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N, N’-Bis-(2,2,6,6-tetramethylpiperidyl-4)-succinic acid Diamide Dihydrate*

By HELENA RUBEN, ALLAN ZALKIN AND DAvID H. TEMPLETON

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

(Received 13 June 1973; accepted 31 July 1973)

C2H4,0,N,.2H,0: monoclinic, space group P2,/c, a=13-069 (6), b=13-029 (6), c=15-658 (6) A, f=
99-96 (5)°, Z=4, d,=1-09 g cm~3. The unit cell contains two crystallographically different molecules,
each of which is on a center of symmetry. Both molecules are fully extended, with the rings in chair
conformations, but the conformation of hydrogen atoms at the terminal nitrogen atoms is different.

Introduction

The title compound was synthesized by Joss &
Calvin (1972). A colorless crystal fragment approx-
imately 004 cm in diameter was glued to a
Pyrex fiber, and used for the measurement of 5649
data, including standards and extinctions, with a
Picker FACS-I automatic diffractometer system. The
observed extinctions were those unique to P2 /c.
Graphite-monochromated Cu Kx (1=1:54051 A for
Ku;) X-rays were used in the collection of the data by
a -26 scan technique using a scintillation counter. No
absorption correction was deemed necessary, pu=
6-0 cm~! and uR~0-1. All of the reflections within the
quarter sphere of reflection out to a 26 angle of
124-5° were collected, yielding 4160 unique data of
which 3767 were greater than their estimated standard
deviation. Standard deviations were estimated as
described by St. Clair, Zalkin & Templeton (1971),
with (0-057)? as the additional term in [o(/)]>.

The positions of all the non-hydrogen atoms, in-
cluding two unexpected water molecules, were ob-
tained from an E map phased by the application of
‘direct’ methods. Hydrogen positions were calculated
from the known chemical geometry. Full-matrix least-
squares refinements were performed on all of the posi-
tional, anisotropic thermal (for the heavy atoms), and
isotropic thermal (hydrogen atoms) parameters. As
the number of parameters would produce a matrix that
exceeds the capacity of our computer, we alternately
refined half of the structure at a time. For the final
refinements, all of the heavy atom parameters were
refined jointly with the hydrogen atoms fixed; this was
followed with a refinement of all the hydrogen atoms
with the heavy atoms fixed. The final shifts were less
than 0-2 and 8% of an estimated standard deviation
for the heavy atoms and hydrogen parameters respec-
tively. The weights were 1/g%(F), or zero if F<o(F).
An empirical correction for extinction was applied
which increased F about 10% for the strongest reflec-
tion. The final R value, R=3|4F|/3|F,|, for all of the

* Research performed under the auspices of the U.S. Atomic
Energy Commission.

reflections was 0-049, and for the 3767 non-zero
weighted reflections was 0-044. The weighted R value,
R, =[Cw(dF)}>wF3'?, was 0-065. The goodness of
fit was 1-93. Atomic form factors for spherical hy-
drogen were those of Stewart, Davidson & Simpson
(1965) and for other atoms those of Cromer & Waber
(1965).

Final atomic parameters are given in Tables 1, 2,
and 3.*

Table 1. Positional parameters
of non-hydrogen atoms (x 10%)

x y z
o(1) 9657-4 (9) 1871 (1) 308-4 (9)
0(2) 3182-7 (8) 4344-5 (8) 4581-4 (6)
0(3) 3236 (1) 1025 (1) 1390-9 (9)
0@4) 5374-4 (9) 4845 (1) 2429-7 (9)
N(1) 6173 (1) 3039 (1) 16769 (9)
N(2) 8322 (1) 1053 (1) 722 (1)
N(3) 1595 (1) 2427 (1) 1632:4 (8)
N@4) 37845 (9) 4136 (1) 3327-5 (8)
C(1) 6980 (1) 2542 (1) 2324 (1)
C(2) 7533 (1) 1665 (1) 1928 (1)
C(3) 7864 (1) 1944 (1) 1078 (1)
C@4) 6934 (1) 2322 (1) 449 (1)
C(5) 6371 (1) 3233 (1) 783 (1)
C(6) 5293 (2) 3359 (2) 218 (1)
C(7 6984 (2) 4213 (1) 749 (2)
C(8) 6407 (2) 2090 (2) 3005 (1)
C(9) 7761 (2) 3326 (2) 2762 (1)
C(10) 9152 (1) 1087 (1) 335(1)
C(11) —572 (1) 4906 (1) 4935 (1)
C(12) 1854 (1) 3445 (1) 1302 (1)
C(13) 2853 (1) 3811 (1) 1877 (1)
C(14) 2798 (1) 3769 (1) 28355 (9)
C(15) 2552 (1) 2682 (1) 30851 (9)
C(16) 1524 (1) 2301 (1) 2560-2 (9)
C(17) 1401 (2) 1150 (2) 2697 (1)
C(18) 595 (1) 2831 (2) 2852 (1)
C(19) 990 (2) 4244 (2) 1244 (1)
C(20) 2060 (2) 3244 (2) 384 (1)
C21) 3894 (1) 4422 (1) 41552 (9)
C(22) 4931 (1) 4900 (1) 45206 (9)

