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SYtiThESES WITH STABLE ISOTOPES : ACETYLENE-I3C2 

AND L I T H I U M  ACETYLIDE-13C2 ETHYLENED I AMINE COMPLEX 
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S U M M A R Y  

Acetylene-13C 2 has been prepared from ~arbon-’~C dioxide 
and molten l i t h i m  following hydrolisis of the resu l t ing  

l i t h i m  ~ a r b i d e - ’ ~ ~  

li thium acetylide- 

acety 1 ene-I3C2 w i t h  [ - l i th ioe t  hy lenediaminc . 

The stable ethytenediamine complex of 
13. C2 has been obtained from the reaction of 

INTRODUCTION 

13 
c2 

Mole q u a n t i t i e s  of acetylene-13C (ethyne-I3C ) and l i t h i u m  ace ty l ide-  2 2 

(ethynyllithi-13C ) have been requi red  i n  t h i s  Laboratory a s  in te rmedia tes  f o r  

var ious syntheses  wi th  s t a b l e  i so topes .  Acetylene-14C has been prepared by 

hea t ing  barium carbonate  wi th  e i t h e r  magnesium or barium metal  and hydrolyzing 

t h e  r e s u l t i n g  barium carb ide  [ l ]  , b u t  t h e s e  r e a c t i o n s  d id  n o t  seem a p p l i c a b l e  t o  

l a r g e r  s c a l e  prepara t ions .  The methods developed by Noakes [ 2 ]  f o r  convert ing 

organic  samples ’ in to  benzene f o r  radiocarbon d a t i n g  u t i l i z e  t h e  ace ty lene  

2 

2 

chemistry f i r s t  descr ibed by Barker [3 ]  in which ace ty lene  i s  

reac t ions  indicate--1 below. 

prepared by t h e  



462 Thomas W. Whaley and DonaZd C.  O t t  

L i  C + 2 H 2 0  - C 2 H 2  + 2 LiOH 
2 2  

Beumel and Harris 141 have  r e p o r t e d  t h e  p r e p a r a t i o n  of a s t a b l e  e thy lened iamine  

complex of  l i t h i u m  a c e t y l i d e  by  t h e  f o l l o w i n g  r e a c t i o n s .  

H ~ N H ~ C H ~ C H ~ N H ~  + L i  benzene- H2NH2CH2CH2NHLi + 1 / 2  H2 

C ~ H ~  + H NH CH CH NHLi dioxane- C2HLi*NH2CH2CH2NH2 
2 2 2 2  

c2 We have  a p p l i e d  t h e s e  r e a c t i o n s  t o  t h e  l a r g e - s c a l e  p r e p a r a t i o n  of ace ty l ene -”  

and l i t h i u m  a c e t y l i d e -  13 

DISCUSSION AND RESULTS 

The a c e t y l e n e  s y n t h e s i s  a p p a r a t u s  used  i n  t h i s  work (shown i n  F ig .  1) con- 

Fig. 1. Diagram of a c e t y l e n e  s y n t h e s i s  a p p a r a t u s :  (R)  r e a c t i o n  chamber;  

(H) h e a t e r ;  (C) carbon d i o x i d e  c y l i n d e r ;  (W) water a d d i t i o n  f u n n e l ,  (T I )  Dry 

I ce - i sop ropy l  a l c o h o l  t r a p ;  (T ) Li thaso rb -molecu la r  s i e v e  t r a p ;  ( T 3  and 

T ) l i q u i d  n i t r o g e n  t r a p s ;  (F) f r e e z e  b u l b ;  (SV) s t o r a g e  v e s s e l s ;  ( S )  s t o p -  

cocks ;  (V) v a l v e s ;  (P)  p r e s s u r e  gauges ;  and (VP) vacuum pump. 

