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.l.v';-_l“,would be‘; expected c geg’tablll'zet_

'fj,:_'.ér{,ase rapldlly w1th". he dlstance :

'_bjemlne raﬁlcal was thought to c:ounto%'ag)t the::_destablllzatlon






; th__ earller J:esult of Br%tm,l_ S




had preﬂlouS'y;been reported (for examplef'see Table lf”

i}ihe'bromanat on~of the

e

B

1ng carbon has been ”fserved durlng the cﬁlorlnatlon of

1Tﬂus

se?eral alkyl bromldes.

Skell Allen and Gleour (l7)fﬁ




qubstltuent (Reactlon (1)) has

been prOposedﬂto_“'“:”

(,Q) studled the bromanatlon "f‘1—bro













Distribution.with the. Percentage

Ry ",”ovhe_x.a.xifé:,';ev'f thNBS







. verse reactiom,with hydrogen bromide.’ Anderson ‘et




2f€fdlstr1but10nsas the reactlon progressed The ratlo of

«.

*;'31 2 /l 3 dlbroﬁobutane changed from 0 28fdf :



_ d[RBBr] /dt -' k3 i

., ’ b -_— —

~ This expression has been evaluated by carrying out the | |

TN .




bromlnatlon of (+) 1_Q'

the 11qu1d phase Qﬁi'fﬁ ";

' 1le, a reactmon whlch
: j.
h;v1ty at the tertlary

'l

.arbon to yleld (+)‘3'bromo—3—methyLvaleron1tr11e.. Slnce

'T'”p partlclpatloﬂﬁleadlng'to»




H:V-L .

1n the products. The'cage'coupllng p  ducts obtalf'

; S&ch a radxcal would be an 1m1dyl redlcal 2 and _

._n

“"’hgse iadlcals Qave recelved some attentlon as. reactlon




' bromo- s 4 7 85 1 10"’2)., The other two bromocyanldes,v-~v-__v:,‘,:'-;-“

to be optlcally actlve.ﬁ As a result of'thls'lnvestlgatlon,_

Helba (33) 1n theibromlnatlon 'J leron1tr1le ;










"?yl ld (based on tert—butyl bromlde reacted) at the expense?“{

"of the rearranged p ”duct._!_f‘




":fand 2 bromobutene,iwas measured._fld§{f7

"3frema1n1vg 90% 1n the ‘bromobutene.,ng_ffvuu

'“4'6)ohas long proposed theildea of anchlmerlc‘f

??i}aSSLStance byfa‘nelghborlng bromlne'substltuent~1n;the







ideal geometric

arrangement. to assisf in" he“abstraction. of-‘the 2 ax;a




| reactiVity could bé explained by a syn hyperconjugative

electron’ lelocalization in th & syn

tate leading to it

" Recently 8]

1'and $hea (31) communicated prélimin-.










‘reaetions dccur:

' -cular bromine (RjH:

'Of 'the abstraction . -



rfore and after the teaetlon.; Experlmentally thlS WASfﬁ
;fLﬂaccompllshed by seallng an allquotfof the ln_tlal hydrocar— s

‘lffbon/Freon 112 solutlon 1n a Pyrex ampoule.' Thls solutlon

, .the same tlme. The‘relatlve)rate constants obtalned 1n




- -‘_‘_2-_;1«1e:jt::h§:15;u;-téh§f "

l—Fluoro—Z—methyl—
butaneV = O

il-chloro—z méthyl-ib
gbutane N e

l-Chloro¥2-methy :
a,butane




- discussed later..







Rl\H 132}! Br2 vary:.ng from




_ The number of experunents 1s glven 1n parenthes(is-l SRR
© Result bY x. K°S“91 T e T










- 'Chlorocyclo-







f;Wlth NBS Ln methylene chlorlde, a, solv;nt 1n wh ch NBS

j:‘has a’ low solublhtyﬁv (o 29 M (15))1
550, he va

xfor thls Solvent (21). At the end of't erreactlon o




‘Chlorocyclohiexane

.Bromocycloheéxane

A R

lHRHBr

~'1ll

2

C RlH RZH NBS '\'l l 5 5 " i Ll







;Value_.are mol ratlos rel"
: ;cyclohexane (8).and are:
‘3_§ses of each_reactlon ml"

:faAverage of?two separate.experlments.f[ 'foff R

_ ”-gPlus 6. 2% dl'romochlorocyclohexape 
TQj}ance for bromlne was" 99%. ST w-

The matérial bals



' ;f jm1ne and w1th-ﬁBS at 40° .f fﬂ5YT

r”£ The br mlnatvon of}l chlorobutane;was carrledxoutu  ¥T

:T&fuslng the same bromlnatlng condltlon joutllned prev1ously

ff'for the brom1natlon.of chlorocycl‘hexane.. The results

Lifare glvenmln Table 12 :if3(;  ﬁ?“ﬁ

e .
N et

T + CH3CH2(|3HCHZC1 + cuglcncuzcnzm + cn CHZCHzc‘*g;C}'f

~ o~

Ty



,-‘Va.lues are mol ratlos relatlve to 3-bromo. ,._-chlorobutane :
;(15) and ‘aré ‘the averages of dunllcate analyses of each
freactlon'mlxture. v i ; S

VThe materlal balance for the butanes was 96 101% 1q§all
ireactlons : IRV ‘ .

