfite the anion formed is S0,C1~ -

which may rapidly decompose/to sulfur dioxide and a chlor-

idq'ion; Recombination .of the ion;pair then gives the

chloride with the same eonfigurati§n as the original

alcoholb(Schene_3)Q o ' "(/
o 0
17
G O
i—Cc—<c7
_./\\H

| ' SCHEME 3 ‘
Thus, Cram demo%strated that for the reaction of thionyl.

N
action prb&ceeds by a multi-staae mechanism in which open ~

chloride%§;th 3-phenyl-2 butanol the cla531cal S, i re-

1on—pa1rs 1ntervene as discrete 1ntermed1ates between the
‘starting alcohol and the chloride product The decompo-.
sition: of chlorosulfite via the process 1llustrated by

. Scheme 3, which leads to retention of configuration, should
'be promoted by the strongly ionizing charactpr of diomane,

. . " o o



"octyl alcohols were studied in varlous solvents.'#%t was

found that in dioxane there was complete retentlon and in

'fguent weaken1ng of the carb

- The second step is the solvation of thelincipient carbon-

ium ion hy the'solvent; in this.eXample dioxane, and loss A

'99,'

Lewis and Boozer (8b) carried out a study of the(re—

action of alcohols with thlonyl chlorlde to demonstrate‘

further the strong 1nfluence of solvent upon the stereo—

e

'chemlcal course of the reactlon. Unt11 their 1nvestlgat10n,

5

no chlorosulfltes had been prepared of .any of the alcohols
which gave retentlon of conflguratlon of the products upon

reactlon with thionyl chlorlde (8a). The decomp051t10ns

of the active chlorosulfltes of 2-butyl, 2-pentyl and 2—

. e’\"

toluenercomplete 1nver51on. Tetrahydrofuran, dloxolane,
ethylene chlorlde, and ethyle%% bromide gave in this" order

decrea51ng degrees of retentlon of conflguratlon.' For

the\reactlon leadlng 50 retentlon of conflguratlon-fhe

‘, l

followlng three—step process was . suggested The flrst
&

step is 1on12at10n of the chlorlne-sulfur bond and conse*
—oxygen bond
v |
| T N
S N
0os . :

0-S-C1 | ?-s*fc':l‘ o S
_ "

R-C-CH;  ——>  R-C-CH,  <—>  R-C-CH. (L) -

1

of sulfur dioxide. . = o o

'



| o 100.
o-st c1” . ‘ 0
| ‘ . H Cl .
R-C-CH : I . s
[ 3 . R-C~CH, + soO
‘ A , + 3 2
H " .
I + (D u - | . | | @ J
(0] 3 . I ‘ L ) g
=S c1” - I H - 2)
oo | ¢!
R-C-CH, R-C-CH '
' . . ) ' 3
H : . T ot
e L [;0:],
Lewls and BooZer postulated that these carbonlum 1ons, 1n K

manyvrespects carbonlum 1ons "solvated" with sulfur dlox—
1de or with dloxane, do not necessarily result in race-~
_mlzatlon because the solvatlon can malntaln the asymmetry ;
whlch was 1n1t1ally present in the chlorosulflte.’ .
» The flnal step of the mechanism is the carbon1um~1on-
palr collapse to y1e1d the alkyl hallde. It is plau51ble

5?' Cl?/‘

R-C-CH,

S ; B SRR
—_— R‘f‘CHjl - [Oj 3
’ : ) : ’ : '
‘ - _ H : Ov' ‘
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to postulate in the above mechanlsm that the chlorlne be-

4

' comes attached to the carbon on the same side from which

+

sulfur dioxide has left' on the side opposite to, that at

which the dioxane molecule had been assoc1ated his

then serves to rationalize the retentlon of confl ration

‘in the reactgpn performed in dloxane as solvent.

Accordlnglx,Lewls and Boozer proposed that in tol-

uene a dxfferent mechanlsm must be operatlve. The rever-

- sible- reactlon in the first step (1) can, however, still

?:occur 1n toluene. The second step of the above mechanlsm

for dioxane cannot take place in toluene 51nce toluene
is ne1ther nucleophlllc nor a good solvatlng agent for
carbonium ions. Thus, the loss of sulfur leXIde from

! S
the carbonium ion‘cannot take Place and attack of the

. chlorlde 1on on that side opposite to the sulfur d10x1de

tahes place. A slower ionization reactlon may explain

-

the retardatlon of the second step in the reaction in

N

toluene. The reactlon analogous to an S 2 reactlon,

‘could now takq/place to yleld the 1nverted chlorlde

R VL ZamH
Cl.-*—7¢ O=s _—‘“»‘ - C1-¢ +.502
: 3 | S o o ACH3
The evxdence presented thus far has provided sup- -
port for the ionic natdkz of the transxtlon state in the
deconposztxon of alkyl chlorosulfxtes. Indeeq,ionfpairs

-



‘ | | - lo2.
can be formed as discrete intermediates in thevdecomposi-
tion of the chlorosulfites. |

The reaction of thlonyl chlorlde with alcohols, in

which the generation of catlonlc centers led to skeletal Lk

rearrangement, prOV1ded good evidence for this ~+ -

l‘thesis (15). The flrst e§1dehce of skeletal rearrange—

ment in the reaction “fﬁblcYC11C alcéhé)s wlth th10nyl - ?5
chlorlde was prOV1ded by Crlstol and Tanner (16) . The re—

actlon of d1benzobicyc10[2 2. 2]octad1en—2-ol (13) Hlth

ﬂthlonyl chlor1de 1nvtoluene led to the 1solat10n of 49% of -

the skeletally rearranged 4~ego--[3 2. l]chldride,‘ 14. This
reactlon which was used synthet1ca11y for the preparatlon

similar re- .
~ N B

> reaction led
to unrearranged chloride, 15, in quantitative yields (17).

It was believedthaththe(reactionleadihg to [2.2.2]chloride




Mth?t 1ts formatlon could be accounted for by the s 2 3A§-.**

: R}acement of Cl on the alkyl chlorosulflte, or by the '_&ﬁ%:;

7¥¢3J.5§stulated S i reactxon. . o , ) ’;ﬁff:.s
u‘ab- . 1\*/ it A

The formatlon of the rearranged chloride, 14, couldu
not have occurred 1f the classxcal S 1.mechanlsm, as A‘iqqifﬂ&
proposed by Hughes and Ingold (4)~were operat1ng. However,
the p0331b111ty exlsted that the exo-4 [3.2.1] chloride,’
14 could have ccme about by an.S it ﬁeactlon. Such a
reactlon was used to explaln ‘the rearrangement reactlog
found when 2-buten—1—ol or 3—buten—2-ol were alloned to”

. react wlth thionyl chloride in ether (19) :

'CH,-CH=CH-CH,-OH + Socl, —Ether ' .u _cp_ch=dn - 100%"

3 2 - _ ¥ 3 2
: ) T - _‘" . . Cl . .
—— ' ‘ , Etherv ' . _ .
CH3-SH—CH=CHZ‘+ 80012 . —————-———»»CH3—CH=CH—CH2-C1 100% :

This rationaiization was‘attractiVe~Since tﬁé'[é'z lj
cation gives ex0'and endo products.' Howé;er, in this.
reaction only exo-[3 2 1] chlorlde,.14 was reported
At the start of tk* 1nvest1gat10n, Stille. and o :4 ‘;:/
Sonnenberg'(ll) demonstrated skeletal re;}rangement 1nv_u h.‘"}? 
the react1on 5{ b1cyc10[2 2. l] heptanols wlth th10ny1 |
.

chlorlde. Treatment of endo-z—norborneol -2,3,3- §3 (16)
or exo-2-norborneol -2,3,3-d; (17) led to’ skeletqlly

transformed chlorides via a 6 2-hydr1de shxft and a Hagn,
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' Meerwein rearranéement., This is illustrated in Seheme 4.

.H<\\\\
Dy
H
H 17 o
16 |
v
D D .
2 4 +
ICl. . Cl
H
{\ | ¥
SCHEME 4
' The ylelds of the products arlslng from the reactlon of
:»the two b1cyclo[2 2. llheP§§H615. 16 and 17, under ;
varlous reactlon condlt*ons, are summar1zed in Table 1.
‘It can be deduced from the results of Stllle and
% -
Sonnenberg, that the reactlon of alcohol with th10ny1 ‘.
%
chlorlde 1nvolves catzonlc 1ntermediates. They observed
skeletal rearrangement even under those reaction condl-
'tlons whlch have been postulated to be most favorable o 3\

for the SN1 reactlon, namely dioxane (5 8a). Anotherj
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./
1nterest1ng feature which evolves {rom thelr study is the
observatlon that skeletal rearrangement occurred when the -
ction of alq4£él with ‘thionyl chloride was carried out
//fapyrldlne as' a solvent or catalyst "These are the re-
~ action conditions which have been'pgstulated to be most
favorable for the S 2 mechanlsm (3,4,8a). On the ba31s
of thelr results, Stille and Sonnenberg rule out }hé/pos—
51b111ty of the . issical S i and S 2 mechanlsm. However,
- the 1nvestlgat10n does not shed a great deal of 11ght upon
the nature of the stereochemlcal course of the reactlon of
alcohols wlth/thlonyl chlor1de, or the solvent dependency
’of thls stereochemlstry sznce th\\catlonic 1ntermed1ates
which are formed here. can undergo hydrlde sh;fts or may |
lead to non—cla531ca1 car ’n1um 1ons.- Thus, a great deal

- of knowledge about'the ster chemical course of the_re—

 action is 1ost, due'to*these complications. In addltlon,

‘dthe usefulness of the 1nformat10n about the m- *hanxsm

: derlvable from this lnvestlgatlon, is dlmlnlshed in v1ew

.'of the low ylelds of chlorlde product obtalned (See Table -
1) . | |

Dlstlnctlve catlonlc 1ntermed1ates produced by solvoly- -

51s of d1benzob1cyclo[2 2. 2]octad1eny1 substrates, 20 in-~

_varlably led to rearranged exo-and endo-[3 2.1} products,

- 18, and 19, through kinetic control and any attempt to |
‘generate the [2. 2. 2] catlon under kinetic condxtlons |

leads to [3 2 1] product. The_[3.2.l] ring system ‘could
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'be converted back to the [2. 2 2] rlng system under thermo-‘

dynamlc cond1t10ns, where jt was shown that the usual

\ ¥ Vbr“

order of thermodynamlc stabr;;té is [3. 2 1] exc C-2 der—”?'

k ;vatxve§>l§, <, [3.2.1} endo ?—2 derivative, 19, < [2.2. 23

| derivative, o0, (18d).

o ‘The olysislrearrangement reactio'? demonstrated S

that the€§i::20chem1cal outcome corresponded to mlgratlon
of the bond anti to the 1eav1ng group.- Thus, from . the sub-

',stltuted d1benzob1cyck)[2 2.2] octad1eny1 substrate 1on—'/




e

) ,’Jt«.
‘Under equilibrium conditions,, the reverse react; on can

occur to yield the product of thermodynamlc con rol%
’ ‘ \}h‘}f §2 ,l' . ’

7of the decomp051t10n of alkyl chlorosulflte is, .that the
b’

'yield of chlorlde product is quant1tat1ve, no olefln by- -

product is formed since if the [2.2. 2] catlon is not
.present an e11m1nat1on reactlontx>y1e1d olef1n is not
p0551b1e. For the d1benzob1cyclo[2 2, 2] and [3.2. 1]
octadlenyl system, skeletal transformatlons have been ‘
shown to be stereospec1f1c, and the stereochemlstry of

the reactants and prodncts are known (l18d,£f,q,20)."
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RESULTS

Preparation of S:Lrtlng p;benzob1cyc11c~A1cohols #

)]

The startlng aleohol used in this study were pre-
pared in the follow g9 ways as out11ned 6/Benzob1cyclo-
[2.2. 2]octad1en—2-ol 3, was, syntheSLzed by a D1els-'
Alder reaction of anthracene and- V1ny1 acetate, and\A
the resultﬁnt adduct was subsequently reduced wlth -

‘.lithlum alumlnum hydride:

T )

Dzbenzoblcyclofz 3. l]octadlen—exo- and endo—Z—ol -

}VZ’&"} 7 P

29 and 30, were synthe$1zed in the followlng manner:

dibenzobxcyclo[Z 2 2]octa -1ene (22) was allowed to

react with iodine and eithef St ver ace;ate or,sxlver
pivalate 1n benzene, to yleld a 75_25 mixture of _z_f
8~iodod1benzob1cyclo[3 2 llocta ) n-exo- and endo-z-ol
acetate (23 and 24), or a 60/40

| dibenzob1cyclo(3 2. 1]octad1en-e;;l and endo:s\ol

pivalate (25 and 26) ~'The exo and endo 1somers were_

109

1xture of. syn -8—1odo- R
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‘separated by'column chromatography.' Silver plvalate was
)referentlally employed in the Prevost reactiqQn since
the larger tert—butyl group resulted in a hlgzzr ratio

of endo~prdduct Hydrogenoly31s of 25 and 26 led to o

dibenzob1cyc10[3 2 l]octadlen-exo- and endo-2-o01 plva-

- late (27 and 28) - A llthlum alumlnum hydrlde reduction

of 27 and 28 4ave the desired alcohols, dlbenzoblcyclo—‘\
[3.2.l]octac.en:exo- and endo—z-ol (29 and'30). "/)v
‘cis-3- Deuterlodlbenzoblcyclo[z 2 2]octad1en—2—ol
(31), ‘was. synthesxzed by means of the deuterloborat1on
with trldeuterloborane of dlbenzoblcyclo[z 2. 2]octa-
triene (22), followed by oxldatlon w1th hydrogen per-
oxide/sodlum hydroxlde. - PR ' ,

>4

»-‘l. BD3

2. H,0,/0H

“in THF

a

%he stereochemlstry:of}the alcohol and the extent of
_deuterat1on (>90%), was establlshed by ‘comparing the
'nmr spectrum of the deuterated alcohol w1th that of

’.authentlc_nndeuterated alcohol,

- . . B ‘

' Attempted Preparatlon of Chlorosulflte Intermed1ates 1n

the Reactlon*of leenzoblcycllc Alcohols w1th Thlonyl

Chloride.v

- In an attempt to prepare the ghlorosulflte of

.~ < : Lt

‘{.'.-—'-

2
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: P \
d1benzob1cyc10[2 2. 2]octad1en—2-ol (13), the alcohol was "
allowed to react with thionyl chlorlde under varlous re-
actlon condltlons. whe reactions dld not yield a chloro-
'sulfite, but gave instead bis4dibenzobicyclo[2.2 2}octa-

| d1en—2—yl sulfite (32), in godgd . y%eld under the folloulngv
reaction condltlons.t; ’ “

”»

(a) Dioxane, 0-25°, 4 hours, 100%
(b).  Toluené, 0-25°, .2 hours, 88%
(c) Toluene, éQuimolér amount of'pyridige, 0425°,_2_hours,;

63« co

sOolvent
0-25° .
‘2 hours - . - o S

Uh&er‘éimilar pééction'conditioné; the reéctioﬁ'of ﬁhe
(2.2.2] alcohol 13, w1th excess thlonyl chloride in .
' _d1ethy1 ether led to 38% dlaIkyl sulflte, 32 46% of éxof
4-chlorod1benzob1cyclo[3 2 l]octadlene (14) and 15% of
endo—4-chlorod1benzob1cyclo[3 2. lloctadlene (33).
»slmllarly,-When the [2.2.2].a1cohol, lg, was alloyed tb_v;“
_react'with néat thionyl chldride, undér the SAhe reaction
cbndltrbns, only 1bs yleld of the d1alky1 su1f1te, 32

'W' was reallzed, the ma;on,products being (3.2.1) chlor1de.

