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R ABSTRACT

The photobromlnatlon of the optlcally actlve
‘(+)ﬂl cyano-?—methylbutane, (+)—2—methylbutyl acetate,land'>‘
(~ )—(R)—Z bnomobutane w1th moleculaprbromlne or mlxtures

a

" of bromlne and N-bromosucc1n1m1de (NBS)  as well as the
bromlnatlon of 2 bromobutane w1th lsotoplcally enrlched
»Am01ecular bromlne 81 have been studled ~ -
| The bromlnatlon of (+) l cyano 2—m%thylbutane'
o w1th molecular b omlne, under varylng condltlons, ylelds S
a mlxture of three monobromlnated products., 1- Cyano 1—>.
bromo 2—methylbutane (relatlve yleld 78v95%),Al cyano 3—"
bromo 2—methylbutane (relatlve yleld l 5%), and 1 cyano 2-
bromo 2—methylbutane (relatlve yield 4 17%) The major
'product mOnobromlde is proposed tL arise by an a01d cata—'
.'rlyzed ionié¢ reactlon.. When the bromlnatlon of (+) 1- cyano—'
2—methylbutane was carrled out in the presence of SOlld |
“fN-bromosucc1n1m1de as well as molecular bromlne, the: three
.hﬁmonobrominated products were formed 1n relatlve ylelds v
,that reflected a free rad1¢al bromlnatlon reactlon. (+P—
1 Cyano -1- bromo 2—methylbutane (5rl4%), (+) l—cyano 2—:
bromo 2= methylbutane (68 85%), and (+) l—cyano 3 ermQA
12—methylbutane 210 19%). The 1nab111ty to obtaln actlve o
'1d1 cyano -2~ bromo~2-methylbutane from these brOmlnatlon o

reactlonsrmayznot e due to the fundaméntal nature of the

R

.bromlnatlon of a'.s bstrate at a chlral center but to the



,instabilityiof‘this particular‘tertiary1bromide,

- The reaction of (+)-2-—me‘t1ﬁyl'butyl acetate with
-a BrZ—NBS mlxture in Freon ll ylelds an 1nact1ve product, ,‘xv

V-
(* ) ~2~-bromo- 2—methylbutyl acetate (91%), and mlnor amounts

T &

a

of erythro— and threo 3 bromo 2-methylbutyl acetate (3 4%)
Jand erythro— and threo 2, 3 dlbromo~2—methjlbutyl acetate
| (1,8%).1 Under these reactlon condltlons the recovered un-
‘brominated‘acetate.Was-hot racemlzed.(at ll%‘ converSLQn

‘of startlng acetate) Ip contrast to these results the
_ e

fjbromlhatlon of (+)>2 methylbutyl acetate with molecular

N

bromlne was reported to yleld exten51vely racemlzed re—'

i

"»‘covered-acetate- The results prov1de ev1dence for the

».ma

. AE‘}
‘1mportance of the reversal of the 1ntermed1ate radlcal 1nj

Athe presence of hydrOgen bromlde. d“ - L

The bromlnatlons of ( )—(R) 2~ bromobutane have

]

'been studled u31ng both molecular bromlne and Brz—NBS as

:“the bromlnatlng agents © The products forme‘, "—dibromo~7_'
Vbutane (dl fraCthn) and 2, 2 3—tr1bromobutane, were“found
:b/to havejpartlal act1v1ty.. The results of the bromlnatlon

'of 2- bromobutane w1th 1sot0p1cally enrlched bromlneFBl

-'1nd1cated that a major pathway, wth -exchan es.the’bromlne_l

substltuent w1th the bromlnd pool s an/ﬁmportant factor

g

in the racemlzatlon of the 2 3 dlbro 'butane formed.“-The: -

"r contrlbutlng factor to the exchange reactlon was )

demonst ated t be. an ellmlnatlon readdltlon mechanlsm

The_combln 21 sults ‘can be accommodated by a mechanlsm ;f,1\5f



L]

1nvolv1ng a cla351cal radlcal, the 3—brom0r2—butyl radical,

fas the lnltlally formed lntermedlate, whlch 1s elther

]

icaptured by transfer w1th molecular bromlne or unaergoes

_»product. Since not all of the racemlzatlon has been ad—.

B—sc1551on to give: 2 butene and hence optlcally 1nact1ve

' I

conntednfor by a,detalled.study<3fthe_reactlon,,some of the

fracemlzatlon pust be attrlbuted to processes whlch do net

lead to bromlne 81 exchange (1 e. cage ellmlngtlon-rT

readdltlon or rearrangement)

viio .
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INT-RODUCTION

A}

" The stereoohemlstry of the reactlons of free
radlcals and the questlon of thelr geometry have been the
sub]ect of a large number of recent 1nvestlgatlons ;fg,

_The questlon of whether the radlcal has a pyramldal struc—ﬂ‘
ture,'l orlg; and is under901ng rapld 1nterconver51on from
one form to another (l z 3)»or whether 1t is a planar |
strncture,.g,~1s a dlfflcult one to answer, the 51tuatlon

is further compllcated 51nce 2 would be a tran51tlon state

in the 1nterconver51on process, To determine whether 2 1s_

‘ o R
'*R~}§3 RN 2‘\\53. .. g/Rp_'
\c@ RSl <>CI<> = G>C\
R / R R .
1 2 3

a tran51tlon state or a true 1ntermed1ate 1s a. dlfflcult
questlon to answer chemlcally By analogy with. carbonlum

‘1on chemlstry 1t has been suggested that the stereochemlstry

%

of the free radlcal can’ be controlled by 1nteract10n with .

f ‘a group 31tuated on the carbon B to the radlcal center

he most w1dely studled and controver51al example of
{ . P .
l"'5ne1ghbour1ng group parthlpathD is the ‘8- bromoalkyl

radlcal where experlmental dlstlnctlon betweﬁn@the clas—:l

oy



!

A

rradlcals whlch cannot be planar, llke the l—norbornyl Y

' other radlcals of rlgld structure (e. g. cyclopropyl

:' ,
51cal radical 4 or 6 and the bromlne o}'dged radlcal 5 lS
very. dlfflcult the dlfflculty belng cOmpounded by,;he (\
p0551b111ty of an equlllbrlum betwee the three forms or_
between 4 and 6, 5 belng only a- tran 1t10n state of the

bromlne mlgratlon between two carbons ‘ «

i It'is well known that planarity iS'nOt ‘an

essential characterlstlc of free radlcals,'51nce brldge head
10 .-

the 9- trlptycyl 11 ‘and- the apocamphyl 12 radlcals,and o
13,‘14 |

and 7- norbornyl 135 ) are produced under comparatlvely mlld

_cond;tlons.

%juc1datlon of the structures of these 1nter—

«medlates poses challenglng problems to’experlmental and

theoretlcal chemlstry because these short llved radlcals

cannot be 1solated and. subjected to conventlonal methods of

'structure determlnatlon. Many attempts have been made to

~overcome these problems, elther by the dlrect detectlon of

the radlcals by spectroscoplc means, by

—"

Atudles of
reactlon rates, or by stereochemlcal studles.

Theoretlcal treatments basedron molecular'brbital



energy levels tend to-suggestvthat.simplevalkyl radicals
" are pyramidal 16—18. However, esr'l"s’lgh23 UV-24;26,
well as IR 27 spectral 1nvest1gatlons suggest ‘that the

structure of. srmple alkyl radlcals 1s planar or near planar.h

,More reflned quantum mechanlcal calculatlons are also com-

‘patlble wrth the concept of planar radlcals 28 30

Electron spln resonance 1nvestlgat10n of B~ halo— o

-walkyl radlcals has recelved consrdnrable attentlon 1n the

recent“ilterature,« Abell and Plette 31 studled the esr

E spectra for the 1ntermed1ate B bromoalkyl radlcals #esultlng
.ffrom the photolysrs of hydrogen bromrde (or deuterrum
j-bromlde) and 2 butene at 77°K.. The obsexved Spectra from

| 4
both c1s- and trans 2 butene showed 1dent1cal seven line

"patterns wrth lO 8 and 12 6 gauss spllttlng respectlvelyb
'_The authors concluded that these observatlons were con51s—
‘tent w1th an 1ntermed1ate bromoalkyl radlcal 1n whrch the
: bromlne was;located equally on both C2 and C3, and strongly.

suggested a- cycllc 1ntermed1ate,’a bromlne brldged radlcal

7 and 8 respectlvely - L 7'A. _ o

H mk«,\ ’BI;\ .“‘n\‘\\H e Hl{",, /B.I':\ _ “\Q\C_:HJ “o B e
4/G_—%L\§ o __gbg‘ ' A-f_cnich=CH—CH3_
“CH3 HCH3 CH3 : ‘I o o
7 8 9
2

However, Symonsdg later reported that\the photo— .

[y

addltron of hydrogen bromide to/2 butene led to the formatlon'd
. : -* :

~



' orbltal

of 2 butenyl radlcals, 9, 1nstead of 3- bromo 2- butyl
-radlcals, 7 and 8 Symons'_concluSLOns were relnforced by
the observatiOn'33 34 that the. reactlons of hydrogen atoms

w1th 1,3- butadlene at 77°K results 1n the formatlon of 2—

) butenyl radlcals, 9; the observed esr spectrum was very
31

~

.similar to that reported by Abell and Plette = in the-

'photoly51s of hydrogen bromlde and trans 2 butene.a
| | The effect of a nelghbourlng halogen on the con—f

formatlon of alkyl radlcals have been recently 1nvestlgated
i'by several laboratorles by esr spectroscopy It has been
shown that a chlorlne atom located in the B—pos1tlon of

the radlcal has a profound effect on the alkyl radlcals9 35 46

On the basis of - the small B—proton hyperflne spllttlngs B
_f(see Table I) and the absence of any selectlve llne A

broadenlng w1th changlng temperature, it was suggested that.-
”the B—chloroethyl radlcal 1s essentlally locked in a con— y"
f‘formatlon with’ the chlorlne atom ec11p51ng the odd electron'
9, 35 41’

10 oA B- chlorlne hyperflne coupllng con-hh:

'stant of thelmagnltude of 17 G is also dlagnostlc of such

t

‘.a.conformatlon (see Table I) Hyperflne spllttlng constants
4la"‘ usually to arise from 1nteractlon between ‘the. odd
‘ele of a radlcal and nelghbourlng atoms posse551ng _;"

'“nuclear magnetlc moments It thus glves 1nformatlon about
the extent of delocallzatlon of the unpalred electron and
‘th electronlc structure of the Yadlcal When the 1sotrop1c o

coupllng was used to estlmate an approx1mate spln den51ty



‘Tabie

iThe Hyperfine*Coupling;CénStants of Some-“

22— l‘f~“ ‘\
L‘ ; s h- " . \.

A‘B#SubStituted’Alle Raaicals;.éHfCH‘—X;

Hypérfihe'CQpp;ing_Congfanté(G)'
. temn e JH o H o xo e
_x : Temp, °C- a/ -~ ag T ag _Ref..

H —18d- 2}22.36' : 26;87_'T‘ R   ‘37: .
u ”‘iBQ 2210 -31.12. ,16127. - .37‘
'F  L'l f120'~ >22;l5 . 27.92 © 45.44 o 37
P -6 - 214 a8 a2

CF - 60  22.3 N\\ 26.9°  47.1 40
- - S N agarser’d)

cL . =120, - 21.75  10.20 SR VA

‘cl. - 60 - 21.5 11,5  17.4 . 38,40

2

CCl,CH,C1 .- 40 © -~ . 10.5. 10,5 ~ -~ .38




e
o

in the. chlorine atom, ~which 1nd1cated a 7- 8% sp1n de- i,(\\~l 3

.,locallzatlon to the orbltals of chlorlne from the radlcal

37,41

.center . The delocallzatlon of the odd electron onto

L

. the chlorlne orbital has been suggested to 1nvolve a -

4ihyperconjugat1ve delocallzatlon onto the C -C1. o-—bond41
) p p homoconjugatlve 1nteractlon of 3p orbltal of 'fl?.

3

'chlbrine to the rad1cal“center37. R ,_-*

The anomalously'small B~ proton hyperflne Spllttlng v

¢

.constant has also been suggested to 1ndlcate that there is \

| some dxstortlon at the B- carbOn 50 that the B—protons are’

mov1ng towardsvthe nodal plane,- Such a dlstortlon-waSj o

%1

e
_H)ﬂ/\ﬁ o H 0 \

10

-prOposed to. result from the 1nteractlon between the orbltals :'sv

| _on chlorlne and the radlcal center 37, 40 43..:

Cooper, Hudson, and JacKson 38 have also observed j'-

fthat the a-chloro substltutlon leads to a marked decrease 1n
the R~ chlorlne hyperflne splltting constant (see TabIe I)

' Thls behav1our has been attrlbuted to the pxramldal

character of o= chloroalkyl radlcals 44; Bendlng at the

vradr\al center and 1ntroductlon of s-character 1nto the odd

”'electron orbltal would be expected to reduce both hyper-'fh

- ‘/



.conjugation»and homoconjugationhd

More recently, Wood et al. E reported that B—

chloro tert butyl radlcals, prod'ced by X 1rrad1at10n of -
B 1sobutyl chlorlde in a matrlx e ,adamantane-dl6 at 77° K,“

prefer~the_eclipsed conformation 11. The p051t1ve tem—

/ .

perature dependencL of the methyl proton hyperflne Spllttlng,
‘,llke that of the tert butyl radlcal 23 45 1ndlcates a non-i.
-planar equllbrium radlcal site geometry, whlle the absence"“

':of llne w1dth alternatlon and the small 51ze and equlvalence’i"

‘”].of the methyl proton hyperflne spllttlng 1nd1cates that the o

y'chlorlne prefers to be- ecllpsed w1th the orbltal of the un—‘
tpalred electron | | \
- ‘ | Confllctlng reports have,vhowevev, appeared on.the-
dconformatlonal effects of fluorlne andbbroilne substltuents
'ﬁ.on s1mple alkyl radlcals | 8 Fluoroethyl radlcals in soluh htd
tlon haVe been shown to prefer the staggered conformav'd."
-tion35 4Q, 12_, The 6 hyperflne Spllttlngs are 51m11ar to ifVlsf
rthose of the l—propyl radlcal (see Table I), these results

~—

suggested a low barrler to rotat;on about the CBC bond 1n _‘“‘

Lol



.the_B—fluoroethy1 radicai At the low temperature llmlt\)

it is belieVed‘to be undergorng rdpld exchange between con-'

formatlon 12a and 12b 35, 40

~ o~ . ~ o~ A

_ dt .ﬁ;% Foo o \>r<;Lc/)4b. :
H \nyz }f = & :%8/_,H' n
SRV - o
S ) . H’ ™~
- Hb* A
2a . 12p

~ : ) ) : PV 3
) ) 4 - .

d However,'wOod et al 5 have also studled the B-
fluoro tgrt butyl radlcal and flnd that thlS radlcal prefers
fthe ecllpsed conformatlon, llke the B chloro text butyl ‘
l_radlcal ll_ Kochl et al 4 have recently suggested that
."-the B- fluoroethyl radlcal has some proc11v1ty to adopt the
‘ecllpsed conformatlon L3a and 139, although 1n thls case

~ A~

| 1t represented only one’ of two stable rotamers ,f‘ 3 ;t"'

orpel = Loy e g LYy YVYT L
H)ﬂ/\}{ ) \Q/ AR - m/ .:. S ‘o \& L |

a2 f:13b.f17’f,u'f 12p

. .b ' K o ';_" & . ‘
Edge and Koch1 35'36 attempted to examlne B-,

;bromoalkyl radlcals by esr spectroscopy They were unable

zto observe these specxes 1n solutlon under a w1de varlety

-



".1n solutlon, two laboratorles

—~o 9

L P o v
.of condltlons which weée.hlghly effectlve for the study‘of
\B—chloroalkyl radlcals The failure to observe B bromo—.
dhélkyl radlcals is partly due to thelr extreme 1nstab1-'
1:11ty 3,47 52, for example, photolys1s of 3 bromoproplonyl
yperox1de or.perester gaye a >50% yleld of ethylene basedl |

on the carbon dlox1de llberated Although:Edge.and

“ .

"hv

Jo 77 (HaTCHy * €Oy == CHpy=CH, + Br.
B gy
35, 36 ‘ | | | .
- KOChl o have been unsuccessful in observ1ng thls spec1es
| Lra 9,41 |

clalmed to have observed

i

‘the B- bromOalkyl radlcals 1ndependently Lyons and

Symons 41 1nvestxgated the photoly51s of a frozen solutlon

: of ethylene and.bromlne at 77°K, and. report the detectlon of;'f'

-~

; the esr spectrum of the B—bromoethyl radical Unfor- l‘v
xtunately, the proton hyperflne splittlngs were not re—5;f~7‘
 solved under thelr condltlons and the radlcal spe01es could
not be- p031t1vely 1dent1f;ed ; However, a large B bromlne
L Spllttlng Was 1nd1cated The authors suggested that thegu'”.
dfradlcal structure 1s a h perconjugatlvely frozen one, 14

) 5
'51m11ar to that of 8 chloroethyl rad1ca1 lO_39

Contrary to Symons"results él, Wood et al 9

g ’ QV'7~Z
. ;report a low hyperflne spllttlng for bromlne in the B

: bromo tert butyl radlcals 1n an admantane—d‘l6 matrlx.atf~1"



)
; 77°K;’ The authors»strongly suggested that the esr. spectrum
Fwof thls radlcal can best be explalned by the staggered |
conformatlon, 15 The expected llne broaden;ng for the‘
;two meth&lene protons in the reglon of 1ntermed1ate rate.hh

of xchange between lSa and 15b were also present 1n the

-spect;u

L

A\ S CH37®€\\CH

S sy

Although the esr Studles showed the detectlon
d°f B bromoalkyl radlcals to date there is no con51stent e

'ev1dence whlch nece551tates that a g~ bromoalkyl radlcal

prefers a bromlne~br1dged structure , If the B~bromoalkyl .

radlcal possesses a brldged structure, there 1s no chemlcal
”_ev1denCe Whlch provrdes a dlstlnctlon between an unsym-

, metrlcally brldged structure 14 (elther stablllzed by hyper—

- congugatlon .or. homoconjugatlon) or a completely symmet-: -~h~"

;.rlCally brldged structure, 16 Ev1dence agalnst a sym—

;'metrlcally brldged speCles, 16 was reported by Hargls and

:Shevlln‘g.” The CIDNP 51gna1 obserVed durlng the ther-“

- moly81s (ll9°C) of- benzoyl B bromoproplonyl perox1de, 17,

/~~'§

,'1n CthrObenzene bromotrlchloromethane solutlon gave em- R

.”‘. .

10
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mission'at‘d 4.5 duévto'the.d—protons"of-th;\product 18

and enhanced absorptlon at 6 3.6 resultlng fro; the- B—‘._f

- protons ‘An unpolarlzed 51gnlet at § 3.4 correspondlng to

the methylene%brotons of 1, 2-d1bromoethane_l9 as predlcted

from radical 14 was also observed The CIDNP results es-
: tabllshed conclu51vely that the ground staté of &;bromo~

.11 ethyl radlcal has non equlvalent methylene groups,_thus .

excludlng a symmetrlcally brldged structure, 16

"H.'. Br L 'r o
NI
- nC—C. - :
"y H ‘

S T
= | e
PhC-0-0-CCH,CHyBr — B, PhCO,* *0,CCH, CH, Br -

. o -¢02'
B T ;igSOZﬁ
“r-BrCCI

_:‘BrCHZCHzBr}

.
ce
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. Aithough it has notebeen studied in great detail

t the mechanlsm of the free radlcal 1,2~ bromlne atom m1gra~-
| tlon has some bearlng upon the structure of the 8 bromo-

lalkyl radical. If ‘the brldged 1ntermed1ate is formed by

nelghbourlng bromlne part1c1pat10n 1n the tran51tlon state'

. , I . Y- l ';" ; o B 'l"'\ 2
DEREI ) P
-H H .
‘ | g
Y . '
KR L
— ~%?——CL— + —iC——?z R 4
T | .
Y Y

‘leadlng to hydrogen abstractlon, then transfervof the |
\\ 1ntermed1ate with some transfer agent may lead to a 1, 2—-M
»is}omlne atom mlgratlon.f Many authors-have,‘however,»
attempted to explaln thlS bromlne atom mlgratlon as resul—
tlng from the formatlon of a bromlne—brldged radlcal 1nter-e
K medlate. Arguments agalnst 1t are usually based on 1n-b"
.g-dlrect experlmental ev1dence to’ show that the bromlne atom.:7‘
.'ﬁrom the ellmlnation of B bromoalkyl radlcals can be
trapped w1th an addltlve 1n the chlorlnatlon reactlon.d
va\_ "g Skell et al.,s3 and.dgneqa and'Hodnett?4 haveg:"u

o ’ ' Ca
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Jlndependently clalmed 1,2~ bromlne mlgratlon in the photo—'
‘ chlorlnatlon of tert butyl bromlde w1th tert butyl hypo—

thchlorlte and molecular chlorlne respectlvely In both

cases, l«bromo 2—chloro 2—methylpropane was- clalmed to be

'the exclu51ve product Slmllarly, chlorlnatlon-of 2—bromo:, ’

propane-s3 w1th tert butyl hypochlorlte gaveuﬁ-bromo 2*

chloro propane as well as the rearrangement product 1- bromo—

2- chloropropane Thes authors suggest that the productlon

)

3 - 3
NI
B2 a
Hoo o ey
L R (P
CH3f?fCH3 - T t-BuOCl ,>_CH3—?*CH34.+ CEB—THCHZBr_
'Brf;» ': B .._H‘v. ‘Ih Br';g; o Cl

of the rearranged product can be explalned w1th the for- SR
.bmatlon of a bromlne brldged radlcal 1ntermed1ate, 21 aThe

'.follow1ng scheme waS'suggested

-

e emp ey ) emy
o £~ Buo-. - : R T B
cH -—C—-CH ——»CH.,-C~CH.,
B P R R IR
. ,Btbl " Br
.« 22 _
‘l t- BuOCl
N "‘CH )
. R s RN
S R

V,:zjrf R fl:ﬁif N ;24r.”
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A 14
S 3
48 T
Haag and Helba ‘ have relnvestlgated the

1.

'chlorlnatlon of tert- butyl bromlde w1th tert butyl hypo— ,

‘..chlorlte The unrearranged product 23 whlch would Qe
expected from the 1n1t1ally formed 1ntermed1ate radlcal

'20,iwas,not obse ed by prev1ous authors 5;;54.,.Haag,andp

,-7eiba 18- carrylng out the reactlon at\\78°'1n carbon

dlsulflde as a solvent found both the rearranged 24 and

the unrearranged 23 products. Moreover, the proportlon of

‘the normal product 23 1ncreased with 1ncrea81ng tertb“

Fubutyl hypochlorlte concentratlon and reached about 30% 1n

2.5 M tert butyl hypochlorﬁte.» Slnce radlcal 20 can be'

?trapped v1a chlorlﬁg'transfer from tert butyl hypochlorlte,
3,

3

' these authors suggested the cla531ca1 radlcal 20, 1s a

A

_true intetn dlate and as the ellmlnatlon of bromlne atom i

from th s 1ntermed1ate radlcal 1s exothermlc and should
whave ar latlvely low actlvatlon energy, lt 1s therefore

<o be a relatlvely fast reactron even at —78°

-

'expected

-

. I . CH3 o e T
CH3f?fCH§',—f__ﬂ’ CH,/(J}*Cﬂz + Br- (Ah ~ =5 kcal/mol)

K . e .
i B . -

. process when the chlorlnatlon ‘was carrled out. 1n the'

\'fi presence of 1 4 molar allene. Upon the addltlon Qj/a&lene,.

an excellent bromlne atom scavenger, bromochloropropene,

”7,25, was obtalned in a 42% yleld (baSed on the tert- butyl



4 1sobutyle £

s
hypochlorlte Whlch had reacted) ' The bromochloropropene

JM
was fqud at the expense of “the rearranged product 24

a.g‘

These*éuthors suggested that the formatlon of the rearranged

{

produd; could be - explalned by a facile ellmlnatlon of the ¥

bromlne;atosgfrom the 1ntermed1ate radical, 20, to glve

folloWed by the rapld addltlon of a bromlne

;(_-'.\.
) ..

, atom to t%}s olefln to give the ‘more stable tertlary radical

| CH;=C=CH, + Br* —— » (CH.~C=CH.

o

22. j_
, Caln :
.CH3\\ ) v o ‘ $H3 T
/C=CH2 + Br’ s CH,-C-CH,Br 22
¢H3 -
- ?H3 L D ] ‘:.‘ TH3 | |
CH3~C-CH,Br + t-BuOCl —» CH3—T—CH2ﬁr + "t-BuO.

c1

t-BuOCL
g TCHy + B B A *“‘“f’f’_fﬁz‘f.cﬁz 22
| T o Br. - ‘a1 Br

The best mechanlstlc probe for the structure of

B- bromoalkyl radlcals is obtalned by the 1nvest1gatlo€“FH?

< L

. the stereochemlstry of the'reactlon products whlch are g

derlved from the photob;omlnatlon of an optlcally actlve
. £

alkyl bromlde If the radlcal is planar, the reactlons o

leadlng to or proceedlng via radlcal 1ntermed1ates shouldv'

B
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involve complete loss of optical'aCtivity, prohlded't‘at
‘»the carbon atom that becomes the 1ntermed1ate radlcal s
the onevwhlch was orlglnally dlssymmetrlc. ‘Since the
"dlssymmetrlc molecule goes through a symmetrlc 1ntermed1ate,'
the reactlon of the 1ntermed1ate must lead to hn enantxo-

’ merlc pair of products, Wthh are formed in equal amounts
It must ‘be reallzed that although the loss of stereo—_ |
chemlcal 1dentlty‘1s cOn51stent»w1th a planar structure-
lfOr the*radical it does: not demand such a structure. A
pyramldal radlcal (dlssymmetrlc 1ntermed1ate) whlch is- it
'.1nterconverted through molecular v1bratlons, w1th 1ts
venantlomer at a rate much faster than the rate at whlch

it reacts to form»products_1s‘con51stenthw1th the experl—
hlmental~facts; ‘ | ” |

A number of free radlcal reactlons 1nvolv1ngAthe
;:productlon of free radlcal 1ntermed1ates at the asymmetrlc
;center have been 1nvest1gated S 6,55~ 57,n Brown; Kharasch,
and'ChaO‘56 flrst 1nvestlgated the stereochemlstry of the.