- :‘D. .

‘ 'P.'é'f'-c.eh, age conversion of n-C,H/Cl.

© . Average of ‘two Sepurate experiments. . . ni. . 300

,;Tﬁéiﬁaﬁefiéiébelapeeqfﬁt%bkeﬁiﬁefwe§f9?%iﬁbiﬁp§ y _ L




_molecular brom_

e,was very.51m11ar to that prev1ously

: reported by Thaler (8)




The relatlve klnetlcs u31ng NBS as the bromlnatlng;;v;~'
te . , .
b

Qﬁagent and elther photoéhemlcal or AIBN 1n1t1at10n L

ffacetonltrlle as: solventlare glven 1n Tables 13 15

The results 1nd1cate that.lln all cases, the ratesquj)”“

fiNBS bromlnatlon of the halogenated alki' _fielatlve to"




BI‘OHIIDQ at 40°

Conditions







”Slnce-, the_NBS bromlnati’d‘n‘only 'r.approxlmates reactlons
carried out: (23 e of . hydroqen bromlde (20),

; C ‘ ; eversal between ‘the. fxlkyl
radlcal,s and 'hydrogen bromlde 'ay explalp th" Sma
- f enhafncement found i is,'C




'ould71nvolve the abstractlon of bromlne from NBS*by the

*szcyan0propyl radlcal

,formlng an N bromekﬁtcnelmlne’,i{f ﬂkTu

—-‘;,-

wh1ch mlght then”llberate bromlne atoms by sppntaneous
‘. : R e

decomposltlon or"as a rpault of attack by anothcr rad1ca1§ ff;










: Dav1es, Robertq







“ﬂgacetonltrlle solutlon of the two substrafé$;fﬁ9iécu1&ﬁﬁir:ya

b-r°'“1“e and NBS (R H: Rzu NBS Br2~ '

'relat1Ve rates were obtalned as’for‘NBS bromlnatlons

Sy




Several examples of the competltlve reactlons whlchf;f'.

1ftshowed large dkﬁfgrencuskbetween the results obtalned

.-:from molecular bromlne (1 1'1) bromlnatlon and from NBS;Tﬁaﬁ;
,,;abromlnatlon,_were carrled out u51ng large excesses of

e:;molecular bromlne., The relatlve';ates of these sub-






[?7fby 1ncrea51ng th@ concentratlon Gf the transfer reagent

A

'Z“bromlne,

and thereby 1ncrea51ng the_rate of the reactlon”F*

».-\‘ G



R +HBr

fsolvent L
: cage {*

o ."_A__

”ff‘gen bromlde does”occur An the bromlnatlons u51ng molecu-_;~«

”?'1ar broan'N'then thxs type of process 1s also possxble'y'gf




nlngtt'on the broﬁnlnatlng cond :tlons' <




nation ‘8¢ l-ehlorobi

- ADBr:




'”Vf(a) a sterlc

wfthe 1ncom1ng halogen molecule (66 67), (b)*afdlpole dl—ag«g F




vvf; Taken from Ref.

Taken from Ref

“@iTaken from Ref.

(63)

(20).~ -
(64), uzu' gJ{{;_.
L@y



‘can be ap

p&ed to the bromlnatlon of 1 chlorobutane"'j::_‘




‘wherc :the substrates ,were stable,‘ w1th Very.hlghv concent—







{ 4451)'was preg

pared by'the_method of Crombzn,und Harper (71) from 'ﬁ-?

' 52-methy1butanol







5 5 dlmethylhydant01n,_100% pure by tltratlon, was

- purlflcatlon; ~f"‘J
L DA B || : < ..

9
\,4-

R I

of Blckﬁg

”ﬁ‘lcarbonate (4 34g,

1f7;infen”iééjbe§h romine (8‘809, 0 055 mol) was added

dropwgse w1gh co : at stlrrlng N Bromotetramethylsuc—'
¢‘c1n1m1de was collected as a colorless crystalllne qompound
11 4g (94%) and was purlfled by subllmatlon at 140 /lmm

Iodometrlc tltratlon showed 1ts purlty to be 98 100%.

N

o 0516 mol) in

xdl-Bromo 3 5 5 trlmethylhydant01n, 99 5% pure by tlt- ;?f,.




e QR e S
'-,dued llght the reactants, solvents and an 1nternal

g_fby three cycles of freeze thaw at ‘ca.
g',gasslng the ampoules"werc sea}igd under Vaébum, al'owed

'7to thaw and then equ1llbrate at the de51red temperature.

jThe ampoules’were ir _fed w1th 1ncandescent tungsten

{lamps placed at a'dlstance of three to fOUL 1nches from

fffthe ampoules for an apprcprlate reactlon tlme. Ampoules

1jﬁwere kept 1n the dark by wrapplng 1n al}i 'um f011

For.glbc.analyses, tnollnstruments ne' ﬁﬁséd;tklf~;
41Carlo ErbaﬂFractovap Model GV and (2) Varlan Aerograph
ifModel 1520 The columns used are spec1f1ed 1n the 1n—:ffh
:lev&dual experlments \ All compounds studled were stable‘

-f;on the columns used




standard, ‘into mol

73_10 00)

'}f are relatlve to tetramethy1s1lane (TMS
Thc spectra were obtalned on erther a Varlan Assoc1ates :

