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On the Crystal Conformations of Cyclic Phenylsemicarbazones,
(CH,),_, CNNHCONHCH, with n=10,11,12,13 and 16

P. GROTH

Department of Chemistry, University of Oslo, Oslo 3, Norway

Data were collected at about —150°C on an
automatic four-circle diffractometer. For n=10 the
conformation is [1333], the same as for the
corresponding oxime, but different from the
rectangular [2323] conformation of cyclodec-
anone. The triangular conformation [355] for n
=11 was also found in the cycloundecanone
crystals, while cycloundecaneoxime has the
quinquangular [12323] conformation. Like all
other known saturated twelve-membered rings, the
present one (n=12) prefers the square
conformation [3333]. For n=13 the confor-
mation may be described as [3 3 7] (as in the case of
the disordered cyclotridecaneoxime structure). In
cyclohexadecanephenylsemicarbazone (n=16) the
ring conformation is [3 44 5]. All compounds are
dimers with N—H—O hydrogen bonds in the
range 2.826—2.926 A.

The “balf-melted” modifications stable just below
the melting points of cyclic ketones (CH,),-,CO
with n=10, -+, 17 have been studied by X-ray
diffraction.! ~* Except for the cases n=10 and
11,12 all the structures are disordered. Among
these, structure determinations have been
successfully carried out for n=12 and 14, only.>*
By introducing the possibility of stabilizing inter-
molecular hydrogen bonds, less disorder might be
hoped for. The corresponding oximes,
(CH,),_,CNOH, were therefore investigated.’
Apart from the facts that the oxime group of
cyclotetradecaneoxime is fixed to one position (in
the ketone it is disordered?), and that the
disordered cyclotridecaneoxime structure could be
solved (as opposed to the corresponding ketone
where no single crystals were obtained), this inter-
molecular hydrogen bonding possibility did not
seem to reduce the degree of disorder. For the
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larger rings it was even more pronounced.
Preliminary investigations of the cases n=15, - - -,
18 indicated highly disordered structures, and the
problem of growing good single crystals was no
easier than for the corresponding ketones.
Recently it has been found that the problem of
disorder is avoided for the 15-membered ring by
synthesizing the phenylsemicarbazone  of
cyclopentadecane.®

The phenylsemicarbazones, (CH,), -
CNNHCONHCH,, with n=8,---,18 (except
for n=15) have been studied by X-ray diffraction
methods at ca. —150°C. Preliminary investi-
gations indicated a highly disordered structure for n
=17.In the cases n=14 and 18 ordered structures
seem probable, but no good single crystals have
been obtained so far. Both are triclinic with two
molecules in the unit cell. The n=14 crystals were
extremely thin needles, while those of n=18 were
twins. The structure determinations forn==8 and n
=9 will be presented elsewhere. The results for n
=10, 11, 12, 13 and 16 are now reported.

Crystal data are given in Table 1 (Dirichlet’s
reduced cell for triclinic crystals). Data were
collected at about — 150 °C on an automatic four-
circle diffractometer (MoKoa-radiation, 20,,,, = 50°.
No corrections for absorption or secondary
extinction were made (maximum crystal size 0.4
x 0.4 x 0.3 mm). The structures were solved by
direct methods’ and refined by full-matrix least
squares technique.®>* Weights and least squares
were obtained from the standard deviations in
intensities, o(I), taken as o(I)=[C;+(0.02Cy)*1%
where Cy is ﬁ)g total numbgnS gf cc[)urTlis-,(and C’:])t e

* All programs used (except those for phase determina-
tion) are included in this reference.
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Fig. 1. Schematic drawing of the cyclodecane-

phenylsemicarbazone molecule.

Fig. 2. Schematic drawing of the cycloundecanephenyl
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Table 2. Some results for the cyclic phenylsemicarbazones (CH,),_,CNNHCONHCH with n
=10, -+ +,13,16. Final R-values, ranges for maximum r.m.s. anisotropic thermal amplitudes, angles, a,
between the planes of the phenyl rings and the semicarbazone groups, hydrogen bond lengths, and the
ranges for C—H and N —H bond lengths.

