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| ‘The'cfystal structuréiof betaine hydrochlpri&e, [(CH ) NCH COOH]+
C1™, has baeﬁ rédétermihed.b& i~ray diffraction from the intensiti¢s‘
of 782 inuopendcnt rellectlons collected on a'scanning'counﬁér o
diffractometer. The crystals are monoclinlc space group P2 /c

w1th cell paramﬂters 8 = 7 428 i, b = 9,108 L c= 11 550 p, and -

:iﬁ 96.71 « The p051tions of the hydroged atoms have been found

and the convéntional R value has beon reduced to 0. 026. Flnal

. atomic positions differ from those of Clastre by as much as.0¢1§ e
The mean C-N bond length is 1499 1_0,0043A (uncofrected'for-therm51  v
motion); The cation aséumes‘a'completely‘staggered conformatiah witﬂ
the acldic hvdroven atom as far away as posgi ble from the nitrogen
atom. The hydrogen bondlng from the carboxyl group to the chlorige -‘

3ion is rclatlvely strong compared to the hydrogen bonding in '

choline chloride,



The strﬁctufes of choline [ (cHy), mcn cH, 0] " X and bataiﬁe
[(CH ) NCH COOH] X" compounds are of interest bocauge of bOuh
the unusual radiation sensltlvity of choline chlqudg (Tolborc,
Aﬂams, Bennett, Hughes, Kirk; Lcmmon,'Noller Ostwald  end Calvin ,
1953) and the frequent occurence of these comnounds in blolonlcal'
systems. They are compphents of complex lipids, and they can act
és transmsthylatlng agents., The related acetylcholine is essentlall
to nerve impulse'transfer. | |

Reiated structures which hqve been determined.previouslj
includé choline chloride (Smnko and Tembleton, 1960) muscarine
iodlde (Jellinok, 1957) and acctylchollnc brouide (Canepa Pauling
and S8rum, 1966). Clastre (1964) has publiched a prelimlnary
structuyé report for betaine hydrochloride, in which he reriﬁed‘the
R value for twé of the two-dimensional projections down to‘0;18.
Bond dlstancos which we caleulated from his published atomic .
coordinates implied that the C-N bond lengths ranged from 1.49 to"
1.63 m length. We undertook this structure investigation to
provide an accurate structure, to locate the positions of the

hydrdgen atoms, and to investigate the packing.
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Experimental

Small coio?less.crystais of'bétaihe hydrochloride'ﬁere kindly‘
supplied to us by>Dr. R. M. Lemmén.v These were then recrystalliééd
in the form of cdlorleés needles by the evaborgtion of a water}
methanol.éo;ption to dryness at room temperatﬁre. Thevuniﬁ—éeil
dimgnsions.were ébtained from careful measureménts of the Bragg. 
scattering angles for the h00, 0kO, and 004 refieétions, as méaégrédm
on ; ﬁanualiy oﬁerated General Eiectric XRD-5 diffractometer;. The.
'.alpha doublet (A = 1.5405 & for CuKa1) was resolved for thosé.fefleéiioné
of highesf.oraer. Thevéryétal used for both the detcrminatioh_of.f’
cell dimensions and the collectidn of data was mounted on "the o
cfystélldgrapﬁic‘b axis, and the P angle was obtéined diféctlyffrom
the aﬁgie.éﬁ.the ) circlé between the h0O and the 00 reflections. |
" The unit cell pafametéfs_(at 23°) are shown‘in'Téble 1. The'absendé.
or, reflec{iqns hoZ with £ odd and OO with k odd indicate the A
'spade ngué 221/c. The qrystal,vwhich was mquﬁted on the needle
faxis, measured 0.09 X 0.09 x 0.48 mm. The four most prominenﬁ-faces
‘ , i _ L

. were the (100), (001), (100) and (001). The observed density‘df -

Vf.314 + ,005 g cm‘s, vwhich was determined‘By flotation in a chloroform-
ethylene dichloride mixture, agrees well with the value'1:313}g;cmf3'
‘calculated fof a molecular weight of 153.5, for 2 = 4, and for:a ".
unit cell volume of 776 A°. |

| Integrated intensities were measured vith a cardvconﬂrolléd, 2:'

>automated General Electric XRD-5 diffractometer. The copper

~‘radiation was filtered by a 0.001 inch thick nickel foil placed -



&
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'bﬁtwecn the cryftal and the receiving slity and a 8-29 scan was-

~employed. The intensitles were measured for &ll reflcctions.lying

within helf a qpherc in reciprocal space correapordznﬂ to d—spaclnvs .