A 60, A- ss/soA or HA- 100 hlgh resoT“

tlon nmr" spectro—; ‘.

photometer.; The mass spectra were obtmf

.i_wwv

MetrOpolltan Vlckers MSZ or on an A E. I ﬁél?gﬁass_

spectrometer. ;f'€,vf'““””“”




"fresuldlng solutlons (l ml) were degassed by the freeze~*ﬂ,dii_d:

f'&thaw method and sealed under vacuum She reactlon tubes

\




1;{1& -Competltlve Bromlnatlon with SuCC1n1m1des and Hydan-fﬂf“h

5f t01ns 1n Aceton1tr11e;as Solvent fi*

Allﬁreactlons were Sﬁrrled out 1n honogeneous aceto—;ﬁ

':;inltrlle solutlons;, Reactron mlxtures, con51st1ng of a -”if,

"-1 l 8 mol ratlo of R H: R"abromlnatlng agent and an 1nt— liyt“”

f‘l ernal standard were eg's‘ed and sealed under vacuum 1n.;5g”””

'Qflerex ampoules;’fThermal reactlons contalned a catalytlc tf,f“}

}amount of AIBN (1 mol % based on the bromvnatlng agent)

;_»fanﬂ were carr1ed out at 40 0 + 0 5°'1n thP dark for anv>. ‘

}_;apsropr att perlod of tlme ( 800 hours).f Photolytlc

a‘ ..,l~

"lfexper;ments wtre conducted at 40 0 + 0 1°. by 1rrad1at10nl3ff4’ﬁ
Ty §

Qif*wlth elther one 60 w or two 40 w 1ncandescent lamps for

A ,.‘
.’_ N

’ﬁ;a tlme suff1c1ent to ensure at least lO reactlon for

Sl

“tjeach conponent.-  f5ﬁ$L7_.f‘l_:;"fe;Eﬁ,-»at }ltfiirl\rfa’

CUUA typlcal reattlon mlxture uasvprenared 1n the:t;;i‘

.'followlng manner.%(Inltlally solutlons of VBS (3 793g,4¢'.fﬁue¥;
T:2.131 x lOL? mol) 1n acetonltllle (SO ml), and cyclo- : ’

-i,hexane (0 06349,{ 7 SR 3?10 4 mol) and chlorocyclohex—‘*
) 5 .

-

:-aneu(O;l007.g,,.8 49 x 10 ? mol) 1n Freon 112 (2 ml)
TLwere prepared Allquots of the acetonltrlle solutlon

NBS l 26 x*l_g'"'llr‘and the Freon 112 soluﬂlon L









hydrogen bromid

le presénce of ‘a 100-£o1d Mol ‘exces




was_détermined |

A S ronq ,'b:_S'Or.-g-vtion; ‘af 2"2-_4;0.“ =






















?rln Table 12. ”‘ E

a;_go 1 4802 (th (8) nzo

‘.;"'.(3}{, multiplet l e and 2 H)



















AT B





















Iod 1‘n':é' - Monochlorlde ‘ g

.dnd nmt’ Data

E '3"‘-:1_.'5'4:“:_..ff i

B

‘ a Goer i T T R B e T
‘i~ Singlets for tert-butyl protons in t, - .







_‘ken w1th water, wurple -

when the 3,- so [ &on 'was

‘ 11émed1ately apparent 1n °the carbon






{(m)r‘ R
265 308 (S), 350—360 (w'

u;:;ert—c4ngoc1f5ﬁﬂ

i v/ f6-358 (),

468, (m) , 600 <s>,692/ W)

S A "‘f"‘~~--;fa,;u
“.%fﬁfﬁfgatert C4H90Clﬁf; m
o t1ngﬁ;c;ﬁééclf?’kaif7,283 (w).-o347ﬁ(w). 382 (m),,,:,.--

)

'>.'_if;~.tert-C4HgOK + ;2 L '.346 (w) v 3 Z(m)u459(m). 9\-(

S

603 (S)

’i.f:,”-‘IodOben b .y 4 ‘T -f‘f’) ;?Fy;. Cf  ﬂu E  f "
Gl T chhlorl‘(e *250(8) v 7278 -_,(S) " 454 (m)/ .

DI ;," T ~.._»~‘.u”
g : T

weak W medlum, s = strong, sh Nder.




lﬂVOthert‘bUtyl alcohol and 1od1ne monochlorlde (1A75”

.??maxlmum 1n the V151ble spectrum to 455 ‘

‘ﬁ[observed

s Ll at 602 + 2 cm l can be

SterChlng dee‘, The absence of. the ;fff_'fs

-:vcharacterlstlc O Cl stretchlng mode 1n tert butyl hYpo—jf;”'

:efchlorlte at 692 cm (93) except ﬁnder cond1t10n§

o \b ;
.fwhere excess hypochlorlte was present“ (tert—C4H90C171
4 9

,Q74 1 tert C H OCl ICl 2 1) should be p01nted out.ifv.‘
'hff- The other three absorptlons Jh the 340-500 cm l

'.sf',




?Qﬁrepreseht a s¢t'at10n of c0mp1ete reactlon 1n that un

"]reacted 1odlne,_.od1ne monochlorlde and tert—butyl hypo'“l'“‘

o chlorlte were absent o

“almost absent.m Thls observatlo

together w1th the more e
SRR
‘w;solutlon, enable a number of p0551b1e

xten51ve.data obtalned for thls

””.proposed Thleollow1ng'1nformhtion must be accounted

;for._(a) the 3 1 mol ratlo of the reactants’ (b) thei}gf"
f~niupresence of 1o”LDe (III‘;spec1es, (c) the presence of
xhﬁboth O—I agd I Cl stretchlng modes 1n the 1r speqsrum'.u;

"éyband (d) the molecular welght obtalned in a benzene solu*-j‘

[%;iﬁtlon.. In the llght of thlS 1nformat10n, the follow1ng o

'75,3p0551b1é structures ‘can: be proposed, although no unlque i
'tﬂfstructure w111 explalnyall of the data.ﬁf}“‘.

