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INTRODUCTION 

Ketenes are compounds containing the f u n c t i o n a l group 
\ 
^CJSCrsO. There are two types of ketenes, aldoketenes. 

R>^ R 
.G.sC=rO, and ketoketenes, ^CsrCssO (R,R'=alkyl and/or a r y l ) 

Ketenes can be prepared by r e a c t i n g an a c y l c h l o r i d e Vi/ith a 
t e r t i a r y amine. xildoketenes are very r e a c t i v e compounds; 

they w i l l polymerize i n s e v e r a l ways, as i l l u s t r a t e d belov/, 
forming B-lactone dimers 3-hydroxycyclobutenone diraers 2 , 

a c y l a t e d cyclobutenone t r i m e r s 3.) ^̂ ^̂  pyrone-type t r i m e r s 3* 

R - L ^ ^ l N(CH^CH3)3 ^^^^-^ ^ HCH^H^^l 

H 

c=rc^o 

vA. 0 

H— C—C 
I I 

^ " 1 , 



R 0 

II I 
0 C — C — R 
I) / I 

R - C H - C - 0 H 

R 0 

11 I 
C - C — R 

/ » 
HO H 

0 
R 

A : 
R - C H . , 0 OH 

T h i s method of preparation of P-lactone dimers, and 

acy l a t e d cyclobutenone t r i m e r s , 1, has been shown to y i e l d the 

dimer as a major product where R= C H ^ , C E ^ C H ^ ' '; t h i s c o n t r a s t s 

with the case where aldoketenes are prepared by other methods. 
2 

For example, Enk and Spes found that i n a r e a c t i o n i n which 

aldoketenes were prepared by dehydration of c a r b o x y l i c a c i d s , 

the major product was the t r i m e r , 3 , or the dimer, 2(when R = C H 



The mechanism suggested f o r the formation of the B-lactone 

dimer i n v o l v e s the presence of a c a t a l y s t (here, thiethylaralne 

or i t s h y d r o c h l o r i d e ) . I t has been suggested that there i s a 

concerted c y c l i z a t i o n with a skewed t r a n s i t i o n s t a t e , 5» the 

c a t a l y s t lending s t a b i l i t y to the 0 — C — 0 bonds forming; t h i s 

a llows the C-̂ -C bond to form while maintaining the proper 

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

r 

.Cili: c a t a l y s t R'̂  
R' 

The e x t r a bulk possessed by ketoketenes r e q u i r e s that a' 

strong Lewis a c i d , such as A l C l ^ , to act as a c a t a l y s t . Because 

there i s l e s s s t e r i c hindrance i n the case of the aldoketenes, 

t r i e t h y l a m i n e of i t s hydrochloride provides s u f f i c i e n t c a t a l y s i s . 

The competing r e a c t i o n , which leads e v e n t u a l l y to the formation of 

the cyclobutenone t r i m e r i n the case of aldoketenes, has a 

t r a n s i t i o n s t a t e , 6, which i s e f f e c t i v e l y f ree of s t e r i c hindrance.^ 

I t has been shown ^ t h a t at higher temperatures, or i n 

s o l v e n t s i n which t r i e t h y l a m i n e of- i t s hydrochloride \ l e s s 
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s o l u b l e , more t r i m e r i s formed; t h i s i s s i m i l a r to uncatalyzed 

polymerizations. I t was there f o r e hypothesized that the 

trimer/dimer r a t i o w i l l i n c r e a s e with the bulk of the R group of 

the aldoketene, because the a d d i t i o n a l bulk w i l l cause more s t e r i c 

hindrance i n the already skewed t r a n s i t i o n s t a t e leading to the 

formation of the B-lactone dimer. 

Two compounds were chosen for study: ( 1 ) t . ~ 6 u t y l ketene. 

