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nS ABSTRACT L e

Iodomum nitrate in chloroform pyrldme at room temper-
ature undergoes a fiais stereospecxﬁc electrophxhc addxtxon to alkenes i
'_;to form (i) 1odoa1ky1 n1trates ) (n) iodoalkyl pyr1d1mum nitrates, and/or
(iu) alkenyl pyridmlum 1od1des dependmg dn the substrate .'j"".'I’h'e |
' ‘;addxtlon xs sensxtlve to stenc hmdrance effects and anti Markovmkov

: add1t10n is commonly encountered » In s1m11ar add1t10ns to, conJugatedv
o dxenes 1 ,2- add1t10ns in -a Nlarkozmkov fash1on to form 1 1 adducts of :
| the type (n) are the rule ' Iodomum' mtrate 1s unreact1ve towards _

,..',g;‘g-unsaturated oarbonyl compounds, Termmal acetylenes gwe !
“"alkynyl iodides in fa1r yxeld | Phenols and amhnes afZOrd aromatm
substltutmn products | L B

W1th oleﬁmc alcohols » 1odon1um mtrate in chloroform- |

; ... pymdme g'xves (1v) hydro:(ymdoalkyl mtrates , (v) hydroxyiodoalkyl

pyr1dm1um mtrates a.hd/or (vi) flve and si.x rﬂembered cychc ethers :

e '__'where thxs is structurally posszble Parallel reactmns in. chlorbform— L

; sym colhdme g1ve three four° and fwe membered cychc ethers as’

' wwell as products of the type (1v) The tra_x_:_g stereospecific additmn :
';of 1odon1um mtrate to cyclohex @2 -en- l ol md1cates that the 1odon1um e
mn 1s formed c1s to the hydrOxy group The stereochemical d1recting ‘
‘vmfluence of hydroxy group in other cyclic s,ystems has also been |

- investrgated Examples of part1cipatzon byu neighbormg carbo.xyl

. j":group and sulfur are provided The xodonium nitrate pyndine complex

. \

| ‘.;."has been 1solated ‘as a crystalhne sohd and shown to undergo a, L
.-st01ch10metr1c and stereospec1f1c add1t10n to(E)»4 4 d1methyl“pent 2 ene

/,". .



A ‘v.,‘".;tnphenylpropene bromomum mtrate d1d reaet with 1t to nge a. t

.' _ :pyridmium salt whlch ar1ses as a result of phenyl mlgratxon. An

The stereochemistr.y of the add1t1ons to. alkenes was’ ’proven “:\h‘
by relating. the 1odoalkyl nitrates to the correspondmg epoxldes for
4,4. dzmethylpent 2-enes and by bdfse catalyzed ehmmatmn of hydrogen
1od1de from the 1odoalky1 pyr1d1n:um mtrates to the. vmyl pyr1d1n1um '
1od1des for but-2-enes., 'Ihe add\tlon to the less hmdered(Z)-Z deutero-vlf

l"styrene 1s also stereospec;ﬁc, ehmmatmg the poss1b1l1ty of restr1cted )

_ rotatxon durmg add1t1on o & - - . “ .' ’ |

' The k1net1c '-‘tudles on the .add1t1on ofllodoruum mtrate were .

performed hy followmg the d1qa} p=arance of 1odon1um mtrate by a p
}'t1trat1on method The redctxou is. shown to be of second order ﬁrst
. -. order in 1odomum n1trate aud f1rs,t order m the’ olefm. .Kinesxc.evidr '

‘ ‘ence for‘part1c1patxon by hydroxy proup is presented The activation

parameters for the addi‘wn of mdomum@ztrate to a few olefms and

A
S e

‘olefxmc alcohols have beeu determmed
o The reactlont of bromon}um mtrate m chloroform pyrldme .

»wrth unsaturated substratu were exammed Although ltresembles

" mdomum n1trate in 1ts reactlons e cc‘rtain dxfferences are also found ) ,'

The«,e are explamed in tex ms of the stabxlity of the mtermedlatev

'-halonmm ions. L _' f '

s Conjugated d1enes ; m'addltlon to bromopyr1d1n1um salts ,v o

Y "'grve 1 Z-bromonitrate., whkch rearrange to l 4 bromomtrates A E

'vconcerted cychc mechamfm is po tulated for the above ream'angement o

o R e Although 1odon1um mtrate was unreactxve towards 3 3 3- L

"';example of partm1pat1on by hydroxy group is a.lso presented

- ‘%.

. LR B L



o -

v ’ . . « ' R . ’ .. ',_,‘ B X .
' The stereochemxstry of the,addxtxons was shown to be trans '

by performmg add1t10ns to(z)and(E)pan:s of olefms and confxr.med by

addition to(Z)-Z deuterostyrene
A series of 1odoa1ky1 pyrxdxmum mtrates aind alkenyl

: pyx 1d1n1um 1od1des were prepared and’ s'hown to possess s1gn1f1ca.nt :

ant1 dxabetm property T
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CHAPTER I

‘Introduction

The add1 1on of pseudohalogens to unsaturated subglrates .
' has recently gamed in 1mportance through their synthetm and mechan-.
. istic 1nvest1gaixons These stereospecxﬁc react1ons complement the .

methods for the stereospec1f1c mtroductmn of oxygen functmns into

the carbon skeleton e.g. via openmg of epox1des ) hydroboratmn of E ‘&\
olefms or reductmn of ketones by prow.dmg stereOSpemﬁc routes for’

'_'the 1ntroduct1on of other funct1ona1 groups ) partlcularly n1trogen
S . . Y
' funct1ons mto orgamc molecules The growing 1mportance of pseudo-

7

halogen add1t1on is clearly revealed by the number of recent publxcatmns o

dealmg \mth stereospec1f1c routes for the synthesxs ot;E-lodoamdes1 .o |
1 6,7 8-12

N vmyl azxdes ) 'azirines Ty az1r1d1nes } E N- (2 1odoa1ky1)

_carbamateslz Z and E-2- aminoalcoholé[1 ) oxazolidOness._ l 2=
4. - 15,16 17, 18 ' 19 20
s ammOsugars T azepmes : , 1= azetmes Uy

21

: d1ammes

- B- 1odon1tro vmyl n1tro }aﬁd n1troa1kanes B chloroketonesz‘zj,-" |

N- CYanmmmes andN cyanoazuldlnesz-:-" 24

257
N cyanoazepmes P
| jep1sulf1desz.6-'etc-. These stud1es ‘were: also 1mportant from phys1ca1

".orgamc stand pomt in prov1d1ng add1t19nal ev1dence for the mechamsm S

”-;"by wh1ch halogens , in gener al add tv:Lunsaturated substrates Much

f p

of the earher work on the chemlstry ‘eudehalogens have been

- covered in: revxew artxcles deal’ g thh mtryl and mtrosyl hahdeszjn,’ : |
' ogen‘29 ) cyanogen bromxde30v

' 'mtrosyl chlorlcle28 . and th1o- . I

"'cyanogen3,_1 ecause of the enormOus amount of informatlon ava1lab1e
- om the.n' chemxstry, we. wxll restnct our d1scuss16n mamly to halogen- R

1)

_contammg pseudohalogens

R



Pseudohalogens, in general, resemble halogens in their

behaviour towards olefinlc:cornpounds‘ The reactwity and types of

" reactions undergone by d1fferent pseudohalogens vary to some extent

although certam sxmxlant:es may also be seen.

Cyanogen hahdes o

The cyanogen hahdes3?? 34 can add to olef1ns at amb1ent

\\

Qtemperatures , but requl\e a Lewxs acld catalyst Substxtutmn by

~ nitrile group is a s1de reaction which* predommates above 25 or m

-

~ the absenqe of a catalyst at elevated temperatures In the absence of

CH3~CH=CH-CH3

CNX, AlCl3 S CH3\ . _CH3
— cs?_, CH3NOZ ._--H/':. 'CN
C c\
- H/ | CH3

+

b

+ CH3—(fH-—CH CH3
I
‘X CN

. CNX

XClBrI

the catalyst no reactmn takes place between cyanogen hahdes and

typ1ca1 unsaturated compounds at amblent temperatures except betWeen [

. cyanogen 1od1de and T 5 unsautrated ac1ds the prod'ucts bemg 6 1odo- o

pentanolactones ’ l"

35 \ :

Under s1m1lar cond1t1ons cyanogen brom1de

H c—=c”? . IeN. H c~c R
2 CICN . 2 R
A \OH ——-————> ———> i 4+ HCN .
 CH;—CH= CH R H C— cﬁ o
: 2 2 e : 2 L VI

B . : N I ‘ . - . : B i .. N ! ’
L~ e o .



N-mtrobls(tr1f1u romethyl)amme \} 2 and 3, respectwely

gave no r'eac'tion ‘ _ . '7 I . o s
The reactxon of Ccyanogen hahdes w1th unsaturated compounds.
.-proceeds by a free- rad1cal mechamsm the CN rad1ca1 bemg the g

“1n1t1a1 attackmg spec1e‘s. A Cyanog‘en 1od1de is e_xceptional m_xts

| ~ ‘CNX" NN
. CH3(CH,)sCH;=CH, —— —> CH3(CH,)5CH—~CH,CN
o catalyst - - T |

'.‘b ha 'oavr’towards YS unsaturated ac1dé because of 1ts greater
- poi .rlzab111ty and thus has suff1c1ent electrophihc character to brmg L
' about ],actomzatmn Cyanogen brom1de bemg less easﬂy polarxzed
is: unreactlve towards such compounds " | | \ |

o

.N1trosy1 and mtryl hahdes :

- Another mterestmg class of pseudohalogens ) as far as
react1v1ty and mechamsm are concerned B 1s the n1trosy1 and mtryl

| hahdes !N1trosy1 fluor1de can be expected to be h1gh1y reactwe and
36 ’38'

'1ts reactmns W1th fluoroolefms have been reported The add1t1on .

-

CF[_CFZ f}fa~Nof[_;aff'd‘>g,cF3CF§n=o _
. S : o | . icpz__cpz

o p o CF3CF2-—N-—-O
R Fzé éFZ

" of mtrosyl fluorlde or mtryl fluor1de tp pentafluoroazapropene occurs

'-"rap1d1y and qua.nt1tat1ve1y at low temperatures to g1ve N m.t;roso39 and
40 R

e NOZF ‘iivzﬂrff”jfe5;}'*Kiiiflg*?7ﬁd5”



' contrasted w1th the reactxon of mtrosyl chlondevw1th stermd 2. e_

1 yxetd :

the 1ntermed1ate mtramon

~

Reaction of nitrosyl ﬂuorlde with cholesteryl acetate prOV1des the

5ok - fluoro 6- (N mtrosoxmmo) derxvatnve41 i . Thxs result 1s_to he o

'NOF

AcO - AcO~

.Alo

* and 5 -enes, which gave the corresponding chloromtrostermds in good

Both the d1rect1on of addxtmn of mtrosyl fluorlde and the

quahtatlve order of react1v1ty of fluoroolefms [(CF3)2 C CE 2>

| 'CF3 C];‘ CFZ > CFZ-.-CFZ' ] md1cate that 1n1t1a1 attack is by the
‘. an1omc portmn of the addmg reagent the fluor1de 1on to glve a |
| ‘ 1trans1t1on state w1th carbamomc character3~8l . The d1rect1on ofv
jadd],tlon and orqer of react1v1ty a.re exp’hcable in "terms of greatest
Charge delocahzatmn by “no bond" resonance in a carbamon thh the e

o e .largest number of ﬂ fluorme atoms The carbam.ons can be stab1hzed

;.by contnbutmn from add1t10na1 degenerate resonance extremes of the B

_ type ', 5a ar\d 5b The ease of addxtmn of n1trosy1 quorlde and mtryl

CF3 8—-CF3 -<——-—>- CF3 C—~CF2FG-<——>- Foss L

' 5a 5b

':.'fluonde té’ pentafluoroazapropene is: 51m1larly exphcable m te,rms of 5 S

” ; Fe&~' S ey
CF3-—N—-CF ~— CF3-—N_.CFZ -~ re CFZ__N~-<:F3 SN



2 atom is. generally observed as 111ustrate.d for the reaq:tion between

_ Y . ,
N1trosy1 chloride and nitrosyl‘bromide wluch can be

generated in situ by the reaction between an alkyl n1tr1te and hydro—’ |

o chlorm and hydrobromxc ac1ds respect1vely44, re\adxly undergo reactxon

w1th olefms to nge mtrosohahdes , wh1ch dxmerise 1f unhmdered28

- Cc=C 4+ NOX s oN—C— —C—x

., | | I T

£ [ - " x-c1 Br-

P

' The monomers can usually be recogmzed also though these read11y

: undergo prototroplc change to g1ve the ox1me In mtrosyl hahde

add1t1ons to olefms ) the mtroso group is often oxxdised by n1trosy1
(CH )z C =C- CH3 ————>  (CH3),-C—CH:CH; .

:§€}< -

Cl..
hahde to the mtro group43';" S1milar behavxour ha\s been encountere

for the add1t1on of m/trosyl chlonde to phenylacetylenes the products

bemg a(-chloro /3 mtrostyrenes W1th unsymmﬁrically substxtuted

e
L - - - — i >

olefms . add1txon of the mtroso group to the less subst1tuted carbonl o

.&'l

(CH3)2—7.(|:- C-—-N OH

d45.



nitrosyl chloride and o(-p;nehe‘m.._ .

' NOCl1 -

2

.

Based on the above cons1derat10ns y a mechamsm mvolvmg

. "NO and X has been generally assurped for mtrosyl hahde add1t1ons o

P l
N 4+ o /N\ o S S
JCTC H NOT s T e
o LONTTTN
R L L
LN L e T : SR
B T T + .. ‘C19©
<~ ."C C T

Kaplan et val 47 have suggested that n1trosy( ch10r1de 1on1zes to give

'the mtrosomum ion (NO ) whxch adds to an olefm to g1ve a h1ghly

S

'stablhzed omum ion: 1ntermed1ate 6a c whzch should open to a trans R
; ‘mtrosochlorrde

Memwald et al 48 have 1nvest1gated the add1t1on of mtrosyl

'-'chlorrde and mtrosyl bromxde to n0rbornene norbornad1ene endo 5- RRR

"_‘norbornenecarboxyhc ac1d and Ag--octahn thh a V1ew to eluc1dating

"_v'-;-the ster1c course of mtrosyl hahde add1t1ons Smce the add1t1on

: 'occurs thhout rear1 angement to norbornene and norbornad1ene and
Lt ;

"-_ ﬂno lactomc product is formed from the unsaturated ac1d very httlb

' .carbomum ion character is developed m the 1ntermed1ate The cis- - R

'_',‘_exo nature of the adduct is estabhshed by levulimc ac1d hydroylsls of

o ?ofihe adduct




. 'NOCl. _

Thus the additon of nitrosyl chloride and bromide to a .
- nurnber of norbornenes gi'v'es' c.is.-ex'o‘- addut:'ts evén where-goqd .

Y

~/pportumhes for other reactlon paths were prOV1ded : In co’nffas‘f ,

W™

. addition of mtrosyl chlonde to Ag-octalin proceeds in the t;-ans- o

fashlon. as vsho_wn rby:the.f'ol‘lov.vmg tfans_for_matlo_‘r_‘ls, OH

'X,.. NH ’

 Adam's.
“catalyst
- EtOAC

. Adam.s . c atal‘f‘St; .‘ L
HCI,H,0,EtOH

. , ' Thus thel ste-nc COUI‘SG of n1tfosyl hahde.addﬂ:mn to
) ".‘olef1n’qepends en the olefm'strt»lcture ¢9 Octahn and mOst other :: .
‘ UnStralﬁed olefms g1vellla _é'_g_f_x;s- adduct J).n accord w1th the ionic: reaction LT
- gmechamsm On the other hand norbornene and norbornadiene under-.-:,';:' :
B ) go add1t10n bY a four centre ccncerted mechan1s~§" i s

The sTereochemical course of mtrosyl chloride addition 1s ) ‘

Py .
.

( :solvent dependent as shown by the fa.ct that reactxon of nitrosyl

chlor1de W1th cyclohexene gwes a trans- adduct in carbon tetrachloride




<
1]

~and cis- adduct in liquid 's’ulfuvr dioxide ’
' H

)

Kmet1c evxdence for the operatlon of a polar mechanism for

-the addltmn of mtrosyl hahdes has been obta1ned50 The reactlon s

¢

fOllOWed the s1mple k1net1c form ' - S

. b

.« [nocq.

. - '1%2‘ [oléfirij- [Noc1]
cdt ' - '.

‘The relatl\./e rates of reactmn in chloroform were shown to be conslstent
W1th the view that the reactmn mvolves electrOph111c attack by I\I@ (olrl

“ Electron releasmg methyl and phenyl groups fac111tated the react1on and- o
" electron w1thdrawmg groups such as chlorme retarded it.. On the -

: whole the reactmn was faster in polar solvents S1m11ar1y, evzdenﬁge

'for a cychc four centre concerted mechamsm has been obtamedsre
".from rate stud1es for the‘ add1t10n of mtrosyl chlor1de to lmear ahphatrc:;‘
and cycloolefms and subst1tuted styrenes - »

i In the presence of 11ght wh1ch fac111tates the d1ssoc1at10n

.4of mtrosyl hahdes 5 ~a free rad1ca1 mechamsm may also be operatwe

-~‘*as shown by Park et al 52 that an, 1omc mechanlsm 1s untenable for R

3‘

E _ fthe reactmn of mtror,yl chlonde with fluoroolefms in: the presence of

T also been reported 3 S , e

o .-proviﬁes a convement method for the preparatmn ot’saza.ndmeg‘iﬁ by

'iferrzc 1ons and 11ght Instances of mtrosyl bromlde additlon«, mvolv-—_ :

'. -L'~Z

~“"Add1t10n of mtrosyl chlonde to a tetra subst1tute&

e

;,1";;::?‘?&;-. .

: :--:,‘_‘-_the followmg sequence .. Sxm11ar1y ; add1t1on of mtrosyl chlor.ide to .' .
s NOCI No -




OHe o N\ s o

.‘: "‘4 : l . \

wlefms , followed by levuhmc ac1d hydrolys:s of the adduct has been :

‘ gener ahzed as ‘a synthetlc route to - chloroketones22

N1tryl chlonde can add to olefms and ev1dence tends _

towards a free rad1cal mechamsm : although in aromatlc subst1tutmn

reactlons ; in. the presence of Fr1ede1 Crafts catalysts R substxtutmn

takes place to some extent through NJOZ él 55'.. mel brom1de has |
E been shogn to glve l bromo 1. chloro 2 n1troethane 7, in good yxeld

Although this or1entat1onal Pesult is consistent thh a heterolytxc

CHZ-—CHBr o N0201 S >~ OZNCHZ—-CHBrCI
. . N N . T .> l N .
, mechamsm,, it was shOWn that the mtro group always appeared 1n the

‘ termmal posit1on regardless of the electromc effects of the subst1tuents

around the double bond Th1s effect prevaxls through a ser1es of 'ﬂ:l'

.

der1vat1ves of acryhc ac1d and W1th an cx methyl group56 Several
- other examples of n1tryl chlortde add1t10ns have been reported and the :
mam products are usually a l 2 chloromtro adduct and a pseudomtrosue "
fn. many cases the react1on is comphcated by add1t1on of the elemrents .‘ .. |

5 / of chlorme mtrogen sesquzomde or mtrogen d10x1de dependn'fgﬁupon the

: 58
solvent L‘ised and the olefin studxed57 Shechter et al : frorn the1r

studaes on the addxtlon of n1tryl chlomde to methyl acrylate postulated

a mechamsm mvolvmg free rad1cals Recent reports on the add1t1on e

o © 43t 45
- of mtryl chlorxde to stero1ds - b and acetylenes have also been .

pubhshed whxch is. cons1stent w1th the dlsproportxonatxon of mtryl ,,,,,,,
ch10r1de - as. follows BRI



~ 2 NOyCI

N20‘4" E
N0y

Gl + NOy

L ——— e
| g ——————s

N,QOy4

= . NO*

- CINO3

+ Cl,
~+ NOyT

+ oxldatxon

4 NOCl

Recently Begerf"o from his- studxes on the reactxon between
. olefms and mtryl chloride has pomted out that the add1t1on takes place A
by a radlcal mjechamsm in shghtly polar solvents and by Cl

E in polar nucleoph1hc solvents. .

The reactlon of s11ver n1tr1te W1th 1od1ne is expected to .
lead to INO?

- to NO and I “or to I : and NOZ . as we11 as to homolysxs mto free

2

T rad1cals and hence it can functlon as mtryl 1od1de or as 1odme n1tr1te A

Xnd elther by an 1on1c pathway or homolytmally,, The chem1stry of
E
N th1s reagent has been studled by Hassner et a1 21 W1th 2 cholestene
o the maJor product was 2/3 1odo 3‘0< mtrocholestane 8

that the pseudohalogen was not reactmg as 1odine n1tr1te (INOZ) but

.‘mstead had behaved as n1try1 1od1de wh1ch was conﬁrmed by the reglo-f'{a,.

BN }

' ,'chemlstry of its reactlon w;th styrene

AgNO /I

Ph CH "'CH

P IR : . : -

- ~>Ph TZH CHZNOZ

pyridine -

add:._tlgna o

' 10 N

Th1s reagent is theoretmally capable of dual heterolysxsf': e

Th1s suggests -

© PhiCH=CH-NO, -



i 'lll
) .
The'r}eaction proceeds by -.5 free radioal mechanism. the-t
mtro- radical bemg the 1n1t1a1 attackmg species asv shown by 1ts reactxon
w1th methyl acrylate and by ‘the 1nh1b1t10n of the reactlon by oxygen J
ANO, /L, | T

i cnz'i::.CH}--c»oocn3v‘ > OZN CHzA ;?H COOCH3

. em—

NaOCOCHj,

: o OZN CH.—CH COOCH3

Racem1zat1on occurs at the benzyhc p051t1on ag shown by

%

the reactlon of mtryl 1od1de w1th c1s and trans st11benes The product

-~

B in both cases was a d1astereomer1c m1xture 9 formed through the
¢ ‘ - . . . :

o
Ph(llH -CH— Ph

.phenyl. stab111zed mtroradtcals lOa.and 10b whmh 'are mterco'nvvertxhle
_ ;The formatlon of the rutro ra.d1ca1 is non revers1ble because cxs-‘;:.. |
| stllbene d1d not 1somer1ze when an excess of ClS snlbene was treated
"-w1th n1try1 1od1de R R | . ‘




_ Sulfenyl Nalide5 -

' Yy ~The sulfenyl halides easily add across olefinic bonds. Vo

-~

Several xge_'viewﬁs 'deélir;g with sulfenyl halide chemistry have been

e
S - L
N .
‘R=S=X #  €=C[ ———>= RS—C—C—X
| | ' B N
4 L e S , -
pubhshed61 6 ' S ' ) By _ e ' R

The moleculeR_-*S-Cl‘could in thedry rea.c'té in t§vo distinct |

ways , e1ther a5 a source of electrophihc su::f? or as a source of

. e.1ectroph111c chlvo_r1ne6.2'. Freezxjxg pomt d ession studies"s wu:h.
RS—C1 - S <; S RS Cl - - 5
J+‘ J~ T AT

' '12 4- dm1tf-obenzenaulfeny1 chlonde in sulfuric ac1d mdicates the |
~formation of - ArS+ ion. 'No evxdence was fou.nd to suggest that the

reagent could become a sourfﬁf pos1t1ve chlorme

The polar add1t1on of sulfenyl chlonde to olefins proceeds

-from the almost excluswe tra,ns stereospeciﬁc additmn of sulfenyl

chlonde to cm and trans-Z butene66 68 Strong ev1dence agamst a ‘

e Semt A
R‘S x‘ + ,c =c- \cg’-c’x

non rotatmg 0pen carbomum 1on 12 has recently been supplied by

R R
g c—-——c

: through' ‘a»thuranmm ion mt-erm‘edxateé ,’.1‘1‘ . support for wh1ch 2omes o

12

f_'the stereosp,ecﬁ'xc umformxty of th1s add1t1on over a w1de temperature _ ‘



-

range

“for a thuramurn ion mtermed: ate has r/dcently been supphed by Brown

°[bond

69 | - B ‘ -

The'kinetics' of the reaction of 2 4-dinitrobenzenesu]_fenyl

chlor1de and bromide with styrene and cyclohexene has been investxgated

70,71
by Kharas ch et al. . They found that the reactxon 1s-of second _

L3

'§ order. Polar solvents enhanced the rate. A,pos'it‘iv‘e salt effect. was

d RSX. = ) _
- = k [RSX ][Olefin)

a . /

- also ob'served‘. The sum of the kinetzc ev1dence 18 cons1stent w1th the

‘development of charge in the rate- determming tra.nsxtmn state, but

does not 1mp1y a thuranium ion 1ntermed13.te Convmcmg evxdence
o

'and Hogg from an exammation of the reaction ra.tes of addxtmn of

several par substxtuted ortho n1trobenzenesu1fenyl chlor1des to

cyclohexene A rate hm1t1ng first step mvolvmg a trans1t1on state o

closely resemblmg the thnramqm ion was mvoked to explam the s1gn

N S.."Ar =

‘/"Cl L

o and magmtude of the observed f valu;s Thls has been further

substantlated73 hy the cons1derab1y' lower sens1t1v1ty of methane R

Y

'sulfenyl chlor1de add1t1ohs to the electromc emnronment of the double

. T.'he orientation"of addition' -islneaWcluswely m the ‘
a4

Markovmkov sense for phenyl subst1tuted oleﬁns?l No racem1zat1on L

o of allyhc or benzyhc centers 1s encountered thus strongly supporting

A

o ArSCl . PR .
PhCH:CHZ B ph C‘ZH CHZ"SAI' e

wopt

T et h s e



1 as well as by 1on1c mechamsms Aryl sulfenyl brom1des

14
“sulfur brxdgmg to the exclusmn of contrxbutmns from allyhc or benzyllc
carbonium jons. Thus conJugated d1enes nge exclusxvely the k1net1c~ o

ally controlledl ,2- adducts74 .

N

Steric factors play an 1mportant role in sulfenyl halide

-

.add1t1ons as shown. by the add1t10n to propene wh1ch also g1ves the

‘ kmet1cally controlled anti- Markovmkov adduct l3 in small but s;gmﬁ-

" cant amount?,5 S , L ‘- -
CHJCH=CH, + ArSCl —— & CHyCH—CH, SAr .
o : S A - o 65%

) ( ce Fe a0 e

S omcieama

J e_SAf“‘ ‘.,. ‘pvi5%.lh-

. o The stereochemxstryl .of the additmn has been well establxshs S

‘e .6‘6 ’6,8».. It proceeds almost exclus1vely m the _t_r_a;r_m_s-sense ,-a result .
ey

k vt;hmh has been taken -as. ewdence that the entermg sulfur atom 1s bound A

fto both of the olef1n1c carbon atoms unt11 the react1on 1s complete v j'::'@":.. -

B Many other sulfenyl hahdes w111 behave 1n a s1m1lar way,
'-though there have been few mechamstxc 1nvest1gat1ons of thelr behavmur

o It is poss1b)le76 that some of these reactmns cari proceed by free rad1ca1

7? can under :

| }certam c1rcumstances act as; sources of exther electropjuhc sulfur or - . -

'electrophllrc bromme So w1th thxs com und the two pposed modes

o of polar1zat1on seem to be more nearly bala 'ced ‘than W1th the’ chTorlde

B Th1ocyau_n hahdes T ’ - .

2 The tluocyanogen hahdes X3 can all act as electroph1hc o
s

regents supply the SCN group electroph1l1callyr w1th the pos1t1ve charge

VRN



.o

: . : N
/
developmg most read1ly on the sulfur atom '{‘hxocyanogen chloride, :

. whxch can be. generated fron'i lead thxocyanate and chlorme78, ngea ’

o

) w1th olefms of - chloro-ﬂ thxocyanates in. chloroform or toluene under

heterolync cond1t10n579 80 In acetm ac1d o- chloro-ﬂ thiocyanates
- _
and o- acetoxy -3 - thxocyanates are the productsBl L

oo s 4,

" The add1txon is stereospec1f1ca11y trans, as shown by the

stereospec1f1c formatlon of erythro and threo products from trans and .

cls-Z butenes respectwely W1th symmetncal aryl alkenes the v

—he——

. A8

reactxon is trans stereoselectwe The rate of additxon 1s enhanced by o

No add1t1on occurs w1th olefms contammg electron w1thdraw1ng

subst1tuents ( S "‘ S f IR

. polar solven.ts and electron donatmg subst1tuents on the olefuuc carbons'. o

| on the basm of these observatmns an electrophihc reachon-

mechamsm is POStulated , The electroph1l1c reagent adds in a two B

step kmet1cally controlled reactxon, m Whlch the first step is- the ‘

: /c——-c

g . LTy .
. z RS . X . A ) ... .."
o

SCN

R N c1 HOAc
+-o. . s ) N I

| _ add1t1on of the SCN 1on.. The cychc sulfonium 1on can undergo Opening

el

£rom the back s1de wh1ch explams the observed trans stereochemistry



The non-stereospecific Markaovnii(ov addition to olefins with «-aryl

substituents indicates the forrnation.of the open.c_arboni'um ion, 14;

14
due to the greater stabzhzmg effect of the substltuent " In acetic acxd :
solvent the sulfomum 1on 1ntermed1ate can be m the form of an. 1on

pa1r , 15 whxch 1s appropmate fo’r wea.kly d1ssoc1at1ng solvents sucl‘r as’

-

T 7 en
S
+. .‘." B Cl-
IRZNNN N
o180

.' acetiofac'id~ The stab111ty of the sulfomum 1on 1s attr:buted to delocah-;

L zat1on of the posxtwe charge as shown below TR P TR S

»C""N

The stereoselectiwty observed m the add1t1on of thlocyanogen chlorxde R

\

: to symmetncal o' aryl alkenes has been explamed as due to stenc o

o v'_control of the reactmn by the tluocyanato group of the carbomum mn
There has not been mu ‘h work done on the addition of iodme

-"';;"thwcyanate to unsaturated co Y F'taby83 84‘ has shown that

- iodine thmcyanate prepared by the reaction of equimolar quantities of



17

thioeyanoéen end iodine', canadd to eth'yieni‘c .douhle bonds. Acychc

| and cychc monoethylemc and non- conJugated diethylemc compounds

| _ add 1od1ne th1ocyanate normally ConJugated dienes form only mono
add1t10n products Electron w1thdraw1ng groups ,. as well as aromat1c L
res1dues on both carbon atoms,i either reduce the reactxon rate- oY. even.
mh1bit it. W1th acetylemc compounds unstable mono add1t10n products |
- are formed 85_ : 'The reactmn has been explained by 1omzation as. well '. -
-‘-as dissoc1at1on of the 1od1ne thlocyanate molecule _Recently . | |

| | ISCN—-—>-SCN++I.‘V-

2 ISCN sl (SCN) 12

Collm et al 51 has obtamed k1net1c ev1den/<.:e.for the eIectrophihc Y 5
nature of the addition of mdine thmcyanp.te to olefins‘ y l ‘
L Add1t1on of 1od1ne thiocyanate followed by basic hydrolysm
. ,of. the /Bl;'-mdothiocyanates ) has been developed as a. route to episulfldes
b‘.from CYChc oleﬁns?‘e" ; T Sl : |
ISCN
ether o

RO cmc;‘in'é ‘ac';e"tat'e ol

Chlorme acetate prepared by the reactmn betWeen
‘ :d-'mercuric acetate and chlorme in anhydrous 'acetic acid adds to olefinic

- double bonds to provxde acetoxy chlor1de886 Inclusion of sufficient

- .1 amount of water in the reaction medmm gives the corresponding

.

chlorohydrins also De la Mare et a.l 8 have investigated the o e

Y




.,“}I

48

. isomers, the erythro product is favored except for methyl par " {' "

additlon of chlorine. acetate to cyclohexene phenanthrene acenaph— '

thylene and a series of cis and trans para substituted methyl cinna-

mates to gam mformatmn on the stereochemxstry and mechamsm of‘ -

_add1t1on of th1s reagent : W1th substxtuted methyl cmnamates the.

add1txon is in the Markovmkov sense and the: products of reverse

»

'or1entat1on are formed m less than 5% yxeld For both cis and trans

L mtro C1s cmnamate ‘ The products 1solated are a11 formed under

-~

kmet1c control and no cis- trrans 1somerlzat1§n of olefms takes place

: _-under the reactxon cond1t1ons Cyclohexene w1th chlorine acetate in

acetlc ac1d g1ves only trans 1 acetoxy~2 chlorocyclohexane ) whereas

acenaphthylene and phenanthrene give products of both cis and trans :

/’

4

L "(Open 1on) to allow for the formatlon of both cis and trans acetOxy

' ..mn of the mtermediate 17 into its conformational 1somer 3 so that

: -_f_e_ryt_hx_'_g and threo acetoxy chlorxdes can be obtained from the two

f'.]of bndging in’ the mtermediate denved irom methyl Eara‘-:nitro tran"':-"':,"' .
cinn‘amate this compound makes rather greater use (\:f reaction directly

| "-"f.from the bridged ion 16 5 Termolecular pathways using a component

_'1somers 1n sxmﬂar prOportions 4‘ Because of the greater 1mportance

add1t1ons ‘ _ _' R f s

On the bas1s of the1r observatmns e they, proposed a reactxon
path as shown m Scheme 1 and the results are explam d m terms of N

o the followmg pathways for the formatmn of acetoxy ohlorzdes

Cyclohexene adopts the path v1a the brndged 1ntermed1ate 16 to the _
product of trans add1t1on ” 2 Acenaphthylene and phenanthrene

';’F'_"‘f'reqmre the open*ng of the bridge thus g1v1ng the intermediate 17 ‘ :

. "chlondes 3 Methyl trans and c1s cmnamates also r‘equire convers-»;

Lo
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of the solvent as the nucleop}nle are poss1bly 1nvolved particularly in

" the formatmn of chlorohydrms from relatxvely reactxve oleﬁns

N,N- Dxchlorourethan (DCU)
| A pseudohalogen of cons1derable versatxlity is N, N dljchloro-»
urethan (DCU) prepared in good y1e1d by reactlon of chlorme W1th

urethan m buffered aqueous solutxons?j. It is a h1gh1y reactwe pseudo- )

' halogen in addmg to double bondsa7 88

DCU adds to’ many unsaturated
o - . . .. co |
Col. . Naoac L0
HZN“ C~— OCZHS + 2 Clz _— CI—N—C-—-OCZHs + ZHCI
DR HOAc i . : o

.'compounds to g1ve N chloro adducts . whmh are converted mto ﬁ-

| »chlorocarbamates\by washmg wath aqueous sodmm b1su1f1te solut&on

'- CH“‘CH = Inert —_CH- CH oc H R
: 2 + DCU ~ zl‘lI C- 2t
. P solvents }

laq-NaHsog o
[~ GH=CHNH-C-0C;t;

FRSRE

. L The 7eactmn proceeds well W1th other termmal olefms vmyl monomers =

RRT '_‘and cychc olefms

L __:ceeds in an ant1 Markovmkov fashmn WIth mternal olefms ally],xc S

approx1mately equunolar amounts& With cyclohexene, several

87. 89

;_ W1th termmal olefms and vmyl monomers \ additmn pro- SRR

s

o ._'chlorma.tlon oompetes thh double bond addltlon and mlxtures of

‘”--threo and erythro adducts are obtamed from c1s and trans oleﬁns in

- -products are obtamed in’ addition to the chlorocarbamate Norbornene



\ '.-_kov fashlon and 1s non stereospeciﬁc These and other factors o

o »m Scheme 2 The non stereospec1f1c nature of products from cyclo-i'-‘v'_‘

21

_cl ~ ¢

~~ ".NHCO CZHS ~ \<"’NHCO,C,H;
37% R N A
- | o |

ot S + CZHSOCNH

|
[
o
A

: '28%:' - »' 5% : ‘. | ‘“4%

;_gwes 3. chloronortrlcyclene .as the- maJor product by homoall&lm attack
A along w1th other addxtlon products v o ‘ | | S

N Addxtlon ofN N d1chlorourethan to oleﬁns 13 g:‘eatly’ | »
i | affected by electromc and stenc factors Electron wrthdrawmg o
7‘group.s elow dOWn the add1t10n reactxon ,Willle extenswe electron

' : W1thdrawa1 completely arrests 1t . . i | :

o The reactmn has numerous‘. characterrstms of l lfreeb
]radicai -'vcham. reac~t1on~ An rnductmn per1od 1s observed >bllowed by |

' "rapld exothermlc reactmn nght causes a. rate enhancement and free T

lradxcal 1nh1b1tors slow it down The add1tion 1s in the anti Markovn1~ SR
- _'mentxoned earher are conmstent w1th a cham mechanism as 111ustrated

'-‘hexene trans- st11bene and trans;‘3 hexene results from free rotatién o
L — — i i R

. .:of the 1ntermed1ate rad1ca1 before termmatwn 1_ Allylic attack occurs;v Sl

""w1th 1nterna1 olefms because the radicals formed m the 1n1tiation step.f'

" n-have the opt\mn of adding exther to the double bond or of abstracting a S

B hydrogen atom to form a stable allyhc radical whlch then pr0pagatea:l-:'3‘}jv"
"the chain ) ,' f_:' R R O S




Halogen 1socyaﬁates

o - T ao |
I Do ---|_|| o
C121\ C-OCpHg  ————> :N-C- OC2H5 + C1- *(Initiation) -

(- .
Cl O . e T o : e
1 LN N/
N c- OC H5 + c=C  ————> C—C-

7N 010

c—-cl . X v B
/j..|‘ ?- . +DCU —> c—{ v
—é-ocm, TP T I TR

1 S o Cl - N-C~-
ot T T
S eyt T

ocZH5

T T (Propagation)
‘ R S N C OCZH

Scheme 2. ‘ a
[3 Chloroéarbamates are .u‘se;ful ‘1'ntermed1ates for i:he

= synthesxs of 5 alkyl oxazohdones and az1r1dmes11 (Scheme 3)
‘,. . N I DCU e W B - |I .

R CH CI—I2 . R CH CI-I2 NH C OCZH
o ERAE NaHSO3 SRR |
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mechamstmally Although bromine. 1socyanate and chlorme 1socyanate '

" can be obtamed only as polymerm materzals90 , elements of both have

been added to olefmslz.“ Iodme 1socyanate wh1ch can be generated in. _\

solut1on from 1od1ne and s11ver cyanate90,‘can : add to olefms to afford
B 10do1socyanat s. This, r‘,eac,tmn has bee_n successfully utlhlzed 1n

A - s : c=c . .
I, + AgNCO S/ Agl+ INCO —_— c—
I

G

c
'NCO .

9 10 12 14 91 101

recent years after the 1n1t1a1 1nvest1gat1on by

Blrkenbach and co workerslog. It has been demonstrated that the

add1t1ons generally occur in a stereospec1f1c manner and that the 1od1ne

,and 1socyanate functlonsare 1ntroduced t_ran_s_ to each other and d1ax1a11y

T in r1g1d fused cyclohexanesg, These results have been Werpreted as-_; SR
| the formatmn of a three membered rm‘g;todonmrn ‘mnvmtermedmte N : -

' whxch was opened from the back s1de b)} 1socyanate 1on94 and wh1ch for,".- R

aryl subst1tuted olefms can adopt the unsymmetncally brxdged form 18‘,.”.