R

“'”577;1";= . N
‘\ /’ \\ /’ e AT

R I (tert—C H 0) I
/ \ / \ RIS Cp

o 4797 57?35g7*yf;
,c1 Da- e ]

(Molecular welght,v4§6 5) f‘(Moleéglarnéeight,a346,3)h3-i'



”“lwdCo rected
Molecular

Lert=C, Ha0C1 + 1

529527c4&99¢%,ff?z¢g<r~- -

_;3hntert C4H90Cl + szfjfjjﬂﬁif

’Average of\two”'ndependent expe*fments.g
Corrected fo; unreacted molecular 1odlne (35

Corrected assumlng the absorptlon at 405 mu was due-aﬁ"” -

ﬁb 1odlne monochlorlde (56% based on 1n1t1al lodlne)

i

.g Corrected for unreacted tert butyl hypochlorlte (13 3%) e



/ \ / \
Htert-C4H90 -

4 (Molecular weight, §79.5). i

fﬁ}flat dlmera%ﬁcl (109 110), the stucture of Wthh has

:fgfbeen establlshed by x- ray studles (109) In'solutlon,’”7“

'9f*1t dlssoc1ates 1nto 1od1ne monoch]orlde and chl rlne

'. L KR

“d:d(llo lll) w1th the expected absorptlon maxlma at 460 mu

hifand 332 mu in the v151ble uv.. spectxlm (CCl ) (111) ﬂhe

\ .

def4 l solutlon d1d not absorb 1n the reglon of 450 mu, and :
'“V»t_eN3 l solutlon had only al traee of absorptlon 1n the ﬂ:d“”

_same reg&on.“ FOl thls reason, both 1od1ne trlchlorlde



Lhypochlorlte W1th 1 mol of lodlne. ;{*',

‘-L'

' Pth” products’from the reactlon of 3 mol Df tert-butylu s ;f

The follow1ng sequence of reactlons gan be pro-f'“'"“h

f_posed as a p0551ble explanatlon of the reactlons 1n—'mtmff~*”

,Q;volved (Scheme 5)
£ < -




f_;Indeed 1od1ne monochlorlde was:found to re-

f?wact?rapldly w1th tert—butyl hypochlorlte (l l) tg\glveif

fffﬂa solutlon Wthh had very 51m11ar propertles 1n.the nmr,eg}-

n

k?flr and'v1s1b1e spectra to the solutlon formed from the

:P,freactlon w1th 1od1ne at 3 l., The maln dlfference was

'7_jt10n from the reactlonﬁﬁ

_ftfln the 1r spectrum wher( the abSOrptlon a551gned to I Cl;'fiff

f*"stgetchlng v1brat10ns was sllghtly broader 1n the solu—fﬂuf

1th 1odxne (3 1) extendlng to




~"",react10ns is. "as' - follows- SRR




%:tlon"

‘ tr1chior1de

"-:35c1 c1 525 o (113)) whlch was. not: ,apparent in:

ffthe othe~ solutlons ';fgﬁff”ff ﬁff¥fﬁfF¢ ”*?f' . _.\
el The green—yellow color ofvthe solutlon supports thl
L 0-

" T.}conclws1on.;The fact that  hére 1s no absorptlon max1mum

»;5;”j1n the reglon of 330 mp 1s not surprlslng as all the : §}1§§}]"

:'5;solut10ns 1nvestlgated

absorb Strongly 1n the:h ;ﬂ.fw

.




're con51stent w1th the mechanlsm‘sug

Eﬁ”Juof the olefln. For example,.27

analegous to the reactlon"

5 .‘t??t—CA'H'QQI:_f\

' Another p0551b1e route to the dlchlorlde 1s v1a N

f{ an 1on1¢ "dark" reactlon wlth th.dfnltxally formed

-- }§£§2§ l—chloro-z-1odocyclohexane.g}mhls?gompqundﬁ;egcts




E ‘remaining: v,

4




”sent 1n the.z 1 solutlon _ As suggested earller, the dl‘ e

rfg chlorlde could pOSSlbly be formed by‘a'subsequent 1on1c

readtlomgbutthe reactlng spe01es cannot bespresent 1n -

_fThe'much greater amount of dlchlorlde formed in the}

solutlon 1s con51stent WIth the formatlon of molechJ_uﬁ

{fflar chlor“ne 1n thls solutlon.h_jﬂ

'efQReactlons wlth Cyclohexane and Iodocyclohexane:\yjd.=1ﬁy

lﬁﬂf' 'tert Butyl hyp010d1te“ formed by the reactlon of

'H:‘the hypochlorlte w1th metal 1od1des has 1n some 11m1t€a

fdcases led to preparatlvely useﬂhl ylelds of alkyl 1od—f
~;v1des on 1rrad1atlon w1th hydrocarbons (Table 17) (85)'f11'1‘

.’sIn order to determlne the potent1al of the reagentiformed

'vffby the reactlon w1th 1od1ne, the reactlon w1th cyclo_””“

'hexane was chosen for study The reactlons were carr;ed

CoAk _ .