The trimer/dimer r a t i o f o r the polymerization of t_~'butyl ketene 

has already been a s c e r t a i n e d . The hypothesis s t a t e d above was 

supported by experimental data. The trimer/dimer r a t i o f o r 

t - b u t y l ketene i s 0.75"^ i n co n t r a s t to the r a t i o for the methyl 

ketene, Q . 3 8 - 0 . i - i - 2 . T h e o b j e c t i v e i n working with i t again was 

to i s o l a t e the cyclobutenone t r i m e r i n pure form, as e a r l i e r 

r e s u l t s had been determined by nrar a n a l y s i s of a contaminated 

product. 

( 2 ) Benzyl ketene. Hydrocinnamic a c i d c h l o r i d e ( 1-phenyl-

propanyl c h l o r i d e ) was dehydrochlorinated to form benzyl ketene. 

T h i s compound was chosen due to the bulky nature of the benzyl / 

group. I t was predicted that the cyclobutenone t r i m e r ( 3 , R=/-CH2) 

would be formed i n higher y i e l d s than i n the case where R=CH3. 

Another o b j e c t i v e of t h i s study was, t h e r e f o r e , to seek fuiarther 

confirmation of the p r e v i o u s l y mentioned mechanistic hypothesis 

regarding the bulk of the R group. 
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DISCUSSION 

Hydrocinnaraic a c i d c h l o r i d e could not be obtained commercial­

l y , so i t was synthesized from hydrocinnamic a c i d , 1.0 p a r t s 

a c i d were combined with 1.5 p a r t s t h i o n y l c h l o r i d e , and the 

mixture was r e f l u x e d f or one hour, i n a s y n t h e s i s s i m i l a r to that 

of cinnamic a c i d c h l o r i d e ( 1-phenyl propenyl c h l o r i d e ) . Excess 

t h i o n y l c h l o r i d e was removed by d i s t i l l a t i o n and the a c i d c h l o r i d e 

i s o l a t e d by vacuum d i s t i l l a t i o n . 

the r e a c t i o n s of t.-butyl a c e t y l c h l o r i d e and hydrocinnamic 

a c i d c h l o r i d e v/ere c a r r i e d out under i d e n t i c a l c o n d i t i o n s . 

Squimolar anounts of t r i e t h y l a m i n e and a c i d c h l o r i d e were comibined, 

//^ K(CH.,CH,)3 R. 

^ H" 
-2 " V l ^ - 6 3 - > „ > = 0 = 0 

i _ C 
11 I 

R \ 
H ^ p C 

g ^ C - C - R P^^'''""'^ 

The t r i e t h y l a m i n e was added dropwise (one drop per second) to 

a r e f l u x i n g s o l u t i o n of a c i d c h l o r i d e i n methylene c h l o r i d e 

(200 ml per mole a c i d c h l o r i d e ) . A f t e r the addi t i o n was com­

plete d , the mixture was r e f l u x e d f o r an a d d i t i o n a l f i v e hours, 
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Vigorous s t i r r i n g was e f f e c t e d during the a d d i t i o n and subsequent 

r e f l u x . The s o l i d t r i e t h y l a m i n e was removed by s u c t i o n f i l t r a t i o n 

and solvent was removed by d i s t i l l a t i o n . 

I n the case of the r e a c t i o n of t.-butyl a c e t y l c h l o r i d e , 

i s o l a t i o n of the products was accomplished v i a vacuum d i s t i l ­

l a t i o n . The t r i m e r f r a c t i o n s were r e d i s t i l l e d , again under a 

vacuum, to obtain f u r t h e r p u r i t y . The t r i m e r thus i s o l a t e d 

c r y s t a l l i z e d when r e f r i g e r a t e d . The s o l i d formed was a w h i t i s h -

y e l l o w i s h waxy substance which melted to an o i l at about room 

temperature. I n f r a r e d and nmr analyses were c o n s i s t a n t v/ith the 

product s t r u c t u r e s postulated. Although the nmr spectrum of the 

t r i m e r showed some contamination with the dimer, the proportion 

of dimer was so small that the percentage could not be determined 

from the i n t e g r a t i o n . The nmr spectrum of the dimer did not 

show contamination. 

