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ABSTRACT

The tetrasubstituted olefin, iso.propylid .ecycldhexcne_5 was
synthesized and its B—Iwclohydroperoxfdes' ‘1—(mefhyl—1—hydfopero‘xyefhyl)—
cyclohexyl bromide 7, iodide 8, and chlorlde 9 were prepared and freated
with base. Two allylic lwydrop:zroyndef were obtained, 1-(methylvinyl)-
cyclohexyl hydroperoxide 15 and 1-{methyl-1-hydrop aroxyeihy)-circlo-
| hexene 16 iyn a 16/15 fatio of 15'.7 15.7 and 13‘.3respecfively. These -
product ratios were independent of hologen atorn, solvent polarity, temper~
crfure and dlluhon effects. The hydroperoxy migration was explained in
terms of « perepoxnde intermediate. A similar migration wés observed upon
'freatmenf of 1-(methy!-1-bromoethyl)- -cyclopentyl hydroperoxnde 25 .

¢

The 16/]5 ratio of allylic hydroperox:des obfclned from the

dye-sensitized photooxndohon of 5 was found to be 0. 11. This reaction ~

was obsorved to be less regiospecific for more reactive olefms This con-
clusion was subsfcnhofed when the: dye—sensmzed phofooxud,ohon of
xsopropylldenecyclopenlone 23, a more. reochve clefin, gave a roho of |
cllyllc hydreperoxides of 0.62. . .
Only ong allylic hydropcroxndc 15,:was obtained as rlwé‘producf

from the .reczchon of.5 with frnphenyl.phosphite ozonide.at =78°. This
»I'reocrion does.not préceed via a singlet oxyg‘e‘n mechanism cmd is a more
.regio-selecfive reaction than the d’ye—svensitiz‘e‘d photcoxidation .

H The formation of 16 as the major product from 7 end 15 from the

tripheny! phosphite ozonide reaction may lead to o useful ;ythnefic prepar=

ation of either of two possible allylic hy droperoxides from an unsymmetrical

alkene: o B . ' : o
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INTRODUCTION

Thizinw .20 sas OndertRen as part of a research progron%
s+t studyinc ' mechia sm of the reactions leading to the formorfion; of
all- 1 vdroperc des .. ch of the previoi;s work pertaining to the dye-
sens : ti= of olc"ns has been reviewed by van de Scm'c.!e (1).
ke has beep ‘inlstrumenfol, in the development of the
_proc e teading to i srmation o?cllylic ‘h‘/drcrieroxides from the dye-
sensitized renct o of an olefin with oxygen (2) In f’té'photoox;,'genorion of

olefins, the oxygden transferred is added to the carbon « of the double bond;

the double bond is shifted info the allyl position“to form a double bond be -

fween carbon 8 and v and the allylic hydregen at carbon ¥ is moved to the free
oxygen atom (2).
NI - T
. " Oq he \ R
c— =275 Ycemc—c—
, Y ‘“ /.'Y B s \ 84 .

Tetramethylethylene reacts under the conditions of the dye-

“sensitized photooxygenation to give 3-hydroperoxy-2,3~dimethyl-1-butene (2).

-~ Schenck's original work gave rise to two mechanisms of the reac-
: oTg 9 ‘
tion of oxygen with sensitizer. The first involves the formation of an oxygen

sensitizer complex.

3

3 .
Sens + O2 S . ens- O -O-
. \ o : s
«Sens - O - O- +/C=C—Cl: _ > —?—hC=C\+Sens
’ H - OOCH
. . v 3
. -  Sens +°O
«Sens - O - O > ens = 2
. v /
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The other mechanism involves the formation of singlet oxygen ( 02) frem the

~sensitizer in the triplet state and oxygen (3).

3. 3 . “ R
. Sens -+ 02 © : > | Se'n‘s"+ 02 !
"o+ “coc-é _ c-c=c”
2" I % > - P > .
H OOH’ ,Qt?
3. ’
102 s 9

The bulk oF the evidence now points to singlst oxygen, not rhe oxygen,
sensitizer complex as fne recctive intermediate . i Lt

Sharp (4) and Kopecky (5) found ihat inereo'sing substitution of the
double bond greatly increased the reochvxiy fowards o<rdond?1 A sensitizer
comple cannot account for this. Kopecky (5) found that vcryxng the sensiti-
zer did not cffecf the relative rates of’phofooxidorion of 1- merhylcyflof
pentcne and 1- mefhylcyclorexene This lnd”’pendence of sensitizer and fhe
relative rates of photooxidation of olefins. was also found by Schenck and
Koch (6) in fhe dye-sensitized oxsdchon of a- x-terpinene .

Support for smgler oxygen as the recchve |nfermedrcfe was given
by Foofe (7, 8). Identical producrs f\o those formed in fhe dye- sensmzed
phofooxndchon are produced whcn ol Flns are treated wtfh sodium hypochlorlre
and hydmogen peroxide, a chemical source of vlnglcf oxygen. Autoxidation
in these singlet oxygen reactions could be suppressed by the presence of a Free
radical mhlblfor, 2, 6 di-t - butylphenol (9).

Specho » Budies hove deteédted the formation of singlet oxygen

k gmon of nophfhclene (10, H)

The m@c S xofb the approach of singles oxygen fo the double bond
hos been studied qunfe’exfensrve(y by Nickon and his group (12, ]3,) 14, ]5
16). Nickon concluded that the reaction was very stereospecific, s&owed no.
solvent dependence and required an axial hydrogen on the same side as where

the oxygen came in. In other words, the singlet oxygen must necessarlly

/

5
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attack the - Ol‘blfOl from a direction perpendicular ta_the oleﬂmc plane cmd
the allylic hydrogen must be suitably orientated to allow trarisfer to oxygen.

'

A concerted mechanism was proposed by Nickon.

e H\ ' " H\

Foote (17, 18, 19, 20, 21) finds support for this mechomsm by the, smooth
shift of the double bond, cis relcﬂonshlp of the ollyhc hydrogen, lack of

" substituent or Mcrkovml\ov effects on the product dlsmbuhon and the lack

v

“of so{venf effects on the rate. ..~ - T

3 ,
<~ Klein and Rojahn (22) showed"‘the dyc -sensitized phofooxygenc ion

"of exocyclic doubls bends was hnghly sterically controlled. Mefhylene-

’/\jvyclohexone and methylenecyclopentane could not be oxygencfed vdnle

azide ion, eguation m <

efhylenecyclchep’rcne and B -pihene produéed the expected cll;)hc hydro—

peroxxdes. They suggested ‘rhcf the distance between the vmyl carbon and the "

axial or quogl -axial allylic hydrogen is too Icrge to form a cy;llc trcnsmon

sfcfe in the casg of meth/lenecyclopenfcne and mefhylenecyclohexone

Shorp {4).and Kopecky (5) explained the. dl?ferenf recxchvmes ofa~

,serles of al cenes by the formation of an intermediate perepoxn_de whlch re-

arranges wn‘h a concyrrent proton shift to yield allylic hydroperoxides..
Tanges v , p y ylic hydrop

~ The perepoxide mechanism was given support by "rlhe_vobservdfion that added -

sodium. azide diverts most of the products of phbfooxygendfion of séveral

‘olefins to azidohydroperoxides (523) Kearns' (24) mterpreied the°e new

products as being formed from ‘rhe pcrnpomde by nucleophlhc reaction R |
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Bofh Foore (25) and Gollnick (26) |1c1ve presenrud cwden/zc'\tl at
A oz:dohydroperoxrdes are formed in a redction which competes with} but is
distinci from the normal oxygenohon and that no’‘intermediate formed From ;

C e

smqlef oxygen with the olefin iy’ common fo both reactions.
L t; Phofoox nahon of olefins for which the six- membered tyclic.
mecharrrsm is not opphcobl@.on srea ic grounds have been shown to give a
stable, isolable 1, 2- dloxefdne (27). The original suggesf’pn (20 .that a .
1,2- dl%rcne was the mfermed:cre leading to oHvQc hydmpc:oxndei‘ﬁ]ds
been. r/cfrled out by the resulfs of Kopecky and Mumfard (29 30), that isolated
dioxefanes do nat decompose fo allyhc hydroper&udes _ ’
i = A The work 'of van d,a Sande (l) was instr umenrol in. usmg fh‘e reac-
-hon between Qoose and 2- holohydroperoxrdes af an alternate method fo the

sensitized photod \y’gohon route of preparing allylic hydropcroxrdes Methods

for preporing-Z holohydroperoxxdes hod been known (31, 32, 33). Kopecky La\

;’)cnd co- wonkers (34) introduced a merhod for prcpormg 2- halohydropexmldes >

in clean, high-yield reactions by treating ‘olefms with N- hcloocgtomrdes
ond hydrogen peroxide. Tii tment of a feﬁosuushfufed olefin in fhrs fashion
and reochon of the product with i- c introduces the hyd}éperoxy group and .
shifts the double bor 1 of an ofefin into the same position as observed in the

phoro»emmzedﬁreacr sn (1, ’3(‘ 3, equchOn [2J . 6 : K

\ I ' Oé.hv.dye N N . ‘
% X / . OOH
o ' v L © " base

B

»

[
4



Cois nof a gener\ol reaction . No frcce of allylic hydroperoxxdes is found in’

»

4%

' Essenholly the same. dlsfrnbuhon of produefs £ Form(eds'from the haiohydro—
| peréxldes of 1,,2 dlmefhylcyclohexene (34) and 2= mefhyl -3-(4- methoxyphenyl)—
2- bu’f'ene (3) as. formcd by fhe omdohon of.these clkenes by singlet oxygen .
The Formctron of CI”)/IIC hydroperox:des f’rom hdehydroperoxxdes A

]

' the reachon between base and’ kss subshfufed 2= halohydroperox:des ( , 30,
) R

34). A vorlefy of producfs is observed : e ; te

4

s

. The! fo\mahon of cleavage producfs (30 34, 35) lndrcctgd that a

cycl1§: peroxide mOy be formed as an mfermédxcfe equahon K[B} - /.

[3] | o :‘ . R '_"\J, T : ‘A .
R QOH - - | ’

b

. SR R . .
[N . ¥ " A L e ~
/ DY ' . : ’ . u N " ““ oo . A
A ' ) » o A U . L
T et - z.

) ! . R
e | . el

o { ,,\; - OH’;, - l;":"}: . " >2}O ‘ VL-

) % 3 i R e
' o ¢

The recchon of fnmefhyl 1,2- dloxefone -with base shOWS no allylic’ hydro*?’
., Peroxides as producfs (30 36). Clecvage products have not been observed
in the reaction befween the g~ holohydroperox:des of tetrasubstituted ol;.ms\.
and base (30, 34) These twogasults fend to eliminatea 1, 2- du,xefcme

\mtérmedicre in the Formahon of ollyhc hydroperoxxdes

/3’ The observation of von de Sonde (1), that the hydropexoxy group

of G- bromohydroocnoxxdes migrates. in the presence of base, equation [4]

‘ { led to the postulaiion of non - direct nllmmahon mechﬂmsms lcodmé to fne

formation of cllyhc hydroperoxndes e

- . CD3 Br ’ .' l/ CD3 : . -
. . o * r . ey :O gs =
L | 2 >
CcD ' . £
3 S .
Y . - 2 3
OOH oo P34 5 '

o
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The first mechanism proposed was the formation and subsequent

reorganization of a perepoxide leading to a possible migrati~n of the

~hydroperoxy group, equation [5]
[5].‘ | | O -
. v ) .
. i o+

I+2 — ~>Z——&< >  3+4 ~
Van de Sande (1) failed to fro&p this perepoxide with azide icn and failed to

. [N :
observe thjs intermediate spectroscopically™ . The second possible mechanism

involved a fragmentation and eventual reaction of the olefin with singlet &

oxygen, equofioﬂn»[é] .

Ao
"OOH OH—v’ O___O | . OOH -~
;4 /_—\ :+-Br'°.—‘_;>
Br ’
.

e

Van de Sande provided strong evidence against, this mechkanism . Finally, a
‘possible mechanism was proposed (1) wherein an open chain zwitterion plays
a role in the conversion of 2-bromohydroperoxides to allylic hydroperoxides.

¢ T

T - : N A
R O O+ o N

They would interconvert via thé'pélfpoxide. However, evidence against
this mechanizm has also been presented by van de Sande (1). He did not
.observe cm‘y stbstituent effects that should affect product distribution via

theselintérmediate zwitterions. - L ' .

