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ABSTRACT 

Dihalocarbenes were added to allenes to form dihalo-methylene-
cyclopropanes which were then converted by the n-butyl l i t h i i u n method 
to cumulenes. Both dichloro- and dibromocarhenes were found to add 
to the allene double bond wi t h the highest number of a l k y l substituents. 

Propargyl alkenylmalonates were prepared i n good y i e l d s and 
pyrolised under c a r e f u l l y c o n t r o l l e d conditions to give a l l e n i c 
alkylidenemalonates i n f a i r y i e l d s by Cope Rearrangement, but gave 
f i s s i o n products vmder. more extreme conditions. The p o s i t i o n of the 
a l k y l substitucnts on the alkenylmalonate group seemed to influence 
the ease of the rearrangement.. 

CycJ-opropanes were prepared i n good y i e l d s from d i f f e r e n t types 
of 0^,^-unsaturated esters by the dimethylsulphozonium methylide 
reaction i n dimethyl sulphoxide and dimethylformamide solvents. An 
Allen'a, ester, on the other hand, gave an unstable complex postulated 
as dimethylsulphoxonium 3-etho2ycarbonyl 2-methylallylide. 

The syntheses of the only two naturally-occurring unconjugated 
st r a i g h t - c h a i n a l l e n i c acids, octadeca-5,6-dienoic acid ("Laballenic 
acid") and 8-hydro2y-5,6-dienoic acid, were attempted. Laballenic 
acid was synthesised and i t s absolute configuration determined v ia 
the l i t h i u m aluminium hydride reduction of hexadec-2-en-4-yn-l-ol 
and malonate condensation of the bromide from hexadeca-3,4-dien-l-ol. 
A s i m i l a r reduction of l-tetrahydropyranylosy-hez-2-yn-4-en-6-ol, 
however, yielded a mixture of hexa-4,5-^ien-l-ol and hex-4-yn-l-ol 
due to the elim i n a t i o n of the tetrabydropjiranyl/^roup. 
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ACETYLENIC AND ALLENIC INTERMEDIATES IN ORGANIC SYNTHESES 

INTRODUCTION 

A d d i t i o n ia»f Dlhalocarbenes to A l l e n e s 

Doering and Hoffttiann^ f i r s t showed i n 1954 that dichloro-

etnd dibromocarbenes, formed from potassium t-butoxide and 

e i t h e r chloroform or bromoform, could be trapped by alkenes 

and that t h i s r e a c t i o n gave cyclopropanes. Subsequently 
2 

the k i n e t i c s t u d i e s of Hine and h i s co-workers e s t a b l i s h e d 

the mechsmism of t h i s r e a c t i o n . 
CHX^ + t-BuO®=^=^i=^^ CX^® + t-BUOH 

^ ^ 0 _ _ s l o w ^ ^ ^ 

e 

(X=Cl,Br) 

The s y n t h e t i c p o t e n t i a l of dihalocarbenes f o r the 

formation of cyclopropane d e r i v a t i v e s was soon r e a l i s e d , 

and during the l a s t t e n y e a r s the formation and a d d i t i o n 

r e a c t i o n s o f d i h a l o c a r b e n e s together with the k i n e t i c s and 

ste r e o c h e m i s t r y of these r e a c t i o n s have been e x t e n s i v e l y 

s t u d i e d * 
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The follox/ing methods f o r generating dihalocarbenes 

i n a p r o t i c media are de s c r i b e d i n the l i t e r a t u r e 

1* The a c t i o n of potassitim t-butoxide on hal(D>forms''' :-

CHX^ + RO^—>!CX2 + X® + ROH 

(H = 'g-Bu) 

2. The reactloDi between, an alkoxide base and (a) e t h y l 
3 4 t r l c h l o r o a c e t a t e , o r (b) €hexahaloacetone :-

(a) Cl^CCOOR+RO^ > iCCl^*(HO) ^CO+Cl^ 

(h) X^CCOCX^+RO^ ^2:CX24-(RO)2CO+2X^ 

(R=Me,Eti 

X = C 1 , F ) 

3* Halogen-metal exchange r e a c t i o n between l i t h l u m - a l k y s 

and tetrahalomethanea^ 

BrCCl^+ns-BuLi ^ iCClg+LiCl+n-BuBir 

4, Thermal degradation of sodium tr±chlaroacetate^ t-i-

C l ̂ CC O O N a : CC1 g+NaC l+COg 

7 
5* Thermal degradation of trihalomethylphenylmercury :• 

PhHgCX^-^ sCXg+PhHgX 

(X=C1,BI-) 



The l a r g e m a j o r i t y of a l k e n e s from which d i h a l o c y c l o -

propanes have been prepared are s t a b l e under strong b a s i c 

c o n d i t i o n s ( i . e . 1-S). Alkenes which are unstable under 

b a s i c c o n d i t i o n s may be converted to cyclopropanes by the 

p y r o l y s i s of sodium t r i c h l o r o a c e t a t e and t r l h a l e m e t h y l -

phenylmercury ( i . e . JI^S), e.g» Vagner prepared 1,1-dichloro-

2«-(chlorom!ethyl)«^cyclopropane from a l l y l c h l o r i d e by heatdLng 

i t w i t h sodium t r i c h l o r o a c e t a t e . 

The dihalocarbene intermediate from the p h e z ^ l t r i h a l o -

raethylmercury appears to> be more r e a c t i v e than dihalocarbene 

generated by other methods and r e a c t s w i t h u n r e a c t i v e a l k e n e s 

g i v i n g e x c e l l e n t y i e l d s of cyclopropgLnies as w e l l as some 

products from C-H i n s e r t i o n r e a c t i o n . Thus, t e t r a c h l o r o -

ethylene, which r e a c t s only to a n e g l i g i b l e extent with 

d l c h l o r o c a r b e n e s generated by other methods, gave 7^ per 

cent y i e l d of hexachlorocyclopropeme when r e a c t e d w i t h 
Q 

phenyl-mereury-raono-bromo-dichloromethane . 

Re p o r t s i n the l i t e r a t u r e ^ ^ show t h a t the dihalocarbenes 

used' to prepare dihalocyclopropanes c o n t a i n e i t h e r c h l o r i n e 

or bromine. D i ^ u o r o - and diiodocarbenes do e x i s t , but the 

former are r e l a t i v e l y s t a b l e and not p a r t i c u l a r l y r e a c t i v e ^ ^ , 

and even when they do r e a c t , give mixtures of products from 

a d d i t i o n and I n s e r t i o n r e a c t i o n s , while the l a t t e r form 

didlodocyclOprbpanes a s unstable Intermediates which cannot 
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1 12 be i s o l a t e d . R e c e n t l y , O l i v e r and Rao confirmed the 

e x i s t e n c e of diiodocarbenes by generating them from lode-

fornt and potassiiun t-but oxide, and then preparing a 

dllodocyclopropane, and converting t h i s immediately to 

the corresponding monaiodo-cyclopropane by r e d u c t i o n with 

tri-tt-butyl-tdLn-hydride. The monolodocyclopropane was 

s t a b l e enough to be i s o l a t e d and i d e n t i f i e d . 

The a d d i t i o n of d i h a l o c a r b e n e s to o l e f i n s has been 
13 l4 shown, by Doerlng and LaFlsimme , and by S k e l l and Garner 

to be a s t e r e o s p e c i f i c c i s - a d d i t i o n . They regarded the 

a d d i t i o n as being a concerted t h r e e - c e n t r e process. A 

charge s e p a r a t e d i n t e r m e d i a t e would have to c o l l a p s e to 

the cyclopropane f a s t e r than r o t a t i o n could occur about 

a C-C s i n g l e bond f o r the stepwise r e a c t i o n to be s t e r e o -

s p e c i f i c . 

C0 
^2 

Thus i t was shown t h a t the a d d i t i o n of dihalocarbenes 

to c i s - and trans-but-2-ene occurred w i t h complete s t e r e o -

spe c i f l e e t J J ^ ^ : -

Me Me Me Mê  
> = = G ^ ; c — 

H H V H 
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and 
Me 

> 
H 

\ He 

:CX, Me H 
\ / C — C 
/ V \e 

An a l t e r n a t i v e two-step mechanism i n v o l v i n g the a d d i t i o n 

of a t r i h a l o c a r b a n i o n t o the alkene with subsequeht e l i m i n a -

t i o n of the h a l i d e i o n was r e j e c t e d as i t n e i t h e r 

e x p l a i n e d the s t e r e o s p e c i f i c i t y of the a d d i t i o n nor was 

i t c o n s i s t e n t w i t h the f u n c t i o n of the alkene as a nucleo-

p h i l e : -

• C. - J ? 
c 
^3 

Furthermore ±t may r e a d i l y be shown that carbanions 

and org^^noraetaJlic compounds do not r e a c t with non-polar 

double bonds. However, r e c e n t l y organometaJlic bompounds 

bearing a halogen(x) , e.g. ZnCHgX^^ and R2A1CH2X^^ ^^^^ 
been shown to r e a c t w i t h a l k e n e s to form cyclopropanes. 

Hoberg,^^ h a s t h e r e f o r e suggested that t r i h a l o m e t h y l anions 

might a l s o d i s p l a y an i n c r e a s e d r e a c t i v i t y towards double 
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bonds as c e l l a r e d w i t h halogen-free carbeinions, and t h a t 

the r e a c t i o n s commonly designated as "dihalocarbene a d d i t i o n 

t o o l e f i n s " may a c t u a l l y be due to the Intermediate t r i h a l o -

carbanion. 

N e v e r t h e l e s s , the fol l o w i n g observations have s t r o n g l y 

favoured the dihalocarbene a d d i t i o n mechainism r a t h e r than 

the displacement mechanism:-

( l ) The b a s e - c a t a l y s e d r e a c t i o n s of haloforms w l t l i 

n u c l e o p h l l e s was shown t o proceed by a d d i t i o n to the 

dlh a l o c a r b e n e a and not by displacement a t the t r i h a l o e 

carbanion. 
2 

The k i n e t i c s t u d i e s of Hlne and co-workers have 

e s t a b l i s h e d t h a t added c h l o r i d e i o n s would not produce 

a k i n e t i c e f f e c t I f t r l c h l a r o c a r b a n i o n i s an Intermediate, 

but would slow down the r e a c t i o n I f a dlchlorocarbene was 

Involved:"!? 
( a ) CCl^® + CI®- #. no e f f e c t 

(b) :CCl2 + C^x: =^CCX^ 

A slowing down of the o v e r - a l l r a t e was observed. 

When 'bromide tarns were used as n u c l e o p h i l e s i n s t e a d of 

the c h l o r i d e I o n s , a new t r l h a l o m e t h y l anion i . e . the 

Btonoibromodlchloromethi^l i o n was produced, t h u s confirming 
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the carbene mechauiism; no new t r i h a l o m e t h y l anion would 
be expected i f t r i c h l o r o c a r b a n i o n was an intermediate. 

(.2) K i n e t i c s t u d i e s of Franzen^^ showed that forma

t i o n of d i f l u o r o c a r b e n e from the cyclohexene-dibromo-

di f l u o r o n e t h a n e - n - b u t y l l i t h i u m system took p l a c e a f t e r 

a l l o rgahometallic compounds had disappeared. Hence the 

f o l l o w i n g steps must take p l a c e : -

F Br F Br \ / \V 
C + n-BuLi » C + n-BuBr 

F Br F L i o I 
< \Ci + L i B r 

F 

13 ik Doering and LaFlamme , and S k e l l and Garner a l s o 

showed that dihalocarbenes r e a c t e d p r e f e r e n t i a l l y w ith 

more n u c l e o p h i l i c alkenes, i . e . the dihalocarbenes are 

e l e c t r o p h i l e s . Competitive experiments i n which dihalo

carbenes were allowed to r e a c t with mixtures of alkenes 

demonstrated c l e a r l y t h a t both d i c h l o r o - and dibromo-

carbenes showed a preference f o r r e a c t i o n with o l e f i n s 

c o n t a i n i n g more electron-donating s u b s t i t u e n t s . T h i s 

e l e c t r o p h i l i c c h a r a c t e r of dihalocarbenes was f u r t h e r 

demonstrated by r e a c t i o n s with conjugated dienes, e.g. 
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17 w i t h isoprene , dihalocarbenes r e a c t e d p r e f e r e n t i a l l y 
a t the m e t h y l - s u b s t i t u t e d double bond:-

18 
Skatteb/iil , however, showed that i n the r e a c t i o n of 

dihalocarbenes w i t h penta-l-3-diene, a 40-6o mixture of 

the two products was obtained:-

Me-CH=CH-CH=CH2 

: C X 2 

Me-CH-CH-CH=.GH^ • Me-CH=CH-CH-CH„ 
c c 
X 2 X 2 

T h i s predominant a d d i t i o n to the l e s s - s u b s t i t u t e d double 

bond occurred only with dienes having t e r m i n a l methyl 

s u b s t i t u e n t s , e.g. penta-1,3-diene and 2,4-dimethyl-

penta-1,3-diene, and t h i s was r a t i o n a l i s e d i n terms 

of an i n c r e a s e i n the e l e c t r o n d e n s i t y of the term i n a l 

double bond due to the hyperconjugative e f f e c t of the 

methyl s u b s t i t u e n t . 
19 

B a l l and Landor reported i n I96I t h a t dibromocarbenes 



15 

always added a c r o s s the a l l e n e double bond with the 

h i g h e s t a l l s y l s u b s t i t u e n t s :-

R R" R R" 
>=c=c/ , )c-c=c/ 
/ \ (\/ \ 

R» H R' C H 
Br^ 

20 
B e z a j u e t as w e l l as VoQuang, VoQuang, Emptoz and 

21 
SavignasBitt , however, reported t h a t a d d i t i o n of dichlorO' 

carbenes to a l l e n e s gave a mixture of two products:-
: C C 1 L 2 

^ C = C = C H 2 - ^ ^>C^---^C=CH2 . %=V/H2 
C I 2 C I 2 

( I ) ( I I ) 
22 

The presence o f ( l l ) was l a t e r thought to be due to 

thermal i s o m e r i s a t i o n of ( l ) . 

The work de s c r i b e d i n t h i s t h e s i s has shown that 

both d i c h l o r o - and cLibromocarbenes r e a c t with alibanes 

to give predominantly one product and that both d i h a l o 

carbenes add e x c l u s i v e l y a c r o s s the double bond with the 

h i g h e s t ntimber of a l k y l s u b s t i t u e h t s . 
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I n s e r t i o n R e a c t i o n of Dihalocarbenes 

Few r e a c t i o n s of dihalocarbenes a f f o r d products which 

are supposed to a r i s e by I n s e r t i o n of dihalocarbenes i n t o 

s i n g l e bonds. Although the exact course of these r e a c t i o n s 

has not been f u l l y e l u c i d a t e d , they do not proceed by the 

t h r e e - c e n t r e mechanism, e . g . o p t i c a l l y a c t i v e s e c - b u t y l -

benzene was found to produce 2-methyl-2-phenyl-l,1-
23 

dichlorobutsoie with complete recemization. 

I t seems g e n e r a l l y true that I n s e r t i o n r e a c t i o n s take 

p l a c e only when ( i ) the dihalocarbenes possess e x t r a thermal 

energy, e.g. when generated by the p y r o l y s i s of sodium 

t r i c h l o r o a c i t a t e or phenyltrihalomethylmercury and 

( i l ) when the dihalocarbenes cannot add on to the nucleo-

p h i l i c double bond of the o l e f i n owing to some d e a c t i v a t i o n 

i n h e r e n t i n the alkene. The y i e l d of the i n s e r t i o n product 

i s g e n e r a l l y poor. 
Cumulenes. 

The name "Cumulene" was f i r s t proposed by Kuhn and 
24 

¥allenfels i n 1938 f o r compounds containing three or 
more contiguous double bonds, ^Oi=C)^ ( n ^ 3 ) . 

Although the f i r s t cumulenes were reported i n the 
25 

e a r l y t w e n t i e s i t i s only i n the l a s t few y e a r s t h a t 

the development of the chemistry of a c e t y l e n e s and a l l e n e s 

has given an Impetus to the growth of the study of cumulenes. 
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The l a r g e m a j o r i t y of the cumulenes prepared so f a r 

are phenyl s u b s t i t u t e d ones. Aromatic groups on e i t h e r 

s i d e of the c h a i n of double bonds i n cumulenes tend tO' 

s t a b i l i s e the whole system. Most of the aromatic 
26 

cumulenes d e s c r i b e d i n the l i t e r a t u r e have been 
27 28 s y n t h e s i s e d by r e d u c t i o n (Method l ) , dehydrohalogenation 

(Method 2 ) , or dehydration (Method 3)of compounds having 

a s u i t a b l e arrangement of s u b s t i t u e n t s f o r e l i m i n a t i o n : -

Method 1 

(C 

OH OH 

PBra 

Br 

(^ = phenyl or s u b s t i t u t e d 
phenyl group). 

Method 2 

-2HX Alc.EOH 

(X»Cl,Kr) 



18 

Method 3 

<j) (̂|) H SO^ <j) <t> 
>-cH«cH-c — — - — > ;c=c=c=c; 

•1)^1 |̂ (J> -2H2O f > 
OH OH 

Each, method g i v e s good y i e l d s of cumuleaess of high p u r i t y . 

Most of these cumuleneft are high melting c r y s t a l l i n e s o l i d s 

and keep f o r a co n s i d e r a b l e time i n the absonce of oxygen. 
29 

R e c e n t l y , f e r r o c e n y l and chromium t r i c a b o n y l systems 

as s u b s t i t u e n t s have a l s o been shown to s t a . b i l i s e cumulene 

d e r i v a t i v e s . 

Few a l i p h a t i c cumulenes have been reported i n the 

l i t e r a t u r e . The s i m p l e s t curaulene, b u t a - l , 2 , 3 - t r i e n e , was 

f i r s t prepared i n 1954-^ i n 52-65 per cent y i e l d by the 

r e d u c t i o n of l , 4-dibromo-but - 2-yne with z i n c . The cumulene 

was found to be ver y v o l a t i l e and r e a d i l y polymerizable. The 

e x c l u s i o n of a i r throughout i t s p r e p a r a t i o n and i d e n t i f i c a 

t i o n was found to be v i t a l . C a t a l y t i c hydrogenatdion y i e l d e d 

only polymeric m a t e r i a l s , but hyd r a t i o n with 78 per cent 

s u l p h u r i c a c i d gave methyl v i n y l ketone. 
2 , 5 - d i m e t h y l h e x a - 2 , 3 , 4 - t r i e n e ( l l , n=l) was f i r s t 

31. 32 prepared by Z a l k i n d amd, more recently, by Skattebj^l-^ 

from the r e a c t i o n of 2 , 5 - d i c h l o r o - 2 , 5 - d i m e t h y l - h e x - 3 - y i e 

and magnesium bromide. The tetraraethyl cumulene, a low 
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melting c r y s t a l l i n e s o l i d (m.p. ^0°) was obtained i n 

92 per cent y i e l d . I t sublimed at 20?/l mm, and was 

a l s o s e n s i t i v e to oxygen. 

I n a s i m i l a r way Skatteb/iJl a l s o prepared 2 , 7 -

dimethyl-octa - 2 , 3 , 4 , 5 , 6)-pentaene ( H , n=2), but found 

i t to be v e r y u n s t a b l e . 

Me Me 
> - ( c s c ) - c ; 

Me I " ^ 1 M̂e 
C I CI 

( I ) 

MeMgBr Me Me 
-> >=(C=C=)^C'' 

Me M̂e 

( I I ) 

Maier'^'', as w e l l as Bond and Brodway^^ obtained the 

ssune cumulene ( l l , n=l) from the carbene intermediate 

generated from a tosylhydrazone:-
Na® 
0 

Cu powder 

Tos-N -N 
Me 
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The v e r y u h s t a b l e tetrafluoro-cumulene was prepared by 

Jacobs^^, and by Martin and Sharkey^^ i n 50 per cent 

y i e l d by the e l i m i n a t i o n r e a c t i o n (Method 2 ) : -

F F KOH F F 
;c-cH=cH-c^ — ^ pc=c=c=c; 

F ^ F 140 F V 
BIT B r 

There are only two r e p o r t s of n a t u r a l l y o c c u r r i n g 
37 

cumulenes i n the l i t e r a t u r e , the f i r s t i n 1957 

suggested the presence of the c u m u l e n e ( l l l ) i n s o l u t i o n 

of p o l y a c e t y l e n e s obtained from "Coreopsis" s t r a i n . The 

second n a t u r a l l y o c c u r r i n g cumulene (TY) d i s c o v e r e d i n 
1965 was found to be present i n an e x t r a c t from "Astereae" 

38 
groiuid p l a n t . X t was i d e n t i f i e d as a lactone w i t h a 

cumulene s i d e c h a i n . 

Me- ( CHg )JfHeS=C=CH-COOMe M9-CH=CH-CH=C=C=!^ 

( I I I ) ( I V ) 

o 

Most of the cumulenea i n v e s t i g a t e d c o n t a i n odd number 

of contiguous double bonds. The f i r s t cumulene containing 

an. even number of double bonds was prepared by Kuhn, 
39 

F i s c h e r and F i s c h e r i n 196k and subsequently by 
ho 

S k a t t e b ^ l i n 1965. 
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4 l 

The f i r s t cvunulene aldehyde (VT) was prepared i n 

1963 i n 10-15 per cent y i e l d by the a c t i o n of potassium-

hydrogen£>sulphate on l-methoxy - 6-methyl-hex-l-en - 3-yn - 5 -

o l ( V ) : -

M^C^CjCHicH^ol-Me ^ CH^=C=C=CH-CHO 

(V) ( V I ) 

The cumulene aldehyde was i d e n t i f i e d by hydrogenation, 

elemental a n a l y s i s and by the melting point of the 3 t 5 -

d i n i t r o b e n z o a t e of the saturated hydrogenated product 

corresponding, to I5<7^lii%^aldehyde. .Cumulene aldehyde ( X l ) 

had s i m i l a r s p e c t r o s c o p i c and chemical p r o p e r t i e s to the 
30 

parent cumulene hydrocarbon and the a l k y l s u b s t i t u t e d 

cumulenes w i t h t e r m i n a l methylene group ( V T l ) d e s c r i b e d 

i n t h i s t h e s i s . 

Work d e s c r i b e d i n t h i s t h e s i s r e s u l t e d i n the prepara

t i o n of the f i r s t a l k y l s u b s t i t u t e d cumulenes with t e r m i n a l 

methylene group ( V I l ) i -

H 
/C=C=C=cf 
R' 

( V I I ) 
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Cope Rearrangemient 

42 Cope and Hardy observed i n 194© that a n o ( - a l l y l , 
- v i n y l - s u b s t i t u t e d cyanoacetate ( l , R = COOEt, r'= CN) 

iso m e r i s e d to aoi ô , ̂ - u n s a t u r a t e d cyanoacetate ( l l ) on 
h e a t i n g t o 150-260^. They were %itle to show by degradation 
and a n a l y s i s of the rearranged product t h a t the i s o m e r i s a -
t i o n took p l a c e by a s h i f t of the a l l y l group from ^S^to 

'-position accompamied by a s h i f t of the double bond f r e n 

t h e > ^ , Y - *o *heo{,>^-position. 

Me.CH=Cj-C^, ^ Me-CH-C=C^, 
CH^^CEi CHg-CHsCHg 

( I ) ( I I ) 

T h i s was the f i r s t vase reported of an a l l y l group 

tindergoing t h e r m a l l y induced O^,'^-shift i n a three-carbon 

system. I t was s i m i l a r i n type to C l a i s e n rearrangement of 

a l l y l phenol, pheny^land v i n y l e t h e r s , and motivated by 

s i m i l a r f o r c e s , as f o r i n s t a n c e ( l ) when the a l l y l ^ « m p 

was r e p l a c e d by an a l k y l group the i s o m e r i s a t i o n did not 

take p l a c e even a t much hig h e r temperature. Hence the a l l y l 

grolip was e s s e n t i a l . When^a c r o t o n y l group wac roplaood 

the e s t e r a l s o tinderwent reax*rangement s i m i l a r l y . Hence 
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^ , ̂ -double bond was involved i n the reanangement. 

(2) When two est e r s with d i f f e r e n t migrating groups were mixed, 

and the rearraViged products analysed, i t was found that no interchange 

of groups had occurred. Hence t h i s rearrangement was shov/n to be 

intramolecular. 

Me 
I 

n-BuCH^C. .OF 

CH — CH-CH; ^COOEt 

l e 
I / 

CH„-=CH-CH — CH—C - C - I 
n-Bu 

V 
COOEt 

Me 
/ 

. C H ^ C .COOEt 

MeCH; W ^ COOEt 
^t;H-*:CH. 

Me 
CH rz^CH- CH — CH — C = C 2 I 2 \ 

Me COOEt 

The intramolecular rearrangement was also confirmed hy k i n e t i c studies^^ 

the high entropies of a c t i v a t i o n (-11.7 to -I4.O) resembles those of 

C l a i s e n rearrangement. The ease of rearrangement could be explained by 

an approximately.60 per cent contribution due to the differences i n the 

energies of a c t i v a t i o n between ( l ) and ( l l ) and a 40 per cent 

contribution due to the differences i n the entropies of a c t i v a t i o n . 
44 

Cope, Hoffmann and Hardy further showed that malononitrile 

(I,R=R'=CN) and malonates (l,R=R'=COOEt} also rearranged 

thermally. 
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45 Levy and Cope next considered 3-phenyl-and 3-methyl-
1,5-hexadiene, The former rearranged smoothly a t 165-185° 
to give 72 per cent y i e l d of the expected rearranged 
product, while the l a t t e r d i d not rearrsinge a t t h i s 
temperature and rearranged only p a r t i a l l y (20-30 per 
cent ) when heated f o r 48 hours a t 3 0 0 ° . Hence i t was 
demonstrated t h a t a s i n g l e phenyl group provided s u f f i 
c i e n t a c t i v a t i o n f o r the rearrsmgement to o;ccur while 
the d i f f e r e n c e i n the a c t i v a t i o n energy i n the l a t t e r 
case was so s m a l l t h a t r e v e r s e r e a c t i o n might a l s o have 
occurred thus reducing the y i e l d of the expected product:-

Me-CH7 /'CH He-CH "XH 

T h i s e s t a b l i s h e d the f a c t t h at a negative group need 

not be pre s e n t to weaken the bond between the a l l y l group 

and theo(^carbon atom but th a t conjugation i n the product 

from the rearrangement was e s s e n t i a l . 
46 

Cope, F i e l d and MacDowell continuing t h i s work 

re p o r t e d i n 1956 t h a t compounds containing an a l l y l 

group and a benzenaid r i n g attached to a carbon atom 

s u b s t i t u t e d by two e l e c t r o n - a t t r a c t i n g groups f a i l e d to 
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rearrange upon he a t i n g up to 2 9 0 ° with migration of the 

a l l y l groupffo an ortho p o s i t i o n . 

T h i s behaviour i s of course u n l i k e that of phenolic 

e t h e r s i n the C l a i s e n rearrangement. 

Dimethyl (3»^-dimethoxy p h e n y l ) - a l l y l malonate, i n 

which the rearrsingement of an a l l y l group to am ortho 

p o s i t i o n might be f a c i l i t a t e d by i n c r e a s e d e l e c t r o n 

d e n s i t y from the methoxy s u b s t i t u e n t s , SLLSO f a i l e d to 

undei?go rearrangement up to 2 4 6 ° , 
a. phe^^^L ^you.p by 

Replacement phenanthrene group (as the 9 » 1 0 -

double bond of phenanthrene p o s s e s s e s more double bond 

c h a r a c t e r than the corresponding bond i n benzene) a l s o 

f a i l e d t o rearrange to the required isomier, 

Koch r e p o r t e d t h a t rearrangement of 3 - 4-diphenyl-

1 , ,5-hexadiehe gave two products: t r a n s - 1 , 6 - d i p h e n y l - l , 5 -

diene ( i l l ) and 1 , 4-diphenyl-l, 5-hexadiene ( i v ) i n the 

r a t i o 3*2, and he r a t i o n a l i s e d t h i s i n terms of two com

pe t i n g p r o c e s s e s , i . e , the intramocular i o n - d i s s o c i a t i v e 

Cope rearrangement to give ( i l l ) and a hemolytic d i s s o c i 

a t i v e p r o c e s s which g i v e s mesomeric r a d i c a l s ; t h at r e -

combine to form ( i V ^ i " 
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2 j^CHg-si^CH-^H 

(HI) 

--=̂ Ph 

ixv) 
T h i s was considered to provide an example of a " l i m i t i n g " 

case of the Cope rearrangement i n which the f r e e energy of 

a c t i v a t i o n f o r the two r e a c t i o n paths l i e very c l o s e to-

"gether. The mechanism i s f u r t h e r d i s c u s s e d l a t e r i n t h i s 

t h e s i s . 

R e c e n t l y a g r e a t d e a l of i n t e r e s t i s focused on the 

s t e r e o c h e m i c a l and conformational aspects of Cope rearrange-
48 

ment involvdLztg m u l t i p l e r i n g systems. Woodward and 
49 

Katz provided an e x c e l l e n t example of Cope rearrangement 

i n which a d i a l l y l system was contained i n a b i c y c l i c 

s t r u c t u r e (v). When heated at l4o° i t was smoothly 

converted to the i s o m e r i c a l c o h o l syn-8-hydroxy-

di c y c l o p e n t a d i e n e ( V l ) i n good y i e l d l4o' HO H 

( V I ) 
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That the i s o m e r i s a t i o n . was an e q u i l i b r i u m was 

e s t a b l i s h e d by the f a c t that ( V l ) gave the same equi

l i b r i u m mixture iinder the same c o n d i t i o n s . 

S i m i l a r l y , the J^- isomer a l s o rearxtanged smoothly 

and homogeneously to g i v e anti-8-hydroxy-dicyclopentadiene. 

lEt was a l s o shown t h a t the o p t i c a l a c t i v i t y of the oL-

and ^ -isomers was r e t a i n e d i n the products. Thus i t 

was concluded t h a t the f a c i l i t y w i th which Cope rearrange

ment occurs even without the b e n e f i t of a c t i v a t i n g groups 

was as a r e s u l t of the favourable p r e o r i e n t a t i o n o f the 

d i a l l y l i c system imposed by the f i x e d geometry of the 

b i c y c l i c s t r u c t u r e : -

HO 
H OH 

.50 L u t z and Roberts''^ confirmed t h i s r e s u l t by i s o t o p i c 

l a b e l l i n g technique and showed t h a t the rearrsmged product 

had r e t a i n e d i t s o p t i c a l a c t i v i t y and only a l t e r e d the 

s i t e of the o p t i c a l c e n t r e . 

Doering and Roth^''' i n a s i m i l a r way i n t e r c o n v e r t e d 

bicyc4.o-(5,1.0) - 0eta-r2,5-diene to the superimposable 

m i r r o r image of i t s e l f , i . e . when using a f u l l y symmetri

c a l and completely r e v e r s i b l e Cope rearrangement,and they 
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c o r r e l a t e d the s t r u c t u r a l consequences by showing a 
s i m i l a r rearrangement of the c i s - and trans-conformations 
of 5»4-homotropilidene. 

Cyclopropan-esters from the R e a c t i o n of Dimethyl-

sulphoxoniium Methylide and o^t-^-tmsaturated e s t e r s 
52 

Corey and Chaykovski f i r s t showed i n I 9 6 2 t h a t 

dimethyIsulphoxonium methylide ( l ) i n dimethyl sulphoxide 

r e a c t e d with <X,>^- unaaturated ketones ( l l ) which are 

s u s c e p t i b l e to Michael a d d i t i o n to give c y c l o p r o p y l 

ketones ( l l l ) : -
Me ® e R R ^ 0 R f .0 Me 

/S-^CH + )c=(!:-c: )c«K?-c'' + >s=o 

. ( I ) ( I I ) an) S i ^ They were thus a b l e to prepare I-phenyle>y3>topl3a^idKi:eef)heny( 

pkekone ( I V ) from benzalacetophenone, and cyclopropane 

d e r i v a t i v e (V) from carvone i n e x c e l l e n t y i e l d . 

Ph-CH-CH-COPh / V ° 

( I V ) (V) 

Izo'^^ i n 1963 prepared cyclopropsuie-dicarboximides 

( V I I ) by Corey and Chaykovski's method using ( l ) i n 

t e t r a h y d r o f u r a n and maleiimides ( V l ) ; -
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« \ — ( I ) 
o ^ i f - A o 

(VI) 
( r ' - Me, = H, Ph) 

The r e a c t i o n of dimethylsulphoxonium methylide and 

otf^ unsaturated ceLrbonyl compounds w^s extended i n t h i s 

l a b o r a t o r y to cover a wide rang,e o f Ô,**̂- umsaturated 

e s t e r s and raalonates as well, as a l l e n e e s t e r s ajid n i t r i l e a . 

A f t e r t h i s work was completed, the f o l l o w i n g r e p o r t s 

were p u b l i s h e d : -

K5nlg, Metzger and S e e l e r f ^ ^ reported i n I965 the 

p r e p a r a t i o n of c i a s - and tr a t t s - 2 - p h e n y l c y c l o p r o p a n e - n i t r i l e 

from c i S " and tra n s - c i n n a m y l n i t r i l e : -

( I ) 
Ph^CH=CH-CH ^ Ph-CH-CH-CN 

K 
The same authors f u r t h e r showed t h a t s o r b i c a c i d - a n i l i d e 

(lO:iX) r e a c t e d w i t h t h e methylide ( l ) t a give a mixture of 

a b i s - c y c l o p r o p y l adduct (VJXL) and a pyrrolidone ( M ) : -
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Me-CH=CH-CH=CH-CONHPh 
( V I I X ) 

( I ) 

Me-CH-CH-CH-CH-CONHPh • Me-CH-CH-CH-CH,, 
A / \ / \ / II r 
CHg CH2 CH2 CH C 

K O 
Ph 

( I X ) (X) 

They r a t i o n a l i s e d t h i s r e s u l t b̂ ^ assuming that the 

methylide ( l ) i n i t i a l l y a t t a c k e d the "Jf, 5̂  - double bond 

of (VTTi) giving: ( X l ) which then underwent i n t r a m o l e c u l a r 

rearrangement to give (X) and re a c t e d f u r t h e r w i t h ( l ) to 

g i v e ( I X ) : -

( V I I I ) — > Me-CH-CH-CH=CH-COHHPh 
\/ 

( X I ) 

K a i s e r , T r o s t , Beeson and Weinstock"^ i n 19d5 reported 

the r e a c t i o n e f the f i r s t ô ','̂ - unsaturated e s t e r , t r a n s -

e t h y l cinnamate ( X I I , R=H, Ra£t) by Corey and Chaykovski's 
method to gi v e trans-ethyl-2-phenyl-cyclopropeuie-l-carb)oacylate| 

( X I I I , R = H, R^aEt) ±iL poor y i e l d : -
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R R 
P&-CH=C-C00R' ^ > Ph-CH-C-COOR* 

CH^ 

( X I I ) ( X I I I ) 

However, no cyclopropane d e r i v a t i v e was obtained 

w i t h ethyl-2-methyl-cinnamate ( X I I , R=Me, R'=Et). 

D i e t h y l benzalmalonate ( X I I , R=r'=COQEt).and d i e t h y l -

3»4-dimethoxybenzalmalonate gave good y i e l d of the 

cyclopropane d e r i v a t i v e s . T h i s r e s u l t was a t t r i b u t e d 

to the f u n c t i o n of the intermediate ( X I V ) : -

Ph-CH-C^ 
I ® ^ C O O R 
CHa. 

Me -S®-Me 
(I 0 
(XIV) 

When R=H, R=Et, s m a l l R* groups caused s i d e r e a c t i o n s . 

When R=COOEt, R*=Et, the two e s t e r groups provided to 

$he intermediate suiion s u f f i c i e n t s t a b i l i t y which 

compensated f o r the added bulk and permitted c y c l i z a t i o n . 

They a l s o showed t h a t ( l ) react e d with an 0̂,"*̂  -acetylen-

i c e s t e r , e t h y l fftienyl-propiolate (XV) to give a resonance-

s t a b i l i s e d s t r u c t u r e formulated as dimethyl sulphoxonium-

3-ethoxycarbonyl-2-phenyLxallylide ( X V l ) : -
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(X, 
Ph-C£C-COOEt — > Ph-C=CH-COOEt < » Ph-C-CH=C-OEt 

I ll CH CH 
(XV) Me S-Me Me-S-Me 

II II 
0 O 

(XVI) 

E t h y l prop-2-ynoate and e t h y l but-2-ynoate by this . 

method gave products which were too unstable to i s o l a t e 

and identify-*-*^^. 

I n thfe same year, Corey and Chaykovski published 
53 

t h e i r d e t a i l e d paper • 

N a t u r a l l y Occurring Unconjugated S t r a i g h t - c h a i n 
A l l e n i c A c i d s 

A number of n a t u r a l l y o c c u r r i n g a l l e n i c a c i d s have 

r e c e n t l y been i s o l a t e d from p l a n t o r i g i n s , fungal c u l t u r e s 
,6* 59 

£ind micro-orgajiisms- . Celmer and Solomons discovered 

the f i r s t n a t u r a l l y o c c u r r i n g a l l e n i c a c i d i n 1952 and 

showed i t s s t r u c t u r e to be ( l ) . 

'%^?ibSefe-CH=C=CH- CH= CH- CH=CH- CH »COOH 

( I ) 

F o llowing Anchel's d i s c o v e r y ^ ^ , Bu'Lock, Jones and 

Leeming^"^ i s o l a t e d nemotinic a c i d ( l l , R=H) and i t s 

l a c t o n e nemotin ( i l l , R=H) and prov e d t h e i r s t r u c t u r e s . 
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OH 
( I I ) 

R-CHC-CHC-CH=C=CH-CH-CH„CM^CO 
0 1 

( I I I ) 

62 
The same authors in- 1957 elucidated the structures 

of odysslc acid ( l l , R=Me) and Odyssin ( i l l , R=Me). 
6 T 

Jones, Leeming and Reemers i n I960 reported the 
i s o l a t i o n of a terminal a l l e n i c acid "Dros;ophilin D" ( I V ) 
and elucidated i t s structure. 

e 
CH2=C=CH-CHa-CSC-CH=CH-CH2-C00H 

6k 

Crombie, Hirschberg, Jones and Lowe-r isolated 
marasin ( V ) and i t s corresponding acid ( V I , R=H) eind 
methyl ester ( V I , R=Me). 

HCSC-CSC-CH=C=CH-CH2-0H HCHC-CSC-CH=C=CH-COOR 
( V ) ( V I ) 

A l l the above a l l e n i c acids have two features i n 
common:- ( i ) they are a l l polyacetylenic a l l e n i c acids 
and ( i i ) they are conjugated. 

The f i r s t report of the i s o l a t i o n of the methyl ester 
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of a non-conjugated a l l e n i c acid ( V I I I , R=Me) appeared 

i n 1964. The a l l e n i c compound was a component of the 

seed o i l of "Leonotis nepetaefolia? (family "Labiatae") 

and named by i t s ihvestigators "Laballenic acid". The 

structure proposed for l a b a l l e n i c acid at that time.was 

2,3-methylene-i|^,5-heptadecadienodc acid ( v i l ) :-

CH- (CH, j f t ̂CH=C=CH-CH—CH-COOH 

( V I I ) 

I n 1965. additional work by the same authors^^ showed 
that the correct structure of l a b a l l e n i c acid wa® 
( V I I I , R = H ) i . e . i t was an isomer of t a r r i c acid ( I X ) , 
the f i r s t and simplest natural acetyledic' acid discovered 
by Arnand^'' i n I892. 

CH^- (CHg ) ioCH=C =CH- ( CHg ) ̂-COOR CK^- (CH^ )^^^C^' (CHg ) ĵ -COOH 

( i r t i i ) ( I X ) 

The structure of ( V I I I , R=Me) was determined^^ by the 
following schemes: 
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MnQAcOH 
CH^(CI^j;^CH=:C=CH(CI^)^CH^ ^ Cai^(CH2)^C00H + CH^(CI^) jJOOH 

GH^(CH2) jLoCH=C=CH(CH2) ̂ COOR 
H,/Pt 

•> CH3(CH2)j^^COOR 

MnÔ /̂AcOH 

CH^(CH2)3^QCOOH + HOOC(CH2)3,COOH 

I n the same year» Sprecher, Maier^ Barber and Holman 
reported the second naturally occurring non-conjugated 
a l l e n i c acid (X,R=H) obtained from a l i p i d which was 
extracted from the seed o i l of the Chinese tallow 'ifyaree 
"Sapium Sebif erum". The a l l e n i c acid was shown by mass 
spe c t r a l auid chemical analyses to be 8-hydroxy-5,6-

octadienolc acid (X,RSH) by the following scheme 

ACOCH„CH=C=CH(CH^)_COOR 

68 

AcO, Py 

HOCH_CH=C=CH(CH^)-COQR 
2 ( X ) 2 3 

L i A l ^ 

ROCB^CR=C=CK{ CH^ ) ̂OH 

H 2 / P ^ N^CgCPy 
H0( CH2) gOH AcOCH2CH=C=CH( CH2 ) î OAc 
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The methyl esters of these naturally occurring a l l e n i c 
acids (VIII,R=Me) and (X,R=Me) were op t i c a l l y active and 
exhibited o p t i c a l rotation of/o<'_2^°-47.3® and -46,0® 

r e s p e c t i v e l y . 