The t r i m e r was f u r t h e r reacted with bromine i n carbon t e t r a ­

c h l o r i d e . Equiraolar amounts of t r i m e r and Br., were combined and 

the mixture s t i r r e d magnetically for two hours. The c r y s t a l s formed 

were i s o l a t e d by suction f i l t r a t i o n . The product v/as i s o l a t e d as 

+ Br 
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very f i n e white c r y s t a l s . An i n f r a r e d spectrum ( I R 7"3) was 

con s i s t e n t with the proposed s t r u c t u r e . The wide band from 

3 - 5 ^ i s t y p i c a l of enolic-type s t r u c t u r e s . The carbonyl s t r e t c h 

i s at 3«77/U,5 and the absorbances at Q.OGyt^smd 8.28/tare i n d i c a t i v e 

of a 3 ~ 8 u t y l f u n c t i o n . T h i s compound i s of t h e o r e t i c a l i n t e r e s t 

as a possible precursor to a cyclobutadiene d i c a t i o n , a unique 

aromatic s p e c i e s . 

H„SO, 2 1 
HO Br ^ HO 

•OH ® 

The d i c a t i o n could p o s s i b l y be prepared by a r e a c t i o n with s u l f u r i c 

a c i d . T h i s type of compound was prepared i n the phenyl s e r i e s , 

but was not observed v,'here R=CH^. 

HO'' R 

When the solvent was d i s t i l l e d from the benzyl r e a c t i o n 

mixture, the mixture became extremely v i s c o u s . A d d i t i o n a l solvent 

was removed under vacuum, but upon heating, no v a p o r i z a t i o n 

occurred. Heating was discontinued due to danger of decomposition. 

An i n f r a r e d spectrum ( I R /A) of the r e a c t i o n mixture i n d i c a t e d that 

no B-lactone dimer was formed. The B-lactone dimer has char­

a c t e r i s t i c peaks at approximately 3.1+ and 5 . 8 ^ . (Compare with 



I R / I . ) Since d i s t i l l a t i o n , even under vacuum did not seem to 

be a v i a b l e method of p u r i f i c a t i o n , a l t e r n a t e methods were ex­

plored. C r y s t a l l a t i o n from mixed s o l v e n t s was t r i e d f i r s t . The 

mixture was soluble i n ether, but not i n l i g r o i n . Attempts to 

obtain c r y s t a l s from e t h e r - l i g r o i n systems were not s u c e s s f u l ; 

they r e s u l t e d i n the formation of o i l s . P u r i f i c a t i o n with 

column chromatography was a l s o attempted. K a t e r i a l with a 

spectrum s i m i l a r to that of the r e a c t i o n mixture was obtainEd 

by e l u t i o n with benzene or benzene-ligroin mixtures. (See IR A'5) 

The column was packed with F l o r i s i l . Subsequent e l u t i o n with 

ether, and l a t e r , acetone, produced small amounts of m a t e r i a l 

with s i m i l a r i n f r a r e d s p e c t r a . (See IRA 6 . ) There i s evidence' 

of decomposition i n the form of a broad band at about 3jlA' 

and a g e n e r a l l y l e s s d e f i n i t i v e spectrum. I t i s thus obvious that 

some p u r i f i c a t i o n has been accomplished. A l l m a t e r i a l i s o l a t e d , 

however, i s s t i l l i n the form of an o i l . The m a t e r i a l i s o l a t e d 

by column chromatography i s l i g h t e r i n c o l o r , being a l i g h t 

orange as compared with a brown. 



10 

E X P E R I M E N T A L 

Preparation of B-lactone dimer and cyclobutenone trimer of 

t - b u t y l ketene. 