-2 1,006 } (29 = 100 )e The intensities of equivalent reflectlonf
 were averaged to give 794 independent reflectlona of whloh 782

- were above backgréunda The 32 largeut intenvltle~ vere remeasured

at lover x-ray flux to eveid flooding of the counter, Crystsl deCAy,
monitored'by-24‘périodic measurenents of six standard reflectiqns,-'

was léss than 5%. The ealculated linear absorpiion coefficieﬁt p o
is; 39 cﬁf1 (for CuKa). The data arc uncorrected for absofptién'éffggﬁs,
vhich mey vary by a factor of the order of 1.15 for thehextrémé‘caées, 

Net intensities I and their stendard deviations o(I) werc calcvlated
expressions : ’

. from thes: I =1 (t /?t ) (B +B )and o(1)~1

grog gross

(t /ét )2(B ¥ B ), where B1 ard B2 are the number of counts for

each background reading and tI and tB are the tinmes Upent seanbing

counting
the peak and;the background. For n measureuents o’ the 1ntcnu~t3

of a particular reflection (n was alweys Z 2) the intensities

vere averaged and c(I) the standard deviaticn of the mean, vas
calculated from 0'(1) equal to the larger of [Z(I —1)2 ‘/(nw1) and
[20’(1 )]2/n by using the relatlonship 0'(1) E(I) + (pI) , where ,

p, a constant, was set equal to 0.04 to reduce ithe weights of the

- most intense reflections.

The full matrix leust sqtares program'used was our local

uﬁpublished version for the CDC 6600 computer. The atomic scattering



factors used during this ana]yols wefe those glven bv Croner ﬁﬁd”ihnn
(1968) for the C1~ , C1, O N and c ato s and thoso of Stevart ‘t -
iDaVidson?and 1mpson (1965) for the hydrogcn atoms. .'The~scattériﬁg
factor for the N atom‘was calculated from the scattering factor of
+3 (Hurst and Matson, 1959) by us 1ng the rclatlon h1p f(h ) : 
[2r(N) + f(H+3)]/3._ For the chlorlne atom the anowalouu dlouerslon .
corrections of Cromer (1965) were useds The functlon Flnlhléed in
the'ieast-squéres refinements waS‘RéQ: Zu(|F =¥, l)“/ZH[F [2. In.
vthe early stageo of reflnement the weights . wcre»sot equal to 1.0,
ix but in the later stageo they were set to O vhen I ; 0 and to 1/0 )
- (1p)7 e m ofF) =

[O(Fz)]% if 1 s o(I) and o(F) F - [F" —o( )J‘ if I > o(1).

i

'otherw;se; o(F) was calculated from o(T) : o(F )

I

Johnson's ORTEP program (1965) vas USed for the-stereoscoplc‘

El

pictures and' as an aid in the thermal analysis.,




- Structure Determination and Refinement

Because ‘at the time we were not awafe>0f.Cl§$tfe's repord (19@4),.
the structure was solved independentlj.- The chlarine~chlofing |
vccton vere evident in a Patterson map, but their:interpretatién |
was snbiguous, The y coordinate of chlorine is near %; therefére,
the inversion vector (2x,2v,2z) &nd the screw axis vector
(2x,%,2(z42)) both appear in ihe Harker section at y :’%., The
ambiguity eﬁcaped notiée, and by bad luék the wrong choice‘was
nade. .Aé'afresulf, the chlorine z coordinate was assigﬁed a’vélﬁe
vhich was %'léss than the éorfect one. A Fourier map phaéed By this'
chloriné aton indicatcd'bight other atoms. These nine atoméi some
of which were later noticed to be at unacceptabile bond disﬁaﬁccs;j
gove R = Z||F_|-|F_||/Z|F | = 0.33 for a1l tho data but R = b_-._'_cq for

reflections with both )k and £ even. This result suggested errors of

4 in some y or z coordinates. Addition of % to the y coordinates of

three atoms gave more reasonable bond distances end decressed R to

3 0.31,buﬁ calculation of interatomie distsnces showed that malécﬁles }

“related by the inversion center were too close togother, with

some atdms»less than 2 }{ apart. 'Therefore, the ‘entire moleculé .
was ﬁoved ohe—fourth of the unit cell in the g direction; ﬁt ﬁhiﬁh
poiﬁt'R drOpped}to 0.10.