37 

( I I ) 

DISCUSSION 
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DISCUSSION 

Additi<m of Dihalosarbenes to Allenes; 

Dihalocarbenes are electrophiles and therefore add 
to the more nucleophilic double bond of diene hydrocarbons. 
The addition of dihalocarbenes to 1,3-dienes takes place 
at the double bond with the largest number of a l k y l 
s u b s t i t u e n t s / except where a terminal methyl group gives 
r i s e to a hyperconJ,ugative effect i n which case addition 
takes place at the l e s s substituted double bond (see P 14 ) 

The addition of di^alocarbdnes to a l l e n e s c£ui theoretic
a l l y give three possible adducts:-

R 
V =r C = CH, 

R"̂  
( I ) 

'^^2 X2 

R, "\ A 
C CJ 6'•• 
X2 X2 X-g 

( I I ) ( I I I ) (IV) 
19 

B a l l and Landor showed i n t h e i r preliminary report that 
dibrofflocarbenes always gave predominantly (lI,X=Br) i n 
40-60 per cent y i e l d . Skatteb/i^l^^ reported that dibrovno-
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. carbenes added to 2 ,4-dimethyl -2 ,3-pentadiene to give 
67 per cent of the mono-adduct cind 6 per cent of the 
bis-adduct, whilst dichlorocarbenes gave 73 per cent 
of the mono- and 3 per cent of the bis-adduct. 

However, Bezaguet^^ claimed that dichlorocarbenes gave 

a mixture of ( l l , X=Cl) and ( l l l i j i X=Cl), and i n a subsequent 
22 

publication, Bertrand and Bezaguet reported that (lII,X=Cl) 
might have been formed due to thermal isomerisation of 
( I I , X=C1) during the d i s t i l l a t i o n . No yi e l d s were reported^ 

21 

S i m i l a r l y , VpQuong, VoQuong, Emptoz: and Savigjiat reported 
that they also obtained ( I I , X=Cl) and ( i l l , X=Cl) i n 20-25 

per cent and 10-15 per cent y i e l d s respectively. 
A more extensive investigation of the addition of both 

dichloro- and dibromocarbenes to allenes i s described here. 
Preparation of Allenes 

The following more important methods have been^described 
i n the l i t e r a t u r e for the preparation of the allenes re
quired for t h i s works-
( i ) Dehydrobromination of a 1,2,3-tribrom© derivative 

followed by removal of the bromine from the dibromo 
o l e f i n with zinc^®. 

( i i ) Prototropic rearrangement of acetylenes^^. 
( i i i ) Reduction of 1-bromo- or 1-chloroallenes or of 

3-chloroacetylenes with zinc-copper couple^^ or 
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71 
lithium aluminium hydride 

( i v ) Reaction of gem-dihalocyclopropanes with sodiuB on 
72 73 altunina' , magnesium i n ether or alkylwlithium i n 

74 
ether . 

Methods ( i ) eind ( i i ) are long, tedious and give poor 
y i e l d s . Method ( i v ) employing methyl- or butyl-lithium 
gives an excellent y i e l d but involved three steps, i . e . 
preparation of the o l e f i n ^ dihalocyclopropsme and allene. 
A recent modification of t h i s method whereby the l a s t two 
filteps ^are c a r r i e d out i n a single experiment ( i . e . without 
i s o l a t i n g the dihalocyclopropane) using carbontetrablbmide 

77 
and a l k y l - l i t h i u m i s reported to give a good o v e r - a l l 
y i e l d of the allene. 

Method ( i i i ) was found to be the most convenient ĝ s 
most of the acetylenic alcohols were either commercially 
a v a i l a b l e or e a s i l y prepared by ethynylation of aldehydes 
or ketones using sodixim acetylide i n li q u i d ammonia. This 

70 
method, f i r s t employed by Ginzburg has two modifications:-

(a) Hennion and Sheeham prepared chl«aia»cetylenes from 
acetylenic alcohols using concentrated hydrochloric acid 
( f o r t e r t i a r y acetylenic. alcohols) or thionyl chloride 
and pyridine (for secondary acetylenic alcohols), and by 
Ginzburg*s procedure, reduced the pure chloroacetylenes 
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with zinc-copper couple i n ethanol to give mainly the 
78 

required allene hydrocarbons (Jacob has reported 
improved y i e l d of chloroacetylenes by using various 
ethers instead of pyridine i n combination withi thionyl 
c h l o r i d e ) . 

(b) Bailey and P f e i f ^ r did not purify the chloro
acetylenes but reduced the crude product with lithiTim 
aluminium hydride i n dioxan to obtain 50-55 per cent 

71 

of the required allene hydrocarbons (Jacob' also used 
lithium aluminiiim hydride to reduce the purified chloro
acetylenes and chloroallenes to give the same allenes i n 
approximately the same y i e l d as obtained by Ginzburg' using 

couple-
zinc-copperj[ih ethempl). 

Bailey and P f e i f e r claimed that the zinc-copper couple 
method was i n f e r i o r to t h e i r modified method for the 
following reasons:-

(1) The y i e l d s of pure chloroacetylenes could not be 
high because some hydrogen chloride was eliminated during 
the d i s t i l l a t i o n and some rearrangement to a l l e n i c chloride 
occurred. I t was therefore best not to d i s t i l the chloro-
acetylene but to use the crude material d i r e c t l y for 
reduction. 

(2) The f i n a l product of reduction always contained 
the isomeric acetylenic hydrocarbon which had to be 
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removed by a separate step or by careful fractionation. 
(3) Alcohol used i n the reduction very often formed 

an azeotrope with the allene, necessitating additional 
p u r i f i c a t i o n steps. 

and (4) Zinc-copper couple was very tedious to prepare. 
As a r e s u l t of many experiments i t was found during our 

investigation that the best y i e l d was obtained by a modifi
cation of the Ginzburg method. I n our experience the crude 
chloroacetylene could be readily prepared i n near quanti
t a t i v e y i e l d from t e r t i a r y acetylenic alcohols by shaking 
with concentrated hydrochloric acid and checking for the 
hydroxyl band i n the i . r , at^34QO cm.~^ as a c r i t e r i o n for 
the alcohol content, and t h i s procedure was continued u n t i l 
no alcohol could be detected (15-30 min.) Equimolar 
quantities of thionyl chloride and pyridine were used 
for preparing 3-chloro-hex-l-yne from hex-l-yn - 3-ol i n 
near quantitative y i e l d . The crude chloroacetylene which 
contained some chloroallene was dried with anhydrous, 
potassium carbonate, and was foTind to be perfectly 
s a t i s f a c t o r y for reduction without any further p u r i f i c a t i o n 

as both isomers have been shown to y i e l d the same allene 
71 

by the GinzbuEg method . 
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^C-C5CH > ;C-C5CH + ^C=C=CHC1 
R I R I R 

OH CI 

Zu-Cu Eton 

R ^ 
^C=C=CH„ 

R 

The zinc-copper couple was readily prepared i n a few 

minutes, and the ethanol used i n the reduction always 
formed an azeotrope with the hydrocarbons. Ethanol was 

completely removed from the azeotrope by sheLking once 
with a large excess of water. The proportion of allene 

to acetylene hydrocarbon was about 90-95 per cant to 

5-10 per cent indicated by i . r . and g.l.c. The acetylenic 
impurity was almost completely removed by treatment with 
aqueous ammoniacal s i l v e r n i t r a t e solution. Any s l i g h t 
a c e tylenic impurity ( l - 2 per cent) was neglected as i t 

79 
i s w e l l known that dihalocarbenes, vuider the conditions 
employed here add exclusively to the o l e f i n i c double bond 

80 
(e.g. VoQuang and Cadiot as well as Dyakonov and 

81 
Danilkina showed that the addition of dihalocarbenes 

always occurs at the v i n y l group rather than the acetylenic 

linkage i r r e s p e c t i v e of which occupies the terminal posi

tion) , and the more v o l a t i l e acetylene could e a s i l y be 
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removed during the d i s t i l l a t i o n of the dihalomethylenecyclo-
propane. A 55-6^ per cent over- a l l y i e l d of allenes was 
obtained by t h i s procedure. 

Table I shows the allenes prepared by t h i s procedure, 
together with t h e i r o v e r - a l l y i e l d and physical data:-

TABLE I 

R 

R 
,^C=C=CH2 

Allene 

Allene 1̂  o / D.p• /mm. Yie l d ( ^ ) ^mgx cm"' 

2, 

3. 

4. 

5v 

Mev^_„_^„ 82 

- ^ 5 C = C = C H / 2 

39-^0 

72-74 

94 

55 

65 

74 

52 

46-48/2oomi. 57 

1950s, 850a 

1950s, 850s 

1950s, 850s 

1950s, 850s 

1950s, 850s 

6. fc-aM^c-c^cH, S^S 19505 950s 
Preparation of Dihalomethylenecyclopropanes 

Dihalocarbenes were generated by the method of Doering; 
and Hoffmauin i , e , from dry potassium t-butoxide i n dry 
n-pentane aoid either chloroform or bromoform. Dichloro-
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and dibromomethylenecyclopropanes (see Table I I ) were 
obtained i n 4o-70 per cent y i e l d and id e n t i f i e d by 
i . r . , u.v,» n.m.r., g. l . c . , ozonolysis, elemental 
ana l y s i s and hydrogen^tion. 

TABLE I I 

/ R* 
/C—C=CHo < \ / 2 

Dihalomethytenfcjfdlopropane 

R f 
R x: b«p. ̂ 6ini< Y i e l c '^max 

1 Me Me Cl 65-66/80 49 1820W,1730» ,910s ,865s 204(5,200), 
sh.234(500) 

2 Ke Me Br 66-68/20 68 1820W,1750H 1040m,905s, 
800s 

206(5,250), 
sh.225(3,000) 

3 E t Me C l 70/90 50 i820w,1730W,1002a,9108, 
865s 

206(5,250, 
sli. 234(500) 

4 E t Me Br 49-50/2 58 l82Ow,175Ow,1040m,905s, 
800s 

207(5,300) 
sh.225(3,000) 

5 

6 

7 

E t 
E t 
n-Pr 

E t 
E t 
H 

C l 
Br 
C i 

62-64/70 

64-65/3 

66-68/100 

54 

73 

47 

L820w,<75O*v, IObOt>f qo^s^ 

L820W,I72OW,1038m,912s, 

{S.766) 

8 n-Pent Me Cl 64-65/70 36 L820w,I730w,1012m,910s, 
865 s 

9 t-Bu Me C l 78-80/65 531 L820w,1750w,1010m,910s, 
865s 
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I t was found that both the dichloro- and dibromo-

carbenes added exclusively to the alkyl-substituted double 

bond of the allene. This r e s u l t was confirmed by the 

following evidence;-

G.l.c. i n each case gave a single component for the 

d i s t i l l e d adduct. Elemental analysis for carbon, hydrogen 

and chlorine or bromine agreed with the molecular formula. 

The i . r . spectra of dichloromethylenecyclopropane showed 

strong bands at 865 and 910 cm.~^ with overtones at I73O 

gind 1820 cm. ̂ , whereas dibromethylenecyclopropanes showed 

maxima at 800,905 ( ̂ C=CH deformations), 1750 and I8IO 
(overtones) cm. ̂ . A l l the cyclopropanes showed a band 

at 1000-1070 cm.~^ which may be ascribed to the cycle-

propane s k e l e t a l vibrations. The u.v. absorption spectra 

showed maxima at )̂ max 205-207 ( t • 5 , 200 -5 , 300) and 

shoulders at 225 Jyc^{i,§00 uj. for dichloro- and 3OOOI1 

for dibromomethylenecyclopropanes). I n the case of 

dibromomethylenecyclopropames these shoulders which 

increase with increased methyl substitution suggest 

non-bonded in t e r a c t i o n of the bromine atoms with the 

TT-orbital of the. allene systemi. 
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This r e s u l t i s s i m i l a r to that of d i a l k y l - s u h s t i t u t e d a l l e n e 

bromides which show a shoulder or maximum at 217-227 m/c and the 

i n t e n s i t y of t h i s band also increased with increased a l k y l substitution, 

while the chloro-allenes did not show absorption above 205 m̂ tu. 

W.m.r. spectroscopy showed two non-equvalent protons for the 

e x o c y c l i c methylene group atY4»l and 4«5' 

. . H 

Ozonolysis gave formaldehyde i d e n t i f i e d by i t s dimedone 

d e r i v a t i v e from i t s melting point and mized roekting point of an 

authentic sample, thus confirming the exocyclic methylene group. 

On hydrogenation, 1,l-dichloro-2,2-dimethyl-3-methylene-

-cyclopropane absorbed one molar equivalent of hydrogen. As a further 

check, 1,l-dichloro-2,2,3-'trimethylcyclopropane was synthesised from 
14 

2-methyl-but-2-ene and dichlorocarbene ' and i t s i . r . spectrum 

compared vfith that of the hydrogenated sample of (lI,R=H'=LIe) and 

found to be superimposable. G.l.c. also confirmed the i d e n t i t y of 

the two products. 
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I t i s i n t e r e s t i n g to note that l-bromo-3»3-dialkyl 

allenes seem to be ine r t to attack by dihalocarbenes 

despite the fact that inductive electron withdrawal by 

the bromine from the alkyl-substituted double bond must 

be very weak. 
84 

As 1-bromoallenes form a l l e n i c carbenes by 
1, l4^elimination, the usual experimental procedure was 
modified, eind a mixture of bromoallene and bromoforni 
or chloroform was added to the s o l i d potassium t-butoxide 
suspension i n dry pentane. 

The recovery of bromoallene i n almost quantitative 
y i e l d confirmed by g.l.c., i . r . , and i t s boiling point, 
indicated that (a) dihalocarbenes were formed i n preference 
to allene carbenes, and (b) dihalocarbenes did not add on 
to either of the allene double bonds. 

Veirying the reaction conditions, e.g. adding haloform 
to a mixture of potassium t-butoxide, pentane and allene 
bromide and varying the time, temperature and rate of 
s t i r r i n g , gave no addition products. When the allene 
bromide was reacted with sodium trichloroacetate i n dry 
dimethoxy-ethane following Wagner's method^ no cyclo
propane was produced. 

Finailly, following Seyferth's suggestion^^ that 
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d i h a l o c a r b e n e s generated from tri h a l o m e t h y l - p k e n y l -

mercury were more r e a c t i v e as they contained e x t r a 

thermal energy, l-bromo -3-methyl-penta-l,2-diene was 

r e a c t e d with tribromomethyl-phenyl-mercury i n dry 

benzene f o r 3 h r . tinder r e f l u x . Again no a d d i t i o n 

toolc p l a c e although dibromocarbenes were produced as 

shown by the presence of phenyl-mercury-bromide at the 

end of the experiment. T h i s e s t a b l i s h e d the complete 

i n e r t n e s s of 1-bromo a l l e n e s towards dihalocarbenes, 

and supported the e x p l a n a t i o n that t h e i r i n e r t n e s s was 

due to the non-bonded i n t e r a c t i o n of the T f - e l e c t r o n s 

of bromine atoms with those of the a l l e n e system. 

S e y f e r t h ' s s u c c e s s i n preparing the d i c h l o r o adduct 

from t e t r a c h l p r o e t h y l e n e may be due to the f a c t t h a t 

t h e r e i s i n t h i s case no such non-bonded i n t e r a c t i o n 

but simply c o n j u g a t i o n of the p - e l e c t r o n s of C and C I . 
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Ciunulenes from Dihalo-methylenecyclopropanes 

The f o l l o w i n g ctimulenes ( l l ) were preparedbby the 

treatment of d i c h l o r o - and dibromo-methylenecyclopropanes 

( l l ) and n - b u t y l - l i t h i u m i n ether a t temperatures between 

-40° and - 30° : -

TABLE I 

c 

2̂ 

( I ) 

R 
'^C=C=C=CH„ 

( I I ) 

R 1 
R X b.p, of 

I l / e t h e r 
azeotrope 

R a t i o of 
( I I ) : e t h e r 

Y i e l d of ( I I ) 

i l Me Me C I 56-58° 50-50 70 
Me Me Br 56-^ 50-50 7« 

2 Me E t 65-68 6o-4o 73 
Me E t Br 65-68 65-35 75-

3 E t E t C I 76-80 50-50 73 
E t E t 6Y 76-80 50-50 80 
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The g e n e r a l procedure was as f o l l o w s : -

n - B u t y l - l i t h i i u n was prepared i n dry ether at -10-0° 

and cooled to -4o%- -30° i n a Dewar f l a s k . A s o l u t i o n 

of d i c h l o r o - or dibromomethylenecyclopropane ( l ) i n 

eSriher precooled to -30° was added ±n one po r t i o n and 

the mixture s t i r r e d v i g o r o u s l y on a magnetic s t i r r e r 

f o r 30 min. a t -30°. A l t e r n a t i v e l y the d i h a l i d e s o l u t i o n 

a t room temperature was added to the n - b u t y l - l i t h i t u n 

>solution at -4o 30°. The mixture was f i n a l l y allowed 

to warm up to room temperature slowly ( c a . 30 min.), 

d i s t i l l e d i n vacuo ajid the v o l a t i l e m a t e r i a l s c o l l e c t e d 

i n a t r a p precooled a t -4o° . The trapped l i q u i d was 

f i n a l l y r e - d i s t i l l e d under n i t r o g e n at atmospheric 

p r e s s u r e to give cumulene ( I I ) . 

I . r . , u.v. , suid g . l . c . , were c a r r i e d out immediately 

and a weighed saunple hydrogenated using platinum black. 

A l l the cumulenes showed a sharp band i n the i . r . 

at"7^^ 2080-2090 (C?C=C=C) cm."''', and u.v. absorption 

a t \j^x^i^8-220 m^U,3300-7700), 25^-256 m;t<(t, 13000-

16000) and 294 sh. (^700-900) (See Table I I ) . 

The absorption i*taximum of 2080 cm.~^ i s r e m i n i s c e n t 
8*̂  

of the a i l e n i c c y c l o p r o p y l system , ^C=C=C^l^ which has 

2020 cm."'''. T h i s value i s a l s o c l o s e to th a t 
max 
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reported f o r cumulene aldehyde^''" at 2066 cm. and i s ascribed to 

the r i g i d cumulene system. 

The u.v, absorption maxima of the cumulenes gave the expected 

hathoc^omic s h i f t f o r increased methyl subs t i t u t i o n . 

Hydrogenation of cumulene (lI,R=H'=Me) and cumulene (lI,R=Me, 

R'=Et) gave 2-methylpentane and 3-niethylhexane respectively, 

i d e n t i f i e d by g.I.e. using authentic samples of these p a r a f f i n s . 

TABLE 11 

; c = c = c = c H , 
R' 

Cumulene 

R' max cm. 
-1 

-' max / ^ 

1. 

2. 

3. 

Me 

Me 

Me 

Et 

E t 

2060a,l650w,1258s, 
1230s, 3*DV> 

2080m,l650w,1260s, 
1220s, 

2060m,I625W,1260s, 
1220s, 8A0>I 

220(3500), 254(13000), 
294sh.(700) 

218(7750),256(16200), 
294sh.(910) 

218(7700), 256(16000), 
294sh.(900) 
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A l l the four cumulenes were extremely s e n s i t i v e to 

oxygen and r a p i d l y turned yellow on exposure to a i r , and 

t h e r e f o r e complete s e p a r a t i o n from ether and i s o l a t i o n by 

p r e p a r a t i v e g . l . c . was found to be I m p r a c t i c a b l e . On 

keeping overnight a t room temperature, s o l u t i o n of 

ciimulenes i n ether or a l c o h o l gave a heavy white p r e c i 

p i t a t e , probably polymeric i n nature. The polymer was 

high melting (')3pO°) and i n s o l u b l e i n a l l the u s u a l 
32 

^solvents. Skatteb/iJl-^ r e a c t e d 1,1,3,3-tetramethylallene 

w i t h dihalocarbene and converted the r e s u l t i n g e i i l i a l o -

cyclopropane i n t o the cixmulene, 2,5-dimethyl-2,3,4-

h e x a t r i e n e , w i t h p r o p e r t i e s s i m i l a r to those of the 

cumulenes d e s c r i b e d i n thisf^-Ql^S. I t i s i n t e r e s t i n g 

to note that the C-C s t r e t c h i n g band near 2080 cm.~^ was 

absent, p o s s i b l y due to the symmetrical s t r u c t u r e of the 

t e t r a m e t h y l ciunulene. 

Hexa-1,2,3-triene, the cumulene obtained from 

1, l-dibromo-2-n-propyl-3-njethylene-cyclopropane, poly

merised i n s t a n t l y to a white. I n s o l u b l e s o l i d and could 
'• 32 

not be i s o l a t e d . Skatteb/iJ^- l^as proposed a s t r u c t u r e 

f o r the polymer obtained from 2,5-dimethyl hexa-2,3,4-

t r i e n e mainly on i . r . e v i d e n c e /*wo bands at 1355 and 

1320 cm.~^ f o r gem-dimethyl, l625w (C=C) and llkZe (c-0 
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s t r e t ching j_7c™ • -1 

c 
/I 
I 

c 

c 
II 
c -
c 
c 

Analogous p l a n a r s t r u c t u r e s may be put forward f o r 

the polymers from the cumulenes with terminal methylene 

group as f o l l o w s : -

O — 

5 t 

d o ^ y\ 
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Cope Rearrangement Propar^yl /^tkeny/ Ma/ortatey 

The work of Cope, Hofmann and Hardy e s t a b l i s h e d 

t h a t a l l y l alkenyl-^Tnalonates ( l , X=Y=COOEt)j' cyanoesters 

( I , XoCN, Y=COOEt) and m a l o n o n i t r i l e s ( l , X=Y=CN) undergo 

a t h e r m a l l y induced, i n t r a m o l e c u l a r rearrangement to give 

a l l y l alkylidenemalonates ( l l , X=y=COOEt), -cyemoesters 

( I I , X=CN, Y=CO0Et) and - m a l o n o n i t r i l e s ( l l , X=Y=CN) 

r e s p e c t i v e l y . T h i s r e a c t i o n i n a g e n e r a l i s e d form i s 

now known as "Cope rearrangement". 

/ \ 
c 

X y 
8*5 

B l a c k and Landor have shown that propargyl alkenyl 

e t K e r s ( i l l ) imdergo the r m a l l y induced C l a i s e n rearrange

ment to give a l l e n i c aldehydes ( I V ) : -

R» 
CH„*C=CH-C-CHO 

2 I 
R 

( I I I ) ( I V ) 
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I t t h e r e f o r e seemed p l a u s i b l e t h a t propargyi a l k e n y l -

malonates (V) should a l s o undergo a Cope rearrangement 

to give a l l e n i c alk^lidene^-malonates ( V l ) :-

H 

C «^ R R' • 

1,*̂  ^ i f ^ - OH =C=CH-C-C' 

^ c / \ 
/ \ EtOOC COQBt 

EtOOC COOEt 

(a\!rx) (3//I)) 

T h i s was foiind to be the case under c a r e f u l l y con

t r o l l e d c o n d i t i o n s . 
86 

K i n e t i c s t u d i e s by Cope, Hoyle and Heyl demonstrated 

t h a t the r e a c t i o n was f i r s l t order suggesting an i n t r a 

molecular rearrangement and a l s o that the r a t e of r e a c t i o n 

was p r o p o r t i o n a l to the e l e c t r o n e g a t i v i t y of the groups 

X and Y ( l ) e.g. the r i t e i n c r e a s e s i n the order X and/or 

Y=CN > COOEt >Ph;;^Me . I t was suggested that e l e c t r o n -

a t t r a c t i n g groups a t X and Y i n c r e a s e the r a t e of r e a c t i o n 

by v i r t u e of t h e i r a t t r a c t i o n f o r the e l e c t r o n - p a i r between 

carbon, atoms 1 auid 6 which lowers the d i s s o c i a t i o n energy 

at t h i s bond^'C 
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Hence one of the moti-i'ating f o r c e s r e s p o n s i b l e f o r 

t h i s rearrangement i s the unequal sharing of the e l e c t r o n 

p a i r binding the a l l y l group to the carbon atom 1 so that 

i n the i s o m e r i s a t i o n , the a l l y l group becomes detached 

from t h i s atom and recombines w i t h carbon atom 3 which 

i s l e s s e l e c t r o n - a t t r a c t i n g . I t was e v i d e n t t h a t the 

i n f l u e n c e causing the detachment of the a l l y l group i s 

the e l e c t r o n a t t r a c t i o n of carbon atom 1 and the tendency 

to form a s t a b l e conjugated system. 
8 

B l a c k and Lander's r e s u l t s showed that s u b s t i t u t e d 

propargyl a l k e n y l e t h e r s e.g. ( i l l , R=R'=Me) rearrange 

a t lower temperatures and g i v e a much higher y i e l d (70 

per cent) than the un s u b s t i t u t e d propargyl v i n y l ether 

( I I I , RaR*=H, 20-30 per c e n t ) . T h i s was i n t e r p r e t e d a s 

fa v o u r i n g a hemolytic r a t h e r than a h e t e r o l y t i c mechanism, 

i . e . i t d i d not favoulr a two-electron s h i f t ((M>->1/\Z) but 

was best explained by a on e - e l e c t r o n s h i f t (VTI—»-VIIl). 
H H , 

P M ^ ^ c c 
.C 7 ( "C c uO H 
I X y \ / \ 

O H 
dm) ( I V ) 
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H H 
I \ \/ 

0 H ^ 

( Y H ) ( V I I I ) 

•A 

The work d e s c r i b e d i n t h i s t h e s i s was based on the 

above c o n s i d e r a t i o n s . Thus d i e t h y l malonates were used 

throughout (except i n one case, the attempted rearrange

ment of hex-l-en - 5-yne) and a s e r i e s of compounds w i t h 

a l k y l groups a t d i f f e r e n t s i t e s was studied with a view 

to e l u c i d a t i n g the e f f e c t of a l k y l groups on t h i s r e 

arrangement. Alsoiji the optimum conditions f o r the Cope 

rearrauigement of propargyl a l k e n y l ^ a l o n a t e s were 

i n v e s t i g a t e d by v a r y i n g time and temperature. 

The malonates used f o r t h i s i n v e s t i g a t i o n were 

prepared by the f o l l o w i n g two-step r e a c t i o n : -

( a ) P r e p a r a t i o n of alkylidene^-malonates i n v o l v i n g the 

base c a t a l y s e d condensation of d i e t h y l malonate with 

aldehydes and ketones. T o l a t i l e aldehydes: and a l l ketones 

were mixed w i t h a c e t i c amhydride, d i e t h y l malonate and 

f r e s h l y fused z i n c c h l o r i d e and heated a t 100-150° f o r 

24 h r . and then d i s t i l l e d . The n o n - v o l a t i l e aldehydes 
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were r e a c t e d with d i e t h y l malonate i n the presence of 

dry benzene i n the Dean and S t a r k apparatus u n t i l the 

t h e o r e t i c a l volume of water had been removed from the 

r e a c t i o n mixture (2-3 h r , ) . The use of c a t a l y t i c q u a n t i t y 

of p i p e r i d y l a c e t a t e was found to give the most s a t i s -
88 

f a c t o r y r e s u l t . Ammonium a c e t a t e which g i v e good y i e l d s 

of cyaaai,oacetates from s t e r i c a l l y hindered ketones gave 

poor y i e l d s of the corresponding malonates* 

(b) The a l k y l i d e n e o n a l o n a t e s on treatment with 

proparglrl bromide gave propargyl a l k e n y l ^ a l o n a t e s (X) 
88 

i n good y i e l d (60-70 per c e n t ) . Cope and Hancock 

reported t h a t the use of sodium; ethoxide with a l k y l and 

a l l y ! h a l i d e s g e n e r a l l y gave poor y i e l d s owing to a l c o h o l -

y s i s . A number of experiments i n t h i s l a b o r a t o r y have 

shown that the use of low r e a c t i o n temperatures (0-20°) 

and long r e a c t i o n times (12-24 h r , ) r e s u l t e d i n a con

s i d e r a b l e improvement i n y i e l d amd p u r i t y of the propargyl-

ated product. 

The above r e a c t i o n s may be summarised as f o l l o w s : -
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R .0 H ,COOEt 
> H - < . y( 
R' R" H COOEt 

R 

R' 

COOEt 
>CH-C=C'^ 

^„ ^COOEt 

( I X ) 

Na®®OEt Br-CHgCSCH 

R COOEt 
^C=C-C-COOEt 

«• Uh, 
I 2 
C 
/H 
C 
H 

(X) 

The p u r i t y and s t r u c t u r e of the propargyl a l k e n y l -

malonates. (x) were e s t a b l i s h e d by g . l . c . (which gave 

a s i n g l e component i n each c a s e ) , c o r r e c t elemental 

a n a l y s e s , and bands i n the i . r . s p e c t r a at"2^ 3300s, 

2120W ( C S C H ) and 1740s (^€r=o) cm"'''; there was no 

s i g n i f i c a n t a b s o r p t i o n i n the u.v, s p e c t r a . 
The rearrangeneiit was c a r r i e d out under dry, oxygen-

f r e e n i t r o g e n i n a Wood's metal bath a t 200-300° a t 

v a r i a b l e p r e s s u r e s f o r 5-30 min. The progress of the 

r e a c t i o n was followed by removing one drop of the pre

cooled sample from, the r e a c t i o n mixture at r e g u l a r 

i n t e r v a l s and e x a m i n i j ^ i t s i.r,spectrum. The appealrance 
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of an a l l e n e band ^* °^ t h e O ^ , ^ - u n s a t u r a t e d ^ 

y£^€s(_ band a t I 6 5 0 cm^^ as w e l l as the decrease i n i n t e n s i t y 

of the t e r m i n a l a c e t y l e n i c band a t 3300 cmT"̂  i n d i c a t e d 

t h a t the rearrangement had taken p l a c e . A f t e r a c e r t a i n 

time there was no s i g n i f i c e m t change i n the i . r . spectrxua. 

F u r t h e r h e a t i n g caused both the a l l e n e and the acet y l e n e 

bands to d i m i n i s h . I t was found i m p r a c t i c a b l e to employ 

an i n e r t n o n v o l a t i l e solvent as the only s u i t a b l e solvent 

a v a i l a b l e , i , e , s i l i c o n e o i l , had i . r , a bsorption i n the 

^ 1900-2000 cmT"*̂  r e g i o n , making i t d i f f i c u l t to 

a s c e r t a i n the progress of the rearrangement based on the 

appearance and enhancement of the a l l e n e band i n the sajne 

r e g i o n . 

The products could be separated i n t o three i s o l a b l e 

f r a c t i o n s : (a) the s t a r t i n g propargyl fitiifiej^/malonate; 

(b) the r e q u i r e d a l l e n i c alkylidene^nnalonate; and ( c ) the 

a l k y l i d e n e ^ a l o n a t e from which the propargyl o^ite^iSyi/malonate 

had been prepared. I t was observed that whenever the r e 

arrangement was incomplete, ( a) was the l a r g e s t f r a c t i o n , 

(b) the s m a l l e r , and there was no ( c ) . When the optimuai 

c o n d i t i o n s were a t t a i n e d , (b) was the l a r g e s t f r a c t i o n , 

and ( a) and ( c ) were present only i n small amounts. 

Continued h e a t i n g gave i n c r e a s i n g amount of ( c ) and 
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polymeric m a t e r i a l , and decreasing amounts of (a) and ( b ) . 

These r a t i o s were determined by g . l . c . areas and i.V. 

s p e c t r a . 

Optimum co n d i t i o n s v a r i e d somewhat with d i f f e r e n t 

propargyl alkenyLxmalonates, but were generall^r achieved 

a t the temperature range of 270-280° and r e a c t i o n times 

of 10-20 min. The fo l l o w i n g sequence of r e a c t i o n s takes 

p l a c e : -
Poljrmer 

4̂  

H 
R R» 

III—^ \ C 

C ^R" 
/ \ 

EtOOC COQEt 

(X) 

CH_=C=CH-C. .R" 
> R^ii 

EtOOC^ COOEt 
( X I ) 

R" 
R , COQEt 
r>H-C=C^, < - _ 
R» COOEt 

( I X ) 

H 
C II I C I •CH, 

R^^R' 

.c 
EtOOC'^VoOEt 

S e p a r a t i o n of the a l l e n i c malonate from the propargyl 

a l k e n y l ^ a l o n a t e eind alkylidene^'malonate was achieved by 

f i r s t of a l l d i s t i l l i n g and completely removing the lower 

b o i l i n g a l k y l i d e n e ^ a l o n a t e , and then by one of the follow

i n g two methods:-
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( i ) R e d i s t i l l a t i o n of the higher b o i l i n g f r a c t i o n u sing 

a short (6") F e n s k i column. T h i s method produced pure 

a l l e n i c alkylidene^-malonates i n 25-35 per cent y i e l d . 

( i i ) Shaking the higher b o i l i n g f r a c t i o n with aqueous 

aramoniacal s i l v e r n i t r a t e s o l u t i o n to remove the malonate 

c o n t a i n i n g the te r m i n a l a c e t y l e n e . A d d i t i o n of a few 

drops of ethanol helped to break the r i g i d boundary 

s e p a r a t i n g the o i l y malonate from the aqueous s o l u t i o n . 

T h i s method g e n e r a l l y r e q u i r e d prolonged a g i t a t i o n (3 -4 h r . ) 

f o r complete s e p a r a t i o n . 

Small amounts of the pure a l l e n i c alkylidenemalonate 

were a l s o obtained by p r e p a r a t i v e g . l . c . using 10 per cent 

s i l i c o n e o i l on c e l i t e packed i n a 6 f t . Pyrex coltimn of 

1" diameter and pa s s i n g n i t r o g e n through i t . 

The p u r i t y of the a l l e n i c alkylidenemalonate ( X l ) was 

determined by g . l . c , (which gave a s i n g l e component i n 

each c a s e ) , c o r r e c t elemental a n a l y s e s , i.r.bands a t 

" P j j ^ ^ l 9 5 0 m (C=C=C), 1740s (^c=0) , I650 m (otj'^-imsaturated 

C=C) and 86O b (C=C=CH2) cinT"'', and a u.v. maximun a t 

X j j ^ 2 0 4 - 2 1 0 lyui^f 8000-iai500) due to the C=C bond i n 

conjugation with the C=0 bonds of the malonate group. 

The unequivocal assignment of s t r u c t u r e to the a l l e n i c 

a l k y l i d e n e m a l o n a t e s cannot be achieved! by i . r . , g . l . c . and 
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elemental a n a l y s e s alone as an a l t e r n a t i v e s t r u c t u r e con

t a i n i n g the a l l e n i c group could be formed t h e o r e t i c a l l y 

by p r o t o t r o p i c rearrangement of the propargyl group, i . e . 

without a Cope rearrangement. Such a s t r u c t u r e would give 

a s i m i l a r i.-^p, spectrum and elemental a n a l y s e s . U,V, sp e c t r a , 

however, are the only r e l i a b l e c r i t e r i a , s i n c e the a l l e n e 

from the Cope rearreingement ( X l ) i s conjugated enedioate 

whereas a l l e n e ( X I l ) from the p r o t o t r o p i c rearrangement 

i s not. 

H 
i n / R ' C V 
t II 

CH_ C-R" V 
/ \ 

EtOOC COOEt 

CH2=C=CH-C^^^ 
R"-C 

II 
C 

/\ 
EtOOC COQEt 

(X) 

V I I 
C-R" 

( X I ) 

CH2=C.CH-<|^^00Et 
COOEt 

( X I I ) 

N.m.r. s p e c t r a are of l i t t l e h e l p i n d i s t i n g u i s h i n g ( X l ) 

and ( X I X ) . 

Chemical evidence which confirmed, the s t r u c t u r e as ( X l ) 

was abtainedi by twoi d i f f e r e n t routes as f o l l o w s : -
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( i ) The a l l e n i c alkylidenemalonate ( X I , R=Et, R=R'=H) 

was c a t a l y t i c a l l y hydrogenated to give d i e t h y l 3 - e t h y i -

hexa-1,1-dicarboxylate ( x i l l ) . A l l y l n-butenyl malonate 

( l , X=X=COOEt, R=Et, R=R"=H) was prepared according to 
86 

the procedure of Cope, Hoyle and Heyl , and was r e -

arranged to y i e l d d i e t h y l J-ethyl-hexa.-l t^-dleue-l ,1-

d i c a r b o x y i a t e ( I I , X=Y=C0OEt, R=Et, R=R"=H). The 

l a t t e r was c a t a l j p i i t i c a l l y hydrogenated to y i e l d d i e t h y l 

3-ethyl-hexa-3L, 1 - d i c a r b o x y l a t e ( X I I l ) , found to be 

i d e n t i c a l ( b o i l i n g p o i n t , i.iP. s p e c t r a and g . l . c . ) with 

the hydrogenated sample obtained from ( x i , R=Et, R=R"=H). 

T^e b a r b i t u r i c a c i d of the aaturated malonates from both 

r o u t e s gave the c o r r e c t melting p o i n t s and mixed melting 

p o i n t s . 

I t was t h e r e f o r e shora that a Cope rearrangement had 

taken p l a c e and that the rearremged product had s t r u c t u r e 

{XX, R=Et, R=R>=H):-



H / 
C=C. 

^OOEt 

COCEt CH^-sCHCH^Br 

Na^QEt 

H 
C 

EtOOC^I ̂ COOEt 

HCSCCHgBr 

H 

EtOOC COOEt 

COOEt 
CH2=CHCH2CHCH=C. 

E t 

PtO, 

COOEt 

i. 
1 f H pOOEt 

^ I COOEt E t 

Pt02 n-Pr COOEt 
^CHCH-CH(^ 

E t VoOEt 

( X l l O 
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An independent s y n t h e s i s of the Cope rearrangement 

product (XIV) was achieved as follows 

( i i ) 2,2-Dimethyl-penta-3,4-diene-l-al ( i v , R=R«=Me) 

was prepared by the method of B l a c k and Lsmdor as 

f o l l o w s : -

Me \ / Me 
CH-CHO + 2 HCfC-CHg-

CaClp Me O-CHp-CSCH 
OH = ^ ')CH-CH(^ 

Me ^O-CHg-CSCH 

He 
\ 

Me 

BCl. 

CH^-sCrsCH-C-CHO 
Me 

^H-CH-0-CHj,C5CH 
Me I 

01 
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The a l l e n i c aldehyde ( I V , R=R'=Me) was then condensed 
88 

w i t h d i e t h y l malonate by the method of Cope and Hancock , 

usi n g a Dean and S t a r k apparatus, benzene and p i p e r i d y l 

a c e t a t e to give d i e t h y l 3 , 3-diemethyl-hexa-l , 4 , 5-trlene-

1 , 1-dicarboxylate ( x i , R=R«=Me,R=H) i n 15 per cent y i e l d . 

^® ^COOEt ?® COOB* 
CH„=C=CH-C-CHO + CHp ^ (m^C=CR'C-CB=C 

( X I V ) 

S t e r i c hindrance due to the Q^-methyl groups of the 

aldehyde probably i n h i b i t s the condensation thus r e s u l t 

i n g i n the poor y i e l d of the a l l e n i c a l k y l i d e n e ^ ^ a l o n a t e 

( X I V ) . However, the product was i d e n t i c a l w ith the 

a l l e n i c a l k y l i d e n e ^ a l o n a t e obtained from the Cope r e 

arrangement of propargyl isabutenylxmalonate ( X , R=R=Me, 

R = H ) , the i d e n t i f i c a t i o n being c a r r i e d out by i . r . and 

U.V,spectra, and g,.l.c. 

Hence the occurrence of thermally induced i n t r a 

molecular Cope rearrangement of propargyl a l k e n y l ^ a l o n a t e s . 

was u n e q u i v o c a l l y e s t a b l i s h e d . 

The rearrangement of the propargyl a l k e n y l ^ a l o n a t e s 

( X ) i n v e s t i g a t e d here are shown i n the f o l l o w i n g Table 

I n c o r p o r a t i n g the y i e l d s and the r e a c t i o n c o n d i t i o n s : -
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H 
C R R* 
c c 
I l i V 

HC_ C-R" 
C / \ 

EtOOC COOEt 

R 
CH„=C=CH-C-R» 

I 
C-R" 
I I 
C 
/ \ 

EtOOC COOEt 
(X) ( X I ) 

R R« R" T i e l d 

o f ( X I ) 

R e a c t i o n 
Temperature 
Range(*'C) 

R e a c t i o n 
P r e s s u r e 

(mm^ 

Rea c t i o n 
Time 
(min.) o f ( X l ) 

1 H H H 200-220 20-744 90 — 

220-270 744 90 

270-280 744 90 

280-400 744 15 

2 Me H H 200-220 20-744 90 

220-270 744 90 

270-280 744 90 

280-400 744 15 

3 E t H H 29 270-280 744 15 206(10,790) 

k H H Me 39 270-280 744 15 210(10,101) 

5 Me H Me 33 270-280 744 f 10 208( 8,988)^ 

6 Me 

1 
Me H 35 270-280 744 20 204(12,513) 
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I t w i l l be seen t h a t four of the s i x compounds studied 

Tinderwent Cope rearrangement a t 270-280° a t atmospheric 

p r e s s u r e and 10-20 min. I n each case f u r t h e r heating 

di d not i n c r e a s e the amount of a l l e n e formed. Moreover, 

he a t i n g the pure a l l e n e did not give the a c e t y l e n i c 

s t a r t i n g m a t e r i a l ( i . i T * examination), hence the r e 

arrangement does not appear to be a r e v e r s i b l e one and 

the amount of a l l e n e formed does not appear to be l i m i t e d 

by the p o s i t i o n of the e q u i l i b r i u m . F u r t h e r heating of 

the r e a c t i o n mixture, however, caused darkening of the 
-1 

product, diminution of the a l l e h e band a t 1950 cm. sind 

r e g e n e r a t i o n of the o r i g i n a l a l k y l i d e n e - ^ a l o n a t e . T h i s 

g e n e r a l tendency i n d i c a t e s that the a c t i v a t i o n energy 

f o r rearreuigement i s only m a r g i n a l l y lower than t h ^ 

energy r e q u i r e d f o r fragmentation. Y i e l d s of a l l e n i c 

compounds weE« never i n excess of 39 per cent even with 

very c a r e f u l c o n t r o l of the r e a c t i o n c o n d i t i o n s . 

