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Abstract - The carbon-13 chemical shifts and relaxation times of various 
linear alkynes have been measured . Canplexation of these canpounds with 
dicobalt cctacarbonyl induces changes in 6’s and T ‘s . Unambiguous 
assignments were obtained frcm deuterium labelled dctynes . The Tl 
variations result fran the displacement of the center of mass of the 
aliphatic chain . They are systematic and can thus be used for 
assignment purposes . 

The dynamic information obtainable fran carbon-13 relaxation time measurements allows 

to probe into the short time behaviour of individual atoms of nmlecules in solution . When 

internal motions are present, it is possible to follow the relative variations in mobility asso- 

ciated with these processes . This is the case of long chain aliphatic compounds and indeed such 

studies have been conducted on a large variety of substances including visual chraoophores such 

as retinal’, prostaglandins2, surfactants3, fatty acids4 and other long-chain molecules 
56 ’ . 

Theory 7-10 supports the intuitive feeling that if an extremity of the chain is held either by 

inertial or intermolecular forces, motion and T, increase towards the opposite end . In the first 

case the center of mass is defined by a heavy atan of molecular backbone . In the second case, 

one chain termination is loosely “anchored” . in the surrounding medium by hydrogen bonding . This 

kind of effect can easily be demonstrated in long chain carboxylic acids or esters4 . The former 

compounds display carbon-13 T, values increasing frcnn the 030H group to the other end, whereas 

in the latter compounds the T, increase frcm the center of the aliphatic chain to its extremities. 

Although it is rather easy to introduce or remove an hydrogen bond between solvent and 

molecule4 ’ ’ ’ and study the variation in longitudinal relaxation time thus induced, it is general- 

ly more difficult to move the molecular center of mass in order to perform similar studies . The 

molecules choosen in the present work allow one to conveniently switch their center of mass from 

a central to a terminal position by canplexation with a transition metal . Such ccanplexation 

introduces chemical shifts and relaxation times changes which are both very predictable and can 

thus be used for assignment purposes . 

The paper is divided in two parts . The first part describes the synthesis of sane 

labelled canpounds which were necessary to allow unambiguous chemical shift assigrPnents . The 

second part analyses the 6 and T, changes upon ccsnplexation of the tennind triple bond with 

dicobalt octacarbonyl . 

SYNlHESIS OF CCTYNE-1 LABELLED IN POSITION 3.3 ; 4,4 ; 5.5 or 6.6 

In order to establish without ambiguity the effect of cobalt complexation upon the 

carbon chemical shifts, four labelled campounds were synthesized according to the general 

synthetic scheme of Figure 1 . 
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I - SYNlHESIS OF d2 3,3 ; 4,4 ; 5,s or 6,6 CCTYNES (& to sb, 

Synthesis proceeds from hexanols doubly deuterated in position 1 through 4 . Each 

these compounds is then brcminated and a triple bond is added leading to the corresponding 

Figure I 

I - SYNl.HESIS OF LABBLLED HEXANOLS 

a) general method 

LiAlD4 HBr 
RCOOR" - 

Grignard 
RCD2OH - 

H2S04 

RCD2Br + - - RCD2R'OH 

6a D D 
- 

-OH 

b) details about Crignard reactions 

-- CH3CH2CD2MgBr + CH2Br-CH-CH2 - 

1 
?+- 

D 2 

-- CH3(CH2)2CD2MgBr l HZC\O/CHZ , 

J 

-- CH3(CH2)$D2MgBr l CO2 + Tp""_ 

4 5 - 

Ii - SYNTHESIS OF LABELLED OCTYNES AND COBALT COMPLEXES 

SC 

6b - 

6d - 

55 

6b 

R-CD2-RI-OH - RCD2R'Br - RCD2-R'-C=CH - RCD2-R'-C----C-H 

co-co 
8% - 

+ gd" - 

lo/ deuterated hexanols &, g, &, s 

a/ 6a is directly obtained by reducting caproic acid ethyl - 
b/ in the same manner propyl, butyl and pentyl esters yield 

-*c:' 
- 

ester with LiAlD4 

the corresponding deuterated 
12 

alcohols . In each case the bromide is then prepared by action of Hbr-H2SG4 . 

c/ through an appropriate Grignard reaction d2 -1,l bromopropane, butane and pentane respectively 

provide 6d, & and $ : 

of 

octynes. 

