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2,4,4-Triphenyl-1,2-diazetidine-3-one-1-
Carboxylic acid, Ethvl ester*

~

v ' o : 3
By HELENA RUBEN, HANS BATES, ALLAN ZALKIN, AND

‘DAVID‘H; TEMPLETON

- Lawrence Berkeley Laboratory and Department of Chemistry,
University bf California, Berkeley, California 94720 U.S.A.

Abstrackt. ,CeHsNN(COOC:Hs)C(Cells) 2CO crystallizes in the

. $riclinic space group PI with cell diménsions a = 9.877(5),

. o ' . ;
- b = 14.037(5), ¢ = 8.420(5). A, a = 94.45(3)¢ B = 108.97(3)¢

and vy = 112.67(3)°; Z = 2, and Dx = 1.24 g.cm-3. Bond dis-

tances in the slightiy puckered'neafly-planar four-membered
N ’ . © i . o

diazetidine ring are N-N 1.450(2) A, C-C 1.535(2) A,

| . T
N-C (ketone) 1.362(2) A, and N-C 1.511(2) A, . .

* Research performed’under the auspices of the U.S. Atomic
Energy Commission. : - o - S - i

t Summer student at Lawrence Berkeley Laboratory, 1969.
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Expgrimental. The fitle compohnd was given to us by Dr.
Robert Kerber (i970)vand recrystaiiized from éthanol. A
vyellow crystal with épproximate dimensions'o.lxo.2x0;4 mm
was glued 'to a pyrex'fiber~and uséd for the mgasurement of
6599 data, iﬁcluding standérds, with a Picker FACS-I auto-
matic diffractometer systeﬁ. Graphite monochromated Cuka\

. ,
(A=1.54051 A for Ko,) X-rays were used .in the collection of

data by a 6-26 scan technigue using a scintillation counter.

< . : -1
No absorption correction was deemed necessary, u=6.8 cm .

All of the reflections within the sphere of reflection out
to a 26 angle of 106° werevcollected, yielding 3279 unique
réflections of which 2688 were gf?ater than-ﬁhéir standard
déviation. Standard deviations were estimated as deécribed
by St. Clair, zalkin and Templeton(1971), with (0.04I)? as
the additional term’ in(c(I))?. The positions of-all the
non—hYdrogéﬁ atoms~were'obtained froﬁ an E maé phased by .
the application of "direct" methods. Hyarogén'positions
'wefg obtained from a difference Fourier map'calculated'
after a least-squares refinement of the heavy.atoms with
anisotropic thermal'parameters was perfromed. Full-matrix
léast-squares refinements Were then performed on all of
the positionai, anisofropic thefmal (for the heavy atoms),
and isotropic\thermal (hydrogen atoms) parameters. The
‘maximum final shift was less than 283 of its standard -

"deviation. The weights were 1/02(F), or zero if F<o(F).




3

An empirical COrréction for extinction was applied, Fo'=Fo (1+
o .

-4x10° 1), which increased F, about 15% for the strongest reflec-

tion -(Z,2,1). The final R factor, R=IL|AF|/L|F.|, for all of
the.reflectioné was 0.045, and for the 2688 non-zero weighted

reflections was 0.036. The weighted R factor{ Ré:[Zw(AF)Z/

- Ly - . ’ . S .
SwF3]7 was 0.046. The goodness-of-fit was 1.68. Atomic

form factors for spherical hydrogén were those of Stewart,
Davidson aﬁd Simpson(l965)-and for the othér atoms those of
Cromer and Waber (1965). | |

The final atomic pafametérs are given in Tables 1, 2
and 3. A table of calculated and observed structure faptorS'

has been deposited with the National Lending Libraryvas

'Supplementary»Publication No. SUP 00000?