I n a 3 - l i t e r , 3-necked round bottom f l a s k equipped with a 

water cooled F r e i d r i c h condenser, c a r r y i n g a calcium c h l o r i d e 

drying tube, and a motor-driven c e n t r i f u g a l s t i r r e r with a poly­

ethylene paddle, methylene c h l o r i d e (150 ml) and t e r t i a r y - b u t y l 

a c e t y l c h l o r i d e ( 9 9 . 8 g , 0.7A1 moles) were r e f l u x e d employing a 

heating j a c k e t . Vigorous s t i r r i n g was i n i t i a t e d at the beginning 

of heating. T r i e t h y l a m i n e ( 7 9 . 3 g, 0.73i+ moles) was added drop-

wise, over a period of one hour, from a pressure-equalized 

dropping funnel. When formation of s o l i d t r i e t h y l a m i n e hydro­

c h l o r i d e blocked passagev/ays, methylene c h l o r i d e was used to 

r i n s e . When the ad d i t i o n was complete, the funnel was replaced 

with a stopper. The mixture was r e f l u x e d f o r an a d d i t i o n a l A.5 

hours. Triethylamine hydrochloride was i s o l a t e d with suction 

f i l t r a t i o n . Methylene c h l o r i d e was removed by d i s t i l l a t i o n . More 
t r i e t h y l a m i n e hydrochloride was c o l l e c t e d , bringing the t o t a l to 

106.A g; t h i s represented a r e a c t i o n completion of ]0L%. Two 

approximately equal f r a c t i o n s were d i s t i l l e d under vacuum. 

F r a c t i o n s c o l l e c t e d are summarized below. 



Separation of the B-lactone dimer and cyclobutenone t r i m e r of _t - t i u t y l ketene by f r a c t i o n a l 

d i s t i l l a t i o n . 

F r a c t i o n Temp., °C P r e s s . , mm Hg Bescriptiom Amt. , 
tr a c e 
1-2 

1A 
2A 

1122 

A6-A7 

0.250 
0 .35 

orange l i q u i d 
c l e a r l i g h t yellow l i q u i d 

Amt. , 
tr a c e 
1-2 

3A A7-51 0 . 3 5 - 0 . 3 3 c l e a r , almost c o l o r l e s s l i q u i d 2 
4A 5 1 - 5 / 0 .33 c l e a r , c o l o r l e s s l i q u i d 2 
5A 5/-55 0 . 3 2 - 0 . 3 0 c l e a r c o l o r l e s s l i q u i d 

15 
6A 5 5 - 5 / 0 . 3 3 - 0 . 3 5 c l e a r , c o l o r l e s s l i q u i d 

3 
A 7A 5/-105 0 . 3 5 - 0 . / o c l e a r l i g h t yellow l i q u i d 
3 
A 

8A 105-111 0.33-O.i+O c l e a r , l i g h t yellow l i q u i d 
3 
5 

9A 111-112 0 . 3 8 - 0 . 3 5 c l e a r , l i g h t yellov; l i q u i d 
3 
5 

I B 23 0 .65 orange l i q u i d 1 

2B 50-53 0 . / 5 - 0 . / 7 c l e a r , l i g h t yellow l i q u i d 1 

3B 5/-56 O .A7 -0 . /5 c l e a r , almost c o l o r l e s s l i q u i d 2 
4B 56-55 0 . 5 0 - 0 . 5 2 c l e a r c o l o r l e s s l i q u i d 9 
5B 5 5 - 5 / Q.50-0.AO c l e a r , c o l o r l e s s l i q u i d 3 
6B 50-103 0 .AA-0.A8 c l e a r , l i g h t yellow l i q u i d 1-2 

7B 103-110 0 . 5 0 - 0 . A 2 c l e a r , l i g h t yellow l i q u i d 3 
8B 110-111 0.50 c l e a r , l i g h t yellow l i q u i d A 
9B 1 1 1-108 0.50 c l e a r , l i g h t yellow l i q u i d 1 

r 
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The i n f r a r e d spectrum of the dimer ( a r e p r e s e n t a t i v e spectrum i s o f ! ) 

f r a c t i o n AE, I P A'l ) shows max^ 5.A1 , 5 . 5 5 , and 5 . 8 5 / ^ . The nmr 

spectrum shows'^ 5,31 (weakly coupled doublet, J=1 . 5 Hz, area 1.0), 

6.26 (weakly coupled doublet, J= 1 .5 Hz,area 1.0), 8.87 ( s i n g l e t , 

area 9.67), and 8.96 ( s i n g l e t , area 8 . 9 5 ) . F r a c t i o n s 8A, 9A, 7B, 8B, 

and 9E s o l i d i f i e d upon r e f r i g e r a t i o n , producing y e l l o w i s h - w h i t i s h 

waxy m a t e r i a l which melted to a l i g h t yellow o i l at approximately room 

temperature. These f r a c t i o n s were combined and r e d i s t i l l e d under 

vacuum. A l l f r a c t i o n s c o l l e c t e d were a c l e a r , l i g h t yellov/ l i q u i d . 