2 
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sists of a r e a c t i o n  chamber (R). a series of p u r i f i c a t i o n  and c o l l e c t i o n  t r a p s  

(T1, T 2 ,  T3, and T4) ,  and two c a l i b r a t e d  s t o r a g e  v e s s e l s  (SV). Carbon d ioxide  

is allowed t o  r e a c t  wi th  excess  l i t h i u m  metal a t  65OoC i n  t h e  r e a c t i o n  chamber, 

and, a f t e r  cool ing,  t h e  mixture of l i t h i u m  carb ide ,  l i t h i u m  oxide ,  and l i t h i u m  

is hydrolyzed wi th  water. Water vapor is removed from t h e  r e s u l t i n g  gases  by 

passing them through a D r y  Ice- isopropyl  a lcohol  t r a p  (T ) and a U-tube (T2) 

conta in ing  molecular s i e v e  and Li thasorb  carbon d ioxide  absorbent .  Acetylene irr 

c o l l e c t e d  i n  two l i q u i d  n i t r o g e n  t r a p s  (T and T ) while  hydrogen is removed 

through t h e  vacuum pump. The y i e l d  of ace ty lene  i s  90-loo%, and t h e  prepara-  

t i o n  of approximately 0.5 mole of ace ty lene  can b e  c a r r i e d  out  i n  two days.  The 

sca le - l imi t ing  f a c t o r  f o r  t h e  r e a c t i o n  is t h e  r a t e  of hydro lys is  of  t h e  l i t h i u m  

carb ide  which Barker [31 observed t o  decrease  markedly when t h e  l i t h i u m  hydroxide 

concent ra t ion  i n  t h e  r e a c t i o n  chamber exceeded 5 % .  

chamber, the  amount of water  required t o  hydrolyze t h e  carb ide  i n  a reasonable  

t i m e  f i l l s  t h e  chamber and thus l i m i t s  t h e  s c a l e  to  approximately 0 .5  mole of 

ace ty lene .  

1 

3 4 

With t h e  present  r e a c t i o n  

The prepara t ion  of E-l i thioethylenediamine was i n v e s t i g a t e d  using l i t h i u m  

s h o t ,  chunks of l i t h i u m  meta l ,  and a d i s p e r s i o n  of l i t h i u m  i n  minera l  oil. Use 

of a l i t h i u m  dispers ion  is p r e f e r r e d ,  s i n c e  t h e  product tj-lithioethylenediamine 

t ends  t o  coat t h e  l a r g e r  p ieces  of l i th ium.  The exchange r e a c t i o n  between 

b u t y l l i t h i u m  and e thylenediamine i n  benzene s o l u t i o n  i s  s u i t  a b l e  provided t h e  

b u t y l l i t h i u m  does not  conta in  l i t h i u m  bromide which p r e c i p i t a t e s  wi th  t h e  

praduct .  

and had t o  be handled i n  a glove box wi th  an i n e r t  atmosphere. 

tha t  the  product developed a purp le  c o l o r  i n  s e a l e d  c o n t a i n e r s ,  b u t  t h i s  c o l o r  

disappear& -,hen t h e  conta iner  was reopened i n  an i n e r t  atmosphere. 

I n  OUK experience,  l - l i th ioe thylenediamlne  w a s  extremely a i r - s e n s i t i v e  

We a l s o  observed 

The r e a c t i o n  bttween I!.-lithioethylenediamine and ace ty lene  is convenient ly  

c a r r i e d  out  by al lowing ace ty lene  t o  sublime i n t o  a f l a s k  conta in ing  an E- l i th io-  

e thylenediamineldioxane s l u r r y  as  opposed t o  bubbl ing ace ty lene  through t h e  
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s l u r r y  as descr ibed  by Beumel and Harris [ 4 1 .  

ethylenediamine complex i s  80-8596 from ace ty lene ,  and t h e  complex l i b e r a t e s  95- 

100% of t h e  t h e o r e t i c a l  amount of ace ty lene  upon hydro lys is .  