)

* Copies may be obtained from the Executive‘Secretary,
International Union of Crystallography, 13 White Friars,

Chester CH1 1NZ, England.
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R%QEEEE%QQ The.Structure’detetmination of'this material Was
undertaken to verify the postulated structure of the four mem-
bered rlng; the dimensions of which is shown in Fig. l; A
least—squares plane calculated through the four atoms’ of the
ring show deviations of 0.028, —0.025, —0.026 and_0.023 for-
atoms N(1), N(2), C(l) and C(2)'respectiveiy.: The above
results indieete a slight puckering ef the ring from planar-
ity. With the egception of two honds in the rin&{ the inter-

atomic distances listed in Table 4 are similar to those tab-

ulated for bonds with comparable chemical arréngements (Sutton, -

1965). The N(1)-C(1) bond is 1.362 A versus 1.333 A in amides
and the N(2)-C(2) bond is 1.511 A versus 1;472 A for an N-C
pond in paraffinic and saturatedvheterOCYClic compqﬁnds. The
C—C\and N~N bonds are both within 0.002'£ of_the’dverage
values reported for C-C ard ‘N-N single bonds. A list of
bond angles:is given in Teble 5. / | |

The relative erientetion to the ting of.the three phenyl
rings, the ethyl ester and the exygen, 0(1), can be seen in
the stereogram shown in Fig. 2. The oxygen,'O(l), is -0.12 i
from the mean plane of the ring, and C(15), the bonding
carbon atom of the phenyl group to the four-membered ring
at N(1) is -0.55 A from this plane. The remaining atoms
are all more than 1.0 i away from the plane of the ring. It
can be noted that the-&fee bonds about N(l) are somewhat
more planar than those about N(2).

-

A stereoscopic view of the packing is shown in Fig. 3.
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ATOM
N(1)
N(2)
o(1)
0(2)
ct3)
ct1)
CL2)

c(3)

ct4)
ci{5)
€Le)
c(m
cts8)
. C(9)
ct10)
c(il)
ct12)
Ct13)

Cltl4)

c(1%)
C(16)
C(17)
c(18)

C(19)

C120)
ct21)
c(22)

c(23)

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

H(4)
H(S)
H(6)
HT)
H(8)
H(9)

H(10)

H(11)

H(12)

CHI13)

Hl14)
H{15)

H(16) -

H(17)
H{18)
H(19)

 H(20)

-.04C(3) .

6

v

Table 1. Positional Parameters
X Yy ° b4
- =40929(1) «77498(9) .15851(2)

-.03801(1) LTCT4119) «25661(1)
.1023(1) «94418(8) .1858(1)

-+2555(1) «6538(1) +3334(2)

-.0452(1) .62293(9) . 2466T7(2)
«0530(2) »8595(1) «2205(2).
«12461(2) .8CO1(1L) «3421(2)
«1713(2) +8438(1) .5315(2)
.0C8611(2) .8901(1) .58371(2)
' «12501(2) .92801(2) .7564(2)

" .2488(2) .5203(2) .8766(2)
«33321(2) .87471(2) - .8266(2)
«2953(2) .86362(1) c6543(2)
«2495(2) .78141(1) «29441(2)

- «38871(2) .86811(2) «3188(2)
«50¢68(2) .8545(2). «28011(3)
«4870(3) .75581(2) " 42152(3)
«3491(3) .670C(2) .18921(3)
«22901(3) «6825(2) «2278(2)

-.2137(2) .7378(1) -.0062(2)"

-.3165(2) .6321(1) -.0648(2)

-+4310(2) .59871(2) ~.2284(3)

-+4411(3) «6693(2) -.3305(3)

—e3397(2) «774C(2) -.2697(3)

-e22561(2) .8C99(2) -.1072(2)

-o1263(2) <6€6171(1) «3556(2)

-<1151(3) «5748(3) .5874(4)
.0020(5) .6C80(3) <T75671(4)

-.005(2) - «894(1) «499(2)
.C62(2) «9601(1) <791 (2)
«281(2) +9481(2) 1.001(3)
«4261(3) .867(2) «9171(3)
«3561(2) «8C2(1) e622(2)
«395(2) «9421(2) , «3661(2)
«6C71(3) «923(2) «299(3)

" «568(3) «7451(2) .184(3)
«32213) «6C1(2) .138(3)
.135(2) «6221(1) «206(2)

-J31C(2) .583(1) .C13¢(2)

-.5021(2) .5241(2) -.263(3)

-e5231(3) ,643(2) -e442(3)

-.344(2) .827(2) -<3411(3)

-e151(2) .885(2) -.065(2)

-+1961(5) .516(4)  «546(6)