Max. r.m.s. O-N2’ C-H N-H
n R(%) R (%)  anisotropic thermal o°) A) range (A)  range(A)
amplitude range (A)
10 35 33 0.16—0.24 54 2.826(2) 097—-101 0.87-091
11 72 6.4 0.20—-0.25 142 2.855(6) 093—-1.11 0.89-1.06
12 6.4 4.7 0.15-0.24 6.3 2.894(7) 090—1.09 0.86—0.93
13 8.7 6.5 0.18—-0.23 17.6 2.897(10) 090—-1.08 095-098
16 6.3 52 0.16—0.25 8.6 2.926(4) 093—-1.08 097-098

net count. Hydrogen atom positions were except for hydrogen.!® Standard deviations in
calculated and anisotropic temperature factors  bond distances and angles and dihedral angles are
were used for oxygen, nitrogen, and carbon atoms.  calculated from the correlation matrix of the final
The form factors were those of Hanson et al.® least squares refinement.

Fig. 3. Schematic drawing of the cyclododecanephenylsemicarbazone molecule.
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The most striking aspect of the molecular
packing is the H-bonding between molecules
related by a centre of symmetry. This interaction
certainly contributes to the existence of ordered
large-ring structures. In Table 2 one may find the
R-values arrived at, the ranges for maximum root-
mean-squares anisotropic thermal amplitudes, the
angles, a, between the planes of the phenyl rings
and the semicarbazone groups, the hydrogen bond
lengths, and the ranges for C—H and N—H bond
lengths. No short inter-molecular contacts are
observed.

n=10

Final fractional coordinates with estimated
standard deviations are given in Table 3, Fig. l isa
schematic drawing of the molecule, showing the
numbering of atoms. The bond distances and
angles, listed in Table 4, have normal values within
estimated limits of error. The torsional angles of
Table 4 show that the ten-membered ring has the
[1 3 3 3] conformation,* the same as found in the
crystals of the corresponding oxime,’ but different
from the rectangular diamond-lattice confor-
mation, [23 2 3], of cyclodecanone! which has the
lowest calculated enthalpy.'*

z—

[2323] [1333]

n=11

Final fractional coordinates with estimated
standard deviations are listed in Table 5. The bond
distances and angles of Table 6 are normal within
error limits. Fig. 2 is a schematic drawing, showing
the numbering of atoms. For the cycloundecane
ring, as many as four conformations have about

* A shorthand notation for conformational type,
consisting of a series of numbers within brackets, each
giving the number of bonds in one “side”, starting with
the shortest. The direction around the ring is so chosen
that the following number is smallest possible.

equally low enthalpies.!! One of them, the
triangular [3 3 5], was preferred in the crystals of
cycloundecanone.? From the dihedral angles of
Table 6 it may be seen that this conformation again
is preferred (as opposed to the result for the ten-
membered ring). The phenylsemicarbazone group
is situated in an asymmetric position
corresponding to that of the carbonyl group of the
ketone. The eleven-membered ring of cyclounde-
caneoxime has the rather ill-defined conformation
[12323)])°

(W =0.85)
OH

(W=0.15)

/N\ou

\

[335] [12323)]

n=12

Final fractional coordinates with estimated
standard deviations are given in Table 7. Fig. 3is a
schematic drawing of the molecule, showing the
numbering of atoms. The bond distances and
angles of Table 8 are normal. Like all other known
saturated twelve-membered rings,* 312 the present
one prefers the square conformation (not of the
diamond lattice type) with approximate C,
symmetry [3333].

