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| 'The thermo)ysis of 2—vlnyloxfrene hes,been studled Do

L4

"n the gat phase over the range 292 - 3!2 c (é;;f A7 .8

. )

'lk‘/h"‘w‘e , log A = H! l)"nd fqund to glve rise to !
2,3~ dihydrofoen. 3 butenql, (B) end (Z) -2- hutenel to- '
gether-wlzh carbou ﬂ%noxlde and propene..

]

fhlral 2 vinyloxiraae has been synthesized. optucally
pure,, from D- mannitol.' Th& racemization of 2- vunyl-' )
'oxlrane has been studied in. the ges phase over the
temperature range 2#0 - 275 c (E - Ah 2 kcal mote ‘.
leg A * 13 5) T - © e .

cis and trans 3- Deuterao 2- vnnyloxnrane have been

,

synthesized by a stereoselecbuve route utiltzung as a_,
»

key step thc dlslamylborane/protonolysss reductuon of. _ .-
- an a‘kyne to an alkene -.2 Vunyloxirane 3 3- dz has been
'_syntheslzed by a rOute utilizlng the Ilthium alumnnumf

- deyteride rqductron of an ester as “the method of intro- = ° -
‘duction of deuterlum.. . \ 7

The klnettc deuteruum isotope effect on .the over-.

all: decomposutlon (GAG'+ lhO - 220 cal: mole '»pe?.”

deuterPun) of 2- vinyloxlrane has been studled at - 307’h C.

A slow cis- trans tsomer:zataoﬂ of the 3 deuterio 2- vlnyl-.

. oxiren as been detected durtng thermblyscs.
A study of the racemization of 2 vlnyloxnrane 3, 3 d"

(obtalned by a pertial asymmetric hydroboratnon) showed e

e °. . ! °
¢ . ) : -
iv o .

.t - ’ N N
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‘thermoly.ssis to butenals.

et

' . ' 4 Ce _—
L . ‘ : 04
. .

no slgnlflc#nt lsotope\effe&t on the rete of racemiza-

°
L4

tlon. ' o . ' _ T , e
, - " o ’ vo T . Te ¢ Y :

fhe,feciﬂh rlcemlzetion~of the. Z-Viﬁyloerane :ystem,.

Vand the formatlon of 2 3'dihydrofuran. gpve been lnter30

It
o

prnted n terns of 2 reversiblg electroc«clic cerbon- N

cerbon ring openlng to a planar carbonyl:y)ide.A . “§
The slow, relative to ther;olysis, cis trans-Fso-“f

merizglion of the 31deuter|o~2 vnnyloxiranes has . beenb

3 . N . o &

.inf rpreted n’terms of two possible mechaﬂiSms' (A) that

Itwbrcseg as a result of -an lsomerlzation of a carbonyl-v‘
° 1 » )
ylide in;ermeéuate, and (B) the preferred Lnterpret%tlon,

is® ihat it ls a consequence ‘of a carbon-oxygen blradacal

'.intermednate formen on the reaction coordinate for ;hg»'

[ . ’

1t'has been suggeéted< from a study of th8 deuterlum!

distrlb-ution in the butenals, that 3- butehal and/" its

dlenol tautomer are the primary products of carbon-  ?

oxygen bond cleavage]of the 0xtrane rlng.

-
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HtSTORICAL

A}' tsomerization of cyclopropanes' . )
/
( ~The thermal isomernzatlon of sd(ained cyclic systems Kk
. N . 1/
has been extensivelystudied in an effort to elucidate /
y oy

the mechanisms of.bond;cleavage processes. The thermolﬁ/
K

sis of cyclog‘opane and its substltuted derlvatlves hat

been the focus of conscderable attention and has resﬁlt@éi

. . /’ Lo
in the identification of the occurrence ‘of structuyal, ’
geomctrical'ahd optical isomerization processes./" '
" . ‘ ‘ ‘ ¢ /'[; : b
g structural : »
. k .
*
Rl.' - RZ '
>¢ﬁ::::::::.<' geometrical o
. Y . ’3.."-
Hoo- ‘. , ‘.
' ‘ 4
¢ . optical

. . . ‘ . , R I
The trimethylene biradical, first proposed (1) as /

REE N}

an intermediate in the structural isomerization of cyclo-

propani,to prppyleng,'has"mofe recently bee&n appf&ed (2)

as a general concept to explain the structural and

'

" |. ‘ ' »
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/ ) K ) . . /, ' . . \ . : .' et _‘2'.

' 4
geometrlcal |somer|zat}ons of substltuted cyclobropanesi.

-

"“A hydrogen shift in the trimethylene Intermediate (TMM)

. . S LI 4 . . : - .
can formally account for the olefin forma&ign and'in;er;/
nal rotatlon of TMM can.account for geometricah isomer -

s
izatlon. The perplex»ng quest;on of the mode of‘Tﬁ?matlon

[ i\ * }' ' .
: CHa ) B CHae e,
. / ? . ,/ N"c . .
.CH, _>.CH2 -_— CH, . . TH, —» cn3/ \CHZ' =
\ . )
B ’/" ,h ) o , . ( ‘ . '3 ) J»

; S o ~
. o , _ .
of TMM has beeR\a subJect of much controversy is it -

s

p;odﬁéed.as an lntermedtate of rfandom stereochemlstry, o
/" or is there a.degree oﬁ ‘?Lreochemical integrity retained >,
{ « durfng its }ormation? The fi}stkevfdence for a planar
%*ﬁmefhylene intermediéte thiﬁ sqffe(gd a preferred
‘"conrotatory reclosure was provided by Crawford and

ﬁi?ﬁ?;ﬁma) in the thermolysis of cis and trans-3,5-
dimethyl-l-pyrazoline.
CH

.3 YY“% ‘ | ‘F“;Y\[,?C“3

N ——N , - N N——N .| ¢




-

HO6Ffman (&) has\sdggested that TMM snooldlhave a pltanar -

On the basis of quantum mechanical calculations

geometry with the terminal hydEOQens and the three ring

carbons in a common plane and should be formed and re-

cyclized by synchronbus conrotatnons of the terminal

methylene groups " Until recentlr, a deflnltove experi-
LD . .
mental verification of the theoretlcal prediction of

i

“the mode of cyclopropane stereonsomialzatloh has not

4

been forthcomlng.» In a series of elegant studles

Berson. .(5,6) has demonstrated theioperatlon of a syn-

Y

chronous double methylene rotatlon process in.the chlral

1‘2 dldeuterlocyclopropang and chlral l-phenyl-2-

dedterlocyglopropane systems. 1"

The thermal decomposition of vinylcyclopropane has

o < : « N
been found (7) to give rise to mainly cyclopentene to-

ge;herrﬁith,small amounts -of l,h-oentadiene and (E) and

ﬁl)‘1,3-pentadienes. The formatlon of .the products has

- .

heen nnterpreted by the lnterﬂidlacy f a biradical,

but the possnbcllty of a concerted path to cyclopentene //

has also been consudered (8). wlllcott and Cargle (9)

showed that the thermolysus of cis-2- deuteruo vnnylcyclo-

propane led to complete cis-trans equilibration of the

deuteriym labe’) at least . flve times faster than the

structural isomerization td’%yclopentene. They suggested

that a rgndom blradlcal was respons»ble for th; cis-trans

equilibration. Since the starting mat‘larl was achiral

/

/



v v e

' ‘frfg“ tnt »
the stereochemicalvﬂe re of the. biradical intermediate

_was not clearly deflned o g

4 X “\
in a Iater study‘(lO) ghese authors observed that
4L i .
the thermolysis of cis-1,2- d}deuterlo ~trans-3- vnnyl- .
A
cyclopropane gave trans -2,3- 6ldeuterto-l-vnnylcyclopropane

| at twice the rate of forma?uon of cis-2, 3- dldeuteruo-cis-

l-vinylcyclopropane. Their experlmental result was con-'

. ) s .
sistent with a- mechanism in which the stereochemistry was

l1ost simultaneously at two Wntres.

It should be noted that it was assumed that only the most

substituted bond broke, an assumption shown to be. invalid .

‘for the stereofsomerizé%{gn of chiral l-phenylcycloprepanej

-1

2-d (6). From a study of the racemizat|on of trans-l 2-

divinylcyclopropane, Arai and Crawford (ll) concluded

A Y
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ﬁ ' “ . . . - “ s-
. oL . . . R

. l o " v T . ' v e R }
- : . :

that thc rlng opcnlng was not aconccrtc‘ cloctrocycllc

-4

crocc:s. . lolduln (lz) lns suggostcd thmt a one-centre

’oplmerlzatlon may bc o vloblc mochcnlsm for.thc thormol ‘ 

rcarrangcment of l,z dlwlkenylcyclopropanna. : }
B. . Isomerlzajlon of oxlrams L R _“f ’,

Oxlranes provldc an lntcrcstlng system for the study
s

Aj'of both carqon-carbon and carbon- oxygen bond clcavagc

r
Aprocessos._.\though the thermolysls of slmple oxlrancs

ls compllcatcd by surfnce cotolysls,'a rcccnt "study. of

;‘3—2 3\) totnancthyloxlrono bos ulnlnlzod thls dfowhpck '

(l3) &Thc mechanism hos “béen dlscussed in terms: ‘; a l

"palr of lnltlally formed blradlcals produce¢ by the

(

flssion of a. carbon -carbon or carbon oxygen bofid »whlch

,can elthcr rearrange or. deconpose to produce the observed

-__/

products. Flowers (lh) has shown that a conpetltlve.

but slower.'cls trans lsomerlzatlon accompanle; the
- D

M'Jthcrual‘decomposltlon of cis and trans—l.}-d{methyl-

oxlrine. He suggested that the rotation about the carbogr .

oxygen boﬂa in a blradlcal :ntermedlate, at a rate slow - J[‘

relative to product formatuon, may account fbr the cl;; e
trans isomerization. ) 'f ) )
Récent thcoretlcal calculations (l5) have shown that “

the open'form of a'varlety of threc-membered ring systems

is essentially a linear combination of the structures: _
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Tho ring opon form of oxiranes is a h electron systcm

slncc the lone palr electrons on tho o vygen mlx wlth
the p-orbftals on the-tormlnal carbons.\ The hlghest

occuplcd molecular orbltal of - thls systﬁm 7 antlsymr-‘

metric~and resembles thc allyl -nlon (l). .nd thus orbital

>§ynmetry considenations (16) suggest lt:uculd exhlbit

synchronous.conrotatory closuro. Thc above thoorotlcal

-~

predictions were alsb applled to the azlrldine system.

F

whlch s lscelcctronic with thalpx!rane systeh. - ) . o
‘. Hulsgch (v7) hah\convinclngly demonstrated the'
stareospecid}c thermaL conrotatory and photochemical dls-
rotatory.proce;ses.in trisubstltuted gz1ridlne ;ystems.

In the absence of di®olarophiles a thegmal ethl!bratgon

Vwasiobservqg, and accounted or by rotifion in the “azo-

methine yllq“

R = Ar = Phenyl

R = COine, Ar = pOMe Phenyl
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Ullman and ‘Milks (18) provided early evidence for a
reversible ring opening in an oxirane system, Thermal

treatment of the oxirane at. 80 - 100° gavo a Ded solu-

tlou which faded on c’oollng and r‘cgenoratod thc startlng .
e .
material unchanged. Treatno\t f.the red solutlon with .

L. ¢ L
dimethy! acetylenedicarboxylate produced a 1:1 adduct.

»

Arnold and Karnischky td9) report’e& that the .thermal or

o
photochemicat treatment of a 5-oxabicyclo[2.1 O]pentane
system produced a colqre‘d’ecies capable of under%oong ,

i v 3- dlpolar cycloaddition

Ph 0

he stereospecific ring opening and réclosur‘oﬁ cls and ¢
trans-2, 3‘-d|phenyloxirane with the production of a colored
intermediate was ohserved during Tow tepiperature- photoly-'

‘ . . s - - .
"sis by Griffin et al. (20). . It was noted however that
H : ’ [} L
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.ﬁ1\> ) ) . *
2:}Lenyloxlrane. under the same conditions, falled to glve

a *
.

&

rise to a colored intermedliate. .,
. /

Hulsgen (21) has demonstrqted mQr thermal stereo—
specific conrotatory carbonyl yl‘de ———-—ogirane intercon-

version &n ‘the 1,2~ diphenyl-z cwtno oxi#one system. " In

)
the absence ‘of a dipolaro hile, a thermal e utllbratloo
§ q

-

was observed to produce an 83:17 ratio in favor of the _ -

trans*dipheny|l isomer. ’ "?

-

‘ ‘ ’ \ ' s ‘\
. i ~

Ph

e
LIS

Jt‘should be notea at this point that syStems'designed

.

to test carhonyl ylide formatlon have used hlghly substltuted'

0y

oxiranes, uhere carbon carbon bond cleavage Is thus
fnvqred over competitive carbon-oxygen.bond cleavage.
The raEemizafioﬁ of oxiranes provides‘an extremely
! b ) s

senditive test, for the ceversible carbOnyl-ylide fermation

. y e .

©

-
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The raceml;atioé and clis-trans

oxirane has(recentl; been stud?”':by Macdonald-and

Crawford’ (22). 1t was g s‘w
tolyloxirane racemizes'jgr 2 I g . times faster than 'it

{4
1 Do

undirgoeg t[ins-cls isomerization\ A reversible con-

L]

ﬁtrans-l}phonyl-z-p-

rotatory ring opegiag‘was invoked to*explain ghls observa-
E}bn, but the mode of trans-cls isqmerizatlon ceuld not
cl;:,ly be defined.
Vogeiv(23) has showh that the t‘ermolysis of t;ans-
2,3-divinyloxirane (1) gives\‘..e to 2-vinyl-2,3-dihydro-

furan (2) and &,5-dihydro*oxepin (3). The cis-oxirane

(b)) was found to isomerize readily above 50° to produce

only 2.

-
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\ . .
fﬂ : Carhon-carbon bond clcovogc to a bkrodlcal was In-

- voked to explain these obsorvatlons. togk&

concortod Cope ro.rrangouod& for the convovsl fﬁ —3.

Recent attention has bocn focucscd on thc sl\*qp-
'chcmlcal aspects of the 2,3~ dlvlnyloxlranc thrrlngcncnt.

Chuche (24) has shown that the thormolysls of trans (€, £)°

2 3- dlpropenyloxlrano (5) gave only 6. and RE

7
\
¢ . The mechanistic course of the mesction was explained by
r .
“' 'thc formation of the carbonyl ylide Q which underwent an '
internal rotation to produce ylidq 9;
& : S ~
] . ‘
H H
L "O)\u
5 T v, :
. CH3

loo



& . r
It was suggested éhat s five .centre (bn)" disrothtory 4

closure of g‘producoﬁ 6, and a three contro’(kw) con-

rotatory closure gonor.tod cls-oxlr.‘; whlch raplidly,

.

suffered a Cope roarrongonont to 7. .

lcconz work In our l.‘orotory (25a) h.s .!tlblllh’d
tho faclle racqal;etlon of (¢)- trans -2,3-divinyloxirane

and s slowar but co-'qtl;lvo-rgarrongcn.nt to racemlc

' zivlnyl-l.}-dlhydrofuf.n. The forpatlon of a cgrbonyl

" ylide was invoked to oxplﬂn tho roconliat’lon and the @

-

]
formation of tbo products. c’ho racemlic na’uro of the

slgnat[oplc -lgratlon as a viable pcehanls-‘for its forma-
tion. The thermolysis of the terminally-deuterated trans-

l.!-dlvlnylohlranos'lo and-11 has also fccontjy bocd

.studPtd in our laboratory (25b).

LI e

-y

lsotopo effE€tLs were cxa-lned and the suggestion was made

PR

that both the dlhydrofuran and dlhydrooxcpln products are

produced from a common intermediate.

‘ dlhydrofuran producod allowod the Qxcluoion of & coucortcd
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fhoor‘ lcal ,’;gylnthns have uug.ootod thqt tho
¢orbon-eorbon bon‘ in the oxlrono ring oysto. lho-ld
*Qhornolly undergo a prof.rrod coarototory mode of o'on-

" Ing and rocycllzotlan. The ttcrco:pcclfle 4¢tcctlon on‘

Intorcoptﬂon of this ring-open form has bo.n coJLln‘-

-——~\;Jn|ly dononntratcd for oxtirane tyst.ns eontulurng.nub-

tituents copablo of contldqroblo oloptrTn dolocall:atlou..