PN
N S

] oo .- ’ oL~
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84% of exo-~[3.2.1] chloride, 14, formed, and 5% of endo-

N

‘_[3§2.i] chloride, 33.
An attempted synthesis of chlorosulflte or dlalkyl

sulflte fﬂom the reaotlon of - exo-[3.2. l] alcohol 29,
-with thlonyl chlorlde in toluene under the reaction, con-
‘dltlons descrlbed above was unsuccessful- only chloride
‘_product was formed under these reactlon condltlons. In
‘dloxane the reactlon of exo—[3 2. 1] alcohol 29 with
-thxonyl chlorlde at 0 -25°, for 2 hours, gave rise to

21% of exo-4-chlorod1benzob1cyclo[3 2. 1]octad1ene (14),
6% of endo-4 chlorod1benzob1cyclo[3 2 l]octad1ene (33)
and 73% 3f the unreacted alcohol d1benzob1cyclo[3 2 l]—‘
'octadlen—exo-z—ol (29),, When the same/alcohol was
hallowed to react Hlth thlonyl chlor16;>1n dlethyl ether

under similar reactlon condltions, only chlorlde product

was obtalned- exo-[3 2 1] chlorlde, 14 89% and endo-

[3 2. l]chlorlde, 33, 11%

A ‘lithium alumlnum hy&?ide reductlon of bls-dlbenzo-

‘bxcyclolz 2. 2]octad1en-2 yl sulflte (32), led toa =
g

quantltatlve amount of dlbenzoblcyclo[z 2. 2]octad1en-2—'
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Similarly, an attempted column chromangraphy purlficatlon ¥
(Woelm neutral alumlna, chloroform) resulted in the
hydroly51s of the sulflte to the [2.2.2) alcohol 13

The d1alkyl sulflte, 32, was stable to heating in
refluxlng toluene. Furthermore, no decomp051t10n of the
tdlalkyl sulflte occurred when it was heated in toluene
in the presence of hydrogen chlorlde.' However, when the
, d1alkyl sulflte, 32, waSRallowed to stir in neat thlonyI*«:
‘.chlorlde fbr 2 hours at 0-25 - reactlon of thlonyl |
chlorlde wlth ‘the d1alkyl sulflte was observed to yleld
a mlxture of exo—[3 2.1] chlorlde, 14, 40s, endo-[3. 2 l]
chlorlde, 33, 10% and unreacted b15—d1benzob1cyclo[2 2 2]-
'oct;dlen—z—yl sulflte (32), 50%. Whep thls reaction mLQL
ture was heated 1n neat thlonyl chlorlde at reflux1ng tem-"
-Aperature¥Jfor 0. 5 hours, it gave rlse to 54% of exo-[3 2.1]
chlorlde, 14 13% of endo—[3.2.1] chlorlde, gg, and 33%

of dlalkyl sulflte, 32. - - ' A
L _ :

Reaction of leenzoblcycllc Alcohols w1th Excess Thlonyl

- Chloride in Toluene 'i S 'h". h \4

‘fThe_three alcohols;.13 29. and 30 were. allowed
to react wlth thlonyl chlorlde in toluene. ‘A mlxture ‘ﬁ
, of an alcohol and thlonyl chlorlde in toluene was - B
hstlrred for 12 hours at 25° and heated at reflux for _
1.5 hours.‘ The volatlle compounds were removed by

.dxst1llat10n, and the. reszdue was analyzed by nmr to
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- ascertain the reaction products, and the distribution

_\\

' Generally, conversxon to chlorlde products was quantit- -

of those products. The error in this method . of analy-

15, could be 1solat by column chromatography. However,:

the [3.2. l] chlorldes frequently hydrolyzed to the

correspondlng alcohols on the chromatography column

'atxve.‘ Three chlorldes, 7-chlorod1benzob1cyclo[2 2 2]~

octadiene (15), exo—4-chlorod1benzob1cyclo[3 2 1] octa-
diene (14) and endo—4-chlorod1benzob1cyclo[3 2. l]octa—

,dlene (33), were formed from the reactlon of the- three

' alcohols, 13, 29 and 30.‘ The major product from each

dof the alcohols was the [2. 2.2] chlorlde, 15 The

'exo/endo ratlo of the [3.2.1] chlorldes whlch formed in

the reactlon, was 3:1. The results of these reactions

’-are summarlzed in Tablé 2.

's1s was shown to be| less than 5% The [2'2 2]~chloride,'



TABLE 2

Reaction of Dibenzobicyclo[z.z.Z] and [3.2.1]octadienyl Alcehols

with a 10 Molar Excess of'Thionvl Chloride, in Toluene

\ o Substtate

Product Disttibut}on y 4 a,b

79 + 14 15+ 10

N

Percentages determined by nmr 1ntegtation ratios of characteristic
protons of each chloride

The percentages stated represent a mean of several rumns.

"

116.
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Reaction of Dibenzobicycllc Alchols w1th Exces% Thlonyl

' Chloride in Dioxane

The three alcohols, 13 29 and 30 were allowed

to. react with thionyl chlorlde in dloxane.. The.pro-

that for the reaction 1n'toluene. Conversion of alcohol e

to chlorlde was nearly quantltatlve, and the reactlon~
mixture was analyzed in the same manner as the mlxture

of the products from the reactlons carrled out in tolu-
\

ene.\

\

sxderably in d1oxane, g1v1ng exo— and endo-[3 2.1}

The chloride product dxstrlbntlon changed con—

chlorldes, li and gg as the maJor products. For the_'
reaction of both exo- and endo-[3 2.1] alcohols, 29 and

30, wlth\thlonyl chlorlde under these reaction condl—'

tions, no\detectable amount of [2 2.2} chloride was
observed However, for "all the reactlong carrled out
‘ wlth alcohol 13 some [2.2.2] chlorlde‘was formed - In
the case of the [2 2 2] gﬁcohol 13, with th10ny1 ‘.
chlorlde in dloxane, the rat1o of exo/endo—[3 2.1]
chlorlde was found to 4. 2: 1-' from exo-[3 2. 1] alcohol
29, the ratio was 3: l and from endo—[3 2 1] alcohol

30 the rat1o was 2:1. The results of the reactlon of
these three.alcohols with. thlonyl chlorlde in. dloxane

are outllned in Table 3. ¢

\
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.'TAELE 3 ' e?ﬁﬁ

ki

Reactlon of D1benzob1cyclo[2 2.2] and [3.2. 1]octad1enyl

Alcohols with a 10 Molar Excess of Th1ony1 Chlorlde, in

:

Dioxane

Product Distribution % 2+PsC

Substrate

16 + 3
° 27{
. N
33
‘?“Percentages determlned‘by nmr 1nt ,: ~,” 1os of char-
‘.acterlstlc protons ofﬁeach chlorl ; :
] 3, 3 o ol o
® ohe percentages statedvfor the [2ﬁ'?~]{‘mft 9 “:epresqnt
a mean of multlple tuns.-A“.Eh,< %3 4 vy R
¢ Dupllcate experlments were c°§ g e, ‘ g [3 2. 1]
bicyclic alcohols anﬂ}the .Pr - gg“sikete:mlned .

by nmr, were°the same<uath1n the- lexgp bf exg%rlmental
error. _ o . _‘5.,n, .
. . A Q‘..v 4 . ; - 2 -:‘; ]
6. '5 C e -
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i

Reactlon of leenzobicycllc Alcohols with Excess Th10nyl i

Chlorlde in Toluene and a Molar Amount of. Added Amine

Base B - . ,¢p‘A b
_ . A
It was belleved that the dlfferencéjgg the pro-

duct dlstrlbutlon for the reactlon in toluene and dloxane

%?%of alcohol with

V .

: ide, was carried out w1th molar'amgﬁﬁts of added organlc

amines. Three amine bases were employed for thlS pur-

pose: pyr1d1ne, Huenlg s Base (N N dllsopropyle@%ylamlne),

" and Proton Sponge (1,8- bls(dlmethylamlno) naphthalene).
‘The latter two bases have been shown:to possess extremely
. poor - nucleophlllc character (21). However, they are ex-'
Cellent bases for reactlon with hydrogen chlorlde (21).
The reactlons with molar amounts of ‘added amine were
carried out in the same manner as thg)reactlons in tolu-
ene, and the products were analyzed as prev1ously out- |
llned Under these reactlon condltlons it was found that

_ from all of the three alcohols, the [3:2. 1] chlorldes

formed eXCIUSlVely The ratlo of exo/endo—[3 2. l] chlor-

'lfide was 4 1 1n all cases except for the reactlon of endo~-

(3.2. 1]alcohol 30, with thlonyl chlorlde in pyrldlne,
for which case the exo/endo ratio was 3: 1 The results

of these reactions are; summarlzed in Table 4
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Reaction of leenzoblcyclchJcoholsw1th (a) Neat Th10ny1

Chlorlde w1th Added Water (Q/0024 mole), (b) Neat Thlonyl

fChlorlde and a HolanaAmount of Added Base, and (c) ‘Neat

T .
)

' Thlonyl Chlor1de. : o v L o B

For the reactlon with neat th1onyl chlorléz and
0. 0024 moles of added water, it was found that appre-
ciable amounts of [2.2.2] chloride, 15,Ahad formed from
. all of.the'three.a1c0hols 13”‘29 and 30. The reactlon..i
of the three alcohols in neat th10ny1 chlorlde w1th :
added amine base, gave exclu51ve1y [3.2.1) chlorlde pro-

] t. » en ‘the alcohols were allowed to react 1n neat
thlonyl chlor1de v1rtually quantltatlve amounts of o
. {3.2. 1] chlorlde/rwere observed (0- 5% [2 2.2] chlorlde, ‘ \’
15). The results of these reactions are summarlzed in f;% :

Table 5.

: Reaction of”cis43fDeuteriOdibenzohicyc10f2 2.2]octa-

//dien-z-ol (31), with Thlonyl Chlorlde in Toluene, -

Thlonyl Chlorlde in Dioxane and Neat Thlonyl Chlorlde.

. The stereochemlstry of the [2 2.2] - [3.2. l] re-
ﬁ arrangement was: 1nvestlgated by carrylng out the re-

- action of cxs-3—deuter10d1benzob1cyclo[2 2. 2]octad1en- '!/)-
2-01 (31) wlth thlonyl chloride. When the deutérlum—
labelled alcohol was allowed to react with thionyl - E
‘ chlorlde in, toluene, the maJor product was the unre—

arranged (2.2.2} chlorxde, 34 Slmxlarly, as waS'u;)
S , '
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'case for’the undeuterated alcohol when the reactlon w1th
th10ny1 chlorlde was carrled out 1n dloxane, the major

. products were rearranged [3.2. 1] chlorldes._ The re~
action of the deuterated alcohol, 31,y1n neat th10ny1

: chlorlde gave exc1u51vely [3.2. 1] chlorlde product

As in all other reactlons of alcohol w1th~th10ny1
Chlorlde, the product dlstrlbutlons were determlned
/ by nmr analy51s. Decoupled spectra (see DlSCUSSlOﬂ
P- 144)'0f the deuterated chlorldes, revealed that for
the unrearranged chlorlde the deuterlum was placed Cis

to the chlorlne, c1s—7 deuderiod1benz§§1cyclo[2 2, 2]-4..

octadiene (34) , was formed as the only [2. 2.2] chlorlde.

. In both the exo-‘and endo—[3 2 -1] chlorldes, 35 and

N

ggy the.deuterlum occupled the syn 8—p051t10n. .The -

results of:these reactions are summarized‘in Table 6.

J

~
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Examination of the Stablllty of the Chlorldes 14, 15

oo

”"'and 33 under Varlous Reaction Conditions.

—

It was necessary to obtaln informatlon about

the stability of the varlous dlbenzoblcycllc chlorides

to the condltlons used for the reactlon, the 1solat10n
and the Analy51s employed in the 1nvest1gatlon of the
' reactlon of the alcohols used The stability of the
13.2. 1]. chlorides was e;amlned under those reactlon |
condltlons which led to unrearranged [2.2.2] chlorlde,

15, as the major product namely ‘the reaction of alco—

" hol w1th thlonyl chlorlde in toluene. n—Propyl alcohol

" was allowed t react w1th thlonyl chlorlde 1n toluene
w1th .an added molar amount of an authentlc mlxture of
exo-,and endo-[3 2 1] chlorldes The reactlon condi-
tions were the same as those normally employed in the
\reactlon of alcohol w1th thlonyl chlorlde in toluene.i
Nmr ana1y51s and quantltatlve 1hfrared spectroscopy |
ana1y31s of the reactlon mlxture revealed that 18 20%
vrearrangement of the [3.2. l] chlorlde‘mlxture to'{2t2.2]
chlorlde -had occurred . f '_
*In an attempt to reproduce more closely the re-

q\io? condltlons in the reactlon of the dlbenzoblcycllc
alcohols witx thlonyl chlorlde in toluene, 1t was '
dec1ded to test the stablllty of the [3.2. l] chlorldes
durlng ‘the reactlon of tert—butyl alcohol w1th th10ny1

'i chlorlde in toluene.» ‘However, the results obtainedv

S
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were mnot conslstent. 'For reactions which were carried
~out according to the procedure" for the reaction of the
dibenzooigycllczalcohols with thionyl chloride‘in tolu-

: ene, it was found that rearrangement of ([3. 2 1] chlor-
1de to (2. 2‘2] chlorlde occurred from 15% to 56%. When
drpenzob1cyclo[3 2 lloctadlen-exo—z—ol (29) was allowed
to react wlth thlonyl chlorlde in toluene, w1th a molar
amount of a mixture of exo- and endo-[3 2. 1] chlorlde,r
under the exact. reactlon condltlons employedlln the re—_-
action of alcohol wlth thionyl chlorlde in toluene,
the followlng product dlstrlbutlon ‘was observed° endo—

‘[3 2. 1] chloride, 33, 6%. exo—[3 2. l] chlorlde, 14, 18%
vand 7—chlorod1benzob1cyclo[2 2. 2]octad1ene (15) 76s.

| The stablllty of ' the [3 2. l] chlorldes to the re-

‘,‘iactlon condltlon;.of the reactlon of alcohol w1th

’thlonyl chlorlde in dloxane was’ also examlned ) The

.r :action of tert—butyl alcohol with thl/nyl chlorlde
1. dloxane ana a molar amount of [3.2. l] chlorldes,wll
'led to quantltatlve relsolatlon of unchanged {3. 2 1]
chlorides. Slmllarly, 7-chlorod1benzoblcyclo[2 2 2]—
octadiene was found to be stable to the react;on con—ﬁ
dltlons of the reactlon of alcohol wlth thlonyl c?lor-

_‘1de in dloxane.- Both [3.2. l] chlorldes'and [2.2. 2]

chlorlde were found to be stable to the reactlon 3

cond1t1ons:for the reactlon of alcohols with neat

'7\

thlonyl chlorlde.
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_Reaction'of;Dibentohicyclo[3.2.l]octadien-eXo—Z-ol

(29), and Dibenzobicyclo[2.2.2]octadien-2-01 (13) with

50 Mole Percent ;Thionyl Chloride in Toluene.

The stablllty of the alcohols to the reactlon con- -
'dltlons which led‘to unrearranged chlorlde product was
1nvestlgated Both alcohols, 13 and 29, were allowed

to react with 50 mole percent of thlonyl chlorlde in
toluene. In each case the reisolated alcohol was the
starting‘alcohol The nmr spectrum, in carbon tetra-
'chlorlde, of the crude reactlon mlxture showed that only
‘the [2.2. 2] chlorlde, 15, had formed in. the reaction

of the exo-[3.2.1] alcohol, 29. For the case of the
t[2.2 2] alcohoi some " [3.2., 1] chlorlde product and di-
-alkyl sulflte, 32, had formed. |



DISCU s's"i'o:N_

A study of the reactlon of thlonyl chlorlde w1th
various [2 2. 2} and [3.2. 1] b1cyc11c alcohols was carrled

out. leenzoblcyclolz 2. 2]octad1en-2-ol was synthe51zed

‘accordlng to the method of Alder and Rickert (32), and

its structure conflrmed by both spectral and chemlcal

means. The assignment of the stereochemlstry;of cis- 3-'

| deuter1od1benzob1cyclo[2 2 2]octad1en-2-ol was accomp-
llshed by comparlng its nmr - spectrum w1th that of the
L undeuterated analog. The‘a331gnment of the structure of'

'the [3.2:1] alcohols, 29 and 30 was ahso accompllshed by

both chemlcal and spectral means. Alcohols 29 and 30

129
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Here synthe51zed by the reduction of 25 and 26. The
structure of the [3 2 1] ring system and stereochemlstry
at C-2 is known since after the reduction reactions,
known'compounds were isolated. The sterﬁychemistry at
the 8 position of 25 and 26 was establlshed by compar1ng_
jthe nmr spectra of 25 and.26 with those reported for the
correspondlng 1odoacetates.23 and 24 (20, 22). Tanner re-
-'ported the absorptlon of the ant1—8 proton of _x_fexo-
‘[3 2.1]iodo acetate, 23, at T 5 16, and of _zgfendo-
[3. 2‘1110doacetate atT 5.01. One coup11ng constant due
to the Héland HlAprotons was reported: anti—J = 4.4

1,8 -
cps for the exo-[3 2. 1]10doacetate, 23 and antl—J1 é =
3.5 cps for the endo—[3 2. lllodoacetate, 24. On the
: ba31s of the 'Karplus Plot" (23) these coupllng con-
stants are con51stent wlth the d1hedra1 angles Hl'
ant1—H8 = 45°, H _x_fn = 75°, for ‘the 4, 8-dichloro-
d1benzob1cyc10[3 2, l]octadlenes, predlcted by Tanner

‘ and Gllman (24).