-.18015) .6101(3) <604 (5)
.085(5) .5811(4) «1281(6)
«CT1(4) «6S1(3) «799(5)

.575(2) «840C(3)



. ATOM
- N(2)
cti).

ct2)
C(3):

CoCtry
€t2)

ct3y
Cla)
C(5)

Cte)

c(r)

.cte)
© - CH9)
~Cc(1c)

ci11)
ct12)
Ci13)

- Cll4)

Ctis5)

.Cl16)
cti7)
- C(18)

S C19).
. cl20);
N ATIS)
S ct22)
oct23

Table 2. Anisotropic thermal parameters,

o

A

Anisotropic temperature factors have the form:
)} where a} is . a reciprocal

exp{f%zizj(a
cell edge ahd'hi is one of the Miller

811
3.39(5)

"3.271(5)

4./"3(5)

3.86(5) -

4.93(6)
3.39(6)

. 34CE(06)

3.38(6)

4 17T
551(9) .

6.C(1)

5.13(9)

4.24(T7)

-3.82(6)

3.€6(7)
4.52(9)
7.C(1)
9.1(2)

. 3eC6{6)

4.28(7)
4.84(9)
5.0(1)

4.93(9)
4.14(7)

3.87(7)

6.6(1)

12.412)

B22
3.52(5)

3.4}(5,

3.501(5)
T7.00(7)
6.15(6)
3.33(6)
3.33(6)
3.95(6)
“4.97(8,
5.80(9)
6.6(1)
T.1(1)
5.80(9)

 4.,60(7)

'5.83{9)
9.0(1)
11.5(2)
7.6(1)

- 5.01(9)

4.30(7)
4.41(8)
5.8(1)
8ea(1)
7.3(1)
5.12(9)
3.91(7)

11.1(2)

. 8e5(2)

* o % ) ..

833
3.391(5)
3.471(5)
4.5415)
5.86(6)

3.21(6) -
3.C0(6)

2.981(6)
3.97(8)
4.77(9)

'3.,31(8)

3.10({8)
3.31(7)
2.7516)
4.25(8)
5.6(1)

6e511)

T.5(1)
5.39(9)

"3.30(6)
4.,33(8)"

5.0(1)
4.,6(1)
4,73(9)
4.23(8)
4.091(7)
8.1(2)
S+1(1)

-

indices. .
B12 813
S le46(4) «T3(4)
1.45(4) 1.0614)
1.68(4) 1.69(4)
2.47(5) 2.271(5)
- 2.7615) 2.47(5)
" 1e63(5) 1.33(5)
le44(5) 1.16(5)
1.56(5) 1.39(5)
2.1616) 1.771(6)
2.291(8) 2.941(8)
1.63(8) 2.14(7)
2.211(8) 1.13(7)
L 2.52(7) 1.39(6)
2.45(6) 1.381(5)
1.99(7) 1.77(6)
3.6(1) 2.75(8)
6.81(1) 4.3(1)
6.1(1) .  4.5(1)
3.37(8)  2.78(8)
1.72(5) «95(5)
1.33(7) <76 1(6)
«891(8) «151(7)
2.31(1) -e341{8)
2.63(9) e541(7)
2.16(7) 1.04(6)
1.6616) 1.46(6)
3.2(1) 3.6(1)
e1(2)

3.6(1)

B23
1.34(4)

"1.40(4)

l.61(4)

-2489(5)

3.96(5)
.88(5)
.98(5)

«95(5) .
.81(6)
<490 7)
<53(7)
1.25(7)

1.34(6)

1.37(5)

1.49(7)

3.35(9)

4.6(1)

2.5(1)

1.71(7)
.98(5)
«9416)
.29(8)

1.26(9)

2.49(9)

1.85(7)

1.6216)

7.3(2)

2.2(1)
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Table 3. Isotropic thermal parameters, A
Teﬁperature'factor has the form: exp(-Bsinfe/Ag)_

ATOM B N

H(1) 4.714)

F(2) 5.7(4)

H(3) 6.1(5)

H(4) . 7.71(¢

H(S) 4.414)

H(6) 6.415)

H(T) Ba4lE)