[3333]

Acta Chem. Scand. A 34 (1980) No. 8



615

Cyclic Phenylsemicarbazones

(£ )v°pel
(8 6027
(¢ )s°611
(£ )e*st1y
(L )Lcey
(2 )e°vil
(2 )8°p1t
(9 )B°EIY
(£ )v*91y
(g )9°911
(z )s*sges
(£ )e°*let
(9 )£°611
(8 JeE*vel

(o)

(81)68€°%
(at)cav*y
(6 )86E°T
(B1)ves*t
(21)928°1
(41)1gs°Y
(81)se6°1
(a1)2es°1
(6 )2eos"1
(6 YLov° 1
(6 dase*T
(£ )68E°T

o

(8 ),°TLe
(6 )9°8S~
(9 )g°981
(6 )g°2L~
(6 Jpees=
(8 )1°c9t
(6 )£°99=
(6 )°69=
(9 Jo°est
(8 )g°69=
(6 )9°1¢-
(£ )6°99%

(

©
o
L0 I IO IO B O B N B B B B BN ]

612
1)
610
(A%}
AR}
82
93
vo
[A%]
10
£12
SN

o)

813
913
[ A %]
V12
6d
L)
GJ
€3
12
€N
N
N

30NVLSIg

ITONV

(8

“SH°OHNOOHNND'*(*HD) 10} suoneiasp
piepuels pajewnse yyum so[Sue [eIpayip pue sd[Sue pue sIDURISIP puoq ‘g IqvL

od
(8]
syt

Frresyse
<
(S}

AR TED

AT
MIALTA
AL
EtpiT
st
LR
AR
1821t
1§18
l6'get
)E°GTT
)9°911
yec6tt
vtuet

(o)

(11)s9€°1
(6 )g8L*l
(o1)68c°1
(11)/c6°8
(e1)eestt
(81)ces*t
(B1)£es*
(B1)G16°1
(P1)61S°1
(8 )sE°1
(6 )G2°t
(6 Jeve*l

%)

119

2y

63

82

43

92

S3

¥

£2

2l

12

¢l

813 = L1D =

81J = 610 =

91 = G107 =

110 = 012 =

6) = 83 ~

43 = 90 -

G = b)) =

110 = E10 =

€3 = &) =

G1d = VI =

EN = £I0 -

2) = 13 =

19 = IN =

en = €13 -

379N

813 = (1)
919 =~ &1)
613 = v1D
113 = ¢l1d
63 = 92
£ = 93
€3 =)
€3 =27
) =1
£13 = §N
12 = IN
£1y -0
ERIT Y 34Y

(2 )eze (atyeeis=
2 revi® (at)ese”
(2 e’ (6 )¢29°
(2 Joue* (21)699*
(2 )09’ (6 )68E*
(2 )tee* (enggic=
2 e’ (zlyeme =~
(v )91g° (61)T¢po~
(v )feg® (VAN T7AL
(2 )1ss’ (Theys®=
(e )vig® (e1)6@9°~
(1 )esp’ (g )T1%=
(2 )e9s’ (z1)epi’=
(2 )gvs*® (11)6ap°=
(2 )eLL8° (aT)es2*~
(2 )g6p* (g Yug2®=
(2 )69p° (6 Yeyv'=
(¢ Joey’ (a1)Gqu’~
(2 )eep® (11)460°
(2 )eee’ (BY)GL0°~
(2 )99¢° (11)pg2°=
(2 )oug"® Ms«wwsm.-
(2 )esLc’ 6 )19G°~
(e )ise’ (at)ose’=
(2 e’ (zl)cue’~
(2 )goc* (6 )VGG*=
(2 )teg® (at)aps=
(2 )98g’ Msﬂvunn“-
(e ivip® 6 )8aLt~
(¢ Jepee’ (g1)oegt’®
(¢ )r68%° (9t)eyue*
(¢ Jevaee* (91)000g°
(¢ )eggo9e’ (pT)becg®
(€ )1ere” (g1)489%°
(£ )e9e6* (g1)6891°
(€ deenb® (9t) L1t~
(£ )s96v° (21)£246°~
(£ )vogs® (9l)beuig®=
(£ )eses* (p1)sece’=
(€ )oses* (91)GpB1°~
(£ )tusy* (glyvege’=
(€ )veer* (¢1)urut’=
(£ )geoe’ (yV)6t2’=
(€ diove® (G1IGLEP° =
(£ )661¢° (91)9648°=
(¢ )eeee* (G1)6£66°=
(£ Yoessg* (G1)8449°~
(£ )gLev* (61)6416°=
(2 )eees’ (21)s900°=
(2 )eesevr” (11)2¢61°=
(2 )ee6c” (zryesve’-
(2 )geer* (e1)veeT”
z A