* A table of calculated structure factors F, a(F), and 4F
has been deposited with the British Library Lending Divi-
sion as Supplementary Publication No. SUP 30193 (17 pp.,
1 microfiche). Copies may be obtained from the Executive
Secretary, International Union of Crystallography, 13 White
Friars, Chester CH1 1NZ, England.
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Discussion

The biradical of this compound, where the hydro-
gen atoms of the two piperidyl nitrogen atoms
are replaced by oxygen radicals, has been prepared
(Joss & Calvin, 1972). Stable biradicals of such com-
pounds have been proposed as a flexible strain gauge,
which when attached to a membrane or a macromol-
ecule at two points, would deform together with the
support, and transduce the strain into the interaction-
dependent features of the e.s.r. spectrum (Calvin et al.,

1969; Ferruti et al., 1970). This structure determina-
tion was undertaken to provide accurate geometrical
details in anticipation of such work.

Two crystallographically different, but chemically
identical, molecules are at the centers of symmetry at
(-2-,7,%, 4,0,0) and (0,0,0; 0,%,%) respectlvely Inter-
atomic distances and angles are given in Tables 4
and 5. All of the hydrogen atoms associated with
oxygen and nitrogen, with the exception of H(1), are
involved in hydrogen bonds (Table 6). Each of the
molecules is an extended chain (Figs. 1 and 2). The

Table 2. Anisotropic thermal parameters (A?)

Anisotropic temperature factors have the form exp [—3(Bu/#%a*?+...

+ 2B hka*b* 4 .. ).

B, B, B33 B2 Bis Bx
o) 4-05 (6) 4-24 (6) 7-56 (8) —1-12 (5) 196 (5)  —213 (5)
0Q2) 2:92 (4) 4-24 (5) 2-76 (4) —0-39 (4) 0-44 (4)  —035(4)
o@3) 86 (1) 10-1 (1) 3-75 (6) 5-50 (9) 0-99 (6) 0-20 (7)
0O(4) 4-14 (6) 579 (7) 543(6)  —0-09 (5) 1173 (5) =161 (5)
N(1) 3-50 (6) 3-47 (6) 3-54 (6) —0-06 (5) 1112 (5)  —065 (5)
N(2) 3-87 (7) 3-02 (6) 6-05 (8) —~0-41 (5) 2:03(6)  —1-45(5)
N(3) 3-54 (6) 3-26 (6) 2:59 (5) —0-72 (5) 0-09 (4) —0-32 (4)
N(4) 277 (5) 4-19 (6) 2:62 (5) —061 (5) 033 (4)  —095(4)
(1) 4-49 (8) 3:33 (7) 3.01 (7) 0-19 (6) 092 (6)  —0-50 (6)
c(2) 4-64 (8) 3-02 (7) 3:65 (8) 0-35 (6) 060 (6)  —0-42 (6)
Cc3) 3:62 (7) 275 (7) 430(8)  —012(5) 137(6)  —0-87 (6)
C(4) 492 (9) 3-88 (8) 3-06 (7) 0-19 (6) 120 (6)  —0-48 (6)
C(5) 4-66 (8) 3-67 (8) 3-20 (7) 0-50 (6) 106 (6) 0-01 (6)
C(6) 65 (1) 75 (1) 46 (1) 2-7 (1) 0-01 (8) 0-05 (9)
c(7) 82 (1) 3-65 (9) 5.8 (1) 0-03 (8) 3-0 (1) 0-40 (8)
C(8) 85 (1) 5:5 (1) 410 (9) 0-1 (1) 271 (9) 0-14 (8)
C(9) 4-87 (9) 4-69 (9) 50 (1) 0-59 (7) —028(7)  —178(7)
C(10) 2:58 (6) 4-06 (8) 4-10 (8) —0-30 (6) 023 (5)  —142(6)
c(11) 3:06 (7) 4-65 (9) 62 (1) 0-21 (6) 0-89 (7) 2-49 (8)
C(12) 4-43 (8) 331 (7) 266 (6)  —080(6)  —032(6) 0-13 (5)
C(13) 437 (8) 3-60 (7) 2-70 (7) —1:31 (6) 0-12 (6) 0-06 (5)
C(14) 275 (6) 3:30 (7) 2:62 (6) -032(5) —002(5) —055(5)
C(15) 3-16 (7) 3-63 (7) 2:42 (6) —0-06 (5) 025(5)  —0-02(5)
C(16) 335 (7) 3-46 (7) 276 (6) —~0-57 (5) 049 (5)  —0-39 (5)
C(17) 69 (1) 421 (9) 3.99 (8) —~1-87 (8) 1-05 (8) 0-35 (7)
C(18) 3-19 (8) 68 (1) 4-51 (9) —~0:34 (7) 094(6)  —0-70 (8)
C(19) 62 (1) 437 (9) 53 (1) 0-42 (8) —1-46 (8) 0-55 (7)
C(20) 69 (1) 58 (1) 2-48 (7) —2-18 (9) —0-06 (7) 0-11 (7)
1) 2:65 (6) 2:95 (6) 245 (6) 0-13 (5) 007 (5)  —0-20 (5)
C(22) 2-58 (6) 3:95 (7) 2:64 (7) —027 (5) 011 (5)  —066 (5)