1 maklng and breaklng of bonds to an asymmetrlc carbon atom
-Aln a free radlcal mechanlsm. The authors observed that the
photochlorlnatlon of optlcally actlve (+) l chloro—2- B
methylbutane,_g§; produced completely raceml ed l 2—d1-
chloro 2—methylbutane( 27 ThlS phenomenon has been rv‘
._-attrlbuted to elther a planar strudture of the rahlcal,aA
,28 or to a pyramldal structure,‘29, Whlch 1nverts at a.
e‘rate greater than the.rate of the transfer step to form the

;product Further 1nvest1gatlons ?8 -61 have»led to the;ton~t'
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‘clusion that the formatlon of free radlcals at asymmetrlc

centers in optlcally actlve compounds generally leads to
optlcally 1nact1ve products

Et o . CH, ' o |
= - .73 o
CH3‘~:' hy ‘ ’ -

(+) (l:—cnzc.l 1> (D CH3CH2('2—-CH2"Cl + Other products . -
H S 2
Active '_ o | .A Racemic - -
26 . S 27"
b3
. < o
Ety, O CH. s, ~CH,ClL - S L
—CH Cl 3\(3/’ : 2;__.,,;‘ W SR,
- CH/C - RS T 2N |
- L CH,C1
=2 7 cHY 2T
, S 3
° S '_ o Q.
28 . 294

" 29b o
Exceptlons to thlS generallzatlon are the photo--
bromlnatlon by a number of free radlcal bromlnatlng agents

;(v1z molecular bromlne, tert-butyl hypobromlte, and N-

bromosucc¢n1m1de) of (+) l bromo 2-methylbutane, (+) 1—

Skell et al

~

chloro 2~methy1butane, and (+) 1- cyano 2-methylbutane

have studled the bromlnatlon of
optlcally actlve (+) 1~ bromo 2-methylbutane, 30, and (+)-

1- chloro 2-methylbutane, 26

and obtalned optlcally actlve
( ) l 2 dlbromo 2~methylbutane, 32a, and ( )- —chloro 2—

~

bromo 2 methylbutane, 32b, respectlvely as the only ob—

[
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servable product However, nelther the absolute con-

flguratlon of these dlhalldes nor thelr Optlcal purltles

’had been determlned_ The retentlon of act1v1ty in the

-

bromlnated products has ‘been attrlbuted to the formatlon

of an 1ntermed1ate halogen brldged radlcal 31} The for- L

5

matlon of thlS brldged species was preSumed to occur by the~

a551sted removal of the tertlary hydrogen atom by the

' nelghbourlng halogen atom to form a halogen—brldged radlcal r

;31 followed by transfer w1th molecular bromlne to glve

CHy z - [cn

the bromlnated product 32 w1th retalned conflguratlon

Et : I $ _ : CH Et-.-_

Et : A 2 -
N Bre | NG WA 2 NG
. ${H2X__~§' » C—CH —»> /‘C—CHZ—-—», (IZ-CH2X
N R
: T : ér o
: - e T . a. x=Br
30 X=Br - - S L 3 0 32 - o
D | o T 0 TY be x=c1:

~ o~

"26 ‘X=Cl

Skell et al 55 also carrled out the haIOgenatlon‘
of optlcally actlve 30 w1th tert butyl hypobromlte, tert-

butyl hypochlorlte, and molecular chlorlne. Optlcally

actlve 32a was obtalned u51ng tert butyl hypobromlte as

~ o~

1

H'the bromlnatlng agent In contrast, all of the chlorlnatlng7_‘

agents produced 1nact1ve l bromo 2- chloro 2~methylbutane,‘ |

‘ 33 : These reactlons showed no ev1dence of anchlmerlc ;L»’
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‘assistance by the B bromo substituent, with substitution .
: occurring at-all'C—H'bonds- 'In'these instances,'the'authorS’

o suggested that although there was no requlrement for

brldglng in the tran51t10n state leadlng to the radlcal
the preservatlon of optlcal acthlty 1n the bromlnatlon

product of 30 w1th tert butyl hypobromlte bromlnatlon is

' con31stent with-a. meChanlsm 1n whlch bromlne brldglng

occurs after the abstractlon process, but before a rotatlon

about Cl'—C2 bond can occur ThlS brldged radlcal 1s

trapped by tert butyl hypobromlte, but. Opens to allow

rotation before reactlon w1th elther tert butyl hypo— o

chlorlte or, molecular chlorlne occurs 55 62

&

- BuOBr ‘?-CH2Br . - 32a
*—*——————" . :' P

.
bat

. R BuOCl CH, CH ~CH,Br
30 - - S T > o
T o orc 2. e

| Racemic'

The observed rotatlon, a, of the product varled

- wlth bromlne concentratlon and with gemperature. Low con-

centratlons of bromlne or u51ng N- bromosu001n1m1de as the

bromlnatlng agent produce only a sllghtly optlcally actlve »

product 55._ The optlcal act1v1ty of the product was,;.f

llkew1se, decreased by u31ng elevated temperature (72 80°) lan.

\
Ve



" As an explanatlon of these results, Skell suggested that
the brldged radlcal can open to the cla851cal radlcal

Wthh could compete w1th the transfer of the brldged

¢

l, radlcal Wlth bromlne The low concentratlon of bromlne
'effectlvely 1ncreases the llfetlme of the brldged radlcal

and . allows 1t to open to the class1cal radical wh1ch 1s

racemlzedj
S e H"Et' U
B, C i)7“
| o 5 'F;____->. “1}—~CH Br (1 :
. Br .. B I ‘ -
Bty /o : R  Br ' .
U C—CH. o . S e
Y v s L .
CH""*fC 27 (Qi)‘CH3C32$9HZBr

R R -1 7

The bromlnatlon of Optlcally ac ve. 30 w1th

molecular bromlne (RBr Br. 2 l) has been relnvestlgated

2. _
Aby Tanner, Yabuchl,‘and Blackburn 5; They found that the-'

“rotatlon of the product 32a was essentlally the same as that 'Q;

| reported bY Skell\et al, 55; The recovered unreacted star- 7-'““

"'tlng bromlde was found to have racemlzed 3- 7% durlng the .

’

reactlon | It has been suggested that the bromlne brldged

mechanlsm has several llmltatlons 5

Iﬂ the brldged radlc 1 3,;
_1s the flrst formed 1ntermed1ate, then thls racemlzatlon o -
cannot be explalned by transfer of the open radlcal w1th
:fhydrogen bromlde, but, 1f one adheres to the prlnc1ple of

_f7m1croscop1c rever81b111ty, ‘the racemlzatlon of startlng

= "“



material (6414% of'radicals formed) must ariéeifrom the
formatlon of an’ Open radlcal whlch then undergoes
_-_rotatlon | closes agaln to-a brldged radlcal, and then

'»transfers w1th hydrogen bromlde to glve back startlng

materlal : i
Bt R e
ek TN Br-. Ety, LaN '.Etu
“C—CH. Br ——> “C—CH, '=—> . ".C—CH.Br
2 \HBr 20 cH. " 2
S - cafl- - 3.
. CH B . s
a.
. .
- Etee= " 0 " . - HBr .. . CH ‘
S .“C——CHzBr o 3““
. \‘/»v‘; B ‘ S 0" -'Br. CL e !t/
- U Vo

Tanner et al 5 have also 1nvest1gated the photo-

21

| -#'bromlnatlon of optlcally actlve (+) l fluoro-Z-methylbutane

_Wand (+) 2~methylbutyl acetate In both 1nstances, the
= recovered startlng materlals were substantlally racemlzed

"86 88%\1n the case of (+) 1 fluoro-z-methylbutane‘and
| )

-

\’;-the 1mportance 1n these reactlons of the reversal reactlon

4_-244% forl(+) 2—methylbutyl acetate. These results lndlcate :

"'1between hydrogen bromlde and the 1n1t1ally formed radlcals. zfdﬁih'

A multltude of products bs formed 1n both reactlons.. How—.“

F 2
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ever, the 1solated l fluoro»2 bromo-z—methylbutane'was

' A
found to be optlcally 1nact1ve In’ the case of the -

bromlnatlon of . (+)- 2—methylbutyl acetate,_no bromoacetatef

22

.could be p051t1vely 1dent1f1ed orﬁlsolated It has been o

)

concluded that the bromoacetate when formed is- rapldly
destroyed by hydrogen bromide under the condltlons of the
'reactlon The 1solated 1,2- dlbromo Z-methylbutane was .

L

rlfound completely racemlzed

".‘,

o ey ey e
) CH3CH2TCH§—O-C—CH3 S C33C329CH550TC7CH3;'Tf’~ﬂf»~"‘7
. 73 e e
| o CH cr HBr oo 4o
o tcﬂ3¢§2f9§§*°fCTCH31 *ffff‘ﬂ”,CH3032??Hz:9Fa_
. Br 3 . S A. . : v-“ ) i :‘ S | | . ‘. .-. : 4 . v. t .: 3r’ : ) o
P ' Racemic .

-Tanner etial- > have suggested several explana—_,j

"tions to ratlonallze the observations One explanatlon .

r'c{ief/the formatlon of a brldged spec1es after the radlcal L o

‘1s formed 1h order to account for the retentlon of

o R
<‘act1v1ty 1n the bromlnatlon of (+) l bromo 2-methylbutane

:LIf the brldglng SteP'vkzv ls faster than the molecular.ﬂf“"'

~;rotatlon of c —C bond then transfer of the radlcal wrth

bromlne would glve products w1th retalned act1vxty, whlle f**d

a

a competlng transfer of hydrogen bromlde w1th 0pen radlcal



CH = . ] . : . ‘ o /’1\
N 3\“;_ kl ’ Br Et”'" . N / v k2 . . Et”l/l s
: C—CH,Y - - "C—CH, m—/———> C—CH
. ' ~ v / . 2 = /
. “k_,, HBf. . cH% - . ~ CH
4 H ..l' . 3 o 3 .
Et
CH, =
! UG
C— CH
h ; | .
-.Br

(k l) would lead to the racemlzatlon of the startlng

'materlal , The-lnablllty of the fluorlne atom to expand :

:~'1ts octet could explaln the racemlzatlon of both thev

.product and startlng materlal 1n the bromlnatlon of op-

"“glntermedlate acetoxy radlcal 1s not the sole pntermedlate co

.1n the formatlon of products from a B acetoxylalkyl u;.

Airadlcal 63t, An alternatlve explanatlon for the results=

i'methylbutane would be a: modlflcatlon of the mechanlsm

vAproposed bnghag and Helba 5

In 1965 Haag and Helba ??.reported that the'

o llquld phase photobromlnatlon of optlcally actlve (+) l-,“

23

‘;;tlcally actlve fluorlde ' In the case of the acetate, the :

f_'*results would conflrm the observatlon that a 31ngle brldged_fxu

e obtalned from the bromlnatlon of actlvé l-Substltuted Z-i}*ffi”

»”~icyano-2—methylbutane w1th l molar bromlne proceeded w1thﬁf‘3‘

:fﬂhlgh select1v1ty at the tertlary asymmetrlc carbon to fﬁ"

";?yleld optlcally actlve (+) 1 cyano— -bromo 2-methylbutane.



a7

'than bromlne atOm and that alkyl radlcal and the bromln--.nf

1'CH3‘-

:[a]548;; =+7.98°

24

L4

Slnce they belleved that nelghbourlng group part1c1patlon

L9

leadlng to brldged cyano radlcal was most unllkely, an,

alternate mechanlsm was’ propOSed It was suggested that,~

under the hlgh concentratlon of bromlne necessary for the

u

‘ observatlon of the retentlon of optlcal act1v1ty in the

product, the abstractlng speC1es was the Br3 radleal rather

atlon specres are formed as a gemrnate palr Accordlngly,'

'the retentlon of act1v1ty was due .to'a rapid cage reactlon

Bt ,r: -.'“"-. cEt o - e
’ 3\ ' T oL
Cl""CHZC N —_—_—> '_ C—CH C N ' ———~——-—> o o'

2 ey o

/..:l“r'\" y

—CH CIN 4 HBr + Br- L

i I91543,1I= +l 69

Br

o

“between them before molecular rotatlon of the radlcal

AY

'could occur. No ev1dence was presented concernlng thev

degree of Optlcal purlty or chemlcal purlty of the product.'i

It was subsequently p01nted out that a bridged ;{df

i cyano group was not as unllkely as Haag and Helba had flrst ‘

- 3be11eved Such a radlcal would be an 1m1dyl radlcalv 34,2;1";



‘iformed w1th a net retentlon of conflguratlon. Greene
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and there was considerable precedent for_considering_Such_

an intermediate 64—66. For‘ekample, participation‘of‘af

brldged cyano group has been proposed 1n the rearrangement

Wthh takes place in’ the hyp01od1te reactlon of 20 hydroxy-

' 20—cyano steroids 66, where a brldged 1m1dyl radlcal 35,

- was suggested as an 1ntermed1ate.:

'In the case of the recomblnatlon of. gemlnately

caged radlcals, the loss of optlcal actlvity need not - occur,v

and some degree of retentlon of c0nflgurat10n has been ob-

*

Ba, [\,
cnj/c 2

l34.;h"j' ‘jlib“‘ . h135{u7:v'f ”*.fafff"

.'served for many years Bartlett and McBrlde"-6 have re—.
_ported that the photoly51s of meso- and dl-azobls— —methyl- o

2~ phenyl 2 butane 1n a methylcyclohexane glass matrlx at

77°K gave lOO% stereospec1f1c1ty 1n the products

meso- and dl dlphenyl -2,3, 4 5- tetramethylhexane respec~’gv"
A\TTS "

tlvely ‘ Kopecky and Glllan - have shown that the cage
coupllng products obtalned from the decomposxtlon of some ‘Jli"'
“1opt1cally actlve 1, l’-dlphenyl lvmethylazomethanes were ﬁ,g‘i'ri'

.i-.has 1nvestlgated the decompos1t10n of optlcally actlve ;,: Lo

Lo



- peroxlde of h&dratropic acid and ohserVed that a‘sigf“‘:
,dnlficant amount:of,eSternwas formed with_retentién of =
'.,optical activity.‘.

| During thefcourse of this Qork,fSkell:and‘Shea
reported“their investiéatlonaof'therbrominationjofbop—
.Qtically:active (+)-(S)42?bromohutene. They reported that
’ the optlcally actlve bromlde ylelded on. bromlnatlon Egggf
'_and dl—2 3-d1bromobutanes ‘ These authors concluded that

.‘these observatlons are not con51stent w1th a cla551cal

‘ radlcal 1ntermed1ate They ratlonallzed thelr conclu51on |

by 1nvolv1ng the formatlon of two brldged 1ntermed1ates,

<'one 1nact1ve, 36 the other actlve, 37 The actlve brldged“

‘1ntermed1ate led to the meso product as shown 1n Scheme I.

- In a subsequent study, 7'7; Skell reported that photo-‘e

d_bromlnatlon of optlcally actlve (+)—(S) 2 bromobutane w1th'

<molecular bromlne -and’ NBS,;_x:reon ll as solvent, produced

ﬂjithetél;é,3_dibremebtv %:ad some re51dua1 act1v1ty
'*{jAt 1. 25 M bromlne coé ;ﬁ, dl -2, 3 dlbromobutane
hélwas obtalned w1th a r; ;of;fdl
"-Fproduct) The-optrcal;_ J\ty of the dl 2, 3-d1bromo— f”
hbutane dld not change o;

"concentratlon._ The con: _iratiOn of the levorotatory

'1,d1brom1de was a551gned ? (7)-(23 3S)—d1bromobutane by

c}correlatlng Lt w1th thef

'zi'from the treatment of (+)-(3S) bromobutane-(ZR)~ol w1th

“trlphenylphosphlne and bromlne.‘ These authors concluded o
;fthat 1f one 1gnores for the moment the small component

e
.

.~v26,

a0

-1='-5 20 (95% racemlc’ '

‘-(25 3S)*d1bromobutane obtalned o

L a 100 fold decrease 1n brom;ne B
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Scheme I o
e B BI’2
Ho Y N GH
g A -36
CH3 _ -Br" : CHJ ‘
~inactive
_'_1‘- cﬁ-,-'.’.,&-dibromobﬁmne_f
Ho 7 ON\(wCHs .

O————

A L e
esd-2,3 -‘_di bromo‘bu'rdne

:of thlS reactlon whlch leads to actlve ( ) 2 3—d1bromo—'}‘:,~"

e butane, the major reactlons can be ratlonallzed by the :

“ f.prev1ous scheme"f (Scheme I) o | ‘

| The emplrlcally useful Brewster s Rules'7 have

: Qbeen utlllzed to predlct the 51gn of rotatlon of the. |
,.ebromlnated products of (+) l—substltuted 2—methylbutanes,\l
'iAwhere the substltuents are bromlne 5 ss,vchlorlne,,5§_an§.‘!iQ'
",cyano 5“6 groups.. The conflguratlon has been assumed to |
'1have beeh retalned on bromlnatlon., The calculatlons -
.?predlcted that the bromlnated Products should have an"h

| &sﬁf.:-;: -~

S
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.oppositesigntoftheﬁstarting materials. This is in fact
: observed in the case of the photobromlnatlon of (+)

2155 ind (+)=1- chloro- 2—methylbutane'55} but con- -

;bromo
trary to this predlctlon, the sign- of the 2- bromlnated
'bromocyanlde obtalned from (+) l -cyano- 2—methylbutane was
unchanged 57, However, 1t is rec0gnlzed that a molecule
.:Wlth two polar groups on adjacent carbon atoms may exhlblt’
strong dlpolar ;nteractlons or solvent 1nteractlons

favorlng or dlsfavorlng a partlcular conformatlon and the

E

:observed rotatlon may be qulte»dlfferent from what 1s:ﬁ
,.predlcted When the magnltude ‘of the rotatlon is small
even an 1nver51on of 51gn may be' observed *hus, the
:nature of the radlcals derlved from thlS compound requlred
further clarlflcatlon We have therefore relnvestrgated
the photobromlnatlon of (+) l-cyano—2—methylbutane._ We
‘.h have also studled the photobromlnatlon of (+) 2-methyl:;;
. butyl acetate u51ng Brz-NBS mlxture in order to prevent the 7%;
-acid catalyzed decomp051tlon of brom1nated products It |
1 has been. prev1ously shown that the acetoxy group does not
form a brldged radlcal 63 | B | |
. In order to get furtherllnSLght 1nto the nature-;y
i:of B~ bromoalkylﬁradlcals and.the stereochemlcalocourse of.l
'}fthelr reactlons,_the lquld phase photobromlnatlon of
voptlcally actlve (- )—(R) 2 bromobutane was also 1nves->:’

htlgated.' Optlcally actlve ( ) (R) 2-br0mobutane was

' chosen for thls study s1nce the stereochemlstry of the S
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I
. ;-‘l . .
ghe

products would dlStlngu1Sh between the cla551ca1 radlcal

‘and bromlne brldged erlcal mechanlsms, ‘and photobromrnatlon
s

*of dl- 2- bromobutane had been extens1vely studled prev1— e

~ou.sly(q73 75,,and the products had’ been well characterlzed

g ".A

1 A a3

| It is well known that g- bromoalkyl radlcals can

also undergo ellmlnatlon of bromlne atom to. form oleflns,

"which would subsequently add bromlne to nge 1nact1ve ‘e

. dlbromlde 'In order to test whether the R~ bromoalkyl

&

‘radlcals would ellmlﬁate bromlne atoms durlng bromlnatlon,

“the bromlnatlon of 2—bromobutane u31ng 1sotop1call¥ﬁen-'

"olefln formatlon takes. place, some excéss enrlchment of .

»”rlqhed molecular bromlne 81 (97 81% brom1ne-81 and 2. 19%

bromlne 79) was 1nvestlgated It was antlclpated tﬁat 1f

¥¢)’r,t

‘the bromlne 81 1n the product v101nal dlbromldes and of

Lo

bromlne 79 gg the hydrogen bromlde would be observed

© was expected that a comblnatlon of the optlcally actlve

'( )~(R) 2 bromobutane studles and the 1sotop1ca11y enrlched

“bromlne 81 bromlnatlons would glve a clear plctﬁfefg;che

'-V

reactlon mechanlsm.“;

.

Y . . ) . ‘.- -

A
¥

Ty . N . e

¥ o oy



RESULTS AND DISCUSSION

Photobromlnation of (i)wl—Cyano—z—methylbutane w1th

ifMolecular Bromlne and Bromlne~NBS Mlxture

e o
S s _
: The phot01n1t1ated reactlon of 1- cyano 2-methyl-

- butahe; 38, with molecular bromlne (see Table II) ylelded
three monobromlnatlon products, l cyano l—bromo 2—methyl— ~

N I

B butane 3%, 1- cyano 2 bromo 2—methylbutane, 40 and l- '

‘ cyano -3 bromo- 2—methylbutane, 41 Contrary to the prev1ous

VCH . cHy CH,
I VAU SR ¢ R
CH3CH2CHCH2CN — CH3CH2CHCHCN“.+ CH3CHZ?CBZCN
’ T ‘ o Bro- ."Er”n',

. 38" B ’}\g Av: 39 v .]'.-49'

Sy ,

+ CH3T§CH¢g2¢Na.H SR .1  ‘.:H_{,-,.

Br -

41

~

study 7,vwhere Only 40 ’reported %he major 1someric
monobromlde obtalned from the bromlnatlon was l-cyano 1--

bromo 2~methylbaf§he, 39 78 95% : The mlnor rsomers 40

~

"g-and_4l were formed 1n a relatlve yleld 4 17¢° and 1 5%

“-respectlvely The absolute yleld of the three monobromldes L
low and ranged from 71% at 2 l (RCN Br2) to 57% at

,10 l (RCN Br ) ratlos of substrate to bromlne



Table II

Bromlnatlon of (+) 1 Cyano 2—methylbutane, 38 o

w1th Molecular Bromine,

'_EgactiohA Mole Ratlo Temp. Relatlve Ylelds Yield.. ’

$ RCN: Br2 I°C . of Monobromides Y

TP o 3995

: . T _39’ _4 ;

| | ST

2 . 21 40 ?;§3  93

| T s
a2

- o :;3:1 f»u A24i; : ,gg:‘jé,

L | -39'717
-.ﬂ} fis}

147"_ 13:17 - g0 .39 g7
| 40 10
41f :3

s 225 39 93 T 63

40 5.6 3.8

| A K )
R '§.5§1' ';' 25, gg 90 1':  -_.53;1;
._7#: :/ _flb}lf‘ i. 25 ‘fz_ "§gif92>?- _;L -5254.
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It was apparent from the isomer” dlstrlbutlon
‘obtalned from the bromlnatlon of 38 W1th molecular bromlne
. that a radlcal bromlnatlon was not leadlng to the produc—‘i-
btlon of the major product 39, 51nce the expected product
;of radlcal bromlnatlon would result from the substltutlon,
'of the tertlary hydrogen. A llkely explanation for the
‘yformatlon of. 39 was an. ac1d catalyzed a—bromlnatlon of the_}
'methylene p051tron adjacent to the actlvatlng cyano group

The ac1d catalyzed 1on1c bromlnatlon could be
greatly mlnlmlzed by the addltlon of SOlld N bromosucc1n-‘_;a

1m1de (NBS) to the reactlon mlxture.. The NBS functlons as

 a source of molecular bromlne whlch forms by the reactlon

of the hydrogen bromlde produced in the reaction w1th the"

hNBS. Photobromlnatlon of 38 u81ng mlxtures of solld NBS_'

’land molecular bromlne 1n carbon tetrachlorlde (RCN Brz.;ydfi..
»'NBS 6: l 5) gave a 29% yleld of the three monobromlnated
g products in the ratlo of (39440 41) 5 85 :10, when the :

j‘reactlon was: Carrled out. so- that 60% of the actlve bromlne

was consumed (see Table III, reactlon 6)
The two chlral 1somer1c mono romldes (+)—l—

o cyano-l bromo—Z-methylbutane, 39a, and (+)—l-cyano—3-bromo-€



! : .

Table III

_;_Brohihationfof'(+)e1¥Cyanb—26methy1butane;*ggg,'witﬁ _

" 'NBS and Molecular Bromine in Carbon Tetrachloride,

PR—

I

0 - Mdie‘x]io

‘Reaction - Reactants in CC1

2

Temp. . Products

Ccc’ 398+ 40 : 4

Qb
ek
1w

12 38a,

RS S

Brz,

- 'NBS,

Caea 3ma,

Br

CeL. . Bryo
o oy

5 ' 38a,

R K

“Br

 , 6 : '>'3>8al.'.

. ~ o~y

A' ‘Er'

NBS,

- N

 43;4.‘
R
10,9
a5
1 9ﬂ3'f'
.
Ly EET
ﬁBs,:?15,7* o
8a, 22.3
2,,,f3‘6; 1f
6.3

PR
C21- ¢ 100

33 s

14

) se

‘_ .12A‘.70“

‘80;: 14 .
68 : 18 .

'fnai“ihlloo,mlfcc;4

“solution. =

33

18 .

80 : 15 .
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| f2;methy1butane, 4la, whlch are formed in mrhor amounts
"'durlng the bromlne—NBS bromlnatlons mere éylthe51zed by
1ndependent reactlons and 1solated by preparatlve glpc

.I'_ Slnce the mechanlsm of the tert-butyl hypo-
1:hrom1te bromlnatlon of alkanes prOceeds by a free radlcal
;Chaln, carrled by the less selectlve (relatlve to brommne) 4

'tert butoxy radlcal 76 rt was. antlcrpated that a morec.fA‘
"-random dlStrlbuthn of products would be obtalned from 1ts
duse as the reagent for bromlnatlng (+) l—cyano—2-methyl—'
.'butane, §§a . The bromlnatlon of §§a w1th tert butyl h‘h
hypobrohlte: (2 l mole ratlo) at 25° ylelded upon ;Epc f}.rd'
'Qanaly51s flve monobromlnated products 1n the ratlo of

"'19 32 39 4 6 T The compounds correspondlng to the flrst

.'two peaks were (+) l—cyano l-bromo 2~methylbutane, 39a,sand

presumably the inactlve l-cyano 2 bromo—z—methylbutane, :
}40.‘ The compounds c01respond1ng to peak 3 was 1dent1f1ed

B2 as a. dextrorotatory nlxture of erxthro and Ehggg 1somers .
.;of l—cyano -3- bromo Z—methylbutane, 41a, [a]546v— +9 40 )

Badede i

(see Table IV) The ﬁmr spectrum of 4la showed 1t to be-

;an equal molar mlxture of the erzthro— and thrggglsomers,ah .
| The ch1ra1 monobromlde, (+) l-cyano-l-bromo~2-;l}
¥::methylbutane, 39a, was synthe51zed from (+)~l-cyano—2- {h
\"methylbutane, 3§a,_([a]546’;>+8 97°) w1th phosphorus trl-ﬁ}i:rff
i'bromlde and bromlne and was found to have ‘a: rotatlon of |
[als46 +6 62° (See Table IV) IJMUQJL°‘. o
I The phot01n1t1ated bromlnatlon of 38a w1th

.~~~



Table IV

Spec1f1c Rotatlon of (+) 1- Cyano-‘—methylbutane 3§§,Zu '

(+) 1 Cyano 1- bromo 2-methylbutane

Cyan®-3 bromo 2-methylbutane ggé‘ithCl4fvf_

24

Dom @, se [a])‘ s 39 [cx] ‘,4;1&_1;; -

! ~ln
!