Thus c1s and trans 2 butenes gzve threo and erxthro mdo 1socyanate

adducts re spectwely The stereospecific trans additmn and the g

"

CH CH-—CH CH3 - R ;—> CH3CI:H-—(|;HCI.13

threo erythro et

‘non- mvolvement of a benzylic ca.rbonium ion in the cise. of unsyme-

. /;bmetrical arenes were proven by addition of iodine isocyanate to
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.p-deuteros,tyrenegb.; ,
, ‘1. INCO -+ = ' Base o
| CgHsCHZ=CHD > CEHECH—CHDl ———»> .
. C . 2.CH30H - 05 ) -
TT19% cis, 29% trans o .NH COOCH ' '

71% B T 29% - - :
The addxtxon of iodme 1socyanate to styrene is not only
| stereospec1f1c (trans) but also reg1ospec1f1c (NCO phenyl) But one |

: can v1sua11ze cases in whlch the nature of the R group in 19 would

t;s ,t,!,1,y't'?full§tjfonv':“

e .,.‘Thu,'s ..; ‘ cts thh 1od1ne 1socyanate to g1ve a 70 30 m1xture of

:Z ary lsocyanates Tert :'butylethylene g1ves ti;; R -‘
as the exclus:ve product, md1catmg the Sterlc RURERES
the attack of 180cyanate amon Absence of participa- ;
: -1ng hydroxy group xs shown by the addxtlon of lodme :1‘: : ,' ,:a .
;; -hydroxy 3 methyl butene These results show that

i INco ',1ﬁf| 




the addltlon of iodine 1socyanate can be mfluenced greatly l)y sterxc

- factors and that no free carbomum ion is formed in these systems
which would lead to skeletal rearrangements or hydroxy part1c1pat1on
| Add1t1on of 1'od1ne 1socyanate to norbornene ; - pmene.and
: norbornad1ene gives complex mlxtures of products » in agreement w1th
the tendency of these systems to undergo rearrangement upon the -
. add1t1on of electrOphlhc reagents Methylene norbornene also g1ves

a rear-r anged _pr-oduct_.

oo

CHZNCO A

o Iodme 1socyanate read11y adds to d1- and tr101ef1ns to g1ve

25

'rnono add1t1on productsl? Conjugated unsaturated carbonyl compounds ,

. . . e 'NCOL |
are recovered unchanged upon exp‘%sure to INC-O as are st11bene and
"dxphenyl acetylene. - Thus conJugated electrOnw1thdraw1ng groups
. ‘__deactivate the double bond suffic1ent1y to prevent electrqplnhc additmn

. °to these olefms On the other hand INCO ¢an add readlly to conJugated

. ‘d1enes , monosgpsty.tuted acetylenes and allene5191v3. e :

b,.('

Thesgxstudres suggest that 1odme 1socyanate is an electro- CR

h1hc reagent The nvestigatmns of Gebelein and Swernw.99 d,
P 4 ol L

.‘ : of Gebelem Rosen and Swernl‘qg on the relative rates of additmn of

S ;-'ph111c1ty conf1rm that concluszon Electron donating alkyl groups
E - fattached to the double pond accelerate the rate of addition while electron 5

o "'Withdrawmg carbonyl chlorine and ester groups markedly retard it

e

o __'INCO to unsaturated compounds of widely varying atructure and nucleo- e

BT
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These results are in agreement with the expected stab111zmg or
destab1l1z1ng effect of substituents o%\ the- p051t1ve charge in an inter-
B med:ate 1odon1um ion.
N S ,B Iodmsocyanates are “highly reactlve and useful mter—_'_

mechates in the preparatmn of ﬁ 1odocarbamates » B- 1odoureas and

. B- 1odoam1ne hydrochlorxdes by reactxon W1th alcohols , ammonia or

,99

' hydrochlorxc ac:d respect1ve1y <

==a
(Zj-—-.ﬂ

2,

X

)

e}

2

ey

N

;_.:_ ..X -
| | BT ;)3 ST
/3 Iodocarbama,tes are readlly converted to 2 oxazohdone R

S S , 1,’..
~ by pyroly51s and to az1r1d1nes by reactwn w1th base 2 9‘9 They can

".."\ VAN "-A‘

@y oeN

Lo
-




a~~

. N\ __ i/' S | v
— N /N + co3-21 + ROH
~ be r.educed with zmc to c'a'rba'mat'eegé.._
.\. s ,. o _Z’n" ‘ \ /;V
_1 _' NHCOZR‘ o ' ";{ NHCO R

.Haiogen azides '

The halogen az1des , viz 1od1ne ande bromme az1de and -~

‘chlorine az1de, represent a group of’ pseudohalogens wh1ch are
chemxcally versatxle and have wxder synthetlc sc0pe Iodme'amde'is

the most 1mportant among them The1r chem1stry has been largely
| 1,2 J103- 109 |

"mvestlgated by Hassner and co- workers ‘ W S

Iodme azxde generated in situ, by the reaction bktween

- 27

' sodlum az1de and 1od1ne monoch10r1de read11y adds to olefms to prov1de

,3 1odoazxdes o IR | /\
N R ' P NI
‘< N S |\
‘ T LT | I‘ N3 :

cis and trans 2 butenes g1ve threo and erythro /3 iodoazides respect-

' zvely the conﬁguratxon of whzch have been determmed by base catalyzed.

N R _m‘s S

The add:tmn of iodme azide is highly stereospec1f1c Thus L



.. from c1s and trans olefms respectively, to dis and trans aziridmess.-‘_ B

' elimination of 'hydrogen-iodide to the correspondinggvinyl' 'azidesl .

Sim11ar1y addxtxon of 1od1ne aude to cis and .t_rﬂi stilbenes is
stereospec1f1ca11y trans With termmaI olefins ,{the orientatxon of
add1t10n is- in the Markovmkov sense with the azxde occupymg the ’
1nterna1 p031t1on.-; | o

2.

o _These data are cons'istent \vith an eleCtrophilic addit'ion"’- o

N mvolvmg the mterventmn of a cyclic 1odon1um ion w}nch is opened up

_from the backs1de by az1de ion to;gwe the observed stereochemxstry

The fact that the. observed transcstereochemmtry is not due

Y

- to restru:ted rotatmn in the mtermedxate carbonium 1on, in the case of
'aryl substxtuted olefms was provenm4 by addit1on of iodme aznde to

‘c1s.~/3-deutero'styren-e. Thls also proves the non interventmn of o

. c=¢c’ — c——c —-—>€-> + C\ o
CeHg . D CsHs L D e Ce“ Lo
Coal B
B o o N <
I T TN
oy 1 g - H

_.benzyhc catxons in the add1txon of 1odine a.zide to aryl subatituted

:. . SR

| «olefins i Addxtxonal ev1dence for trans add1tion is provided by the

| 'h._‘stereospemfxc reductmn of threo and erythro ,B-mdoazides obtained

(4
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LIA].H ' S “'-»» / \e

.fjH‘"- GHy .~ .~ . . U CHy . H . .

erythro 4

L1ke other. pseudohalogens , addltion of 1od1ne az1de 1s Co

mfluenced by steric factors Thus tert. -butylethylene g1ves the

a

pr1mary amde whxch ar1ses by opemng of the 1odon1um 1on at the ' : L

sterlcally favorable but electromcally unfavorable pr{mary pos1t10n e

Addltmn of 1odine az1de also leads to rearrangement m

o _those systems where thzs 1s structurally poss1b1e Thus methylene— b

. ‘

'v-“-norbornene and benzonorbornadlene lead to rearranged products in

: ,106:107 - 3
o ,:almOSt quant1tat1ve y1e1d 6 Unhke t- butylethylene yin wh1ch no

rearrangement 1s observed tr1ty1ethy1ene reacts with 10dme azide to
igwe a: product wh1ch anses by phenyl migration This is due to the
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'release of sterlc overcrowd!ng as wel@ as to the supenor ab111ty of the o

_phenyl group to parhcxpate in the stab1hzat10n of a ne1ghbormg charge

‘Unlike 1od1ne 1socyanate . 1od1ne az1de is reactxve towards

119'

x /3 unsaturated ketones and esters and dlsubshtuted acetylenes
. .I '
¢
. IN |

Cs 5CH =CHCOR ———3——>- c6H—<|:H CH- COR-

Bromme az1de and chlorme az1de d1ffer from 1od1ne a21de ) g

c in that they are- capable of free rad1ca1 behavaour towards olefms , ” Dt

_v).4

f'smce the electronegativxty of chlorme and bromme is hrgher than that

" of 1od1ne and. probably also h1gher than that of N3 radmal Bromme i

o "___vaz1de 1s capable of reactmg by a dual mechamsm dependmg upon the -

: 0 ll
: 'polar1ty of the solvent and/or the presence of hght and oxyge I 5 0

: In mtromethane the product formed was: from m'mc electroph111c attaCk“ SR

BB

T ad1ca1 1nh1b1tors the reactlon proceeded through attack of N3 on the
- 'double bond to gwe excluswely the opposxte regmxsomer Um\pg

C6H5—-CH— CHZ _'""C(,H"CH‘CHZBI' x o

C6H-CH CH2N3-——>-(36H CHCH 3_;; e

e -of BrN3 on the olefm Whereas in pentane even‘m the absence of free T
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solvents of intermediate polarity_i(ariable mijgctures'bdf ,regioisters o
were. obtained. . o ,. ,/
The free radxca.l addxtmn of BrN3 to olefms is non‘stereo- L

'speciﬁc. Thus cyclohexene g1ves a m1xture of cis and trans adducts

"The 1on1c add1t1on occurs stereospemhcally trans thh alkyl substxtuted ‘
olefms But w1th cxs-/} deuterostyrene a mucture of products was )

: obtamed

L CeH, | B“rNg‘""' L e B CH
ok 5>:_—< — C6H-(|3H-CHDBr 5>rz< ¢
DNy

Tnphenylpropene with BrN3 . gwes products of phenyl

' 'migratxon under mnlc conditmns and a non rea.rranged product under
B 'free rad1ca1 cond1t1onsl.oj7'-. o | : V L | ‘ A
. Ph C CH-—-CH +BrN3 ‘—_—-——-—> Ph ‘—C —CH CH Br ‘

T 3T 2 Z 2 R

e 'per'oxidfe'v, R + __P‘hz-C_f"—,'_G‘-._VCHZ._BI";
| Phy'C—CH=CHpN; —————> Ph3c cH- CHst |

‘ . | , Br ST RO

‘I‘hese results mdlcate that a three membered rmg
' bromonmm ion 1s stable when flanked by alkyl groups but that even v o

‘ L j,one phenyl substxtuent 1s sufficzent to cause equibration to a benzyl
cat;on . '. : " n " ., ~
CH3 CH - cH- CH3 == ;..,-‘.CH3=C;H,-‘foH--.CHg'i FO0 SRR

LE
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s Cﬁ"‘f'”z R i

Chlorme amde as expected adds to olefms pr1mar11y as o

' ' 105 110 S
a free rad1ca1 reagent prov1d1ng a source of N3 radxcals . 'I'hus C

B 1n pentane or methylene chl&nde\ even 1n the presence of a1r ; _styrene
‘«furmshes the free rachcal addxtlon product ‘ In mtromethane , m tl‘le
:presence of oxygen the free rad1ca1 product was st111 formed m 17% .

. . y1e1d In the presence of fummg sulfunc ac1d the 1omc add1txon 1s the '_f. o

o ,"", i S G AT

| only pathw ay

L CeliEHTCHN,
e H—S-CH CHZ " ClN

The add1txon of halogen azxdes to oléfms provxdes a useful_': A

v

T 'j_'_'method fOl‘ the stereospec1f1c and reglospec1f1c 1ntroduction of an “ &

SR A‘mtrogen contaming organlc compounds

‘:_‘:jwhlch can be photolysed to. the l azn-mes

‘ ‘amde functlon mto orgaruc molecules . The resultmg /3 haloalkyl
B _;'azxaes are useful 1ntermed1ates for the preparatmn of a number of
Treatment of the ,B haloaz1des w1th potassium t butox:de

_ _.:or d1azab1cyclooctane (DABCO) m ether nges the vmyl azides2 5 . S
6,7 '

The vmyl az:de can

"_R CH CHZI —-—--g>- | >__\ P
1 -ether Uinert

N3\ o IR R solventi‘_ ' o




N N D1f1uoro carbamates ,

o readxly add to olefms (cyclohexen‘e 3 cyclopentene g methyl acrylate) a.nd

33

P

be photolysed in. methanol in- the presence of sod1um methoxld-e to afford -

‘ ammoketone d1methy1 ketal whxch can be hydrolysed dxrectly to the

ammoketone hydrochlonde thh aqueous hydrochlorlc acid6

The /3 haloa.z1des can be reduced with a var1ety of reducing

;»agents to. the azxr1d1ne38 The ﬁ haloaz1des are also useful 1nter- ,‘,”

! medxates for the synthesxs of several other N heterocycles

In add1t1on to those d1Scussed above there are a number of

other pseudohalogens wh:(ch have been stud1ed ll Brzef mentzon of U
N the chemxstry of some of the most 1mportant ones may be made at thls

Y Y

The alkyl N N’ difluOrocarbamates wh1ch can be prepared

= ;"be the reactmn of fluorme thh alkyl carbamates in a s table solvent:l 2
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‘ N Monochlorourethan (MCU)

N Monochlorourethan (MCU) does not add to dOuble bOnds o

'under the usual reactlon condxtlons ,’ although 1t has a h:ghly reactxve

- p051t1ve halogen 4 However, m the presence of ultravxolet lxght. 1t

- ,adds read11y to unsaturated“3 114 cérnpounds to g1ve /3 chlorocar- IR e

3 ‘that cychc olefms gzve both c1s and trans add1t10n products w1th the _': T

: ;‘former predommatmg ’ The cyclohexene adduct for example v has ;_ §

-substrates g1ves mamly trans add1txon“_5 CIt is not yet known with

B -1on1c mechamsm

’sulfonam1des to olefms has been reported 16 but they can apparently
= vvadd e1ther by a free rad.i,ca1 7 or 1onic mechanism depending upon the

B ‘reaction cond1tions

bamates in h1gh ylelds Termmal olefins preferent1a11y gwe ant1~ 3 -

) "‘-Markovmkov products An mterestmg feature of MCU add1t1on is.

| v".a c1s trans ratxo of 7 whereas the correspondmg add1t1on of DCU gwes

a c15 t:rans rat1o of about 1 8 g

MCU

Ry T T L

c1s trans 7 1

NHCOZC Hs

,’A'.v.

5 (- ST - cls trans 1 8

‘% Reawction

\'~v‘ .

NHcozcsz >

N N D1haloarylsulfonam1des

Add1t1on of N N d:haloarylsulfonammes to unsaturated

.’certamaty whether the addition reactxon proceeds by a free radmal or R

/ I ArSOZNBr

o e

N NHso2

Some evidence for the 1on1c additmn of N N dichloroarYl_




/

The addxtlon of N N dlchlproarylsulfonamxdes to s1mp1e

e olefms 1s predommantly anti- Markovmkov wh1ch is consmtent thh a

. free rad1ca1 mechamsm“?t '

, It is poss1b1e that small quant1t1es of
Markovmkov products are bemg formed via'a competmg 1on1c mechamsm -

‘ConJugated dlenes gwe predommantly 1 4 add:txon The reactxon is’ |

' -'strongly 1nh1bited by oxygen 1nd1catmg a free radlcal mechanlsm

-

..[N N chhloro N‘ N' dlmethylsulfamme .' o | f_.-f .‘. ,Q-: R
‘ ThlS pseudohalogen prepared by the reaCtxon of N N- ; S B
- d1methylsu1fam1de w1th sod1um hypochlontel 9 ) 'reacts exotherm1ca11y

. j_’w1th phenyl ethylenes m chloroform to g1ve free radlcal addxtxon pro- R

B ‘,_ducts whlch can be reduced to the correspondmg N (ﬂ chloroethyl)

Dxalkyl N chloroarmnes

o %‘N N' dimethylsulfam1des

T o 'Naoar - S | RRlc-CHRZ
C (CH3)2NSOZNH2 ———0""“'}' (CH3)2N502N012 '

z Na1~1503 \L

B T T I I RR:.‘T‘*CHRZ e

so N(CH3)2 L

o -f/ PR

The additxon ofN alkyl N chloramines _to"_:lj 3- dienes.

:,',::.'termmal olefms ) vmyl and alkyl compounds and thexr ‘unsaturated |

s _"systems .. m sulfunc acetlc acid med1a w1th or without u v, illumm- L e

12 0,121

, “ atlon has been studled by NeaI These facile free rad:cal

i

o L v_cham reactmns a11 mvolve an. add1txon of the aminium radical RP_NH

d"'_:f,k 'Z.Additxon . not hydrogen abstraction, 1s characteristic}:

" . .radical reactions 2 Some examP1°3 are 81"3“ below

"’:”‘:'__";to a c%rbon carbon multiple bond as the key step to af'{rd adducts




A suggested reaction pathway 1s the followmg

’ --B ZNCI + CHZ-CH CH-ZCH ——-—-)' BuzNCH—ZCH CH-ZCH (12%) :
- o 'I.CI~ .

3 SR 4N1HZSO4. \ L
: 'BuZNCI +. CHZ— CH CH ’"CHZ —_— Bu. NCHZCH CHCH Cl
| <7 © CH3COOH = o o
Nz, 1o° e (60%) o
vEt NCl + (CH3)2C CH ‘ ) N R

- :R,N=GC=—C:. +: R,NCl . — R,N—C—C—=Cl + R N;I‘ S :

Thus the above survey clearly 1nd1cates significant

| differences in reactivm/ and the types of reactions undergone by

e '_:-"“-V'dﬁferent pseudohalogens Differences m the mechamsm Of addition

‘ "'_'are also apparent among various pseudohalogens Usually assxgnment

:"‘"of mechamstic pathway i‘s‘comphcated by the sensitivity of the regio-v - 3‘ :

pe chemistry of 1on1c addxtxons of pseudohalogens to both electromc and

— _steric factors ’ e L e T e R

" The halogen mtrates have been known for a long time SR

' "_both as pure pseudohalogens and as complexes with pyridine and quino-

e -hne ; Iodme mtrate and bromme nitrate were prepared by the reactzon e

"'.?-.of iodme or bromme w1th silver nitrate in absolute methanol or

: _I'_‘Y';_I‘-iodine and bromme nitra.tes included reaction of iodine with bromine

phs "'_trimtrate and reaction of chlorine nitrate with I(NO3)3 r

T 122-126 B
ethanol L The 1od1ne mtrate (INO3) was usually m equilibrium B

" thh 1od1ne trimtrate (I(NO )3) Other methods used to generate _

127,128




» _:"-d1n1tro en, entox1de wrth chlorme ox1de (Cl O) in the molten state'
_ gen.p 2

& |
' .INO -I(NO3) mxxture or BrCl m CFCI3 at low temperatureslzg-., =

o ,-50° : ‘ '
. CINO_3 + I(NO )3 - L —> INO3 - .. /,/. :
Chlorme mtrate .on’ the other h nd 1s prepared by the reactxon of iR

130, 131

- All the three halogen mtrates form complexes of the type XPyZNO3 v

- | 128,129,132 . - ,V
w1th pyndme ) . The methods for 1od1ne mtrate and bromme

o

mtrate were not sat1sfactory smce they ca.n eas1ly deCOmpoae in " L
a1coho1123b 7 3 .f}it'y}llK'r'jqff._ ,v-ff- o
o INO + CH3OH <—T— IOCH + HNO3 | ;, K
The only reports on the aégltmn °f these pseudohalogens to SN
’,,,unsaturated substrates X whmh appeared m the 11terature are react1on R

.of 1odme mtrate (INO ) w1th cyclohexene to nge the 1odoa1kyl mtrate133 " S

. .'and the react1on of chlorme n1trate (ClNOa) with olefms m CFC}3 to o

o .__nge chloroalkyglgxltrates

130 It was found that the NO3 group always

- -:”; entered at the more pos1t1ve carbon atorn o _ : .
HZ-—CH CHO —— > OZN o CHZ CH-—-CHO

© PRCHZCH, > .ph..; CH~ ‘CH GCL
ONOZ

The chem1stry of these pseudohalogens a.s complexes w1th

o f-"_';spyrldme has not been reported unt11 recently It was shown that

Lo mdomum mtrate (I Py NO ) can be easxly generated b the reactmnv'fj._
o 2 3 Y

.fof iodme monochlonde yth sﬂver mtrate m chloroform ’Pyri dine o .

_ ' .»5‘-'and that 1t readlly undergoes addatmn to alkenes to form (1) 1odoalkyl e

.~":‘.nitrates (n) 1°d°alle PYridunum n‘ ,rates or (iii) alkenYl PYridmiumi;-:_f SR




S orgamc study

L differences between the two pseudohalogens. : e

| 134,13 o
1od1des dependmg on the substratel ;"135__ With certam olefm1c T
"'alcohols 1odon1um mtrate affords (iv) hydroxy 1odoalkyl nxtrates and

" ,yr1d1mum mtrat:es136 '

’ .(v) _hydroxy 1od?"‘ ; Parallel reac‘t1bns~1n-

- chloroform syl gave three four and f1ve membered cychc

ether's ‘as'well}_ of t‘he type (1v) szgmfymg ne1ghbormg
B hydroxyf ti 1 ’,ontrast to the known chem1stry of 1od1ne .

U e i 10¢
isocyand | ang amde 9 and d1ffer1ng in scope from the

137

"'addi‘ti'o'n’s'y if fo unsatur ated alcohols lodomum mtrate in®

| ‘chl_'oro'for‘f_ V'e adds to cyclohex 2 ~en- 1 ol m a stereospecxﬁc
‘ -tr'a‘rix_'s f a'sh‘i_‘"

136 3

_‘.1ch the 1odon1um 1on 1s formed c1s to the hydroxyl
-gfgup.

add1t1ons of pseudohalogens in" general are qu1te ‘

L se”n's‘itive to s :c h1ndrance effects So th1s result s1gn1f1ed some SO

compensatmg g :' actmn between 1od1ne and hydroxyl whxch was

I‘hls 1s potentlally useful for the

g AControlhng thi' A nleochemistr
stereospec1f1c control of the mtroduction bf the az1r1d1ne moxety 1nto / ‘
. Thed v‘_these and other reactmns and the\re'activ1tyi_"..

B of1odon1um ‘ _'were suff1c1ently different' from those of other

.fl.cpseudohaldgens to warrant further study In vxew-of-the-.dszeren'ctes_' i

" in. reactnuty a.nd -even gross ‘me chamsm noted a'bove amongst other

. :’."pseudohalogens ; 1t wa@ necessary to. undertake an extenswe physxcal'j T

4.0

HaSSner has observed 51gmf1cant dxfferences in. reactlvity

. .‘. v

"and mechamsm for the add1t1on of halogen az1des to unsaturated

' 105 107 110 N : T o
fsubstrate , So 1t was necessary to examme the chemxstry

' ’vof bromomum mtrate addxtmns to estabhsh possxble simllarxtleL o}- e

s
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mel pyr1d1n1um salts have been known to have s1gmf1cant

1'39

‘_anthelmmtlc act1v1ty Therefore it was of 1nterest to us to prepare

a series of 1odoa1ky1 pyr1d1n1um n1trates and alke)j)yl pyrzdlmum iodides

for b1010g1caI evaluatmn "




CCHAPTERIL, . °

P

Reactions of Iodomum N1trate with Uns{aturated Hydrocarbons .o

or /3 Unsaturated Carbonyl Com/pounds ) Phenols and Amlmes

B -Rea_ctions with Acyclic T»e’rminal Alkenes )

A Reactmn of sxmple alkenes w1th iodomum rutrate gave
products of the type shown in equat1on (l) However i only 1n~the case .
. \C “—:C R 'EI°2PyJ+'-NO§'<' ——— 3 P
/ ) \ e e B ST pyrldme :

’ of l—hexene were the adducts pred1cted from cons1derat1ons of carbomum

.‘ Vg

. 1on stab1l1ty (1 e correspondzng to MarkOmGov add1t10n) i the products :

bemg 1 1odo 2 hexyl mtrate 20 (41%) and N(l 1odo 2 hexyl)pyndmlum
mtrate 21 (42%) The structu%s of thls and other 1odon1trate esters
CH3 —(CH2)3" (lZH CHZ —I | CH — (CH )3 CH CHZ’—I

g were conf1rmed by zmc copper couple reductmn fﬁlowed by treatment :

- of the resultmg 1odohydr1n W1th l1th1um alummum hydr1de (equatron 2)
e N Zn/Cu R / “ LAH* N
'v.:°v [‘2] ‘: C___C : >4_ /C __C -——-*——-)- i

L /.l,- I\ CH COOH SN Ethe, l\

Sterlc factors appear to play an 1mportant role d1rect1ng

the approaeh of the mtrate ion and pyndme to the nutxally formed )

D ST
/‘r‘.



. /[,

1. Z(m 9H CH3,3 CHZ-) ‘3. 35(d zn CHZI),and4 9 (m, IH,

"' showed absorptlons at 5 l 15 (s 9H

8

1odomum ion in the case of 3, 4- d1methy1 l hexene and 3,3- d1methyl— -

1 butene the former g1v1ng a mlxture of 70% Markovmkov and 30% :

- anti- Markoymkov add1t1on products "In the case of 3 3 d1methyl :1-

butene ster1Q)h1ndrance by the tert. ~butyl group to the approach of the

- uucleophﬂe is the overr1ding factog, the products bemg the 1odon1trate -

l 'ester 22 (26%) and the pyr1d1n1um salt 23 (49%) w1th the mtrate group A

. ~ . . . 5 . o
(cu-3)3c~ EH——CHZON.OZ_ "'(CH3)_3C - ?n j—‘CHZ-»—.-‘.N. ) Noj

- and pyndme respectwely at the przmary p051t1on, as clearly demon-

o 'strated by the n. m.r. spectra

In the asszgnment of structures to these and simxlar

Y

products by n.m. . spectrSocopy, it was’ observed that methme protons

".alpha to an ONOZ group absorb in the range 4 8 5 45 D whereas methme :

140

‘protons alpha t;an 1odo functzon absorb in the range 4 0 -5.06 .

: Fowler et al. Kdve shown that methylene protons alpha to. aniodo

function absorb at 3 0- 3 551 B In the work descnbed here methylene .‘

(CDC13?

o 4.
. —CH ONOZ) The methylene protons alpha to a nitrate group absorb -

'the 1odometh1ne hydrogen absorptmn The hydrogen is. so deshielded i

that usually the absorptwns overlap Thus the n.m. r. spectrum of 22

(coc13)

';:f“'(m H, »-CH 1), 4. 8(m 2H, -CHZ owoz) and that of | 23 showed

41

“ 'hydrogens alpha to an 1odo group absorbed close to 3 5 6 For example,- o

_’ .the n. m r. spectrum ofl iodo 2- hexyl nitrate showed 6 0 ‘7-.“

at around 4. 8 5. 05 and those alpha to a pyrddine at around 5. 06 The A» - _

presence of apyr1dme rmg on the &- carbon has «a profound influence on IR



a

-&I‘MS (cn3)zso;1 1. zz(ls, 9H C(CH3)3), 4,8-5. 3(m 3H CH 1,

42

-CHZ-N’), 8.1-9. 3 (m 5H, pyridine hydrogens)

React1ons with ‘Acyclic Non- termmal Alkenes o :/f

(Z)—Z-Pentene afforded a mxxture of 3 1odo Z-pen yl and 2-
\
1odo 3- pentyl mtrates 24 and 25 in a ratim as shown by the

‘n. m r. spectrum corresponding to a preferential attack by the nitrate o

\ mn at the less hmdered carbon of the 1odon1um ion intermedxate _It also

CH3

- ONO,

l

gave the correspondmg 1odopyr1dm1um salts 26 and 27 in approximately

E ates and for more addxtxons to (Z) and (E) pairs of olefms , 8€e Chapter

26

h .,'o" the emp1r1ca1 chemlcal shift observatxons mentioned earher. L

Addltlon of 1odon1um nitrate m chloroform-pyridme to S

"olefins in whxch at least one of the olefimc carbon is disubstituted

\ -prov1des the 1od0pyr1dm1um salts often to’ the complete exclusion of

L '-‘butene gave the analogous 1odopyr1dinmm nitrate 29 in 47% yield The

chemxcal shlfts of methyl groups alpha to the pyridfnium and iodine

ing olefm presented sharp sxgnal in the n m T. spectrum at Jl 6

. the. same rano (For structural proof of the above 1odopyrid1n1um n1tr-—-_

V). The asslgnments in the n.m.r. spectra were made on the 'baszs L

»other 1solable products Thus Z-methyl 2- butene gave NEZ (Zamethyl- o

p 3 1odo)butyl]pyr1dm1um n1trate 28 in 75% yield and 2 3 dimethyl 2-_ - ; ;:.,?;

o groups are very sxmilar.- In the case gf 29 fm. example the start- PRI



*

signals at: 6'2 08 andZ 05 — ‘."

3 N I
: 3
e |,
. *GH3- S NT e
. R Cl NO,~
I R | Rt B

- The 1odopyr1d1n1um mtrate 29 on the other hand showed two sharp

-'.(’

hi

In the case of ethyl vmyl ether another example in wh;ch

. the carbomum fon, mvolved is considerably stabihzed the pyridme "

: competes successfully w1th the mtrate ion for the 1odonium ion .
'giv-mg N- [l (1 ethoxy 2 iodo)ethyl]pyndimum nxtrate 30 as the -

. .excluswe product

. c H, o CH—CH 1

g N _.;}N,‘o3_ |
30
Reactrons thh Cychc Monounsaturated Compounds Q

L 'Additron o£ 1odonium n1trate to. cprlic oleﬁns allows a

- ’prehmmary examinatron of the stereochemistry of the reaction. which B

A

| '-_'Cyclohexene gave two products The 1odoalkyl nitrate 31 obtained

spectrum“ JTMS (cnc13) 4, 17(m lH CH«I J1 z-lo Hz J’z 3
T 9Hz I 36 *5Hz),  5.15 ( m, 1H, -CH ONOZ, a, 2-10 Hz, I 6a*

43

'was however more conveniently studxed w1th acyclig olefins (vide infra) ; »» s

- ‘in 60% yxeld showed the followmg 51gn1ficant absorptions in the n, m r v

Bp -_'9 Hz Jl 6e'5 Hz) ; which shows a trans stereospecific addition leading;»?:
R ’to a trans dlequatorial conformation 3L Closely related electrophilic - g

& e
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a.ddxtxons to alkenes have been demonstrated to be trans stereo- ,

1,141

"'apecxﬁc Thls conformatxon was 1nsen51t1ve to changes in the =

 polarity of the solvent (cnc13, cc14, CegHg CD3CN) Inthis -

reactloh the c.orrvespond'mg zodopyrrdznxuth mtrate 3; v'vas‘ obtamed m

. | 40% yxeld “the n. m. r. spectrum of whxch showed STMJCD3)25@4 9.
(m ZH CH I CH N ) 2 5(m ZH '-CHZCH I CHZ CH N’),
.Z 1 (m 4H 2 CHZ ) The signala correspondmg to the pyridimum

o Aring appeared at 68 35 8 8 and 9. 35 as three multiplets mtegratmg

, “in the rat1o of 2: 1 2 | ' N “ . = B

'I‘he reactxon of c&clopentehe with 1odoniurh mt.rate gave‘ o

Z-iodocyclopentyl mtrate 33 m 53% yleld and N (2 1odocycio’pentyl)- v ' :

' pyndxmum mtrate 34 in 9% yxeld Cycloheptene and cyclooctene

i reacted simxlarly Cycloheptene produced 2- 1odocyclohepty1 nitrate

e _"“_'_35 in 68% yxeld and the correspondmg 1odopyridgn1um mtrate 36 in , 5
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11, 5% ‘yield ’ Cyclooctene afforded 2 1odocycloocty1 nitrate. 37 in 79%

*-

‘yxeld and N- (2 1odocyclooctyl)pyr;dmmm n1trate 38 in 5. 5% y1e1d

37

In the ahove three cases ,. 1t is to be‘noted that the y1e1d of
the 1od0pyr1d1n1um mtrates is cons1derab1y less than m the case of -
: cyclohexene Th1s may be attr1buted to the mcreased sterxc hmdrance =
.for the approach of the nucleOph1hc pyr1d1ne to the mtermed1ate f o
1odon1um 1on A R ‘ 3 | B E
'. Norbornene on reactmn vﬁth lodonrurh mtrate garre the E
K expected 1odon1trate ester 39 m .approxlmately 60% y1e1d However o
na’ 1odopyr1dm1urn salt was produc ed Instead the nortrlcyclanyl

1od1de 40 was formed in 40% y1e1d together Wlth a correspohdmg

R amount ofpyr1d1mum nitrate

IZPNO
[ Y] 3H>

CHC13 Pymdme i

' Aaztron of 1odox,uum nltrate to 2 3 dlhydropyr an produced

o . trans equatorlal N (3 1odo-tetrahydropyranosyl)pyr1d1mum mtrate 41 3




46
: _the n,m.r, spectrum of whxch (anomerxc proton) 5 m (CD3)2SO 6 38 ,
_--(d IH J1 2--10 Hz) closely resembles tha.t of sxmilar substances |
: reported by Lemreux and Morgan“zl Sxm11ar1y reactmn D glucal ’ I L
tnacetate w1th 1odon1um mtrate gave only 1odopyridiniur?) salts.v One '
'product formed in 27% was shown &o be the all-tiais_ 1somer 42 on the

'bas1s of the n. m T, spectrum The a.nomenc proton absorbed at .. _’ 5_ B

: &TMS[(CD_:)ZSO]: 6. 73 (d lH Jl .2-10 Hz) . All other ring protons had

’ "‘,"_I_"couphng constants close to 10 Hz The. rernammg material obtamed

. as an 011 in’ 29% y1e1d was puriﬁed by chromatography on flonsil

)

L _ 'I‘he n. m r spectrum showed the presence of two 1somers - assgned »" '
structures 43 and ,3 The maJor 1somer 43 had the anomeric protonr

".v absorptmn at [(C SO] 6- 71 (d J -10 Hz) and was different from
X TMS 1,2°

'_: _the a11 trans 1somer 42 On allowmg to stand in dlmethyl su].foxxde 2 R

S the proportxou of 44 was found to mcrease 44 had 1ts anomenc proton

3 absorptmn at 56 56 (Jl 2-6 Hz) Crystallizatxon of the 011 from

: vv'ethanol gave the all trans 1somer 42 e / e




a7

* In contrast‘to the case of cyclohexene the corrispondirig
| .viodonitrate ester could not be 1solated in keeping with the fmdmg that
'compounds which ;\\rﬁise to very stable carbonium ion mtermediates |
'react preferentially to g)ive the 1odo Pyridimum salts | This is demon-
| strated by contrastmg tﬁg reactxon of cyclohexene (vxde m) with
’that of 1- methylcyclohexene in which the only 1solab1e product was the i o
N- [1 (1 methyl 2 1odocyclohexyl) ] pyridimum mtrate 45 m 25% y1e1d

S, »
/J:. .

L Reactions w1th Unconjugated Dxenes
Upon reaction of an unconjugated diene thh one equ:valent
of 1odon1um mtrate on‘ly one double bond reacted ngmg the 1odoa1kene 53_‘ ,:

: ‘-_‘»nitrate ester and/ or the 1odoalkene pyrrdimum mtrate depending On the

- Tdegree of substitution 1n the substrate For example l 5 hexadiene B

' "'-_'gave a 1 1 adduct w1th the characteristic n m r absorptmn for the *"j
i 1 :

e -CHZI and CI-I ONO2 groups/,v STMS(CDCI3) 2.0(m 4H 2 CH,_-), S

s 35(d zn CHZI) 5.13.(m, 3H -CHZ and CH ONOZ) and 5, 6

) "‘(m IH."CH ) Accordingly structure 46 was assigned to this product

" "';'A,_‘b_.correspondmg to Markovmkov addition ; i 4 Cyclohexadiene behaved

T "-"':"‘:j_.pyridim“m nitrate 48 in 24% yield

cI:H2 (';H CHZ CHZ CH:CHZ
¢I ONOZ R




"'._-The alternatxve structure for 49 in whxch add1t10n takes place to the

: _".“-CH On s;mllar grounds the comparable alternatwe structure for

_"-','ascrlbed to the greater stab111ty of the resultmg mdomum ion

" [2 2 1 0 ] 5 1odohept 3= yl mtrate 51 m 64% y1e1d and ‘the corres-

..f_‘.'(_bmm nitrate , m 10% y1e1d The n m T spectrum of 51 showed ’no

The reactlon of 4- vmylcyclohexene thh 1odomum n1trate .
' allows an exartmatmn of r‘ompet1t1on m the electroph1hc addxtlon to g
" acychc and cychc alkenev within the same model : The products

o ‘proved to be the 1odon1trate ester 49 in 25% y1e1d and the 1odopyr1dm1um

n

<

o ;salt 50 in 27% yleld correspondmg to add1t1on excluswely in’ the ring

l

e

'_"_3 O 8 regmn of the n. m.p. spectrum of a S1gnal characterlstm of

DR

L _'felectrophlhc addrtlons m 1h15 case to the cychc olefm1c bond may be

,‘_

Norbornadlene on reactmn w;th 1odomum mtrate gave two

50 may also be excluded The pOs1t10ns of the 1odme and mtrate groups

.,bond can not be ass1gned unambrguously,. The marked preference for _;‘ .

B ‘-»_f_products correspondmg to cross rmg mteractmn. 1 e, tricyclo-f-.ij’

' '-vmyl group may be 1mmed1ately excluded because of the absence in. 3 5- AN

f'm 49 and the 1odme and pyr1d1mum groups in: 50 on the l 2 cyclohexane




D 1
".-"'obtamed by Gr1mwood and Swern

R m one case (v1de mfra) I these cases the carbomum 1on mvolved
- '} |

o 7-’,:.7:15 allyhc and the sole formatzon of the pyr1d1n1um salt 1s cons1stent

49

- elefinic protons and was consistent with a tricyclane structure.

'_.F‘xammatwn of the n. m. r spect;%m °f,2% showed 1t to cons1st of a
‘ mlxture of two 1somers 52a and 52b the former ha.ymg the same

B conf:guratmn as that of the ma_)or product 51 The above reactzon o

: resembles the add1txon of 1od1ne 1socyanate to 5 methylenenorbornene B

96

'_reported by Hassner and co- workers = and also resembles products

v“"ﬁ‘.'i'Reactlons w1th ConJu&ated Dlenes
In all the examples stud1ed of add1t10n to congugated d1enes
- .lon]v 1he 1odopyr1dm1um salts were obtamed and they corresponded

_‘.excluswely to l 2 add1t10n of one equ1valentcof iodonmm mtrate except |

e "-;thh the obserVatmn that thxs is: the major type of product obtamed

= ;'._.-"-"dxscussed abovp
: f‘"‘»_hexenyl)]pyrldlmum mtrate 53 m 70% y1e1d The poss1bil1ty of a

: ’“‘“f-_'ri"well separated doublets a.t &2 0 and l 75 with J 7 and 5 Hz

ST when a stable carbomum 1on is. mvolved as m the case of monoolefms e

PR e
S -

Reactmn of 2 4 hexad1ene produced N E4 (5 1odo 2-_ -.

