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Crystal Conformation of Cyclotrisar-
cosyl at —160 °C
P. GROTH

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

To_account for the relatively high observed
resistance to ring inversion in cyclic oligope?-
tides of sarcosine with the general formu

transannular interactions between N and C
(carbonyl) were suggested.!* X.Ray crystallo-
grz,_ghie results for the cases n=4, 5, 7, and
8 do not support this assumption, and the
explanation should be sought in the intrinsic
conformation of the peptide chain itself.* The
NMR-spectrum for eyclotrisarcosyl,! consisting
of one singlet for N-methyl and one quartet for
CH, (intensity 9:6), shows that all amide groups
have the same configuration. Since they cannot
all be trans in a nine-membered ring, they must
all be ¢is. In order to confirm this clear con-
formational evidence an X-ray crystallographic
investigation of cyclotrisarcosyl ﬂas been per-
formed.

The crystals of C,H,;N;O, belong to the
monoclinic system, with cell dimensions a=
12.902(6) A, b=12.342(6) A, c=13.213(6) 4,

Table 1 A. Final fractional ‘coordinates and thermal parameters with estimated standard
deviations for molecule A. The expression for anisotrc:l)\gig vibration is exp[2#*(h%a*2U1l +-.- +
2klb*c*U23)]. Hmn is bonded to Cm and HMmn to CMm.

ATOM X Y ? ult
o1 1.04361(19) «79235¢20) «P6711(18) ,0308(15)
02 «74135(25) »54818¢24) #15767(24) ,0483(23)
03 L68231(19)  ,93343¢19)  .11529(18) ,0352(17)
N1 .85337(22)  ,92012¢21)  .14911(21) ,0263(18)
N2 294627(23)  ,07447¢23)  ,15504(24) ,B313(18)
N3 JAUR13(29)  ,71224728)  ,21858(25) 0275(26)
cL .94346(25)  ,A7060027)  ,19917(24) ,0234(22)
c2 «87903¢30) «64475¢28) «23947(29) ,L,0379(25)
c3 J72767(31)  ,B216A(33)  ,25547(28) ,0284(26)
(13} «98269(28) «77536¢27) «13679(26) ,0194(21)
cc2 «76777(33) 463184 ¢35) 20242(33) ,0370(28)
ccy o79440(27) .89598¢28) «16683(27) ,L0315(22)
CMy «87478(28)  ,99957¢28)  .006987(27) ,04P8(24)
cN2 .97682(32)  ,58508¢32)  ,P8937(33) ,0378(27)
cuy «59247(45) «69752¢42) «18222(36) ,0289(4%)

ATOM x ] z (]

W11 ;9272' 1) 28305(¢ ¢) 022230 1) «9¢ 8)
Ha2t »8867¢ 1) «6995¢ 1) o2952¢ 1) t1.2( 6)
M3 »7829¢ 2) JB144( 2) «3069¢ 2) 1.4¢ 6)

WMLy p9421¢ 2) 1,8365( ») $0845(¢ 2) 2,0(11)

HML3 87160 2) .9702¢ 2) .0032¢ 2) J.2¢ 0)

HM22 p92168¢ 2) »5293(C 2) «8857¢ 2) 2.8¢C 9)

HM3 oS641t 2) #6268( 3) +2086¢ 2) 2.0¢ 7)

LLE A o5432¢ 2) «7535¢ 2) «2103C 3) 3.5¢ 8)

Table 1 B. Final fractional coordinates efc. for molecule B.