:l$8§‘ff ' " 7%659'.,.j  fv: +f§;64§ P S +7.88°
e wmsee o asiage 0 ygage
" 436 +1483 - ’+10430 -' : | +1585°

SU3650 422,400 C o = ¥15.09°0 - 425,210 B




jmlxtures of molecular bromlne and 'NBS .was carrled out 1nAl'
the same manner as the bromlnatlon of the racemlc mlxture
of that cyanlde,‘38 _ Fractlonal dlstrlégtlon of the ‘
2.product mlxture, after the destructlon of the excess
‘5brom1nat1ng agent, ylelded unreacted startlng materlal

'(37 40°/8 ‘mm) and a fractlon b01llng at ,52 53°/1 mm. Glpc

analyS1s of thlS fractlon showed it to be prlmarlly l-

B cyano -2= bromo~2—methylbutane, 40 The relsolated startlng

o fractlon showed the presence of small amounts of (+) 1-

~mater1al was purlfled by: preparatlve glpc and was found ’
:-to be racemlzed 3 4% :see Table V) | The fractlon con— ;
talnlng l—cyano 2 bromo-z-methylbutane was redlstllled
A.u51ng a. 10" Vlgreux column and a fractlon‘b0111ng at

| _48 49°/1 2 mm was collected.d Glpc analy51s of thlS e
‘; cyano-l bromo 2—methylbutane (l 4%) and (+) 1—cyano—3-‘ifv*
'}'bromo 2—methylbutane (7 0%) as well as the de31red l— .

'}cyano 2- bromo—Z-methylbutane (91 6%) Measurement of the

‘ 4:0ptlcal rotatlon follow1ng 1solat10n of the de31red 2-'-'

5hbromolsomer by preparatlve glpc showed that rtwascompletely_y'

';_‘{racemlzed Therefore, no. further attempt was made to

ufllsolate the tertlary bromlde from the reactlon mlxture by

’17ti preparatlve glpc 51nce prev1ous attempts to .1solate'i )

(= ) l 2- dlbromo-2~methylbutane in thls manner ‘led to ex- hhf"

;ten51ve racemlzatron, whereas dlstlllatlon allowed 1ts

i

’tlsolatlon-sx Furthermore, glpc treatment of 40 1eads to

small amounts (= 3%) of products resultlng from the
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Table V

E Optrcal Rotatlon of (+) -1- Cyano—Z-methylbutane, §8a,

Before and After the Br ,~NBS Bromlnatron in 6614 ;'._'

— ' ’“'\'ﬁ- T

- [0‘.])\_' 38a . - [:d]_;h o282 o

(Before Reaction) (After Reactlon) ‘ RacemizatiOnr'
ore _ R -on

~—
AN

589 . + 765° " -_4:"7._..4040  .' N
78 .+ 7.980 :'-}7]¥*7’6§9,'””
546 + 8.97° B + 8 61°_._

W e

436 - . . +14.83° {-'irAvfff+14 45°}f§”
U365 422,400 .+21 7o¢[?'-"3 R T
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| dellmlnatlon of hydrogen bromlde (see‘experlmental sectlon)
The tertlary bromlde, (i)—l-cyano-z—bromo~2-methylbutane,~
.'icould be synthe51zed and obtalned as a pure mater1al from .h’
the reactlon of anhydrous hydrogen bromlde and a mlxture o

: of 1- cyano—z-methyl lebutene and 1—cyano—2—methy1 2~butene.;9ﬁ'

The product 40, ‘was. found to be unstable and decomposed

| h.glv1ng off hydrogen\hromlde, upon standlng for several

'_days, however, Wlth some care,llt was p0581ble to store
mthe pure materlal : . “ _ | . ' "A'

| | A synthetlc mixture made up of 1 36% of (+)-1- ‘
"cyano -1~ hromo- —methylbutane, 39a,,6 95% of (+)—l-cyano-3—g;f‘"

~ o

ibromo-—2-methylbutane, j41a and 91. 59% of (i) -1- cyano-2- S

~ o ay

H”{ermO 2—methylbutane, 40, was analyzed bY 91PC- The

~~~

"':;chromatogram of the synthetlc mlxture was 1dentlca1 to

"'..‘that obtalned from an analy51s of the redlstllled fractlon

'R*a"obtalned from the bromlnatlon of the actlve cyanlde 33&

~ Ny

gl(see Flg. l) A comparlson of the rotatlon obtalned for u’
f}\thls fractlon w1th that of the synthetlc mlxture showed
'fthem to be 1dent1cal the calculated rotatlon expected

from the synthetlc mlxture was, 11kew1se, found to ‘be _';f‘f

| i"‘”1dent1.cal to that whlch was observed (see Table VI)

"f@;dmethylbutane produced mlnor amounts of two other (+)-.

. The condltlons used to 1solate the tertlary

'fbromocyanlde 40 were the same as. those used to 1solate }fu.f"'

‘;:actlve ( ) 1 2 d1bromo—2*methylbutane, w1thout

h'd';racemlzatlon 5, Slnce the bronlnatlon of (+)-l—cyano-2-.ptifpkf»ﬁ
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40

;h the Brz—NBS Bromlnatlon of

(+)-i-Cyen642éme£n§li ?,gl fd Synthetlc Mlxture of Products,:i

SR Synthetlc Mlxture ofb

27

‘;:obs 1
a

(Isoiated 40) ;

. 39a, 40 and 4la’

2 W26 T
;}Obseryee | aqbs. Calcéi

‘ b‘.‘ ‘L .

 n;5é9v-eef5f;1i%b;0383jiﬁ:;. '%b;0§6éfsfﬁ{nnf}  i"“+o»o38° o
»};'5457A'g*:;;g;;a‘bago_;gjv o o150 f]' +0. 04604}»
'}"* 436;;ie;ft1;f+° o7aofﬂ7 J‘.diiéfﬁf;}ﬂ-;;fﬁ_f +o,o76§]"j

36 w0azer T owozee osoe

The 1solated materlal was contamlnated w1th l 4% of 39a *7"f.

and 7. 0% of 41a (see Flg. 1)

~~~

b A synthetlc mlxture of l 36% 39a, 91 69% 40, and 6 95%  ', s

41a.; The calculated rotatlons were obtalned u51ng

~~~ R

[~] for 39a and 4la llsted 1n Table IV.A ,,.

%

~~~ Lo
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ch1ra1 monobr0mocyan1des, whlch could not. be removed ‘by

, J - _
dlstlllatlon, and since the 1mpur1t1es whlch contamlnated

. : Vo

the isolated l—cyano-Z«bromo—Z—methylbutane accounted for

the entlre observed rotatlon of the reactlon mlxture, we

are forced to the conclu51oﬁithat, in our hands, the

’fbromlnatlon of (+)-1—cyano—2-methy1butane lea s to 1nact1ve
()~ l-cyano 2~ bromo 2—methylbutane. ' | 4

o

;><:> L | The observatlon may not be due to the fundamental

. L}
. nature of the bromlnatlon of the-substrate at a’ chlral

~

center, but may very well be due to the 1nstab111ty of

thls partlcular tertlary bromlde 40.
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"JPhotobromlnatlon of (+) 2—Methylbutyl Acetate With Bromlne-

NBS Mlxture in Freon ll

..‘
. 0
v

N A leture of (+) 2—methylbutyl acetate, 42
*‘bromlne, and NBS (1 3 : l': 1 3 mole ratlo) in Freon ll o
wsolvent was 1rrad1ated 1n a fashlon sxmllar to that used

for the bromlnatlon of (+) l—cyano 2-methylbutane, 38a

T~
~

(2 hr, 16°) Glpc ana1y51s of the reactlon mlxture, after N
i destructlon of remalnlng bromlnatlng agent,'showed 51x ;'
'products other than the startlng acetate 42. The ana1y51s
~ of the reactlon mlxture w1th a knoWn amount of added
- 0= dlchloroben?ene as: standard showed ll% conver51on ofuthe.d:
. startlng mater1a1 The products were fractlonated by.
::preparatlve glpc The maaor product (91 0%) was 1déﬁt1f1ed
as 2 bromo 2-methylbutyl acetate, 43. Its structure was |
.}a531gned on. the ba51s of 1ts Hl nmr, rr, and mass spectra
'A carbon tetrachlorlde solutlon of the bremo acetate, 43
_dld not rotate plane polarlzed llght (see Table VII) The;r -
~‘recovered startlng acetate 42 was found not to haVe R
'racemlzed duxlng the reactlon as can.be SEén from Table VII.
| One fractlon of the monobromlnated prb!hct (3 4%9
_dwas 1dent1f1ed as an; equal molar mlxture of erzthro- and

[}

vthreo 3-bromo—2—methylbutyl acetate, 44a and §4b Thelr ?

N~ ~~~

'structural aSSanments were based on Hl nmr Spectrum

mass spectrum of the mlxture of compounds, 44a and 44b,
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43

. ' ’ . e
! - .Specific Rotation of: the Product from the Photo-

bromination of (+)-2-Methylbutyl Acetate, 42, (in CCl,) R

“ v

)

A, mp Bromo Acetate - 8tarting Acetate

L

(125

l 46  ' o 42

\

Recovered Acetate

N

‘o

- 42

~~

- 589

578

546

- 436

365

0 T _+A3;79°

0 0 ¥ 3,935 -

0 -+ 4.48°

o - . 47.61°

o T srl.gee

4+

+

3,770
3..‘94.0 ”‘

4.48°
7.60°

+12,03°
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,dld not show a parent peak but gave peaks at m/e 193,