*“ceeded v1a a radltal mechanlsm.dﬁff.gfhiwf?ff;g;:;’;P'f*fd_i

'esults"w1th 1od3ne trlchlorlde were very

'd;?51r lar to the publashed results of Huyser and coworkers

(114) ' They proposed a radlcal chaln mechanlsm 1nvolv1ng

abstractlon by both ICl2 and the chlorlne atom (114)

47**“12'.“**; el “_"““»Csﬂll + ICl + HCl
| ;1 Icl ‘—__ ~>-c H11Cl + ICl

6 ll"

CGHIZ l




1.9

HHo H o-mcwuu

.wauoamourm:wuu

H u

.m_,_Hooo Y

uu

mw.

.

cﬂvoH

! o
‘...J

3

.duﬁvoﬁoaxm ﬂ»u:mtuHmH

Il.llnlﬂ.‘l.n

N S _p_w‘;w_np,‘me;unn._ammw TTEVL




'foto react w1th bromlne in- the dark to glve the correspdnd~l

TgTo vxpialnﬂthe d1hal1de.products,:they“pr0posed an ac1d.fﬁfi

-fm';catalysed dehgg;ohalogenatlon fdﬂlowed b¥~§dd1 1on to th

that 1od1ne monOchlorl ' reacted dfffg‘

“gjan 1on1c reactlon. For example,7”' )

. “fed.w1th 1od1ne monochlorlde by a reac_lon whlcn_even ln

'.fdllute solutlons at 25i¢yas too rapld for klnetlcdstudy JIEH

.a;w1th a. spectrophotémeter and Jed to tc*t~buty1 chlorlde

dochlorlde._;:ﬂ“m?

'1fand thexv.

Russell and Brown (117) have 1nVestlgated a. 31mllar,:ﬁ

"15reactlon between bromlne and tertlary bromldes. tert*

"ﬂ3dButy1 o;omld‘

__nd 2 bromo—z 3 dlmethylbutane werehfound

’!ﬁ;;lng dkbromldes-v In a’ klnetlc study'w1th tert butyl bro—"”

'mlde the reactlon was fomnd to exhlbit thlrd-order

‘dlklnetlcs (second order 1n bromlne) and the followlng

*~dmechanlsm was proposed




2y

Fthe,lnltlaljradlcal reactlon'reqcted further by*an'lon—Jﬁi

1 hyp01od1te‘, lodlnewj

:Q~hexane proceed 1n1t1ally v1a a radlcal reactlon to the

”f,monohalldesfand subsequently by an 1on1c mechanlsm to the

\.

"}%btalldes.e Thls dual mechanlsm 1s 81m11ar to Russell and

foBrdwn s proposal (117) for the bromlnatlon of 1sobutane:ff3e‘

”ﬂfand 2, 3 dlmethyl butane.ff'




<

P uo..m.s..ooﬁozu;mcﬂvoH w.uﬂﬁ.oﬁ.oawm Tﬂu:m uumu: uo, coﬂuumwm.m_.,....xmwmd.‘.




V* fi§E£$;q4H9bv

U ISH e e tert-COHOH - 4+ ICL
e T T e AT T T

gt e %Hu eluet

T

e

The subsequenu 1onlc reactlon cculd 1nvolve elther

'treactlon of 1od1ne monochlorlde w1th 1odocyclohexane or .
’;;alternatlvely addltlon of'"tert butyl hypblodlte“ to the Qf’
Jflodocyclohexane followed by decomposxtlon to chlorocyclo-jj

':-.v

f“hexane and the dlhalldes. Thls last reactlon is s1m11ar ,;f

Ip to the reactlon of methyl 1od1de w1th chlorlne (118): ‘Mw
DR R S TN

P2 T



;h;the total act1ve=halogen, determlned by t‘{ratlon W1th

”ht:51lver 1od1de was determlned to be 320 by the depression

':eiﬁﬁof the free21ng p01nt of benzene.« Hydroly lS of the thf

‘solutlon led to a ratlo of the 1od1ne released 1n the

A;ﬂfhydroly31s reactlon to the 1od1ne formed by the ox1dat10n

s fﬁof 1od1def“ons of l 4 Evaporatlon of the aqueous phase

Tl A



' R "'-.""-.‘:.~_-jdlfflculty.i

ed to'iodic acid.

S e T

+.- tert c4n90c1 -—-———>(tert C4H 0) 1 + 1c1




.731tons always’appeared as.a 31nglet in- the nmr somewhat

Tjefupfleld from the 9051t10n‘1n tertrbutyl hypochlorltev

51tse1f e There was however a weak absorptlon 1n thé 1r )
-I\D C a..'

h-f;fat 282 + 2 cm 1 of varlable 1nten31ty whlch could be

i 0.,,

' {asslgned to an I Cl stretching“vlbratlon.a It ‘is note-f' ;

;quorthy that thls absorptton was absent 1n the spectrum 6f_a.f]”
| o e RO

.ujthe'"tert-butyl hypauod "ef derlved from the reactlon o£ Ay



ATnbs ueBotey watyos Tou/fou .