X=H or halogcn ,'_ .Y = H, acetate, piﬁalate,

'Dihedral angles: IR : Of halogen,ﬂ
H)., anti-Hg o= s,antl—‘l!8 = 45‘

10 sym-Hg E}/"‘ B, syn-Hg = 75°
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-

The ahsorption handvfor the'H8 protOn of the exo-[3.2.1]-
iodo plvalate, 25, occurred at T 5.29 (J1 g=>2 cps),' e
and the absorptlon band for the Hg proton of the endo- Ry
[3.2. lllodo pivalate, ZE' occurred at 1 5.24 (Jl,s = ,
4.8 cps). These observationsvwere'consistent with the
"antl a531gnment of the 88 proton of the [3. 2 I]J.OdO .
pivalates, 25 and 26 The other dlstlngulshlng feature,l
of the nmr spectra of these two compounds is the dlf-»

. ferent spectral frequenc1es of the acetate groups. By
analogy with the reported spectra for these. tuo com- .-
pounds ‘the stereochemlstry of s _1278-1odod1benzob1—

cyclo[3 2. l]octadlen-exo- and endo-z-ol plvalate was

a831gned. g_g—H 'r 3.82, Jl 2 = 6.0 cps and‘gnggfﬂzﬂ‘
4.35, 3, ,=1.8 cps. DR |
The reactlon of thlonyl chlorlde w1th alcohols
consxsts of two dlscrete steps, the formatlon of. the
:alkyl chlorosulflte, and its decompos1tlon- The 1nter’
medlacy of the chlorosulflte has been uldely confirmed,
a81nce it was f1rst postulated by pioneer workers of the
reactlon of alcohols with th1ony1 chlorlde. In some'
- cases the reactlon of a molecule of alcohol wlth the
jlnitially formed alkyl chlorosulflte can occur to yleld

only dxalkyl sulflte at an early stage of the reactlon-

o~ . ROH + soc12 — _nc1 +ﬂnosoc1
~ ROH + ROSOC1 ——»HC1 + (RO) 2SO

_f
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Subsequently, however, a reactlon between d1alkyl sul-

flte and thlonyl chlor1de takes place, eventually pro-

ducing alkyl chlorosulfite: .
- ‘ | , '_ - | T &
(RO) ,s0 + SOCl, —— 2ROSOC1 N
The éttemp 'solation of an intermediate alkyl chloro-

sulfzte h the reactlon of the [2. 2. 2] alcohol 13, wlthl
thlonyl chlorlde in toluene fa1led- 1nstead a quantlta—
tlve nt of the d1a1ky1 sulflte, 32, was 1solated.
Thls sulflt' was observed to be stable to heating in re-
_fluxlng toluene, and reflux1ng toluene wlth added hydro—
gen chlorlde. Thus,_chlorlde product d1d not come about -
by an ac1d-cata1yzed decomp051t10n of the d1a1ky1 sul—l
flte._ However,thesulflte did react with thionyl Chlor-b
ide’ to yleld chlorlde product

| The various roufes to theaintermedlate chlorosul—

'fite can be summarlzed.as in Scheme 5.

. . O : g
ROH + ‘SOClZ-—lf—b- R-0-S-C1 + HC1 . .‘
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At low temperatures (0-25°, 2 hours) good yields
of the dialkyl sulfite, 32, could be isolated from the
reaction of the [2.2. 2] alcohol 13, withjthionyl chlor-

1de 1n varlous solvents

SOCl2

—*
- Low temperature

_._sz. R‘k3:."\9 |

For this case, the rate for the ‘process whose rate con~

stant 1s-k2, sz, must. be greater h/n é& and there-“l s

Ifore the reactlon of another mole‘ule oﬁ alcohol w1th

(\/ o~ :
: the 1n1t1ally formed ~alkyl chlorosulflte can occur to,

. form the d1alkyl sulfite, 32. Presu}nably this d1y1

. ' |

“« yleld alkyl chlorlde product.

The attempteo 1soiat10n of d1alky1 sulfite or
-alkyl chlorosulflte from the reactlon of exo—[3 2. l]
'alcohol with thlonyl chlorlde in varlous solvents at
low temperatures (0- EE: 2 hours) was unsuccessful
'(Table 8). Even under these mlld reactlon condltlons'

_only unreacted exo-[3 2. 1] alcohol 29, and a mlxture

of [3 2 1] chlorldes, 14 and 33 was observed
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¢
s

Wy

w Rk Rkor*&

14 and 33

4

Since only unreacted allcohol and alkyl ChlUlee were

formed from the reaction of exo-[3. 2 l] c -uhol 29 with

" thlonyl chlorlde at lo peratures, it can be postu-

; lated that in this case Rk Rk or Rk The magnl-

'tude of Rk s: presumably dependegt upon the nature of

- The greater the ab111ty of the R group to stablllze :

. the 1nc1p1ent p051t1ve charge durlng the 1onlzat10n of
the R-0O bond, the more fac1le should be the decomp051t10n'
of the 1n1t1a11y formed alkyl chlorosulflte. It is pro-
posed that due to the 1ncreased stablllty of the benzyllc
[3 2.1] catlon, formed during the 1onlzatlon of the c- -0

, bond of a [3. 2 1] alkyl chlorosulflte, no d1alky1 sul-

' f1te was reallzed For this case Rk3 1s larger than Rk

An alkyl chlorosulflte could not'be 1solated even: at low
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4'(temperatures, presumably due to the fac11e decomp051t10n
of the {3.2.1] alkyl chlorosulflte.

-

1

AL elevated temperatures no d1alkyl sulflte or
chlorosulflte was 1solated from the reactlon of the di- ;
benzoblcycllc alcohols w1th th10ny1 chlorlde. Under
these reactlon condltlons the decomp051t10n of.the alkyl
chlorosu1f1te predomlnates, since the decomp031t10n of
the alkyl chlorosulflte or the decomposition of the di-
alkyl sulflte are accelerated. ‘ »

The mechanism of the reactlon of alcohol with
thlonyl chlorlde 1is concerned w1th the mode of decompo—
81t10n of the 1ntermed1ate alkyl chlorosulflte. In the
'case of the 1ntermed1ate dlbenzoblcyclcolz 2. 2]octa—'
d1eny1 chlorosulflte, decom9051t10n could occur by at
least four mechan1st1ca11y conceivable processes- S 1,

S i*, S 2 and S 1. These mechanlsms are deplcted in
Schemes 6 to 9 | “

Before any dlscu551on about the relatlve lmport-,
ance of the above mechan1sms can proceed it is necessary-
to establlsh the structure and stereochemlstry of the g
various blcycllc chlorides formed in this reactlon.

fThe reaction of the three blcycllc alcohols, 13 29 and
'.30 w1th thlonyl chlorlde under various reactlon condl—v‘
t1ons could concelvably nge rise to any of the follow1ng'

-ono-chlorldes-



& o , - . 15
' o . . : o retention
SCHEME 6 (Syi Mechanism) o C ol

\

SCHEME B.(SNZYMechanis'm). . : S 15

o
. °
1
s,

- fy inversion’.



" SCHEME 9 (Syl Mechanism) -
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'vThe nmr spectra of the/ lorides 14, 15, 37 and 38 have

been reported by Cr%s ' (22”25);v1The hmr~spectrum‘of,

‘ lorldes, obtalned from the ‘re-

‘ actlon of the three blcycllc alcohols, 13, 29 and 30 wlth
..tthnyl chlorldééuﬁézz‘the approprlate reactlon condl— R
f_tlons (see Frgures 1—5), showed that two mono—[3 2.1]

".chlorides. were present:in the reactlon mlxture, the sum

of the 1ntegrat10n of the absorptlon bands at t 4. 68

'and 5 00, was equal to one proton on the ba51s of one-

-

| elghth of the 1ntegrat10n of the 8 aromatic. protons.

The absorptlon band at t 5.00. was that of endo- H4 o)g//‘w

h exo-[3 2, 1] chlorlde, 14, as reported by Crlstol t The

chemlcal shift of’ the spectral frequenc1es of the a11-

phatlc protons of 15, 37 and 38 are suff1C1ent1y d1f-

Id L

r
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ferent from those of exo-[3.2.1] chloride, 14, to allow
the detectlon of the1r pPresence by examination of the:
‘nmr spectrum of the reaction mlxture. Furthermore. the
signal at T 4.68 was assigned to exo—H4 of endo-4-
chlorod1benzob1cyc10[3 2. 1]octad1ene, on the basis of"’
the chemical Shlft and coupllng constant (J4 5 = S;Q
cps),lfor this proton. o - p

The stereochem1ca1 a551gnments of the two Eéggf
[3.2.1] chlorldes was substantlated by chem1ca1 means
A purlfled mlxture of the [3 2. 1] chlorldes gave analyses‘
for the, elements C, H and cl whlch were consistent Hlth
those caIculated for ‘the compounds. Further, an

attempted purlflcatlon of a mixture of the [3.2. 1]

chlorldes by column;chromatography (Slllca Gel packed

1n carbon tetrachlorlde), gave r1se to two fract1ons,"
83% of 7- chlorod1benzob1cyc10[2 2. 2]octad1ene (15),
and 13% of a mlxture of exo- - and endo-[3 2.1) alcohols,
29 and 30‘. These products 1solated from the chrom-
atography column could only have arlsen from [3 2. 1]

Ao Ly,

hju%chiorld in &ﬁach the chlorlde is bonded to C-4 in
’ ?é"r

C émther exoaor‘éhﬁgbp051t10n, s1nce ‘the [2.2. 2] chlor-,

1de, 15,~was/sho§h to be stable to chromatographlc

FRrre

treatment-
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a) POSSlblllty of. the Cla551ca1 SN1 Hechanlsm = The

'nvclasslqal SNl mechanlsm as outllned in - Scheme 6, 111ust-

- rates that the carbon—oxygen bond breaklng and the car-
, bon-chlorlne bond formatlon are concerted processes.
Thls 1ntramolecular nucleophlllc change results in re-
tention of conflguratlon, the carbon—chlorlne bond forms
on the same side as the carbon-oxygen of - the orlglnal
‘alkyl chlorosulflte. ' If the Syl mechanlsm as deflned
in the. classxcal sense, were operatlng 1n the react1onv
of thlonyl chlorlde w1th the alcohols under 1nVest1ga-c
tion, then each alcohol should lead to the chlorlde of -
the same skeletal structure and’ _Same stereochemlstry
leenzoblcyciolz 2. 2]octad1en—2—ol (13). should yield
0nly 7-chlorod1benzob1cyclo[2 2. 2]octad1ene (15). More
'Speclflcally, the deuterated [2.2.2) alcohol 31 |

8honld lead exclusxvely‘to c1s—7-chlorof8fdenteriodif

- e

“ Lo
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Benzobicyclo[2.2.2]octadiene (34) = -

~The results obtalned from the reactlon of the deuterated

alcohol, 31 w1th thionyl chlorlde 1n toluene d1d agree

N

‘with the S_i mechanism. The major product under these-
reactlon condltlons was the [2 2. 2] chlorlde, 34. A'mlx—

ture of [3.2.1] chlorides was also formed:
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A

’However, the possibility existed‘that'the [2.2.2] chlorf
ide, 34, could have come about by a geltonodesmlc re-
‘arrangement (184d) of the mlxture of the [3. 2.1] chlorides,
35 and 36. Indeed thls was found to be the case, and
will be dlscussed later. _‘

The stereochemlstry of the chlorides 34 - 36 was
establlshed by nmr. Information concerning the exact.
position of the ‘deuterium relatlve to the chlorlne could
be obtalned by examlnlng whlch absorptlon peak of the
deuterated chloride was' absent when the spectrum was
compared to that of the nondeuterated analog. Cristol

(22) has reported two coupling constants for the H pro-

g
tonsdwith Hl proton, for exo—4-ch10rodibenzobi¢yclo[3.2.1]4
octadiene; Jl 8 4 o, l 1l cps. The coupling between pro-
tons on V1c1na1 carbon atoms in r1g1d systems depends
prlmarlly on the dihedral angle e between the H- C—C' and
C—C—H' planes (23). ‘These angles, whlch ‘have. been ’
 estimated by Tanner and Gilman (24),‘éan be v1suallzed

‘by an end—on view of the bond between the’ v1c1nal car-

bon atoms, C-8 and C-1: | N
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A plot of the calculated relatlonshlp between the d1-

hedral angles and vicinal coupllng constants, has been

»

made (23). On ‘the ba51s'¢ﬁ~the "Karplus Plot"

’ the
estlmated coupllng constants of the H8 protons w1th the
1 proton are as follows- ant1 Jl g = 3.8 cps, and syn
1 é = p .2 cps. To measure the coupllng constant be-
tweentheH8 and Hl protons in the [3.2. 1] chlorlde pro-

duct the absorptlon band due to the Hs proton was

irradiated. I

Only one coupllng constant .of Jl 8 = 4 cps was observed
Therefore, it was the antl—H8 proton which was coupled
to the,Hl proton, in the exo-fand endo- 4-chloro-syn-8-
deuter10d1benzob1cyclo[3 2. l]octadlenes. . The 1rrad1a—
tion of the Hl proton allowed a determination to, be'_5
made of the J8 5 coupllng constant. -The dlhedral angle
between a t1 -Hg and HS is the same. as that‘of anti- H8
and Hl (24). A coupllng constant of 4 cps was found

for these two protons (J

Ig,5 = 4 0 cps). This large

coupllng constant is further corroboration for the deut-

Q
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~ erium assignmené;
In the\an;l;sis of 7-ohloro—gi§—8—deuteriodibehzo—
bicyclo[2lé.2]octediene (34), it was establlshed that
the proton absorption for c1s-88 at T 8.25 was absent in
-the nmr spectrum Further, Cristol (25) reported three
coupling constants for the H7 proton-of 7—chlorod1benzo-
b1cyelo[2 2. 2]octad1ene-' i 7 = 55325 J7 g = 2.5 and cis
J7 8 = 8. 0- Irradlatlon of the Hl proton resulted 1n a
':doublet for H7 with a coupllng constant of 8 cps.
Por the reactlon of the [3 2.1]1 alcohols, 29 and ?0

_the S i mechanism pred1cts that the exo-[3 2. 1] alcohol

'29, should lead to exo—[3 2.1) chlorlde,o14 and endo-

[3.2.1) alcohol, 30, should lead to endo-[3 2.1] chlorlde,
33.

NN
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| The best Opportunlty for the S i mechanism to

- occur is when a polar solvent such as dloxane 1s used

- in the reaction of alcohols ‘with thionyl chloride |

(5, 8b). The reaction-of the three blcycllc alcohols
with thionyl, chlorlde in dioxane d1d not lead to a
.quantltatlve amount of a chloride of the same stereo-
 Chemistry aslthe alcohol from whlchvltlwas derived.
lnstead, the same chloride,product ratlo'was'obtained'.f
from each of the alcohols 1nvestlgated -when the re-
actlon was carrled out in dloxane, wlth the major pro~
duct belng a mmxture of exo-— and EE_EC[3 2 1] chlorldes,
‘14, and 33. It could be argued that the reaction of
each of the alcohols w1th th10ny1 chlorlde in dloxane_ o
1n1t1ally gave" rlse to the chloride with the same steroi
'chemlstry as the startlng alcohols, and that the flnal
common, chlorlde product ratlo was due to subsequent
rearrangement ‘of the 1n1t1a11y formed chlor1de<product
It was found that in dloxane, all of the dlbenzoblcycllc-
chlorldes were. stable to the reactlon condltlons em-
ployed for thls reactlon. Further, the rearrangement

| of the [2 2.2] chlorlde to - [3 2.1] chlorlde would not
occur 51nce it has been shown that the [2.2.2) octadl—
enyl derlvatlves are the thermodynam1cally most stable :
ones (184). Thus, even under thOSe reactlon condl-

tlons clalmed to be the most favourable for re-

actlons whose stereochemlcal outcome has been ratlonal-

|
\
‘g}
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1zed by the S 1, the resuits from the reactlon of these
alcohols are not compatlble with thls mechanlsm.

[4)

“$¥ M’Theislif Mechanism - The Syi' mechanism as depicted

accompaniés bond migrh@ibn; Thus, when an allylic alco~
hol is alloWed to react w1th thionyl chlorlde, the prd-'
ductobta1nedexc1u51vely is the one in whlch a11y11c re-»

N

arrangement has occu-

| _CH_
, ) /" b "

'? R \§¢Hz ,
R-CH=CH-CH,~0-5-C1 — | " & | p cy CH-CH. + SO
| 2 | T 2 2
< . c1 b 1 L ©
e ‘ . . C1 :

o S ' R
= |
. o ) 4
L B

 Both'the‘[2.2L2J alcohol, 13, and exo-[3. 2.1] alcohol,

29, could concelvably glve rise to chlorw 'vroduct via

—

the S i' mechanism:
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The reaction of the[2.2.2] alcohol, 13, should lead ex-
clusigely to exo-[3 .2.1] chloride,.ld and exo-{3.2.1]
' alcohol,'29; should lead exc1u51Vely to [2.2. 2] chloride,
< 4l§. The decomp031t10n of/the chlorosulflte of the endo—
[3. 2 1] alcohol 30, cannot occur v1a the SN1 mechan~]
¢ ~ism. Since each of the three alcohols (13, 29 and 30),‘
gave rise to the same chlorlde product ratlos, 1t is
' unllkely\that the decomposition of the blcycllc chloro—
sulfltes proceecs via the S 1 mechanlsm ‘ . ”r !
The SNl'_mec% “ism has been most exten51ve1y demon-"
strated forlreacf ons of allyllc alcohols w1th thlonyl‘
;chlorlde w1th dlethyl ether as the solvent, or in neat
thlonyl chlorlde (19). When the two alcohols, l3 and
29, whose chlorosulfltes codld concelvably decompose

‘v1a£§he S 1' pathway,;were allowed to. react w1th thlonyl

',chlorlde in dry d;ethyl ether, only rearranged [3.2. l]-

.chlortde nggggt,was reallzed ' Slmllarly, both of - theSe %R\g

=dalcohols gave. rlse to v1rtually quanfltatlve amounts of

\

o -[3. 2 1] chlorldes when they were allow d to react w1th

.neat thlonyl chlorlde. If it 1s ‘argugd, as prev1ously

‘ chlorldes! then 1t

,1s necessary tha%kthe [2.2. 2] chlorlde, 15 the 1n%t1a1 _l ¢
e .product predlcted by the S i mechanlsm from the re-. .

