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The Cryfta] and Molecular Structure, of 2= (N nltrooomethyl—
amino) Acetamide. 1 .

Lieselofte K. Templeten, David H. Templetoh and Allan Zalkin.
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Department of Chemistry, University of Callfornla,_Berkeley,
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Abstract: Crystals of 2-(N—ﬁitrosomethyiamino) acetamide
are moneclinic, space group PZl/n, with_a:= 16;681(30),
b = 4.774(5), c = 14,318(15) & and 3 s.'92..95(0.2ﬁ)°_. Each
unit cell contains four molecules of thegg-isomer.and
four of the 2 isomer. The'strUCtural_meael was refined fo
"R = o.duu for 1184 ihdepehdent reflecfions measured
withbah automatic diffractometer. Hydrogen bonds from

amlde groupo to carbonyl or nitroso oxygen atons connect

the molecules in sheets parallel to (100)



Kenyon and Rowley2 found 2-(N-nitrosomethylamino) aceta-

mide as the hydrolysis product of a secondary N—nitrosoamine.u

It crystallized.as a mixture of needleS“and plates. On the
basis of nmr spectra they concluded that the needles con-

tained a mixture of the E and Z isomers:

0 0
¥ e
CH34§—CH2—C—NH2. _ CH3-—I;I--CH2—C—NH2

E

N

In this paper we report a crystal structure determin-
ation which confirms this result. We.found.a.SO:SO mixture”

of the isomers with conformations as shownin Fig. 1.

EXPERIMENTAL. .

Colofless, néedlelike crystals, syﬁfhesized by fhe
reaction of sarcosinamideAwith nitrous aCid;z were pfovided
by Profeséor Kenyon oflthé University 6f'Célifornia, Berkeley.
A crystal of dimensions 0.066 x 0.042 x 0.111 mm wés‘glued’
to the tip of é-glass_fiber in air with fhe b éxis parallel
to_thé axis of the fibér.:'Preliminary X;bay diffractién
data were obtained from oscillation éna Weissenberg.photo—
graphsvtaken with copper radiation. Accufaté unit cell
dimensions wefe‘determined from measurement of h 00, 0k O,
00 & reflections using a Picker automatic diffractometer |
equippedvWith a fﬁll circle gonioétat,agraphite monochro-

: mator and PDP-8I computer. Intensity‘déta'were collected-

Ny




with the same instrument. The integrated intensity of
eaéh‘reflection was measured by a 0-20 scan téchﬁique,-
using a scanning fate of 1°/min., from 10 5elow the 260
angie;at;which‘Kal was diffracted to 1° abovebthe 26 angle
at Which'KO‘2 was diffracted. Two 10-second background
counts with the apparatﬁs statibnary were taken 0.5° below
and O.S°-ébove the 26 angle at which'thé>scanning was
begun and ended. Three strong refléctibns_(SOO, OQM; 020)
were cheéked periodically (eveby IOO'PQflectiOnS) for cryétal
~ decomposition and/or machine:malfunctibnu' Tﬁe crystél.had
to be slightly realigned several times dﬁfing’the data |
Ttaking which lasted 9 days. :

From the above three "standardﬁ‘refleétiéhs it was
foundnthat_there was a>30% decay in thé_intensitiés duriné»
the experiment. Scale-factors were adeStéd‘on the assump-

.tién that all reflections decreased at the same rate.

All calculationSYWere made on the CDC>6600.V Recorded
cdunté_were freated‘as-follows: (recordéd counts) x 10 + 4.5 =
.~.actual counts. When the background was:fécorded as zero, .
it‘was set equal to 6 (because we do not have a counter
.-fof the last digit). The actual.counts'ﬁere converted:intd'
Structure‘factors and standard deQiationé‘o(F) usingvthe
formulaxgiven elsewhere,3 except'fhat’fhe-addition31 termIin
62(1) was (0.061)2. | | |

. The absorption-cbefficient'for-this coﬁpound is»u.ﬁ
9;9 cm_l. No_correctionvfor absorptiqn;Was made, becauée

it was considered to be negligible (af~most 7%).