- dZ-1,l propyl magnesiwn bromide 1 is allowed to react with ally1 branide 
13 . . giving hexene - 

d2-4,4 1 which is hydroborated leading to d2-4,4 hex-1 g . 

- d2-1,l butyl magnesium bromide 2 and ethylene oxide furnish d2-3,3 hexanol & 
14 

. 

- d2-1,l pentyl magnesium bromide _ 4 and carbon dioxide yield d2-2,2 hexanoic acid S 15 . 
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Reduction with LiAIH4 affords d2-2.2 hexanol e . 

2”/ octynes 

Each of the preceding hexanols is then converted to the bromides 7 by action of 

HBr-H2S04 . By reaction of these canpounds with lithiun acetylenide-ethylenediamine canplex, 

octynes &&, 8b, 8c, fi are obtained in good yield” . 

3’/ octynes dicobalt hexacarbonyl complexes 8a ” to 8b:: - _ 

It has been reported that the tm bridge carbonyl groups of dicobalt octacarbonyl can be 

replaced by alkynes17 . The I.R. spectra of the alkyne complexes are so characteristic that they 

can be used to ascertain the nature of the final compound . 

CARBON cHI3imu SHIFTS 

The carbon chemical shift assignments of the unccmplexed alkynes present little diffi- 

culty . Table I summarizes the data for the canpounds used in this work : pentyne 2, hexyne lo, 

heptyne lJ, octyne &J, decyne 12, dodecyne 2, cyclododecyne 14, octyne-1 01-3 E and 

octyne-2-oPc methyl-ester 16 . All the deuterated compounds exhibit the expected upfield chemi- - 
cal shift changes relative to the hydrogenated canpounds : 0.6 ppn for the carbon bearing the 

deuterons and 0.2 ppn for the neighbouring carbons . 

These chemical shifts are similar to those already published 
18-23 . Sane differences 

occur however, reaching up to 2 ppn . Their systenatic nature indicates that they are the result 

of different experimental conditions (solvent, reference) . In no case are our assignments in 

conflict with those already reported . 

Upon reacting these substances with an equimolar amOunt of dicobalt octacarbonyl,. 

dicobalt ccmplexes of the terminal triple bond are famed 17 . inducing serious changes in the 

chemical shifts . From the spectra of the labelled compounds, the assignments of the resonances 

of the cobalt canplexes are straightforward . 

The effect of cobalt complexation upon the carbon-13 chemical of canpounds aa to g 

follows a systematic pattern . The two carbons forming the triple bond undergo downfield shifts 

of + 5 and + 13 ppn, the methine being the less affected . The largest induced shift occurs for 

Table I - Carbon-13 chemical shifts”‘of selected ccepmds 

carbon 
1 2 3 4 5 6 7 a 9 

CornpoundS NO 
10 11 12 

Pw=-1 2 68.0 84.3 20.2 21.7 13.2 

kxyne-1 lo 67.9 84.5 17.9 30.3 21.7 13.4 

hrptw-1 11 67.9 84.5 18.2 28.0 50.8 22.0 13.8 

lxtyne-1 !! 67.9 84.6 la.3 28.3 28.3 31.2 22.4 13.9 

decyne-1 12 67.9 84.6 18.3 28.4 28.6 28.9 29.0 31.7 22.5 13.9 

dodecyne-1 E 67.8 84.5 la.2 28.3 28.6 28.9 29.4 29.4 29.2 31.7 22.5 13.9 

cyKlododecyne 14 al.5 81.5 18.3 25.5b tf~.4~ 24.7' 24.bb 24.4b 24.7b 25.4b 25.5b 18.3 