. The lntor-odlacy of a carbonyl yllide th bo‘n su.,&ltc‘
as & rational u.chanls- for tho lso-orlzotlon of diswd-

]
co-non factor of the oxlrano ayatons selected for

f:::\>sh;s besen the nssunbtlou thnt carbon- car(ep bond
cleavage proceeds with the .xcluglon of co-potltlvo

N\ catbod;quygoh b?ad clc.vagc. It would thuf be Qf:con-
slderable interest to examine the lsooorlzatlon of an
oxirane system wherein- carbon- c.rbon and c.rbon-oxygcn
bond cleavage processes would bo‘qapcctod to be con
petitive processes. The Z-vlny|6iirhn. system wes ithus
scloctod for study, altbongh the thermal Vsoncrlxatlon
had n;t prcvlously‘iccn roportcd. ly the utlllzotlon of
~doutorlu- ststItution a -lnl-al ptrturb.tlon of thc S
;systc- wonld bo cxpcctcd. and a !4¢ful mechanistic probe
into the thcr-al lso-.rlzctlon uould bc provid.d Tho
thc“olysls of chlral 2~ vinylox!rano shﬁuld provldo a sen-

3

B . ' -

S~ . ) St P L
-1 stituted ethylonic ond, Mﬁnﬁruﬂc onirans mtm-. R

.
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R ESULTS

A. Synthesis
» .

2—Vinyloxir3nev(12) was prepé:ed by the base cata-
¢} ° ~~ ‘

lyZed cycdiiation”bf l-bromo-3-buten-2-ol. The latter

was obtained from butadiene by trkatment with N-bromo-

r

succinimide in the presence of water. The n.m.r. spectrum
Q . : . .
Br : Ha
NBS KOH q,%g\\\jj7
P — ' » T
H,O ¥ H,O ' H }
2 OH 2 c A
% 12 t
of 12 is shown in Figure 1. H, § 3.35, Hy § 2.63 and H,
& 2. 95. "

The cis-3- deuterlo 2-vinytloxirane (13) was prepared’

‘as outlined in Scheme ]. 3-Butyn-1-ol (lh) was obtained

- -
~ L

| soCl o . D.0
HC ===C'__//f\\bH 2 Hc———c-——ﬂf(\\Cl .

pyridine ' Bal
) L 12
. : D '
c EEE;C_—d//\\\Cl ~ sia ,BH A Ci
16 ' cu3coon H 17

MCPEA. KOH
cH,Cl, :

SCHEME 1|

14,
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‘by the action' of sodium acetyljde°od ethylene oxide accord-
ing to the prgeedure of Schulte -and Reiss (26). Treatment
f 14 witg'thlonyl chloride and pyridine. atcording to the

" procedure of Roberts (27) furnished 4-chloro-l-butyne (15)

which was subjected to'barium oxide catal;zed deuterium
exchange to broduce'l6 The - stereospecnflc reductlon of

16 to (Z)-4- chloro-‘1-butene-1-d (17) was effected by the.

d|snamylbo‘ane/protonoiysls procedure of Brown (28). The
‘epoxidation of l7 with meta-chloroperbenzoic acid in

methyfene chloride produced the oxlrane (18) which on
treatment wnthppowdered potasssum hydroxlde according to

‘the procedure of Reppe (29) furnished the desired cis-3-

‘

deuterio-Z-vinyloxirane (13). The n.m.r. spectrum of 1

W

is shown in Figure 2. The deuterium content 6f'l§ could

'ﬁnot ue determined by mass specirometFy because Qf“the
extreme ease of f:;dmentation even at low ionization
potentials. It wa§'estimeted to be 96;82'513-1] by
n.m.r. integration. . A .

The trans-3-deuterio-2-vinyloxirane was brepared Py
fmodification -of the sequence outlined in scheme V.
_ Treatment of IS w|th dnsiamylborane followed: by deuteroly-
sis with deuteroacetic acid proddced (E) -4- chloro l-but-
Aene-l-g (lg).d The deuterium cz‘#ent pf 12 was not as high -

as expected, possﬂﬁly.due to t presence of water in the

, .

deuteroacetéc acid:

o
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. o~
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SN . H-
: Sia.BH
. 2
M= c—">c1 CA.coop ™ ¢l
. 3 3
‘. M .
4 15 19.

(i) MCPBA/CH,CI,

(ii) KOH

—-

20

o
Q

The traﬁs-3;§eutbrio—Z-vinflbxirane'(20) was obtained
from 19 by-thé same proceduré outlined in scheme ! for

the conversion of 17 to 13._ The n.m.r. spectrum of 20

> L4

. e -
is shown in Figure 3. The deuterium content was calcu-

[

lated as 8Fi 4% trans-g_l from integration of the n.m.r.
spectrum. .

The 2-vihy?okir$ng-3.3‘gz (Zl) waﬁ'prﬁpared'as out-
‘finéd in SChem; 2. Acrolein was conﬂenSed‘with sodium
gcyanide in the bres;nce of acetic»anhydffde aécor&ing to
th; procedure of Chedron (30) to gfvg 22. " The Ac%d-
catalyzed methanolyﬁis.of-ég gave methyl 2-h¢ﬁfoky-3-
buteroate (32), which was reduced to S-buten-l,zfdio}-'

1,1992 (gﬁ) Byllithipm aluminum deuteride in ether.

&

1
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FIGURE 2

FIGURE 3
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.7; ' | ‘ _ OAc ' oH
. ,~"A~‘o' - _NaCN ; ‘\s/’L\cn MeOH ‘-/J\\
: : e . HC1 ~
. L 22

Ac,0 Co,Me
. . 23

LtAlo TsCl

Et o ‘ co ou pV'ia §§§w’L\co 0Ts *

o . . 24 , |
" KOH :

. >

y : 2
. SCHEME 2

The treatment of Zh wlth one equlvalent of g-toluenesul—
fonyl cﬁlorlde in pyradune gave the monotosylate (25)
whlch on heating wrth powdered potassium hydroxlde pro-’“'
duced the desired 2- vinyloxtrane -3,3- dz (2I) The n.m.r.
spectrum of . 21 .is shown in Flgure 4. ‘The. deuterium con-
tent was calculated to be 98 52 from integration of the

;n ™. r.'spectrumT

L e

Chfral 2- vlnyloxnrane>was prepared from an opcically
pure precursor as outlined ln schene 3. Comaercial b~
dannltol was converted to the 1,2-5, 6-dltsopropyl|dene
derlvative (26) by treatnent with zbnc chloride in acetone

'following the lmproved procedure of Ttpson (31)



K N
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A HOCH

HO—T—H
HO~—g=r H

[

CH 0N’

Ph PCHz

benzene

0

' _CH,OH 4 TsCI
OH

27
EtOH,H,0.
HC) o _
, H
29
KOH =~ . .
-
H
SCHEME
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Pb(QAc)h

°

P N
pyridine

benzene
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The lead tetra- acetlte~oxidatlon of 26 according to the
procedure of Baer (32) gave isopropylldene D- glyceralde-
hyde (Z;X | Thls substanca readily polymerlzed in the
-presence of waterﬂand was_preforqbly used»lmmediqtely,for
lthe next step. The treat;enf.of 21 with ﬁethylene tri.-
phenylphosphorone under salt-free conditiod?‘%ccordung to"
the procedure of Schlosser (33) gave the. dioxolanc 28
»whlch ‘was then hydrolyzed to {(-)-(s)- 3- buten i,2-diol (29)
with hydrochloric acid in ethanol. ‘Th. diol (32) was '
convcrted'to (+)-(§)-2-vinyloxirhne (29) as previously
dcscribed'for thefconver&ion o€‘35 to 31: The o;jical

. . \ Lo ¢
rotatikon of the (+)-(S)-2-vinyloxirane thus prepared was:

" lal? + 8.306, [al?® ' + 45.883 (6.959 g/100 ml,
589 T 365 . - 2-propanol).

On the assumption that no racemization occurred in the
e . ~ : :
equence 29 to - 0 then this measured rotation corresponds

-~

[+

to an optical purity of at least 952.

o,

' Several unsuccessful synthettc routes to choral 2-
. ~

2
In favor of a partial asymmetric destruction. The treat-

vfnyloxirane-3,3f£ were investigcted. but were abandoned
ment- of 21 with di-3-pinanylborane by an adagwion of the
procedure.of Brown. (34) gave (~)-15)-2-yinytu. - 3,3-




K : . 22.

(01589 - 0.977, [01365 - 5.752 (3.686 g/T00 ml, 2-propanol).

©

B. Thermolysis of 2:vinyloxirane

The thermal decomposition of 2- vinyIOxsrane was carried
out in a IOOO m! Pyrex’ ﬁlask situated in a wgll thermostated
.oir bath as described in detail in the experfmental section.
The reac?{on ue; found to proceed ‘at a monvemient\rate at
temperatures around 300°. The compdneﬁfs qf the reaction
}mlxture wéreé cleanly -separated by gas chromatography on a
10 ft 1/8 in i.d. column‘of 103 B-B'oxydipropionitrile on
80-100 mesh highfperfprmance chromosorb WAW/DMCS. A
typical gas ehfomatogram is shown in ngure 5;
A qualitative analysis of the products was performed
by ailowing the reaction to proceed to approximately 5032
completi%p and sub;equently trapping the produets b; ligaid
nitrogeﬁ coodiﬁg. an-condensebﬂe product was identified -
by high resolution mass spectrome;fy, the o;ly prdduct
‘found being carbon ﬁonoxide.n In the same manner propene
(not condensable at -78°) was alsg identlfied. The con-
densable products were separated by preparative GC on
OOPN at 40° and ldentified by mass spectrometr; and
cpnparison ef their n.m.r. spectra with those of authen- e
t{c cbupoueds._The thermal decomposition of 2-vinyloxirane
ﬁas thusfshowp tO'produce the productsvillusireted in

e
* s
[y -

scheme &, ‘ .*
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FIGURE 5. Gas chromatogram of the products from the thermolysis '
of 2-vinyloxirane (IZ) at 307.4° obtained on the 10 ft
. - ODPN column at 30°.
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The IOO MHz n m. r. spectrum of the 2, 3 dihydrofuran
(lsolated from the thermolysis is shown’*ﬂrklgure 6. The
n.m.r. s‘!étrum was in agreement with that previously
published (35).

The (E) and (E)-z:butenal tsomers c;eld not be -
§Eparated by prepar‘ative 1GC and the 100 MHz2 spectrum of the
mixture obtained is shown in Flgdre 7. The-éigné}s attrij
buted to 25 and 2? are readfly.d!tcernable-and are in
good ebreement>wfth the values previously reportsd (36).
’Tgf.nethy] groups. of 22 abd_§§ appear as doeblets of
.doublets'centred at§2.03 and 2.17 (reportcd’G 1.93 and
2.10) respectively.' The aldehyde protons resonate as

doublets centred 9.h2 and 10.04 § (reported 8§ 9.40 and

10. 6) respectlvelyf The B-vinyl protons resonate as a

g

3. %



FIGURE 6.
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FIGURE 8}:
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multiplet centred iIn thoué 6.8 region (roport.od 6 6.85 and
resonate as ') multlplot contrhd in th066 ﬁglon MQrtcd
6 5.99 and 5.81 for 35 and 35 rospcctlvcly) The :llght
dlscropancy ‘of thc values observed and thoso reported was
attributed to { conblnatlon of Loncentration and tcnpora-
tbrdnofchts %s ;nl} as instrument calibration.

The 100 nﬂ; n.m.r. spectrum of the BJ%utcnol lsolatdd
fromethe thermolysis | shown Iin Figure 8. This is the

"filrst time that the n.m.r. spectrum of 3-butenal of rela-

tively high purity has been obtained. Earlier attempts at

GC purification of 3-butenal in this loboratory‘htve re-
- sulted in almost 508 isomerization to (E) and (Z)-2-but--
enal. Inspgction of Figure 8vshous'that the 3-butenal
contains about 103 (E)-z-butenal as evldenced by the
-cthyl resonances at § 2.03 and the aldehyde doublet at
6 9. hz The doublet posscsslng further fine splitting

|
centred at & 3.1 (2H) was assigned to the nothylene group

o
-

deshlelded by adjacent vinyl and carbonyl functlons The
nq)tiplet ccnt\rod in theGS 2 rcglon (2H) was asslgned to

s t‘c ternlnll vlnyl protons. .‘d that centred in the 5.9

'r.g!on (1H) to the lonu vinyl proton. The aldchyde proton

appoared a8 & trlplet (1H) controd at § 9.62.
' Quantltatlvc rate oxperl-cnts were conducted in the

static Pyrex vacuum s;‘tcn over the rangc 292 to 3!2’

g | 26.

o -

3

6.64 for Jh and 39 rospoct[voly). and . the u-vldyl protont .

a2y



with » tetporeture concrot of be&ter then ¢+ 0. )' l.if

oleethoxyethene was choeenige an lnternel :tenderd

4 0

had » convenlent GC retentlon tlne betweeh tha
° -~y

bntenel and the 2-butepals and was shown to be therﬂntly'~

stable under the reactlon eondltlons.

.
4 o

loectent samples were pre@ered by, degocslng a nlx-
ture of dry" 2 vinyloxirane (\ho Jd) and freshPy purlflod
enhydrous 1,2- dl-ethoxyethane (130 -9). yhleh wes thdn . ._

_ . -
eapended lnto th‘ eveeueted reaction vessel er- the -

-

heated (!00') lnlet sysfem. . ) ) .

"The deconposltlon was followed byzpertodlcelly ex--"
panding an ellquot to the vacuum line and ohely:ing thwk :

product on the GC systeﬁ&that was connected dlrectfy to

/

~the vacuum line. " The product composltlon was determlned L

o

by olectronlc integration of ‘the therlbl conductlvity
detector response uhlch was assumed to be equa1 for eech'
of the conponents The reletl@e detector responce was. .‘;"

T however. inconsequential to the rete study since the retlo
of- oxlfenelstandard was used dlﬂ(iil: to follou the dls—

eppearance of the Lrv\nyloxlrane. prouuelblg resultsi

~

- were obtelneé only after the reectlonovessel had been ”oged"
bYtreatnent with llght hydrocerbon (Skelly B) at 356'

2 follouod o£>tuo treot-ents ulth hexo-ethy!dlsllazoqe ot

»

‘3“ 300"' Trniss ‘of oxygen rhpidly destroyed tho surfoce
[}
eondltlou of*!he reactlgp vessel as noted ln t reloted

etudy ();),k This resulte‘ Iﬂ an aeceloreteﬂ deco-positlon o

‘.q'...‘_a b -

.-
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of the oxirane with a céncomitan} increase in the pro-
poftién of 3-butenal prpduced é#rif in the reaction..

» fhe rate cénStant"of a first;order QQ; phase reaction
.-CPf the type .
° k. |
A ————— Pr.odu'cts

is given by the equation i -

, L N
log Ctjf l§g Co (2.303) t
where k is the first-order rate constant, Ct is‘thé_coﬁ-’

centration of A at time t and C_ is the initial concentra=

tion of‘A; If the rate of decomposition of 2-vinyloxirane
follows ?irs;-dr;er kinetics then a bio; of log(oxiraﬁé/
;ta?dard)~vers§s time ‘'should be ; straid%tllineﬂof slope
;-£72,3q3: .Lin?ar first-arder plét; ;ere obtajned4as‘
indicated in Figure 9 which .shows a typical plot of
log(epﬁxide/standard)~ve;sﬁs time for a kinetic ruﬁlat.
307.40°. The &ecéﬁpbsition was thus shdwﬁ,;o’fo}ioy ﬁif%t
ordet kin;tics, and the rate coﬁstant togethgf with the‘

associa:edqef;or limits was determined by app]icatibn=pf'

th%-method of least squares (37).

” .

In this instancé,,the time values are assumedfxo be
correct, and all errors are assumeéd to reside in the re-’
corded values of log(epoxide/standard), each of which .is’

‘ .

given equal ,weighting. lﬁ place of the equatibn qum
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30.
. : 7
y = a + bx, |t is simpler fg/conVert to the form Y = bX.
.for flrting to the equatqon in. thls form the follownngh

relationshlps are used.

207 - Zyz - n(y) ZX - sz‘__n(;)z-’"-zxy* ny - nxy

-
-

The term b in the least- squares equatcbn is given by

;; N ’_ b_D/s:

The least squares line passes through the point x, y, and

k

the term, a, is therefore given by
"a =y -bx

An estimate of the standard error of the term b is given

a2 -

e [Trke
- o (n- z)z2 S

The-term,on~2' represent§ the number gfgdegrees of freedom

which in the .case of a straight lune fit |s two less than

- @

the total number of data ponnts. .‘ .

M
An estimatet the standard error of the term a is given by:

(sz -'52 )(l/n+(x)2/Z )
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o

The assoclatlon of partlcular confldence lumnts wnth
an estlmated mean value lmplles a predlctlon of the re-'
liability of thls estlmate as judged from both the spread.

of the data and the number of data in the sample from .

[

which the mean has been estimated. A commonPy accepted “ S

N practlce is to quote the term “Probable Error“ which is

=3

given for a, least squares analysis as: - -

° o

Probable Error (slope)‘- 0. 6745 x Standard Deviation
. (slope) .

-
..

‘The ”probaBle error'' is that mégnitude of deviation whose

©

probabillty of being exceeded is one- half, T.e. it cor-
responds to a 50% confidence limit. The useﬁulness of

the standard deviation as a predictor decreaseS'conStder4

<

ably as the sample size decreases, but some compensation ’
‘tlng from small samples is

for errors lnvqlved in pr
-

provided by the&use of a table oF "t values. Thus the

o confidence limits of b and a are given by
4+t x s.e. (b)

and ‘ ‘

+t x s.e.(a)

where the value of nent . js chosen from a table of et
values for a particular confidence level, a commonly

chosen level being 90%.

A program was written for the Hewlett-Packard Model

N



65 programmable pockat calculator to perform a least

‘squares analysi§ and calqylafe the associated errdrs,

and this is detailed in the Appendix.

. The rate constants for the thermal decomposition of
2-vipyloxirane at various temperatures are shown in

TYable !, the individual values of:the rate constants are

a

1
.

gfveﬁ_in the Appendix.

. The effect of the temperature on the rate constant

is given by the Arrhenius équatiqﬁ:
20 o . L
5 -E_/RT |
k = Ae ° B o

°

o

"where Ea is the activation’éne}gy and A is the'fréquency
factor. This can be &xpressed in a logarithmjc form as:
. : v

©° '. . Ea - ‘ )
log k = log A -~ — x (—)
_ 2.303R ' T

Thus a blot of Ioé’k veEsus (l/T)Ushould give aAsEraight
YTine of slope -Ea/2;303R and ;n iniercept‘corrésppnding

. to log‘A. "The actiVation'bargmefgrs were determined by
'ahleast SQuarcs‘pnaTys!s Ihiwhlcg theirife consianik'ﬁerb
not rounded off for ;omputational purpoées. The values
of xhefacfivation paramefers }oéether with their 902

. o .
confidence limits were determined to be:

E, = 7.8 % 1.0 Kcal.mole ™'
log A =.14.1 i 6.5

£

fo
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TABLE T
First-order rate constants .for the thermal ‘decomposition
of 2-vinyloxi.rd~ﬁe ‘= ,
e 10%k . (s -J)' ‘
. . Temperature Number of o ASec - ——
(°c). runs - , :_‘p_robab'le error .at 90% cqnfidenpe °
292.70 y .18 + 0.13 4.18 + 0.22
- 297.52 7. 6.15 + 0.21 6.15 + 0.23
302.16 - 6 8.38 + 0.26. 8.38 + 0.31
307.40 8 12.42 + 0.15 12.42 + 0.15
"312.50 8 17.68 + 0.29 17.68 + 0.29
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log k

]
w
e
-
P S
.