The hemisphere % h, k, * & was meagured. Excluding
systehafic space group?absences, there webe QHHQIdata of
which 576 had iﬁtehsities less than the3étandard deviafions
énd'inciuded‘lGS fefleqtidns measured'fd be zero. When
a reflection was measu;ed‘more than oncé?-the iﬁtenéities
 were avéfaged and its standard deviatioﬁ:wés treated as
set‘fo"r'th'elsewherl*le.3 These 244}y reflectibné repreéént
1417 unique reflections of which 1184‘éfe:greater thahvone
standard deviation. | - |

The {Wo figﬁrés weré'prepared with Johnson's ORTE?
program. | | |

The fatios of observed and calculated structure factors
for the”strongest feflec%ions range from-0.95 to 1.05 and

give no'indication of any significant extinction effect.

CRYSTAL DATA.

'Tﬁe crystals are monoclinic Withvunit cell dimensions
measured at room temperature (~24°Q): fé = 16;681 + 0.030,
b = 4.77% % 0.005, ¢ = 14.318 * 0.015 &, B = 92.95 + 0.2°,
There are eight’ﬁolecules of C.H,N,0, (fourtof'each isomer)

in the unit cell. The calculated densify p = 1.367 g/cc

~agrees well with the observed density p =-1;36 + 6,02 g/cc

measured by flotation in solutions of chloroform and hexane.

The extinction rules (h0& absent if h + & = 2n + 1 and
0k0 absent if k = 2n + 1) are charaéferistié-of space group

P2,/n, All atoms are in general positions.




DETERMINATIQN OF THE STRUCTURE.

rTheAstructure”Was solved from statistics. The phases
'ofinormalized structure factors E were caioulated'with Long‘s
program5 which uses Sayre's eqﬁation; Thev16'possiblo com-
binationsjof signs of four reflectionsitin addition to 3
origin determining reflections)‘wereuused'to calculate pro-
bable phases for the 165 reflections whose |E] Values were
> 1.50.  One oombination of signs-was_better than the rest..
_This solution had a consisteney'index ofj0;80.compared to .
the next best value of 0.77, and aiso»took the fewest cycles
(6) to determine all the signs. The Fourler synthe81s of
this best B set showed both the E and’ Z lsomers and yielded
the coordinates of the 16 non hydrogen atoms (carbon, nltroe
-gen‘and oxygen) 1n the asymmetrlc unlt‘

With anlsotroplc thermal parameters (for the 16 atoms)
- the full matrix_least squares refinement reduced R, =
ZIIF‘]-IF-II/EIF‘l to 0. 089 for 1184 non zero reflectlons
The scatterlng factors of Cromer and Waber6 were used for
all atoms except hydrogen whose scatterlmg factors are those
of'Stewart Davidson, and Simpson. 7 Ali Iy hydrogens-except
.for one 1n the methyl group of the E isomer showed well
’deflned peaks in a AF Fourier. When 1n addltlon to the
16 nop,hydrogen atoms with anisotropic’témperature faotors;
three positionalpparameters and an;isotropie thermal tem{
_perature‘faetor Were:included.for.eaoh“of_the.lq hydrogens,

refinement gave R, ='0.qu77 after 4 cycles. Further



refinoments were mada with a variation of.our least squares
program‘(Written by Arthur Olson)8 whichnnses the soattering
factors.of Stewart et ai.7 for polarized H atoms. The R
hardly changed (R‘= d.OH?B),Lbut the hydfogen distances
lengthened byiabout 0.1 R. Final'refinement, using for C,

N, and O the scatfering factors of Doyleﬁand TUrnerg'and

anomalous dlsper51on of Cromer and L:LbermanlO brought R

1
down‘to 0.044 and R, = [Zw(AF) /Zw(F )2]1/2 to 0.052.
: : ! :
No parameter shifted more than 2.7% of its estimated
I . .
11

standard deviation in the final refinement.

‘RESULTS AND DISCUSSION.

Finallvalués for atomic coordinateaAand thermal para-
meters ave given in Tables I, II and III. Bond qistances
and angles are listed in Tables iv.and'V.:'Corresponding
bond distances in‘the two‘isomers (Figuna'i) are equal
within.the experimental acouracy e#cept'perhaps the N-N
and N-O dlstances, the latter differ respectlvely by three
and two tlmes the sums of the standard dev1atlon.

The dlmen31ons of the amide groups,(correctad_for
fhérmal'mofion) are in excellenf agreementrwith the corres-
-pondingabond lengths C-N = 1.338(7) and C-0 =ll.258(6) a

12

reported. by Denne and Small for acetamide, and C-N =-

1.334(7), 1.333(7) and C-0 = 1.255(7), 1 254(7) R reported

13

by Chieh Subramanlan, and Trotter for malonamlde For v

- the amide-methylene bond (uncorrected for thermal motion)




~ with C-C = 1.503(8), 1.513(8) & in malonamide.