C 1 4 addltmn was discounted smce the n m r spectrum showed two

respectively , correspondid;to two methyl groups in quite different



L --L‘-u-w}nch gave an adduct correspondmg to l 4 add1t1on W1th aodomum
o ,bj.:;'mty ate 55 corre’spondmg to l 2 add1t1on 1n 60% yield a.nd another

‘ -’v;:’--,the n.m. r 5pectrum and elemental analys1s The n. m r s_-pectr.u_m S

- '-_Vfii.b;_rhar acter1st1c of the termmal vmyhc protons Agam the two methyl

/

50
"CH3~.-CH*CH—C’H:CH—CH3 cH3-—-cH—-CH.—CH'=cH4CHr3 L
I 1‘\1+ - ) \ '

' “"‘=nv11 on‘men'ts wherees other rhodel compounds show that methyi groups g

- dlpha to. an todo group. have sxrmlar chemxcal sh1fts to those of methyl SRR
_gro u;u alpha to a pyr1d1n1um group The n, m X- spectrum 1s conelst-v-_: 3 t

ent wuth el‘ther the Markovmkov structure 53 or the ant1 Markovmkov b @

'.’rtructu‘re 54 However structure'\} is preferred from mecha.mstm
A':conoaderatwnls smce the pyndme would be expected to a.ttack the 4more '

: ;.,_st'vb]e allyhc cat1on1c cehtre

2, 3 D1methy1 1 3 butad1ene was the only con_]ugated dxene '
"‘.'.._mtrate it affordedN E3 (4 1odo 2, 3 d1methy1)but l enyl]pyrldmmm

o pz oJuct (5 5% yleld) to Wthh structure 56 is- assxgned on the bas1s of

BT I

I”CH ~C— CH
Y -N‘AO3" L B . - o
-vr?;',j. . §2 . . .
o Of 8 Was COHSlstent w1th a 1 2 adthtmn because 1t showed a pattern T

‘3

‘groups were in' qu1te d1f£erent envrronments

' of the mtegratmn of the py

Since the n m’- .ﬂ‘spectrum is consiste 't

} ine protons reveals that othl-: molecule

| contams two pyndme group

0



;Approxlmately IO% yleld of the 1od0n1trate ester 59 was

wur either structure 56a or 56b it is dxffxcult at thxs p\{mt td assxgn ahy
. parucular structure to\the corﬁ\pound o :

— _CH3CH3_ |
E\ A 2
"N—CH,— G=C—CH._—N
NO, " NO=%~
: g 3
‘3 - - 5ba '
' o i
c -
Bl

R

-'s'eb'

Product 56 may be env1saged as ar1smg from 1!4 additxon

ff)l-uwed by d1splacent of the allyhc 1od1ne by pyr1dme as outhned in

51

E Sch°-me 4 Add1t1on of bromOmum n1trate to 2 3- d1methyl l g-butadmne

. f_(v1de mfra) and the fact that no: equ111brat10n of benzyhc centres is ob-

~."ser\r/ed m the add1t1on of 1odon1um mtrate to aryl subst1tuted olefms (see T

, L
S Chapter IV) argue agamst th1s pathway for the formatlon of compound 56

Reactmn of styrene w1th 1odomum mtrate gave three products

N { 1 (1 Phenylethenyl)]pyridmmm 1od1de 57 andN El (phenyl 2 1odo)-~:j

' - :eth rI ]pyr1d1mum n1trate 58 wereifc'or‘med 1n a comblned y1e1d of 75 80% o E

3 ‘,faa mdmated by the n m.r. spectrum of the crude pyrldmmm salts )

¢ Ph-C= CH, " . Ph-CH-—CHZI

. ‘QThey were not separable by the usual methods 58 could be con- ;'.-4:

9

p -verted to 57 by treatment thh fpotasszum carbonate 1n water

¥




Th3 LHy o + :
(R AR ‘[I-ZPyJ No3-‘ R 1 3I ?
CH,=C —C=cCH, 2. CH_ ===

- c— c:CH |
\_' B o e N ; CHC13, Pyr‘me ‘2;- T,

« CH3

j o 1T G G = CICHy) CHy = N

o Scheme4 oottt
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~ ONG,

2‘2
also»ieolat-ed -This product could not be purlfzed because it suffers
extenswe decompos1t1on when d1st111ed However n.m.r, and mass.

spectrometry ev1dence was cons1stent with the ass1gned structure

-An e'xample of 1odon1~um‘mtrate d1t1on to.a cychc

e Reactxons thh Acetylemc Compounds

-

Non termmal acetylenes were unreactlve towards electro-

ph1hc add1t10n of 1odomum mtrate However termmal acetylenes

o

: reacted readzly to nge alkynyl 1od1des accordmg to equatmn 3

Pyndmmm n1trate was obtamed m stmchmmetnc quantlty mdicatmg

: complete replacement of the ac1d1c proton of the acetylene.; .Some-:'_‘ _:

'-J"'.,j U

CHcg ool

Ph-CH-CH,I - SRR i\

- 53.

o R—c c-H + EI zpy]‘” No3' . > R-C=C-1 # N+
| : Pvndmef¢;¢-~. ST I NO3

tar formatmn took place thh a consequent decrease m y1e1d of product

The structure of the 1odoacety1enes were fully con51stent w1th the

: analyt1ca1 and SPeCtra data.- The termmal 1odocompounds produced in .
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thic was are summarised in Table 1"

- Reac t1ons W1th ot,[3- Unsaturated Carbonyl Compounds

_ Iodomum nitrate was unreactwe towards ar,/3 unsaturated

’A keu nes and estets. I‘hus no add1t1on product could be 1solated when
metnyl _t_r_a_n_s_ crotonate was exposed to 1odomum mtrate for 24, h |
._Smnlarly chalcone was rec.overed unchanged on treatment w1thzo§omum .
mtr ate. On the other hand pa_r_a_—methoxychalcone 61 d1d react: to

afford the mdopyr1d1mum mtrate 62 as the sole product in 91% yxeld

_I’he 1551gnment of the regmchemlstry for i% is based on- the fact that

omt o
.+ * CHCl;, Pyridine

,ﬂ_p-the nucleOphxhc attack of pyr1d1ne would be favored at the more stablev

e 3cat1on1c centre of the 1odon1um sion mtermed1ate It; thls case the :

St

e para methoxy group effectwely 1ncreases the electron den51ty at the
' "v';:'double bond compared to the parent phalcone enabhné 1t to 2'eact d' :
:_'_.::.w1th 1odon1um nltrate l ff;"., r_, ' ;;;/;“f”‘:i' »» : -' g ,‘.'
.'-:"Rea.ctmns w1th Phenols and Amlines ‘ ” :

ﬂl,o

- As part of our mvestlgatmn on ne1ghbor1ng group particip- v "
- :v:,jatxon (v1de mfra) m the add1t1on of 1odomum mtrate to suxtable olefmic

’substrates . we carrxed out the reactmn of Z allylphenols with thxs R

B O :
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'reagent Reactxon of Z allylphenol with one molar equ1va1ent of -

1odon1um mtrate d1d not g1ve the expected double bond add1t1on product '

. but 1nstead gave the aromatm 1od1nat10n products 63 65 along w1th the .

' 'correspondmg amount of pyr1d1n1um mtrate The 1odine was found to
. A ' OH : :

- [r.2pyl* No3

CHC13 , Pyrldme

"’l'\J

be mtroduced at the ortho and/‘or Bara posxtmns ' Wlth two moles of

{

Iodoruum n1t1 ate the d1 1od1nated product 65 was obtamed in 74 5% :

»yleld Only thh three moles of 1odon1um n1trate d1d add1txon to the o |

o

_’double bond occur, w1th the addltzon proceedmg onIy after a11 the

avallable ortho andPara posztlons are 1odinated We decnded to N »(

\

1nvest1gate the scope of thlS reactmn for the 1od1nat10n of actwated
,aromatxc molecules : : : | .. , -
Phenol r.eacted w1th three molar eqmvalents of iodomum -
| "_mtrate to nge 2 4 6 truodophenol 66 in 94% y1e1d S1m11ar1y 2313.“ 3
o ,_:¢resol affordEd a 90% y1e1d of 2 6 dnodo 4 methylphenol 67 W1th two

vlv'moles of 1odon1um mtrate " s L B . -

g

et
A afwsagm
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o Aromatxc prxmary ammes reacted nuth 1odon1um mtrate to
give the corresponding 1odmated products in low yxelds i In these cases S
'1t was observed that a cons1derab1e amount of tar 1\5 produced probably
SRR It
, by ox1dat10rx of the ammo group It was also obs&.rt;ed that a maxi- ~. ;'
‘ mutn of two 1odme atoms can be mtroduced | " Thus an111ne wzth excess.
‘(3 moles) of 1odon1um mtrate gave 2, 4 d1 1odoan11me 68 in 46% yxeld | \

and E ra- tolu1d1ne gave the correspondmg duodo compound 69 in 23%

- y1eld

‘_fe,\g"f" T i __"'" 69
The reactmn of aromatlc secondary and tertxarsr ammes was»" '
"'_""cleaner in that the 1od1nated products weré obtamed in good to excellent o
ylelds A Thus N methylamhne w1th excess‘of 1odon1um mtrate gave B
a 78% y1eld of 2 4 duodo N- methyl-amlme 70 In Ihe case of N N-‘

| d1methylan11me the reactxon was regxospec1f1c m that only the Pﬂé'; -

1od1nated product 71 ‘was' formed in- 94 5% yxeld

NH- CH3 | CHs\N/CHs'f

In contrast to other electrophihc aromatch subst:tut:on
: reactxons y the dpresence of a methoxy group is not sufficzent for: such'[
-'-compounds to react w1th 1odon1um mtrate Thua R___. methylanqsole‘;*.'

,did not react w1th iodonium nxtrate even after several days. o



: As me'ntion'e.d' eaflier 'only two of the three' av-ailable ortho

a

' _and para pos1t10ns in aromat1c pr1mary and secondary ammes could be

substltuted w1th 10don1um n1trate , m contrast to phenol : Th1s may be

due to the deactlvatlon of the rmg ‘as a result of the 1ntroduc;t10n of the
_two 1od1ne atoms. Sterlc factors may play a 101e (cf arulme and

N- methylamlme) because in am'hne the two 1odme atoms mtroduced
‘vare at P_E}E_Q_and para pos1t1ons ) not at the two githo_posnmns . .

Pt‘

The character1st1cs of the reactwns so far d1scussed are -
' ‘Iv :
'vsummanzed in. Table 2 .

>
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CHAPTERiuf'
7 ;

v

Addlt;on of Iodomum N1trate to- Olef1n1c Alcohols and AllyJ)_henols —

‘N eighbormg Group Part1c1pat1on

Ne1ghbormg group part1c1pat10n has been observed t’or a

var1ety of groups in many types of reactxon ) J y evxdence for whxch

comes from abnormally h1gh reactlon rates and from the formatmn of

"cychc or rearranged products Most of the work has mvolved ahphatlc'_ '

' '~'nuclebph111c subst1tut1ons where the nelghbormg group acts as an mtra-_" .

' molecular nucleophlle S1m1lar type of behavmur is- to be expected in-
electroph1hc add1t1on reactmns although th'e tntermedmtes are not |

'.jnecessarxly carbomum 1ons but may be br1dged 1ons (e g halonmm .‘f:.'i»_:"f__j"

“'. 1ons) y Th1s has been found to be true 1n the add1t1on of bromme and :

.'1od1ne to oleﬁmc alcohols of ‘the type CHZ CH (CHz)n OH where S

‘cychc ethers have been 1solated for n 3 and 4137 147 Cychzed

SR 'products are also formed m other electroph1l1c additmn reactlonslégf.:?
e L | ‘o———cx L
L HOS e e e
O 'X?Hé-g O o E D HgOCOCH3 ; I etc. St

e

. :,Part1c1pat10n and subsequent m1grat1on of phenyl group have been S

AT

T 149 ' S
...observed in the add1txon of bromme oy mdine mono-chloride, 1odme R

» 1socyanate ). 1od1ne a.zxde106 and bromme az:lde 1-97 to tr1pheny1propene. .

SR "_On the other hand no, partxcxpatmn by hydroxy group occurs in the }.:;

B addxtxon of 1od1ne 1socyanate to 1 1 d1methylally1 alcohol



The 1odon1um mtrate reagent readily dehydroéenates A
pramary and seoondary ahphat1c alcohols and benzyl alcohols to the
correspondmg carbonyl compounds. In th1s reac:tzon150 the’order of
react1v1‘t1es of these alcohols is benzyhc > secondary> przmary '

/ Smce allyhc alcohols have the same redox potentxals as
benzyl alcohollSI‘ and these potentxals are lower than those for
o . saturated pr1mary alcohols, 1t was ant1c1pated that allyhc aloohols |
should be rnore readxly dehydrogenated by 1odon1um mtrate So the o |
| purpose of th1s 1nvest1gatzon was to examme the compet1txon between T o
electroph111c add1t1on and dehydrogenatxon reactlons and to explore.' e
p0551b111t1es for nexghbormg group part1c1pat10n in sultable unsaturated
.b_‘_systems' i | L B | e -
| In all the caseé stud1ed electrophlhc addttmn proved to be |
: the dom1nant type of reactmn.! Even m the case when ‘a l mole excess
':Of reagent was used no ox1dat1on to a carbonyl compound was observed © ., L
'-Vl‘}"._ifAlso in. the case of certaln aIcohoIs , hydroxy group partxczpatmn resulted
v-.mthe formatmn of three four and f1ve membered cycl;c ethers.,s_t.-.b"iI";he :
"h_reactmns were carr1ed out both m chloroform-pyrxdme and chloroform- f
‘.'.’j'fsym ‘colhdme In the former solvent 1odopyridm1um mtrates were
| ;‘_.:formed together w1th products of d1rect electrophlhc add1t1on Use of
o ELT_ colhdme wh1ch is non- nucleophihc preVented formatmn of the iodo-j.:'_-‘-:"' S
: :ouaternary salts and allowed 1solat10n and exammatxon cbﬁthe._;other.;

!"'»,.-_".Reactmns thh Allyhc Alcohols. -

Cle

Allyl alcohol on reactxon w1th 1odomum mtrate in chloroform-;_'g” R

v.':.f‘fi'l-'%§1dme formed an’ 1somer1c mlxture (ratxo 80 20) of 1odonitrates 72
R and 73 m 30% yxeld The composxtlon of th,e mlxture in’ thls and sunilar
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'cases was determmed by measurmg the ratzo of the 1nten51ty of the
: I

. 'CHzl n. m r. absorptlon to that of the rest of the Spectrum .‘T_he" .

»_.correspondmg 1odo pyndmlum salt cons1sted of two 1somers 74 and

-~

. "'_'75 in. a rat1o of 75 25 wh1ch were formed m a combmed y1eld of 23% RIS

tthO#CHé%CH%CHéf ”'af?ia‘;f«ﬁf-]“,:t/gj-ﬂ
B B h - HO~CH,—CH—CH,—N_

- k__‘ Reactxon of 1odonium n1trate W1th allyl alcohol when per_ S v

- formed in chloroform X colhdine 1ncreased the y1e1d of the 1odo- L

o mtrates to 60% and no. quaternary sal,t was formed

L - A'pondmg carbomum 1on whuch is reflected in the formatxon of the 1odo- o o
o _,",“'P)’ndmxum salt 76 to the complete exclusmn of other 1solab1e Products R

o 1n fhe case of 2 methylallyl alcohOI

Subshtutron of the central carbon atom of the allyhc system EEOEEE

- ‘_.w1th a. methyl group results m the mcreased stabzhzatxon of the corres - L

R A




B cleavage152 The isolation of mrxide in this and other caseq involvingf.i"'

: The reaction of 1 1 dxmethylallyl alcohol w1th 1odon1um

L

N n1trate in chloroform pyridme produced onie 1somer1c form of the oo

‘-

1odom.trate 77 in 20% y1e1d and only one 1odopyr1d1n1um salt 78 in 40%

| yield correspogdmg to ant1 Markovmkov type addition That-this S

(CH3)2 C—CH= CH -—ONO : o T 2 -
IR 2@ (CH )Zc CH— CH2—~ | \*
ORI "~ - . 1 \N=/ -
, R "OH]I"

. effect may be attributed to SteI‘lC hmdrance by the three groups at the

chloroform pyr1dme, 1ts reaction w1th 1odon1um mtrate in chloroform-

l posxtxon of the allyl alcohol 1s demonstrated by the exclusive form- o

o

. ation of ant1 Marknovmkov addxtion products from the reaction of

Al

iodomum nitrate w1th 3 3 dimethylbut 1 ene (vxde supra) Precisely
the same mode of addition has been observed 1n the reaction of 1 l- '

dimethylallyl alcohol W1th 1odme J,socyanatec)6

In contrast to the reactmn of 1 l dimethylallyl alcohol m

64

B sym colhdme takes a different course the products bemg the iodo~ e

: reductive cl,eavage w1th hthium aluminum hydride in ether at 50 to s

Oxetans requu-e much more vigorous conditions for reductive N :

(CH ) CH CH 1 (CH ) c——CH —1
3?' \,/ R ST
: ‘, : 0—-CH

o A

. anfl the alternative oxetan structure 80 discounted by the ready

tert -pentyl alcohol g 1dentif1ed by comparison with an authentic sample

~1v

e

- nitrate 77 and the epoxide 79 The epoxide structure 79 was proven o

R S e e I e S
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- allyhc alcohols in Wthh the hydroxy -bearing. carbon atom is secondary .
or tertlary , (m contrast W1th the behavmur of allyl alcohol) is in

-agreement thh the observatmn of Wmstem and Goodman on. the add1t1on

of hypobromous ac1d to allyhc a,lcohcsls1 33, 154

" : _BrOH ‘ ’
(CH~) C CH'—CH : (CH3)2 C ‘—CH CH Br

372
o ;: . :;ﬁi 5 \o{

HO-CH,—CHZCH, —————>=  HO-CH,—CH-—CH_Br
| OH

The facxhtatmg effect of alkyl subst1tut1on upon ep0x1de S
.formatlon is also 111ustrated by the followmg companson of rate .
| -." - constants155 (water at 18 )-; | _ S _. » |
Lt mo-omy—cH—aL . HO-CH—CH,CL |
: :_./A e 3 N T T A1 3 ; 3 .
HO c CH 1C1 S HO= '—c-C1
CEs o molt

| :_- The effect has heen attnbuted to reA11ef of sterxc cro@dmg m the LT
parent cthrohydrm as the epomde is formed156 157 i ) S
| 3 v;' ;: - ._ The lesser stenc hmdra.nce offered‘to approadhmg n1trate

o ion by thetodomum ion formed from a secondary allyhc alcohol com- : =

pared W1th that from a tertlary alcohol 1s illustrated by hex 1 en 3 ol

L 1,; chloroform pyndine the 1somer1c mxxture of iodomtrates 81 and 82

' :L,(SO 50) was produced in 34% Yield indicating the less Ptringent steric - o




.

_ demands of the intermediate jodonium ion. However ‘the: greater sme

,.nrn-_?ﬁfﬁznfcﬂgx' B I CIH CIJH cHZ ONOZ K
omoowo, . omr :
e CH—-CH— CHZ_J‘;\,/

g3,

P~

" “of’ the. pyr1d1ne results in the excluswe formatlon of the 2 1od0 1- o
| "pyrldmo n1trate 83
K4

The react1on of hex l en 3 ol m chloroform sym coll1d1ne

o gave the oxetan 84 whrch was completely res1stant to reduct1ve

K .cleavage by l1th1um alummum ’hydnde in ether at 5 for l .5 h under : PR

j‘cond1t10ns in wh;ch compound 79 was cleaVed 1n lO mmutes Treat--" o

e ment of the oxetan W1th 11th1um alummum hydmde m tetrahydrofuran (R
: .‘ 0 . " : : N .' '

. Pr”.’F CHe—’CH%.i' S -p’.r"?;‘c-H;ch R Pr——CH -—-CH CH
e B R P o PR

”-.'/1..“_ : ’ '

66

= f°r 24 h at 60 rem°Ved *t C°mpletely The main’ P Cﬁﬁas 2 Pr0pY1 :

i '_ oxetan 85 and only traces of hexan 3 ol were produced consxstent w1th

LI

- nat1ve 2 3 ep hexane structure 86 would not have s‘urvived the

: .,.\‘ . . R , o

: Jreductlon proces s

| 'g"}Reactmns w1th Homo allyhc Alcohols

At th1s pomt 1t was of 1nterest to examme the behavxour of -

: "_A‘homoallyhc alcohols But 3 en l ol on reaction wzth 1odonium nitrate

, r.,the known res1stance of oxetans to reduct1ve cleavage : ;;."' 'I'he alter-.v S




: in chloroform-pyridme gave 1somer1c (85 15) 1odomtrates 87 and 88 in 34%

‘yield, as determmed by comparxson of the n m r mtensity of - CH21 and’

-CHZOH ' w}uch absorbed at CTMS(CDCI3): 343 (d) and3 78 (t) respectxve-

ly. " The correspondmg pyridmlum salt obtamed in 54% yield was agam .

0——. Hz-—C ZfCH;—fC, 21‘ ) »HO CH2 ..CHZ.. CIJH CHZ---ONO2 -
“oNO, - . - RS

&7 g

| .

vshown to be a mixture of the Markovmkov product 89 and the ant1- :

Markovmkov product 90 in an approximate ratio of 2 1 as determmed

o=y~

HO-CH,~CH,—CH—CH.=N_ -~ M) . .

90 o

_‘by comparison of the n m. r. 1ntensit1es of CH CHI and CHZvCH N

which absorbed as quartets at STMS[(CD3)ZSO] 1 98 and Z 35 Here

e

- .~'the assumption 1s made that the methyiene protons adJacent to a . =

,\: S

pyridmo methme group W111 be more deshielded than the corres- - v : o .

": pondmg,protons adJacent to an 1odomethme group

As in the case of allylic systems y substitution of the

',central carbon atom of the homoallyhc system with a methyl group
results m the exclusive formation of the 1odopyridinium nitrate as
»exemphfied bY the addition of iodonium mtrate to 3 methYIbut 3 en- el

l. ol which gave 91 m 61% yxeld




.. o R
N HO~CH,~CH,-C —CH
S 2T

T Nt

” | No;"_,_
~x

1-

. ‘ . .

2.1_ e

N
LN

Hex-3- -en-1- ol re“acted w1th 1odon1um n1trate in chloro»

.form pyr1d1ne to g1ve a rm.xture of 1odomtrates 92 and 93 in 62% yxeld
‘and in a ratio Qf- approxlmately 1:1. ‘ .Thﬁheterqgeneous nature of the’ '

CHZCi,.{ZOH.. o N = CHZCHZOH
CHzCH3 oo e c&crg o

¢

. odomtrate fractmn was ev1dent from thep m.r. spectrum whxch

_ presented four serles of rnult1p1ets from:}erS (CDC13) 4 1 tp 5 6

1

| ) product could be 1solated m th1s reactxon ' 'I‘he 1odopyrid1n1um salt

i‘

d formed in ;0% y1e1d had a clean n m T, Qpectrum which is conswtent ‘-;

| characteriétxc of two CH I and two CH ONOZ groups. No Cyclized. ’

PR

95 or a mixture of both could not be made.

- . [ 2 .

w1th e1ther structure 94 or 95 A conclusmn as to whet‘mer it is 94 or .. e

@



<
“a N

Pairallelv reaction of . Z—hex-3—enol-ol in chloroform—sym‘
colhdme gave the 1odon1trates 92 and’g in. apprommately the same

proportmn in 59% yxeld No cyclic ether co»uld,be 1solated in thrrs case
. ‘ - . N R . \

The effect of ‘alkyl subst1tut1on on hydroxy bearmg carbon

either.

. atom was exammed In chloroform pyr1d1ne w1th 1odomum mtrate

hex-5-en-3-0l' gave the isomeric 1odon1trates 96 and 97 in a’r atio of

ouo2
N

69

25:75., The 1solatéd pyx‘1d1mum salt was not the expected N- [2 (4\

/hydroxyal 1odohexy1)]pyr1d1mum mtrate 98 Instead N- (5 ethyltetra- .

hydrofuraﬁ 3- yl)pyndxmum mtrate 2_, was obtamed m 20% y1e1d as s -

. shown by 1ts n.m.r. and i.r, spectra and elemental analys1s ‘Ix_l, o

LoQ

o chloroform z colhdme 5- ethyltetrahyd.rofuran 3 yl mtrate 100 ‘was

¢ . o : a'f

' .‘ONOZ

M

' : E isolated in 30% y1e1d together thh the isomeric mHonitrates 96 and 97.




/129 » ThlS Suggests that the latter is formed by hydroxy group attack

Treatment of the mixture of 96 and 97 with sym-:collidine under condit-

ions co.mparable with the formation of 100 and for up to 72 h produc.ed

Iy

no reaction, thus dlscountmg the1r mterfmedlacy in the formatmn of

on the 1ntermed1ate 1odomum ion followed by dxsplacement of 1od1de

N

, (acheme 5) : Th1s. reactmn- p'arallels"the dms’placo‘me'nt,_of _tho«secohdat'y ‘

’

I

\[\ NQ3; |
‘ ] (o)

4

iodide in co_mpound;,lg_lj by 'p'yridihe in-the formation of comp'ound 99. 1.

Despite "the 'low nucleophih'city' of‘the‘niti'ate' ’ion158 159 the d1sp1ace~ ‘

ment . of secondary 1odee from- compound 101 wouId be favored by the .~
' 160,

‘ much greater leavmg ab111ty of 1od1de (300 times that of nitrate ), ‘

reflectmg the Tow C- I bond dlssoczatlon énergy 61 y and by the fact

o S
Scherhe_ 5 -

100 -
~

AT



th'at the concentration of nitrate ions during the forlmation'o‘f 100 will be
.. far.in eicce'sS‘ of that in the fOrmation of 101. “ In addition the known -

propensity of iodide ion towards charge transfer complexatlonl62 163.

with pyridimum salts may aBSISt in 1ts departure

Reaction .of 1- allylcyclohexanol a system where disubstitut-

. ion on the hydroxy bearmg carbon should facihtate cyclization with

iodomum nitrate in chloroform-pyrxdine gave a normai addition product

_102 in’ 55% yield , 'I’he Markovmkov nature of the addition was ev1dent

R from the n.m.r, spectrum which showed absorptions at STMS(CDC13)

3.4 (d) and 5. 23 (qumtet), characteristic of CHZI and CH ONO2

- ~'respect1ve1y In additmn to the normal addition product a spiro ether '

71

was iSOIRted in 10% yield which proved to be 103 and not the expected ;-_ 3

product 104 This was confumed by base catalyze%yclization of

- ;compound 102 to the spiro ether 103 which was characterized bY its -1:.«" e

1._n m.r, and i.r. spectra and elemental analysis A small amount of

' -_pyridinium salt was also isolated from the above addition reaction. It

e .':"was dn’ficult to n'r'ake any conclusion as to the structure of the
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"I‘he.for.miation.of s-piro-ether 123 m .‘the ,a‘ddition of 'iodoniurln _.
o lnit‘r'ate to 1—,a'.11ylcyelohexanol i’s. ercplicable on .‘the‘basi_-s of"vS.cheme_ 5
o“,tli'ned:‘:ér the re,ac_tion of iodonium‘ nitreate with hex-'s;en‘.3-d17
In contr’ast to the behavmur of l allflcyclohexanol towards .
1odon1um mtrate in chloroform pyr1d1ne 5 its’ reactmn 1n chloroform—-.
sym c0111d1ne Wwas rather surpr1smg in that only the normal add1t1on |
.product 102 was formed and no cychc ether could be detected Alsos

the react1on ‘was cons1derab1y slower and was mcomplete even after

. 24 h. whereas reactlon in chloroform pyr1d1ne was cog’xplete 1n less -

' _'than 3 h. The reason for thxs exceptmnal behavmur 1s not clear

. 'Reactmns W1th 2 Allylphenols ; B1s Homoallyhc Alcohols a.nd ngher

"'Olef1n1c Alcohols S _ o S ‘ S

PR

Olef1n1c compounds wh1ch can g1ve rxse to f1ve or 31x~ :
. membered cychc structures by neighboring group part1c1pat10n in the R

) add1t10n Qf electrophlhc reagents are generally expected to follow thls.' -

N _path in preference to other reactmn pathways as exemphfled b}z the

137

- formatmn of f1ve membered cychc ethers and lactone164 m the

o :electrophlhc add1t1on of 1od1ne to pent 4 -én- 1 ol and 4 penteno1c ac1d{ -
- .reFPectwely Additmn of iodomum mtrate 1n chlorOfOI'm Pledme t° o
| Pent 4-en 1- ol gave as the major PrOd“Ct 2- 1odomethy1tetrahydrofuran :

o 105 in 60% y1e1d In add1t10n a small amount (6%) of 1somer1c hydroxy- i

o iodoalkyl mtrates 106 and 107 was produced in a ratm of aPPI‘O)gimately .

9 1, as. determmed bY comparmg the intensatles of CH ONOZ ghd S .
’-CHZ-ONOZ absorptlons in the n, m T spectrum. . The i.r, Spectrum:”f
: -showed mtense hydroxy and nitrate absorpnons, ) No lsoléble yleld of

. iodopyndmiium nitrate was formed m th1s reactxon :



_. ) ‘ K o -
N —CH.T o
B o

¢ 105 e r

~ : o

HOT ST CH,), T CH T CHRT - #HO - CH, —(CHy ), — CH~ CH,—ONO, - {

\ ' A .A . )
The structure of 105 was ev1dent from the n. m r. ahd i,

- spectra The i. r. spectrum showed no hydroxyl absorption The

| -cychc ether and the 1odon1trate esters fraction wer‘e readily separable '
: by chromatography on flor1szl G | o :

, As md1cated in Chapter II, m the reactmn between allyl-
phehols and mdomum n1trate no add1tmn to the double bond takes placer

= 'unt11 all the ava;lable pos1t10ns ; ortho and Eara to the hydroxy group, .. :

»are subst1tuted W1th mdme subsequentl? addltxon occurs readxly

C :’1 hus 2 allylphenol on react;.pn thh three molar equwalents of 1odon1um ‘.'y.',_

. mtrate in chloroform pyr1d1ne gave a normal additmn product 108 m ‘ ’
| ‘ 13% y1e1d and a cycl1zed product (33 5%) to whzch structure 109 1s
'_'ass1gned The two compounds were readzly separable by chromato-\yj'v-'

“;graphy on. flo.nsﬂ 'I‘he regmchemxstry qf 108 was. evident from the ’f‘_', ARE

nm Spectrum whxch show ed characteristic absorptionq for the




‘;4 74

~CH I and -CH- ONO2 groups at STMS(CDC13)' 3. 33 andStoS 5 respectwely
For the cychc product although the alternatlve structure llO is a

dlstmct possxb1l1ty, structure 109 1s preferred mechamstmally

o

E Attempted hydr°8°n°1)’51s Of the CHZI group W1th 11th1um alummj.lm
B vhydnde in ether at room tempera.tur¢ results in I:emoval of 1odme 3

_on the aromatic rmg and cleaVage Of the five membered ring togethe;
.with the expected hydrogenolysm | | s o | ‘ | ; o ' » "4
‘ | The possibihty that 109 might ar1se from 108 bY !hsplacef .
v..“‘:.‘:ment of mtrate by the phenohc hydr&y group after the initial additmn .

'A'»l--_f.was dlscounted lgy performmg an addxtion to 2= al}yl 6 methylph;,’-”;"d |

r'-Even after 24 h the same type of products, lll and 112 were isolated
B ,0 -

"m almost the same ratio (15% a.nd 33 5% respectively) [N \

B NS

: l-en l ol In chloroform pyridine the major products inolate W




S HO CH2 (CH2)3 IC.H-:CH ONO
T 1

o

- 15

hydroxy 1odoalky1 rutrate 113 and the- pyrxdmmm salt 114 formed in

21% and 39% y1e1ds respectwely Ir_l both_ca}s‘es«the reg1o_1sqme‘rs_of”.

.

.;H'o CHZ (CH2)3—CH CHZI' _HO- CH (CH ) -——CH CHZI

| o , . e

13 and 14 namely 115 and '1'1_'6 é_.du'ld»nqﬁ:béd'echztg.t;'té:d:'ifn the n.m.f.

27 Y R Ny
L HO CH2 (CH2)3 iH-—CHZ-rNA

S J11e

ﬁ - - qpect,ra of the products : In thls respect thxs add1t10n resembles the

add1t1on of 1odomum nltrate to 1 hexene where the Markovmkov add1t10n

products were formed excluswely Iﬁ add1t10n to 113 and 114 a cychc "1.,""__.

ether i Z 1odomethy1 tetrahydropyran 117 was formed in 17% y1e1d

e

The behavmur of pent 4 en- 1 ol and hex-5 en 1 ol towards

B \'

S 3 1odemum mtrate 1s cc‘:ustent wzth the1r behavzour towards bromme

membered rather t.han f ve membere

o and 1od1ne m that the propenslty for particxpafion by a ne1ghbormg

hydrokyl group decreases if the "__:esultmg cyclic structure is s_xx- .

d137b ;,“57'*”'




N accor1dng to Schemes 6 and 7

React1ons w1l;h Bxcychc Olef1mc Alcohols N
"The behavmur of b1cyc11c olefm1c alcohols towards 1odomum N

mtrate was exammed .It was expected that in such r1g1d rmg systems o

Loom .

i'part1c1pat10n by the nexghbormg hydroxy/group w111 be preferred ito -

other modes of reactmn namely addltlon and/or rearrangement provxded

-

the part1C1patmg grOUp has the correct stereochem1stry and the result— Lo
.'mg rmg system is stable B Las

g o Thethree 1somer1c: 5 norbornene 2 3 dxmethanols namely,
,.:endo c1s 5 norbornene 2 3 d1methanol exo.c1s 5 norbornene 2 3- o o

% “d1metharrol and trans 5 norbornene 2 3 dxmethanol were synthesmed
B} - 165 S . 4

.-

Reactzon of endo c1s 5 norbornene 2 3 d1methanol 118A
’\J L

T w1th 1odon1um n1trate in’ chloroform pyndme pr’oduced a’ cychzed

: 1-product 121A in 74% y1e1d and a sto1ch1ometr1c amount of pyridmlum
. /-\/

S .?'natrate S1m11ar1y add1t10n of 1odon1um mtrate to the deuterated analog

1:18 ( >95% deuterlum) gave the correspondmg cychc ether ;QB;

' 'Structural aSSI nments for A and IZIB are based on n m r a.nd
, g L

: 1r spectra and elemental analys:s. The n m. r. epectrum showed t .
only ox’xe exchangeable hydrogen As signments of the va rious

absorptmns 1n the n. m r spectra were méde by companson thh other

' models and extenszve decouplmg %&n m. r. spectrum of 12¢A
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H (J 5.5 Hz) in the case of}_~

Séheme-? . |

. coocH.

_.Benzene

24 h

,,\showed STMS (cnc13) 4 az (d lH H , Jl 5 5 5 Hz, J2 3--0 Hz), .

LA B(d 1, H3 J37 -2 5Hz) 3438(m 41-1 2 CHZ-O)

a couplmg coristant of apprommately 2 2 to 2 3 Hz

9




123 m 86% yield together with a corresponding amount of pyridimum : :

j:nitrate. Comp&und 123 contained only one hydroxyl gr °“P 33 shown

4 elemental analysis. R The n m r spectrum og ,ggshowed H at

A STMS(CDCI3) an ‘d’_f |

L J3 7a-2 3 Hz) AGain ',o couplmg was observed ‘Aetween Hz andH

‘ The multiplet at. 6 ) 76 is: assigned to H7a because it ie
B ~coupled to H3 (J 2 ST-Iz) v1a : —coupling In other systems such
' f-..‘t;protOns show a coupling constant of approximately 3 4 Hz48‘§;4 gian

Reaction of 1odcmum mtrate w:th trans 5 norbornene- e o

2 3 dimethanol 120 in chloroform pyridine gave the cyclized product

"‘ ?'-',:by the formation of a mono p ara- mtrobenzoyl derivative 124 in 70% RN

yield which was characterized by its n, m. r andi r.. spectra and .'

 p-NOSC, H com e
Heppow 0 o N°2 g

ER Benzene ] Pyridine B

1'2

§ 3 :'A-:
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A - The behavmur of exo c1s 5- norbornen 2 3 d1methanol 119
t'ox‘var’ds iodomum mtrate was exammed. In th1s compound smce the

two hydroxymethyl groups are in an exo- CIS conflguratzon no part1c1p— '
, atlon could be expected unless the 1mt1a11y formed 1odon1um ion mter-- A
. 1med1ate 125 undergoes skeletal rearrangement followed by subsequent

fi:ycl,izati_on. :

[1 zpy} NO3

u
a4

In the event reactxon of 1odomum mtrate with 119A gave
"""a m1xture of products from Wthh the maJor product 126A was isolated

o 4*":'1n 40% yxeld by chrornatography of the crude reactxon product on florisxl
' vThe formatmn of a number of products 1nd1cates skeletal rearrange- AR

f«ment or hydnde transfer reactxon as observed for the add1tion of

s 1odon1um mtrate to norbornene The mmer products could not be S

r

s ".'_~1dent1ﬁ& The structure of 126A was determined from a companson ?‘-i
'.""-""‘of 1ts n; m. r spectrum w1th that of 29 obtamed £rom the reaction of .l:j’
'1odon1um n1trate W1th 'norbornene. The i r. spectrum showed intens*e AR

{ .
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The ass1gnments of the varxous absorptxons m the n. m r.
. Caw - ‘.
Spectrum were made by extensx‘ve decouphng and by comparlson of
the spectrum w1th that of 126B pre_pared from the deuterxum analog of

1194, namely 119B ( > 95% D) Thus the 'n.‘m_.r.‘spefctrurri’_ of 126B

oNo, H -
1264 X=H f R

126B X"D

/\J

. showed‘ 8TMS(CDC1 % 5 5 (q,llH H J2 3-2 8Hz ‘Il 2-2 Hz), )

~"_3 82 (t 1H, H JZ 31J3 73-.—2 8 Hz) The methylene s;gnal of the vj‘ "

| _> ehydroxymethyl groups' in’ 126A appeared ‘as’a multiplet at 63 3 to 4

Ant1 7 Norbornenol 127 prepared accox:ding to Scheme 8170

- on react1on w1th 1odon1um n1tra?e m chlorpform pyrl,dme gave 128 as =
" A ; LT

the sole product 1nd1cating a preference for a.dcﬁty Compound 128

. oc(cgsh

CH coon |

n T
(CH300)2

(CH3) cooc CH3

Benzene CuBr HC104»0° ' ,..;‘:{ ~‘

LiAlH 4




!f

el

~ was characteri_zed as its-para-nit,robenzoylﬂerivative'\}Q.a

o

#  Benzene, Pyridine .

\ ONOZ .

128 l' :< ‘ B . ) ) - - ‘_" 129 . N e

— . ) —_— ‘]'

‘i. T p e ,9

82;.