.

| SR | _ ¥
1.70 1.7V 1.72

&

VT x 10°
FIGURE 10. ' Plot of log k versus 1/T for the thermoly

2-vinyloxirane

L) -
1.73

sis of '*1



A graphica! plot of log'k versus (V/T) is shown -in Figure

. -
. .

‘o. - ‘ . ‘ h v( \

C. ,Racemization of 2-vinyloxirane
' I

To further delineate the machanisms of the thermal iso-

-

“mer[zatlon of 2;Q}nyloxirene. a'stud{ of the racemlzgtidn
of chiral 2-v1nyloglraqe was undertaken. .
A prelfminary experiment.was’condocted by heatingua-
sample of chiral 2 vunyloxirane at 292. 70° in the static
Pyrex system for one half-1ife of the thermal decomposition.
‘The products were trapped,&ith liquid nitrogqn and the 2-
yinyloxlrane.wes'sepqrated by'preparative GC on ODPN at
ho° The optical rotation of a so!déion of the recovered
_2 vinyloxlrane in 2~ propano! was measured at each: wavelength
available on the Perkin: Elmer Model Zkl polar:meter. At
each wavelength the optical rotatiqa,yas found to be zero.
Tﬁus the:racemizatnon process Is consnderably faster than

.

that for the thermal decomposition.
{ . .

The }aCemiiation process was theo studied in the static
Pyrex va;uum system over the range 255° toJ2]S°. ,The

sample (1 gram) wa's degassed transferred to a breakseal

and introduced to the reaction vessel from the heated (100°)
inlet system. Recovery of residuol.spmple showed that
approximately 0.8 g had been introduced, to give an initiel
pressure of about 0.5 atm ‘in thelreaction vessel. Aliquots

<

(~70 mg) were recovered periodically, ana]yied by GC and
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S

th"optical rotation determined of a solution in 2-pro:

panol in a thermoetated ! dm cell. The specific rota-

tloes were calculated with a ¢orrection applied for the
percentage thermal decopposition that 'had occurred.

The rate cdnstant'(kgbs)vwas determ“ned from t?e
data in th’.fdllowing manner.. For a first-order 9;; .
phase reaction of the type A ————ie-proeuqts, it is known
that o ’ : -

log Yh]; - [al\ . -kt
lal, - lal, - 2303

where

Ed

(a] = specific rbtation at time = 0 (
[u]t = specific rotation at time =t
(al, = specific rotation at more than IO'ha]f lives

k = first order rate constant ka :
obs

.
K}

Slnce lal, was previously shown to be zero a plot"of

log (lal /[c] ) versus time should give a straught line °
of slope equal to -k/2.303. A typical plot is shown in
Figure 11. The rate constants were evaluated bf a least-
squares analysus and together with the associated error
limits are given in Table II. The rate constant for the

interconversion of the two enantiomers (k‘) is related to

fhe observed fate constant (kobs) by the relationship.

Su



First order rate constants for the racemization of

TABLE II

Run # Temp. (‘C):

2-vinyloxirane (sec

_‘)

g 265.0 |
2 265.0
3 275.0
4 | 255.0

5, .
1o kobs
+ probable

10k

error .

3.96 + 0.05

3.92

8.22

L

1.77

0.05

0.06

'0.02

1.98 + 0.03

1.96 + 0.03

4.1 + 0.03

0.855 +0.01

losk|
at 90% confidence level

38.

1.98 + 0,08

o+

|+

0.07

0.09 .

0.03
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wa

a o
2klw- kobs

The Arrhenius actlvetlon parameters for the racem!ze-_V'

tian process were de‘frmlned from the relatlonshlp -
log k = log A -~ E‘/2.303RT

-~

by plotting log kobs versus (1/T), as shown in Figure 12.

The values of log A and E‘ were determfned by a leest-

squares analysis as-

o . + Probalgle Error At the 90%
’ e confidence
level .
log A 13.5 + 0.27 13.5 + 0.7
‘€, (Kcal.mole™ ) be.2 + 0.7 4.2 + 1.6
L

-
L]

.The'cohpiete kinetic data frpmlwhfch the rate constants

and the activation parameters were determined is.given in

the Appendix



log k
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. 1 f ¥ 1‘ -; - 4 T ‘iA
1.82 1.83 1.84 1.85 l.86» 1.87 - l.§8 1.89
3 /T x 10°

. & . : .
FIGURE 12: Plot of | ‘warsus 1/T for the racemization of

2-vlnyloxifane
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0. Thermolysis of doutcragod‘2-§lnmlokiroﬂos‘. oo

Tho ;acimlz;tlon siudw-lwdlcar:dntﬁii ® raﬁld‘ro' "fh

vorslbl. rlhg cleavage: procoss wos accompanylng thc ther-,

mal dqcomposktlon of. Q-vlnyloxlrhnc.' 4¢ was antlcip.{cd
¥ 3 g
that the prescnco of d.utorlum on. thc oxiranc rlng woG1ld
. N

»
aQ

Influ.ncd th. gvcrall hlnot&ss ofotho rcarrongda.nt
O

.0

]

proccss and also: provldc a s.qcltlvo probo lnto tho mode‘

of formotion of the products. Thus ﬂho compounds clis-
©3- dcutcrlo 2- vinyloxirine (13), trads- 3 deuterlo*ﬁ-vinyl-
oxirane (20)%ond 2-vlny|oxlrane'3.17d (21) ‘were syn-"

thesized and: thefY thermolyses lnvg&tigateduil _o"

o

(i) |sotopeceff¢c§*on the’ ovg§a||~ deqpnyositlon rate

The thermolys.s of 2~ viny!oxirane fﬁl) add the"

deuterated 2 vnnyloxnranes uerq conducted ln .the static

-0

Pyrex systen at 307 50 C as prevlously dcsernbed ,fbr-

¢ach run a plot of Iog (qpoxide/standaqp) versus tgme

B

‘ gave a good straigh& line and the rate canstant was - ‘oﬂ

%etermined by«a least squarés hnalysns.‘ Thc observed

rate constants toge;her with the assoclated orrbr
. ] - Te O

limits are gjven in Table NI ind?vnduaj rate data are

'detai}ed in the Agppndgx‘ ‘,‘j' e
. ._“ . o oo : . . ".v_.. @

o -

o



‘TABLE 111

) . e _
Observed rate const&%k5~ﬁfor tgf decompoesition of deuter-

2’5 . .
ated 2-winylé&irqyes at 307.40°C ] -
Compound " Number of Observed rate . thk(gec-‘)’
. Runs -constant at 90% con-
3 + probable error fidence level
12 S8 1.24 + 0.00 1.24 % 0.0
T .
13 3 1.06 + 0.01 1.06 + 0.03
) s -
20 - S 3 ?‘1.0710.01 - 1.071.0.02
. . ¥, o
- 21 | 3 0.98 + 0.0] " 0.98 '+ 0.02
) ~ <
. g
. " . ‘ ;.‘. a b e ‘:;}l
Not corrcctgd.forlisotopic purity. ‘ -0 .
¥ T R
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The'observed'?ate constants were corrected for éhe iso- .
: ‘ ‘ - o ! ‘ R
topic purity of the oxirane as determined by n.m.r.

where

96.8%

v | 4, 3.23 g
29 81.4%d 18, 6% d
21 98.5% d, 1.5% d_

The corrections were made by usjng'the“equation

kobserved - kgp x, mol. fraction 90
44Lf

A :kD(corrected)v= = - o
: s : mol. fraction~”d Lo .

o

s

The corrected rate :constants and the calCuJated'valqes*

of lH/Kﬁ_arefgiJen in jab}e:tv.

.

(ii) lsotope effect on'the racemiiatioh rate . . -

The deuterium- lsotope effect on the rate of the
racemization process was lnvestngated by comparlng the

:vyf rate of racemization of (+) (S) 2- vnnyloxirane with' that

of ch'ral 2- vunyloxlrane-3 3= d2 "The study was con-

;ﬁ‘ ducted by heqtvng concurrently samples of the oxlranes.
(0 3 g) in breakseals (~75 ml volume) iin the well-ther-
mostated oil bath at’ 2&0 O°'(controlled to better than

‘+0 for the duratron of the’ thermolysus) " The products'

1
e -

were separated Hy preparatlve GC and the spechic rota- -~ -

PR P

toon of the recovered oxlrane 'measured in 2- prﬂpano) at
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[ ¢ N >
°
° v . .
) CL .. . TABLE "IV
. . e R
° . . - .
! . o . uvva ' R °

i »Deuter'ium isotope effects _oh the: °tuh'ermolysis of Z-Vin,y’loxira'nes

44.

R ¢ o ' . l , 0 ‘
‘- » “ ) . . - 0 . ¢ - ’
Compognd . 10k corrected kH/lsD (at 90% 8AG"/n
. . . . - ] , . ) n. o 4 ) - *
o Lei(sec ')_ - conf idence . ‘(cal mole l) '
. e, o g = ® level ) : : '
o - ' . . :
0 ) .0 N o - [ -
13 -" ° .06 117 £ 0.03 +185 + 25
o L ; ° - . )
20 ] .03 " . 1.21 4 0.02 +219 + 19
21 - v 097 1.28 '+ 0.02 o4l 4 10
L 4
O .
. ] Y i ) . . .
.

where N is the number of de'utebrh;m atoms per molecule

s - .
oy e . \\/
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both 436 nm and 365 nm. The first-order rafe“censtant
for the racehiiation.dfoces; was calculated from the

relationship

o

L : [a]
( kgbé = .—2'_2_9.2. ]og ___t. _
7 t [a]o
e " a o, . )
K nheno, kobs = 2k (racemizdtion)

f!ﬁ‘a}d&. A S
[u] = specific. rotation at time t (sec)
fa]. = specific rotation at t ': 0

The mean values of k¢ - for (+0-(§)-2fvinyloxirand'(30)

obs.
. . S . ,"U
and.".(-).-(_l}_)-z-vin/loxiran'e'3.‘3‘12 (31) a*iven in
Table V. The coﬁplete kinetic data arede ailed in

the Appendix. Thus the value of'kH/kD was calcuiated

" to be 1.01 + 0:07 at the 90% ‘confidence level.

°
»

(|ri) Deutertum location in the thermolysis products

Samples of the oxiranes (0.3 'g) were thermolyzed
in the statlc Pyrex air bath system at 307.40°. The
'products were. trapped wsth liquid nltrogen coolnng'
~and then separated by preparatlve GC on the 6 'ft ODPN

column. at 4o®. The location of the deuterium in the
N/
products was determnned by comparlson of the 100 MHz

2

n.m.r. spectra wtth those of the products from non-

B
-

ndeuterated 2-v0nylox|rane.- The appltcatlon of deuterium



Ohsiyzi; rate constants for the racemization of 3g'a

TABLE V.

]

~

46.

‘i,

nd. 3] @t 240.0°C

Y

Compound

30

-~

-~

Number ‘of runs

"o

6

o
kob
fidence level -

< (seg-') at 902 con-

.

.02 + 0.14
e

>
3.99 + 0.15

s
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’ ﬁagnetic resouahde‘spectroscopy'(d m.r.) proved todbe a
useful adj&hct to the conventional IOO MHz n.m.r. fqr
the location of deuterIUm in a mole;ule. The l}.dl’HHz
proton:decoupied d.m.rr‘speqtra“were measured in dilute
solution in carbon tetrachdorlde with dedteriochloro-:
form as an’in&grnai.feference. |

| The 100 MHz n.m.r. spectra :of_the theroorysis
"prodwefs trom°2-y{ﬁiloxiranee3i3-g§-are shown Tn_Figure§.
13,-lh apd 15.. A comparjson of the dlh;drofuran orof_
duced (Fig. ij) wirh<the'horresoOhding donrdeutegated.
product (Fig. 6) shows two salient features theq
,‘absence of the C2 truplet'(a h.z) and the simplif'catlon
of the C3 multlplet (6 2. 6) A Tuese observations are con-
slstent nith the Iocation of both deuterium atoms at c2.

The IOO HHz spectr“g of the 3 butenal produced

'~(FI§. Th) displays the presenoe of a small amount of
(E) 13- butenal as evldenced by the doublet6 2.02. The
absence 6f the Cl aldehyde signal (86 9.8) is consistent .
'with excluslvely deuterium located In theialdehyde group
The considerable decrease in the C2 ‘methylene signal
(8.3. l) is conslsteqt with a deuterium-mlgrationvto c2.

‘The two vinyl slgnals in theG 5. 9 and 6 5.2 reglons in

the approximate ratio I°2 suggests that deuteruum is absent
'from C3 and Ch These conclus!ons are confnrmed ‘by an

lnspection of the correspondtng d.m. r. spedtru@'(?ig. 16).



FIGURE 14

48.
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.

The spectrum dlsplays only two distinct deuterlum slgnels:
2.3 ppm. downfleld (CI-D) and 4.2 ppm upfield (c2-0), from
the reference deuteriochloroform. in the retio 57 L43.
Thus there is no evidence for the presence of deuterium
at C3 or Ck. ‘ _ '

A comparison of the (E) and kg)-zcbutenal; (Fig.‘IS)
with the corresponding nqn;deuterated products (Fig. 7)
|nd|cates that exclusively deuterium is located in the
cl aldehyde group. as evidenced by the absence of the
a\dehyde.Stgnels at 6 9.#2 and 10.04. A reductlen,id
lntensity of both the c2 olefinic and Ch methy!l signals
is apparent which suggests the presence of deutorlum at
both positions. These conclusnons are confirmed by an
examination of the corresponding d.ﬁ.r. spectrum (Fig.
17), whlch displays three distinct signals for each 2-
buttna& 150mer The signals 2.16 ppm downfield, 1.2%
ppm and 5.301 ppm upf!eld in the ratio 52:27:21 were
‘tentetively esslgned to the (E) -2-butenal. The signals
2.76 ppm downfleld. 1.38 ppm'end,5.16 ppm upfield in |
the racio 51:26:23 were tentatively assigned'to'the (2)-
2 butenal |

The 100 Hﬂz spectrum of the recovered 2- vunyloxlr-
eﬂe"3.3_-5l__z wes'judged unchanged by comparison with the
starting material. fhus*#'deu“terlium distribution in

the products can be summer‘zed as:
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cuzo(n).

L

. H D(H) . D (H)

The iOO MHz nim.r. spectra of th; the(molys}S'
products from cis-3-deuterio-2-vinyloxirane are given
.In.Figures 18, 19 and 20. An inspegtion of the spect-
rum of the dihyd;ofuran producéd (Fig. 18) diﬁplays an
approximately 50% decrease in the intensity of the C2
triplet (8 A.Z)_togethef with fine spllt}?ng intro-
duced into both the C2 and C3 signals. These observa-
tIQns are“;onsisgent with the loca;lon of deuterium at
c2. h |

'fhe sbectrum of the 3-bu‘bnal produced (Fig. l§)
- displays a considerable decreq;e in inténsfty of the C1
;ldehyde‘s!gnal (6 9.8) and a}small decrease in inten-
sity of the C2 methylene signal (8§ 3.1) when compafed
to theICOrrespondf;g non‘deutéraied product. These

observations suggest the distribution of deuterium
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between C! and C2, a qoncluslon uhlch is conflirmed by

e

Can lnlpectlon of the eorrespondlng d.m.r., spectrum

¢

(Fig. 21)..- The spectrum displays only two dlstlnct
. *&\'

deutéerium slgnels 2.44 ppm downfiwld “d h T4 p' up-

field in the ratio 69 3 respectively. Thus there' ls

1

no evidence for the presence of deuteiﬁﬂy at,

A comparison of the spectrum Qf the (E).: ; (;)-' ¢
;Z*bugeneds (Flg 20) wlth the correspondlng non-deuter- .-
ated produets indicates a constereblevreductibn'ln-
the Intensitle;-of the C1 eldehy&e signals, A smell
reduction in the Intensielei ofbfhe c2 9|eﬁ{nic»ehd Cd
!methfl signals |is elee apparent. These observations’

are conslstent with a.- deuterium dIstrlbution between

¢, c2 end Ch. This is conﬁlrmed by an exam

the correqundlng d.m.r. spectrum (Flg.'zz)‘
plays three slgnels. in the ratio 83:10:7, corres

.lng to positions 'Cl, C2 and C& respectively. The lack

'

of slgnals.for (2)4i-buteﬂel in tﬁe d.m.r. sbeceruﬁ was
dlsconcerting. but a check of the 100 MHz n.m.r.
“‘spectrum showed that the (Z) 2- butenel orlginelly pre-
_sent had isomerized to (E) 2-butenal.’

An lnspectlon of the 100 MHz n. m.r. spectrum of

the recovered oxirane (Fig. 23) shows: the presence of a

neﬁ signal (8§ 2.63) conslstent wlth a small amount of
- . /
cis to trans Isomerization, and thet equilibrium had not

been ettelnede _ .
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-fdf the ratq‘gi Isomerization of cls to grans, and thus

w . S , i "ss-

- " . ) Lo
P . . M N A 0
‘ « . . Y " v . : . v
. * _L - ' » S
e o g v . AV N
. s " ‘ . «
’ | S—— L ‘ .
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“the rate160nstdnt-kiAl;.glvjn'by’

v,k
\ .
. ]

For tho rocov.rcd samplc at t = 190 mln ih. pcrccntago
of trans lsomer was determlnod as 171 by lntegra:lon

of the n.m.r. spoctrum. Substitution of these valu

into theAabﬁve equation gives k‘ ] 1.8 x lo-s’scc-| !

kY

" . } . - '.;*:)‘ .
the d?composltlon is proccgdjng at approximately seven

times the rate. of“lso;crizitioh ’ Thus'iﬁe deuterium’
dlstrlbutlon ‘in the, th;gmofysls of clis- 3 deuterlo 2-

f

vlnyloxlrane can be su@marlzed as:

%o ’ i /

) S i e ee Y o
ky = g (eI E) e
S : e .- L o
where. {c"Js'ﬂho ogul’lbflyn.conc.ﬂfro?ldn of treng
:. 3somor o - . 7" e
-:c"ls the . copcentratlon of trans liomqr qt'g[mi t.
\ ) R ’ P
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D(H) CHZ(D)

D (H) o D (H)

lThe 100 MHz n.m.r. spetk;a.of the thermolysis
proddct; of t}én5j3-8eqterio-21vinylox{rane are shown
ib Figures 24, 285 and 26.. The spectrum of‘the dihydro;
-furan produced (Fig. 2Ah) éompared well with that for
.tHe‘correspondfng prodﬁft_from the Eli-oxirane.(Fig.
l85, ihd}catiﬁg déytérium’locatiOn at C2. The d.m.r.
spectrﬁﬁ (Fig. 28) of the 3-butenal indicated a de;t—
érjum di;tributIOh between (1} ‘and C2‘in the rat}o 47:53 .
The integfation of Fhe corresponding p.m.r. spectrum
(ffg. 25) gavé,the ratio as 69;31. .