Hactlon ‘of exo-[3 2.1] aIcohol 29, w1th thlonyl chlor-
\.
" ide, mqst rearrange to the 03.2.1] chlorlde products.
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_d10x1de molecule depa-tec. Clearly, c1s 34deuter10d1— :

153.

It was found as 1n dloxane that the .2 2] chlorlde, 15,
was cowpletely stable under the reaction conditions" of |

the bicyclic alcohols w1th neat thlonyl chloride:

SOClZ

alcohol . ki
) g 3 4y

Sy .
® e

- c)' The S 2 Mechanlsm - The reactlon of c1s 3 deuterlodl-

-benzob1cyclo[3 2. l]octadlen 2-ol '(31), w1th th10nyl

e chloride was carrled out to obtaln sOme 1nformat10n

about the stereochemlstry of thls reactlon and to assess
the 1mportance of the s 2 mechanlsm. The SN2 reactlon
procgss imglles that the chlorlde 1n the product must be

attached to the 51de opp051te from whlch the sulfuf

L
T
. By

3

40

&’k ' - é ) B

| benzob1cyclo[3 2 l]oct dlen—z-ol (31), wh&h allowed ' “} .

to react w1th thlonyl chlorlde must yield trans .7- chloro‘av

-4

”8 deuter10d1benzob1cyclo[2 2. 2]octad1ene, fg the S 27 ;~ﬂ‘

mechanism were operatlve
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‘Q ' : ¢
Lew1s and Boozer (8b) found that the decomp051t10n

Eat)

of a varlety of optlcally actlve secondary alkyl chloro-
!

’fsulfltes in toluene 1led to alkyl halldes w1th complete
1nvers1on of conflguration. They concluded that tolu-=
ene was a; solvent extremely conducxve to the S 2 path- N
way, where the chlorlde anlon can approach theaalkyl

,chlorosulflte from the back51de, giving rlse -to 1n-
verted chlor;de product. When the deuterated alcohol,
31 was allowed to react with thzonyl chlorlde in

"toluene, the major product formed was cig-7- chloro—8-

deuteriodlbenzoblcyclofz 2. 2]octad1ene (34) Thus,

7 the stereochemlstry of - tﬁﬁzgeuterated chlorlde formed
,j« 4

N

M

. was ‘not con81stent with N2 pathway.

' The deuterated alcohol 317 was also allowed to
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react with thlonyl chloride 1n dloxane and in neat thi-

‘onyl chloride. Under both of these reactlon condltlons

the maJor products: were a. mlxture of exo- and .endo-4-

 chloro-s syn —8 deuterlodlbenzoblcyclo[B 2. l]octadlene

(35 and 36) The- z —8 p051t10n of the deuterlum is

'bond migration between the [2.2.2]) and the [3 2 l] sys-

tem (18c).v

,

,con51stent with the well doCumented stereospec1f1c anti-.
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On the basis of these results the p0351bi11ty of the S 2
mechanism could be ruled out
-
: ﬁ

d) The S 1 Mechanlsm - It has been shown that a [2 2.2)

carbonlum ion does not 1ntervene as an 1ntermed1ate in
both solvoly51s and addltlon reactions of 7- -substituted
d1benzob1cyclo[2.2.2]octadienyl der%Vatives-(le, c,_d,
£, 9). Solvolyses of dibenzobicyclo[2!2.2}octadieu-7—yl
derivatives are kncwn to'give ekclusively or preponder-
antly dibenzcbicyclo[3.2.1]octadien—exo-2—yl derivatiuee

(18a, c, d, g),,and the reactlons which occurred were

generally stereospec1f1c w1th respect to the skeletal

migration (18c, 4, f g).‘ For example (18f)., acetolysis

‘of the ¥§-deuter10 E-toluenesulﬁonate, 39, ave syn -8-

deuter10d1benzob1cyc10[3 2. l]octadlen -2-01 acetate (40)

HOAc

NaOAc

o s
' " When 40 was treated w1th l M perchlorlc ac1d in’ acetlc

*
ac1d at room temperature for 160 mlnutes, it re-

arranged to the thermodynamlcally more stable [2 2 2]

acetate, 41:
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l"M.HCIO4

HOAc

S

Thus the acid catalyzed gearrangementvfrom-the [3.2.1]
system to the [2. 2 2] system was also stereospec1f1c
In M perchlorlc ac1d in acetic ac1d the exo acetate,
A40 was found to equlllbrate rapidly (<5 min) to a
58:42 mlxture of exo and endo acetates, 40 and 42, re-
spectlvely, before any substant1a1 rearrangement to
the [2. 2 2] system had taken place._ ‘Thus, exo-[3. 2 l]
product is. produced by k1net1c control, and wlth |
stereospeclflc ant1 bond mlgratlon from the [2.2. 2]
system.' Thls is then rapldly converted 1nto the equ11-
ibrium- mlxture of exo- and endo—[3 2. l] 1somers, and
more slowly converted again stereospec1f1cally, 1nto

b v

;the [2.2.2) isomer.( Interventlon of a cla551cal [2.2.2]

FE
PRI

”'catlon is 1nterd1cted by the Cclean stereospec1f1c1ty

| of the [3 2.1] —» [2.2.2] rearrangements. Crlstol
'(18f) suggested that the acid catalyzed rearrangement

of the (3.2.1) system to the [2 2. 2] system followed )

' the path of - SCheme 10. - R {\ ' -" )

s



_ | SCHEME 10
fhe reéction‘df the déuteréted aicohol 31 with .
;thlonyl chlorlde provided results 'which were c/nsxstent
jw1th the hypothe51s that the [2 2.2] cation does not
Aform as an 1ntermed1ate, 51nce if it 'had formed then RS
both c1s and trans deuter10-[2 2.2] chlorlde should

have .been obtalned as products~
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Product analysxs of the deuterated chlorlde had shown
’that only the cis-[2.2. 2] isomer, 34 had formed in the
.reactlon of the deuterated alcohol 31, w1th thlonyl
chlorlde. The stereochem1cal result that only syn-8-
deuter10-[3 2.1] chlorldes were formed in the reaction
of the bicyclic alcohols w1th thlonyl chlorlde implies
that the [2.2.2}]. carbonlum ion cannot be an 1ntermed1ate.
in the decomp051t10n of the blcycllc chlorosulfltes. If
'1t were, such an 1ntermed1ate would glve both _x_f and
‘ant1-8 deuter10-[3 2.1} chlorldes. |

The above results 1nd1cate that migration must
accompany 1on12atlon of the carbon-oxygen bond of the.
alkyl chlorosulflte.. If mxgratlon occurs at the time
. of 1on12atlon the cationlc 1ntermed1ate can be enV1saged
-as either a cla551cal" benzyllc 1on, I, with only ordln-,

‘ary delocallzatlon 1nto the v1c1nal aromatic rlng, or

* as the nonclassxcal" 1ntermed1ate, II:

- -

Crlstol (le) has ruled out the p0551b111ty of the cat-;_'h

ionlc lntermedlate II on the basxs of the observatxon
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that‘exo—endo isomerism'ofvvarious [3.2.l]¥octadieny1

~derivatives occurs rapidly compared with (3.2.1] —»

[2.2.2] isomerization.‘ , o -

MECHANISTIC CONCLUSIONS
-

Each of the above mechanlstlc pathways is lnade—
quate to explaln the results obtained from the reactlon

of - the various: blcycllc alcohols w1th thlonyl chlorlde. -

' However, experlmental results obtained durlng the course

of this 1nvest1gatlon 1nd1cate strongly that the decom—

position of the alkyl chlorosulflte occurs by an ionic
mechanlsm, in which the .cla551ca1' [3.2. l] catlon, h. 7
stablllzed by benzyllc resonance, can be the sole cat—
1on1c 1ntermed1ate.‘ The stereochemical results and the
product distributions observed 1n the reactlon of the
blcycllc alcohols with thlonyl chlorlde, can. best be
accormodated by Scheme 11. L

As shown in Scheme 11, it is assumed that no

“

12. 2 2] catlon intervenes in the decomp031t10n ‘of the

vblcYCllC chlorosulfltes 1r;espect1ve of the solvent

.employed in the study of the reaction-of alcohol wlth

/

-thionyl chlorlde. Lew1s‘ahd Boozer (8b) attrlbuted the

stereochemlcal outcome from the reactlon of sacondary
i /

H .

Gf;differences in the sdlvating power of varxous solvents.

‘For the bicycllc alcohols, no: such specxal effect for the )
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SOCl ROH
50fvent

-SCHEME 11
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Ao ’ N

solvation of the cation needs to be pPostulated. It is
Proposed that in all the solvents'the I3.2.1] cation is
formed from the decomposition of'tnefﬁicyclic chloro-
sulfite, while onl§ the position of the "gegen ion" ie
different. | o ‘

For the [2 2.2] chlorosulfite the’ formatlon of -the
[3.2.1] cation 1nvolves the mlgratlon of a carbon-carbon
bond c01nc1dent w1th and anti to the departure of the -

SO Cl 1eav1ng group.

2 The resultant benzyllc carbonium 1on is then trapped '

e

by chloride anion to yield a mixture of exo- and endo- .

13.2. 1] chlorldes, 14 and 33, w1th a preponderance of
the exo 1somer. ‘The larger percentage of exo product
(quasi-axial attack), over endo product (qua51-equator1-"

. al attack) has been ratxonallzed (18b)' Preferentlal

'

exo attack occurs 31nce the p-n over-zp of the benzylic

carbonxum ion wlth the benzene ring wi. 1l be lost less

s



e _'§:_/,

=y

W

TN

rapidly if the chloride coordigates from the quasi-axial

-

(ex0) position than from thezguasi-eqUatOrial (endo) .posi-

,tion. * Thus, the tran31t10n state for bondlng from the

fexo side is’ of lower energy than that for the bOnding

' The major product from the reaction of the blcycllc

“«.

ialcohols with th10ny1 chlorxde in. toluene, is the [2 2.2]

. h'

1}“chlor1de, 15.. Scheme 11 111ustrates that the unrearranged

chlorlde arlses from the rearrangement of an initially
formed mlxture of [3.2.1] chlorides. The initial evid-

ence for this [3.2.1) to [2.2.21crearrangement arose dur-

. ing the,attempted Preparation of the chlorosulflte or

dialkyl sulflte of exo—[3 2. 1] alcohol 29. When thlS

alcohol was allowed to react with thionyl chloride in .

‘toluene under the" reactlon conditions employed for the

preparatxon of . d1alky1 sulfite, 32, (0 25°, 2 hours),
only (3. 2.1} chlorlde product was reallzed It was .
obseIVed that at thls early stage of chlorosulflte forma-h
tlon in the reactlon of alcohol with - thlonyl chlorlde,

the flrst-formed chlorlde .Product was a 4:1 mlxture of

- exo- and endo—[3 2 1] chlorldes,-l4 and 33 ThlS was

'contrary to the formatlon of T12.2.2]. chlorlde as the

ma)or product when the blcycllc alcohoLs were allowed
to react with thionyl chlorlde in toluene undervthe
normal reaction conditions. -__f} ':t- .

It is postulated that - toluene, whlch is a poor ion-

xzxng solvent, should result in the hydrogen chlorxde
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1

{jl=fformed in the reactlon, to be largely undlssoc1ated Thus,
iithe hydrogen chlorlde dlssolved in the toluene is able

': to catalyze the rearrangement of the mixture of [3.2.1])

chlorldes to [2 2. . 2] chloride. Control experiments

,1n wh1ch n-propanol tert—butanol or allyl alcohol were

allowed to- react with thlonyl chlorlde in toluene, w1th
a molar amount of a mlxture of [3 2.1) chlorldes added
dld not give. con51stent results, the extent of [3.2.1]
to [2.2.2] rearrangement varied from about 20% to about
,56%. However, when d1benzob1cyc10[3 2. lloctadlen-exo-z-
ol (29) was allowe& to react. wlth th10ny1 chlorlde 1n
toluene Wlth a molar amount of a mlxture of [3.2.1] -
'chlorldes added the nmr spectrum revealed the presence
of 76% of the - [2 2. 2] chlorlde, 15, in the reaction
mlxture A<g.' ‘ | |

To demonstrate the catalyt;c effect of hydrogen

‘ chlorlde 1n the rearrangement . the blcycllc alcohols

I

’were allowed to react Wlth thlonyl chlorlde in toluene

, w1th a molar amount of an amlne base ‘added. Under these'

-reactlon COndlthDS quantltatlve amounts of [3 2.1} chlor-

3
ide product were 1solated - It is. postulated that the

bases employed for thlS purpose (pledlne, Huenlg S
Base and Proton Sponge) are extremely effeqtlve in taklng

up the hydrogen chlorlde formed dnrlng the reactlon (21),

" thus total&yLlnhlbltlng the ac1d-catalyzed rearrange—

ment of the [3 2 l] chlorldes to the [2 2 2] chlorlde. i
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B,
Further, the stab111ty of the [3.2.1) chlorldes under

these reaction cond1t1on3 was examined when n-propanol
P
was allowed to react: w1th thionyl chlorlde in toluene,

with molar amounts of both an amlne base and a mixture
of [3.2.1] chlorldes. The only chlorlde product re-

-

isolated quantltatlvely was the orlglnal startlng mix-

-,

ture of [3.2. 1] chlorldes. It was concluded therefore -

that the [2. 2.2]) chloride, formed ‘ag the major product

in the reactlon of [2. 2 . 2] alcohol 13 w1th th10ny1

chlorlde in. toluene, came about by a hydrogen chloride -

catalyzed rearrangement of. the 1n1t1a11y formed mlxture “

"of [3.2. l] chlorldes.

The stereospec1f1c1ty of. the [3.2. 1] — [2.2. 2]

- rearrangementr under the?e reaction condltlonﬁ, was'
denonstrated by the reactlon of the deuterated [2 2. 2]
alcohol 31, with thionyl chlorlde The only [2 2 2]
chlorlde obtaxned was the one wh1ch had the deuterium

- in a p051txon c1s to the chlorlne, 34 Accordlng to

Scheme 11 thxs nece551tates that 1on12at10n of the cC- O

bond of the alkyl chlorosulflte is accompanled by mig-

ratlon of the ‘bond ant1 to the leav1ng group to yleld

,the [3 2. l] catlon, in whlch the deuterlum ‘is 1n the

' x -8 p051t10n. Attack by chlorlde nxon at the benzyllc

p051t10n theg leadg to the lnltlal mlxture of [3 2. l]
chlorldes, 35 and 36

~
.

N

~
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Jnder the reactlon condl-
.atlon agaln, and c1s-7-
o[2 2 2]octad1ene (34)

s chlorlde anlon at Cl w1th

gy

The flnal products obs
the bicyclic alcohols w1th n
thlonyl chlorlde in dioxane -
of [3 2. l] chlorldes. It 1s<]

the hydrogen chlorlde formed

w1th thlonyl ch;orad/{ 1s la1

which may act as a LeW1s -base
stantlally hlghér concentrat1

_toluene. The chlorlde anlon

, trap the benzylic carbonlum i

dioxane by hyarogen chlorlde

hydrogen chlorlde to catalyze

1n1t1ally formed mlxture of [
ely 1nh1b1ts the‘rearrangement
to [2 2.2] chlorlde When the
‘was 1ncreased by the addltlon
‘amine base to both the reactio
vchlorlde and*thlonyl chlorlde/

case w1th toluene, the formatu

| was 1nh1byted comple&ely

“'A"

- An 1nterest1ng aspect of
observed 1n the reactlon of &ﬁe
thlonyl chlorlde ‘in dloxane wax

It was f%und that the reaction

: ;octadlen-z-ol (13) w1th thxonyl

rlse toan exo/endo [3 2 l] chlg

v
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For the same reaction w1th dibenzoblcyclo[3 2 lloctadren—A
' exo—2—ol (29) an exo/endo ratio of- 3:1 was obtalned and
for che reactlon of dlbenzoblcyclo[3 2. 1]octad1en-gggg-"
2-01 (30), -the ratio of exo/endo was 2:1. The dlffér-
ences observed in. the exo/endo ratlo for the three alco-

hols can be raQ1onallzed by assumlng that some chlorlde'

' product comes about by)collapse of an 1nt1mate 1on-parr.