195 (P- CH3,'ratlo 1:1), 148, 150 (P HOAc, ratlo l: 1),

129 (P- Br), 128 (P HBr), 70, (CSHlo),-GO (HOAc ), and 43
“(base peak CH3C=O) - ‘Two dlbromlnated acetates were also
1solated and thelr structures were aSSLgned as erzthro—
‘and threo 2 3~ dlbromo 2—methylbutyl acetates, 45a and 45bn-

~~~‘ ’ -~ -~

(1. 8%), respectlvely. The structural assrgnments were

1 nmr’ (see exper1mental sectlon)

"jmade based upon their H
‘and mass spectral analysrs | The mass spectra of both
‘u dlbromlnated acetates, f§§ and 5§b, dld not glv parent
:,peaks, but both 1somers showed the same fragments corres—r'
- ponding to p- Br at m/e 207 and 209 (ratlo 13 1) and .a base'
".peak at 43 (CH C—O) Another two products were detected
A but were not further characterlzed, presumably they Were

Vmonobromlnated acetates Judglng from thelr glpc retentlon

. tlmes
e % BrNBS, b [ 3
- {+) CH3CH,CCH,0-COCHy  — — -(i.);cn3cn<2ccaz'o'-¢cocn3 +
e 160 BRI
91.0% .

~ ~ . . ; : N EENEE V9



‘cH., CH

| 3 3 | 3 | o
- CH,CH-CCH 0-COCH, + CH 3CH-C~CH,0~COCH “+ other products’
3l I 2 3 I I 2 -3 . T ;
Br H .. -+ Br Br
3.4% . . l.8%
erYthro;L& threo—V. 'herythroé-& threo--
44a 3 b~ . 453 & 45b

L~~~ . . ~ o~ ~ o~

The bromoacetate;v43\'wasvexamined for"enantio—i
‘rmerlc purlty by obtalnlng 1ts H1 nmr spectrum 1n the
»presence of an optlcally actlve Shlft reagent trls~5

(3 (heptafluoropropylhydroxymethylene)—d-camphorato)-.
-veuroplum (111), (Eu(Opt Shlft)3)77 ?9,; The ' nmr (1oo
’5MHz) spectra of compound 43 w1th Shlft reagents,

.h Eu(Opt Shlft)3 or Eu(fodj 30, (trls (1 1 1,2 2, 3 3-
hheptafluoro-? 7~ dlmethyl—4 6~ octadlonato)europlum(III)),‘
'and w1thout shlft reagent are llsted 1n Table VIII, rAs".
wcan be seen from Table VIII when the optlcally actlve -
':”Shlft reagent Eu(Opt Shlft) was used each set of proton

e

absorptlons was sp11t 1nto two. sets with equal 1ntenslty..j

: ok
Each set of absorptlons corresponds to an enantlomer of
-~

';43. Compared w1th the results obtalned w1th the’ optlcallyf‘»-

-actlve Shlft reagent, when the’ 1nact1ve Eu(fod)3 30 was
tadded to the nmr sample and the spectrum taken showed a

'af'com rable 1nduced downfleld Shlft, but each set of proton.-‘
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»)absorptions remained unSplit‘ These reeults wthh are -

B

lP agreement with the polarlmetry measurement demonstrate

that the bromo acetate 43 obtalned from the bromlnatlon_‘

e of Optlcally actlve (+) 2-methylbutyl acetate was com*f SR

_tlon reactlon was. not 1mportant u

pletely racemlc.

A The absence of racemlzatlon °f the recovered

the condltlons

:startlng acetate suggested that revErSQl of the abstrac-'f

‘emp10yed in thlS reactlon ‘ At lqy coﬂVErsLon (11%) of

: the startlng materlal, ‘the small amount of hydrogen bromlde.‘:

‘ produced was scavenged by the 1arge exCesS of NBS present E

.l-

in the’ reactlon, thereby llmltlng the rQVersal process.h

Y,

'In the case of molecular bromlne bromlnﬁtlon 5;-1t has
Jbeen shown ‘that the recovered startlng acetﬁte was ex- ~'}
ten51vely racemlzed (44%) ) The racemlzatlon demonstrated .

"_l‘the 1mportance of the reversal of the tert;ary radlcal

,_when it is formed in the presence Of hydrogen bromlde._h,f"

va1dently,. —bromo 2—methy1butyl acetat§ 43 was not ob—l

5:obta1ned as a. major product (91%), howeV&r at the expense ';?51°

.fof 1ts enantlomerlc 1ntegr1ty.,

| :served 1n the molecular bromlne brominatlon because of
*the rapld decompositlon of the bromoacetate, 43 by an acig :f
ilcatalyzed reactlon. Undegsthese react1°h condltlons,'ln o

the absence of hydrogen bromide, bromo aQetate 43 was i

&
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-

Mechanlstlc Predlctlon on Photobromlnatlon of (- )~(R)

MME

N

An understandlng of the mechanlsm of the photo— '

_bromlnatlon of an alkyl bromlde requlres a knowledge of
- the structures of the 1ntermed1ate radlcals 1nvolved

At present there is no unequlvocal plece of chemlcal or .’

‘_;SpeCtrOSCOplc ev1dence whlch 1nd1cates that a B-bromoalkyl |

radlcal prefers a "bromlne—brldged" structure rather than‘

..a "class1cal" structure.' In the cases-where such ev1dence

has been clalmed, alternate explanatlons can be proposed ft{

'Tto ratlonallze the observed results. The bromlnatlon of
';optlcally actlve ( )-(R) 2 bromobutane was chosen for |

- thls anestlgathn 31nce it prov1des one of the best

L dlagnOStlc tests for the bromlnatlon mechanlsm. The '
: ‘ , .

f'experlments Were de51gned to dlStlngUlSh betWeen a

"Classrcal Rad1ca1 Mechanlsm and a "Bromlne-Brldged

\”_Radlcal Mechanism" Slmllarly, lSOtOplcally enrlched

-bromlne-al bromlnatlon prov1des the drstlnctlon between -

a reactlon 1nVOIV1ng dlrect substltutlon and one leadlng

“;ﬂ,/t° racemlzatlon by an ellmlnatlon-readdltlon reactlon.

' Cla551cal Radlcal Mechanlsm (Scheme II) ffAf{7

5'"meChanlSt1c scheme whlch proqeeds by an open radlcal
h.predlcts that photobromlnatlon of (- ) (R) 2~bromobutane
i;fwould produce optlcally act;ve (ZR 3R)-d1bromobutane and

'1nact1ve meso*(ZR 3S)—d1bromobutane The oroduct j

O .}
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'] dlbromldes would be formed w1th an. absence of excess 1n-
corporatlon of brom1ne—81 'n | e _V e ,_\"

V Bromlne Brldged Radlcal Mechanlsm (Scheme III)

-;—\Thls mechanlsm predlcts the formatlon di both inactlve _
i'dl -2,3- dlbromobutane (equal amount of (ZRJR)- and

(28 Bé) dlbromobutane) as well as meso—(ZR BS)-dlbromo-i e
butane w1th no excess 1ncorporatlon of bromlne 81. Slncelf
the’ brldged radlcal 1ntermed1ate that produced (2R 3R)— T-A'“
:and (25 3S)-d1bromobutane has a plane of symmetry, the
‘:enantlomerlc palr w1ll be formed 1n equal quantltles.;“
"Although the brldged radlcal that should lead to meso-;(_ o
2 3 dlbromobutane 1s dlssymmetrlc the product COntalned ]
a plane of symmetry and must be lnactlve.e Thus both /_G
ebrldged rad1ca1 1ntermed1ates should 1ead to Optlcally‘ ”};
‘vlnactlve products.-hh”‘,fl ' ; ;.uMiw . | R

Ellmlnatlon*Readdltlon Mechanlsm (Scheme IV)

- ThlS mechanlsm predlcts that the dl 2 3-d1bromobutane

"-f.that 1s formed should be 1nact1ve, furthermore the v1c1na1.14

£

| dlbromldes (meso-2 3-; dl 2 3—, and 1 Z-dlbromobutanes)

“:‘hfshould be enrlched 1n brom1ne—81 1n the bromlnatlon of

'juz-bromobutane w1th 1sotopically enrlched molecular bromine-f.h'

'ﬂ81 The hydroqen bromlde that was formed durlng the
e;reactlon should be enrlched 1n brom1ne-79. ‘ : |

Dlrect substltutlon, i. e._of a bromlne-brldged

ve'radlcal (Scheme III) or an Open radlcal (Scheme II), Wlll Sl

:;lead to a statxstlcal dlstrlbut1on of bromlne content in h ;"’

. \" ’
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-the dibrOmides When 2 bromobutane (50 57% bromlne—79

: ~and 49 43% bromlne 81) and 1sotoplcally enrlched molecular

_ bromlner81 (2 192 bromlne 79 and 97 81% bromlne—Sl) are

B used 1n the bromlnatlon, the d1brom1des produced by dlrect

substltutlon are CalCulated to ccntaln 26 38% bromlne 79
and 73. 62% bromlne—sl w1th a peak helght ratlo at the
_'parent peaks: 214 216]} 218 ;115 45 s 43 7 (see
_Appendlx) , l | "- o o : | |

If the dlbromldes, 2 2—d1bromobutane (8%) and

. L
L2, 3 dlbromobutanes (92%), were the only products formed

R and 1f the 2,3~ dlbromobutanes were formed solely from

)
the ellmlnatlon readdltlon mechanlsm (see Scheme IV), '

' :‘thelr bromlne content can be calculated by 31mulat1ng the f}
‘;”reactlon stepW1se. It was assumed that 92% of the attack
"{;by broml§e atom was at the 3-9051tlon, and that thls Was s'y
-constant throughout the reactlon,‘ The 3~bromo 2-buty1 |
':;bradlcals o) formed would ellmlnate a bromlne atom whlch l;f i
_ scrambles w1th the bromlne pool prlor to any other |
’Areactlon (see Appendlx) The bromlne from the new bromine.:_h
flpool was: then added to 2- butenes to glve 2 3-d1bromo~ o |
‘ibutanes., The calculatlon predlcted that the 2 3—d1bromo— S
llbutanes would contaln 13 5% bromlne-79 and 86 5% bromlne-tt;
d 81 w1th the 1nten51t1es of the parent peaks 1n the ratlo of;u.7
’.}'héiiié 216; 218 1.:12.8 41 1, whlle the 2, 2-d1-"’ e
}.{ bromobutane would contaln 32 0% brom1ne-79 and 68 o% »
l hﬁ;bromlne-Bl-WLth a ratlo of 214 2l 218 7 39 ;ﬁ];fl:
w:6 26 L . R R I o e
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Scheme IV

Ellmlnatlon—Readdltlon Mechanlsn -

(*)-2R.3R B' (-)-25 3s

f

- meso, inactive - T o dl,mocﬂva

v\'

o Et;? fSCramblédfBromine boolLt5l] f"
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'Photobromination of'(—)—(R)é2—Bromobutane with Molecularf

Bromine.
.
The photobromlnatlons of" ( )—(R) 2 bromobutane.

w1th varylng concentratlons of molecular bromlne were

Acarraed out in degassed and sealed Pyrex reactlon ampoules

,In most caSes, the’ reactlons were. run to completlon..
9 B -

54 .

~lAfter the reactlon, an 1nternal standard was quantltatlvely

ﬂ~t;added and the reactlon mlxture dlluted w1th Freon ‘11,

”~The mxxture was then freed from excess bromlne and hydrogen .

bromlde by washlng w1th 1ce—cold aqueous sodlum blsulflte,‘

water, and aqueous sodlum blcarbonate.- The reactlon -

'mlxture was?drled and then subjected to glpc analy51s. :_:s

T The ana1y51s showed the presence of flve products as well?':

- as the unbromlnated ( )—(R) Z—bromobutane. The products

7.,dwere 1solated by preparatlve glpc and 1dent1f1ed as 2, 2-'”“

b'dlbromOthaner meso—z 3- dlbromobutane, dl 2 3-d1bromo—fst'f”

hbutane, m,z dlbromobutane, and 2 2y 3 trlbromobutane by

| &’

”,comparlson of the 1r, nmr, and mass spectra w1th those -”.

e

. 5
- of authentrc materlals. The product dlstrlbutlon is

o & .
"'llsted fn Table IX._ The unbromlnated 2-bromobutane, 3

7

AN

2, 3 dlbrbmobutane (dl fractlon),/and 2 2, 3—tr1bromobutanehﬂ-

\” ne_mhelr optlcal rotatlons._ The results are 3
.glven {n iable X. In all cases, the materlal balance

for thé reactlons ranged from 97 103% based on- startlng

'ected to polar1metr1c measurement in order to fo
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| ‘-mLTable_Ix continued

f[;vmean

[

"Reactlons l 3 are. taken from Ref 81.

o

=f“fThe errOrs 1nd1cated are average devlatlons from the,

f;'To-COmpleEe-reaétidn of'btdmine.*”
;vAverage of three 1ndependent experlments.
o

,*At 30% conver51on of startlng materlal.

o

At 10% conver81on of startlng materlal.

At 46% convers1on of startlng materlalt
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Table X continued
. : \‘ . : ‘.,‘,‘ .
All the'rotations are’méasured-in CCl4 solvent except

for starting materlal (measured as neat liquid).

b.Oth.cal purlty (O P.) based on max1mum reported value
el = 39.4°° (Ret, 2. T “ | o R

.C'Corrected for optlcal purlty oﬁ startlng materlal

dgTo complete reactlon of bromlne._

© Atn30% COnve551on of.sta:tlng-material; \
At 10% oohversioh of starting'matefial :

g»At 46% conver51on of startlng materlal.and at -20°

h Dark reactlon under phot01n1t1ated reactlon condltlons.
Dark reaction" w1th added hydrogen bromide (RBr: Brz'HBr ='.

3 1 l) under phot01n1t1ated-reaotloﬁuconditionSg



~material and on bromine consumed,

1meso,:: b ]

Br

The product dlstrlbutlons listed 1d Table IX :

‘are 51m11ar to those prev1ously reported for llquld

phase 73 and the vapor phase 74 bromlnatlons of 2~ bromo— df

butane | Thaler 73 1nvestlgated the lquld phase bromlna- B

Q
'tlon_ (60°) and found only three products. 2, 2-d1bromo—'

butane (16 3%),:meso-2 3- dlbromobutane (58 3%), and dl—

2, 3-d1bromobutane (25 4%) ., Tedder et al 75

reported

- that almost a 100% yleld of 2 2—d1bromobutane was found
.1n the gas phase reactlon at l46° (fast flow system) :
Kharasch et al 7% observed five" products 1n thelr vapor

;phase bromlnatlon at. 100°. ' The 1solated products were

shown to be 2 2 dlbromobutane (19%), meso—2 3 dlbromo-

'butane (22%), dl 2,3~ dlbromobutane (10%), trlbromobutane e

(34%, very rlch in 1, 2 3- trlbromobutane), and l 2 3 4—

tetrabromobutane (6%)

A

s
.
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In this WOrk 2, 2 3 trlbromobutane was always
~»ohserved even at low conver51on (10%) of startlng :

-fmaterlal (see Table Ix, reactlon 8) : Compared with the
74

- vapor phase bromlnatlon reported by Kharasch et al ’

" the trlbromlde formed in 11qu1d phase bromlnatlon 1s'
2, 2 3- trlbromobutane not 1,2,3- trlbromobutane. A p0351ble i;ih
’ﬁprout to 1,2,3- trlbromobutane as a maJor trlbromlde of the
r 2- broﬁobut‘ e vapor phase bromlnatlon could be v1a allyllc

hbromlnatlon of.. butene, formed by ellmlnatlon of a bromlne

1 atom\from the 3 brom w2 butyl radlcal as shown in- Scheme V.



o

In-thisuSCheme,-the 3-bromo—2—butylvradlcalslare either,“
trapped by molecular bromlne or. hydrogen bromlde or o
'ellmlnate bromlne atom to g1ve 2—butenes., The\alkenes
may -add bromlne to glve meso- and dl 2 3~ dlbromobutanes
or be allyllcally bromlnated to glve a mlxture of l bromo~

2= butene -and 3-bromo-l-butene l 2 3~ Trlbromobutane lS o
'“\

then formed by addltron of bromlne to theSe allyllc .

bromldes
B . . . . . 0 - »
There are numerous precedents for ellmlnatlon

3 47-52, 73

B from B broégalkyl radlcals ThlS ellmlnatlond/

/

:process is. also respons1ble for the rapld 1somerlzatlon -
j of trans- and cis- alkenes by bromlne 1,3,83- 86, Also, ltlbf
}1s well known that allyllc bromldes are formedsln hlgh '
't ylelds 1n the bromlnatlon of alkenes when the bromlne
fconcentratlon is kept low, thls 1s, after all the reason.i
'ifor- allyllc bromlnatlon of alkene by thromosucc1nim1de,

Al

‘where the NBS serves as a source of a low, steady state
*fconcentratlon of bfomlne 8;; It was also shoWn by Slxma A;
. and Rlem 87 and McGrath and Tedder 84 1ndependently that
1n the lquld phase photobromlnatlon of cyclohexene, 3-'.
bromocyclohexene was formed in 80% yleld when the gaseousr

' bromlne was - slowly lntroduced 1nto the reflux1ng carbon

"‘wtetrachlorlde solutlon 1n a stream of nltrogen.

w Yo

,atom attac at the allyllc p051taon (k ) compared to the

The preferentlal allyllc bromlnatlon of alkene'[l].ﬁ

course, dependent on the rate constant for bromlne;,,¢A
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: rate oonstant for addltlon to the alkene (k ) However,:u»"
:'under the reactlon condltlons of hlgh_temperature -and low
:bromlne concentratlon, allyllc substltuti "w1ll be. favored
'at the expense of addltlon, since. addltlon 1s ighly ;‘

383 85 - o A

Arever81ble . The formatlon of the allyllc adical

'_‘1s not apprec1ab1y rever81ble 3r however, and. thus the

';allyllc rad1ca1 surv1ves to react w1th molecular bromine,v‘
_ even if the latter is’ present 1n low concentratlons, and
'allyllc bromlde is. formed rather than dlbromlde. Slnce A

k 2 3- trlbromobutane wa5<produced 1n the vapor phase |
“abromlnatlon of 2—bromobutane, presumably the allyllc -
bromlde 1on1ca11y added bro;anelln the condensed'phase to
'produce the trlbromlde 74;‘ | | | o

' )

1. The productlon of 2 2 3-tr1bromobutane in the '\

illqu1d phase bromlnatlon lS the result of the bromlnatlon
iof several of the product dlbromldes (see Scheme VI) The
“:polar addltlon of bromlne to 51mple oleflns 1s a: rapld
h;process in llqu1d phase, and w111 be an 1mportant com~- |
b'petltor to the radlcal process., Furthermore, the usual f‘t‘r
bromlne concentratlons 1n solutlon phase reactlons are
1much hlgher than for the vapor phase reactlons, therefore,
11.’1t is expected thi% any olefin produced w111 add bromlne Vt‘
;}:rapldly to glve the addltion product Several pleces of -;;

"ev1dence showed that thls 1s true., At a h1gh ratlo of

A[RBr]/[BrZJ(ls l), very llttle 2 2 3 trlbromobutane was o

~’found even though at thls low bromlne concentrat10n,,4"



L T - 1Soheme‘VI,-p;- B

3 Br

'ffthe ellmlnatlon process
'of bromlne is preferred Furtpermore, ellmlnatlonhre—o

’.ftaddltlon process must glve lne\}iye product whereas the
2, 2 3- trlbromobutane formed is optlcelly actlve (see

B Table X) Theréfore 1t appears that the bromlnatlon

63

p'process 1s not proceedlng exclusrvely by anelrm1nat10n-['

S

fs favored the polar additlon : S
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o readdltlon mechanlsm.>

o\\?he lquld phase bromlnatlon of 2-bromobutane o
at hlgh temperatures glveS progre551ve1y 1ncrea51ng yleld
*7iof 2, 2-d1bromobutane w1th 1ncrea51ng temperature (see
ha_Table XI) ThlS result can be accommodated by a reactlon
scheme where there ‘are two competlng reactlons for the

”formatlon of 2 2—d1bromobutane (k22) and for 2 3—d1bromo—hj”i
",butane (k 3) w1th dlfferent actlvatlon energles (E22>E23)
'and at 1ower temperature w1th k23 22.' As the temperature
:-15 ralsedﬂ kzé 1ncreases faster than k23, thereby 1n—?r” .
;bcrea51ng the concentratlon of 2-bromo— -butyl rad1ca1
ftavallable for the 2 2—d1bromobutane formatlon of sub—, e
‘f>sequent reactlon w1th molecular bromlne.v 0ver the range\
of. temperature from 0°'to 100°; when a plot 1s made of the-a‘
:Aabsolute yleld of 2 2 dlbromobutane as a functlon of tem-‘tﬁtr
perature (Y = mT +. c), a stralght llne was obtalned w1th.v
‘fa correlathn coefflclent of 0 994 (m = 0 1747 and c
h!_4 826) (see Flg 2) - If the rate.of formatlon of 2 2—. o
g dlbromobutane 1n the llquld phase reactlon ;s assumed to'iildlthl
‘:be the same as 1n the Vapor phase reactlon, then the plot el

“;2 2= dlbromobutane would be obtalned 1n both of the 11qu1d _ij;

hj(extrapolated to l46°) shows that only a 30% YLQld of

‘?phase and the vapOr phase reactlons at thls temperature.f"”

"'fHowever, thls is contrary to the results as the formatlon

K

:‘of almost 100% of 2 2-d1bromobutanehas been reported7 | A.t"

{iprellmlnary 1nvestlgatlon of the vapor phase reaction



“j5fPhot0brom1nat10n of 2 Bromobutane w1th Molecular Bromlne -

’_Reaqtion-“'Temp.,wQCr”

s 1000 2i;§ibglmf:45 5+o 2 25.420.2 -

65

kTable X1 e

w1th Varylng Temperature (11qu1d phase reactlon)

meso -

B T «;Tpteij:ug4:4;o.1;;;55;5#0;1'r‘é&"z:b'ld

-_A,zf“[ZVT;;,T;7~5»;,ff 7,3+o 3.ef55;9:2;3 . 25 5 0.8
R T : 1! LRI 1 JC A ,"57;6 B YR

7;;.16;3.5- 883 ;f 254

: b

Absolute yleld (mole %) based on bromlne consumed ' The

errors 1nd1cated are the average deviatlons from the
mean. ;-faff'fvyﬁo‘ L
Taken from Ref 81

Taken from Ref 73iaf::‘
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showed that a multltude of products 1s formed w1th a
poor materlal balance of the dlbromldes formed (at
.elevated temperature, see Table XII) ?6. tA llkely exe
planatlon for' this observatlon ‘1s attrlbuted to the con-
f51derable 1nstab111ty of the B—bromoalkyl radlcals under
-ﬂreactlon condltlons. DlSSOClatlon of B—bromoalkyl radrcal
liflntermedlates to an olefln and bromlne aton are followed
‘by subsequent preferentlal bromlnatlon of the olef1n~,n‘
v'allyllcally, and then by subSequent addltlon of bromlne‘:"r
‘.to glve polybromldes ThlS process became extremely 1m—ﬁnu"'”
fportant 1n the vapor phase reactlon._ As can be seen from ]
'the results llsted 1n Table XII the materlal balance of |

,the observed dlbromldes (2 2—; meso- and dl 2 3—d1bromo— 5;

. -butanes) decreases thh 1ncrea51ng reactlon temperature

r:p(from 93% at 20° to 27% at l45°); It appears that the. ‘fd:ilkf

| yleld of 2, 2—d1bromobutane was not s;gniflcantly affected
| 'by 1ncreasmg the reactlon‘temperature m the V&Or phase ?'
"reactlon. In 0pp051tlon to@the observatlon, the ylelds of f
-~ the 2,3- dlbromobutanes were substantlally depressed by |

| 1ncrea31ng the témperature (from 7I% at 20° to 5% at 146°):
1fFurthermore, glpc anaIYSlS of the vapor phase reactlon B

o @
'lexture showed presencecﬂfl bromo—Z-butene and l 4--~? ;j

-.i'dlbromo—z—butene (allyllc bromlnatlonﬂfroducts) by the
:Lcomparlson of the glpc retentlon tlmes w1th those of
'-the authentlc materlals. One polybromlnated product, Wlth

.;a glpc retentlon tlme 51m1lar to that of l 2 3-tr1br0mo__{ ﬂvﬁi*




Table XII

Vapor Phase Bromlnatlon of 2 Bromobutane

9

_ ‘ r‘*——-% Yleldb c jfff44j_i_
'Reactions Temp. - 1 '
, ) # . - oc .

- % Yield of.
~ Dibromides °

1020 21.620.2 '52,7+1.0 18.5:0.3 92.8:1.4

2. .60 . 25.6£0.5 30, 120. 55 10.70.2 - 66.4 4:1, 0 2
":731‘;7”_100] 21’5+o"4';1o 9:1.0  4.320.5 36.7+1. sgff“

.4 146 2208 0.4 3‘510;41"1;$¢o;3-,27;010;8  =

é 2€Br6mbbuﬁagé.(19{93 leof moLe) (6 44 x 10
mole) | S ,‘ & ' . : '
b Absolute yleld (mole %) based on bromlne consumed

The errors: lndlqated are deviatlons from dupllcate run.ff.}

ﬁaavv_ﬁl_»h‘ S

-5 i

68
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'butane was also‘detedted These observatlons strongly
: suggest that the prev1ously observed 100% yleld of 2 2—
"gdlbromobutane in the vapor phase bromlnatlon at l46° may
very well be due to the loss of the polybromlnated products

under the reported reactlon condltlons 75.

The unbromlnated startlng (= ) (R) = 2—bromobutane
'that was recovered was found to have racemlzed about 10% nfr
'p(see Table x, reactlon l 3).N The racemlzatlon can not-be -

77related to an 1on1c reactlon._ The valldlty of thlS ob—-

'1,jservatlon was: verlfied by subjectlng the startlng ( )-

L

(R) -2- bromobutane to the reactlon condltlons 1n ‘the
\.’presence pf molecular bromlne or of molecular bromlne and.
"hydrogen bromlde, and 1solatlon procedures 1n the absence,v:

fziof phot01nrt1atlon,'thereby COnflrmlng that the racemlza-.

"_tloér takes place durlng the reactlon (see Table X, |

'reactlon - 8) : - -

. The Observed racemlzatlon of the startlng

materlal can be ratlonallzed by 1nvolv1ng a transfer

fh’reactlon between 2 bromo-z butyl radlcals and hydrogen

;bromlde or- by the ellmlnatlon readdltlon reactlon shown

I‘1n Scheme VII Both‘of these processes lead to racem1c-g
'T,2 bromobutane._ Slnce 1t 1s apparent that the reversmble

sabstractlon reactlon with hydrogen bromide 3v83»13 com-:

PoT e

:'7pet1t1ve wity,ghe transfer reactlons thh molecular

“bromlne, th; ;hydrogen transfer reactlon _should be

R g

B tmlnlmlzed by carrylng out the reactlon 1n an - NBS Br2 }375
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‘mlxture or-in a hlgh concentratlon of: molecular bromlne.
~*As can be seen)from the results llsted in Table XV
(reactlon 1-4, see page 821, when the bromlnatlons were

mlxture, the rag

~run 1n the presence of arnNBS -Br. emlzatlon

2

Scheme VII

. Br

. 1
'Racemic~"f;*._\..f‘ R
: N g:@

.of startlng\materlal was’ reduced fgom 10% to 1-2%. It is :
By Aol ) 5 v
' known that, as the reactlonigroceeded hydrogen bromlde

was produced Wthh on reactlon w1th theqlarge excess of
*d, NBS present ln the reaction ylelded succmnlmlde and
molecular bromlne. ThlS procedure mlnimlzed the presence

of hydrogen bromlde in the reactlon mlxture. ,Wﬁen the
. . : / : ~ Fo



reactlon was run u51ng 2 l (RBr Br ) ratlo and stopped
at. about 30% conver51on of the startlng materlal (this is -

vessentlally the same as. u51ng 3:1 ratlo to complete
reactlon of bromlne), the results 1ndicated that only

—

1, 5% racemlzatlon of startlng bromlde was observed (see
_ 4 f

Table X, reactlon 4)‘ These-two results 1ndlcate that

hydrogen bromlde is 1nvolved in ‘the* racemlzatlon of 2—

"bromobutane durlng the reactlon ThlS may\be due to the

P

reversal of the 2—bromo—2—butyl radlcals w1th hydrogen

.,bromlde or due to the addltlon of hydrogen bromlde to 2—
#butenes formed by elimination of a bromlne atom from the 3-
bromo 2~ butyl radlcal (see Scheme VII) The results give

no 1nd1catlon of the relatlve 1mportance of these two i

| pathways, however, wheq 2 bromobutane was bromlnated w1th
1sotop1cally ‘enriched molecular bromlne 81, the recovered
startlng)materlal had 1ncorporated a substantlal amount4of

bromlne 81 (see page 84) - This 1nd1cates that the -
L

! ellmlnatlon readdltlon mechanlsm must be taklng place to'

a 51gn1f1capt extent produ01ng racemlzed 2-bromobutane. |