AC30B-6

Fig. 1. Stereoscopic view of molecule II.
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Table 3. Hydrogen parameters

Fractional coordinates are x 10°.
Temperature factor has the form exp (— B sin? 6/42).

x y z B
H(1) 562 (1) 265 (1) 160 (1) 4-0 (4)
H(2) 795 (1) S1 (1) 64 (1) 43 (4)
H(@3) 705 (1) 108 (1) 181 (1) 36 (4)
H®4) 813 (1) 145 (1) 240 (1) 4:1 (4)
H(5) 842 (1) 247 (1) 119 () 3-8(4)
H(6) 645 (1) 170 (1) 32 (1) 47 (4)
H(7) 716 (2) 252 (2) —13(2) 7-8 (6)
H(®) —-95(@3) 551 (3) 518 (2) 11-6 (9)
H®) -89 (2) 499 (2) 429 (2) 88 (7)
H(10) 489 (3) 257 (3) 43 (3) 14-2 (12)
H(ll) 532 (2) 336 (2) -39 (2) 7-6 (6)
H(12) 491 (1) 390 (1) 47 (1) 4:6 (4)
H(13) 673 (2) 485 (2) 99 (2) 8-8(7)
H(14) 700 (2) 440 (2) 14 (1) 57 (5)
H(15) 770 (2) 415 (2) 105 (1) 6-3 (5)
H(l6) 687 (2) 177 (2) 341 (2) 9-9 (8)
H(17) 587 (2) 160 (2) 269 (2) 7-7 (6)
H(18) 606 (2) 265 (2) 334 (2) 7-3 (6)
H(19) 820 (1) 302 (1) 320 (1) 4-4 (4)
H(20) 742 (2) 388 (2) 303 (1) 50 (4)
H(21) 824 (2) 359 (2) 236 (1) 60 (5)
H(22) 319 (2) 96 (2) 81 (2) 6-8 (6)
H(23) 275 (3) 156 (3) 144 (2) 11-8 (10)
H(24) 581 (2) 522 (2) 274 (2) 67 (5)
H(25) 569 (2) 437 (2) 222 (2) 69 (6)
H(26) 102 (1) 215 (1) 124 (1) 3-8 (4)
H(27) 428 (1) 428 (1) 304 (1) 36 (4)
H(28) 299 (1) 446 (1) 173 (1) 3-8(4)
H(29) 344 (1) 340 (1) 176 (1) 3-7(4)
H(30) 225 (1) 420 (1) 300 (1) 3:3(3)
H(31) 251 (1) 269 (2) 372 (1) 4-6 (4)
H(32) 314 (1) 226 (1) 298 (1) 4:4 (4)
H(33) 496 (1) 563 (1) 421 (1) 4-0 (4)
H(34) 548 (1) 447 (1) 437 (1) 29 (3)
H(35) 148 (2) 92 (2) 321 (2) 7-2 (6)
H(36) 200 (2) 85 (2) 247 (2) 7-7 (6)
H(37) 73 (1) 91 (1) 232 (1) 47 (4)
H(38) 64 (2) 361 (2) 275 (1) 56 (5)
H(39) 51 (2) 268 (2) 350 (2) 7-2(6)
H(40) -4 (2) 257 (2) 250 (1) 56 (5)
H(@41) 36 (2) 398 (2) 92 (2) 6-8 (6)
H(42) 117 (2) 484 (2) 94 (1) 57 (5)
H(43) 88 (2) 449 (2) 187 (2) 65 (5)
H(44) 218 (2) 393 (2) 6 (2) 69 (6)
H(45) 144 (2) 293 (2) -0(2) 67 (6)
H(46) 273 (2) 276 (2) 44 (2) 7-7 (6)