H(8) 7.1(5

F(S) 8.3(¢)
H(10) 4.7104)
HILL) 459(4) -
H(12) 641(5) \
H(13) 8.4(6)

CUHU14) . 6.8(%)

. HI1S) "54414)
H(16)  16.C(15)
H(17) . 13.5(12)

HU18) 17.4(16)
H(19) = 14.2(11)

.- S OHG2C) 9.3(7)



Atoms
N(i) - C(1)
N(1) - C(15)
N(1) - N(2)
N(2) - €(21)

“N(2) - C(2)
0(1) - ¢(1)
0(2) - c(21)
0(3) - ¢(21)
0(3) - C(22)
c(1) - ¢(2)
c(2) - ¢(3)
c(2) - ¢c(9)
c(3) - c(8)
c(3) - ¢c(4)

- C(4) - c(5)
c4) - H(1)

c(5) - ¢(6)

Table 4. Interatomic distances, A

Dist.

1.

1

1

362(2)

.396(2)
.450(2)
411(2)
.511(2)
.198(2)
.187(2)
.319(2)
-474(3)
.535(2)
.511(2)
.520(2)
.369(2)
.394(2)
.380(3)
.97(2)

.358(3)

9

Atoms
c(s) - H(2)
c(6) - c(7)
c(6) - H(3)
c(7) - c(8)
c(7) - H(4)
c(8) - H(5)"
c(9) - c(14)
c(9) - c(10)
c(10) - c(11)
c(10) - H(6)

c(11) - ¢(12)
c(11) - H(7)
c(12) - c(13)
c(12) - H(8)
c(13) - c(14)
c(13) - H(9)
c(14) - H(10)

Dist.
1.00(2)
1.372(3)
.98(2)
1.380(2)

1.03(2)

.99(2)

1.368(2)
1.379(2)
1.382(3)
1.03(2)

1.364(3)

- 1.04(3)

1.362(3)
.97(2)
1.394(3)
.92(2)
.93(2)

(]

Atmm

C(15) = C(16)

¢(15) - c(20)

c(16) - ¢(17)
c(16) = H(11)
c(17) - c(18)
c(17) - H(12)
c(18) - ¢(19)
c(18) - H(13)

c(19) - €(20)

¢(19) - H(14)

c(20) - H(15)
C(22) - ¢(23)
C(22) - H(16)
c(22) - H(17)
c(23) - E(18)
c(23) - H(19)

C(23) - H(20)
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Table 5. Selected Bond Angles, deg.

N(2) -N(1) -C(1)
N(2) -N(1) -C(15)
C(1l) -N(1) -C(15)
CN(l) -N(2) -C(2)
N(l) -N(2) =C(21)
 C(2) -N(2) -C(21)
N(1) -C(1) -C(2)
N(1) -C(1) -0(1)
c(2) -C(1) -0(1)
C(1l) -C(2) -C(3)
C(1l) -Cc(2) -C(9)
N(2) -C(2) -C(9)
N(2) =-C(2) =C(3)
C(3) -C(2) -C(9)
N(2) -C(2) -C(1)
N(2) -C(21)-0(2)
N(2) -C(21)-0(3)
0(2) -C(21)-0(3)
C(21)-0(3) -C(22)

94.3(1)
123.9(1)
130.2(1)

88.9 (1)
113.9(1)

120.4(1)

91.2(1)
132.8(1)
135.9(1)
114.6(1)
110.7(1)
112.3(1)

0(3) -C(22)-C(23)
C(4) -C(3) -C(8)

1 C(3) -C(4) -C(5)

114.3(1)

1 115.9(1)

85.2(1)
125.2(1)
108.0(1)
126.6(1)

116.5(1)

C(4) -C(5) -C(6)
C(5) =-C(6) =C(7)
c(6e) ~-C(7) -C(8)
c(7) -C(8) -C(3)
C(10)-C(9) -C(14)
C(9) -C(10)~C(11)
C(10)-C(11)-C(12)
C(11)-C(12)~C(13)
C(12)-C(13)-C(14)
C(13)-C(14)-C(9)
C(16)-C(15)-C(20)
C(15)-C(16)~C(17)

C(16)-C(17)-C(18)

C(17)-C(18)-C(19)

© C(18)-C(19)-C(20)

C(19)-C(20)-C(15)

110.
119.
121.
119.
120.
121.
119.
119.
120.
120.
119.
120.
120.
121.
118.
120.
120.
120.
119.