| In all, the reactlons, the 1solated di- 2 3—a1—f_

bromobutane fractlon'was optlcally actlve-and was dextroa

notatory The measured rotatlons were found to be

[a]§25 = +5° to +6° 1n carbon tetrachlorlde solutlon (see

- Table X reactlon l 5) Furthermore, the trlhromlde,

2,2,3-tribromobutane, which can be produced from the sub-
s M 2 ’ T o . ) ‘ .'J, B 2 . ‘. 3 . .
séguent bromination of either 2,2-dibromobutane, meso-,
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or §£—2;3—dibromobu§ane, was found also optically active-

4

o(see'Table x, reaction.l—4) vIn the present case,,only

one of . the precursors of the trlbromlde, dl- 2 3- dlbromo—

';butane, does not-have a plane of symmetry, therefore, the
A:Optical activity of (+) -2,2,3- trlbromobutane must .come from
'the bromlnatlon of optlcally actlve (+) 2 3‘d1bromobutane
" The optlcal rotatlon of the (+) 2 2 3 trlbromobutane,.

brtherefore, must be greaterﬂthan the obserxved value llstedz_

2

in Table X. The retalned act1v1ty in the 2, 3-d1bromobutane

(dl fractlon) and 2, 2 3- trlbromobutane strongly demon-5

L;strated ‘that the radlcal 1ntermed1ate 1n1t1ally formed

;n the reactlon ‘is the cla551cal 3—bromo 2~butyl radlcal,

s1nce 1t can be trapped as a cla551cal unsymmetrlcal

37



s

f~der1ved from (+)—(2R 3R) dlbromobutane, should

tproducts were not known, 51nce the preparatlons of these -

A [ ]365

73
|
structure to give optlcally actlve dlbromlde. The for-

matlon of the Q tlcally actlve (+) =2, 3—d1bromobutane can

1~therefore be ratlona;dzed by Scheme II (cla551cal\£ad1cal

mechanlsm) The conflguratlon of thlS dlbromlde may,

: rtherefore, be unequlvocally a551gned as (2R 3R) con—

\
flguratlon accordlng to this mechanlsm, 31nce the assymetrlc

center of (- )— ) -2~ bromobutane remalns untouched in the

<n

bromlnatlon process : Slmllarly, (+)-2, 2 3 trlbromobutane,

|

i

(R) conflguratlon. The optlcal purlty of these two

two compounds (optlcally pure) have not been reported

.fHowever, Skell et al. 7 recently reported that the

-optlcally pure (+) 2 3—d1bromobutane has: a rotatlon of

= +100 . Thelr estlmatlon of the gbtatlon was

obtained by dlfferentlal scannlng calorlmetrlc measurement

: of the enantlomerlc purlty of the partlally resolved

(+)-2 3- dlbromobutane Its conflguratlon»haS'been

a531gned as (2R 3R), 51nce ( )—2 3- drbromobutane has been

synthe31zed from the reactlon of (+)—(3S) bromobutaneH

(2R)—ol wlth trlphenylphosphlne and bromlne and was on =
g

this ba51s a351gned the conflguratlon of (=~ ) - (25 3S) .u_‘

. From a calculatlon based on Brewster s method but

' u51ng the known nmr data for the populatlon of the three

! ' o -



.rotamers.sg of dl—2’3«dibromobutane*;‘Berti and Marsili

74
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| were able to calculate the 51gn of the rotatlon of (2R 3R)—'

dlbromobutane ThlS predlctlon also showed that the (2R BR}'

enantlomer should be dextrorotatory w1th a molar rotatlon

'h'ln the order of [M]D = +llO ' in agreement w1th the con—

flguratlon predlcted by the cla581cal rad1ca1 mechanlsm '
(Scheme II) and the experlmentally observed p051t1ve '
rotatlon Furthermore, in support of the (2R 3R)-con-o""
flguratlon for (+)-2, 3-d1bromobutane, (2R, 3R) - dlCthIO-“ -
butane is known to be dextrorotatory 91;.~ l‘ 'f'{ ,Q' df'

The optlcal purlty of (+)—(2R 3R)-d1bromobutane

(5 6%), obtalned from molecular bromlne bromlnatlon, is.

not hlgh 1f Skell's value (La] = +100°) 7 is accepted**

365
Slnce dlrect substltutlon of (- )-(R) 2 bromobutane V1a an
open radlcal predlcts 100% optlcal purlty of the (+)-‘

(2R 3R) dlbromobutane formed there must be other pathways .

. whlch have led to the racemlc 2 3- dlbromobutane.

* ACCordlng to Brewster s selectlon rules, only one of

the three rotamers, a mlnor one, can. be conSLdered and

therefore the calculatlon 1s not meanlngful.,l_'

Tk The mlnlmum experlmentally observed rotatlon for the

, Optlcal pure ( ) 2 3= dlbromobutane ealculated from the

resolutlon process showed that 1t can be at least ‘as hlgh

as [Q]365 = "84 9° (See page 137) ;



It ;s espe01a11y 1mportant to. show that the ' Ti:

'actlve product formed is stable under the reactlon con—r
_;dltlons Optlcally actlve (- )—2 3- dlbromobutane was -
{obtalned from the selectlve destructlon of dl 2 3-d1bromo-
.butane w1th bruc1ne (see experlmental sectlon) The |
partlally I solved ( ) 2 3= dlbromobutane was found to be_
:unstable 1n the dark under the reactlon condltlons. Itl
was racemlzed to about 12% in: the presence of molecular
bromlne and hydrogen bromlde (RBr Br2 HBr = 1. 2 0 9 Ezlld'
'1n the dark for the same perlod of tlme as 1n the photo-:
ejlnltlatlon reactlons (22 hr., at 17°).' The mechanlsm of
| thls 1on1c racemlzation process undoubtly 1nvolves a-
f;bromonlum ion: lntermedlate as shown in Scheme vidz, Thls
/type of reactlon 1s smmllar to that of the dlsplacement
‘ and SOlVOlySlS reactlons of v1c1nal dlbromldes whlch have
:f.been studled by other workers 9? 94,d It has been shown
Vzthat the reactlon of optically actlve threo-3-brqmo—2-'v
:butanol with hydrogen bromlde leads to the completely
ifracemlzed product dl 2, 3 dlbromobutane 92 The reactlon

"

dlof s1lver nltrate w1th Qérz 3—d1bromobutane leads s1m11arly

93 .

‘to the 1s?ed1ate formatlon of . threo— -bromo-Z—butanol
n acetonltrlle solvent R A c13—bromon1um 1on'

’fnltrate

.q

':.»1ntermed1ate was propoSed for both reactlons. The

'f ﬁeactlon wa; completely stereospec1f1c, 81nce no 1ndicat10n L

oy,

" of 1somerrzatlon of the dlbromlde to meso-2 3-d1bromo-
- _\butane was observed It 1s clear that thls process

% ,i” ‘;f¥;'
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Scheme VIII

:CH3" o .
: B:z/HBr q_ Br . H Br /HBr

— N J @ N lll _ ....__2___3 ‘i‘,’bl., ' - L
AN N «. ] - : - ‘ S R P ‘ ‘» Hul H

e R .Bfl , Lo

 ($)-(2r,3R)

Skl

 meso .

ptcVIdes an lmportant contrlbutlon to the racemlzatlon of
.Ithg\actlve product formed 1n the bromlnatlon.jﬁv

o | Slnce all the reactlon products were 1solated
Ftby preparatlve glpc using 10% Carbowax 20M TPA on" | .:%’fy,.
; Chromosorb PAW, the optlcally actlve dlbromlde was.sub-}:'“'

Jected to these 1solat10n condltlons.f It was found that

"-the Optlcally actlve (+)— or ( -)- 2 3—d1bromobutane, J:..

7collected by preparatlve glpc, racemlzed ta substantlal
'camounts, 15 16% on a 10' x 1/4“ glass column and 5 6% on
\'la 6' x 1/4" glass column (see Table XIII) Thls

e

LI

B T



v Teble'XIII-‘

Racemlzatlon of Optlcally Actlve

J

2 3—D1bromobutane on glpc Isolatlon a

77

_Celumn R f}Before‘-[aJ365 3 After '

&

T
o g

1

6' x 1/4" '+ 3,970 . -k 3,770

S [ -28,81°C . -24,17°C
TIFEV U (TR
oo Lesiaee T 4 2,080

'”“:'f [ =15.96° « . . —14,86°’;’

Clearee _:-‘-' + 4. 49°i'

R T T
Cen
C o laes
0 6.5%
osas
T

b

Glpc condltlons- U51ng 10% Carbpwax 20M TPA on

mesh Chromosorb ?Aw (glass column), Column temp

110°, Detector and ﬁnjector temp 110°

60 80;{
B

The rotatlons were measured 1n CCl4 solutlon._.’

*_Observed:rotatiop,'q,(measu;ed’withrneat;liguid;ep'*



i racemlzatlon process 1s presumably 31m11ar to those of

| the thermal 1somerlzat10n of Sa 68 dlbromocholester01ds_:5’

whlch have been studled 94 96
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.Photobromlnation of (= )4(R5*2-Br0mObUtanefWith-NBS;Brz;l

'Qf hMlxture in Freon ll

‘On photobromlnatlon.of (- ) (R) 2—bromobutane'

aw1th nolecular bromlne, we have found that the unbroml-‘
"fgjﬁhnatEG startlng bromlde may be racemlzed (see Table X)

'}:;{sand that. the optlcally actlve products formed in the T

1 B

}hureactlon were ‘not stable under the reactlon condltlons.-‘ .
‘hThese observatlons'are‘attrlbuted to the presence of '
.’hydrogen bromlde (and molecular bromlne) 1n the reactlon

"haﬁmlxubme We have therefore 1nvestlgated the bromlnatlonih'ﬂ
}:of ( )-(R) 2 bromobutane w1th a mixture of NBS-eBr2 1n ;_t?

”l{f;order to mlnlmlze the amount of hydrogen bromlde and to

hhimlnlmlze the effect of revers1ble hydrogen abstractlon I

;'ehof the 1ntermed1ate radlcals, as well as to 11m1t the |

’llonlc racemlzation of the product, (+) (2R 3R)—d1bromo-f;<

| *butane, formed durlng the reactlon.e U31ng essentlally

'nthe same reactlon condltlons as were used Ln the molecular-i"'”

ff\ i .

“;.romlne bromlnatlons, a. stlrred mlxture Oi.( )-(R)-2—3¢~

ﬁfl'br @obutane, NBS, molecular brom1ne, and solvent Freon 11, fffff

. \ Kt

f{fln a\sealed degassed Pyrex reactlon flask, was 1rrad1ated

L”'~w1th llght from an 1ncandescent 1amp.. The reactionk~fffg!3
u dlmlxture was 1solated and analyzed by the procedure used
:”,for the méfecular bromlne bromlnatlons. The products

”ﬂfformed were gound to be 1dent1¢ai'tv;those5found 1n the 5

.75jdtmolecular bromlne bromlnatlon (see TableXIV) aIp‘all)
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Cosl
'fecases;'thebdesired-produCts; (+)e2‘3-dibromohutaneﬁand‘.
(+)-2, 2 3—tr1bromobutane as well as the unbromlnated
:-startlng bromlde were collected by preparatlve glpc
n_usrng a 6' X 1/4'r 1@% Carbowax 20M TPA glass column and
the opt1ca1 rotatlons were measured (see Table XV)

There are. two noteworthy features that can be
r( recognlzed in these reactlons.; Flrstly, the unbromlnated
startlng materlal was found to be racemlzed only 1 2% at
.n 15 36% convers1on, and 6% at 72% conver51on. ThlS amount

.of racemlzatlon, as expected was smaller than in: the

Qacorrespondlng molecular bromlne bromlnatlon (see Table x

and XV) . The obServatloantrongly supported the suggestlon e,ﬁ';

d'that reverslble hydrogen abstractlon served as an Lm—'
portant route to thls racdmlzatlon process 1n the molecular
bromine bromlnatlon. ' _4_{" o

Secondly, the degree*of the retention of j“”

' ‘optf%al act1v1ty in the product, (+)-2 3-d1bromobutane,;q"

"fwas greater than 1n the bromlnatlon carrled out in® the

. :jfabsence of. NBS (see Table x and XV) The observed

:frotatlon . [d]365 % +8° to +9 4°, was - not affected
'_appreclably by changlng the bromlne concentrations from

.‘0 15 to 2M. HoweVer, at hlgher or 1ower bromxne concen-fff

1tratlons, a bromlne concentratlon dependence was observed. ,\;‘V”

“At a5 M concentratlon, the rotatlon was decreased to +5 98° C;;

'-?:fntThe observatlon may be attrlbuted to the 1nstab111ty of

’T7f‘the (+) 2 3~d1bromobutane under hlgh concentratlon of _[ff;f”'
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d,noleculer bromine}' Thle 1on1c reactlon was pbstulated
to occur by a mechanlsm in whlch a bromlne molecule brlngs
‘-about the 1on12atlon of the (+) 2, 3 dlbromobutane to glve
| a symmetr1cal c1s—bromon1um ion whlch in turn leads ‘to
recemlzatlon (see Scheme VIII) . Slmllar ionization -

. ’

.reactlons are known to océur w1th tertlary alkyl

bromldes 97; At 0. 015 M bromlne concentratlon, the obv.
served act1v1ty sharply dropped to +3 57°', The decrease ';:
.1n observed rotatlon can be attrlbuted to an effectlvely -

1ncreased 11fe tlme of the 1ntermed1ate radlcal to be

Atrapped w1th molecular bromlne whlch 1ncreases the

Loy

poss1blllty of the ellmlnatlon of B bromoalkyl radlcals e

'h:to 2—butenes.’ Addltlon of molecular bromlne to 2—butenes
klmust glVe' racemlc 2 3 dlbromobutane.f Thls ellminatlon

rprocess is well known 3 48 52 Z3 for‘the bromlnatlon T

lreactlon.‘ The optlcal act1v1ty observed in the product,_e

(+) 2, 3—d1bromobutane, seems qulte 1ncon51stent w1th a 5%

'”-bromlne-brldged radlcal mechanlsm suggested by Skell et @

T T
coal, 51nce such a mechanlsm should produce only 1nact1ve SR

I

‘ ;2 3 dlbromobutane (see Scheme III)- Coe

83 |
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' w



,"NlThe products from thls reactlon were 1sblated by glpc and

) .84

The Photobromlnatlon of 2~Bromobqtane (50, 57% Bromlne 79

‘and 49. 43% Brom1ne—81) w1th ISQtOplcally Enrlched Bromlne-'f

81 (2 19% Bromlne ZQ and 97.81% Bromlne 81)

.o . : . . l" -
- 9 - . In order to determlne the 1mportance of the
) contrlbutlon of the ellmlnatlon readdltlon mechanlsm ‘fh‘

(SCheme IV) ‘in the bromlnatlon of thewoptlcally*abtlve

( )—(R) -2~ bromobutane, the photobromlnatlon d& 2-bromo—' \

_:butane w1th 1sotop1cally enrlched brom1ne—81 was studled

R Z—Bromobutane (215 5 mg, 15 73 umol)g and

. bromlne 81 (86 0 mg; 5 31 umol) were degassed and sealed ;_
TJ.n a &akseal reactlon ampoule.. The reactlon mixture . |
;was then 1rrad1ated at 16° untll the bromlne color was
'*dlscharged The hydrogen bromlde produced durlng the :
reactlon was 1ntroduced 1nto a vacuum llne\and dlstllled B
.1nto cyclohexene (200 ul) by trap to trap dlstlllatlon. h
--The cyclohexene and hydrogen bromrde were shdken for 12 .h};]
'nhours at room temperature and the cyclohexyl bromide - N
gformed was collected by preparatlvé glpc. The reactron‘ ; S
'gimlxture was allowed to warm to room temperature and a. o
'fsmall amount of sodlum blcarbonate powder‘was carefully

; :added to remowg any remalnlng undlstllled hydrogen bromid%g;hf

were analyzed by an AEI hlgh resolutlon MS 9 mass Spect-;‘
:rometer to determlne the bromlne 79 and bfbmlne 81 content i

(see Table XVI)
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e
Table continued - ' -

a Lalculated from the observed peak ratlo (see Appendlx)

The €rrors: 1nd1cated are the average dev1atlons from

the mean. . B | : [
. 136, 138 o
¢ p-29, 107, 109 o
a .. - ’ A ‘ -
P, 162, 164- -

P-29, 185, 187, 189 .
f A} L -
TP~ Br; 135 137 .

9p, 211, 216 218 :;5 BRI
Measured peak 1ntens1t1es are 2, 3+0 2 ; 30.8i0.3’:

llO O+0 4 (in mm) C
I

Calculated u31ng the peak 1nten§1t1es of 2.1 3‘30,8':
.']_lO O | ) ; o ':/ ' .

3 P, ’292'%399, 296, 298 Reportedias actual peak:in;'v .
.ten51t1es (in mm) o .
Bhe average 1sotop1c abundances.of each of the three'
1'brom1ne atoms 1n thlS trlbromlde are 32. 4/67 6,

11, 7/88 3, and 6.0/94.0 respectlvely
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Analysis of the parent peaks of CYClohexyl

bromide (m/e‘lﬁg and 164 correspohding to C6H118r79 and

‘CGHllBr ,)”showed thet,it coﬁtaihed‘l7 lS t 0.10% bromihe—:.
79 and‘82 85 t 0, lO% brom1ne—81 thls value represented

.the bromlne content of the hydrogen bromlde formedldgrlhgh
.,the bromlnatlon,b For a drrect substltutlonkmeehanism, the‘_‘u

-.‘brohrne COntent of{the'hyarogen bromide.ahdfthe'seCOnd;

' bromine introduoedain‘the dibromides should hevtheleame~-'

-as that of the 1n1t1al molecular bromlne, i.e. 2.l9§

‘-bromlne 79 and 97. 81% bromlne 81. The result’shoﬁed(that | o

.thelhydrogen'bromide was greetly'enriched‘in.bromine-fg.

| /\/ o+ Brgl. = /\‘/ + mBrSt
[ 4 I, ' . . . = . ’
.;?fi%—fff— T+ Tt Br79/81
79/81 o/ ~
'Brgl + pr!Y/8l === prilpe79/8L .Brgi

. HBr81 +-Br818r79(§1 LN HB ;9/81__;; HBr 79/81 " 'Brg}.

*



ThlS enrlchment must have been due to the bromlne atom :
comlng off»the artlng 2~bromobutane, 51nce there was. no’
other source for the bromlne 79 The most reasonable .

mecha 1sm for scrambllng of the 1sotope of brom1ne—79 is

g&lmlnatlon of the brohane atom fnpm 3—bromo 2tbutyl

'.» radlcals. ‘This ellmlnated bromlne atom was then rapldly

. %
©

scrambled Wlth the bromlne pOol and hydrogen bromlde 98, 99
. }

‘f.'.‘ //}mr‘/hromlnated 2- bromobutane was found sllghtly

enrlched in bromlne 81 (49; 23 i O 26% bromlne 7

and
50 77 t o, ZQ% bromlne -81). ThlS gain 1n bromlne—”- in-
zdlcated that exchange between the startlng 2~ bromo utane-»‘

" (50. 57% bromlne 79 and 49, 43% bromlne 81) and- the_molecular

bromlne 81 pool occurred durlng the reactlon. ere are

four pos51ble pathways that lead to bromlne 81 lﬁ—'

‘orporatlon 1nto the startl g 2 bromobutane (Scheme IX).
E

e/%f{? S -~ In all cases, 1f optlcally actlve (= ) (R) 2~

bromobutaneMEHIEused in the bromlnatlon, the reactlon would :
lead to net racemlzatlon of ( )-(R) 2~ bromobutane Wlth

- 1ncorporatlon of bromlne 81 (e .g. s 2 glves the 1nverted
.‘conflguratlon) Control reactlons were therefore carrledi
“out elther in the presence of molecular bromlne or of 2
molecular bromlne and hydrogen bromlde 1n the dark u51ng”
'fldentlfal Condltlons to those employed for the photo—‘.' R
‘1n1t1ated bromlnatlon.. The results showedithat the re—»’“ .

covered (=~ )-(R) 2 bromobutane was not more than 0, 4%

g racemlzed (see Table X, reactlon 7 8) The 1on1c mechel'"
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v butane contalnlng radloactlve 1od1ne \ .. Benson L e

- anlsms (Route 3 and 4) can thefefore only be of mlnor

.
;mpo;tance 1n the 1ncorporatlon of bromlne-81 (<0 4% of .

Sl o b

' total 1ncorporatlon) 1nto 2: bromobutane.

Lo

', The“mechanlsm of Route 2 1nvoLves attack elther

N A . .

ton.bromine or,on‘carbon by a bromlnefBl atom; this is

feminiscent:of'the reaction of.opticallyoaCtive 2-iodo- -
100~ 1oo h
showed that thlS reagilon proceeds malnly by attack an

the iodo substltuent y radloactlve 1od1ne atoms as shown,»‘_[,

in the follow1ng scheme. ; - ”4_Qihn '_.;-'3‘
4
. . . ‘ o o ) . - o . : . .V. ‘ »<' 4
1 - ?H3 . o ’:?H3 ) R R
G | - CoHg . F\T' )
5vopticallyif.~ N ? ﬁ A rapldly ) : 2
active: U racemizes
e g : + *. N ‘A.";‘H”Cﬁéﬂ'u o ¥
e s Sl
' ;'..a" f:_h‘_, racemlzed productw'h
O //., : ‘contalnlng radloactlve

s 1odlde -

The dlrect S 2 dlsplacement on the carbon whlch

«\‘.\

would also produce racemlzatlon and exchange, occurs very ,

100 101

llttle if at all .. The analogous reactlon‘¥or‘

bromlne attack on the bromo substutuent of 2~ bromobutane,.

v
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!N;‘/pewever, appears unreasonable, since this proceds should -

a_be endothermlc by at least 22 kcal whn e the attack by
S 2 Bgicess is"

x bromlne atom on saturated carbon by ary’
-

275

-unprecedented w1th the p0551ble excep n of the unlque
o ‘ 103 Lo
reactlon of bromlne'w1th cyclopropane 102 :
Brgl H—C Br79/81 ; :é‘. CH3éHCH2CH3 + '-,Br.aléQ"?g/al
— L N - e L
R | R | 3 R .

MIf the %HZ dlsplacement on carbon, however, were
'cons1dered then every molecule dlsplaced w1th bromlne 81
'would produce a two fold racemlzatlon of startlng ( )~(R)—.'

2'bromobu;§pe; since every act of exchange (bromlne 81 for‘”
’bromrne—79 Or hromlne 81" for brom1neh81) replaces One_.‘ - R
Amolecule of the «{= ) enantlomer w;th the (+)-enantlomqp o _é;f
'i The npass. spectral analy81s showed that the recovered 2-v o
;"bromobutane contalned 49 23 < 0 26% bromlne~79 and 50 77 *

40 26% bromlne—sl, i, e. al. 3% enflchment in bromlne 81

‘Slnce the startlng’Z bromobutane contalned 50 57% bromlne-.

e i

‘h ;79 and 49 43% bromlne—Bl there is’ nearly equal oppor-} o
.:tUnlty for dlsplaclng bromlne 79 or brOmlne—Sl heh
;excess enrlchment.ln brOmlne 81 (l 3%)° 1ndlcates that
5there are at 1east 2.6% of the molecuies whose conflguratlon ’
f_ls 1nverted one would then expect 5. 2% racemlzatlon of

a
:~(-)*(R) 2 %romobutane 1f SH2 dlsprhcement on carbon 1s
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e 2
. ‘L-’j

.taking'place As can be seen 1n.Table XV (reactlon l 4)
when gne bromlnatlons were carrled out u51ng bromlne and -
,uNBS mlxture 'only 1- 2% racemlzatlondof recovered ( )-(R)~ :
2~ bromobutane -was - observed o Thls process,.therefore, can‘
' at most be only a mlnor contrlbutlon to the excess 1ncor—

poratlon of bromlne-Sl 1nto 2= bromobutane, if it occurs at
The mechanlsm (Route l) 1nvolv1ng bromlne atom

\ellmlnatlon-readdltlon process 1s, however, not precluded

- B- Bromoalkyl radicals are unstable, and dlssoc1atlons

to olefln and ‘bromine atom/are well documented 1n chemlcal
llterature 3 48"52 73,' Rapld ellmlnatlon of bromlne atom ‘

6 .

from B bromoalkyl radlcals is responslble for the w?;f
3

v known bromlne induced 1somerlzat10n of oleflns 3,8

“:. B Thaler 73 studled the llqu1d~phase photo—dc.'
.chlorlfgtfcn of l-bromobutane, in . addltlon to normal
s»chlorlnatlon products, 1, 2—dlchlorobutane (5% of total
:'products) was also obtalned - which" accounted for 22% of
total 1, 2-d1halobutanes (l brdmo-z chlorobutane and 1,2- :
fdlchlorobutane) observed Tedder has reported that )

'fl 2~ dlchlorobutane was’ alSo produced in the vapor phasea

f-chlorlnatlon of l bromobutane at 35° in place of the ex— .'

°}~pected l bromo-z chlorobutane. Slmllarly, chlorlnatlon of

o bromocyclopentane produced 81gn1f1cant quantltles of dl—I'

'chlorlde Wthh could be mlnlmlzed only to 2% of the dlhalo



. must contaln 26, 38% omlne 79 and- 73 62% bromxne 81 \

93 ..

R ; | . o
o 51;52 A

;products by performlng the reactlon at ~30° +~ These .
'fllterature. examples strongly suggest that the ellmlna—. ’ N
tLon readdltlon mechanlsm (Route 1) may be an 1mportant
: route leadlng to excess 1ncztporatlon of bromlne—Bl 1n
_2 bromobutane as well as a route to the productlon of the
f\d}c1nal dlbrOmldes ) . _ |

If the mechanlsm\for the formatldn of "2, 3 dl—

,bromobutanes 1nvolves a brldged 1ntermed1ate or proceeds

_by a dlrect.substltutlon reactlon,pthe dlbromldes formed
‘bw1th a peak helght r th of the parent peaks 214 3 216:;
,218 =1 : 45. 43, 7 The predlcted peak helght ratlos.

- were Calculated u51ng the b1nom1al expan51on (see Appendlx)
for a molecule of dlbromlde contalning two dlffereﬂt bromlne f
| atoms, w1th drfferent bromlne 1sotope content by taklng |
'vone of the bromlne atoms as the orlglnal one present in-

.h2 bromobutane (50 57% bromlne 79 and 49, 43% bromine-81)

and the other one hav1ng the 1sotop1c composltlon of the
'njmolecular bromlne 81 used (2 19% bromlne 79 and- 97 81%

brom1ne—81) The two mechanlsms (bromlne brldged an%

- dlrect substltutlon), by themselves cannot explaln the 'v

e 1ncorporat10n of brom1ne-79 1nto hydrogen bromlde and

'"bromlne—Sl 1nto 2- bromobubane or ‘the dev1at10n of the
1sotoplc ratlos in . the product 2,3~ dlbromobutanes from N
hthat predrcted v
L

The product, 2,2- dlbromobutane, presumably can’



B

"\\\\dlrect substltutlon The average bromlne content of

:;9—’

‘-bromlne pool (at the beglnnlng and at the end of thqrv.

only be derlved from dlrect Substltutlon; it should have

b

the bromlne content predlcted for . this - mechanlsm. The

jexperlmental reSults showed that it contalned 29, 4? ¥ 0 15% 4

bromlne 79 and 70 51 + O 15% bromlne 81 (see Table XVI)

-A calculatlon was made for the predlctlon of the 1sotop1c

jdlstrlbutlon for the formatlon of 2,2- dlbromobutane by

I's

the startlng 2- bromobutane (before and after reactlon),‘
4

49, 90% bromine- 79 and 50.10% bromlne 81 reactlng by’
]

fhls mechanlem w1th the average brom ne content 1n the
S

reactlon), i. e. 9 67%”brom1ne 79 and 90 33% brom1ne—81

predlcted that the 2 2 dlbromobutane would contaln 29, 79%,3

ubrom1ne—79 and 70 21% b’om1ne—81 The c01nc1dence of the"

predlcted and observ 1sotop1c dlstrlbutlons substantlates
the: mechanlsm a551gned for the formatlon of 2 12- dlbromo-"

'butane ' Furthermore, the average 1sotope content of each_

'bromlne .atom in thlS dlbromlde may be calculated from the

observed peak helght ratlo of 1ts parent peaks (see

Appendlx) ' ‘The calculatlons shdw that one of the bﬁomlne R

atoms,’contalnlng 49_}7% bromlne 79 and 50 83% bromln -1)'.

,hwas very 51m11ar to that of the average bromlne content of

"'bromlne atom, contalnlng 9 75% bromlne 79 - and 90 %;%

2= bromobutane (before and after reactlon), and the other‘

}bromlne 81 ‘was also 1dent1cal (w1th1h experlmental error): o

: w1th that of the average bromlne content 1n the bromlne

<



”pool; These results are 1n excellent agigjpent'With.the*'

' dlrect substltutlon mephanlsm to yleld 2, —dlbromobutane

"w,'Slnce the brOmlne~81 pool was expected to be.dlluted w1th

brom1ne~79 atoms whlch cami from the ellmlnatlon of B~

: bromoalkyl radlcals, it was predlcted that thlS COmpOUnd '

w1ll be enrlched 1n bromlne 79 The reversal reactlon of

" '2—bromo-2 butyl radlcals and hydrogen bromlde wodld 1ead

to racemlzatlon of (- )—(R)—Z—bromobutane w1th no 1ncor—/'.

