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in behavior are probably related to the distinctly dif-
ferent biological functions of copper and zinc. Other
bond angles involving zinc are Zn—~-N(A)-C(2A): 112-1,
Zn-N(B)-C(2B): 1119, Zn-O(1A)-C(1A): 114-8 and
Zo-O(1B)-C(1B): 115-7°,

The hydrogen atoms were located from a difference
Fourier synthesis, but their locations were not further
refined. The covalent bond distances_involving hydro-
gen vary between 1-02 and 1-16 A.

The structure contains six hydrogen atoms which
can form hydrogen bonds. All six seem to be involved
in this type of bonding (Table 7), although only the
first three seem to form strong hydrogen bonds. These
three are indicated in Fig. 1 by dashed lines. All other
intermolecular distances below 3-5 A are also given
in Table 7. The only atom showing considerable an-
isotropy is O(3A) with a value of 9-35 A2 for the tem-
perature factor along the major axis.

The authors extend their gratitude to Dr F. R. Ah-
med who supplied us with copies of his IBM 360 pro-
grams, to Dr P. Coppens for the use of his absorption
program and to the Computing Center of the Univer-
sity of Oklahoma for putting computer time at their
disposal.
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The Crystal and Molecular Structure of O-Methylisourea Hydrochloride
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(Received 28 July 1967 and in revised form 10 November 1969)

The crystal structure of O-methylisourea hydrochloride

0—C(1)

H3;C(2)

has been determined from a single-crystal X-ra‘i s
t]

P2,2,2,, a=9-43 (2), b=11-16 (2), c=501 (1)

N(2)H,\ t
Cl-

N(1)H>

tudy by photographic methods. The space group is
Z=4, R=0-07 for 522 observed reflections. Within

the cation, bond distances are C(2)-O=1-44 (1), O-C(1)=1-33 (1), C(1)-N(1)=1-29 (1), C(1)-N(Q2)=
1-32 (1) A; bond angles are C(1)-0-C(2)=117 (1), N(1)-C(1)-0=123 (1), N(2)-C(1)-0=113 (1),
N(1)-C(1)-N(2)=124 (1)°; and the angle between planes C(1)-O—-C(2) and N(1)-C(1)-N(2)=4 (1)°.
The structure is in general agreement with valence theory expectations of multiple bonds between C(1)
and the atoms attached to it. The H atoms were located in difference syntheses and refined by least-
squares. Each H atom bonded to N is linked in an approximately linear N-H- - -Cl hydrogen bond,
with N+ - -Cl distances of 3:16 (1), 3-23 (1), 3-25 (1) and 3-39 (1) A.

The molecular structure of the O-methylisourea cation
has been described (Edsall, 1943) as involving reso-
nance among the bond arrangements

NH,t /NH2 /NH2
/
o—-C > o—-C “— o+=C"
NURP2ERN v ,
CH;3; N’H, CHj3; N’H,+ CHj3 N’H,
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Some points of interest in such a structure are (1) the
question of the chemical equivalence of the N and N’
groups, (2) the bond distances and the bond angles
around the carbon, nitrogen and oxygen atoms in the
ion, (3) the orientation of the N-C'-N' plane relative
to the C-O-C’ plane, and (4) the kind of H-bonding
present in the crystal. In order to investigate these
points, the structure of O-methylisourea hydrochloride
has been determined.

Experimental

CH;0CN;H;.HCI is deliquescent. A needle-shaped
0-3 mm diameter single crystal of the compound sealed
in a thin-walled glass capillary was supplied us by Dr
Norman Heitkamp and used for the X-ray study. A
preliminary examination of the crystal with the Buer-
ger precession camera, and Zr-filtered Mo radiation
(4=0-7107 A) showed that it was orthorhombic, space
group P2,2,2;, a=9-43(2), b=11-16(2), c=5-01(1) A.
. For Z=4, deaie=1-39 g.cm3, dyeas=1-35(10) g.cm-3
(from Dr Heitkamp). Precession data for 40/, 0k/ and
hhl zones were collected photographically by means of
timed exposures with Zr-filtered Mo radiation. The
crystal was transferred to the Weissenberg camera and
hkO, hkl, hk2, and hk3 multiple-film pack, equi-in-
clination data were collected with Ni-filtered Cu radia-
tion (A=1-5418 A). Of the 530 reflections observed,
8 were too intense to be measured accurately: 021, 031,