Triphenyl phosphite ozonide (87) has been shown to oxidize tetra-

me‘fhyléth)'lene to the carresponding allylic hydroperoxide at -30% andyto
decompose to tripheny phosphate and singlet oxﬁ)éen at -15° (38, 394 h

- was suggested that tetramethylethylene was oxidized. by the“‘singl:ef oxygen

]
K
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released. It has been shown that singlet oxygen does not intervene'in the

tripheny| phosphite ozonide oxygenation at low fomﬁerof_uréé (40)-so that
still another mechanism is required for oxygenofion by this reagent. Van de
Sande (1) observed ‘that the product distribution in the oxida: on f*a deuter-
ated olefin by triphenyl phosphite ozonide at ~70° in methyl e chloride was
quite similar to those observed in singlet oxygen oxidation at -52° in methan-
OT. Thtis‘ indicated that a perépoxide intermediate could not be involved .
The present study was made in an crfferﬁpf to disfingui'sh several

possibilities for the mechanism that could be envisaged for the transformation
of 'B—holohﬁiroperoxides to allylic hydroperoxides. In addition, it was of

rterest to determine whether this reaction dnd the reaction behveen singlet

‘ygen ond a tefrasubstituted olefin have common mfermedlofes as well as
products. The product distributions were defermch for the conversion of -
isopropylidenecyclohexine 5 to the corresponding ollylic hydroperoxides by \
the routes: ]) reaction between its (- Holohydroperoxndes and base; 2) by
oxidation \{Ylfh singlet o::y"gen generated by mefhylene blue-sensitization and
3) by oxidation with triphenyl phosph:e ozonide .

lsopropy||denecyclohexone 5 was chosen as a model compound for

these reactions for several reasons. First, it is a tetrasubstituted ole..n and
thus it shouid be reactive towards attack by singlet oxygen (5). Second, with
this olefin, the geometric requirements of, a cyclic trunsition state can be

tesfed by observing the preducts obfomed from the dye-sensitized oxygenahon

'Thlrd more information concermnu the mechomsm mvolved in the oxidation of

olefins with triphény| phosphite ozonide,may bé obtained by observmg the
stereochemistry of the products obtained in-this reaction. Finally, this
unsymmetrical olefin can be useful in defermining the extent of - hydroperoxy

migration when its corresponding . 3 -halohydroperoxides are treated with base .

1
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RESULTS
Preparc o :ylidenecyclohexane; 5:

—_— - P

'~ for the preparatian of 5 in large quantities was developed.
Attempts to synmpsuze ‘his olefin from vicinel dihaio (41‘]) dinitro (42) and

dihydroxy (43) deuvohves proved unsuccessful_in producing useFul quantities.

~ The sequence of reactions empIO/cd for the preparation of Sis ouflmud in

Scheme 1. - -
SCHEME |
- \~
o MgBr
OH
.~ —> L
2 Sat'd NH Cl '
e . 6 :
e | oo
Na/NH5(1)
CHL,CH,OH
, | VA
) l - ‘ ' /
. . N
L]
| 2
\ ;
T aethod resembles the synthesis of ethylidenecyclohexane By ;

. Birch (44) . The route used incorporated the Grignard reagent prepared from

2-bromopropene (45).

Due to the sensitivity of the intermediate 1-(methylvinyl)-cyclo-
hexanol 6, the reactiof mixture was worked up with saturated ammonium

-chloride and 6 was purified by distillation from neutralized glassware. The

pectrum, i.r. spectrum, microanalysis and mass spectrum.

structure of 6 obtained in a 66% ield, was carefully confirmed by its n.m.r.
SS o Y Y Y

-



Reduction of § was carried out in the presence of two equivalents
of sodium and ethanol in liquid aramenia. Mcwlmum yield From the reduchon
. was 72% and was less if 6 was not prev:omly distilled.- The sfruch(e of the
olefin 5 was confirmed by comparison of its boiling pomr, refractive index
and i.r. spechum with reported data (41), and by its n.m.r. spectrum.  The
olefin could be stored under nitrogen for mdcﬁmfe periods w1fh no visible .

chor*ge as defccfcd by n.m.r. spectroscopy .

Preparation of the g - 'w[ohydxooer xides of isonrepylidenceyclohexanes

The reaction between b, one equivalent of | '3—dihclo—5 5-
dimethylhydantoin and a four fAd excess of hydrogen peroxide in e.her at
-40° proceeded reachly, using an-adaptation of the procedure of Mumford

(30), eq Uction_[7

[l

OOH -

i ‘ ‘ X :
‘ X
Hzoz
-40°
X=1,BrorC|
- The f-bromo compounvd (mefhyl-] hydroperoxyerhyl) -cyclo-

hexyl bromide 7, contained 76% of theoretical peroxide after solvent removal »
and this was increased to $9.7% by recrystallization from Skelly B. .
| The correspondmg iodohydroperoxide, 1-—‘(merh'yl—]—hydrope_r}ox‘_y-
efhyl) cyclohexyl iodide 8 contained 67% peroxide content after solverﬁ -
removal and this could be improved to 98% by recrystallizaﬂo-n from Skelly B,
For the preparation of ]k—(mefhyl—]—hydroperoxyethyl)—cYcIoHexyl
chloride 9, a slight modification of this procedure was Used. The iodo~

and bromohydfoperoxi_des could be prepared by using a four fold excess

[GEN
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'of hydrogen peroxide in varying amounts of solvent. /\Irl‘wough‘af least a
four fold excess of.hydrogen peroxide was necded for the preparation of 9,
a more polar solvent system had to be used. This was accomplished by using
a solution composcd of 25% hydrogen peroxide in ether. Repeated low

| temperature recrystallizations produced a sample of 9 contommg 100%
'fheo:ehccl pcroxide content. '

* - Preliminary structural assignments*of these B -halohydroperoxides
were made by n.m.r. spectroscopy ! The signul for the gem = dimethy| protons
of these compounds, _Z' 8 and 9, a to a hydroperoxy and 3 to a halogen ‘
| atom was \cor.:uparea to the signals of similar profons in known compounds.
The gem - dxmerh/l groups of 7, 8, and 9 oppeared at 8.5, 78.6and
T 8. 4, respectively. ,

The corresponding ‘signals for ?_—clj]oro-—?,ﬁ3—dime‘>fhyl‘;3¥bufﬂ
hydroperoxide 10 op\peq‘red,cf\} T 8.6‘O;jhe other gem ~dimethyl group
appeared ds a s'inglef:T 8.38 (1). The corresponding gem - Jamefhyl smglef

for 2-bromo-2,3-dimethyl-3- buryl hydroperomde 11 oppecm,d at 7 8. 55;
the other smglcf for the gem - dimethy!| group « to a bromine and 8 toa
hydroperoxy group cppecred at 7 8.19 (1). |

The corresponding smglef for 2- jodo- 2 3- dnmefhyl -3- butyl hydro-

7

peromde ]2 appeared af 7 8. 55; the smncl for the othey Gem -~ dlmefhyl group

appeared at 7 8.0 (46). There was no evidence in-the i m.r. spectrum of

~ crude 7 for the gem .- dimethy! group of the correspOndmg dibromide (41).

- Chemical defermmchon of the structure of 7, i.e. the position of the bromine, + ~
was carried-out becouse products obtained from this compound and the analo-
'gous iodo- and; chlorohydroperoxides had to be interpreted in terms of the

exact position of the Halogen atom.. This way carried out by the sequence of -
reccﬁéns outlined in Scheme 1. | o

| " The reducflon of hydroperox:des by trlphenylphosphme is knc an

to proceed with \no structural tearrangement (47). Bromohydroperoxndes have

been reduced v:rfucl)ly qgantimfi\ -/ by this method to yield bromohydrms (46).



SCHEME Nl

l{Q—BU’{yl )3SHH

EOH
4

The reduction of 7 to the corresponding bromohydrin 13 was cc.lrri.ed out in
Skelly B by this method. Purification of the product could be carried )
out readily bly chromotography on silica gel. The yield of bromohydrin.

roduced in this way was 90%, and the structural assignment was based
P , vay . g

on the n.m.r. spectrum. .

1
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Non-distilled fri—E—bufﬁ(ﬁ\ydride, prepared according to

the procedure of Kuivila (48), was used for the debromination OFE

This reagent was expected to carry out dehclogenchon without migration
of the hydroxy group (49). Preliminary experiments carried out at room

- femperature showed debromination of 13to be incomplete. Usmg refluxing
benzene, the cr/L/de yxeld of dimethylcyclohexylcarbinol 14 was 87%.
Chroma’rogrqphy on silica gel was used to el:mxncxfe tin containing lmpur—-
,mes The infrared and n.m.r. spectra were ldenhcol to those of 14

prepared independently, equation [8} .

] -
LT

2.Sat'd NH4C1

1,3- leromo 5,5- dlmeihylhydanfom is known to be a positive
- halogen donor (50). The formo.xon of 7 from xsopropyl:oenecyclohexcne
could be expressed as a two step process: the electrophilic addition of g
"Br " to the double bond to give an unsymmeirical bromonium ion (51),
shown below, followed by cffock by the nucleophllxc hydrogen peroxide

to give 7

12
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The formation of the B -bromohydgoperoxide 7‘By this method is
- . ‘(:‘ . . —

consistenf with the tesults obtained by Sisti (51). ;*aie found that treatinent

of 5 wn\?w N-bremosuccinimids and water resulted l\' ‘Hc formation of 13.

Qur structure preof for the re]ohv«. positions of the Lromine ond hydroperoxy

group confirms the positions of the bromine and hydroxy oxoups of 13 assigned

by Sisti (5]) _ ' ) a ' .

. .
Preparation of T-(methylvinyl)-cyclohexy! hydroperoxide, 15, and

1-(methyl-1-hydroperoxyethyl)-cyclohexene, 16:

The products from the reaction of the B —hglohydroperox‘ides of
S with base were expected to be 15 and 16. For the andlysis of product
mixtures contcining fhese compounds, it was necessary to ;preporbe and isolate
authentic samples of 15 and 16.» Preliminary experiments showed that treat-

ment of wi:‘h tripheny | phosphite ozonide in methylene chloride at -78° .
ploduced 15 virtually quonhfoflvely Thls method was then emplo/ edas a
direct route o the preparation and ulhmofe (solchon of authentic sam /fes
of 15.

The reaction was carried ouf‘Qsing'fhe conditions adc vted from
the procedure of Borf[e.‘rlcmd Mendenhall (40). Addition, of fri'phenyl
phosphite toozone in methylene chloride at -78° hod to be sufﬂcienfly sfow
to avoid decomposition of the ozonide to frlphenyl phosphate equation [9]

] . : O),P '
LI o) 0, G0y > (hO),pO

3w

The yield of 15, virtually quantitative, was détermined in a con-
trol run by i.m.r. spectroscopy using E—-dimefhoxybenzene as an internal |
" stdndard. The area of the vinylic protons was compared to the area of the
signals obtained frém the internal standard. Pa;xriffccnfion of the product was
accomplished by cnromcfogrcphy on silica gel, followed by repeated re-
crystallization from isopentane at _78°. The white solid obtained, contained .

].

b

r'd

)

13



[H]

14

ﬂ—’ 14
99.5% of the theoretical peroxide content. The formation of 15 is shown

in equation I:]O].

o] S : | _

($O) 4PO, OOH

__780 .

; is

Fincl structural assignment was carried out by reduction of 15
with LIAIH to the corresponding allylic alcchol 6 ina 94% yleld The
n.m.r. spcctrum of the.reduction product was identical to the spectrum of 6
prepared via the Grigncrd reagent.

The n.m.r. <pecfro of fhe allylic L1,/dropero><(de 15 and the
allylic alcohol 6 are given-in the experimential section. It should be noted
*that'the vinylic protons of the hydroperoxide 15 appear as a singlet at = 5.05
while the vinylic protons of. the corresponding alcohol appear as two singlets
centred at 7 5.15, separated by 13 cps. | . :

‘ Preliminary reaction of 7 with base showed the presence of 16 in
substantial yields aleng with varying smcll amounts of 15. Because of this

result, this regction, shown in equaticn ‘i] 1],wos used to synthesize 16.

OOH’ \4—‘OOH
Br )
oOH
oo

Elimination of HBr from / by treatment.with base was carried out
smoothly at 0¢ sy the method ouﬁ_ined by Mumford (31). Again a.'dditionAof

an internal standard, p-dimethoxybenzene, was used to determine the yield

&
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of 16 by comparison of the area of the singlet a* w 8.75 for the gem -
dimethy| group of 16 to the area of the internal standard peaks. The yield

of 16 calculated in this way was 92%. ARepedfed recrystallization at -78°"

- gave a sample of 16 containing 99.7% of the theoretical active oxygen

“+3
content. By inspection of the vinylic region. of the n.m.r. spectrum, this

sample of 16 was free of any 15 produced in flﬂis\reacfion .

| The final structural assignment was mcde'by comparing the LiAIH
reduction product of 16 v;_ith 1—(methyl—1—|1ydroxyefh$/l)—_cyclohexene 17 ‘
prepared via an independ;nf synthesis outlined in Scheme 111,

SCHEME 11! 4
O

18
1.CH MgBr
2.Sat’d NH C'
’ EOH

(CH3C)y0
LJ‘ICIA

v

The n.m.r. spectrum of the allylic alcohol 17, prepared from the

reductionof the allylic hydroperoxide, was identical to that of the allylic

alcohol prepared independently .

Reaction of 8 -hcthydroper_éxides with base:

When it was first observed that 15 was formed from the reaction of

4

15
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7 with base, further investigation of this r'eocfion was ccrriéd out to obtain
information regarding rhe possible me.c!‘»on'is‘ms for migration of the hydro-
peroxy gron. The reactions of 8 and ? with base were carried out to observe
what the effect of changing the halogen atom had on the product distribution.
Thns was done when it was obgenved that fhc 16/]5 roﬂo “obtained from the
reaction of crude 7 WIfn base,was significantly. different from that obtained
from the redction OF-8 with base. In addition to chongan the halogen Orom,
the effect on the 16/]5 ratio by varymg femperofur concentrations, solvenf

polarity and base were determined in the hope that these expgnments vould

furnish-additional mformchon about the posi ble reaciion mechanism involved.

The presence of 15 in the product mixture could possibly arise
from the isomerization of 7 during the course of the reaction: The isomer~
ization product, structure 19 in Scheme IV, could yield 15 upon direct =

>

elimination of HBr.

SCHEME v

Br
OOH

l

base

U
Q
w
[¢4]
P

o
g
W

I

e~

16
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“This' was a possuble mechanjsm fhof could explain the presence of 15 in the
producf mxxfure without migration of the hydroperoxy group. This pathway

to fhe formahon of 15 was ruled out when it was observed that the n. m.r.