In contrast to the behavmlkr nt1 7'@?{':’1&101, syn ?_ o

norbornenol 130 prepared accordn’ to Schemen‘} Caon reactlon w&h

o

';1odon1um nltrate gave a mlxture of several products ec shownaby the o

_ tBuOK+
T

(CH3)2SO

CH COONa g

| CuCl PdClZ
e 3COOH

L
p.:m

¢

md1cating the stenc hmdram:e by the hydroxyl group. R

c o . v

- :z,.~7_‘.51x membered r1ng structures. . Aﬂ example i 1
RN . of 1odomum mtrate to 4-penteno1c ac1d Whmh gave th

’along witbgathe stolchlometnc amount of pyndimum nit

Like hydroxy groups the carboxyl group can also part1c1pate

‘/r.

product could be 1solated m thxs react16n. Compound 131., has also bean

* £ FrN % - T

,c‘ould»be-charactenz"ed- ‘ The a.bove result 1s con51stent W1th rearrr‘ange- ) _' s

o ments m such systems. Here the reactlon was comparatwely slower

' ,"""M1scellaneous Reactlons y ST TR Lo e

'.v‘n',_vm.'lr..' spectrum of the crude reactmn products None of the products ‘.

:m 1odomum rutrate add1t1ons 1f such part1c1pat10n can lead to fzve or

e v s

v1ded" :‘y-,dthe add1t10n .




83

35

) \bbtai.nedlin the addition of iodinel64\and 'iodihe cyanide™” to 4-pentenoic

)
0 a}c1d. .

a -

"An example of panhmpatmn by a nexghbormg sulfur is

N

4 "

provided in the addition of jod 'I\m nitrate to the allylthxourea 132,
tafively assigned as the thiazoline 133.

whi'ch"g ave a. ‘cyc\;‘ized. product te
. ° ' ’A

¥

.}'.

~ L

- | | | éL'[I.zPy]*No_g I
CH,=CH—CH, —NH —C -N(C,H.), erTEEatt

= “ e -". ” a’ \i* . Diad r;. .‘.- - CHC13’ Pyr. in
y © 7 ;*. S . . ' . . o

132 Sy co

. IH ,C

As indicated in' »Chapter‘_I'I,’ for the‘additioh of iodonium
mtrate to norbornene and norbornad;ene ' rearrangements as a result
of o~ and ‘n’-bond oart1c1pat10n are p0551b1e ;n su13;ab1e substrate olefms
‘Hassner:: and Teeter reported phenyl part1c1pat10n and’ subsequent
.rmgratmn durmg the add1t1on of 1od1ne azlde and 1odme 1socyanate to .
3, 3 3- tr1pheny1propene A comparable exper1ment with 1odomum o / =

Q

nitrate both in chloroform pyr1dme and chloroform sym- colhdme'

, _:produced no reactlon 1n contrast to the ready addxt1on to tert -butyl-

ethylene and (Z) and (E) 4,4- d1methy1pent -2-enes (see Chapter VY.



\

172,
[3 3 3- Trxph‘enylpropene was synthe51zed accordmg to Scheme 10
106] Th1s unexpected result may indicate steri¢ hmdrance for the

Schéme 10
\ .
. h ; . ’ . OI?\ ‘ W
, ‘Na/Hg A _ + 1. £33
(C.H),C=Cl Vo (C¢Hg),€ Na' = — . .
€537 "% " Ether >3 2. H,0
-
| o P, 1, - - -
(CgH);C ~CH,~ CH,OH — = (C¢H,),C ~CH,—CH, —I
1657; 10 h. ;o .
t-BuO™ K * : | |
‘ — (CgH,),C—CH=CH,
t-BuOH , & . 6 53
5 days

L}

approach of the bulky complex 134 to the 3, 3 y3- tr1pheny&§ropene
Although the reactive specxes in iodonium nitrate add1t10ns
can be r‘epresen‘ted as INOj, the iodine .is complexed to ‘two_pyrvidinve_
molecules in this solvent. The coi'nplex, 134 ma; be isolated as a
crystalliric solid which is s.olqbl'e in polar solvents and 'sté.ble in the '

absence of moisture and light.

| e . ' .._134_

CE)-44 Dlmethylpent -2-ene with an equxvalent of the complex '

o 134 in d1methylsulf0x1de , wh1ch was not dned gave the 1odon1trate 135

and the-zodohydrm 136 stereo.spec1f1ca<1/ly‘(see 'Chapi_;e_r V). But in

LN .

A

84



135 136

o~

r1gorously dr1ed dxmethylsdﬁoxlde only compound 135 was formed

md1catmg that the 1odohydr1n 136 results from nucleoph111c attack of

-

water on the intermediate 1odomum ion, The_ addition w1th ‘the complex

. can also be perfor‘m'ed in anhydrous acetonitrile. Thus (E)—4 4 d1metl'ryl-‘

pent -2-ene gave compound 135 and a trace of the corresponding 1odo-

pyridinium nitrate 137,

0ur attempts to determme the structure of the complex 134
by X- ray crystallography were not successful due to its mstab111ty

| "*However the structure of 1od1ne perchlorate as its di z colhdme -

85

' complex has been determ1nedl73. Fxgure 1 shows the structure of one’ B o

form- of the complex The stud1es ‘show. the presence. of d;stmct
vcovale,nt bond between mtrogen and 1od1ne w1th the N-I-N bond angle . :
- of 177 "1 for one form and 180 for the other. Aécordmgly the

' pyr1dme complex of 1odon1um mtrate may also be expected to have a

: sitmlar structure as in 134 ' B " Ca VL



86

. xummEoU aUIPI[[0D-

°

&

T eTe

qJ ovel

E>m-@udu.0~£upom WINIUOpo] Jo vuﬂuuﬂu_uw_omsmmuwolmuw%ns_\u‘ wmuuun.,... 1 uu,..smﬂr.ﬂ .




‘ Stereochem1ca1 D1rect1ng Influence of Nexgl{hormg Hydroxyl G\oupq in

- the Add1txon of Pseudohalogens to Cycloalk -2-en-1: ols : /‘
/
Add1t1on of 1odon1um mtrate to cyclohex 2- en 1- ol in

chloroform pyr1dme gave an 10d0n1trate ester 138 in 36% y1e1c1 and an
1odopyr1dm1um nitr ate 139 in 29% y1e1d Exammatmn-Of the-appro-,
pr1ate couplmg constants in‘the n.m.r. spect*rum of 138 shovved it’ th
be 3 hydroxy 2- 1odocyclohexy1 n1trate w1th the stereochem1stry shown
:m whxch the hydroxy group. is axlal ‘ N m.r. ana1y51s_of the 1odo_-»

. pymdm;um nitrate 1‘3»9 ‘doe's 'not prov1d‘e enough‘infor.‘mati‘on' to dec'ide
if there are one o.r .two rsomers or to determme the stereochemlstry
‘Assummg both the 1odon1tratetester and the 1odopyr1d1n1um salt are

- formed from the same 1ntermed1ate 1odon1um 1on, structure 139 is /

B . . * . - v ‘ ' - "VJ i a
e o T JOH

o, - v . . . .

4 ;proposed for the salt ' Parallel react1on of 1odon1um n1trate in chloro-

' form -sym- éolhdme w1th cyclohex 2- enal ol gave 138 in 55% y1e1d
Consaderatlon of the stereochemlstry of the two poss1b1e

-'mtermed1ates 140 and 141 favors an 1ntermed1ate of the type 140 and
‘l L N N Y

-_proves that the 1odomum ion 1s formed c1s ‘to the hydroxyl group /\Tms

is: m agreement w1th the observed stereochem1stry of epoxxdatlon of
* )

: cyclohex 2 en 1- ols in wh1ch the ox1rane rmg 1s formed cis té the

¥ —y—
: ' 174 175 o R
hydroxy group : . Apparently the epoxldatmn reagentv‘becomes

.»/..
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£3

'a550c1ated in some way w1th the }@droxy group 1n the 5nolecu1e p‘rlor

to attackmg the double bond and is therefore constramed to approach

‘the. latter from that s:de of the r.mg whlch bears the hydroxy group

The above result prompted us to investlgate the stereo- :

N

~

| chem1ca1 d1rectmg mfluence of hydroxy groups in th&adchtmn of other s

‘-'pseudohalogens to cyclohex 2-en- l ol and also in the a.dd1t1on of 1odo~
ruum nitrate to cycloalk 2-en- l ols of varlous r1ng sizes.,

React1on of 1od1ne azxde ‘with cyolohex Z en- l ol produced

‘an unstable adduct in 86% y1e1d The i.r. Spectrum of the adduct

[N

showed strong absorptlon at: 2100 cm. -1 mchcatmg the presence of az1de

.gr.oup in the ,molecule__-. ;\"I‘he:nf.m.r ' spectrum shoWed the followmg



\: \l; | . | " 8(}'
s1gmf1cant dbsorptlons 5TMS (CDCI3) | 4 3 (q V-C‘H~I., J= 8.5 Hz
eind 2.5 Hz) 3 7 4.15 (m, ZH -CH OH and -CH- N3) " On the ba51s

T

[
: B f
o of the nom.r. spectrum structure 142 is ass1gned to the adduct wh1ch

/

.

hs derwed from an 1ntermed1ate 1odon1um ion formed cis to the hydroxy

v . PO
. N .
- -

al
'jgroups S S
Addltlon of 1od1ne monochlonde to cyclohex 2 en l- ol gave

— 0

! a }orod-uct in: about 90% y1e1d but no. stereochermcal mformatmn could
I ’ .
f be gathered from the n. ™. T. Spectrum Adchtmn of 1od1ne 1socyanate
‘ : produced only tarry mater1a1 and no 1dent1f1ab1e product was 1solated |
| Cyclohept 2- -en- l ol w1th 1od1n1um mtrate produced "f‘our .

7

orddu'c:ts The two 1odon1trate esters were formed in a combmed
y1e1d of 59% and m a rat'io of apprommately 80: 20 (obta.‘med by compar-

T
N

mg then .m. r "ljnteri’sitx;éotl' -.C_HA-I"o‘f the,major"’product_«with, the _to_tal
/'mten51ty of CH ONO ‘at 5TMS(CDCI )' 5. 2 5. 6) The maJor S

product is a551gned structure ;\_@ in wh1ch the 1odme 1s c1s to the
The ma_]or product

hydroxyl group ‘anc the mmor product as 144
spectrum at STMS (CDC13)

Thenm r

héd the CH Iabso ‘_t1on in the n m r.
4 57 (q) , W1th cou .lmg constants of 2 25 Hz and 6 75 Hz

| spectrum of the yclohepteneqodomum 'mtrate adduct showed absorptmns

4 33 (,sextet lH -CHI J “7Hz,
B '3 5 Hz)

4J~ -7 Hz J This mdmates o

at8 TMS (CD 1: )
5. 36 (sextet 1H, CH ONO

.‘:

that in 143 the hydroxy group is pseudo axia.l and 1odme and rutrate



S

‘ gr_o.ups equatorial.. Estérification of the hydroxyl group with para-
.nitrobenzoyl chloride. in the presence .of pyridine all’owed separation
.of the madjor product as a crystalhne der1vat1ve 145 which had in the

n.m.r. spectrum absorptlons at\& 4. 77 (q, lH CH I,

TMS (CDCl )'

T 2. 5Hz and6 5Hz) 4 96 (fh, WH, -CH-O-); 5.5 (m, I

: .--CH-ONOZ) Treatment'of the mixture of iodonitrate esters with

potas sium hydrox1de 1n "ether produced cycloheptenone as the ma_]or .

product by e]1m1nat1on of both hydrogen 1od1de and n1tr1c amd from -

143-and another compound 'wh1ch is as‘s1gned the epoxy-r‘utra_te. structdr-e

146 der1ved from 144 by base catalyzed Cychzatlon : The'tr_ansforeri- _

Pam

atlons are 111ustrated m Scheme 11:

A

The 1odopyr1d1mum mtrate salts were formed m Z'Z% and
. 8% 'y 's reSpect_lv-ely They were easﬂy separated by fractmnal
.,cry.s' allization from ethanol An L_meqmvocal a‘?@gnment o{ their :"

‘.'st»rt:ct_ur_e's"can not be tnade at this point.

' Our att_em'ptjsp,_to"estabiiish the structures o_-f_iodonyitrate',_-'.‘::ﬂ S

90

esters 143 and 144 and similar compounds byqchetri‘ica;lv_'transfofmatib'n’ o

.

as. shown below to known compounds were unsuccessful.  Thus SO o

l

(

- !
]

'

R “

' "R‘-"eductiv'oh -
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‘resulted in the elimination of iodine and nitrate.

, STMS (CDCl )
' -CH ONOZ , J= 9 Hz and 4. 5 Hz) The correspondmg couphng constant _i'

J |
CHI CH- ONOZ - S
of 9 Hz 1nd1cates a trans conf1gurat10n of 1od1ne and hydroxyl groups }*” P

. :
attempted conversion of the nitrate group in 138 to the alcohol functlon

by catalytlc reductxon over Balladqum -carbon in the presence of various

organic tertiary bases gave cyc_l'ohexan_ol.. L1th1um aluminu’rﬁ hydrid_e

!

_'ga!ve the same result, On thge other hand hydrogenatxon %n the pres-

ence of 1norgamc bases .and znc - copper coup]e hydrogenoly51s in. .

ethanol effected po change. Zinc- c0pper couple hydrogenolys1s of

the cyclooctenol 1odon1um nitrate adduct (v1de mfra) in acetxc acid

. Reaction, .of iodonium 'nitra'te 'With cyclooct-Z-en-‘l -0l ih
chloroform - pyr1d1ne gave an 1odon1trate ester in 60% y1e1d _ No iodo; :
pyr1d1n1um mtrate cou]d be isolated in this case. . The reactxon was
co suierably slower: and traces of cyclooctenol could be detected in
the reactmn mlxture even after 24 h. L |
The ass1gnmentof struc:ure 148 to the 1odon1trate ester is .

based on a comparlson of the couplmg constants in the n. m r. spectrum

of 148 w1th those in the spectrum of the. cyclooctene 1odon1um n1trate

- -adduct 37. _ Thus the n.m.r. Spectrum of 148 showed absorptmns at

r43u 1 JCHI J9Eh) &3(smaa,1H.ﬂ‘
in- ‘the spectrum of’ﬂ was 10 Hz A couphng constant

Treatment of adduct 148 thh potasszum hydrox1de in ether S

A Y

gave a. cychzed product assxgned as the epoxy mtrate 149 on the bas1s

of n.m.r; and i.r, spectra and mass spectral fragmentatmn pattern
. P O

I " 'KOH, Ether

A48 0 0 1490 ¥
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S
Cyclopeﬁt-Z:en-l -0l with iodonium nitrate in chlorofo‘rn.%
pyridine produced an iodonitrate ester 150 in 52% yield and the corres-’(
pondmg 1odopyr1d1n1um mtrate 151 in 22% y1e1d No ste.reoch'emxca]
mformatmn could be gathered from the n.m.r. spectra of the productd .

and comparxson w1th that of the cyclopentene 1odon1um nitrate adducts.

Treatment of t~h_e 1odon1trate ester w1t2ﬁ base did not produce any"c'yclized

produ}:t.' This may 1nd1cate that the odomum ion may be formed cis -
to the hydroxy group. Yoo o

Y It is 1nterest1ng to note the behakur of these oleflmc

alcohols in electrophlhc epox1dat10n reactlons Cy‘clohePt-Z-en‘—l-OIIv

N . .
.,

gave a mzxture of cis and trans 3- hydr0xy< ]ohe\ptene oxxdes 1n a

ratio of 2 117!5 177. On the other hand cyclooct 2- en 1 ol gave the

N
'trans 1somer stereospemfxcally”a. No 1nformat1on is avallable on

the stereochem1stry of epox1dat10n of cyclopent 2 ~en- 1 ol

93



‘. CHAPTER IV

-

. Stere_ochemistry", Reg‘ibchemi,st-ry and Mechanism of the Addition of °

. Iodonium Nitrate to Alkenesl’9.

L4 ) . 'S
7’

~ In Chapters II and III we have seen the rea tiorrs 6f iodo-
fuum nitrate with olefms of d1fferent structural types nd also the |
effect of ne1ghbor1ng groups. It is evident that the scope of t};ese ‘ | /[ N
reactxons and the react1v1ty of 1odomum mtrate are substannally |
.dxfferent from those of other pseudohalcgens Hence it was necessary
. to examme the stereochemrstry, reg1ochem1stry and mechamsm of
odomum nitrate add1ti’ons in greater deta11 » '

- . Pure (E)-‘44 dlmethylpent 2 - -ene. 152 was treated w1th an
7equ1\ra1ent -of 1odon1um nitrate i chlorofor‘m pyr1d1ne affordmg a smgle
ster e01\somer of the 1odon.1.tgpa:e ester }i? in a reglospecific (ONOZ-
rnethyl) ant1 Markovmkov additmn in 76% y1e1d toge'éher ‘with’ the corres- :
pondmg 1odopyr1d1mum mtrate 137 in 5% y1e1d :which also subsequent-

ly pnoved to be stereospec1f1c and regiospeciflc in 1ts format1on The

R . L . ‘ . ' L Y

(CH,),Cy H . (CHy,C.. H .
o3, >__:< ©(@epy)rNoy o 33TNLY e |
T T

G0 .



"regiochemistry of the additions was assigned by reference to the!

n.m.r. spectra as described in'Chapter II.
Vo ‘
"\ Similarly treatment of pure (Z)—4 4-d1methy1 pent -2- en*

’1\53 with iodonium nitr ate a.fforded only one stereoisomerically pure
iodonitrate ‘ester 156 in 91.5% y1e1d together with the 1odopyr1d1nmm

mtrate 157 m 5~5% yield. No conformatxonal preference is 1mp11ed

by the sawhorse pro;ectron formulas )

-\

(CH4)3C CH ' (CH3)3C _

>:< 2 {1-2Py)*NO,"

<CH93

@

'T.h‘e n.m r. spectrum of 135 and 156 were qu1te distmct

a

mdxcatmg stereospec1f1c additwn of 1odonium mtrate to the above olefmsv.

(R

‘, The methme hydrogens of 135 absorbed at STMS (CDC13) 4.42. (d

95

- J-Z 75 Hz) 'and 4 8 (octet lH J 6 2 Hz dand 2 75 Hz), characteristlc

-

',of -CH- I and CH ONOZ methme hydrogens respectively wh11e those 5

--for 156 absorbed at STMS (CDCl )

('°¢t°t IH 21, SHZ and 6.15 Hz)’ reSPectxvely o e t

Joe

| i 5 E Zinc copper couple reductxon of iodonxtrate ester 135\111

._%"

I acetic*acxd afforded the iodohydrin436 in 29% y1e1d Treatment of

3 99(d 1H, J-l 5Hz),and4 93
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1odohydr1n ,L\ﬁ) w1th powdered potassium hydroxide in anhydrous éther’
£

gave the (E)-epox1de 158 in 70% y1eld whxch was 1dent1cal w1th the

authentic (D-epoxxde prepared in 68% yield by the oxidatjon of pure

(a

'(E_)-4.4-dxmethylpent-2-ene 152 with meta—chloroperbenzo1c acid in

rhethylene chloride.

KOH

c.  _H -
' o ‘ H“ ’ ;O; ’ ;CH3
H CH3 ) COBH ] - ‘(‘ . _. ‘ .
e Ty .

Since e_lec'ti-OphiIic epoxidation‘ of olefins by peracid's is‘

C . : ‘ 1
knowrx to be cis stereospecifiogo and smce zinc- copper couple hydro-
7 .

 génolysis g the mtr ate groupmg does not affect the conf1gurat1on at the

-carbon atom, then this proves that 135 has the erﬁhro configuratlon
and thereby the add1t1on of 1odomum mtrate to (E)-olefm is stereo- -
spec1f1ca11y tra.ns. . _ ]

‘ Smﬁilar treatment of 1odon1trate esterg56 W1t‘h zmc copper o

couple in acet1c ac1d for preparatxon of the iodohydrin 159 was unsatis -

'_,factory since no apprecxable amount of the desxred co Apound wa:s )

obtamed But xt was found that d11ut1on of the reac ixon n‘uxture with
an inert solvent such as penta.ne ga,ve the 1odohydrm 159 m 41% y1e1d

Treatment of 1odohydrm 159 w1th potassmm hydroxxde gave the (Z)-

. epoxide 160.- In thls case con51derable base catalyzed e11mmat10n of
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?

[

the iodohydrin to give ketone, 4 ,4-d§methy1pentan-2—6ne 161, accom-
panied ring cfl’o.sure to the epoxide /lig : An authentic s'ample.o.f Z)- -
epo~ide was synthesized by meta¥chlor6perbenzeic acid oxidation of

- (Z)~44 dimethylpent -2-ene in methylene chloride. | 7 ~/

These observatmns concluswely prove that todomtrate

, ester 156 has the threo conﬁguran\pn and therefore addftidn of iodonium |

CH3 Zn'cu - - ’
HOAc - KOH (CH3)3,CTCH$5F~CH3
Pentane | ST OI
‘(6H3)3C' ‘ ONO, (CH3)3_ el O
L . . v
156
N~
-

c.  ,CHy o o .
| o/, (cHye o %

Co K v g H . 0 'H o
o —CO;H . 160

e

nitrate to the (Z)-olefin is also stereo’specif'ically trans

The relatwe ease of trans d1splacementxof iodide from the |

erﬁhro 1odohydrm 136 to form epoxide 158 compared w1th the slow
i -formatmn of the @)—epomde 160 from the threo-lodohydrm 159 indlcat-es'
o .'preferred"cenforrﬁzfrgns 136A for the former a.nd 159A for the latter
’\J
_Whereas no ketone is formed from 136A 159A may" rotate with equal
fac111ty to two conformers ) ;_5\]; and 159C CQmparable in energy

givmg rise to 160 a.nd 161 in approxxmately equal prOpor(‘}on



~ : . /
(CH;)5C ! ' |
o — 158
-HI ~~
HO CHj; L
136 A .

~

Thus the addition of’ioddni'um nitrate to 4' 4"—dimetliy1pent-2'—

enes is. stereospec1f1c and reg1ospec1fic at least w1th regard to the 1odo-
'mtrate e_sters "The 1od0pyr1d1mum mtrate salts 137 and 157 although

clearly epimers (n m.,r. ) were produced m such Iow yxelds that it. was’

mconvement to ascertam the stereochem1stry 1n thxs part1cu1ar example .

;When the two but 2- -enes were used the relatwe yxelds of the pyr1d1n1um‘

-;salts were rnuch h1gher reflectmg the reduced sterxc hmdrance during :
‘the add1t10n ‘and perm1ttmg an examamatmn of then' stereochemxstry

CE)-But 2- ene 162 on reactmn thh iod,omum n1trate in chIoro-
. form pyrzdme produced the 1odon1trate ester} 163 and the 1odoa1ky1

' "pyridmlum mtrate 164 in 32% and 55% yxelds respectlvely, both

sl

98
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stereoisomerically pure. . The pOssibility that py}idinium salts such -

as 164 may arise from 1odon1trate esters such as }.L by d15p1acement |
of the mtrate by pyr1dme was d1scounted since 163 did not gwe any 164
under cond_,1t1ons u} whxch lgg is fqrmed even after 2'4’h. Treatment :
of 164 'wlith sodiium metﬂpxide in .me‘th‘enol at 50° for 24 h afforded the |

’

. single diastereomeric elimination product liSJ Sirhi]lér treatment

| 3>::—_< - @e2py)tnNo,”

150°

- of (Z).—but-Z-ene 166 withiodoniutn 'nitrate broduced the iodohitr‘ete estei-"
‘167 a.nd the correspondmg 1odopyr1d1n1um mtrate 168 stereospeciﬁcally _ 3
; in 32% and 54% y1e1ds respectwely Treatment of ;@ thh sodiurn
methox1de m refluxmg methanol for 48 1. gave the single dxastero ch RS
F< s zpy)+ NO,-
3—
166

H, .
>-:_:< o Na.OCH3

65° 48 h.
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| elimination product 169.

The conf1gurat10na1 a551gnments of - 165 and 169 were: made '

by n.m.r. spectros copy. It has been shOWn that in compounds of the

|

"~ type 170 the two methyl groups can couple and the magmtude “of this

/

CH,— CH=CX—CH, |
- 170 X‘-\Halogens, COOCH , N , ete.
- o ’N : - 3 3t

. h¢m _l_ylzc couphng constant depends on the relatxve conf1gurat1on of ‘-

1

two methyl groups » the trans- methyl groups showmg a Iarger

181

couplmg constant than the cis- methyl groups The methyl groups -

7

in compound 165 showed a couphng constant of 1 3 Hz wh11e those in

compound169 showed a couphng constant of 1. 7 Hz 'I‘hus 165 and 169

have the cls and trans confrguratzons' respectively. Smcefbase
. catalyzed e11m1nat1ons proceed stereospec1f1ca11y transls‘2 the form-~

. ation of 165 and 169 show that{the 1odoa'lky1 perdmmm n1trates ) 164 and

[

;gg, have the erythro and threo ' conf1gurat10ns respectxvely It is

n

also clear ‘that the 1odoa1ky1 mtrate e§ters and the 1odoa1ky1 pyr1d1n1um N

mtrates arise from the same mtermed1ate by nuCIEOphﬂrc attack by

. nitrate ion and pyr1d1ne resi)ectwely and that the products are formed |

under kinetlc control and that they do not 1nterconvert’to any apprec1-" |
The marked d1fference 1n/the relatwe ease of ehmlnatlon

of hydrogen 1od1de from 1odopyr1d1n1um salts 164 and 168 can be .‘

' accounted for from cons1derat1ons of conformatronal analysxs Of the

’three Qaggered conformatxons to be consmdered for the erzthro 1somer o

164 ; _conformer l64b mlght be predzcted to be the preferred conform- o

' atlon However the rapld trans e11m1natxon of hydrogen 1od1de even

PR )
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at room temperature suggests 51gn1f1cant contrlbutlon from conformatlon'
’1_2_4}, 1mp1y1ng a compensatmg attractwe force between gauche 1odo

and pyr1d1mum groups The eray crystallographlc study of N- ['2- | ,.
(2- methyl 3 1odo)buty1_] pyr1dm1um mtrate 28 shows the largest groups | J
1odo and pyr1d1n1um to be 81m11ar1y or1ented gauche to one another13s

s 3 .
_ HaSSner has reported that London attractwe forces between .

1cma11odo and az1de groups 1n 1od1ne az1de adducts sxmllarly favor an

H -

'adopt1on of gauche relatlve pos1t1ons for these groups : .183 C
. Y ) _— s
In the case of the threo, 1somer 168 the three éonformers

wird

_' to beé con51dered are }_6\89 c. For th1s 1somer the most stable conform-

; ation should be 168a in. accord thh the observatmn that base catalyzed

'i
P \
.



y
trans ehmmation of hydrogen 1od1de‘requ1res much more v1gorous

condxtmns than for 164 (1 e. sod1um methox1de in refluxmg methanol

for 48 h) and 1is still mcomplete The. attractwe ‘gauche iodo- pyr1dm- "

——

_ium mteractxon in 1\635 may reinforce the conformatxonal preference

Add1t10n of iodonium nitrate to(Z)—pent 2 -ene 171 in chloro- ‘

form- pyr1dme was regzoselectxve in the format;mn of the threo- 1odo—
mtrates L a.nd 25 in a ratio of 70; 30 and in a combmed yxeld of 67%
: The 1somer ratio ‘was determined from the n.m.r. spectrum wh1ch

showed 8 (4 1 (sextet 0 7H) and 4.33 (octet 0 3H) -

TMS (CDCl )

102"

correspondmg to two 1odomethme groups The correspondmg absorp- o

' __,‘txons for the two n1trato methme groups occured at §5. 15 (octet 0. 7H)
;and 64 81 (qumt 0 3 H) respectlvely ‘ .
"The threo 1odoa1ky1 pyndmxum salts formed in the above
",reactxon ‘was a reg1o 1somer1c mlxture of 26 andLl with the ant1-
s \Markovmkov product 26 predominatmg m.apprommately the same ratio

| ‘as for the 1odon1trate esters : Thls was ev;dent from the n.m, r.

spectrum of the product wh1ch showed two part1ally superm‘)posed

oo .
TMSE(CD ), so]
- not be determmed ‘ The latter was determxned by . base catalyzed

_~tr1p1ets at 6

$

o ehmmatmn of hydrogen 1od1de from the pyridmmm salts ;V_and 27 to P

\

o .,;the correspondmg vmyl pyr1dm1um salts 172 and l~ The 1somer

l

.:’rat1o was estahhshed by comparmg the n. m r 1ntens1t1es of the

Or'? 1. 2 although the exact ratio could o

'??*'i‘“fl methyl’ groups in 172 and 173, thch absorbed at. sTMs c(cna)zshnz- G

and at 51 42 as a doublet further splxt by homoallyhc coupling, A

Af»respect:vely in a. ratm of 73 27

2 84 as a smglet further spht by allylic and homoallyhc coupling Vo L
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B H CHCl3, Pyridine

Conc

'C}?sCI,{z 5

1713

The correspondmg reaCthn of 1odonium mtrate in chloro- el

. _.T;.;;'-form pyrxdine W1th (E)-pent 2 ene 174 s1m11ar1y ai'forded a mnﬂture of

. S . o T . R . - T T, ST L
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regioisomeric i;donitrate esters 175‘a‘hd" 1‘76 ih'a eomhined yiel'd'of
-53% and in a.ratxo of 69: 31 as determmed by comparmg the n.m.r.
intens1ty of the methyl alpha to the mtrato methme group in 175 w1th
the total 1ntens1ty of the methyl groups of the ethyl groups. The 1odo- ‘
'pyridlmum salt formed m th1s reactzon was a smgle regloxsomer 177

as clearly shown by the n.m.r. spectrum. ' _ o R

O;NO.

—

' ElectrOph1hc add1t1on of 1odon1um mtrate to 4- methylpent-

- 2- enes. represents a borderlme case in that add1t1on to. the CE:)_J.somer
L ’ k»
is 80% regloselectwe whxle add1t10n to the (Z)-lsomer is reg1oepec1f1c in

the formatlon of 1odon1trate esters The nucleOph1hc attack of the ‘-

larger pyr1dme 1s regxos‘pemfm w1th both 1somers as ev;qlenced by
_ &1 m.r. spectra From the(E)-momer 178 were obtained 1odo-" .
-nitrate esters 179 and ).&_Q in a combined y1e1d of 70% and 1odopyr1din1um .' 3

mtrate 181 in- a y1e1d of 1"5% The correspondmg ylelds of the
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regloalecifxc 1odon1trate ester ;L and the 1odppyr1d1n1um mtrate 184

from the(Z)—1somer 182 were 63% and 14% respectxvely

o <3 ono
(CHy),CH ~\_~" "2

: (CHif)?-C > NO, "
183 184

The greater sterlc bulk offered by the tert v-butyl group o 5
“in ?'& dlmethylhex 3-enes ensures reg1ospec1f;c antj- Markovnikov
: add1tlon:t 184 producmg the threo 1odonitrate ester 186 in 80% yxeld
from the/(Z)olefm 185 and the erﬁhro 1somer 189 in 55% yxeld,{rom
the(ﬂ-alkene 188 Only traces of- the correspondmg 1odopyr1dmmm

' salts 187 and- 190 were formed

v
17 N\u
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Addltlon of iodonium mtrate to(Z) and (E) 3- methylpent -2-

‘enes /l,i‘ and 192, although they do not contam especially bulky groups,

'
afforded exclusively the diastereomeric iodopyridinium mtrates 193

é.nd 315' in regioépecifisi and stereospécific adc;litioxis. " The reg.io't:he'mistry

: >*< Llwepyrnoy,

v




107

of the add1t1on was proven by the Asodiu‘m methoxxde catalyzed elimin-
'at:on of hydrogen iodide from 195 to form L the n.m.r. spectrurn
of whxch showed a clear ABB' pattern for the vmyl protons

_ Adchtmn of 1odon1um mtrate to(Z) and(E)-stxlbenes , }iz o

and 198 to form the 1odoa.1kyl pyndmmm mtrates . 199 and 200, is

also stereo$pec1f1c No 1odon1trate esters were formed m these
)

reactxon'si Base catalyzed trans ehmmatwn of hydrogen iodxde
B /’/
from. 199 and 200 gave the 1somer1c vmyl pynduuumxaalts 201 and .
" Ph_ /N -
200 .o 0 L
O 7_: . 'I’he trans stereospec1f1c1ty observed in 1odonium nxtrate :
D add1t1ons to (Z) and(E)~st11benes and to(ZJano (E)-3-methy1pent 2 enes
| \

can ‘be explamed as proceedmg through an 1odomum 1on such as 203 :—‘
for aryl’ substxtuted olefms. But 1t 1s also possxble to attrxbute th.is o
L.» specifxcxty to hmdrance of free rotation by the phenyl groups m an o

B 1ntermed1ate such as 204 - To ehmmate such a posmbxhty an addxtion

c'ai B T
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. ' n .
. , £ | H - Ph
H Ph TG B
>: - [ra2pyl™No,- | C=7"C
g | AA ‘ 3 - / \“‘-ft’, \
Ph | -pn 1T H
o Pyridine )
lih |
H-nth \ ° Pyridine .- 200
| R SR R S
'Ph | | o T ‘

204
P

N Y

to (Z)—Z-deuterostyrene 205 was performed “ Olefm 205 was prepared
from phenylacetylene by deuteration. and reductxon w1th d1s1amy1borane

-by the method reported by Hassner1 4

.. The styrene 205 contamed
>95% deutermm as determmed byn.m.r. and ‘mass Spectroscopy
-As 1n the case of the protium a_nalog the products were the 1odon1trate o

e ester}&é and a mixture of pyr1dm1um salts 201 and 208 208 ar1s1ng |

2
- ‘

‘ from spontaneous trans ehmmatmn of hydrogen 1od1de from ’2\0;1 O_n.., L

= izo'a’ Ph . H
L

@,

-tr'anbs'-eli_'min"aﬁti"’o' LT TR e T T Pt R
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trans proton

additions, unlike that formed in other pseudohaloge'n additions1 ’

:hydroxyl group attack to form three four five and six membered &

to the observed stereochemlstry of form

\ ’

2

treatment,aof the m1xture of pyr1d1n1um salts w1th potassxum carbonate

?-.Q.@ was produced.» The structure of 208 follows from comparu‘;on of

the nam.F. spectrum (vmylcsmglet at 66 43) w1th that of the prétium-

analog (vinyl AB quartet at £6.43 and 6.10, J=2.5 Hz). In su'ch

compounds the proton cis to the phenyl absorbs at lower field than the

104, o | |
Ry ;

Evidently, the'iqdonium ion implicated in iodonium nitrate

104,96,

Y

has suffxcxent free cation character , €. g 194B to perm1t nucleoph111c

attack desp1te 1ncreased ster1c hmdrance and to perm1t ne1ghbormg

4

o

cychc ethers It also has» _suff1c.1ent stability through- the bridged
form % to ensure its stereochemlcal integrity is mamtamed leadmg

~

iqn of e.g. ,1-2_5, and 1ts_'

-
d1astereome,r , and of 2'07 It appears t

1odon1um ion should be represented by the unsymmetrlcall} br1dged

refore that the intermediate

,spec1es 194A with contr1but10n from.the free cationic form 194B.

A

. 109

Al

a



& o ) CHAPTER V

- Kinetics and Energetlc.s of the Addition of Iodonium Nitrate

" to Unsaturated Systems,

In Chapter ITI, we have seen that addition of iodonium
/ -
nitrate in both chloroform pyrldme and chloroform sym-collidine to

su1table olefinic substrates g1ves cychzed and/or. add1t1on products
R

depending upon- the’ structure of the substrate. 'l‘h1s, result 51gn1f1es

, neighboring'_group participation in contrast to the known chernistry

‘ ’ of iodine' isocyanateg6 and 1od1ne azide 9. Also, addition of 1odon1um
; R )
mtrate to cyclohex 2- en- l-0l and cYclohept -2-en-1-o0l g1ves products

_/

derived from mtermed1ate 1odon1um ions wh1ch are formed cxs to the

hydroxyl gro,up, s1gn1fy1ng some compensating mteractmn between
~ o
the 1od1ne and hydroxyl group 7 On-'the other hand addltlon of iodomum :

A

" nitrate to-cy‘clooct-2~e.n-l-ol results in a'pro'duct derived from an
A ¢
. 1odon1um ion wh1ch is formed frans to the hydroxyl group 1nd1cat1ng

that ster1c hmdrance by the hydroxyl group for the approach of the

, electrophxle is the overr1d1ng factor The results w1th' these cychc
s

olef1n1c alcohols ‘are in agreement with the observed stereochem1stry

O

-4 of epox1dat10n of these COmpounds

A companson of the relatlve y161d$ of 1odon1tr ate esters

Ao Ty

and 1odopyr1d1n1um salts for olefinic’ alcoWnd alkenes of comparable.j

.'-"r‘t yert o

' structure (Table 3) revea],s that in. general mtroductmn of a[ hydroxy

£ :the 1odo-/

functl,on results in a marked mcrease in the proportlon, :
s ')
pyrldmlum-salt relat1ve to th‘at.of the 1odomtrate Th1s suggests that
. / : N
.- the hydroxy functlon contrlbutes to the' 1ncreased stabilxzatmn of the

'v1ntermed1ate 1odon1um ion rather than to 1ts mductwe destab1hzat1on. _



Table 3 "'
o . I Rei]ative Yields
 Substrate o o _Iodonitrat;Ss Pyridinium salts

3 CZHS CH(OH)-CH, -CH=CH, _ ' 1 : 2.0

CH, (OH)-CH,-CH=CH, | T )
n-Bu-CH:=CH, S O

" Cyclohex-2-en-1-ol - | 1 . 04805

. Cyclohexene . 1 ;0 0.66

. ’ » )

C3IC10pént;2-enfl -ol | v 1 : 0.423

Cyclopentene L - B : 0..1‘7 .
~ ‘Cyclohept-2-en=1-6l - P : 0.593
"Cy’clohepte'ne - L _ 1y ' 0.169

Cyclooct-2-ern-=1-o0l - -'60_%. o R

' Cycloattene _ o : ol | .;t : 6.0696 =

3 )\

. v Iodomum n1trate 11ke other typxcal pseudohalogens has all

he character1st1cs of an electrophlhc reagent whlch is. cons1stent w1th
r . ~ S
~ the quahtatwe observat1on that/lectron donatmg groups fac111tate )

‘ ' |/
the reactlon whxle electron w1thdrawmg groups cons1d’erab1y retard

_'-1t or even arrest 1t But 1odomum mtr ate dlffers from the other



pseudohalogens in that in this reagent the iodine is complexed to two ,
pyridine groups through nitrogen. The effect of this complexation

. “ ) - ‘4 N .

may alter its relative electrophilicity compared to other iodine

- containing pseudohalogens such as igdine isocyanate, iodine chloride

etc. .,'.‘depe‘nding upon the'electlronic and steri’ic'.‘environfflents in"the
Qle,finic substrate. R |
We undertook an erctensrve kinetic study of the add1t1on of
‘iodonjum nitrate to olefins of varymg nucleophilic cha}'acter w1th a
view to obtamlng evidence for nelghboring group part1c1patgon and

thermodynamic parameters. - .
° T + ) ) a . ’
. Estimation of Iodonium Nitrate,

o~ - " - >

- —

Al

: As in the case of other positive hal‘ogen containing compounds,

_1odon1um nitrate.can be est1mated by the 1odometr1c method . But

LY

'urrfortunately we could not make use of thls method for k1net1c purposes

- since many of the addu,cts ‘eas_lly 'g-enerate 1odine W1th_,'pota,ss1um fodide

3
: . ' . e e b 3 L
in tthresence of* acet1c~ acid, AT : . E e

Sw/ern and coworkers used the gas chromatographm method

»

- to follow: the dlsappear ance of olefm in the: add1t1on of 1od1ne 1socyanate9?.