The sﬁectrum pf the (E) and (5)-2—butenals (Fig. 26)
agfjn ind . cates a diséfiﬁution of deuterium between C1,
’CZ and Ch,kwhich fs conf?fmgd by an ingpection of the
corresponding d.m.r. spectrum (Fig. 29) as a ratio

68:18: 14,
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The 100 MHz n.m.r. spectrum of the recovered'oxir-

[

ane (Fig. 27) displays an increase in the intensity of

the 6 2.95 signal, an observation consistent with a

small amount of trans to cis |somerlzat|on of deutertum
The trans:cis ratio was establlshed as 8k 16 by n.m.r.
. ——
- .
integration of the spectrum of -the Oxirane recovered

from a 190 min thecmolysis at 307.4°¢c. The rate con-

stant was calculated as previously described for the cis

to trans isomerization and gave a value of k = 1.7 x IO-S
-1 ’

sec. . _ » . . -

(iv) ,P?oduct distributions

*

- "The product dlstrlbutlon wuth tnme was determlned
for the vnnylox|ranes 13, 12 and,gl in the static Fyrex
system at 307.h°C.-AThemrelative product percentages
were measured by electronlc |ntegrataon of the thermal
_conductivnty detector response. The degector~re$ponse

factors were assumed to be the same for:each product.

.

T.he cond{tion of the reactfqn’ye%tel”was observed

to have a considerable influence on the product dlstrn-

-

bution. It was noted earlier that traces. of air in the
system d xra‘ted from the reproducublllty of the kinetic

. )
Jélaused a fas init

.

data ang tial: decomposut!on of the

oxirane. The product distributions obtained .from
~thermolyses-in;g§e well-conditioded-reactfon vessel will

K]
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d) :
be considered first, and then the marked changes intro-

duced by the presence of air in the system wil\fbe
 exemplified.

The product distributions with time, in the well-
conditloned system. for 12 13 and Zl are shown in

Fjgures 30, 31 and 32 reSpectively.' The 'salient features

e

of the thermal decomp051t|on are apparent from an in-
spectson of Figure 30. The maJor course of the reaction.

is ultlmately a fragmentatnon to carbon monoxide and

- Sy

ey bropene. - induction period Tor this fragmentatuon is’
o .
e apﬁarent, which suggests that it is a re5ult of second-

4

ary processes. The relatlve proportlons of the isomeric
butenals reach a ma;imum and slowly detrease thereaﬁéfr.
This is consistent with the thermal fnstability of these
compounds under the reaction condntuons. fhe 2,3;dihydro-

furan is. formed. slowly and at a regular rate.' It has

already been noted that ‘after ten half-%fVes -.the

-
.

dihydrofuran'ts the major product prodpced apart from p
. the fragmentatlon ‘products. : o “ -

The influence of deuterlum substttutlon is apparent

Froﬁ—a comparisoh'with Figures 31 and_32. .The. most not-
ab{e feature is the marked decrease in the rate of
fragmentatlon to propene and carbon monoxide produced
.by successive‘deuterlum substitution of the oxirane

ring. The initial rates of formation of tbe butenals
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KEY FOR FIGURES 30-34

<

/3

_ Propene and carbon monoxide

. 2,3-Dihydrofuran

3-Butenal
(E)-2-Butenal

(£)j2-8u't'eg.al

61.
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\
appear to be slightly re&ucad, and théir'thgrmal stablility
increased. It appears that therg is little effect on the
dihydrofuran formation by the deuterated oxiranes.

The pfeseﬁce of a t;ace of air in the system has
-avmarked effect on the thermal decomposftion as can be
seeﬁ from an inspection o{ Figures 33 and 34. The striking
feature is th? complete reversal of the relative pro-
portions of tge isomeric butenals. The initial rates of
forma}ion of 3-butenal and (5)-2-butenalgare ifhcreased
considerasiy,lénd apparently the 3-butenal is inftialfy
the major produ¢t of the reaction. "Figure 35 shﬁws a
com;arison of th; therméiysis of 2-vinyIOxfrane'with th;
change in condition of the reaction vessel. It can be
seen from an inspeﬁtion of Figure 35 that the major
featu}e is an appreciable increqse"i& the proportion of
lsomeric‘bﬁtgnals. A smaller effect is noticeable on
the extent 6f fragmentationqbut there is very little
difference in ihe relapive percentage'o? 2,3-dihydro-
furan praduced. | - C

Froﬁ the results of the product compogifioﬁ studiesA
it was felt that the formation of 2.3-dihyd;ofuran
warranted ertBer investigatioé. With the.klnetic data
available it was thought that an éépropriafe treatment
mlghg provide kinetic data for the‘formatloh of 2,3-

dlhydrafurah from'iivinyioxirang.
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KEY FOR FIGURE 35
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\
‘For -a compound decomposing ;b several products by simul-

taneous first order processes we can write:

!

*

A 21 .! C
'ki ) I
And : ’ N
-d[A]l _ a1l ',
gt = k‘[A] + kZ[A] .. . ki[AL . .~

,kn{A] where kn~: ko,

T e

The overall kinetics are thus also first order.

We can write:

alel .k‘[L] ;o dlel oAl etc.
~ dt ' dt |

and therefore

d[B]///— LTRSS S Kk,
- dt dt . , .

. . , 3

. L . -
A plot of [B] versus [A] should therefore be linear and

Al

\ . : .
the slope given by kl/kn“' Since an internal standayd-
was‘présent in the kinetic runs we can equally wﬁll

_ e
construct a‘§‘°t of

1



Int. (Drhydrofuran) versus Int. (Vlnyloxnrane)
lnt.‘(Standard) . ~ lnt.'(Stahdard)

|ntegrator output from the detectorQ This

where "Int.

plot has the qdvantage that the absolute percéntages are
inconsequentiél to the'rate study, ane errors introduced
by the |ntegrat|on of poorly- shaped peaks~are elipinetedu

A typical plot obtatned is s,;hJOvdn’ "Q;;ure 36 The slope

-

. 'was determrned by the least squak gka\ysus as.prevnously

vdescrlbed and the va‘ues of the rate constants for the -,

formation of 2 3- dlhydrofuran at varlous temperatures are

glven in Table VI. ~The complete kunetlc dataare detalled

in the Appendtx

It should be noted that the reproducibility of the o

rat¢ltm&s¢ants was not as: goo¢ as that ‘obtained for the

‘q
‘-¢a€ gstants for !fhe overall dee%mposntlon.

the Arrhenlus actlvatlon parameters were determined

by a least squares analysus of a plot of log k versus

EOVARR The varnatton of the rate constant with Lempera-

ture is shbwn graphlca\ly in Flgure 37 . The va\ues of

the activattpn parameters at-the 90% conftdence Ievel were

estimated as: . ‘ . (

£, = 50.6 1 2.5 Keal. mole A
log A = 14.3 + O. 3’\.
S0 T 2 g:‘m

&~ N

-
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.l ’ .
YABLE VI
.« " . .

Rate constants for the formation of 2,3-dihydrofuran

. . .
S - 5 N
Temp. Number of . . 10°k (sec ') -
(*c) runs . + pr/obable error at 90% confidence
‘.292.70 A 0.60 + 0.03 - + 0.04 .
297.52 - 5 0.95 + 0.03 + 0.0k4 ¥
302.16 5. . 1.32 +0.10 + 0.14
_307.40 5 1:88 + 6.05 + 0.07
,: % ' ‘ . : . ) | o o ‘
.50 .5 2.82 + 0.12 +.0.17
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* AN estomatnon of the deuterium isotope effect on
the formation of 233-dihydrofuran was Atde from the

kinetic data obtained at 307.4°C. The ‘mean values of
- . , . , .
the rate constants together with their associated error
. . . . . A - M
lkmiis are given in Table VII. The complete kinetic

 dé;a$re given in the Appendix. The observed isotope

i and at the 90% conffdencq

effgcts can thus be ca

Lompound w/¥p
13 1.19 +‘o.1j’ a*
-~ ]
21 1.33 + 0.12 .
b Jaud . .

The obse}véd isotopc eﬁfccts were of similar‘magnitude

to those obtalned for the overall decomposnfidn process,
but the erroﬂs re considerably larger. |tdshou1d ' \Nf
be emphasnzed :xhat it wou)d be unwise to ‘draw any | ’

mechanlstlc conclusions from the behavuour»due to the

UerllablllIYVOf the mgasured isotope effects.

1

. N . ot .
S e N S .
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TABLE V| KN

; . . | )
Rate constants for the formagion of 2,3-dihydrofuran at

307.4°cY

R

No correction has

. L . ‘
Compound Number of : ‘ Ios‘kl (‘sec—l) ot ¢
. . . o L : -a
" runs | + probable error at 902‘&i.den'ce '
- ‘ ' . : A . - ‘ i e - H.q‘r e,
. 1‘4 Dta J;;gﬁ"
o . B ) . . * . e
12 (dg) 5 1.88 + 0.05 . 2007 Lt
13 (cisd) 3 Km © 1.58 + 0.05 4013
21 ,) . hf;“.@ V.44 + 0.04 +0.07
8
- . ’ .
. . B
. » F

been made for isotopic purity.

n - =gy

4
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» | .
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(v) Control experiment

It was notedfearlief that the thermolysis of 2-vinyl="

-

oxirane-3,3- d2 produced 3- butenal‘wath an unequal distri-
bution of deuterium‘;\T"Uh ‘1 and C2. 1t was. thought

thatithe loSs of deuterlum at €2 could be the‘rcsult of a

[

surface cétalyzed exgkange process ) s
& * 2
A thermolysis of 2 vnnyloxlrane was carried out in

the reactuon vessel whlch had been repcatedly treated w:th
0, 0. The 2 butenals werq recovered and analyzed by high

resolutnon mass >pettrometry Under very high resolutnon.‘ 3
, S w «-m-..v ot i . & Q " W
the™M+ | peak was resolved to show clearly the presence "of.

a signal ‘uejto ‘2CD. and thus the feasibility of a

. .
surface-catalyzed exchange was demonstrated.
L 4

<1—-T£:_;'-' ’ Py

.- -
P

FIGUﬁE 38 The\very hi-gh resoiutnon mass spectrufp of -

. - the N0l peak of the 2- butena\s from the:
R @3_"

control experument.
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A. . Produc't S;ydlo;

" and the product afstributlon. Thg presence of a trace

DI SCUSSI 0N

Thevproducts ldcnglfied from thé-gas phase ;he;moly-
-sis of 2- vinyloxirane were 2,3~ dlhydrofuran, 3-butenal,
(E) and (Z) -2- butenal propene and carbon monoxid From
an inspection of Figure 30 it can be seen that the buten-
als were initaally the moJor decomposltion products ‘but
soon gave way to a prepo;derance of carbon monoxlide andy
propsne. The thermal fnstablllty o’*the butenals under

the reaction condi'tions was apparent from an analysijb

the product composition after ten half—llves Carbon

-

,monoxlde. propene and 2,3—d[hydrofuran were the only

'\\pfbduc;s present in appreciable amounts. 3- Butenal ‘hs

alppst totally.abseﬁt and the lsomeric 2-butenals were
conslde(ably Jeduced rqlative to Z.B—dfhfdrofuran.. The
conéitlop of the reaction vessel was observed to have a

considerable influence on both the rate of decomposition -

[

of air in the system caused-a complete reversal of the
relative proportions of butenals, as can be seen from a

Comﬁarison of Figures 30 and 33. An inspection of *

.F!gure 35 shows that the inltial rate of decomposition

was increased together with a concomitant increase in.

the prdportion of isomeric butenals ‘relative to the,

->

amount of”dlhyéyofq;gn. s .o

-

/ ’ 780
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. . v .
Certain mechanistic fﬁbllcatlons are apparent from.
a conslder:tlon of the deu\erlum distribution In the
thermolysis products. An examination of the p.m.r.

spéctrum (Figure 13) of the 2,3-dihydrofuran produced

trom 2—viny|0xirane—3.3-12 shows that deuterium is lacated

o§clusively at the 2-position. The p.m.r. spectra of the
2,3Hdihydrofuraé produced from the cis and trans-mono-
deuterated 2-v1nyloxiranes‘?Flgures i8 and 24 re;pect;
ively) are alss consistent with deuterium !oiat;d onlx-

at the Z-positién. ; o b

A .
’

" It is difficult to visualize how'2.3-diﬁydrofuran

\

could arise directly as a result of an initial carbon-
.8xygen bond cleavage. 1f we consider the possibility of

a.surface-caéalyzed isomerization of the enolic form of
"_, . * L. . \“.
3-butenal then we -would expect to observe: no deutﬁrium

~
s

‘ . \5 . . . LA i K
at C2. Ve Jﬂghi‘alsq expeci»that~some.2.5~dihydro£ura$

would be produced.
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The observed degberfum locatjon at C2 and the lack of

Z.S-dlhxdrofuTan t}lbu us - to roje?t this mechanism as a.

route to‘2l}-43hydrofuran. ‘
A posslble‘pathway which would be C;nSIStent withl

}he observed deuterium location Is the operation of ‘a

. édncerte¢ 1 3-slgmatnopl;'mlgration. This has been

ruled éut ir a study (25.) of the dlvinyloxrrane system .

where it was observod thtt the 2- vlnyl-z’ dihydrofur.n

pgoduced qlrectly from chiral trpns-2.31dlvlny|oxirane

was racemic. The operatlon‘of a concerted pfocéss has

-

been sImilarly,ruléd out on stereochamical grounds by

Chuche (24) in.a study of E,E~2,3;d|propenyloxlrane(

v . a%}' ’ : . i ' .

" The orbital symmetry allﬁwed product ls'6b'gut'fhd
observed product, whlch would be forbldden by orbital
s;mmetfy, i§’the;thermodynam1ca]|y less stable 92. This
has been rationalized. iﬁ'terhs of aﬁ'f;omeri;atlon at

an, lntermedlate carbonyl yllde stage.

! .
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oxirane LG
. ‘\/A§§/’ ——— .
‘é ———0 6a
N . 8’. . e uﬁa -~

The obetatlon of th{s process in the 2-vinyloxirane system ?
would. result in exclusive deuterium location at €2, but a

.more detailed stereochemiqal test of the mechanism was

ot -uhdertaken in this stuydy.
b .

 + . . ’
;E:SPEI//D, ‘ : 0 ?'
vl T X
The degterlum distribution in the 3-butenal pro-
duced ffomvé-vinyloxlrane-3,;-gz (31): glz:3-deuterﬁo-2;
vlnyloxirane(lz) dnd trans-3-deuterio-2-vinyloxiranée (39);
are summarized in Tgble V1Fl. |
‘The sigéificaqg feature of the.d:m.r. Qpectra is
the observation of only two distinct signals indicative’
of  the {;cation of Qeute?ium at only Cl_ahd ca. It is

of ihterest to note that some deuter ium has. been lést

from the 2- posltion of t& 3- butenal prdduccd from 2| S

which may be the result of 2 surfacep'
process occurring vla the anol
') The feasibillty of a surface c0tmlyzed ex hange

!
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TABLE VI ’ : -

The deuterium distribution in.the 3-butenal

the thermolyses of 21. 12 and 29'0!'301

3-Butenal Figure /# Method

ch
from 21 16  (d.m.r.) 0. 0
X (p.mafail 0 0
;[ -
from 13 21 (d.m.r.) 69 31- 0 0
-~ [ 3

19 (p.m.r.)* 78 22 o 0

from 20 28 (d.mw.r.)®> 47 53 0 0
' » (p.m.r.) 66 n o . 0

o

a.- The integration oﬂ this spectrum was of poor qQquality

B.‘ Theyrath of‘aidehydlc deuterium to methylene deuter-

‘tum changeﬁ upon the additlon of CDCI The ratilo

| 3
'szted is that after additian of 'CDCl3 and Is consid-

ered to be unreliable for this samplq.

A

.
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<

'progooi“'sii established by a contro! experiment. When

2-vinyloxirane was tﬁcrmoii;cd in the reaction veéssel

2

- which had beegfpre-treated with 0,0, a small amount -
o /]

;J(l~zt) of dout‘tﬂum was incorporated Iinto thcbl-bbtonoli

produced. )
v .
The similarity of the deuterium dlstrlbug.on in b
the 3-butenal produced from 13 and 20 indicates that there

Is no stereochemical prefergnce for the mode of hydrogen

~migration, which suggests that the 3-butenal Is prodhcid

from a random biradical Intermediate rath.r than by a.
concerted process. It Is likely that the obser#id'd;nt;‘
erium distribution Is not ;n exact reflection of that
préiyged kinetically. if we consider the possibility of
an lnfraholecular decomposition of,a-butepal‘to ﬁropene

and carbon monoxide

0=y et .~ O0==c
. —~
H(D)

'/(D)
) / .-
then we mlght expect a dlfforonce in <the relptlve ratos _

-~
of decomposltlon due to the pres.ncc of a 7éut¢rfum lso-

tope effect. Such a reactlon may be cxpedtod to cause
thc butenals to bq enrlched wlth deutoripm &t th. aldhhydlc
posldlon and Hepteted wtth rctpect to &40 nethylcnlc«Leut-
quum thus preventing us from;placlng a precise iInter-
pre;atjdp on ;he hlgraf?oq ratios. Thc Lo;atlﬁv of

v



»

deuterium at only-Cl and,C2 has certain mechagis;fc im-
Sy, - : ) - ) ‘ . ‘ o '
,plications “1f we consider tHe possibility of~a 1,2-
: )

'hydro%io shlft ei.ther to cardon or, okygen, then we would

P

.
‘xﬁect { butenal and/or th«e d-vgnol' to be produced as _
|n§¥|al pmoducts T ;~ - )
., A‘ . - ’
3 ‘ . )
& . a
I
oo »
¥ »
- ° V"

. \ .
The observed deuterlum dastrnbutlon could be accommodated

by such a scheme, but we‘;aﬁ rule out thé revarsible de-

composition of anrinperméqiage'oecause othgdw{se we would
hava expocted to ooservefsome'hyd(0gan»incoéporatioo ;nto
thewaldehyde groqp of the B-Butenal‘producéd.f?om.gl.
The«deuterium'dist?ibutfon;_in tHe,Z—bgtenals p;o;
Aduced from the thermolyses of 2] léf'nd 20 are, summarized

N

in Table'lx..‘A quantltatlve determination of the deuterluml‘
d}§tr{botioo could not be obtained from the p.m.r. %pec%ra
due'to overlapping signals for thew(g)_add (z) isomers.