.U""-

spectrum o{f the prodt fure obrcmed from the treatment of 7, with 0.5

equivalent of . base 'Toble 1, showed no expecfed singlet for the
gem - dlmefhyl gro’up }.5?19 In fact, the n.m.r. spectrum of the product ;
mixfure was identical to a mixture of 15 and 16 along with eeoks equivalent
| to’u‘ﬁre'ocfed 7

The genercl method used to carry out these recchonf of g -halo -
hydroperoxides with bose was cdcpfed from Mumford (30). The formation of

allylic hydroperoxides is shown in equation [42:] .

OOH’ . v z OOH .

base

b

In experimenis where at least one equivalent of base was used to
q

react with one equivalent of 8 fht?lohy‘drpperox'ide, no starting material could
be deteefed inthe n.m.r. spectrum of.fhe final product. The yields of
allylic hydroperoxides were based on .holohydroperokides and were cclcul(;fed
in the following manner, using the n.m.r. spectra of the prodoct mixtures.
An internal standard, E—d‘i,_me'rhoxybenzene, was ‘iniﬁaHy‘cdded to each
reaction mixture . The area of the singlet at v8.75, aﬁribufed to the gem - '
- dimethyl group of 16 was used to ealculote the percentage yield of 16. To

| this value was added the yield of 15 calculated from the ratio of its vmyllc

profons peck in the n.m.r. spectrum at 7.5.05 to the vinylic peck of 16 at

T4.35. The ratios of the areas of these peaks were defermmed by cmph—

-

“

[



-mtegrohons obmmed Reproducnbillfy of reactions &urried out under

. shown in Tob]e 11. Again the n:m‘.r. spectra of the product mixtures showed

s

'
n : -

«

flccmon of these pecks, followed by three integrations and overaging the

i

ldenhcal conditions was + 0.5%. The _1_(3/1_5_) ratio was also calculated

- from the average of these fhree integrations. If should be noted that the

| vinylic peck for 15 is’ due fo two protons while that for 16 is due to only

:

one proton and consnder@xhon of this was taken for fhe yxé?ld and ]6/15 roho U

calculations. - N -
. A .

The reac’non of the bromohydroperoxnde 7 wﬁh base was carrled

» out using the condxhbns shown in Table 1. Runs 1'- 5 were carried out

usmg crude scmples of 7. The 16/]5 rcflo d|d not vary sngmflconfly with
solvent polarity or with chcnge of base. Tne vinylic protons peak attributed
to 15 ir%%'rhé n m;r specfro obtained from these first five runs, did not
appear as sharp as those obfcmed from the n.m.r., spectra of pure scmples
of 15, The yield of allylic hydroperoxndes for run 2 (64%) dud not accourt

for all fhe starting material . Thew hxgh values of 15 were offrlbufed fo im-_

purities in the starting material and this accounted for the low ]6/15 ratio

obtained for runs using crude samples of 7, compcred to the 16/15 ratio oF

15.7 obromnd from the remammg runs using pure somples of 7. For this
reason, the overall s:gmrlccnce of the results of runs 1 - 5 is questionuble .
and fhus rUns 2and 3 wverc repeated using pure samples of 7. The results are

glven in runs 6 and 7 and Loth show a 16/15 ratio of 15.7. Material bal-

~ance was vnrh,aHy quantitai've and the n.m.r. specho of these producf

mleures showed peaks coriczponding to émly 16 and 15.

To determine the. effect of diluting _fhe reccho_h, run 7 was carried

out using a tenth the contenfro.‘ion of base and 7. Aguin a 16715 ratio of¢

15.7 was obrcmed from a virtually quantitative reacho’n and it was con-

cluded that these c%onges were insignificant. ) Sk

The effect on the product distribution of changmg the halogen -

i  Was |nvesflJ0red by freohng 8with base under the conditions

Ry
,Q..

o B
afom to i
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TABLE 11

Product Distribution from the Reaction of 1-(Methyl-1-hydroperoxy -
‘ethyl)- cyclohexyl lodide, 8 with Sodium Hydroxide in 10% Wate -
90% Methanol Solutions. .

Run  NaOH conc 8. - Temp. - Yield (%)

L L N o B R 16/13
1. 1.1 1.0 0 98 15.7 )
2. 1ax107 10x107 4 0 100 15.7 AN
3. 3.75x 10 1:25x10°° o0 Y _og 15.7

4. 3.75x 1070 1.25x 1070 40 .—\ ~ 157
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_reaction mixture, mcrecsnng fhe equwolenfs of base or by decreasing the _

21
2

-quantitative yields for lé ondE and inall 4 lé_}/]5 ratio of 15.7 was

obtained. No effect on the ]6/]5 ratic wa  shserved by dilution of the
{\’ .

[N

reaction temperature . '

The reactior of 9 with base proceeded vrrfually quantitatively
to the o”ylnc hy« opero{%ks wx‘H a ]6/]5 ratio, of 13.3. Thé n.m'.r. .
spectrum of the product mixture showed cl'corphons characteristic of onl&
allylic hydroperoxides 15 and 16 This ratio of 13.3 was not sngmf;‘canfly
different than the 16/]5 ratio of 15.7 oofomed from the product nﬁi;fures
of the ellmmohon redctions of 7 and 8.

Sy

P;'pporafion of ]—(methyl‘-—]—p—nifrobenz‘oylperoxyefhyl);—cyc’lohexyl chloride

20:

This compound, 20, was prepored to obtdin a very pure sample of

a B -halopelonde iha; could be tr eated with base to produce allylic hydro-—‘

peroxndes which. were nor formed from possiple i impurities in the sforhng
morernols Van de vcmdc (1) has prepared the corresponding derivative of

ferrc'nefhylefhylene and found that, upon rrectmenr with base, allylic hydro-

peroxides were formed. Tlms reaction sequence is sHown in Scheme V.

SCHEME v,_ :

COCN02 - ' ¥
] l i _ base ' .

Q"l

N - ——-—>
¢ o ) _ - Y

- O0OH~ . 5



~ Compound 20 was prepared by a standard procedure for preporiﬁg
p-nitrobenzoate derivatives of alcohols (52). The formation of 20 is shown

in equation [13:] .
. - . !

b C") E .
Cl .

The derivative after repecféd fractional recrystallizatiens was a solid that
contuined 98.5% of the theoretical peroxide content. The structure of 20
‘was confirmed by its n.m.r. spe ctrum and microanalysis. K

Reaction ofggwifh bdse;

"~ The reaction of 20 with base was carriled out in @ manner simﬂi[ar

to the reaction of 9 with base. The reaction wos complete when the heter-

) 0

ogentaus reaction mixture beceme homogeneous.
The n.m.r. spectrum of the product mixture showed absorptions
characteristic of compounds 16 and 15 in a 16/15 ratio of 13.3. The

yield of allylic hydroperoxides was $6%.

Attempted synthesis of 1-(methy[-1-chlorométhyl)-cyclohexy| hydroperoxide,

ﬁ‘!: ‘ o

Attempted synthesis of this compound was carried out to determine

the product ratio, 16/15,that w.uid be produced by :is reaction with base. I

‘(‘k,
the migration ofthe hydroperoxy group proceed -d by way of a perepoxide

22



this ratio could be used to derermn*c what fraction of the recction leading to
allylic hydroperoxides had the perepoxide as an infermediate. The synthetic

route used in the attempted preparation of 21 is given in Scheme VI.

CCPFNE 4

IC|

N
OOH

———

The feasibi =+ of this route lies in the results obtained by Filby
(46). He found that trcaiment of 11 ;vifh a.meihanolic solution of silver
acetate gave a product where the bromine was replaced by a molecule of the

solvénf, shown in equation [M]

[14]
| Br CH,OH ' OCH,
l‘ I (CH T I I

3C0O,)Ag - OOH

y/
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It is known (53) f.hat silver reacts with alkyl iodides much more

readily than with alkyl chlorides at low temperatures. /Thus the reaction

~ Via the iodochloride may stop at the desired compoundg]_ | |

The preparation of the iodochloride, 1- (methyl 1-chle. aethyl)—

: cyclohexyl iodide 22 was accomplished by treatment of fhe olefin 5 with an
equivalent of iodine monochloride at -40°. Because of the msfcbxllfy of
this product, it was p‘rlécipifofed from the mother lnquor and stored at ~78°
without recrystallization. Proof of the structu. 2 of 22 was obtained by
carrying out an elimination reccﬁén on 22 |eading to the olefin é'cmd by
titration of the iodine..libercfed in this reaction.

. ],2—Dihc|lides are known (54) to undergo ‘elirﬁ‘in_’otion‘ reactions
leading to t‘hc.‘a formation-of their corresponding ol»gefins.in relatively high
yields. This has been accomplished by the use of potassium or sodium iodide

- in acetone. An adaptation of the procedure of Stevens and French -(55) was

used. When 2 was treated with potassium iodide in acetone, a brown

. colour instantly appeared and wo; attributed to the formation of |?:.,

Titration of the 13 with a standardized fhiosg!phate solution showed that
93% of the theoretical amount of iodine hg‘d been liberated. The yield of

|sopropyl1denecycloh°>\one was 82% after work up . The reaction leading

to the formation of 5 is shown in equation [1 5] .

The titration of 17 was carried out slowly so that any iodine absorbed by the

3

) : -
acetone could eveniually be converted to |

3 and subsequently titrated.
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i ~lodine monochloride hds ’Ipng been known to undergo Morkovni‘kov—
type electrophilic addition to ordi‘nor\y olefins (56,57). Non-Markovnikov
products were reported to increase in yield as the polarity of fhe solventiwas
‘decreased (57). “The preparation of the iodochloride of styrene, even in
dilute hydrochloric acid, did yield both possible iodochlorides (56). Trans-
formation of a tetrasubstituted olefin to the correspopding iqdoc'hlor_ide has |
not cppeore.d in the literature. ']'Be preporo'ﬁon 6f_2_2 is the first reported
method for preparing a tefrasubstitute iodochléride . As in'the case of the
prepor&tion of the 8 -bromohydroperoyjide 7, only one product is formed in
dlethyl ether. | b' , ’

Product analysis of iodochlorides have been generally carried oufl
By analysis for halides, precipitated as silver salts and by elimination reac-
tions yielding thé original olefin‘(56). The tifrctioh of the libercfed»iodine
in the analysis of 22 offers an Glferncte quick method for the analysis of
these types of compounds

The replocement\of the lodme with a hydroperoxy\group was first

attempted by the addition of one equivalent of silver trifluoroacetate to one
equvalent of 22, dissolved in an ethereal solution centaining 25% hydrogen
peroxu:ie at -40°. The reaction was instantaneous because yellow silver
iodide immediately formed upon oddifi_bn’ of silver *i oroacetate. The

. excess hydrogen peroxide was removed by washing with:water .

Thg n.m .r.'ﬁ;:péctrum (CCI4) of the crude ptroduc't showed absorption
at 74.35, COrrespondihg to the position of the vinylic protons of 16, over-
lapping smglefs at 78.05, T8.35, T8.45, and T8.75. The singlet at
- 78.05 was attributed to the gem - dimethyl groups of ;'22 while the singlet
‘at 78.75 was attributed to the gem dimethyl groups of 16. Low temperature

recrystallization from lsopenmnle ‘gave a white, low melting so‘lid with an
n.m.r. spectrum identical to 16. If the number of équi’vc]enfs of silver
trffluoroccetofe used for this réq‘;fion' was. increased, no starting material

could-be detected in the n.m.r. spectrum of the product mixture.
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The B-chloro carbonium ion, shown below, formed after extrac-
tion of iodide by silver was thought to be decomposing. An attempt to. trap
this intermediate was enhanced by using a solution containing 5C% hydrogen . .
peroxide. The temperature was raised to 0° to ensure a homogeneous reaction

mixture,

Cl

Addition of the iodocHloride to the ether solution contoin'ing 5066 hydrogen C:;
peroxide, brought about an immedia:» decc position of 22 before addition
“of the silver salt, Rapid addition of the silver salts was ‘rhen used to keep
dccoﬁﬂposiﬁon before reaction to a minimum . | ‘

| The crude produc"r gave cbsorpfion in the n.m.r. se'ecrrum‘(CClA;)
appearing at v 1.8 for the hydroperoxy protons and a large envelope cenfred
| at v8.6 with sharp overlapping singlets at T8.25, 5,8 75and T 8.6. The
area of the hydroperoxy peak at v 1.8 and the area ¢f the remaining peaks
were compared and found fo be in a ratio of 1:10, while fhobf‘ calculated for
the expected product was 1:16. This product was treated v.vith'. base and the
resulting mixture wcs-‘cnolyzed for the appearance of 15 and 16. Their
production was confirmed by n.m .r. spectroscopy by the opﬁ)eoronce of _Qery
weck signals at 75.05 and 74.35. Because of the high concentration of
products containing more than one hydroperoxy group, mercuric oxide was
__‘employed to remove the iodine. N\ercury was expected to be more seféctive
in the removal of iodine, thus keeping the chlorine on the final produef..'
~ This reaction was First qHﬂem‘pvted at -40°-in an efher'so‘lulﬁon composed of
25% hydrogen peroxide. At this temperature no reaction was observed. The
solution was allowed to warm to 0° at which time the reaction appeared to
commence . Removal of the mercury salts was accomplished. by filtration. .and

precnp: tation from isopentane .