octyne-1 01-3 .E 72.5 84.8 61.6 37.2 24.4 31.1 22.2 13.6 

methyl octynoate 16 89.4 72.4 la.1 26.8 30.S 21.7 13.5 

a) 6 vahes in parts per million Wield frcm k4Si ; 6W4Si) - 6KtC13) + 76.9 ppn 

bJ kisigmants may be interchenged 
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the carbon a to the triple bond where it reaches a value of + 15 ppn . This is in accordance with 

the dissapearance of the triple bond upon cobalt ccnnplexation, since carbon a to an alkynic 

linkage usually exhibit a 15 p~pn upfield displacement with respect to the corresponding alkenes . 
Further away from the triple bond the change in chemical shift rapidly decreases past 

the 8 position where its value is + 3.4 p . Upon ccmplexation with dicobalt octacarbonyl all 

the resonances of the carbons close to the ccnnplexing site therefore move downfield . 

WNGITUBINAL RELUATION TIf@S 

The longitudinal relaxation times were then measured . Table II lists the values obtained 

after the 3 parameter exponential fit for both uncomplexed and complexed compounds . The errors 

affecting the T, values are typically 5 %, reaching 10 % in same cases . More importantly, this 

error is in most cases smaller than the difference between T, values belonging to a particular 

compound. Since the T, values will be discussed in term of dipolar relaxation, the proton carbon 

Nuclear Overhauser Effect was measured by the gated decoupling experiment . The enhancement was 

found to be 2.8 ? 0.1 on all the hydrogen bearing carbon resonances, thus ascertaining the dipolar 

nature of the relaxation . 

For dipole-dipole relaxation the carbon relaxation time is directly related to the 

mbility of the C-H bonds issued from the carbon under consideration . In the long chain ccanpounds 

this mobility has been shown to increase along the chain as a consequence of internal motion 

around the C-C bonds . In the absence of intermolecular forces which would restrain the reorien- 

tation process at some specific locations in the chain the mobility and thus T, increase monoto- 

Table II - T, of uncomplexed and complexed carpounds [a1 

carbon 

,cmpotilbl ,,o 3 4 5 

pentyne-1 zz 
13.6 11.6 9.8 

9 2.1 2.5 2.6 

!!2 9.2 a.5 9.2 7.0 
me-1 

g 1.8 2.0 2.3 2.6 

heptyns1 
11 6.6 6.4 6.8 7.2 6.1 

11:: 1.5 1.8 2.2 2.7 3.0 

s 6.4 6.4 6.4 
cctyne-1 

i: 1.3 1.5 1.8 

6.1 7.7 6.7 

2.3 2.7 3.2 

4.2 4.1 5.4 5.8 5.5 

2.1C 2.1' 2.7 3.7 4.4 

3.1 3.1 3.1 3.2 4.3 5.0 5.1 

1.7 1.7 1.9 1.9 2.8 4.0 4.4 

3.3 3.5 3.5 3.3 3.2 3.3 3.7 

l.lC 1.1C 1.1= l.lC 1.2C 1.0 1.0 

1.9 2.4 3.0 

1.5 2.0 2.6 

3.0 3.7 3.9 

1.5 2.1 2.4 

II 4.4 4.2 4.2 
dsyne-1 

$ 1.3 1.4 1.F 

3.1 3.3 3.1 CbkylIe-1 11 

$ 1.2 1.5 1.7 

rs 3.7 3.3 3.2 
CyClO- 
mxync 3::' 1.0 1.0 1.2= 

OCtyne-1 E 1.9 1.0 1.3 

01-3 ls" 1.3 0.8 1.1 - 

methyl 2 2.7 2.5 

OCtymxte fizz 0.8 1.2 

al values in seconds 

6 78 9 10 11 12 

bl A Star denotes the dicobalt complex 

cl The Assign?mts may be interchanged 



Center of mass displacement and relaxation times of linear alkynts 3067 

nically from the center of the molecule to its extremities . As can be seen fran Table II this is 

the case for canpounds 8 to 13 . For these compounds the center of mass can be loosely defined - - 
to be at the center of the aliphatic chain . 