F r a c t i o n Temp, °C P r e s s , mm Hg Amt> ml 

t 158-116 0 .50 1 

2 110-113 0 .65-0 .30 3 •-
3 113 0.60-0.50 6 
A 113-118 0.50 2 

F r a c t i o n s 2, 3 , and A s o l i d i f i e d upon r e f r i g e r a t i o n to produce c r y s t a l s 

of the type p r e v i o u s l y described. The i n f r a r e d spectrum shov/ed^max 5 
<\ 

5 . 7 1 , and 6.10^(12 9'2). The nmr spectrum showed U 6 .39 ( s i n g l e t , area 

7 ,59 ( s i n g l e t , area 2.0), 8.8A ( s i n g l e t , area 11.0), 3.91 ( s i n g l e t , 

area 7.1), and 9.08 ( s i n g l e t , area 6 .0).(nmr #2). 

Preparation of A-hr '0'no-3-hydroxy-2, A - d i - t - b u t y l cyclobutenone from 
the t - b u t y l ketene t r i m e r . 

I n a 250 ml Erlenmeyer f l a s k , with a calcium c h l o r i d e drying tube, 

bromine ( l . l g , 0.0068 moles) i n 6 ml CGl^^ was added to j t - b u t y l ketene 

t r i m e r (2.0g, 0.0068 moles) i n 6 ml CGl^^. The mixture was s t i r r e d 



magnetically for two hours. The bromine color faded r a p i d l y and a 

white s o l i d was produced. Fuming with an odor of IIBr was noticed upon 

opening the f l a s k . The c r y s t a l s were su c t i o n f i l t e r e d and washed with 

CCl^. 1.7 g product was i s o l a t e d ( 9 6 . 5 / y i e l d ) . The c r y s t a l s had a 
0 

melting point of 175-8 C. Decomposition with an orange color i n d i c a t i n g 

bromine was noticed upon melting. The i n f r a r e d spectrum showed 

7̂ max 5 . 7 7 , 6 . 3 0 , 8 . 0 6 , 8 . 2 8 p . . ( I R 53) 

Preparation of hydrocinnamic a c i d c h l o r i d e (3-phen.yl propanoyl c h l o r i d e ) . 

I n a 1 - l i t e r , 3-necked round bottom f l a s k equipped with a water-CccUc\ 

F r e i d r i c h condenser, c a r r y i n g a calcium c h l o r i d e drying tube, and a 

motor driven c e n t r i f u g a l s t i r r e r with a polyethylene paddle, S O C I 2 

( 1 2 2 . 6 g , 1.03 moles) 'was added r a p i d l y through a pressure-equalized 

dropping funnel to hydrocinnaraic a c i d ( 9 8 . 9 g , 0.658 moles). The 

funnel was then replaced with a stopper, and the mixture v;as r e f l u x e d , 

employing a heating j a c k e t , f or 1 hour. Excess SOCI2 was removed by 

d i s t i l l a t i o n and 103.1g clear, l i g h t yellow l i q u i d was c o l l e c t e d by 

vacuum d i s t i l l a t i o n (b.p. 88-90°C, 1 .5-2.0 mm Hg). T h i s represents a 

9 2 . 9 / y i e l d . 