The n.m.r. spectrum (CC|4), taken after solvent removal, showed
a large envelope centred at +8.5 with many oVe(rlc:pping sharp singlets. The
sharp singlet at 78.05 was cttributed to EZ remaining after work up. No
product with the predicted n.m.r. spectrum of 21 was obtained from low
temperature recrystallization or low temperature chromotography .on silica gel.
This reaction was repeated with an ether solution composed of 50% hydrogen
p%ro_xide at 0°. Agc.in decomposiﬁv‘on of the iodochloride was observed before
addition of the mercuric oxide. The n.m.r. spectrum (C’:Cl!) of the product .
mixtire was the same as that gbtained from the silver reaction écrried out
under identical conditions. .

The p-nitrobenzoate derivative of 21 formed in either of the

mercuric oxide reactions would be expected to be crystalline. This would

m “e possible the purification of any 21 formed in these reactions by re-

- sstallization of its p-nitrobenzogte derivative. No producf with the -

expected n.m.r. specirum of the p-nitrobenzoate derivative of 21 was found.

The n.m.r. spectrum of the product formed upon treatment of the mother

liquor with base, showed no signals equivalent to 16 or 15.

This method for fhensynfhesis.of_Z_] was abandoned beccuse' of the

array of products obtained and the low, inconsistent yields, if any at oll,

@

of 21 produced .

Photosehsitized oxidation of 5:

Br—

In order to gain furthér insight into the process whereby allylic

- hydroperoxides are formed from g- halohydroperoxndes and hlphenyl phosphlte

ozonide ox;dcnon of ofefins, it was decided to compare the producf ratio
obtained from smglef_ oxygen oxidation of 5 with that obtained by the other
alternate routes. |

A methanolic solution of 5 was subjected to methylene blue -

sensitized photooxygenation ;f\ﬂ’lwen oxygen uptake had ceased, the solution

was poured into water and extracted with ether to remove the dye. The

27



product mixture after removal of solvent was analyzed for léar;d 15by n.m.r.
specfroscopy . A |

The n.m.r. spectrum (CC|4) showed obsofpfion at v2.3 for the
hydroperoxy proton which disappeared upon exchange with deuterium oxide.
The absorptions at 7 4.35 and 75.05, due to the vinylic protons of the
allylic hydroperoxides, gave a 16/15 ratio of 0.11. The remaining obso}p-

tions were identical to peaks obtained from pure samples of d‘ll}liicl'::hydroper—

oxides.

To prevenvf any side reactions via a free radical pathway that -
would ultimately lead to the formation of 15 or _]é, a tadicdl scavenger,
, 2,6-di-t-butylphenol was added to thé«ré}cc‘:vfion\mixfure before irradiation
(9). The ratio of allylic hydrop’eroxides"obfained was exacfly'the sdmg* as

for the experiment where no free radical inhibitor was added. 'Thus;f'?je'

e
"u

allylic hydroperoxides were formed only by the reaction o?.singlet:oxyg"enl
with the olefin. The formd.‘iin of allylic hydropéroxigies from fH-e'sing'l"ef - i

oxygen reuaction is shown in equation []6]
N { .

[1;5] 7 | -

02, hv

methylene blue’

YV

o

“Preparation of isopropylidenecyclopentane, 23: i
Isopropylidenecyclopentane was prepared to determineif ‘the hydro«"4
peroxy group of its 8-halohydreperoxide migrated .upon treatment, of base to

yield allylic hydroperoxides. The singlet oxygen reaction was also carried
_ ¥



out on 23 as a comparative study to the cyclohexyl system.

The synthesis ofgii is outlined in Scheme VIiI.

SCHEME VIT

O MgBr _
, . 1 v /‘\ OH
. y
7
T ‘ 2. Sat'd NH Cl , ' :
, o . 24

4

Na/N Hy (1)

CH3CH2OH o
A4

~

The overall yield of 23 was 25%. The preparation of the intermediate,
1-(methylvinyl)-cyclopentanol 24 was carried ouf by reaction of cyclopent-
anone ‘with the Grignard reagent of 2-bromopropene. The reaction mixture
was worked up with saturated ammonium chloride and the ocid_sensivfive
infermediate 24 was distilled from neutralized glassware. The yield of 24
wc:s_-'S}O% and the structure of 24 was clcxrevfully c'onfirmed'by its n m .r.

.specf? ﬂu;r_ﬁ“;l_infrored spectrum, microanalysis and mass spectrum.

tely

. . LSS

v ,_M};;ﬁél'he-reduction of 24 was.carried out in a manner similar to the

reduction of 6 af¥ was co‘nverfebd to 23 in a 50%, yield. The structure of 23
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was confirmed by comparison of its boiling point, refractive index and infra- '

red spectrum with reported (41) values.

Preparation of 1—(mefhy|—]—bro}noerhyl)—cyc!openfyl hydroperoxide; 25:

. The reachon befween 23, one equnvalenf of 1,3-dibromo-5,5- -
dnmefhylhydcntom ond a four fold excess ydrogen peroxide in ether at
-40° was cccompllshed by the methed used for the preporohon of 7. The
peroxide content of the oil obtained after solvent removal was 73% and fur-
ther purification was not o’r.‘émpfed.' The assignment of structure was based
sole'ly on the n.m.r. spectrum (CC! ) which showed absorption at +8.15 for
the gem - dxmefh/l group, a broad s:gnol at 78.1 for the ring protons ond
a singlet at 73.35, whlch dxscppecred ‘upon exchonge with deuterium oxnde
The relative posmons of the bromine and hydroperoxy groups were determmed
by comparison with the n.m.r. spectrum of 7 and the §- halohydroperoxndes

of fefromefhylethylene 10, 11 and 12, The formation of 25 is shown in

equation []7}.

[17] |

||Br+:” N OOH

Hzoz

2 -40°

The formation of the bromohydroperoxide 25 was the eXpecfed result. Sisti (51)

found the treatment of 23 with N-bromosuccinimide and water resulted in_the
_ ! W

correspondmg bromohydrin with the bromine and hydroxy groups in the same

‘ >posnhons as found for the bromine ond hydroperoxude groups oF 25 The forma-
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tion of 7 from 5 and 25 from 23 is an example demonstrating the effects of

| - strain governing esientation ' in an elecfrophilié reaction (51).-

Reaction of 25 ‘with base:

. = Th :ocfioﬁ of ?_5 with base was carried dut to determine the
exient of hydr:,ero*y gré‘up migration in the forrﬁofiqn of allylic hydro-
peroxides. Preliminary exneriments wAg‘:n"c carried out cn impure samples of
25, T/he expected products from the reaciion of 25 wifh base are shown .in

equation [18’].' s o

OOH

- . - N N
, ’ " .
. = . . \\

The vinylic protons used to calculate the 27/26 ratio appeared #h
. . . P -
the n.m.r. spectrum of the product mixture at 4.4 and v 5.05 for 27 and
: ‘ . b e ] e
26 rospectively. "The arcas of these signals, taking into account that the
sngncl at v 4.4 was due to fwo protons, were used to CG[CUI(\’er the - 27/26.
ratio. This ratio was found to be 1.0. To ensure that these lvinylic absorptions
in the n.m.r. spectrum were not bemg enhanced by sngncls due to xmpurlhes,
~an ether solution of this producf mixture was tredted with LIAIH4 - This

reaction is shown in equation []9] .



J/'_"K

T OH
. LiAIH

. 10% KOH

‘

The producf mleure was analyzed by n.m.r. specfroscopy and

_ vmyhc absorphon, equnvalenf to those found for compound 24 - was observed

Vs

.3 along with vinylic cbsorphon at 74.5, the ‘expected position for the vinylic

~ absorption due fo 28.: From the areas f)f these peaks, fhe 28/24 ratio -was

also found to be 1.0.

'Phofosensiﬂzed oxidation of 23:

—_— . a

T«hf* dye-sensmzed oxidation of 23 was ccrrled out-to compare the » '

product d:srrlbuflon of .this reaction with that prevnously obfcmed under

“similar conditions for 5. The olefin 23 woz«\s\b|ecfed to methylene blue -

sensitized oxxdahon under the same condmons Gsed for photooxygenation

of 5. It was noted thai the theoretical amount of oxygen was consumed at
feast three times as fosf?o_r this recc_fi‘on’ as for the reaction ofé_wifh singlet
oxygen. | , ,\ ’ »

The n.m.r. specfrum of 'rhe produc’r mixture was very sxmllor to

- the n.m.r. of the product, obfcmed offer treating 25 with base. No addi-

tional cbsorp’nons could bﬁ, derecfed The 27/26 ratio was cclculcted to be

. 0. 62 The. transformchon of 23 to d]lyllc hydroperox»dcs 26 and 27 is shown
. gm equahon [20] LT e '

\
K

r
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Further experlmenfs w1fh isopropylidenecyclopentane are being conduc'red

~

Ah H’HS laboratory by P A. Lockwood.

Determination of the pKa's of 7, 8, onm

Ig

When it'was origindllif fhought during this project that varying the
halogen atom affected tho 10/15 rcmo th/e effect of the halogen atdm on

the p}\a of the hycror,eroxy proton was mveshgoted Richardson ()58) .corre-

_lated the position of the - ~-OgO-H proton cbsorphon in the n.m.r. spectra

of some fer’riic_zry hydf.operoxides recorded in DMSO (éé) fo.the ;SKG 's of these ‘

-~ 4& . - . . . ¢ . g .
molecules. By carrying out various experiments, he arrived at the relation-

—

ship for the pKa's of tertiary hydroperoxides \givep in equation [2]] .
[21} - ng=(-0.43+0.07)5 ppm +17.88 + 0.8]

The posmon of the hydroperoxy peck in his systems did not vory in solutions

of 25% to 1C% welgh /volua?ﬁ‘g The: condnhon., of his experiments wer?:used

nd
9 . Although the pKa's vcr&z over a rcmgé, 13.15 to 14.70, the error in-

to colculcte fhe pKa's of the tertiary 8 ~halohydroxperoxides _7_, 8,

volved in this calculation tends to make these results insignificant (Table IH1):.

The pKa's of these hdlohydroperoxides increased with decreasing electo-

negativity of the halogen atom. This was the expected trend. - ) Lo

. o ¢
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TABLE 111

-Position of the Hydropcroxide Protons in the N.M.R. Spectra

of 7, 8 and 9 in DMSO (d,). h
N \‘/./‘
, Solution Hy dronerox .
Halohydro- Composition dy rn.‘p’ z ‘pKa Error
. . . 1GC 70 on
peroxide % weight/ ( ) ( ppm.)
volume v{ppr‘n.
9 b 6.3 Y o 13.15 +1.61
Z N v .l
7 7.3 . 10.5 13.37 - +1.53
8 7.0 7.4 14.70 C+1.32
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Rate of reaction OFZ with base:

L

In experiments producing allylic hydroperoxides by reaction of
7 with base, the reaction was observed to be complete in reaction times
less than 1.5 hours. Van de Sande (1) has repqrfed that the half-life (71/2)
for the reaction of the bromohydroperoxide of tetramethylethylene was-
appreximately .1 hour, where the concentration of B -bromohydroperoxide
was 0.232 M; the concentration of sodium hydroxide was 0.575 M and the
solvent used was methanol at  17.5°. This reaction appeared to be chbfer
thar “he reaction of 7 with base. This was not the expected trend since
relief of steric strain in 7 should lead * a th/2 shorter 'than that found for
the bromohydroperoxide of tetramethylethylene. The conditions used to
defermin‘e ’rhé f1/2 of the reaction of 7 with base“were C.097 M 7 and .
0.160 M sodium hydroxide in 10% water, 90% methanol at 0°.
‘ The half-life was determined by quenching aliquots of the reaction
rﬁfxfure with acetic acid and analyzing the product for disappearance of
starting material, 7. The amount consumed could be determined using p-
dimethoxybenzlene as an internal standard. The reaction was found to be

complete after 0.5 minutes.

Rate of reaction of 3—brcmo—2,3-dimefhy|—2—buf;l hydroperoxide, 11,

with base:

Because the half-life of the reaction of 7 with base contrasted
sharply with the half-life for the reaction of 11 with base, reported by
van de Sande (1), an experiment similar to that used for 7 was carried out
- under the conditions shown in Table |V. ‘The'holf-life determined by this .
b.method was less than 30 seconds. The disappearance of the bromo.hydroperox-
’ide'peoks at v 8.55 and T8.19 {1) were compared to the internal standard,
p-dimethoxybenzene, peaks for determination of the half-life of this |

reaction.
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L
TABLE IV
Rate of Reaction of 3—Bro?no—2,3—dimeth.yl—2—bufyl Hydro-
peroxide 11, [0.0721 Mjat 0° with-Sodium Hydroxide [O. 163 M]
in 10% water - 90% Methanol Solution.