According to the t r a n s i t i o n s t a t e theory 

k •= 
^ i i ) 

where k = f i r s t order r e a c t i o n r a t e constant 

B a Boltzmann constant = I .3805 x lO"^^ erg/°A 

T = absolute temperature, °A. (273.15 + ^c ) . 
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—27 h = Planck constant = 6.624 x 10 erg.sec. 

= d i f f e r e n c e i n entropy between i n i t i a l and 
a c t i v a t e d s t a t e s i n entropy u n i t s . 

^ E = experimental a c t i v a t i o n energies, c a l o r i e s 

R = 1.987 c a l . /°A. 

and k = p e '^®/RT ( i i ) 

where p = frequency f a c t o r . 

T h e r e f o r e I n k = 
(""^/R) . 1+^.p ( i i i ) 

T 
4i 

F o s t e r , Cope and D a n i e l p l o t t e d the graph of the 

logar i t h m o f the per cent o f unreacted r e a c t a n t (x) 

a g a i n s t the time (t) i n minutes and obtained the value 

of k from the s l o p e : -

k = -Inx 

t 

= - 2 . 3 0 3 .(slope) 

F i t t i n g t h i s v alue of k i n equation ( i i i ) and p l o t t i n g 

the graph of Ink. a g a i n s t absolute temperature, they c a l c u 

l a t e d the v a l u e of ̂ E from the slope. 

From equations ( i ) and ( i i ) 
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p = BT 

= R l n p - R l n 
V, 

h 

Hence they c a l c u l a t e d the v a l u e s of ̂  S. 

I n order to determine what p a r t of the d i f f e r e n c e i n 

rearrangement r a t e s of a l l y ! a l k e n y l ^ a l o n a t e s was due to 

d i f f e r e n c e s i n energies o f a c t i v a t i o n ( A E ) and what p a r t 

was due to d i f f e r e n c e i n e n t r o p i e s of a c t i v a t i o n ( A S ) , 

i ncremental v a l u e s of T A S £ind A E were c a l c u l a t e d , and 

i t was found t h a t approximately 60 per cent of the d i f f e r 

ences i n rearrangement r a t e s i s due to d i f f e r e n c e s i n A E 

and the other 4o per cent due to d i f f e r e n c e s i n A S. 

Furthermore the l a r g e decrease i n entropy ( l l - l 4 e.u.) 

of a c t i v a t i o n of these rearrangements i n d i c a t e d that s e v e r a l 

degrees of freedom may be r e s t r i c t e d i n the a c t i v a t e d com

p l e x as would be expected f o r the formation of a c y c l i c 

t r a n s i t i o n s t a t e . 

These r e s u l t s of F6«ter, Cope and D a n i e l s would a l s o 

suggest a c y c l i c t r a n s i t i o n s t a t e f o r the Cope rearrange

ment of a c e t y l e n i c to a l l e n i c compounds, but such a c y c l i c 

t r a n s i t i o n s t a t e (XV) would be viery much l e s s s t a b l e w ith 

the l i n e a r a c e t y l e n e - a l l e n e system thsoi i t i s with the 
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f l e x i b l e a l l y l system. Both and would be 

expected to be l a r g e r f o r the a c e t y l e n e - a l l e n e r e 

arrangement. 

t 
/ Y r X 1 

C 
1 :i 

• 

li 

(XV) 

T h i s i s borne out by the higher temperatures (270-280°) 

r e q u i r e d f o r the rearrangement i n v e s t i g a t e d here as 

compared w i t h those reported by Cope and h i s coworkers 

(150 -200° ) . 

Furthermore, i n c r e a s e d s u b s t i t u t i o n leads to an 

e a s i e r rearrauigement as i n d i c a t e d by the y i e l d s (see 

Table l ) , showing: t h a t s t e r i c hindrance i n the t r a n s i t i o n 

s t a t e i s not an important f a c t o r . Compound (A) does not 

f i t i n with t h i s theory of the s t a b i l i t y of the product. 

Again, a hemolytic mechanism i s i n d i c a t e d ( a s i n the 
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8^) C l a i s e n rearrangement 'of propargyl a l k e n y l ethers ' i 
but an a d d i t i o n a l f a c t o r may be the s t a b i l i t y of the 
product, the alkylidenexmalonate which gains s t a b i l i t y 
w i t h i n c r e a s i n g a l k y l s u b s t i t u t i o n on carbon atoms 2 
and 3 of the malonates. 

Ace t y l e n e ̂ ^^^ 

tAllene 

^ E , 4 ( T , = a c t i v a t i o n energy and 
f r e e energy of non-
s u b s t i t u t e d malonates 

4Ê ,AG-ĵ = a c t i v a t i o n and f r e e 
energy of 2 or 3 -
a l k y l s u b s t i t u t e d 
malonates^ 

\ 2 or 3 a l k y l s u b s t i t u t e d malonates 

4$ 
Levy and Cope showed that 3-phenyl-hexa-l,5-diene 

rearranged smoothly a t 170° to 1-phenyl-hexa-l,5-diene 

i n 70 per cent y i e l d , whereas. 3-inethyl-hexa-l,5-diene 

underwent only p a r t i a l rearrangement a f t e r prolonged 

h e a t i n g at 300° f o r 24 hr. The success of the former 

rearrauigement may be a t t r i b u t e d to the lowering of energy 

of the t r a n s i t i o n s t a t e and of the product due to the 

formation of a conjugated system. 
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Two compoTinds (Tatfle I , . | l . and 2.) did not rearrange 

under the u s u a l experimental c o n d i t i o n and these were 

more e x h a u s t i v e l y s t u d i e d . 

A temperature range of 200-400°, pressure range of 

20-744 imn. and times up to 90 mln. were explored without 

s u c c e s s ; a l l e n i c compound could not be detected i n the 
8 

product. B l a c k and Lander's procedure^ , i n v o l v i n g the 

use of a coltunn t i g h t l y - p a c k e d w i t h glass-v/ool and 

e l e c t r i c a l l y heated did not give rearrangement product 

at temperatures of 200-400°. At temperatures below 

300° the a c e t y l e n i c s t a r t i n g m a t e r i a l was recovered, 

w h i l e a t temperatures i n excess of 300° f i s s i o n products 

were obtained. Thus d i e t h y l propargyl vinylmalonate gave 

only d i e t h y l ethylidenemalonate and d i e t h y l propargyl 

propenylmalonate gave d i e t h y l propylidenemalonate (both 

i d e n t i f i e d on g . l . c . ) and polymeric m a t e r i a l . I t ds not 

known whether d i e t h y l a l l y l vinylmalonate r e a r r a n g e s 

under s i m i l a r c o n d i t i o n s to y i e l d the expected product 

d i e t h y l hexa-1, 5-diene-l,1-dicarboxylate but d i e t h y l 

a l l y l propenylmalonate rearremges to d i e t h y l 3-niethyl-

hexa-1, 5-diene-l,1-dicarboxylate i n 68 per cent y i e l d . 

These r e s u l t s show t h a t f i s s i o n i s e n e r g e t i c a l l y 

more favourable than rearrsuigement f o r propargyl v i n y l -

and propenyl-malonate, but the r e v e r s e i s true f o r a l l y l 
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H 
C Ml C 
I 

CH. 

H R 
\ / 
C 
// 
C-H 

EtOOCf'COOEt 

• H 
C 
III 
c 
I 

.̂CH i n 

HA 
c 
II 
C-H 
I 

h . c 
/\ 

EtOOC COQEt 
Polymer 

.45 

i 
R-CH2-CH=C^ 

COOEt 

COOEt 

Levy emd Cope"'*' have reported that hepta-2,6-diene 

underwent r e v e r s i b l e Cope rearrangement a f t e r 24 hrf^. 

a t 300° to y i e l d 20-30 per cent 3-niethyl-hexa-l, 5-

diene. I f a s i m i l a r rearrangement were p o s s i b l e i n 

the case of a hex-l-en-5-yne system an a l l e n i c hydro

carbon would be obtained. To i n v e s t i g a t e t h i s rearrsuige-

ment hex-l-en-5^yne (XVl) was prepared from a l l y l 

magnesium bromide i n ether and propargyl bromide i n 

50 per cent y i e l d . There seemed to be no advantage 

i n u s i n g t e t r a h y d r o f u r a n as s o l v e n t and a copper 
89 

c a t a l y s t as suggested by Seirratosa , and normal con

d i t i o n (temperature of 0-20°) was used. 

The en-yne hydrocarbon was i d e n t i f i e d by i t s i . r . . 

s p e c t r a (P„^3300s, 2120w ( C 3 C H ) , l650m (C=C) and 9 1 0 8 

(CsCHg) cmT^ and by i t g . l . c . which showed a s i n g l e 

component. 
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The hexenyne did not rearrange when passed through 

a Pyrex colvunn t i g h t l y packed with glass-wool a t tempera

t u r e s between 200-400° with a contact time of 1-5 min. 

The product was c o l l e c t e d i n a c o l d t r a p a t -66° and was 

shown to be the o r i g i n a l en-yne by i . r . spectroscopy. 

A sample of the en-yne was heated i n a C a r i u s tube 

c< 

product was dark and p a r t l y polymeric ( i n d i c a t i n g that 

some f i s s i o n had occurred? and contained l a r g e l y the 

s t a r t i n g en-yne hydrocarbon (^i/^). At temperatures i n 

excess of 300° the amount of polymeric m a t e r i a l i n c r e a s e d 

r a p i d l y and t h a t of the en-yne diminished. No a l l e n i c 

m a t e r i a l was i s o l a t e d . 

Hence both types of propargyl v i n y l compounds, i . e . 

malonate and u n s u b s t i t u t e d hydrocarbon, did not give am 

a l l e n i c product from Cope rearrangement. T h i s r e s u l t 

f u r t h e r strengthens the importance attached to the a l k y l 

s u b s t i t u e n t s i n the 3 p o s i t i o n f o r t h i s rearrangement. 
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Cyclopropane E s t e r s from the r e a c t i o n of Dimethyl-
sulphoxonium Methylide and ô ,>̂  -tuisaturated E s t e r s 

52 

A p r e l i m i n a r y p u b l i c a t i o n by Corey and Chaykovski 

showed t h a t dimethyIsulphoxonium methylide ( l ) i n 

dimethyl sulphoxide as solvent may be used to convert 

s a t u r a t e d ketones ( l l ) to oxyranes ( i l l ) and (X,^-un

s a t u r a t e d ketones ( I V ) to cyclopropyl ketones ( v ) : -

;c=o )c=c-c^ 
R R R 

R ( I I ) Ke^ © (,v) R^ 0 
;c-o < ^ ; s - c H _ ^ NJ-C-C^ 

( I I I ) ( I ) (J) 

These authors a l s o showed that dimethylsu^^phqi^-iMj^b^ 

methylide ( V l ) converted both the saturated ketones ( l l ) 

and unsaturated ketones ( I V ) to the oxyranes ( i l l ) and 

(VDEl) r e s p e c t i v e l y . The methylide ( V l ) i n l a r g e e x c e s s 

was a l s o a b l e to convert 1,1-diphenylethylene ( V T I l ) to 

1,1-diphenylcyclopropane (XX):-
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M e ^ ® e 
( I l l ) « r. ;S-^-CH„ ^ y ^ - C - 0 

Me \ / 

( V I ) ( Y I I ) 

Ph 
;^C=CH 

Ph i (Yin) 

Ph 

Ph^ \ / 2 

( I X ) 

The sulphoxonium methylide ( l ) t h e r e f o r e provides a 

s e l e c t i v e method f o r converting the saturated ketones 

to oxyranes while the sulphonium methylide ( V l ) provides 

a g e n e r a l method f o r converting a l l types of ketones to 

t h e i r corresponding oxirane d e r i v a t e s . 

I n v e s t i g a t i o n s i n t h i s l a b o r a t o r y of the p r e p a r a t i o n 

of cyclopropanes., e s p e c i a l l y the n a t u r a l l y o c c t i r r i n g 
91 

Hypoglycine A and i t s lower homologue, by the Simmons-
92 93 

Smith method * showed that the Simmons-Smith method 

i s not p a r t i c u l a r l y s u c c e s s f u l w i t h conjugated e s t e r s , 
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and t h i s may be explained by p o s t u l a t i n g that the 

e l e c t r o p h i l i c Simmons-Smith reagent ( x ) w i l l not e a s i l j r 

add to a d e a c t i v a t e d o l e f i n i c double bond. 

V 
(X) + (I-

c 

Zn-Cu + C H g l g y e t l i e r > IZnCHgl + Cu 

.,ZnI 
I ;'-cH2. I 

(X) 

^ I CH + Z n l 

Corey and Chaykovski?s method on the other hand 

i n v o l v e s the n u c l e o p h i l i c reagent ( l ) which would a t t a c k 

an e l e c t r o p o s i t i v e centre (Recently the p r e p a r a t i o n of 
94 

a more a c t i v e Simmons-Smith reagent has been reported 

which i s supposed to add to ^'l^-vinsaturated ketones 

and e s t e r s ^ ^ . T h i s , however, has not been c o n f i r m e d ^ ^ 

The a p p l i c a t i o n of the two methods to the formation of 

cyclopropanes from d i e n o a t e s shauld give complementary 

r e s u l t s , i . e . the dienoate of s t r u c t u r e ( X l ) would be 

expected to y i e l d the O^,"^-methylene adduct ( X I l ) by 

Corey and Chaykovski's method and the ^, <̂  -methylene 

adduct ( X I I l ) by the Simmons-Smith method. 
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R-CH=CH-CH=CH-COOR• 

( I ) (X 

R-CH=CH-CH-CH-COOR» R-CH-CH-CH=CH-COOR' 
^/ \/ 
^^2 CHg 

( X I I ) ( X I I I ) 

I n 1964, Bagley, Smith and ¥olff^^ reported the 

i s o l a t i o n of the e s t e r of a n a t u r a l l y occurring, a l l e n i c 

c y c l o p r o p a n e c a r b o x y l i c a c i d , which they named " L a b a l l e n i c 

a c i d " . They produced evidence to show that t h i s compound 

was 2 , 3-methylene-heptadeca - 4 , 5-dienoic a c i d (XIV,R= 

CH3(CH2)jo.R*=H) 

R-CH=C=CH-CH-CH-COOR» 
\/ 

CHg 

(XIV) 

S h o r t l y a f t e r the p u b l i c a t i o n of t h i s compound 

appeared, our i n v e s t i g a t i o n of the s y n t h e s i s of such 

compaitnds was i n i t i a t e d . Since d i ] ^ l o c a r b e n e s are known 

to be e l e c t r o p h i l e s , they would be expected to a t t a c k the 



81 

d i e n o a t e ( X l ) i n t h e Jf, d - p o s i t i o n to g i v e t h e d i k f e l o -

c y c l o p r o p a n e ( X V ) . Hence work was s t a r t e d on t h e 

f o l l o w i n g scheme f o r t h e p r e p a r a t i o n o f e t h y l 2 , 3 -

m e t h y l e n e - h e p t a - 4 , 5 - d i e n o a t e ( X I V J R=Me, R ' = E t ) a s a 

p r e l i m i n a r y e x p e r i m e n t f o r t h e s y n t h e s i s o f 2 , 3-^lethylene-

h e p t a d e c a - 4 , 5 - d i e n o i c a c i d (XIV,R=CH^(CH2 )JQ, R»=H):-

iCX, 
'R-CH=CH-CH=CH-COOR» 

(xr)) 

( I ) 

R-CH=CH-CH-CH-COOR» 

icx. 

R-CH-CH-CH-CH-COOR* """^^^ > 
\ / \/ 

R-CH-CH-CH=CH-COOR» 

^ (XV) 

n - B u L i 

R-CH=CH=CH-CH=CH-COOR• 

( X V I ) 

( I ) 

R-CH=C=CH-CH-CH-COOR» 
\ / 
CH^ 

( X I V ) 

D i h a l o c y c l o p r o p a n e ( X V ) , however, c o u l d n o t be 

p r e p a r e d from e t h y l s o r b a t e ( X I , R=Me, R»= E t ) by t h e 

potassivu n t - b u t o x i d e and h a l o f o r m method a s t h e e s t e r 
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97 underwent a C l a i s e n t y p e c o n d e n s a t i o n ^ t o g i v e a 
p o l y m e r i c p r o d u c t u n d e r t h e s t r o n g l y b a s i c c o n d i t i o n s useJ, 
Hence t h e g e n e r a t i o n o f d i h a l o c a r b e n e s u s i n g a « e s s e n t i 
a l l y n e u t r a l c o n d i t i o n seemed i m p e r a t i v e . Meanwhile, 
a p p l i c a t i o n o f t h e d i m e t h y l s u l p h o x o n i u m m e t h y l i d e r e a g e n t 
( l ) gave e t h y l 2 , 3 - m e t h y l e n e ^ p e n t - 4 - e n o a t e ( X I I , R=Me, 
R ' = E t ) i n f a i r y i e l d , and t h i s s h o u l d be s u s c e p t i b l e to 
t h e a d d i t i o n o f d i h a l o c a r b e n e t o g i v e (xVI,R=Me, R»=Et) 

and t h e n g i v e t h e r e q u i r e d a l l e n i c c y c l o p r o p a n e (XXV, 
32 

R=Me, R ' = E t ) u s i n g t h e n - b u t y l - l i t h i u m p r o c e d u r e • 

T p i i l e t h i s work was i n p r h g r e s s , Bagfay, S m i t h and 

W o l f f p r e s e n t e d f r e s h e v i d e n c e w h i c h e s t a b l i s h e d 

' L a b a l l e n i c a c i d ' a s a s t r a i g h t - c h a i n a l l e n i c a c i d , 

o c t a d e c a - 5 , 6 - d i e n o i c a c i d and n o t a c y c l o p r o p a n e a l l e n i c 

a c i d , ( X I T , R=CH^(CH2)JQ, R»=H) a s p r e v i o u s l y a d v o c a t e d ^ . 

CH^ ( CHg) £QCH=C=CH(CH2) 3COOH 

(, L a b a l l e n i c acidE 

The above scheme was t h e r e f o r e absuidoned and l a b a l l e n i c 

a c i d was s y n t h e s i s e d by a n o t h e r r e a c t i o n sequence ( s e e 

D i s c u s s i o n , p.tOi^) 

N e v e r t h e l e s s , a . s t u d y o f t h e sulphoxonium m e t h y l i d e 
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r e a c t i o n was extended i n t h i s l a b o r a t o r y to c o v e r 

d i f f e r e n t t y p e s o f u n s a t u r a t e d compounds e.g. t h e 

e n o i c , d i e n o i c and a l l e n i c d e r i v a t i v e s o f e s t e r s y 

n i t r i l e s , k e t o n e s and m a l o n a t e s . 

A f t e r t h i s work had b e e n completed, C o r e y and 
98 

C h a y k o v s k i r e p o r t e d t h a t e t h y l c y c l o h e x e n y l c a r b o x y l a t e 

( X V I l ) , t h e o n l y u n s a t u r a t e d e s t e r s t u d i e d , r e a c t e d 

with, t h e m e t h y l i d e ( l ) t o g i v e a c y c l i c compoimdr ( X I K ) . 

However, t h e work d e s c r i b e d h e r e shows t h a t a c y c l i c o(i^~ 

— u n s a t u r a t e d e s t e r s d i d n o t g i v e s u c h c y c l i c compounds. 

The f o r m a t i o n o f t h e c y c l i c p r o d u c t ( X I X ) would r e q u i r e 

t h e f o l l o w i n g mechcinism:-

CH3 

O 

o 

CH;,-H 

^ O 



o 
II 

CXix) 



85 

The s u l p h o x o n i u m i n t e r m e d i a t e complex w i t h cyclohoxsme 

( X V I I I ) seems t o be more f a v o u r a b l y p l a c e d f o r c y c l i s a t i o n 

owing t o t h e s t r a i n imposed by t h e r i n g s y s t e m , by a 
ester 

Cla.isenj^type°|condensation^o g i v e t h e b i c y c l i c compound 

( X I X ) t h a n t h e e q u i v a l e n t complex w i t h an a c y c l i c s y s t e m 

(XX) w h i c h p r e f e r e n t i a l l y e l i m i n a t e s d i m e t h y l s u l p h o x i d e 

t o g i v e t h e c y c l o p r o p a n e ( X X l ) : 

O O 
II i) 

^ C - O E t R ^ ^ C - O E t 

^C^ I . R-C-R 
^ \ Me ^ R R 

. ^ 2 

Me-S-Me 

0 

(XX) 

0 

R C-QEt 
\ / 

( X X I ) 

T h i s i s borne out by the f a c t t h a t c y c l o p r o p a n e s were 

g e n e r a l l y o b t a i n e d i n good y i e l d from d i m e t h y l s u l p h o x o n i t u n 
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m e t h y l i d e ( l ) and 0 ^ , v ^ - u n s a t u r a t e d e s t e r s , b o t h i n 

d i m e t h y l s u l p h o x i d e ( C o r e y and C h a y k o v s k i ' s method) and 

by a s i m p l i f i e d p r o c e d u r e u s i n g diraethylformamide a s 

s o l v e n t {Mett<oc< 1^, 

F o r m a t i o n o f t h e m e t h y l i d e ( l ) from t r i m e t h y l s u l p h o x -
98 

onium i o d i d e ^ i n d i m e t h y l s u l p h o x i d e andssodium h y d r i d e 

r e q u i r e s about 1 h r . a s i n d i c a t e d by t h e e v o l u t i o n o f 

hydrogen, and a f u r t h e r 1-3 h r . i s n e c e s s a r y a t tempera

t u r e s o f 2 0 - 6 o ° t o complete t h e f o r m a t i o n o f t h e c y c l o 

p r o p a n e a f t e r t h e a d d i t i o n o f an u n s a t u r a t e d k e t o n e o r 

e s t e i r . 

On t h e o t h e r hand,the p r o c e d u r e u s i n g d i m e t h y l f o r m a m i d e 

a s s o l v e n t g i v e s improved y i e l d s and i s p a r t i c u l a r l y u s e f u l 

f o r compounds w i t h e l e c t r o n d o n a t i n g s u b s t i t u e n t s a t t h e 

M i c h a e l r e c e p t o r s i t e ( s u c h s u b s t i t u e n t s would be e x p e c t e d 

t o s l o w down t h e r e a c t i o n ) or r e a d i l y p o l y m e r i s a b l e e s t e r s 

( s e e T a b l e l) , compounds ( 3 ) , (6 ) and (9)}. F o r m a t i o n o f 

m e t h y l i d e . ( i ) i n d i m e t h y l f o r m a m i d e i s a spontaneous 

e x o t h e r m i c p r o c e s s w h i c h i s compl e t e i n 5 min, and i s 

accompanied by c o p i o u s e v o l u t i o n o f hydrogen. The a d d i 

t i o n o f o^ , > ^ - u n s a t u r a t e d e s t e r o r k e t o n e t o t h e m e t h y l i d e 

( l ) t h e n g i v e s r i s e t o a f u r t h e r ejcothermic r e a c t i o n w h i c h 

i s v i r t u a l l y c o m p l e t e i n 30 min. 
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Sodium h y d r i d e i s r e p o r t e d ^ ^ t o r e a c t w i t h dinOs^hyl-

formamide t o form d i e t h y l a m i n e and c a r b o n monoxide a t 

t e m p e r a t u r e s above lOO*'. As t e m p e r a t u r e s between 20-k0° 

were u s e d h e r e f o r t h e p r e p a r a t i o n o f c y c l o p r o p a n e s , no 

d i f f i c u l t i e s %>rere e x p e r i e n c e d w i t h s i d e r e a c t i o n s . T h i s 

t e m p e r a t u r e r a n g e i s a c h i e v e d by c o n t r o l l i n g t h e r a t e o f 

a d d i t i o n o f t h e r e a c t a n t s w h i c h c o n t r o l s t h e amovmt o f 

h e a t e v o l v e d . Thus no e x t e r n a l h e a t i n g i s n e c e s s a r y f o r 

ajiy s t a g e o f t h i s r e a c t i o n . 

E s t e r s o f t r a n s - e n o i c a c i d s were used t h r o u g h o u t 

t h i s work. Gt. I . e . u s i n g two d i f f e r e n t s t a t i o n s k r y p h a s e s 

gave a s i n g l e peak f o r e a c h p r o d u c t ; h y d r o g e n a t e d p r o d u c t 

o f t h e c y c l o p r o p e u i e e s t e r p r e p a r e d from a d i e n o a t e a l s o 

g a v e a s i n g l e peak on g . l . c . The m e l t i n g p o i n t s and 

mixed m e l t i n g p o i n t s o f t h e c y c l o p r o p a n e c a r b o x y l i c a c i d s 

o b t a i n e d by h y d r o l y s i s o f the e s t e r s compared w e l l w i t h 

t h e l i t e r a t u r e s v a l u e s . Hence t h e p r o d u c t s were asstuned 

t o be e s s e n t i a l l y t h e t r a n s - s u b s t i t u t e d c y c l o p r o p a n e s 

r e s u l t i n g from s t e r e o s p e c i f i c a d d i t i o n . 

N.m.r. s p e c t r o s c o p y p r o v i d e d f u r t h e r e v i d e n c e f o r 

t h e s t e r e o s p e c i f i c i t y o f t h e r e a c t i o n . E t h y l 2-methyl-

c y c l o p r o p a n e - l - c a r b o x y l a t e shows a s i n g l e q u a r t e t f o r t h e 
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CH \ ^ H 
e s t e r methylene protons ( ^ ^ \ . /^\. \ 

'V 5»90 (lT.M.R.12). Furthermore, di e t h y l 2,2-dimethylcyclop^opane-

l , l -dicarboxylate ( X X I I I , R=S'=Me) also shows a single quartet 

f o r the two equivalent e s t e r methylene protons 

.CH-\ /COOCH CH . 
( C I I ^ / \ y \ ^ ^ ) at r 5.86 (N.M.R.17); at high 
^ CH^^ V ^ COOCHgCH^ 

res o l u t i o n , a d i f f u s e quartet i s obtained, probably due to 

conformational asymmetry. But di e t h y l 2-methylcyclopropane-l,1-

-dicarboxylate ( X X I I I , R=Me,R'=H) shows two quartets (separated 

by 2.4 c./sec.) centred at 5.82 and 5.86 (J=7.2 c./sec. f o r 

each quartet) (N.M.R.13) probably due to the magnetic influence 

of the cis-metbyl and hydrogen-substituent on the cyclopropane 

r i n g . Two quartets would s i m i l a r l y be expected for a mixture 

of the c i s - and t r a n s - e t h y l 2-methylcyclopropane-l-

-carboxylate owing to a d i f f e r e n t magnetic effect caused by each 

geometrical isomer. The si n g l e sharp quartet observed f o r 

e t h y l 2-methylcyclopropane-l-carbo2ylate thus also i n d i c a t e s 

that i t i s e s s e n t i a l l y the tr a n s - isomer (^95^)« 

I t was found that i n every case where the a l k y l 

substituents on the ̂  -carbon of the alkylidene malonate or 
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t h e 2 - c a r b o n o f t h e c y c l o p r o p y l malonate a r e d i f f e r e n t 

( i . e . X X I I and X X I I I R ^ R » ) , two q ^ i a r t e t s f o r t he 

n o n e q u i v a l e n t p a i r o f e s t e r methylene p r o t o n s and two 

t r i p l e t s f o r t h e n o n e q u i v a l e n t p a i r o f e s t e r m e t h y l 

p r o t o n s a r e o b s e r v e d ( s e e N.m.r. Nos.1 3 - 2 2 ) . T h i s 

c a n n o t be due t o extended s p i n - s p i n i n t e r a c t i o n a s t h e 

n e a r e s t p r o t o n from t h e e s t e r m e t h y l e n e group i s s e p a r a t 

ed by a t l e a s t f o u r atoms. T h i s phenomenon i s o b s e r v e d 

o n l y when t h e r e i s asymmetry about t h e double bond o r 

c y c l o p r o p a n e ( i . e . when R^jtR') and when a p a i r o f c a r b o x y l -

i c e s t e r group i s a t t a c h e d t o t h e double-bonded carbon o r 

c y c l o p r o p a n e r i n g , and may be due e i t h e r t o the p r o x i m i t y 

o f t h e two c a r b o x y l i c e s t e r groups so t h a t the r e s t r i c t e d 

r o t a t i o n o f t h e e s t e r e t h y l groups makes them non-

e q u i v a l e n t , o r due t o the m a g n e t i c i n f l u e n c e o f t h e c i s -

a l k y l s u b s t i t u e n t s on t h e ^C=C:^ o r c y c l o p r o p a n e r i n g . 

0 O 
li 11 

R^ C-O-CH CH R, C - 0-CH„CH 

R' C-0-CH_CH_ R» C - 0-CH„CH^ 
II ^ II 2 3 
0 0 

( X X I I ) ( X X I I I ) 
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I t had a l r e a d y b e e n d e m o n s t r a t e d t h a t d i e n o n e 

M i c h a e l r e c e p t o r s w i t h m e t h y l i d e ( l ) gave o( - or 

, ^ - a d d i t i o n a c c o r d i n g t o s t ^ r i c c o n s i d e r a t i o n s . 

T h u s e u c a r v o n e gave t h e 0( - a d d u c t ^ ^ (XXIV) b e c a u s e 

o f s t e r i c i n h i b i t i o n o f t h e -double bond by t h e 

6 . 6 - d i m e t h y l group whereas 1 5'-hydroxy-androsta - 4 , 6 -

d i e n - 3 - o n e added t h e m e t h y l i d e ( l ) t o t h e more exposed 

6 . 7 - d o u b l e bond t o g i v e t h e c y c l o p r o p a n e (XXV)^*^° 

( X X I K ) (XXV) 

B o t h e t h y l d i e n o a t e s i n v e s t i g a t e d h e r e , e t h y l p e n t a -

2 , 4 - d i e n o a t e and e t h y l h e x a - 2 , 4 - d i e n o a t e , gave m a i n l y t h e 

C< , ^ - a d d u c t s ( X X W ) R=H o r Me, R»=Et) i n d i c a t i n g t h a t 

i n t h e absence o f s t r o n g s t e r i c e f f e c t s , a t t a c k i n t h e 

3 - p o s i t i o n o f t h e M i c h a e l r e c e p t o r i s p r e f e r r e d t o a t t a c k 

i n t h e 5 - P o s i t i o n , 

R-CH=CH-CH-CH-COOR« R- CH-CH-CH-CH-C OOEt 
\/ \/ \/ 
CH^ CH^ CH^ 

(XXVIE) ( X X V T I ) 
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However, under f o r c i n g c o n d i t i o n s , w i t h a f o u r - f o l d e x c e s s 

o f m e t h y l i d e ( l ) , e t h y l h e x a - 2 , 4 - d i e n o a t e gave 35 p e r 

c e n t o f the b i s - a d d u c t ( X X V I l ) showing t h a t , - a t t a c k 

c a n be r e a l i s e d . A poor y i e l d o f t h e }ft^ -adduct ( X X V I I I , 

R=Me, R*=E t ) was a l s o i s o l a t e d a s one o f the r e a c t i o n 

p r o d u c t s , and i d e n t i f i e d by e l e m e n t a l a n a l y s i s , i . r . and 

u.v, s p e c t r o s c o p y . 

R-CH-CH-CHgCH-COOR« ^3'>C—.CHCOOEt 

( X X V I I I ) ( x x i x ) 

E t h y l 3 , 3 - d i m e t h y l a c r y l a t e gave o n l y a 9 p e r c e n t 

y i e l d o f t h e c o r r e s p o n d i n g c y c l o p r o p a n e ( X X I X ) by t h e 

d i m e t h y l f o r m a m i d e p r o c e d u r e a l t h o u g h a t w o - f o l d e x c e s s 

o f t h e m e t h y l i d e ( l ) was u s e d . T h i s r e s u l t cannot be 

e x p l a i n e d on grounds o f s t e r i c i n h i b i t i o n t o a t t a c k by 

m e t h y l i d e ( l ) a s t h e a n a l o g o u s malonate and k e t o n e g i v e 

91 p e r c e n t and 76 p e r c e n t y i e l d s o f t h e c o r r e s p o n d i n g 

c y c l o p r o p a n e s ^ a b l e I , (11) and (iS^J. E l e c t r o n d o n a t i o n 

by two m e t h y l groups a p p a r e n t l y c a n c e l s t h e e f f e c t o f t h e 

weak e l e c t r o n a t t r a c t i o n o f a s i n g l e c a r b o x y l i c e s t e r 
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group a t the Michael r e c e p t o r s i t e , but not the .electron 

a t t r a c t i o n of two c a r b o x y l i c e s t e r groups or a ketone 

carbonyl group. 

1-Cyanoallenes gave only 10 per cent of d i s t i l l a b l e 

products by both the dimethyl sulphoxide and dimethyl-

formajnide procedure; i . v . , u.v. and n.m.r. s p e c t r a 

i n d i c a t e d that these c o n s i s t e d mainly of isomerised 

1 , 3-dienes. The bulk of the product was polymeric. 

E t h y l buta - 2 , 3-dienoate (prepared by the method of 

E g l i n t o n , Jones, Mansfield and Whi t i n g ^ ^ ^ gave a product 

which was l a r g e l y w a t e r - s o l u b l e , and evaporation of the 

aqueous e x t r a c t s gave a s o l i d , probably the resonance 

s t a b i l i s e d adduct (XXX):-

H 
\;=C=CH-C-QEt + CH;—^^8=0 > ^C=C-CH-C-QEt 

Me " CH2 

Me-S®-Me 
II 
0 

0 
y yS-c=cH-c-OEt 

CH_-C=CH-C-OEt < H „ Vw 

J " Me-S^-Me 
Me-S-Me ' U 

li 0 
0 

(XXXI) (XXX) 
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I n t h e a b s e n c e o f w a t e r ( i . e . t h e absence o f p r o t o n s 

f o r decomposing the i n t e r m e d i a t e complex) and on e v a p o r a 

t i o n o f t h e s o l v e n t , a q u a n t i t a t i v e y i e l d o f an o i l y 

p r o d u c t was o b t a i n e d w h i c h had s i m i l a r u.v. a b s o r p t i o n 

t o t h a t o f d i m e t h y l s u l p h o H o n i u m 3 - e t h o x y c a r b o n y l - 2 - p h e n y l a . 

a l l y l i d e , o b t a i n e d from e t h y l p h e n y l p r o p i o l a t e ^ ^ ' ^ ^ ^ * T h i s 

compound ( X X X l ) f o r m u l a t e d a s d i m e t h y l s u l p h o x o n i u m - 3 - e t h o x y -

c a r b o n y l - 2 - m e t h y l a l l y l i d e , however, was u n s t a b l e , w i t h a 

h a l f - l i f e o f 90 min,, and c o u l d n o t t h e r e f o r e be i s o l a t e d . 

E t h y l 4 - p h e n y l - p e n t a - 2 , 3 ^ d i e n o a t e ^ ^ ^ 6 a v e t h e r e c o v e r e d 

a l l e n e e s t e r p r e s u m a b l y due t o the s t e r i c i n h i b i t i o n o f 

the m e t h y l and pheny^l groups on t h e - c a r b o n , i . e . t h e 

s i t e a t w h i c h t h e m e t h y l i d e ( l ) i s supposed t o a t t a c k . 

I t was i n t e r e s t i n g t o compare t h e u.v. a b s o r p t i o n 

s p e c t r a o f c y c l o p r o p y l e s t e r s w i t h t h o s e o f the c o r r e s 

ponding - i m s a t u r a t e d e s t e r s . A l t h o u g h t h e c o n j u g a t i v e 

i n f l u e n c e due to the c y c l o p r o p a n e r i n g ( c o n s i d e r i n g e i t h e r 

W a l s h e s model"^^-? o r a "bent-bond" model^^'*^) h a s been 
2 

E e p o r t e d s i n c e t h e i n c e p t i o n o f t h e c o n c e p t s o f sp, sp 

and s p - ' h y b r i d i s a t i o n and o f ^ and. TT bonds i n t h e e a r l y 

1930's, no s a t i s f a c t o r y u n i f i e d a c c o u n t o f and t h e o r e t i c a l 

e x p l a n a t i o n f o r t h e u.v. a b s o r p t i o n s o f compounds c o n t a i n i n g 
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c y c l o p r o p y l group i n c o m b i n a t i o n w i t h c a r b o n y l group 

and n e i g h b o u r i n g o l e f i n i c group h a s been p u b l i s h e d . 

S m i t h and Rogi'er"''^^ i n X95^ o b s e r v e d t h a t t h e r e was 
\y\ the w-̂ - ^pectruYr\ 

no s i g n i f i c a n t difference|(^between c y c l o p r o p a n e ( X X X I l ) 

and a l k y l s u b s t i t u t e d b e n z e n e s ( X X X I I I ) , R = a l k y l ) . 

( X X X I I ) ( X X X I I l ) 

T h u s i t was shown t h a t a t e r m i n a l c y c l o p r o p y l group p l a y s 

no p a r t i n c o n j u g a t i o n . S i m i l a r l y Eastman"*"^^ showed t h a t 

compounds (XXXIV) and (XXXV) had s i m i l a r u.v. a b s o r p t i o n 

( i n t h e p o s i t i o n o f t h e maxima and a m t e n s i t y ) . 

( X X X I V ) (XXXF) 

>\nax » 2 , 9 9 0 ) 210 mfy{ £ , 2 ,^70 ) 

Anax ^ ( € , 6 2 ) /Vax ^ ^ ( ^ ' ^ 5 ) 

107 

E a s t m a n and Freeman , however, o b s e r v e d t h a t t h e u.v. 

a b s o r p t i o n s o f compounds (XXXVT) and (XXXVTl) were a l s o 

s i m i l a r : -
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Me 

Me 
^C=CH-

M e ^ M e 

( X X X V I I ) 

C-Me 

(X X X V I ) 

^max 2^5-5 , 1 3 , 6 0 0 ) 237 ^ ( t , 13 ,600) 

But t h e i r u.v. a b s o r p t i o n was d i f f e r e n t from t h e c a l c u -

l a t e d v a l u e f o r t h e 1^)C=C-C=C-C=0 s y s t e m (by Woodward's ) t 

rule^°®, y^^^ oa.300 v^) 

On t h e o t h e r hand t h e UILV. a b s o r p t i o n o f compound 

( X X X V I I l ) was a p p r o x i m a t e l y the same a s t h a t c a l c u l a t e < i 

f o r t h e ^C=C-C=C-C=0 s y s t e m . T h i s was e x p l a i n e d t h e o r e -
109 

t i c a l l y b y R o b e r t s aJid H a z u r a s b e i n g due to t h e 

e l e c t r o n d e l p c a l i s a t i o n c a u s i n g t h e c o l l a p s e o f the 

b i c y c l i c s y s t e m ( X X X V I I I ) t o a d i p o l a r s y s t e m (XXXIX) i n 

w h i c h t h e p o s i t i v e c h a r g e i s d e l o c a l i s e d o v e r f o u r r i n g -

-carbon atoms 3 » ^ , 5 » and 6-(S-

( X X X V I I I ) 

b© 
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Hence i t was c o n c l u d e d t h a t c o n j u g a t i o n i s p o s s i b l e when 

t h e c y c l o p r o p a n e r i n g i s a t the end o f a c o n j u g a t e d c h a i n 

but n o t w i t h c o n t i g u o u s u n s a t u r a t e d groups.. E a s t m a n and 
107 

Freemeui s t a t e d t h u s : "The c y c l o p r o p a n e r i n g bears, l i t t l e 

c h r o m o p h o r i c s i m i l a r i t y t o the v i n y l group when p l a c e d a s 

a c o n n e c t i n g l i n k between chromophores, i . e . u n s a t u r a t e d 

e l e c t r o n s o f t h e c y c l o p r o p a n e r i n g l a c k t h e p r o p e r t y o f 

TT e l e c t r o n s i n g e n e r a l o f f u n c t i o n i n g c e n t r a l l y i n a 

c h a i n o f c o n j u g a t i o n . " 

Work done h e r e c o n f i r m s some o f t h e above c o n c l u s i o n s 

b u t a r r i v e s a t a s l i g h t l y d i f f e r e n t r e s u l t s . B o t h c y c l o 

p r o p y l e s t e r s and t h e c o r r e s p o n d i n g - x u i s a t u r a t e d e s t e r s 

a b s o r b i n t h e same r e g i o n o f t h e u.v. s p e c t r u m a t 206-210 

v^, b u t t h e i n t e n s i t y o f t h e c y c l o p r o p y l e s t e r (^ ,100-200) 

i s between 30 t o 80 t i m e s weaker thein t h e i i n s a t u r a t e d e s t e r 

( £ , 8 0 0 0 - 1 3 , 0 0 0 ) . C y c l o p r o p y l k e t o n e s a l s o a b s o r b n e a r 

207 m̂ . ( 1 , 1 3 0 0 - 2 , 5 0 0 ) , but a l k y l s u b s t i t u t i o n does n o t 

pro d u c e t h e norm a l b a t h o c h r o m i c shifjts"'''^^ produced by 

s u b s t i t u e n t s on i m s a t u r a t e d , k e t o n e s . A c y c l o p r o p a j i e 

between two u n s a t u r a t e d groups a s i n Me-CH=CH-CH-CH-COOEt 

e f f e c t i v e l y b l o c k s c o n j u g a t i o n . However, t h e i n t e n s i t y o f 

t h e n o r m a l a b s o r p t i o n band a t 207 /̂U i s i n c r e a s e d t e n - f o l d 



97 

( t o € , 3,700). T h i s corresponds to a high energy t r a n s i 

t i o n , and there can be l i t t l e d e l o c a l i s a t i o n of the "bent 

bond" e l e c t r o n s i n the cyclopropane. On the other hand, 

a s u r p r i s i n g l y l a r g e bathochromic s h i f t (a)^=30 ^ ) r e s u l t s 

from a - c y c l o p r o p y l s u b s t i t u e n t on the 2-enoic e s t e r group 

as i n Me-CH-CH-CH=CH-COQEt, together w i t h an i n c r e a s e i n 

i n t e n s i t y ( l ^ , 5,000-10,000). However^ the u,v. absorption 

maximum, of ( X I I I , R*=Et) d i f f e r s from that of the dienoate 

( X I , R*=Et) by ̂ 0 lyu and i t i s almost h a l f ^ i n t e n s i t y , 

u n l i k e t h a t of the b i c y c l i c system (XX5CVIII) quoted by 
107 

Eastman and Freeman 

Table I l i s t s the cyclopropane e s t e r s prepared by the 

dimethylsulphoxonium methylide r e a c t i o n and compares t h e i r 

u.v. absorptions w i t h those of t h e i r 0( -unsaturated 

p r e c u r s o r s . 