Reaction of hydrocinnamic a c i d c h l o r i d e with t r i e t h y l a m i n e . 
I n a 1 - l i t e r , 3-necked round bottom f l a s k , equipped v/ith a water-

cooled F r e i d r i c h condenser c a r r y i n g a calcium c h l o r i d e drying tube, and 
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a motor driven c e n t r i f u g a l s t i r r e r with a polyethylene paddle, methylene 

were r e f l u x e d employing a heating j a c k e t . Vigorous s t i r r i n g was i n i t i a t e d 

at the "beginning of heating. T r i e t h y l a m i n e (67,Og, 0.662 moles) was 

added dropwise, over a period of A5 minutes, from a pressure-equalized 

dropping funnel. When formation of s o l i d t r i e t h y l a m i n e hydrochloride 

blocked passageways, methylene c h l o r i d e was used to r i n s e . "When the 

addit i o n v/as complete, the funnel was replaced with a stopper. The mix­

ture was r e f l u x e d for an a d d i t i o n a l f i v e hours. T r i e t hylamine hydro­

c h l o r i d e was i s o l a t e d by su c t i o n f i l t r a t i o n (86.5 g^which i n d i c a t e s 

103/ r e a c t i o n completion). Methylene c h l o r i d e was removed by d i s t i l l a t i o n 

and vacuum d i s t i l l a t i o n ^ No product vaporized during vacuum d i s t i l l a t i o n . 

Heating was discontinued due to danger of decomposition. The i n f r a ­

red spectrum of the r e a c t i o n mixture showed max^ 5»66, 5.80, 6 . 09 . 

6.2A, 6.36, 6.68, 6.8t^ ^ . ( I R A'A) Attempts to c r y s t a l l i z e the substance 

from e t h e r - l i g r o i n systems were'unsuccessful. Chromatography on a 

F l o r i s i l column, with benzene or benzene-ligroin s o l u t i o n s as e l u t a n t s . 

c h l o r i d e (125 ml) and hydrocinnamic a c i d c h l o r i d e ( 1 0 3 . 1 g , 0.611 moles 3 

y i e l d e d an o i l upon 

6 .36 , 6 .70 , and 6.89,,^«(^2 55) L a t e r e l u t i o n with ether and then acetone 

r e s u l t e d inlsmall amounts of o i l whose spectrum i s described i n the 

di s c u s s i o n s e c t i o n . ( I N 56) 
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SPECTROSCOPIC DATA 

The i n f r a r e d s p e c t r a were recorded on a Ferkin-Elraer I n f r a c o r d 

Spectrometer at room temperature using sodium c h l o r i d e p l a t e s , except 

i n the case of IR #3} which u t i l i z e d a KEr p e l l e t . 

The nmr sp e c t r a were traced at F r a k l i n and Marshall College using • 

a Varian A-60D NMR Spectrometer. Tetramethyl s i l a n e was added as an i n - | 

t e r n a l standard. The sweep was with a constant 500 Hz. | 
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SUMMARY OF RESULTS AND FUTURE WORK 

Re s u l t s 

The cyclobutenone tri m e r of t_-6utyl ketene was obtained i n a 

purer form, and s p e c t r a l analyses were obtained, 

A-bromo-3-hydroxy-2,A-di-t.-butyl cyclobutenone was prepared. 

As f a r as i t can be a s c e r t a i n e d , t h i s compound was p r e v i o u s l y un­

reported i n the l i t e r a t u r e . 

The r e a c t i o n of hydrocinnamic a c i d c h l o r i d e v/ith t r i e t h y l a m i n e 

was c a r r i e d out and the product v/as analyzed v i a column chromatography. 

Future Work 

A-bromo-3-hydroxy-2,A-di-_t-butyl cyclobutenone, as mentioned 

p r e v i o u s l y , i s the possible precursor to an unusual aromatic s p e c i e s , 

the 2,A-di-t.-'butyl-1 ,3-dihydroxy cyclobutadiene d i - c a t i o n . The bromide 

w i l l be f u r t h e r p u r i f i e d and i t s nrar spectrum i n concentrated s u l f u r i c 

a c i d w i l l be determined i n an e f f o r t to observe the d i - c a t i o n . 

The r e a c t i o n of hydrocinnamic a c i d c h l o r i d e with t r i e t h y l a m i n e 

w i l l be c a r r i e d out i n other solvent systems, for example, d i e t h y l 

ether, i n an attempt to i s o l a t e the cyclobutenone t r i m e r . 

V 
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