After;tﬁe thermal‘motioﬁ of the chlorine étom was épproxiﬁéted
by an ellipsoidal anisotropic medel, a Fourier difference mab"
revealed the positions of the twelve hydrogen atoms_among the

highest seventeen peaks. The hydrogen atoms were given individual



isotropic température-fac{ors and all bther atoms were given
anisotropic temperature factors. The R value dropped to 0.C27.
The values of |F°[/|Fc| for-the reflections of highest intensity
vere all less than 1.0. - Therefore, an ektinction correction of

o : , ' T -
the forn F~ = F_ (1.0 + ¢I), vhere c =2 X107, was
appiied to give & maximum correction of 5% for the'stfongcst ’
reflection, and R dfopped to 0.026,

Up to this point, the atomic scattering factors of C17 and -

ncutral N had been used. Two other possibilities were tried. The

first, with Nt and C17, gave an R value of 0.032, and the second, -

with~both'N and Cl neutrzl, gave an R valuo.df 0.C27; tﬁcAlargést
shifts in the atomic positions and bOndvdisfances were all less
- than'ohe’third of the réspective standard deviations., All furthef

~discussion will be for N neutrel and C17 atoms. The final veighted

2 v
~unit weight was 1.33, The largest shift of any parameter in the

final_leqst'Squares refinement was less than one per cent of its
stardard deviation. There was no systematic trend in |Fo|/|Fc1 as
a function of either 20 or the intensity. Tho highest peak on the

final difference calculation was 0.11 electrons .

R vélue was.0,0BA and the sténdard deviation of an observatioh‘of o

3]



Results and anru sion
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A stereoscopic view of one molecule, which shows the numbering

scheme of the atoms, is presented in Figure 1. The observed

structure factor amplitudes.lFol as well as the final caleulated

structure factors [FCI are listed in Table 2. The final positional -

‘and thermal parameters for the hydrogen atoms are given in Table 3

while those for the non-hydrogen atoms are given in Table 4.

The atomic positions found in this'investigation differed‘
from those of Clestre (1964) by as 1ittlesas 0.02 } for the chlorine
atom to as much as O. 16 A for atom C{(2). The mean dniference_was

0.07 A, which is more than twenty times the estimated standard

~deviations in this investigation. Clastre made no statement

concerning the precision of his results.

Selected‘intramolécular distances and angles are listed in- °

aTables 5 and 6 reqpectlvely. Because of thermal motion, the

observed bond. dlstonces tend to be less than the time-average "
distances between atoms. Our ignorance of tbe phase relations
of thermal‘ﬁofion prévents an unambigﬁous correctioh for this
effect, but some;estimates have been made on the basis of a fiding ‘

model. 'qu bonds N-C(1), N-C(3), C(5)~0(1), and C(S)—O(2), for

which this model seems reasonably consistent with the observed

thermal parameters; the corrections fall in the range_0.0JO to O.OT8AE.v

The orientations of the methyl and methylene groups are very -

- nearly staggered around each of the four C-N bonds, the departures
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from an entirely'staggered coﬁforﬁaﬁion_being only 9.4° for N;C(1),
4.3° fork;;C(2),;1.6° forfN—C(S), énd 1.9° for N-C(A). The plane
offthe carbéxyi'grouﬁkis at an angle of 6.7° to that of.atbmsfﬁ," 
c{4), ana C(5). The result is that tre entire cétioh cdnforms,wi@hin
aboﬁt.0;1 A to the symmetry of a nonnérystallographic'mirror»plane;'
The’ﬁirror.planevpasses.through (or near).atoms Ht12),:0(1),'0(2),
c(5), ¢(4), N,'c(s), and-H(7) and reiates H(8) to H(9), H(10) to H(11);
and the mefhyl groups C(1) to C(2). The carboxyl gfoup is plahér- v
within experiméntalrerfor.: -

| The carboxyl group is twisted around bond C(A)fC(S) in such a ;_ 
‘way that atom.0(2) is almos£ as close to and'O(i) as‘faf from. the
Znitrogen étom in the same molecule‘as is possible. Thisg résultﬁ“in;» 
o én.extendéd shape for the molecule in which the carbbxyl hydrogén_
aton is femote from the poSifively'charged ammonium group and tﬁus'
céngeasily hydrogen bond to the chloride ion. The O-H*:Cl éngiéf. 
,is_168 + 2°, and the 0-~~Qi distance of 2.955 + .002 } is much ;
shorter than, for example, the O--+Cl distance of 3,03 + .02 i

~ distance in choline chloride (Senko and Templeton, 1960).