distances between the piperidyl nitrogen atoms, which
are at opposite ends of the chains, are 14:45 and
1424 A respectively for the two molecules. The rings
in both molecules are in chair conformations, and the
principal difference in conformation involves the
hydrogen atoms and hydrogen bonds at the terminal
nitrogen atoms. In the first molecule, N(1)-H(1) is
axial, and water molecule O(4) provides a hydrogen
bond which is equatorial. In the second molecule,
N(3)-H(26) is equatorial, and the hydrogen bond from
water molecule O(3) is axial. A further difference is that
H(26) appears to be involved in a very weak hydrogen
bond (Table 6), while H(1) forms no hydrogen bond.
We assume that these differences in bonding conforma-
tion cause the slight differences in shape of the two

Table 4. Interatomic distances (A)

Molecule 1
O(1)—C(10) 1221 (2)
N(DH—C(1) 1-479 (2)
N(1)—C(5) 1-489 (2)
N(2)—C(@3) 1-460 (2)
N@2)—C10) 1331 (2)
C(H—CQ2) 1-:539 (2)
C(4)--C(5) 1-536 (2)
C(1)—C(8) 1-525 (3)
C(1)—-C(9) 1-521 (3)
C(5)—C(6) 1-539 (3)
C(5)——C(7) 1-512 (3)
C(2)—-C(3) 1-524 (3)
C(3)—C4) 1-509 (3)
C(10)-C(11) 1-508 (3)
C(11)—C(11)  1-493 (4)
Hydrogen distances
O(3)—H(22) 090 (3)
0O(3)--H(23) 094 4)
N(1)--H(1) 0-86 (2)
N(2)—H(2) 0-84 (2)
C(2)—H(@3) 098 (2)
C(2)—H@) 101 (2)
C(3)—H(5) 1-00 (2)
C(4)—H(6) 1-04 (2)
C(4)—H(7) 1:04 (3)
C(6)——H10) 1-17 (5)
C(6)—H(11) 0-95 (3)
C(6)——H(12) 097 (3)
C(7)--H(13) 097 (3)
C(N—-H(14) 097 (3)
C(7)--H(15) 0-98 (3)
C(8)—-H(16) 0-83 (4)
C(8)—H(17) 100 (3)
C(8)—H(18) 1-:04 (3)
C(9)—H(19) 090 (3)
C(9)—-H(20) 097 (3)
C(9)—H21) 101 (3)
C(11)-H(8) 1-01 (4)
C(11)-H(9) 1-02 (4)

Molecule 11
02)—C21) 1239 (2)
N3)—C(12)  1-485 (2)
N@)—C(16)  1-481 (2)
N@4)—C(14) 1-461 (2)
N@4)—C(21) 1:333 (2)
C(12)-C(13)  1-528 (2)
C(15)-C(16) 1-530 (2)
C(12)-C(20)  1-531 (3)
C(12)—C(19) 1-527 (3)
C(16)-C(17) 1-528 (3)
C(16)—C(18) 1:535 (3)
C(13)-C(14) 1516 (2)
C(14)-C(15) 1-519 (2)
C(21)- C(22) 1-511 (2)
C(22)-C(22) 1-505 (3)