L™

-

£5T0°0 -

| e

L o00v0”
: S ITOY .m,.,,,.u.u‘mc,m,_u%..

s000%0 7 tst0°0  17a07

’»

0 - zo00to *o9teoto - 1olTHld
. B00t0¥Teesto o Hofw'o-iEEy

Y

. oo e e X

0-3¥53 . 3snpoag -

3 uOTIeIEdDTd 303 POyIBW

FFE

-

D







‘Bromocyclohexane, tranS'l 2 dlchlorocyélohexan

d'ff"reactlon of 1od1ne and a: sllg t'excess of cuprous chlor- &
 ?&'£f;'1de w1th a: large excess of cyclohexene 1n anhydrous
'ffgfigether - The product was obtalned as a slightly p1nk

B 11qu1d in 803 Y1eld bp 56° /o 8. fam (th-n(114’ 117°/14

"ﬁmm).; The nmr spectral data were 1dent1cal to .he data f{dgdf_dﬁ

'7f7for_trans-1 chloro-z—lodocyclohe*ane P“bllshed by

tremuzlc and Reeves (120>~_=f1f75?ﬁ15g“ﬁi:}qf”jjfﬂxff:Ylﬁ‘fffif"?

tert Butyl hypochlorlte was prepared by the_method



"7:f7111ustrates the general procedure. o

."i,"_'was welghed J.nto a: 10 ml volun&rlc} "la

'fﬁReactlon,_.f’”'"“ 3

JUTE S

':f?Preparatlon of the Reagent‘

A’,f;Solutlons of tert butyl hypochlorlte and 1od1ne of
?'varylng comp051t1on 1n carbon tetrachlgrlde as solvent

rwere prepared 1n a dry box., The follow1ng experlment

tert Butyl hypochlorlte (2 223 g, 2 04P x.10 mol) 5

the flask

.ﬁwas made up to the mark w1th carbon tetrachlorlde. All_ﬂ:_

rquots of thls solutlon were added by means of a pipet to




4I;~]was dependent On the CQmpOSltlon (Table;19) i;The 51ng—§fﬂi

’7leets for the tert butyl protons were found at T 8 53 +
. /:)

Ti};9r°3 and were almost 1ndependent of the comp051t10n e

(Table 19 ).

: +
[

The 1r spectra of the solutlons (240~720 cm

tdfﬁodel ll spectrophotometer..

Water vapor ‘s used for T

7“f4ydroly51s of the S,lut1ons

‘ ) i EE »‘ '_ LT ; _.'_"‘v" ., 6( .1 «;;:;..‘ oo

A solutlon df 3 tert C H, OCl I was pregared 1n~at)ﬂfaﬂ“;
‘ L____( 4. 9 2 o £
710 ml volumetrlc flask 1n the usual manner.; An allquot f”' A‘

.,(5 ml) of thls solutlon was added to dlstllled water

‘_(20 ml) 1n a separatory funnel., On shaklng the yellow

._';:carbon tetrachlorlde layer lmmedlately turnCu purple.“y'”

T

f":Thls iayer was transferred to a 25 ml volumetrlc flask g:;jf;_

J}and the aqueods layer extracted tW1ce mole w1th carbon faxﬁfff




In another experlmé”t, the water was removed by

i ?vacuum dlstlllatlon and,after drylngithé\gplld formed

lﬂé

_7.7Ethe welght (80 of bheoretlcal‘for 1od1c ac1d) and equlv—l:
LEe i RIS
E¢jta1ent welght by lodometrlc tltratlon (58 6 + O 5- theo”ﬁtf?;

BN

t”f,etlcal for HIO 58 6) were determlned Thetlr epcctrum

XKBr dlSC) was found’to be 1dentlca1 to the spcctrgy

aiobtalned from authentl 'lodlc ac1d.m: r;"m

‘K Hydroly51s the 2: 1 solutlon led to a ratlo of

ﬁethe 1od1ne formed 1n the hydroly51s*&eact1bn to the B

f;lodlne formed by the ox1datlon of 1od1de 1on of l S 4

'Lsent were determlned from the free21ng p01nt depre531on



ﬁ:ﬁThe rellablllty of “the

r-u\

rOCedurg:;was estdbllsheﬂ_dd
;af;determlnlng the moleculargweight of tert-butyl hypo P
-:%{chlorlte (105 4.¥theoret1ca1 108 6) and bromOCyclohex-i“.‘ :
‘ ,,theerthal 163 l) under‘the sabe 90nd1t10ns;??”

'.'

:f}tane (155

“'\V
_”_A=known amount of Freon 112 1n be¥>ene was added

RO

r_;and the actlve halogen destroyed by the'dddltlon of




]=organ1c?layer was separated drled over anhydrous sodlum

:ﬂsulfate and the prodqctsanalysed by glpc on both a lO%

H-DEGS’on ChromOSOrb P AW 6 ft,;x 0 25 lny.glass Column and 0

“

?ﬁa 10% SE30 on Chromosorb W—AW.lZ’ft. x 0 25 1n. glass 1f:

colunn., The products were 1dent1f1ed by thelr retentlah

;7t1mes belng 1dent1ea1 eo.those of authentlc compounds(ﬁ?fl

4

ffboth the columnc use "The dabh obtalned are glven 1n

"_..Table 22.