The fqgjlity‘of the'isomerization of‘(g):a-bgtenal to

(e)-2- butenal is appagent from the obiervation thatftwo y

samples orlglnally containing both tsomers had isomerized

a
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' TABLE IX >
- L

The dedterium distribution in the 2-butenals Proggcéd hrom;

‘the .thermolyses of 21, 13 and 20 at 307:5°C, estim&tedi
, ~~' ~= ~= C e e

from tHe d;m.E. s . Ce c
} ‘ ¢! pectra‘ -
< . : M ) 4 . p ’ l
2-Butenals . Figure # . ¢cI* c2. €3 ' Ch
from 21 17 () ‘ 52 . 27 0 21
. 17 (2) 51° .26 0O 23 o
\ 3 ’ o )
: A o .
from -13 22 (E)® 83 10 0 7

from 20 ’ Zsf%g)a __‘~68;> ‘18 - 6 ; lh'

~ o~

a. Signals fbr-(gfiz—bugena[_ndt detected.

2
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Lose e o £,

to the mofJ/stable.(E) isomer wﬁéh';he d.m;r.;spécéfa
R - . . - . ’
2were'obtained An, gspectlon of thq p m r. spgctrum

-

(Figure IS) of the 2 butenals bfoduced from 21, indicates

«
)
e » R ¥
~that:only deqternum.is—present in the a}dehyde group. .
The most hotab1e,featﬁre:of ;be d.m.r. spectra is. that Y

the deuterium is distributed betweed Cl1, C2*and Ch in
PO . . . . . -y . .
A

the Z-butenais produ;éd fromr each oxirane. ‘ 2
1 f we conéider a i, hthdrogéﬁ,shfft'és a possible

.." . . "
d|rect route to the 2 butenals, then‘this would account

for.deuterlum at C1 and Ch but w0uld not prednct deut- (\ ¢

erium at C2. T : .

3 ) ~ } ) ‘ R

A

.. If we ngsider‘; mechanlsmywhéreby (z2) and (E)-é--
: . b . . 4 ’
bulenal are interconverted. wia 3-butenal, then although

this could result in a distribution to C2,. ;t’ o

.ruleq out ‘since it would reqU|re the presence of deuterlum

at Cb of .the 3-butenal. TN



. . . - . Lo~ A \
. If, however, 3-butenal is an initial ahérmolysis
e - . . N A ) ~ v
product then _we can consider a scheme whereby »u'.i{ib‘ra-..
tion with the enol might provide a route to the i-bufgnal,{; ;
. ’ '," B h . : . . . : A [3 - v ) ’
SR " s : L. ’\ o v
~



' favoured (E)-2-butenal arises via ‘an equilibration with

. . - AI ‘ ! ’
v ‘*: oL . . . .
v N R . .

lh ’uch an equillbration the dlstrlbutlon pf deute u‘

: between‘tl ‘apd €2 of 3 bu:enal ‘would be mdﬂn:aan.d .’d.

thermally allowed l 5 hydrogen sh\f: ( 2 D e 'Q‘ tho

-‘en//‘COuld then produce (Z) 2 hutenal with\a deu'hr!um

- AN

distribution in sccord with the - exnerlmoute} obeorvaflons.

The possiblllty of rgversibility of the 1,5 sﬁ[ft can

fbe ruced out scnce |t wopld require the incorporationA:

. .

'of deuterium at Ck of the 3-butenal

r

_This soheme Implies that the thermodynamlcally‘

'

(g)—z:butenal. 't is known (36) thét‘%;)rz-boxenelvis

thermglly unstable gnd_reidily rearranges'to the (E)

-lsomer by a.process'théi is qccelerated ‘by the prekence

. -»
of'traCes ﬁf acid. This scheme also implies that the

Lo

2 butenals are secondary reactlon products and therefore.
S /

might be expected . to exhibit an inductlonuperiod for.
their formation.‘ {f; however, the Isomerizatlon of 3-
butenal was very fast then it would make the detection
of sochean induction. peraod very difffcult. |

A preliminary study-(BB) of the thermal'treatment

-t

of a n}xture of isomeric butenals (contalnang mainly 3-

butenal) at 260' showed a rapid loss of 3-butenal to-

fgether,uiﬁh-en Jﬁirease in ;he~proportion$ of the 2-

'butenah§. efon;'witﬁ'the.formation of carban monoxide

and propene. This observation lendeishppori.to‘a scheme

L



* as a wes*it of secondary processes.’ . ey

uherein'the 2-beon.i% are.produch f¢6m 2-vinyloxirang

A

Since the Qhermodynemicaiiy unstabie 3 -butenal is

r - @ .

. observed thfohghout the courte of the reection, In greeter
‘than'its\\h'ruodynaqie proportions, it ceanot be the
‘-species which is rapidiy isomerizing ‘to the 2 butenais

and‘thus thevdienoi tautomer is suspected as. oeing one
,°oﬁ-the pr‘ arv products, ﬁ!. .

. ' ' . B 4 i

.

B. . .Klnetic Studles‘ _ ' o S ,0 o

Over the temperature renge 292-312°C the ~gas phase

s -

thermi“décomposition of 2- vinyioxirane was observed to

proceed by overall first order kinetlcs. The formation

—

of 2, 3 dihydrofuran was observed to. foilow first order

[

. kinetics, but due to the. thermai interconvelsion.of the
butenais produced it was fot possible to determin' tﬂ."
klnetic parameters for ‘their formation. "The occurrence..

| of a fast. competitive ricemizatJOn process was detected,f

‘_when cerai 2 vinyioxirane was subjected “to gas phase 0

,‘/ thermolysis over the temperature rangeozss 275 C.

s ThefArrhenius activation parameters were determined
l

f«é these prOcesses and are presented in prie X.

The occurrence of a sl w, competitive cis- trans
L ==

3

isooerization process wes dbserved duri /the thermoiysis

of cls end trans 3-deuterio- Z-Vin oxirane. It is of



A ) X » Y o . - A . .
R i “ . / , : . . _.9’0.5
4 » ~ - . he - .
TABLE X : | . o
~ » ~ LA
.rrhgnlugs actfvétlon ja‘rimeters for the thermolysis df
. q*‘ % . P , . .‘ ’ . .
. *2-vinyloxirane i - N : . Y
5 } . . S
,o» e ’ . .
‘Reaction o ‘ Ea 4 ‘log A Ref ..
(kcal molle-‘L
Overall decomposition 47.8 + 0.3. -1h.1 + 0.1 Tabie |
. 4
Dihydrofuran T :
formation. . ' 50.6 ' +.0.7 - 14.3 + 0.3 Table VI
, | | 4
' Racemization k4.2 % 0.7 13.5 +.1.6 Table 11
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o A_ T4
" ‘ tfeLe x :
- . : . o
. i ) . . o .
Rate constants and relative rates for the reactions of
- 2-vinyloxirane at 36&.#“6

4

v

W ‘- oo
IOSR(sec ‘) Relative Rate

Reaction
.t °

91.-

RN

. . : : ]
. 5 g;prall,d.cOmpost:aon,' 2.k " 6.89

Dihydrofuran formation

EN
Racemization (k obs) 72.4° 40.2
cis{:‘trans interconversion 1.80 1.0
™ 4 .‘

-

a Extrapolatd®from lower temperature using the data from

Iable V.
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3
4 » ‘
° : - p———
TABLE X111
o N
Dcuterlum lsotopc effects on the {hcrmal rcactlon; qz
- ) . j
2~ vlnyloxlrane *
Reaction )AG+/n- Ref.
(cal.mole-')
Overall decomposition - 140-220 / Table 1V
: Dihydrofuran formation 165-200 Table VII
Racemizatian 20 Table V’



{ . . 93,

Toe ' Y] . .
lntcrost}tq conp-ro the rclatlv- magnltudos of the rato
constantS»for4thq thermal r.actlons of the 2- vlnyloxlronc
sys;on; nﬁlcb are &llustratod In Tab!e-Xl. From an'ln-'
spection of Table X1 it is spparent thot the most facllc

. tihermal process is a racemiz®tion. Tho cls- gr.ns lso-'

merization .nd'dlhydrofnran férnotlon #Vocoqd‘qt conpar-

t ’

l;lo>rafef and ate both slow relatlvg to the overall rit.
of detombosition. ) | |
The ki;etlc~lsotope effects for the thermal re-
‘actloﬁs of 2-vlnyloxlrane in terms of the‘free cne;gf
change per deuterium 6AG+/n are given in Table XII
Lf we consider an_ inltial carbon oxygen bond cleav-
age }s a possible me;h;nism for the racemization, then a

1

subsequent rotation and recyclization would result in

+

an enantiomerization of 2-vinyloxirane.

H
- O > S mm—— Q‘
\ ’ . . s
o
o~ s —
. N

Thls sequence of operations when applied to 3-deuterio-

2- vlnyloxirane would result in cis- trans Isomer3zat|on.



Since ho klnotlc isdtope of fgct was dnoqud for the
ratonl:utlon‘thon this mechanism would pr“lct thu race-
..:\. mization and _c_l_g-w lso-orlzatlon rould prococd at |
‘comparable Yates. The forty fold dlffcronco ln the

rotos of these pmccsusJ(Tahl. XO). .llous ys to ruh

out thls nochonlsp aQs a.common Koutq for the Noro(soT\ .
,norlzatlons. [y thc qlno arggnons we can (ulo out
slullar'ro,to whor;ln a ;lngto roiatlon'and rﬁc;bllca- -

“tion are preceded by an_l#‘t[al ci(bon-cqrbon bon{

cleavage.
. ®
. ' ) -» . ‘ ! -
%.———— \..ﬁ(ﬂ—rﬁ———-
. r : ) .
(o] | D o .
.‘ . . " . : h

f
’ ' : .
¢ . . ~a
. . N .-

A iynchrpnous conhrotatory carbon-carbon bonJ'

.cleavagc‘to.a°plancr"cgrbonyléyllde has bcep/suggcitcd.

'(ZSI as the most proba®le mechoqlsﬁ to account for the
féciﬁc gis4ph£sc radi-(zit}ép of.tfcn§;253-d{vlqylox?u‘\.
réne. 'if !é ;on;lderixhls mechanism as Q reasonable.

candidate fo; the vacemization of 2-vinyloxirane it



Jguid. however, preclude the possyblility cf'gl!-srhgt

-3ltonorlxnnloh, o o _ T ‘ ..

. ' ) . N i - -
The -.question arjses as to how this mechanism can be recon- .
ciled - with the observed cls-trans;lsonorl:atlon. The -

obsorvatlon of cis tr.ns lsoucr!zatlon in both aztrldlnot

N

(l7) and dlvlpyloerane (25) ‘ha#s been ratton.\lzqd tn = *

t-ras of,an cxternal rotation in a planar azoagth|no-“

A' - - . - , r‘

Y Y'\r
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_— Ty LANEASES S ] ¢ . o e 8 ¢ -
F . . . ' ) ’
. . N T
» * ) ‘ ) '
L]

X o , Al . - " o m* . * .‘iﬁ
(1] . [ N
b “* ] ® .. .’, . J [+ “. ‘Oﬂ * i
& . R o 0 [ ] .
' . - 44 . .
o : ! o
,!
, . r.." Lo ° i W SR S
: nlno or urbonyl-y.l !do. oad wch o precass unu ow
4

. e

.wel) be op«‘b)o in, the !-vlulonhu\o ontu. o o\ -

‘The possidilit ol siow nunlblo cubbn-ou an. -
 bond eloavngo occurring co-potltlutly with tho‘rovq;slido )

corbonyi-ylldo fornoclon. and bo!ng‘rcoponolblc tor the

- .

uu rmm m J-mﬂunm. M .nmn be

jlsulol.d. . ' _ oo ¢ ° .

..-o'»‘a°'f c . o
1f we codsb‘or thatpths rotoyo!utggnotlon'd(,butcnols .

0. e

L ]
Iy glvon by 'ubtractlag the r;to of dihydr !ur.n‘forno-

Y
'tlon from the ovorll‘ rgtc of joconposltlon of the z-vlnv!-
L o
} pulrono. thcn the fatoc of Coruotlon of butonols wll! bn
) ° : ¢

as In Table 111 T o :

. -
o

Tho ohsorvod d'utorlu-°klnotlc lsotopo .fO.cts oh ©°°

. the fornation of buthpls jron thas dcutorutod vlnylonlronci .
. . £

-] & R -

« ' are small when conleorod ln tora! of tﬁpvtraddtlon.l Yoo

o

prl-.ry dcg&orluw klnotl& lnotopc ‘effects whoroln'a CWH

_strotchlng mode |s aart of the’ npactlon co- ordlnato (39) LI
; 2. " '
it has been suggested’ (lb) rhat a roducod volu. of tho !

o

lsotopc effect nould b!r;npdetod for a rsﬂct!on procood-

lng vl: a8 non- llno.r actlvot.* coaplox, such as thlt For

s @ - °

s hydrogen nlgrntldn in a pinacol roarraﬁycncnt. *hc free

c zsz‘fnyl’oulrlnc butCnal lntorc%nv .\‘

o

energy changs fog

vorsiéa ] iven yn llv atong wlth those of othcr_

processes whérein én isbtope offﬁct ‘has bc.n -observed -
for s roactlonowhlch l; prlnclgolly a hydrogon -igfatioa

.. - 3 .
o L e s o, v os
Y R c. o e

s . ) g . < - o



TABLE X111

Calculated rates of formation of butenals in the 2-vinyl-

. a
_oxirane system

~

a

i OxiraneK Butenal formation H/kD
10%k (sec™ ')
{

12 10.52 = ==-=-

13 9.02 1.17

2Y) 8.26 1.27

-»
a; Calculated'froh the data of Tables 111 and VII
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)
' pounds - have recently been assngned (hS h6), together yath the fre-
w

Q

. In an attempt to preduct the magnitude of the kinetlc isotope effect

4

)
for the formatlon of butenals let us consider a’schgme wherein the
P . : .

carbon-oxygen bond of the oxirane is cleaved to give a bitradical
- . * . ]
o .

intermediate which then undergoes a hydrogen migration, in the-pro- ‘\\\__\

duct determining step, involvlng mainly a C-H twisting mode as the

reaction' coordinate (44). - . ]

Hztbzl

In order to calculate the secondary Heuterlum tsotope effect on the'
ring openlng we have chosen the methylene group of oxirane (C O)

as a model for 2-v|nylox|rane and the methylene group of hexamethyl-

ene tetramine (C6H] k) as a model for the methylene group of the

bnradlcal The lnfrh-red vnbratlonal frequencues of these two com-

quencies of Czbbo (&47) and\C6 12 L (k6). The pertingnt frequencles
.are glven in Table XV. '

»It has been suggested (k8) that secondary deuterium iso- .
tope effects are the result_of_the creation of new,=lsotop|cally
sensitive viBrational frequen ies durlng the course of a reaction.

4
If we now make a sumnatlon over the vubratlonal levels of our four

. models, the sum SAw is given by (49): . E \
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“ TABLE XV

-~

infrared frequencies used to calculate the Setondary

deuterium kinetic isotope effect for oxfrane'fing opening

via carbon-oxygen cleavage

! _ . ' :
.Mode’ | fz"a° C,040 CeHy aNg ~°6912"5
| Lo
b - ) . \,
*CH stretesh (A) 3079 =~ 2317 2955 2288
CH stretch (S) 3019 2174 2880 2110
CH, Def. : 1490 1013 4455 1120
F, Wag A 1120 970 1370 ' 7\1@75v
E Twist N ERILEY 896 1325 1000,
t : A - .
F, Rock 821 577 ~ 850 670

210672 - 7947 10835 8203
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7

-

X o

&m - Y (e 1,00 - z ;w(czp‘.o) -1 E w(66 12Ny) - E “‘°6°|z"z.’

and uslngothe data of Taxblexv we. obtaln 6Aw - 93 cm ’-‘.

Slnce E°= hcwlz then. thls is an energy difference (6AG+)

of 133 cal mole l-whlch'glves a calculated value of kH/kwé

1. l2 for the rlng openlng at 307°

in order to calculate theolsotope effect for the

-

-hydrogen mlgratlon in thevqpte determlning step we neglect

o ane cwlstlng mode in: the trensltlan state and thus obtain

.'“

SAw = 325 cm ?; This would glve a free-energy lfference
(AGG+) of bGS cal.vmole L whfch wqu&d then resﬂgt ‘in . a
value of k /k = 1.50 for butenat fornhtlon at 307

The mechanism for - butenal fnfterlon must fit the

observed constraints that:

!

(a) cis-trans isomerization of the deuterated oxiranes ig

slower than butenal formatlon,

*

(b) a klnetlcldeuterlum isotope effect is observed on the

'formation of butenals,

(c) that both clis and trans-3- deuterlo .2 - vinyloxlrane dlve
' rlse to comparable deuterium tabelling patterns in’

the butenal products Such as to lmqu the stereocheml-

cal equivalence of the metﬁylene hy rogens (deuteruums)

along the reaction coordinate.