~amine copper(ll) chloride, Klement_1

our values C-C = 1.513(4), 1.518(4) & are:almost identical
13 ghe con

bond lengths exhibit the partial double—bond character

typical of amides. The bond lengths in the vicinity of the
nitroso groups agree within 0.03 X or better Qith corres—l
ponding bonds in gaseous‘nitrosodlmethylamine as determlned

b& Rademacher, Stédlevik and LiittkelL’l by electron diffraction:
N-0 s_iwéas(z), N-N = 1.3uu(2>, and N-c-;'l.uel(z) 2. We have
failed to find reports of accurate determinations in the |
SOlld phase of structures of strlctly analogous mo]ecules.

15

Boer and Turley have rev1ewed the.rather discordant results

for several nitroso monomers and dimers.: In dimethylnitros-

® found N-0 = 1?22(2),
N-N = 1.29(2), and N-C = 1.46(3) and 1.47(3) R.

AEach_amide hydrogen atom is pointedvtoward an;oxygen

‘atom atfa reasonable distance for an N-H:--0 hydrogen bond.

These bond lengths are listed in Table IV - These bonds,

as shown in Flgure_Z, connect the amlde of the Z molecule

to nitroso‘oxygen atoms of each kind of molecule.' The amlde
of the E molecule'is connected to carbonyldoxygen atoms of
each klnd of molecule. These bonds connect the molecules

1n 1nflnlte layers parallel to b and c-

: We thank Professor George Kenyon and Mr. GeorgenRowley

--foriprov1d1ng the crystals_for this study.u
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Table I. Coordinates-for

Atom

.Wﬁ(ij__..m_

"C(2)

o(3)

Cl4)

‘' ON(3)

c(s)
N(7)
0(8)
N(9)

c(1o0)
0o(11)
-C(12) -
©ON(13)
C(ia})
N(1l5)
0{16) -

X

.2046(2)
.2823(2)

Nonhydrbgen;Atoms.

y

.6926(%)

.3267(1)

«3160(2)

- «3997(1)

e4625(3)

421942)

+3648(1)
.8394(2)

.3483(1).

«3485(1)

«8573(2)

©.9008(1)

«9856(2)
«3540(2)
«8910(1)

«6506(%)
.79011(%)
04141(6)
«4&585(5)
«3061(1)
.65291(6)
«7866(53)
«4168(6)
«S£837(5)
«8405(4)
48216}
«6173(5)
«665(1)
e 7544(5)
«9194%(5)

z

+3999(2)

«4120(2)

. «4652(1)
- «3857(2)

«3391(2)

+3903(3)
.2816(2)

«2656(11)
«14794(2)

.2205(2)
C.2149(1)
C.3154(2)
.3823(1)
.37831(3)

«4391(2)
«4903(1)
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Table IT. Anisotropic Thermal Parameters.®

Atom By B Bz Biz © Bz - Bes
N(LD 5.3(2) 4,1(01) 4.5(1) «1{1) l.0(1)  ~.9(1)
ce2) 5.5(2) 2.2(1) 2.7(1) - —e211) e 6(1) «1(1)
0(3) 6.8(1) = - 3.9(1} 3.99(92) . =e43(93) . . e12(8) -1.26(8])
C(4) 5.2(2)- 2.5(1) 4.1y =e2(1) '  «3(1) -e3(1)
N(5) 5.0(1) . 2.7(1) 4.3(1) —-«11(9) . .53{(9) —~e4{1)
cia)y. 5.7(2) S.4(2) T.1{(2) 5121  -1.012) =e.9(2)
N(T7) 5.8(1) - &,2(1) - 53(1) «1(1) 1.1(1) . o=e7(1)
o(8) 74001 £.4(1) 5.3(1) «4(1) . «8(1) «9(1)
N(9) 6.8(1) - 2.1(1) 3.3(1) ~-e2(1) -e7(1) «2(1}
c(10) 4.0(1) - 2.1(1) 3.5(1) N «02(9) -¢33(9) «3(1)
D(11) T.5(1). 1.8719) - 4.4(1) S L07(8) -.58(8) «31(7)
c(12) 5.8(2) 2.5(1) - .3.4(1) = =401} =.6(1) L0(1)
N(13) 4.,501) 2.5(1) . 2.90(9)Y . .39(8) . «34(8) -«61(8)
C(14)  4.0(2) T7.7(3) 4.5(2) . ell2) . - «0{1) ~-e5(2])

0(16) 7.2(11 6.6(1) - S.7(1) «4(1) - .3(1) . =2.1(1}

&Phe temperature factor is exP('§:i§3jBijhihjbi§j/4)’ wheri bi

is the length of the ith feciprocal cell dimension.