/Table I . . . 
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>v< 
Cyclopropnnei EstCfS 

R R» R" R"' b.p./ C 
Y i e l d ( ^ ) 

by 
Method A 

Y i e l d ( ^ ) 
by 

Method B 

1 H H H COOEt 134 65 — 

2 Me H H COOEt 76/70 60 62 
3 H H Me COOMe 72/120 0 29 
4 Me Me H COOEt - - 9 
5 P r H H COOEt 80-82/5 - 79 

Ph H H COOEt 110/1 30 42 
7 H H COOEt 58/1 62 -

H H H CH=CHCOOEt - - -
8 MeCH=CH H H COOEt 106/15 47 -

Me H H CH=CHCOOEt 106-108/15 10 -
9 COOEt H H COOEt 108-110/12 -

10 Me H COQEt COOEt 66-68/0.5 - 80 
11 Me Me COOEt COOEt 85-86/0.5 - 91 
12 E t H COOEt COOEt 102-104/3 - 85 
13 i s o - P r H COOEt COOEt lstO/2- • - 80 
14 Ph H COOEt COOEt 140/0.1 - 76 
C^5 Me Me H cockle 40-42/30 - 7 6 ) 

/TABLE I contd.. 
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R 

R ,>x7< 
R" 
Rift 

\ f 

^max 

• 206 4,785 207 106 
i. 208 13,115 206 l6o 
3. 
4. 

208 8,511 206 194 

S. 210 13,100 207 187 
(>. 277 19,215 220 8,500 
1. 2k7 23,200 205 2,890 

tt I I 330.5 16^500^^^ 
258 29,390 207 3,700 

It H 235 17,160 
246 639 207 ^77 

;o 210 12,750 210 300 
II 209 13,020 204 541 

210 13,090 208 342 
'1> 209 13,290 209 402 
14 280 24,055 218 10,^80 

237 10,470 207 2;V85^") 
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Asymmetric S y n t h e s i s of Cyclopropane E s t e r s f r o n the 
O f . - U n s a t u r a t e d E s t e r s by the Dimethylsulphoxonitun 
Methylide R e a c t i o n 

P a r t i a l asymmetric s y n t h e s i s of trans-2-phenyleyelo-

propanecarboxylic a c i d has been a s u b j e c t of recent 

i n v e s t i g a t i o n u s i n g methods i n v o l v i n g diazomethane on 

(-)-menthyl cinnamate^"^^, phenyl-magnesium-bromide on 

(-.)_menthyl 4-bromo-pent-2-enoate'^''"^ and Simmons-Smith 

reagent (iZnCHgl) on 0^,^-unsaturated e s t e r s ^ ^ , followed 

by a l k a l i n e h y d r o l y s i s . 

I n order to determine the s t e r e o s p e c i f i c i t y of the 

dimethylsulphoxonium methylide r e a c t i o n with -unsatu

r a t e d e s t e r s , we chose £in o p t i c a l l y a c t i v e aromatic and 

a l i p h a t i c Ô ,'̂  -unsaturated e s t e r , i . e . (-)-menthyl 

cinnamate and (-)-menthyl erotonate, the c o n f i g u r a t i o n of 

both these enoates and t h e i r corresponding cyclopropanea 

being w e l l known^^ ' •'••̂^ ' ' •'••'•̂. I t was found that f o r 

both the e s t e r s , the a l k a l i n e h y d r o l y s i s of the (-)-menthyl 

cyclopropanecassbbxylates ggve (-)-cyclopropanecarboxylic 

a c i d s . The p u r i t y of the a c i d s were determined by melting 

p o i n t , mixed melting point and g . l . c . on the e t h y l e s t e r s 

prepared from them, 

lonouye, Takehana, Sawada and Ohno^^ obtained ( + ) -
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118 (lSi£S)-2-ipethylcyclopropanecarboxylic a c i d and 
( - ) - (lR,2R)-2-phenylcyclopropanecarboxylic acid"'"'^^ * ̂ '̂̂  
by the Siimnons-Smith r e a c t i o n with (-)-menthyl crotonate 
and (-)-menthyl cinnamate r e s p e c t i v e l y . They explained 
t h i s r e s u l t s b y c o n s i d e r i n g a methylene t r a n s f e r mechanism 
through a t r a n s i t i o n intermediate i n v o l v i n g simultaneous 
c o o r d i n a t i o n of z i n c of the Simmons-Smith reagent with 
e s t e r carbonyl oxygen which give s a t w i s t e d c i s o i d a l 
conformation of both the 0^,\^-imsaturated e s t e r s . 

R I 

^ICHp". :Zn — 

A 
H C — 0' 

I 
OR 

I n the case of the a l i p b a t i c e s t e r , the r e l e a s e of z i n c 

i o d i d e l e d to the formation of (+)-(lS,2S)-cyclopropane-

c a r b o x y l i c a c i d as expected. But f o r the aromatic e s t e r , 

the conjugation ^^rith the phenyl group, they explained, 

enhances the n u c l e o p h i l i c i t y of the p a r t i a l -double 

bond so that another molecule of the Simmons-Smith reagent 

a t t a c k s t h i s bond and the methylene t r a n s f e r takes place 

at the side which i s l e s s hindered, thus l e a d i n g to the 

formation of ( - ) - ( t R , a R ) - c y c l o p r o p a n e c a r b o x y l i c a c i d . 
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I n our i n v e s t i g a t i o n , we obtained the l a e v o r o t a t o r y 

c y c l o p r o p a n e c a r b o x y l i c a c i d s f o r both these examiples, 

and t h e r e f o r e the same stereochemical mechanism must 

operate f o r both of themi. 

A f t e r t h i s work was completed, a paper by Nozaki, I t o , 

Tunemoto eind Kohdo'''^^, who used (-)-menthyl cinnamates 

( w i t h and without ring, s u b s t i t u e n t s ) and dimethyl

sulphoxonium methylide and dimethylsulphonium methylide 

followed by a l k a l i n e h y d r o l y s i s showed that they a l s o 

obtained l a e v o r o t a t o r y 2 - a r y l c y c l o p r o p a n e c a r b o x y l i c a c i d s . 

As the l a e v o r o t a t o r y cyclopropanecarboxylic a c i d has 
117 

the c o n f i g u r a t i o n (lR,aR) , the following mechanism ±nVoi\/in^ 
of the, meffiytit^e- ô , ester î ^ ifcy pre^ferr-ec( coyi-fartyta-t'iCnjremiht 

uhioh the a t t a c k ^ o f tho-oonformor from the side of the 
s m a l l e s t grouper, must operate:-

R« ^ H R» H 
c = C 

y \ ( I ) / H C = 0 -> H 
.M 

i 
C \ 

C = 
r / 

^ 1 2̂ 
X 

Me L S 
II 
0 

R H 

l / "̂ COOH 

(«)-(lR,J5R) 
(R»=Me,Ph) 
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S y n t h e s i s and Absolute C o n f i g u r a t i o n of N a t u r a l l y 
Oc c u r r i n g Non-conjugated A l l e n i c Acid 

L a b a l l e n i c A cid 
664 

The second p u b l i c a t i o n by Bagley, Smith and Wolff 

demonstrated t h a t , c o n t r a r y to e a r l i e r evidence^ (see 

Introduction- p.34)» the s t r u c t u r e of l a b a l l e n i c a c i d 

must be octadeca-5,6-dienoic a c i d : -
CH^ ( CHg ) j ^ ^ CH=C=CH-( CHg ) 5COOH 

The evidence r e s t e d mainly on s p e c t r o s c o p i c and chemical 

a n a l y s i s , d e t a i l s of which are given i n the I n t r o d u c t i o n . 

T h i s a c i d was s y n t h e s i s e d i n t h i s l a b o r a t o r y by the 

f o l l o w i n g r o u t e r -

l-TetraJiydropyranyloxypent-2-en-4-yne ( l ) with lithiumi 

i n l i q u i d ammonia and n-undecyl bromide gave 1-tetrahydro-

pyranyloxyhexadec-2-en-4-yne ( l l , R=tetrah,ydropyranyl) 

which was hydrolysed to hexadec-2-en-4-yn-l-ol ( l l , R = H ) . 

120 

T h i s was reduced w i t h l i t h i u m alviminium hydride to 

g i v e hexadeca-3,4Tdieh-l.-ol ( i l l ) \irhich was converted 

to the corresponding bromide by the triphenylphosphite 
121 

dibromide method . l-Bromohexadeca-3,4-diene and 

d i e t h y l sodiomalonate gave the hexadeca-3,4-dienej[^6Bi8er 

( l Y ) which was hydrolysed and decarboxylated to give 



l a b a l l e h i c a c i d (V, R=H). 
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HCSCCH=CHCH20R 
( I ) 

LiNHg.liq.NH^ 

C H ^ (CHg ) J^QC5CCH=CHCH20R 

( I I ) 

LiAlH, 

CH^ ( CHg ) ^ Q C H = C = C H C H2C H20H 

( I I I ) 

(PhO)3PBr2 

CH^ ( CH2 ) j^QCH=C=CHCH2CH2Br 

Na®®OEt CH_( COOEt), 

CH^( CH2) J^QCH=C»CHCH2CH2CH( COQEt) ̂  

(TV) 

H2O , -co^ 

C H ^ (GH2 ) ^ Q C H = C = C H C H2C H2C H2C00R 

(V) 
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Trans-pent-2-en-4-yn^l-ol was prepared i n 39 ^ 

y i e l d f r o a sodium a c e t y l i d e (2 mole ) and l-chloro-2,3-
122 

epoxypropane . 

HCSC-Na + Cl-CH^-CH—CH„ * HC5C-CH-Sl-CH„-0® 

HC5C-CH=CH-CH2-OH 

G . l . c . gave only one peak, i t s i . r . spectrum showed a 

strong band a t 9 6 O ( t r a n s BEX=CH) cm. ^, and absence of 
-1 

bands i n the 700-75^ cm, region, i n d i c a t e d that no 

c i s - f o r m was pr e s e n t . T h i s i s i n agreement w i t h the 

ex p l a n a t i o n o f f e r e d by Bajb£$, Jones and Whiting^^-^ that 

any c i s - p e n t - 2 - e n - 4 - y n - l - o i formed i n t h i s r e a c t i o n 

would undergo c y c l i z a t i o n l e ading to the formation of 

2- methylfuran which i s too v o l a t i l e to be detected or 

i s o l a t e d from: a reaction, using l i q u i d ammionia. 

Trans-pent-2-ett-4-yn-l-ol was converted to 1 - t e t r a -

hydropyranyloxypent-2-en-4-yne ( l ) by shaking with 2, 

3- dihydropyran a c i d i f i e d w i t h a c a t a l y t i c qxiantity of 
128 

concentrated h y d r o c h l o r i c a c i d ( i n 90-925^ y i e l d ) or 
124 

p-toluenesulphonic a c i d ( i i i 9 5 ^ y i e l d ) . 
125 

Henne and Greenlee showed t h % t when R y C^K^^^ 
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a l k y l a t i o n of a c e t y l e n e s proceeded more smoothly i n the 

presence of li t h a m i d e r a t h e r than sodamide i n l i q u i d 

ammonia owing to a d i f f e r e n c e i n s o l u b i l i t y . Thus n-

undecyl bromide (prepared by the method of Luttringhaus 
126 

and Schade ) was added to l-tetrahydropyranyloxypent-

2-en-4-yne ( l ) i n the presence of lithamide i n l i q u i d 

ammonia to gi v e a 57'^ y i e l d of 1-tetrahydropyranyl-
oxyhexadec-2-en-4-yn-l-ol (lI,^R=tetrahydropyranyl) . 

127 

Evans was unable to i s o l a t e the pure tetrahydro-

p y r a n y l e t h e r s and he hydrolysed the impure d e r i v a t i v e 

by h e a t i n g i t iinder r e f l u x with concentrated h y d r o c h l o r i c 
128 

a c i d i n methanol f o r s e v e r a l hr. M i l l e r , htowever, 

found t h a t p u r i f i c a t i o n of the dthers by d i s t i l l a t i o n 

followed by h y d r o l y s i s of the pure ether gave a b e t t e r 

y i e l d of the r e q u i r e d imsaturated a l c o h o l s . 

1 -Tetrahydropyrany1oxyhexadec-2-en-4-yne ( l I , R = t e t r a -

hydropyranyl) was t h e r e f o r e d i s t i l l e d and ttte pure t e t r a -

hydropyranyl ether hydrolysed with, hydrochloric^ .acid/ 

methanol to y i e l d 56^ hexadec-2-en-4-yn-l-ol (II,R=H) , 

the enynol was reduced with l i t h i u m aluminium hydride"^^-^''''^^ 

give hexadeca-3,4-dien-l-ol.Each coii^)ound gave c o r r e c t 

elemental a n a l y s i s and gave e s s e n t i a l l y a s i n g l e peak 

on the g . l . c . The s p e c t r o s c o p i c evidence f i t t e d w e l l 
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w i t h t h e i r s t r u c t u r e s e.g. i-tetrahydropyranyloxy-

hexadec-2-en-4-yne ( I I , R=tetrahydropyranyl) showed bands 

i n the i.r. s p e c t r u m a t 7^ 2230m (conjugated -C=C-), 

1650m (C=C), 960s (HCt=CH) and the c h a r a c t e r i s t i c 

t e t r a h y d r o p y r a n y l ether bands at 1195ms, 1175m, 1120vs, 

IOI5VS, 870s and 8 l 4 s cm. f o r hexadeE-2-en-4-yn-l-ol 'M 

(II,R=H) at 7 ) 3kOOs (-0H), 2230m (conjugated -CBC-), 

1650 (C=C), 960s ( H C = O H ) c m . a n d f o r hexadeca - 3 , 

4 - d i e n - l - o l ( i l l ) a t ~ I > ^ ^ 3 ^ 0 0 s (-0H), 1950m (C=C=c)c^^. 
1 TO 

The u.v. s p e c t r a of (l,R=H and tetrahydropyranyl) and 

(II,R=H and te t r a h y d r o p y r a n y l ) were s i m i l a r as expected 

(See U . y . N o . l l ) . 

The l-bromohexadeca - 3 ,4-diene could not be i s o l a t e d 

i n pure form'. F r a c t i o n a t i o n gave a dark l i q u i d . I t was, 

d i s t i l l e d from triphenylphosphate and the crude d i s t i l l a t e 

was used i n the next stage of the r e a c t i o n . 

L a b a l l e n i c a c i d was i s o l a t e d as an o i l which could not 

be- d i s t i l l e d oxt a mercury vapour pump nor could the o i l be 

c r y s t a l l i z e d . I t showed '2^ ^ 3 3 0 0,a600b ( C O O H ) , 1950W 

(C=C=C) and 1700s (C=0) cm.""''; the p-bromophenacyl e s t e r 

was prepared and c r y s t a l l i z e d from ethanol and i d e n t i f i e d 

by elemental analysies; as w e l l as by melting point c o r r e l a 

t i o n w i t h the same d e r i v a t i v e prepared by Bagley, Smith and 
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Wolff , Methyl l a b a l l e n a t e was prepared from l a b a l l e n i c 

acid^methanol and hydrogen c h l o r i d e and gave c o r r e c t 

elemental a n a l y s i s , with the expected 1950w (C=C=C) and 

1750s (C=0) bands i n the i.r.spectrum. I t gave a s i n g l e 

peaLk on g . l . c . Hydrogenation of the e s t e r using Adam's 

platinum oxide y i e l d e d methyl s t e a r a t e i d e n t i f i e d by 

melting, and mixed melting point. 

( R ) - ( - ) - L a b a l l e n i c A cid 

When hexadec-2-en-4-yn-l-ol (II,R=H) was reduced) 

w i t h the l i t h i u m alvuninixim hydride-3-O-benzyl-l, 2-cyclo-

hexylidene-D-glucofuranose complex , (-)-hexadeca-3, 

4 - d i e n - l - o l foiJJ^^ -4.4° was obtained. 
131 

Landor, M i l l e r , Regan and T a t c h e l l showed that 

r e d u c t i o n of 2-^n-4-yn-l-ols with t h i s sugar complex 

g i v e s a l l e n i c al<coODhols of the (R)-configuration. This, 

was based on the fol l o w i n g arguments:-

When a l k - 2 - e n - 4 - y n - l - o l s were reduced with lithiumi 

dimenthoxyaluminium hydride, the corresponding; ( + ) -

a l l e n l c a l c o h o l s were shown to have the ( S ) - c o n f i g u r a t i o n 

due to the predominance of the thermodynamically more 

s t a b l e c y c l i c a l l e n e complex leading to the p r e f e r r e d 

( S ) - c o n f i g u r a t i o n . T h i s was confirmed by a C l a i s e n type 
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of rearrangement of (-)-but-l-yn-3-yl-oC-chloroethyl etherl 

to g i v e (S)-{-l-)-hexa-394-dien-l-ol v i a a six-membered 

c y c l i c t r a n s i t i o n s t a t ^ . On the other hand when the same 

al k - 2 - e n - 4 - y n - l - o l s were reduced w i t h the l i t h i u m aliuninium 

hydride-3-O-benzyl-l,2-0-cyclohexylidene-D-glucofuranose 

complex, the corresponding ( - ) - a l l e n i c a l c o h o l s were 

obtained, hence these must have the (R ) - c o n f i g u r a t i o n . 

T h i s was. borne out by an examination of models which 

showed t h a t the ( R ) - i s o m e r would be expected to be thermo-
132 

dynamically more s t a b l e thein the (S)-isomer . 

On the b a s i s of the above r e s u l t , (-)-hexadeca-3, 

4 - d i e n - l - o l has the (R ) - c o n f i g u r a t i o n . Conversion v i a 

the bromide to the malonic e s t e r and h y d r o l y s i a and de

c a r b o x y l a t i o n gave ( - ) - l a b a l l e n i c a c i d (v) Zo^_7o^°-3• 0° 

and the (-)-methyl e s t e r / <̂ _̂ *̂'-3.0**, Hence l a b a l l e n i c 

a c i d and i t s methyl e s t e r a l s o have the (R ) - c o n f i g u r a t i o n . 

As the methyl e s t e r from the n a t u r a l l y o c c u r r i n g l a b a l l e n i c 

a c i d i s d e s c r i b e d as having /^_7j)^^~^7.3°, i t must have 

the ( R ) - c o n f i g u r a t i o n . T h i s c o n c l u s i o n i s supported by 
a t h e o r e t i c a l deduction based on an extension of Brewster's 

133 134 
theory * which p r e d i c t s on the b a s i s of p o l a r i s a b i l i -

t i e s of s u b s t i t u e n t s , that the system ( V l ) should have a 

n e g a t i v e rotation.. 
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\ ^(CH2)^C00R 
' C = C = C 

( V I ) 

8-Hydro)xy-octa-5,6-dienoic Acid 
68 

Sprecher, Maier, Barber and Holman i n 196'5 i s o l a t e d 

ah o p t i c a l l y a c t i v e l i p i d from the seed o i l of the Chinese 

t a l l o w t r e e , Sapium Sebeferum, and showed by degradative, 

chromatographic and mass spectrographic techniques that 

one of i t s a c i d components was 8-hydroxy-5»6-octadienoic 

a c i d ( V I I ) . Three d e r i v a t i v e s of ( V I I ) were prepared and 

a l l were found to be o p t i c a l l y a c t i v e , the o p t i c a l a c t i v i t y 

being due to the a l l e n e f u n c t i o n . 

H (CH„), COOH 

HOCH2 H 

( V I I ) 

The s t r u c t u r e of ( V I I ) was deduced from i . r . and mass 

s p e c t r a and chemical evidence ( s e e p.35) 

( V I l ) i s s i m i l a r to l a b a l l e n i c a c i d (octadeca-5» 

6-dienoic a c i d , the s y n t h e s i s of which i s d e s c r i b e d i n 

t h i s thesis.) except that the undecyl s u b s t i t u e n t i s r e 

p l a c e d by a hydroxymethylene group. The s y n t h e t i c approach 
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to the hydroxy a l l e n i c a c i d ( V I l ) was, t h e r e f o r e , s i m i l a r 

to t h a t employed f o r the s y n t h e s i s of l a b a l l e n i c a c i d , 

i . e . the p r e p a r a t i o n of the en-yn-ol followed by l i t h i u m 

aluminium hydride r e d u c t i o n to the correspobding a l l e n i c 

a l c o h o l and f i n a l l y the malonic e s t e r condensation of the 

a l l e n i c bromide and h y d r o l y s i s and decarboxylation of the 

malonate. 

I t was desiratole to choose an enynol which, would be 

reduced by l i t h i u m aluminium h y d r i d e to the correspohding 

a l l e n i c a l c o h o l and y e t contain another f i i n c t i o n which i s 

s t a b l e under a l k a l i n e c o n d i t i o n and can be e a s i l y hydro

l y s e d or converted to the required a l c o h o l a t a l a t t e r 

s tage. 
135,136 

A method i n v o l v i n g the use of tetrahydropyranyl ether 

was considered, so t h a t , f o r i n s t a n c e , tetrahydropyranyloxy^j' 

prop-2-yne ( V I I l ) would be expected to give the r e q u i r e d 

e n - y n - o l i c e t h e r ( I X ) 

0-CH -CSCH ^ I 1—0-
liq.NH^ Ô-

C1-CH„-CH-CH 2 \ / 

CHg-CSC-CH=CH-CH2-OH 

( V I I I ) 0 ( I X ) 

T h i s was found to be the case. And tetrahydropyremyl 
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135 e t h e r s are easy to make , known to be r e s i s t a n t to 
a l k a l i n e c o n d i t i o n s and a l s o that they are e a s i l y 

h y d r o l y s e d to the corresponding a l c o h o l s by mild a f i d 
135 137 137 treatment * , e.g. Henbest, Jones and Walls have 

s y n t h e s i s e d 4-hydroxy-but - 2-ynnic a c i d (x) iry a method 

i n v o l v i n g the use of tetrahydropyranyl ether followed 

by i t s h y d r o l y s i s 

MeMgBr, 
^^.O-CH^-CHCH . 2£2_^ l^Q^O-CHg-CHC-COOH 

H© 
( V I I I ) ^ 

HO-CHg-CHC-COOH 

(X) 

l-Tetrahydropyranyloxy-prop - 2-yne ( V I I I ) was prepared 

by shaking propargyl a l c o h o l with a 2 5 ^ molar excess of 

2,3-diliydropyran i n the presence of a c a t a l y t i c q u a n t i t y 
1.23 

of concentrated h y d r o c h l o r i c a c i d or p-toiuenesulphonic 
124 

a c i d , and i t was added to sodamide i n l i q u i d ammonia 

followed by the a d d i t i o n of h a l f the t h e o r e t i c a l q u a n t i t y 

of epichlorijgtdriHL ' . Upon d i s t i l l a t i o n , a forerun 

of the recovered l-tetrahydropyranyloxy-prop - 2-yne and 

l - t e t r a h y d r o p y r a n y l o x y - 2 - f u r y l e t h a n e ( X l ) ( i n 2 Q.^yield) 

was obtained, followed by the re q u i r e d 1-tetrahydro-

pyranyloxy—it?;ci)fc -2-yn-4-en -6-ol ( I X ) ( i n 3 5 ^ y i e l d ) . 
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l-Tetrahydropyranyloxy-2-furyletliane ( X l ) was i d e n t i 

f i e d by c o r r e c t elemental a j i a l y s i s , i , r , spectrvum showing 

the t y p i c a l sharp aromatic bands of the f u r a n group), 

u.v, spectrum and by h y d r o l y s i s to the corresponding 

2 - f u r y l ethanol which had i d e n t i c a l plyyisical constants 
139 

w i t h t h i s compound reported i n the l i t e r a t u r e . 
•1 O ^ TOO 

Pepper as w e l l as BaiJB$,Jones and li/hiting have 

i s o l a t e d f v i r y l d e r i v a t i v e s from the produot of s y n t h e s i s 

of v a r i o u s en-yn-ols by t h i s method and have explained i t 

as a r i s i n g from the production of the cis-isomier which 

then c y c l i s e s under a l k a l i n e c o n d i t i o n to give a minor, 

more v o l a t i l e f r a c t i o n . Thus l-tetreihydropyranyloxy-2-

f u r y l e t h a n e ( X l ) can be produced by the following mechanism:-

a 
HxO CH 

0-CH„-CSC-CH 

H 

H O ^CH 
I I ^ 1 

( X I ) 

l-Tetrahydropyranyloxy_iiex-2-yn-4-en-6-ol ( i x ) was 



i s o l a t e d as a t h i c k , amber o i l a f t e r d i s t i l l a t i o n on a 

mercury-vapour pump. I t was i d e n t i f i e d by i . r . spectrum 

(showing ^ j a a ^ a t 3hOOs (-0H), 2230m (conjugated -Q=c-) , 

1650m (C=C) , 955 ( C = C ) and the c h a r a c t e r i s t i c t e t r a -

hydropyranyl ether bands at l l 8 % n s , 1120ms, 1020s, 1015s, 

870s and 8 l 6 s cm""'',), u, v, spectriim ^ ^ i m i l a r t o the u.v. 

s p e c t r a of en-yn-ols and t h e i r tetrahydropyranyl e t h e r s 

(se e u.v. NO.11J7, n,m.r. and elemental a n a l y s i s . 

N.m.r. of ( I X ) (See N.m.r. No.9) showed a s i n g l e t f o r 

the t e t r a h y d r o p y r a n y l proton ( ̂ ^^^^H ) a t 'Y 6.67, a 

s i n g l e t f o r the hydroxyl proton (-CH^-O-H) a t Y 7 . 2 0 , a 

s i n g l e t f o r the three equivalent methylene protons of 

the t e t r a h y d r o p y r a n y l group ) a t T 8.32, 

a doublet of t r i p l e t s due to the t r a n s - o l e f i n i c proton 

(0-CH2-CH=CH-C=C-CH2-0-) centred a t "V 4.24 (j=3.0 c . / s e c ) , 

a doublet f o r the methylene protons ( C^^-CH2-C=C-CH=CH-) 

a t 'V 5.61 (j=3,0 c . / s e c . ) ahd a doublet of doublets f o r 

the methylene protons; (-C=C-CH=CH-CH2-0-H) dentred at 

Y 5.81 (J=6.0 c . / s e c . ) . 

Reduction of l-tetrahydropyranyloxy-hex-2-yn-4-en-6-ol 

( I X ) using l i t h i u m aluminium hydride gave a product which 

was nbt the expected tetrahydropyranyloxy a l l e n i c a l c o h o l 
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( X I l ) , but which on d i s t i l l a t i o n gave a r e l a t i v e l y 

V o l a t i l e compound, i n y i e l d . T h i s showed a strong 

t e r m i n a l a l l e n e band i n the i.r.spectrum (l9gOs, 846b 
cm. •'") as v;ell as a hydroxyl band (3400s cm.~^) but 

d i d not show the c h a r a c t e r i s t i c tetraJiydropyranyl ether 

bands. T h i s group was, t h e r e f o r e , absent i n t h i s f r a c t i o n 

and d e s p i t e the f a c t that no a c i d i c c onditions v/ere 

employed during the working up and i s o l a t i o n of the 

product .the r e s i d u e contained the s t a r t i n g m a t e r i a l ifX), 

I t was reasoned that the tetrahydropyranyloxy group 

was l o s t during the r e d u c t i o n stage. Up to 605̂  of the 

v o l t a t i l e f i ? a c t i o n which contained the terminal a l l e n e 

group was obtained i f tlwo moles of l i t h i u m aluminium hydride 

per mole of enynol ( I X ) was used, and a l l the s t a r t i n g mat

e r i a l was used up. 

A n a l y s i s of the v o l a t i l e f r a c t i o n gave an e m p i r i c a l 

formula of (^^H^qO)^. G . l . c . on c e l i t e columns using 

d i n o n y l p h t h a l a t e and s i l i c o n e o i l as s t a t i o n a r y phases 

showed i n each case a s i n g l e component with a shoulder 

(s e e G . l . c . N o . l ) , T h i s shoulder ttfas r e s o l v e d on the 

column using polypropylene s e t a c a t e as a staubfeiuLonary 

phase, and t h i s showed the presence of two components . 

i n the ratiO' 7:3 (See G . l , c.No.2)« 
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The mixture of products was a c e t y l a t e d and the 

a c e t a t e s d i s t i l l e d . The d i s t i l l a t e s r e t a i n e d the strong 

t e r m i n a l a l l e n e band i n the i.r.spectrum (1960s, 845b 

cm. but g . I . e . on polypropylene sebacate s t i l l 

showed two compounds i n the r a t i o 7:3* Elei i i e n t a l 

a n a l y s i s of the e s t e r s gave a c o r r e c t value corresponding 

to the a c e t y l d e r i v a t i v e of the a l c o h o l of e m p i r i c a l 

formula (C^^^lO^^n" Hence t h i s mixt^ire probably con

s i s t e d of e s t e r s of is o m e r i c a l c o h o l s . I t had no 

s i g n i f i c a n t u.v. absorption. 

The N.m.r. spectrum of the mixture of alcohols- shiwed 

a t r i p l e t f o r the two protons, on C^^( ^C=C^:CH-CH2CH2CH2-0H) 

centred a t 'Y 6,32 (j=6.0 c./sec.) and another t r i p l e t 

f o r the two protons on (-CSC-CH2CH2CH2OH)centred at 

'Y 6,28 ( H s ^ . O c . / s e c . ) , a s i n g l e t f o r the three protons 

(CH^-C=C-CH2-") a t Y 8.22, and a m u l t i p l e t f o r the 

CH2=C=CH-CH2 system a t V 5.38 (see N.ra.r. No.8). 

N.m.r. of the a c e t a t e d e r i v a t i v e s i m i l a r l y showed the 

above c h a r a c t e r i s t i c s of a mixture of terminal a l l e n e and 

i n t e r n a l a c e t y l e n e . 

T h i s mixture according to the above d a t a i s , t h e r e f o r e , 

h e x a - 4 , 5 - d i e n - l - a l (70^) and h e x - 4 - y i i - l - o l ( 3 0 ^ ) . Hydro-
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genation of the mixture gave n-hexanol, i d e n t i f i e d by 

comparison of i . r . s p e c t r a and g . l . c . with an au t h e n t i c 

sample. As a f i n a l check, penta-3,4-dien-l-ol was pre-
122 123 129 

pared * * from the l i t h i u m aluminium hydride 

r e d u c t i o n of trans-pent-2-en-U-yn-1-ol. i t s i . r . spectrumi 

compared with the above mixture, and found to be very 

s i m i l a r (see I.R.Nos. 60 ajid 6 l ) . Hence l i t h i u m aluminium 

hydride r e d u c t i o n of l-tetrahydropyranyloxy-hex-2-yn-4-en-

6-ol ( I X ) g i v e s a mixture of hexa-U,5-dien-l-ol and 

hex-4-yn-l-oi, probably by a mechanism i n v o l v i n g a. v^-

e l i m i n a t i o n of the te t r a h y d r o p y r a n y l ether group followed 

by r e d u c t i o n of the cvunulene intermediate by the excess-

l i t h i u m aluminium hydride, 
l4o 

Landor, Landor and Pepper have proposed a mechcinism 

p o s t u l a t i n g a cumulene intermediate i n the formation of an-

yn - o l s from c h l o r o - d i y n o l s w i t h lithitutt aluminium hydride 

as f o l l o w s : -R-CH^C^C^C-CHg »> R-CH=alciclc^ 

A l - ^ A l ^ Q / 2 

\ 
y > 

R-CH=CH-C5C-CH2CH2-0H 

A s i m i l a r mechanism probably operates i n the reduct i o n 
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of l-tetr£ihydropyranyloxy-hex-2-yn-4-en-6-ol i n which 

the tetrahydropyranyloxy group undergoes e l i m i n a t i o n 

as i t i s a l s o i n the - p o s i t i o n to the a c e t y l e n e . a. ^0' 0-CH2-CH=C=CH-CH2CH20H 

(xn) a 'O^^ 0-CH2-CSC-CH=CH-CH2-0H 

(IX) 

LiAlH, 

O' OTCH„iCSa^CHiCH-CHo 

A l 

H 
CH„=S=CfCH-CH-CH„ 

i 
CH2=C=CH-(CH2)2-OH * CH^-CSC-(CH2)^-0H; 

(xni) (XIV) 

The r e a c t i o n c o n d i t i o n s were v a r i e d as fo l l o w s i n 
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an attempt to prevent the e l i m i n a t i o n of the t e t r a 

hydropyranyloxy group:-

(1) H a l f a mole of l i t h i u m aluminium hydride per 

mole of l-tetrahydropyranyloxy-hex-2-yn-4-en-6-ol ( i x ) 

gave 80^ recovered s t a r t i n g m a t e r i a l and a 20fo y i e l d of 

the a l c o h o l mixture ( X I I l ) and (XIV). 

(2) One mole of l i t h i t u n aluminium hydride per nole 

of the enynol (IX) gave 45^ y i e l d of the mixture ( x i l l ) 

and (XIV), the r e s i d u e being the s t a r t i n g m a t e r i a l . 

(3) The use of two moles of l i t h i u m aluminium hydride as(z) 

gave complete r e d u c t i o n of the enynol (IX) to the mixture 

of a l l e n i c and a c e t y l e n i c a l c o h o l s ( X I I I ) and (XIV). 

The proportion of ( X I I l ) and (XIV) i n each case was 

about the same, i . e . 70^ : 30^. Higher d i l u t i o n w ith 

e t h e r (1 1.-3L per centimole of l i t h i u m aluminiiomi 

h y d r i d e ) , longer r e d u c t i o n time (3-6 h r . ) and lower 

r e d u c t i o n temperatures ( e t h e r r e f l u x - 0°C) did not 

a f f e c t the y i e l d or the proportion of the products 

s i g n i f i c a n t l y , 

(4) Two e q u i v a l e n t s of the butane-Z, 3 - d l o l - l i t h i u m 

aluminium hydride complex to one equivalent of 1 - t e t r a -
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hydropyranyloxy-hex-2-yn-4-en-6-ol ( i x ) i n ether a l s o 

gave the mixture of ( x i l l ) and (XIV) and reco\;rered 

enynol ( i x ) , 

(5) Reduction with three e q u i v a l e n t s of l i t h i u m 

aluminiiim hydride -3-Orbenzyl-l, 2-cyclohexylidene-D-

glucofuranose complex"'"-^^^ to one equivalent of the 

enynol ( i x ) a l s o gave the mixture of the v o l a t i l e 

a l l e n i c and a c e t y l e n i c a l c o h o l s ( x i l l ) and (XIV). The 

d i s t i l l a t i o n o f the r e s i d u e gave a high b o i l i n g product, 

the i . T . spectrum^ of which showed the presence of the 

s t a r t i n g en-yn-ol ( i x ) and an a l l e n i c compoimd (see 

I.R.No.62). But r e d i s t i l l a t i o n followed by i . r . , 

g . l . c . and t . l . c . i d e n t i f i c a t i o n showed that the product 

contained the a l l e n i c and a c e t y l e n i c a l c o h o l s ( X I I l ) 

and (XI"V) as w e l l as the s t a r t i n g enynol ( i x ) and the 

recovered sugar. 



121 

C h l o r o - y - v a l e r o l a c t o n e 

l 4 l l 4 2 

Traube and Lehman ' i n I9OI prepared (X - a c e t y l -

^ - c h l o r o - ' ^ - v a l e r o l a c t o n e by the condensation of e p i -

c h l o r h y d r i n with e t h y l a c e t o a c e t a t e . 
C1-CH„-CH CH, + CH_COCH„COOC,H^ 

2"5 

Cl-CH„-CH-CH„-e+iCOCH„ 

Na'^>ftC.H 

-e=o 

CH^COOH 

C1-CH„-CH-CH_-GHC0CH_ 

.c=o 

0 §a 

Our i n t e r e s t i n the i n v e s t i g a t i o n of a p o s s i b l e route 

to the s y n t h e s i s of the n a t u r a l l y occurring a n t i b i o t i c 

Nemotin l e d us to consider the condensation of e p i c h l o r h y d r i n 

w i t h d i e t h y l malonate to y i e l d 0 ( - c a r b e t h o x y — ^ c h l o r o - ' ^ -

v a l e r o l a c t o n e ( l ) which might be converted toi ~lj^-formyl-

- v a l e r o l a c t o n e ( i l l ) by the ox i d a t i o n of the c h l o r i d e ( l l ) 

or i t s corresponding a l c o h o l or v i a the intermediate ( i v ) . 
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-Forrayl- l ^ - v a l e r o l a c t o n e ( i l l ) could then be ethynylated 

under a mild a l k a l i n e c o n d i t i o n to give ^-hydroxy-^ -

e t h y n y l - ^ f - v a l e r o l a c t o n e (V) which i n t u r n could be eventually 

converted to Nemotin or Nemotinic a c i d . 

CICH2CH-CH2 + CH2(C00Et)2 
0 I 

Na®®OE* 

ClCH,CHCH„CHCOOEt 

OHCCHCHoCHCOOEt 
I 2| 

CO 

ClCH„CHCH„CHo 21 2i 2 

CO 

(IV3 ( I I ) 

OHCCHCH2CH2 

0 CO 

( a t e ; . 

HCIC-C ̂  CHCH2CH2 
I I I 
OH 0-̂  CO 

(V) 
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O^-Carbethoxy- ^ - c h l o r o - "jf^valerolactone ( l ) was 

prepared i n 65^ y i e l d from the condensation of sodio-

malonate and e p i c h l o r h y d r i n i n absolute ethanol by the 

f o l l o w i n g s t e p s : -

Na®§Et 
C1CH_CH-CH„ + CH„(COOEt) 2 . / 2 ^ 

^0 

ClCH„CH-CH^-CHCOOEt 
' I I I 

o — — C O 

( I ) 

Cl-CH^-CH-CH„ 
2 . ^2 

CH-COOEt 
0 C=0 

H© 

Cl-CH^-CH-CH^ 2 I \2 H 
C-COOEt 
C-^ Ns' 
I 
o 

The c h l o r - l a c t o n - e s t e r ( l ) was i d e n t i f i e d by c o r r e c t 

elemental a n a l y s i s , a s i n g l e peak on g . l . c , i . r . spectrum 

(showing/) 1780s ( l a c t o n e ) and 1725s ( e s t e r ) cm. ^ bands), 
/Ma* 

and n.m.r. /Showing a doublet f o r the methylene protons 
H 

( G l C H ^ f ^ ^ ) a f Y 6.24 (J=5 c . / s e c ) , a quartet f o r the 

e s t e r methylene protons ( Qj^C00CT2CH^) a t ' Y 5-74 (J= 

7 c . / s e c . ) and a t r i p l e t f o r the e s t e r methyl protons 
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( ^^COOCHgCH^) at'Vs.68 (J=7 c./sec.) (see N.m.r.No.4), 

Oxidations of c h l o r o - and i o d o p a r a f f i n s to aldehydes 

i n 6 0 - 7 ^ y i e l d by heating the halddes to 150° w i t h 

d i m e t h y l sulphoxide and anhydrotls potassiiam carbonate 
143 l44 l 4 5 

has been reported i n the l i t e r a t u r e * ' . T h i s 

method proved u n s u c c e s s f u l f o r the c h l o r - l a c t o n - e s t e r 

( l ) as w e l l as i o d o - l a c t o n - e s t e r (prepared from the 

c h l o r i d e from sodium iodide and acetone^^^). A modi-
l4 7 

f i c a t i o n of t h i s method i n which the c h l o r i d e i s 

converted to i t s p-tolttenesulphonate and the l a t t e r 

heated i n dimethyl sulphoxide, a l s o d i d not produce 

the r e q u i r e d aldehyde ( I V ) . 

o(-Carbethoxy-dT-chloro-^-valerolactone ( l ) was 

converted to ^ ' - c h l o r o - " ^ - v a l e r o l a c t o n e ( l l ) by r e f l u x i n g 

the e s t e r i n concentrated h y d r o c h l o r i c a c i d f o r 24 hr. 

A 33-k(yfo y i e l d of the lactone was obtained, together 

w i t h a polymeric m a t e r i a l . The lactone had an i . r . 

spectrum s i m i l a r to ^-b u t y r o l a c t o n e (see I.R. Nos.68 

and 69), and gave c o r r e c t elemental a n a l y s i s . N.m.r. 
H 

showed a doubtlet f o r the methylene protons (CICH^Y^^ ) 
0 4 

a t ' T 6.42 and a m u l t i p l e t f o r the other methylene protons 

a t $.6 s i m i l a r to those of ^ - b u t y r o l a c t o n e (see N.m.r. 
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Nos.5 and 6) and absence of the e s t e r proton^T', G.(l2.c. 

gave a s i n g l e peak. 