.poratlon of bromlne 81

..u‘f‘f-.‘ : 4; i." R
+ 'Brgiff. + mBr®l
pr79/81
; N
+ prdl

379/81

The dJ.bromldes‘l meso- - and dl 2 3—d1bromobutane,
were found to be hlghly enrlched 1n bromlne—81 (see Table
xVI) | Contrary to the expected value for ‘the dlrect sub-

' stltutlon reactlon, the experlmental results showed

22, 28 + o 20% brom1ne—79 and 77 72 ot 0.20% bxomlne—81~'

ra

95

N

5A(peak helght ratio 214 & 216 £218 = 1 : 11.5 1 17.9) in o



96

"L_

- s

 the meso-isomer and 21,61 % 0.09% bromine—79,andv78,39 o

-

70.09% bromine-81 (peak hetght ratio 214 5,216 ¢ 218 =

1 :10.9 : 1s, 1) ‘in the dr;lsomer. It can be seen clearly

N

r
from the observed peak hefght ratlo that the. last peak,

: w1th two bromlne 81 atoms, is the largest It these d1—!

'bromldls were produced by the dlrect SubStltuthn mechanlsm,

they. wauld be expected to contaln a bromlne atom orlgl-

Yo B

vnatlng from 2~ bromobutane and a bromlne atom from the

| brom1ne—81 pool The mass spectral peak ratlo of the

'Hparert peaks wOuld show the center peak with one. bromlne—

14

- 79 and one bromlne 81 comblnatlon, to be’ the hlghest 'Thé,

'fcalcuﬁ!tlon from the obserVed mass spectral peak 1nten—‘~'

s1t;es (see Append1x)~showed.that both*bromlne atoms in

.these dlbromldes have dlfferent relatlve 1sotop1c abundance

2e Table XVI), and nelther one. contalned the orlglnal ’

'-bromlne atom,érom 2- bromobutaae'(so 57% bromlne 79 and

49, 43% bromxne-Bl) or. from the bromlne 81 pool (2. 19%
oromlne 79 and 97 81%’brom1ne 81) It 1s apparent that

in 2 3 dlbromobutane, the orlglnal bromfhe of 2-bromo- )

-;“butane had been substantlally lost | These dlbromldes-

‘ftherefore cannot be produced exc1ﬁ51ve1y by a dlrect sub-

:'rapld addltlon of molecular bromlne to glve V1clnal di-

) ~brom1des (see’Scheme IV). However, the pure ellmlnatlon—,

‘stltutlon mechanism.. These results strongly support the
e 1dea of fac1le ellmlnatlon of bromlne atom from 3 bromo-,

»2 butyl radlcals to glve 2 butenes, followed by subsequent

»

&
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~ . . . . . V

readdltlon meohanlsm (Scheme Iv). would predlct both bromlnev--

l

l .
* atoms ln\the addltlon product dlbromldes wOuld have the N

'

same bromlne COntent : The observed dlfference ln the

L

: 1sotop1c content of the two bromlne atoms in 2 3*d1bromo- '

’ »

butane can be attrlbuted to simultaneous reactlon pathwaysA

N -

1nvolv1ng a dlrect substltutlon/mechanrbm (brldglng ‘or

B Y

: class1cal Scheme III and II) and an ellmlnatlonareaddltlon

mechanlsm (Scheme IV).‘ The contrlbutlon from these two

'processes of the ellmlnatlon~readd1t10n scheme to the for—.

_ matlon of v1c1nal dlbromldes may“be calculated from the

results llsted in Table XVI (see Appendlx) These are

»found to be 37% and 40 % for meso— and dl*Z 3—d1bromobutane

L8 P : } i B
respectlvely ‘ S . o - ; TR

Skell et.al. 7 reported that the photobromlnatlon

o S .
of radloactlve labelled 3~ bromopentane Br82 Wlth ordlnary

*»

'°molecular bromlne and NBS mlxture led to a mlxture of

erxthro— and threo 2 3-d1bromopentanes ~ The dehydro—'
é’romlnatlon of threo—2 ;3= dlbromopentane showed that the ‘
*orlglnal radloactlve bromlne atom was completely scrambled
between the carbon~2 and carbon—3 in’ the prodﬁct. Skell

et al 7 concluded that the bromlnatlon of 3~ bromopentane-

..Br82 proceeded through elther a completely symmetrlcal

I3

h!bmlne brldged radlcal Oor an 1ntermed1ate where 1, 2=

o2 L
€ »

bromlne atom mlgratlon occurs faster than trapplng by

‘«.'

molecular bromlne., )
. R

@ A

4

\waever Skell's observatlon is. 1nconslstent

St s . o ' . s ,- " ®
- . .o . . ) ) i e

L

.



threo»

&ith the results obtained from this WOrk

Y8

» t
hv
; threo. ~erythro
RMA = 0.94 RMA = 1.00
: - CH, = Br - C.H Br
. t-BuO . S 2
— > oot
- DNSO i/ &wu. . w/ m
B - B 3
CRMA = 1.02 RMA = 0.98
(RMA = Relatibe’molar redioactivity)‘

i

»that two bromlne atoms 1n the V1c1na1 dlbromldes were

vdlfferent

and nelther one is from the orlglnal brOmlne-

’81 pool or from 2 bromobutane.

urthermore, the '

bromlnatlon of optlcally actlve (=)= (R) =2~ bromobutane .

ylelds optlcally actlve (+) 2 3 dlbromobutane whlch

we have-foUnd'

- ¢could not arise from a symmetr1ca1 bromlne-brldged 1nter-,i

medlate

optlcally act1Ve (- ) 1 2 dlbromo-Z—methylbutane

From our experlence,

&

it was found that the

5. and

(+) -2,3- dlbromobutane were exten31vely racemlzed durlng

 glpc Lsolatlon,'

It seems p0551ble that Skell's obser—_



Y

. v
-

vation of scrambllng of the radloactlve brOM1ne

product mlght be due to the scrambllng in thelr

1solat10n

(16 ft column)

\

\*m -
N
“in the
glpc
At ‘the present tlme,Iit is

otherw1se dlfflcult to explaln this Hlscrepahcy.

' Unfortunately, the bromlne 81 1ncorporat10ns;

in meso- and dl-2, 3-d1bromobutane are compllcated by theu

e

partlal contrlbutlon from the 1on1c reactlon as. shown in

: the follow1ng scheme

25" o
dlbromobutane (0365 =
'Br79/81,
‘ + Brgl
Br79/81u
-
R

in a ratio of 3--

When partlally resolVed ( ) - 2 3-

S prdl

4

l were subjected to the reactlon con- e

ditlons in the dark the recovered ( ) 2, 3—d1bromobutane

g 25
0‘365‘

= 28 81°, neat) ‘was found to be 2 7% racemlzed

99

~ | /
—29.619, neat),and-molecular bromlnef;
. Pr79/81
o el
81 o /\V/ N
HBr™T - | 79481
—_— N - or . + Br,”
<~ :
79/81



“ 0.9 :»l.ratlo (RBrA::Br'd'

100

& ‘ ” ‘. ) - ’ ‘g ‘ . N .

More exten51ve racemizatlon was obserVed in the presence
‘of molecular bromlne and hydrogen bromlde, when a l 2 :
5 HBr)‘was'used 128 racemlzatlon

~was detected. The photochemlcal reactlon 1s expected

- to glve less racemlzatlon, since the ratlo of RBr K

B

_Br2-: HBr at 50%. and 1008 convers1on of molecular bromlne
] are approx1mately 2.5: 0. 5 0 5 and 2 { 0 ' -1, rese‘ |
g‘pectlvely.- Although racemlzatlon of (=)- 2 ;3= dlbromo-

_butane was detected in this dark reactlon, no 1nd1cat10n

of lsomerlzatlon of thlS compound td the more stable meso-~

,f2 3= dlbromobutane was observed If qne assumes that' the o ?
excess bromlne 81 1ncorporatlon in the products was only | |
reallzed by this ionic process, and that the dlbromldes
1n1t1ally formed came from dlrect substltutlon w1thout':_w
excess 1ncorporatlon, then from the exp%rlmentally ob-‘»lk
..served total bromlne content in dl 2, 3= dlbromobutane g

(21 61% bromlne 79 and 78 39% brom1ne—81)\1t would be
expected that a mlnlmum of 19% of. the dl 2, 3—d1bromobutane'
;must have undergone observable exchange (1 e, brom1ne~79 |
‘replaced w1th bromlne 81) ‘,Slnce in every act- of exchange '
there is only a 26% chance of the bromlne 79 belng replaced
f‘by bromlne 81- and 51nce thlS exchange always leads to
racemlzatlon, a mlnlmum of 73% racemlzatlon would have to
"occur concomltant w1th this exchange reactlon. Slnce |

.only 12% racemlzatlon was observed 1n the control ex- :

',perlment ‘a. max1mum of 16%4ff the total exchange found



.can come from this process. ThlS is therefore not suf—;_

: flClent to explaln the observed bromlne 81 excess incor-

| from other pathways

l 2= leromobutane and 2,2,3- trlbromobutane were-

also found to have contalned an excess of bromlne -81 (see'

vs-Table_XVI) In the case- of l 2 dlbromobutane (12.4 % 0. l%
el*bromine¥79 and 87 6 D l% bromlne 81),-1ts bromlne 81

vcontent was found much hlgher than those of meso— and dl-'

2, 3 dlbromobutane , I\ is apparently not produced by‘the._k

- . direct- substltutlon react:on\as 1t would be the same as:v

that of . 2 2 dlbromobutane A llkely explanatlon for its

observed 1sotoplc dlstrlbutlon is. that the precursorf'f”

s radlcal 1ntermed1ate, the 2~bromo 1- butyl radlcal, may

p0551bly ellmlnate a bromlne atom at a faster rate than '

for the average.bromlne 1sot0p1c ratlo from itS'spectral

peak helght ratlo at’ the parent peaks dld not glve a real

solutlon. Nonreal solutlons are due to the measurlng

?peak (m/e 214), correspondlng to two brom1ne-79 com-

101

poratlon, and therefore the racemlzatlon must have . arlsen .

.the correspondlng 3ebromo—2 butyl radlcal The calculatlon

'error of 1ts mass spectral peak helght, 51nce the f1rst-\;

blnatlons 1s:x>small (2 3 0 2 mm) The measurlng error .

on thls peak (m/e 5&4) glves a large error ;n the peak

'»'rhelght ratlo, but shows 11ttle effect in the total

bromlne content (see Table XVI) If-2‘1 -mm peak helght

(w1th1n experlmental error) at m/e 214 was taken for the
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calculation  (ie. m/e 214 ;216 ;218 = : 4.7 .5"2".4),-‘

' then a set of real solutlons was obtalned (See TablevXVI)

.

‘from the calculatlons (see Appendlx) whe calculated

‘ results also showed that both bromlne atoms in 1, 2=

BN

-dlbromobutane are nelther from the orlglnal bromlne 81

"pool nor from the - orlglnal bromlne 1n 2~ bromobut\ne The

_ calculated average 1sotoplc ratlo Qf the two bromlne atoms
of 1, 2 dlbromobutane showed them to be exten31Vely scrambled

This was. further substantlated by the calculatlon of the . .
N - Y]

h:fractlon of the 1, 2—d1br§mobutane derlved from the;

ellmlnatlon readdltlon mechanlsm (86%), see Appendlx.,

» . oL
Y2 ..
: \.

9/81 | 79/813

i : : :
' In the case of the 2 2 3 trlbromobutane, 1f

-one assumes that it was/derlved from the bromlnatlon of
’“2 2—, meso- and. d1-2,3- dlbromobutanes in thelr observed R

. 7
'1sotop1c rathS, by a dlrec; substltutlon mechanlsm, 1t \

L ,may be calculated that the brOmlne content of 2, 2 3—

o

trlbromobutane should be 18 4% bromlne 79 and 81 6%

O
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bromine;Bl. The bromlne pontent was obtalned by usxng
the final bromine content of the dlbromldes, and assumed
that the thlrd bromlne atom had the same: bromlne 1sotop1c
ratlo as’ the average bromlne pool and further assumed
"that the three dlfferent dlbromldes had been brOmlnated
“at equal rates._ The experlmental result showed that 2, 2 3-
nf,trlbromobutane COntalned more bromlne 81 than the cal-‘
‘culated value.- Therefore, it may also .be produced by)the
ellmlnatlon readdltlon mechanlsm (see Scheme VI). The
average 1sot0p1c abundances for each of the bromlne atoms
in- the 2 2 3 trlbromobutane may also be calculated from |
the observed mass spectral peak 1nten31t1es of the parentf
peaks (see Appendlx) . Thls calculatlon showed that the
three bromlne atoms in the trlbromlde have dlfferent N
'relatlve 1sotbp1c ratlos (32 4/67. 6 ll 7/88 3 and
6. 0/94 0. respectlvely, see Table XVI), and that none_ “hf
Ahad orlglnated exclus;vely from the 1n1t1al bromlne-'_‘“
'~81 nor frgm the. orlglnal bromlne 1n 2-bromobutane.2;'
| Due to the compllcatlon of the 1on1c pathway,h:»*‘
kh at the present tlme,_we are unable to determlne exactly
d %Zhe relatlve 1mportance of thé’contrrbutlons of the
ellmlnatlon—jeaddltlon and 1on1c mechanlsm 1n the 1ncor-
vlporatlon of bromlne—al 1nto the products. However, the.
<resu1ts of the bromlnatlon of 2 bromobutane w1th bromlne- 3

“-». N B

81 strongly 1nd1cated that a pathway thch exchanges the"

bromlne substltuent W1th the bromlne pool 1s 1mportant | ‘%fpﬁ}

N
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in the feaction We feel that the ellmlnatlon—readdltlon

7f mechan1sm 1s a major contrlbutor to thls exchange, although

both mechanléms—— 1on1c or radlcal ellmlnatlon - lead to

.1ncorporatlon,and-racemlc products.

The materlal balance for btomlne 79 and}bromlne-
>81 in the products after reactlon was found to be in good
"agreement w1th the 1sotopes in the startlng 2 bromobutane'

vand the 1sotoplcally enrlched bromlne -81 used (see Table.

B

'ngxx).
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'»,Table XVIT

[N

| Materlal Balance on Bromlnev79 and Bromlne 81 of

L 2 Bromobutane Bromlnatlon W1th Isotoplcally En-'

' r1ghed.Brom1ne—8l

1

e,

'Reactants

o

Br79

81 . 'f

. Br!

(mol)(atom %)(atoms/molecule)(lo )

795.5.'
23,3

 818.8

777 5

1036.7

e —————

0“ 1813;2' :

““2{ o !
.- Products

: $35;6

1
20}55; e

.‘1?b}3i‘yf  ; 
..53;5  :
-_é;3'v.»“‘

DA
2301

1939

5A16glv s

552,4

N

439.9°

49,9

421.4

115.2

847.3 (103 5%)-

1788.8 (98.5%)

ESX S
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Mechanlstlc ébnclu51on of the Photobromlnatlon of 2-

‘_Bromobutane ;» ‘s

B TR

N . -
Ve AR

An objectgve examlnatlon of the characterlstics

of the photobromlnatlon of the optlcally actlve (- )fTR)—
X

2-bromobutane w1th molecular bromlne and BrZ-NBS mlxtures

supported “the conclu51on that the reactlon must proceed %}

through the formatlon df a "class1cal radlcal" as' an

o 1n1tLally formed 1ntermed1ate, and the %eversal reactlon -

._ of hydrogen bromide and the 1ntermed1ate radlcals is 1m—i~:”A
‘portant/r/‘the molecular bromlne bromlnatlon. |

| The data from the brom1ne-81 bromlnatlons

(Table XVI) reveals the 1mportance of bromlne exchange

processes.' The bromlne substltuent orlglnally 1n 2-"

bromobutane was exten51vely exohanged w1th the bromlne-

i 81 ‘pool. Theserexchange’processes can be attrlbuted to

the elamlnatlon of ‘a bromlne atom from the B-bromoalkyl;

_ radlcal to yleld blefln, whlch by Subsequent addltlon ofiti

| molecular bromlne glves brom1ne-81 enrlched'v1c1nal dl—fu

: bromldes (see Scheme IV), 'and to the contrlbutlon of an

1on1c racemlzatlon process.' Both processes not only led :

i to the 1ncorporatlon of brom1ne-81 but also led to the |

formatlon of racemlc product : These phenomena explglned‘

”,well the low optlcal purlty obtalned 1n the product,_;"

(+) (2R, 3¥) - dlbromobutane. '

On the other hand, the results must also be

. ;v o
&31 '



_butyl

‘.by molecular bromlne to glve optlcally actlve (+)—’.

_ accommodated by a mechanism 1nvolv1ng a cla551cal radlcal

-

' elntermedlate (see Scheme II) Whlch is captured by transfer

Wlth molecular bromlne before 8 sc1551on or before

'PaSSIng through a symmetrlc 1ntermed1ate, and Wthh glves

‘Optlcally actlve product

Consmder the p0551b111ty that the radlcal in- .

-termedlate leadlng to the formatlon of 2, 3 dlbromobutane:

possessed a bromlne brldged structure. Then- the bfoﬂi—x

S

;Qvnatlon of ( )-(R) 2- bromobutane would ‘be expected to

# C;:A

produce, through a symmetrlcal bromlne—brldged radlcal

lntermedlate (see §@heme III), 2 3- dlbromobutane w1th

,complete loss of the Optlcal actlvity. However, recent

9 N~

.esr-. and CIDNP 3 results showed that g- bromo tertw‘w

9,and B bromoethyl -radlcals are not brldged

‘;Furthermore, the 2 ) 3= dlbromobutane (dl fractlon) and th
2 2 3= trlbromobutane produced from the 4 ) (R) 2—bromo—;"
, butane bromlnatlons were found to be Optlcally actlve,»

1Clearly these reactlons have all of the characterlstlcs

of Slmple cla551cal radlcal processes, s1nce the radlcal

'xlntermedlate, 3- bromo 2—butyl radlcals, can be’ trapped

'lz.s

©

&

(2R 3R) dlbromobutane (see Table X and XV) Its“stereo—

<

'~chemlstry 1s also con51stent w1th the classzcal radlcal

 mechanism (3ee Scheme In.. . | .

The overall experlmentally observed racemlzatlon

;varocesses (ellmlnatlon-readdltlon, ionic’ exchange, glpc

VI

107



isolation, and the racemiaatiOn ofKthe starting'é—btomo—'v
.butane) were found 1nsuff1clent to account for the ob-
'served act1v1ty in the (+)—(2R 3R) dlbromobutane.» Other
pat:nays 1ead1ng’t0 racemlzatlon are»therefore_consideted.”
| luseueﬁal.pt0cesses can be envisaged.tofrationalize
the‘obServation"that'racemizationrcanddccur‘Wlthout' |
excess incorporation of'bfomine-Bl The flrst the for—
matlon of a symmetrlcally brldged spec1es after ab-= .
__stractlon, or as a tran51t10n state leadlng to a l 2—
lbromlne mlgratlon can‘not be . ruled out. LA second proposal
.'can be suggested whlch 1n3olves the prev1ous1y establlshed e
"fac1le ellmlnatlon reactlon leadlng to a caged olefln—: |
.bromlne atom palr, followedbby readdltlon of. the radlcal
to the achlral substrate. Slnce 1ncorporatlon w1ll only -
'occur upon reactlon subsequent to dlffus10n the pos~

| ‘51b111ty ex1sts,~although unsubstantlated, that the.

'.gaddltlon process w1ll be competltlve w1th dlffu31on

(Scheme X) It has recently been demonstrated.that.the«:age
freversal between the alkyl radlcal hydrogen bromlde palr .

. T : . .
. is- competltlve w1th dlffu31on ;Q4ﬁ106.; Slnce in the vapor S
‘ phase bromlnatlon of l—butene 106 it has been demon-

'lﬁstrated that addltlon 1s competltlve with transfer of

R - &

the 8- bromoalkyl radlcal (a near dlffu31on controlled “‘1
”process), 1t 1s not unllkely that cage addltlon can

[y occur JJICOmpetltlon w1th dlffu51on._ ThlS process maygj

-

-~

"therefore mask the contrlbutlon of ellmlnatlon—re-i

‘
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addltlon in: the product v1C1nal dlbromldes in the[iéo—

toplcally enrlched bromlne 81 bromlnatlon.

~ Scheme X

o1

) 79781 Tmeet

79/81

Br

'l o . . No excess incor-

[2 Butenes Br79/81] .

_ Solvent cage -

Cagé readditibn  ‘ ‘ ‘_'.*.'

. 81 S
' - |.Br o P
2 .81
. l L o _tBrz_

oo 1 79/81
. Br l : : o S . Br | .
1 . N . . /.. . .. .o . - . . B
Excess 1ncorpbrat10n ..~ No excess incorporation

1n Bromlne 81 S - (racemic)

N (;acemlc),

poration -(active) -



EXPERIMENTA AL

éMaterials._:

| . ‘ Bromlne (McArthur Chemlcal ‘Co., Ltd ) was

washed w1th concenkrated sulfurlc acid and dlstllled from 3
phosphorus pentox1de prlor to use. Isotoplcally enrlched
1brom;ne-81 (2. 19 0. 5% bromlne 79 ‘and 97 81 t 0.5% o
dtbromlne 81) was purchased from Isotope Development Center,,@%.
vaak Rldge Natlonal Laboratory and was dlstllled twice
:prlor to use. o S »d ’ ‘_;

( ) 2—Methy1butanol (Aldrlch Chemlcal Co., Ltd ),

27 o 107 20__ ] B
[ 1589 =5.76° (lit. {aJD = -5,90 ), and (+) 2
butanol (Norse Laboratorles, Inc. ),v[a]gg9 = +12.57°
(llt. 198-[a]§0 = +13 9°), were used as purchasedJ |

o Carbon tetrachlorlde (spectroanalyzed reagent),-
fvtert butanol -‘and chlorobenzene were purchased from

fFlsher Sc1ent1f1c Company and used w1thout further ,f

'Cpurlflcatlons.. Freon llo(fluorotrlchloromethane) and

Freon 113 (l 1, 2- tr1fluorotrlchloroethane) (Matheson of

'{lCanada Ltd ) as. well as ClS— and Erans 2—butenes (Researchj
‘grade, >99. 8 mole % Phllllps Petroleum Company) were
bused as supplled .' '» J'C;'_A"ff: 'ff“ R .jjils elt
o 'h 1 Bromo 2 butene was obtalned‘from the preparatlveid
glpe collectlon (50° 6! x 1/4" 10% Callbowax 20M TPA' o
glass column) of commerc1al avallable crotyl bromlde

(Aldrlch Chemlcal Company, Ltd ). A freshly collected '



X 3phosphorus pentox1de, ELP 17\

'~were used as purchased

'rb.p 8°/700 mm, n

. f . .

sample had n’> ="1.4804 (1it. *0% n’ ='1.4822). The

sample isomerized to a mixture. of l-bromo~2-butene and _
: : . o .- 2 . : . L

3~bromofl+-butene on standing 110 ', ‘ '
-1 2'34Tribromobutane'(City Chemical Corp.},
.

1, 2—d1bromobutane (Eastman Kodak Co. ) were used as

‘ ‘l Lupplled _ .
| Nmr Shlft reagents, Trls (l l{L~2 2, 3 3-hepta—
lfluoro 7 7 dlmethyl 4 6—octadlonat0)europ1um (III),o |
Eu(fod) 30 (Norell Chemlcal CO&, Inc.), and Trls—(3—-

(heptafluoroprOpylhydroxymethylene) d—camphorato)europlum

P

Hydrogen bromlde (Matheson of. Canada Ltd ) was
.passed over molecular 51eve 4A, degassed, and dlStllled
vtwlce prlor to use. |

"Brucine (Fisher Scientdficho ) wasrdried"byi

was stored 1n ‘a vacuum de51ccato in the presence of
111

RS°’(11t' m.p. 178° ) .

dl 2 Bromobutane (J. T Baker Chemlcal Co ) was

‘purlfled by washlng w1th concentrated sulfurlc ac1d

._water, saturated sodlum blcarbonate, and drylng over

'rdlstlllatlon ’The middle. cut fractrpn was collected

112

A
25-- 1.4346 (11t._

D .

L

' l 4~d1bromo—2 butene (Aldrlch Chemlcal Co., Ltd\ v and ‘

f(III),vEu(Opt Shlft) (wlllow Brook Laboratorles, Inc ),

S

j‘pumpn,ng in a hlgh vacuum llne for - ‘more than two days,'and L

‘ anhydrous sodlum.sulfate followed by subsequent fractlonal

b p 91. 2°/760 mm,:‘
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= 1.4366) .

2~ Bromo— nbutene (trans— and c1s—m1xture) (J T

Baker Chemical Co ) was. purlfled by fractlonal dlstlllatlon

35 1.4576 (lit. 113

4865 for trans- 1somer)-/.'

gsor«to use, b p 83-5° /693

. 84.5-85. 0°/74o mm, ngs =

.meso— and dl 2 3- ler
7about 90% ylelds by the addltlon )f. a bromlne/Freon ll3
;f'/h_. splutlon to trans- and - c1s -2- bytene respectlvely 114 and

4 butane were prepared in -

-

' 'were 1solated by dlStlllathn under reduced pressure

mESOTZ 3 leromgbutane had b p 66°/38 mm,vng0 = 1. 5115

(11n’113 b.p. 73.5- 74°/50 m, n2® = 1.5083). . al-2,3-

leromobutane had b.p. 74°/45 mm,n'go 113
25 .
Dﬁfu 1. 5126) -

Lo 2,2,3- Trlbromobutaneuyas prepared ‘in a method

= 1.5150 (1it.
w,'b.p ‘75 5- 76 5°/so mm, n ‘ '

o

':Slmllar to that of the meso- and dl 2, 3 dlbromobutanes
/_—-——- U

. k ! ! .
“Jfrom 2- bromo 2 butene (trans-»and c1s— mlxture) - The ..

colorless 11qu1d had B7p. 50- 1°/2 1 mm (1it.115 b.p.

83-4°/11.5 mm) ana.ngsp- 1.5610 (1it.%16 29 - 1.5602).
“Nmr‘ T(CCl ) 749 (3H,;': 3-CHy), 7.23 (3H- s§»l-H) and
'~5 43 (1H;. qf/3 H). The mass spectrum of thlS trlbromlde |
h gave parent peaks at m/e 292 286, andd'@%g(l 3
“3 1 ratlo)) : ,. _ ;:f_ - Q?

tent Butyl hypobromlte was prepared by the
'amethod of Walllng and Padwa 76 and was assayed for purltyf:;
o by thlosulfate tltratlon of the 1od1ne llberated from KI :

1n the presence of acetlc ac1d 117,: Results 1ndlcated
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‘ .- . ' . . . . ' N 76 . ‘ . ) o . . g ..\“ s
94% purity, b.p. 40?/63 mm (lit, = byp, 44-5°/85 mm).
It was stored in a'brown'bottle’protected.from light*at

a temperature less than 0° and removed .only prior-to use

in an experlment Mass spectral ana1991s (70:eV) was con—.

'Kstent w1th that antrc1pated for tert- butyl hypobromlte

/e 152 and 154 (parent peaks,'l : 1 ratlo), 57 (base W
l

3)3C+), and. addltlonally showed contamlnatlon __;:
3

by tert butanol ‘m/e 59 ((CH ) C OH) Nmr r(CCl ) 8 74

peak (CH

"(51nglet)

(+)-1- Cyano-2-methylbutane, 38a, was prepared

~

by the treatment of the p—toluene sulphonate ester of
(=)= 2-methylbutanol with pota551um cyanlde >, The
tosylatev(so g, 0. 25 mol) and a solutlon of potaSsium

cyanide (86 g, 1 .32 mol) in dlethylene glycol (80 g) were

-btheated until the reactlon Commenced The mlxture was

amalntalned at reflux for three hours and the crude product
~was dlStllled from the reactlon mlxture under reduced
‘pressure Fractlonal dlstlllatlon of the crude product

Aylelded 18 g (72%) of pure (+) l—cyano 2—me&hylbutane,
118

b p‘ 152 154°/699 mm (llt 151 4- 152 6°/743 mm),.J
n gé = 1 4075 (}1t 118"35 = 1-4070) The specrflc

-rotatlon of the actlve cyanlde (1n CCl ) 1s llsted in

"Table IV‘(llt. [a]54é'i“ +7 98° ). Tﬁe optlcal rotation-_jih
o of the actlve cyanlde after relsolatlon by preparatlve' | A
lglpc gave the same rotatlon _Nmr; T(CCl ) 7. 77 (2H d l-H);:
.8.0- 8 8 (QH m, 2— and 3 H), 8 937(3H d 2= CH ), and " ﬂfa;”}u

~
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9.06 (3H; t; 4-H). iI.R;d(liq} Film) 2970 (s), 2940 (s);

2880 (s), 2860(s), 2240(n); ;460(s),‘1425(m), idaokm)(

! i350(w); 1345(w) 1155(W);gand:§7d(wr,cmfl;“_ -

_‘ Anal Calcd. _for'Cgﬂilh:.'C,'74.l7;:H,'llg4l;

‘JFound;' C, 74.08; H, 11.21.' ;:'f . ;'h".

| -1<Cyan9:2~ﬁé£hyi—l—gutene;and;1;cy5ho-2emethy1_it~

h’2—butene{ —;.The.method of:Whyte and Cope-l¥9‘was_usedgto. )

’.synthesize a‘ﬁixture'of'these oiefins.hlAdhenZene»solution'

(lSO'ml)-of methyl ethyi ketone (225hg;~3-1 moij, cyanas

acetlc ac1d (245.g, 2.9 mol), glac1al acetlc ac1d (90 g,A,1

' dl 5 mol), and ammonlum acetate (46 6 g, 0.6 mol) was ['

heated under a Dean Stark trap until all of the water.had
dseparated ~ The benzene solvent;was removed by dlStll—‘.'

i.flation and the.orudenmixture’Qas.heatednat‘145¢-for'%
'hours- The reactlon products were then dlstllled at 80 mm,