L]
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The data can‘be accommodated by a reection scheme
such thet ‘a C-O blradicel is a post trensltion stete
intermediate on the. reaction cdordinage as depicted in

, !
Figure 39. | -

»

—§ac' -

oxirane A ' o E ‘an Is //

FIGURE 39. Reaction coordinate’wherefﬁ"the biradical is a

fpost-transition‘s;a;e lnterpediate..
‘ o S,

S
¢

lt can be shoun that a- deuterlum Isotope eff&it in the’ér'

¥

second step of the reaction would be. cseerved Hn the overm

all k‘netics lf we conslder the data form thermolysns

of'cis—3—deuterio 2 vlnyloxirine (13) then we can obtain
L

an estimater of \pe fference in height of the. free-

energy barriers (6AG+ Flgure 39) for the forward end'
reverse processes. Conbining the velue for the rate of
cis- trans isomerrzetton (k = 1. 80 x 10 5‘secf‘. Table Xl)

with the value for the rete of butenel fornation

"(K.-’9:02‘x 10 -5 sec '; Table Xiti) allows us to calcu-”

late that the reverse process has a free~energy barrier

S

£
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. ‘ ‘ %i: R ‘ ,
. o ! 1030

: T S ‘ \ -

.some 1;06'kcal.mo|c-‘ higher than that for butenal forma-
tion. o " o " -

cac+ = Rt In (9 oz/z x I a) - 1.06 kcal.m'

=

,  Tho factor of 2. 1s lnqlud.d ‘since the molecules keturnlng

" to the oxirane would havcfan\gag:: chonce of. hecomlng cls

N (- -
or trans -, ,, AR i‘
S————— —- ' N " ' =+ :

Thls lmplles that for 1000 molecu!es lrrivl?g at

]the biradica¥ lntcrnedlate per unlt of tlne 7!6 would go -

on to products and zﬂh.would return to the oxlranc. - Upon

"§thg i# }?ilnylbilraﬁ.‘3;3~~avlzlj we -lght_onpaet Iiﬁgli_

3

or no. perturbatlon of the first aﬁcrgy barrier, but a

dcuter!um miﬁratlon fM the sccond step should Increaac

,//he hd!ght of the energy barrier in a transition state’
o )

"A!s ope cffoct on th& second step f the reaction,

a pro;lpated-by

.

.

if we consider the dlfferénce ln“the rates of butenal

: e rnatioégkor 13 and 2% to bc 'y na ifestatlon of a kinetic

\

v[k(2!)lk(!3) -“1 09]. ‘then of our IQOO nolecules at the

-
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.

lntermédiafe stage 656 will go on.to buten;ls (7]6/!.09}
and 344 wll] return to oxirane.

If-we_now conslider th; non-deut?rated case (13)
‘wggwould r;quire that 836 pofecules would go forward
A(7;6 x 1.17) and 164 would go back. This data are summar -
Ized ;nfrable XV1. » (

. ) .
The small change in the molecules per unit time

arriving at the Intermediate, from a consideration 6% an
isotope effﬁct on the ring opening, would cause a minim;I
per urbation of the mbﬁél. ﬁincé the overall rafe of
~decomposition Qf the oxirane is iﬁ;luénéad by theAparE-
.itionfng of the interéédiafe.bgtweén‘the;fo}ﬁhrd and re-
verse reactions, it can thus Lg seeﬁ’that the smail dif-
ference in the free4ener?y Barriers for these two pro-
-cesses would allow an {sJ'tpe effect on the second step

[y

to be observed kinetically. " '

The data presented is best iﬁterprtfedi".terms"Of
a carbo;-ogygen_bir;dical intermediate, but the cis-
tfans isomef!z;tion of thé'3-dguterio-2-vinyloxirane§
coufdyéqually well be Qggurring from‘a cafbonyl-yljde
.intﬁrmediaté that is.nbtﬂhbbn the reaction coordinate’ to
butenal férmatipn;‘ 1f such is the,éaﬁe then the rate-
geferqinfng'trahsition ététe.wqpldfbglthevsamé as sug-
» §e§ted in ourareaction model; but. it is difficu}t té

undersﬁrnd yhy cis~5rans i$omerization is not faster than

. o ) 1

>
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“\) TABLE XVI

The partitioning of the biradical intermediate A (includy

ing) and B (neglecting) a secondary deuter[gﬁ‘usotope on

the ring: opening

¢ SN
Oxirane Intermediate & Product
A B
21 . 946 1000 656
‘! ) *
13 . 1000 . 1000 716

12 1060 1000 838
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"

observed. For thase reasons we prefer the biradical (

intermediate mechdpism of the preceding paragraph.



EXPERIMENTAL .-
A1l bolling points are uncorrected. '
Purifications by prepafrative gas chrdmotdgiaphy’ \\\1

(GC) were carried out on a Nester Faust ﬂodof 850 "Prep-
kromatic". The columns used were 6 ft biwall tubing pac&od
with 20% B,B'-oxydipropionitrile (ODPN) or 262ftirbon¢; N
1500 on_Chrbmosorb 5 30-60 mesh. The carrier gas was

helium at 'a flow rate of 500 ml mln-t:

The purity of
materials uasvchogkod using a Varian “o&ol IZOQ Gas Chrom-
stograph with 6 ft columns of 1/8" i.d. picked with 103
ODPN or ld% Carbowax ISOO.on htghuhdrfornancg Chromosorb
WAW/DMCS 80-100 mesh. )
The nuclear magnetic resonance (n.m.r.) spectra
~were obtained usln§ a Varian A60 or HA100 spéctrometor.
Thégproton decoupled deuterium mlyictic resonance spectra
werd!obtained using a Bruker HFX 100 spectrometer.

| GC/Hst Spectrum analysis was performed on a
Varian 1200 gas chromoatograph coupled to an A.E.1. MS 9.' .

. SThe optléal rotations were.defermined on a Perkin
_Elmer.Model Zﬁl'polarimeter.

chrobﬁaly;es were peffbrmed,by.;he chroanalygiéil

Laboratory of‘thenbepar;ment of Chemistry, University of

Alberta.'

107..
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A, * Bath System ' .

a4
Quantitative rate experiments were conducted Iin the

statlc Pyrex vacuum system constructed as shown In the

schematie diagram In Flgure 40. The system was qqulpbod

throughout with Hoke stainless steel digphragm and bellows
valves. The reaction vess8! was a Pyrex flask (1000 mi)
situated in » well-insulated alr bath with a fast air

L

circulation provided by a high-speed fan located at'thc

bottom of the bath. Main heaters controlled by a Varliac

"were used to bring the temperature to about 20° below the

desired temperature, and‘sq!ﬂrdary heaters®ontrolted by

@ Melabs Mode! CTCIA proportional tc-porituro‘cont?ollor
were used to maintain the dqslred oQon tcnpcratufc.” The
temperature was measured by a‘flvo-Junétlon_lyon/con-
stantan thermocouple which had beeﬂ'calibrqtod against a
Mewlett-Packard (HP) Model 2801A quertz thermouqter7~The
temperature stabll‘ty oY the system was monitored by

-

coupling the output of the HP nodel 34208 digital volt-

meter to a HP-Hodel 71008M strip chart recorder. The

longterm stablllfy was better than +0.1% and was typi-

°
L.

catly +0.06°. o '

_ The Hoke, Model bledGY_hrgh ieuﬁera;gre>vd1903
(V1,v2) attached to the reaction yosicl were located
inside the oven to eliminate anxndcgd-ippcd effects

duftng the sampling proqedur.LA The vacuum manifold

A',

.
:

<«
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o 1{o.

e

| . o

valves (M1, HW2, Ni. ﬁb) were ‘Hake Model ~A251INEY stalin-

o

- o
less-steal bellows valves. The valves utilized for

o

tho GC sample lnjoetlon system were qulck-nctlon Hoko

Mode Chlsx ‘nlf. odgo ttpln!oso otool bollowo valvcs.
4] o
Heating tape was oppllod«to tho oven inlet sCem from
v

4

H3 to VI and malntolno; at Ibof: Neating t was
appllied to the oven outlet systo; a;d GC Injector system
and maintained at 75°. “
Sample .nalysis was performed on a 6 ft column .
-(1/8“ .d.) of 10% ODPN on high- porfornanco 80-100 mesh
Chromosorb WAS/DMCS uL;h e hellum gas flow rate of 25
ml nin”! coupled to a Gowmac Mode! TRII8 thermal con-
du‘thfty detoctg;. GC'Intcgfatloh was b&rforngp with

a HP Model 3370A electrenic integratol

; All samplas for the kinetic runs were . prepared
fro materlnls drlcd by distillation from calclium
¥ -
hydﬁlde, and were degassed and transferrcd to break-
* Lo
13 o
[+

scols'by standard procedures.
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B. ,Oil Bath System

The kH/kD study of the racémization of 2-vinyl-
“@ ‘ '

Q .
oxirané was conducted in breakseals of approximately 75

ml volume placed in a well'insulatgd oil bath. The
tempera;u;e was controlled by a Melabs Model CTCIA
proportional temperature controller, and measured by gan
HP Model 280iA quaitz thermometer caliibrated bf the
National Bureau of St;}HE?ES. fhé femperéthe'stability
of the oil bath was monitored by tecording the analogue
o&tput of *an HP Model 2802A platinum resistance ther-
mometer with an HP Model 3420B digital voltmeter- coupled

to g strip.chart recorder. The long .term stability of"

the system was better than + 0.1°. e
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(c) Preparations _ ) e

2-Vinyloxirane (12).

< .

Thq$g£ocedure wqf essentially thét of 80ttinf(50).
NiBromosucCWnimide (178 g, i mol) was added over 2 h to
a well-stirred mixture df butadiene (108 g, 2 mol), dis-
tilled water (SOO\mL), glacial acetic acid (5 m1) and
ether (500 ml). The reaction mixture was stirred over-
ni%ht_anﬁ the exeess butadiene was allowed to evaporate.
The etﬁer liyer was separated ana the aqueous layer
extracted with addftiona4 ether (2 x 300 ml)."The com-
bined ether extracts were washed with saturated sodium
chloride solufion and the ethe ev.,orated to give 129 g
(85%) of crude l-bromo-3fb§tqn'2 ci. This crkde product
was added dropwise to a hot solution of potassiuhuhyd- ‘
roxide (290 g) in water (930 ml), and theVZ-VEnyloxfrane
distilléd as ah azeotrope bp 63-65°. The Qatcr was
‘separated and the p?oduct dried over sodium su]?at; and
distilled to give 34 g (592).bp 6j-6b/?05 torr (Iit.(SO)
65-65.8/739 torr). The i—vinyloxirane wa; further
purifiea by prépafative GC on ODPN at ho°. The_n.m;r.
spectrum, 8§ TMS (cDC)

. 3 ,
tet, 1H), 3.35 (multiplet, IH) and 5.2-5.8 (multiplet,

) : 2.63 (quartet, lH), 2.95 (quar-

3H).

3-Butyn-1-ol (lg).

The procedure was essentially that of Schulte

and Reiss (26). A suspension of sodium amide in liquid

ke
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ammonija was prepared by adding, over a period of 1 h,
freshly cut sodium metal (46 g, 2.0 g. atom) to iTquid
ammonia (1250 m]) contalning a crystaloof ferric nitrate.
Acetyfene (purifjee by passage through concentrated
sulfuric acid then potassﬁum'hydroxide_pelfets) was then
bubbled into fhe S}irred eqspensfenn' After 5 h a black‘
suspension of so&ium acetylide saturaied Qith acetylene
was produced. E’hy!ene oxide (128 g/ 2.9 mpl) wasrdis-
tilled into the reaglipp ﬁixrure over a period of 1.5 h.
The passage of acetylene was continued to maintain sar-
uration. Tﬁe reaction mixture Qas stirred overnight
during the evaporation oflthe amhonia. Next day solid
ammonium chloride (120 g) was added followed by methyl-.
ene’chlorrde (1000 ml). -Vater (200 ml) was then added
and the reaction mixture Qa; stirred to produee two

clear layers;A‘?hermethylene chlioride layer wasyseparated,
the aquepus layer saturafed'wiph more ammoni&m chloride
and extracted with methyleﬁe.cblbride (3 xA300vml).4
The compined extracts‘uere dried over-potassium carbon-
ate, aﬁd the solvent removed by disstillation through a
Vigreux column. The reSidhal liquid was fractiohated
at atmospherlc pressure to give 77 g (55%) bp IZI-}ZS
(Lit. 127-129 /760" torr) Ty pn.m.r. spectrum § THS
(CDC13) showed: 2.95 (trsple 1H), 2.42 (multiplet,

2H)., 3.72 (triplet, 2H) and 3.00 (singlet, IH).
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L-Chloro-1-butyne (15).

The procedure wés-essentially that of Roberts (27).

'Thiony7 chloriQe'(l30 9, ‘1.09 mol) was added dropwise to
a mixture of 3~t;utyn-l-ol (67 g, 0.96 mol) and py;idine
(2.5 ml) at-a rate such that the.exothermic reaction
mixture ‘was maintained below IO°. When about'ZOLml of
thionyl chloride had been added a brlsk evolution of
hydrogen chlorlde commenced *and the reaction temperatune
began to fall. During the remainder of the eddltlon t he
cooling bath was periodically removed so that the neaction
’tehpe;étﬁ?e was maintaingd at 3-5°. Aftgr stirring for
1. h the,reaciion mixture was gradnélly heated to nefiux
and refluxed 0.5 h. The mixture was added to ice-coid
water (SQQ;mI) and potassium carbonate added to neutral—
':ze‘thg hydrogen chloride. The upper ofly layer was
separated, washed twice with saturated sodium chloride

. ° .
solution and dried over 4 A molegular sieves. Distil-

lation at atmOSpheruc pressure gave 67 g (792) bp 83-84°

(it 86-87 /762 torr). The n.m.r. spectrum ) TMS (CDC13)'
showed: 2.00 (triplet, 1H), 2.61 (multiplet, 2H) and ’
3.57 (triplet, 2H).

4- cmoro-l-buty@l-d (16) _ | -

4- Chloro-l-butyne (60 g) was dissolved in methyiene"

¢chtoride (200 ml), and repeated,exchanges wngh deuter iuh
. N ¢
oxide (50 ml1) and barium oxide (50 mg) effected by vig-

‘orous magnetic stirring for 24 h. Deuterium incorporation
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was monltored’by‘n.m;r. integration of an aliquot from
the methylene'chlq;ide layer. After five.excnanges the
alk?ne proton was no longer observable in the n.m.r.
spectrum. The methylene chloride layer &as drled over

h ; molecydar sieves and_the solvent.remoVed'by spinning-

band dlstullatlon _ Distillation of the residual liquid

3)

coe

gave 52. 79 (87. 8%) The n.m.r. spectrum & TMs (c0C!

shOwed 2. 67 (triplet, 2H),,3.62’(trlplet,-2h) and the

absence of the alkyne proton resonance. Vk
D

' o

o

(z)-b- Chloro-l-butenerl-d (l7)

The procedure ‘was. an adaptnon of that of Brown
.(28). leglyme and boron trlfluorlde etherate were
freshly purlfled before use. A mixture of'dlglyme.
(JSQ ml),»sodlum borohydrlde (6 8 g,VO.lB mol) andpze

‘}
in an ice/;alt bath. S8oron trlfluorude

- meth;l-ZrbuF ne (33.6 g, 0.48 mol) -wag stirred and
'cooled below\E*“/
etherave (3“ 1 g,. .24 mol) waS‘added over a period of
é h at a rate such that: the reactton temperature was
malntatned below l0° ] The reaction mixture |n|t|ally
became homogeneous.‘and .then a thnck whi te. precipltate
of the organobOrane was produced. After st:rrlng fOr
‘an addntconal 3.5 h the mixture was cooled to O A
solution of h-chloro- l-butyne 1-d (17 7 g, 0.2 mol) in
fdiglyme (20 m1) was added as rapndly as possible ‘while

..controlllng the reactton temperature below 5° _The“'
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3
Qo

reaction mixture'was stlrred;overni ‘t ahd_ai!OWed to'warm
.tq room temperature.' Next day, glaeial acetic acid (100
ml) was added at. a rate such thate the reaction mixture
was maintained below 5°. »AFter stl:rlng an additional

5 h at room temperature the mixture was added to ice- cold
water (JSOO.ml) and extracted with methylene chlorlde

(h x 200 mi). * The combined extracts were washed wcth

cold soJium hydroxide solutlon then with saturated sodlum

chloride solutaon untll neutral! and drled over calc1um

‘sulfate. The methylene: chlorode was removed by spinning-

band distillation and the residual Ilquld fractionated

tosgive 6.7 g (36.6%). bp 69-70 /700 torr. - The n.mqr:

\spectrum & TMS (CDCl ) showed 2.5.(q0artet,’2H). 3.56

(trlp)et, 2H), 6 0 (multlplet lh)hand 5.05 (doUb)pt;

C1H).

-Z-B*Chlordethyi-3-deugerie?oxirane (18).

(Z) h -Chloro-1- butene 1-d- @6 3 g, O. 069 mol) was

dlssolved in methylene chlorIde (180 ml) and meta- chloro-f

'hperbenZOlc acid (22 9> IZ7 mol) was added in portlons

over a period of 0.5 h at room temperature. After stir-

©

ring o&ernight the mixture was filtered to remove the

precipitated meta-chlorobenzoic acid and then distilled:

‘at _room temperature under qeduced.pnessure. The dis-

tillate _was fractionateduthrough.a_ngreqx columhotq

"remove the bulk"ofHXhe methylene chloride and the res-

.
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idual liquid fractionated to give 6.14 g. (89.5%) bp 56-
58%/28 torr. The n.m.r. spectrum & TMS (CDCI3).showed:

1.82 (quartet, 2H), 2.58 (doublet, 1H), 2.88 (quartet,

“1H) and .3.57 (triplet, 2H). ' - ‘ /;

L] ’

cis- 3 Deuterio-2- vinyloxlrane (13) "

| The procedure was essentially that of Reppe (29)
A nix;ure of cis-2- B.chloroethyl-3 deuterio oxlrane R
(2. 13 g, 0.02 mol) and finely powdered potassium hydrox-

ide (5.6 g, 0:1 mol) was graduaily heated to 100° and

-~
-

‘the distillate collected In a'cooled'receive?, 1.49 g
(1002). ‘Fina! purification was accomplished by prepar34
trve gas chromatography (G.C.) on 20% B;B'-oiydipropio-
nitrlle (bDPN) on Chromosorb W at 40°. The n.mrr.
spectrum § TMS (CDCi3)”snowed: 2.81 (doublet, 1H), 3.20
(quartet, V1H) and the vinyl group resonance as a multi=_

. plet 5.05-5.7 (3H). .
. : , <>

gbl,2,5;6—Diisopropylldene-D-mannitol (26).