Zfﬂseallng under

i Za Pyrek water bath at 40 O +

.\fbed,; The ;odlne present ﬁh#ﬁﬁéﬁérﬁinedﬂny'titrafibﬁfﬁitﬁéf'“
o standard sodlum tthsulfate ‘ffgﬁfﬁi.{d' ;:”y o 3
R ’””'”ni:ﬁ"fybff»"j“- o
1, +. 2 szo —H 2 s 4 _6__ e

: To determlne the concentratlon of any hydrogen hallde

SN

;;present pota551um 10d1de (2 0 g) and ehcess potaSSlum

<

'1odate (0 30 g) were added and the 1od1ne released tltra-;'

.:hvted w1th the thlosulfate (123)
SRR o <-~;;Lg. ‘

et + 51T 10,




”tetrachlorlde_’frgfih“m”“ The"

iorganic 1ayer was separated and drled over‘:nhydrous sod~

ﬁfiytlmes on the DEGS column w1th authentlc compbunds.--These

.Uwﬁas51gnmentsvuuxaconflrmed by collectlng the products by

f?preparatlve glpc and comparlng thelr 1r spectra w1th,¢ho§e

té{;from authentlc Samples°,;fﬁavi »

. The data obtalned from the reactlons w1th cyclohexanewifﬁf

‘frare glven in Table 23-;:;l

-

Re'acftioni:w.it‘hﬁ"‘ibddé';ic1'6he}ia‘ne—;_: ‘;-,j S ‘

497 2

Allquots of the tert—C H OCl I solutlons and lodo—sﬁﬁlhff

cyclohexane in carbon tetrachlorlde werc added byameans ffflﬁ{j

:*gof a plpet to the Pyrex ampoules at —78°'”:The comp051t10ni‘ﬁll

Afufwas such that the mol ratlo of 1odocyclohexane to 1n1t1a1
‘v_itert butyl hypochlorlte was approy1mate1y 2 1 ?iTﬁéltvsﬁf*
hi;ampoules were evacuated and sealed under vacuum. After
hathaw1ng they wereHJrapped 1n alumlnum f01l and placed 1n
;y/.fa water bath at 40 0 + 0 2° for 5 hours. _jjfkfu;”?‘ '

| g After reactlon all ampoules contalned pur»le solu—ﬂ"a

‘tlons w1th crystals of 1od1ne in’ suspen31on.h The 1od1ne;d'

’Niwas determlned by titratlon thh sodlum thlosulfatesufﬁd?;ﬁ

;addltronal lodlne wasillberated on’ the addltlon of pot—7“~hh

'fa551um 1odate.h An allquot of a solut;on of brOmocyclo-7h'
: : ST L . . oy

:q



N

g

PR

‘ under vacuum and equlllbratlon in a‘wa

1.

ue“the ampoules were 1rrad1ated W1th a 140

2
S

f,Vilﬁ 674'x 10 3 mol) 1n cyclohexane-i?S_mIX'waS Prepared
fffiA11QUots (3 ml) of thls solu ﬁon were added by‘meanslz

1i?of a pzpet to Pyrex ampoules.; After dega551ng, seallng

_r bath at 10 0°*”'

lzafor 5 hours.: Other ampoules were wrapped 1n alumlnum

c

!

1lf011 and placed 1n the water bath at the same tempera—n*"f”

fdture for the same tlhe.ﬂmuu"*t'*

‘,Hanov1a uv. lampr3:



45?lhexane (1 366 g,:6 503 X 10 3 mol) 1n carbon te&rachlorn

?f; }f01l and placed 1n a water bath at 10° for 5 hours. The o

The product ylelds'Wereldetermlnedf elatdue;tthromoéyoio; ﬁ

mol) 1n carbon tetrachlorlde (5 ml) and ;Qdocycloﬁ&'j

Elde (5 ml) were prepared Allquots (2 ml) of“each sol-«;)

'ilodlne and hydnpgen halldes formed were determlned in y?}{hh
'f:the usual manner (122) and the products determlned rela~:33“

L -.\‘

ft1Ve to bromocyclohexane by glpc ‘on. a 10% DEGS'on Chrom-gyéf

osorb P—AW 6 ft.;x 0 25 in. glass column. The data. ;

.7'0btalned'axe,g1¥' “':.Table 24//

P

Reaetidhs~wit “pdlne Trlchlorlde s \;f-
SR Can #)w' e et R D ,
"W}Reactlon w1tthyclohexane : 'pjg _jf# ffy:ﬁ'f _m:yh‘“ s

AU
;

Iodlne trlchlorlde (0 450,g, 1 93 x 10 =3 mol) wasf_7f

.h:welghed 1nto a Pyrex ampoule and cyclohexane (10 ml) wasi
: R ST . . :

hd:added After dega551ng}&sea11ng under vacgum and

l




f After thaw1ng[ they were

Hfand placed 1n a bath at 0° :hfdjfd“

.Qhours.. The 1od1ne 'nd hydrogen halldes were fje};ff




‘?r;spectroscopy to be 8 86 X% 10 mol (14.6%) [A ma

'sﬁanother allquot (1 ml) was determlned by v151ble

'508 mu—_

s“a”gassumlng the extlnctlon c0eff101ent 1s the same: .as’ for

rglodlne 1n carbon tetrachlorlde (A max.v516 mu, 5903)]
o In one experlment, the welght af the silver

?“ghawlde‘recovered was 107% of the theoretlcal for 511ver iff

‘¥7ﬂ}”chlor1de.. The comp051t10n of the recovered halldes was

.f_'determlned by the method of Bekk (124)

f%The 511ver

;7¢ha11de (0 3 g),, potass1um dlchromate (2 g) and sulfurlc:g"

" g;faCLd (30 ml), 1n -an - Erlenmeyer flask 'were heated on a  af?