0(4)—H(24)
0(4)--H(25)
N(3)--H(26)
N(4)—H(27)
C(13)-H(28)
C(13)-H(29)
C(14)-H(30)
C(15)-H31)
C(15)-H(32)
C(17)-H(35)
C(17)-H(36)
C(17)-H(39)
C(18)-H(38)
C(18)-H(39)
C(18)-H(40)
C(19)-H(41)
C(19)-H(42)
C(19)-H(43)
C(20)-H(44)
C(20)-H(45)
C(20)-H(46)
C(22)-H(33)
C(22)-H(34)

Table 5. Selected bond angles (°)

Molecule |
C(1H-C(11)-C(10)
C(11)-C(10)-0(1)
C(11)-C(10)-N(2)
O(1)—C(10)-N(2)
C(10)-N(2)-—-C(3)
N(2)—C(3)—C(2)
C(3)—C(2)—C(l)
C(2)—C(1)—-N(1)
C(2)—-C(1)—C9)
C(2)—-C(1)—-C(8)
C(8)—-C(1)—C(9)
C(8)—-C(1)—-N(1)
C(9)—C(DH—-N(1)
C(1)—N(1)--C(5)
C(4)—C(5)—N(1)
C(4)—C(5)—C(6)
C(4)—C(5)—C(7)
C(6)—C(5)—C(7)
C(6)—C(5)—N(1)
C(7)—C(5)—N(1)
C(5)—C4)—C(3)
C(4)—C(3)—-C(2)
C(4)—C(3)—-N(2)

113-0 (2)
122:2 (2)
1157 (2)
122:1 (2)
124-5 (2)
110:0 (2)
113:6 (2)
1122 (2)
110-8 (2)
1084 (2)
108-5 (2)
105-7 (2)
111-0 (2)
1199 (2)
1111 (2)
109-3 (2)
110-7 (2)
109-2 (2)
105-5 (2)
110:9 (2)
114-1 (2)
1094 (2)
110:3 (2)

Molecule 11

C(22)-C(22)-C(21)
C(22)-C(21)-0(2)
C(22)-C(21)-N@#)
0(2)—C(21)-N)
C(21)-N4)--C(14)
N(4)—C(14)-C(13)
C(14)-C(13)-C(12)
C(13)-C(12)-N(3)
C(13)-C(12)-C(19)
C(13)-C(12)-C(20)
C(19)-C(12)-C(20)
C(20)-C(12)-N(3)
C(19)-C(12)-N(3)
C(12)-N(3)--C(16)
C(15)-C(16)-N(3)
C(15)-C(16)-C(17)
C(15)-C(16)—C(18)
C(17-C(16)-C(18)
C(17)-C(16)-N(3)
C(18)-C(16)-N(3)
C(16)-C(15)-C(14)
C(15)-C(14)-C(13)
C(15)-C(14)-N4)

0O
o~~~
NN W
—— =

OO\DOO\D\O%\OOOOO\OOOOG
—~
N
-

D= QR T QRO

113-1 (2)
122:5 (2)
115-0 (2)
122-4 (2)
122-8 (2)
108-8 (2)
113-0 (2)
107-2 (2)
111-8(2)
109-6 (2)
108-0 (2)
105-2 (2)
114-8 (2)
119-8 (2)
107-1 (2)
110-4 (2)
111-2 (2)
107-0 (2)
105-8 (2)
1154 (2)
111-7 (2)
109-7 (2)
112:1 (2)
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Fig. 2. Stereoscopic view of a unit cell showing the packing.

molecules. The shapes of the two rings can be made
identical if various atoms are shifted 0-1 A or less.

Table 6. Hydrogen-bond distances (A)

0(3)-H(22)---0(2) 2:863 (2)
O(3)-H(23) - *N(3) 2:890 (2)
0O(4)-H(24)- - - O(3) 2:813 (3)
O(4)-H(25)- - - N(1) 2-905 (2)
N(2)-H(2)- - - -O(2) 2953 (2)
N(3)-H(26)- - - O(1) 3-069 (3)
N(4)-H(27)- - -O4) 2-856 (2)

Chemically equivalent bond lengths in the two mol-
ecules differ by two or three times as much as would
be expected from the estimated standard deviations.
Because a full-matrix procedure could not be used, the
estimated standard deviations may be too low. Thermal
motion, for which no correction was practicable, may

A C 30B - 6*

also contribute to these differences. Thus the corre-
sponding bond lengths in the two molecules may be
regarded as identical.
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