A l i t e r a t u r e survey showed that t h i s simple chlor« 

la c t o n e ( l l ) has never been made to date. The ox i d a t i o n 

of ^ - c h l o r o - ^ - v a l e r o l a c t o n e has not yet been attempted. 
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EXPERIMENTAL 

I n f r a - r e d ( i . r . ) s p e c t r a were determined with a P e r k i n -

Elmer I n f r a c o r d spectrophotomieter, the strength of the i . r . 

a b s o r p t i o n bands have been abbreviated to vs (very s t r o n g ) , 

s ( s t r o n g ) , m (medium), w (wealc) and vw (very weaik) ; u l t r a 

v i o l e t (u.v.) s p e c t r a were determined with a B'aush and Lomb 

S p e c t r o n i c 505 spectrometer; n u c l e a r magnetic resonance 

(n.m.r.) s p e c t r a were determined with a Perkin-Elmer and 

V a r i a n 60 Ms/sec. spectrometer f o r approximately 20^ s o l u 

t i o n s i n carbon t e t r a c h l o r i d e with tetramethyl s i l a h e as 

i n t e r n a l standard; and gas l i q u i d chromatography ( g . l . c . ) 

was c a r r i e d out wi t h a G r i f f i n and George instrument using 

6 f t . g l a s s columns w i t h 10^ s i l i c o n e - o i l / c e l i t e and N2 flow 

r a t e 2 l . / h r . u n l e s s otherwise s t a t e d . 

Dimethyl sulphoxide was d r i e d and d i s t i l l e d from calcium 

hydride and N,N-dimethylformamide was a z e o t r o p i c a l l y d i s t i l l e d 

from benzene. The other s o l v e n t s i n p a r e n t h e s i s designated 

"dry" were d r i e d w i t h sodium ( e t h e r , benzene and t e t r a -

hydrofuran) and potassium hydroxide ( p y r i d i n e ) u n l e s s 

otherwise s p e c i f i e d . 

M e lting point determinations were made on a micro-Kofler 

block. 
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3-Methyl-oct-l-yn-3-ol 

Sodium (46.0 g., 2 moles) was added to l i q u i d ammonia 

(4 1.) and a c a t a l y t i c q u a n t i t y of f e r r i c n i t r a t e ( c a . 

0,1 g.) i n a w e l l - l a g g e d 5 1. f l a s k . A f t e r about a 

q q a r t e r of the sodium had been added, dry a c e t y l e n e 

was passed and the a d d i t i o n of the r e s t of soditim con

t i n u e d w i t h s t i r r i n g . A f t e r the a d d i t i o n of sodium 

( c a . 1 h r . ) the ammonia s o l u t i o n was s t i r r e d and the 

passage of a c e t y l e n e continued \ i n t i l the blue c o l o r a t i o n 

changed to g r e y i s h ^ w h i t e ( c a . 4 h r . ) when methyl aunyl 

ketone (228.4 g., 2 moles) p r e v i o u s l y cooled to - 4 0 ° 

was added to the ammonia s o l u t i o n over 15 min. The 

r a t e of passage of a c e t y l e n e was reduced and the s o l u t i o n 

s t i r r e d f o r another 4 hr,, decomposed slowly with s o l i d 

ammonivim c h l o r i d e ( l 0 7 g. , 2 moles), excess ammonia 

allowed to evaporate, the r e s i d u e washed with ether 

(3 X 250 m l . ) , d r i e d (MgSOj^), f i l t e r e d , ether evaporated 

axid the r e s i d u e d i s t i l l e d a t reduced pressure to give 

3-methyl-oct-l-yn-3-ol, b,p, 50**/^ m™* (228.0 g. , 82^) 

(Found: C, 77.2, H, 11,4, C^Hj^^O r e q u i r e s C, 77.1; 

H, 11,4^), l ) „ ^ 3 k 0 0 8 ( - 0 H ) , 3300s ( C = C H ) , 2120w ( C = C H ) max 
cm,~^; g , l . c . ( s i l i c o n e o i l ) at 98°, N2» 2 l . / h r . gave 

a s i n g l e peak ( t , 21 min.). 
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3 - E t h y l - p e n t - l - y n - 3 - o l 

Si'rviititiyiy prepared from soditim (46.0 g. , 2 moles) ̂ l i q u i d 

ammonia (k 1 . ) ^ f e r r i c n i t r a t e ( O.l g.) and d i e t h y l 

ketone (172.3 g., 2 moles) to give b.p. 48-50°/15 mm. 

( l 4 6 g., 65^), "^max^^^°® 3300s ( C S C H ) , 2120w 

(C5CH) ciji.""^ g . l . c . ( s i l i c o n e o i l ) a t 84°, 2 l . / h r . 

gave a s i n g l e peak ( t , l 4 min.). 

3.4,4-TrimetIiyl-pent-l-yn-3-ol; 

Stwifftar^ prepared from sidivun (46.0 g. , 2 moles), l i q u i d 

ammonia (4 1.)^, f e r r i c n i t r a t e ( O . l g.,) and pinac clone 

(200 .4 g., 2 moles) to give some recovered pinacolone 

and 3,4,4-trimethyl-pent-l-yn-3-®l, b.p.64-66°/15 mm. 

(126 g., 50^) , 7 ^ _ 3 ^ 0 0 s (-Offl), 3300s ( C = C H ) , 2120W 
( C = C K ) cm.'"'"; g . l . c . ( s i l i c o n e o i l ) a^t 100°", l . / h r . 

gave a s i n g l e peak ( t , 10 mini) 

3-Methyl-penta-l,2-diene 

3-Methyl-pent-l-yn-3-ol (98.1 g., 1 mole) was added 

to concentrated h y d r o c h l o r i c a c i d ( l i . ) , and the mixture 

Shaken i n a 2 s e p a r a t i n g funnel. P e r i o d i c a l l y the 

upper organic phase was checked i n the i . r . f o r hydroxyl 

band (3400 cm. and the sheiking continued u n t i l the 

hydroxyl band could not be detected ( c a . I 5 min.). The 
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organic l a y e r was separated and d r i e d w i t h anhydrous; 

potassium carbonate. The crude m a t e r i a l ( l l O g., 95^) 

showed ^__„3300s ( C S C H ) , 2120VW ( C = C H ) , 1950W (C=C=C) 

and 850b (C=C=CH„) cm.""̂  i n d i c a t i n g a mixture of 3-chloro-
max 

3-methyl-pent-l-yne and l-chloro-3-niethyl-penta-l,2-diene. 

G ^ l . c . ( s i l i c o n e o i l ) a t 77°, 2.2 l . / h r . gave two 

components: t,13 min. (65^, 3-chloro-3-methyl-pent-l-yne) 

and t,15 min, (35^,l-chloro-3-methyl-penta-l,2-diene). 

F u r t h e r shaking with concentrated h y d r o c h l o r i c §cid 

(500 ml.) and drying (K^'CO^) gave the same r a t i o on 

g . l . c . 

Zinc-ieopper couple was prepared by washing z i n c dust 

(78 g., 1.25 mole) w i t h d i s t i l l e d water (2 x 50 ml.), 

3^ h y d r o c h l o r i c a c i d (2 x 50 nil.)» d i s t i l l e d water 

(3 X 50 mi.),. 2^ copper sulphate s o l u t i o n (2 x 50 ml.), 

d i s t i l l e d water (2 x 50 ml.), absolute ethanol (3 x 50 ml.), 

c a r e f u l l y decanting the l i q u i d s immediately a f t e r each 

wask and f i n a l l y pouring the Kinc-copper couple with a 

l a s t a l i q u o t of absolute ethanol (lOO ml.) i n t o a 250 ml. 

3-neck f l a s k equipped w i t h a mechanical s t i r r e r , dropping, 

funnel and a downward d i s t i l l a t i o n set-up. The ethanol 

was heated to i t s r e f l u x temperature, the heating source 
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removed and the dry c h l o r i d e added to the w e l l - s t i r r e d 

suspension a t such a r a t e as to br i n g about a gentle 

d i s t i l l a t i o n of the a l c o h o l - a l l e n e azeotrope a t b.p. 

72-78°. A f t e r the a d d i t i o n of the c h l o r i d e , the mixture 

was heated and the d i s t i l l a t i o n continued u n t i l the 

temperature of the azeotropei began to r i s e above 80°. 

The d i s t i l l a t e was washed with water (250 ml.), d r i e d 

(MgS02̂ ) and d i s t i l l e d to give 3-methyl-penta-l, 2-diene, 

b.p. 74-76°/740 mm. (53-3 g., 65^^ \ a x ^ ^ ° ^ (C=CH), 

1900s (c=C=C), 850s (C=a=CH2) cm."-""; g . l . c . ( s i l i c o n e 

o i l ) a t 17**» 2,2 l . / h r . gave a minor component a t 

i;,10 min. (5^) a major component a t t,12 min.(95^)« 

3-Methyl-buta-l,2-diene 

Was prepared from 3-methyl-but-l-yn-3-ol (84.1 g,, 

1 mole), concentrated h y d r o c h l o r i c a c i d ( l 2.)and z i n c -

copper couple (from 78 g., 1.25 moles of zinc and 100 ml. 

2^ copper sulphate s o l u t i o n ) i n absolute ethanol (lOO ml.)J, 

b.p. 39-40°/740 mm. (40,8 g. , 605&) , l^„^^3300vw (C=CH) , 

1950s (C=C=C), 850s (C=C=CH2) cm.""*̂ ; g . l . c . ( s i l i c o n e 

o i l ) 17**, 2.2 l . / h r . gave a minor component at t , 5 min. 

(5^) and a major component at t , 8 min. (95̂ )̂« 
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3-Ethyl-penta-l, 2-diene 

Si'^nitod^ prepared from 3-ethyl-pent-l-yn - 3-ol (56.0 g., 

0.5 mole), concentrated h y d r o c h l o r i c a c i d (700 ml.) 

and zinc-copper couple (from 39 g«» 0.6 mole z i n c and 

50 ml 2^ copper sulphate s o l u t i o n ) i n absolute ethanol 

(60 ml.) The product was washed with 55° ammonical 

s i l v e r n i t r a t e s o l u t i o n (2 x 50 m l . ) ^ f i l t e r e d and 

d i s t i l l e d to give b.p. 94-96°/7^0 mm. (27.O g., 56^) 

(Fovuid: C, 86,9; H, 12,7. C^H^2 r e q u i r e s C, 87.4; 

H ,12.6^), 2>^^^ ( I . R . I ) 1950s (C=C=C)., 850s (C=C=CH,) max ^ 
cm."'̂ ; g . l . c . (polypropylene sebacate) at 20° , 

8 atmospheres gave a s i n g l e peak ( t , 7 min.). 

3 , 4 . 4-Trimethyl-penta-l, 2-diene 

S(m(la»:4y prepared from 3 , 4 , 4-trimethyl-pent-l-yn - 3-ol 

(63.0 g.> 0.5 mole), concentrated h y d r o c h l o r i c a c i d 

(700 ml.) and zinc-copper couple (from 39 g., 0,6 mole 

and 50 ml.EioH.The product was x^ashed with 5^ 

ammonical s i l v e r n i t r a t e s o l u t i o n (2 x 50 ml.), 

f i l t e r e d and d i s t i l l e d to give b.p. 86-88V740 mm. 

(30.2 g., 55i>) (Found: C 86.9; H,12.7.j CgH^^^ r e q u i r e s 

C, 87.2; H, 12.7^), D^^^ ( l . R - S ) 1950s (C=C=C) ̂ 50s 

2 (C=C=CHp) cm.~^; g . l . c . (polypropylene sebacate) 

a t 2 2 ^ ^ 8 atmospheres gave a s i n g l e peak ( t , 10 min,). 
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3-Methyl-Octa-l.2-diene 

t̂Vvii/ttiftty prepared from 3-methyl-oct-l-yn-3-ol (57.1 g, 

0.5 mole), concentrated h y d r o c h l o r i c a c i d (700 ml.) and 

zinc-copper couple (from 39.0 g., 0.6 mole z i n c and 

50 ml. 2^ copper sulphate s o l u t i o n ) i n absolute ethanol 

(60 m l . ) . The azeotrope d i s t i l l e d a t 100-120°/74o mm. 

and s e v e r a l washings w i t h water and ammoniaoiil s i l v e r 

n i t r a t e s o l u t i o n gave b.p. 138-l40°/740 mm. (27*9 g., 

^ 5 ^ ) , (I.R.5L) , 1950s (C=C=CH2), 850s (C=C=CH2) 

cm."'''; g . l . c . ( s i l i c o n e o i l ) at 80°N2 2 l . / h r . gave a 

s i n g l e peak ( t , 8 min.). 

Hexa-1,2-diene 

F r e s h l y r e d i s t i l l e d t h i o n y l c h l o r i d e (120 g,, 1 

mole) was added dropwise over 1 h r . to an i c e - c o o l e d 

mixture of hex-l-yn-3-ol (97.1 g.» 1 mole) d i s s o l v e d 

i n dry p y r i d i n e (80 g., 1 mole). A f t e r the a d d i t i o n , 

the mixture was s t i r r e d a t room temperature f o r 1 hr. 

washed w i t h 20^ h y d r o c h l o r i c a c i d (3 x 50 m l i ) , water 

(2 X 50 ml.) and d r i e d (KgCO^). The crude c h l o r i d e 

was reduced w i t h zinc-copper couple (prepared fromi 

78 g., 1.25 mole of z i n c and 100 ml, 2^ copper ©ulphate 

s o l u t i o n ) i n absolute ethanol (lOO ml,) to give b.p. 

70-72°/740 mm. (4l.O g., 50%), ^^^^3^00^ ( C = C H ) , 
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1950s (C=C=C), 850s (CsCifCHg) cm.""̂ ; g . l . c . (poly-

ppopylene sebacate) a t 20°, 8 atmospheres gave a 

minor component ( t , 4 min.^2^) and a major component 

( t , 5 min., 98^) . 

l-l-Dic?iItoro-2,2-dimethyl-3-methylenecyclopropane 

Potassium metal (4 g., 0.1 atom) was added i n small 

p i e c e s to dry t-butanol (l50 ml.) and the mixture r e -

f l u x e d \ i n t i l the potassium had completely d i s s o l v e d . 

E x c e s s a l c o h o l was d i s t i l l e d o f f , the l a s t t r a c e s irnder 

reduced p r e s s u r e , and the white s o l i d powdered, washed 

w i t h sodium d r i e d benzene (3 x 50 ml.), the benzene 

syphoned o f f , washed with dry pentane, the so l v e n t s 

removed i n vacuo, and the s o l i d d r i e d i n vacuo at 100° 

f o r 2 h r . 3-Methyl-buta-l,2-diene (6.8 g., 0.1 mole) Und 

dry pentane ( l O ml.) were added to the s o l i d , the mixture 

cooled i n an i c e - s a l t bath, eoid chloroform ( l 2 g. , 0,1 

mole) was added dropwise to the r a p i d l y s t i r r e d mixture 

over 1 h r . A f t e r the a d d i t i o n , the mixture was s t i r r e d 

f o r 1 h r. a t 0°, 1 h r . at room temperature, poured.into 

i c e - w a t e r and e x t r a c t e d with pentane (3 x ^0 ml.)^dried 

(HgSOji^), f i l t e r e d , s o l v e n t s removed, and d i s t i l l e d 

y i e l d i n g , crude product, b.p, 65-68°/80 mm. (7.4 g., 49^). 
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R e d i s t i l l a t i o n gave the pure l-l-d±chloro-2,2-dimethyl-

3-methylenecyclopropane, b.p. 65-68°/80 mm. (6.3 g., 

4 1 ^ ) . Q . l . c . (10^ a p i e z o n - c e l i t e ) a t 70°, 1.8 

l . / h r . gave a s i n g l e component ( t , 8 min.) (Found: 

C, 47.4; H, 5.1; C I , 46.9.Cg Hg CI2 r e q u i r e s C, 47.7; 

H, 5.3; C I , 46.9^), ^j^aiX^^'^'^^ I820w, 175OW (o v e r t o n e s ) , 

lOlOra^ ( c y c l o p r o p a n e ) , 910si (CS=CH„) and 865s cm."''', \ 

205mjftc (ĝ 5 ,200) , y^^^ 234̂  m/<. ( i,500). The product ( l g.,) 

i n anhydrous ether (30 ml-) with Adam's platinum c a t a l y s t 

(0.024 g.) absorbed 94.5 ml. of hydrogen (one molar 

e q u i v a l e n t r e q u i r e s 99'9 ml.) i n ten minutes and showed 

l i t t l e f u r t h e r a b s o r p t i o n a f t e r one hour's shaking. The 

c a t a l y s t was f i l t e r e d o f f , ether evaporated, and the 

r e s i d u e d i s t i l l e d , b.p, 46-48^90 mm., and foimd to have 

a superimposable, i n f r a - r e d spectrum w i t h that of an 

au t h e n t i c sample of 1 , l - d i c h l o r o - 2 , 2 , 3 - t r i m e t h y l c y c l o -
14 

propane. 

Ozonolysis of the product (0.8 g.) i n dry e t h y l 

a c e t a t e (50 ml,) followed by hydrogenolysis (Pt02, 

0.032 g.) and d i s t i l l a t i o n gave formaj^dehyde as i t s v2';'X-

dimedone d e r i v a t i v e (0.25/'g.) ai.p. and m.m.p, 189.5°» 

N.m.r. showed two non-equivalent protons f o r the 
e x o c y c l i c methylene group ( - ^ ^ ^ j j ) a t V 4,12 and'V 4.48, 
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and a s i n g l e t f o r the two equivalent methyl proton 

(cH^>y=0 at 0^8.59. 

1,l-Dibromo-2,2-dimethyl-3-methylenecyclopropane 

Dry potassium t-butoxide (from potassium 6 g., 

0.15 g.atom. and- t - b u t y l a l c o h o l ̂ 150 ml.) was covered 

w i t h 3-methylbuta-l,2-diene (10.0 g., 0.15 mole), the 

r e a c t i o n mixture cooled i n an i c e - b a t h , and bromoform 

(38.0 g., 0.15 mole) added dropwise over 1 hr. S t i r r i n g 

was continued f o r 1 h r . at room temperature, and the 

mixture poured onto i c e - w a t e r . E x t r a c t i o n with ether, 

d r y i n g (MgSO^^) and d i s t i l l a t i o n y i e l d e d 1 ,l-dibromo-2, 

2-dimethyl-3-methylenecyclopropane (24.0 g., 68%), b.p. 

66-68°/20 mm.^® ( l . R . l o ) 1820w, 1750 v&, 1040ia. 

(cyclopropane r i n g ) , 905s ( ̂ C=CH2) and 800s cm."''', 

^max (U.V.2) 206 yu(i^5,250), Agj^^ 225 (1^3,000).^ 

g . l . c . ( dinoyLxphthalate) at l40°, 2 l . / h r . showed 

one peak ( t , 11 min.) . IT,m.r. showed two non-equivalent 

protons f o r the e x o c y c l i c methylene group (''^^'^g) at 

V 4.14 and 4,51, and a s i n g l e t f o r the two equivalent 

methyl protons (^3>^=< ) at -y 8.52. 
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1, l-Dichloro-2-ethyl-2-methyl-3-methylenecyclopropaja.e 

Dry potassium t-butoxide (prepared from potassium 

4 g., 0,1 g. atom and t-butanol, 150 ml.) was covered 

with 3-methyl-penta-l,2-diene (8.2 g., 0.1 mole) i n dry 

pentane ( l O ml.) i n an i c e - s a l t bath and chloroform ( l 2 g., 

0.1 mole) added dropwise over 1 h r . The mixture was s t i r r e d 

f o r 1 h r . a t 0°, 1 hr. at room temperature, poured i n t o 

i c e - w a t e r and e x t r a c t e d w i t h pftntane (3 x 50 ml,), d r i e d 

(MgS02^), f i l t e r e d and d i s t i l l e d y i e l d i n g 1 , l - d i c h l o r o - 2 -

ethyl-2-methyl-3-methylenecyclopropane (8.3 g.» 50%), b.p. 

70°/90 mm. (Found: C, 50.8; H, 6.1; S I , 42.9, C^R^^Cl^ 

r e q u i r e s C, 50.9; H, 6.2; C I , 42.0%), (l.R.5) 1820w, 
JXiSiX. 

1720W, 1625m (o v e r t o n e ) , 1002m (cyclopropane), 910s 

(>C=CH2), and 865s cm.""'', ^n^ax^^*^*'''^ mA(E,5,250), 

Agj^ 234 ^ ( t , 5 0 0 ) . G . l . c . (apiezon) a t 70°, N2 1.8 l / h r . 

gave a s i n g l e component ( t , 17 min.) 

The product (0.9 £•) i n e t h y l a c e t a t e (20 ml.) with 

Adam'S'platinum oxide c a t a l y s t (0.042 g.) absorbed 74 ml. 

hydrogen ( t h e o r e t i c a l requirement 7f ml.) i n I 5 min. 

N.m.r. showed two non-equivalent protons f o r the 
CI H '^•J 

e x o c y c l i c methylene group ( at f 4.17 and 4.51, a 

s i n g l e t f o r the methyl protons (CH'yf ^ ) at I 8.6I, a 
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t r i p l e t f o r the methyl protons ( O T _ ^ C H ^ ^ ^ ) a t ' V 8,94 

(j=6.5 c./sec.^ and a qctartet f o r the methylene protons 

(ca^CH__|'Sp^) a t 0^8.27 (J=6.5 c . / s e c ) . 

Ozonolysis of dichloro-2-ethyl-2-methyl-3-methylene-

cyclopropane (0,8 g.) i n dry e t h y l a c e t a t e eind hydro

g e n o l y s i s (PtOg,0.032 g.) and d i s t i l l a t i o n Q.t 4o° gave 

formalad-ehyde as the dimedone-derivative (0,26 g,) m.p. 

189,58. A mixed m.p. w i t h an a u t h e n t i c sample prepared 

from formaldehyde showed no depression. 

1,l-Dibromo-2-ethyl-2-methyl-3-methylenecyclopropane 

Dry potassium t-butoxide (from potassium 7.6 g,, 

0.19 g., atom and t - b u t y l alcohol,150 ml.) was covered 

w i t h 3-methylpenta-l,2-diene (15 g,, O.I9 mole) at 0° 

and bromoform. (48.0 g,. , O.I9 mole) was added dropwise 

over 30 min. w i t h s t i r r i n g . At the end of the a d d i t i o n 

the f l a s k was warmed to room; temperature and s t i r r e d f o r 

1 h r . The r e a c t i o n mixture wgs poured onto ice-water 

and e x t r a c t e d w i t h ether (3 x 100 ml.), d r i e d (MgSO^) 

and d i s t i l l e d , y i e l d i n g 1,l-dibromo-|2-methyl-3-methylene-

cyclopropane (22 g. , 58^), b.p. 49-50°/2 m^M^/' ~^ 

( I . R . 11) 1820W, 1750w,1040m (cyclopropane) 905s 

( )G:=CH2) and 800s cm."""-, 207 yU (t, 5,300), 
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y 225 i a / i ( S , 3000). G . l . c . ( d i n o n y l p h t h a l a t e ) at 

l40°, N2 1.8 l . / h r . showed one component ( t , 15 min,). 

1.l-Dichloro-2-pentyl-2-methyl-3-methylenecyclopropeuie 

Dry potassium t-butoxide (from potassium 4 g,, 0,1 

g. atom, and t - b u t a n o l , I 5 0 ml,) was covered w i t h 3-methyl-

octa-1,2-diene (12.4 g., 0.1 mole) and dry pentane (10 ml.), 

and chloroform ( l 2 . 0 g.,0.1 mole) was added dropwise to 

the s t i r r e d mixture. The mixture was s t i r r e d f o r 1 h r . 

a t 0°, 1 h r . a t room temperature, poured i n t o ice-water 

and e x t r a c t e d with pentane (3 x 50 m l . ) , d r i e d (MgSO^^) 

and d i s t i l l e d , y i e l d i n g j^2-pentyl-2-methyl-3-methylene-

cyclopropane ( l 4 . 5 g,, 3 6 % ) , b.p, 64-65/70 mm, (Foimd: 

C,57.7; H, 7.6; C I , 34.2%; C^QH^^CI^ r e q u i r e s C, 58,0; 

H, 7.8; C I , 34.3%), /^^^^ ( I . R . 8) 1820W, I73OW (over-

t o n e ) , l640w, 1012m (cyclopropane), 910s ( > CsCHg) and 

865s cm.~^ 

I . l - D i c h l o r o - 2 ,2-diethyl-3-'methylenecyclopropane 

iDr*y potassi\im t-butoxide (from potassixim 4.0 g. , 

0.1 g. atom and t-butanol, I50 ml.) was covered with 

3-ethyl-penta-l,2-diene (9.6 g., 0.1 mole) and dry 

pentane (lO m l . ) , and chloroform (12.09, 0.1 mole) was 

added dropwise w i t h vigorous s t i r r i n g over 1 h r ; s t i r r i n g 

was continued f o r 1 h r . at 0°, 1 hr. at room temperature 

and the mixture poured onto ice- w a t e r , e x t r a c t e d w i t h 

pentane (3 x 50 m l . ) , dried. (MgSO^^) cind d i s t i l l e d 
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y i e l d i n g 1 , l - d i c h l o r o - 2 , 2 - d i e t h y l - 3 - m e t h y l e n e d y c l o -

propane, 62-64°/70 mm. ( 1 0 . O g . , 54^) (Found: C,53.1; 

H, 6.6.,C1, 39.0. CgHj^2^l2 r e q u i r e s C,53.6; H,6.7; C I , 

3 8 . 6 ^ ) , ( l . R . 6 ) 1820W, I72OW (o v e r t o n e s ) , 

1002m (cyclopropane), 9IO& ( ̂ CsCK^) and 865a cm.~^.^ 

g . l . c . ( s i l i c o n e o i l ) a t 76°, N2 2 l . / h r . gave a s i n g l e 

peeik ( t , 2 0 min.). 

I , l-Dibromo-2,2-diethyl-3-methylenecyclopropane 

Dry potassivim t-butoacide (prepared from potassium-^ 

4 g.,0.1 atom, and t-butanol,150 ml.) was covered with 

^-ethyl-penta-l:,25,-diene ( 8 . 2 g., 0,1 mole) and ^entane 

(10mil.),and bromoform ( 2 5 . 3 g., 0.1 mole) was added 

dropwis© over 1 hr. w i t h s t i r r i n g , the mixturg s t i r r e d 

f o r 1 hr. a t 0°, 1 h r . at room temperature, pouued onto 

i c e - w a t e r , e x t r a c t e d w i t h ether ( 3 x 50 ml), d r i e d 

(MgSO|^) and f r a c t i o n a t e d , y i e l d i n g 1,l-dibromo-2,2-

diethyl-3-methyfeiiiecyclfl)prop£ine ( l 9 . 5 g«» 7 3 ^ ) . b.p. 

64-65°/3 mm. (Found: C, 35-9.H, 4.3; Br, 59.0.^ CgH^2^r2 

r e q u i r e s C, 35-8; H,4.4; B r , 5 9 . 8 ^ ) , D ^ ( l . R . 1 2 ) 

1820W, I75OW, lOfeOm (cyclopropane), 9 0 5 s ( ^(TsCHg) 

and SfflOs cm.""̂  A..^^ 210 m/c(£5,76o); g . l . c . (poly-

propylene sebacate) a t 110°, E^i.iS atmospheres gave a 

s i n g l e peak. ( t , 1 9 min,). 
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l,l-Dichloro-2-methylT2-t-butyl-3-methylenecyclopropane 

Dry potassium t-butoxide (from potassium 4 g., 0 .1 

g. atom and t-butanol, 150 ml.) was covered with 3-methyl 

4,4-dimethyl-penta-l,2-diene ( l l . O g., 0.1 mole)and 

pentane (10 ml.) a t 0 ° and chloroform ( l 2 . 0 g., 0 .1 

mole) was added dropwise over 1 h r . w i t h s t i r r i n g , the 

mixture s t i r r e d f o r 1 h r . a t 0 ° , 1 h r . a t rooa (tempera

t u r e , pouiFe4 on^o ±ve water, e x t r a c t e d with ether 

(3 X 50 ml), d r i e d (MgSOji^) and f r a c t i o n a t e d , y i e l d i n g 

1 ,l-dichloro-2-methyl-5 2-t-butijl-3-i(;aethylenecyclopropane 

( 9 . ' : | ^ ^ ^ ? ) , b . . p . 7 8 - 8 0 V 6 5 mm. (Found: (7 , 55 -7 ; H , 7 . 0 ; 

CI, 3 6 . 4 ; C^HjLj;^Cl2requires C , 5 5 . 9 ; H,7.2; C I , 3 6 , 8 % ) , 

~ ^ m a x (^•^•9) 1820W, 1750w (overtone), lOlOmi. ( c y c l o 9 

propane), 910s ( ̂ C=CH2) and 865 cm.""*"; g . l . c . ( s i l i c o n e 

o i l ) a t 8 4 ° , N2 2 l . / h r . gave a s i n g l e peak ( t , l l min.). 

1 tl-B[ichloro-2-n-propyl - 3-methylenecyclopropEuie 

Dry potassium t-bjitoxide (from potassium 4 g., 0.1 

g. atom and t- b u t a n b l ^ l 8 0 ml.) was covered w i t h hexa-1, 

2-diene (8.2 g. , O l . mo4-e) and dry penteuie (10.ml.) a t 

0° and chloroform. (12 g. , 0.1 mole) was add^d dropwise 

over 1 h r . w i t h s t i r r i n g , the mixture s t i r r e d f o r 1 h r . 

at 0°, 1 h r . at room temperature, poured onto ice-water, 
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e x t r a c t e d with ether (3 x 50 ml.), d r i e d (MgSO^^) and 

f r a c t i o n a t e d , y i e l d i n g 1,l-dichlorb-2-n-propyl-3-

methylenecyclopropane (7.8 g., 47^), b.p. 66-68^100 mm. 

(Found: C, 50.8; H, 6.1; C I , 42.9; ^•^^J^Q'^^Z r e q u i r e s 

C, $0 . 9 ; H, 6.2; C I , 42.0^), ^ ^ ^ x ( l * ^ - 7 ) I820w, 1720w 

(overtone)^ 1038m̂  (cyclopropane), 912s ( ^CsCHg) and 

760m c m . g . l . c . ( s i l i c o n e o i l ) a t 70°, N2l./hr. 

gave a s i n g l e band ( t , I5 min.). M.m.r. showed two 

non-equivalent doublets (^M^s^yai^S ) at 4 07 

R e a c t i o n of dihalocarbenes wath 1-bromoallene 

I . ( i ) A s o l u t i o n of l-bromo-3-methyl-penta-l,2-

diene (l6.1g., 0.1 mole) i n chloroform (12.0 g., 0.1 

mole) was added dropwise ov,er 1 hr. to a w e l l - s t i r r e d 

suspension of potassium t-butoxide (from 4.C^p.l mole 

potassium and t-butanol ,,150 ml.) i n dry pentane (25 ml.) 
,0 cooled.to 0 i n i c e . The r e a c t i o n temperature was 

maintained at 0° throughout the a d d i t i o n , and the mixture 

s t i r r e d a t 0° f o r 1 hr., room temperature f o r 1 hr., 

poured i n t o water, e x t r a c t e d w ith pentsne (50 ml x 2), 

d r i e d (MgSO^^), and d i s t i l l e d to give b.p. 78-82°/50 mm. 

(13.5 g.» 85^). The product on g . l . c . ( s i l i c o n e o i l ) 

at 80°, N2 2 l . / h r . gave a s i n g l e peak ( t , l4 min.) i d e n t i 

f i e d as lt-bromo-3-methyl-penta-l,2-diene, ^ 1950ws 
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(C=C=C), II65VS and 730vs cm."''". 

( i i ) Bromoform (25.3 g., 0.1 mole) a l s o gave 

the recovered bromoallene ( l l . O g., 69%) under the same 

co n d i t i o n s as ( i ) . 

( i i i ) S i m i l a r l y excess chloroform (47 g,, 0,4 

mole) l i k e w i s e gave the recovered bromoallene (l2.5, 

77%). 

I I . To a suspension of sodium t r i c h l o r o a c e t a t e 

(l4.9 g,, 0,8 mole ^prepared by the a d d i t i o n of t r i 

c h l o r o a c e t i c a c i d (21.3 g., 0.13 mole) to sodium 

ethoxide (8.8 g., 0.13 mole), f i l t e r i n g the solid,, 

washing w i t h chloroform (3 x 50 ml,) and dry i n g a t 

40-50°/lmm_j^ i n f r e s h l y d i s t i l l e d (from calcium 

h y d r i e d ) dimethoxy ethane (lOO ml.) was added 1-bromo-

3-methyl-penta-l,2-diene (8.0 g., 0.05 wole), the mixture 

heated at 150° f o r 3 h r . under dry N2, added to water 

(200 m l , ) , e x t r a c t e d w i t h ether (3 x 50 ml.), d r i e d 

(M^SO^^), and d i s t i l l e d to give the recovered a l l e n e 

bromide (4.0 g., 50%) i d e n t i f i e d by i . r . and g . l . c . 

as i n ( i ) . 

I I I , l-Bromo-3-methy1-penta-l,2-diene (0,8 g,, 0.01 

mole) i n dry benzene ( l O ml.) was added to t r i b r o m e t h y l -
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phenyl-mercury ( l l . 7 g.» 0.022 mole) /prepared from 

phenyl-mercury-bromide (17.9 g.» 0.05 g.,) potassium 

t-butoxide (5.6 g,, 0.05 mole) and bromoform (12.7 g., 

0.05 mole) i n dry benzene (40 ml.) __/ and the mixture 

r e f l u x e d f o r 3 hr., poured i n t o water (lOO ml.), benzene 

l a y e r separated, the aqueous l a y e r extracted w i t h ether 

(2 X 25 ml,), the combined organic l a y e r washed w i t h 

water (2 x 50 m l , ) , d r i e d (M^SO^^) and d i s t i l l e d to give 

the recovered a l l e n e bromide (5.6 g,, 70^) i d e n t i f i e d 

by i . r . and g . l . c . as i n ( i ) . 

i,3-Dibromo-prop-l-yne 

Bromine (40.0 g., 0.4 mole) was added dropwise w i t h 

s t i r r i n g t o 1 N potassium hydroxide s o l u t i o n (1 1.) at 0° , 

the temperature being maintained a t 0° throughout the 

a d d i t i o n . 3-Bromo-prop-l-yne (48 . 0 g., 0.4 mole) was 

added i n one p o r t i o n to the w e l l - s t i r r e d mixture a t 0 ° , 

s t i r r e d a t 0° for 1 h r . and allowed to reach room 

temperature. The lower organic l a y e r separated, the 

upper aqueous l a y e r e x t r a c t e d w i t h ether (2 x 50 ml.), 

the combined organic J a y e r d r i e d (MgSO^) and ether 

evaporated on a r o t a r y evaporator to y i e l d a fuming 

amber l i q u i d (79.0 g., t h e o r e t i c a l ) 2 ^ (I.R . 6 5 ) 
' in3>x 
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302OW (C-H), 2260s (-C5C-), lk20w, 1210VS, 106km and 

860 cm."'''; g . l . c . (apiezon L ) at 82°, fl l . / ^ r . 

gave a s i n g l e peak ( t , ik min,). D i s t i l l a t i o n gave 

a fuming c o l o u r l e s s l i q u i d (64,0 g., 81 ^ ) , b.p. 50-5^°/ 

1 0 mm. (RoTond: C, 18.4; H, 1 . 2 ; Bf, 80.4; C^H^Br^ 

r e q u i r e s C, 18.2; H, 1.0 ; Br, 80.^f&) , i . r . and g . l . c . 

i d e n t i c a l w i t h the u n d i s t i l l e d product i d e n t i f i e d as 

1,3-dibromo-prop-l-yne. N.m.r. (N.m.r.lO) showed only 

a sharp s i n g l e t f o r the methylene protons a t 'V 6.10 
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Cumulenes 

4-Methyl-penta-l>2g3-triene: 

( a ) A s o l u t i o n of 1,l-dibromo-2,2-diraethyl -3-methylene-

cyclopropane (12,0 g., 0 . 0 5 mole) i n 25 ml. ether was 

added dropwise over 15 min. to - n - b u t y l - l i t h i u m (from 

l i t h i u m w ire, 0 . 6 g., 0.1 g-atom, n-butyl bromide, 6.8 g., 

0 . 0 5 mole) a t -40°, the temperature being maintained below 

-30*^, The mixture was s t i r r e d f o r 15 min. at - 3 0 ° , and 

sl o w l y allowed to warm up to room temperature. D i s t i l l a 

t i o n i n vacuo gave a product which was c o l l e c t e d i n a 

cold t r a p (_30--40°) and r e d i s t i l l a t i o n under n i t r o g e n 

at atmospheric p r e s s u r e gave 4-methylpenta-l,2, 3-triene, 

b.p. 5 6 - 5 8 ° c o n t a i n i n g ether; g . l . c . ( s i l i t o n e o i l ) at 

21°, at 9 atmosphere, **- gave two peeiks: t , 3 min. 

( 5 0 ^ , e t h e r ) and 9 min. (50^. ciomulene). The y i e l d of 

cumulene by g . l . c , was ca. 3 g. , 7 5 ^ , ( I . R . 1 3 ) 2080s 

(C=C=C=C), 820b cm.""'"; -Xj^^x^^" hexane) 220 ̂  ( £ , 3 f 5 0 0 ) , 

254 i y c ( f , 1 3 , 0 0 0 ) , 294 m ^ ( 1 , 7 0 0 ) . The product ( c a . 

0 . 5 g.> 0 . 0 0 6 mole) i n ether over a c a t a l y s t (PtOg, O . I 5 8 

g.) absorbed hydrogen ( 5 3 0 ml., 0 . 0 2 3 mole). D i s t i l l a t i o n 

gave 2-ethylpentane ( b . p , 6 o ° ) i n ether i d e n t i f i e d by com

parin g with an a u t h e n t i c sample on g . l . c . ( s i l i c o n e o i l ) , 

1 6 ° , 2 l . / h r . , t 9 min.) and i . r . s p e c t r a . 
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(b) Using the same procedure 1,l-dichloro-2,2-dimethyl-

3 - methylenecyclopropane (3*8 g,, 0 . 0 2 5 mole) and n-butyl 

l i t h i u m (from l i t h i u m w i r e 0.3 g.» 0 . 0 5 g' atom and 

n-butyl bromide 3 . 4 g,, 0 . 0 2 5 mole) gave 4-methylpenta-

1 , 2 , 3 - t r i e n e ( 1 . 4 g., 7 0 ^ ) . 

4 - Methylhexa-l,2, 3-triene 

( a ) A s o l u t i o n of 1,l-dibrorao-2-methyl-2-ethyl - 3 -

methylenecyclopropane ( 1 2 . 7 g., 0 . 0 5 mole) i n 25 ml. 

ether was added dropwise over 15 min. to n-butyl l i t h i u m 

(from l i t h i u m wire 0 . 6 g., 0 . 1 g. atom and dry n-butyl 

bromide ( 6 . 9 g,, 0 . 0 5 mole) i n 10 ml.^" of ether at -40° 

the temp)erature being maintained below -30°. The mixture 

was s t i r r e d f o r 15 min. a t - 3 0 ° then slowly allowed to 

warm up to 3 0 ° , d i s t i l l e d i n vac^o and the product 

c o l l e c t e d i n a c o l d t r a p ( a t -4o°). R e d i s t i l l a t i o n 

under n i t r o g e n at atmospheric pressvure gave 4-methylhexa-

1, 2 , 3 - t r i e n e , b.p. 6 5 - 6 8 ° containing ether. G . l . c . 

( s i l i c o n e o i l ) a t 22°, 2 l . / h r . gave two components: 

t , 3 min. ( 3 5 ^ » e t h e r ) and t,28 min. ( 6 5 ^ , cumulene). The 

y i e l d by g . l . c . was ca. 3 . 7 g. , 7 5 ^ , ^ ( l . R . l 4 ) 2O80m 

(G=C=C=C') 820b cm."-''; ^^^^218 m ( ^ , 7 , 7 ^ 0 ) , 256 y<(£ , I 6 ,^00) , 

294m ii,9fO). The product ( l g., 0.012 mole) i n ether 
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over c a t a l y s t (PtOg, 0,l4o g.) absorbed hydrogen (595 nil. 

0.27 mole). D i s t i l l a t i o n gave 3-methy3_^exane i d e n t i f i e d 

by comparison with an a u t h e n t i c sample on g . l . c . ( s i l i c o n e 

o i l , 16°, 2 l . / h r . , t 27 min.) and i . r . s p e c t r a . 

(b) Using the same procedure 1,l-dichloro-2-methyl-

2 - e t h y l - 3-methylenecyclopr opane (4.1 g., 0.025 mole) and 

n^buty l l i t h i u m (from l i t h i u m wire, 0.3 g«» 0.05 g* atom 

and t l - b u t y l bromide, 0.4 g. , 0.025 mole) gave 4-methylhexa-

1 , 2 , 3 - t r i e n e ( I . 8 g., 7 3 ^ ) -

4 - E t h y l h e x a - l , 2 , 3 - t r i e n e 

( a ) A s o l u t i o n of 1,l-dibromo-2,2-diethyl-3-methylene-

cyclopropane (13*4 g., 0.5 mole) i n 25 ml, ether was added 

dropwise over 15 min. to n-butyl l i t h i u m (from l i t h i u m 

w i r e 0.6 g. , 0.1 g. atom and 44»y n-butyl bromide (6.9 g« 

0.025 mole) i n 10 ml, of ether at -4o°, the temperature 

being maintained below -30°. The mixture was s t i r r e d f o r 

15 min. at -30° then s l o w l y allowed to warm up to room 

temperature. D i s t i l l a t i o n i n vacuo gave a product which 

was c o l l e c t e d i n a c o l d t r a p ( a t -4o°). R e d i s t i l l a t i o n 

under n i t r o g e n at atmospheric pressure gave 4-methylhexa-

1 , 2 , 3 - t r i e n e , b.p. 82-84° containing ether. G . l . c . 

s i l i c o n e o i l ) at 22°, it l . / h r . gave two comphnents: 
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t , 3 min. ( 2 5 ^ , e t h e r ) and t , 35 min. (75/^» cvunuiene) . The 

y i e l d by g . l . c . was ca. 3.7 g., 75^, ( I . R . I 5 ) , 2080m 

(:c=C=Cr=CC), 820b cm."-"-, X^^^iV.V.j) 213 m/< (T, I 6 , OOO) , 

294 m/t(£,900). 