Upon complexation with dicobalt octacarbonyl the center of mass of the molecule is now 

displaced toward the triple bond . In fact since the added weight due to the Co (CD)6 group is 

close to 300 it can be safely assumed that the center of mass is very close to the triple bond . 
In the absence of intermolecular forces, mobility is thus only the result of the segmental 

nlotion of the carbon chain and the T,‘s are therefore found in increasing order from the double 

bond to the opposite extremity . It is worth noting that this effect extends n~ch further away 

than the chemical effects due to the cobalt complex, which was, as generally noted for through 

bond effects limited to c.a. 4 carbon-carbon bonds . 

The motional effects are of course only effective when segmental motion is present 
7-10 . 

As a counter example, cyclododecyne 14 and its complex 14 ” do not possess this property and - 
the effect of cobalt complexation results only in a overall shortening of the T, values due to 

the increased molecular size . 

When polar groups are present and if they are not prone to intermolecular hydrogen bonds 

the situation is unchanged . This is the case of 16 which upon cobalt canplexation possesses - 
carbon T,‘s ordered from the triple bond to the other end . In the presence of hydrogen bonding 

group the situation may change drastically, except if, as in 2, the polar group is close to 

the double bond . In this particular case, both inertial and intemlecular forces cooperate to 

the ordering of the relaxation times . 

CONCLUSION 

The present study demonstrates rather vividly the effects that can be expected from 

inertial effects in long chain molecules . Whereas in the absence of an heavy mass along the 

chain the longitudinal relaxation times increase fran the center of the chain to its extremity, 

introduction af an heavy mass at one end of the chain results in monotonically increasing T,‘s 

frQn the site of introduction to the other extremity . The reliability and reproductivity of 

these effects allow them to be used as assigrrments aids . As such their range extends further 

away than usual chemical shift effects and may prove to be operative when other methods fail . 

EXPERIMENTAL 

The carbon spectra were recorded at 25 Hz on a VARIAN XL.100, using internal deuterim 
lock (CDC13) . The concentration of the samples was c.a. 1 M . All spectra used 32 K points, the 
f.i.d.‘s being zero filled if necessary . The T1 values were obtained by the inversion recovery 
technique (24). 90 plse width was 16 usec . 8 to 11 values of T were choosen in the appropriate 
range and the data fitted with a 3 parameter exponential curve . Standard errors were always 
less than 10 % and typically better than 5 $ . 

The solution of cobalt canplexes in CDC13 were centrifugated before used . 

I - d2-4,4 hexanol d 

l”/ d2-4,4 hexene 2 

A Grignard reagent is prepared fran 2 g of magnesiun and 8.8 g of d2-1,l propyl branide 
1 in 20 ml of anhydrous ether . This reagent is transfered aM1 filtered under pressure, using 
&ied nitrogen, in another flask . 

9.7 g of ally1 bromide are added droprise during 45 minutes . The reaction mixture is 
refluxed for a quarter of an hour before being hydrolysed with ice and _nium chloride solution. 
The ethereal solution is dried over calcium chloride and distilled . A mixture of hexene in dry 
ether is collected and used as such in the following step . 

2O/ 6d 
To theurecedent mixture diluted with 20 ml of dried T.H.F. are added slowlv 35 ml of 

a 1M T.H.F. dib&ne solution . The flask is kept for one hour at roan tenperature .- 
The excess hydride is carefully decaqosed by 2 ml of water . 
The organoborane is oxidized at 30°-SO°C by addition of 17 ml of 3M sodiun hydroxide, 

followed by the dropwise addition of 17 ml of 30 % hydrogen peroxide . After one hour the reaction 
mixture is saturated with potassium carbonate . 
extracted twice with 30 ml of ether . 

The organic layer is separated, the aqueous phase 
The organic canbined phases are dried, the solvent renoved 

and 6d (2.1 g) is distilled (Eb. = 148O) . Yield is 29 $ fran I . - 
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