» "';-'\-v‘a"‘ o




SOlUthhrwas dlluted to 300 ml w1th water_and a sllght 3;1&11

1ne. After coollng to room temperature, the ac1d

11Towardsnthe end of the reactlon,_alr was bubbled

through;the solutlon to remOVe the last traces of chlor—'

exCess of sodlum’blsulflte solutxon was added..

3}1503 Bl Io3 e 5 S 3HSOy

L R S v ) s
- The 511ver 1od1de formed was collecteA

by flltratlon thr0ugh:

. a welghed SlnthLd glaes funnel was. ed W1th uater-yandff

dr1ed ln an - oven at 120°.“ ExcesS 9033551um lOdlde *fgjdw

'

| solutlon was added‘tb the flltrate P
o a.._j.

;ﬂi dide formed collected and drled 1n the

5

1od1de (8%) and that present as 51lverf

{‘ ’

to be calculated Control experlments

h The welght of the 511ver 1od1dc 1n the

enabled the amount of 511ver 1n1t1allyf

hp the 511ver 10—"’”

sarne mariner.

two~funneis ‘

S R

present as Sllver

-.fchlorlde (92%)

P

€w1th 511ver ff*”f“




L .‘ g
'1;:jWas lOdlC ac1d '

The 1r spectrum for the reglon 250 700 cm l}ﬁasfu:fﬁf
'“7ngdeé%rm1ned u51ng ce51um bromlde cel’s.. A strong absorp-;

}tlon due to the O—I stretchlng V1bratgon at 603 cm ;ff'

'The weak absorptlon at 283 cm;-;was a551gned .

The hyp01od1te was also prepared by rgactlng tert—

'[butyl hypochlor1de~(9 947 x 10 3 mol) w1th mercurlc ,

-_n.

j“f\f::
glodlde (5 306 x 10 3 mol) Thls solutlon was found to.” \\

fcontaln 17% molecular 1od1ne by v1smble spectroscopy.__p-if\

»The 1r spectrumgL s almost 1dent1ca1 wrth the Spectrum

,.~\"

fdescrlbed above._ The tert butyl protons appeared as a |

: 51nglet 1n the nmr at 198 85.p ;f

. Phot01n1t1ated Reactlon w1th Cyclohexane"

"tert"B“tYl hYPOlodlte (1 208 x 10 =3 .m.blf)';‘.i'hi_

.\ Z i
A v



”fwﬂcomparlng thelr retent;on tlm s to those/of authentlc

‘fﬂvﬂcompounds on both columns The ylelds are summarlzed ;;{jiu
' '5:1n Table 25 _wfff‘~:}/f;tJTS}idffl_Jg.ﬁdlfﬂ;:j;"

'sf{VII Reactlon of Pota551um tert-Butox1de W1th Iodlne'f T

. ,1- - ‘Vg

.ff'Preparatlon of Pota551um tert Butox1de

Pota551um (3 60 g, 9 21 x 10 2 mol) was added to

.‘.'

T a 3 necked flask cOntalnlng dry tertrbutyl alcohol (80

(freshly dlstllled frqm‘sodlum metal) A slow

1

rg;stream of dry nltrogen was allowed to pass 1nto the
“ff}flask :The alcohol was heated under reflux unﬁal all v?
*the pota551um had dlssolved (15 hours) and the excess

tert butyl alcohol was removed by vacuum dxst1lLat10n (&mn)

- N



‘}' :

2 12@ xAle~3 mq})fwas welghed 1nto a small flask (10 ml)

Mo
EESC I

;f].addeduand the resultlng suspen31on was shaken 1n a dry L

”h':;(room temperature) The potassmum 1od—'”ﬁr'

ftlde firmed;and any unreacted potass1um tert—butoxlde

e were removed by flltratlon through a 51ntered glass

_,fhnnel
The 1od11mzequ1valent and the concentratlon of the

“”,unreacted molecu ar 10d1ne (35%) were determlned 1n the v

"?manner descrlbed prev1ously for the metal 1od1des.j_The
H;Jlr absorptlonfbands (240 720 cm ) were at 346 382; 459 ..

v_;and 603 cm” 1 f.

; Lo
N : ‘ : . '
. . I

fftfPhot01n1t1ated Reactlons w1th Cycloheyaneifh{,”

.”Tﬁ.r tert butyl hyp01od1te"’prepared 1n thlS manner"
‘ v by ] :
1 ,‘was reacted w1th cydiohexane,under 1rrad1at10n using
”';lprocedures 1dentycal to those descrlbed@brev1stly.““'"'

s
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