This method was not apphcable for 1odon1um nitrate addltlons since

.the reidction m;xture contams soluble noﬁvolanle 1odoa1ky1 pyr1d1n1um '
salts. Co- R : o .' N
- ) ' : ' : o .
Attempts to follow the k1net1c.s by s’tudymg the rate of

J

format1on of the products by means. of h1gh pressure 11qu1d chromato— -
graphy were not successful ' It was found that the products can be '

| 4detected (after deatroymg the 1odon1um n1trate thh sodmm thlosulfate
o and then drymg the solutlon w1th molecular s1eves) but 1t requlres "

' la solvent of low polar1ty such as hexane Under these condxtxons the ;,'

]
Lo



L

B

urirea_cted olefin eluted with chloroform ‘But the iodopyridinlurh salt

rerhaihed on the column, thus buxldmg up the pressure + Elution of

_ the pyrldlmum salt requlres a solvent of high polarxty such as aceto-

. nitrile and methanol. _Again no quantitative correlatioh was found
.Smce pos1t1ve halogens can be reduded w1th sod‘xum th1o-

sulfate or sodxum b15ulf1te we examined\the apol1cab111ty of th1s

method for the est1mat1on of 1odon1um n1trate We found that -1odonium

nitrate-can be estimated 'qua‘ntitat‘ively with thiosulfate. ~ This gave

v

values compar'able with those obtained hy thé iodometric method The‘ .

probable reaction may be formulated as: ;

The method 1s as follows

113

A known volume of 1odon1um n1trate solut1on m chloroform—’ o

pyr1d1ne (70:30) is thoroughly shaken W1th an excess of a known volume

7 of_standar-d so'dmm thiosulfate solutmfn. _' The ‘co_m‘pyletlor_l of the reaction_

. 3
. X

betweén'sbdium thiosulfate'.and iodonium nit'rate is ih’dic’ated bv'the '
Y

change in color of the 1odon1um mtrate solutxonfrom 11ght yellow to.

: " ccﬂorless (ca 15 20. sec ) The excess of sod1um thlosulfate ig then L

I

determmed by t1trat10n thh standard iodine solutxoh usmg starch as

the indicator. The titre values were qu1te reprodu ceable W1thm

‘e;"cper-i‘rhental l1m1ts The end pomt 1s 1nd1cated by the f1rst appear-_ FR

"ance’ of the blue color It'was. f'ound that the color faded gradually. s

-

In some add1t1ons f where cychzatmn (e g pent 4 en 1 - 01

‘hex 5 en- 1 ol) or rearrangement (e g nhrbornyle e) occurs ,- "

| LPerdmxu’m mtrate (Py HNO3) is-an addltlonal product in the reactmn. -

S E

To. perform kmetm measurements on such compounds ’ 1t was necess-

ary to determme whether the pyr1dm1um n1trate w111 mterfere with the e



-
by

-estimation of iodonium ‘nitrate by the method ,desjcrfibed above. It was -

found that the titre values were unchanged in the presence of added

pyridinium nitrate.

‘Preparation of Iodonium Nitrate-'Pyridine_ Complex for Kinetic Studies.
! A solution of iodonium hitrate in chloroform-pyridine was
prepared in the usual way (see experimental section).  The solution

was poured into an excess of anhydrous ether W1th st1rr1ng The

prec1p1tated solid was collected and Washed several times w1th ether.
The product was recrystalhzed several t1mes from anhydrous aceto-

‘\

n1tr11e or acetomtmle-ether It was not posmble to remove all s1lVer

salts from the cof’nplex because of the:r solublhty m acetomtmle ~ An

. ‘apprommate purlty of 95% was ach1eved by th1s method
The presence of sﬂver salts was- shown not to interfere’
‘W1th the reaction by studymg kmehcs w1th samples of complex conta.m-

s

: '1ng dxfferent amounts of sglver salts

_ St01ch1'ometry of. the Reaction o . PP . - 'f .;'
The: sto1ch1ometry of the react1on was shown to be l ,l by '

allowmg a known gxcess of 1odon1um n1trate m chloroform pyndme

o to react w1th a known amount of cyclohexene to col’npletmn and then -

. .- D N
_ determmmg the’ excess of 1odon1um mtrate by the method descr1bed
above. ot , : , U o

~ Kinetic Measu‘rements o S e

All k1net1c stud1es were. done m chloroform pyr1d1ne :

(70 30 v/v) at temperatures between —20 5 to 45 C Chloroform and

[

-pyridme were freshly dxstxlled All-olefrmc;substr'ates:‘we_x'f-e, fractionle

114

X ~ally. d1st1lled before use _Pur1t1e\s,;.'w-e're deterﬂmin_ed-by gas chromato- T

"'

‘,jlgraphxc studles U _ i'_'.' e . S R IR ST



A

The progrelss of the reaction \a"as followlked by the rate of
dl.sappearance of 1odon1um n1trate An accurately \wexghed amount of
" olefin was made up to 50. ml w1th chloroform pyrldllpe (70: 30) at the
temperature at wh1ch kinétic measurements wqre m‘lde The olefm -
solut1on and the 1odon1urn nltrate solutlon (50 ml)- wer\e equlhbrated

: _at the des1red temperature The two solutﬂons were \mxxed thoroughly

5 ml port1ons of t,he reactxon nﬁxxture were w1th/drawn et intervals and

o the unreacted 1odon1um rutrate was est1mated by the method descr1bed

v l
before. Whenever poss1ble the k1net1cs were followed up to 80 85%

of the react1on except at very Tow temperatures w%ere they were

-followed up to 50-60%." - o ._ \
: -\ In all the kmet1c runs a sl1ght excess (10 25%) of 1odon1um

.'mtrate w\as used The 1n1t1al concentratmn -of 1odomurh mtrate was o

— .

: determmed by t1trat1ng 5 ml of the stock solut1on This was checked

by t1tratmg a sam/ple after complet1on of the reaétlon. Goo_d agree: .

Ly

e .ment was observed withm expenmental error g

' e A typlcal kinetxc run may be reﬁresented as follows

o S

Time (min.)- 5 10 20 - ‘370; 40 - 50 60 8ob ‘idof.‘ 120 .

. . \ :1'

: ‘IZ ex ssthm— S o ' . o '
“sulfRe(mls) , 13285 545 7899119136’164188207

. From the data the concentratmn of 1odon1um~mtrate at: any
~ \ B

115

o ‘. t1me can bé calculated Smce the dxfference m the 1n1t1al concentratmrs

of 1odon1um mtrate and olefm is known the concentratlon of olefm at
- va.ny tlme follows. P ' : . e /t

.‘( .

The second Order rate constmts for the add1t1on of 1odon1um

| fDetermmahon of Rate Constants

--mtrate to various: olef1mc substrates were determmed by plotting log P .




)
: °b " Ca .

P - » where

. o :

. ' c,a %
o ... C N - o

c_ = initial toncentration of iodonium nitrate
cp = initial concentration of olefin . .

C, and cy, are concentrations of iodonium nitrate and olefin respectively ‘

.'.at any glven t1me
. . o .
Good second order. plots (stra1ght 11nes) were obtamed up

‘to about 80 85% of the reactxon

/., 'k-Slope- -

(I:'a - Cb-

i f :
. X . . -

u_Res_n_lts and Discnssion.- '
Flgures 2 and '3 represent selected typ1ca1 standard and

. -wexghted least squares plots for the determmatmn of second order "

_rate constants for the add1t10n df 10don1um n1trate to varrous olefms

The second order rate constants at OOC for the reactlon o

" of 1odon1um mtrate w1th a few cychc olefms and the correspondmg .-_:-.
'.;olefrmc alcohols (hydroxy group on the - carbon atom) along w1th
. the1r concentratmns are g1ven in TabIe 4, For the monocychc :

: olefms the order of 1ncreasmg rate of react1on 1s cyclooctene <
: ¢

. cycloheptene< cyclohexene <cyclopentene Norbornad1ene 1s

116

approx1mate1y 2 5 t1mes as react1ve as norbornylene towards 1odon1um

h ‘mtrate Although nor,bornadlene may be expected to be tw1ce as

;reactweras norbornylene for stat1st1ca1 reasons the overall enhance—»

'f‘vment of rate by 2 5 trmes may be attrxbuted to ne1ghboring - bond oA
‘.part1c1pat10n , R !*- : e e

The effect of an ot hydroxy group in the monocychc olefmic

_'systems on: the rate of reactmn 1s also evxdent In the five s1x and
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1ERROR '« 0.
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Plot of log P agamst t1me (sec ). for the addltlon

_of iodonium nitrate to.cyelooct-2-en-1- ol at’ 37°C
- in 70% chloroform a,nd 30% pyr:dme L

I E
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B

' show that the hydroxy gnoup has the oppOS1te effect on the reactmn rate

-

+
[l

3 . 1 . '
seven membered cyclic systems, the alcohols are more reactive than

the corresponding olefins. ~ Thus cyclohéx-2-en-1-ol is 1.5 times as
reactive as cyclohexene, 'cycthept-Z—en—l-ol 2,25 times a's r‘e'active ’

. as cycloheptene, and cyclopent 2-en-1-ol 1 4 t1mes as reactlve Ias

cyclopentene. Smce in cyclohex 2-en-1- ol the 1odon1um ion is formed
cis to the hydroxy group whereas m cyclohexene both sides of the
unsaturated centre are avazlable for electrophilic attack, the ab'ove

result md1cates a rate enhancement by a factor of three in sp1te of

- the’ 1nduct1ve electron W1thdrawal by the hydroxy group On the same |

-

grounds the rate enhancement for cyclohept -2- en 1 ol by a factor’ of
4 5 compared to cycloheptene indicates that the: maJor reaction path-
way for thlS part1cu1ar olef1n1c alcohol i$ through an 1ntermed1ate .
1oddn1um ion which is formed c1s to the hydroxy group Slrﬁlarly a
‘rate enhancemént by a factor of 2. 8 for cyclopent 2-én- 1 ol compared
to cyclopentene and the fact that cyclopent 2-en-1- ol glves .only one
dlastereomerxc 1odon1trate ester and 1odopyr1dm1um n1trate suggest

that the 1odon1u+ ion. may be formed c1s to the hydroxy ‘group

120

S

/ -

The rate constants for cyclooctene and cyclooct 2 -en- ] ol R

-~

Th1s may 1nd1cate that ster1c h1ndrance and/or 1nduct1ve electron
w1thdrawa1 by the hydrpxy group to the approach of the electrophlle

are the overr1d1ng factors and that the 1odon1um 10n may be £ormed

trans to the hydroxy group

)(.“..

Table 5 summanzes the second"order rate constants at 0°

for a few 11near olefn'uc alcohols of var.’:.-l

s

ion pattern The value for hex l ene 1s mcluded for comparlson,

. smce there is expected to be very 11tt1e va,rxatxon in rate constants )

A

g cham lengths and subst1tut~ S k
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along the series propene to hex-1-ene in electrophilic addition

reactionsl47. - ' . Yo

The order of decreasmg reactxvxty for the l1near unsub-

' st1tuted olefinic alcohols is allyl alcohol> but-3-en- 1 ol > pent- -4. en- .
1-0l > hex-S-en-l—ol. The rate constant for hex’-S-en-l -ol is

B comparable with that for hex—l -ene indicating: that the hydroxy group

does not have - -any profound mfluence on the react1or1 rate when 1t is’

~

fax removed frorn the react1on centre The rate constants for the

N

_other three olef1n1c alcohols show that the stab111zat1on of the inter -

e

: rnedlate iodonium ion by the hydroxyr group 1s maxlmum when 1t is.
alpha ‘to the olef1n1c centre and that the effect decreases as the d1stance_' ’
betWeen the hydroxy group and the olef1n1c center increases,

Compar1son of the rate constants for allyl alcohol and
j

} 'hex 1 -en-3-ol ShOWS that 1ntroduct1on of an alkyl ,group on the hydroxy
-bearmg carbon atom does ‘not have any s1gn1f1cant effect on the reactlon |

_:rate. " The small decrease in rate for hex-1- -en- 3 01 may 51gn1fy

- &.z

f'.'sterlc h1ndrance by the alkyl group to the approach of the eIectrophlle

.:_Th1s ster1c hmdrance by alkyl groups is more pronounced in 3 3-di-
'methyl but 1 -ene wh1ch is, less reactxve than hex- 1 -ene.

“The fac111tat1ng effect on the reactmn rate by alkyl substltut-A N
. 2y : .
ents on the olef1n1c carbon atom is evxdent from a comparlson of the

Ca

‘rrate constant for. but 3- -en- I- ol w1th those for Z hex 3 en 1 ol and
3 methylbut 3 eﬁ*l ol ' Subst1tut10n of one hydrogen of the termmal

8

o olefxmc carbon atom in but 3 en 1 01 W1th an ethyl group results ina | W

'5 6 fold mcrease in the reaction rate. A S1mi1ar (5 3 fold) enhance-l N
: ment 1s also observed when'the ncm termmal olefzmc carhpn ‘atpm SR

]carnes a, methyl group as m 3- methYlbut 3 en- 1 ol f',' ; -”"n;‘ |

v'44.“
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" The above kinetic studies show that in monocyclic mono- -

olefin systems, intreduction ol' a '-Hydroxy group on-the carbon atom
alpha to the olefinic center results in a rate enhancement if the iodonium
ion is forrned cis to the hydroxy group as in cyclohexenol and cyclohepten-.
ol and in a decrease in rate 1f the 1odomum ion is formed trans to the ,

: hydroxy group »as seems to be the case for cyclooctenol . Also, in the
case of olefinic alcohols -of the type CHZ CHZ (CHZ)n OH the rate
decreases as n lncreases whereas for brom1nat1on in methanol water,

acet_xc acid and trifluoro,acet_ic acid and for iodination in water the revers‘e

4137b,147

’

“has been observe The drastlcally reduced extent of hydroxy A
part1c1pat1on for: %’rommatmn in tr1f1uoroacet1c ac1drsolvent has been

' attr1buted to hydrogen bondmg between the’ solvent and the hydroxy
—subst1tutent which reduces it nucleoph111c1ty and hence its effectweness

as a neighbormg group147:. The results for add1t1on of bromme, 1od1ne
and 1odomum n1trate are summar1zed in Table*b Therefore 1t'was of

' mterest to determme the Arrhemus parameters for the addltxon of
1odon1um mtrate to the above olefamc alcohols to examme energetm and

' entr»opuc effects on the addltlons. ' | -

| The second order rate constants for the add1t1on of 1odon1um

n1trate in 70% chloroform and 30% pyrldme to vanous olefins and olefinic

: alcohols are summanzed in Tables 7 15 The mcrease 1n reactmn B

E rate w1th mcreasmg temperature is- ev1dent from the tables ' Although

cyclohept 2 en-1- ol is 1ess react1ve than cyclohc’ax 2 -en- l ogét 0. C

' and below , cross over takes place at about 10 C

v,
-
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Table 7 .

Second Order Rate Coﬁstaﬁts for the Addition of Iodonium Nitrate to
chlohéxene in 70% Chloroform and '30% Pyridine, k (liter mole ! -se'c'l‘l)_.
Temperature - Conc of - Conc. of L kx

’ [I ZPYJ+ NO3- Olefm e U
o -i
(@), v (mole liter-l) (mole liter ~") A A o

‘_;zo - ._o.b@jbof “ 0.05021. k. 1*53:0.'077' x 1074
© =13 '. .0.'0,6‘25'0 0.0'50284 B 13210 005 -x 10
Yo 0.07770 . 0.04897 7 078+0 115 x 107

1.5 0.01650 . . -0.01539 . 2.415£0.02 x 10

O

23 0.01765. 0.01529 - 6.452 £0.111 x 10

'.Tabie_s S S

P

Second Order Rate Constants for the Addltmn -of- Iodomum Nxtrate to

Cyclohex 2 en- l ol in 70% Chloroform and 30% Pyrzdme, ‘

k (hter mole~1 Asechl)

..,I‘emperature a Conc. of _ _.Conc of" o k -
o [g' ZPy]+ NO3' © - Olefin . BN R ) R
{C) 3 (mof’e 11ter 1) (mole 11ter R IR e

20 0.,0_51'.30‘ o ,0..0‘481_9__- 9 636 011 x 1074
115 £ 0.06250 ©  0.04085 - 2 014130, 029 x 10'3

0 0.04462 ;.-0.0‘40:54‘_@ 1 169 +o 011 x,: 10
147 70.01650 - 0.01461 3.736. 10. 086 x 10 2
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‘Temperature

\/

‘Table 9

g Second Order Rate Constants for the Add1t1on of Iodomum N1trate to

k(o

-20

w117

‘0

23

C)’

Cycloheptene in 70% Chloroform and 30% Pyr1d1ne, -

5

. Table 10

 k (liter mole -1 sé -1) '
~ Conc. of . ‘Cone. of k
[.1.2Py3*,N0'3‘}' - Olefin |
“(mole liter~*) (mole liter~*)
10.06760-°  ".0.05595 " 4.047 £0.044 x 10°%
0. 06690: . 0.05270 1.263 £0.041 x 1073
0.04184 0.04102 - 4.241 £0.039 x 1073
0.01765 0.01551 ,3.386%0.07  x 1072
A . . ) | . . . -
< ~

Cyclohept 2- -en- 1 ol in 70% Chloroform and 30% Pyr1d1ne

o .

o C):{.

20

.13

/15,

" Temperature

k (11ter mole'1 ec_"l); :

' Conc. of

[12pﬂ+No3””"

(mole liter l)

5b,05136g.
0.06250 -
0,04929,
0.01650 "

.o

‘C.C‘)n(‘.; of
Olefin -
(mole liter .

 ’0.04556"

%;momm§ j

0.01358

,'p o3937j;n‘

jf;7 295 +o 065 x’
%

':1 823 9, 01z x

-1)‘;; _,--*~

\

9501*027'x

s, 559 *o 096 x

K Second Order Rate’ Constants for the Add1t1on of Iodomum N1trate to

To 4r,' o
1073
10"3,;

126

10'& Lo



o T 4ble 11

. Second Order Rate Constants fér the Addltxon of Iodomum N1trate to

P

Cyclooctene in 70% Chloroform and 30% Pyrldlne
| -1

I k(hter mole -1 sec

'Terrxpera.t.‘ure ~ Conc, of
_ [IZPﬂ*NO
(°C) - .~ (mole liter 1)

22 0.05260
. .

28.3 10,03509- N

35.0 . .0, 02105

42.2 o 01983_@

s \‘ggy' |

3.

Second Order Rate Constants for the Addltlon of Iodomum N1trate to

2 Taib.,1e 12 -

Conc. of '

‘Olefin

(mole liter

1y

0.04742

# Lo
0.02985
AN ST
0.01873 -

" 0.01688

/-

. 1.462 0. 019 x . 10°

\

- 3 9la+o 015 x 10'3
-3

6. 680-#0 06 g 1o_
22

2.52510.054 x 1072

Cyclooct 2-en-1- ol in 70% Chloroform and 30% Pyr1d1ne, o

" ‘ k (hter
L i
' 'Temperature - Conc. of

[1-2Py)*NO;3

( C) (mole liter~ 1) (mole hter

.2'2, L ‘Q.078’9Q -

.\“

3037 0.05975 | -

37T L 0.049927

a5 0.04819-

D \ O . - -
g o‘-o-707o,'--

mole

Conc of
Olefm

0. 05098

.l'f '-,‘1).

;o o3761-f'

\

f,-»o{03829'f‘f

1 3.811% ’o r0-66" x. 10:

P

127

-.-31 199+o 069 x. 1o‘~'3*7':
igz 300 o 009 x ,}Q'3"f-.'~' :

»_.‘5.1463 £0.02° x 10'3'5-,'ff';-?‘?'
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T Table 13

[

Second Order Rate .C_onstahts for the Addition of Todonium Niti"ate td_. |
/. Allyl Alcohol in 70% Chloroform and 30% Pyridine,

T S ' .k (liter ‘mole ! secrl').

. Temperature  Conc. of "~ Conc. of . - .. k
' [I-2Py)*NO,;”- - Olefin a .
1o .. MEASETI - Olefin
( C)v . (mole liter ™) , (mole liter hy .
-20.5 .0 ’0.0511'5_. 0.04067' | _1.'097__5_'0'.'0}12_}‘ 10"-3 »
.12 . 0.04436 0.04053 3.02040.035 x 10°
0. .7 0.07770  0.04735 . 9.042£0.17, X 10"-'3;

14,7 - 0.02226"-  0.01744. ° 4.826+0.041 x 1072

Table 14

Second Order Rate Constants for the Addxtlon of Iodonium N1trate to’

~

) "

But 3 en- 1- ol in. 70% Chlorofd’rm and 30% Pyr1d1ne L

k (l,uf‘er mdle '1'-é_e_c'l) S e

v Temperature " Conc’. of - Conf; of . k :
(1 zpyJ+No3 SOlefin o T
: j(»o__C)"’;" o (mole 11ter 1) (mole liter 1) e : _‘-//"_~ RO

+

2005 -  ":-" .(":-'05'1_15  ;0'-1’.040'35_ 6 673 +o 07 x 1070

-

Otz ;;.'0104450 T 0/04136 1. 685 +o 016 x 1073

e o 02226',{"? 0 0,01914 . ',72.'638,;10.‘0'1'9,{ x 1072
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) N S N T

" Table 15 S
. - . . . Y
Second Order Rate Constants for the Addltxon of Iodonlum N:trate ‘to
" Pent- 4 en- l ol. in. 70% Chloroform and 30% Pyrzdlne,
~ f ' o k (11ter mole ;Tsec-"l). |
. . & ,\ — T g
'l‘empe,ra(ture _ Conc. of- A *'Conc; of : o ok -
SR [1- 2Py]’NO3 © . Olefin = T
-~ (7¢) - (mole liter "~ 1) (mole“iiter":l) e T
RN U o T A 4
. =20.5 O_.Q514.§ . -.'0.04059 - 3.393 +0 '04‘5 x 10 .
 .13.5 -.*o.QS_OéO'-, . 0.04D52 . 573+o 05 x 10'4 ‘
S0 e 0.92226 -, 0.01742 . - 3 979 *’0 025 x 10 o
143 002302 . ol01697 g 067 +o 02 x. 10‘2
For t\he de\termmat1on~of act:vatzon parameters , both lbg k :
b ‘and log—;‘—(- were plotted agamst'— \ Th1s gave good Arrhemus type

- 7”’.-_ plots Representatlve examples of standard and welghted least squares

plot are g1ven 1rr F1gures 4 and 5

o )\ o Table 16 summarzzes the calculatéd act1vat1on parameters T

"‘ for the add1t1on of 1odonium mtrate to vardous olefms and olefxmc
iy i alcohols The E and AH Values agree closely w1th those ohtamed

by Kharasch and Orr185 for the add1t1on of 2 4 dmltrobenzenesulfelnyl

chlorlde to vaa‘mus paf substxtuted styxenes in acetlc ac1d whereas

¥

they are. larger than those obtamed for the addxtmn of bromme nﬁ

acet1c ac1d to varxous para substltuted styrenes ;.- The E Values
C are also larger than those for the add1t1on of mdme in hexane to cyclo-_-_' e

hexene (5 3 Kcal mole 1) and for the addl}wn of iodme monobromide to
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A ‘n»‘

P .. Lo

-

L ‘\ RO . .
" Plot of log k agamst l/T for the add1t10n of
iodonium nitrate to. cyclohept 2-eén<1- ol in’

L 70% chloroform and 30% pyrldme. .

- 0023881 . o
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0.207837° )
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4

-LOG (K/Ti
L1140
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e
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(513.00

F1gure 5

UO .

7

3.0, - 3,60 - 3,700 ", .3.80 - ~3.90

L
T
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' Plot of log k/T aga_mst I/T for the add1t1on/of
1odomum ‘nitrate to cyclohept “2-en- 1 ol in 70%
chloroform and 30% pyr1dme .
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"I‘a_blae 16
. . . . .h / .- -~ A . . . ‘\\' - ‘ . i
Activation Parameters for the Addition of Iodonium Nitrate in 70%
. }‘ B O B . . N .

Chloroform and 30% Pygidine. * - S

\ - . e

- .
:'Subsi‘:rat‘e : - E; S . -asY \ ' AH* }
“ . . - (Kcalmole™Y (entropy units) (Kcal moie~))
‘Cy,‘clo‘hexe.n‘é o ' 1'6.‘8_9 0.6 - 9,554¢ 0;'566 16,13 ¢ 0;6'.1 = o "
' Cyclohex-2-en-1-0l . 15.9241.39 - 8.486+1.075\ 16.19# 1.3
" v' ,. . N . v ‘ | R ‘A" :'v./‘" . : o N v-» .v‘ K . G
~ 'Cycloheptene .~ 15.20%0.42 -16.01 *1,033 14,56 *0.54 - -
© Cyclohept-2-em:1-ol  17.93%0,16 - - 3.877$0.047 = 17.40,40.14 .~
N yclooctene | 17:5220.89 -12.45 $L0S5 16.8720.80
Cyclooc‘t'-‘Z'-en—vlj‘-oli S '2‘1'.36!0.9‘ '-_‘_‘3v';68‘.".1>id.‘2'5 : 20 82-*—0,89 R

Allyl Alcohol . < 15.3120,777 -13.34 $1.03. 14,78 0.7 . ..

R
O
A}

  1’ "But-3-en:1-61" .+ 15.6020.49  -13,157%0.71 | 115,07+0.49 =~ = . -

Pent:4-en-l-ol . 17.14%0.38 -"8.48 *0.30 .. 16.61%0.,36.

PN

A

. \l v ' ’ ‘, . R o . . : .- . N ‘..‘ ':’ . -‘.\' - . : : ... A‘ . N ’




| Ffthe same conclus1on. The small negatxve values ofrAS*;or the

t

vcyclohexen_e in canbon tetrachloride (8.2 l{cal mole'l)la.*s-?‘. "'O.n thev.

other hand .the A‘Si val’ues' are com"par.atively low for»th‘e add'ition of

o 1odon1tlm n1trate than for the add1t10n of sulfenyl chlonde or bromme
..: This may mdlcate that in th;s b1molecular reactlom, there is no. large .

increase in' olar1t m-thetrans t1on. state com ared tothe reactan s.-
P Yy 1

B T}ns is not unexpected smce the reactmg pseudohalogen 1tSelf is

Na

-cons’iderably polanzed as [I ZPy]*NO3

N

“ The Ea andAH* values for the six and seven membered -

N 2
i

| cycloalkenes and the correspondmg alcohols are sxm1lar But 1t is

, apparent frOm the values for cycloheptene and cyclohept 2-en- 1 ol that |
L - i 2 ‘

. ‘the alcohol requ1r es h1gher activation energy and heat of act1vat1on

for 1t to react wf’th 1odon1um n1trate Th1s 1s more pronounced in- o

- .'cyclooctene and cyclooct 2 en l ol therlatter reqmres 2 much

h1gher energy and heat of actlvatxon TheAS’F values also lead to g

RN
- . ‘

= alcohols compared to those for the correspo‘ndmg olefms may suggest

n

that the trans1t1on state can‘e reached only w1th d1ff1cu1ty

SRRy : For the hnear olef1n14c alcohols the Ez and AH 3 values

- mcrease stead11y from allyl alcohol to pent 4 enr—l ol whereas the

AS* values show a tendency to become less negat1ve w This may
quggest that the tran81t1on state for allyl alcohol 15 more favored both ::‘ K
. energet1cally and entroplcally than thoae for 1ts h1gher homologues

Th1s sxgn1f1es cons;derable stab111zat1on of the mtermedlate 1odon1um o

e o

,1on by the ne1ghbormg hydroxy group ' Thxs enhanced stab1hzat1on : ) ‘
afforcled the 1odon1um 1on by the hydroxy group can be env1saged 1n a. B

o

number of ways, , part1c1pat10n to carbon 209 part1c1pat1on to 1od1ne @

210 ) or part1c1pat1on to the shghtly pos1t1vely charged pyridme mtrogen

. aoarm LN - . . . N

133
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&

which may be still attached to.the  iodine in the transition sfate 211,

‘}I\ o H';O"“‘ff';lt :
4 .’" ‘ _ \ . I ','+ N o IR
~CH———CH:—‘:—‘CH—— © —CH—CH==CH— ..

Ol
H

S

. Smce no such 1nteract10n to carbon or. halogen has been observed in -~

Athe 1od1nat1on and brommatmn of allyl alcohol T the part1c1pat1on ‘
‘ may be to the n1trogen as in 211 o -f‘ Lo

It was also observed that pent 4 en l ol tmth 1odon1um -

- mtrate gzves a substantml amount of cyclized product Hex 5 -en - 1 ol |

: 'behaved 51mllarly, although to ar leSSer extent : ThlS result s1gn1f1es E
consxderable part1c1pat1on to the carbon by the hydroxy group in- the

' transxtmn state 212 So 1t 1s reasonable to assume that in allyl

CH “-?-ll CH '_ 'CHZ :

et

: fa'1"<f_:oha1; and but-3-en-I-ol, the hydroxy group stabiliz es the g.ifb&éniuim R



, he'x—NS-en'-l -ol, the -stabilization is by'participation to carbon.

‘entropi

135

/’
.
P

“ion by participation to Initr‘o‘gen » whereas in pent-4-en-1-ol and

In the - L

latter two_*co_mpbund_s participation to nitrogen will be unfavorable 4

- .
) i3
o ." . i
K K S
SRR . S
’ : B t.‘.‘\"_’ i -
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chcmlcal and regmchermcal outcome in these react1ons were explamed

_CHAPTER VI \

+ Addition of Bromonium Nitrate to Unsaturated Systems. .

~So far we have seen the reactzons of 1odomum mtrate with
unsaturated substrates of .various types and structures and also the

effect of neéghbormg groups in the. add1t1on reactlon The stereo-

&

WY

by assummg the formatlon of an mtermed1ate 10don1um ion,
Hassner @nd co- workerslp4 have’ compared the react1v1t1es '

ot 1od1ne azide and brorreme az1de and found that the former reacted

excluswely by an 1on1c pathway mvolvmg a bridged 1odon1um 1on where— o

‘as the latter ‘can react either by an- 1on1c or free radlcal pathway

deyendmg upon the nature of the solvent and the presence of oxygen

Smce the e1ectronegat1v1ty of bromme is larger than that 3
e .

C 188
of iodine‘ bromomum n1trate may be expected to react by both 1on1c .

. 'and free rad1ca1 pathways But as 1n the case of 1odon1um mtrate 1n )

chloroform pyr1dme the bromme in bromomum n1trate\1s also

|

complexed to two pyr1d1ne rmgs, So lt,was an{1c1pated that bromomum R S

| \

: mtrate W111 also behave hke 1odon1um mtrate although the h1gher

jelectrOphﬂxcxty of bromomum 1on may be reflected in 1ts relatlve

-~

}a,-react1v1ty towards uns aturated sqbstrates... S

Bromomum nltrate Was gene}xated in 31tu by the reactlon of s .

E. S

] - [

: bromlde is removed by f1ltrat1on and the clear hght Yellow $olut10n

\.
el ! .“." g
. ; Lo
[V

CHCl

s L'Br 2Py.] No3 o AgBr&

AgNO + Br : 2
3 2‘ Pyr1dine i ‘8&' e _ ‘ ’ E .‘ ,

- 'bromme W1th sﬂver mtrate 1n chloroform pyrxdme The s11ver t SR
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can be used for add1t1ons to unsaturated substrates.

o
Reactions w1th Acychc Terminal Alkenes, -
o React1o_n of bromomum nitrate in chloroform-pyridine

with simple alkenes gave products of the typé shown in equation 4.

NG /- : S CHCl, . :
(4] =c¢ + [Br-2PyJ*NO_* 3.

—~—
——

Pyridine, 0°
. . ' \

N I
C—C . -
| TN i
L Br ONO.’ r
,,A_;z, NO_-
_ N : g

e

."ave 1 bromohex -2 -yl mtrate, 213 a,nd 2 bromohex 1- yl n1trate 214
" in a combmed yield of 49% and m a ratlo of 67: 33 The’ bromopyr1d1n~ o
“jum salt produced in th1s react1on in 34% y1e1d was a mlxture of two

| isomers, 215. and/Zlé ina. rat1o of ca, 60: 40 VA:‘s-s1gnments_ of

... oNo; "f.\,'ﬁ Brc |
213 ' .-jz'14 .

CH3 (CH) CIIH CHZ -Br i, ,,ga,j_fA(cgzﬁ—'CHjCHzf-N

b - .
s 216 t R 3
I AR
o
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y

siructures to these and similar products and d’eterr-nination of product’ '
2 atJos were done by n.m,r. spectrosoopy It was observed that
methme protons alpha to an ONOZ group absorb in the range 4.8-5.45,
whereas protona alpha to a bromo functxon absorb-in the range 3 8—

4& 548, The methylene proton.s alpha to a bromo lunctlon absorb at

about 3, 5 s, yvhereasl methylene_protons alpha to a nitrate functlon .

absorﬂb at 4. 5;‘38 "The presence of a pyridme gréup m structures

such as 21 5 desh1elds the methylene protons alpha to the bromme by

aboutO 1- 09ppm

o As in lodonr‘u'm nitrate ad'd.it-ions v steric factora' aﬁZear
“to play an 1mportant role’ d1rect1ng the approach of the mtrate ion and
».pvrxdme to the m1‘t1a11y formed bromomum 1on Thus.in the case of
5 j d1methylbut 1-ene the blromomtrate ester 217 and the bromo- B .
pyr1dm1um n1trate 218 w1th the n1trate group and pyr1d1ne respectlvely o
at the pr1mary p051t10n are the products obtamed as clearly demon-

‘

strated by the p.m.r. sp-ectra.-

N \ |

(CH3) G [GH- CHy  ONO, (CH3)3C (I:H—_ CHZ_ LA s
A o 28
. Reactions with Acychc Non- termmal Alkenes' e i

\

Reactlon of- bromoml,lm mtrate in chloroform pyr1d1ne w1th

Z- pent 2 ene. gave a mlxture of 3 bromopent 2 -yl and 2 bromopent 3— :
t

’yl mtrates , 219 a,nd 220, 1n a rat1o of 64 36 together W1th the 1somer1c .

c ‘~bromopyr1d1n1um mtrates , 221 and 222, in a ratlo of 70: 30" For | .o_ e
CZHS— fH——(ISH CH3: ' | - | CZHg— ?H—- (':H—CH3
S BrooNop ONO, Br
219 : 7";‘- L zzo
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the pyridinium salts, the isomer ratio was determined by compari‘ng

the n.m.r. intensities of the metﬁyl (underlined in structures 221 and

o

Lann—d

222). signals which appeared as triplets;*&tff.l ax_'xd«O..75.Aresp_ecti\rely;

¢

CH~ CHy— CH—CH—CH CH— CHz— CH—CH—CH

By '/N\ 4 o

ln the case of E-4 4- d1methy1pent 2- ene the greater bulk
of the tert. —butyl group ensures reg1ospec1f1c add1t1on of bromomum :‘

n1trate the sole product being the bromomtrate ester 223 wh1ch was

.