ATON x Y ? Ut
3} «91929(19) +81499,20) 2 44378(18) ,0351(15)
n2 LBB377(28)  ,5B271¢24)  ,76469(24) ,8716(23)
03 L85054019)  ,96538¢10)  .78431(18) ,0429¢17)
N1 .81048(22) «93428¢21) +61935(21) ,0327(16)
N2 .86055(23) +68816¢23) «55272(24) ,0323(18)
N3 #787671(29) 473363¢28) «79199(25) ,P724(26)
cs 77140(25)  ,86688¢27)  ,53713(24) .B272(20)
€2 o78448(30)  ,64413¢28)  ,62265(29) ,P445(25)
c3 J72870(31)  B2551¢33)  ,75479(28) ,0453(26)
cct .05556(28)  .786@1¢27)  ,58689(26) ,0296(21)
[13] .02244(33)  ,65166¢35)  ,73288(33) ,8500(28)
ccy L80142(27)  ,91427¢28)  ,71980(27) .8299(22)
(1,0 LB8186(28) 1,020875¢28)  ,58957(27) ,B483(24)
cM2 ,94548(32)  .61441(32)  ,52778(33) ,0455(27)
CM3 L82815(4b)  ,73785042)  ,89694(38) ,1111(45)

AtoM x Y z [

LI} J7556¢ 1) .9088¢ {) LA751C 1) 1,70 8)
Hat J777¢ 1) .5659( 1) 60770 1) 244C 6)
H3{ .6864( 2) .8608( 2) J8147¢ 2) 4,30 6)

HMiL .8663¢ 2)  1,0883( 2) L63180 2)  2.0(11)

HHMLY L8680( 2)  1,0383¢ 2) .5166( 2)  2.8C 8)

HM22 .9845¢ 2) JS5875¢ 2) .5880(¢ 2) 2.8( 9)

HM3L L7828¢ 2) .7868( 3) .9408( 2)  2,8¢ 7)

HM33 Juaae 2) L7740¢ 2) .8991¢ 3)  2.0¢C 6)

u22 U3l ui2 TS u2s
WH274€15)  (MI36(14)  L0041(13) ,7BB1(12) «,0006(12)
$0154(19) ,B383(24) =,U078(18) =, ABB1(19) »,0043(17)
W0283€14) ,M455(18) ,0847(13) =,n@81(12) ,3049(12)
SM1B3(15) ,0253(16) ,0041(C14) ,L2030(13) ,2027(13)
J0168(17) ,0258(20) ,0031(15) ,A020(15) «,8028(185)
$0155(21) ,0366(21) ©,0062(21) «,@024(19) »,3019(17)
L0182€19) ,P264(19) =,8029(17) »,ARA5(16) =,AB37(18)
JP126(19) ,9256(25) L0017(19) ~,0013(20) ,@002(18)
«0181(24) ,0284(21) «,0009(22) ,8023(19) «=,0015(19)
«0240(19) ,0219(20) ,B033(17) «,R834(17) ,0014(17)
«B184(25) ,0209(28) =,0056(23) =,9031(23) ,0078(23)
«0150¢€19) ,0275¢22) ,0017(18) «,A024(18) «,0082(17)
.0318(20) ,A382(22) ,8055(18) ,@037(18) ,2089(17)
+0209(24) ,0410(32) ,0084(21) ,@050(23) «=,3064(22)
A0286(36) ,0597(30) «=,8052(34) «,0005(29) w,2021(26)

Atom X v 2 []
H12 1.0004¢ 1) $9239¢ 1) «2043¢ 1) 1,2( 6)
n22 .9833¢ 2) «5734¢ 2) £2631¢C 2)  1,6¢ 6)
H32 L6644C 2) «8834¢ 2) o2862¢ 2) 2,3¢ 7)
HM12 «8177¢ 2) 1,0551¢ 2) 0678C 2) 2,8C 8)
HM2Y 1.0049¢ 2) 26136¢ 2) .0280(C 2)  3.4( 8)
HM23 1,0428¢ 2) .3508¢ 2) J1169C 2)  2,0( 9)
HM32 25885¢ 2) £6984¢ 2) J1077¢ 2y 2,08¢ 9)