(b) Using the same proceBdure 1, l - d i c h l o r o - 2 , 2 - d i e t h y l -

3-methylenecyclopropane (6.7 g., 0.025 mole) and n-butyl 

l i t h i u m (from l i t h i u m wire, 0.3 g» , 0.05 g.atOB and H.-butyl 

bromide, 3.4 g., O.O25 mole) gave 4-methylhexa-l,2,3-triehe 

(1.6 g., 7 5 ^ ) . 
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Cope Rearrangement of Propargyl A l k e n y l Malonates 

D i e t h y l isobutylidenema.ibonate. 

Method A! D i e t h y l malonate ( 8 0 . 0 g., 0 . 5 0 mole), 

f r e s h l y d i s t i l l e d isobutyraldehyde ( 3 9 . 6 g., 0 . 5 5 mole), 

p i p e r i d i n e ( 1 . 7 g., 0 . 0 2 mole), g l a c i a l a c e t i c a c i d 

( 6 . 0 g., 0 . 1 mole) and dry benzene ( 5 0 ml.) were r e -

f l u x e d using a Dean and S t a r k constant water separator 

u n t i l the t h e o r e t i c a l volume of water had been separated 

( c a . 3 h r . ) The mixture was allowed to cool to room 

temperature, washed with water ( 3 x 100 ml.), benzene 

l a y e r separated, aqueous l a y e r e x t r a c t e d with benzene 

( 2 X 5 0 ml.), the organic l a y e r s combined, d r i e d (MgSO^^) 

and d i s t i l l e d t o give d i e t h y l isobutylidenemalonate, 

b.p. 1 2 8 - 1 3 0 ° / 2 3 mm. ( 9 2 . 0 g., 90?&) , 1̂  ^ (l.R.46) 1 7 4 0 s 
max 

( t = 0 ) , 1 6 5 0 s (^,C=C0 cm."^, y^^^ 209 m/« ( f, 13, 02c) ; 

g . i . c . ( s i l i c o n e o i l ) a t 1 5 0 ° 2 . 6 1/hr. gave a s i n g l e 

peak ( t , 4 l min.). 

D i e t h y l n-butylidenemalonate 

Method A using d i e t h y l raalonate ( 8 0 . 0 g. 0 . 5 0 mole), 

f r e s h l y d i s t i l l e d n-butyraldehyde ( 3 9 . 6 g., 0 . 5 5 mole), 

s i m i l a r l y gave d i e t h y l n-butylidenemalonate b.p. 1 2 2 - 1 2 4 ° / 

1 0 mm. (59.0 g., 56^),^^^ 1 7 4 0 s ( ' 0 = 0 ) , 1650& ( " 0=60 
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cm.""'", y^^_^^oei^(i,i\,^oo).^g^l^Q^ (polyproplene sebacate) 

at 1 7 4 ° , 8 atmospheres gave a s i n g l e pealc ( t , 8 min,). 

N.m.r. (N.m.r .19) showed two Quartets for the p a i r of 

non-equivalent e s t e r methylene protons a t ' Y 5 « 7 6 and 5•SO 

(j = 7 - 2 c . / s e c . f o r each Quartet) and two t r i p l e t s f o r the 

p a i r of e s t e r methyl protons a t ' y 8 . 7 2 and 8 , 7 4 (j = 7,2 

c . / s e c . f o r each Q u a r t e t ) . 

D i e t h y l benzylidenemalonate 

Method A u s i n g d i e t h y l raalonate (80.Og., 0 , 5 mole), 

f r e s h l y r e d i s t i l l e d benzaldehyde ( 5 5 . 0 g., 0 . 5 5 mole), 

p i p e r i d i n e ( 1 , 7 g«> 0,02 mole) g l a c i a l a c e t i c a c i d 

(6,0 g., 0.1 mole) and dry benzene ( 5 0 ml.) s i m i l a r l y 

gave d i e t h y l iienzylidenemalpnate, b.p. l40-l42°/0.1 mm. 

( 1 1 5 . 0 g., 9 2 ^ ) , n̂,ax-'"''̂ °® (';C=0), 1650m (^^C=CC), l 600m 

(aromatic) cm.""'", }< (U.V,8) 205 mz* (? , 21,650) , 217 

y<. (f , 17,140) ,Vsh.221 ^ ( ? , 1 3 , 6 3 0 ) , 280 m/f (f , 2 4 , 6 5 5 ) . 

N.m.r. (N.m.r.21) showed two Quartets f o r the p a i r of non-

e q u i v a l e n f e s t e r methylene protons at 'V5.64 and 5.70 

(j = 7 , 2 c . / s e c . f o r each Quaartet) and two t r i p l e t s f o r the 

p a i r of non-equivalent e s t e r methyl protons a t T 8 . 7 4 and 

8 , 7 6 ( J = 7 . 2 c . / s e c . f o r each t r i p l e t ) . 

m. 

D i e t h y l isoprpj^iylidenemalonate 

Method B; D i e t h y l malonate (lOO.O g,, O .625 mole) 
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acetone (54.0 g., 0 . 9 3 mole), f r e s h l y d i s t i l l e d a c e t i c 

anhydride (80.0 g., 0 . 7 8 mole) and f r e s h l y fused z i n c 

c h l o r i d e ( c a . 12 g.) were mixed and r e f l u x e d f o r 24 hr., 

a f t e r which the dark mixture was cooled, benzene (lOO ml.) 

and water (200 ml,) added, the organic l a t e r separated, 

washed with water (2 x 100 m l , ) ^ d r i e d (MgSO^), benzene 

removed on the r o t a r y evaporator and the re s i d u e d i s t i l l e d 

under reduced p r e s s u r e to give a forerun, b.p,20-104°/20 mm. 

c o n s i s t i n g of the s t a r t i n g m a t e r i a l s , and d i e t h y l i s o p r o ? 

pylideneraalonate, b.p. 9 5 - 9 6°/1 . 5 mm, (70 g., 5 7 ^ ) » 

^max^740s (^€=0), l 6 5 0 s (^0=00 cm."^, ) ^ ^ ^ 2 1 7 - 5 m/< 

(^,11,990); g . l . c . ( s i l i c o n e o i l ) a t 1 7 6 ° , 2.8 l / h r . 

gave a s i n g l e peak ( t , 17 min.). N.m.r. (N.m.r. I6) showed 

a q u a r t e t f o r the equi v a l e n t p a i r of e s t e r methylene protons 

a t ' V s . S O ( j = 7 . 2 c . / s e c . ) and a t r i p l e t f o r the equivalent 

p a i r of e s t e r methyl protons a t 0^8.68 ( j ^ 7 . 2 c./sec.) 

D i e t h y l 1-methyl-n-propylidenemalonate 

Method B using d i e t h y l malonate (lOO.O g., O .625 mole), 

methyl e t h y l ketone ( 8 6 . 0 g., 1 mole) f r e s h l y d i s t i l l e d 

a c e t i c anhydride (80.0 g., O .78 mole) and f r e s h l y fused 

z i n c c h l o r i d e ( c a . 12 g.) s i m i l a r l y gave d i e t h y l 1-methyl-

propylidenemalonate, b.p. 100 -104°/2 min. (8O.O g., 6 3 ^ ) , 

^ ^ 1 7 4 0 s (^C=0), 1 6 5 0 ('0=0') cm.""''; g . l . c . ( s i l i c o n e 

o i l ) a t 17^^f 9 atmospheres gave a s i n g l e peak ( t , 1 5 min.) 
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D i e t h y l ethylidenemalonate 

Method B using d i e t h y l maldnate (lOO.O g., 0 . 6 2 5 mole), 

acetaldehyde (60.O g., 1 . 4 mole).p f r e s h l y d i s t i l l e d a c e t i c 

anhydride ( 1 0 2 . 0 g., 1 mole) and f r e s h l y fused z i n c chlo

r i d e ( c a . 12 g^, s i m i l a r l y gave d i e t h y l ethylidenemalonate 

b.p, 9 8 - 1 0 0 ° / 5 nmi. ( 3 7 . 2 g. , 32i,) ,^^^17kOs (C=0) , I 6 5 O S 

()C=c:) cm,"^, Aj^ ^ ^ 2 0 9 . 5 m/< ( ^ , 1 2 , 7 5 0 ) ; g . l . c . ( s i l i c o n e 

o i l ) a t 1 2 5 ° , 2 h/iir. gave a s i n g l e peak ( t , 25 min.). 

D i e t h y l h-propylidenemalonate 

Method B using d i e t h y l malonate (llO.O g., 0 , 7 mole), 

n-propionaldehyde ( 8 0 . 0 g., 1 . 4 m o l e ) ^ f r e s h l y d i s t i l l e d 

a c e t i c anhydride ( 1 0 2 . 0 g., 1 mole) and f r e s h l y fused 

z i n c c h l o r i d e ( c a . 12 g.) s i m i l a r l y gave d i e t h y l n-

propylidenemalonate b.p. 1 3 6 - l 4 0 ° / 4 5 mm. {k0.6)s. .'^^^^IJ^Os 

(^^0=0), 1 6 5 0 s (C=C), cm."-*'; g . l . c . (polypropylene sebacate) 

at 1 5 0 ^ , H28 atmospheres gave a s i n g l e peak. N.m.r.(N.m.r. 

1 5 ) showed two q u a r t e t s f o r the non-equivalent p a i r of 

e s t e r methylene protons a t Y 5 . 6 6 and 5 . 7 4 ( j = 7 . 2 c./sec. : 

f o r each q u a r t e t ) , a t r i p l e t f o r the a l k y l i d e n e proton 

(-CH2-C=C^^^^^) a t T 2 , 9 4 ( j = 8 . 4 c./sec.) and two t r i p l e t s 

of non-equivalent e s t e r methyl protons a t T 8 . 6 8 and 8 . 7 2 

( j ? 7 . 2 c . / s e c . f o r each t r i p l e t ) . 



153 

D i e t h y l isobutenylpropargylmalonate 

D i e t h y l isobutylidenemalonate ( 2 5 . 6 g., 0 . 1 2 mole) 

was added dropwise to a s t i r r e d s o l u t i o n of sodium 

(2.8 g., 0 . 1 1 g. atom) i n absolute ethanol ( 2 0 0 ml.), 

the mixture s t i r r e d f o r 30 rain, a t room temperature, then 

cooled to 0 ° and propargyl bromide ( l 4.8 g., 0 . 1 2 4 mole) 

added over 15 min., the mixture s t i r r e d f o r 30 min, and 

l e f t overnight, a t room temperature. E t h e r (15O ml.) and 

w i t e r ( 1 5 0 ml.) were added, the combined organic l a y e r 

d r i e d (MgSO^) and d i s t i l l e d to give a forerun of un-

r e a c t e d d i e t h y l isobutylidenemalonate followed by d i e t h y l 

isobutenylpropargylmalonate ( I 8 . 0 g., 6 0 ^ ), b . p . 9 0 - 9 2 ° / 0 . l 8 

mm. (Foiind: C, 6 5 . 6 ; H, S.ZP^^R^^O^^ r e q u i r e s C, 6 6 . 6 ; 

H, 8 . 2 ^ ) , i)niax^^*^*^^^ 3 3 0 0 v s (-C^CH) , 2 1 2 0 K ( C = C H ) , 

1 7 4 O V S ( ̂ 0 = 0 ) , l650m;:!()C=C^) , I36OVS and I38OVS (CMe2 

doublet) cm.""''; g . l . c . ( s i l i c o n e o i l ) a t 1 7 4 ° , N^ 2.8 l . / h r . 

gave a s i n g l e peak ( t , 25 min.). 

D i e t h y l ethenylpropargylmalonate 

D i e t h y l ethylidene-malonate ( I 8 . 8 g., 0.1 mole), 

sodium ethoxide /from sodium ( 2 . 3 g., 0.1 g. atom) i n 

absolute ethanol ( 2 0 0 m l . J / and propargyl bromide ( 1 2 . 0 g., 

0 . 1 mole) s i m i l a r l y gave d i e t h y l ethenylpropargylmalonate 
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b.p. 1 3 0 - 1 3 2 ° / 2 . 5 mm. (lO.O g., 4 5 ^ ) . The d i s t i l l a t e 

r y s t a l l i z e d out upon cooling (m.p. 50.0°) (Found: c 
C , 6 5 . 5 ; H, 7 . 2 . O^^K^^Oj^^ r e q u i r e s G, 64 . 3 ; H, 7 . 2/0), 

j j j ^ ^ ( l . R . 2 0 ) 3 3 0 0 s (C2CH), 1750s Cp=0) cm.""'•4: g . l . c 

( s i l i c o n e o i l ) a t 1 3 2 ° , 9 atmospheres, gave a s i n g l e 

peeik ( t , 20 min.). 

D i e t h y l n-propenylpropargylmalonate 

D i e t h y l n-propylidene malonate (40.0 g., 0 . 2 mole), 

sodium ethoxide /from sodivun, ( 4 . 6 g. , 0 . 2 g. atom) i n 

abs o l u t e ethanol ( 2 0 0 m l . ^ and propargyl bromide 

( 2 4 . 0 g., 0 . 2 mole) s i m i l a r l y gave d i e t h y l n-propenyl-

propargylmalonate b.p. 1 3 4 - 1 3 6 ° / ! . 5 mm. ( 2 4 . 0 g, k8^) 

(Found: C, 6 5 . 5 ; H, 7*2 ; Cj^^H^g02^ r e q u i r e s C, 6 5 . 5 ; 

H, 7 . 5 ^ ^ ^ ^ ( l . R . 2 l ) 3 3 0 0 s (C=CH), 2120W (CSgH), 1 7 4 0 s 

(^C=0) , 1650m (<^C=C^); g . l . c . ( s i l i c o n e o i l ) at 1 5 0 ° , 

Ng 2 l . / h r . gave a s i n g l e peak ( t , l 4 min.). 

D i e t h y l isopropenylpropargylmalonate 

D i e t h y l isopropylidenemalonate ( 4 5 . 0 g., 0 . 2 5 mole), 

sodium ethoxide /from sodium ( 5 . 8 g., O .25 g:. atom) i n 

absolut e e t h a n o l ( 3 5 0 ml._)7 and propargyl bromide ( 3 0 . 0 g., 

0 . 2 5 mole), s i m i l a r l y gave d i e t h y l isopropenylpropargyl-

ma lo n a t e , b.p. 104 - 1 0 6°/1 . 5 mm. (3O.O g., 5 2 ^ ) ; g . l . c . 
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( s i l i c o n e o i l ) a t 1 7 8 ° , N2 3 l . / h r . gave a major 

compdnent ( t , 1 7 min., 80^) and a minor component 

( t , 26 min., 2 0 ^ ) . Upon r e f r i g e r a t i o n , the d i s t i l l a t e 

c r y s t a l l i z e d out (m.p. 4 8 - 4 9 ° from ethanol)(Found: 

C, 6 5 . 1 ; H, 7 . 6 . , C^^H^^O^ r e q u i r e s C, 6 5 . 3 ; H, 7 - 7 ^ ) ; 

^ ^ ( I . R . 2 2 ) 3300s (C=CH), 2120W (CSCH), 1740s ( 6 c = 0 ) , 

1650m ( )C=C^) cm."f. 

44 
D i e t h y l n - b u t e n y l a l l y l m a l o n a t e 

D i e t h y l n-butylidenemalonate ( 2 1 . 8 g., 0 . 1 mole), 

sodium ethoxide /ifrom sodium ( 2 . 4 g. , 0 . 1 g.atom) i n 

absolu t e ethanol ( 2 0 0 ml.2/ and a l l y l bromide ( l 2 . 0 g,, 

0 , 1 mole) s i m i l a r l y gave d i e t h y l n - b u t e n y l a l l y l r a a l o n a t e 

b.p. 6 6 - 6 8 /lO mm. ( l 4 . 0 g., 60^1^^ 1740s (':c=0), 1650 

('^=Cv) cm."-'; g . l . c . (polypropylene sebacate) a t 1 7 4 ° , 

9 atmospheres gave a major component ( t , 11 min., 93%) 

and a minor contaminant ( t , 8 min,, 5 ^ ) • 

D i e t h y l n-butenylpropargylmalonate 

D i e t h y l n-butylidenemalonate ( 2 1 . 8 g., 0 . 1 mole), 

sodium ethoxide /from sodium ( 2 . 4 g., 0 . 1 g. atom) i n 

a b s o l u t e ethanol ( 2 0 0 m l . J / propargyl bromide ( l 2 . 0 

g. , 0 . 1 mole) s i m i l a r l y gave d i e t h y l n-butenylpropargyl?^ 

malonate b.p. 130-132°/lO mm. ( l 2 . 8 g., 54^) (Found: 
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C, 6 6 . 1 ; H, 8.0^.^ ^14^20*^4 r ^ q ^ i ^ e s C, 6 6 . 6 ; H, 8.2^; 

^ j j j ^ ^ ( l . 8 . l 8 ) 3300s ( C = C H ) , 2120W ( C ? C H ) ̂  1740s ()c=0) 
cm.""*̂ ; g . l . c . (polypropylene sebacate) at 1 7 4 ° , H„ 8 

atmospheres gave a s i n g l e peak ( t , l 4 min,). 

D i e t h y l 1-methyl-n-propenylpropargylmalonate 

D i e t h y l 1-methyl-n-propylidenemalonate ( 2 1 , 4 g,, 

0 , 1 mole), sodium ethoxide /from sodium ( 2 . 3 g., 0 , 1 g, 

atom) i n absolute ethanol (200 ml.^ and propargyl bromide 

(12,0 g., 0 . 1 mole) s i m i l a r l y gave d i e t h y l 1-methyl-n-
o 

propenylpropargylmalonate b.p, 1 2 2 - 1 2 6 /8 mm. ( l 2 . 6 g,, 

50^) (Found: C , 6 5 . 9 ; H, 8 . 1 . Cj^2j.^2o^4 ^^^^^^^^ C , 6 6 . 6 ; 

H, 8 , 2 ^ ) , ^ ( I , R , 24 ) 3 3 0 0 s ( C H C H ) , 2120w ( C = C H ) , max 
1 7 4 0 s ( > C = 0 ) , 165OW ()C=C'^) cmr"*"; g,l,c. ( s i l i c o n e o i l ) 

a t 150°, K^2 l . / h r . gave a s i n g l e peak ( t , 27 min.), 

Hex-l-en - 5-yne 

A l l y l magnesium bromide was prepared from magnesium 

tu r n i n g s ( 2 . 4 g., 0 , 1 g, atom) i n dry ether ( 5 0 ml.), one 

c r y s t a l of iod i n e c a t a l y s t and a l l y ! bromide ( l 2.0 g., 

0 . 1 mole). The s o l u t i o n was cooled i n i c e and propargyl 

bromide ( 9 . 6 g., 0.08 mole) i n dry ether ( 2 5 ml.) was 

added dropwise over 30 min. the mixture s t i r r e d f o r 1 hr. 
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a t 0 ° , then l e f t overnight at room temperature, decomposed 

wi t h s a t u r a t e d aqueous ammonium c h l o r i d e s o l u t i o n , ether 

l a y e r separated, d r i e d (MgSO^) and d i s t i l l e d to give as 

the main f r a c t i o n hex-l-en - 5-yne, b.p. 74-76°/74o mm. 

(4 . 0 g., 509&)'^^', ^ , ( I . R . 64) 3 3 0 £ >S(CSCH) , 2120m 
max 

( C = C H ) 1 6 5 0 s ( > C = C < ) , 1 0 1 5 s , 920s (>C=CH2) cm."-'"; g . l . c . 

( s i l i c o n e o i l ) a t 2 2 ° , N2 2 l . / h r . gave a major peak 

( t , 6 min., 905^) and a minor contaminant ( t , 2 min., I05&) 

i d e n t i f i e d as e t j j e r . 
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D i e t h y l 2 , 2-dimethyl - 3 , 4-pentadienylidenemalonat@ 

D i e t h y l isobutenylpropargylmalonate ( 5 . 1 g., 0 . 0 2 

mole) was placed i n a 25 ml. round-bottomed f l a s k equipped 

w i t h a two-way adapter c a r r y i n g a long t h i n dual-purpose 

p i p e t t e ( s e r v i n g both as a p i p e t t e f o r removing samples 

a f t e r the completion of the p y r o l y s i s and f o r Ng i n l e t 

during the pyrolysis;) and an a i r condenser with a calcium 

c h l o r i d e guard-tube. Dry, oxygen-free was flushed 

through the f l a s k to render the system f r e e from oxygen 

and then the flow was c o n t r o l l e d a t a slow, steady 

r a t e . The f l a s k was placed i n a Wood's metal bath and 

the bath heated to 2 7 0 - 2 8 0 ° , and maintained at t h i s 

temperature range so that the malonate r e f l u x e d gently. 

A f t e r 15 min. the he a t i n g was d i s c o n t i n u e d and the e s t e r 

allowed to come doivn to room temperature (5 min.), one 

drop of the l i q u i d removed by means of the p i p e t t e and 

i t s i . r . s p e c t r u m determined to check f o r the near-complete 

disappearance of the ter m i n a l a c e t y l e n e band (Z) 3300 cm."^) 
max 

and the near-maximum absorption of the a l l e n e band ( 1) 
^ max 

1900 cm."''') (See D i s c u s s i o n , p. 7 3 ) . The l i q u i d was then 

d i s t i l l e d u s ing a 6" Fenski-type column, g i v i n g some 

s t a r t i n g m a t e r i a l and by-product ( i d e n t i f i e d on g . l . c . 

as diethyX ispbutenylpropargylmalonate and d i e t h y l 
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isobutylidenemalonate r e s p e c t i v e l y ) b.p. 84-105°/0.8 

( l . O g.,) and d i e t h y l 2,2-dimethyl - 3,4-pentadienylidene-

malonate ( l . 8 g., 35^), b.p. 128-13O°/0.8 mm. (Found: 

C, 65.8; H, 8 .0; <^l^^^26'^k r e q u i r e s C, 66.6; H, 8 .0^) , 

2^j^^^(l.R,27) 1952m ( > C = C = C < ) , 1730S (>C=0), 1650m 

(>C=C^) and 860b (>C=C=CH2) cm.""'"; X^^^204 ^ ( L , 12, 513) ; 

g . l . c , ( s i l i c o n e o i l ) at 176° N23.0 l . / h r . gave a s i n g l e 

peak ( t , 52 min.). 

D i e t h y l l-methyl - 3,4-pentadienylidenemalonate 

D i e t h y l isopropenylpropargylmalonate (6.0 g., 0.025 

mole) s i m i l a r l y at 270-280° f o r 15 min. gave some s t a r t i n g 

propargylmalonate and isopro p y l i d e n e malonate f i s s i o n 

product (1.5 gr) b.p. 100-120°/2 mm. and d i e t h y l 1-methyl-

3,4-pentadienylidenemalonate (2.3 g., 39^) b.p. 120-122°/ 

2 mm. (Found: C, 64.9; H, 7*9; Cj^^Hj^gOj^requires 0, 65.3^ 

H, 7.7^), ^max^^-^*^^^ 1960m (>C=C=C<), 1730s (>C=0), 
1650m (>C=C<) and 86ob (>C=C=CH„) cm.""'", X ^ 210 mz< 

A. max / 
(£,10,101); g . l . c . ( s i l i c o n e o i l ) at 1 7 6 ° , N2 3 l . / h r . 

gave a s i n g l e peeik ( t , 48 min.). 
D i e t h y l 1,2-dimethyl - 3,4-pentadienylidenemalonate 

D i e t h y l 1-methyl n-^ropenylpropargylmalonate (4.0 g., 

0.016 mole) s i m i l a r l y a t 270-280° f o r 10 min. gave some 
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s t a r t i n g propargylmalonate and alkylidenemalonate f i s s i o n 

product (1.2 g.) b.p. 96-112°/0.5 nun. and d i e t h y l 1^2-

dimethyl-3,4-pentadienylidenemalonate (1.3 6«> 339^) b.p. 

118-120°/0.5 mm. (Found: C, 65.6; H, 7-8; C2.l^^26^k 

r e q u i r e s C,66.6; H, 8.0^); 7^ (I.R.25) 196OW (c=Ci:C) , 

1730s (>C=0) and 86ob (0=0=^2) cm.""''; ^jj^^^08 x^(£ ,8,988) ; 

g . l . c . ( s i l i c o n e o i l ) a t 17^°» 9 atmospheres gave a 

s i n g l e peak ( t , 45 min.). 

kk 

D i e t h y l 2 - e t h y l 4-pent&nylidenemalonate 

D i e t h y l n - b u t e n y l a l l y l m a l o n a t e (6.1 g.^ 0.02 mole) 

s i m i l a r l y a t 220°/50 mm. f o r 6 hr. gave some recovered 

s t a r t i n g m a t e r i a l ( l . O g.) and d i e t h y l 2 - e t h y l 4-

pentenylidenemalonate (3»6 g., 6 l ^ ) , b.p. 98-100°/3 mm., 

l660m (^C=CE^) , l640m (o<,>^-conjugated >C=C^ , 920m 

(>C=CH2) cm.""''; g . l . c . (polypropylenesebacate) a t 174°, 

9 atmospheres gave a major component (95^, t , 11 min.) 

and a minor component (5^> t , 8 min., i d e n t i f i e d as the 

s t a r t i n g a l l y l m a l o n a t e ) . 

Hydrogenation of a sample (0.6 g., 0.0025 mole) i n 

ethanol using Adam's PtOg, H2O (0.O6 g.) gave d i e t h y l 

2-ethyl-pentylm|;lonate (0.5 g.) (absorption of 112 ml., 

t h e o r e t i c a l l l 4 m l . ) , b.p. l60-l62°/30 fflmv.^^. The 
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s a t u r a t e d product- (0.25 g. )oncondensation with urea i n 

the presence of a l c o h o l i c sodium ethoxide gave 5-

( 2 - e t h y l p e n t y l ) - b a r b i t u r i c a c i d (o.J: g.) c c y s t a l l i z e d 

from ethanol, m.p. I7^°(lit.^^ 176.5-177°). 

D i e t h y l 2-gthyl-3,4-pentadienylidenemalonate 

D i e t h y l n-butenylpropargylmalonate (5.1 g., 0.02 

mole) s i m i l a r l y a t 270-280° for 15 min. gave some sta^pting 

propargylmalonate and n-butylidenemalonate f i s s i o n product 

(2.2 g.) and d i e t h y l 2-ethyl 3,^-penta§ienylideneraalonate 

(1.5 g., 29^),b.p. l24-126°/5 min. (Found: C,66.2; H,7.9f 
C^J^H2QO^ requires. H,66.6; H, 8.0^) ; ^ ^ ^ ^ ( I . R . I9) 1950w 
(C=C=C), 1730s (>C=0) and 860m (c=C=CH„) cm."-"-; A 206 xaM 

^ ni3.x / 
(5,10,790); g . l . c . (polypropylenesebacate) at 17^°, ^2 

9 atmospheres gave a s i n g l e pealc ( t , 21 min.). 

Hydrogenition of a sample (0.6 g., O.OO25 mole) i n 

ethanol using Adam(s ^tO^t HgO c a t a l y s t (O.06 g.) gave 

d i e t h y l 2-ethyl-pontylpentylmalonate (0.5 g.) (absorption 

of 158 ml., t h e o r e t i c a l 17I m l . ) , b.p. l60-l62°/30 mm..'̂^ 
The s a t u r a t e d product (O.25 g.) upon condensation with 

ure a dm the u s u a l manner gave 5 - ( 2 - e t h y l p e n t y l ) - b a r b i t u r i c 

a c i d (0.1 g . ) , c r y s t a l l i z e d from ethanol, mp.l76°. 
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Isobutyraldehyde d i p r o p a r g y l acetal"^^^ ' 

Anhydrous calcium c h l o r i d e ( l O g.) was added to r e 

d i s t i l l e d propargyl a l c o h o l (56 g., 1 . 0 mole)^shaken f o r 

5 minutes, cooled i n i c e and isob^tyraldehyde ( 3 6 . 0 g., 

0 . 5 mole) added slowly with s t i r r i n g . A f t e r shaking f o r 

3 days on a continuous mechanical shaker, the mixture was 

f i l t e r e d and the f i l t r a t e d i s t i l l e d g i v i n g isobutyraldehyde 

d i p r o p a r g y l a c e t a l (6O.O g., 72^) b.p» 62-64°/l«5 n™!. 

^ max 33OOVS ( C = C H ) , 2120m ( c = C H ) , IO5OVS ( C-0-) and a 

doublet at 1360m and 1380m (>CMe2) cm.""''; g . 1. c . (din o n y l -

p h t h a l a t e ^ a t 1 2 0 ° , 1 . 7 l . / h r . gave a s i n g l e peak 

( t , 32 min.), 

1-Chlor o - i s o b u t y l propargyl ether^^ * 

Isobutyraldehyde d i p r o p a r g y l a c e t a l (k6.Q g., 0 . 2 7 

mole) was added dropwmse with s t i r r i n g to boron t r i c h l o r i d e 

( 2 2 . 0 g,, 0 . 1 9 mole) cooled i n an i c e - s a l t bath. A f t e r 

l e a v i n g at - 1 0 ° f o r 3 h r . and at room temperatuEe f o r 

3 days, the v o l a t i l e product was c o l l e c t e d under vacuo i n 

a cold t r a p i n a l c o h o l Dewar at -6o° eind r e d i s t i l l e d to 

give 1 - c h l o r o - i s o b u t y l propargyl ether ( 2 9 . 0 g., 70^)> b.p. 

52-54°/lO mm., 3290s ( C S C H ) , 2120m ( C = C H ) , 1 0 8 0 , 1 1 2 0 v s 

( C-0-) and 700s ( C - C l ) cm.""''. 
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2.2-dimethylpenta - 3.4-dienal^^' 

1-Chloro-isobutylpropargyl ether (19 g.» 0 . I 3 mole) 

was. heated under r e f l u x ^ b a t h temperature 150°) i n the 

presence of hydroquinone (0.002 g.)- A f t e r 6 hr., 

d i s t i l l a t i o b gave 2,2-dimethylpenta-3,4-dienal (8.0 g., 

565S) , b.p. 126-127^/760 mm., '̂'OOm (CHO) 1950vs 

(>C=C=C<:), 850s (>C=C=CH2) and 1740vs (>C=0) cm.'"'"; g . l . c . 

( d inonylphthalate) a t 90°, 1.7 l . / h r . ) gave a s i n g l e 

peak ( t , 12 min,), dinitrophenylhydrozohe d e r i v a t i v e (orange 

n e e d l e s ) m.p, 122°. 

D i e t h y l 2,2-dimethyl-3,4-pentadienylidenemalonate 

2, 3-J)imethyl-penta-3, 4-dienal (5*5 g. i 0.05 mole), 

diethylmalonate (8.0 g., 0.05 mole), anhydrous ammonium 

a c e t a t e ( l . O g.) and dry benzene (25 ml.) were r e f l u x e d 

using a Dean and S t a r k apparatus for l a hr. Water (50 ml.) 

and e t h e r (50 ml.) were added, the organic laj^ersseparated, 

washed w i t h water (3 x 25 ml.), d r i e d (MgSÔ ^̂ ) , v o l a t i l e 

m a t e r i a l s removed on the rot a r y evaporator and the r e s i d u a l 

o i l d i s t i l l e d to give two f r a c t i o n s : - ( i ) 86-88°/l5 mm. 

(4.0 g.,) i d e n t i f i e d by i . r . and g . l . c . as d i e t h y l malonate, 

and ( i i ) 128-136°/l mm. (2.5 g . ) . R e d i s t i l l a t i o n of 

f r a c t i o n ( i i ) gave pure d i e t h y l 2,2-dimethyl-3»4-penta-
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dienylidenemalonate (2.0 g., l 6 ^ ) with i d e n i i i c a l i . r . 

arid g . l . c . as the sample obtained by Cope rearrangement of 

d i e t h y l isobutenyIpropargyImalonate 
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Cyclopropanes; from 0^,^-Unsaturated E s t e r s by the 
Dlmethylsulphoxonimn Methylide R e a c t i o n 

159 
Trimethylsulphoxohium i o d i d e 

I n a 1 1. round-bottomed f l a s k equipped with a ground-

g l a s s s e a l e d mechanical s t i r r e r , inflow tube and a 

cold-water condenser with a calcium c h l o r i d e guard tube 

was placed a s o l u t i o n of methyl iodide (250 ml.) i n dry 

dimethyl sulphoxide (150 g., 1.4 mole) and the s o l u t i o n 

under Ng was r e f l u x e d over an e l e c t r i c mantle f o r 3 days. 

The mixture was cooled, f i l t e r e d , the s o l i d washed w i t h 

chloroform (3 x 100 ml.) and acetone (2 x 100 ml.), 

powdered and d r i e d i n the oven at 100° g i v i n g t r i m e t h y l -

sulphoxoniiun i o d i d e as a white c r y s t a l l i n e s o l i d (247 g. 

8 0 ^ ) , r e c r y s t a l l i z e d from water, m.p. 200°. 

53 

Trimethylsulphoxonium g h l o r l d e 

Trimethylsulphoxonium iodide (30 g., 0.136 mole) was 

d i s s o l v e d i n water (300 ml.) at 50° sind c h l o r i n e gas 

bubbled through the s o l u t i o n u n t i l no more ±odir^sw^^ii^'0f 

p i t a t e d . The mixture was cooled, the aqueous l a y e r de

canted o f f from i o d i n e , washed w i t h ether to remove 

i o d i n e (3 x 50 m l . ) , water removed on the r o t a r y evaporator 

and d r i e d i n the vacuum d e s i c c a t o r to y i e l d t r i m e t h y l 

sulphoxonium c h l o r i d e as a white c i y s t a l l i n e s o l i d 

(13.5 g., 77^), m.p. 220°. 
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E t h y l txailg-2-methylenecyclopropane-l-carboxylate 

Method ( a ) : To a suspension of sodium hydride (1.2 

g., 0.05 mole) and dry dimethylsulphoxide (lOO ml.) was 

added i n one p o r t i o n s o l i d trimethylsulphoxonium iodide 

(11.05 g«» 0.052 mole). An exothermic r e a c t i o n took 

p l a c e with e v o l u t i o n of hydrogen. The mixture was s t i r r e d 

f o r 45 min. by which time the e v o l u t i o n of hydrogen had 

ceased and the mixture had a t t a i n e d room temperature."TYjaM^-

E t h y l crotonate (5*7 g»» O.O5 mole) i n dimethyl sulphoxide 

(15 ml.) was added to the methylide i n one por t i o n . An 

exothermic r e a c t i o n took p l a c e and the mixture turned 

s l i g h t l y yellow. S t i r r i n g was continued f o r another 2 hr. 

without any e x t e r n a l heating or c o o l i n g . The mixture was 

poured i n t o h y d r o c h l o r i c a c i d / i c e water (lOO ml., 3^)> 

e x t r a c t e d with ether (3 x 50 ml.), the ether e x t r a c t 

washed with water (2 x 100 ml.), d r i e d (MsSO^^) and d i s 

t i l l e d g i v i n g ethyl, trans-2-methyl-eyelopropanecarbpgylate 

(3.8 g., 605^) b.p. 76°/70 mm"'"^°. (poimd: C, 65.3; H, 9.5T 

c a l c u l a t e d f o r C^R^^O^: C, 65.6; H, 9.4^ ̂ ^ ^ ( l . R . 3 0 ) 

1740s (>C=0), 1020m I cyclopropane) cm.""'", ̂  (U.V.4) 
ind.x 

206 m/<(i,160); g . l . c . ( s i l i c o n e o i l ) at 80° showed a 

s i n g l e peak, t 12 min. 

Method ( b ) ; To a suspension of sodium hydride 

(1.2 g., 0.05 mole) i n dimethylformamide (lOO ml.) was 
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added i n one p o r t i o n s o l i d triraethylsulphoxonium iodide 

(11.05 g.> 0.052 mole). An exothermic r e a c t i o n took pla<6e 

with copious e v o l u t i o n of hydrogen. A f t e r a l l the hydrogen 

had been eyolved (5 min.) the mixture was s t i r r e d another 

15 min. and e t h y l crotonate (5.7 g.» 0.05 mole) i n dimethyl 

formamide (15 ml.) was added to the methylide i n one 

p o r t i o n . An exothermic r e a c t i o n took place and the mix

tu r e turned s l i g h t l y yellow. S t i r r i n g was continued f o r 

another 1 hr. The mixture was poured into h y d r o c h l o r i c 

a c i d / i c e - w a t e r (lOO ml. 3^)» e x t r a c t e d with ether (3 x 50 

m l , ) , thre ether e x t r a c t washed w i t h water (2 x 25 ml.), 

the combined ether l a y e r d r i e d (MgSO^^) and d i s t i l l e d 

g i v i n g e t h y l trans-2-methylcyclopropane-l-carboxylate 

(4.0 g., 63'^) b.p. 74-76°/70 mm., i , r . , u . v . , and g . l . c . 

i d e n t i c a l wj^th those from the product from method ( a ) . 

N.m.r. (N".m.r.l2) showed a quartet f o r the e s t e r methyleiie 

protons a t Y 5 . 9 6 (j=7.2 c./sec.) and a t r i p l e t f o r the 

e s t e r methyl protons at'V 8.78 (J=7.2 c . / s e c . ) . 

E t h y l cyclopropanecarboxylate 

Method ( a ) ; Sodium hydride (2.4 g., 0.1 inole)^ 

dimethyl sulphoxide (150 ml.)^triraethylsulphoxonium 

i o d i d e (22.1 g., 0.1 mole) and e t h y l a c r y l a t e ( l O . l g., 

0.1 mole) i n dimethyl sulphoxide (25 ml.) gave e t h y l -
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cyclopropanecarboxylate, b.p. 134-135° ( l i t . ^ ^ " ' " 135°), 

(7.4 g., 6 5 ^ ) , m̂ax-'-'̂ ^̂ ^ (>C=0) , 1050m (cyclopropane) 

cm.""'", ^ 207 mA(£»106); g . l . c . ( s i l i c o n e o i l ) ait 

70° gave a s i n g l e peak ( t , 7 min.) i d e n t i c a l w ith an 

a u t h e n t i c sample prepared by e s t e r i f i c a t i o n of c y c l o -
152 

propanecarboxylic a c i d . 

Methyl-l-methylcyclopropane-l-carboxylate 

Method ( a ) : gave no ether s o l u b l e product. 

Method ( b ) ; Sodium hydride (2.4 g., 0.1 mole), 

dimethylformamide ( l 5 0 ml.), trimethylsulphoxonium 

i o d i d e (22.1 g., 0.1 mole) and methyl methacrylate 

(lO.O g., 0.1 mole) i n dimethylformamide (25 ml.) gave 

methyl 1-methylcyclopropane-l-carboxylate, b.p. 72°/120 

mm."'"̂^ (2.6 g., 2 0 ^ ) , ^ ^ ^ ( l . R . 2 9 ) 1740s (>C=0). 1028m 

(cyclopropane) cm.""'-; ^^1^x^06 ^ ( £ , 1 9 4 ) /h±t.^^^ for 

e t h y l e s t e r , X^^^215.5 ry<{t,6ok^; g . l . c . ( s i l i c o n e 

o i l ) a t 80° gave a s i n g l e peak ( t , 7 min.) (Found: 

C,63.2; H, 8.7; ^6^10^2 C, 63.1; H, 8.7). 
E ^ y l trans-Kex-Jt-eKvoate. 
Trans-hex-2-enoic a c i d '-

n-Butyraldehyde (36.0 g., O.5 mole) was poured onto 

the s o l u t i o n of malonic a c i d ( 4 l . 6 g., 0.4 mole) i n dry 

p y r i d i n e (50 ml.), and the mixture r e f l u x e d u n t i l the 

carbon d i o x i d e ceased to evolve (3 h r . ) The mixture 
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was added to i c e - c o l d 50^ h y d r o c h l o r i c a c i d (50 ml.) 

and' r e f r i g e r a t e d overnight. The c r y s t a l l i n e s o l i d was 

f i l t e r e d , r e c r y s t a l l i z e d from chloroform and d r i e d i n 

a vacuum d e s i c c a t o r to y i e l d trans-hex-2-enoic a c i d 

(17.1 g. , 30^) . m.p.7*". 

E t h y l trans-hex-E-enoate 

Trans-hex-2-enoic a c i d ( l 4 . 3 g., 0.25 mole) was 

d i s s o l v e d i n absolute ethanol (lOO ml.) and concentrated 

s u l p h u r i c a c i d ( l O ml.) added with s t i r r i n g . The mixture 

was s t i r r e d f o r 24 hf., water (200 ml.) and ether (lOO ml.) 

added, the organic l a y e r removed, washed with s a t u r a t e d 

aqueous sodium bicarbonate s o l u t i o n (3 x 50 ml.), water 

(2 X 50 m l . ) , d r i e d (MgS02^) and d i s t i l l e d to give e t h y l 

trans-hex-2-enoate 90-92°/2 mm. ( l i t . - ' - ^ ' * 83-85'^.25 mm.). 