The procedure was essentially that of Tipson (31);
Freshly fused anhydrous zinc chloride (141 g, 1t. 05 mdl)
was sttrred wlth dry acetone (704 ml) until dissolved
.and the solutlon filtered. D-Mannitol (72.8 g, 0.42 -mol,
Flsher Chem. Co.) was added and the white suspension
stirred viéorously at 2Q 25° for 0.5 h, then warmed to™
5%, Afaer i h the sdlution was virtually complese and

<

it was then allowed to cool to 25-30°. The solution_
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‘was poured‘slowly into a vtgorously stirred coid solution
of . potasslum ‘carbonate (176 g, 1.27 mol) In, water (176
'ml).' The mlxture was-filtered and the precipitate ex-
~tracted with chloroform (2 x 500 ml). The chloroform
.extracts were added to the flltrate. the mixture shakenp
7vlgorously and the chloroform layer separated. The
.aqueous layer was extracted with a further portlon of
chloroform €500 nl) - The combined chloroform extracts
were washed with saturated sodium chloride solutlon
(200 m\) dried over sod}um sulfate and evaporated under
vacuum to give a white solld (84 g). " This impure pro-‘
duct was recrystalllzed from a mlxtur; of chlo form

(120 ml) and n- pentane (1500 ml) to give 55 g (52. SZ).

mp 121-123 (Lic. 1zo-|2|°)1

‘Isopropylidene D- glyceraldehyde (277
_—-—M——f

The procedure was essentnally that of Baer, (32).
Lead tetrass:::ate (Arapaho Chemical Co.) wasfrecryatal-
llzedlfrom a mixture of glacial acetic acid and acetic
amhydride; and dried.ovarnight in a vacuum'dessicator
protected from light over potaSsJum hydroxide pellets.
It was assayed by the procedure of Fieser (s1) and the
,actiulty found to be 89.6%. A suspemsion of di-iso-
propylidene 8- mannlto\ "(31.2 g, 0.119 m mo'! - -nhydfous

benzene (1000 ml) was stirred vtgorousl’ et 1008 LOMm-

perature and lead tetra-acetate, (SQ S -at
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l89.62) wa's adde& in small portions over a period of 0.5 h.
After a fufther 0.5 h, a starch lodide test showed the
presence of excéss gxldant., A furthér portion o} di-iso-
propyfidcﬁe g-manni{ol (1 q) wa's added, and after 5 min

a starch lodide test showed complete consumption oﬁ:the.
lead tetra-acetate. The rea;tioﬂ‘mﬁxture was filtered
,;nd the precipitate washed with additibnal bgnzgne (200
ml). The filtrate was distilled through a Vigreux column
at 75-80°/700 torr *?:ﬁlan oil bath maintained at 105-
3!9'. The residual viscous oil was distilled under re-
duced pressure tpbglve 18.3 g (59%) bp 50-b0°/l-2'torr.

The product w;s‘stored under nitrogen at 0°.

Methylene triphenylphosphorane

The proce*ure was essenfla)ly that of Schlosser
: / : : °
(33). A suspension of sodium amide in liquid ammonia

“was prepared from freshly cut sodium metal (8.0 g, 0.348

mol) and liquid ammonia (1000 ml1). HMethyltriphenyl-~
: e

phosphonium bromide (96 g, 0.26 mol) was added and the

reaction mixture stirred overnight during the evapora-

o

tion of the ammonia. Anhydrous benzene (IOOOantfwas

©

added and the reaction mixture stirred and refluxed for

s -

1 h to dlssdlve the ylid. fhe mixture was cool ed, and
filtered under nitrbgen through a 25550 u sinter to
remove the precipitated salts. The clear, yellow solu-

tion of the yll&ethus §r¢pared was used directly for

the next step.

o
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(+)-(3)-lsopropy[ldene-B-buten~l,2-dlol (28).

The freshly prepared ylide so)utlon was stfrred
under a nitrogen atmosph¥ce and cooled In an ice bath.
A solution pf isopropylidene g-glyceraldehyde (18.3 é.
0.14 mol) in benzene (50 ml) was added dropwise over
1 h, and the reaction temperature helJ,below 10° by
external cooling. After a further 1 h the excess ylid
awa;-des;royed by the ad&ltion‘of a solution of acetone
in Senzene until the reaction mixture was essentially
colourless. The\reaction mixture was filtered and the
benzene removed by distillatlon through a Vigreux column.

he residual oil was diluted with hexane (1000 ml),

stirred vigorously, and then filtered to remeve the pre-
cipitated triphenylphosphine oxide. The fiftrate_was
washed with water and dried over 4 ; molecular sieves.
The solution was d‘;tilled through a Vigreux column to 4
remove benz;ne and hexane and the residue distilled under
reduced pressure to give 10.5 g (59.5%) bp 50-52° /50 torr.

An analytical,sgmple was purified by preparative GC on

ODPN. . °
Anal._calcd. for C7Hlz 2° C, 65.57%; H, 9.hkA3.
Found: : c, 65.39%; H, 9.67%.

[u]589 + 30.96 ; [u]365 + 105.7 ; (9.8 g/100 ml, 2-propanol).
The n.m.r. spectrum § THS (CDCI ) showed. 1.57 (singlet, 3H),
1.60 (singlet, 2H), 3.58 (triplet, 1H), 4.1 (quartet, 1H),

: . »
4.5 (quartet, 1H), 5.1 - 6.2 (multiplet, 3H).
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(-)-($)-3-Buten-1,2-diol (29)

| The %rqégdufe was essentlially that of.nerlc'end
Vigneron (52). Dilute hydrochloric acid (3N, 25 ml)
was adeed to a solu?lon of JsopropyliJene-}-buten-l,Z-
Idlol (16.0 g) in 98% :thanol (IIS ml), ane the mixture
u;efluxed for 1 h. It was then cqued.enq the excesﬁ )
acld_éputralized by carefyl.addit%on of ;bn:& sodium
bicarbonate. The mlxture_was‘flltered and the preclpi-
‘fate washed with fresh ethanol (300 ml)t The filtrate |
was evap;fated under reduced pressure to give a vis- |
cous oil tagether with some inorganic salts. This
product was d?seeived fn methahol (50 ml), and ether
(250 m1) grodu‘l\y added with vigorous stirring. \ The
mixture was filtered to remove the precipltated inorganic
.salts aqd the filtrate was evaporated to give a clear,
pale y‘fhow oil. Residual water was removed by azeo-
tropic distll]ation with benzene. The'combined yield

of diol from four of the above runs was 21 g. Distillation

under reduced pressure gaVe 20,4 g, bp 58-60°/2 torr.

[01589 - 43.6; [01365’- 152.8; (h.62 g/100 ml, 2-propanol).
TJo check for any racemlzation during the cleavage

of the Isopropylidene group, a sanple of the diwl was |

eonverted back to the isopropylidene‘derivetive‘by treat-

ment with 2, 2-dimethoxypropane in the presence of a cata- .

lytic quantity of g-toluenesulfonic aclde .The product

was‘purlfled by‘p(eperatyie GC on QDPN and the rotation
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measured: _
("]sas *. 29.65; 101355 * 100.80; (6.32 9/100 m!, 2-pro-
panol)_

'e was ghus.gd"°‘"‘°q that less than 5% racemization had

occurred ddrlng the cleavage of the isopropylidene grou;.

(+#)-(5):2-Vinyloxirane (30). — | Py

o

A Solution of (s)-3%uten-1,2-dl01'(2.20 g, 0.025
. mol, [°]589 -vﬁ3.6) anxdry pyrldlqa (25 al)vuas stlrred
and cooled below 5°. Freshly recrystallized p-toluene-
sulfonyl-cbloride_(s.zs §. 0.028 mol) was added over 10
min and the mixture stirred 18 h at 5°. The\reaction
3alxtur\_was poured into ice—eold waten\(lZS”hl) and

. N\ .
eXtracted' h ‘several portldns of ether The combined

ethér extracts were washed with

T

acid (3N) until the washes~PEmalned'acldic; The ether

s

.extracts were then washed with saturated .sodjium blcar- .
bonate solutlon foIBOued by a saturated sodlum chlorlde
solutlon and drled over anhydrons sodlum sulfate.

. Evaporatlon of the ether at room tenperature gave a
colourless oil 5.72 ] (96}) which rapidly crystallized.
To the nonotosylate thus prepared was wudded flrely
powdered potassium hydroxlde (8*9). and the mi ture
gradually warmed in an oil bath to IOO 110°. he

dlStlllate was collected In: a cooled recelver. From

several runs, the yield averaged l-l 5 g of 2-vinyloxir-

)
3
L4
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ng a sma!i amount of ether and water. The
2-vinyloxirane was further purified by preparative GC

[

on 0DOPN at h0°. .
[°)589 + 8.306; [01365 + 5,883, (‘f;!S'g/|oo ml, 2-pro-

.

panol). ‘ P

l-Acetoxy-l-cyano-2-propene (22).
— ~

7?. procedure was essentially that of Chedron (30).
cetic OﬂhYdridei(79 55\0.77 mol) was added dropwlise
over 20 min to o‘solutlo;/of frcshly‘dlstlllcd'acréfiln
(3.3 g, 0.77 thol) in benzene (150 ml) at~-10'. A solu-
“tion of sodium cyanide (§5 g, 1.12 mol) In water (280 ml)
was added to the reaction mixture over 1.5 h at -5° to
~10°. Efficlient cooling was necessary t% control the
temperature of this exothermlc reactlon The reaction
mixture was stirred a further 1| h and then ailoyed to
Q;rm to’ 5° fe§ditlng in two clear layefs being produced.
The benzgne lgyer was separated and the aqueous layer
eitracted with additional bénz;ne (2 x 100 ml). The
'¢0n21nqd;bcnzene exfracts were washed with dilute iﬁetlc
acid (2 x 100 ml1), saturated sodium bicarbonate (3 x 100
‘-1) water (2 x 50 ml) bnd dried over sodlum sulfate.
'Th‘ benzene was eva’oratt’ and the resldual oll distilled.
under reduced pressure to give 80 g (&3t) bp 58 60° 16 -7

torr (Itt. 63 65/10 torr).

S
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] ]

Methy) z-hydroxyz}-butqggcto (32)

‘A sotution ofvl-ocq}ogy-l-cyanb-z-;ropon.f(loo g,
0.80 maol) in anhydrous methanol (lda ml) was heated to
reflux, and a mixture of methanol satarated w;th dry .
hydrogen chloride (86 ﬁl) and concentrated hydrochloric
acld (22 m1) was added dropwise. The rate of additbon ’
was.suc;.thlt the reaction mixture was maintained at se-’
flux. Thc~n|xturo was refluxed an ild&tlcnnl 2.5 ) .?d
then filtereq ggo remove the precipitated ammonium chlor-
ide. The_f[ltrate'was‘ovaporatodhto qive » roslduaf
oil together with ammonium chlor(de? This was dll;ted
with ether (500 ml) and added to a vigorously stirred

s&aturated solution of sodium bicarbonate. The ethér

laior was separated, washed with water (2 x 400 ml) and

dried over sodium sulfate. The ether was evaporated L
. ’ . [ ]
aqg the residual oil distilled under ‘reduced pressure

' ; .
to glve 52.4 g (563) bp 58-60°/12 torr (1it. 60°/13 torr),

o

3-Butcn-1;2-d?ol-l.l-g2-(ZE) \
- —X

Lithlum aiunlnuq deu:erlde“TS.O qQ, O.lz-ﬁol. Ven-
tron SB:StF was added to freshly {fied ether (350 mt)
undcf'a nlfrogcn atngspherc.vand the ;lxtufo cooled
in fco. ;? solution of nethyl‘2-hydroxy-3?futangg§§

(17.5 9. ggls-ml) in dry ether (50 ml) was added d,-;,',;;’

-~ o * :
wise ‘over ¥ h, and the reaction mixture stirred an .
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~

additional 40 h at rbom temperature. Ether (100 ml, sat-
qrateq with water) was then'added;dropwise, followed by
‘a saturated solution of sodium potassium“tartmaté in
Dwater. The ether laye; was separated and the aqueous
flayer'subjécted to continubus‘e;ttaction with ether for

3 days. The combined  ether extracts were evaporated

and the residual ofl.azeotroped withibenzene to remove
any residual water. The residual oil was then distilled
lunderjreduced pressure to give 9.9‘9 (73%) bp 6Sf68°/2
torr. | | h |

2-Vinyloxirane-3,3-d, (21) -

-~ o~

The brocéJQFe was that previéusly described fzr
4the conversipn of (-)-(i)-3-bufen-l.2-diol to (+)-(s)-
‘?-vinyloxirane,. The a.mﬂr, spectrum GQTMS (CDCI3

(triplet, 1H),; 5.2 - 5.8 (multiplet, 3H). The deuterium

): 3.35

ihcorporation was eétimatqﬁ to be 98.5%.
. ,
(E)-4-Chloro-1-butene-1-d (19)

. ‘ y
The procedure was essengﬁally that previously des-
. h / ’

cr@ﬁed forfthe conversion of b-chloro-1-butyne-1-d to
(5)-h-chﬁoro-1-butene-l-g. 4-Chloro-1-butyne was treated
with A{;famylborane followed by prbtoQolysis'with
dquter}oacetit acid. The d;utqribhcetuc,acid was_prepared

by treatment of aceti¢ anhydride with deuterium oxide
N
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3

according to the procedure of Roberts (27). " The proﬁuét
was purified by spinning-band distillation to give a
47.5% yield of (E)-4-chloro-1-butene-1-d. The n.m.r.

sﬁectrum'é TMS (cDCI )‘showedi 2.5 (quartet, 2H), 3.56

3
(triptet, 2H), 5.5 - 6.2 (multiplet, 1H) and 5.1 (dgubr

led

let, 1H).

trans-2=-B-Chloroethyl-3-deuterio-oxirane . .

The procedure was ‘that previously described for
the epoxidation of (Z)-k-chloro-1-butene-1-d. The pPrQ-
duct was distilled uﬁder éeduced pf?ssdre to give a 58%
yield of trénsiZ-B-;hloroethyl‘3-deuterib-oxirané. The
n.m.r. spectrum & TMS (CDCIB) showed: 2.0 (quartet, 2H),
3.‘65 (triplet, 2H), 2.53 (doublet, 1H) and 3.05 (multi-

plet, 1H). , e

trans-3-Deuterio-2-vinyloxirane (20)

bl

The procedure was that previously described for the,
conversion of cis-Z-BFchloroethyl-3fdeutério-oxiréne

to cis-3-d- terio—Z-vihyloxirane. The product (91%)

was purified by preparative GC on ODPN at- 4o°. The
n.m.r. spectrum TMS (CDCI3)’showed: 2.50 (doub[ét'with
fine splittidé, 1H), 3.20 (multiplet, 1H), and the vinyl
group resonance as a mulfiplef Sﬁ%S - 5.7 (3H). The -

quartet centred 6 2.81 was attributed to the presence
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‘.of uddeuterated 2-vinyloxirane. Careful intedration of
‘the n.m.r. spectfum sndrcated that the product was - a
.mlxture of trans-3- deuterlo 2- vanyloxlrane (81.4%) and’

non-deuterated 2-vihyloxﬁrane (18.6%).

\)}\

‘(-)-(5)-2-Vinyloxi}ane

e

This was prepared by partialAasymMetric'destruction.

of %Fvinyloxifanb Qith'di-3—pinanylborahe by adaption of -

thqigrﬁbidurgvof prown (éh). A mixture ofvso¢ium_boro;

hydride (0.165 g, 0.004k4 mol), (+)-a-pinene (V.36 g,

0 01 mol; Aldrich, @, + b3.5°, neat) and diglyme (IO ml)
" was stirred and cooled under a nltrogen atmcsphere in

an,ice bath. Boron trifluoride etherate (0.7! g, 0.005

mol) was added droﬁwiSe over 0.5 h at such a rate th&t

the reaction temperature’was maintained below-5°. After

¢ 5

'stlrring for & h (below -S Y the resultlng "white sus-

pensuon was cooled ‘to -30° and vinyIOxnrane {0 70, O. o1l

‘

mol) was. added rap|d|y~> The mlxture was maintained at
-10° for 5 h and then water (O.S ml) added to quenkh

the reaction.i It was then.distllled at 0° updgr)redhced

pressure into a cooled receiver (atetone/coz). and the
9

water Iayeril,paratgd from the distlllate. TheprOdu;t‘

was purified by preparativeuGC pn a 6 ft Carbowax 1500
column at 40° to §ive 0.246 g (342) of (7)2(5)-2—vinyl-

oxirane:



128.

-

[u]

589 - 93675. [or.]365 - 5.040 (4.44h g/100 ml, 2-propanol).

The optical purity was estimated to be‘abﬁut 9% based on
the (+)—(§)-2-viny10xiran; obtained by syntﬁesis from D-
L4 °

mannitol. ' - ‘ _ B
. %
Rl

(')'E)fZ-Vinyioxirane-3,3;gz-(21)

o [a}

This was prepared by partial.asxmmetric destruction
of 2-vinyloxPrane-3,3-gzzby the procedure‘previously
‘described for the non- deuterated 2- vnnyloxnrane Purj-
fication by preparatlve GC on Carbowax 1500 at &4O° gave

0.313 g (43.5%) .of (-)—(5)-2-vinylox§ran9h3,3-g2:

(-3
E)

[a]589 - 0.977f [01365 - 5.752 (3.686,9/100 ml, 2-propanoi).