L



1
- The molecular packing is shown in Figure 2; and the closest'
intermolecular approaches'are listed in Table'7. ‘For the: boxied

hydrogen atoms of this molecule, the center of gwav1ty oi the

’electron dletrlbution as determined by x» ay dlffractlon is somewhat |
. remnved from the equilibrium.nuclear pos:r.tlone Therofore, the )
“intramolecular C-H and O-H distances listed in Table 57 sro. |
. sybtenatlcally shorter and the 1nterwolccular pqcklnw distances in

Table 7 1nvolvln0 hydrogen atonz are uyqtemqtlcally ]oncer by'.

approclmatojy 0.1 % than the equilibrivm internuclear sep rutlon

as would be determined by neutron diffraction, for example.

This work has been performed under the auspices of the U, S;'j

Atomic Energy Commission. We thank Dr. R.M. Lemmon for supp]y11

us with his cryntals and Prof. M. Calvin for the mupport of

part of this work.
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Table 1. Unit Cell Peraraters

) “'This:Work " Clastre
B 7428 % 002 & TJ5 & .02 §
b 9.108 £ 005  9.15 + .02
C 11.550 + .003 1165 + .02
%

B 96071 ' 003 97.0

i
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of Betaine Hydrochloride

Astérisks indicate zero-weighted date.
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Table 3. Final Atonmic Fractional Coordinates and Thermsl Pruapoter:

with Their |

andard Deviations for Hydrogen Atomz

Hydrochlorida.

The numbsrs in parenthesis

=4 ..L~ LA
in Bstadis

1k

1
i
¢

here and in succecding tables are the

- standard déviations of the least Sigﬁificant digit(s). The__

thermal parameters are

in units of square Angstroms. The

temperature factor has the form: T = exp[~B(ging/A)?]

.7362(26)
.8486(29)
.64,66(32)

+8855(26)
1.0216(28) -
.9188(27) -

.9151(28)
.8157(26)
7100(30)

.6136(25)
.3407(27)

X

.1542(25)

2080(21)

.2250(20)

«3019(24)
»3508(20)
L692(25)

4549(20)

«5774,(27)

4784(24)

.5103(22)
4191(17)
- .3387(25)

z

.7369(18)

 .6421(16)
.‘.6230(20)

- L.8857(17)

.7967(14)

.8622(16)

.6139(15)

L6754(16)

.5804(18)
.8037(16)
.7108(15)
-9524(18)

§

Wb(s)

3.3(4)
4e1(5) -
4.0(4)

PRI
494(5):5

3.9(4)

4:8(5)
3.7(4)
2.7(4)
j4.3(5)-,'

415(5) :"

.
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Table‘ﬁ.

| Devtatiops fox CL,

The'thermal parameters are in unite of square Angstromu.

Finel A&gmug Exasi;ggdl Ceordinates and Thormal

T = enp(-4E3B,

dxis lhﬂ"tn, and i and j

Aton

- 0(1)

0(2)

c(1)
c(2)
c(3)
c4)
c(s)

X

L 21472(6)
.37681(18)

.58012(19)

.76178(16)
+74561(36)
+91492(23)
.80332(35)

58779(24)
«51843(24)

Pe*aretﬂts wwtl Their Stsndﬁrd

TNy and @ Atens in Betnine Efimochloride.

X

24207(5)
.39010(16)

.21083(15)

.37283(14)

.22378(24)

«37401(28)

+48153(27)

42035(22)

.32588(23)

Z

1.09234(4)

.90173(12)
.89939(12)

.73148(11)
67674(23)

.32812(20)

.64025(22)'

7360(16)

-86515(14)

j/(b b.)], where b, is the itn Miller

are cycl@d 1 tu*ough 3.