. E t h y l t r a n s-3-propylcyclopropane-l-carboxylate 

Method ( b ) ; Sodium hydride (1.2 g., 0.05 mole), 

dimethylformamide (lOO ml.), trimethylsulphoxonium iodide 

(11.05 g., 0.052 mole), e t h y l hex-2-enoate ( 7 . I g., O.05 

mole) i n dimethylformamide (15 ml.) gave e t h y l t r a n s -

3-propylcyclopropane-l-carboxylate, b.p. 80-82°/5 mm. 

(6.5 g.,' 7 9 ^ ) , ~2)inax^750s (C=0)^1038m (cyclopropane); 
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^max^*^'' 'nA(^»l®7); g . l . c . ( s i l i c o n e o i l ) at 125° gKve 
a s i n g l e peak ( t , 9 min,), ^Found: C, 69.2; H, 10.1; 
Ĉ Hĵ ^̂ Og r e q u i r e s C, 69.2; H, 10.l^^). 

E t h e l trans-2-phenylcyclopropane-'l-carboxylate 

Method ( a ) ; Sodium hydride (1.2 g., 0.05 mole), 

dimethyl sulphoxide (100 ml.), trimethylsulphoxonitun 

i o d i d e (11.05 g.» 0,052 mole) and t r a n s - e t h y l cinnamate 

(8.8 g., 0.05 mole) i n dimethyl sulphoxide ( l 5 ml.) gave 

recovered t r a n s - e t h y l cinnamate, b.p, 98-100°/l mm. 

(5.0 g.,) and e t h y l trans-2-phenylcyclopropane-l-

c a r b o x y l a t e 108-llO°/l mm. (3,0 g,, 31^). R e f r a c t i o n a -

t i o n gave b.p, 100°/l mm. (2,7 g., 3C^) ( l i t . " ' " ^ ^ 103-

105°/0.5-0.7 mm.); ^max^-"-*^'H^Os (>C=0) , 1610BI 

( a r o m a t i c ) , 1040m (cyclopropane) cm.~^; X 205 ni/«-

( i , l l , 7 5 0 ) , 222m/^ (£,,8,700); g . l . c . ( s i l i c o n e o i l ) 

a t 178°, 1.6 l/hr."'^ gave a s i n g l e peak ( t , 19 min.) 

H y d r o l y s i s of the e s t e r gave trans-2-phenylcyclopropane-

1 - c a r b o x y l i c a c i d , m.p. 94°(lit."""^^ 93°). 

Method ( b ) ; S i m i l a r l y gave e t h y l trans-2-phenyl-

cyclopropeme-l-carboxylate i n 42^ y i e l d . 

Trans-penta-2,4-dienoic a c i d 

To malonic a c i d (lOO g., O.96 mole) d i s s o l v e d i n 

p y r i d i n e (lOO ml.) was added a c r o l e i n (56.0 g., 1,0 mole) 
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and the mixture r e f l u x e d u n t i l no more carbon dioxide was 

evolved ( 3 h r . ) . The mixture was cooled i n i c e , cold 40^ 

s u l p h u r i c a c i d (lOO ml.) added to i t and i t was r e f r i g e r a t e d 

o vernight. The s o l i d was f i l t e r e d , r e c r y s t a l l i z e d from 

chloroform and d r i e d i n a vacuum d e s i c c a t o r to y i e l d t r a n s -

p e n t a - 2 , 4 - d i e n o i c a c i d ( 2 5 . 0 g., 2 6 ^ ) , m.p.71* 

E t h y l trans-pen - taar2,4-dienoate 

T r a j x s - p e n t » 2 , 4 - d i e n o i c a c i d ( 2 0 . 0 g., 0 . 2 mole) was 

mixed w i t h absolute ethanol ( 7 5 ml.) and dry benzene ( 1 5 0 ml.) 

and concentrated s u l p h u r i c a c i d ( 2 0 ml.) was added to i t . 

The mixture was r e f l u x e d f o r 6 hr., water ( 2 0 0 ml.) added 

to i t , e x t r a c t e d w i t h ether ( 2 x 100 ml.), washed w i t h water 

( 1 0 0 m l , ) , s a t u r a t e d aqueous sodium bicarbonate s o l u t i o n 

( 2 x 100 ml,), water ( 2 0 0 m l . ) , d r i e d (MgSOi^), s o l v e n t s 

removed on a r o t a r y evaporator and d i s t i l l e d to give e t h y l 

t r e i n s - p e n t » 2 . 4 - d i e n o a t e ( 2 0 . 0 g., 809&) b.p. 5 8 - 6 0 ° / 1 5 mm., 

7>„^^(I.R . 3 6 ) 1 7 3 0 s (>C= 0 ) , 1650m (>C=C<:), I 6 l 0 i a (>C=C<) 
ID a, A 

cm."-'-, K (U.V . 6 ) 247 mA. (E , 2 3 , 2 0 0 ) , g . l . c . ( s i l i c o n e o i l ) max-
at 8 0 ° , 2 l / h r . gave a s i n g l e peak^ a t t , 18 min. 

E t h y l l , 2-methylenepent - 3-enoate 

Method (a) ; Sodium hydride trimethylsulphoxonium i o d i d e ( 3 . 6 g . . 
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0,15 mole), dimethyl sulphoxide (15O ml.), trimethylsulphox

onium iodide (33.15 g., O.I56 mole) and ethyl trans-2,4-

pentadienoate (12.6 g., 0.1 mole) i n dimethyl sulphoxide 

(25 ml.) gave ethyl 1,2-methylenepent-3-enoate, b,p.58°/l mm. 

(8.2 g. , 629S), ^max^740s (V=0), I65OW (C=C), 1040m (cyclo

propane) cm,""'"; X (U.V.6) 205 i5^(S-,2,890) ; g.l.c. ( s i l i c o n e 

o i l ) at 120° gave a major component (95^; t,20 min.) and a 

minor component ( 5 ^ ; t, 22 min,). The l a t t e r was probably 

the bis-adduct which could not be removed completely by 

fractionation. (Found: C, 69.1; H, 9.2; calculatedffor 

^8^12°2 ^' ®-^^) 

E t h y l l,2-methylene-hex-3-enoate 

Method ( a ) : 

( i ) Soditim hydride (1.2 g. , 0.D5 mole), dimethyl 

sulphoxide (lOO ml.) trimethylsulphoxonitun iodide ( 1 I . 0 5 

g. , 0.052 mole) 2uid ethyl sorbate (7.O g., 0,05 mole) i n 

dimethyl sulphoxide (15 ml,) and s t i r r i n g at room tempera

ture, for 2 hr. gave the products b.p. 92-96°/12 mm. (4.6 

g.,) which consisted of foiir components on g.l.c. ( s i l i c o n e 

o i l ) at 125°: t, 9 min. (70^1 unreacted ethyl sorbate), 

t , 10 min. ( 5 ^ ethyl 4,5-methylene-hex-2-enoate) t , l 4 min. 

(2 0 ^ ethyl 2,3-methylene-hex-4-enoate) and t, 18 min. ( 5 ^ 

ethyl 2,3»4,5-dimethylene hexanoate). 

( i i ) As i n ( i ) except that the solution of the methylid© 
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i n dimethyl sulphoxide was coeted a t 0° then e t h y l 

sorbate i n dimethyl sulphoxide added i n one po r t i o n , 

ajxd the mixture stiifTed f o r 3 h r . at room temperature, 

1 h r . at 60° and 1 h r . a t room temperature, gave a f t e r 

xirorking up, the products b.p. 96-98°/12 mm. (5«0 g.,) 

which c o n s i s t e d of two components on g . l . c . a t 125°; 

t , 9 min. ( 3 3 ^ e t h y l sorbate) and t , l 4 min. (66^, 

e t h y l 2,3-methylene hex-4-enoate). 

( i i i ) Sodium hydride (2.4 g., 0.1 mole), dimethyl 

sulphoxide ( l 5 0 ml.)^trimethylsulphoxonium iodide 

(22.1 g., 0.104 mole) and e t h y l sorbate (7.0 g., 0.05 

mole) i n dimethyl sulphoxide (25 ml.) gave under the 

same c o n d i t i o n s as i n ( i i ) , the product b.p. 104^-108°/ 

15 mm. (4.7 g . ) , which c o n s i s t e d of fottr components on 

g . l . c . a t 125°: t , 9 min. (25^, e t h y l s o r b a t e ) , t , 10 min. 

(15^, e t h y l trans-4,5-methylenehex-2-enoate), t , l 4 min. 

{55^t e t h y l 2,3-methylenehex-4-enoate), and t , l 3 min. 

( 5 ^ , e t h y l 2,3,4,5-dimethylenehexanoate). 

Two r e f r a c t i o n a t i o n s gave e t h y l 2,4-methylene hex-4-

enoate, b.p. 106°/l4 mraw (0.2 g . ) , ( I . R . 6 6 ) 1750s 

(>C=0), 1650s (>C=C<) cm."-*-, y^^i^-y^l) 235 m^ (£,17,160). 

(Found: £r,70.0; H, §.9; Ĉ Ĥ ^̂ Og r e q u i r e s C, 70.$; H, <^.$^) 

and e t h y l 4,5-methylene-hex-2-enoate, b.p. 106-108^/12 mm. 
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:es (2.7 g.) (Found: C, 70.3; H, 9-2; C^Hj^^^O^ require 

C, 70,4; H, <5.2^. CJ^QH^^O^ r e q u i r e s C, 71.4; H, 9-6^), 

P ( I . R . 39) 1750s (>C=0), I65OW {>C=C<) cm.""'", 
ni3iX 

X (U.V.7) 207 nu«(j ,3,755) ; g . l . c . showed that the nid.x / 
product was contaminated with 10^ of e t h y l 2,3,4,5-

dimethylenehexanoate. 

(iv) Sodium hydride (2.4 g. , 0.1 mole), dimethyl 

sulphoxide (150 ml. ).̂  trimethylsulphoxonium i o d i d e (22.1 g., 

0.104 mole) and e t h y l sorbate (3.5 g.» 0.025 mole) i n 

dimethyl sulphoxide (25 ml.) gave under the same con

d i t i o n s as i n ( i i ) b.p. 106-108°/15 mm. (2.7 g. 70?^), 

i d e n t i f i e d on g . l . c . a t 125° as e t h y l 2,3-methylene-hex-

4-enoate ( t , l 4 min. 50^ on g . l . c . ) and e t h y l 2,3»4,5-

dimethylenehexsmoate ( t , 18 min., 50^ on g . l . c . ) . 

Hydrogenation of a sample (0.35 g., 0.005 mole) u s i n g 

Adam»s PtOg, H^O c a t a l y s t (0.5 g.) i n methanol (50 ml.) 

absorbed 79 c.c. of ( t h e o r e t i c a l absorption, 72.5 c.c. ) 

i n 15 min. G . l . c , at 125° gave two components: t , I 6 min. 

(5 0 ^ e t h y l 3-n-propyicyclopropane) and t , 18 min. (50^^, 

common to both, the hydrogenated ajid the unhydrogenated 

samples, t h e r e f o r e the bis-adduct, e t h y l 2,3,4,5-

dimethylenehexanoate). 
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Ozonolysis of the sample ( 0 . 5 g«) followed by hydasro-

g e n o l y s i s gave acetaldehyde, dimedone d e r i v a t i v e (0.3 g.)» 

m.p. and mixed m.p. 1 4 0 - 1 4 L ° . 

Diethyl trans-cyclopropane-1-2,-dicarboxylate 

Method (b) : Sodium hydride (1.2 g., 0.05 mole)^ d i 

methylf ormamide (loo ml.)^trimethylsulphoxonium iodide 

(11.05 g«, 0.05 mole) and e t h y l fumarate ( 8 . 6 g., 0.05 

mole) i n dimethylformamide (25 ml.) gave some recovered 

e t h y l furaarate ahd d i e t h y l t r a n s - c y c l o p r o p a n e - l . 2 -

d i c a r b o x y l a t e , h'.p. 108°/12 mm. (3.9 g. , 42^^) ( l i t . - " - ^ ^ 

5.06 .5-107°/ll mm.) i d e n t i f i e d as d i e t h y l cyclopropane-

1,2-dicarboxylate, ^ ( l . R . 4 2 ) 174os (>C=0), 1035m 
max 

~1 - / _ _ • - . . _ j . •, n l . O cm. ; g . l . c . ( s i l i c o n e o i l ) a t 174 , N2 2 l . / h r . gave 

a s i n g l e peak t , 7 min. H y d r o l y s i s of the e s t e r y i e l d e d 

t r a n s - c y c l o p r o p a n e - l , 2 - d i c a r b o x y l i c a c i d , m.p.174-175° 
( l i t . i 5 7 1730^. 

D i e t h y l 2-methylcyclopropane-l,1-dicarboxylate 

Method ( b ) : Sodium hydride (1.2 g., O.O5 mole), 

d i m e t h y l f ormamide (lOO ml. )^ trimethy.lsulphoxonium iodide 

(11,05 g', 0.052 mole) and d i e t h y l ethylidenemalonate (9.3 

g., 0.05 mole) i n dimethylformamide (15 ml.) gave d i e t h y l 

2-methylcyclopropane-l,1-dicarboxylate, b.p. 66-68°/0.05 mm, 

( 8 . 0 g., 8 0 ^ ) , 7̂  ^ ( I . R . 4 3 ) 1740s (>C=0), 1030m ( c y c l e -



176 

propane) cm.'"'" X^^^^ «nA(?,300); g . l . c . ( s i l i c o n e o i l ) 

at 160°, atmospheres gave a s i n g l e peak t , 10 min. 

(Found: C, 60.2; H, 8.1; CJ^QH^^O^ r e q u i r e s C, 60.O; 

H, 8.0^ N.m.r. (N.m.r.13) showed two quartets f o r the 

p a i r of nonequivalent e s t e r methylene protons a t Y 5 ' 8 2 

and 5.86 (j=7.2 a./sec. f o r each q u a r t e t ) . 

D i e t h y l 2 , 2~dimethyl-^cyclopropajie-l, 1-dicarboxylate 

Method ( b ) : Sodium hydride (1.2 g., 0.05 mole), 

dimethylformamide (lOO ml.), trimethylsulphoxonium iodide 

(11.05 g.,0.002 mole) and d i e t h y l is©propylidenemalonate 

(10.0 g,, jD.05 mole) i n dimethylf ormamide (25 ml.) gave 

d i e t h y l 2, 2-dimethy3,^yclopropane-l, 1-dicarboxylate b.p. 

85-86°/0.5 mm. (9-7 g., o l ^ ) , (l.R.44) 1740s (>C=0), 

1030 (cyclopropane) cm.""'", 204 inA(^»54l), X 

220 m/c(l,325); g . l . c . ( s i l i c o n e o i l ) a t 170°, H2 170° 

9 atmospheres gave a s i n g l e peak t , 10 min. (Found: 

C, 61.5; H, 8.3; C^j^H^gO^ r e q u i r e s C, 6I.6; H, 8.5^ 

N.m.r. (N.m.r. I 7 ) showed a quartet f o r the p a i r of 

equ i v a l e n t e s t e r methylene protons at "V 5^90 (J=7.2 c./sec.) 

and a t r i p l e t f o r the p a i r of equivalent e s t e r methyl 

protons at'V 8.71 ( J f 7 • 2 c . / s e c . ) . 
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D i e t h y l 2 - e t h y l c y c l o p r o p a n e - l , 1 - d i c a r b o x y l a t e 

Method B; Sodivun hydride (1.2 g., 0 . 0 5 mole), 

dimethylformamide (lOO ml.), trimethylsulphoxonium 

i o d i d e (11 . 0 5 g., 0 . 0 5 2 mole) and n-propylidenemalonate 

(lO«0 g., 0 . 0 5 mole) i n dimethylfermamide ( 25 ml.) gave 

the p r o d u c t f j ^ g l ^ b.p. 102-104°/3 nun. (9.I g., 8 5 ^ ) , 

^ r a a x '17^0s (>C=0), 1022m (cyclopropane) cm."''', Xj^^x 

208m^(£,342); g . l . c . a t 1 5 0 ° on polypropylene sebacate 

8 atmospheres gave a s i n g l e peak ( t , I6 min.). (Found: 

C, 61.7; H,8.5.^ ^lA^^k r e q u i r e s C,6l.7; H, 8 . 5 ^ ) . 

N.m.r. (N.m.r. I 5 ) showed two qu a r t e t s f o r the p a i r of :i 

nonequivalent e s t e r methylene protons at nr" 5 . 8 0 and 3»8k 

(J=7.2 c . / s e c . f o r each q u a r t e t ) . 

D i e t h y l 2-isopropylcyclopropane-l,l^^dicarboxylate 

Method B; Sodium hydride ( l . 2 g., 0 . 0 5 mole), dimethyl

formamide ( 1 0 0 m l . ) , trimethylsulphoxonium iodide ( 1 I . 0 5 g.» 

0 . 0 5 2 mole) and i s o - b u t y l i d e n e malonate (11.4 g. , O .05 

mole) i n dimethylformamide (25 ml.) gave the product j;'' 

b.p. 1 1 0 ° / 2 mm. ( l O . l g., 89^) , "^^^^ IjkOs (>C=0) , 1022m 

(cyclopropane) cm.""'', ^max^^^ mA(£»^02) ; g . l . c . a t 1 5 0 ° 

on polypropylene sebacate, fl atmospheres gave a s i n g l e 

peak ( t , 1 2 . 5 min.), {Foxxadi C, 63.1; H, 8.8.^ ^12^20^4 

r e q u i r e s C, 63.I; H, 8.8^). N.m.r. (M.m.r.20) showed 

two q u a r t e t s f o r the p a i r of two nonequivalent e s t e r 
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methylene protons a t 1^5.80 and 5-84 (J=7.2 c . / s e c . f o r 

each q u a r t e t ) . 

D i e t h y l 2-phenylcyclopropane-l,1-dicarboxylate 

Method B; Sodium hydride (2.48g^. , 0.10 mole), dimethyl-

formamide (200 ml.)^trimethylsulphoxonitun iodide (22.1 g., 

0.104 mole) and benzylidenemalonate (24.8 g,, 0.10 mole) 

i n d i m e t h y l f ormamide (50 ml.) gave the product ^4^^v^:-^yjS<^'^ 

b.p. l40°/0.1 mm. (20.0 g., 76^), ̂  ^ 1740s (>C=^), l6lOm 
max 

( a r o m a t i c ) , 1025m (cyclopropane) cm.""'', ^ ^ 204 mA(£0,94o) 

210x0^(1^9,890) , 218 m/t (£10,480) . (Foimd: C, 67.6; H, 7.0. 

^15^18^4 C, 68.6; H, 6.950). N.m.r. (N.ra.r.22) 

showed two q u a r t e t s f o r the p a i r of nonequivalent e s t e r 

methylene protons at'V 5.72 and 6.12 (j=7.2 c./sec. f o r 

each q u a r t e t ) , two t r i p l e t s f o r the p a i r of nonequivalent 

e s t e r methyl protons a t ' Y 3.71 and 9.l4 (j=7.2 c./sec. f o r 

each t r i p l e t ) and a doublet f o r the phenyl protons 

( ^ ) V < ) atr2.70. 
2,2-Dimethyl-cyclopropyl methyl ketone 

Sodium hydride (2,4 g., 0.1 mole), trimethylsulphox-

onium iodide (22.1 g., 0.1 mole) and m e s i t y l oxide (9.85 g., 

0.1 mole) i n dimethylformamide (25 ml.) gave 2,2-dimethyl 

cyclopropylmethyl ketone, b.p. 40-42°/3o mm. (lit.-"-^^b.p. 

48-50°/40 mm.) (8.5 g., 76^,) ^^^i^^i^'^5) 1710s (>C=0), 

1012w (cyclopropane) cm."""", ) \ (U.V.9) 210 mA (8 ,2,485) ; 
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g . l . c . ( s i l i c o n e o i l ) at 80° gave a s i n g l e peak t , 8 min. 

(Found: C. 74.9; H, 10.6; C^H^^O r e q u i r e s C, 74.9; 

H, 10.8^); 2,4-dinitrophenylhydrazone m.p. 176° ( l i t ' ' ' ^ ^ 

159°). 

E t h y l but-2T3-dienoate 

B u t - l - y n - 4 - o l 

To l i q u i d ammonia (3-5 !•) i n a well-lagged 5 1 . f l a s k 

was added a c r y s t a l of f e r v i c n i t r a t e followed by sodium 

(23.0 g., 1.0 mole). Acetylene was passed a f t e r h a l f the 

sodium had been added and the passage continued u n t i l 

the blue c o l o r a t i o n of the ammonia s o l u t i o n had changed 

to w h i t i s h - g r e y (4 h r . ) . Ethylene oxide (200 ml., 4.5 

moles) precooled to -40° was added to the ammonia s o l u t i o n 

i n one p o r t i o n , the passage of ace t y l e n e continued f o r 

4 h r s . and the mixture l e f t to stand overnight, then 

decomposed with s o l i d ammonium c h l o r i d e (25O g.) and 

excess ammonia allowed to evaporate, ether (200 ml.) added, 

the r e s i d u e f i l t e r e d , washed with ether (3 x 200 ml.), 

f i l t e r e d , the combined ether l a y e r d r i e d (MgSO^), and 

d i s t i l l e d to y i e l d but-l-yn-4-ol (l40 g., ^O^), b.p. 

126-130°, ^ 3400s (-0H), 3300s ( C = C H ) and 2120w (C=CH) 
-1 

cm. 
T, ^ o • ..160 But-3-ynoic acxd 

To a s o l u t i o n of but-l-yn-4-ol (80 g., 0.88 mole) i n 



water (120 ml.) and acetone (300 ml.) cooled to 0° was 

added chromic a c i d /prepared from chromium t r i o x i d e ( l 8 0 

g.) d i s s o l v e d i n cold water (250 ml.) and concentrated 

s u l p h u r i c a c i d (l6o ml.) added, and the s o l u t i o n 

d i l u t e d to 800 ml^/ over 30 min. The temperature of 

the mixture was kept at 10-20° throughout the a d d i t i o n 

of chromic a c i d by means of cooling i n i c e - s a l t mixture. 

A f t e r the a d d i t i o n , the dark green mixture was s t i r r e d f o r 

30 min. a t room temperature, water (200 ml.) and ether 

(200 ml.) added, ether l a y e r removed, aqueous l a y e r 

e x t r a c t e d with ether (2 x 100 m l . ) , the ether l a y e r 

e x t r a c t e d w i t h s a t u r a t e d aqueous sodium bicarbonate 

s o l u t i o n (3 x 100 m l , ) , the aqueous l a y e r a c i d i f i e d with 

20^ h y d r o c h l o r i c a c i d and the a c i d e x t r a c t e d with ether 

(3 X 100 m l . ) , e t h e r l a y e r d r i e d (MgSO^^) and ether 

removed on a r o t a r y evaporator and d r i e d i n a vacuum 

desiccator^© y i e } d but-3-ynoic a c i d (l4.1 g., 24^), 

m.p. 6 5 ° ( r e c r y s t a l l i z e d from l i g h t p e t r o l ) ( l i t . ^ ^ ^ 

m.p, 65°), 

E t h y l buta-2.3-dienoate''"^"'" 

To a s o l u t i o n of but-3-ynoic a c i d ( l 2 . 9 g., 0.15 

mole) i n absolute ethanol (lOO ml.) was added con

c e n t r a t e d s u l p h u r i c a c i d (6 ml.) and the s o l u t i o n kept 

a s i d e f o r 7 days a t room temperature. An excess of a 
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s a t u r a t e d aqueous potassium carbonate s o l u t i o n was added 

and the s o l u t i o n f i l t e r e d . A f t e r removal of most of the 

ethanol by d i s t i l l a t i o n and a d d i t i o n of water (250 ml.), 

the n e u t r a l f r a c t i o n was i s o l a t e d with ether and d i s t i l l e d 
162 

g i v i n g e t h y l buta-2,3-dienoate (6.9 g., 4 l ^ ) , b.p.66°/70 mm. 

P (I.R.49) 1970s and 1950 (>C=C=C<), 1730s (x;=0) and 
860b (>a=C=CH2) cm."'"'; X^^^^CU. V. lO) 208 mA (f 8, 088|l; 

g . l . c . (apiezon L ) at 8 0 ° , 1.8 l . / h r . gave a s i n g l e 

peak a t t , 12 min. N.m.r. (N.m.r.?) showed a quartet- f o r 

the e s t e r methylene protons at 'y5«80 (Jts6.6 c . / s e c . ) , a 

t r i p l e t f o r the e s t e r methyl protons at'V8.72 (J=(?.i3 
c . / s e c . ) , and two s e t s o f q u a r t e t s f o r the a l l e n e proton 

(CH2=C=C^jj) a t ̂ 4.35 and 4.77-
Re a c t i o n of dimethyIsulphoxonium methylide and 
buta 2,3-dienoate 

To a suspension of sodium hydride (1.2 g., 0.05 mole) 

i n sodium-dried t e t r a h y d r o f u r a n (150 ml.) was added s o l i d 

trimethylsulphoxonium c h l o r i d e (6.45 g«» 0.052 mole) i n 

one p o r t i o n and the mixture r e f l u x e d gently f o r 3 hr. 

Sodium c h l o r i d e was q u i c k l y f i l t e r e d , and the f i l t r a t e 

cooled to 0° i n i c e and e t h y l buta-2,3-dienoate (5.6 g., 

0.05 mole) i n t e t r a h y d r o f u r a n (15 ml.) was added i n one 

po r t i o n . The mixture was s t i r r e d f o r 1 h r . and the 
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s o l v e n t removed r a p i d l y i n vacuo. The r e s u l t a n t l i g h t 

red o i l had no band at 1950 cm. ^ and showed X (U.V.IO) 
max^ ' 

210 m^ (^,2,590), 339 m̂ . (£,5,480); the e x t i n c t i o n co

e f f i c i e n t s decreased r a p i d l y owing to decomposition of 

the u n s t a b l e product formulated as dimethylsulphoxonium 

3-ethoxycarbonyl-3-methy3-^llylide (l.R. 50) 1725s 
(>C=0), l680s, 1580s (>C=C<^), 1028s ( -SO-) cm.""'", 

(-) Tr^ans-menthyl cinnamate 

To a s o l u t i o n of (-)-menthol L°^-/Q -85.0 (C,10; 
chloroform), (15*6 g., 0.1 mole) and trans-cinnamic a c i d 

(16.3 g., 1.1 mole) i n dry benzene (200 ml.) was added 

concentrated s u l p h u r i c a c i d (lO ml.) and the mixture 

r e f l u x e d u s i n g a Dean and S t a r k apparatus f o r 3 hr., then 

cooled, water (200 ml.) and ether (lOO mi.) added, the 

organic l a y e r separated, washed with sa t u r a t e d aqueous 

sodium bicarbonate s o l u t i o n (3 x 200 ml.), the organic 

l a y e r d r i e d (Na^CO^), ether removed on the r o t a r y evaporator 

and the r e s i d u a l o i l d i s t i l l e d g i v i n g (-)-menthyl cinnamate 

(14.7 g., 75^), b.p. ll0-ii4°/o.0O5 mm., /oC_2^*^ - 25.42° 
( c , 6 J e t h a n o l ) ; "z> 1750ms, (>C=0), l650m (>C=C<) and 

l600w (aromatic) cm. • 
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(-)-Trans-mentjiyl caotonate 

(-)-Menthol L^J-Q -85.0 (C, 10; chloroform) 

(15.6 g., 0.1 mole) t r a n s - c r o t o n i c a c i d (17.2 g., 0.2 

mole), dry benzene (200 ml.) and concentrated s u l p h u r i c 

a c i d (10 ml.) a f t e r r e f l u x i n g f o r 12 hr. s i m i l a r l y gave 

(-)-menthyl crotonate (8.0 g., 48^) b.p. 80-82°/l ram. 

/"be2^°-l8.0° (C,6; e t h a n o l ) ; 1750ms (>C=0) and 
1650m (>C=C<) cm."'*', 

(-)-Trans-menthyl 2-phenylcyclopropane-l-carboxylate 

(-)-Trans-menthyl cinnamate Jj^^^- 25.42° (9.8 g., G 

0.05 mole) i n dimethyl-^ormamide (25 ml.) was added to 

dime thyIsulphoxonium methylide p r e p a r e d from dodium 

hydride ( l . 2 g., 0.05 mole), trimethylsulphoxonium iodide 

(11.1 g., 0.05 mole) and dimethylformamide (15O m l . j y and 

the mixture s t i r r e d f o r 1 hr,, worked up as usual and 

d i s t i l l e d t o g i v e (-)-trans-menthyl 2-phenylcyclopropane-l-

carboxylate (8.3 g., 79^). b.p. ll8-12oVo. 005 mm., £^_^^^' 

31.1° ( C , 6; e t h a n o l ) ; /̂ niax'''̂ ^̂ "® (>C=0) , l450ms, 1024m 
(cyclopropane) cm. ^ 

(-)-(Ifi.2R)-Trans-2-phenyIcyc1opropane-1-carboxylic a c i d 

(-)-Trans-menthyl 2-phenylcyclopropane-l-carboxylate 

(8.0 g., 0.04 mole) was d i s s o l v e d i n a l c o h o l i c potash 



184 

( l O ^ , 100 m l . ) , r e f l u x e d f o r 3 hr., the r e s u l t a n t 

l i q u i d cooled i n i c e and a c i d i f i e d w i t h h y d r o c h l o r i c 

a c i d (50^, 100 ml.), e x t r a c t e d with ether (4 x 50 ml.), 

the ether l a y e r i s o l a t e d and extracted with saturated 

aqueous sodium bicarbonate (3 x 100 ml.), the.combined 

aqueous e x t r a c t r e a c i d i f i e d with h y d r o c h l o r i c a c i d (20^, 

100 ml,) and e x t r a c t e d w i t h ether. The e t h e r l a y e r was 

d r i e d (MgSO^^) and ether evaporated to y i e l d a white 

c r y s t a l l i n e s o l i d devoid of thk c h a r a c t e r i s t i c menthol 

odour. R e c r y s t a l l i z a t i o n from chloroform gave ( - ) - t r a n s -

2-phenylcyclopropane-l-carboxylic a c i d as white c r y s t a l 

l i n e s o l i d (3.2 g,, 509S), m.p. 95^, Z~0^_^^°- l8.8%4etUMo{.X 

E s t e r i f i c a t i o n of the a c i d (3.O g., 0.02) u s i n g 

absolute ethanol (25 ml,), dry benzene (lO ml.) and 

concentrated s u l p h u r i c a c i d (2 ml.) gave e t h y l ( - ) - t r a n s -

2-phenylcyclopropane-l-carboxylate, b.p. 110°/1 mm. (2.5 

g. , 66^), /o^_g^°- 17.3° (O, 4,5; e t h a n o l ) ; ^a^:^1750m 

("^0=^0), l$10w ( a r o m a t i c ) , 1040m (cyclopropane) cm."^ 

(-) Trans-menthyl 2-methylcyclopropane-l-carboxylate 

(-)-Trans-menthyl crotonate Zo<_^^^- 18.0° (c, 6; 
ethafiol) (7.3 g., 0.03 mole) i n dime t h y l f ormamide (25 ml,) 

was added to dimethylsulphbxonium methylide /prepared from 



185 

sodium hydride (0.8 g., 0.33 mole), trimethylsulphoxonium 

i o d i d e (7*5 g.| 0.33 mole) and dimethylformamide (lOO ml.jy 

and the mixture s t i r r e d f o r 1 hr. , worked up as u s u a l and 

d i s t i l l e d .to give (-)-trans-menthyl 2-methylcyclopropane-

1-carboxylate (5-0 g., 60^) , b.p. 96°/l mm., /'^_^^^-l6.6° 
(C, 7; e t h a n o l ) , 1750m (>C=0) , 1020m (cyclopropane) 

cm. 
max 

-1 

(-)-(IR,2R )-trans-2-methylcyclopropane-1-carboxylic a c i d 

(-)-Trans-menthyl 2-methylcyclopropcine-l-carboxylate 

(4.5 g., 0.015 mole) was d i s s o l v e d i n a l c o h o l i c potash 

( l O ^ , 50 m l . ) , r e f l u x e d f o r 3 hr., the r e s u l t a n t l i q u i d 

copied i n i c e and a c i d i f i e d with h y d r o c h l o r i c a c i d (50^, 

50 ml.), e x t r a c t e d with ether (4 x 30 ml.), the ether 

l a y e r i s o l a t e d and e x t r a c t e d with saturated aqueous soditun 

bicarbonate (3 x 50 ml.), the combined aqueous e x t r a c t 

r e a c i d i f i e d with h y d r o c h l o r i c a c i d (20^, 50 ml.) and 

e x t r a c t e d with e t h e r , the ether l a y e r d r i e d (MgSO^^) and 

eth e r evaporated to y i e l d a white c r y s t a l l i n e s o l i d devoid 

of the c h a r a c t e r i s t i c menthol odour. R e c r y s t a l l i z a t i o n from 

chloroform gave (-)-(iR,2R)-trans-2-methylcyclopropane-l-

c a r b o x y l i c a c i d (0.7 g., 45^), m.p.yz", fc<^^ - 3-28° 

( C , 11; e t h a n o l ) . 
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E s t e r i f i c a t i o n of the a c i d (0.04 g., 0.004 mole) 

u s i n g absolute ethajnol (lO ml.) and concentrated s u l p h u r i c 

a c i d (0.5 ml,) gave the e t h y l e s t e r C^J^^- 0.91° (C-,5; 

e t h a n o l ) , 
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L a b a l l e n i c Acid 

Trans-pent-2-en-4-yn-l-ol 

A c a t a l y t i c q u a n t i t y of f e r r i c n i t r a t e ( c a . 0.1 g.) 

followed by sodium metal (92.0 g., 4.0 g atom) was added 

wi t h s t i r r i n g to l i q u i d ammonia (4 1.) contained i n a 

well - l a g g e d 5 1. f l a s k . t-Haen one q u a r t e r of the sodium 

had been added, a r a p i d stream of acetylene gas was passed 

into the s o l u t i o n below the s u r f a c e and continued u n t i l the 

blue c o l o r a t i o n changed to greyish-white ( c a . 4 h r s . ) 

l-Chloro-2,3-epoxypropane ( l 8 5 g., 2.0 mole) was added 

dropwise over 3 hr., the passage of ac e t y l e n e then being 

maintained at a reduced r a t e f o r f u r t h e r 2 hr. a f t e r which 

the passage of a c e t y l e n e was stopped. The mixture was 

allowed to stand overnight, then ammonium c h l o r i d e ( 2 1 2 g., 

4.0 mole) was slowly added w i t h s t i r r i n g , excess ammonia 

was allowed to evaporate, the r e d d i s h residue e x t r a c t e d 

w i t h ether (4 x 2 0 0 ml,), the combined e x t r a c t s d f i e d 

(MgSOjjj^) , the ether evaporated and the r e s i d u e d i s t i l l e d 

under reduced p r e s s u r e to give as the main f r a c t i o n , t r a n s -

pent-2-en-4-yn-l-ol (65.0 g., 4 l ^ ) , b.p. 80-84°/20 mm., 

3 4 0 0 V S (-0H), 3 3 O V S ( -CSCH), 2120W (-C=Cn), l640m 
max 

(>E=C<), 1 0 8 5 V S , 1 0 3 5 s (C-O), 990vs, 955vs ( t r a n s >C=C<') and 

903m cm.""'"; g . l . c , (apiezon L ) a t 84° N^ 2 1,/hr. gave a 

s i n g l e sharp peak ( t , 6 min,). 
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l-Tetrahydropyranyloxypent-2-en-4-yne 

p-Toluenesulphonic a c i d ( c a . 0.5 g*) was added to 

a mixture of 2,3-dihydropyran (63.0 g., 0.75 mole) and 

t r a n s - p e n t - 2 - e n - y n - l - o l (4l.O g., 5 0.5 mole). The 

r e a c t i o n commenced immediately upon shaking and was 

moderated by cooliing i n a cold water bath. The mixture 

was shaken f o r f u r t h e r 30 min., allowed to stand 1 hr., 

anhydrous sodium carbonate ( c a . 5 g«) added, the mixture 

shaken, f i l t e r e d and d i s t i l l e d to ,give 1-tetrahydropyrcLnyl• 

oxypent-2-en-4-yne. (80.0 g., 971^), b.p. 78-80°/3 mrai. 

( I . R . 01) 3300s ( C = C H ) , 2120W ( C = C H ) , 1730vw, I63OW, 

1195ms, 1175ni, 1 1 2 0 V S , 1015VS, 870s and 8l4-s cm.""'"; 
^max^^*^*^^) 227 ^ ( ^ , 1 2 , 9 9 0 ) , \i^p^ 1^^^,10,650); 

g . l . c , ( s i l i c o n e o i l ) at 176°, Ng 2 l . / h r . gave a s i n g l e 

peak ( t , 23 min.). 

n-Undecyl bromide 

To a w e l l - s t i r r e d s o l u t i o n of l a u r i c a c i d a t 60-70° 

(93.0 g., 0.5 mole) i n I. 5 N KOH (34.0 g. i n 400 ml.dis

t i l l e d water) was added s i l v e r n i t r a t e s o l u t i o n (8|jv0 g. , 
0.5 mole i n 250 ml. d i s t i l l e d water) ©ver 15 min., the 

mixture s t i r r e d ' f o r another I5 min. , the s i l v e r s a l t 

f i l t e r e d , washed w i t h methanol and d r i e d i n the oven at 
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70° f o r 1. hr. The dry s i l v e r l a u r a t e was powdered ajid 

d r i e d i n vacuo at 70°. The powdered s i l v e r l a u r a t e was 

suspended i n 1 1. carbon t e t r a c h l o r i d e ( f r e s h l y d i s t i l l e d 

from 1*2̂ 5) i n a 2 1. 3-neck f l a s k equipped with a condenser, 

dropping funnel and mechanical s t i r r e r . The f l a s k was 

cooled i n i c e - w a t e r and a s o l u t i o n of bromine (80 g., 0.5 

mole) i n carbon t e t r a c h l o r i d e (200 ml.) was added over 1 hr. 

to the w e l l - s t i r r e d suspension. The miixture was tlien heated 

slowly to r e f l u x u n t i l the l i b e r a t i o n of carbon dioxide was 

complete (ca.2 h r . ) , the s i l v e r bromide f i l t e r e d , the 

f i l t r a t e washed with ^.0^ NaOH (3 x IOC ml.), water 

(2 X 100 m l . ) , the organic phase evaporated and the 

r e s i d u e d i s t i l l e d xinder reduced p r e s s u r e c t o give n-undecyl 

bromide, b,p. 135-138°/15 nmi. (96.5 g-, 8 2 ^ ) ; g . l . c . 

( s i l i c o n e ©dl) at 176°, 1.8 l . / h r . gave a s i n g l e 

component ( t , 1.4 min.). 

1-Tet rahydropyranyloxyhexad e c-2- en-4-yne 

F e r r i c n i t r a t e ( c a . 0.1 g.) followed by l i t h i u m 

(3.0 g., 0.45 mole) was added w i t h s t i r r i n g to l i q u i d 

ammonia (2 1.) contained i n a well-lagged 3-1-flask. 

A f t e r s t i r r i n g f o r f u r t h e r 4 hr. when the i n i t i a l blue 

c o l o r a t i o n had changed to greyish-white, 1-tetrahydro-
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pyranyloxy-pent-2-en-4-yne (66.4 g., 0.4 mole) was added 

dropwise over 1 hr,, the mixture s t i r r e d f o r 4 hr., and 

n-undecyl bromide (94.0 g., 0.4 mole) added dropwise over 

1 h r . S j j i r r i n g , was continued for fiorther 4 hr. , the 

mixture allowed to stand overnight, then ammoni\im c h l o r i d e 

(60 g. , 0,5 mole) was added slowly eind the excess simmonia 

allowed to evaporate, the residue e x t r a c t e d w i t h ether 

(3 X 150 ml..), the combined e x t r a c t s d r i e d (MgS02^) » ether 

evaporated and the r e s i d u e d i s t i l l e d under high vacuum, 

us i n g a mercury-vapour-pump to gi v e two f r a c t i o n s : - ( l ) 

b.p. 60-80°/5 X 10"-̂  mm. (9JO g.) shown to c o n s i s t of the 

mixture of the s t a r t i n g m a t e r i a l s and ( i i ) b.p.l4o-l45°/l'"^n. 

X 10~i^Hii69 g, , 57f^) i d e n t i f i e d as l-tetrahydropyrani^loxy-
hexadec-2-en-4-yne (Found: C, 78.7; H, 11.3; C^^U^^O^ 

r e q u i r e s C, 76.8; H, 11.3^ "^max^-''*2030m (-C=C-) I65OW 
(>C=C<) and the c h a r a c t e r i s t i c tetrahydropyranj^l ether 

bands a t 1200s, ll80m, 1125s, 1022s, 870m and 825m cm.""''; 
^ raa^i'^'^'^^) 228 ̂ (£,13,200), X^.236 ^ ( i , l l , 2 0 0 ) ; g . l . c . 
s i l i c o n e o i l ) at 178^, N^ 1.8 l . / h r . gave a s i n g l e broad 

band ( t , 45 min.). 