)po2* oIl
Jgge*® gl
Yegs® L
YiLv® 9iH
YLev”® GIH
Jgee®
)GEp® Sivh
uc“v“ eeln
Wﬁ.%m. u.%“u,
HIA
Jeve® cuty
Jgee® Ttk
yeut’ ¢oh
Jautr® Tell
I6ta° cal
RINT N 1oH
. o
A
)RS0 - eyl
19it
JoGu°t- Gl
)££3°
Jger® e
)L5u° ToH
ey 2o
e o
. .
HAT.
YLIE” 612
)99uE* 812
Y6L9R" 1)
sy 912
T T2 G619
L YY4% v12
Yyeer® $19
yeeas® e12
J6uye* 113
Ye6se’ Lyl
)6491° ]
Yaven® 8)
JecpD*® L3
Iaegtt= 93
Yewuto® S92
Yetel® v
Ipsgl’ £3
yte¥2° (%]
Jivoe® 12
L PA N
)6Euv*® CN
PR ¥44% N
Jivey* 0
X KHOLY
‘(Bunr (Ausyd

oy3 w) ¥ 03 papuoq st “H ‘EN Pue ZN 01 papuoq
a1e ¢NH Pue ¢NH ™D 031 papuoq are | pue 'Y
SHPOHNOODHNND ' (*HD)10j SUONBIASp pIepue)s
POIBWINIS YA S3JBUIPIOOD [BUOLORY [RUL] */ 3]V

Acta Chem. Scand. A 34 (1980) No. 8



P. Groth

616

(T )eoclt
(T )eoe2t
(T )02l
(T )eunll
(1T )*s1l
(L )*ell
(T )enll
(T 11t
(T )31l
(L)1t
(1 )ee62l
(T )21
(T )11
(T )e*set

(T )e€°1
(1 re€°1
(1T )Le°1
(T )19S°1
(1 )2s°1
(T 19S°1
(1 )8S°1
(T )0S°1
(T )0s°1
(T re"°1
(1 )ee°t1
(T )o%°1

(1 )°96~
(1 )°9s1
(1 )°2L-
(1 )°LeL~-
(1 )°get
(T ) °ye=~
(1 )°2¢L-
(1 )°gyt
(1 )°Ls-
(1 )*En=-
(1 )*uLt-
(1 )°c91~-
(1 )0y
()
610 - 81d -
610 - 020 -
L1D - 910 -
219 - 119 -
010 - 63 =~
8) = L0 -
9) - g3 =~
%) = €0 -
£10 - 10 -
023 - S10 -
S1J0 - €N =
€10 - 10 -
%10 = 2N -
€N = 910 -
39NV
610 - gl12
L1 - 912
912 - S12
21l - 110
010 = 60
8L = LD
90 - 82
%) = €2
€10 - 12
S10 - €
212 - 2iv
2k = TN
3ONVISTIO

22

€12
21
1o
012
62
82
L2
92
%)
%2
€2

- 10
- €l
- 21
- 11
-0t
- 6J
~ 40
- L
- 90
- 93
- %)
- €0
- 2

379NV

L1
S12
S1
012
80
92
L2

25
€n
912
1
13

"H’DHNOOHNND?'(*HD) 10} suoneiasp
plepuels vugwﬁ:ﬁmu gim mommqm [eIpaygip pue moﬁwnd pue moocaﬁw_mu puog ‘01 qu ],

U|N~Ul
J - 110 =
J - 013 -
J=-63 -

WHA3IKIA

yeo2t
)*02t
)*021
1°ETT
IR A8t
IR AR
1911
IAE-18 ¢
PRS2 ¢
IBE-18¢
) €2t
yeernt
)81
Y611
yeeen