STRUCTURE OF O-METHYLISOUREA HYDROCHLORIDE

040, 131, 200, 221, 240 and 320. The intensities of the
522 reflections that remained were measured manually
with a Welch Densichron Model I densitometer
(0-012 inch Al aperture). Lorentz and polarization cor-
rections were applied to all data and an absorption
correction was applied to the Weissenberg data. For
the absorption correction, the crystal was treated as a
cylinder, R=0-015 cm, and uR(Cu)=0-58. For the pre-
cession data, uR(Mo)=0-06, and no absorption cor-
rection was necessary.

Trial coordinates for the Cl atom were obtained by
the examination of Patterson syntheses calculated with
the program of Sly, Shoemaker & van den Hende
(1962). Fourier syntheses of the electron density with
phases calculated from the Cl parameters were exam-
ined next, and revealed the O, N and C atoms. Least-
squares refinement of the parameters of all atoms (ex-
cept H) with anisotropic temperature factors was car-
ried out by means of the program of Busing, Martin &
Levy (1962). The function minimized was 2, (| Fo| — | Fe])2.

Next, difference Fourier syntheses were calculated
in an attempt to locate the H atoms. Four H atoms
appeared clearly, but the atoms labelled H(12), H(22),
and H(2) were located only with difficulty. In these
latter cases, the z coordinate of the H atom is con-
siderably different from that of the C or N atom to
which it is bonded, and the resolution in the z direc-
tion is apparently not as good as it is in the x and y
directions. For the final refinement, each reflection was

Table 2. Interatomic distances and angles in CH;0OC(NH,),Cl

Uncertainties are given in parentheses and apply to the last digits of a number. (a) calculated from values of Table 1(a),(b)
calculated from values of Table 1(5).

Distance (a) ()
Cc(2)—O0 1437 (13) A 1:444 (12) A
oO——C(1) 1:332 (9) 1:331 (9)
C(1)—N(1) 1-289 (11) 1-294 (11)
C(1)—N(2) 1-331 (10) 1-321 (10)
C(2)—H(1) 1-00 (13) 1-11 (14)
C(2)—H() 0-85 (13) 1-20 (14)
C(2)—H(3) 0:99 (12) 0-82 (13)
N(1)—H(11) 0-92 (12) 0-97 (13)
N(@1)—H(12) 0-74 (13) 069 (14)
N(Q)—H(21) 118 (11) 1-03 (11)
N(2)—H(22) 1:05 (12) 0-86 (14)
N(1)—C? 3-159 (10) 3161 (9)
N(1)—C¥’ 3-253 (10) 3250 (9)
N(2)—Cl 3-401 (10) 3-394 (10)
N(@2)—Cl1” 3-216 (10) 3-228 (9)
H@11)-Cl 2:25 (12) 2-23 (13)
H(12)-Cr 2:59 (14) 2:63 (14)
H(21)-Cl 2-32(12) 2-51 (12)
H(22)-Cl” 2:21 (13) 2:40 (14)
N(1)—C(2) 2-706 (15) 2:703 (13)
HQ)—H(12) 2:19 (21) 2-17 (19)