' 'endo-[B 2. l] alcohol,.30 gave rise to a higher percent-f

,.age of endo-(3.2.1]) chlorlde, 33, than elther exo-[3 2. 1]
.alcohol, 29, or [2 2.2] alcohol, 13 . _ T

: The 1n1t1ally formed endo chlorosulflte lon-paxr has
~ chlorlne at'a positiah-?avgﬁ?able for attack at the
vendo sxde of the- carbonium ion, and some coordlnation
from this side may. occur before chloride anion reacts
at the usual preferred exo direction on the dibenzo-

**bicyclo[3 2 1]octadieny1 cation.' Product-torqation by

- . \l B . ) . ) . -
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an ion-pair pathway has reCently been postulated (189)

for the formatlon of endo-[3 2. lf alcohol 30, 1n ihe
~deamination reactlon of dlbenzobrtyclo[B 2 1Joctad1en—
endo—z—yl ammonlum E—tdluenesulfonate.f No endo—[3 2. l]
alcohol was realized from the deamlnatlon reactlon of |
lthe correspondlng {2 2. ZT and eko—:[B 2 l] R-toluene-
sulfonate amlne salts. d«It was postulated (18g) that
hydroxlde ion in the 1n1t1ally formed benzyl cation-,

'hydrox1de ion—palr dﬁn attack from the endo side before

it mlgrates_to the exo s;de:

The roduct strlbutlon 1n xhe reactlon of the v
P _

- -blcycll(/ﬁlcohols w1th neat thlonyl chloride could. be
o i altered appreclably by the addltlon of a catalytic
.amount of water to the reactlon mlxture.. Under these
reactlon condltlons, 25-30% of the [2 2. 2] chlorlde, 15,
‘9was formed, which compares to less than -10% for the
: reactlon Wwithout water added The result may be

1

ratlonallzed by p;op051ng that the water in the reactlon '

1

'\,mlxture reacts Wlth thlonyl chlorlde resultlng ln a
- .hxgher concentratzon of hydrogen chlorlde, whlch is
then avwflable to catalyze the [3 2 l] to [2 2.2] chlor-

Y . . . . '

.
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alyzgna‘IB.Z;i] toA[ZLZ.Zl rearrangement. Cnistol, Argan~\

‘jbrlght and Tanner (le)demonstrated the eplﬁ%iizafion

of 44 to 45 with . 11qu1d sulfur ledee'




The. final produg% dzstrlbutlon is determlned by'the ‘

' catalyzed rearrangement from occurrxng togany l;rge

aextent . When the basxcxty of the: varlous solv

% : ’

concx.‘usrbnsA S,

_The study of the reactlon of thlonyl chloride with

fthe blcycllc alcohols 13, 29 and 30 has demonstrated

" that the reaction mechanlsm for the decomposltlon of the f

intermediate bicycllc chlorosulfltes 13 largely ionic in
nature. proceedlng through the c1a331ca1” benzy11C' _;

(3 2 1] cation (1). Attack at . the benzyllc catlon leads

to an 1nitial mxxture of exo- and endo-[3 2. l#achlorldes.

solvent. In toluene. the hydrogen chlorlde is largely
| 4

fgundissociated resulting in an acid catalyzed reatran&e-
: ment of the init1a1 kinetically controlled [3 2 l] chlor-'
.ide pProduct m;xture to the thermodynamically more stable 3
J[2 2.2] chlorxde. 6 a lesser extent this’%earrange- -
v*ment occurred under the reaction cond;tions, neat thl-‘r:

S onyl chloride with water added In n%at thionyl chlor-

- Tide and in the solvent dxoxane the hydroqen chloride is,

presumably largely dlssociated preventlng -the acxd

8 was

'f_lncreased by .the additlon of tert;ary ‘amine bases, the

;hydrggen cnlorlde catalyzed rearrangement was 1nhﬁQ&£ed

v . . . P ’.._- .

aaompletely. B

| 17l - v’.\‘v.,.-'h



followed by distxllatlon.

was purifipd according to the method of Fleser (27)

EXPERIMENTALNL

Materials

Blue-v1olet fluorescent anthracene was obtalned

further purlflcatlon.

from Aldrlch Chemlcal Company and was used thhout
and p-

Purlflcatloh of benzene, toluene
xylene was accompllshed by washlng w1th concent—

rated sulfurlc acid follﬁwed by refluxlng over sodlum
.for 24 hours and dlstlllatlon.‘

Benzene and xylene~
were stored over molecular 51eve

(4A), and the purl- 3
fled toluene was stored in degassed and sealed ampoules.

Dlethyl e%her and tetrahydrofuran were purxfled by re-

fluxxng over llthlum aIumlnum hydrlde for 12 hours

followed by fractlonal dlstlllatlon.

Commerc1al dloxane was passed through a chromato-

[

graphy column (80 g of actlvated alumina“ for 100 ml of
dloxane),

to remove perox1des, and then purlfled accord—

lng to the method of . Fleser (26)
20 '

t

The pure dloxane. )
ny,” = 1. 4226, ‘was stoned ln 35 nl arlquots in degassed
sealed a?poules. Pyrldlne was purlfled by drstllla-

o

tlon from barlum oxide and stored OVer molecular
4n);

sieve
Dlglyme (dlethylene glycol dlmethyl ether)

was'”
obtalned from Mathe;On Coleman and Bell Co. Ltd

andd
purlfied by reﬁluxlng over sodlum metal for four

hours
Commercxa} thlonyl chloride
7
|

").

1_72;f}.
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'frf_ The pure thionyl chloride was stored in degassed
:.sealed ampoules. |
‘. | Boron trifluoride etherate obtained from Eastman
'Kodak Co. was purified by dlstlllatld% under reduced
v 'pressure from calcium hydride.m Huenig s Base (N, N-di—
V:isopropylethylamine) was purchased from Aldrich Chemi- .
’ fcal Co.. and purified by distillation at atmospheric'
'ﬂ‘ﬁsq preSSure"(bp 126°)l Proton Sponge (l 8-bis (dimethyl- B

#
amine)naphthalene) available from Aldrich Chemical Co.

~

‘&"

"_ was. dried in a4vacuum desiccator and employed without
further purification (mp 49«50') : Sodium borodeuter-
1de was purchased from Alfa Inorganics Inc. ahd%ased

directly..n

4 fe

> Silver pivalate was prepared in-a sxmilar manner .
| to that described by Eliel and Raber (28) ‘for the ' |
preparation of silver benzoate.}i To A stirred solution
of 20.4 g (0 20 mole) of pivalic acad in 100 ml. of 2 5
4 | aqueous sodium hydroxide was added dropw;se 2 ml of é?‘
’}'_\nitric acid followed by a few drOps of 2 M sodium _
:5; hydroxide solut;on.3 Silver nitrate (0 22 mole in 30
al water) was then added alowly The ailver aalt
which precipitated was colleoted hy filtration._washed
| uuccesaively Wlth water and carbon tetrachloride and::_:*
driod 1n a vacuum oven foﬂ 24 boura before uae. ?he_.‘
purlty of the mater;al waa checked 1n the tollowinqipf'

nanner.‘ To 2 oo g of the dry 811VGr aalt was added

'.~‘_ g

a .
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"30’m1 carben tettaEhlotide, the solutlon was heated and

',filtered ~To. the filtrate was added 30 ml water, the

. ‘mixture was stirred and 2 drops of phenolphthaleln was

.added The solution’ was unmediately titrated with v
0. 04 ). 8 sodium hydroxide. Addatlon of 1 drop of. base‘tl
turned the mixture pink and tyus, it was aseumed‘that
'the silver p;valate was acid- free. ;

| ,: Lead tetraacetate (LTA) was obtained from Alfa

Inorganics and recrystalllzed from acetic ac;d/acetlc

r'anhydride prior to use. . Raney nickel catalyst was pre-'

'pAIed by the procedute of VOgel (29)

" Pre garation of Substrates and Authentic Sampl es 2

P

trans-? 8-Dich1orod1benzobicyclo[2 2, 2]octadiene -

4

'This compound was synthesiaed aceo:dinq to the ptocedure
of Cristol (30) from trans-l 2-difhlozoethylene and |
o lnth:acene in 64% yield: mp 113«5»- 114.5' (lit, 113.5~

| 114') The 1nftared and nmr apectra, ‘in carbon tetra-_'

cbloride, of pure trana-? 8 dichlorodlbenzobicyclolz 2. 2]-u

Aoctadiene were compatible with those teported tor this

'S“ecompound (25).

[

0 S

. Dibenzobic»clo 2'2 2 octatriene (22) - The Qlefin."'

L . o
_3, was prepaxed fram trans-? O-dicblorod1banaobicyclo- -

2 fa. 2 2)@\5&d1en¢ accordinq to the method ot c:iatul -
(ltc) 1n 750 yiald ) The crude product was puritied by

g
3
S

LaE
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'coiumn ctroﬁatography (Woelm ueutral alumina, pentane/
\carbon tetrachlorlde), and recrystalllzed from 95%
ethyl alcohol: mp 116 - 117° (1it..118.5 - 119°). The
: 1nfrared spectrum of ‘this olefin. was compatlble w1th
the assxgned structure, and the nmr spectrum.in carbon
tetrachlorlde was the ‘same as that reported for this h
compound (ES) ‘The compound 22, could also be pre-
pared from the oxldatlve decarboxylatlon of Egggg 7,8-
"dlbenzoblcyclolz 2 2]octad1ened1carboxy11c acid w1th
',lead tetraacetate in dioxane by the méthod%of Walsh
and Bradly (31) The yleld of d1benzob1cyclo[2 2. 2]-
octatrlene prepared by thls method was 43%: ‘mp 115 -
118°, . B

&4

leenzoblcyclolz 2. 2]octad1en 2 ol acetate’ (21) ~

vThe ester, 21, was prepared according to the method |
of- Alder and Rlckert (32), from the reactlon of v1ny1
acetate and anthracene 1n p-xylene. "After recrystal-
llzatlon from aqueous ethyl alcohol whlte crystalsh
(81%) were isolated: mp 99 - 100° (lit. 100 - 101°);

=«

C;O 1740 cm 1f-nmr spectrum was 1dent1ca1 to that i
‘ oA

reported (25).' . ~ SR B

‘Anal Calcd for C18H1602 C, 81 79 H, 6. 10 Found'

v.c§’81;64;-u,;6 .20,
’ i i

e Dibenzobicyclolz 2, 2loctad1en—£Lol [PED - Thih

alcohol, i3, was obtained in 88% yxeld from the llthxum

aluminum hydride reductiqn of dibenzobicyclo{Z 2. 2]-

a -~
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octadien-z-ol acetate (21), according to the procedure
of Cristol, Arganbright and Tanner (18b): mp»ido - i42°
(lit. 140 - 142°); ir(ccl a) Vooy 3570 cm”1; nmr'(cuc1;5
was ide tical w1th that réported (25)

Anal. CC3Cd for c16 14%¢ €, 86.54; H, 6.35, Found: C,

86.21; H, 6.44.

cisr3-Deuteriodibenzobicyclo[2 2.2)octadien-2-01

(31) ~- One hundred and fifty ml of tetrahydrofuran were )
placed into a 300 ml three-necked round bottomed flask
fitted with a dropping funnel stoppered with a serum cap,
a capillary tube for introduction of nitrogen and a trap
‘ containing acetone. Under a rapid stream of nitrogen..
2.09 g (0.01 mole) of ethenoanthracene (22) and 0,59 g
(0 014 mole) of sodium borodeuteride were added.. Under

a slow stream of nitrogen 5. 58 g (¢a043 mole) of freshly
~distilled boron trifluoride etheratgiwas injected
through the serum stopper . into the dropping funnelf;

The slow nitrogen stream was maintained while the boron
'trifluoride etherate was slowly added’ iq@the solutjon
and stirred When an atmosphere of deutegioborane gas _i7
'had built up, the nitrOgen gas flow was . int:rrupted.

The mixture was stirred for an hour after Wthh%tlme

the excess sodium borodeuteride was destroxed by the‘vM
A‘/ Y ;& .
[;?l

ecautious addition pf water. The subsequsnt oxidation
ewas carried out by the slow addition of 27 ml of 3os

hydroqon paroxida and stirrinq for one’ hour. ‘The'reni



177,

action product was extracted with ether and the ethereal

143 - l44¢° (lit 142 - 143' (le)k nmr (
3,25 (multiplet, 8H, aromatic), 5. 69 (doublet,\ 1H, J =_
3.0 Hz, bridgehead Hl), 5.82 (doublet 1H, J =\3.,0 Hz,
‘bridgehead H o)+ 5-92 (doublet of doublet, Y
and 8.6 u:. H), 6.65 (broad doublet, 1H, trans to
OH) and 8.39 (singlet._la. OH).  The cis stereochem-
istry of thls alcohol was assigned on thetbasié of the
absence of the cis~u absorption band at 1 8 82 assxgned
by’ Crlstol (25) for. the non-deutetated alcohol, 13.
vIntegration of the nmr specttum ‘showed that deuteratlon
~ had occurred to the extent of >90%, |
Anal. Calcd for C16 1300* C, 86, 06, H(D), 6. 73 Found

S <P 8s. 703 H(D). 6.49 ‘

& .- ' >
sxnva-lododibenzobxcyclo[3 2. l]octadlen-exo-Z-ol

acetate (23) - Criatol and,coworkers (18c) synthesxzed
" the' compound 83 by the Prevost ‘method 1n whlqh the -

;OIBfJn. 22, 511vet acetate and the xodxne in benzene

‘ wereheate under reflux fot 26 hours._ They reported

Ucts isolated were unreacted olefin, .

“that the onA
22, and s -ayn-8- ;?dodxbenaobicyclo(3 2. 1]octadxen-exo~2- |

' “.ol acetete. nowever. under the reaotion condftions
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employed here, 1t was found that a substantlal amount ofv

R B - 178,

.. the endo isomer formed in additlon to the exo 1somer.

-,

""To a v1gorousl}\iti£red suspen51on of "0.526 g (0 0034

mole) of silver acetate 1n 25 ml of dry benzene was ‘

added 0.874 g (6. 0034 mole) of sublimed 1od1ne in 10 \m1

12

3

c_/’ benzene and/the mlxture was stlrred v1gorously for flve,
mlnutes.j Thén a . solutlon of 0. 678 g (0. 0033 mole) of
ethenoanthracene 1n 10 ml of dry benzene was added to .
the sllver acetate solution by means of ‘a dropplng fun-;
nel._ After stlrrlng for 20 mlnutes the sxlver salt was’
flltered and washed w1th benzene. -- The flltrate was’
washed w1th l M solutlon of sbdlum carbonate and water,
and drled over anhydrous magne51um sulfate. -The solvent

-j_ was removed u31ng a rotary vacuum evaporator, leaving
aa l.1 g (87%) of a. colorless 011.l An nmr spectrum in f
carbon tetrachlorlde was taken to ascertain the relatlve '

ratios of the products formed- ethenoanthracene (22;;

1 (17%), s _x_-a-lododlbenzoblcyclo[3 2. l]octadlen*exo-z -ol
| acetate (62%), and _yn-8 1odod1benzob1cyclo[3 2. l]octa-~
‘dlen-endo-Z-ol acetate (21%) were the products present

The reactlon mlxture'was subJected to columnmchromato-‘-

graphy u51ng WOelm neutral alumlna packed in Skelly B}r'

'";'wzth 50/50 pentane/carbon tetrachlorlde as thé elutlng77

solVent. Twa fractlons were collected The flrst

frdctlon contalnedo 180 g (les) of the unreacted
\ ethenoanthracene (22) "The second fraction gave 0.080 g

,-\

v

(‘ -
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o

(73%) of a whlte crystalline mater1a1 which did not possess
a sharp melting point. -An nmr spectrum in carﬁon tetra-
chlor;de showed two characteristic peaks at T.3.78 (H

_of _x_-B-lododibenzoblcyclo[3 2. 1]octadien-endo—2-ol
acetate (27%) (20)), and 4.43 (H of _x_-a-iododibenzobl-,
"cyclo[3 2. l]octadien-exo—z-ol acetate (73%))

‘ N . ' ' E:A

.

exo'and endo-syn -8-Igdodibenzobicyclo[3‘2'llocta-

k3

i..dien~2 olgpivalate (25) and (26) - Silver pivalate,

rather than silver acetate was used 'in the Prevost
reaction, since the bulkier tert—butyl group was antici-
pated to result 1n the formation of a greater percentage
: of the endo 1somer. To a- Vigorously stirred suspenSion
v'of 31. 4 g (0. 015 mole) of dry silver pivalate 1n 200 ml
of dry benzene was added 38 l g (0.15 mole) of freshly
"sublimed iodine and the. mixture was stirred VLgorously
ior 5 minutes.» Then a solution of 30 0 g (0. 147 mole)
of dibenzobicyclo[% 2, 2]octatriene (22) in 100 ml dry
‘benzene was slowly'?dded from a dropping funnel, ’The
mixture was stlrred‘for 12 hours and the sllver salts -
- were filtered and washed with benzene. The filtrate |

- was washed with 1 M sodium carbonate. followed by water
and then dried over. anhydrous magnesium sulfate. After

fthe removal of the ‘organic solvent using a rotary

' vacuum evaporator, 56 g (89\) of a solid residue re-

N mained
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. : \ ¢ A ﬁotal of 11 g of thls crude product'égg\sub-
) ~4
s . Jjected to column chromatography on F1sher Adsorptlon

\' Alumlna packed in Skelly B, with 50/50 pentane/carbon
tetrachlorlde as the eiéilng "s0lvent. "The progress of
the ghromatography was followed'%@ th1n layer chromato—°
graphy.}TLCf Fractlons 1- 3 con51sted o; unreacted ole-

R f1n1c start;ng mater1a1 (mp 118 7 119°). A total of

1 05 g (9 ﬁ%) of thls compound was Lsolated Practlons

4*6, l 85 g (16%), mp§170 - 172°, was that dﬁ pure _x_-
‘ 8 1odo$1benzob1cyc1013 2. l]octadlen-exo~2-ol plvalate '
‘0 Ld- PracthnS 7 and 8(51 19 g (11%), showed two. products
“ B& TLc,phd an nmr. (CCl4) %evealed these to be a m1xture_
'\of the exo—(?S%) and endo- (25%) 1somgr§/ Fractlons 9-
lS, 2.57q (%}%) was d mixture of the “two isomers but

e S o .
N "~ now the ratlos had changed- exo-(ZO%), endo-(BO%).

s Fractlons 16 21,ﬁ2 93 g (2?%), were shown to be a- mlx-w'
- frﬁ\ :. X u . l *

ture of exo-(lO%) and endo-(ﬁO%) 1somers again. Fractlons

22—25 Q 811 g (7%), mp 164 - 166°, was tha% of pure

| xnv8-1odod1benzob1cyclo[3 2 1]octad;en-endo-Z*o&ﬁpiva-
__/ .