Atom

H(1)
H(2)
H(3)

H(&)

H(5)
H(6)
H(7)
H{8)
H(9)
H(10)
H(11)
H(12)
H(13)
H(14)

X

»180(2)
«171(2)
«2801(2)
«312{(1)

«4591(2)

«316(2)
«325(2)

«3393(2)

«795(2)
«3921(2)

1.010(2)
«e995(3)

1.010(3)

y

- +825(8)
. «+583(8)

«395(7)
«253€(6)

«10(1)

«381(3)
«326(9)
«485(T)

T .2241(8)

«397(8)
«268(7)
«723(9)
.79(2)

. 48(1)
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Table III. Parameters for Hydrogen Atoms{ 

2

«439(2)
«361(2)
«291(2)
«395(2)
«370(3)
«375(2)

e 462(3)

«089(2)
«155(2)

«335(2)

«307(2)
«4411(3)
«323(4)
«362(4)

B

€.5(10)
5.1({9)}
5.1(7)
3.2(6)
9.2(12)
6.0(10)
8.3(11)
4.8(8)
4,.6(8)

4.5(7)

7.9(10)
15.4(22)

11.4(17)

i
i
i
=
-
P
|
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Table IV. Bond distances
tion for thgrmal motion by the

parentheses.

Z Molecule

N(1)-C(2) = 1.318(u)
(1.335)

C(2)-0(3) o 1.230(W)
O a.asy

c(2)=clu) - 1.513(4)

CCI-NCS)  1.hhu(u)

U N(S)-C(B)  1.uu5(5)
| S @.u7D)

N(5)-N(7) 1.308(3)

N(7)-0(8) 1.237(%)
| (1.250)

N(1)-H(1) 0.96(4)

NCL-H(2)  0.93(u)
C(4)-H(3) 1.08(3)
C(w)-H(4)  0.95(3)

- C(8)-H(5) ;] 1.04(5)
C(6)-H(6) ©1.00(u)
c(s)-H(7)  : 1.04(Y)

N(1)---0(16)  2.948(5)

w

N(L)--+0(8) .030(5)

Distances after correc-

'E Molecule

TN(9)-C(10)

€(10)-0(11)

C(10)-C(12)

C(12)-N(13)-

N(13)-C(14)

N(13)-N(15)

N(15)-0(16)

N(9)-H(8)

N(9)-H(9) -

C(12)-H(10)

C(12)-H(11)

c(1u)—H(12)

C(14)-H(13)

C(14)-H(IH4)

N(9)---0(3)

. N(9)---0(11)

1.
(1.
;l.
(.
1.
1.

1.

riding model are given in

312(W)
326)
229(3)
252)
518(4)
439(4)

438(5)

L467)

.328(4)
.223(3)
.241)

.92(3)
.93(4)
.12(3)
.02(3)
L01(1)
.02(7)
.99(6)
.965 (1)

L915(w)



g'Molécul
N(1)-C(2)--0(3)
N(1)-C(2)-C(k)
0(3)-C(2)-C(u)
C(2)-C(4)=-N(5)
c(y)—N(sy-c(s)
C(6)-N(5)-N(7)
C(4)-N(5)=N(7)
N(5)-N(7)-0(8)
C(2)-N(1)40(16>'
C(2)-N(1)-0(8)
C(2)-N(1)-H(1)
C(2)-N(1)-H(2)
H(1)-N(1)-H(2)
H(5)-C(6)-H(6)
H(5)—C(é)—H(7)

H(6)-C(6)-H(7)

Table V.

(&

123.
115.
120.
111.
121,

117.

121

113.

125

109.

g(3)°
8(3)
3(3)
6(3)
6(h)

2(4)

.1(3)

0(3)

.6(2)

3(2)

119(2)

123(2)

118(4)

109(“)

111¢5)

107 (y4)

14

Bond Angles.