Angle (a) b)
C(2)—O C(1) 117-0 (8)° 116°6 (7)°
O——C(1)—N(1) 123-5 (9) 1235 (7)
O0——C(1)—N(2) 112:6 (8) 1127 (8)
N(1)—C(1)—N(2) 1239 (8) 123-8 (7)
C(1)—N(1)—H11) 109 (8) 116 (8)
C(1)—N(1)—H(12) 117 (11) 119 (11)
H(11)-N(1)—H(12) 134 (14) 123 (14)
C(1)—N(2)—H(21) 110 (6) 118 (7)
C(1)—N(2)—H(22) 111  (6) 114 (8)
H(21)-N(2)—H(22) 138 (9) 127 (11)
H(1)—C(2)—O0 99 (D 103 (7)
H2)—C(2)—0 110 (9) 113 (6)
H(3)—C(2)—0 108 (7 109 (10)
H(1)—C(2)—H(?2) 110 (12) 113 9)
H(2)—C(2)—H@3) 109 (12) 105 (11)
H(3)—C(2)—H(1) 121 (9) 115 (10)
N(1)—H(D-Cl 172 (12) 162 (11)
N(2)—H(21)-Cl 151 (8) 143  (9)
N(1)—H(12)-Cr 150 (13) 150 (13)
N(2)—H(22)-C1” 159 (9 162 (11)
Dihedral angle
N(2)—C(1)-N(1)

H(21)-N(2)-H(22) . 14 (12)° 12 (12)°
N(@2)—C(1)-N(1)

H(11)-N(1)-H(12) 10 (16) 13 (13)
H(21)-N(2)-H(22)

H11)-N(1)-H(12) 8 (12) 4(11)
N(2)—C(1)-N(1)

C(1)—0—C(2) 4-2 (11) 4-0 (8)
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assigned unit weight, the H atom temperature factors
were fixed at B=5-5 A2, and a convergence factor
(Rollett, 1962) was applied to damp the oscillations in
the H atom positions. The final agreement values for
522 observed reflections were Ry= 2 ||Fol—|Fl|/
2. |Fo|=0-073 and R,=[2 (|Fol—|Fcl)?/ 2 |Fol|?]/2=
0:076. Scattering factors for the atoms were taken from
International Tables for X-ray Crystallography (1962).

Since the structure appeared slightly different from
that which had been anticipated, a final Fourier syn-
thesis was calculated and inspected in order to verify
the assignment of the heavier atoms. The relative peak
heights for the C, N, O, and Cl atoms appeared rea-
sonable (6:0:7-3:7-7:18-1). The final difference Fourier
synthesis, calculated without H atoms, revealed some
obviously spurious peaks and valleys, especially in the
region close to the Cl atoms, but there seemed no rea-
sonable alternative to the H atom positions chosen
for refinement.

H(22)

1:03(11) H(21)

133(1)

(@

" 127a0m

1408y

N2.7¢8)

123.8(7)

nesm  123.5M

T nete

10900

nean

l\l3(9) 136
ns\u‘éx N 123014)

(b)
Fig. 1. Structural diagram of CH30C(NH3),* showing (@) bond
lengths and (b) bond angles.
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Table 3. Observed and calculated structure factors

Values of F(obs) denoted as V. L. (very large) were too large
to measure accurately and were excluded from the least-
squares refinement.
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In the review of this manuscript, criticism was made
of the choice of unit weights for the least-squares cal-
culations. In order to examine the effect of a different
weighting scheme upon the final results the values of
AF were plotted versus |F| and the reflections were
divided into six groups on the basis of increasing values
of | F,|. The weight, w, for a reflection in a given group
was assumed to belproportional_to [n/ > (4F)?¥, where
n is the number of reflections in the group (Cruick-
shank, Pilling, Bujosa, Lovell & Truter, 1961), and
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the least-squares refinement was repeated two times.
The coordinates and temperature factors obtained with
these weights as well as those obtained with unit weights
are given in Table 1. Interatomic distances and angles
calculated (Busing, Martin & Levy, 1964) from coor-
dinates obtained with the use of the earlier (unit)
weights and the newer weights are given in Table 2.
Table 3 contains observed and calculated structure fac-
tors for the 522 reflections that were measured. The
coordinates of Table 1() were used in the calculations.