” The dlstlllate was ‘washed w1th water and. then drled over'

Aanhydrous sodlum sulfate Redlstlllatlon gave 149 g

(54%) of.a mlxture of 1- cyano—z-methyl 1 butene and l—'

23
D

: '
" I.R. (11q. film) 2243 (——CH cN) , 2220(——C==CHCN), g
-1 |

‘cyano-2-methyl- Z2- butene, bp. 82- 84°/50 mm,'n - 1. 4396

_and 1627 ( /C——C\\) cm ‘ ) |
o Anal ‘Calcd. for CHN: .C,€55.i4;‘ﬁ; 9,54,

© Found: C, 75.79; H, 9.6d. o

& (*)-1-Cyano-2- bromo 2—methylbutane, 40 - An— e

: : s
: hydrous hydrogen bromlde was bubbled\through a stlrred

-

.solutlon of 31 g (0 33 mole) of a mlxture of l—cyano 2-“§

Y
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methyl l—butene and lvcyano -2~ methyl 2 butene in 2201n1 of
: \

ether at 0° for 6 hours. The reactlon mlxture was washed

vrwith'water, 5% sodium bicarbonate, water, and‘drled over

.anhydrous sodlum sulfate DiStillation under reduced'

'pressure gave 35, 3 g (61%) of (+ ~1- cyano-2 bromo 2—
| 120 .

methylbutane, b.p. 70. 5—71°/5 am (llt, , b p. 85 86°/
13 mm), n3> 1. 4745 (1ie. 120, 022 1.4772). I.r. Qiq. .

.fllm) 2980(s), 2940 (s) , zgzo(sh);.zsso(s), 2840(sh),_

2240 (m) l455(s), 1500 (sh), l430(m), L415(s) 1385(5),:‘
il345(w 1315(w), 1300(w), 1285(w), 1240(w), 1150 (w),
C111s(s), 1110(sh), 1088(m), lOlS(w) emt N;m.rfir. -
(cc1,)-7.07 (éﬂ>'53 -H), 8.05 (28; qi 3-H), 8.15 (3H; si.
2-cH 3), and 8 89 (3H, t- 3~ca Yo »,f,;ip- p,iﬂm* -

_ - The’ pure materlal could be stored for days in

‘ the.dark at‘0° If left to stand on the bench top for -
"several days 1t fumed and gave off g;drogen bromlde.
Anal Calcd for Cglly gBIN: €, 40. 93; B, 5. 72,‘;
-Brl 45.39; n. 7.96. " Found: ¢, 40, 90 H, 5.83; 'Br, 45.50;

LN, 7.94. ; o | | | | | ’
| E (+) l-Cyano l—bromo—Z—methylbutane, §?§r,'4* A
_mlxture of (+D l cyano 2-methylbutane (13 6 g, 0 14 mol),
'bromlne (24. 6 g,_O 15 mol) and 2 ml of phosphorus trl—:”' .
-dPFlede was heated at 80°‘for-4~hours._ The reactlon 7fr
_“mixture was allowed to cool to room temperature and then

was dlstllled under reduced pressure (water pump) _ The

dlstlllate was washed w1th water, 5% sodlum bicarbonate,

b )
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and water agaln, and drled over anhydrous magnesxum sulfate.
‘ Redlstlllatlon gave 16 3 g.-(66%) of (+)—l—cyano—l—bromo—2—
| methylbutane, b.p. 4°/25 5 mm,‘n§5 |
rotatlon 1s glven in Table IV N.m.r T(CCl ) 5.74-

l 4644 The-spe01flc__“

f(lH; d; l-H), 8.70—7790‘(3H;_m;'Zi'and-3~H),;8.§2 and
3;79-(3H;:d(and,d,vZ—CH3)*, 8,98 and 9;014(3H}‘t_and~t;
3—b53)f;'>1;n; (Liq,'film) 2960(5), 2935(s), 2880(s),
2860(sh), 2238 (m), 1460(s), 1385(s), 1350 (w), 1330(w),
1295w, lZ?Q(W),'lZSOkw),lll7§(s),slIZO(w),_QTb(m),
!r935(W),,390(m), eéo(sn),'aoo(w);-770(s),,765(sh),h690(s),_‘
V‘and_Gloks) emf?, R h , BT
o f-Ahal' calcd. fo£iC6HldBer Calcd c, 40 93;
. ,H,essz Br, 45 39 N, 7.96. ]Foqgaz c, 40.61; H, 5 84,
CBr, 45.53; N, 7.91, B Pt |
o (+) 2-Methylbutyl acetate, 42 - Acetyl chlorlde
h (36‘5 g, 0.47 mol) was added to a stlrred solutlon of -
(=) - 2-methylbutanol (39 9 g, 0. 45 mol), pyrldlne (43 0 g,
;0 54 mol), and 100 ml of Freon 113 over 60 mlnutes at 0°C 1_1
. The solutlon was allowed to Stlr for another 50 mlnutes .
f%at room temperature and 170 g of an 1ce-water mlxture was h;'
wwadded: The organlc layer was separated and washed w1th
f]water, dllute hydrochlorlc ac1d, water, aqueous sod:un bl;

"carbonate, and water, and drled over anhydrous sodlum "'5

* ' | ‘
Chemlcal shifts and coupllngs that are. reported are for

:the equal mlxture of erzthro- and threo—lsomers..g )



f, actlve acetate was llsted in Table VII (llt. . j ]D

: butyl acetate, b P. 61 5°/42 mm, n

117

.sulfate._ Dlstlllatlon gave 52,3:g (88%) of (+) 2—Methyl—

§°u¥"1 4020 (11t 121

20

" b.p. l4l—2° n o o= l 4012) ' The spe01f1c rotatlon of this

D

121 220 .

_h+3.3o>). N.m.r. (HA 100) T (ccl, ) 9.10 (3H; t; 3 CH3),

Found: C; 64.57; H, 10, 92.

I A A . ..
9f10 (3H;wd;:2—CH ), 8 75 (ZH, m,,3-H),‘8,37\(1H; m;.u-H), :

'8.05 (3H;.sj COCH,), and 6.18 (2H; octaplet l—H)

.Anal Calcd for C7Hl402 'VC, 64 58, H, 10 84

ﬂ“y
(= )—(R) 2~ Bromobutane. -- This compound was

prepared by the dlsplacement reactlon of (+) 2-butanol

_w1th anhydrous hydrogen bromlde. A three neck 200 ml

round—bottom flask was fitted w1th a magnetlc stlrrlng bar,

Ca condenser w1th a gas outlet tube, a thermometer, and ar

gas. 1nlet bubbler. (#)-2- Butanol (86.0 g, 1.16 mol) was ',--v

‘"“'placed in the flask and saturated w1th anhydrous hydrogen

bromlde for an. hour at —10°, the solutlon was stlrred for

_fan addltlonal hour at room temperature (20°),'and was {"

'flnally heated at 60° for four hours.' The organlc layer'

was separated washed wlth cold concentrated sulfurlc ac1d
‘L . .

“an Ace—water mlxture, a saturated sodlum blcarbonate

'solutlon, and drled over anhydrous sodlum sulfate._ Frac-'y:“

’ﬁf;tlonal dlstlllatlon ylelded 134.0 g' (84%). of ( )-(R)- 2-

20 11 12

o bromobutane, b. p. 88°/700 mm, nD = 1.4370 (11t ‘b.p. o
90~ 1°/7so mm, 19 5 1. 4359) Glpe a?aly31s (1o'°x 1/8"'f'n

';y10% Carbowax 20M TPA glass column) showed only a 51ngle ‘

!

R B

-
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peak, The nmr, ir, and mass spectgé'are identical with

”.those of7the authentic sample | The-speCific rotatiOn of

the actlve bromlde 1s llsted in Table XVIII (11t 82
'-a[a]D % +39 4° [OLJS89 +34 5°122 123 for (+A-(S) 2 bromo-‘

butane) The actlve ( )—(R) 2 bromobutane after re-
1solatlon by preparatlve glpc u51ng a. lO' x 1/4" glass
' -column packed Wlth 10% Carbowax 20M TPA gave the same

vrotathh.:

‘Instruments

Infrared (IR) spectra were recorded on elther a

‘Perkln Elmer model 421 or a Perkln—Elmer Model 337 re-

.cordlng spectrophotometer i The nuclear magnetlc resonance
| N :

(NMR) spectra are proton spectra. The spectra were obtalned’:

L On elther a Varlan Assoc1ates A—60 A—56/60, ox- HA—lOO

’v’shlgh~resolutlon ‘nmr spectrometer. The rotatlons were re-*-

’f‘corded on a Perkln—Elmer model 141 automatlc polarlmeter.l j'

'(Mass spectra were recorded on a Metropolltan Vlckers MSZ ;
e B ' : D )
~.an AEI MSlZ 1nstrument w1th an on—llne connectlon to a

»glpc 1nstrument,_or an AEI MSQ hlgh resolutlon mass spec-fi}.‘

-'trometer.: Refractlve 1ndexes were measured on a Bausch

.;and Lomb refractometer

ESAEy ) S I
- ‘.’ N . ) c

| :»;g Gas quu1d Partltlon Chromatograph (glPC) Analys;s

. Throughout the course of thls work two types”~_°

'f¢of glpc columns were used for both analyt1ca1 and prepa-t
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Table XVIII S

The SpeC1f1c Rotatlon of (-~ )—(R) 2 Bromobutane :

- \»

e

25 a- ‘ 25 L ¢
'QObsfll'dm . [ ]A R thfog;zty

589 -29.08° }‘23'2°°' -

L 578 .- -30.38° . -24.23° .

| 546.; L =34, 59°df-ﬂ' g f'47 58° ‘,fl -,_58.9%f
436 “,',f-s9 55, -47.50° J 5

A |
The rotatlons measured thh neat 11qu1d

b Calculated by using d25.= 1. 2536.’,'_-

. Based on max1mum1ava11able value, [a]D '+39{49‘(refg 82),d‘f
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rative-purposes They were elther a lO% Carbowax 20M TPA :
'-'on Chromosorb PAW or a 10% DEGS on ChrOmosorb PAW _ Only
;glass columns were used s1nce some of the products decom—.
lposed when metal columns were used ' The length and size
of the column used are spec1f1ed in the 1nd1v1dual ex-
,perlments Analyses were carrled out in’ trlpllcate."
v”Peak areas were calculated by mult1ply1ng1ﬂm:peak helght
- by the peak w1dth at one—half the’ peak helght or by means
of a dlSC 1ntegrator or a Hewlett Packard 3380A dlgltal _
1ntegrator. All the methods used were: COnSlStEﬂt w1th
bieach other._ The. prec131on was always better than 2%
Glpc response caiibratlon factors (f / ) of the products
relat1Ve to the standard were obtalned by d1v1d1ng the;
_ mode ratlo (M /M ) of the product to the added standard
by the area. ratlo (A /A ), whlch were obtalned from a-
:’standard product mlxture of known comp051t10n whlch was?:?
'51 51m11ar to that of the reactlon mlxture 124. Und;r thepb
u\same glpc condltlons, these factors can be used to cal-:f
.culate the number of moles of product formed accordlng to

A

the follow1ng equatlon-'

-m-;
i

xMx/ns)/(Ax(A;)j

CTherefore, M. = (£ ) MY (/A

S

'ithelatiye molée%kOf;PfodUQt‘fdiméd

. o

om0y
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‘General PrOcedures for Reactlons

Reactlon ampoules were made of Pyrex tubes S
.'301ned to 10/30 301nts The ampoules were cleaned-w1th
%,chromlc a01d splutlon, water, concentrated ammonlum |
: hydrox1de, and dlstllled water, then oven—drled at 120°.
'.In subdued llght, the_reactants wereipraced ;n'the am-
ipoules and thenfaeéassed’hy_three freeze—thawityé;es_at
'<2u.‘ After:degassing,.thebampoules;were,sealedfunderv

vacuum, -allowed to thaw and then equllibrated’at the

’fdesired temperatore 3 The ampoules were 1rrad1ated w1th'

'¢

'1ncandescent lamps -for the approprlate reactlan tlme

After irradiation, the;react;on~m1xtures were;frozen in

liquid nitrogen and subjected to the various isolation

and analytical procedufe .

121

vPhotobromlnatlon of (+) l—cYano 2—methylbutane w1th tert—-

;butyl hypobromlte :; ‘_-’.3_ : o

f} A mlxture (2 K mole ratlo) of (+) l-cyano 2— R

mmethylbutane and tert—butyl hypobromite was sealed ln a

"degassed Pyrex ampoule The ampoule was thermostatted at

25°‘and 1rrad1ated w1th a 100 watt 1ncandescent lamp

-}-untll colorlessv(4 hours)ﬂ Glpc analy51s of the reactlon

“mlxture u51ng an Aerograph 202 gas chrFmatograph equlpped

with a 10" x 1/4" 10% Carbowax 20M TPA ‘¢olumn. (135° ‘;_so..}

thermal) 1nd1cated f1ve monobromo—l-cyano-z-methylbutanes :ﬁ°j

_and a small amount ( 5%) of a hlgh b01ling component, 1n



DR NN

| 'pN,'aizq

-

'.addltlon to tert—butanol and unreacted startlng materlal.

GC- Mass spectral analy51s of the reactlon mlxture showed'

'_the flrst;flve products‘to;be'monobromlnated,oyanldes.

They were present’in the following.ratiof 'l9,;'32_; 39':

o 4,:.6.: The compounds correspondlng to peaks 1,.2, and 3
.were 1solated by preparatlve glpc u51ng a 10' x 1/4" 10%

DEGS column Peaks 1 and 2 were 1dent1f1ed respectlvely\-'

as l cyano -1~ bromo 2—methylbutane, ‘39a, and 1 cyano 2—‘

BV R

' bromo 2—methylbutane, 40 by a comparlson of thelr glpc |

A
retentlon tlmes, and thelr lH_nmr and ir spectra with

those of authentic. samples , Nmr.anaiysis Showedythe com-

pound correspondlng to- peak 3 to be l—cyano -3=- bromo 2—

: methylbutane, 4lab. Its spec1f1c rotatlon is llsted Ain

-~~~

Table IV. Nmr*T(CCl ) 8.86 and 8. 79 (3H d and d- 2—cH37;
. 4 . ’

»8-29 andﬁs 26 (31; d and d; 3-cH, ), 8.20- 7. 70 (13, m;

~CH—), 7. 62 and 7.53 (2H q and q; -CcH, -), 5. 92 and 5 81
(lH qulntet and octet ~CHBr ) IR (1n c01 ) 2245 o

Anal Calcd for C6H10BrN C,74b 93; H; 5 52'

Br, 45 39, 7 96 Found C, 40 99 H, 5 86 Br, 45, 36*4

-2 (bromomethyl)butane and 1- cyano- —bromo 2-methylbutane ‘

reSpectlvely Both of these compounds had parent 1ons at f

. . A :vvc-». \ .“.. ) ‘ 4 ‘
~See footnote page 116.. -

122

}' PeakSA4and 5 presumably corresponded to 1-cyano—_""
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- m/e 175 and. l77 (CGHloBrN)' peaks at 93 and 95 (CH Br)

land a ba%e peak at 55 (C ). :

Photobromination of-(i)414Cyano—2-methylbutane'with

. Molecular Bromine.‘

'-'.aqueoqu

The bromlnatlons}were carrled out under a.hellum
1atmosphere and were 1solated from the air by a dloctyl-
lvphthalate bubbler 5. Mlxtures of (¥)- l—cyano-Z—methyl— e
butage and molecular bromlne (under a hellum atmosphere)

'“'were placed in'a thermostated Pyrex water bath and were
-ﬂ_‘lrradlated u31ng ip%andescent llght "The solutlon, whlch
kwas contlnually stlrred, was 1rrad1ated untll the bromlne
-color had been dlscharged _; ‘ plous evolutlon of hydrogen

"bronlde was observed to bubble out through the dloctyl~

*(phthalate ',The“reactlon mlxture was washed with ice cold

2osulfate solutlon, 5% sodlum blcarbonate

: 7.andpdri;v vfydrous sodlum sulfate.v The reactlon'

' mixturesfl ;jected to glpc analy31s, us1ng the 10%

.DEGS'collf} Q”e major product (>90%) was 1 cyanoql-bromo- f’.

—methylbuc} ‘;whlch was, 1solated and ldentifled by com-'

'fparlson of } ‘fglpc retentlon tlme, and nmr and ir Spectra
”w1th thosei{xﬂan authentlc sample. The mlnor products,
1- cyand-z békmo Z—methylbutane and 1—cyano—3-bromo—2—methyl-‘"

hbutane were 1dent1f1ed by comparlson of thelr glpc retentlon-

‘_'?tlmes w1th those of authentlc samples on two columns (DEGS

) '-and CarbowaxzoM TPA) The condltlons used and the

i
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' relative yieldsaof_products are listed in Table II
‘(reactions 1-4}),

The bromlnatlons were repeated i degassed

'sealed Pyrex ampoules. The SOlUthnS were 1rrad1ated untll,,;s

”the bromlne color was. dlscharged the tubes were opened
~'and a known amount' of chlorobenzene and o—dlchlorobenzene
:l;was.added The reactlon mlxture was washed w1thelce cold
aqueous thlosulfate solutlon, saturated sodlum blcarbonfte,‘
and drled over. anhydrous sodlum sulfate.: The mlxture was.
then subjected to glpc analy51s u31ng a 10% Carbowax 20M
fTPA on 60- 80 mesh Chromosorb ‘PAW, 10 x 1/8" glass column
}(135° 1sothermal) ; The absolute yleld of the products ‘

| was obtalned ‘Table II (reactlons 5~ 7), by us1ng standard
t:'callbratlon factors for the response of the products and

“startlng materlal vs. chlorobenzene and o-dlchlorobenzene.,

bPhotobromlnatlon of (+) l—Cyano— —methylbutane w1th NBS S

'-rand Molecular Bromlne in Carbon Tetrachlorlde..

| The reactlons were - carrled out 1n degassed

g"sealed Pyrex ampoules w1th constant shaklng (see Table
;III, reactlon 1- 2) or w1th contlnualastlrrlng (see Table

c o "

s yIII;‘reactlonfB 6) The thermostatted reactlon mlxtures
fwere 1rrad1ated through ‘the 51de of the Pyrex water bath ‘
'.w1th 2 x 140 watt Hanov1a Utlllty lamps for 68 365 hours.'.

FAt the end of the reactlon, solld NBS remalned 1n the[

bottom of the reactlon vessel The reactlon mlxtures were o
e S o -
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'washed wiEh ice cold.aqueous sodium thiosu1fate solution,-:‘
hwater, saturated sodlum blcarbonate, water aga;n, and dried
over anhydrous sodlum sulfate, and then analyzed by glpc
"IUSlng the 10' x 1/8" glass column packed with lO% Carbowax .
' 20M TPA. The-results and reactlon condrtlons are’glven
in Table III A | |

Reactlon mlxtures (Table III, reactlon 3 6)Awere
dlStllled under reduced pressure (60 mm) to remove “the |
_ carbon tetrachlorlde solvent and the unbromlnated startlng
’materlal (37- 40°/8 mm), and flnally“the fractlon b0111ng
':at 52 53°/l mm was collected and was "found by glpc analy51s
to be prlmarlly l—cyano—2 bromo 2—methylbutane,.4& Thls

fractlon was redlStllled and collected at 48 49°/l 2 mm.

"-Glpc analy51s of the redlstllled fractlon showed’the

'presence of small amounts of (+) l cyano—l-bromo 2—methyl- L

vbutane (1 4%), ggg and . (+) 1 cyano 3- bromo 2—methylbutane
(7 0%),V41a, see Fig. l.--The_rotatlon of thls mlxture 1s

fllsted in Table VI. A synthetlc mlxture of 1. 36% o£ 39a,vl

~
o

_6 95% Of.f}f’ and 91 69% ‘of 59 was. made and 1ts observed
'rotatlon was compared w1th that of the materlal collected '
by - dlstlllatlon from the reactlons,'see Table VI jThe;nd
.glpc analySIS of the synthetlc mlxture was also compared
‘totheselsolated fractlons, see Flg.vll ‘
i _ The relsolated unreacted startlng'materlal wii/ L
Ipurlfied by preparatlve glpc on 19' x 1/4" glass column o

".packed w1th 10% Carbowax 20M TPA and 1ts spec1f1c rotatlon‘7



#

‘béhzene and’ gfdlchlorobenzene;, The,extent;of react;on

' 29% based on the actlve bromlne consumed (60%)

: ;;Photobromlnatlon of (+) 2—Methylbutyl Acetate w1th NBS o

'1zé

&n

was compared to the startlng materlal, 38a, see Table V

-~

Small varlable, amounts of oleflns ( 3%) were

formed durlng the analys15 and were shown to .be formed from

"“the decomp05ltlon-of.40, since the glpc lsolated materlal

Y

vwhenhreanalyzed~still showed these.small amounts of oleflnsg

The oleflns had retentlon tlmes 1dent1cal w1th those of a.

synthetlc mlxture of l—cyano—z—methylwl -butene "and l-cyano- -

~2—methyl 2 butene .Compound.40 lsolated by glpc ' was

: shown‘to be racemic. _;}

'The absolute yieldzwas determined fOr-the _

'.-reaction (Table III, reac1ton 6) by the analy51s of the

umlxture, after the addltlon of. known amoagtSOf'chloro-'

-waszdetermined by_iodometric titration@-'The reaction

mixture was washed with Water,HSOdium’bicarbOnate solution;

~again w1th water, and drled over anhydrous sodlum s%lfate.

The ‘reaction mlxture was then analyzed by glpc (10% Carbo— .

wax 20M TPA, 10' x 1/8" column), The absolute yleld of the

‘three monobromldes (Table III reactlon 6) was found to be

[
i

“

_ and Molecular Bromlne ln Freon ll

(+) 2-Methylbutyl acetate (6 50 g, 0 05 mol),;

NBS (9. 00 g, 0 05 mol), and bromlne (6 30 g, 0 04 mol),

~

aand sggvent, Freon‘ll (24 g), were placed in aWPYreX-'”f

P s y}



:;,mlxture was fractlonated through a 6" Vlgreux, COlumn

127

’.,reactlon‘flask contalnrng a teflon magnetlc stlrrlng bar,
":the solutlon was degassed and the flask sealed “The |
freactlon mlxture ‘was - then equllrbrated in a 16° thermo— o
stated water bath and 1rrad1ated through the water bath
+~with a GE sunlamp (275 Watt) for 2 honrs : The reactlon
*~was worked up by washlng with 1ce—cold aqueousfsodluﬁ’
‘blsulflte solutlon to remove any unreacted bromlne and
NBS .and extracted w1th Freon ll The Freon solutlon was
b‘washed w1th water, aquecus sodlum blcarbOnate,.and drled
‘over anhydrous sodium sulfate.‘ Glpc analy51s of the
:products after addlng o-dlchlorobenzene as standard showed
- ;that the. major components were 2= bromo-2—methylbutyl
~ acetate, 43 (91% yleld based on startlng mater1a1 con-
sumed (11s. conver51on ), erxthro— ‘and 2552973 bromo 2—:.'
_ymethylbutyl acetate (3. 4%), 555 and ﬂgb, as well as:
3 erzthro— and threo -2, 3—d1bromo— -met%ylbutyl acetate
(1 8%), f§a and ﬂ§b Two other products were not

’sldentlfled presumably they were monobromlnated acetates

Judglng from thelr glpc retéhtion t;mes The reaction '
L

- to remove solvent and unbromlnated startlng acetate =
’(49 5°/22 mm) Flnally the remalnlng resldue was sub-
jected to preparatlve glpc to 1solate the products u51ngb.
a 6' X 174" 10% Carbowax 20M TPA column The relsolated
“:(+) 2—methylbutyl acetate wasshown not to have racemlzed

’durlng the reactlon (see Table VII) The lsolated majorv
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‘prodnct Was‘identified as ZQbromoezeWethYIbdtyl acetate[
43, and Wasrracenlc)(see Table VlI)iv Nmr. T(CFéljllé.és
(3 £ 3- -CH. ),,8 33 (38; s;té-CH );ﬂa.ig (2H; q; 3-H),

7. 98 (3H, S COCH.. ) and s 83 (2H s;'1'n) ' I. R, kéci ) .
.2970(5), 2930(s), 2878(s), 1740(s), 1455(s), l380(s),.»
'1220(5), 1125(w),_1105(m),(1040(5), 910(w),.890(w), 635(w),
: and 600(w) cm l.r The mass spectrum of . S?ldld not glve a
| parent peak but gave fragnent 1ons correspondlng to thls,
':compound at m/e'181 179 (P—EE 1 -'l;ratlo), 151 149
Dl(P OAc; 1_} 1 ratlo),'l37, 135 (C 8Br » 1 -:1 ratlo),
f;129 (P-Br), 128 (p- HBRx), 86 (c5 10o ), 59 (C5H9 ), 59'

(CH C(OH)-), 55 (C H7 ), and 43 (CH cot \base peak) . l
fractlon of monobromlnated product (3 4%) was 1dentif1ed
as an equal molar mlxture of erythro- and EEESE’3 bromo—~;:
.fz—methylbutyl acetate(_gga and{ff? based on nmr and mass

. - .

'fspectral data (see . Results and Dlscu381on) The nmx - .; W:t'k

1spectrum recorded u51ng CCl4 solvent had spectral data ’

. as follows: T(CCl,) 9.00 (3H; t; 2-CHy), 8.32 (3H; &

‘[_'replac1ng '

fs—cn-); 7.97 (3H; s cocu3), 8.2-7. 9 (1H; m,'b-H),_and
'“36 4-5, 6 (3H, m, l—H-and 3-H)f* A complete spllt spectrum -

"of these erythro- and threo—dlasteromers wasobtalned by

e.solvent w1th perdeuterated benzene (C )
"Its spectral data is as follows. T(C ) 9-14 and-9 11 \"v
(35 4 and d; 2-CH ), 8.53 and 8.51 (3H, a and 'd; 3- CH. e s
8.21 and 8.20 (3H, s and si cocu ), 8 4~7 7 (1H' m,f 7H),,.f
6.4-5.8 (35, m; 1-H and 3- H) B

B
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v

The two - 1solated dlbromldes were 1dent1f1ed as

- erythro—2 3= dlbromo~2—methylbutyl acetate, 45a, and threo—

o f

2 3 dlbromo—z-methylbutyl acetate, 45b based on nmxt

~ o~

spectral data. | One of the lsomers 5?3 or ﬂ?? had nmr data -
blas follows:: T(CDCl ) 8 19 (3H, S; —Cﬁ )f 8. 09 (3H d,v.b
f;—éﬁ?), 7.86 (31; 57 COCH, 3 5 .58 (23, s,' 1-H), and 5 42
‘ (15{:4; B?H); Another lsomer, §§§ or 559' had nmr spectral -
-daEAd5s7f§116ws: 1 (epcl ) 8. 11 (3H, s; 2-CH3), 8. 10 (3H;
d;'SQCH‘),'7;89'(3H, s, COCH ), 5.64 (lH;cq;t —H), and 5ﬁ53'
: t(éH?is; 1-H).. d O '_ e _.'\ o .
 The optlcal purlty of 2—bromo— —methylbutyl
'acetate,‘43, was determlned by nmr spectroscopy,‘u81ng a
dFreon 11 solutlon of the compound 43 lsolated from reactlon
’ufmlxture (0 5 ml of 0 4 M compound 43/Fre0n ll/TMS) and j
Ethe optlcally actlve Shlft reagent, trls—(3-(heptaf1uoro-ﬁv“_
:propylhydroxymethylene)-d-camphorato)europlum (III) (100 |
mg) The result showed that the compound 43 contalned
‘dequalamountscm'd~ and 1—enantlomer (racemlc) in agreement
ciiw1th the polarlmetry result (s e Table VII) An nmr |
;‘spectrunxwas also recorded u51ng 1nact1ve Shlft reagent,

E .Eu(fod)3 30 (trls (1 1 l 2 2 3 3-heptafluoro-7 7—d1methyl-‘ -

4 6 octadlonato)europlum (III), see Table VIII. :

Photobromination of (-)-(R)-2<bromobutane with Molecular -
. Bromine.
‘ The-reaction'mixtures;'a,desited'moiefratiog.57 o
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of (- )~(R) 2 bromobutane to molecular bromlne, were de—

gassed by the freeze—thaw method and sealed in 10 ml

’ V.Pyrex reactlon ampoules, and the ampoules were thermo-

_ystattedln the absence of llght at 17° - (or the de51red

.temperature) The vapor space in. the ampoule was covered
with alumlnum f01l, and the llqu1d phase was 1rradiated |
:w1th a 200 watt 1ncandescent lamp.' The ampoules were |
lremoved after complete reactlon or prlor to completlon
b; and cooled 1n llquld nltrogen The reactlon mlxtures
'“were subjected to work up procedures (carrled out at 0°)5.
'Tby dllutlng w1th Freon ll and washlng success;vely W1th
1.1ce cold sodlum blSulfltE, water, saturated sodlum bl—‘
-‘carbonate,'water agaln, and then drled over anhydrous .f
iusodlum sulfate The product comp051tlon was’ determlned
by glpc analy31s (10' x: 1/8" 10% Carbowax 20M TPA) of the
d» reaction mlxture W1th an added known amount of standard,,,
chlorobenzene ! The results are llsted 1n Table Ix._ The ‘d
- products were 1solated by preparatlve glpc (6' x 1/4"W‘f“;
| 10% Carbowax 20M TPA) of the concentrated reactlon mlx-;rli?m
fiture. They were 1dent1f1ed by the comparlson of thelr ih
-L‘glpc retentlon tlmes,'nmr, 1r, and mass spectra w1th |
-'those of the authentlc materlals.v 2 2—leromobutane was ';’
N characterlzed by comparlng 1ts refract1ve 1ndex, ‘

x go 1. 5017 (1 t. 125 vgo

»prev1ously reported materlal and by 1ts spectral data.

1.5015), with that of the. Rt

Nmr T(CCl )- 8. 76, (33, t 3- ~CH ), 7 so (zn, q, -H), 7. 43

[ : . Sl
P . ’ . . . L -
1
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7r”rat1ve glpc u51ng 6' x 1/4" 10% Carbowax 20M TPA column E

e ]365

131

R
EX R

'(33} S; _“Hl. It had mass spectral data as follows.

m/e (70 eV) 214 216 218 (parent peaks, 1 2 1 ratlo),
185. 187 189 (P Et 1 2 l ratlo), 135 137 (P—Br,

1 l'ratlo) : The optlcal rotatlon of the glpc 1solated

(- )—(R) 2—bromobutane, (+) 2 3—d1bromobutane, and (+)~lj

'h2 2 3—tr1bromobutane were measured (see Table X)

g Contr°1 Reactlon of - ( )—(R) ~2- Bromobutane w1th Molecular 5\_ .

Bromlne ‘in the Absence of nght - f“ 'f-dlﬁ,

( ) (R)—2 Bromobutane (7 88 g"57 5 mmol),.