&,~%'m late (26) . S
R X w

- The two 1somers thus isolated were recrystalllzed
i v

# frOm carbon tetrachlorlde. syn-8- 1odod1benzob1 clo-

'} [3 Z‘l]octad1en—exo-2 oB plvalate, mp 171 5 ~ f73° ir‘

5

=1 .
CCCI 3 VC =0 1718 Voo 698 cm ; nmr (CC14):T 2.55 - .

.o 3. 05 (multlplet, 8H,-aromatic), 4.35 (doublet, 1H, endo-

H ), s 29 (doublet of dd@blet,v lﬁ,wantiQHa)%>6.05

’. b by
: B '.§ .

N ‘ : o7,
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L4

(doublet, 1H, H ), 6.45 (doublet of doublet lﬂ, H )
and 8.75 (singlet 9H plvalate,.tert butyl).
Anal. Calcd for C 21 2 Co 58 3§ H, 4 90. Found:
- C, 58. 58 54*4 76. _x_-8 IododlbenzoblcYCBOTB 2. l]octa-‘“
.d1en—endp~2-ol plvalate, mp 164 -h165°i 1r (CCl ) [vc=0
-y ,

1725 Veo I 700 cm 1; nmr (CCl ) T 2.50 o 3 17 (multlplet

\]BH, ar%%atlc), 3. 82 (doublet, iH, exo H ), 5. 24 (doublet
of doublet>\lﬂ, ant1 -H ).5498 (doublet, 1H, H ) 6.33
(doublet of doublet, lH H ) and 8.83 (sxnglet, 9H,
pivalate tertébutyl)

21 21 2

Anal. Cach for C H ¢c, 58.35; H, 4.90. Found:
C, 58.60; H, 4.81. o - | |

x0-2-01 plvalate:

Dibenzobicyclo([3. 2 l]octadlfﬁﬁ

(27) - Into a one 11ter round bottomed 'flask gfs ‘added”
5.3 g (0.012 mole) of pure _x_-s iododibenzobicyclo-
[3 2 1]octad1en-exo-2-ol plvalate‘in 300 ml absolute _\;
ethyl alcohol : To thls solutlo; were added ‘1. 20 g
(0. 012 mole) of trlethylamlne and 5 ml of freshly
’~prepared naney n1cke1 The resultlng mlxture was
shaken under . 1 atm of hydrogen at ;oom temperature for
12 hours. The catalyst was f11tered and the flask
.rinsed several tlme# with absolute eth&l alcohol. The
solvent was removed by rotary e::zzyétlon ‘and the |
3crudere31duewas dlssolved in c n. tetrachloride.
"The orgamnic solutlon was washed with 10% hydrochlorzc

acid and with distilled water, and dried over anhydrous

A.v
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A magnesium sulfate. %After removal of solvent by rotagy

‘evaporatlon, 3. 70 g (100%) of a colorless, 011y residue’
. remained which SOlldlfled on standlng. The reactlon

product was dissolved in 30/70 pentane/carbon tetrachibr-
ﬂ \ A -
ide and filtered through alumina. Recrystalllzatlon

from cold’ n-pentane gave a whlte crystalllne SOlld mp

75 - 76°; ir(CCl ) vc o 1714 cm] -1 (no absorption bhna

‘ at 698 cm 1_Vas for the startlng material, 25), nmr . (CCl )

~

-T 2. 58 - 3.16 (multlplet 8H, aromatlc) 4'38 (doublet,
'_1H), 6.24 ﬁtriplet 1H), 6 66 (multlplet, 1H), 7.69

(multiplet, 2H) and 8.90 (singlet, 9H, plvalate tgrt-

buty1). .- | | "

Anal. ‘Calcd for C21H2202 c, 82.32; H, 7.24! Found: c, ™
82. 06; H, 7.50. . | | |

Dibenzob1cyclo[3 2. l]octadlen-endo-z-ol plvalate

(28) ; This compound was obtalned by the Raney n1ckel
reductlon of _x_-s 1odod15enzob1cyclo[3 2 l]octadlen—'
endo-z-ol plvulate accordlng to the method 'described for
;dthe exo isomer. A total of 3. 2 g (0. 0074 mole) of* the
gggg isomer was allowed to react‘wend 2.1 9 (93%) of a’
colorless o1ly res1due was 1solated 7 The reactlon pro-
duct was purlfled‘by‘ cqumm chromatography accordlng
to the procedure descrfbed for the exa 1somer - Compound

R .
28 is a_colorless waxy oil: 1r(CCl ) v 1724 cm le(no

a

C=0"
absorption banﬁ at 700 cm -1 -as found for the startlng

. )
heS materlal 26) nmr (CCl ) T 2 83 - 3 29 (multlplet 8Hp
. a i

\
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butyl).
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aromatic), 3.98 (doublet, ), 6.43 (multiplet,,ZH);*_7.82
(multlplet 2H) and 8.9f/ﬂslng1et,'98, pivalate tert- |

-

Anal. calcd for CZIHZ'ZOZ': C, 83.32: H, 7.2_4., Pound: C,

82.17; H, 7.41.

V-
14 S

0 ; - Dibenzoblcyclo[3.2;lloctadieniexo-z-ol (29) - Com-

pound 29 (2 ‘87 g, 0.009 mole) uas reduced w1th 11th1um
alumlnum hydrlde accord1ng to the method descrxbed for
the reductlon of d1benzob1cyclo[2 2. 2]octad1en-2-ol,

m acetate (21) to y1e1d 1.9 g (91%) of a white crystalllne.

material. The compound was recrystallxzed from cold car-
" bon tetrachlorlde. mp 119 5 - - 120.5° (1. 117 - 119°

(17)); ir(cci ) v 3619 3336 cm 1, vc;o 1005 cm 1:'nmr_

"O~-H

(cpcl ) was 1dent1cal to that reported for this compound ’
4 .

>

(22). R T e
Anal Calcd ¥or C16 140 C, 86.45, H, 6.35, Pound' C,

K

lioctadlen~endo-2-ol (30) - The -

86.58; H, 6.21..
L

Dibengobicyco[3.gf

reduction of d1benzob1cyc10[3 2. l]octadien-endo-z-ol

white crystalline product (o 81 q, 95%). Recrystalllza—A'f

txon from cold carbon tetrachlor1de gave pure dibenzo--*g;%;w
: .nﬁf

)
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Y

bicyclo[3.2. 1]octad1en-endo-2-ol- mp 143 = 144° {(1it. o
145.0 - 145.6 (17)); ir (cc1 o vo . 3422, 3600 cml, .
nmr (coc1y éég

5.52 (doubiet, 1H, exg—ﬂ ). 6.24 . (multlplet 1H, H ).

0 - 3.20 (multlplet 8H, aromatlc),

6.55 (mnltiplet, 1H, Hl’? 7.60 (multlplet 2H, §x_—

end ant1-H ) and 8.59 (51nglet IH . OH) . -

Anal. calcd for C16"140: C. 86.45; u, g.35. tpound=¢§,qu
. 86.63; H, 6.36. | - 4 |

Proton Hagnetlc Resonance Ana1v31s of Reactlon Mlxa< ‘

from the Reaction of D1benzob1cyc11c Alcohols w1th Thion§§

Chlorlde. T g - - o wﬂ?
__\ . . i /<'

b;cycllc alcohols are all known compounds except endo-,

T
4—chlorod1benzob1cyclo[3 2. 1]octad1ene (33). The nmr
- Spectra for the [2.2. 2] chloride, 15, and_the exo—[3 2 l]
Tchlorlde, 14 have been reported (22,25). Integratugp
{e were ascertalned

/

to estab11sh the ratlos of the three chlorldes- I ¢ 4.48;

ratxos of three~characterlst1c proto

exo—ﬂ4 of endo-4-chlorod1benzob1cyclo[3 2 1] «gg) (see
j discussion P- 144 for structure a551gnment),t 5.00 endo-d
B“of exo-4-chlorod1benzob1cyclo[3 2. lloctadlene (14),
-and T 5.70, 81 of 7-chlorod1benzob1cyc18[2 2. 2]octad1ene
'(15). In each react1on~1t uas found that the sum of
4£;tbe xntegratxon aof these protons was equal to one pro-
fton based on the -agnrfuﬁe of one-exghth of the 1nte-?
gratxon of the 8 aro-atrc protons A spectrum of puref w~“

“
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N ’ - 3 (,)‘ ‘ * /( .
’ (.7-chlorodibenzobicyclo[2'2 ZJOCJ?diene (15) is given in
. - -

Figure 1;4 Endo- and exo-ﬁnchlorod1benzob1cyclo[3 2. l]—
ioctadlene (33 and 14) - could not be separated.~ A spect—.

' rum of a mlxture of pu;e endo- and exo—[3 2.1) chlorldes
15 also glven (Flgure 2). Standard solutlons of [2 2.2]
chlorlde,and [3.2. 1] chlorldes were prepared and thelr |

 nmr (CCl ) spectra taken. Flgure 3 shows the spectrum

. of a 50: so mlxture of [2.3.2] chloride, fs, and a mix-

ture of exo- and endo—[3 2. 1] chlorldes, 14 and- 33-
" Pigure 4 shows a mlxture of 95% exo-. and endo—[3 2.1]) »;
chlorlde;; 14 and 33 and 5% [2.2.2] chlorlde, 15.
'Flgure 5 shows a m1xture of 95% {2 2.2] chlorlde, 15,
and 5% of. a mlxture of exo- and endo—[3 2 l] chlorldes,
14 ‘and 33. Prom the” spectra of the 95 5 mixtures it
could be- deduced that it was p0351ble to detect <2%
,of a mlxture of 13 and 33 or. <5% of 15, 1n a m1xture ofz&
'_the three monochlorldes. The reproduc1b111ty of the

spectral analy51s was- estlmated as >98% from multlple,

analy51s of the same mixtures.

React1on of d1benzob1cyclo[2 2 2]octad1en—2—ol
4

*113) w1th thlonyl chlorldpéf% toluene - Into a ‘100 ml
i‘

three—necked round4bottomed flask fltted\wlth a dropplng

funnel, a magnetlc st1rr1ng bar, a reflux‘condenser and
a drylngmtube was added a solutlon of 2 48 g (0.02 |

mole) of. fneshly pur1f1ed thlonyl chlorlde in 25 ml of
ﬁpnrlfled toluene. A solutlon,of'g,706 g (0.0932 mole)‘

&



~ iss.

« of dibeﬁzobiCYCIOIZ 2. le-? Aen—2—01 in 20 ml of purl-

. f1ed toluene.was added slowly from the dropplng funnel

u..“ g T ‘

- g
The resultlng solutlon was stlrrEd at rooqgﬁemperature ﬂ_

: i P -
Lo al 1.5 hours. The excess thron 1lchlorlde was subse—

~sure, and the. dlst1llat10n cont1nued untxl“

- was reduced to 15 ml.p“The rdi;fbj 4w=.‘,f-
i "

to cool to room’ temperature“and washed twlceﬁg;th@satur-

’atedaqueoussodlum blcarbonate solutxonf?:,
i " \water. The organlc layer was»drled over.anhydrou 'gag;.a"
| nesium" sulfate.. After the SOIVehtswas removed us g,a ’
rbtary vacuum evaporator 0 77 ; (101%) ofaafalntly yeggbw’
. - oily re31due was obtalned. The resgdue was dlssolved‘v

in carbon tetrachlorlde and an 1nfrared spectrum”@$£$

taken to shqw the absence of unreacted alcohol . An umr ,f;

o

spectrum of the same solut1on revealed the f0110w1ng ?
\) characterlstlc peaks of the chlorldes at T 4. 68 (exo—

H, of 33 4%)," 5.00 (endo-a of 14, 14&) and 5.70 (Hlf;“'

4 4 o
_ of 7-chlorod1benzob1cyclo[2 2. 2]octad1ene (15), 82%) i
\Eghe\reactlon product was. chromatographed uszng Fxsher’ ,%;

\

acid washed alumlna/n-pentane._ Elutxon was 1n1t1a11y o

‘carried out w;th n-pentane and then the polar1ty of the

\l

solvent_gas slowly lncreased No product was realxzed




' 113° , (lit. mp 112 - 113° (17)); ir v

.chloride in dioxane - Into a three-necked round-bottomed

. IR ; e 187.

of 7-chlorod1benzobL¢yclo[2 2. Z]dptadlenﬁ, mp 111.5 -

1 .
C—Cl 620\cm

;(characteristic band of'7;chlorodibenzobicyclolZt2.2]-

octadiene)i nmr (CCl ), identical with that reported

for this cbmpound (ZSL\
L

Anal. calcd for c16 13C1.\C,‘79.Bf;fﬂ, 5.44; C1, 14.73.

Found: C, 79.52; H, 5.31; Cl, 14.84. No further chlor-

ide product was.isolated.' It was found ﬁhat under

certain reactlon condltlons the [3 2 1] chlorldes
hydrolyzed to [3.2. 1]‘alcohols on the chromatography N
column Elution with’ chloroform gave fractions 11 and

12 whlch contalned 0. 140 g (19%) of a compound (118 -
119°) whose 1nfrared and proton magnetlc spectrum was -~

) J‘"‘

1dent1cal to that of authentic d1benzob1cyclo[3.2.l]octa—
dienfeko—zéol. - o o '
s The three monochlorldes 14, 15, 'and 33 ﬁere sub- .

jected to the condltlons of the isolation and analys1s

of~the'reactlon mlxture'and were found to be stable.

-

Reaction of [2.2.2] alcohol, 13, with thionyl

[}

fgpsk;,fitted‘wiQh‘a_dropping funiﬁl, a magnetic stir- |

‘ring-har, a reflux condenser and a drying'tube, was

"placed a solution of 2. 98?Q>(0 025 mole) of freshly purl-

fled thlonyl chlorlde 25-m1 of purified dloxane. A’
solutlon of 0.505 g- (0 0023 mole) of dlbenzoblcyclo-

[2 2. 2]octad1en-2-ol in 15 ml pur1f1ed d1oxane was slowly
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. ‘I w ®
y added from the dropping flnnel. The resultlng solutlon,

~

\\“zftef be1ng allowed to stir fokw 12 hours at room tempera-
' ture, was heaﬁea to reflux for an addltlonal 145 hours.
‘The ' excess t ionyl chloride was distilled from the re-

action mlxture at atmospherlc pressure, and the volume

s

.
- [

. reduced to 20 ml by further distillation. The solution iNQ'
was 51ansfeg&ed to a separatory funnel and water was
addea nti. no more prec1p1tate formed. After extrac-

=i carbon tetrachloride the organic layer was
ished tv _e wit: saturated sodium blcarbonate and twice
7ith wacer The organlc layer was drled over anhgdrous
‘ragnesiv i suliate, and after rotary vacuum evaporatlon
T vent J.49 g (90%) of a-faintly zfllow, 011y
residue reia  .ed. The 1nfrared spectrum (CCl ) showed
tiat no un*eacted alcohol - was present in the reactlon'

. . {
620 cm-l of 7- chlorod1benzob1cyclo[2 2, 2]octad1ene, was

gixture, and that the charactérlstlc absorptlon band at <;
%”‘ :
eak. The nmr spectrum of the same solutlon\revealed

the folloving percentages of chlorldes. T 4. 68 (exo—H4

of endo—4 chlorod1benzob1cyclo[3 2. 1]octad1ene, 15%),

5. 00 (endo—H4 of exo—4-chlorod1benzob1cyclo[3 2. l]octa- }

diene, 60%) ahd 3.70 (H of 7- chlorod1benzob1cyclo[2 2. 2]-‘
) octadiene, 25%). The reactlon mlxture was chromatographed '
: on alumina packed 1n Skelly B Elutlon with’ 50/50 pen- - .
.tane/carbon tetrachlorxde (fractlons 1-23) y1e1ded a

total of 0.136 | (28%)’of,the [2.2.2] Chloride, 15.