2

3.34(3)

3.60(7)

4637{7)
2,50(6)

3.48(11)

1(9)

.
\Jl

3.34(11)

2.45(8)

2.63(9)

The temperature factor has the form:

index, bi is the ith reciprocai’

22

4.33(3)

4.38(7)
3.71(7)
2,77(8)

§33

'3.59(3)

3.99(7)

- 3.95(7)

2.77(6)

iz

-e30(2)
',52(6)-

«59(6)
.03(5)

3.77(11) 3.56(11) =.04(8)

3.45(10) 2.65(9)

NA.45{12) 4.18(11)
4.11(12) 4.74(12)

3.09(9) 3.13(9)

<16(3)
.05(9)
.09(7)
-.13(8)

B3
1.17{2)
1.64(5)

'1.25(5) |

W40(5)
35(11)
-.06{8)-

1.65(10)

.31(7)
«26(7)

B3

-.23(2)
67(6) -
.96(5) .
.17(5)

-.70(9)

“-44(10)  )

“91(10)
_Q,o9(8)-

ST
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‘Table 5. Intramelecwlar Distances (in &) in Petaine Hydrochlonide -

Standard deviations have been estimated by the method of least .

~ squares and are indicated in parenthesis.

‘Atoms  Distance © Atoms . Distance
N=C(1) 1.496(3) Cc(3)-1(7) 0.95(2)
©N-C(2) 1.493(3) c(3)-1(8) 0.96(2). . -

N-C(3) 1.504(3) Cc(3)-H(9) . 0.2(2)

N-C(4)  1.497(2) C(4)-H(10) = 0.90(2)

C(4)-c(5)  1.500(3)  cl)-H(11) 0.91(2)

C(5)<0(1)  1.316(2) 0(1)-1(12)  0.82(2)

c(5)=0(2) = 1.193(2) H(12)°°Ck . 2.15(2)

Co(1)-H(1)  0.95(2) , 0(1)*el 2.955(2)

c(1)-H(2)  0.92(2) - 0(2)°°n C2.893(2)

c(1)-4(3) - 0.91(2) - 0(2)°°c(1)  2.979(3)

C(2)-H(4) - -0.98(2) - 0(2)"°c(2)  3.090(3) "

C(2)-H(5) ~ 0.93(2) ~  o(2)7H(1)  2.33(2)

: 02)-H(6)  0.95(2) | 0(2)**H(4)  2.44(2)



' Table 6. Intramoleculsr Bond Angles (in Degrees) for Betaine

Hydrechlorida,

B s s

c(1)-N=-C(2)
6(1)-N-C(3)
6(1)-1-0(4)
©(2)-N-C(3)
C(2)=N=C(4)
C(3)-1-C(4)
N~C(4)-C(5) -
C(4)-C(5)-0(1)
C(4)-C(5)-0(2)
0(1)~C(5)-0(2)
C(5)-0(1)-H(12)
0(1)-H(12)* *C1

. Angles

109.75(16)
18.31(16)

- 111.70(15)
108.50(15)
11941 (14)
107.04(15)

116.35(15)

108.946{17)
125.97(17)

125.07(17)

108.4(15)
168.4(21)

17 :



| | T
 Table 7. Shortest Intermolecvlar Distances (in ) foro Crysizlsa of

Betaine Hydrochloride

. The equivalent. position numbers are 1 for x,y,z; 2 for x,%fy,;?é—+‘7,;.

8 for -x,~y,~z; and 4 for -x,3y,i~z.

) Position Fumber  Atom 2:'zgggg;§g;dns in
Atom 1 Aton 2 Digtance of Atom 2 X X z.
a H(1o)f’ 2.79(2) 3 R -
O B(11)  2.80(2) 2 | 0 o o
H(2) 2.88(2) 2 -1 0 0.
S CH(6)  2.88(2) | 3 1. 1.2
H(7) 2.89(2) 2 -1 0’ 0
H(5) -~ 3.02(2) 2 - 0 0
H(8) 3.18(2) 3 11 2
- H(3) 3.20(2) 2 0 0. 0
H(4)  3.26(2) 1 -1 0 0o
| H(8)  3.42(2) 4 1= 1
o) o(1)  3.270(3) 4 1 -1 1
o 0(2) 3.348(3) 2 0 0 -1
S C(2) 0(1)  3.440(3) 1 1. 0. 0
c(4) 0(2)  3.459(3) Lo 101

S0 e(1)  3.a%(s) 3 RIS

W
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Figure 2.

20

Stereoscopic view of one unit cell of betaine hydrochloride.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
- Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with -
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, ''person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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