223

~~~

| _ forrned m 80% yield No 1s01ab1e y1e1d of the correspondmg bromo—

pyrldxmum salt was fonmed in this reaction.
2- Methylbut 2 -ene w1th bromomum mtrate afforded the

bromomtrate ester’ 224 as the ma_]or product together w1th a small

y1eld of the correspondmg bromopyrldmlum mtrate 225 On the other .

o

3 ] o
ong g — encn,
| ONO2 Br .

T
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hand ethyl vinyl ether, an example in wh'ifc.h the carbonium ion involved
N h N N . - : N

is considerably stabilized galve only the ,br‘:omopy‘ridinium nitrate 226,
. : * .7 K o * ~

Br—CHy— CH—0—C,

)

226

Reactions with Cyclilc Monounsaturated Compounds.

" Asin the case of iodonium nitrate additions ,-addition of

bromomum n1trate to cychc olefms alloWs a prehmmary exam1nat1on
of the stereochem1stry of t’he react1on Cyclohexen-e gave the bromo-

. mtrate ester 227 in 52% yleld wh1ch has a trans- dlequatorxal conform- :
’\/ —————
: A

[

athl’l,aS‘ShOWn by the n.m.r.._ spec,,trum.\ Th1s demonstr,at,e_s a trahs -

228

e

221

o

”st-ereospecif'i'c' additioo . The correSpondmg brOmopyrldmxum nxtrate
: ; S

&

- / 228 was formed in 31.5% y1e1d a

‘ Norbornene gave nortrlcyclanyl brom1de 229 1n 50% yleld
_and the expected bromomtrate ester 230 in 15% yield. They were
. readlly separated by fract1onal d15t111at1on : No bron")opyndmmm

PN

' mtrate was produced in th1s reactlon but a sto1chxometr1c amount of




pyridinium nitrate was formed..
~ (-

Reactibn_of 2';3-dihydrup§rari with bromonium nitrate in -
'chlorfo.fo'rm-pyridi‘ne afforded in'4‘5% yield trans—équatorial N-(3;bromo~ :
tetrahydropyranosyl)pyr1d1mum mtrate 231 th’e nm r. spéctrum of |
whxch compared well w1th that of the product obtamed in the addition of .

N,

1o_do_mum nltrate» to Z,3-d1hydropyran. As in the case of ethyl vinyl o

- A : " 4

. . . . r . ~ . . . . o

“ether no bromonitrate ester c'o‘uld“b.e isolat‘éd in this Teaction.

Reactions With‘UnconjugAate'd Di‘énes-.’
Uncon_)ugated d1enes » on reactmn thh one equ1va1ent of
. e, ,'
- bromonium mtr\ate gave only mono addftxon products Thus l 4- -

v ~

cyclohexadmne gave 5¢ bromocyclohexen 4-yl. mtrate 232’ in’ 54% _

( . )
. yleld and N [4 (5- bromocyclohexenyl)] pyrxdmmm mtrate 233 in 25% S g
: _ oo o , . ca
N |
e 232 i ‘
o T~ 5. M

'-yiél'df‘ - The fact that a cychc alfkene 1s more react1ve than a.n acychc
. N -

falkene 1n the same model towards bromomum mtrate is exemphﬁed

"v-'by 1ts reactlon W1th 4 vmylcyclohexene whlch gave the bromomtrate

s ester 234 m 35% y1e1d and the bromopyrxdmzu\nrate 235 m 40% e

LS o

: »yleld correspoudmg excluswely to add1t1" n_in the ring. The p051t1ons o

“ "'of bromme and nrtrate groups in 234 and the bromme and pyr1d1n1um = .



234 R 235

l

' groups in 235 on \the l 2- cyclohexane bond could’ not be as s1gned

'unamb1guously As in 1odon1um n1trate addltlons the marked prefer- )
g

ence for eleetroph111c> add1t10ns m thls fase to the cychc olef1n1c bond

‘k) . — ) .
) may be ascnbed to the greater stab1hty of the r-es,ul‘tm,g b_romonlum
“ion. -« . G — ' SRR
- The add1t1on oi\ brbmonmm n1trate to norbornad1ene shews :

the reduced propen51ty for ne1ghbormg n -bond partic1pat10n than in-
A 3

oy

'.1odon1um mtrate add1t10ns " In-the Iat;ter case ). only products corr\es-

. pondmg to cros§ r1ng 1nteract1orr were formed On the other hand

reactlon of b omonmn n1trate thh norbornad1ene roduced two bromo-
r l P ,

'mtrate esters and one bromopyndimum mtrate 3 Bromo 5 norbornen-
A

|

2- yl n1trate 236 and trlcycloEZ 2: 1 02 6] 5- bromohept 3. yl xﬁtrate,

| 237 were prodd;ced m 16 and,29% y1¢1ds resi)ect/xvely They were not

- K
r -

.v',; '_,

P
[
w
@
hY

PR

’ ; u
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o
/

i separahle by distillation. The structure of 236 ‘was eV1dent from the o

n.m.r spectrum of the mlxture wh1ch showed oleﬁmc hydrogen

s1gnals at 5 6,3 The bromop\ynd:mum salt formed

TMS (CDCI )
- in- 12% y1eld in thxs reactlon was excluswely N- [3 (5- bromonortrl-

O \

: cyclanyl] pyr1d1n1um nitrate 238 correspondmg to cross- rmg mter- ‘
. U .
: _actmn. The n.m.,r. spectrum of 238 compared well wﬂ:h}hat of the

corre spondmg 1odopyr 1din1um 'tutr ate

Reactlons w1th Conlugated Dlenes L

In contrast to the. add1t1on of 1odon1um mtrate to conJugated
d,lenes ,_whlch gave only the 1odhpvrtd1rllum salts corre spondmg to. .
1 Z—addztxon the reactmn of bromomum mtrate gave sxgmf:cant yslds s
. _ Cf e
:" of bromonltrate esters - . e |

‘;\ React1on of. bromomum nltr&te W1th 2 3 d1methyl 3 3 buta-_‘ C
dlene gave three produCts, 4_ The bromotntrate ester formed in 31% L
y1eld correSponded to the kmetlcally controlled 1 2 addltmn product

239 Th1s was. evxdent from\the n.m.r, spectrum of the product soon

afte;r 15013“"“ (F1gure 6) The olef1mc hydrogens absorbed as a- »d , |

| , Br C 2‘ [ C‘ CH2 :
mu1t1p1et at S o 5 12 wh1le the -CH -Br group appeared

TMS (CDC13)
a‘s an AB quartet at S 3. 65 and 3 85 (J ll Hz~) The methyl group

- attached to the olefmlc carbon absoz‘bed as a multlplet (a11y11c couphng)

at 5 T. 8’2 wh1le the other methyl group appeared as a singlet at 61 73 o

. C I SR
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Br . ONO RN l

- " In addition ,_twbo'psrri‘d.i-nvi.um lsalts‘were also formed which
5 were t‘eadilﬁy?'-s.eoarete’a:by cfystailization The'm.ajo:' pl;oduct is-
" ass1gne(‘d structure 240 correspondmg to l Z adﬂxtlon on the basxs of -
. s ‘
the n. m.r. pectrum ' wh1ch was comparable w1th that of 55 formed in.

1odon1um mtrate add1t1on The n. m r. spectrum of the other

pyr1dm1um salt was 1dent1ca1 to that of 56 Although the spectrum is b.
. N

cons1stent w1th e1ther the c1s , 24la or the t/ra.ns structure 241b the ©

' ;ﬁproduct was shown to be an approx1mate1y. equ1molar rmxture..of b.o_th .

P

Br‘—-CHZ——C'—-C——CH L Do /

£

24la .

o~

- 241a and 241 b (v1de mfra) - \ '." \ o
N N _\ x: ...' A

2*4 Hexadlene behaved s1m1Iarly The bromomtrate ester ’.,

P ‘_'.’242 was produced 1n 19% y1e1d In thxs case the two pymdimum salts S

243 and 244 were not separable by crystalhzatlon AR

145

. L~ L — 3 E ,’\:--"" T

3 .

,242 L

CH-——CH CH——CH CH—-CH CHTCH—CH—CH=CH—CH3
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CH-3—CH4—CH=CH‘-.—iclH—.cH ;

3. 7" ‘

~ L An mterestmg cﬁaracterlstm of these allyl mtrates is the1r

.tendency to rearrange tothe fhermodynamwally more stable 1 4 bromo- -
__mtrates Thus both 239 and 242 rearrange elther in: the 11qu.1d phasé
or in SOlutlon to 245 a;nd 246 reSpectwely The rearrangement can
) f\-

re

i}
be followed by n.m. r sp roscopy F1gures 6 8 show the n.m.r.

' ASpectra of the bromomtrat\e ester from 2 3 d1mt}2thy1 1 3 butidlene at
. . : /
d;fferent txmes after 1ts 1solat1on . 'In t.he case of 239 the rearr.‘a‘ng_ed., )
CH3 CH3 S oy : . (IZH ('IH3 i |
r-cHz_T_C-—CH D .'*Br—-CH——c=c——c:H—-—0No
e T IR e »Br——CHz—- C-—C—-—CH—-ONOZ

A

| | "§v245a b

' CH—-CH-—CI:H——CH—CH-—-CH*g . cH-——ci;H—c——cl--ch-cH3
. Br ONO, ' .l UiBr H.ONO, -
: B e G

[ e T B s ONOg B

e
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B ‘ quant1tat1ve y1e1d The n. m; T. spectrum of 244 showed two 1dent1?al

149

. . N .
- . . .
f P -
. ' N . "

- product was a. mucture of two 1somﬁ-s in approx1mate1y equal amounts

1
- g A

' as shown by h1gh pressure 11qu1d chromatography F1gure 8 shows

the n.m, r. spectrum of the rearranged product. Tlle CH Br groups '

' appear as two smglets at &rMs(CDC%\ 3.97 and404 while the -CHZ-ONOZ

'groups absorb as two smglets at $4, 95 and 4, 98 On this bas1s

‘structures 245a and 245b are a551gned to the products Moreover )

[ ¥ I
3

‘ treatment of the mxxture with pyr1d1ne in. chloroform at room tempera-

Cture gave 241 in almost quant1t1at1ve yleld Thls proves that product

241 is a mxxture of two geometncal 1so§‘ners 24la and 241b
P~ ) . o~

*" » The rearranged product frOm 242 was predommantly the ,

'trans 1somer 246a as shown by the n. m r. spectrum although h1gh

. ~
Lo

i pressure 11qu1d chromatography showed the presence of a minor product

probably thé c1s 1s\omer 246b ‘ The n.m.r. spectrum of 2\46 showed STMS
(CDC13)1 43 (d 3H, CH3 -CH- ONOZ. 3= 6. 5Hz),_1 78 (d 3H, ',l‘." o

/
CH CH Br, 7Hz), 4, 65 (qumtf IH -CH Br J’-7 Hz), 5 5 (m,

| lH CH ONO Q . The olefimc hydrogens appeared as an octet -

CH-.CH

' centered at 8 5 92 w1th T = 14 5 Hz frorn whu:h follows the ; -

= trans stereochenustry about the olef1mc bond

Treatment of. 246 W1th pyr1d1ne in chloroform gave % in

‘e

@rf

LN

' methyl groups whxch absorbed as a doublet at JTMS[(CD3)ZSO] 1. 80 The R
;‘-’other 81gnals were at 55~.8 (m ZH 2 CH N§) 6 15 6 5 (m ZI—I t E

C oleizmc hydrogens) 8 l 9 3 (m lOH pyrldme hydrogens)

_ _f
Compounds‘24l and 244 corresponding to l 4 additmn

may be envxsaged as ansing by two pathways (Scheme 12) f a) The -
"v-:'initxal‘ly formed bromomum 1on 1ntermed1ate 247 can open up tb the S

L f'i_pesonance stabxhzed allyhc catlon 248 whxch can undergo nucleophilic
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attack at theterminal carbon atom to give the thermodynamlcally [

more stable 1,4- add1t1on product 249 The allylic bromine can t\he“n.
be dlsplaced. by pyr:dme to give 241 . Alternatively , b) the irtitialty

— L

formed allyl nitrate 239 can rearrange to the the\'rmodynamic‘ally

more stable | ,4'-br.omoni,trate-', 245, '_ Nuc.leophilic di_'splacement of
» allyiic bromine and nitrate ‘in 245 by pyridine can lead to.24l‘.

" To d15t1ngu1sh between these two pos s1b111t1es , the

* LY

reactmn between bromomum n1trate and 2, 3 d1methy1 1 3 butadlene

- was _allowed to proceed for a,longer t1rne_. The y_1e1d of 1 ,4-~add1t1_on . '
product was found to increase (ca. 8% after 3%h . 16 .5% after 12 vh) '

ance the rearrangement of 239 to, 245 is slow and s1nce no ethbr- ;

' at1on of benzyhc center is observed m the add1t1on of bromomum
n1trate to Z—ﬂ deuterostyre’ne (v1de 1nfra) , it is reasonable to assume
that products of the type 241 are formed by path b. A» 51m11ar‘ ;

. mechamsm may be operatmg in the add1t10ﬁ of 1odon1um mtrate to
4 : "g

| ' 2,3- d1methy1 1 3 butad1ene

As far as the mechamsm of rearrangement of 239 to 245

" and of 242 to 246 is concerned : one\can v1suahze two poss1b1e pathways

bf':'.F1rst the bromomtrate ester 239 can ionize to the allyhc catlon 248
"and mtrate ‘ion whxch can recombme to g1ve the more. stable l 4 add1t1on o
B Av’"product Alternatlvely, 1t can proceed by a. concerted mechamsm

!‘.mvoIvmg a 51x membered cychc trans1t1on state 250 Such a:

o) Br——CH l '\/ 2 BRI RS o
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Path i PO .
C o / o o Pyridine

Br—-C,I;I2 —C—2¢C ==CH,
N

o e : @N%
B DU L

. I BT 240
Br—CH \ C- C CH "\' st

CH3 CH

| Br—CHZ.——Q.)B__,Q_.—.-.CH‘Z_

o CH3 (l;H3 ,
~—~C~-—C —CH

Br& ng 5

" | Pyridine’ R S

# Br-CHy=C(CHy) = C(CH,)- CH,

a

249 ¢
B

.‘D.. :v" : . - ‘l“g _,'/{' .‘:
 BrORpCICH GGy aR OND,

2 ,;?

R e




- S ‘ , 152,

vy EN
concerted mechanism has vbee‘nkp_ostulated by Has sner for the rearrange-
ment of the allyl azide 251 to 252106. Although we do not have enough
/N N\
h-- . -
Ph, C\C/CI—I2 th C\ ‘ ’/CHZ
: /
. | C
Ph l
.o Ph.
251 . ‘ o S
-~ . R : 252
M ~

. . 9 . . i
" evidence to prove or disprove either mechanism, we feel that the

concerted mechanism may be operating, since the rearrangement

can proceed either in the liquid phase or in a weakly ionizing solvent

' like chlorofof»m.\ o '
.- Reaction of.‘é"ty?r.ene‘ with brorﬁor,ii(lm‘nitr_‘ate; gav.eb th.e‘ ,
‘ o | # IR . o ' L
bromonitrate ester 253 as the major product (49%). . The pyridinium
salt produced in this reaction wa's a mixture of 254 and 255-as shown
by the n.m.r. spectrum. The mixture Wwas converted into 255 in an ,
‘oNg, - . Nt ‘
; 65" *
e
. : "] Br~ T
4 - y b.; . . -." .. . ‘ ..
. 255 |
7 overall yield 'of'2.6\., 5% by t'r_e‘a.,tm“eri;t with .pd‘t.'as_sil..xm_ ,car'bo'riat'e: e
- e

%
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Rea:ctions with Acetyle.nic Compoundsu.

'Like iodonium nitrate, bromonium nitrate was unreactive
towards noﬁ-te‘rminal acetylenes, With terminal acetylenes alkynyl
b.rom,ides_w‘ere formed together with a st‘oichiometri‘c quantity of .

pyridinium nitrate. Thus phenylacetylene ".g'ave a 63% yield of f

. - .
Ph- C_.C-—Br s
256
~~
/ -bromophenylacetylene, 256, RN
Reactions with Olefinic A_lcohol's.:' o R )

Y

In Chapter 1II, we have seen the reactions of 1odon1um
n1trate both in chloroform pyndme and’ chloroform szm colhdme |

‘with varlous olefuuc alcohols wh1ch gave normal add1t10n products ST .
,) ' / \ Y
and/or cychc ethers depending upon the structure of the olef1mc

o alcohols The react1v1ty of bromomum n1trate in chloroform pyrldme

’ towards a few olefmu: alcohols was exammed Lo s v , -
e B
Allyl alcohol -on reactlon with brorrlonium nitrate gave‘ two .

oL
-~

1somer1c bromomtrate esters '3 Hydroxy l-bromopr0p 2- yl n1trate, :

257 and 3 hydroxY 2- bromoprop l~yl nltrate, %\’58 were formed ina - L

.

combmed yxeld of 31%~and in'a ’ratm of 69 31 ; as _deter_mmed b'y,:;_n. mr

‘ ’Ihe accompanymg bromopymdmxum salt was also a miﬁétone_of‘ two -

HOfCHF$H—GHg—'Br.;_ S I?Of.C_?‘rT.H*CHT-ONO,z‘:<-_
257 S 258
. HO—CH=—~CH-—CH-—Br - I-IO-—CH-—— CH—CH-——' NO, =~ -
I S ‘ 3.
' S ‘ Br
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regioisomers, 259 and 260. The isomer ratio could not be deter.-

mined in'this c_ase by n.m.r. because of 0veArlapping_si>gnalsi.
‘ But- 3 -en-1-ol also gave a comparable result, The‘bromb~
mtrate esters , 261 and 262 were formed in 3%% yleld (1somer ratio

NN

‘ 67:33). The py-mdm'mm salt consxs‘ted of two 1som‘ers , 263 and 264‘ '

) T~ L~
in a ratio of 85:15. '
- —CH —CH,—Br —~CH— CH~— H— B
| HO—C Z—CHZ——(IJH CHZ r .  HO—CHjz—CHj- CI:HfGHz_ ONO'Z |
_”ONOZ | f“ o - Br
208 262
HO—CH5;—CH~—CE — HO~CH—CH—CH—~CH—
~CHyGHGH-CHpBr | HO“CHyCH-GH-CHIN
N o SR _ 264 N
263 . . o~

o~

The reacti‘c'm of bromonium nitrate fwith. plent-'-4'-en—l-'o>1'

o glves an opportumty to -compare the extent of ne1ghbormg hydroxy

“group part1c1pat1on in this and 1odon1um nitrate add1t1ons The major '_ :

- [ :
pr. od’uct in th1s case was a mlxture of bromonitrate esters, 265 and '

'266 fo-rmed in 29% y1e1d and in 4 r-at1o of 67'33 The cyc‘hc ether,

\

o 2= bromomethyl tetrahydrofuran 267 was produced in only 20% y1e1gl

as compared to 60% in 1odon1um nitrate add1t1on In add1t10n the 0

\

'UHO=%CHzgf*3+fCH;fB; . HO—%CH b <?+—CH?—0N0 -{,/fxs
265 266




. 01 J o .;» . + K
10~ (CH,)) ~— HO—KCH&;-%}P—CHZfN y
N Br -~ -
269
~

_1somer1c bromopyndmum nitrates , gﬁf and ‘2’3"3 were formed in |
i approx1mate1y 20% y1e1d (ratxo 60: 40)‘ o . |
| Cyclohex 2- en 1- ol on reactlon w1th bromomum n1trate
gave 3, mixture of at least three bromomtrate esters in 52% y1e1d and

more tha.n one bromopyndmmm nitrate .in 23 5% y1e1d Of the bromo—

S

‘nitrates the ma_]or 1somer was 270 Wthh is derxved from a bromomum
f\; .

ion formed c1s to the hydroxy group Another 1somer is a551gned

structure 271 whxch 1s derwed 'from a bromomum ion formed trans to
L= R

.20 :f oo

the hydr.oxy group.. Compound 271 ha,d the CH ONO absorptlon in.
the n. m r. spectrum at5 5. 14 as a quartet supenmposed on a multxplet |

" The structure of the third 1somer could not’ be assxgned R
R — - S s .’ N
. As m the case of 1odon1um n1trate addltlon the structures
o L
of the bromopyr1d1n1um salts could not be ass1gned unambiguOusly

»

: '
3 3, 3 Tr:phenylprOpene was unreactxve towards iodomum

. ;nit‘rate; On the other hand 1t d1d react with bromomb_ m mtrate‘ : } The v

‘product formed in 73% yxeld 1s assigned structur T2 on the ba31s of |

. ,the n, m.r.. spectrum elemental analysm and synthesis from the allyl



~ S . : o o 156
bromide, 273; The allyhc bromxde 273 is one of the products formed'

s

in the addxtion of bromme to 3,3,3 tr1pheny1propenel49';

- Br, .. | o
PhyC—CH==CH, ——2 "5 . Phy \C—CH—CHyj—Br =~ -
N " Br . v
Voo ~ - \\'.“.'“/ e
0 th c—Cv—CHZ——Br
\:'\ o o - o o 273 |

272 ‘-

\ In the n.m.r. spectrum of 272 ‘one of the phenyl groups |
\ N '

‘was different from the other two and’ absorbed at about 0. 4 p p m.

'

do\}wnﬁeld The mtegratlon showed the presence of one pyndme per - T
N ,

molecule In add1t1on there Was a smglet at 5 5 72 mtegrating for
two hydrogens Thxs is assxgned to the methylene hydrogens.
L Compound 272 rnay be env1saged as. arismg as a result of

phenyl mlgratzon as shown in. Scheme 13 e

..
- . .
- - R
W . - i :
: ‘ TR
L vod T ;
’. ' " s S
: . i .
: Lo
: ' o
N . soeb
>
~ K
T T
i
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Scheme 13

R 7 R

Ph, - C—CH=CH, —— ——> Ph, c-—cnr.-zgﬂ —_—

S - . "
| PhZCEC—-_CHZ—-fB r — - T - ‘th C=C—‘CH2—Br

- . ERR . ) “o

Sterébchemistry and "Mech'a.nism'" R e R SR \

' The addxtmn of bromonmm n1trate to cyclohexene 1s stereo-_ :
S0 v -
spec1f1cally tra.ns In acychc systems thxs was estai:hsh;ed by per-

‘Wrmmg radd‘trtms\togjzmcyg (Z) and(E) pazrs of ole;fms and coni"r "TE)T-’ #M

xadditlon {o(Z)»ﬂ deuterostyrene jj S a f- . _h__ﬂ_,—é————#—

(E)-But 2- ene on reactlon W1th bromomum nitrate in Cthl‘Ov' )

form Pledme afforded the bromonitrate ester 274 and the bromo- e

t

: pyr1d1n1um m@rate 275 m 44 and 37% ylelds reSpectively Para.llel
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. addxtxon to (Z)-but 2- ene produced the bromomtrate ester 276 in 48%

yield and the bromopyrldmmrpf mtrate 277 in 29% yleld The brom“o- .

276 T ~é77'

mtrate esters were ev1dent1y d1fferent as showu by the n. m r, s'pefc’tra._,_

-~

so were the bromopyndmmm mtrates |
The add1t1on of bromomum mtrate to(Z) and @-4 methylpent—

.
2 -enes also gave stereoxsomeric products as clearly shown by the L
e.rh.r;' spectra ' In the case of the (Z)-lsorner the reactzon was regio- _
. \-. epec1f1c and stereospecxfm in the format:on of the bromomtrate ester '.jf
_ ‘. : %\/78 and the. bromopyrxdmlum mtrate 279 whereas for the (D‘xsomer . :

~ the reactmn was stereQSpec1f1c ‘and regioselectwe The bromomtrate

s esters 280 and 281 were produced m a rat:.o of 74 26 The ,ra‘tl_ov _O_f. we

NN

the correspondmg bromopyndmxum salts 282 and 283 ‘was: also approx-,’..

: '- imately the same as for the bromomtrate esters,k:_ 3

(CH3)2CH H-_‘._Jf -

_TONOZ
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The reactxon of Bromomum mtrate W1th(Z) and(E)-st11benes s

3
was also stereospec1f1c in the formatmn of the bromomtrate es}ters

284 and 286 and the bremopyndxmum sa.lts 285 and 287 284 and 285 '

"\.o P~

' .were produced in 52% and 32% y1e1ds respectwely from the(Z) 1somer

and 286 and 287 in 21 and 63 5% yields respectively from theCE)— 1somer.

N

To ehmxhate the poesxbxhw that the obse%ed atereospeciﬁc_'.‘ SR

c b‘ity is- due to restncted rotatxon m the mtermediate bromocarbonium : i “

J~"‘

ans stereOSpeciﬁmty of addxtmn, the reaction o£ bromonium

o nitrate w1th(Z)-,6 deuterossyrene ( >95% D) was performed The R

L .‘_':"ions in the add1t1ons to(D and (E)—stxlbenes and to eatablish conclusively



R and the open catmmc form 292 to permlt nucleophilic attack despite 3

o 160

v

bromomtrate ester 288 and the alkényl pyrzdimum bromxde 289 were
N

1solated in 46% and -26. 5% ylelds resPectwely Inthen.m.r. spectrum
of 288 the methine hydrogen absorbed as a doublet at & TMS (CDCI3)

B (J= 7 ‘5 Hz) where\as for the protzum a:ralog 253 ) 1t absorbed as a quartet i
l,lat JTMS (CDC13) 6 0 (J=6 Hz , 7. 5 Hz) Thé methylene hydrogens in

288 appeared as a doublet further spl‘it by H D couplmg* at STMS (CDC13)3 3.62

B )

D

'

'(J 7.5 Hﬁ whereas for 253 the methylene hydrogens absorbed as. a.

."

'trlplet at & (CDC13) - 3, 62 (J' 6 Hz an'd 7 5 Hz)

TMS S T
The n. m r. spectrum of 289 was, identical to that of 208

'.formed in 1odon1um mtrate add1t1on to (Z)-ﬂ deuterostyrene., L B

J: ‘ ‘@

Thls conclusively proves that the add1t10n of bromomum' o
"mtrate to olefms 1s stereospeciﬁcally tra.ns and no Equlhbratlon of S

',benzyhc centef‘s occurs in the add1t1ons 'to aryl substituted ol.efins /

) ,". — ' The stereochermcal and reg1ochem1cal outcome in the

| "'addxtmns °f bromomum mtrate to unsaturated substrates can be o
: 'explamed by an 1omc mechamsm 1nvolvmg t'he formatmn of a three;v- -

‘ f'membered rmg bromomum mn mtemediate 290 whxch is opened up i

"'-from the backsxde by nucleoph1hc attack by mtrate wn or pyrxdme.-”-'_ PRI,

o '_.v,~In the case of unsymmetrlcallfy substltuted olefms ; there can be \ o

substant1a1 tmntrabutxon from the unsymmetncally briﬂged form 291
: ~.

S~
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increaspd stent hmdrance and to. perrmt ne1ghbormg hydroxyl group
\

attack to form cyclic’ ethers " The mterme,drate can be edffxcxently“i

stabllized ‘through the bridged form‘ azl to maintain its,.stereochemit:al ‘

) ~».A‘ o - X 0 e en ) as .
- integrity to lead to the observed stereospecificity in additions to aryl.

shbstituted‘olefins .

\

p
and to(Z-_)—ﬂ deuterostyrene and the reg1ospec1f}c1ty in the additmn to

!

- ’ ) Y
' "(Z.);ﬂ-deuterostyrene ehmmate the poss1b1l1ty of any contributxon .

s

."-. - A

~ /

reactmns were-pérformed Free radxcal contribution ?esults in non—.""

. '
stereospemﬁc add1t1on and a reversalt of the regmchemistry as is

|
|

108 - .
observed in’ bromme azxde and chlome azlde addit1ons 0:'. o .

P

kae the 1od6mum mtrate pyndme complex the hromo‘- o

"';-nmm mtrite pyrfidme complex can also be 1solated as a v\vhite solid

.\ .

in a. deswcator resulted iﬁ a v1olent explc)saon.-

The,observed stereOSpec1f1c1ty m the additmns to st11benes- -

_‘ from a. free radical component under the condxtmns‘a in whxch the above o

K Attempts to purxfy the mater1al by recrystalhzatmn were not Success-‘ B B

161
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 CHAPTER VI = -~ |

8

" A Co J)arlson of Iodomum N1trate Bromomum Nitrate. and

- . Other Pseudoh,alogens

The reactions of iodonium nitrate and bromonium nitrate
; 2 o o

_ with olefins to give halonitrate esters and-halopyridinium salts and

! Lo
with olefinic. alcohols to g1ve the correspondmg add1t10n products

—

: and/or cychc ether/s are qu1te general The Isolatxon of substant1a1

qua£t1t1es o‘f haloalkyl nitrates in the reactmns of these pseudohalogens ‘

w1th olef:.mc substrates 1n chloroform pyr1d1ne ds’ surpr1s1ng in view "

of the reported relat1ve.nuc1eoph111c1t1es of pyr1d1ne and mtrate (20 1

' for aqueous solutlons)l‘?’9 .However , smce the reported heat of

| 190a .
: hydratmn of the mtrate ion is -61 "' 2 kcal (g. 1on) . and there-

fore’ comparable w1th that of the 1od1de 1onl90b [ 68 kcal (g wn) -1 ],

1
“then the nuc;lieoph[hmty of th1s ion may be expected to be 1ncreased

‘relatlve to that of the upchanged pyr1d1ne upon gomg to an aprot1c ', _

solvent . ~No data are avallable for a more d1rect comparlson. K
In all these reactions the products isolated are formed '

‘.und‘er k'ineti'c codtrol in~that; the‘ pr'irnafy. sproducts’ do nOtfifn_terconver.t,«

-y

to any apprecmble3 eitent under the reactlon cond1t1ons.;. 'Thisv.‘co'n_: IR

clus1on 15, cons1stent w1th the observed trans stereochemmtry of

N L
R

‘mtrate are electrophlllc reagents ; whose reaction W1th unsaturated

. Y

"_substr‘ates 1s mfluenced to a large extent by the ster1c env1ronment

AL

"vm the olehmc suhstrate Thls 1s reflected 1n the regrochemmtry of

> \'

; the add1t1on When the ole£1n1c carbon atom carrles especlally bulky

B "v‘-} : . e . ! . .

L

Our studY 1nd1cates that 1odomum n1trate and bromonium /f SRR
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v ' ' ‘ p
groups , the'incom'ing"nucleo'phﬂe ("pl);rnr'idine or n'itrate ion) is.force'd
to attack the mtermedxate halonmm 1on at the stencally more favorable |
but electromcally less favorable carbon (e.g. 3,3- dxmethylbut I- ene)
) . The relatxve proportmn of reg1o1somer1c 1odon1trate esters
formed from(Z) and (E)-paxrs of olefms (Table 17) shows’ the effect of
- alkyl subst1tut1on on the reg1ochem1stry of add1tion When the methyl
group in. but 2-ene is successwely replaced by CZHS’ CH(CH3)2 ,.
and (CH3)3C groups the 1somer in wh1ch the n1trate is attached to
the carbon carrymg the smaller substltuent predommates and m the
. case of a (CH3)3C- subst1tuent thls is the only 1somer formed
| The abxlity of solvent pyndme to compete wath the mtrate
lon for the mtermedlate halomum 1on appears to depend on the steric
env1ronment in the olefm and also on the thermodynamxc stab1hty of
“the 1ntermed1ate ha,lomum'mn‘ | "Thus, for example , in the add1ton of
, 1odon1um n1trate to 3 3 dxmethylbut 1- ene , in wh1ch the nucleophxhc
,. attack by both mtrate ion and pyndme occurs at the less stable but -
sterzcally favorable prlmary cat10n1c centre “the 1odon1trate ester 1sn fl : a
formed in: 26% y1e1d and the 1odopyr1dm1um rutrat.e ln 49% yield On |
the other hand in the case of (E)-4 4- dxmethylpent 2 -ene in wh1ch the

products 1solated are der:.ved from nucleophlhc atta'ck at the electronxc- S

- _ ally more favorable secondary catmmc centre th‘ roﬁrtxon of the .

- Fr.

i r‘1odomtrate 1s* consxderably 1ncreased at the expense of the 1odopyridm- S

1um mtrate whxch is formed only m less than 5% y1e1d But in the B

" reactmn mlodomum n1trate w1th tr1subst1tuted and tetrasubstituted

olefms Y the outcome is exactly the reverse Thus with (Z) and (E)—B--
R -

methylpent 2 enes m whxch the nucleophile enters the sterically

unfavorable but thermodynamlcally more stable tertxary catiomc
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Table 17 .

M. 4

- | Relative Proportions of Regioisomeric Iodonitrate Esters from (Z) and

(E)-pairs of Olefins.

Olefin : : R Iodonitrate Ester
. o Markovnikov : Anti-Markovnikov

H CH3

CH3§ CHy o .

H H |
;2 5>:—< s R 31 T 69
H eH, = . R o
ER=CTT . s s 0
>_ . . PRI U

:*<CH3>3C H S

(CH3)3C_ . CHy. - .- .. e
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~ centre, the iodopyridinium nitrates are formed to the complete
. , . & o . . . : -
_exclusion of other isolable products. \ ’
S . . R ' " .
Although iodonium nitrate and bromonium nitrate behave

rnuch the same way towards unsaturated suh_strates , there is some
apparent 'd‘i_'fferenc:e in reactivity between the two pseudohalogens .
.. Thus while iodon.ium nitrate is un\reactive towards 3,3 ,3-triphenv1-
'propene , brornoniurnlnit_rate did 'rgact with 'this'.olefin to give a’
pyridinium salt. Wh11e for 1odon1um n1trate‘ this inertness may be
attributed to, ster1c hindrance in the olefm the react1v1ty of brornomum
-n1trate may reflect its }ugher electrOph111c1ty wh1chﬁrs able to overcome
~ .the steric factors. The relat1ve electroph111c1t1es of these. two reagents ‘
: P

were compared by performmg a compet1t10n reac.tlon towards E-4,4-

d1methy1pent 2-ene, The ratlo of bromomtrate and 1odon1trate esters

7

was determmed byn m.r. pectroscopy wh1ch was found to be approx1- o

'mately 4:1. This result suggests that bromomum mtrate 1s at ieast

4 t1mes as’ 1eact1ve as 1odon1um ni te.

© . . ’ T

Pent-v4.-en~l—ol reacts- with"‘both iodonium' and brlomronium <

n1trates to afford similar types of products "B‘ut with Brdmonium

n1trate the proportwn of the cyclmed product 1s lower than W1th 1odon1um ,

.0

n1trate Th1s is con51stent w1th the behav1our of. pent 4 -en- l ol towards

1od1ne and bromlne where 1odine gave r._nuch .lar.ger, pro,p.or.t1on of
l%'?b ' SE TR | '

' the cychc ether

' n1trate is found in the1r reactmns w1th phenyl tr1- and tetra subst1tuted
' olefms‘ Bromomum mtrate gave substannal y1e1ds of. the ester where-

;as 1odon1um mtr ate gave only the pyr1d1n1um salts..._. W1th other olef1n1c

»systems too the relatlve y1elds “of. pyr1d1n1um salts are in general

e

A ma_)or d1fference between bromomum mtrate and 1odon1um :

)

[
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with the nitgate, then the above results give some'mdmatlon of the

‘halogen azide additions

\”the closely related 1odme mtrite or mtryl 1od1de21." Whereas the

lower in bromonium nitrate additions than in iodonium nitrate additions.

If we as sunye'that it is the thermodynamic st'ability of the intermediate

“halonium ions which allows solvent pyrldme to compete successfully

\

relatwe stability of the three-membered ring 1odon1um ion versus the

B

three-membered ring-bromonium ion. Thxs- agam is cons1stent with

the relati{re stabilities of iodonium and bromonium ionsgm\'rolved in

104

e . . ] . ‘ \- . - . .'. / =
Bromonium nitrate differs from other EOSitive bromine
containing pseudohalogens , for. example, bromine azide, in that with .

L]

' this pseudohalogen , even add,iti'ons to. aryl"‘substitute'd‘ olefifns is "stereo_-

specifically »trans. ‘ Thi_s' ‘result.eliminates any contribution,frotn an

‘open bromocarbonium ion. On-' the ‘other hand addition of br.omine ’

A N

amde to such oleflmc systems under 1on1c condxtlons results in equ111a-

[

brat1on of benzyhc centres suggestmg 1nvolvement of an open bromo- . o

. 'carbomum ion This d1fference in behav1our may be .attributed to

complexatmn W1th pyrldme m the ‘case of bromomum mtrate. -

A3

‘Iodomum mtrate c~ompares w1th 1odme is‘ocyanate in its

react1v1ty with olef1n1c substratesg’lz. Thus like io'dine iso-cyanatei;'

ﬁmdomum nitrate is unreactwe towards o( /3 unsaturated carbonyl com-f :
pounds But 1t d1ffers from 1od1ne 1socyanate in that it reacts w1th

| } stxlbenes Also whereas no. ne1ghbormg hydroxy group part1c1pat1on

Ty

is encountered in 1od1ne 1soéyanate add1t1ons , react1on oflodomum

1 . T e

, mtrate w1th smtable oleﬁmc substrates a.ffords cychc ethers

The behavxour of 1odomum mtrate 1s to be contrasted with

e

: former reacts as a. source of electrophlhc 1odine the latter reacts

2‘ re . N
"-(



167

.‘by a free radical mechanism'acting as a source o.f nitryl radical..

| As 'rne,ntioned in the intrgoductio'n, we were interested in
preparing a ,'seriesl of io_doalkyl.‘pyr‘id&;nium _s‘alts and alk’enyl pyridinium z»
salts for biological evaluation. - A good number of ther_n',L .especiallyx

the alkenyl pyridinium ‘iodi.des. were found to'possess signif'i'cant oral
anti-diabetic prOperty, fIhe-res.ults are summarised in Table 18.
As is evident from ‘thé ‘l‘able , the saturated pyridinium ‘salts are in
,-general 1nact1ve wBreas the unsaturated ones. are active. Althoug'h-‘
it is difficult to draw any structure act1v1ty correlatxon the parent