Time : 11
(seconds) [M
.30 10.0270
120 - :0.0]OO
300‘ : ‘o f]/2 <30 seconds

600 ' 0




DISCUSSION

Mechanism of singlet oxygen oxidation o

The photosensitized oxygehation of 5 was initially carried out to
provide a comparative reaction for the interpretation of the results found for
the formation of allylic hydroneroxides:from (3 -halohydroperoxides and oxi-
dation of alkenes by triphenyi phosphite ozonide. However the resplts of this
experiment afso led to o better understa.. g of.‘rhe mechanism involved in

. € J -
fhe singlet oxygen reaction. , S Y

Gy

" THe most w:deiy uccepfed mechamam for fhls transformation is the

‘ concer:ed mechomsm which has been discussed in the introduction. Klein

-

“and Romhn (22 ) found no oxy- .atic~ prolucts from the smglef oxygen reac-

tion with methylenecycloh: .a ar - di sthey necyclopenmne Gol}ln-lv_gk (59),
on studying 'rhénphofooxygfno:ﬁy protoo of '—me,hfhylcyc‘:lohexgne ona
],2—QdimefhylcyAc!oHex.ene, oncludec ' . abstraction of a méthy! hdeo—
'_gen was fhermod)'ncmicdily rmoae s < than abstraction of a quesi-axial

L3 .

or:qu'osi—é'qucroriol hydrogen. ‘From'these two results we e'xpecfed fh?L the
product obtained on photoax, genchon of 5 would be- exclusnve[y 15, In fact,

subsfonflo| orrounfs of 16 were formeJ in this reaction. The formation of 16

.ui_vno a free radical pathway is not possible. The product distributions from

reactions with and without a free radical inhibitor were identical. Thus,

these two allylic hydroperoxides must arise from attack of singlet oxygen on’

the olafin.

‘.

The conclusxon of Klein and Rojahn, -that the distance between- fhe

vmyl ccrbon and the axial or qucsx -axial hydrogen is too large to form a

C){Cll(j fronsmon state, does not hold For S. The same result qu found in the

- photooxygenation of 23. Compounds containing quasi-axial hydrogens have

recently been photooxygensted to pfbduce allylic hydroperoxides (60) Cyclo- »

hexylidenecyclohexane and cyclopénfyli'd.eneC);c‘(.open_f'ohe, containing dllfliq

37 .
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hydrogen in the same conformation as the allylic hydregen in methylene-
cyclohexane and methylenecyclopentane have been photooxygenated to
produce allylic hydroperoxides (60). This result confirms-our observations.
Sharp (4) and Kopecky (5) found fhot tetrasubstituted olefins -
reccrcd much faster than disubstituted olefins. The tetrasubstituted exceyclic
double bond of 23 was found to react at least three times faster than the
tetrasubstituted exocyclic double bond of 5. This faster rate that was observed
for the phofooxygenofion of cyclopentyl exccyclic double bond over the
cy_cloljéxy{ analogue, has been confirmed by the results reported recently (60).
It was found fvhc:r photooxygerw.fion of cycIope‘hfyHdenecyclopenfune was
~ much faster thanthe photooxygenation of cyclohexylidenccyclohexane. These
results indicate that the slower the rate of photooxygenation of an volefin,‘
the more regioselective is the hydrogen abstraction. Thus, no products are
produced in the photooxygenation of methylenecyclohexane and methylenc-
cyclopentane, while the photooxidation ofé and 23 produced product

ratios of 0.11 and 0.62 respectively. The concerted mechanism had been

I originally proposed to explain the geometrlc ruquurements of the photooxy-

genation reactions; however fhese requirements seem fo decrease with mcreas—
Tng recchvnfy of the double bond. ’

The intermediacy of a perepoxnde cannot explain the stereo-
chemlshy observed in the products of these reactions. ' I it were so, the
product distribution would more closely resemble that found for the reaction
-of the corresponding B -halohydroperoxides. In fact, the product di.sfribuﬁons
are very: differenf dnd-will be dbéussed further. However, Schoap (61) has
_ repom'=d the frcppmg of ’rhe percpoxide mfermedxofe in me»photooxygenchon
of cdcmanfyhdeneadomonfone It should be noted, howeve,r, ‘thaf thisisa’
special case of the dye- sensnhzed phofooxygenohon beccuse no ollyllc hydro-

-

peroxides have been reported to be formed in this recchon

Oxygenation by triphenyl phosphitev ozonide g ‘ : .




Only one‘produc’r was observed on oxidafion of 5 by triphenyl
phosphite ozonide at =78°. This is a variation from the p'roddcf mi;fure
obtained in the singlet oxygen reaction of 5. Van de Sapde (1) has shown
that the product distribution obtained upon phofoox:dq’non of 2,3-bis-
(trideuteriomethyl)-2-butene did not vary with 1'emperatg\re .. Thus the com~
parison of the product distribution from, these two me'rho‘c(i's‘ican be made _evén |
’rh-bugh different reaction temperatures were used. It has been shown that

“singlet oxygen does not intervene in the tripheny Iphosphite ozonide oxida-
tion at low temperatures (4C). The results here also indicate that singlet
oxygen is not an intermediate in this reaction. The reaction wifh singlet = ™
. oxygen is not a diffusion con'rroll d reaction (62) so that a significant amount

of singlet oxygen, if formed on the decomposmon of the ozonide, equchonL22}

oy , ’ ' ’ ' ) .
,[22] NI e . '

o) p0, ——> o+ @l ro

would be deccﬁvd’red before it could react with: fhe'olefin This would
result in_non-quantitative reaction between equc:l equwclents of the ozonide
and 5. In Foc'r this reaction was found to be quor’hrchve Another pathway

is required for oxygenation by this procedure.

L

Conversion of halohydropercxides to allylic hydroperoxides

The'produ'ﬁ:fi'on of 15.in the reaction of 7,8, and 9 wifH base cr:d
the production of zky treaiment ;ﬁf 25 with base, shows that a migration of
the hydr’opero‘%‘— group takes place. -T.he only plausible route for this migra-
tion is that fhve' formation of 15 from 7, 8 and 9 proceeds by way of u pere-

poxide_fnfermed'ict;é _22, "equdfion [23j| . : B ‘ ,

39



40

oo~

bose

_X"' —_— _]_6_ + 15

29
This migration could not have occurred by fragmentation of the

anion 30 to give the alkene 5, singlet oxygen and halide ion followed by

reaction between 5 and singlet oxygen, equction.[24] .

R -
_ O

30 ‘_l?ﬂ_:%%;~ . IOI “9 16 + 15

- =

This route was ruled out on two grounds. First, the reaction shotld not have

been quantitative —’becouse the reaction of an élefin with singlet oxygen is not
diffusion controlled (62*). In fact, this reaction was found to be quantitative.
Second, the distribution of products should have been the same as ogfdihed
from the photooxygenation of 5. In fact, they were not..
| The migration of the hydroperoxy group in the present system could -
be formulated as proceadmo by way of a pair of rapidly mferconvemng, open

chain zwitterions, equation [25]

SN N
+o/0‘ B +O\9

<')+
Ol

Evidence that such open cham zwiterrions do not play a role in the conversion

of holohydrop@roxndes to ollyhc hydroperoxides has been reporfed (1). The



present s?sfem does not offer evidence for or against such a pathway .

Intervention of 1,2- dioxetanes as intermediates in the conversion _
© of alkenes fo allylic hydroperoxides via freofmenf of B-halohydroperoxides
with base can be dlsregorded as a general phenomenon as it has been shown
that trimethy! - and tetramethy|-1, 2-dioxetane are not converted to allylic
hydroperoxides even when treated with base. _ This appears to Iecve as a
result of this process of elimination, formation and subsequent reorganization
of the perepoxude as the pathway for miaration of the hydroperoxy group.
Under the reaction conditions used, ,29 could be converted to 15 cither by
ﬁn intramolecular reorgumzohon or by reaction with base .

Because the reactich of Lhe _P-nitrobenzoate derivative 200f 9

gave the same producf dls'rrlbuhon as the reaction of 9 with base, the inter-

mediate lecdmg to hydroperoxy group migration must be |denhcc| Also the -

observation that the three different halogen atoms had ho effect on the product
distribution, tends to rule out the possibility of a direct elimination of HX

'@s a competing pathway to the formation of 16. However, this argument is
not conclusive so that formation of allylic hydroperoxides, either from direct
elimination of HX or from the perepoxide intermediate &Lmusf be considered,
Scheme VIII.

Direct elimination of HX would forrm the product with the most
stable double bond as would the recrrongemenr of the perepoxide mfermedldfe
Slmllor argumenfs can be mcde to account for the migration of the hydroperoxy
group when 25 was treated with base to yield substantial amounts of 27. This
increase irGthe amount of mncrchon producf compared to that Found in the cyclo—
hexylsystem is an argument against a direct elimination of HX yielding some
of the non-migration prodict. The rhermodyncmico“y more stable double -
bond is found to form in increasing yields for this reaction to a point where
27 is the major product (63). Thus, the formation of 26 by a direct elimina-

tion reaction becomes at most, a minor competing pathway .

41
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SCHEME V111

OR | o &

O ~

OOH \ \]/r,u S
' X Q 1/O~O

base S \J ~X" N

X~

~

There are now reportad comzounds which bave strvefuros gad e

s
reactions analosous fo tha nerepaxida 29, Raldwin (54, 855 ros réporiad tuo
! . N k]

of these clasces of strained dizolar cpocicg. Tha firsf, .on eoisulphovide (44)
when suitably substituted , irecrrénges thermally to give an allylic sulphenic
. g :

acid, equation [Qéj

e

B



. | S+ A ?SOH}
. > - N\

~,
LS

b

 However, ‘when there are no hydrogens available for abstraction or when ﬂwe{
© temperature of the reaction is increased, these episulphoxides have been
shown to decompose via a free radical mechanism to sulphur monoxide cad

the cor“r'espondin";g olefin (64+) 66), equation [27:, . (

e

S+' _ SO + ol -
o , -
-

The second class of compounds, aziridire N-oxides {(65), also when suitably '

substituted, thermally reorrcm:ge to give allylic hydroxylamines, equation [ZSJ.

=TT

A S

This product has been shown to be produced via an intermediale other than

a 1,2-oxazetidine, shown below, an analagous compound to the 1,2-di-

-

oxetones .

o

7
—N

><

<

o

43

J

/



epoxiae. One such intermedjate is shown in equation [29] .

[29] \v/,, Mg C.HV

N+ 3
I

CH=CHCH,,

N —

This intermediate decomposes to form the olefin with the elimination of

nitrogen (67, 68)

In the reaction of N-phenethylaziridine with chloroform in the
preséncél of potassium t-butoxide, an intermediate v;\/i.‘h an analogows structure
to a perepoxide has been proposéd (69). Thé:;inteu‘médio%c may rearrange in

a similar fashion to yiéld a compound’ having the structure 31, equdfion [30].

Pd] S -
CcCl
, « 2
[:;N-CHQCHQPh S M3 o
: base Rj\
 CHoCHoPh

CHO
1
31 . 1-BuOCHCH) -N=CHyCH,Ph

This in-ermediate may also lead to {ragmentation products (6), equation [31].

[#1]

CC(Q I_-—Z—)BU

+./ .
[::N:ii — //.+.PhCH2CH2N:CCb

CH,CHyPh
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.ThUs it can be seen that the proposed intermediate 29 has analogies
in the literature and its proposed structure and reorrongemenf reaction is not
unfounded.

The half-life (f]/2 ) of the reaction ;>f 11 with base is in direct
contrast with the half- llfe of the reaction defermmed by van de Sande (])
The f]/2 for the reaction of 7 with base was expecfed to be shorfer than.
the ’r]/2 for the reaction of 11 wxfh base. This, in fact, was the observed
resuit, but the half-life of the reaction of 7 wifh’fbose was so short that

exact comparison was not possible. The shorter half-life of the reaction.of

7 with base than the reaction of 11 with base may arise from the following

reasons. A bromine in the axial position has less 1,3-diaxial repulsions than

2

"';-oe%n isopropy | group (7). Thus the conformation of the cyclohexyl ring

would be such that the bromine would be in the axial position. This would
focilitate the direct elimination reaction. Also, loss of fhe\@mme by

-}
whichever mechanism would relieve the 1,3-diaxial lnfercchon;‘ however

small they may be. These arguments could account for the shorter

1/2
observed in the reaction of 7 with base than the f]/2 for the reaction of 11.
It is now evident thaf the reaction of B-halohydroperoxides with

base'may be useful in synthetic chemistry. This reaction ccm, in'some cases,

be employed to synfhesnze allylic hydroperoxides thcr are not formed or that

‘are formed in low yxelds in the singlet oxygen reochon or the reaction in-

. corporating frlphenyl phosphlte ozonide as the oxidizing agent.

The observed formation of only one aHyl:c hydroperoxide in the
triphenyl pho=phn‘e ozomoe reachon may lead to the use of this reaction as ;-
a synthetic method. The singlet oxygen reaction had been useful for the |
synthe;:s of allyhc hydroperoxides (71, 72, 73)-and where applicable, gave

regioselective products due to the geometric requirements already outlined

(74, 75, 76). It is now evident rhdf for more reactive olefins, the singlet

"oxygen reaction is not entirely regioselective and can qud to a mixture of

producfs Thus, it may be more useful to use the mphenyl phosphlfe ozomde

T s e,

SRR b ST P . ,. -
e



reaction, rather than the singlet oxygen reaction to synthesize regiospecific

allylic hydroperoxides.

e



EXPERIMENTAL

T

Physical measurements: . .

All melhng poinfs and b0|l|ng pom’rs are uncorrected Melting
' pom’rs were taken ona Gdllenkcmp melting point apparatus. Infrared spectra
were recorded on a Perkin- Elmer 421 Grchng Specfrophofomefen Nuclear
.mognehc resonance (n. m.r. ) spectra were obtained on a Vcrlon Anclyhcol‘
Specfrometeri, Model A- 60 usmg tetra ncthylsilanc as internal rcfcrcnce
The following abbrev:dhons were used: (s) =sinc'ct; (b, = broad signal;
(d) = doublet; (m) = mulhplef (@) = quartet; J= coupling constant . Re—»d
" frachve indices (nD) were taken on a Bausch and-Lomb Abbe - 3L Refracto-
meter. Mass _pectra were recorded on ‘an AEl Model MS - 2 Spectrometer ,
" Spectra were c-c‘o“'ed“ in the following fashion: m/e: pec‘k'rhdss. ,

5 -

i PUrific,otion‘-of mofericls: s

vTefrhchydrofuran (THF)

Commercuol THF was dxshlled twice from |1th|um aluminuia hydride

‘ (LlAlH ) 1hrouoh a vngre,ux colurr‘n |mmed|clfe|y before use .