()

(T )gee°t
(T )ee°t
(1 1ge°1
(L )gs*1
(T )nge1
(st
(T )os°1
(1 )ss°1
(T gs°1
(L)tse1
(T )e1
(1 )og“t
(T )reet

(82
o

%10
30N

612

~
-
©
LU I ]

«©
o
L I |

<
-
o
LI R R B I I |

v1SI1a

(€ )v10°
(9 )811°
(€ )162°
(% )19¢€*
(S )802°
(% )g2H°*
(% )STH*
(% )L€€°
(% )90€*
(% )LGn°®
(v 1€25°
(% )6158°
(% )LS9°
(S )6sE"
(€ )0%E*®
(9 )92n°
(€ r882°
(% )5€€°
(% )L81°
(# )1802°
(€ )281°
(v )121°
(% )800°
(% Y100°
(€ )210°
(€ )LL0°
(v 1922°
(€ )8s1°
(v )921°
(2 )sLt°
(S )6921°
(% )2.80°
(S )68n1°
(S )96H2°
(% )2062°
(S )9822°
(S )66SE*
(S )969€°
(S VELTY®
(S )98L%°
(S 1651%°
(S )S2LE®
(S )S00€°
(S )1861°
(5 )28el”
(S 199%0°
(S )80L0°
(% )L091°
(9 )2sL1°
(% )09.2°
(9 )6992°
(E )1299¢€°
(% )8922°
(€ )9EEH*

z

(s
(z
(s
(9
(L
(9
(9
(¢
(9
(9
(9
(9
(9
(V3
(s
(9
(S
9
(9
(L
(s
(9
9
(L
(s
(s
(9
(s
(L
(%
(¥
(2
(L
(L
(L
(8
(8
(L
(L
(V2
(8
(8
(V3
(3
(L
(L
(8
(L
(L
(73
(9
(9
(9
(s

1604 =
18€9° -
)S%9°-
)0o€ =
)Tlg°-
)SET*
y2ee
YELY®
)995*
y6LH*
)8L9°

) 195
)22
)wEL"
RN
19¢6°
)921°1
)8S0° 1
19%0°1
)698°
)606°
)%S0° 1
)598°
)ST6*

) 129°
)LE9®
)S%9°
)68G°
)0SE*
)ETye
)2562°~
)2EQ0%° -
)8SHS° =
) 009G~
)vleE°-
)%0G2°~
) LSS0~
)EOO®*
)060S°
y91g9°
yLoLL®
)6206°
)0620°1
y2vL6°
)EWS6*
)8958°
16089°
1€l6S”
19914
)SOEE"
)0%60°~
16%01°
) T1L61°
)96HT°~

A

9
(¥
(S
(9
(8
(S
(L
(L
9
(8]
(9
9
73
(8
(9
(9
(s
(9
9
(L
(s
(9
(9
(L
(s
(s
(L
(s
(L
(»
(8
(8
(6

(8
(8
(6
(8
(8
(6
(8
(8
6
(6
6
(6
6
(8
(8
(8
9
(L
(L
(§-1

vers

yLw8"® 6TH
)S68° 81H
) 0€8* LTH
ye2L® 91H
1299 ENH
)89%* 2NH
1912 2€TH
yente 16 H
) 509 221H
)2ty 121K
yLs2e 2TTH
yg21e TTIH
yL10°- 20TH
Y T%0° 10TH
yto€e 26H
ys02° T6H
)GET* 28H
)6€0°~ 18H
)500°- 2LH
)2so* TH
)59€° 29H
ysaze T9H
) v29* 2SH
)%902° TSH
)9EE*® 2oH
yiste ToH
yg62° 2€H
)18%° 1€H
Y22y 22H
yotze 12H
)99, 022
)EELB® 612
)98%Y° 812
YE9TE® L1D
)68SL° 912
)81EL” S12
)1609° %12
) 0892° €12
)9EEE” 210
)8S61° 1o
12980° 012
)88LT° 62
yL180° 82
)8060° k)
Y6492° 92
) 1662° 1)
yLLLe: TR)
) 1SSE*® £
)BLEE® 22
)90L€E" 1
) 1299 €N
)1925° 2N
)606%° "
)6829° 0
X WOLY
‘(8unr [Auoyd