Ne [l (1 ~phenyletheny1)]pyrxdmmm 1od1de appears to be the most
actwe., These dgta can be used to mﬁodIfy st_rvuctur;es_for opumum

| Aectivity.n | - | . |
) Although it is’ d1if1cult at thxs stage to draw any conclu\smn . )

as to the synthetlc potentlal of these react1ons ) they prov1de a sat1s-

LI

B factory entry into a hew <l 1ss of b1olog1cally act1ve compounds , namely

b

_ 'N El (l arylethenyl)']pymdlmum salts, wh1ch are effective oral antr-

' .-d1abet1c agents - Also the react1or§w1th <y Oalkenols -can be ut111zed

for the stereospecxflc 1ntroductxon of other fun 1ona1 groups in. these D

o

cychc system s.

It would be mterestmg to compare the gehavmur of

chloromum mtrate pyr1d1ne complex and also the react1v1ties of th.ese

“ ’ ) . “/..,,
compounds as the free pseudohalogens w1th those of iodomum n1tg’ate

o and bromomum mtrate d1scussed before It 1s possml’e that sui:h

1nvest1gat10ns may thr ow some light on the effect of complexat1on‘w1th

: pyr1d1ne or the react1v1t1es of these pseudohalogens

.

B



- Table 18

~ In Vivo Hypo/Hyperglycemia*

Percentagé V-Increase (+)
or Decrease (-) of Blood

Structure Glucose effected by -

Compound
_1h 2h

4h

. 168

Summary

Threo (CHy)3C-CH-CH-CH; 3~ .7

|
I y'NO3~

I-QHZ—(l:HfO'-_CZHS . b 7
| Py'NO3"

Cgits=C

| TCHpL -
.7 By'Noy

11 1

-4 5

- 12

.10

12

10

- Inactive

Inactive °

Inactive .

Inactive :

’ '_In.a.c‘tive\ ’
o Inactive

= Inactive ‘_ :-‘ '
"iflln'élctive_' '

.v._

e 'Cor‘x'ti"n'uled o
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Table 18 ‘—..Continued

' _Percentage V-.Increase (+)
or Decrease (-) of Blood _
Structure = . Glucose effected by" - Summary
' | " " Compound o L
1H 2h °~  4h ' L

Threo C6H (‘ZH CH- C6H5 o182 6 . Inactive
1, PY* NO

 Erythro CHy~GH~ -CH- CH3 0 -2 0 Inactive
_CbHs-cH—'cH—CHy, 20 15 .30 Active -
Il oo |
S NO3T S |
'(pﬂ:H3 Cly® <I:H CHZI _‘ S o24 20  --1_7‘.'  . -Active

SO TENoy
cH ; (CH T e 213 2100 Active -

C-270 Ta31 0 .36 Acfive
PG R RN e S

6H - =tcH- CH3‘ U a2l 2524 “Active

 (mINO, - C H, c--CH -5 uB o1 -f-act.n«,e}i;: RN
s ,_2 6. 4 ¥ S T T T
L o\Cl % JH '*'- :_--c:H2 o 18 13200 7-200 0 CActive



»

P

Table 18 - Continued o ' »

Percentage'V-Increase(+).
- ’ : or Decrease (-) of Blood - o
Structure - . Glucose effected by ' Summary
' ' ‘ ~ Compound - T R
th 2k 4h

(mICLCH,~C=CH, 20 ‘_~__-z‘o‘ 24 Active

| L o S
(_ml)Br--Cl\bH'.;(lS :'CHZ I -‘131;." G155 Act'i';'.eA |
pct- C6H4 c—CH2 7 0 =3 -1 Inactive
(p)(:H3 c;()H4 c"-CHz -1, -8 .--‘9  ’ Ac'tive"_

o

A

aT-ac o

Control Blood glucose value at thfat’_'hrf; L
 , . o S S L o '
~ Change from'zero time in experimental rats:. »

Change’ from zero timé in control rats..

A

1 : : . e

[
.

se tests were carried out by Dr. R. Gramer'of SK & F.. ~ /=™ -
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m general was 70 eV Peak measurements were made by companson

CHAPTER VIII

‘ E}gEr‘ifnental _ R _' 4 2

. . . . : . .
Meltmg pomts were;determmed on‘aFlsher-Johns ny
'apparatus and are uncorrected The i.r. Spectra were recorﬂed on. .
' 4 . - -
L a Perkm Elmer model 421 Spectrophotometer ). ‘and only the prmc1pa1

. sharply defmed peaks a,re reported The n.m.x. spectra were

ﬁ recorded ‘on a Var1an A 60 and A- 100 analytmal spectrometers

;‘The spectra'were asured on approx1mate1y £0-15% (w/v) sqldtxons :

| _-m apprOpr1ate deuterated solvents w1th tetraméthylsﬂane as- standard

Lme p051t1ons are. reported in' ppm fr/ the reference Mass spectra -

' "were determmed on an Assoc1ated Electr1cal Industrles MS 9 double

focussmg hlgh resolutlon mass spectrometer The 1onxzat1.on energy y ‘

A B

.
/ &

w1th perfluorotrlbutylamine at a resolvmg power of 15000 K‘\elgel ,

B ‘DF 5 (Camag SW1tze land) and Eastman Kodak precoated sheets were

'..used for thm layer"chromatography o "f";

analyses were performedwut&n Aerograph
3 model A 700 a's chromatograph The 1. c. analyses were made w1th

':a Waters As oc1ates model ALC 100 l1qu1d chrbtnatograph M1cro- ;

o analyses w;re carr1ed out by Mrs D Mahlow of tlus department

L S

~, T
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Gene ra‘ll‘P‘rocedure:‘for the Reaction of Iodonium Ni}trate with Unsaturated

H_yd_r.ocarbons
| lever mtrate 6 8 8 (0. 04 mol) was dissolved m a mxxture
' ,of 50 ml of a.nhydrous chloroform and lS ml of anhydrous pyrxdme
lodme monochlonde s 6 5 g (O 04 mol) in 20 ml of dry chloroform,‘-..
lwa., added dr0pw1se to the stirred solutxon.‘, The s11ver chlonde o W
produced was collected and washed thh a rnlxture of 10 ml of chlorov- |
form. and ‘10 4m1, of.pyrzdme " 0 04 mol of the olefm was added all at
jionce to the yellow filtrate The mixture’ was strrred at room temper- o
- ature for 3 h the’n’poured mto an-excess of ether and ch1lled 'A;The.. ‘. o

. resultmg prec1p1tate was. collected and the f11trate concentrated in.

: .vacuo The 011 obtamed was taken up in. 50 ml of ether and washed

I lWlth 50 ml Of 5% cold hydrochlonc ac1d to remove pyr1d1ne and then o
' thh 25 ml of cold water to remove any remammg pyrxdimum salt el

’If the ether solutlon was colored W1th 1od1ne , 1t was washed w1th 20 ml
of 5% sodlum thlosulfate solut1on and then w1th 20 ml of Water-_bl' The :~_ : ,‘ R

.ether layer ‘was. drled (MgSO ) and evaporated in’ vacuo Further

,ipurlflcatlon of the 1odon1trate ester so obtamed ‘was effected by ".

| dlstlllatxon under h-educed pressure
The ether lnsoluble reszdue after washmg several times“

‘.q,_

, - w1th ether was extr acted w1th a 50 5'5 m1xture ofethanol 1sopropanol_'-l".f_'_.,";j'

o '.;md flltere_ :

r »was added to the f11trate drOpwise unt11 the S

solut:on turned ‘loudy , The solutmn c" ai ed in a small beaker B

o T'-.was placed in a. larger beaker contammg a httle ether the large K
T . % . N

T beaker was covered thhplastlc f11m and kept in the refngerator

.‘;"overmght The resultmg precxpltate was collected a.nd washed with&* B ‘
. 4 PR AR T

o -_'ether contammg a httle ethanol and then with ether to afford the I S

R LT L E R ] R E »,y..?” BT
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4 _.fodopyridinium. nitrate, In a few 1nstances , when the 1odopyr1dm1um :
- salt was dxfflcult to purxfy and very dark in color (contammatmn w1th

4 1od1ne and tarry mater1als) , the pur1f1cat10n was - carr1ed out by

-chromatography on silica gel elutmg thh CHCl3, 5%, CH OH in

'CHCI (v/v), 10% CH3OH in CHC13(v/v) and 30% CH, OH in CHCly
) (v/v), the 1odopyr1d1n1um salt bemg collected W1th the last m1xture
o of eolvents | - -

~The spectral and. analytmal data for the 1odon1trate esters

"and 1odopyr1dm1um nltrates obtamed from d1fferent olefms are

summar1zed in Tables 19 22

General Procedure for the ch Copper Couple Reductmn

The 1odon1trate ester (0 006 mol) was added deopw1se to

ol : d'sprred mngture of l 5 g of zmc copper couple (Alfa Inorgamcs) and
'25 ml of glac1al acetxc acid at room temperature and left st1rr1ng over- -
. “mght Then the sohd was f11tered off and washed wa.th a. small amount
of ether The 11qu1d was poured 1nto a; mxxture of ether and water andl:‘

sohd sod1um blC&I‘bOﬂ* was added 1n portlons unt11 the soluqt'lon was

'Il’:'completely neutrahzed The ether layer was removed and the aqueous

e

S

- lilayer extracted w1th more ether ‘ The combmed ezther extracts were

L ~__dr1ed (MgSO4) and the solvent removed m vacuo The resultmg l1qu1d i

o /

e .showed no covalent mtrate abso(on in the i r Spectrum but the E v{

s e ﬁpresence oLhydroxy group : The product was reduced W1thout further S

,.,5-2/ p\,u;1f1cat10n w1th excess of hthrum alumnum hydnde 1n ether and the BT

resultmg alcohols 1dent1f1ed by companosn of thelrg ¢! retentmn nmes"

. ‘.,\, ,,,,

and 1 r and n. m r spectra w1th those of authentxc _samples.' L

L

~ g
[ X
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General Procedure for the Reactxon of Iodomum Nitrate. W1th Termmal

[
, .

The procedure was S1m11ar to that descr1bed abo;re
Add1t10n of ether to the react10n mixture resulted m the prec1p1tat10n
*of an equlvalent amount of pyndmmm mtrate wh°1ch was collected
The remaining solutmn was concentrated in vacuo and the re51dual 01l

'.'dlst;llled R | ‘ X ’:_ _ ~ Ql

.' _'General Procedure for the Preparatmn of N- [l (l Aryl)ethenyl J -

: ‘Pyr1d1n1um Iodldes from Styrenes

Iodomum n1trate (0. 04 mol) was prepared in 60 ml of

‘chloroform and 25 ml of pyrldme The. styrene (0 04 “mol) was added
. 1 " .
- ally at once to the st1r-red solut1on ‘ The m1xture was stxrred at room

;temperature for 3 to 3:21" h and. then poured mto a mlxture of water and
'l ‘ether The aqueous layer \Qas separated Washed several t1meé wrth . '
- ether“and the ether dlscarded A control expenment w1th}. st;rrene
. ‘showed that the water soluble mater1al was a m1xture of unehmmated ‘
o p’yrxdxmum salt. ehmmated pyr1d1n1um salt and pyr1d1mum mtrate ,

2 e

' ’whmh were not separable by usual purifxcatron procedures : There—- -
..'fore the aqneous s:)ldtlomwas treated w1th approx1mately 8 g of sol1d e
: potassxum carbonate and e:d'r.acted several t1rnes WIt'h/ ether and the

_ether drscarded The solut'lon was adJusted to pH 7 w1th d11ute n1tr1c
| 4"’ac1d and evaporat“ed to dryness in, vacuo Ether Wasr added to the ,_'*',',f"‘r -, e
‘ethanol SOlutIOﬂ of the resadue t111 the solutmn turned cloudy Crystal- »

I

o -hzatzon by the method descnbed before gave the N-[l (1 aryl)ethenyl] -

‘:',pyrrdmium 1od1de o SR S _ PRI
The n m r data for thé N [:l (l aryI)etlrenlepyridinium

""_.'foodxdes thus prepared ane’summarized,in Table 23

P

_-,. IR



: _;}Zy_ridine .

’vao obtamed S ” o L

e

*

' _Addition of Iodonium Nitrate to D-Glucal _'_l‘riacetat'e in Chloroform-

P

To.a solution of iodonium nilrate (6.02 mol) in ‘.35 aml. of

_chloroform and 12.5 ml of pyridine wan sdded 4.9 (0.018 mol) of

D é)luoal trié&*etate The m1xture was nllrred at room temperature

011y reSIdue was collected Evaporation of the ﬁltrate in vacuo d1d not

g1ve any 1dent1f1able mater1a1

2 . .

i

< with ether was extracted W1th hot chlormorm ' The residue was -

‘n‘, tr acted w1th cold methanol and fxlter)( «l Crystalhzatxon was effected

_by the add1t1on of ether whereupon 2 8‘3 p (29%) ofN [2 (3 10d0 4, 5 7-

: _trncetoxy)tetrahyﬁrOpyranosyllpyrldmIum mtrate 42 m pP. 164 166 .

‘o

The ether msoluble re51duc (fter-,W'aShiﬁglseveral‘,firﬁ‘@éS-v
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© for 4§ h; then poured into an excess of otller and ch111ed The resultmg :

:' -‘-fT}%,e-:n'-fﬁ-’r:iéspéefrﬁm 51Ms L-((3133).7_'503 8 4 9.4 (m"” .

10 Hz) 5, 62 (q, lH H4 J3 -4-10 Hz, A 5-9 SHz), 5 21 (t lH H5

J4 5-J5 6 9 5Hz), 4 89 (t lH H3 :, 3-J3 4-10Hz), 1«4(m

‘;‘._anomerm hydrogen J 10 Hz) 6 56 (;l. dnomex"xc hydrogen J 6 Hz)

-,..‘5-1'. pyri'd'iheh'y-drcgen's.) 6.73 (d g ;.-:xomer1c hydrogen H1 Jl ,“,2,."~ ';.r., '

':'f'-"Hlé-’»" 4.19 (m 2H, ~CH2cO) 2, o z 9u (355 9H, %,CH .c_og)
4 » I‘he 1,r spectrum )/ (KBr d1se")§ 17457 :
- o The chIorofoﬂlrm solutmh .w‘mrrcor‘xcentrated in vacuo end
B .chromatographed on lerxsxl)ﬁnd e?iﬁft,]yl wlth CHC13, 5% CH OH 1n |
‘ :‘-(V/V) .»vaporatxon of the ."Last fract{on ;,ave 43 and 44 2 7 g (27%)
g g The n. m r" spectrum : lMS (CD3)ZSO s 6 69 (d j'_ Lo "




o 'f.methanol and f11tered Additxon of ether and f11trat1on ave 0 8 g /

176,

- In another run the chloroform solutxon was concentrated “
in vacuo Crystallxzatmn ‘of the oily resxdue from ethanol ether gave '
3 g (30%) of 42.

Reactmn of Iodomum Nxtrate thh 2,3- D1methyl 1, 3 butadlene m
N , ‘.,

Chloroform Pyr1dme

To a solutmn of 1odomum mtrate (0 04 mol) in 60?{ of -
chloroform and 25 ml of pyr1dme was added 3, 28 (0. 04 mol) of 2 3-
d1methy1 1,3 butadxene a11 at once The mixture’ was stxrred at room
_ temperature for 3 h; then poured mto an excess of ether and chxlled
) .The resultmg precxpitate was c‘oliected Evaporatzon of the ﬁlt‘rate o “ *
tn vacuo d1d not g1ve any 1dentif1ab1e materzal | ) |
, o The ether 1nsoluble res1due after waeh1ng s‘everal tzmes. L
wrth eth@g \a/as extracted w1th ethanol at room temperature and f11tered v
' jEther was added dropW1se to the filtrate t111 1t turned cloudy Cry- .
: stalhzat:on by the method d1scussed before gave 8 4 g (60%) of N [3-’-';

_ (4 1odo 2 3- dxmethyl)butenyl]pyndimum mtrate 55 m p. 106 108 "

s e Anal Calcd for C“~H15N20 r c 37 73 H 4 32 '~
'N',s_.:oo Found' C, 37, 7b H 4.03; N 7. 91 |

. - The n.m;r. spectrum TMSC(CD SO] 1 67 (s, 3H
cn3c C) zoa(s,an cH3 c N/ ),.43(s,2H CH 1),

rogen), SR

g;(s, lH one olef1n1c hydrogen), 5 41 (m lH other o. .frmc vd
8 2 9 3 (m 5H, pyndme hydrOgens) ‘ | | o

w1th hot

The ethanol msoluble resxdue was extract

A5 5%) OfN N' [1 4 (2 3 dlmethylbut 2 enYl)]dipyr1d1 jam’ dxmtra'e
_2’3{_; m. p 261 263 (dec ) ’ T e




2 -CHs); 5.4 (s, 4H, -CH

177

Anal. Calcd. for C16H20N406 c, 52. 97 H, 5. 49,

N, 15.38. Found: C, 52.43; H, 5.51; , 15733, |
- The n.m.r. spectrum: ',TMS[‘(CD:',")‘ZSO]: '1..82_(43,'61-1, :

+‘2«' . . : .

_@General Procedure for the ReactiOn of Iodonium Nitrate With‘P-henolsmt

A

and Anilines.

The procedure was 51m11ar to that explamed before

Addition of the reaction mixture to an excess of ether resulted in the

- _precipitation of an equivalent amount of pyridimum nitrate which was > B
il

collected| The f11trate was. concentrated in vacuo and the residual oi
. p‘,’f . . , o ‘,———_

taken"fup in ether ﬂ‘he ether extract ‘was washed with water. sodmm -

o
thiosulfate solution and then’ thh water Evaporation in vacuo a.fter

o drymg (Mg'O4) gave the 1odmated compound Purification was B

S

effected either by crystalhzation from a suitable solvent or chromato~'

. '-gr atphy on flor is 11

: General Procedure for the Reaction of Iodomum Nitrate w1th

The analytical and Spectral da.tai'or the 1odinated compounds

| thus prepared are summarized in Tables 24 and 25

o

. -'r'-

Unsaturated Alcohols ,“ » i |
The procedurem | c.hloroformspyridine ‘was 31m1lar to' |
that discus sed beforet - When the reactions were carried out in chloros BN
form —L_ col.hdme the following procedure was adopted . The reaction
mix*ure was added to suffxcient/ether to precipitate the collidmium salt. ,'_
The precxpitate was collected and the ethereal layer was washed severa.l:
times successwely Wlth (a) cold hydrochloric acid (5%) saturated With

sodium chloride (b) saturated aqueous sodium chloride (c) sodium




~ but- 2- -yl Nltrate

dr1ed (MgSO

lOH, cyclohexane rmg hydrogens),_l 9- 2 15 (m ZH CH '), 4 7

1-:1(m ZH CH O) 5“5'(m CH ONO)

- ONOZ)

bxcarbonate (5%) saturated with sod1um chlorxde untzl neutral and

f1na11y (d) saturated sod1um.chlor1de solut1on contammg sodlum thio-

~ sulfate, The .ether layer was dried (MgSO4) and concentrated in vacuo.

The res1dua1 oil was d1st111ed under reduced pressure

'I‘he 1odopyr1d1mum salts were pur1f1ed by the crystalhzatlon

.procedure descrxbed,before. The analytmal and spectral data on the

: products thus obtained are summarlzed in Tables 26-30 "‘

ABase Catalyz'ed Cychzatmn of 1- Iodo 4- hydroxy 14 ,4- pentamethzlene—

¢

To a st1rred solutlon of 7.1 g (0 0215 mol) of 1 1odo 4

: hydroxy -4 4 pentamethylenebut 2 yl n1trate in 50 ml of ether was

added 2 25 g (0 04. mol) of powdered potassmm hydrox1de ! 'I“-he‘ B
mucture was st1rred at room temperature overmg'ht and then f11tered

The ether solutlon was washed/ w1th 25 ml port1ons of water tW1ce a‘nd

4) _ Removal of the ether in vacuo gave. 3 8 g (88%) of

{ . %

' 5 5-pentamethylenetetrahydrofuran 3- yl rutrate 103 whlch was pur1£ied

‘_by d1st111at1on under reduced pressure b p 66 67 /0 07 mm R

Anal Calcd fo/r C9H15NO4 | molecular welght 201 1001

‘e, 53] 72 H, 7 46; N, 6. 97. Found: M(ma’%s spectm) 201. 0995
. C.53.97 H, 7.43; N 6. 82. ‘. SEE S

The n. m r spectrum | & T (CDCI ) 1 57 (broad g’ SR

l'rl.'

The1 r.' spectrum V (11qu1d f11m) 1630 1275cm' o

B

178
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Addition of Iodonium Nitrate to Pent-4-en-1 _-olf.'i_n Chloroform-

\

* Pyridine.
To a solution of iodonium nitrate (O 02 mol) in 30"ml of
o .

" chloroform and I12.5 ml of pyrldme was added 1. 55 g (0.018 mol)‘ o°f

- pent-4-encl-ol the mixture stlrred att?room temperature for 3 handthe v _

-- then pouM excess of ether and chilled | The prec1p1tated y . I
: pyr1d1n1um mtrate was collected and the f1ltrate concentrated m vacuo |

The resxdual oil was taken up ufether and waehed strece swely w1th

© 40 ml of cold- 5% hydrochlorxc‘amd 25 mlgoquater 25 ml of 5% sodxum o
thxosulfate solutlon and finally with.25 ml of water ‘ The ether layer |

was dried (MgSO4) and concentrated in vacuo, The res1dual 011 was - _'..”
chromatographed on 75 g of flor1szl and eluted °w1th petroleum ether. |
chloroform (9: 1) and then w1th chloroform methanol {9: 1) Evapora‘tmn N

of the f1rst fractlon gave 2. 29 g (60%) of 2- }odomethyltetrahydrofuran

N ' . _ ) R . I o L .;":'»’A , -
105. R e i

L .

The n.m.r, spectrun;« 5TMS(coc13) 3 Y25 {ds ZH

2 -

-CH_-I, J6Hz) 1523(m 4H, 2 CH -), 3641(m,,3,H,-CHo
~CH,-0). B TR R .'"‘* Tl

Evaporat1bn of the second fractfion gave a mlxture of

"5 hydroxy l 1odopent“-2 yl mtrate 106 and 5 hydrox} 2. 1odopent 1 yl b

- i IS = R ; . \ | . I ,‘ :.. 0‘7,:_._ o
:",Gener al: Procedure for the Reactmn of Iodomum Nltrate thh 2 AHyl-

' phenols in Chloroform Pyndme , S

«

The reacuon was carrled Qut by the

"I--_descrlbed before. The 011 obtamed on evapor

1, N

' ,'ether solutz&z was’ chromatographed on florzs11 and'elt)ted thh hexane' o

Yo

J r“benzene (85 lﬁ and (,l l) Evaporatwn of the first fractmn gave the ‘



A Al ¢ *
® ]
- N . : ‘
cyclic ether and evaporation of the second fraction gave the iodonftrate
ester. k
{ . .
Addition of lodonium Nitrate to Hex-5-en- 4ol in Chlorotorm-Pyridine.

. o \
The reaction was carried out by the general procedure
\ - . -
described before. The 6il obtained on evaporation of the dried (MgSO4)
. ?". -

ether solution was chromatographed on florisil and .elutzad with

N

petroleum ether:chloroform (l:l))_ahd then \xl'ith chloroform:methanol

(9:1)'. bvaporétion of' the first fraction gave 0.7¢ (17%) of 2-iodo-

methyltetrahydropyran 117. ‘ l\ \

The n,m.r. .spéctrum: gTM‘% (CDCI ): 3.23 (s, 2H,

»CH,-I); 0.8-2.5(m, 6H, 3 —CHZ—)‘; 3.1-3.7 (m, 2H, —CHZ-O), 3.9

4 S . !
4.25(m, 1H, -CH-0). ‘ \

Fvapbratlon of the second fractlon gave 1 115 g (21%) o

6-hy droxy —1—1()dohexyl nitrate 113

The ether insoluble residoe was extracted with ethanol?nd
'absmall amount of ether added. The precipitated pyridinium n\itraté
was collected and 'more ether added to the filtrate. The resulting oil
was separated by de(;antation and the élxce‘ss solvents removed in vacuo
- . * ’

to afford 2.6 g (39%) of N-[ Z—(6-h'j(droxy—l -iodohexyl) Jpyridinium .
¢ ' ’ s ’

nitrate 114 as an oil.

s -5 .
—~— °

Addition of Iodonium Nitra/x/e to 4-Pentenoic Acid in Chloroform -
= .
/

180 -

N

Pyridine., , , - . C . .

/ . .
The addition was carried Qut as described before. Thus
)

_reaction of 1odomum nitrate (0. 04 mol)in 60 ml of chloroform and 25

l
~

ml of pyridine with 3.6 g (O 036 mol) of 4- penteno1c ac1d and work- up

by the usual procedure gave 4.9 g (60%) of 5—1odomethylbutyrolactone',

]

131. | Purification was effected by chromatography on florisil and

]
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. . \
elution with chloroform.,

Anal., Calcd, for C5”7OZI (mol. wt. 225.9491): C, 26.56;
\
H, 3.10; 1, 56.2. Found: (225.9486, mass spectrum), C, 27.01;
\ .‘. P
H, 3.18;\1, 56.28.
\1 56
& Theswh.m.r. spectrum:.} 5TMS(CDCI3):~ 1.7-2.8 (m, 44,
2 -CHZ-); 3.4 (t# 2H, —CHZI, J=4 Hz, 6.5 Hz); 4.6 (m, 1H, -CH-0).

© The i.r. spectrum: ) (liquid film): 1775 cm”' (>C=0).

Endo-cis-5-Norbornene-2,3-dimethanol 118.

—

32.8 g (0.2 mol) of endo-cis-5-Norbernene-2,3-dicarboxylic
anhydride was esterified by refluxing in 175 m1l of methanol in the
presence of a catalytic amount of concentrated sulfuric acid for 2—; days.

/

Work-up by the usual procedure gave 38.2 g (91"7&) of endo~cis—dimet};y1-
— — »

S—norbornene—Z,3-dicarboxyiate-. b.p. 104°/0.5 mm. : ~
) . 5
The n.m.r. s;)ectrum. 5TMSf(CDC13)' 6.23 (t, 2H, H”,
1%, 3.6(s, 61, 2 “GH,); 3.3 (d, 2H, H?,H3, J) ¢=1.5 Hz); 3.2
1.4 T LT '
{m,2H, H ,H"); 1.4 (m,2H, H',H ).
ot

Reduction of 21.0 g (0.1 mol) of endo-cis-dimethyl-5-nor<
bornene-2,3-dicarboxylate with 4.56 g (0.12 mol) of lithium aluminum
hydride in 100 ml' of refluxing tetrahydrofuran by a literature procedure
gave ‘l,O‘g (65%) of e_n_d_o—_cé—f)-norbornenemz,3-dimefhanol 1/@ mp

©84-85° (lit. , m.p. 86°).

"The n.m.r. spectrum: 5_TMS(CDC13): 6.0 (t_; %H, HS, -
1%, 4.53 (s, 2H, 2 -OH); 3.5 (m, 41, 2-CH,-0); 2.77(m, 2H, al,
"HY; 2.5(m, 2H, H%, BY); 1.4(m, 28, HT,HT).

Similarly reduction of the diester with lithium aluminum

deuteride gave endo-cis-5-norbornene-2 ,3-dimethanol‘-% , 118B ('55%).

m.p. 85°. ) ' C .



-

A

The n.m.r. spectrum: l&I'MS (CDC13):" 6_.0 (f, 21, }55,
NO) 4027 (s, 2H, 2 -OH); 2.77 (m, 20 1! HY; 2.5 (broad singlet,
. ? N !
21, 1Y i), L4 (m, 2H, 17, 0Ty, .

Addition of lodonium Nitrate to endo-cis-5+Norbornene-2,3-dimethanol

in Chloforom -Pyridine.

Reaction of iodonium nitrate (0.03 mol) in 40 ml of chloro-
form and 20 ml of pyridine with 4.16 g (0.027 mol) of endo-cis-5-nor -
: , , -2

bornene-2,3-dimethanol at room temperature for Z-é- h' and work-up by

the usual p'rocedure gave the cyclic ether 121A. Yield 5.58 g (74%). -
/\/

* °

Y
Purification was effected by recrystallization from ether hexane

m.p. 54.5.55.5°,
Wnal. Caled. for CgH”@ZI (mol. wt. 279.9961): C, 38.56;
H.4.64. Found: (279. 9971 mdss spectrum), C, 37.87; H, 4.68.

The n.m.r. spectrum: § (CDCl,): See text.
~ TMS 3 :

‘Thei.r. spectrum: ‘)/m‘ax (CHCl,): 3620, 3450 cm! (-OH).
\\‘ , "Similarly reaction of endo—cis-S-nor:bornene-Z ,3-dimeth-~

aln.ol—d4 with iodonium nitrate gave 1218 (70%) .

‘Trans-5-N orbornene‘—Z ,3-dimethanol, 120.
s - ~

Dlels Alder condensation between cyclopentadlene (14 m1l)
and 17. 28 g {0.12 mol) of dimethyl fumalrate in 200 ml of benzene at
5 C for 24 h gave 22.8 g (91%) Gf“t'rans—dimethyl-S—norbornene-Z ,3-

dic_a__l}goxylate. bp 90-91°/0. 04 mm. m.p. 29-30°

The n. m.r. spectrum- TM (CDCI ): 6.2 (m, ZH,.HS,\“

H%); 3,37 (m,>2H,AHl,H4); 2.7, 3.33 (m, 2H; H?

2, H', H'),'3.63] 3.73 (25, 6H, 2'.CHj).

’ H3); 1.53 (m,

Reduction of trans- d1methy1 5- norbornene 2,3- dlcarboxyl—

. - ate, 5.0 g (0 0238 mol) w1th l 5 g of lithium alummum hydride in -

18.



- .

75 ml of refluxkg tetrhydrofuran by the procedure described before

gave 2.7 g {72.5%) bf trans-5-norbornene-2 ,3-dimethanol. b.p. 120-

1217/ mm (i, b 132136973 mm)’(’5

N

"Then.m.r. spectrum. TM (CDCI ) 1.1-2.1 (m, 4H,.
T HS"H7H7'->2641( 8H, 2 CH,-OH, H', HY); 6.1
) » ] )r . - . m) ) - o ) )! ,- K (m’ -

5 6 “
2H, H, H).

a-

Addition of Iodomum I\ltrate to trans-5- Norbornene 2,3- dlmethanol

4

’

in Chlor oform -Pyridine,

Reaction of iodoni,gin\nitratg (0.02 mol) in 30¢m1l of chloro-
. ‘ :

- form and 15 ml of p*yridiln'e with 2.772 g (0.018 mol) of frans 5-norbor-
nene-2,3- dlmethanol at room temperature for 3 h and work-up by the
usual procedure gave- 4.315 g ()6%) of the cyclic ether 123.
. L;T}’ne n,m.r.7spectrum: 5TMS (CDC13): ]-,‘5t2.7 (m, 6H,
‘ 4 7 . .
Hl, Hé, H ,H ,H , H\é); 3.65(d, 1H, CH-I, J3 7,%2.3 Hz);- 4,73
(d, 1H, CH-O, JI\Z‘;“XS Hz). - v is
ei.r. spectrum: iquid film): )0 cm ™ ° (-OH).
The i p .. (liquid film): 3400 em™! (~omH)

Para-Nitrobenzoylation of Cyclic ether 123, -

—~~

-

To a solution of O.650~g‘(2.32 mmol) of 123 and 0.237 g

(3 mmol) of pyridine in 25 ml of anhydrous benzene was added a solution
o£ 0.431 g (2.32 mmol) of Earé-nitﬂrobe'nzoyl chloride in 10 ml of anhydr-

oussbenzene dropwise and the mixture stirred at room temperature
. g ’

overnight. The precipitated pyridinium chloride was collectéd
and the filtrate washed with 20' ml of 5% sbdium bicarbonate solution

and then with™ 20 mI of- water " Removal of the solvent in vacuo after

S e e T T

—

\ .
drylng (MgSO4) gave an oil which was c\r?sﬁau%dfrom benzene-
hexane to afford 0.7 g (70%) of the para mtrobenzoyl derwatwe 124 N

‘m.p. 105-105. 5



LY

\ - 184

Anal. Calcd. for C()H]éNO I C,44.75, H, 3.73;

, 3.26. Found: C\,\45.l3; H 3. 74 N, 3 29,

y e
. L v

Then.m.r. spectrum: STMS (CDCI ) 1.7-2.85 (m, 6H; .

] 7 \ \
H ,H?,HS,H“,H ,H,?a); 3.7'(d 1H, CHI .J=2 Hz); 3.8 (d, 2H,

'~CH2-0, J=2Hz); 4.33(d, 2H, -CH,- -0- cﬁo ,J:8'Hz);‘4?8 (d, 1H,

CH-O, J=4.5 Hgz), 8. 35 (m 4H , aromatxc hydrogens) -
. ) -1

The i:r. spe;trum: Vmax (CHC13). 1735 cm (>C O) g

153a-<m” (-NO,). : S

Exo-cis-5-Norhornene-2,3-dimethanol, }19.
- N

AN

Endo-cis-5 -norbornene-2,3-dicarboxylic énhydridd‘-ﬁas :

Q

isomerized to exo-cis-5-norbornene- 2,3- dlcarboxyhc anhydride

»

thermally ac'céi"ding to a literature procedurel()Sb; m.p. 140-;410 ;

(lit., m.p. 1'4'0-1420).. ’ o o _ﬁ
' Exo-gﬁ-Sinqrbornene~é,3-dicarbo%y1ic anﬁydride, 14 6g / -

é0.089 mol) was esterified in 100 ml 61’ r‘efluxiqg methan01‘ according

t the—pfocedure described before to aﬂffora 17.8 g (95%) of Eﬁg‘fﬁ‘ y

dimethyl-5-norpbornene-2 ,3—dicarboxy1ate. b.p. -90—910/0.05 mm.,
A

The n:m.r. s¥ectrum: (CDCI ) 6.2 (t, 2H, HS,

TMS

1#9); 3.65 (s, 6H, 2-CH,); 3.1 (m, 2H, B', B%); 2.6(a, 20, B2, H3),

3);
2.]5,1.5(m’2H’H7:H7I)'. : ;‘

. o : Loy " '
Exo-cis—Dimethyl—5—norbornene-2.,,_3—dicarboxylate , 10 g
N
(0 0476 mol) was reduced’ w1th 2.28 g of hth1um alummum hydride in

70 ml of refluxmg tet‘rahydrofuran accordmg to the literature procedure B
mentioned before to yield 6 g (82%) of _e_&-Qg-S-norbornene-Z ,3-

. ‘ - 0 e 0
dimethanol, I/Q/;\ b.p. 1-12-%/0..05 mm (lit., 'b.p. 130-134"/

. 5 ' : . :J
A lmm‘)16 2, <

L - - ' . N
4. ‘ y o - . - ?:‘
- \ . . .
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Tho n.m.r. spectrum: _6"TMS (CDC13):'. ?.2 (t, 2H, H™,
) 4 Z

. |
HY). 3.7(m, 4H, 2 -CH,-@); 2.55 (m, 20, H', 1Y), 1.8 (m, 21, 1
3 77 -
H'); 1.32 (m, 2H, H' ,H ).

Similarly, the diester was reduced with lithium aluminum

’

deuteride to afford..uexo—cis—5—norbornene—2 ,3-dimethanol-d4 , 119B
, - —

- « -
TR ) .

- (80%, >959% D).

Y. 5

6 s (CPCL): 6.2 (¢, 20, O
1 4 5

H)i 2.55(m,2H, H , H); 1.8 (s, 2H, H%, H%); 1.32 (m, 28, H',

1

7 .
H ), 4.7 (s, ZH, 2 -OH).

The n.m.r. spectrum: §

Addition of Iodomum ,Nltrate to exo-cis-5- Norbornene 2,3- dlmethanol

in Chloroform Pyridine.

‘ H}‘} . ’
The reaction was catrried out .asy before with iodonium

&

nitrate (O.vOZ mol) in chloroform-pyridine and the olefinic alcohol,

oy

2.772 g (0.018 mol). The oil obtained after evaporation of the dried
(MgSO4) solution was cfromatographed on f}orisil and eluted with

chloroform chloroform-methanol (19:1) and chloroform-methanol -

(9:1). Evaporatmn of the last fract1on gave 2.45 g (40%) ofthe adduct,

XéA , which was recrystalhzed from chloroform hexane m.p.

4 :
86-88° o g

‘%nal. Calcd. for CgH 4NOSI C, 31.5; H, 4.08; N, 4.08.
- [ .

‘Foundr C, 31.38; H, 3.99; N, 3 75. . ( - m\/

The n.m.r. spectrum: ’ S T‘MS (CDC13): 1.5-2.6 (m, 6H,
6 7a b P
n', 1’ w5, ut, w" u™), 6.2+(s, 2H, 2 <OH); 3.3-4.0 (m, 5H,
2 :CH,-0, -CH-1); 5.5 (m, IH, CH-ONO,). -
. - N X . . ( . ] ~’ ., . -l
The i.r. spect‘rumzi Vmax (CHC-_13): 3600, 3430 cm

(-OH); 1637 (\O-NOZ)_.F = o \‘ - j |



.

~

.

‘Anti-?—Nbrbornenol , 127,

<y
5

Similarly redction of 1.386 g ( 9 mmol) of FLO—CiS-.S—nOI‘—

bornene-2 ,3.-dimet’hanol-d4 with iodonium nitrate (0.01 mol) in chloro-

form-pyridine and work up by the method described above gave 1.13 g

.
P

(36%) of the adduct 126F.

The n.m.r. spectrum: § . (CDClg): 1.59.6 (m, 6H,

: TMS
1 6 .5 _ 4 ' ‘ :
H ,H ,H , H ,u"2 1™, 3.8 (t, IH, -=CH-1); 5.5 (m, lH,

I3 - @

..CH-ONOZ) N

I~

‘This compound was prepared according-to a literature

: 170 u -
procedure . Then.m.r. spectrum was identica} to that reported.

Addition o‘ Ioélonium Nitrate to Anti-7-Norbornenol in Chloroform-

Pyridine.
The reaction was”carriedd out according to the general
procedure. .Thxlzs I:eacti_on of iodonium nitrate (0.01 mol) and 0.9"97_g>

(O..OO9 mol) of anti—7-norbornenol gave 2 g (74.3%) of anti-7-hydroxy-

exo- 3 iodo-endo- norborn Z-yl nitrate 128.

—_— —————— ' T~
| Then,m.‘r. spectrum: TMS (CDC13): 41'2j2'5 (m, .
4H, 2 -CH,-); 2.2 (s, IH, -OH); 2.6 (m, 2H, H', H); 3.6(d, 1H,
-CH-1, J=3 Hz); 4.8 (m, 1H, SCH-OH); 5.6 (m, IH, -CH-ONO,)).
The i.r. spectrum: )/ ' (éHCI3): 3600 crh"l (-OHY},
P T max ) :
1637, 1275 cm ™! (-ONO,). . : :
.p'ar“a-Nitrobena’pylation of Adduct 128. |
The react1on W s carrled out as descrlbed h’efore Thus

from l g (3. 344 mmol) of adduct 128 and 0 —625 g (3 344 mmol) of

para- mtrobenzoyl chlorlde was formed 0. 77 g (51 4%) of ant1 7- parg—

mtrobenzoyloxy LO 3- 1edo endo-norbgrn-2 -4l mtrate /1\22 m.p.

119—120 (benzenefhexane). , B / \ .

186
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" Anal. Caled. for C4H{;N,04: C, 37.5; H, 2.9; N, 6.25.
Found:=.C, 38.06; H, 2.94; N, 5.88. '

v

' Tbe‘n.m.r».. ~s\3ectrum: 6TMS (CD—C1\3): }.>45—2.25 (m, /f/
4H, 2 -CH,-); 2.9 (m, 2Hy H!, H4); 3.75(d, 1H, -CH-1, J=3 Hz);
. & ' 24
5.6 (m, 2H, CH-ONO, , -Q{-o-c{) ). S .
& . . -
¢ The i.r. spectrum: )) (CHC13): 1733 cm-] (>C:O);
. - max '
1645 cm ! (-ONO); 1525 (-NO,). ;

Preparation of Iodoniurn Nitrate-Pyridine Complex,

Iodonium nitrate (0.04 m‘ol) was prepared in 50 ml of
: : ) /
\

—

chloroform and 25 ml of pyr‘icfine. The solution .was poured into an |
N : ]
excess of ether and chi111ec\16: " The resulting precipitate was collécted-
) , 'b .4 R
nd washed several times with ether. Repeated recrystallization of

the solid from anhydrous aicet‘(‘)nitrile or ac?&tonitrile-ekther gave llg
(79%) of iodonium nitrate-pyr_idiﬁe complex, /l_}\fa-s a crystalline

12
129,

, £
Anal. cglgd. for cw7{01~13o31:, C, 34.59; H, 2.88,

N, 12.1. Found:. C, 34.25; H, 3.19; N, 10.56.

o

solid. m.p. 128-131° (1lit. , vm.p. _13_8

Addition of Jodonium Nitrate-Pyridine Complex to (E}-44-Dimethyl-

p‘ent-Ziene in Dimethyl Sulfoxide. - , M . L /

, " A, mixture of 3.47 g (0.01 mol) of iodoniym nitrate-

pyridine complex, 0.98 g (0.0l rhol) of @)—‘4,4-dimethylvp;:ht.-2-ené and
20 ml of anhy-dfous dimethyl sulfoxide was stirred at room temperature

for 5 h, and then poqred into a mixture of water and ether. -The ether

» .

layer was i'émov_ed and the aqu-ec;usv layer extracted with a small  u

amount of ether. The combined ether extracts were washed succes-

.

sivelfy with 50 ml of water , 40 ml of 10% sodium thiosulfate solution,