[a]365”= 76 00° (neat), and molecular bromlne (3 08 g, hV&;-

j._ 19 2 mmol) ‘were: placed rn a reactlon ampoule. The ampoule
'swas degassed, sealed under the vacuum, and protected from 2*
’~:llght w1th f011 "The ampoule was then subjected td the

. rPhOtOlnltlated condltlons (at l7° for 24 hours) Analy31s pff

Y

ffof the reactlon mxxture after work up showed no product

. was formed The startlnq bromlde was 1solated by prepa— e L

\‘fThevrecovered (- )—(R) 2—bromobutane had [a]365 = 76 Ol lf:f,ﬁx

‘(neat)

g

y'Control Reactlon Of ( )—(R) 2—Bromobutane w1thﬂH-Iaqular~(;i'

-{:Bromlne and Hydrogen Bromlde 1n the Absence of ngh;\

AR (v)—(R)—Z—Bromobutane (3 62 g, 26 4 mmoI),
125 76 00 (neat),uand molecular bromlne (l 32 g, o ,”f

”‘8 3 mmol) were placed 1n a reactlon ampoule and degassed

v . T
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,\// L
hydrogen bromide (8f3”mmol), trlply dlstllled was then

' 1ntroduced 1nto the reactlon ampoule.v The ampoule was
.degassed sealed, and subjected to the reactlon con—';i’
'ddltlons (17° 22,1 hr) in the absence of llght CThe
( )-(R) 2 bromobutane, [a]365‘= —75 73° (neat), recouered‘
fby preparatlve glpc (6' X 1/4"-l0% Carbowax 20M TPA glass‘
’ column), showed only 0.4 % racemlzatlon under these
'dreactlon_condlt;ons. S |

thontrol Reactlon ofm( )—2 3 leromobutane w1th Molecular

'.iaBromlne 1n the Absence of nght.;_lful S ‘VE,,E{,'S'

. o Partlally resolVed ( )—2 3—d1bromobutane (6 42 g,.iih
20,7 mmol), aggs"” -29, 61° (neat), n20 11,5150, and .
'molecular bromlne 1. 58 g, 9 88 mmol) were placed in a a
10 ml Pyrex reactlon ampoule, degassed and sealed Lhéf«
: ampoule, protected from llght wlth f01l was placed 1n a
!gdl7° thermostated water bath for 22 hours. The reactlon

Lproducts were then 1solated 1n the usual manner. Glpc

'ffanaly51s of the react;on mlxture showed only traces of a

'“=ﬁ compound havmng the same retentlon tlme as 2 2, 3—tr1bromo—"

\

"i buﬂane Fractlonal dlstlllatlon of thls reacthn mlxture

d'f.} under reduced pressure ylelded ( ) 2 3—d1bromobutane,: 9”.

25

a 365 1.5150.

= -28; 81°‘(2 T8 Race., neat) and ngo

>
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.'Control Reactlon of («)nZ 3-D1bromobutane w1th Molecular

Bromlne and" Hydrogen Bromlde in the Absence of’ nght

Partlally resolved ( -) - 2 3 dlbromogutane (6'15

25 20

g; 28,5 mmol), a365 ~29.03° (neat), nZ" = 1, 5150, and

D .
'molecular bromlne (3 33 g 20.8 mmol) were placed in a 10 ml
::!Pyrex reactlon ampoule, degassed, and hydrogen bromlde
(24 6 mmol) was dlstllled 1nto the ampoule from a. vacuum
»llne., The reactlon tube ‘was degassed and sealed under |
‘vacuum. The ampoule, protected from lrght, was subjected
to: the phot01n1t1at10n condltlons (at l7° for 22 houxs)
:After 1solatlon, glpc analy51s of the reactlon mlxture
ﬂshowed only traces of 2, 2 3—tr1bromobutane formed No
meso—z 3-d1bromobutane was detected The recovered (= )-'hlg'
flz 3 dlbromobutane (by fractlonal dlstlllatlon) had a V".

25 20"

.,rotalon o = —25 46 (12 3% Rac.; neat) and n - o= 1 5151.

365’

5

]Photobromlnatlon of ( )—(R)—Z-Bromobutane w1th Br -NBS ﬂjh

;,fMlxture 1n Freon ll as Solvant.vw,v‘v

o All reactlons were carrled out 1n"heterogeneous o
'.l'Freon ll solutlon w1th contlnulng stlrrlng. Reactlon

' _mlxtures, con51st1ng of a des1red mole ratlo of substrate

”';and bromlnatlng agents as well as Freon 11 solvent, were

j’*:_degassed and sealed under vacuum in- Pyrex reactlon flasks. ol

"E-Photolys1s was conducted at the desxred temperature by

dfeirrad;atlon w1th a 200 watt 1ncandescent lamp for a t1me j'ﬁ?

'Ef7suff1c1ent to glve about 30% conver31on of the starting
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lrbromide. After reactlon, the reactlon mlntures were
: 1solated as descrlbed fo? the molecular bromlne', |
bromlnatlons, and analyzed by glpc on a 10' X 1/8"'10%
Carbowax 20M TPA glass column.s The results-andlcondltlonS"
‘are llsted in Table XIV.: The unreacted startlng materlal
:'2 3~ dlbromobutane (dl—fractlon), and 2,2, 3-tr1bromobutane 9
‘ Ewere 1solated by preparatlve glpc u31ng a- 6‘ x 1/4“ 10% fhd?*'
_-Carbowax ZOM TPA glass column : Thelr rotatlons were R

'U_measured, and the resqlts are llsted 1n Tab e

‘wapor.Phase,Bromlnation_of 2:Bromobutanefwidh;holecularﬁu:"

'Briqx'rn-i»ne.k... R | | | .. :

B By neans of‘a syrlnge, solutlons of 2-bromobutane l

'l'(19 9 x 107 -5 mol) and molecular brom:me (6 4 x 10 5. mol) ’
c‘/

1 hwere introduced 1nto 50 ml reactlon ampoules (thls trans-

afer technlque was found to be accurate to <3% error, by

T welght) The reactlon tubes were degassed and sealed.»g

;rThey were covered w1th f011 and the reactants were allowed
to vaporlze and equlllbrate to room temperature. The |
““freactlon tubes were then thermostated at the de31red tem-.n
‘;perature (20°-l46°)f0r 10 mlnutes and photollzed w1th
f 200 watt 1ncandescent 1amp At 60°—l46° reactlon tem—'l
r“perature, the bromlne color was rapidly dlscharged (45 o
:‘usec 'at 60° 30 sec. at . 100°, and 20 sec._at 146°)- After z_ll
‘3g3 mlnutes 1rrad1atlon, they were cooled 1n lquld nltrOgen..gka

»_In the case of the reactlon carrled out at 20°, the bromlne



'color was dxscharged after 18’ mlnutes 1rrad1atlon time

' and a portlon of the reactants ‘were not in the vapor

"_.phase. After ‘the reactlon, allquots of a chlorobenzene/

‘ .Freon 113 solutlon (2 ml 2 27 x lO -5 mol), Freon 113

_solvent (2 ml), and saturated aqueous sodlum blcarbonate
1(2 ml) were -each added to the frozen mlxture. ¥The:
resultlng solutlons were a\Iowed to warm to room‘tem—.

~‘perature and mlxed by shaklng ' The organlc layers were,

vreactlon mlxtures were then analyzed by glpc u51ng a,f"

10" x 1/4" 10% Carbowax 20M TPA glass column The per#'

centage yleld of the dlbromldes (2 2-, meso- and dl-2 3-,:fi

135 _7

o separated and drled over anhydrous SOdlum Sulfate.h Th? L

"dlbromobutanes) formed (based on bromlne consumed) are -~7

o llSted 1n Table XII The glpc chromatograms showed a .

multltude of products. By a comparlson of thelr glpc

'retentlon tlmes w1th those of the authentlc materlals,

W

"they showed the presence of l—bromo—z-butene, 1 4~dxbromo-'a

| —butene,'as well as an unldentifled polybromlde (1ts

' *retentlon tlme 1s 81m11ar to that of the 1 2 3—tr1bromo-“f

’jbutane) Only traces of 2 2 3 trlbromobutane were SR

'j’detected. Several other products were not further charac-fﬂ"

 terized. - '*ip;i”{A *~}v»_~

i ‘v

.‘f Photobromlnatlon of 2-Bromobutane (50 57% brom1ne—79 and

.

‘“:4\

" Bromine-81( zj.ﬁfl9%"'.;31;9::\'11‘11557_'9,?: and 97.81%

i RN

'~ri49 43% bromlne-ﬂl) thh Isotoplcally Enrlched Molecular ff,f7“



enrlched bromlne~81 (86, 0 mg, 5 31 umol) was. attached to ;
ia break-seal Pyrex reactlon ampoule contalnlng 2-bromo—
butane (215;5 mg, 15.73-pmol), ,The/reactlon'ampoule -
was deoassed andathelbreakfsealhcontalnlndathe bremfée— .
IBlawaslhrOken,ﬁand the bromine‘was-allOWed.to alétillvintddi
the reactlon ampoule contalnlng frozen 2—bromobutane. 7
dThe empty bromlne—Bl 51de arm was sealed off and the s
system was agaln degassed, and then sealed off from theA
l’:vacuum line. . The vapor phase in the ampoule was shlelded
d;-w1th f011,.and the llquld phase was photolyzed w1th a 200
watt 1ncandescent lamp at 16° | Afte£?24‘hours the bromlne
color had been dlscharged . To the break—seal of thej'fi?d
: reactlon ampoule was attached a trap to trap dlstlllatlon s

-apparatus.’ The hydrogen bromlde producéd durlng the

h‘reactlon was dlstﬁ&led on a vacuum 11ne 1nto a tube con-"'

'_talnlng cyclohexene (200 ul) ' When the transfer of Al

'f'p{hydrOgen bromlde was: complete, the tube contalning cyclo-t

Tfhexene was sealed off from the reactlon ampoule. The

‘hjcyclohexene and hydrogen‘bromlde were allowed to react at}

.‘room temperature w1th constant shaklng for 12 hours, and

’TTthe cyclohexyl bromlde formed was collected by preparatlve ;,}
;glpc on a 10% Carbowax 20M TPA, 10' x. 1/4" glass column ‘

‘The ampoule contalning the reactlon mlxture was frozen '] ;fij&

- iA lquld nltrOgen and omlned.. The reactxOn mlxture was

~"hallowed to warm up slowly to room temperature and a small

Tl A
‘*Jamount of powdered sodlum blcarbonate was carefully added

S .
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. to remove any undlstllled hydrogen bromlde. ’The reactioh'

mlxture was then subjected to preparatlve glpc on a 10'

X 1/4“ glass ci ahvked wlth 10% Carbowax 20M TPA.

The isolated 21 'fé; 2,2~, méso-2,3-, dl 2,3,
‘i,z-dibiog*,ue; v§2,2,3—tribromobhtane were analyzed'

by mass éﬁ E 3 ﬁ*'I'MS-9‘mass:spectrometer) for

" théir bromill cof ﬁfts.‘ The mass'spectra were'taken'by C

. o . E ] 3 ‘. ] cEp 5 L

© scanning at -roprlate peak reglon (see Table XVI)
, AR F i

for.at. leasH ‘ftlmes at slow scannlng speed (70 eV)

i

o

Thedrésults'l ;flsted in Table XVI.'

.Pih?l f case of 2 2 3—tr1bromobutahe (parent
. peaks at m/ed%i % 294, 296, and 298), it was 1mp0551ble
| 'to measure theg :k»lnten31ty at. m/e 292, 31nce it was .
"f.so small (<l mﬁf .Therefore,.lt was. calculated from the

relatrve,peag{he“'{t ratlo (at m/e 294/292) whlch could
'be*obtaihed'at i :hcp ampllflcatlon ltS peak 1nten31ty
hv_was Stlll onlyv; thn helght (see Table XVI)

"»f f;, In the case of 1 2-d1bromobutane (parent peaks f‘

at n/e 214 216, and 213), the peak at m/e 214 (<3 mm)

:j‘was small Its peak helght was measured u31ng the x10

| scallng factor produced by the recorder (see Table XVI) h:

'”Resolutlon of dl 2 3-leromobutane w1th,Bruc1ne. ?5

| iﬁf Prelimlnary experlments on the resolutlon of

”dl 2 3—d1bromobutane w1th brucxne u51ng pentane or

‘"dloxane as solvents were only partlally successful 126_1f‘

PR
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;1invali cases;’oniyta smallhrotation was obserued,
"A'method similar‘to that‘reported by-Shell.7

a ‘one cycle resolutlon,lwas used and ylelded ( ). 2 3-
dlbromobutane of hlgh optlcal purlty. glf2,3—D1bromo-
butane‘was mlxed w;th brucine 1n approximately a’2 0 1

' mol ratio The resuitlng thlck paste SOlldlfled and was o
‘hallowed to stand for several days at room temperature.w

The SOlld was then broken up and subjected to vacuum dls—
tlllatlon at room temperature. Two fractlons were colbected"
 after 48 hours and 76 hours standlng. Analy51s of the _
‘dlstlllate showed that 1t contalned only the dehydro~
bromlnatlon product tgggsf —bromo 2 butene, and 2 3-d1—’
.:Qromobutane  The dlbroﬁﬁde was found to be 0pt1cally
”.actlve w1th hlgh levorotatory enrlchment. Furthermore,

the results showed that the optxcal rotatlon 1ncreased o

with lncrea51ng contact tlme between brucxne and the
o ‘

V'-Edﬁgromlde (1 e, w1th 1ncrea51ng formatlon of the dehydro—'

bromlnatlon product) After dlstillatlon, the remalnlng

\

bv,solld was dlssolved 1n 2 N 8ulfurlc aCld and extracted

. with Freon 11. The dlbromlde 1§olated from this Freon 11

: ‘ 'QE SR
- T T S P ORI | SRR
(£)—CH,CH-CH-CH, ~ + Bpmcine -——oOM_ (_).CH,CH-CHCH, .,

BrBr . . . . .- BrBr

R Bruc1ne HBr
RRE i S _
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'.solutlon was shown to be also levorotatory w1th a larger .

“.\

rotatlon than that of the dlstlllate (see Table XIX)
It had been clalmed that the dextrorotatory enantlomer
'could be 1solated from the SOlld bruc1ne where it ‘was
Vtrapped as an 1nclus10n complex7 B The dextrorotatory
compound was. reported and no olefln formatlon was cla1med7
' In our. hands no dextrorotatory enantlomer could be ob—~*
dtaxned from the remalnlng solld brucrne. .“‘ | i

| When dl 2 3—d1brgmdbutane and brucine (2 ;fi)*t
were stlrred 1n pentane solvent at room temperature for

48 hours, glpc analy91s of the reactlon mlxture showed

/

o S <1% of the dehydrobromlnatlon product The recovered

o

"dlbromlde gave only a sllghtly negatlve rotatlon. On
the other hand, 1f the resolutlon was carrled out w1th
no. solvent for the same per10d7 ‘and pentane added to |

extract the products ' glpc analysxs showed that the 3 ?;'f_f

o~

pentane solutlon contalned about 10% of‘the de, dro-¢7f-f

@;:

= bromlnatlon product ‘Areactlon was left to stand for 70

>1hours, and the resultlng SOlld was broken up and 150 mb‘of

, dhpllshed by spec1f1c destructlon of the d-énantlomer

pentane was addedqand stlrred for another two hours..'_‘
._Analysls of thls pentane solutldn showed that 1t conﬁ.kned A
' . 2
24 3% trans—2 bromo—z—butene The observed rotatlon Qf
)

_ frecovered 2 3-d1bromobutane rs 1lsted 1n Table XX.,;Iﬁh;'v

._the assumptlon Was made that the resolutlon was accom-t'-

(24 3%), then the" optlcally pure l-enantlomer should have
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" The Observed Rotatlon of (- ) 2 3—D1br0mob;:;;é\pb alned

from Partlal Resolutlon of dl 2 3—D1bromobutane w1th

' a
- Brucine

4250 e

S : v . ) . Recovered from

A, my - Fraction I = Fraction II.  remaining solid
' (48 hr.)¢ (16 hr)® 12 hry)©

. .
By n - - 0 ——
[y . . B .

N

589 ~11.35° ©-13,15° . -17:010
578 - -1l.84° -13.68°  -17.74°
546 -13.420 -15 50° o ~20.11°
436 -22.,48°° - -25,96° . -33,70°
365  ~35.04° . -40.45° - . ©52.60°
. 6. A. ' /\“. ‘.

a . . l / & .

Using 2 g 1 fatio (RBr‘ brucine) -
' Observed rotatlons measured in neat 11qu1d (ldm). -

CiStandingvtlme after mlxlng.ﬂ-



y

Observed Rotatlon of ( )—2 3-D1bromobutane After

Table xx?

'24 3% Destructlon Product Formed (70. hr. standlng)

J Aoomy o365
589 -alsae
578 S 12360
. 546 / ."__14‘.‘0_50‘ :
436 -23.60°
365 ~37,05°

Observed rotatlon measured in

4 neat 11qu1d (ldm)

y -

141
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a mlnlmum observed rotatlon of a§65 = «152° or a specific '
rotatlon of [a]§25’= «84 9°- (calcd"using;d 1 79).
: . -

; The structural a851gnment of the destructlon

: product -was based upon the comparlson of 1ts refractlve L

1ndex .and nmr spectrum of those of the authentlc materlal‘

'It was characterlzed as trans—z bromo 2—butene (collected

by preparatlve gI;c, 6' X 1/4" 10% Carbowax 20M TPA glass,A‘

25 . 113 25 ' 127

"_column), ng” =.1. 4568 (lit. np”o= 1. 4565), nmr

5‘(CCl4) 8.31 (BH; q'of,d, 3 -CH ), 7 74 (3H, qulntet, -H),“s

Tand 4.35 (lH; q16f~q} 3—H),
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APPENDTIX

."..Determlnatlon of the Bromlne Content ahd the Isotoplc

'diAbundances of the Two Bromlne Atoms of the leromldesi

in the Bromlnatlon of 2- Bromobutane w1th Isotoplcally

“Jﬁjpn\Enrlched Bromlne-Bl. : _,l‘;a

f' ‘ Con91der a dlbromlde con31st1ng of two bromlne

iatoms w1th the 1sot0p1c abundances of - (a b) and (a' ,b'),A'

]‘where a. and a' are the relatlve abundances of bromlne 79

'fTheh the mass spectrum for an 1on contalnlng two bromlne

}atdns glves three peaks, the 1nten81t1es of Vhlch may be :
'“:’calculated by the product of (a + b)(a + b')" They are.

iexpressed as follows (e g., at the parent peaks of the

';idibromobutanes)

) | I 214*-'s‘j e 218 ¢
’ﬁff'i”-m/e»- o (c i Br! ) - (C4H Br79B 1X’ (c H Br )
B Me (o) ey 2

ST b - —

‘Peak .' -37"4?. - i
;nten51ty - .H’daa"‘p;‘;?'ab',{fa'bt;j~ " bb'

' *, ._:,'

Bymbollzed as ;j,;“r h"h f.'I;,tf;qtfiflfl“b:»[wipfp'5

“Fﬁom the expre851on, 1f a dlbromlde produced by a dlrect

'sﬁbstltut;on of 2-bromobutane (50 57% brom1ne-79 and “V

. “C', ‘
i %i;‘,:v‘l: ‘ __; ‘. . o ‘. ‘ “ S S e \

fb and b"are those of brom1ne—81 and a + b = a' + b' : l.

‘k\>



)

-':Thérefore}5h bfominee79%'

C152°

49.43% bromine- 81) w1th 1sotop1cally enrlched bromlne 81

t.(2 19% bromlne 79 and 97.81% bromlne 81), the dlbromlde

,.would haVe a peak height ratlo at the parent peaks 214 T

;N

A‘216 : 218 = l‘:_ASJGV 43. 7 w1th a bromlne content of R W

"26 38% bromlne 79 and 73 62% brom1ne—81

The bromlne content of the dlbromldes may be

”ea511y determlned from the observed mass spectral peak |

'1nten51t1es, 1t is expressed by equatlon 1

S;noe,.Btomlnee79 f%actlon = O.S (a‘+'b'+ ST)

2 0.5 [a(a' + b )-+a' (a + b)] |
(a + b)(a o+ b'T’ S

0. 5[2aa ¥ (ab' + a'b)]
paa kS (ab' + a'b) +ﬁbb'

' aa' + 0. 5 (ab' + a b) -

”_r'&'O.S q:' ,
r¥q+tp. .

"
+ +

0.5q . |
100% -
+a+p f
1 TP E

"R

- bromine-81% VJOO%A-ZbromineQ79%x'};gft

The 1sotopmc abundances of each of the two

bromlne atoms of the dlbromldes may also be determlned

;The 1ntensxt1es of the peaks at m/e 214 and 216 relatlve )

"to 218 are glven by equatlons 2 and 3 respectlvely. B

N

m ' p ] bb' " .,.'.“....‘.'V...i.'..'...."'.'...."'".'I’. .,0‘-9-.‘_'2 - B

R AR
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I : 6

q _ ab' + a'b - a0 - Ti. 3

’ = :’i' — . ;
R 2t A

'.*Multlplylng equatlon 3 by ( ) and substltutlng for (BBT)

from equatlon 2 and rearranglng glves the quadratlc

fequatlon 4 or 4a Multlply1ng equatlon 3 by (ST) 1nstead

.‘B)‘ - g(s) f.ﬁ'ffo -cjoo:oco-:-.dacwqttfqoo-‘4

.lu.

d drvr. :(%)? - n(%) +:mg¥;0>h-o!;;‘f;';’{.';i";".:é.vda:d

'v'of by ( ) glves the same expre851on as 4 and 4a w1th (b.)
.1nstead of ( ) The brom1ne—79/brom1ne—81 ratlo of the T
'hftwo bromlne atoms is therefore glVen by the two roots

»(equatlon 5) of thlS quadratlc equatlon. The calculated

t

lresults for the dlbromldes are’ llsted in Taer‘gVI.-'

a
(E) = " o‘q-o'ocfibfg'-'oo'o‘oooop_- o’o’-oof.o.

o

To determlne the amount of the v1c1nal dlbromldes’a‘

'(1 2-, meso~ and dl~2 3- d1bromobutanes) that were: formed by T
nhthe ellmlnatlon—readdltlon process, 1t was assumed that |

'the rate of the formatlon of the v101nal dlbrOmldes 1s

constant relatlve to that of the 2, 2 dlbromobutane* Con- '

’sequently, ‘the v1c1na1 dlbromldes that was formed by dlrect

2. .

s L - . . R
The assumptlon that the relatlve rates of product for-.

' matlon are constant must only be taken as an. approx1mat10n

. ﬁ'
and the value for E. must be treated as such

4‘7
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Hsubstitutlon had the eame bromrne\content.as 2, 2—d1bromo—
butane (1 e, 23\49% brom1ne—79 and 70 51% bromlne 81

see Table XVI), whlle the v1c1nal dlbromldes formed from
the addltlon of bromlne to olefln had the same lSOtOplC
abundance as the secondﬁbromlne atom 1ntroduced in 2 2-
dlbromobutane (i e. ,.9 75% bromlne 79 and 90 25% brom@ne—'

~v81, see Table XVI). - If the fractlon of v1c1nal dlbromlde B

produced from Olefln was "E"; then the expﬂrlmentally

AN S
e observed. total bromlne 79 content of/the\v%c1nal»dlbromides_

T

Y

(see "Table: XVI) may be glven by equatlon 6. For example,'

in the case of dl 2, 3—d1br0mobutane, the total brom1ne—79

Cy

59 49 (1 - E)4-9 75 E T'_';-ff oo

Total brom1ne—79 content of the

v1c1hal dlbromlde ;‘}.,}..;,.g.;{.;;r.,.. 6
content'is 21.61%, then L "‘gf;-“
> 29.49 (1 - E) + 9.75°E = 21.61 ' whence E = 0.40

B

Determlnatﬁon of the Bromlnd Content and the ISOtOPlC

'&bdndanoéé of the Three Bramlne Atoms of tﬁe 2, 2 3-Tr1—

\

bromobutane‘, . . “f LT R -eN;M-

{Slmllar to "the analy31s of the dlbromldes, if
-the three bromlne atoms of 2 2 3 trlbromobutane had the”
relatlve 1sot0p1c abundances of (a b), (c d), and (e f)

€reSpect1vely, where a, c,‘and e are the relatlve abun-

I AURCU R “-\\\”,i R
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. .
dances of brom1ne-79 and b dv and f are those of bromlne—
Ql, and a e b = ;ld =e + f-— 1. Then the mass spectral
peak 1nten51t1es at the parent peaks of 5//)?~tr;bromo—

butane may “be expressed as follows

&

2920 204 296 .208

»1: . o 79 79_ 81 79 81 81
.Lm/e B ..C4H7Br3v' C4H7§r2,Br C4H7Br‘ L, C4H7Br3 ‘

Inten51ty - -ace bce+ade+aef"bde+bof+adf_ bdf

Symbolyzed as s r . }4']Aq B . P

The bromlne content of the trlbromlde may be,

therefore, expreCsed by equatlon 7
Sinoe _ Bromine481 fraetion,‘

Sl b a4 . f
T §"a f_b_+ c+a” e + f} . SN

~ (pdf) +»3(bde“+-bcf + adf)~%'1(bcé‘+ ade + acf)

(ace) + (bce + ade + acf) + (bde + bcf + adf) + (bﬂf)

b+ % ¥ % roe Ad.v .*""f’
> | :

p+ ‘q, +. : s -

"

,Therefore, bromine-81% e
. '_ ‘ q

i x 1008 |
R SRR

R
/]

4+ r

0
1.

"<bromine-79%' b%dmine-Sl% )

L

100%
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.The CublC equatlon for solvxng the bromlne

"1soJop1c abundances of the 2,2, 3 trlbromobutane may be .f

'derlved as follows e R ,,‘. "'(

'bde + bcf + adf _ ghlfg ‘% o N ‘
= — ) bdf ‘-b +d+ eeverengene 8

LoRfoly

Since,

=.fbce~+ ade +hacff=tg§; ae | ggﬂ.fh.c-" - 9
bdf -~ =~ df ~bf- '

"N

rearrangement of eq. 9 gives

(S—f_ b_d') .."' 5’7 df .vopo»oo-.o--..s.-oot._oogovo.p 9a E

Multipiying'eg. 8Lb§{(%} gives
). + (bd + ‘b_f4 p (b) ] ‘ooo..no"oooil-cvtc 10

" and Substituting eq. %a into eq.'IOjgives

| (—b-) - E(E) +§ —a-f ':-)0 o?ooo"|¢:o‘ oco.,o.n‘.-c 11

-.-Multiplying‘eql,il by (%)‘giyes'

e . [ Sy - Fug R .
- ROMEE Tk

ay .
(B') -

S=0 12 '
B |

' c]n

e -

ByeSubstitoting thexmaSS spectrel peak 1ntens1t1es at the N
 parent . peakscanto the cuhlc equatlon 12 three roots of
- this equatxon may be obtélned whlch correspond to the |
1sotop1c ratlo (brom1ne—79/brom1ne—81) of each of the',hf'

-
:three atoms of 2 2 3 trlbromobutane.rf

Y
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Slmulatlon of ‘the Bromlnatlon of 2 Bromobutane w1th Iso- i

toplcally Enrlched Molecular Brom1ne—81 for the Ellmlnatlon— N

: 4 .

Readdltlon Mechanlsm

'? The reactlon of 2—bromobutane (50 57% bromlne 79
and 49, 43% bromlne—Bl) w1th 1sotop1cally enrlched bromlne-
81 (2. 19% brom1ne—79 ‘and 9% 81% brom1ne—81) was 51mulated i

as shown ;nuSchemeXI. Only-the formatlon-qf 2,2—d1bromof

_ o e7Schemerxiv_ .?fa
R 79/81 o o 79/81
1-F ’
. v . HB1‘181‘
\Br79/81
van) o ova-n
~;(».

4/butane,.2 3= dlbromobutanes, ‘and hydrogen bromlde was con—
',‘51dered In each step, Y moles of Br°»attack the molecule

t (2 bromobutane),‘and of these a fractlon F abstracts the
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hydrogens at 3 pOSltlon and l-F abstracts the hydrogenv

at 2—p051tlon The 3—bromo 2 butyl radlcal so formed '

ellmlnates a bromlne atom to glve the two 2- butenes (Loo%

ellmlnatlon) The butenes then add bromlne (from the
scrambled bromlne pool) to form the two 2 3 dlbromobutanes
The amount of each- product formed Ln each step is given -

 in the scheme.

|,
)

The program assumes that the value of F 1s con~_‘
s&ant w1th percentage reactlon. The value for F was cal—f*".

culated as 0 92 from the data 1n Table IX (reactlon 6)

/-

© . J

The reactlon was s1mulated 1n lOOO steps, 1 e.;the value
of Y was- set at 0 OOl

9/81 (YF moles) that was

| In each step, the Br
ellmlnated was scrambled w1th the bromlne pool P prlor
to any further reactlon, and the new bromlne 79 content,__"

npw ‘of the new bromlne pool was determlned (equatlon 13)

~

[ e _ B xP +0.5057 x ¥ x F'
St ‘ P+ Y XF :

The bromlne content in. each of the products

“.pformed 1n thls step was” then calculated and the results

”accumulated ‘If the bromlne 79 content of the 2 3 dlbromo— t

1

“-butanes was V ; then the new bromlne 79 contfnt w1ll be_

. ""V" = V + B, whlle for the 2 2—d1bromobutane, 1f the -

: bromlne 79 content had been EN then the new~brom1ne 79k3

| content w1ll be as follows.



"' ‘ll EN Il‘

= EN + (0,5057 + B)/2

The bfogrém,ié lisﬁed.below.

-
=0

[
g

b
el

e
oy

f

NN N '
W

W W
O W

RO PO RPN ft b i
WRNHOW®N

NN
~Noywon

L

‘LIMPLICIT REAL*8(A-H 0 Z)
- B=0.0219 .. =
‘v 0 0 . _ Z' ‘_
- L, EN=0,0. o o
©'Y¥=0.001

F=0.92

”11"P=2.0. S
- DO 1 .L=1, 1000

B=(BxP+Y*F*0. 50)7)/(P+Y*p)va

V=V+B

EN= EN+(0'5057+B)/2 G
p=p-y

V81=1000.0-V

"EN81=1000.0-EN

o V7979=V*V
C . .V7981= 0*V*V81/V7979

-V3181= V81*V81/V7979

- EN2=EN/10.0-
CEN3=ENS1/3).0 -

EN2=(2.0%EN2)-50. 57

EN3=(2.0EN3)-49.43 f

EN7979=_J.57*EN2.

EN7981= (EN2*h9sh3+EN3*5O 57)/EN7979

EN8181= L9, b3*EN3/EN7979

S N¥7=1,0

EN7=1.0

. WRITE(5,900)V,V81, V7 V7981 V8181
900" o
~ WRITE(G,900)EN, ENSY, EN7 EN7981 EN8181

PbRMAT(GFlo 5)
. STOP -

,,END_  ;-i”7.iff';‘ﬂ .
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