' 2—Bromo’p>'ropene:

| 2-Bromopropene was used as supplied by the Columbia C'hemic"al
: Compony Yuelcs for erg'xard reaqenfs prepared froms2- bromcpropene are

bcsed on magnesium .

N

3 Bromo 2 -3- or’ncfhyl bu’ryl hydroperoxxde i1 1l

+

_ A crude sample of this material was donated by R. Sawka and re-
crystallized three times from ',Sk\elly B. ‘

“

Nautralization of apparatus:

All pieces of oppordtus ysed to distill compounds 6, 14,17, and

o
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24 were carefully neutralized. After treatment overnight in a chromic acid
bath, the glassware was washed with distilled ch_er,vfhen immersed in | SR
concentrated ammonia for several hours. The ammonia was-washed off with .
distilled water and finally, the cppcr'ofus‘wos baked out at 130° overnight. < ;-'nﬂ ’

i/ £
e
5 ¥

)

Solvent removal:.

e

-
L
Solvent removal was carried out at a reduced pressure on or/o;ﬁi

a- «vaporator.

Yield calculationsr

Yields of compounds 16 and 1_5 were determined b)f pﬁm r.spec-
troscopy as'outlined in the results section. A weighed samplr‘r;f the internal
standard was initially added to the reaction mixtures.

The 1_6_/15 ratios and the LZZ/% ratios were defermined on the basis

of n.mi.v. spectroscopy . This procedure was also outlined in the resolts

section.

Hydroperoxides:

All preparations and reactions of hydroperoxides were carried out
behind shiclds. At no fime during this work did an éx}vlos?bn occur, but ropid\
decomposition of the iodohydroperoxide did occur at room temperature. All
peroxide containing ccmp-:cfjunds were stored in dry ice. Hydroperoxide cvon‘re'nf

was measured iodemetricclly, using the prucedure of Organic Synthesis (7).

T-(Methy lvinyd) —‘.'::"cyc lohexanol, 6

.

A Gignard recgcnf was prapaled by a known procedure (45). Ina
3 necked flask equnpped with reflux condenser, dropping funnel and mech-
anical stirrer, was addéd a mixiuvre of a few ml. of 2~bromopropene, 12.2 g.

(0.5'mole) magnesium turnings and 400 ml. THF. Once the reaction had



sfornfod, a total of 60.5 g. (.0.5 mole) 2—bromopropene'diésoived in 150 m].
THF was added dropwise. ‘ )
AFtes\Hu solution was stirfed and held ot reflux for 15 mlnufes,

49 g. (C 5 mole) cyclohexancne in 4C ml. THF was added slowly. The
mixture was refluxed for a further 15 minutes and fhén the sofution was treaf-
ed w.ith saturated ami. aium chl=ride until the solution became clear. The
ether layer Wc_s removed and the residue was extracted with ether (3 x 100 ml ).
' The combined cther and THF portions were washed with water (3 x 1C0 ml. )

dried (MgSOA) and concentraied o leave an oil whlch was distilled, giving

46.2 g’ (66%) of allylic alcohol 6, b.p. 54° (2.5 mm.), n?D 1.4824

The infrared spectrurn (neat) showed absorption at 3450 (O-H .
stretch) and 16_35 (C=C stretch). '

The n.m.r. spectrum (CC|4) showed absorption at 75.05 (s),
75.2(s), 77.95 (s) (which disappeared upon exchange with deuterium oxide),
r8.2(d, J=1cps), 78.45 (b) in the ratio 1:1:1:12, required 1:1:1:12. The
areas of the cli-phoric profons were combined. .

Analysis: Calculated for C'9H]60: C,77.14; H, ]‘] .42, Found:
C,77.13; H,11.41. '

Iscpropyl idenecyclof;excne , 5

. This reduction procedure’was adcph,d from rhe one described ! by
Birch (44 ) ‘A solution of 28 g. (0.2 mola,) 6 and 1C g. ethanol dissolved i in
.50 ml. ether was added to a solution of 1C g. (C.4 mole) sodium in 270 ml.
quui‘d ammonia. A further 10 g. ethanol was added and the solution was
. allowed to reflux for 2 hours. Just enough water was cautiously added until
" decolourization of the solution was obtained. The ammonia was allowed to
evaporate overmght

An additional 100 m!. water was ddc‘ied and the resulting mixture
was exr;ocfed with ether (3 x 100 m! .). The ether extracts were washed with

'wc_fer unf*ilneufral,dried (MgSO4) and concentrated to yield an oil which,

4



upon distillation gave 17.9 g. (72%) of the olefin 5, b.p. 51-53° (14 mm.),
ZDO] 4710. Reported (41) b.p. 46-48° (13 mm.), n 20 1.4714.
The infrared spectrum (neat) showed cbsorphon at 1440, 1230 and
‘112920 as in the reported (41) spectrum. -
The n.m.r. spectrum (CC|4) showed obso'rpfion at 77.9 (b), +8.35

(s) and 78.5 (tY, ratio«1:3.1, required 1:3.

]—(Mefhyl—]—H;/,‘droperoxyefhyl);cyclohexyl bromide, 7 :

This bromohydroperoxnde was prepared by an adaptatio. of a pro-
cedure descnbed by Mumfcrd (30). To 6Cwl. ether stirred at -40° , 17.0g.
(0.5 mole) 98% hydrogen peroxide was added in small portions. The additions

were made at such a rate that the temperature did not rise above -3C°. On

reattaining -40°, 12.4 g. (0.1 mole) 5 was added in one portion. Then 14.5 g.

(0.05 mole) 1,3- dibromo-5, 5- dlmefhylhydontom was added and the solution
was stirred for an additional 36 minutes. The coolmg bath was removed and
its contents were allowed to warm to _c_ci. 10°. When the mixture had become
hdmogeneous it was cautiously poured into 50 ml . water. The orgdnic fayer
was separated, washed with water (4 x 50 ml.), washed with 10% sodium
fhlosulphofe unfil colourless, dried (MOSO ) and concentrated "The crude
producr 29: 7 G- of an qil, contained 76% of the theoretical hydroperoxide
as deh.rmmed by mdomemc titration. The crude material was recrystallized
from Skelly B (‘3y> ;,L qu o whnfn solid, m.p. 55-56°, containing 99.7%
theorehcol hydrooeroAxde

The n.m.r. spectrum (CDCI ) showed absorption at 73.0 (b)
p v P

(which disappeared vpon exchange with deuterium oxide), 78.3 (b) and
7 8.5 (s), ratio ] 9.6:5.5, required 1:10:6. ‘
The mass spectrum gave peoks of r“./e 2]9 (P ]8), 203 (P-34) and

123 (P-114). ‘ BT L

_Dl;mefhylcyclohexyl corbino],jﬁé o

L 4

&
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.. In a 3-necked flask fitted with a mechonicdl stirrer, drygppi'n'g
funnel and reflux condenser, 'a Grignard recgehf was pr'epcred'ipj the usual.
manner from 13.5 g. (0.55 mole) cyclohexyl bromide, and 225'ml . ether. -
To this solution was added 29 g. (0.5 mole) acetone dissolved in 150 ml.
ether. o
The resulting mixture was hydrolyzed with saturated ammonium

chloride solution. The solid residue was extracted several times WIH" fresh

ether. The ether was removed and the residue dlshlled to yield 20.9 g- (31%) -

of alcohol 14, b.p. 80 84° (10 mm.), n 24

85-86° (14 mm.), n 25 1.465¢ _
The Q.m.r. spec (CDCI )shcx - mbsorphon ct 8.2 (b), 7—8 9

1 4660 -Reported (78) b.p.

(s) and 8.7 (s) (which di: ~e:red upon exc}“onge with deufenum oxude)
ratio 16:1, required 17:1  "he areas of,'rhe aliphatic protons were co{:_nbmed.'r
The infrared spectrum(neat) showed absorption at 3360 (O-H

stretch).

Determination of the structure of 7:

Reduction of Z :

This compound was reduced by a general proéedure outlined By .

Davies and Feld (47) and modxFued by Filby (46) for bromohydroperoxides. . To '

a solution of 2.62 g. (0.01 mole) fr:phenylphosphme in 50 ml. Skelly B was - ';':\

added 2.37 (0.01. .mole) 7in 10 ml. Skelly B # The reaction mixture was
stirred for an.additi~>nal hour cnd subsequonHy fllfered - The mother liquor
was shaken wi ' hydrogen peromde (30 ml ). fll’rered wcshed with
water (3 x 25 m 4 concentrated. The resndue was then elu*ed fhrough a
silica gel column: (ca. Sem. x 20 cm.) with. ether (25%). Skelly B to yleld
2g. (90%) of an oil, 1-(methyl-1- hydroxyethvl) cycloheyyl bromlde 13,

The n.m.r. spectrum (CCI ) showed obsorphon at 77. 95 (s) (whxch -

disappeared upon exchange w:th deuferlum oxide), 78.35 (b) and 78.7Q (s),

ratio 1:17, required 1:16. The areas of the sfgnqls at 78.35 and 78.70 were .
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combined.

Debromination of 13-

An adaptation of the procedure of House (49) was used to carry out
the debromination. To a solution of 2 g. (C.0C9 mole) 13 in 30 ml. benzene
was added 2.9 g. (0 01 Apole) tri- -n-buiyltin hydride (48). The solution was
allowed to stir at reflux temperature for an additiond] 12 hours. The solution
was concentrated to vield an oil which was chromatographed on a silica gel
column (ca. 5 cm. x 35 cm.) by eluting vith Skelly B/cther fo yield 1g.
@7%)14. " &

a0 . ‘
The inFrored spectrum (neat) showed absorpiicn at 3360 (O-H sfrefch).

The n.m.r. _spectrum (CDCIB) showed abscrption at 8. 2 (b) and
78.9(s).- The areas of fhese overloppmg peaks decreased on exchange with
deu_rerlum oxide. The n.m.r. specfrum was the same as the n.m.r. spectrum
of previeusly prepcr'ed’.]_ﬁ. |

-(Methylvinyl)- c‘yclo,hé‘xyl hydroperoxide, 15:

b )

Jl

Thls oxrdchon procedure was cdopied from that described by

Bartlett and Mendenhall (40). A 1CO ml. flask contdining 40 mi . methylene

chloride wo_,s,,«:ooléd ‘to -78° and this temperature was kept constant during the \

entire reaction. A stream of oxygen ccrrymg ozone was fhen continuously
bubbled fhrough the soluhon The blue ozone colour was maintained while
d 1g. (0. O] mole) frlphenyl phosphite dissclved in 10 ml . methylene chloride
was slowly cdded lerogen was then ‘bubbled through the solution unhl the
m:xfure beccme colourfess Finally, 1.2 g. (0.01 mole) 5 was added in one

_ portion. The soluhon was Gllowed to stand under a mfrogen ofmosphele for
an additional 12 hours aFfer wh:ch time it was allowed to warm to room temp-

erafure cmd then concen'rrafed to yield 15 virtually quantitatively, ‘as defer—-

. mined by n. m .r. spectroscopy . To this residue was added 50 mi . isopentane and

. the resulfmg mleure was filtered. The mother llquor was concentrated and the
resulhng residue wds chromotographed on silica gel (ca. 2cem. x 25cm.) by

eluhon w:fh Skelly B/efher at -40° . The fractions having peroxide content
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_were dissolved in iscpentane and cooled to -78°. .The mother liquor was

decanted from crystals that formed. This procedure was;repeated several times
to finally yield a white solid, m.p. 17-19% containing 99? % fvheorefical 4‘
peroxide. ,

The n.m.r. spectrum (CC|4) showed absorption at 72.6 (s) (which -
disappeared upon exchange with deuterium oxide), 75.05 (s), 78.25
(d,_{ﬁ 1 cps) and 78.5 (b), ratio 1:2:13.5, required 1:2:13. The areos of

the signals at 78.25 and 78.5 were combined.’

.Reducfio_n of E

“An adaptation &f the reduction procedure described by van de Sande
(1) was used. To a solution of 1.2g. (0.03 mole) lithium aluminum hydride
C(LiAIH,) in 80 ml. ether, in @ 250 ml. 3-necked Flask, Fitred with reflux con-
dencer, dropping funnel, ‘stirrer and ice-bath, was added 0.78 g.(C.C05 mole)
15in 10 ml. ether. After .éddi,rion was complete the ice-bath was removed
and the solution was heated f‘-c‘5'~\.:4rer’lux for 2 hours. A 10% pofcssium. hydroxide
solution was added slowly with stirring until the ether solution became clear.
The ether was decanted from the solid residue and the residue was extracted
with ether (3 x 50 ml.). The combined ether extracts were concenrrofed to
Cyield 0166 g. (94%) of allylic alcohol 6.
The infrared and n.m.r. spectra of 6 were xdenhcol to those of the
product 6, prepared via the Gignorg reocgfnf s described previously .
Ty

j’

1—Acefy|cyc|ohexene 18.

' ﬂ'\-‘.