As may be observed from Table 2, there is very
little difference in the interatomic distances and angles
calculated with the different weighting schemes. The
six ranges of |Fy| and the relative weights, w, used in
each range were: |Fo|>20, w=026; 20> |F,|> 14,
w=097; 14> |Fo|>9, w=1:75; 9> |Fo|>6, »=1-74;
6>|Fo|l>3, w=2-66; |Fo|<3, w=2:05. The values
Ri= 2 (I1Fol =|Fcl)| 2. |Fo| =0-073 and R,=
[2 o(|Fol —|Fe)? 3 w|Fo|?]t/2=0-089 were obtained,
These results are in general agreement with our earlier
experiences with various weighting schemes. In his
review of the revised manuscript, a referee also ex-
pressed his skepticism regarding the weighting scheme
used above,

STRUCTURE OF O-METHYLISOUREA HYDROCHLORIDE

Discussion

An examination of Fig. 1 shows that the positive ion
has the general configuration expected (Edsall, 1943).
However, the two bond lengths, C(1)-N(1)=1-29(1) A,
C(1)-N(2)=1-32(1) or 1-33 (1) A appear to differ con-
siderably. Nevertheless, as was pointed out by the
referees, the difference is probably not significant. More
striking is the difference between the bond angles,
O-C(1)-N(1)=123-5 (7)°, O-C(1)-N(2)=112-7 (8)°. 1t
seems most reasonable to associate these differences
with the contacts, N(1)-C(2)=2-70 (1), H(12)-H(2)=
2:2 (2), H(12)-H(3)=2-3 (2) and N(1)-Cl=3-16 (1),
H(11)-Cl=2-2 (1) A. The first group of contacts would
tend to open the angles O-C(1)-N(1) and C(2)-0-C(1)
=117-0 (7)° from their normal values, while the
N(1)-H(12)- - - Cl hydrogen bond would simultaneous-
ly become shorter (3:16 A) than the other principal
H bonds within the structure depicted in Fig. 2 (3:23,
3-25 and 3-39 A). A similar, but more extreme, defor-
mation was observed in nitroguanidine (Bryden, Bur-
kardt, Hughes & Donohue, 1956). C(1)-N(2) is a fairly
normal amide distance (Sutton, 1965), while C(1)-N(1)
appears slightly shorter than normal. The average C-N

Fig.2, Projection of the structure along [001]. Hydrogen bonds are indicated by dotted lines.
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bond length in some guanidinium structures (Bryden,
Burkardt, Hughes & Donohue, 1956; Curtis & Paster-
nak, 1955; Haas, Harris & Mills, 1965) is 1:33 A.
C(2)-O=1-44 (1) A is a normal C-O single bond (Sut-
ton, 1965), while O-C(1)=1-33 (1) A is quite short,
but similar to C-O bond lengths found in COH groups
of carboxylic acids, and in some esters (Sutton, 1965).
The planes determined by N(1)-H(12)-H(11),
N(2)-H(22)-H(21) and N(1)-C(2)-N(2) are not tilted
significantly from one another and the angle between
planes N(1)-C(1)-N(2) and C(1)-O-C(2) is only 4 (1)°.
Thus it appears that the central carbon atom C(1)
forms bonds with considerable multiple-bond character
with each of the three atoms attached to it, but steric
and H-bonding effects in the crystal cause significant
differences in the NH, groups attached to the central
atom. The ‘free’ ion may well differ considerably in
shape from that observed in the crystal.

The configuration of H bonds in the crystal is
shown in Fig. 2. There are four NH. . - Cl H bonds for
each cation. The NH- --Cl angles are fairly close to
180°, and the distances 3-23 and 3-25 A appear nor-
mal, while 3-39 A is longer and 3-16 A shorter than
the value of 3-30 A for NH. - -Cl observed in guani-
dinium chloride (Haas, Harris & Mills, 1965).

Since the cation is H bonded to several different Cl
atoms, no adequate thermal motion corrections to
bond distances suggested themselves, The ‘minimum’
correction (Busing & Levy, 1964) for the C(2)-O bond
distance is 0-001 A and for the C(1)-O bond distance
is <0001 A; the maximum corrections are +0-105
and 0-112 A respectively.

The financial support of the Robert A. Welch Foun-
dation is gratefully acknowledged. The facilities of the
Data Processing Center of the Texas A & M University
System have been used extensively in the research. Dr
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Norman Heitkamp first brought this compound to our
attention and kindly supplied us with the crystal used
for study.
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