The y i e l d  of t h e  l i th ium a c e t y l i d e  

The proton nmr spectrum of acetylene-13C2 i s  shown i n  Fig.  2 .  Since t h e  

ace ty lene  was prepared from ca. 90 atom I carbon-13C dioxide ,  t h e  product con- 

t a i n s  t h r e e  i s o t o p e  isomers of ace ty lene .  Thus, t h e  spectrum c o n s i s t s  of a 

superpos i t ion  of t h r e e  s p e c t r a :  t h e  one-l ine spectrum of H1'C12CH (E. 1%), 

the  f i r s t - o r d e r ,  e i g h t - l i n e  spectrum of H l 3 C I 2 C H  (s. la%), and t h e  ten- l ine  

u 
400 Hz 3c 200 I00 

I 
) -IOOHz 

Fig.  2 .  Proton nmr spectrum of  acetylene-I3C 
13 % carbon- C dioxide:  

spectrum of H l 3 C I 2 C H ;  and (3) t e n - l i n e  spectrum of H l 3 C I 3 C H .  

prepared from E. 90 atom 

(1) one-l ine spectrum of H12C1'CH; (2) e i g h t - l i n e  
2 

spectrum of H13C13CH (s 81%). Analysis  of t h e  spectrum according t o  t h e  i n t e r -  

p r e t a t i o n  of Lynden-Bell and Sheppard [51 gives  t h e  magnitude of t h e  J HH n J~~ * 

and Jcc coupl ing cons tan ts  i n  good agreement wi th  t h e i r  va lues .  J C c H  * 
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EXPERIMENTAL 

Materials and Methods--The s t a i n l e s s  s teel  r e a c t i o n  chamber was purchased 

from the  Alford Instrrrment Company (6017 Medlin Heights  Road, Knoxvil le ,  Tenn. 

37918). The h e a t e r  was cons t ruc ted  from two 1-kW, semi-cyl indr ica l  h e a t i n g  

elements connected i n  series wi th  a 220-V v a r i a b l e  t ransformer  t o  c o n t r o l  t h e  

temperature .  Temperature m a s u r e r e n t s  were made using a Chromel-Alumel thermo- 

couple pos i t ioned  between t h e  r e a c t i o n  chamber and h e a t e r  w a l l .  

f o r  the  carbide r e a c t i o n  was purchased from t h e  Li thium Corporat ion of America 

(New York). 

Laboratory I so tope  Separat ion F a c i l i t y  (Group CNC-4). N m r  s p e c t r a  were recorded 

on a Perkin-Elmer R-24 spectrometer  us ing  t h e  r e s i d u a l  protons of acetone-d 

an i n t e r n a l  s tandard  and are repor ted  r e l a t i v e  t o  TMS. 

on a Perkin-Elmer 710 SpeCtKOphOtOmeteK and c a l i b r a t e d  us ing  a polys tyrene  f i l m  

and a r e  repor ted  t o  t h e  n e a r e s t  5 cm-I with the  n a t u r a l  abundance absorp t ions  

of peaks showing i s o t o p i c  s h i f t s  given in parentheses .  

Lithium s h o t  

Carbon-13C dioxide was produced at t h e  Los Alamos S c i e n t i f i c  

6 ” 

IK s p e c t r a  were recorded 

Acetylene-13C --The r e a c t i o n  chamber of t h e  ace ty lene  s y n t h e s i s  appara tus  2 

(Fig. 1) was charged with l i t h i u m  shot  (46.5 g,  6.7 mol) ,  s e a l e d ,  evacuated,  

and heated while  s t i l l  open t o  t h e  vacuum pump. A f t e r  t h e  l i t h i u m  had been 

degassed and heated t o  4 2 O o C .  t h e  r e a c t i o n  chamber w a s  i s o l a t e d  from t h e  vacuum 

pump, and carbon-13C dioxide (42.8 g, 0.953 m o l ,  90.34 atom % 1 3 C ,  3.37 atom % 

l80) was pulsed i n t o  t h e  r e a c t i o n  chamber i n  17-34 kPa (5-10 in Hg) increments  

over 1 .25  h r  a t  a r a t e  such t h a t  t h e  temperature  remained between 640 and 670’C. 