- -



o

identical to that of dibenzobicyclo 3,2.1]octadien—exo— Lés

2-0l1 (29). . | | ..

h}

The xhree chlorldes 14, 15, and 33 were subjected to
_the work-up and analysis condltlons employeg in the re- .

‘act1on of the blcycllc alcohols with th10ny1 chlorlde in
L
2

Y

dloxane and were foqu to be stable.

‘\
€ ‘ \, . : o, . )

. ' ’ ¥ ’
'Reaction of (2.2.2] alcohol, l3 ‘with neat thionyl

,chlorxde - Into. a 50 ml three-necked round bottomed
,flask, fitted w1th,a~magnet1c stlrrer, reflux condenser ﬁ\
and ; ca1c1um chlorlde drylng tube, was added 10 ml ' :Qt
(0. 140 moile) of pure thlony1 chlorlde. f%e flask was
’cooled in an 1ce bath to 0°, and'1.50 g. (0 0068 mole)

of the alcohol 13, was added.l The solutlon was: allowed

to stir at room temperature for 12 hours and then’ heated

‘to reflux for 1 5 hours. Subsequently, the excess thlon—

yl chloride was dlstllled at reduced pressure and the
resultant oily residue was dissolved in 10 ml carbon . o
tetrachloride.& The'solution>uas washed'withAsaturated [
sodlum blcarbonate, the /with water and subsequently

1.

agne51um sulfate. ‘After ewapora-

,drled over anhydrous

<

tlon of the organlc solvent at 3 mm Hg, 1.58 g (97%) of

-a colorless, olly re81due remalned An jinfrared spect-
rum in carbon--tetrachloride showed that there was no'

| o v y | L
unreacted alcohol, and it also showed a small absorption
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" band at 620 cm *, characterlst;c for . 7-chlorod1benzo— {
‘bicyclo[z 2. 2]chlor1de. The «nmr analyzed for the ﬁollow-—

J o

,f\lng ratios of the three chlorldes. T 4. 68 ($ Q-H of
\
(3.2.1] chlor1de,'33 25%), (endo-H4 of [3.2. l] chlorlde,‘

i

14, 69%) and 5.70 (Hy of [2.2.2] chlorlde& 15, 6%).

The reac ion mlxture was recrfgtalllzed from purlfled n-
‘ s

_'hexane to yield a white crystalllne SOlld (92%) whose

infrared spectrum was the same as that of *the crude re-
v ‘ . . - 12 ) ) P

.action, mixture.- . )

Anal. Calcd for C, H 13c1. C, 79.83; H, 5.44; Cl1, i4.73.
Pound: c, 80. 01: H, 5 59; Cl, 14.88. .- ”

Chlorides” 14, 15 and 33 were found to be stable
to the work—up and analysis conditions employed;infthis'
reaction.

v
’

©

Reaction of’ dibenzobicyclo[2. 2. 2]octadien-2-o01l with'

‘neat thlonyl chlorlde and 'added water - Into a. 59 ml

three-neckedround bottomed flask fitted w1th a magnetlc

o

stlrrrng bar, and a reflux condenser were added 3 ml

*(0.042 mole) of pureﬁ@hlonyl chlorlde and 0.043 g
N .
(0.0924 mole) of water. The solutlon was cooled to 0°

-in an ice bath and then 0 246 g (0. 0011 mole) of the S
BN
(2.2. 2] alzohol *13 -was added. The solutlon was stlr—'v?

a

red at<ro‘ temperature for 12 hours followed by 1.5

hgurs héating at refltx. After the reactlon perlod the'
) excess th10ny1 chlorlde was d1§t1lled under reduced |

" pressure. The rema1n1ng oxly resxdue was dlssolvedﬁf

/ » . » : - - ) . - L i)
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~ 10 ml carbon tetrachlorlde and the organlc solut1on was .
washed with saturated sodlum blcarbonate and then w1th

- water, and drleﬂ over anhydrous magne51um sulfate After :
re ov7l of the solvent 0. 265 (100%) of a cblorless o11y
re51due remained. The 1nfrared spectrum in cdarbon tetra-

chlorlde showed - no unreacted alcohol, andla.moderatelv
.strong absorptlon band at 620 cm 1,; The nmr spectrum
of the same solut1on showed three chlorides: % 4. 68/
(exo-n4 of 33, $20%), 5. 00 (endo—ﬂ4 of 14 - 50%). and 5,70
A(n of 15, 308). L a . |
The chlorlde products formed "in thlS reactlon werexd‘
shown to be stable to the wprk-up and analy51s condl—' <

1

t;ons employed in this react;on.

e, % A , ) ¥

' N : I e '
o . Reaction of d1benzob1:;;¥51\ 2 ]octad1en-2—ol N,
40 . '/4“ ) v_: f /

with deat thlonyl chlorlde and -added pyﬂldlne - Into a

’

:50 ml three-necked round bottOmed flask fr%ted w1th a
;magnetlc st1rr1ng bar, a reflux condenser and drylng |
v;_tube was added 3 ml (0.032 mgle) of thlonyI chlorxde )
"and the solutlon cooled to 0°. Then 0.077 g. (0 0009% “
mole) of purrfled pyrldlne,,and 0 215 9 (0. 00048 mole) _
of alcohol 13 were added in rap1d succession.— Th;xsolu-
| tion was stlrted at ‘room temperature for 12 hours and
‘fthen heated at reflux for 1.5 hours. After the reactlon
fperlod the excess th10ny1 chlorlgs was evaporated at
treduced pressure. The 011y re31due was - dlssolved 1n

4
.carbon tetrachlor1de and the organlc solutlon was washed :

W ' L -



¢

- ., . ‘.' o 7 192-

-

w1th 10% hydrogen chlorxde, saturated sodium bicarbonate“‘

. 0 )

A4
and flnally w1th water. The organlc layer was drled’over

b

'~? anhydrous magne51um sulfate and after evaporatlon of the

"solvent at reduced pressure, 0 226 (97%) of a yellow

‘

1011y re31due remalned‘ The 1nfrared spectrum in carbon ’

,tetrachlorlde showed complete reactlon .of theQalcohol

K4

i .
s - N .

'and no absorptlon band at 620’ cm - 1 The nmr speetrum

‘;ﬂshowed two chlorldes' T 4 6§)fexo~ﬂ4 of 33, 11%) and
. o h , .

Lo A
:_5 00 (endo-H of 14 89%).‘ R ,; _j ‘ i

1

4

’Slmllar reactlons were undertaken with the bases
L

&“N N-dllsopropyleyhylamlne and'i 8Lbls (dlmethylamlno)-
naphthalene, 1nstead of’ pyrldlne. The results of thése

: experlmeﬁts are summarlzed xn Table 5. In .each case

o
N

the chldrxde products formed were shown to be stable
‘gp Lhe condltlons of the 1sglat10n‘and analy51s used

<k

'1n~¢hls reactlon. S . ' ; o oy

kel

N S o . . . - I . L o I
3 . F) o . . - e /
: X,
[ rl’
B

"uq Reactlon of d1benzob1cyc10[2 2 2]octad1en—2—ol (13)

o b
~with thlonfq chlor1de 1n toluene and added pyr1d1ne-—The

mprocedure for th1s:react10n was,anaiogous to that employed
in the reactlon of the [2 2 2} alcéhol 13, with th10n§l
bchlor1de in toluene. A solut1on of 0. 217 g (0. 00098
:mole) of the- [2.2.2y alcohol, 13. in 20 ml of pure
toluene and 04077 g (0. 00098 mole) of dry pyr1d1ne was'

: allowed to. react with 0.75 ml (0.01 mole) of thlonyl

% .
: chlorxde. The reactxon gave(a crude yield bf 0 225 g

¢ -

:
Coa

Qu

.~
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L i
(96%), 1r (CCl ) > no absorpt1bn in the hydroxyl region .
-and no absorptlon band at 620 cm : wss found; nmr (CCl )

T 4.68 (exo-H4.of 33 19%) and 5. 00 (endo—H of 14, 81%).

g

4
Both exo and endo-[3 2.1]1 chlorldes, forMed in

S thls reactlon, were shown to be stable to the condlt;ons
of the iso t10n and ana1y51s used 1n this reactlon.
The esults of repeated experlments of dibenzo-

b1¢yc10[2 2. 2]octad1en—2-ol wlth thronyl chlor1de, under
v
the reactlon conaltlons described above, are listed 1n

3

 Tables 2 2—5. C T
", .Y QV

.Reaction of cis—3—déuteriodibehzobicYc1o[2 2.2]-

53 :
octad1en—2-ol (3?) with thlonyl chlor1dg\1n toluene//;he

Xibroced for hlS reactlon of alcohoé% \uth th:.pgyll chlor-— .
1de in to uene s thesame as ghqt descrlbed for thev
non-deuterated analog. A total of 6“500 g (0ﬁ0013 mole)
of the alcohol 31 was allowed to react with 2. 98 g
(0. 0025 mole) of tﬁionyl chlor1de in 20 ml toluene. o S

R N crude yleld of 0 28 9 (89%) of a fa1nt1y yellou 011y ,.;f?

re51due was 1solated The 1nfrared spectrum in. carbon afa

tetrachlor:de showed ‘the absence of unreacted alcohol «

and a band at 620 cm. 1,- An nmr spectrum pf the same

solutlon showed absorptlon at 't 4 68" (exo-n of 36 10%).v

4
5.00 (endo-u4 ~5f. 35 30%) and 5. 70 (u of 8-deuter10— fpv o
7-chlorod1benzob1cyclo[2 2. 2]octad1ene (34), sos)).a‘y~/ S

’ X . ' “ ).4- “‘

‘f: Aﬁ.L;J o | ,»4?<. ): '. R V‘Hvlv..vle; | 5

r
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Reaction. of cis—3~deuteriOdibenzobicyclo[2.2.2]-_

octadien-2-ol (31) Hith'thionyl chloride in dioxane - The

procedure for the reactlon of compound 31, w1th thionyl
i chlorlde 1n dloxane was the same as ‘that described for
‘Lthe non-deuterated analog. The alcohol (1.0 g, 0. 0044
vqfle) .was alloweq to react with 3.3 g (0.028 ‘mole) of ”
pur1f1ed thldnyl chlorlde in 60 ml purified dioxane.. ‘A
total of 1.06 g (100%) of a faintly yellow 011¥ re51dug¥
'was 1solated An 1nfrared spectrum in carbon tetra—
chlorlde showed no alcohol absorptlcn and a weak band
at 620 cm {. An nmr Spectrum (CCl ) of the sample -
showed the follow1ng percentages of the three chlorldes- ¢
“r 4.68 (exo—H4 of 36, 16%), 5900 (endo-H qgf 35 68%) |

\A d s5.70 (H of 34 16%). The HR-100 : spedtrum

(CCl ), showed that the deuterlum .atom i‘bls to’ the
\ .

chlorlne 1n the [2 2. 2] chlor1 34 and that it occu-

14

K

: \
p1ed the s x -8 p051t10n in exd- and endo-[3 2.1 chlor-

\
ides, 35 and 36. N . e
S R | «fﬂ\ rJ' '
C . _ :

JH "Reaction“of cis-3-deuteriodibenzobicyclo[2 2.2]-

//:
octadien-2-ol (31) with neat thionyl chlorxde - The pro- R

PO

cedure for thls reactlon was analogous to that of the’ a
- undeuterated‘alcohol. A total of 0.120 g (0 00054 mole)
‘of c1s-3 deuterrodlbenzoblcyclolz 2. 2]octad1en-2-ol was
aIIOWed to react with 2 ml (0. 03 mole) pur1f1 thxonyl

, chlorlde, to yleld 0 121 g (93%) of a colorless 011y

\ ' ‘ » N & v
5' - AR £ ‘
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residue. The'infrered'spectrum in.carbon'tetrachloride
showed the ifsence of both‘the hydroxyi absorption band,
asﬁ the absorption band at 620‘cm-1}§ TH//\ spectrum
‘of the same soélution showed that only two ?hlorldes had

formed: T 4.68 (exo-H of 36, 14%), and 5.0 (endo-H " of

4 4
35, 86%). Two coupling constants for the H8 proton h
were found anti Jl g = 4 cps, anti Js g = -4 cps. ThlS
was conslstent with the s _x_ position of the deuterium
lahe reactlon mlxture was subjected to®eolumn romato-
graphy on Woelm neut alumlna/carbon tetfggfiorlde.
,\Elutlon with dﬁ%bon tetrachlorlde gave 35 mg (29%) of

»
the unrearranged chlorlde c1s-7 c?ﬂoro-8-deuteriodibenzo-'»

.. b1cyclo[2 2. 2]octad1ene ? )?'@s e idenced by ir and nmr);'w
The nmr spectrum 1n cagbon tetrachlorlde ,of this compound ?i'
showed no 51gna1 at T 8 25 due to the Cls—HS proton. Two
,coupllng constants were- observed for the Egggs-ﬂs pro-

ton, 4 8 = 2 5 cps and as J7 g = 8. 0 cps. This was again .
' con51stent with- the cis é551gnment of the deuterlum atom.
Elutlon with chloroform ylelded 58 mg (52%) of product
whose infraredespe trum in deuterioehlorbfdrm:showed;
_strong absorption in the hydroxyl.region. The'nmr -
spectrum of this solutlon was compatlble with a mlxture

iof 8- deuter10d1benzob1cyclo[3 2. l]octadlen-exo- and

‘endo-2 ol By analogy with the nmr spectra of the un~
a
deuterated [3 2.1] alcohols 29 and 30, reported by LY‘

Cristol, the fpllow1ng asSLgnments for the compounds y
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of this fraction were made; syn —8—deuteriodibenzobiéyclo-

[3.2. 1]octadién-exo—2-ol 65% and syn-8- deuterlodlbenzo-

b1cyc10{3 2. 1]octad1en-endo-2 ol 35%.

Reaction of exo- and endo-[3.2.1] alcohols, 29 ‘and

30, with thionyl chlorlde - Both d1benzob1cyclo[3 2.1]-

octadien—exo-~and endo—2 ol 29 and 30, were allowed to .,

’react with thlonyl chlorlde under the same reactlon con-

g

. ditions used for the reactions of_d1benzob1cyclo[2.2.2]-

‘octadien-2-o0l (lil; In'each“teaction of the’{3}2§l]:al—
‘cohols, the product dlstrlbutlons were 51m11ar to those )
obtalned fromtthe reactions of the [2 2g2] alcohol 13
with thionyl chloride. The results of the reactlon of.
exo- and endo;[3.2.l] alcoholskzg and 30, with a 10
molar excess of purlfled thlonyl chlorlde in toluene,
are listed in Table 2; the results of the same reactlon
in dloxane are contalned 1n Table 3. The results froma
the reaction of these two alcohols ;:::\a\lgﬁnolér ex-
‘cess of thlonyl chlorlde in toluene égd an equlmolar
amount of amine base added are listed in Table 4. The
results from the reactlon of the‘[3 2. l] alcohols w1th
neat thlonyl ‘chloride, neat thlonyl chloride and 0 0024
moles of water added,uand‘neat thionyl chlo;1de-w1th~a -
molar amountdof an amine‘base addedpuarebcontalned in '

[ . ¢

»

Ty
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Reaction of n-propyl alcohol with thiohyl chloride

in toluene and a molar amount of a mixture of exo- and

endo- [3.2.1] chlorides added - A mixture of (3.2.1]

[ 4 .
"chlorides was shown by nmr to consist of 75% exo- [3. 2 1}

chloride, 14, and 25% endo- [3.2.1] chlorlde, 33. The
amp11f1ed spectrum of a carbon tetrachlor1de solution of
these chlorldes could nqé)detect%the presence of the
[2.2.2] chlorlde, 15. The infrared spectrum of the samef

solution did not. ~exhibit an absorptlon band at 620 cm 1,
i

A 2% solutlon of 7-chlorod1benzoblcyclo[2 2. 2]octad1ene

4
~1n carbon tetrachlor1de gave rise to a weak absorptlon

:band at 620 cm 1. Into a 50 ml three-necked round-
bottomedgflask fitted with a reflux condenser, a magnet1c
‘stlrrlng bar, a dropplng funnel and a drylng tube, were-

‘ added 10 ml of pur1f1ed toluene and 0.45 g (0 0038 mole)
_of pur1f1ed thlonyl chloride. From the dropplng funnel
was added a solutlon of n-propyl alcohol (0.0348 g,

' 0. 00047 mole) and 0. llé/g (0. 00047 mole) of a mixture of
exo- and endo- [3.2.1] chlorldes, in 5 ml pur1f1ed tolu—-
ene. Tﬂe reactlon mixture was allowed to stir at room
temperature for 12 hours and then heated at reflux for
1.5 hours. The excess th10ny1 chlorlde was . removed by
d1st1llat10n at atmospher1c pressure, and the total
‘volume of the solution reduced to 10 ml. The organlc

solutlon was washed w1th saturated sodxum b1carbonate,

'twlce thh water and then drled over anhydrous magnes1um
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sulfate. After evaporatlon of the solvent at reduced

pPressure, 0. 107 g (942) of a yellow 011y residue re-

Wmained: nmr (CCi } T4.68 (exr H4 of 33, 25%), 5.00
N

(endo-n4 of 14, 55%) and 5.70 (H of 15, 20%).