oy w) ¥ 03 papuoq st “H "¢N PU® ZN 03 papuoq
aIe eNH Pue NH D 03 papuoq a1e Y pue *“H
“SHPDHNOOHNND®H(*HD)10J SUOneIAsp pIepue)s

MAIPITITICA IMTA CAIDITINTANA IDITATIADTIT IDIIT ¥ * 7 21anTy

Acta Chem. Scand. A 34 (1980) No. 8



c18

Cc19

c8

Fig. 4. Schematic drawing of the cyclotridecane-
phenylsemicarbazone molecule.

It should, however, be pointed out that for the first
time no signs of disorder for this ring size can be
observed.

n=13

Final fractional coordinates with estimated
standard deviations may be found in Table 9. The

[12433]
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c8 c9

Fig. 5. Schematic drawing of the cyclohexadecane-
phenylsemicarbazone.

bond distances and angles of Table 10 are normal
within error limits. Fig. 4 is a schematic drawing of
the molecule. Only one crystal structure
determination of a saturated 13-membered ring
has been reported.> The conformation could
formally be described as the triangular [3 3 7] with

__OH

03371
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Table 11. Final fractional coordinates with estimated
standard deviations for(CH,), sCNNHCONHC:H,.
H, ; and H, , are bonded to C,. HN2 and HN3 are
bonded to N2 and N3. H,, is bonded to C,, (in the
phenyl ring).

ATOM X Y 4
0 -.2048( 3) «9480( 2) =s5128¢( 2)
N1 =.0272( 3)  W7556( 3)  =,3417( 2)
[\ -.0385( 3) «8623( 3) =e3994( 2)
N3 -.3142( 3)  TS2R( 3)  =,4415( 2)
cl «1124( 4) «T660( 3) ~2773¢( 3)
€2 .2669( 4)  .BB4I( 3)  =,2561( 3)
c3 «4240( 4) «8595( 3) =.2240( 3)
Ch «5728( 4) «9850( 3) -+1820( 3)
€S «7331( 5) «9721( 4) =e1784( &)
cé 0 7626( 4) «8611( 4) ~e1180( &)
c7 «T7676( 4) <8674 ( 4) «0136( 4)
c8 «8029( 5) «T548( 4) «0719( 4)
€9 JB049( 5)  JTS21( 4)  ,2027( 4)
cio «6363( 5) oT1RA( &) 02232( 3)
cn «5223( ) «STT1( 4) «1815¢( 3)
€12 435100 5)  +5451( 4)  ,1967( 3)
ci3 «2568( 4) «6203( 3) «1247¢( 3)
Cia «2206( 4) «5901¢(¢ 3) -.0089¢( 3)
cis «1526( 4) «6804( 3) =e0792( 3)
€16 +1146( 4)  .6489( 3)  =,2142( 3)
ci7 -.18386( 4) +8598¢( 3) =e4562( 3)
cis =e4815( 4) o 7276 ( &) =e4803¢( 3)
ci9 -.5850( 4) «6093( 3) =:4576( 3)
c?20 ~aT499( 4) «5769( 4) =e4913( 3)
C>21 -.8150( 4) 06622( 4) =e5469( 3)
C2? -.7118( 5) «TBl4( &) =e56T76A( 3)
€23 =.5467( &) 48151( 3)  =,5358( 3)
H?21 =e935( 3) «639( 3) =-e573( 2)
H22 =, 759( 3) W42 ( 3)  =e610( 2)
H31 «438( 3) otlé( 3) -e296( 3)
H32 «423( 3) «EO06( 3) =e158( 2)
Ha1 J5760 4)  1.U16( 3)  =409R( 3)
Ha2 5620 4)  1.057( 3)  =.227( 3)
H&1 «B15( 4) leN46( 3) -e138¢( 3)
H&2 +735( 4) «967( 3) -e260( 3)
HA1 «B8T7( 4) «H865( 3) -e127( 3)
Ha2 «678( 4) «T77( 3) -e159¢( 3)
HT1 $666( 4) 8670 3) «031( 3)
H7?7 «853( 3) «957( 3) «051( 2)
Hal $907( 4) JTSA( 3) $065( 3)
He2 «720( 4) «665( 3) «023( 3)
HQ1 «B82( &) oB43( 3) «246( 3)
Ha2 «Bal( 4) oOTA( &) «23H( 3)
H101 S584( 4) $780( 3) .182( 3)
Hl02 «646( 4) T2 &) «308( 3)
H1T1 .566( 4) 5220 3) .223¢ 3)
H112 «515( 3) «551( 3) «096( 3)
H171 .303( 3) 567( 3) .280¢ 2)
H122 2820 4) C44R( 3) «173¢ 3)
H131 .318( 3) $712¢ 3) .149( 2)
H132 156 4) «6N1( 3) o144 ( 3)
H141 £139( &) «497( 3)  =.031( 3)
Hl14? o324 3) «5499( 3) -e030( 2)
H181 «238( 3) 77T 3) -e052( 2)
H182 «052( 3) 6&77( ?) -eN63( 2)
H1A1 «009( 3) «S69( 2) -e248( 2)
H162 «199( 3) o618 ( 2) -e230( 2)
HN2 «054( &) 0931 ( 3) ~e&ll( 3)
HN3  -.280( 3) (6920 3)  =a396( 2)
H19 -e536( 3) «551( 2) =-e420( 2)
H?20 ~«B10( &) 0494 ( 3) o476 ( 3)
H21 «266( 3) $G37( 3)  =e193( 3)
H>2 «263( 3) «C32¢( 3) -e325( 2)
H23 ~a470( 3) GN4( 2) -e544( 2)