Af te r  t h e  carbon dioxide a d d i t i o n  was completed, t h e  apparatus  was opened t o  

the  vacuum pump and heated a t  760°C f o r  1.25 h r .  

of the  r e a c t i o n  chamber were hydrolyzed by t h e  caut ious  a d d i t i o n  of carbon 

dioxide-free water (s. 2.0  dm ) while  t h e  apparatus  was open t o  t h e  vacuum 

pump. The mixture  of acetylene.  hydrogen, and water vapor l i b e r a t e d  upon 

hydro lys is  was p u r i f i e d  by pass ing  i t  through a Dry Ice- isopropyl  a l c o h o l  t r a p ,  

a U-tube conta in ing  molecular s i e v e  ( 3 A )  and anhydrous l i t h i u m  hydroxide (Li th-  

A f t e r  cool ing ,  t h e  conten ts  

3 
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a s o r b ) ,  and two l i q u i d  n i t r o g e n  t r a p s .  The ace ty lene ,  which was c o l l e c t e d  i n  

t h e  l i q u i d  n i t r o g e n  t r a p s ,  was then sublimed i n t o  two 4.5-dm s t o r a g e  v e s s e l s .  

Hydrolysis  of t h e  conten ts  of  t h e  r e a c t i o n  chamber and c o l l e c t i o n  of t h e  

major i ty  of t h e  ace ty lene  requi red  approximately 8 h r ,  and a f t e r  s tanding  over- 

n i g h t  t h e  remainder of t h e  ace ty lene  was c o l l e c t e d .  From t h e  pressure  i n  t h e  

c a l i b r a t e d  s t o r a g e  v e s s e l s ,  i t  was c a l c u l a t e d  t h a t  0.447 mol (94%) of acetylene-  

I 3 C  w a s  produced: nmr (acetone-d6) 6 2.35 (Jm = 9.4 Hz, JCH = 248.8 Hz, 

JCCH = 49.2 Hz, J 

730 cm-'. 

3 

2 

= 170 Hz); i r  (gas)  3305, 3260, 1335 (1350), 1290 (1305), cc 

3 Lithium Acetylide-13C Ethylenediamine Complex--A 500-cm , three-neck 2 

f l a s k  previously f lushed with argon and equipped wi th  a magnetic s t i r r e r ,  

addi t ion  funnel ,  and condenser f i t t e d  wi th  a g l a s s  T-tube a t tached  t o  an argon 

tank w a s  charged with a l i t h i u m  dispers ion  which had been prepared by melt ing 

l i t h i u m  metal (7.0 g ,  1.01 mol) i n  mineral  o i l  (200 cm ) under an argon 

atmosphere wi th  vigorous s t i r r i n g ,  followed by f i l t r a t i o n  of t h e  cooled l i th ium 

p a r t i c l e s .  The l i t h i u m  d i s p e r s i o n  was washed with anhydrous benzene ( 3  x 

150 cm ) under an argon atmosphere t o  remove r e s i d u a l  mineral  o i l  and was 

f i n a l l y  suspended i n  anhydrous benzene (150 cm ). 

t i o n  of  e thylenediamine (66 g. 1.1 ml) i n  anhydrous benzene (70 cm ) was added 

t o  the l i t h i u m  suspension,  and t h e  mixture was brought  t o  g e n t l e  r e f l u x .  The 

remainder of t h e  ethylenediamine s o l u t i o n  w a s  added dropwise over a 2.5-hr 

per iod while  t h e  mixture ,  which developed a t a n  p r e c i p i t a t e ,  was gent ly  r e f l w e d  

under an argon atmosphere. Ref1xr;ing w a s  continued f o r  6 h r ,  a t  which time 

a l l  of t h e  l i t h i u m  had been consumed. A f t e r  cool ing ,  t h e  condenser and addi- 

t i o n  funnel  were removed. and t h e  f l a s k  was quickly s toppered and t r a n s f e r r e d  t o  

a glove box (argon atmosphere) where t h e  mixture was f i l t e r e d  and washed thoroughly 

with argon-flushed petroleum e t h e r  and d r i e d  t o  g ive  E-l i thioethylenediamine as 

a tan  powder (62 g, 94%) vhich was a i r - s e n s i t i v e .  