50 ml of water ,.40\111 of ydr_"ochlorié acid_ and th;an with 50 ml of

. ' ~
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\

3

water. Drying (MgS0,) and removal of the solvent in vacuo gave 1.7g

(60%)-" of erythro-3-iodo-4,4-dimethylpent-2-yl nitrate, 135. b.p.

48.5-50°/3.4 mm. -

Addition of Iodokium Nitrate-Pyridine Cgmplex to(E)-4,4-Dimethyl-
/ . N 3

é

pent-2-ene in Acetonitrile. ' >

: A mixture of 3.47 g (0.01' mol) of iodonium nitrate-

!

pyridine complex, Q.98 g '(O.‘Ol mpl) of (E}-4,4-dimethylpent-2-ene and
20 ml of anhyd;'OL;Sr acetonitrile was stirred at room temperature -for

3h and then concentrated in vacdo. The.residue was extracted wj‘th
ether. The ether e;&ract wamshed suceesS'ively with 20 ml_of water ,
20 ml of :‘>% hydrochlgric acid and then with 20 ml of water. Drying
(MgSO4) and removal of the solvent in vacuo gave 2.6 g (91%) of e y_t_gg—

3-iodo- 4 4 - dlmethylpent 2 yl nitrate, /ié..

‘ The ether 1nsoh1b1e residue was extracted with ethanol and
crystalhzatxon by the procedure descrlbed before gaerO mg of

erythro-N-{ 2- (3 jodo-4 ,4- d1methy1)pentyl]pyrldmlum n1trate 137.
-/ k]

m.p. 121-124°

Add1t1on of Iodonium N1trate to 3- Allyl 1,1- -diethyl-2- th1ourea in

N

Chl({roform Pyr1d1ne . )
| > To a stirred so,lutmn of 1odon1um nitrate (0. 02 mol) in 40\\
ml of chloroform and liml of pyr1d1ne was added 3.49 g (0.02 mol) o
of 3-allyl-1,1- d1ethy1 2- thmurei all at once. An exothermic reactloh
) took place and the color changed’to dark brown, The mixture was
.s.t.irfe'd atl robm‘ltempera#ure for 3 h, ther; poured' inte an exeess}of
ether a:nd chilled. /The resulting hi-es:;idue was colleeted, washed -
several times with ether and extracted with cold methaqol , filt,exl'ed

. and reprecipitated with ether. The residue was chromatographed on ( '-

-
-
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% ’
100 g of silica gel and ellited with bcnzene:methanol“(SS:I5). ' Evapor -

ation of.the eluate gave an oily residue (3.3 g) which solidified slowly
' ’ \

on standing to gi\'é Z{dkghylarﬁino—5—io.domethyl,—2-thiazoline, 133.
- o

Anal, Caled. for CgH, N N,SI (Mol Wt. 298.0001).

Found:» '(298.0003 , mass spectrum). N

-The n.m.r. spectrum: (CD3)2 : 1.03 (t, 6H,

'r
2 CH3-CH, -, J=6.5 Hz); 373 “4.6(m, 9H, -CH,-, -CH,I, 2 N CH, -
-CH-).

The i.r. spectrum: )~ (CHCl3): 1597-1625 (-C=N-).

A -

Addition of Iodine Azide to Cyclohex-Z-en-l -ol.

Thls reaction was carrled out by the procedure of Hassner

106

and co-workers. Thus the rexactlon of 3.92 g (0.04 mol) of cyclo-

hex-2- en-1-ol w.1th iodine azide generated from 5.2 g (0.08 mol) of »

sodium azide and 9. 8 g (0.06 mol) of iodine monochloride in 70 m1l

of anhydrous .acetonitrile at 0° for 24 h and work-up by the usual

procedure gave 9.2 g ( 86% ) of ?-hydroxy 2-iodo-1- amdocyc'lo-
hexane, 142, as a dark brown oil. |

The n.m.r. spect‘rum: g TMS (CDC13): 1-?. 5(m, 6H.'

3 -CH,-); 2.85(s, 1H; -OH); 3.9 (m, 2H, -CH-OH, -CH-N,);
A | ' H 3)
4.3 (q, 1H, -CH-I, T) 79-5Hz, J, 42,5 Ha). |
' < ' e a1 s -1
. . '%
The.i.r. spectrum: Vmax (liquid fllm), 3425 cm

(-OH); 2100 ecm™1 (-N;).

Addition of lodine Monochloride to Cyclohex-2-gn-1-ol.

To a stirred solution of 8.1 g (0.05 mol) of iodine mono-

. . . : 9
chloride in 60 ml:of anhydrous acetonitrile at 0° was added a solution

of 3.92 g (0. 04 mol) of cyclohex-2-en-1-0l in 10 rnl of anhydrous

aceton1tr11e and the mixture stirred at-0-5° for 24 h . The solution

P
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was added to 50 ml of satura&ed sodium bisulfite solution and the

mix’tlure extracted with 50 ml of ether. Removal of the solvent
in vacuo after drying (MgS‘O4') gave 9.4g ( 90%) of the adduct as a
dark brown oil.

: 1.2-2.6 (m, 7TH,

\1\ 3)

\ ' Then.m.r. s:pectr}m:' STMS (CDC1
3 -CH,-, -OH); 3.2-3.8 (m, 3H, -CH-1, -CH-Cl, -CH-OH).

The i.r. spectrum: ) (liquid film): 3420 cm~! (-OH).
max )
Cyclopent-2-ern-1-ol. ’ :
~— N P
This compound was prepared by addition of Hydrogen

chloride to cf)clopentadiene’ followed by hydrolysis of the cyclonent-2-
en-1-yl chloride with aqueous sodium bicarbonate according to a

literature procedure. b.p. 24-25%0.65 mm (lit., b.p. 52°/12 mm)!9}

Cyclohgpt-2-en-1-ol. .

+

"Cycloheptene was brominated with N-bromosuccinimide in

refluxing carb&n tetrachloride in the “iresence of‘ atrace of b‘enzoy_rl .
pérdxi’ae t<,) cyclohept-2-en-1-yl bromide. Yield 48%. b.p.“310/0.1
mm. - (lit., b.p. 59°/5.2 mm)} 0.

Hydrolysis of cyclo‘hept-Z—en-'l-yl bromide with 10% sodium
hydroxide gave cyclohept-2-en-1-ol. Yiela 89%. b.p. 43-44°/0.05
mm (lit. , b.p. 72°/7mm)}7°, |

Cyclooct'-Z -en-1-o0l.

This compound was prepared by bromination of cyclooctene

with N-bromosuccinimide folioxyed by hydrolysis of the 3-bromocyclo- -

"

octene with 10% sodium hydroxide. b.p. 46-§7°/o.05 mm (lit. , b.p.

192 . , o
74°/2 mm) 0%, | S : :
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Treatment of Cyclohept-2-en-1-ol-lodonium Nitrate Adducts with St
Potassium Hydroxide in Ether.
L : ' - . f

A solution of 2.5 g (8.3 mmo}) of\the adducts in 50 ml of

ether was stirred with 0.6 g of powdered potadsium hydroxide for 3 h.
Waork-up according to the procedure described before gave 1 g of cyclo-
hept-2-en-1-one and a small amount of 2,3- epoxycyclo?uept 1- yl "r
nitrate 146 Separatmn was achieved by chfomatography on flor1s1l
and elutibn_with benzeneihexane (50:5‘0). Evaporation of the first .
fraction gave the epoxy-nitrate.. : |
‘ Then.m.r. spectrum : é TMS\(CDC13): 0.8-2.5 (m,.
8H, 4 _.CHZ‘); 3.2 (m, 2H, 2 -CH-0); 5.25‘(m, 1H, —CH—ONOZ).

~ The i.r. epectrum: (CHC1,): 1630 c:m'—1 , 1270
P max 3

o -] . 1arg -] e
cm - (ON_OZ)' 1?10,960 cm (>C.£ _\_:). \

Evaporation of the second fraction gave cyclohept-2-en-1-

d ’

.one, which was identical with an authentic sample. .

_Pﬂil—Nitrobenzoylati'on of 3-Hy(iroxy-Z-iv‘odo-cycloheptyl Nitrate.

' To a solution of 2 g (6.63 mmol) of adducts 143 and 144 and
O 79 g (0.01 mol) of pyridine in 30 ml of anhydrous benzene was added
a SOll.lthl'l of 1.245 g (0.00663 mol) of para- mtroben\qzoyl chlorlde in
10 ml of benzene dropwise and the mixture stirred for 3 h. Work—up

I by the usual proc_edurve ga’ve an oil which wgsvcrystallized from benzene-

N 2 hexane to afford 1.5 g (50%) of 3-(para)-nitrobenzoyloxy-2-iodo-cyclo-
. - 3 T
heptyl nitrate, 145. m.p..103- 104°

Anal. Calcd. for C14H NZO7I - C, 37.34; H, 3.33; N,

15
/ 6.22. Found: C.37.4; H; 3.41; N, 6.25. E

The n.m.r. spectrum 3 5TMs (CDCl3): 1.7-2.5 (m,

8H,’4 -CH,-); 4.77 {q, 1H, -CH-1, J=2.5 Hz, 6.5 Hz); 4.96 (m, 1H, -
g

¥
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| ¢ ( .
~CH=0); 5:5(m, 1H, -CH-ONO,); 8.27 (m, 4H, aromatic hydrogens).
(CHCI;): 1730 cmik (>C=0),

The i.r. sp_gc_trum: Vmax

4

1640 (-ONO_J, 1530 (-NO,). - .

Treatment of 3-Hydroxy-2-iodocyclooctyl Nitrate with Potassium

v

Hydroxide in Ether.

"To a solution of 2 g (6.35 mmol) of 3-hydroxy-2-iodocyclo-

fan v
]octyl‘ nitrate in 50 ml of ether was added 0.56 g (0.01 mol) of powdered
: . /
potassium hydroxide. The mixture was stirred at room temperature

for 3 h. Work-up by the usual procedure gave 1 gs(84%) of 2‘,‘3-éony-

cyclooctyl nitrate, 149. Purification was achieved by chromato-

* graphy on florisil and elution with benzene-hex._ane (.50:50).,,

The n.m.r. spectrum: 5TMS (CDC13): j-l'.l-Z‘.4 (m, 10H,

3

5 /CH,-); 2.88 (q, 1H, H

); 3.08 (t, 1H, HZ, J=4 Hz); 5.63 (sextet
JH;, -CH-ONO, , J=5Hz, 3.33 Hz). . N

: ‘ - -1 |
| The (1)r Spec’Fru ymax (CHC13). 1640 cm (ONOZ) ,
-1 : ‘ ’ ;
1280 Ny .
80 cm ( >4_S<) S | | ( |
. The mass spectrum: m/e, 141 (M-NOZ); 125 (M-ONOZ).

General Procedure for the Reaction of lodonium Nitrate with Stereo-

- . ‘ . . -
isomeric Alkenes. . ©s . -

Represe.n'tative_exarhpl‘es of additions to~(_}§3)-(§)pa{irs of N\

alkenes léading predomi‘han'tly to iodoalkyl nitrate esters and iodo-

pyridinium nitrate salts respectively are given. Thereafter the

‘resulté qrétgﬁmmarized in Té.bles 31-34.

\ ' . . ¥]

PA WS
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Addition of Iodomum Nitr ate to(E)-4,4-Dimethylpent-2-ene in the

Presence of Pyrldme

The reactjon was (urried out by the general procedure
described before. Thus the reaction of iodonium nitrate (0.0‘i mol)
4n 80 ] of chlproform and &% 1. of pyrldlrLe with 3.925 g (0.04 mol)
of 4,4- dlmethylpem 2-¢ne and work-up by the usual procedure

gave 8.7 g (76%) of _e_r__y_t_h_r Q—j-i_odo-4 4-dimethy1pent-2~yl nitrate,

135.  Purification was effc. ted by dlstlllatlon under reduced preéssure.

s

b. p. 48.5-50"/3 4 min. : o ¢ ®

¥

‘ \Anal]( Calcd. Tor (37'k114NO3I_: C, "29‘If.>27; H, 4.88; N, 4. 88.
Found: C,28.92; M. 4.9C, N, 5.88. ”
The n.m.r. spectrum: JTMS (CDCLB')"‘\}I 22 (s, 9H,
“C(CHy)3); 1.52 (d, 31, CHy €R-ONO,, J=6.2 Hz); 4.42 (a/ 1,
“CH-1, Jehi. cHONo, "¢+ 7% He) 4.8 (octet, 1H, -CH-ONOg,*

JCH3-CH-ONO, = 6.2 17, JCh . CHONO; = 2.75 Hz),
- ' - . :

The j.r. cpectrum,. )/ . (liquid film): 1625, 1270 cm_‘l
& o 0 “max

(-ONO,). < ;
The ether involuble residue after washing several times with

ether was crystallized frorm ethan’ol-iSOprdpanol—ether by the method’

described befox-e‘ td afford 0.7 g'(4.8%) of gf{ythrg-N-[~2-(3-iodo-'4‘,4-

5 .
dimethyl)pentyl] pyridinivra nitrate, 137. \r{x.p. 120-123° \
—_— e e e~ - N
. - . \ N
Anjll. Calcd. {or C12H19N203I: C) 39.35; H, 5.19.
Found: C, 39.33; H, 5. 00,

AN

4
‘ The n.m.r. spectiuni: 6TMS[(CD3)ZSOJ:
-C(CH3)3); 1.74 (d, 3H C ;s J 7 Hz);

CH3-CH-NZ™
2H, -CH-I, -CH-Nf)- 8.2- 9 3 (m 5H, pyridine hydrogens).

The i.r. spectrum: l/max (KBr disc): 1620 cm'l (ONOZ°).

‘s &
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) ‘Additi(;n of Jodonium Nitrate to(Z)-4,4-Diméthylpent-2-ene in the

Presence of Pyridine.

The reaction of iodonium nitrate (0- 04 mol) in 80 ml of.

chloréform and 25 ml of pyridine with 3.925 g (0 ‘t‘g} mol) of ( @4 .4-
&

.dxmethyh\nt 2 ene and work-up by the usual procedure ga\/e 10 59 g

(91.5%) of thieo-3-iodo-4 ,4- dlmethylpent 2-yl nitrate, 156 Y b p.

i

o

- 52-53 °/3 mm.

. ~Anal. Calcd. for CoH 4NO3L: €, 29.27; H, 4788, N, 4.88.

Found: C, 29.62; H, 4. 88 N, 4.88.
The n.m.r. spectrum_p 8 TMs (CDCl3): 1.19 (s, 9H

\

CH;-CH-ONO,
IH, -CH-I, JCHI C}{ ONO, 1.5 Hz); 4.93 (octet, 1H, -CH-ONO,,

JcHI-cH- ONOZQ\5 Hz, JcH,-cH-0NO, *6-15 Hz).

N

-C(CHy)3); 1.53(d, 3H, -CHy, J = 6.15Hz); 3.99 (d,

The i.r. spectrum: V_ . (liquid film): 1625, 1270

“1(-ono,). < ~ .
- s :
From the ether insdluble residue was isolated 0.8 g (5.46%)

of threo-N-[2-(3-iodo-4,4-dimethyl)pentyl Jpyridinium nitrate, 157.

m.p. 82-85°.
Anal. Calcd. for CjpH)gN03I: C, 39.35; H, 5.19.

Found: C, 40.10; H, 5.26. /‘B | ‘ . -
Then.m.r. spéctrum: JTMS[(CD3)ZSO]: 1.17 (s, 9H;‘

~C(CHy),); 1.87(d, 3H, -CHy, J 6.5 Hz); 4.9-5.4 (m, -

+
(.3_1;13'@-N< . )
2H, -CH-I, -CH-N%Y); 8.3-9.4 (m, 5H, pyridine hydrogens),,

The i.r. spectrum: l/max (KBr disc): 1620 em ™1 (ONOZ').
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Z:i»nc-Copper Couple Reduction of Erythro-3-Iodo-4 ,4-dimethylpent -

Z-yl_Nitr?}t/é, 135 : _— .

( The reaction was carried out by tﬁgo g‘g;lvi‘(?’ral procedure
described before. Thus reduction of 16.5 g (0.0575 mol) of erythro-
B'iodo-‘l,4—4'dime.thy1pent-2-yl nitrate with 1»4. 3 g.o\f zinc-copper couple
in 230 ml of glacial a\celtinc acid at room temperature for 24 h and work- -
up by the usual procedure gav€)4 g (29%) of e_ry@-Z»—iodo—i\P‘l—-'

¥ ©
dimethylpentan-2-ol, 136. Pyrification was effected by chromatography

on ]20 g of neutral alux;nina and elution with pentane coﬁtaining 4%

© (v/v) of methanol. m:p. 59-600.

The n.m.r. spectrum: JTMS (CDC13): 1.15 (s, 9H,

--C(CH3)3); 1.28(d, 3H, -CH,, J =6 Hz); 1.9 (s, 1H, -OH);

CH3-CH™OH
3.11 (octet, IH, -CE-OH, J H3_~CH_OH:6HZ, JCHI‘—CE-OH:ZC) Hz),
(‘{‘H

CHI- =2.9 Hz).

-OH

4.58 (d, IH, -CH-I, J
» Thei.r. spectrum: )/ (CHCl,): 3540 cm™! (-OH).
. max 3 * '

Preparation 9#E-2 ,3-Epoxy-4,4-dimethylpentane from Erythro-3-

lodo-4,4-dimethylpentan-2-ol, 136. ’

To a stirred solution of 2.4 g (0.01 mol) of erythro-3-iodo-
4 ,4—dimethy1pentan-2;ol in 80 ml of ether .was added 0.805 g (0.015 mol)
o'f powdered potassium hydroxidé in small portions. The mixture
. was stirred at room temperature for,,l% h, filtered, an'd the residue

washed with a small amount of ether. The combined ether extracts

i

were washed with 50 ml of water , dried (MgSO4) and the ether

evaporated in vacuo at room temperature to afford 0.8 g (70%) of (B-2,3-

-

epoxy-4,4-dimethylpentane, 158. Purification was effected by
distillation under reduced pressure. The sample was identical in

physical properties with the authentic epoxide prepared as follgs.

- . ° . S p—

195,
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Epoxidation of (E)-4,4-Dimethylpent-2-ene with m-Chloroperbenzoic

Acid.

A mixture of 6.6 g (80% pure, 0.03 mol) of meta-chloro-

perbenzoic acid, 5 g of anhydrous sodium bicarbonate and 80 ml of

L4

methylene chloride was cooled in an ice-water bath. 2 g (0.02 mol)
¢ : BN

of(F:‘_)—4,4—d{\nethylpent'-Z-ene was added all at once ahd the mixture
’Stir_red ati)'o for 3 h. The reaction mixture w‘as kept in the refrigerator
overnight, filtered, and the residue washed with a small amount of
methylene chloride. The methylene chloride solutioq was washed
with 40 ml %ortions of 10% potassium :;'At;on'ate solution twice and

then with 40 ml of water, dried (MgSOy) and the solvent evaporated

in vacuo at room temperatﬁ’re to afford 2 g of (-2 ,‘3—epoxy—4 ,4-dimethyl-

pentane, /l\5§ Purification was effected by distillation. Yield (pure
*1/\5}3) }.5 g (68%). b.p. 102-103°/700 mm. |

Anal. Calcd. for C7H 40  {(M-CHs), 99.0810 . Found:
199.0811, mass spectrum).

The n.m.r. spectrum: 6TMS (CDC13):v 0.990 (s, 9H,
-C(CH3)3); 1.25.(d, 3H, -CHy, Joy. ey o®5-1 Ha)i 2.35(d, 1H,

-O-CH-C(CHg)y, J oy -y *2.2 Hz); 2.79 (octet, 1H, -O-CH-CHj,

- —_— ——

J_CH-CH,=5-1 2. T gy cy. =22 Hal. o L

Thei.r. spectrum: V (liquid film): 'A1250, 907, 760
_ ' . “max

. . _ [} o
cm” >\“7<O ); 3010 em™! (-C-0). x ,
o H :

Zinc-Copper Couple Reduction of Threo-3-Iodo-4,4-dimethylpent-2-yl

Nitrate, 156. )
o~

———— e P

Reduction of 12.1 g (0.04216 mol) of threo-3-iodo-4,4-

dimethylpent-2-yl nitrate with 13.1 g.of zinc-copper couple in 170 ml

\ (4

of glacial ace:i\c acid and 100 ml of pentane at room temperature for

a
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;
A /

48 h and work-up by the procedure described before gave/’f}.Z g (41%) h
of threo-3-iodo-4 ,4—dimethylpentan-\2—ol , li% Purifii.:ation was
/

effected by chromatography on 120 g of neutral axlumlf‘xa and elution

with pentane containing 4% (v/v) of methanol. Tht}./materxal was a
.}'
low melting solid. . A R
~ ¢‘ t

»

4
Then m.r. spectrum 6TMS (CDCI }: 1.15 (s, 9H

'

-C(CH 1.2 (d, overlapped by t Bu, 3H, -CH3),@ 1.66 (s, 1H, -OH);

3)3);

3.11 (m, 1H » -CH-OH); 4.13 (d, IH, —CHI J-CH CH-’ =1, 5Hz)

The i.r. spectrum: Y (CHC13) 3430 cm™! (-OH).

Preparatmn of (Z)-2,3-Epoxy-4,4- dlmethylpentane from Threo-3- Iodb—

~

4,4- dimethylpentan- 2-0l, 159.
—~~J

Treatment of threo—\3-iodo‘;-‘ﬂ4 ,4—dimethy1pentan-2—ol in ether-
: . e K '
with potassium hydroxide according to the conditions described for 158

above gav:é a mixture of (Z}-2,3-epoxy-4,4-dimethylpentane, 160 and a

ketonic fraction. Combined yield, 0.5 g (44%). The epoxide was

identical with an authentic[sample (see below). The ketone was shown
to be 4,4-dimethylpentan-2-one by comparison of its n.m.r. and i.r.

spectra and g.c. retention time with those of an authentic sample ..

~

Epoxidation of (Z)-4,4-Dimethylpent-2-ene with m-Chloroperbenzoic

Ao

Acid.

An authentic sample of(Z)-2,3-epoxy-4,4-dimethylpentane,

160 was prei)ared from(Z)-4,4-dimethylpent-2-ene by treatment with

m-chlorfjperbenzoic acid according to the conditions described above \
forliB/. Distillation gave the pure epoxy compound (68% yield).

b.p. 110-111.5%/700 mm.

o

Anal, Calcd. for C7H;40:  (M-CH3), 99.0810

Found: (99.0811, mass spectrum).
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A&

-+ Then.m.r. spectrum:  § 1\ (CDCly): 1.04 (s, 9H,
(CCH3)): 143 (43K, CHy,L Ty 0*5-THz) 2.6 (d, 1H,

‘-O-CH—C(CH ) y J -CH- CH 4.5 Hz) 2.97 (octet IH, —O-g}_{-CH'3,

-~

J-CH CH3-"—) 7HZ, J_ CH CH —4 SHZ)

Thei.r. spectrum: Umax (liquid film): 1260, 900 crm -]

( ~.><:O7<‘);' 3010l m-1 (. (I: -0).
‘ ' H

General Procedure for the Addition of Iodomum trate to But-2-enes
- \

/
in the Presence of Pyrldme.

.J(

A solution of iodonium°hitrate (0.08 mol) in 150 ml of

chloroform and 50 ml of pyridine v;/a_s cooled in an ice-water bath.
B’ut-Z_-enebgas was };as'sed fofoogh‘ the stirred solution in a slow stream
for 1% h. The mixtire was stirred at 0%for an add1t1ona1 1-;- h and
thlen worked up by the usual procedure :

The aﬁalyti‘oal and spectral oata for the iodonitra_te esters
Tos

and iodopyridinium salts aye included in Tables 31- 34:

» Base Cataly¥ed Elimination of Hydrogen lodide from Erythro/N/fZ (3~

Iodobutyl)] pyr1d1mum Nitrate, 164, g ’

te 14 g (0. 0432 mol) of erythro N-[2-(3- 1odobutyl ]pyr1d1n1um

nitrate was dissolved in 70 ml of methanol and 3 g (0, 0555 mol) of -
ey -
sodiumh methoxide added. The mixture was stirred at 500 for 20 h,

cooled and the precipitated salts were collected. The filtrate was |

i

>

poured into an excess of eth"er', chilled and the resulting precipitate
collected. Recrystallization from ethanol-isopropanol-ether gave 9.5

g (84%) of(B-N-[2-(2- butenyl ]pyr1d1mum iodide, 165 m.p. 138-139°,

Anal. C l‘ld for C9H12NI C, 41 38; H, 4 60; N ‘5.3,

Found: C,'40.82; H, 4.68; N, 5.3¢.
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The n.m.r. spectx/tum:‘ JTMS [(CD3)ZSO\]: 1.9 (2q,
3H, S:_I'_'I3‘CI‘1 ,'Jg_}:{3-g—f‘_{::?/3 Hz; J§_1_'_13-C:C‘CH3 =1 .73‘ Hz); +2.36
nor
(quint, 3H, CH3-C-NZ, JQEB» -C=C-CH," JCH=C-CH3=1.3 Hz); 6.16
(OCtet , \lH‘, CH '(LI'_'_I:, JC;'H:C~CH3:'13HZ "‘ J(_:_I:i__'i'g_l:{::’,% HZ),

8.2-9.33 (m, 5H, pyridine hydrogens).

Base. Catalyzed Ehmmatmn of’, Hydrogen lodide from Threo N- [2 (3—

Iodobutyl)]pyndlmum Nitrate, 168. .
—
j\ . 4
Treatment of threo-N-[ 2-(3-iodobutyl) Jpyridinium nitrate

with a slight excess of sodium methoxide in refluxing methanol for 48 h .

and work-up by the method described above afforded(@)-N-[2-(2-

‘butenyl) Jpyridinium iodide, 169. Yield 87%. m.p. 182-184°,

Anal. Calcd. for GgH{,NI: C, 41.38; H, 4.60; N, 5.36.
t - .

s

Found: C, 39.22; H, 4.58; N, 5.14. < |

The n.m.r. specttum: 6TMS[(CD3)ZSO]: 1.47 (2q,
‘ R i _// .

34, CH3 CH ,J =1.7 Hz, Joy,_cH=77 Hz); 2/38

CH3-C=C-CH3
c Wet .
(qUII’lt 3H, Q_I_“13—C-N<, Jg__{3 _C:Q_I-_ 7J-(_:LI3‘C:C'Q'_I3-1'7HZ)’

36‘],.14 (m, ¥, -CH , ngj3_g§‘:=7 Hz, Jgﬁyczg_{_:l_.s Hz); 8.2-
9.15 (m, 5H, pyridine hydrogens)’

}
Determmatzon of Ratio of Threo N-[C2- (3 Iodopentyl)] \and Threo-N-

\ [3- (2 Iodopentyl)]pyndmlum N1trates 26 and 27 >

‘ A mixture of 7 g (0.0207 mol) of the 1somer1c iodopyridin=-
ium nitratés-, 26 and/_Z:Z, 1.8 g'(07033 mol) of sodium méthoxide and
250 ml of methanol was refluxed for 48 h. W'ork-up by the 'met}ﬁmodk~

glescribed above gave 3.5 ¢g (6IVS%) of (Z)-N-[ 2-{2-pentenyl)]. and (2)-N-

[3-(2-pentenyl) Af'idinium‘iodidesv, 172 an‘d 173 respectivel .
| P yl) Ipy 172 and 173 res y

m.p. 90-95°,
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Anal. Calcd. for CgH 4NI: T 43.64; H, 5.09; N} 5.09.
Found: C, 42.2; H, 4.97; N, 5.12. , S

[(CD.).SO]: 0.98 (q, 3H,

TMS 3)2
91:_{3~CH2'~-, J=7.5 Hz); 1.44 (d, further split by long range coupling, -

“"Then.m.r. spectrum:

“x0.81 H, CH3-CH=, JgH,-cu= <7 Ha)i 1274 (quin;, 1.46H, -CH,-CH ,
s
CH3 CHZ =J -CH,- CH“ =7.5 Hz); 2.34 (s, further sp11t by lbng range

s

I+
coupling, 2.19H", CH; - C N Z); 2.68 (m~ 0.54H —CI—P_-C-N(); 6.04 (m,
1H, -CH=),; 8. 25 9.3 {m, SH pyrldme hydrogens)
Proof of Reglochem1ptry of Addition of Iodonjum Nitrate to (5%3 Methyl-

I
pent-2-ene by Base Catalyzed Elimination of fﬁirogen Iodide from

’ \
Threo-N-[3-(2- Iodo-3- methyl)pentyl:]pyndmmm Nitrate, 195.

A mixt f1.6 g (4.5 mmol) of threo-N-[ 3-(2-iodo-3-_>
met.hylv)pentyljpy.ridnium nitrate, 1 g (O!.,Ol‘) mol) of sod%um methoxlde
and 40 ml of methatnél .w;a‘s réfluxed for 48 h, cooled pour-ed into ;an
excess of ether and chilled. The resultmé prec1p1tate was éollecfed'

and recrystallization from ethanol ether g.ave 0.5¢ (38%) of N E3-

(3- methyl)pent 1- enyl]pymdmlum iodide, 196.. m.p. 72 75° ,

. ~Then.m.r. Spectrum KTMS[‘(CD3)ZSO]:‘ 40375 (t:g, 3H,
C;I_?I3-CHZ~,J=;7.5 Hz); 1.87 (s, 3H, QH3-(::-KJf); 2.27 (q, 2H, |
-CH,-CHj, J=7.5 Hz); ' 5.37-5.70'(q, 2H, | CH,); 6.1-6.57 (q, 1H,

-CH ), 8.1-9. 31 (m, VSH , pyridine hyd'rog,ens). ‘

Base Catalyzed Elimination of Hydrogen Iodide frbm Erythro and Threg-

N-[ 1-(2-Iodo-1,2-diphenyl)ethyl] pyridinium Nitrates.

The ibdopy%idinium;snit,rate_was stirred with an excess of
: . ' ».
potassium cari)onate in water overnight. The resulting yellow

pr.ecipit_ate was collected, whashed several times with water ‘an'd,f«inall'y

with a small amount of ice-cold acetone. Recrystallization _frlor'n
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.
}
K{(yf(one gave phre N-(1,2-diphenylethenyl)pyridinium iodide as yellow

needles,
. [y - .
The analytical data for the(Z) and(E)isomers thus prepared

-

- 'are included in Table 32.

"@)--,B-Deuterosty.r.ene. 3

This olefin -was prepared by the method of Hassner and [

co-workers. It contained > 95% D (by n.m.r, and massﬂépectro-‘
£ : -

scopy).

[

A'ddition',of Iodonium Nitrate to{Z) —,B-Deute'rostyrene in the Presence of

_ Pyridine. ' s C . Yo

>
A

To a solution of iodonium nitrate (0.02 mol) in 30 ml of
chloroform ahd 12.5 m]l of pyridine was added 2.1 g (0.02 mol) of

(_Z_)—,B—,deuterostyrer'le all at once. The mixture was stirred at room
. ) .

- _
temperature for 3%"}1 and then poured into a mixture of water and ether.

Work-up of the ethereal layer by the method described before gave a -

-

" trace of threo-Z-deutero-Z-iodo—I;—phenylethyl nitrate, 206. “

The n.m.r. spectrum: 6T‘MS(C,DC13): 3.47 (d, further.

¢

split by H-D coupling, 1H; -CH-D, J =8 Hz); 5.93 (d, 1H,

CH-CH-D
—CH-ONOZ, JQ‘;-CH—D=8 Hz); 7.4‘(m, 5H, Ph).

The aqueous solution was treated with 4 g of solid pdtassium _
carbonate aqci bextracted several times ‘with ether, and the ether discarded.
‘Th'e solution wés.adjﬁsfed.to pH$7 with dilute nitric acid and evaporated
to dryness in vacuo. Extractibn ofbthe residue with ethanol and cfystal-

¢

"lization by the usual procedure gave 2.0 g (32%) 4-_of(Z)-N-‘[. 1-(2-deutero-

1-phenyl)ethenyl]pyridinium iodide, 208. W
4~ Then.m.r. spectrum: § g)5[(CD3),50]: 6.43 (s, 1H,
H ' , ’

_H .
—‘-C\D ); 7.45(m, 5H, Ph); 8.17-9.27 (m, 5H, pyridine hydrogens).

- .
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' General Procedure for the Addition of Bromonium Nitrate.to

]
Unsaturated Substrates. ’

Silver nitrate, 6.8 g (0.04 mol) was dissolved in a mixture

of 30 mg of chloroform and 15 ml of rpéagent grade pyridine. The

solution was cooled in an ice-water bath and bromine, 6.4 g (0.04 mol),

1

&

in 15 ml of chloroform, was added dropwise tg the stirred solution.

i

‘The silver bromide produced was collected and washed with a mixture

. iy

of 10 ml of chloroform and 10 ml of pyridine. "To the clear light.\
yellow filtrate at Oo‘, 0.04 mol of the olefin was added all at once. The

mixture was stirred at 0° for 3-4 h and then poure€d into an excess of

ether and chilled. The resulting o0il or precipitate was collected and

.

the ether solution concentrated in vacuo. The residual oil was extract- =

ed with ether , washed with 50 ml of cold 5% hydrochloric acid and then

with 50. ml of water. . Concentration of the solution, after drying
& .

(MgSO4), in vacuo gave the bromonitrate ester, which was purified by (
: - \

e

distillation under reduced pressure, VY

?\,\ The cther insoluble residue, after washing several tiffies

. e -

with ether , was extracted with ethanol and filtered. Crystallization

was effected by the addition of ether. The prodict thus obtained is the

A ’ o R

bromopyridinium nitrate. ,
. & A

In a few instances, addition of the reaction Y:x:j'i:’fture to.ether q
- } - - .
\ . . ) . ] : i o
. did not give any oil or precipitate. In those casesy the solution was.

@
5 . . N

5 ) ’ : a- .

doncentrated in vacuo and the resulting oil extracted several times with
\ —_— . ‘o . .

ether. . After that work-up was accomplished by the procedure describ-.

°

ed before. : ._ , . | -y

The analytical and spectral data for the bromonitrate esters

and bromopyridinium nitrate salts thus obtained are summarized in .

>

s
-

-



~

-

T ables 35-38.

( o

‘ Addition of Bromonium Nitrate to 2 ,3-Dimethy1~1 ,3-butadiene in the

Presence of Pyridine at 0°.

The reaction was carried out by the éeneral procedure
discussed above. Work-up of the reaction mixture was accomplished

by the method described for the addition of iodonium nitrate to the same

~olefin,

Réaction of 4-Bromo-2 ,3-diAmethy1but»2-en-.l—yl Nitrate ;i}é with

-

Pyridine in Chloroform. L&

o :
A mixture of 0.224 g (1 mmol) of 4-bromo-2,3-dimethyl- "
but-2-en-1-y) .nitrate, 2 ml of pyridine and 10 ml of éhloroform was

allowed to stand overnight. Ether was added to the reaction mixture

‘and the resulting precipitate collected. - Recrystallization from

methanol-ether gave the dipyridinium salt , /2\4_1 inralmost quantitative
yield. . "

Reaction of 5-Bromohex-3-en-2-yl Nitrate , 246 with Pyridine in

Chloroform.

Thereaction was carried out by the procedure described
above for ;i_i) Thus reaction of 0.224 g (1 mmol) of 5-bromo-hex-3-
en-Z’—yl nitrate with 2 ml of pyridine in 10 ml of chlorofo"rm gave the
dip’)’/ridiniﬁm salt, ,Zif% as an o.il iﬁ alm‘ost quantitati.\‘/ev yield. - )

Procedure for the Reaction of Bromonium Nifrate with Phenylacetyldne.

The procedure was the same as that used for the reaction of

-

-

iodonium nitrate with terminal alky?nes., B-Bromophenylacetylene was

obtained in 63% yield. b.p. 30.5°/0.07 mm. (lit., 84-85%/10 mm) 173,
yiels p , ‘ |

P
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Procedure for the Reaction of Bromonium Nitrate with Pent-4-en-1] -0l

in Chlorg)form—Pyridine.

The reaction was performed by the general Procedure
des;cfibe above." Separation of the cyclic ether a?d hydroxy-bromo-
nitrate esters was accomplished i)y chromatogréphy on florisil and

h'.eua;lution with petroleum ether—chlorofor'rr‘) .(9:‘l)vand nthen with chloroform-

- methanol (‘2:]). Evaporation of the first fraction gave 0.6.5 g (20%) of

’ , -
- 2-bromomethyltgtrahydrofuran, 267.

The n.m.r. spectrum: é (CDCl3): 1.65-2.3 (m),
, ' TMS

4H" 2 -CH5,-); 3.4 (¢, 2H, -CHZBr, J=5Hz, 6.5 Hz); 3.5-4.3 (m,

“~

Z2H, —CHZ-O, -CH-0).

" Evaporation of the second fraction gave a mixture of

hydroxy-bromonitrate esters, 265\and 266. Yield 29%.
’ . P . ~ )

-,

From the ethef insoluble residue was isolated by the usual

procedure a mixture of bromopyridinium salts, 268 and 269. 'Yield
. o~ P V3
20%.

' 3,3,3-Triphenylpropene. .
P

This compound was prepared according to Scheme 10, by
‘reported proc.edures . m.p. 80-—81?(1it. , m.p. 80-81°).

Reaction of Bromonium Nitrite with 3,3 ,3-Triphenylpropene in Chloro-

- form-Pyridine.

\

The reaction was carried out b‘y the general procedure

ribed above. No bromonitrate ester was.isolated. " Crystallization

: . ¢ -
ther insoluble re{sidue from ethanol-ether gave a mixture of
\pound , /Z.l_g*‘gnd pyridinium bromide (yield 3:75 g). Purification

) . . . .
~ was effected as follows:
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A mixture of 1 g of the crude reaction product, 1 g of-

potassium carbonate and 25 ml of water was heated on a steam bath

0 . . - .
to about 50" whereupon dissolution occurred. On cooling a solid 7

separated, which was collected. Recrystallization from methanol- -

ether gave 0.6 g of pure N-[1-(2,3 ,3-triphenyl)prop-2-enyl]pyridinium
nitrate, 2%/ n.p. 211-212°, ‘ !

Q

. 4 P .
| /}nal. Calced. for C26H22N2Q3: C, 76.1#‘1—{ . 5.37,_ N,
6.83. ¥Found: C, 75.71; H, 5.40; .N, 6.75.

32503 5.72 (s,

The n.m.r. sﬁe;etrum: 5 TMS[(CD
, ) -
2H, -CH,-}; 7-7.64 (m, 15H, 3Ph); 7.9-9.17 (rh, 5H, pyridine .

hydrogens). -
The melting point and n.m.r. spectrum were identical to
those of an authentic sample synthesized as follows:

¢

Synthesis of N-[ 1-(2,3 ,3-Triphenyl)prop-2-enyl]Jpyridinium Nitrate,

272. h A

To a solution of 0. 64 é (2.37 mmecl) of 3,3,3-triphenyl-
propene-in 15 ml of carbon tetrachloride was ddded a solution of 0.3972-
- g (2 37 mmol) of bromthe in 5 ml of carbon tetrachlorlde and the
mixture alléwed to standfor 48 h. The solvent was removed in vacuo
and the residual solid téken up in 20" ml of carb&m tetrachloride. To
the solution 1 ml.of pyridine was addea and the mixture alllowed vt-o |

[

stand for 3 h.  The precipitated solid was collected and taken up in

50 ml of hot water. Addition of a few drops of concentrated nitric

Y

acid and cooling gave a prec1p1tate which was collected. Recrystal-

11zat1on%rom methanol ether gave 0.7 g (72%) of N-[1- (2 3,3-tri-

‘phenyl)prop 2- enyllpyrldlmum nitrate, 272.




\

Addition of Bromonium Nitrate to{Z)-B -Deuterostyrene in Chloroform-.

Pyridine. L
S S it St ' !
The reactionwas carried out by the general procedure

discussed before. Thus reaction of 3'578 g (0.036 mol) of (Z)-B -

L]

- deuterostyrene with bromoniﬁm nitrate (0..04 mdl) in 60 ml of chloro-

form and 25 ml of py‘ridine at 0° for 3 h and work-up by the usual

procedure gave 4.5 g (46%) of threo-2-deutero-2-bromo-1 -phenylethyl’

nitrate, 288, " /

—_——— s

The n.m.r. spectrum: 5TMS (CDC13): 3.62 (d, further

L4

split by H-D- coupling, 1H, -CHDfBr,’JQE_%D-7.5 Hz);, 6.0 (d, 1H,

-CH-ONO,, Joy ey 7.5 Hz): 7.37 (m, SH, Ph). |
The i.r. spectrum: J__- (liquid film):- 1630, 1275 cm
. 3 o
(‘,ONO?)- ' ' . L.

'

From the ether insoluble residue and by the procedure

. ”

described for the a'ddition of iodonium nitrate to (Z)-ﬂ-deuterostyrene

was isolated 2 .5 g (26.5%) of(y N-[ }-(2-deutero-1- phenyl)efhenyl]-

/ - o
pyridinium bromlde 289/ o v

m The n.m.r.ilp_ectrum: S'IJMS' (CD3)ZSO].S" j6..43 (s, 1H,
‘—'-C\~ ); 7.45(m, SH, Ph); 8.17-9.27 (m, 5H, pyridine Hydrogens).
\
Dt S

.’:," N
3

» E

‘.;7.:;-// (H:?

Y
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