¢ [ ]
AJ'I! ‘ |
The - foltoulng vtnylox %nes~weré prepared and their d

thermolyses awf?! our further lnvestlgatlon

2-Methyl-2- vinyloxiréne (36)

The procedure was essentially that prevuously des-~-
‘cribed for the conversion of 1,3-butadiene to 2- vinyl-
oxirane, utilizing 2-methyl-1,3-butadiene as the starting
material. ‘2-Hethyl-2—vinyloxirane'(332)'bp 7§-78°/705
torr (lit. 81°/73$ torr (53)) was purified by preparativé
‘GC on ODPN. Tﬁe n.m.r: spectrum & TMS (CDCI3) showed:

1.43 (slnglet{, 3H), 2.74 (quartet, 2H) and 5.08-5.97
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(multiplet,-3H). This oxirane has previously been pre-

pared by epoxndatndn of usoprene wlth peracetic acld iﬁ

ether (54), and by base catalyzed cyclization of l-ch]ord-'

2-meiﬁyl-3-buceh-z-ol.(55).

- . L

ljgjbnmethyl-z vnqy]oxirane (37)

This wa's prepared by epoxidation of b4- methyl-l 3-
peniadlene_wnth meta-chloroperbqnzoic aCId-followtng the
procedure previously described for the epoxidation of

(2)-k-chloro-1-butene-1-d. The procedure was modified

'slightly in that only a 10% excess of meta-chloroperben-

[

zoic acjd was gmployed and the reéction:mﬁxture maintained

at 0°. The product bp 94°/705 torr was purified by
prebarativeiGC on ODPN at 40° and eluted from the column’
as a single peak. The ﬁ;m.r. épectrum indicated ;hat the

product was the oxirane pfoducéd byyepoxldafion;of the

more highly,substituted'doubie bond. 'Thc n.m.r. sﬁectfum‘

6»?“5 (CDCI3) showed::f.3l (doublet, 6H), 3.18 (doﬁblét,'
|H)Vaﬁd 5.17-6.07 (multiplet, 3H). qugryn (56) gave.
bp 97 - 98°, bat no édditlonalydéta for the oxifang

obtained by treatment of h-methyl~1;3-pentadléné wifh
. 9 . ) _
meta-chloroperbenzo}c acid.

A

cls-3-Methy142-vinyloxirane (38) o

° The epoxidation of_(g);l.B-pentadlene with meta-

chloropérbenzoic acld by the prevjohsly'described pro-

wﬂ
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cedure gave an approxfmately,k:l mixture of tWO components.

Preparatlve GC on ODPN at. 70° cleanly separated the two
components in a'combined,yield of 552. The‘n.m,r. spect-
rum. of the major component indfcafed tnat this wec»gli-
3):‘1Q28 ‘doub]et. _
3H), 3.02 - 3.48 (doublet, 2H) and 5.17 - é‘oi (mul:ip"le:,.'
jn) The n.m.r. spectrum of the mlnor component indi-
cated, that this was (2)-2- propenyloxlrane (39), 8 TMS

3): 1.79 (doublet'withrflne splitting, 3H), 2,60
(quartet; 1H), 2. 95'(tr?plet} ln), 3.58 (multtplet)‘lﬂ),’
5.03 (triplet with flne splitting. lHj‘and_5.53 - 6;07
(multlplet,'lﬁ). These tuo oxiranes'haVe previously

been prepared by epoxldation of (Z)-l 3- pentadlene with

‘peracetic -acid in ether (54).

e A L
trans 3 Hethyl-z-vlnyloxirane'(ho) »

'The epoxidatlon of (E)—l pentadfene gave an

'approxlmately h l mixture of two components, whlch were

leanly separated by preparatlve GC on ODPN at 70‘ The

n.m. c’;kpectrum of the major component Indié?tgg that

- thls was trans- 3 methyl-z vnnyloxlrane, § TMS (CDCI3)

l;3l'(doublet,_3ﬂ), 2.70 - 3.12 (multlplet,.ZH) and
5 07 - 5.67 (muitlplet. 3H) -Tne n.m.r. cpectrum of

the minor component indicated that this was (E)- 3-

| propenylo;irane (41), & TMS (CDCIB): . 87 (douhlet with'
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fine Qplittlng. 34), 2.60 (quartet, 1H), 2.93_(tf]pl;£,
1H), 3.]7 - 3.48 (mplt[plei. 1), 5.16 (éuqrtét with fine
spITt;lné;.lHL and 5.70 - 6.12a(huitibl;t, IH)."These'
twb oxiranes have preViously bééh prepared Sy epoxlﬁatibn

of (E)-1,3-pentadiene with péraccglc acld in ether (54).

-

tréns-3-ﬂethyl-(5)—2-propenxloxlrané (h2)

The epoxidation of (E,E)-Z;Q-hexadlehe with meta -
f%loroperbenzolé_icld gave a slﬁgle proddcf‘(73;) wﬁiéh
was purified by preparative GC on Carbowax 1500 at 60°.
Ihe’n.m,r; specfrum 5§ TMS (CDC]S) sﬁ;wéd: 1.31 (doublet,
3H), 1.72 (doubletfwith fine_§plitting,‘3H),:2.73 -
3.IZ~(Tultiplef] 2H), 5.18 (quartet Qlfh fine splitting,
IH) and 5:69 - 6.23;(multipiet. IH,. 'Thi;»n.m:f#'speétrym
is in close,agréement with th#t_recently published (57)

for_trahs-3~methyl-(gj-z-bropenyloxirane.

cik-3-Nethylf(Z)~2?propenyioxirane (§§) 

-

The epoxidation of (Z,2)-2,h-hexadiene with meta-
chloroperbenzoic acid géve a single produét'(ﬁs.sz) which
was purified by breparéf?ve GC on Carbowax 1500 at 70°.

The n.m.r. spectrum &§ TMS (CDC!._) showed: 1.27 (doublet,

. R 3 «Q
3H),.-1.78 (doublet with fine splitting 3H), 3.20 (quin-
- tent, 1H), 3.62 (quartet; IH),_S.ZO (triplet with'fing

splitting, 1H) and 5.57 - 6.12 (multiplet, TH). This
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n.m.r. spectrum is in close agreement with that rgcigtly,

published (57) of«cis-3-metﬁyl-(l)-Z-perenyloxJr‘;e.‘

‘3,3-Dihéthylﬁ2v3-methylpropenyVoxirane (Eh)

The epoxidation oé 2.5-dlmethyl-Z,Q-hexadiene with

neta-chloroperbenzofc acid gave a single product which ©
P - . - . i

was purified by prepéra;iVe GC on .Carbowax 1500 at g8o°.
T;e ﬁ.m.r; spectrum appeafgd satisfactory for the.expect-
ed'ﬁroduct”ah&_showed 6 TMS (CDCYB): 1.32 (doublet, 6H),
1.78 (doublet, 6H), 3.35 (doublet, 1H) and 4.88 - 5.33
‘(multiplet, 1H). ‘T;};‘oxi;ane h;s previoqsly“peen'Qre-
pared by the epoxidation of 2,S-dimethyl~2,h—hexédiene

(58) and the .n.m.r. spectrum is in agréement with -that

previously published‘(sg).

Chiral 2-methy|-2-vinyloxinane P

A partial asymmetric hydrobora}ion of 2-methyl-2-
‘vinyloxirane was carfied out as 6reviou§ly described
for 2-yinylox1ranef The conditions Qefe modified slightly
in that the,reactibn mixture was maintained at —[Of'for
3.25 h instead of 1.5 h. Aftgr’purlficati§n by preparaf‘
tive GC on.C?rbowSx 1500 at 50° a 29% recovery of 2- .

ﬁeth&l-z-viny]oxirane was obtained:

(@122, - 5.65, [al}gs - 18.39, (10.00 9/100 m1, 2-propanol)

»
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The'partia"asymmetrie hydroboration was repeatéd under .
identical reactién conditions using di-3-pinanylborane
preparedlfrom (-)-a-pinene [a]:z - 45°, neat). The

recovered 2-methyl-2-vinyloxirane showed

[a1§§9 + 5.73, [a]365 + 18.70 (9.64 g/100 ml, 2-propanol).

Chiral trans‘34methyl-2-(E)-propenyloiirane

A partial asymmetric'hydroboration was performed
on the racemic oxirane as previously described for 2-
methyl-Z vnnyloxirane The speciflc rotation of the

partially resolved oxirane thus obtalned was:

[01589 + 9.16, [0.]365 + 26.10 ‘3,92 g/100yml, 2-propanol).
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APPENDIX A.

Klnetic'data for the thermolyses of the 2

 140.
8y '

-vinyloxiranes.

i
>

1. Rate constants and actlvatnon parameter

4

6verall decomposition of 2-vinyloxirane an

'of 2,3-dihydrofuran were obtained from the

#' to #33.
2. Rate constants and activation parameter
emization of 2-vinyloxirane were oUta}néd

of Runs #43 to #46.

3. The kinetic deuterium isotope effects ©

decomposntuon of 2- vunylox|raﬁe and on the

2,3-d|hydrofuran were obtained from the da

to #h2.

4. The kinetic deuterium isotope effect on

facéhizationﬁof 2-vinyloxirane was ébfafne

data of pages 187 and 188.

5. The product praportions from the thermo

t;inedffrém_the data of Runs #26 to #h2.
it should be noted that, with the excep

Runs #1 to #24 have no integration values

s for the
d the formation:

data‘of Runs

s for the rac- .

from the data

n the overall
formation of

ta of Runs #26

-

the rate of
d from the

lyses were oOb-

tion of Run #17,

included>f0r

the 2-butenals. This is a consequence of the small analyt- -

ical sample withdrawn and the higher colum
_(50°)‘used, which precluded a rellable int

2-butenalspeaks in the cﬁromatog;am.

"”f:}fff’f

n temperature

egr.tnon of the
) . .
s
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' ’ The 'racemizat'ion of 2-'viny10x.irane at 565'.0%
Run_#43/ .
o . . 7 ( 25 2’5 o
Time oxirane -a’ 2. [a] - log,~([a 1/[c_1)
o - - ‘
‘ - = N 2
0. 100 1.603 23.035° . -
90 - 97.2 1.241 *18.358 ‘' -0.0986 ol
120 96.4 1,187  17.028 -0.J312
. .«
150 96.1- ° 1.118  15.755 -0.1650
*180 95.3 1.096 14.457. -0.2023"
210 295.3.  0.897  13.688 -0.2260
250 - © 93.9 0.810 12.867 -0.2529
) :
¥ ]
N-
* neglected an ’least sqdares analysis *
Least squares analeis gives: k = 3.9603 x‘l()-'5 sec_] __;,
standard ert"or: = 7.38 x 10-7

.



. » (
The racemization of 2-winyloxirane at 275.0°C,-
] . v ] - -
Run #44 -

o

. o - ) 25 ‘ 25 o -
Twe  otane @2 aaily  tesg(led/iad -
. : gb36 nm) . N ‘ : . ﬁﬁ.".\ .

o 100 71,603 ‘23.031‘5/)‘ S
30 ;7.9 ' 1.. 406 19.008N, -0.0835 |
60 96".2"'._' 1.262° 16.202 ° N \ . -0.1528
90“_' 5 o 9.8 0.977 . 1h.170 Z - p.2m10 Lo

*120 ~ 92.6 0. 905 11.533 - ~ -0.3004

150 91.4 m_" 0.64h 10.659 . ,-oéslﬂ-m

u;o;, - . 90.2 0.553 EE_§ R -0.4039

%210 88.9 0.372 ° 8.092 . -0.h543

2m0 - 87.1 0.387 ' 6.69'7“ o -9.5365" 5

. T N

¥ R C
* neglected in least squares analysis
- ”, '.\

\ ] N
Least squares analysis gives: k = 8.2197 x 10“5 se:f‘

standard error: ‘-‘9-29.x iq-?

4

]
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¢

4 Tﬁc racemization of Z-VInyl;xIrane atIZSS.O‘C' A
CRun M . o Je o
. : ¢ . ' > I
Tf':";;) -~ oxfrane . .“:?,E; el 10T/ tagh) |
o , 100 i.soa' 23.035
60 . 98.8 - 1.520 ~ 20.931 - -0.0W6
%o ‘97.6 1.369 . 19.858  -0.0645
180 ° 97.5 271 S 18,724 . -0.0900
240 ‘_u 96.7 1.153 17.525 -0.1187
300 96.5 LA 162k -0.1517
360 95.3 1121, .89 -0.1895
422 94.9 0.952. k359 ¢ -0.2053
482 93.4  0.895  J3.481 ~0.2327 '

<

* neglected in least squares analysis

»  lLeast éqbares;analysis gives: k = 1.7693 x 10-5 sec-"'

7

standard error: -‘3.04'x lof
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The racemization of 2-vinyloxirane at 265.0°C
' : ) :

Run #46 . v . = .
N ;s | 25 e
Time  oxirane a . laly3 log,n[a 1/[41) °
(min) (%) o Rt L L
o - 0 . 1.603 23.035
90 97.4 1.193 ~18.385 -0.0979
' y 96y 1.1 16.997 ~ . - -0.1320 ‘
_ 96.2  1.126 ~  15.578 -0.1699
180 95.k . 0.979 14.636 -0.1970
210 95.0  0.898 . 13.681 . -0.2263
"g40 -~ 9.5 _ 0.83%  12.704 ~ -0.2584
270 93.1 0.781 11.895 ~ -0.2838
; | | .
* 300 92.6 . 0.663 .21} - -0.3127
- | . R
- - | « @
‘ ‘. , . ) _s _'
Least squaresxanalysis‘gives: k = 3.9190; 10 sec |
standard error: = 7.57 x 10-7-‘ -

©
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APPENDIX B,

Programs for the Hewlett-Packard Model #65 calcylatpy.
7

' . ) '

_ The programs LSQ | and-LSQ 2 are used to evaduate the
best straight-line fit, and the as;oclated error limits,
according to the method Zf least-squares for an equation
of the form y = a + bx. The computational procedure follow;
that of Swinbourne .(37) outlined in thé Results Section.

- The program LSQ | allows input of the number of data
polats (n) and the valuesnof the corresponding x,y pairs.
The appropriate cénstants are Included in the program

such that: ’ ,

a. For the treatm;nt of fifst-o;der kiﬁetic data the entry
of time, x (minutes), and the logarithmic function, v,
gives the rate constant in sec-r.

b. For the evaluat}on of Arrhenius activation parameters

the entry of log k,~y (sec-'), and the reciprocal temper-

ature, x (°K), gives the value of E, in cal.mole-l
LY

The.program_LSQ 2 takes the'dafg generated by LSQ !
and evéluates the standard ‘error of éhe slope and inter- '
cept. It should be noted that the term "gtandard error'
defined by the treatment of Swinbourne is the same as the

more generally ysed term “standard devlatlon";

-



; ; SAMPLE USER- INSTRUCTIONS.

-~
'§£22 Keys ) Outgut‘
‘ ~
. -
1. Enter LSQ | ) ’ « -
2. Initialize | ‘BTN RS ]
3. Eéter n RS
L., Enter x ¢ ENTER
S. Enter y RS
6. Repeathsteps b and §
f;o each data pair.
7. Compute Slope ) A Slope
8. Compute intercept : B . intercept
9. ;omputé rate T.c ’ Rate (sec-')‘
10. . Compute E_- 1] . . E, (cal.mole-l)
1. Enzer LSQ 2
{2. Compute error A v S. e. lntercep&
i3. Compute error B . ."_S. e. slope
{h. Compute error c | S. e. rate .

I5. Compute error _ D S._e. E.




CODE

KEYS

e Dbgr
(/] ] )
84 RS
33 01 STQ !
23 LeL
09 9
1] RS
' 33  STO
61 +
02 "2
'35 07 g xoy
33 STO
61 .
03 3
N1 ENTER
N1  ENTER
71 X
33 sTo
‘ 61 +
oh A
35 08 g R¥
35 07 g xey
. &1  ENTER
Al ENTER
71 X
33 sTO
61
05
35 08 g R
- P X
33 STO
61 +
06 6
22  6TO

_Lsgut. .
CODE  KEYS
Q9 9
23, LeL
A
24 02  RCL 2
)k 01 . RCL |

8 -

33 07 $Y0 ?
- 3403 AL 3
34 01 RCL |
81 =
33,08 sTO 8
34 06  RCL 6
34 01  RCL |
34 07 RCL 7
34 08 RCL 8
7t X

D TR |
s1 -
34 08 RCL 8
Ml ENTER
71 X
34 01  RCL !
71 X
34 Ok  RCL &
3507 9 Xy
51 -
8L  +
33  STO
09 9
24 BTN
“23  wsL
12 8
34 07 RCL 7
34  RCL

91. .

/
CODE - KEYS
09 9
3608 nrct 8 @
71 x
s1 -
24 RTN
.23 L
i3 £ D
-34  RCL)
" 09 9
A2 CHS
02 2
83 .
.03 3
00 0
03 3
71 X
06 . 6
00 O
81 )
24 RTN
2if\‘(.L
I )
36 RCL
09 9
42  CHS
ok [
83 .
05 5
07 7
06 6
:7| X "\
24  RTN



CODE  KEVS
23 st
A
34 05  RCL 5
34 01 RCL
34 07  RCW 7
kI ENTER
70 X K
71 X
P 5‘ -
33 02 $TO S
*34 oM  RCL &
34 01 RCL |
34 08 RCL 8
b1  ENTER
71 X
71 X
51 - °
33 04 STO &
34 06 RCL 6
34 01  RTL |
.34 07 RCL 7
34 08 RCL 8
71 X
71. X
51 -
33 06 STO 6
38°05  RCL 5.
34  RCL
.9 9 -
34 06 RCL 6
71 X
51 -
34 0F  RCL |
35 9

LS
CODE  KEYS
oA I/ x
34 08 AL
b1 ENTER
7 X
34 Oh  RCL &
81 =
61 + o,
T
34 01  RCL 9
02 2
51 -
81 =
_31 f
09 Y
24  RTN
23 L8l
* 42 B
34 05  RCL 5
34 RCL
, 09 9
34 06 RCL 6
71 X
51 -

34 04 RCL &
34 01. RCL |
02 2
51 -

71 X
81 -

31’ f
09 ~

24 RTN
23 et
3 ¢

03
00
03
71
06
00
8)
2k

-— M W O W -
)

s © O8N X W O W

X ~ OO W -

RTN
LBL

RTN