Hexa:dec-2-en-4-yn-l-ol 

l-Tetrahydropyranyloxyhexadec-2-en-4-yne (64.8 g., 

0.2 mole) was d i s s o l v e d i n methanolj{2^0 ml.) and the mixture 
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heated under f e f l u x for 4 h r . A f t e r cooling, the s o l u t i o n 

was n e u t r a l i s e d w i t h excess aqueous sodium bicarbonate 

s o l u t i o n and e x t r a c t e d w i t h ether (lOO ml., 3 x 50 ml.), 

washed with water (3 x 100 ml,), d r i e d (MgSOjj^), ether 

evaporated and the r e s i d u e d i s t i l l e d vinder reduced 

p r e s s u r e to give hexadec-2-en-4-yn-l-ol as the main 

f r a c t i o n , b.p, 136-l40/4 mm. (39.2 g., 835^) (Found: 

C, 81.3; H, 11.0; C^^H^QO r e q u i r e s C, 80.8; H, 11,7ft) 

/ ^ ^ ^ ( I . R . 5 3 ) 3400s (-0H), 2030m {c=C-) I65OW (>C=C<) 

cm""'"; g . l . c . ( s i l i c o n e o i l ) at 176°, 1.8 l . / h r . gave 

a major peak ( t , 25 min,, 85^) and two minor peaks 

( t , 38 min., 15^) and ( t , 72 min., $ ^ ) , 

Hexadeca-3,4-dien-l-ol 

To a s l u r r y of l i t h i u m aluminium hydride (lO.O g., 

0.26 mole) i n dry ether (500 ml.) was added dropwise over 

2' h r . hexadec-2-en-4-yn-l-ol (31.0 g., 0.13 mole) i n dry 

e t h e r (106 m l , ) , the mixture r e f l u x e d f o r 2 hr., excess 

l i t h i u m aluminium hydride decomposed with cold water 

slowly over 1 h r . and then enough 10^ h y d r o c h l o r i c a c i d 

added to lo\/er the pH of the s o l u t i o n to 2. The ether 

l a y e r was separated, the aqueous l a y e r e x t r a c t e d w i t h 

e t h e r (lOO ml., 2 x 50 ml. )^ d r i e d (MgSOi^), ether evaporated 

and the r e s i d u e d i s t i l l e d under reduced p r e s s u r e to give 
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as the main f r a c t i o n hexadeca-3, 4-dien-l-ol, b.p.l20-

)2^Vo.l mm. ( 1 9 . ^ g., 63^ ) (Found: C, 80.8; H, 1 1 . 7 ; 

C ^ ^ H ^ Q O r e q u i r e s C, 8 0 . 6 ; H, I I . 7 / 0 ) ; " Z^j^^^^(I.R. 5^) 

3400s (-0H), 1950m (>C=C=C<) cm."-'-; g . l . c . ( s i l i c o n e 

o i l ) at 1 7 6 ° , 21./h.r. gave a major component ( t , 62 

min,90^) and a minor component, ( t , 42 min. 1 0 ^ ) . 

l-Bromo-hexadeca - 3 » 4-diene 
I • 129 Triphenylphospiiitedibromide was prepared by the 

a d d i t i o n of bromine (16.O g., 0 . 1 mole) to t r i p h e n y l -

phosphate ( 3 1 i 0 g., 0 . 1 mole) i n dry ether (200 ml.) at 

0 ° i n a weighed 5OO ml. 3-iieck f l a s k equipped w i t h a 

mechanical s t i r r e r dropping funnel and calcium c h l o r i d e 

guard-tube over 30 min., the l i q u i d decanted, the s o l i d 

washed with ether (3 x 100 ml.), d r i e d i n vacuo and the 

f l a s k reweighed ( 3 7 . 5 g-, O.O8 mole). Hexadeca - 3 , 4 -

d i e n - l - o l ( 1 7 - 6 g., 0 .075 mole) d i s s o l v e d i n dry p y r i d i n e 

(6.k g., 0 .08 mole) was added dropwise over 15 min. to the 

w e l l - s t i r r e d s o l i d dibromide cooled a t 0 ° i n an i c e bath, 

and the mixture s t i r r e d f o r 30 min. a t 0 ° and 1 hr. at 

room temperature. E t h e r (lOO ml.) and water (15O ml.) 

were added to the s o l u t i o n , the ether l a y e r separated, 

the aqueous l a y e r e x t r a c t e d with ether (2 x 50 ml.), the 
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combined ether l a y e r washed with 20^ h y d r o c h l o r i c a c i d 

(3 X 50 ml.) J water (2 x 50 ml.), d r i e d '(MgS02^) , ether 

evaporated and the r e s i d u e d i s t i l l e d under reduced pressure 

to g i v e as the main f r a c t i o n l-bromo-hexadeca -3,^-diene, 

b.p. 138-l46°/2 mm. ( l l . 5 g.. 
1960m (;>c=c=c<) 

max 

cm.~''"; g . l . c . ( s i l i c o n e o i l ) a t 1 7 6 ° N2 1*6 l . / h r . gave 

two peaks, t , 80 min. ( 8 0 ^ ) and t , 36 min. (20%). 
O-etadeca-5 , 6-dienoic a c i d ( " L a b a l l e n i c Acid") 

Sodiomalonate i n absolute ethanol was prepared from 

sodixim ( 1 , 0 g. , 0 .045 g, atom), and l-bromohexadeca - 3 , 4 -

diene ( 1 1 . 4 g., 0 . 037 mole) was added to i t dropwise over 

15 min,, the mixtiire r e f l u x e d f o r 1 hr. and l e f t overnight 

at room temperature. E t h e r (lOO ml.) and water ( I 5 0 ml.) 

were added to the mixture, the ether l a y e r separated, the 

aqueous l a y e r e x t r a c t e d with ether ( 2 x 50 ml.), the 

combined ether l a y e r d r i e d (MgSOj^) and the ether evaporated 

o f f . The crude o i l (lO g.) which had 1960w (C=C=C ) 
^ ' max ' 

cm. was d i s s o l v e d i n ethanol ( 20 ml.), 20^5 aqueous 

c a u s t i c soda s o l u t i o n ( 50 ml.) added to i t and the mixture 

r e f l u x e d f o r 1 h r . then cooled to 0 ° , a c i d i f i e d w i t h con

c e n t r a t e d h y d r o c h l o r i c a c i d (25 ml.) and the s o l u t i o n 

r e f l u x e d f o r 3 h r . The mixture was then cooled, d i l u t e d 
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with water (lOO ml,), e x t r a c t e d lioith ether (3 x 50 ml.), 

ether evaporated and the residue placed on a r o t a r y 

evaporator at 90-10O°/l5 nmi. for 2 hr. to remove any 

t r a c e s of a c e t i c a c i d formed from the h y d r o l y s i s and 

de c a r b o x y l a t i o n of excess d i e t h y l malonate. The o i l y 

product (5.0 g.) s h o w e d ^ ( l . R . 55) 3400-2600b (-COOH) , 

I96OW (>C=C=C<) and 1700s (>C=0) cm. 

Methyl Octadeca-5 > 6-dienozri<>> ("Methyl L a b a l l e n a t e " ) 

To a s o l u t i o n of i)^^||r^f^Wd^^^ 

i n methanol (25 ml.) at"room temperature was added octadeca-

5,6-dienoic a c i d (4.2 g., 0.015 mole) i n methanol (lO ml.), 

the mixture shaken and l e f t a t room temperature overnight. 

E t h e r (50 ml.) ajid water (lOO ml.) were added to the 

mixture, the ether l a y e r separated, washed with saturated 

aqueous sodium bicarbonate s o l u t i o n (2 x 50 ml.), then 

water (2 x 50 ml.), d r i e d (MgSO^^) , ether evaporated and 

the r e s i d u e d i s t i l l e d i n vacuo u s i n g a mercury-vapour-pump 

to g i v e methyl octadeca-5,6-dienoate, b.p. l44-l46°/5 x 

10~^mm. , (2.5 g., 56^) (Found: C, 77-3; H, 11.7; C^^H^i^O^ 

r e q u i r e s C, 77•5; H, 11.6^), I96OW (c=C=C) and 1750 

(>C=0) cm."-'-; g . l . c . ( s i l i c o n e o i l ) a t 176*^, 1.6 l . / h r . 

gave one component ( t , 74 min.). p-Bromophenacyl-

l a b a l l e n a t e d e r i v a t i v e gave m.p. 46-46.5° ( l i t . ^ ^ m.p. 
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47-47.5°) (Found: C, 6 5.I; H, 8 . 0 ; C^^H^-^O^Br r e q u i r e s 

C,65.4; H, 7 . 8 ^ ) . The e s t e r ( 0 . 3 g., 0.001 mole) i n 

e t h y l a c e t a t e (50 ml.) over a c a t a l y s t (ptO^, D.l g.) 

absorbed hydrogen (48 ml., 0.0011 mole). Evaporation 

of e t h y l a c e t a t e gave methyl s t e a r a t e , m.p. 4o° ( l i t . ^ ^ 

m .p. 40°). 

( - ) - ( R ) - L a W l l e n i c Acid 

131 132 

1, 2 ;5 t 6-di-0-cyclohexylidene-0(-D-glucofuranose * 

F r e s h l y l E ' e d i s t i l l e d cyclohexanone (l4o g., 2 moles) 

was cooled to 0 ° and concentrated s u l p h u r i c a c i d (15 ml.) 

added dropwise over 5 min. with s t i r r i n g followed immedi

a t e l y by the a d d i t i o n of D-glucose ( I 8 0 g., 1 mole) i n one 

p o r t i o n to the w e l l - s t i r r e d l i q u i d . The mixture was s t i r r e d 

a t 7 0 - $ 0 ° over a water-batfh t m t i l i t turned i n t o a hard 

s o l i d . n-Heptane (5OO ml.) was added to the s o l i d and 

the mixture s t i r r e d at 70-80° u n t i l a l l the s o l i d was 

d i s s o l v e d . The c l e a r s o l u t i o n was r e f r i g e r a t e d overnight 

to c r y s t a l l i z e . The mother l i q u o r was decanted, the 

s o l i d v/ashed with cold n-heptane (50 ml x 2) and decated 

and the r e s u l t a n t s o l i d was r e d i s s o l v e d i n the minimum 

q u a n t i t y hot n-heptane, washed w i t h hot water (3 x 100 ml.) 
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and r e f r i g e r a t e d a day to c r y s t a l l i z e , giving white 

c r y s t a l s , m.p. 1 3 2 ° ( l 3 0 g . , 78^) . 

3-0-Benzyl - 2 , 3 15 > 6-lii-O-cyclophexylidenyl-oC -
D-glucofuranose-^^'^'-'-^^ 

1, 2 i 5 , 6-Di-o-cyclohexylidene - 0(-D-glucofuranose 

(170 g., 0 . 5 mole) was added i n one por t i o n to a s t i r r e d 

mixture of f r e s h l y r e d i s t i l l e d benzyl c h l o r i d e ( I I 3 g.» 

1 mole) and potassium hydroxide (224 g. , 4 mole). The 
o 

mixture was heated to 150 on an o i l - b a t h for 4 hr. and 

then allowed to a t t a i n room temperature. Water (300 ml.) 

was iadded to d i s s o l v e the potassium c h l o r i d e and the 

mixture e x t r a c t e d with chloroform (200 ml,), d r i e d 

(0aCl2)» solvents, removed on the pump to give 3-©-benzylT 

A , ? - 5 , 6-di-O-cyclohexylidene - 0 <-D-glucofuranose as a l i g h t 

y e l l o w o i l ( I 7 2 g., 805S) . 

3 - O - B e n z y l - l , 2 - c y c l o h e x y l i d e n e - - D - g l u c o f u r a n o s e 

3-0^benzyl - i , 3 v 5 > 6-Di-p-cyclohexylidene - 0(-D-gluco-

furanose (16 g.) was d i s s o l v e d i n a c e t i c a c i d (75/^ v,v. 

65 ml.) and the s o l u t i o n s t i r r e d at 70-80° for 4 hr., the 

a c i d removed on a pump and the o i l r e d i s s o l v e d i n chloro

form (200 g . ) , washed with s a t u r a t e d aqueous sodivim b i 

carbonate s o l u t i o n (2 x 100 ml.) and water (2 x 100 ml.). 
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chloroform removed on the pump, the r e s u l t a n t o i l 

d i s s o l v e d i n the minimum q u a n t i t y of n-heptane amd 

r e f r i g e r a t e d to c r y s t a l l i z e . The mother l i q u o r was 

decanted and the t h i c k o i l d i s t i l l e d using a mercury-

vapour-pump to g i v e 3-0-benzyl-l, 2-cyclohexylidene -JL-B-

glucofuranose ( l O g., 76^) as a t h i c k l i g h t yellow o i l , 

b.p. I94-200V3-5 X lo"-̂ mra. 

(-)-Hexadeca-3.4-dien-l-ol 

To a s l u r r y of l i t h i u m aluminium hydride (6.0 g., 

0.31 mole) i n dry ether (500 ml.) was added dropwise over 

1 h r . 3-0-benzyl-l,2-cyclohexylidene-O^-D-glucoeefuranose 

(49.1 g., 0.30 mole) d i s s o l v e d i n dry ether (200 m l . ) . 

The mixture was r e f l u x e d for 2 hr. then allowed to a t t a i n 

room temperature, and hexadec-2-en-4-yn-l-ol (17*7 g»» 

0.075 mole) d i s s o l v e d i n dry ether (lOO ml.) was added to 

the w e l l s t i r r e d mixture over 1 h r . at room temperature, 

the mixture f e f l u x e d f o r 2 hr., cooled i n an i c e - b a t h and 

decomposed slowly w i t h water over 1 h r . , and t-ien enough 

lOfS h y d r o c h l o r i c a c i d added to lower the pH of the s o l u t i o n 

to 2. The ether l a y e r was separated, the aqueous, l a y e r 

e x t r a c t e d with ether (50 ml. x 3), d r i e d (MgSO^^) , ether 

evaporated and the re s i d u e r e d i s t i l l e d i n vacuo to give 



197 

(-)-hexadeca-3,4-dien-l-ol, b.p. 120-124°/0.1 mm. (7.8, 

44^). £oC^^- 4.4° ( n e a t ) , i . r . and g . l . c . i d e n t i c a l 

to the racemic form. 

(-)-0ctadeca-5,6-dienoic a c i d 

" ( - ) - L a b a l l e n i c a c i d " was prepared i n a s i m i l a r way 

to the racemic a c i d from (-)-hexadeca-3»4-dien-l-ol 

(7.1 g., 0,03 mole) to give (-)-0ctadeca-5,6-dienoic 

a c i d (2.6 g . , ) , Z"^^^- 3.0° (C, 25; e t h a n o l ) , i . r . 

i d e n t i c a l with the racemic form, 

(-)-Methyl octadeca-5»6-dienoate 

"(-)-Methyl l a b a l l e n a t e " was prepared from ( - ) -

octadeca-5,6-dienodc and (2.1 g., 0.0075 mole) as 

de s c r i b e d f o r the racemic form to give (-)-methyl octadeca-

5,6-dienoate (2.0 g . ) , 3.0° (C, 45; e t h a n o l ) , 

i . r , i d e n t i c a l to i t s racemate. 
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Attempted s y n t h e s i s of 8-hydroxy-octa-5,6-dienoic a c i d 

l-Tetrahydropyranyloxy-prop-2-yne 

Propargyl a l c o h o l (67.2 g., 1.2 mole) was mixed with 

2,3-dihydropyran (llO.O g., 1.30 mole), cooled under i c e -

water and s o l i d p-toluenesulphonic a c i d (0.5 g«) added, 

the mixture shaken and cooled tmder ice-water f o r 1 hr., 

l e f t at room temperature f o r 2 hr., d r i e d (Na^CO^), f i l t e r 

ed and d i s t i l l e d , g i v i n g l-tetrahydropyranyloxy-prop-2-yne 

(155.0 g., 92 / 0 ) , b.p. 88-90°/30 min. , ^ (l.R.57)3300s 

(C=CH), 2120W (C=CH), 1220s, 1182s, 952s, 906s, 874s and 

820s ( t e t r a h y d r o p y r a n y l ether) cm. ^. 

l-Tetrahydropyranyloxy-hex-2-yn-4-en-6-ol 

A c r y s t a l of f e r r i c n i t r a t e x\ras added to l i q u i d 

ammonia (3.5 1.) i n a well-lagged 5 1« f l a s k , then sodixim 

(23 g., 1 mole) added over 30 min. and the mixture s t i r r e d 

u n t i l the blue c o l o r a t i o n of the s o l u t i o n had changed to 

w h i t i s h - g r e y (3 h r . ) . l-Tetrahydropyranyloxy-prop-2-yne 

( l 4 0 g., 1 mole) was ddded dropwise over 1 h r . and the 

mixture s t i r r e d f o r 6 hr. The f l a s k was topped up to 

3.5 1. mark with l i q u i d ammonia and e p i c h l o r h y d r i n (46.5 g. i 

0«1.5 mole) added dropwise over 1 hr. , the mixture s t i r r e d 

f o r 4 h r . and l e f t overnight, then decomposed with s o l i d 
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ammonium c h l o r i d e (60 g.)» excess, ammonia evaporated 

o f f , e t h e r (lOO ml.) added, the r e s i d u e f i l t e r e d , washed 

w i t h e t h e r (3 x 50 ml.) f i l t e r e d , the combined ether l a y e r 

d r i e d (MgSOi^), ether evaporated and the re s i d u e d i s t i l l e d 

4t reduced pressure to give three f r a c t i o n s : ( i ) r e c o v e r e d 

l-tetrahydropyranyloxy-prop-2-yne (55 g.)» b.p. 44-50°/ 

1 mm., ( i i ) l - t e t r a h y d r o p y r a n y l o x y - 2 - f u r y l e t h a n e (19.6 g., 

20^), b.p. 120-122°/1 mm., ~^a x ^ ^ * ^ ' ^ ^ ) l$40m (>C=C<), 

l600m ( a r o m a t i c ) , 1220s, 1182s, 920ms, 870ms, 820b and 

730b cm.'^max^^*^*-'-^^ '̂'"̂  ̂ (^»5.352) and 274 m^ 

(i»823); g . l . c . ( s i l i c o n e o i l ) at 180°, 2 l . / h r . gave 

a s i n g l e peak ( t , 12 rain.); h y d r o l y s i s (HCl/Methanol 

r e f l u x , 3 h r . ) gave 2 - f u r y l e t h a n o l b.p. 90-92°/20 mmm,"̂-̂^ 

analogous w i t h an a u t h e n t i c sample prepared by the method 

of Sherman and Amstutz ^ , and ( i i i ) an o i l y r e s i d u e which 

upon d i s t i l l a t i o n u sing mercury-vapour-pump gave 1 - t e t r a -

hydropyranyloxy-hex-2-yn-4-en-^ol (34.5 g. , 35^) b.p, 

120-122°/2 X 10~-^mra. (Found: C, 66.1; H, 8.0; Cj^j^H^^O^ 

r e q u i r e s C, 67.3; H, 8. 2^) V "^^^^^^(l.H. 58) 3400s ( - O H ) , 

2230m (-C=C-), l640m (>C=C<), 1220s, 920s, 872s and 834s 

cm."-"-; ^max ^^'^ ̂ (^,9,690) and 236 n^(£ 8,130); N.m.r. 

(N.m.r.9) showed a s i n g l e t f o r the tetrahydropyranyl protons 

( I ^ ' ^ ' ^ ^ H ) a t V 6,67, a s i n g l e t f o r the hydroxyl proton 
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(-CH^O-H^afY 7.20, a s i n g l e t f o r the three equivalent 

methylene protons of the tetrahydropyranyl group 

(CH„ t:H ) a t '8.32, a doublet of t r i p l e t s due to the 

t r a n s - o l e f i n i c proton (0-CH2-CH=CH-C=C.-:CH2-0-) centred 

a f V 4.24 (j=3.0 c . / s e c ) , a doublet f o r the methylene 

protons (I^^^CHg-CSC-CHsCH-) atT5.6l (J=3.0 c./sec.) 

and a doublet of doublets f o r the methylene protons 

(C=C-CH=CH-CH2-0-H) centred a t Y 5.81 (J=6.0 c . / s e c . ) , 

Reduction of l-tetrahydropyranyloxy-hex-2-yn-4-en-6-ol 
w i t h l i t h i u m aluminium hydride 

To a s l u r r y of l i t h i v i m aluminium hydride (7.6 g., 

0.2 mole) i n dry ether (500 ml.) was added over 1 hr. 

l-tetrahydropyrajiyl6xy-hex-2-yn-4-en-6-ol (19.6 g., 0.1 

mole) i n ether (lOO m l . ) , the mixture r e f l u x e d f o r 3 hr., 

cooled i n i c e and excess lithivim. aluminium hydride de

composed w i t h cold water (400 ml . ) , the ether l a y e r de

canted, the aqueous l a y e r e x t r a c t e d with ether (3 x 100 ml,)^ 

d r i e d (MgSO^^), ether evaporated and the re s i d u e d i s t i l l e d 

g i v i n g hexa:-4,5-dien-l-ol and hex-4-yn-l-ol (5.99.60^) b.p. 

50-|i2°/l mm. (Foiand: C, 71.9; H, 10.2; GgH^^O r e q u i r e s 

C, 73.5; H , 10.2^); ^ 3^00s ( C - O H ) 1960S 

( > C = C = C < ) .fffO^M and 845B cm."-"-; g . l . c . ( G . L . C . 2 ) poly-
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propylenesebacate) a t 120°, 8 atmospheres gave two 

components:- ( i ) t , 11 min. (30^» i d e n t i f i e d as hex-4-

y n - l - o l ) and ( i i ) t , S min. (70?6, i d e n t i f i e d as hexa-4,5-
dien.-1-ol); n.m.r. (N.M.R,8) of the mixture of a l c o h o l s 

showed a t r i p l e t f o r the two protons on 0^ (CsCsCH-CHg 

CHgCHg-OH) centred at'V6,32 (j=6,0 c,/sec.) and another 

t r i p l e t f o r the two protons on (»C=C-CH2CH2CH20H) 

centred at'^6.28 (J=6,0 c . / s e c ) , a s i n g l e t f o r the methyl 

protons (CH^-CsC-CHg-) atV8,22 and a m u l t i p l e t f o r the 

CH2=C=CH-CH2- system atT|.38. 

Acetate of the mixture of a l c o h o l s /prepared from the 

a l c o h o l s (5.0 g., 0.05 mole), dry p y r i d i n e (4 ml.) and 

a c e t i c anhydride (lO,5 g.i7 g^-ve hexa-4,5-dienylacetate 

and hex-4-ynylacetate (4,5 g., 65^), b,p, 86-88°/26 mm, 

(Found: C, 66.9; H. 8,6; 0gH^2^2 ^^'l^ir®® C, 68,5; 

H, 8,6^); g , l , c , (polypropylenesebacate) a t 110°, H2 

9 atmospheres gave two components:- ( i ) t , 12 min. (70^ 

i d e n t i f i e d as hexa-4,5-dienylacetate and ( i i ) t , 16 min. 

(30^, i d e n t i f i e d as he x - 4 - y n y l a c e t a t e ) , 

Reduction of l-tetrahydropyranyloxy-hex-2-yn-4-en-^ol 
with l i t h i u m aluminium hydride-3-O-benzyl-l,2-cycla-
hexylidene-o^ -D-glucofuranose complex 

3_0-Benzyl-l, 2-cyclohexylidene- o^f^-D-glucofuranose 
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(35.6 g., 0.09 mole) i n d r y ether (lOO ml.) was added 

over 1 h r . to a s l n r r y of lithiixm aluminium hydride (3.4 g. , 

0 .09 mole) i n ether (350 mi.) and the mixture r e f l u x e d 

f o r 1 h r . , allowed to c o o l down to room temperature and 

l-tetrahydropyranyloxy-hex-2-yn - 4-en-tf-ol (5.2 g., 0 .03 

mole) i n ether (lOO ml.) added over 1.5 hr. The mixtvire 

was s t i r r e d a t room temperature f o r 3 hr. then cooled i n 

i c e and decomposed w i t h cold water (400 ml.), the ether 

l a y e r decanted, the aqueous, l a y e r extracted with ether 

(3 X 50 ml.), the combined ether l a y e r d r i e d (MgSOj^), 

ether evaporated and the re s i d u e d i s t i l l e d , g i v i n g three 

f r a c t i o n s ( i ) b.p. 5 0 - 5 4 ° / ^ (1 . 5 g-) ( i i ) b.p. 80-88°/ 

0.05 mm. ( l : . 5 g.) and ( i i i ) 178-190°/3 x 10"^mm. (l. O g . ) . 

F r a c t i o n ( i ) was i d e n t i f i e d as a mixture of hexa - 4 , 5-dien-

l - o l and he x - 4 - y n - l - o l . F r a c t i o n ( i i i ) on i . r . showed 

1950m, 2230W (-C=C-) and the c h a r a c t e r i s t i c t e t r a -max - » \ / 
hydropyrany1 ether bands a t 1200s, 520s, 870s, and 824ms 

cm. ^ R e d i s t i l l a t i o n gave ( i ) h e x a - 4 , 5 - d i e n - l - o l amd 

hex - 4 - y n - l - o l (0.8 g.) b.p. 54°/l mm.. ( i d e n t i f i e d on 

g . l . c . ) , ( i i ) recovered l-tetrahydropyranoloxy-hex-2-yxi-

h-en-6-ol (0 . 4 g.) and ( i i i ) the r e s i d u e i d e n t i f i e d by 
132 

t . l . c . as; the recovered 3 - . 0-benzyl-l,2-cyclokexylidene-o(l-

-D-glucofuranose and an u n i d e n t i f i e d impurity. 
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Reduction of l-tetrahydropyranyloxy-hex-2-yn-4-en-^-ol 
w i t h butane-2,3-diol-lithixim aluminium hydride complex 

S i m i l a r l y , u s i n g butane-2,3-diol (4.5 g., 0.025 mole) 

i n dry ether (25 ml.), l i t h i u m aluminium hydride (0.9 g.» 

0.025 mole) i n e t h e r (lOO ml.) and l-tetrahydro?*y-

pyranyloxy-hex-2-yn-4-en-C-ol (4.9 g., 0.025 mole) i n 

ether (25 m l , ) , a f t e r decomposition w i t h water (250 ml.) 

and d i s t i l l a t i o n , gave ( i ) hexa-4,5-dien-l-ol and hex-4-

y n - l - o l (2,1 g.) b.p. 56-58°/ mm. ( i d e n t i f i e d by i . r and 

g . l . c . ) and ( i i ) r e s i d u e c o n s i s t i n g of the s t a r t i n g 

l-tetrahydropyranyloxy-hex-2-yn-4-en-(J-ol emd butane-

2,3-cliol (2.6 g , ) . 

1^-Chloro-^-valerolactone 

- C a r b e t h o x y - ^ c h l o r o - ^ v a l e r o l a c t o n e 

Sodium (23.g., 1 mole) was d i s s o l v e d i n absolute 

ethanol (400 ml,) and diethylmalonate (160 g., 1 mole) 

was added to the s o l u t i o n over 15 min. The mixture was 

r e f l u x e d f o r 1 h r , , then cooled to 30-35° and epiChlor-

h y d r i n (92.5 g., 78.4 ml,, 1 mole) was added dropwise 

w i t h b r i s k s t i r r i n g over 30 min., the temperature of the 

mixture being maintained below 50° by cooling i n cold 

water. The mixture was s t i r r e d f o r 12 h r . a t 50-54°, 
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then cooled i n ice-xirater and g l a c i a l a c e t i c a c i d added 

u n t i l the solution, was j u s t a c i d to lit m u s (65 ml.). The 

mixture was d i s t i l l e d over an o i l - b a t h ( l 2 0 ° ) using a 6" 

a i r column to remove most of the ethanol. Water (25O ml.) 

was added, the o i l separated, t h ^ aqueous l a y e r e x t r a c t e d 

with e t h e r (MgSO^^^, ether evaporated and the res i d u e 

d i s t i l l e d g i v i n g O^carbethoxy- ^ - c h l o r o - ' ^ v a l e r o l a c t o n e 

(135 g., 65^) b.p. I 5 4 - I 5 6 V 1 mm. (Found: C, 4 6 . 7 ; H, 5.6; 

C I , 17.0; CgHj^^p^Cl r e q u i r e s C, 4 6 . 5 ; H, 5-4; C I , 17.2%), 

"7) (I.R.67) 1880s ( l a c t o n e ) , 1725s ( e s t e r >C=0), and 

750b ( C - C l ) cm"-"-; g . l . c . ( d i n o n y l p h t h a l a t e ) at 1 8 2 ° , 

.2 l . / h r . gave a s i n g l e peak ( t , 10 min.); n.m.r. (N.M.R.4) 

showed a doublet f o r the methylene protons (ClCHg-) at 

'T'6.24 (J=5 c . / s e c ) , a quartet f o r the e s t e r methylene 

protons ( f^CDDCH^CE^) a t 5.74 (J=7. Oc ./sec .) and a 

t r i p l e t f o r the e s t e r methyl protons / ̂ Ẑ̂^ COOCH^CH^) 

at ' Y 8 . 6 8 (J=7 c . / s e c . ) . 

^-Ch.loro-')(^-'va.lerolactone 

O^-Carbethoxy- ( ^ c h l o r o - " ^ v a l e r o l a c t o n e (20.7 g. i 

0.1 mole) was r e f l u x e d with concentrated h y d r o c h l o r i c a c i d 

(50 ml.) for 24 hr., cooled, the lower o i l l a y e r i s o l a t e d , 

water (lOO ml.) added to the aqueous l a y e r , the aqueous 
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l a y e r e x t r a c t e d w i t h ether (2 x 50 ml,), the combined 

organic l a t e r d r i e d (MgSOji^) ; ether evaporated and the 

r e s i d u e d i s t i l l e d g i v i n g chloro-•g^-valerolactone (5.3 g., 

39^), b.p. 116-118°/1,5 mm, (Found: C, 44.8; H, 5.4; 

C I , 26.1; C^H^02C1 r e q u i r e s C, 44 .5; H, 5-2; C I , 27.05^); 

'p^g^^(l.R . 68) 1780s ( l a c t o n e ) , 1178b, 920ms and 740b 

( C - C l ) cm."'''; n.m.r. (N.M.R.5) showed a doublet f o r 

the methylene protons (C1CH„ / T ) at ' ^ 7 . 6 and no s i g n a l 

f o r the e s t e r protons. 

Attempted ox i d g t i o n of o^-Carbethoxy-^-chloro-TT-
v a l e r o l a c t o n e 

<?^-Carbethoxy- ^ - c h l o r o - v a l e r o l a c t o n e (20 . 7 g. » 

0.1 mole) was d i s s o l v e d i n dry dimethyl sulphoxide (lOO ml.)^ 

anhydrous sodium bicarbonate (lO g.) added to the s o l u t i o n 

and the mixture heated i n Wood's metal bath a t 150° f o r 

5 min. Water (lOO ml.) and ether (lOO ml.) added, the 

ether l a y e r separated, washed w i t h water (2 x 50 ml.) and 

d i s t i l l e d , g i v i n g recovered o^-carbethoxy- ^'-chloro-"|^-

v a l e r o l a c t o n e ( l 8 , 5 g.) 

The mixture of s i l v e r tosylate'''^-^ (4o g^, oC'^carbethoxy-

^ - c h l o r o - v a l e r o l a c t o n e (20 g.) and sodium bicarbonate 

( l O g.) i n dimethyl sulphoxide (lOO ml.) a l s o gave, a f t e r 

working up, the recovered c h l o r - l a c t o n - e s t e r ( l 6 g.)» 
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S i m i l a r l y , the i o d o - l a c t o n - e s t e r /prepared^^^ from 

(7<-carbethoxy-()"-chloro-"^-valerolactone (20 g . ) , sodium 

i o d i d e (30 g.) and acetone (200 ml.) r e f l u x e d f o r 12 hr_J'^ 

(10 g . ) , dimethyl sulphoxide (lOO ml.) and sodium b i 

carbonate (5 g.) a l s o gave recovered i o d o - l a c t o n - e s t e r . 
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INFRA.-RED SPECTRA 
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I n f r a - r e d S pectra; 

No. Index Page 

1 3-Etliyl-penta-l,2-diene 211 

2 3-Methyl-octa-l,2-diene 211 

3 3,4,4-Trimethyl-penta-l,2-diene 211 

4 1, l - D i c l i l o r o - 2 , 2-dimethyl-3-methylene-
cyclopropane 212 

$ 1, l-Dichloro-2-methyl-2-ethyl-3-metliylene-
cyclopropane 

8 l,l-Dichloro-2-methyl-2-ii-pentyl-3-metlxylene-
cyclopropsine 

9 1, l-Dichloro-2-methyl-2-t-butyl-3-niethylene-
cyclopropane 

10 1, l-Dibromo-2,2-dimethyl-3-niethylenecyclo-
, propane 

212 

6 1, l - D i c l i l o r o - 2 , 2-die thyl-3-nietliylene-
cyclopropane 212 

7 I,l-Dichloro-2-n-propyl-3-methylenecyclopropane 213 

213 

213 

2l4 

11 1, l-Dibromo-2-methyl-2- ethyl-3-niethyl ene-
cyclopropane 2l4 

12 1,l-Dibromo-2,2-diethy1-3-methylenecyclopropane 214 

13 4-Methyl-penta-l,2,3-triene 215 
14 4-Methyl.-hexa-l ,2,3-triene 215 

15 4-Ethyl-heaEa-l, 2,3-triene 215 

16 D i e t h y l a l l y l - l - b u t e n y l m a l o i i a t e 216 

17 D i e t h y l 2 - e t h y l - p e n t - i ,-4-enylideneinalonate 216 

18 D i e t h y l propargyl-l-butenylmalonate 216 

19 D i e t h y l 2-ethyl-|ierrf8t-3,4-dienylidenewi«lo»icife 217 
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No. Index Page 

20 D i e t h y l - p r o p a r g y l - e t h i ^ n y l m a l o n a t e 21? 

21 D i e t h y l propargyl-l-n-propenylmalonate 21? 

22 D i e t h y l propargyl iso-propenylmalonate 218 

23 Diethyl•l-methyl-penta-3,4-dienylidene- 2i8 
malonate 

2k D i e t h y l l-methyl-l-n-propenylmalonate 218 

25 D i e t h y l 1,2-dimethyl-penta-3,4-dienylidene- 219 
malonate 

26 D i e t h y l propargyl-isobutenylmalonate 219 

27 D i e t h y l 2,2-dimethyl-V3,4-dienylidene- 219 
malonate 

28 Methyl methacrylate 

29 Methyl 1-methylcyclopropane-l-carboxylate 

30 E t h y l trans-2-methylcyclopropane-l-carboxylate 220 

31 E t h y l trans-2-n-propylcyclopropane-l-
carboxylate 

220 

220 

221 

32 E t h y l trans-cinnamate 221 

33 E t h y l trans-2-pfaenylcyclopropane-l-carboxylate 221 

34 M e s i t y l oxide 222 

35 2,2-Dimethylcyclopropane-methyl-ketone 222 

36 E t h y l trans-trans-penta-2,4-dienoate 222 

37 E t h y l 2-vinylcyclapropan.e-l-carboxylate 223 

38 E t h y l t r a n s - t r a n s - s o r b a t e 223 

39 E t h y l 2,3-methyiene-hex-4-enoate 223 

kO E t h y l 2,3-methylene-hexanoate and 2,3-4,5-
, dimethylene hexanoate (5O-503S mixture) 224 
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No. Index Page 

41 D i e t h y l fumarate 224 

42 D i e t h y l tranecyclopropane-1,2-dicarboxylate 224 

43 D i e t h y l 2-methylcyclopropane-l,1-dicarboxylate 225 

44 D i e t h y l 2,2-dimethylcyclopropane-l,l-di- 225 
carboxjrlate 

45 D i e t h y l 2 - ethylcyclopropane-l,1-dicarboxylate 225 

46 D i e t h y l isobutylidenemalonate 226 

47 D i e t h y l 2 - i s o p r o p y l c y c l o p r o p a n e - l , 1 - d i - 226 
c a r b o x y l a t e 

48 D i e t h y l 2-phenylcyclopropane-l,1-dicarboxylate 226 

49 E t h y l buta-2,3-dienoate 22^ 

50 Dimethylsulphoxonium 3-ethoxycarbonyl-2-
l > i ^ i j y l a l l y l i d e 227 

51 l-Tetrahydropyronyloxy-pent-2-en-4-yne 227 

52 l-Tetrahydropyranyloxy-hexadec-2-en-4-yne 229 

53 Hexadec-2-en-4-yn-l-ol 228 

54 Hexadeca-3,4-dien-l-ol 228 

55 Octadeca-5,6-dienoic a c i d ( " L a b a l l e n i c a c i d " ) 22^ 

56 Methyl octadeca-^,6-dienoate ("Methyl 
l a b a l l e n a t e " ) 229 

57 l-Tetrahydropyranyloxy-prop-2-yne ^29 

58 l-Tetrahydropyranyloxy-hex-2-yn-4-en-6-ol 250 

59 Hexa- 4 , 5 - d i e i i - l - o l and hex-4-yn-l-ol (7DJ3095) 230 

jSO Penta-3,4-dien-l-ol 23Q 
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01 Hexa-4,5-dienyl a c e t a t e and hexa-4—ynyl 
a c e t a t e (30:3Of) 231' 

62 Mixture of 58 and 59 .231 

63 l-Tetrahydropyranyloxy-2-furylethane 23I 

6k Hex-l-en-5-yne 232 

65 1,3-Dibromo-prop-l-yne 232 

66 E t h y l 4,5-methylene-hex-2-enoate 232 

67 ^ - C h l o r o - Q ^ - c a r b e t h o x y - ^ - v a l e r o l a c t o n e 233 

68 ^-Chloro- ^ - v a l e r o l a c t o n e 233 

69 ^- B u t y r o l a c t o n e 233 
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ULTRA-VIOLET SPECTRA 
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U l t r a - v i o l e t S p e c t r a 

No. Index Page 

1, 1,l-Dichloro - 2-methyl - 2-ethyl-g-methylene-
cyclopropane 

k Comparison of e t h y l t r a n s - c r o t o n a t e and e t h y l 
t rans - 2-methylcyclopropane-l-carboxylate 

2^6 
1, ls'Dibromo - 2 , 2-dimethyl - 3-methylenecyclo-
propane 2.3^ 

3 4 - E t h y l - h e x a - l , 2 , 3 - t r i e n d Z3<i> 

5 Comparison of e t h y l trans-dinnamate and e t h y l 
t r a n s - 2 - p h e n y l c y c l o p r o p a n e - l - c a r b o x y l a t e Z3? 

6 Compaurison of e t h y l tr£ins-trans-penta-2,4-
dienoate and e t h y l 2 - v i n y l c y c l o p r o p a n e - l - 2̂ S7 
c a r b o x y l a t e 

7 Comparison of e t h y l t r a n s - t r a n s - s o r b a t e . e t h y l 
2,3-™e'thylene-hex-4-enoate and e t h y l 4 ,5 - ^17 
methy1ene-hex -2 -enoate 

8 Comparison of D i e t h y l benzylidenenalonate euid 
d i e t h y l 2-phenylcyclopropane-l, 1-dicarboxylate -̂ 3 7 

9 Comparison of m e s i t y l oxide and 2 , 2-dimethyl-
cyclopropane-methyl-ketone 2.%^ 

10 Comparison o f e t h y l buta - 2 , 3-clieiioate and 
Dime thy Isulphoxonivim 3-ethoxycarbpnyl - 2 -
yheMiylallyllde 

11 Comparison of l-TetrahydropyrsLnyloxy-pent - 2 -
en -4-yne, hexadec - 2-en - 4-yn-l-ol and 1-Tetra- ZZ"^ 
hydropyranyloxy-hex - 2-yn - 4-en - 6-ol 

12 l - T e t r a h y d r o - 2 - f u r y l e t h a n e 21^ 
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NUCLEAR MAGNETIC RESONiiNCE SPECTRA 
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Nuclear magnetic resonance s p e c t r a ; 

No. Index Page 

1 1,l-Dichloro - 2 , 2-dimethyl - 3-methylenecyclo-
propane 

2 l,l?i-'Dichloro - 2-methyl - 2-ethyl - 3-niethylene- zAi 
cyclopropane 

3 l,l-Dibromo - 2 , 2-dimethyl - 3-methylenecyclo- Z^-A-
propane 

k ^ - C h l o r o - o ^ - c a r b e t h o x y - ^ f - v a l e r o l a c t o n e 

5 i^-Chloro- ^-valeroiatxtone 

6 )f-Bntyrola.ctone 24-^ 

7 E t h y l buta - 2 , 3-dienoate o^4-^ 

8 Hexa - 4 , 5-dien-l-ol and l i e x - 4 - y n - l - o l (70:309S) 

9 l-Tetrahydropyranyloxy-hex - 2-yn - 4-en - 6-ol •14-7 

10 1,3-Dibrorao-prop-l-yne 

" 11 E t h y l t r a n s - c r o t o n a t e 

12 E t h y l trans - 2-methylcyclopropane-l-carboxylate 

13 D i e t h y l 2-methylcyclopropane-l, 1-dicarboxylate Z4<^ 

Ik D i e t h y l n-propjilidenemalonate 

15 D i e t h y l 2-ethylcyclopropane-l, 1-dicarboxylate 

16 D i e t h y l isopropylidenemalonate ^4^ 

17 D i e t h y l 2 , 2-dimethylcyclopropane-l,l-
d i c a r b o x y l a t e 

18 D i e t h y l n-butylidenemalonate ^^'^ 

19 D i e t h y l iso-butylidenemaloiiate ^^O 



20 D i e t h y l 2-iso-propylcycloprop£ine-l, 1-
d i c a r b o x y l a t e 
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No. Index Page 

21 D i e t h y l benzyl i d enemalonate 

22 D i e t h y l 2-phenylcyclopropane-l, 1-dicarboxylate ^5'I 
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GAS LIQUID CHROMATOGRAPHS 



Gas l i q u i d chromatographs; 

No. Index Page 

1 Resolved and unresolved components for the 
mixture of hexa - 4 , 5 - d i e n - l - o l and hex-4-yn- ZSI, 
l - o l (70:30^) 

2 Resolved and unresolved components f o r the 
mixture of hexa - 4 , 5-dienyl a c e t a t e and hex- 5"̂  
4-ynyl a c e t a t e 
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