"An authentlc mixture of [3.2. 1) chlorldes when

*“fisubjected to the same wqu—up conditions employed in

5th13 reactlon, gaVe an nmr spectrum (CCl ) unchanged

fram that of the startlng m1xture.

'Quantltatlve Infrared Ana1y51s of the Reactlon Mlxture'

from the React1on of n-Propyl Alcohol . wlth Thlonyl

Chlorxde in Toluene, with a Holar Amount .of a Mlxture

w

of [3.2.1] Chlorldes Added

The amount of the [2.2.2] chlor1de, 15, formed 1n N

dth1s react1on was determ;ned by d1fferent1al quantitative

’1nfrared ana1y51s, accordlng to the method descrlbed by

Cristol, . Arganbrxght and Tanner (18b). " The region
between 500 and 700 cm lj?f the infrared spectrum’was
scanned us1ng a Beckmann’ IR-ll spectrophotometer. Pot- .
assium brom1de OpthS were employed to obtain the de51red

frequency range._ A chskacterlstlc absorptlon band at ’

620 ci ' was observed for the [2.2.2] chloride, 15. This *

' absorptlon band‘was absent in the infrared: spectrum of

¥

" the mlxture of the (3.2.1] chlorxdes, 14 and 33 The

presence of the absorptxoanBnd at 620 cm -1 1n the 1nfra—

red spectrum of the react1on mxxture of the rearrangement

-
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experlment, indicated that the [2.2.2] chlorlde, 15, had
formed during the course. of the reactlon.
The experlmental rearrangement reaction mlxture,

0. 134 M 1n carbon tetrachlorlde, was compared wlth auth-

N o

entic mixtures in—the followlng manner-'each of a matched

¥ S

pair of 0.5 mm pota551um bromlde cells was filled w1th a
e ‘-'x.‘-‘

sample of one of the authentlc mi tures and @E’ r arrange—

ment reactlon mixture, respectlvely.' The authentlc

‘mixture was placed in the sample beam of the spectro-

\\

photometer, and the experlmental reactlon mlxture was
placed in the reference beam of the spectrophotometer,
and the’ resultant'-spectrum was taken; ‘This pProcess was

repeated untll the most nearly stralght llne (1 e., at

constant T, where T = I/I ) was obtaln d. The authentlc
) 7y

mlxture contalnlng 20% of the [2 2 2] chlorlde, 15, and

| 80% of a mixture of the [3. 2 1] chlorides, 14 and 33,

when compared in thlS ‘manner wlth the experlmental re-
.arrangement reactlon mlxture, gave relatlv?lg'no devia-
tlon from the most nearly stralght llne. Thls analyt1cal d
method could detect the presence of 2% [2.2.2) chlorlde.

The pPresence of 20% of the d2.2. 2] chlorlde in the

P
ik,

exper1menta1 reacthn\m;ﬁture was also conflrmed by

I

measurement of the area of the absorptlon band at 620 “~f

—

-cm T Both the authentlc mixture (20% [2 2.2]) chlorlde),-
and the experimental reaction m1xture were scanned

agalnst pure carbon tetrachloride, g1v1ng_r13e to-an ab-

-
-
i
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L A Yéﬁgreactlons, as the one descrlbed for p-
/J(~ .

ﬁ“*bfbpyl’uléohol, were carrled out with allyl and tert-

5

'butyl alcohol, The results of these experlments are

‘llsted in fable 7

.f'

Reaction of d1benzobicyclo[3 2. 1]0ctad1en-exo-2—ol

)(29) with thlonyl chlorlde in toluene with a molar amount .

of a mlxture of [3.2.1) chloridés added - The exo-[3.2.1]

g

alcohol,._gg; (0.082 g, 0.00037 mole) was dried in a
vacuum oven for 24 hrs at 90°,vand subsequently all ed
to react w1th 0. 11 g (0 00092 ‘mole) of freshly purified
‘thlonyl chlor1de in 10 ml purlfled toluene and 0 089 g
(0.00037. mole) of a mlxture of exo- and endo- (3.2.1]
‘chlorldes added accordlng to the procedure normally
employed for the reaction of an alcohol w1th thlonyl
. chloride in toluene.» The mlxture of [3 2 1] chlorldes‘
used in this redction was shown by nmr to be free 65'
any [2;2.2]‘chloride, 15. It con31sted.of 19% gggg—"
[3.2.1] chlofide.k33) and 81% of e~ [3.2.1] chloride
%(14).' A total of 0 175 g (98%), of reactlon produﬁz ;
was 1solated An HR- lod\ampllfled spectrum of the re- |
actlon mixture revealed the follow1ng product dlstrlbu-
A

tion: endo- [3 2. 1] chloride, 22\\\f%' exo- [3.2.1]
“dhjloride, 14 , 18%»and [2.2.2) chloride, 15, 76%. |

0
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‘Reaction of n- propyl alcohol with thlonyl chlorlde

. h/ in toluene with molar amounts of exo- and endo- 13 2. 1]

chlorldes, 14 and 33, and pyrldlne ~ The procedure for

this reactlon was the same as that of the reaction of al-
cohols with thionyl chlorlde in toluene. A mixture of
[3 2.1} chlorides was shown by nmr ana1y51s to be a mix-
ture of exo (83%) and endo (17%) The 1nfrared spoctrum
(CCl ) and the HR-lOO ampllfled nmr spectrum of -the same
solution showed that within the limits of detectablllty
-fw(<5%), no 7- chlorodlbenzoblcyclo[z 2. 2]octad1ene was
t contalned 1n the reactlon mlxture. n-Propyl alcohol
(0 046 g, 0. 00076 mole) was allowed to react with 0 99 g
(0. 0083 mole) thlonyl chlorlde, in the presence of 0.059
g (0 000>B mole) pyrldlne and 0.182 g (0 00076 mole) of -
-the mlxture of the (3.2.1] chlorldes (14 and 33), in 15
ml purlfled ‘toluene. After the reactlon and work-up pro-
cedure, outllned prev1ously, 0. 180 g (99%) of a yellow‘
011y re51due<rema1ned The 1nfrared spectrum in carbon

e a

tetrachlorlde of the reactlon product was 1dent1ca1 to
that of ‘the startlng materlal and there was no absorp-
tion band at 620 cm,1 characterlstlc of 7- chlorodlbenzo—ﬂ
.blcyclo[z 2. 2]octad1ene "An HR-100 nmr analy51s of the
'same solutlon could not detect any [2.2. 2] thor1de, and'
‘it was found that the ratlo of exo/endo [3 2. l] chlorlde;

had not changed{under these reactlon conditions: nmr

(ccry) ¢ 4.68 (exo-H

4+ 17%) and 5.00 (endo H,, 83%).
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./ .
Reaction of n-propyl alcohol with neat thionyl

— : O
chloride and a molar amount of exo- and endo- [3.2. 1]

chorldes, 14 9nd 33 - The mlxture of [3.2.1] chlorldes

was analyzed/;y nmr and was shown to consist of 83%
‘gggfv[3f2,11 chlorlde, 14, and 17% endd-,[3.2.1] chlor-
ide, 33, before the reaction. n-Propyl alcohol 0.043 g
N?O 00072 mole) was allowed to react in 3 ml (0.042 mole)
of neat thlonyl chlorlde an .160 g, (0.00072 mole) of
the mixture of [3 2.1] chlorides. A yellow oin,residue:
(O 160 g, 100%) was isolated. The’infrared'and“nmr
spectra in carbon’fetrachlorlde were 1dent1ca1 to those

'of ‘the startlng m1xture of [3 2.1] chlorldes.
KN4

‘Reactioh of n-propyl alcohol d&@h thionyl chloride.

\

in"dioxane with amolar amount of 74ch1 odibehzobicyclo-

[2.2. 2]octad1ene (15) . added - This re/cﬂéon was carrled

out in the same manner as the reactions of .alcohols with
thionyl chlorlde in dloxane.p n-Propyl alcohol (0. 125 g,
0.0021 mole) was allowed to’ react w1th 1. 23 g (0 0104
mole) of purlfled thlonyl chlorlde 1n 30 ml of puf1f1ed
dloxane wlth 0.500 g (0.0021 mole) of [2 2.2] chlorlde,
15, added A whlte crystalllne material (0 470 g,
94%), was relsolaﬁed. The 1nfrared and nmr spectra 1n
carbon tetrachlorlde were 1dent1ca1 to. ‘those of authen-

tic - 7-chlorod1benzob1cyclo[2 2 2]octad1ene (15), mp '
112.5 - 114°, mlxture mp 112.5 - 114°.,
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ReactymmofdibenzobicYclo[3.2.l]octadien—exo¥2-ol

(29) with 50 mole percent.Of'thionyl chloride in toluene -

A total of O 246 g (0 00108 mole) of exo—ﬁl3j2 l] alcohol

N

29, was allowed to reapt w1th 0. 066 g (0. %9055 mole) of

purifled‘thlonyl chlorlde under the reactlon condltlons

normally employed for the reactlon of alcohol with thlonyl

‘chlorlde in toluene. A total- of 0. 245 g (96%) of re—/J
- action product was 1solated The nmr spectrum (CCl } of

. the crude mixture showed characterlstlc absorptlon bands

for exo- [3 2.1]) alcohol, .29, at 1 5.60, 6.22 and 6.69,

/&?‘;4[2.2.2] chlorlde, 15, at T 5.70 and 8.25. The

acterlstlc for the [2)§:?2>alcohol 13. The reaction

; ture was chromatographed u51ng wOelm neutral alumlna/car-_~

‘bon tetrachlorlde. The_fractlon eluted w1th 50/50 carbon

tetrachlorlde/chloroform (0.118 g, 96%) was 1solated and

13

'analyzed. The infrared and nmr spectra (CDC14) were -

identical to those of authentic ‘dibenzobicyclo([3.2.1]-

octadien-exo-2-o01l. N

Reactlon of d1benzob1cyclo[2 2 2]octad1en—2 ol. (13)

with 50 mole percent thionyl- chlorlde in toluene - The

[2.2.2] alcohol 13,(0 190 g, 0. 00086 mole) was allowed

‘vto react with thlonyl chlorlde (0. 05 g, 0.00045 mole)

in 15 ml toluene, in the same manner as the reacflons

/thh excess thlonyl chlorlde.' The nmr spectrum of the



\ ' ' . v 4
-reaétion mixture (0.223 g ) showed tne following product
;dlstrlbutlon exo- and endo-[3.2. 1] chlorides, 14 and 33
(21%), dlalkyl sulfite, 32, (25%); [2.2.2] alcohol, 13
(54%). A column chromatography of the reactlon mlxture,»
u51ng Woelm neutral alumina/carbon tetrachlorlde, led to

@

isolation of 0. 13? g of dibenzobicyclo[2.2. 2]octad1en-2-'

ol (13), as shown by ir, nmr and m1xture meltlng p01nt

Attempted Isolation of Intermediates from the Reaction -

‘ of DibenzobiCycloTZ % 2]“and [3.2. l]octadlenyl Alcohols.'

w1th Thionyl Chlorlde under Various Reactlon Condltlons.-'gj

B1s—d1benqu1cyclo[2 2. 2]octad1en—2-y1 -sulfite

7

'“*(32) - Into a -50 ml three~necked round -bottomed flask

Tos

fitted w1th a pressure equalizing dropplng funnel re-fﬂ'
flux condenser, magnetlc stlrrlng bar and ‘a dry1ng tube,L
was added 0. 436 g (0 002 .mole) of pure d1benzob1cyclo—

é‘[z 2. Zdoctadlén-z-ol (13) in 25 ml of purlfled toluene.

The solut1on was cooled to 0° and from the dropplng e -
'funnel was slowly added 1. 5 ml-(0.021 mole) of freshly
‘“pur1f1ed thio yl chlor1de in 5 ml toluene. The mlxture

was. allomed to .stir’ for two hours, while the temperature

‘gradually-rose t0’25°. Subsequently the solvent was re- _L

moved by vacuum dlstlllatlon, and 0.490 g (88%) of a

whlte crystalllne sol1d remalned. The compound was re-

crystalllzed several t1mes from pentane/carbon tetra-

chlorlde, to yleld pure b15-d1benzob1cyclo[2 2. 2]octa-

\

-

L .‘ S
: . - o VN
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same alcohol as in thg 11th1um alumlnum hydr1de reductlon

'reactlons are l;sted in Table 8

206
~ J\.
dién-2- yl sulflte, 32: pp\159 - 161‘- ir (CDCl ) %

120045?,1, V-0 710 - 805 cm\! (broad band); nms (coel )

Td% 50 - 3.18 (multiplet, 8H, aromatlc » 5.1 - 5, 54

-

(broad multiplet, 1H), 5.60 - 6/30 road multlplet 24),

7.60 p 8.20 (broad multlplet 14) and 8.36 - 9.33 (broad

multlplet 1H). - “v: L R { -

Anal. - Calcd for C32 %§O3§;'C, 78.34; H, 5.34.erund: C,

7§,ia- H, 5.44.

=

»

The sulf1te,_32 Yyas reduced with 11th1um alumlnum,
. P ” 7

hydrlde in an ether sol tlon The sole product 1solated

in 90% vield was dibenzob1cyc10[2 2. 2]octad1en-2-ol (13).

-

The structure of the alcohol was establlshed by a com- o

.par150n~of its.infrared and nmr spectrum with that.of

authentlc [2. 2t2] alcohol 13 -and by 1ts mlxture melt-
ing, p01nt' which was not depressed. An attempted puri-
f1c1at10n of the sulfite, 32, by column“chromatography

(Woelm neutral alumlna/carbon tetrachlor1de, and carbon ’
I *

' tetrachlorlde/chloroform as the elutlnngolventL _re—

, sulted in the hydroly51s of tpe sulflte to yleld th@ﬁ

o
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3'Decomp051tlon Reactlons of Bls-dlbenzoblcyclolz 2.2])-

octadaen—z-yl sulfite (32). .

/
Into a 50 ml three- necked round- bottomed flask,
.fltted w1th a reflux condenser, a magnetic stlrrxng bar
.and a drylng tube was added 35 mg (0.122 mm%le) of the
" sulfite, 32 in 25 ml pur1f1ed ioluene. The solutlon
| was heated‘at retlux for 2 hours. The solvent ‘was re-
moved by vacuum dlstlllatlon, and 33 -mg (94%) of a solld‘
-crystalllne materlal was 1solated The=bnfrared and nmr.'
"spectra in CDC13, were 1dent1cal to those of the start-
‘_1ng materlal 32; mlxture meltlng p01nt 158 - 161°-
The above reactlon was repeated while dry hydrogen
chlorlde was slowly bubbled thrOugh the solutan. Again;
_spectral ana1y51s showed that the d1a1kyl sulflte had

not reacted under these reactlon conditions.

"Reaction of BisédibenZObicydlo[z'Z-2]octadien-2-y1-

sulfite with thionyl chlorlde -'Two ml (0. 03 mole) of

purlfled thlonyl chlorlde was cooled to 0° in a round-
bottomed flask fitted w1th a magnetlc st1rr1ng bar, a'
’reflux condenser and a calc1um chlorlde drylng tube. To
the thlonyl chlorlde was then added 67 mg (0 235 mmole)

of the sulflte, 32. The solutlon was stlrred fpr t
"hours whlle the temperature gradually rose to 25°. After'

" this reactlo? perxod the excess thlonyl chlorlde was

"“'removed by vacuum dlstlllatlon. ﬁh-nmr spectrum (CDCle
: . I L
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showed the reaction product to be a mixture of ‘exo-4-
.chlorodlbenzoblcyclo[B 2.1]octadiene (14), (40%) , endo-4-
chlorodlbenzoblcyclo[3.2.llootad}ene (33), (10%), and
unreacted'Eig-dibenzogicyolo[2.2.2]octadien-2—yl-sulfite
(32), }(50%) . This reaction -mixtnre was subsequenfly allowedl
to feaCt with thionyl chloride at‘iﬁs refluxing tempera-
ture for'O;SAhoure.‘ Nmr ana1y51s of the reactlon mixture
showed the - following product dlstrlbutlon. exo- [3.2. l]
‘chlorlde, 14,-(54%), endo— [3.2.1] cblorlde, 33, (13%)
and d1alky1 sulflte, 32 (33%).

-~

.Chromatographlc purlflcatlon of a mlxture of {[3. 2. 1]

chlorldes, 14 and 33 employlng Slllca Gel - A mlﬁpure

of [3.2.1) chlorldes was:. shown by nmr to consis%y)f’-j'
.12% endo—[3 2.1] chlorlde, 33 and 88% exo-[3.2.1] |
chloride, 14. A total of 1.68 g (0. 007 mole) of this
,mlxture was chromatographed using 1000 g of Slllca Gel
(Woelm act1v1ty grade 1) packed in carBon tetrachlorlde.i
Thefractlonseluted W1th carbon tetrachlorlde (1. 24 g,
’ 83%) were shown by nmr and 1nfrared to be 7- chlorodl- .
“benzoblcyclo[2 2.2)octadiene (15) _ Elutlon w1th ethyl
| acetate gave rise to 0. 195 g (13%) of a 50:50 mlxture

of [3.2. l] alcohols, 29 and 30.
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