acalculated conformational strain enthalpy as high
as 32.6 kJ/mol (relative to the lowest one, the
completely irregular quinquangular [124 3 3]).!!
From the dihedral angles of Table 10 it is clear that
the present conformation is the same, [377].
However, as pointed out earlier,’ the strain
enthalpy calculations were based upon quite
different torsional angles about C1—C2 and C2
—C3, than those of Table 10. The site of the
phenylsemicarbazone group is different from that
of the oxime group. As opposed to the
cyclotridecaneoxime structure, no disorder is
observed.

n=16

Final fractional coordinates with estimated
standard deviations are listed in Table 11. Fig. 5isa
schematic drawing of the molecule. Bond distances
and angles, listed in Table 12, are normal. For
cyclohexadecane the square [4444] confor-
mation, being of the diamond lattice type, has the
lowest enthalpy,!! This is also the one indicated by
infrared spectroscopy of the low-temperature
crystal,!> and the one found in the crystals of
1,1,9,9-tetramethylcyclohexadecane.!* Attempts to
solve the disordered structure of cyclohexadec-
anone have not been successful.! The
cyclohexadecaneoxime structure is also dis-
ordered.’ The dihedral angles of Table 12 show
that the present 16-membered ring has the
conformation [3 4 4 5] with a calculated enthalpy
as high as 13.4 kJ/mol relative to [4444].1* It

\
N
S/

[4444] [3445]
should be noted that the site of the
phenylsemicarbazone group, somewhat un-

expected, is at a “corner” atom.
The phenylsemicarbazone group has clearly a
more pronounced ring disorder reducing effect

Acta Chem. Scand. A 34 (1980) No. 8
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Table 12. Bond distances and angles and dihedral angles with estimated standard deviations for

(CH,),sCNNHCONHC H.

