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Reftitby Dcnohue andMarsh (1) of the earlier X-ray film data (2) on 

N-acetylglycine permitted derivation of a three-dimensional difference synthesis which placed 

the non-methyl hydrogen atans in specific locations. For the remaining three hydrogenatars 

ofthemsthylgroup, the evidence was interpretedas indicative of rotational disorder about 

the bond, C(3) - C(k), Fig. 1. [In (11, this situation was approximated by dispcsing 12 

one-quarter hydrogen atams at equal separations around the circle corresponding to the 

disorder path of the H atans .I Similar ccnclusicns appeartohave been reachedby Peterson, 

Levy and Schanaker (3) frun analysis of neutron diffnacticn data, although no subsequent 

detailed account of this work has appeared. 

As part of a proposed study of the detailed electron-density distribution of 

N-acetylglycine, a new set of neutron diffnxticm data has been measured and the analysis 

of this data Allis a clearer identification of the state of the methyl group hydrogens. 

The three-dimensionalneutron intensity data, judged fawn the measuremen t of the 

equivalent reflex&xx to be of reasonable precision, were collected cn single-crystal 

diffractcxreters, installed on the HIFAR reactor at the Australian Atanic Energy Cammission 

Establishment. Intensities for 977 of a Possible 1149 terms, equivalent to the CuKa limit 

for X-rays, having values above the incoherent scattering background,weIF:m.easured fmna 

crystal of volurrs, 24.8 x 10-3cm3. h apP roximate linear absorption coefficient, 

-1 U-1.73an , was determined and applied to the measured intensities to take account of 
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absomtionand incoherentscatteringby the N-acetylglycine crystal. Starting fmnthe positional 

parameters forC,NandO in cl), thesewere refinedwith the neutron data using a standard 

least-squares procedure. Difference synthesis then revealed the sites of all hydrogen atons and 

further ref' lnanent with anisotmpic temperature factors yielded a final index, R = llFol-lFcl/ 

11~~1, 'of 0.044 for the observed terms. 

While theheavy atanandnon-methylhydmgen atan features am inaccordwith the 

earlier studies (thes~lecule, apart fawn the five tetrahedralhydmgen atcxns,was found to 

be planar to within + 0.07 A), the detail ccmceming the time nethylhydmgen atans, H(5), 

H(6) and H(7) is different. These are clearly defined in space about the C(3) - C(4) bond. 

They are not freely rota+ing as presumedearlier, althoqghthere is sane evidence oflibretion 

of relatively limited range. Exampl es of other fixed methyl hydrogen atons in mlaticn to 

canpamble acetylgmups are provided in the X-my crystal structures of N,N-diphenylacetamick 

(4) and acetanilick (5,6). 

Fig. 1. View of the acetyl group in N-acetylglycine locking ~GITI the 

C(3) - C(4) bond shying bmd lengths involving Hat-. These 

values have not been corrected for anisotropic thermal vibration. 
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It is of interest to note that H(7), with the highest peak value of the three methyl 

hydrogens, is close to an acetyloxygen anda carbmylcxygen of the mrboxylgroup of Iwo 

adjacent molecules, with approach distances of 2.62 and 2.52 R respectively, indicative of 

non-bonded interactions. H(5) and H(6) have no cormspcnding close appma&es and appear 

tohave greaterman vibrationalamplitudeto judge fmnthe peakvalues,bcthapprwcin~~tely 

2/3 that of H(7). As sham in Fig.l, the conformation of the methylgroup is such that the 

dihedral angle 0(3)C(3)C(Q)H(6) is 36.0°, i.e. intermediate between eclipsed and staggered. 

The result is sanewhatdiffemtfmnthatexpectedmthehasis oftheideas of Owenand 

Sheppard (7,8) on intmmolecular interactims in such gmupswhich may be rim-e applicable 

to the isolatedmleculewhereas the details in N-acetylglycinemayreflectthe additimal 

factor of intemlecular packing forces. 

Microwave spectral studies ofanmberoforganic canpounds including 

prcpicmaldehyde (9) and mthyl vinyl ketone (10) have led to estinntims of the height 

of the pctentialbarrierhindering the intemalrotaticm ofmsthylgroups in the related 

rmlecule. Typical values range from 1070 - 2280 cal/mle (11). The existence of barriers 

of this magnitude in the gas phase, ccepoundedin the crystalby intemmlecularforces, 

would suggest that freely rotating methyl groups are likely to be mther exceptional in 

cxystalstmctLmesatmtemperatum. lhe present evidence, in rectifying the *ressim 

of earlierwork, lends support to this view. 
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