7(1)
0(2)
0(2)

3(2),

2(2)
1(2)
4(2)
0(2)
3(2)
8 (2)
2(2)
7(2)
1(2)
5(2)
0(2)
8(2)
5(2)
1(2)
0(2)
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Figure Captions
Fig. 1 Schematic drawing showing distances in'A and angles in the ring.
Fig. 2 Stereoscopic view of the molecule.

Fig. 3 Stereoscopic view of a unit cell showing the'packing.
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Table 6. Table of Observed

-15-

and Calculated Structure Factors

for 2,4,4—Triphﬂnyl-1,2-Diasetidine—3—onc-1—CarboxyZic Actd,

L FCB FCA
H'K:- C' 0
1 159 155
2 129 123
3 1§ 16
4 119 110
5 16 18
6 5% 55
7 24 25
8 8 4%
“'K:- 0. l
-9 4 5%
-8 8 8%
-7 14 13
-6 23 23
-5 5g 57
=4 41 139
-3 213 204
-2 57 54
-1 224 217
0 11C 128
1 43% 458
2 189 188
3 268 345
4 86 86
5 51 55
6 46 47
7 60 6!}
8 8 8%
HeK= Cy 2
-9 28 28
-8 41 40
-7 e 7%
-6 112 114
-5 29 130
-4 155 153
-3. 39 138
=2 255 245
-1 4 32
0 560 624
1 34 3C
2 2271 231
3 340 1334
4 51 51
5 13 70
6 4 3%
T 6 0%
B8 2 1%
H1K= ° CI 3
-9 8 10%
-8 32 32
=7 102 104
-6 11 1C*
-5 114 114
=4 9 11
-3 31 29
=2 42 44
-1 438 456

2psterisk indicates a zero weighted datum.

0 42
1 257
2 124
3 40
.4 103
5 21
6 1C
T 4
8 2
HeK= C
-9 35
-8 61
-7 91
-6 52
-5 1cC
-4 143
-3 49
-2 16
-1 3¢
0 483
1 386
2 3
3 11
4 43
S 4C
6 44
T 41
8 3
H'K= C
-9 8
-8 21
-1 57
-6 14
-5 198
-4 38
-3 81
-2 102
-1 3
0 55
1 69
2 157
3 82
4 57
5 66
6 1C
T 22
H’Kz C
-9 135
-8 3C
-7 222
-6 97
-5 29
-4 55
-3 33
-2 50
-1 143
0 14

218

94

30
.55
33
53
143
12-

Ethyl Ester®

1 149 152
2 63 57
3 185 185
4 113 111
5 126 124
6 17 17
T 10 8
HeK= O, 7
-8 12 13
-7 47 49
-6 l14¢ 15C
-5 -5C 5¢C
-4 131 127
-3 96 94
-2 17 19
-1 159 161
0 139 137
1 78 81
2 46 43
3 39 4C
4 41 42
5 49 47
6 18 21
H'K= Oy 8
-8 47 46
-7 82 19
-6 32 35
-5 107 106
-4 85 89
-3 34 32
-2 29 28
-1 . 37 139
0 6 2%
1 45 47
2 113 114
3 11 13%
4 27 28
5 471 48
6 4 3
H'K= 0' Q
-8 8 1ll#*
-7 46 48
-6 50 49
-5 0 L%
~4 717 15
-3 65 64
-2 50 51
-1 82 84
c 0 C*
1 18 13
2 19 19
3 24 24
4 64 63
S 10 13
HpK= 0' 10
-8 471 46
-1 28 24

-4
-3

-1

A8 48
18 11

64 60

18 17

4T 45

61 86

cC 39 139
1 66 64
2 11 11%
3 0 Cx
4 19 14
s 14 16
= 0' 11
7 18 18
44 43
78 . 18
47 45

41 41

-2 165 164
0 4%

c 61 61
1 - 3. 3
2 53 53
3 23 22
4 3 3%
= 0y 12
10 Q%

€ 13 1&
5 33 31
4 70 10
3 31 30
2 71, 16
1 135 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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