~ This was prepored cccordmg to rhe merhod of r20)/0]5 and Hendry
(79) ... A mixture of 123.g. (1.5 moles) cyclohexene and 260.5g. (1.0 mole)
cmhydro'us stannic chloride was place ina 1-1., 3- necked flask fitted with .
dropping Funnel, thermometer and mechanical stirrer. The fiask was immersed
in an ice-bath ;Jnd 102 g. (1.0 mole) acetic anhydride was added dropwise

over 30 minutes; the temperature varied between 25-35° . Stirring was contin-

A
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ved for an additional 15 minutes. The mixture was extracted with ether
(@ x 100ml.). The combined ether portions were washed with agueous
sodium bicarbonate solution until no gas was evolved, washed with water

(100 ml.), dried (CaCl )ond concentrated. The resulhng oil was distilled

to yield 679 (54%) of the ketone, b.p. 64-67° (5 mm.), "p 22 1.4877.
Reported (79) b.p. 65-69° (Smm.), n 20 | 4881, |
N - Then.m.r. spectrum (CC'|4) showed absorption at 3.1 (b), -

77.8 (b) and 8.4 (in), ratio 1:7:4.2, required 1:7:4,

1-(Methyl-1-hydroxyethyl)~cyclchexene, 17:

Ina 10606 ml., 3- neckcd flask fitted with reflux condenser, dropping
Funnel and stirrer, a Grignard reagent was prepared - from 1.2 g (0.05 mole)
magnesium turnings, 5 g. (C.051 mole) methyl bromide and 40 ml. ether. To
this reagent was-added 6.2 g. (0.05 mole) 18 dissolved in 10 ml. ether.
After refluxmg for an oddmoncl pis) mmufes, fhe reachon rmxfufre was freat-
The »

" residue was extrocfedwxfh *e‘?her‘(?: x 25'ml.). The combmed e‘fher pcmhons

~ ed in the usual Fashlon with saturated othomum chlorldé‘ éoluho

were washed with water (25 ml.), ‘dried (MgSO ) an’d concentrofed J’The oil

was distilled, yielding 4.3 g. (62%) allylic alcohol b. p. 85+87° (]4 mm . ) .
n2 14812, B |

The infrared specfrum/near) showed ahsorption af 34C0 (O-H

J

o

stretch) and 1640 (weak C=C stretch). =~ : a

The n.m.r. spectrum (CCl,) showed absorption. at v4,3, (m)y G

)
. 4
7.5 (s) (which disappeared upon exchange with deuterT}um oxnde) 78.05

(b), T8.45 (b) and 78.75 (s), ratio 1:1:8:6, required 1:1:8:6. The areas
of the sighols at r8.45.and 78.C5 were combined.

Analysis: Calculated for C9H]60 C, 77 14; H, ” .42. Found:

C,76.28; H,11.62. The mass spectrum gave a peak at T/S: 140 (P).

1—(Mefhﬂ—]—hydroperoxyefhyl)-—cyclohexene, 16:
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This reaction was carried out by a procedure adapted from Mumford
(3). Toa solorion of 2.37 g. (0.01 rrlole) 7 in 60 ml. methanol at 0°, was
slowly added 0.44 g. (0.011 mole) sodium hydroxide dissolved in 1 ml, water
and 3 m!. methanol, dropwise with stirring. The reaction mixture was
allowed to stir at 0° for:an additional 20 minutes and then poured into a mix= .-
ture of 10 ml. water and 10 ml. mefrwylene chloride. The organic layer was
removed and the aqueous layer was extracted with methylene chloride
(3x 10ml.). The combined methylene chloride portions were woshed with
water (10 ml.), dried '(MgSO4) and concentrated to yield 1.5 g. allylic
hydroperoxides in a 94% yield, as determined by n.m.r. spectroscopy. The
oil was orecipi.‘ored h'os a solid several times at -78° from isopentane to yield
a white solid m:p. 24-256°, which contained 99.7% theoreticai peroxide.

The n.m.r spectrum (CCI ) showed absorpticn at 72.5 (s) (which
disappeared upon exchange wlfh deuterlum oxide), 74.35 (m), 8.0 (b),
7 8.4 (b) and 78.75 (s), ratio 1:1:4.2:4.2:5.4, required 1:1:4:4:6.

Reduction of ]ﬁ:

A solution of 1.2 g. (0.C3 mole) UAIH4 in 8C ml. ether was em-

ployed to'reduce 0.78 g. (0.C05 mole) 16 in 10 ml. ether by the method used .
for the reduction of E The reaction mixture was wor|<ed up in the usuox‘@‘j
fashion to yield 0.69 ¢. (90“/0) of allylic alcohol, 17.

The infrarec and n.m.r. spectra of 17 were identical to rhoee of
the producr 17 prepared from 18 as previously described.

k)
]

]—(Me‘rhyl—1-hydr‘operoxye Fyl) cyclohexyl iodide, 8:

The procedure de_,crloed for the preporohon of the bromohydro-
peroxide 7, was used to prepare a sample of 8 from 12.4 g. (0.1 mole) _5_,. 3
10.0g. (0. OS\moi ) 1,3-diiodo-5, 5-dimethylhydantcin, and 17.0g. (0.5 -

mole) 98% hydrogen peroxide, in 60 ml. ether. The yellow solid obtained,

35 g., had 67% of the theoretical hydroperoxide content. The crude material



2.

. 1—(Mefhyl—1'—p-nitrobenvzoyIperoxye‘tshyl) cyc,oheyyi chlorlqﬁ 20: el P

was recrystallized from Skell;// vielding a white solid, m.p. 43% {l.compo-
sition) containing 98% theorgtical peroxide content. This compound, 8, was

. bl
unstable at room termperature.

The n.m.r. spectrum (CC]45 showed'obsorpﬁon at 72.7 (s) (which
disappeared upon exchange with deuterium oxide), 7 8.2 (b) and 78.4 (s),
ratio 1:15.7, required 1:16. The areas of the aliphatic peoko were combined.

¥

1-(Methyl-1 -.hydroperoxye.*_hyI)—cycIohexyl chloride, 9:

The procedure desc.ibed for the preparation of the iodohydro-
peroxide, 8, was used with some modification, to prepare a sample of 8 from
1.24g. (0.01mole) 5, 0.9 g. (0.005 mole) 1,3-dichloro-5, S-dimethyl- ..
hydantoin and 9 ml ., 98% hydrogeh peroxide in 30 ml. ether. The reocfi’on
mixture was stirred for an oddifionol 1.5 hours at -30°. The oil obtained, ‘
2.1 y. was added to 10ml. of :iysopﬁnfone ondlthe resulting mixture was
filtered. The mother liquor was. coolod fo ~78° and the resulfmg crystals were
recrysfolhzed several times From !sopenrone of -78° to yleld 0.5g. (26%) of
a white solld m.p 46-46.5°, confommg 100% theoretical hydroperoxnde

The n.m.r.spectrum (CCI ) showed obsorohon at 72.5 (s) (whxch

d:soppeored Upon exchange with deufernum oxide), 7 8.1 (b), 78.3 (b) and

'78.6 (s), ratio 1.]5.], 1equ1red 1.16., The arecs of the ahphohc protons

were combined. P
$); and 123 (P-69). .
i ..:% . ’&'3?""

The mass spectrum gave peokg’of m/g: 159 (P,

:.::QJ G

Wy ' «;o’ ;:
A
The generol procedure for the preparation of p- m.:@benzoofe esters, s

of alcohols (52) was adapted for compound 20. Toasolution of 0.5 g {0.0026

mole) 9, dlssolved in.3 ml. onhydrous pyndme was added 0.5 g. (0.0026 mole)
p-nitrobenzoyl chloride. The reaction mixture was stirred for an additienal '
15‘mir‘1ufes and poured with vigorous stirring into 10 ml. water. The prec,'lpl—

tate was allowed to sefyl_e, and the supernatent liquid was decor_ﬂed. The




- residue was stirred thoroughly with aqueous 5% sodium carbonate (2 x 100 ml.),

filtered and recrystallized from Skelly B to yield 0.27 g. (30%) of a solid
m.p. 102° (decomposition) containing 98.5% theoretical peroxide.
?he n.m.r. sp.ecfrym (CDCI‘B) showed absorption at 71 .6,(A282
system centred at v1.6, J=8 cps), v8.2 (b) and 8.4 (s), ratio "1..:3.0, .
requfred, 1:4.0. The areas of the ciiphctic signals were combined and the

areas of the aromatic signals were combined.

R . . 73.
Analysis: Calculated for CléHZOOS NCt: C, 56.23; H, 5.90,

N, 4.10; Cl, 10.37. Found: C, 56.04; H, 6.00; N, 4.66; Cl, 10.59.

Reaction of Z with base:

.The reaction oFZ with base was carried éuf by a pcocedufe
similar to that used in the synthesis of 16. Several reactions of 7 with base
at 0° were carried out varying concentrations of 7, solvent system, base |
concentration and the base used. A general rﬁe’rHod for reaction of 7 with
base was as follows. To solution of 2.37 g. (0.01 mole) 7 in 6 ral. methanol

at 0° was added 0.60 g. (0.011 mole) sodium methoxide in 4 ml. methanol,

dropwise with stirring. The reaction mixture was stirred at 0° for 1.5 hours. -

The genera! work up scheme for the reaction, of Hclohydroperoxides with base’
" was cs follows. The solufi?ﬁ was poured into a mixture or 10 ml. water and
10 ml. methylene chloride. The organic layer was separated anc the aqueous
layer extracted with methylene chloride (3 x 10 ml.). The combined methylv—
ene chloride por‘;ions were washed with water (10 ml.)}, dried (MgSO4) and
concentrated. Yields of allylic hydropero:ides determined by n.m.r spec-
troscopy,, ratio'of E/J_S_ determined by n.m.r. spectroscopy ¥d reaction
conditions are given in Table l‘. ,Eéunsvl - 5 were ccrried out using crude
samples of Z.. Runs 6 - 9 were carried out using freshly recrystallized samples
of 7. The analysis of fhe‘n.r.n .. specfrd c;F the products obtained in each

experiment was given in the preceding results section.

Q
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Reactions of 8_wifh base:

" The reaction of?_with base at 0° was ;:clrried out using the method
outlined above. Results of experiments involving reaction of 8 and base af,
0° are given in Tasle 1l along with the results of the reaction carried out at
-40° in the following manner. To a solution of 0.14 g. (5 x 1074 mole) 8
in 40 mi. methanol at ~40° wos added 0.063g. (15 x 107 mole) sodium hydrox-
ide in 5m!. water and 5 ml. water. Addition was such"fhot the fc.mperofure
was kept constant at '-40° . AFfer. stirring af —40° for 4 hours, 0.03 g.

(15 x 10—4) mole acetic acid was added and the mixture was allowed tc warm
to room temperature. The mixfure was H{en worked up.in the usual fashion .
- The n.m.r. spectra of the products obtained in runs 1 -4 were
given in‘*’rﬂge preceding text. Yields of allylic hydroperoxides, 16.-and 15
were defermined by n.m.r. spectroscopy as was the ratio _1_(_5_/_12 All runs

were carried outon recrystallized samples of 8.

Reaction of _9_ with base:

The reaction of 9 with base was.carried out as previously described
at 0°. The yield of 15 and 16 was greater than 98%, gs determined by n.m.r.
spectroscopy . The 16/15 ratio was also found by n.m.r. spectroscopy . The

n.m.r. spé@frum of the pr'odud was given in the preceding results section.

Reaction of _2_(2 with base:

L

In @ 25 ml. flask 0.34 (0.001 mole) 20 wéis dissolved in 6 ml.

methanol and cooled to 0°. To this solution, keeping the temperature

. 3
at 0°, wa's"cldded 0.044 g. (0.0011 mole) sodium hydroxide. The solution

was allowed to stir overniaht at 0°. The reaction mixture was worked up in

the usual fashion. Yield of 15 and 16 was determined to be 98% by n.m.r. '

spectroscopy . The _1_6_/_1_2 ratio was also determined by n.m.r. spectroscopy .

The n.m.r. spectrum of the product has been given in the results section.
®)



Mefhylene blue-sens’tized photooxidation of 5:

A procedure adapted from van de Sande (1) was used for the
photooxidation of 5. The a-paratus used was described in detail by

‘:vcn de Sande and was usad without any modifications. A solution of 1.0g.

- (O 008 mole) 5 and 50 mg. methylene blue in 30 ml. methanol was placed

© . in c_wafer cooled photolysis cell. The pump was turned on and after equili-

o

. zation cf pre;sure! was reached, the cell was illuminated with two 200 watt

ffos’fed light bulbs, placed ogoiné.‘ the cell on either Eide. Oxygen .uptake

was slow for 3 hours when 220, ml HO% 'fheore'riccl amount of oxygen had

been consumed 'The solution was poured into 100 ml. water and ex'trdcfed '

wxfh efher (3 x 50 ml.). The ether extracts were combmed washed with

_wdter (50 ml.), woshed w;fh saturated sodium chloride solution (50 mi.),
:.drled (MgSO4) and concentroted The resulhng onl was cnclyzxed by n.m.r.
. spectroscopy for the presence of allylic hydlopgrczrxxdes 16 and 15. The

n.m.r. spectrum has been described in the results section.

.V_The above procedure was repeot%d '~v~‘/‘7'r_h the addition of 0.1 g.
2,6-di-t-butyl phenol to the original solution before irradiation .& The
produ;f was analyzed in a similar manner. The n.m.r. spectrum of the

-oduct mixture was described in the results section.