3 

3 

3 

3 A small p o r t i o n  of a solu-  

3 

I n s i d e  an argon-f lushed glove box, a 500-cm , three-neck f l a s k  was charged 
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3 with E-l i thioethylenediamine (2p.4 g,  0.399 mol) and anhydrous dioxane (200 c m  ) 

and s toppered.  

ba th ,  magnetic stirrer, thermometer, condenser wi th  a vacuum o u t l e t  and bal loon ,  

and a gas i n l e t  tube connected t o  t h e  ace ty lene  s y n t h e s i s  appara tus  wi th  an 

in te rmedia te  vacuum t r a p  immersed in l i q u i d  n i t rogen .  

evacuated ( a s p i r a t o r )  and t h e  E-lithioethylenediamine/dioxane s l u r r y  had been 

cooled t o  15"C, one-half of t h e  acetylene-13C 

of t h e  s y n t h e s i s  apparatus  w a s  t r a n s f e r r e d  i n t o  t h e  l i q u i d  ni t rogen-cooled 

vacuum t r a p .  

r a t e  such t h a t  t h e  temperature  remained at 15OC and a s l i g h t  p o s i t i v e  pressure  

(as ind ica ted  by t h e  bal loon)  was maintained. 

ace ty lene  was consumed, t h e  r e a c t i o n  mixture  was seeded wi th  a few c r y s t a l s  of 

l i t h i u m  a c e t y l i d e  ethylenediamine complex. 

(0.209 mol) from t h e  s t o r a g e  v e s s e l s  was then  t r a n s f e r r e d  i n t o  t h e  vacuum t r a p  

and sublimed i n t o  t h e  r e a c t i o n  f l a s k  as previously descr ibed.  

p o r t i o n  of t h e  ace ty lene  had been consumed, t h e  r e a c t i o n  mixture ,  which had 

maintained a t a n  p r e c i p i t a t e  throughout t h e  r e a c t i o n ,  was s t i r r e d  a t  room tem- 

pera ture  f o r  3 hr .  Af te r  t h e  f l a s k  was disconnected from t h e  Condenser, 

thermometer, and gas  i n l e t ,  i t  w 4 s  s toppered arid t r a n s f e r r e d  t o  an argon-flushed 

glove box where t h e  conten ts  were poured i n t o  petroleum e t h e r  (200 c m  1. 

product was f i l t e r e d ,  washed with petroleum e t h e r ,  and d r i e d  t o  g ive  l i t h i u m  

a ~ e t y l i d e - ' ~ C ~  ethylenediamine (32.4 g, 83% based on ace ty lene)  as a l i g h t  

tan powder which was s t a b l e  i n  dry a i r .  Upon h y d r o l y s i s ,  t h e  product l i b -  

e r a t e d  95% of t h e  t h e o r e t i c a l  a m u n t  of ace ty lene .  

The f l a s k  was removed from t h e  glove box and set  up wi th  an i c e  

A f t e r  t h e  system had been 

(0.210 mol) i n  t h e  s t o r a g e  v e s s e l s  2 

The ace ty lene  was allowed t o  sublime i n t o  t h e  r e a c t i o n  f l a s k  a t  a 

A f t e r  t h i s  por t ion  of  t h e  

The second h a l f  of t h e  ace ty lene  

A f t e r  t h e  second 

3 The 
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