E Molecule

N(8)-C(10)-0(11)
N(9)-C(10)-C(12)
0(11)-C(10)~C(12)
C(10)-C(12)-N(13)
C(12)-N(13)-C1t)
c(1u)—N(13)-N(15)
C(12)-N(13)-N(15)
N(13)-N(15>;b(16)
C(10)-N(8)-0(3).
C(10)-N(9)--0(11)
C(10)-N(9)-H(8)
C(10)-N(8)-H(9)

H(8)-N(9)-H(9)

H(12)-C(1u)-H(13)

H(12)-C(14)-H(1W)

H(13)-C(14)~H(14)

123.
116,
120.
111.
121.
123.
113.
113.
114

108.

8(u)

7(3)

0(2)

4(2)

1(2)

121.(2)

120(2)

118(3)

118(5)

107(4)

10u4(7)



Figure Captions

Figure 1. Perspective drawing of the E and Z isomers. Thermal
boundaries are at the 50% probability level}: For this drawing
the hydrogen atoms were given artificial thermal parameters

of B =0.5.

Figure 2. Projection of the unit cell 1obkiﬁg down the b
axis. Hyarégens are represented by the sﬁall circles. The
dotted lines are hydrogen bonds. When thé‘liné isvbekeﬁ the
bond is té fhe moleéule above or below. The numbers_idéntify

the different oxygen atoms.
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OBSFREVED STRUCTIRE FACTNRS, STAUDARD DEVIATICHNS, AND DIFFERENCES (X B.2) FOR
2-(=NITRDSTMET YLAMI YY) ACETAMIOL - “F{Gy2,0} = 3983

HI J350RVED AND CLLCULETED STFUCTUUE‘FACTOWS.
ANDARD DEVIATION OF FOB. DEL = /P0G .= FVCAJ.
WETLATED DATA. : .

FOR AMD FCA® ARE 7
SG = FSTIMATFD ST
* [“DICATES 2070

DEL L FCB SG DEL L FOB SG DEL L FOB SG DUL

L FCR SG DL . L FJ3 $G
HyK= 0O, -0 1 47 7 = =12 29 6 1 HeK= -1y, & -4 939 31 q
2 30% 9 -1% 2 71 3 =7 ~-12 &2 & £ -9 4911 -10 -3 6 S =-3=
L 252 8 =29 3139 4 3 ~-11 163 » -2 -8 4% 3 & -2 128 5 6
6 94 3 0 @ 531 & =2 -1 180 7 2 =7 86 3 -0 -1 514 19 -4
g 206 4 =14 . 5 175 & 2 ~9 125 ¢4 2 -6 16 22 & 0 698 21 29
10 13 7 37 4,&= 1, 0 -» 9 14 0% -5 &1 & =0 1 %23 16 -18
12 483 2. -2 -13 34 6 =2 -7 89 3 1 -4 13 24 =T+ 2 232 7 -5
14 12 15 =3%-13 2)4 7 =& -4:239 9 & -3 3212 -8 3 156 6 -5
HyK= 0, 1 -11 15% & 1 -5 213 7 4 =2 485 =5 4 257 8 1
1 275 8 -1 =9 45 2 =2 =4 538 2 1 -1 €3 3 =3 5 331 12 9
2 437 13 -4. -7 23% 9 =4 -3 159 % 1 0 49 4 -3 6235 3 13
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3 S 5 -0 -1 19 S5 & 3 93 5 -3 HyK= 9, 3 =1 40 3 1
4 117 4 -2 0 43 3 3 s 713 2 1 -9 2010 -0 O 19 3 1
5 T4 & 2 1 46 3 -6 7 29 5 ~1. -8 41 4 =6 1 126 4 4
6 "84 & -9 2237 10 7 9195 7 6 =T B18 =2% 2 92 4 6
Hek= 8, O . 3 127 5 1 11 92 5 1 -6 &1 ¢ 0 3 204 @ 8
-12 109 4 2 4 36 3 2  HyK= 9, 1 -5 47 6 0 & 87 4 -0
-10 &% 3 -0 5 0 15 =-6%-13- 16 14 8. -4 48 & 2 5115 4 1
-8 103 4 =2 6 24 '3 3 ~12 49 3 -3 -3 24 8 -6 6 31 4 -8
. =5 43 3 2 7 %4 3 3 -11 51 3 1 -2 49 2 2 1 39 & -1}
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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