(Methyl 1- chloroefhyl) cyclohexyl iodide, 22:

L.i L .I

’ ‘To & 100 ml. , 3-necked flask wrcpped with alumingim foil, fitted

o

with a. drymo tube low temperature fhermomeier and addition funnel was
added 3.1 (3.025 mole) 5 and 50 ml. ether. The solution was cooled to
-40° an onstant throughout fhe reoction ' To this solution was slow-
“)Iy added - . (0.025 mole) iodine monochlorlde The solution was
aliowed fo stir for.a further 20 mmufes cmd then allowed to warm tp 0° o’r
whlch time the reaciion mixture was poured into 50 ml. water. The ether’
layer was separated, washed with water ( 3% 50 ml.), washed with 10%
sodium thiosulphate solution until colourless, dried (MgSO4) and cooled to

2o
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-78°. Additional crops of crystals could be obtained by repeated coolings

of the mother liquor. The yield of 22, m.p. 46.5-47.5, was 4.0 g. (56%).
The sample of 22 prepared in this way was unstable at room temperature but
icouldl be stored in dry ice for indefinite periods. )
The n.m.r. spectrum (CCI4) shqwed absorption at v8.2 (b) and
78.05 (s). The signals were overlapping and no ratio could be determined.

Analysis of 22.

(a) Elimination reaction of 22:

The elements of iodine and chlorine were eliminated from 22 to
e yield the olefin by a method adapted from Stevens and French (85).. A
solution of 2.87 g. (0.01 mole) 22 dissolved in 10.ml. acetone was Vrcpi‘dl;/
prepared and added in one portion to a solution of 1.66 g. (0.0] mole)
potassium iodide in 50 ml. acetone . The solution was allowed to stir for an
additional 10 minutes and then poured into 50 ml. water: The resulting
solution was extracted with mefhyleng_ chloride (3 x 50 ml.). The combined
extracts were washed with water ( 50 ml.), washed with 10% sodium thio-
sulphate solution untij colourless, dried (MgSO4‘), and concentrated to yield
2.54g. (8 %)é. ‘he num.r. spectrum (CCI4) of 5 was identical to that of

the product 5 prepcred via the reduction in liquid ammonia.

(b) lodometric titration of 32_

-

lodometric titration of 22 was carried out in thefollowing manner-. -

A carefully weighed sample of 22°(ca. 1.0 x 10—4 mole) was added to g iof-
“ution of 30 ml. acetone and 2 mi: saturated potcssiﬁnﬂ iodide. The mixture
was left to recct for.20 minutes at which time it was titrdted with a standard
. sodium thiosolphcfe ;olufion (0.02 AY). The end point was determined by the
+ discharging of the colour of the solution. The solution had to remain colour-
less for 10 minutes for the final end point determination . After subtraction of

-a’blank, the iodine liberated was calculated. The titration gave 93. 1% of
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the iodine released. ‘ : : A

Attempted preparation of 1—(r_nethyl—1—'chloroefhyl)idxclohovyl hydroperoxide,
21:

Method A:

Ina 160 mP? flask was added 10 ml. ether, and while keépi'ng the
temperature at -40°, 3 ml. 98% Hydfogen peroxide was added. To.this .
solution, 0. 287 g. (0. OO] mole) 21 was added keeping the femperdture fhrough-
out the recc’rlon at —40° Finally, 0.222 g. (0.001 mple) silver triflucro-

"acefcfe dlssolved in fhe minimum amount of efher was slowly added An

immediate reaction was noted by the appearance of a yellow precipitate.

The soluhon was- aHowed to stir for o further 10 minutes after which i; was

. allowed to warrm to 0°. The resulhng mixture was worked up by the following

general schéme. The reaction mixfuré was filtered through a cc ite pad and
the resulting solution was washed with water (3 x 50 ml.), ¢ ed (MgSO4)
and concentrated. The resulting oilchs crystallized at -78° from isopentane,

giving a.low mel’nng solid with n.m.r. specfrc identical to 16. The n.m.r.

- spectrum of the crude oil hes been described i in the results section.

o~

Mer}%q?dB: - | o R

: ;

' In a 100 m!l. flask 5 ml. ether was cooled to 0°-and 5 ml., 98%

hydrogen pero‘xide was cautiously added at such a rate that the temperature
did not rise above 10°." The solution was held at 0° during the course of ‘rhe
reaction.” To this solution was ddded 0:287 g. (O.QO] mole) 22 dissolved in
2ml. ether. Finally, 0.333 g. (0.0015 mole) silver trifluoroacetate, dis_J—.

“olved in the minimum amount of ether was slowly added. A yellow precipi-

tate immediately formed. ,The mixture was allowed to stir at 0° for a further
10 minutes after which it was worked up in the manner outlined in Method A.
‘The product was analyzed by n.m.r. specfroscopy which hos been described

in the resuHs sechon
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The product obtained was treated with base and the resulting
product mixture was analyzed by n.m.r. spectroscopy for allylic hydro-
peroxide. The n.m.r. spectrum of the product has been descrit. !in the

results section.
Method C:

A solution of 20 ml. e‘fhe‘r, confcinin:g 6 ml., 98% hydrogen per-

oxide and 0.287 g. (0.001 mole) 22 at -40° was prepared as in Method A.
To this solution was added slurry of 0.32 g .’ (0.0015 molesl:) mercuric oxide

‘_ in 2ml. ether, maintaining the temperature at40°. No change in tne ’
- reaction mixture was nofed. The solution was @%lowe_d to warm to 0° .over a.

-

period of 1 hour and stirred at 0° for an additional 0.5 hour, at which time
an orange precipitate was formed. This solution was (hen worked up as in
Method A . lsopentane (20 ml.) was added to the ~- - reaction mixture and

the resulting solution was filtered and concentrated to yield a clear oil. The

product mixture was analyzed by n.m T spectroscopy .
Method D:

A solu_t'i.o‘n containing 10 ml. ether, 10 ml., 98% hydrogen peroxide
~and 0.287 g. (0.CO1 mole) 32_ was prepared as outlined in Method B. To this
mix’rqré wa: added 0.32 g. (0.C015 mole) mercuric oxidg, slur:{ﬁ;d in 2ml.
ether. An orange precipiicf.c immediately formed. The solution ;ucs allowed
to stir at 0° for an additional 45 minutes and was worked up as in Method C.
The product was cgain cnol.;/zec_j by n.m.r. spectroscopy which has been,
described in the resullrs seetion. ’ -
The crude products obtained from the _rnercuri'c oxide reactions
were combined and treated with p-nitrobenzoyl chloride by the method:out-
lined for the preparation of EQ The crl‘.)de-_'\p\r-qducf was recrystallized from
Skelly B and cnélyzed alorg with the residue\éh\“binéd from the concentrated

“mother liquor by n.m.r. spécr_roscopy. The-e n.m.r. spectra have been

described in the results section.
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The residue from the mother liquor v as freciczd with base in the
usual fashion and the product mixture so obtained wes enalyzed by n.m.r.

spéctroscopy .

1.—(1‘\AerhyIvin\/l)—cyclopenronol, 24:

The method used for the preparation of 6 was lncorpoxofed to pre- ’

'poro 24 from 72.6 g. (0.60 mole) 2-bromenropene, 14.60 (0.60 mole)

magnesium turriings and 50.4 g. (0.60 mole) cyclopentanone in 600 ml. THF.

The distilled product, b.p. 72-75° (18 mrn.),'néé 3 1.4745, was obtained
in a 50% yle[d (38g.)."
V The infrared - -um (neat) showed absorption at 3360 (O-H

stretch) end 1640 (C=C siicich).
The n.m.r. spectrum (CCI4) showed absorption at v5.05 (s),

75.2(m), 7.1 (b) (which disappeared upon exchange with deuterium oxidé),

©78.2(d, J =1 cps) and +8.3 (broad singlet), ratio 0.75:1:1:12.8, required

1:1:1:11. The areas of the peak’s at 78.2 and 78.3 were comtined.
.Ancly'sI‘s Cclculcred for C HMO C 76.19; H 11.%1. Found:
C‘., 75.94; H, 10.81. The ass spectrum gave a peak of ﬂ/_: 122 (P).

Isopropylidenecyclopentane, 23:

The -pr’ocedur'e uuse;a for the preparation of 5 was used to preparé ‘
23 from 15 g. (0.65 mole). sodium, 37.8 g. (0.30 mole) 24 and 30 . (0.64
mo!e) efhonol in 400 ml. liduid ammonia. The yield after dvi‘sf.illorion"iwos
16.5g. (50%) of 23, b.p. 133-134° nZDZ 1.4574. Reported (41) b.p.
135.5 - 13757 2D“1 4585, ’
The infrared spectrum (neat) showed absorption at 2950 (C H

stretch), 1440, 1430, 1365 and 1090 as in repoﬁed (41) spectrum.

~ Then.m.r. specfrum;_é-%CIIi) showed ;bsorprion at 7.85 and
78.45 (d,J = 1 cps with overlapping m), ratio 2:5,‘,'requi’red 2:5,

*
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1-(Methyl-1- bromoe’rhyl) ~cyclopentyl hydroperoxnde 25:

.f/

The procedure described For the preporchon of 7 was used to pre- -
pare a crude sompfe oF 25 from 11.2 g (0.10 mole) 23 14 5g. (O 05 mole)
1,3- dlbromo 5;5- dlmefhylhydanfom and 17.0 g, (O '5'mole), 98% hydrogen
peroyrde in 60 ml . ether. The residual onl 26 4 g /had 73 % of the theor-

etical hydroperOXIde confenf \’[

The n.m.rspectrum (CCI ) showed absorption at 73.35 (b) (which I'

)
: 4
) R .“dlscppearaed Upon exchonge with deuterium oxide), T8.1 (b) and T8. 15 (s),

o “‘vroho 1:18, requnred ] 14 .

)
o

","'4~J“J:.;’ " ) : 7
+ . Reaction of 25 with base:

EEE
=B e =

P The bcse elrr?mcmon reaction of 25 was carried out in the usual
fq§h)ion A solu’non o\r 23 .g. (.01 mole) 25 in 6 ml. methcmol was treated
w:th 0.44 g_. (O OOH mole) sodium hydroxide in 1 ml. water ond 3ml. ’
‘rl'nefhohol at 0° for 1.5 hours. The resulting solution was worked up as pre=

v:ously described. The product mixture, 1.2 g. of on oil,.was Onolyzed by

rrf | . n.mer. spectroscopy which has been descr:be‘d in the results section .
h o .%; - Reduction of 1.2 g. of the product mixture by ] 2 g. LIAIH4 in
89 m : ether was ccmed out as described for the reduction of 16. The product
o o_btqmed» cfterrwork up with 109 potassium hydroxide solution was analyzed
e | N b);f:-'n .m.r. spectroscopy . ‘ ¢
- ’-Metvh.yllene blue—sensiliz=@e.‘00xida%ion of 23:
o . e The procedure described for the photooxidation of 5 was used to
2T o | _ oxygenate 1.0 g. 1 (C.00¢% mole) 23 in 30 ml. methanol, confomn‘ng 50 mg.

methylene blue. Oxygen uptake was rapid and after 45 minutes, 265 ml .,
115% ‘of the theoretical oxygen had been consumed. The oil, 1.1 g. after
work up was cnofhyzed by n.m.r. spectroscopy.

i
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Determination of the position of the O-OHpeal: in the n.m.r. spectra of

7. 8and 9:

The n.m.r. spectra of 7, 8and 9 were recorded as descrlbed by
Richardson (58). Samples used for n.m.r. spectroscopy were freshly crystal-
lized and free of any traces of weter. Known weights of halohydroperosides
were dissolved in DMSOv((_i ), dried over freshly baked mo.eculcn sieves, and

the num.r. spectra of these samples were recorded. The' semple comronhons

along with the positions of deuterium oxide exchangeable peals are given in
g

Table 111 A

Rate of reaction of 7 with base: oy

To a soluticn of 0.$54 g. (3.88x 10_3 mole) Z,dissolfed in 24 ml.
methanol and conled to 0°, was rapidly added with sfir,rii"ag, a §o|uf"ilon,, also
at C° of 4 ml., 1.6 N sodium hydroxide and 12 ml. methanol . p-Dimefhoxy-
benzene ‘was added as an internal siandard. At reccfionlﬁmesvbf ¢c.5, 1.5, ‘
3, 5, 10 and 17 mirgufes, a 5Sml. aliquot of the reaction mixturé was quic‘kly
quenched with a sotution of C.5 ml. acetic acid in 2 ml. water. Each sample
was then worked uo in the usual chhlon and the product mixture was cnolyzed
for the allylic hydroperoxides by n.m.r. spectroscopy . The results of this h |

D

experiment were glven in the prec;edi@g text.

Rate of reaction of 3-bromo-2, 3- dlmeﬂ*w 2~ bufyl HydrOpiéré»&de 11,

—t—

with base: ' L i

The rate of feaction of 11 with base was Gcco'mpv“shed by a method
similar fo the one described above. A solution ef C.7420 (3.766 x 10-° mole)
11in 24 ml. methano! was cooled to 0°. To fhis‘solufion was qdcéed in one
portion a mixture of 12 ml. methanol and 4 ml ., 1.6 N sodium hydroxide
cosled to 0°. p-Dimethoxybenzene was added as internal standard’ At

reaction times of 0.5, 2, 5,‘ 10 and 60 minutes, 5 ml. cliquots of the reac-

el
v
! )
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tion mixture were rapidly withdrawn and quenched in a solution ofNl ml .
acetic acid in 2 ml. water. The samples were worked upv in the usual
fashion . .The residue from each sample was analyzed for the disappearance
of 11 cnd‘ formation of allylic hydroperoxides by n.m.r. spectroscopy. The

_results are found in Table V.
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