DISTAMCE (A)

0 - 17 1.239( &)
Nl = €l 1.,293( 5)

N3 - C17 1.391( R)

Cl - ce2 1.521( 5)

c2 - ¢3 1.542¢( A)

C4 ~ 5 1.542( &)

c6 - 7 1.582( &)

c8 - (€9 1,552 6)

clo - C11 1.535( A)

Cl2 - 13 l.5461( 5)

Cl4 - C15 1.533( &)

Cl8 - 19 l.408¢1 &)

Cl9 - 20 1.300( &)

c2l - C?2 lebndt &)

ANGLE (Ag)
0= Cl7 - N2 121.1( 4)
N2 = N1 - Cl N7.7¢ 3
Nl = Cl = C2 125.9( 4)
N2 = C17 = N3 114.0¢( 3)
N3 = C18 = C19 116.4( 3)
Cl = €2~ G3 116.3¢ 3
Cl - C16 = CI15  1711.7¢ 3)
C3 - Ccé4 - C5 115.0( 4)
€5 = C6 = CT  114.7( &)
c?7 - ¢8 - ¢9 115.8¢( 4)
C9 = C10 = C11  114.1¢( 4)
Cl1 - C12 = €13 114.4¢ 3)
C13 = Cl14 = C15  113.7( &)
Cl18 - C19 - C20 120.4¢ 4)
Cl8 = C?3 - C?2 119.7¢ 4)
c20 - C21 - C22 119.3¢ &)

DIHFDRAL ANGLE

ci6 - c1 - c? -
cl - e2 - C3-
c2- c3- C4-~-
€3 - ¢4 - C5 -~
C4 - €5 - Ch =~
c5 - €6 - CT -
c6 - 7 - C8 -
c7T - 8- €9 -
c8 = €9 - Cl0 -
¢9 - 10 - 11 -
€10 - ¢cii - c12 -
€11 - ¢ci2 - c13 -
€12 - C13 - Cl4 -
€13 - C14 - C15 -
C14 - C15 - Cl6 -
€15 - C16 = Cl1 -

than the oxime group. Although the 17-membered
ring still is a problem, it might be possible to obtain
the crystal conformation for n=18.

Lists of thermal parameters and observed and
calculated structure factors are available from the
author.
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.
DISTAMCE (A}

N1 N2 1.413C 4)

N2 - 17 1.379( 5)

M3 = €18 1.426( 5)

Cl = €16  1,527( %)

€3 = C4 1,535( 5)

C5 = €6 1,523( 6)

C7 = €8  1,548( 6)

C9 = €10  1,561( 6)

Cll = £12 1.563( 6)

Cl13 = C14  1,540( 6)

C1% = €16  1,557( 6)

ClA = €23  1,420( 5)

C?0 = €21  1,399( 6)

C?e =~ €23 1.390( )

ANGLE %)
0= Cl7 = M3  124,9( 4)
MY = N2 - C17 118.6( 3)
Ml = Cl = €16 114.8( 3)
Cl17 = M3 = C18 127.6( 3)
N3 = ClE = C23  124.2( 4)
c2 - Cl - Cl6e 119.2( 3)
€2 = €3 - C4& 112.4( 3)
Ca - C5 = C6 116,0( 4)
C6 = C7T = C8 112,7( 4)
cs - C% - Clo0 113.8( 4)
C10 = Cl1 = C12 114,0( 4)
Cl2 - C13 = Cl4  113,9¢( 4)
Cl4 = C15 = C16  113.6( 4)
Cla = Clt = €23 119.4( &)
Cl9 = C20 = C21 120.,4( 4)
C21 = (22 = €23 121.3( &)

(%)
c3 28.8( 5)

C4 =169.,2( 3)
cS ~165.2( 4)
ceée -48.8( 6)
c7 ~6l.4( 5)
ca =178.,3( 3)
co =17643( 3)

c1o 69.5( 5)
Cll1 70.6( 5)
c1e =177.3¢( 4)
C13 62.6( 5)
Cls €3.2( 5)

Ci5  =170.4( 3)
Cl6  =179.4( 3)
€l =157.2('3)
c2 65.4( 5)
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