va2 V33 u12 u13 vas
L0367(15) ,0280014) ,0017(13) ,A069(12) »,2062(12)
0480(19) ,0761(24) »,0118(18) «,0340(19) ,8342(17)
3(14) 0280(15) =,0116(13) ,0002(12) »,0A67(12)
«0204(185) 30(16) =,0842(14) ,0002(13) «,0003(13)
«B207(17) ,0409(20) ,0023(15) «,A877(15) ,8014(15)
«0370€21) ,0346(21) =,0245(21) «,0204(19) ,0142(17)
«0211¢19) ,0218(19) ,PB25(17) «,0813(16) ,0004(13)
+0168(19) ,0436(25) «,0098(19) =,0199(28) ,0089(18)
J0449(24) ,0238(21) »,0187(22) ,0813(19) ,0828(19)
$0233€19) ,0224(20) =,8022(17) =,2096(17) «,8085(17)
«0338(25) ,0482(20) «,8203(23) »,0182(23) ,0236(2))
.0224(19) ,0295(22) =,0022(18) ,08042(18) «,8021(17)
.0219¢28) ,A295(22) =,0061(18) ,AB6B(18) =,2004(17)
20274(24) ,0644(32) ,B134(21) «,0230(23) =,8152(22)
«0640(368) ,0410(32) ,0358(34) «,A338(29) ,01358(26)

ATON H Y ? 8
H12 J057¢ 1) «8286¢ 1) #8559¢ 1) o9C 8)
W22 J189C 2) W6778( 2) J6101C 2)  1,3( 6)
H32 J6789¢C 2) .8022¢ 29 L6961 2)  2,4( 7)
HM12 .9524( 2)  1,0027( 2) #5952( 2)  2,2( 8)
HM2( .9168¢ 2) «5473¢ 2) +4896¢ 23 2,8C 8)
HM23 J9974¢ 2) «6520( 2) .4785¢C 2) 3,20 9)
HM32 .8286¢ 2) £6596¢ 2) .9285¢ 2)  B,3¢ 9)
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Table 2 A. Bond distances, bond angles and
dihedral angles with estimated standard devia-
tions for molecule A.

DISTANCE ) DISTANCE 13}
01 @ CC1  1,237( 4) 02 = cC2 235¢ 4
03 o CC3  1.235¢ 4) Ni o CM1 ::nu 9
N2 = CM2 1.,469( 4) N3 « CM3 1,462¢ 5)
Nie €1 1.463( 4) N2 = €2 1,460( 4)
NI e €3 1.474¢C &) Ni o~ €C3  1,335( 43
M - cct L3ssc 4) N3 = CC2  1,349¢ &)

- . ) €2 - cC
€3« CC3  1,535¢ 8) 2 Leises

ANGLE ) ANGLE )

01 = CCt w €1  119.4( 3) 02 eCC2e €2 119,7¢ 3)
03 = CC3 = €3 11801¢ 3) 0L = CCL » N2 121.3¢ 3)
02 » Cc2 = N3 12609( 3) 03 » CC3 = NI 122.3¢ 3)
€l =Ccl e N2 115.2( 3) €2 » CC2 « N3 110,4¢ 3)
€3 eCc3» Nt 110.8¢ 3) CHi e Nt e CL  11606( 3)
CH2 e N2 = C2  115.8( 3) CH3 @ N3 ® C3  116,8¢ 3)
CML o Ni e CC3  117.7¢ 3) CH2 » N2 » CCI  118,8¢ 3)
CH3 = N3 = CC2  118.3( 3) CC3 = Ny e €1 128,7¢ 3)
€Cle 2w C2 12507(3) €C2 = N3 s €3 124,1¢ 3)
NL e CiwCCL  110,2( 3) N2 = €2 eCC2 t1E,6¢ 3)
N3 = €3 . CC3  f1007¢ 3)

DIHEDRAL ANGLE 34}
Nie C1aCCle N2  w91.7¢ &)
ClecClio N2w C2 «6.7¢ 5)
CC1 = N2 o €2mCC2 1021 &)
N2 €2 aCC2a N3 101.3 3)
C2=CC2ae N3 o €3 10.5¢ 5)
CC2 e NI . €3 e cCC3 87.7¢ &)
N3 @ C34CC3a NI «104.6¢3)
€3 acC3a Nt C1 8.3¢ 5)
cC3 e Ni.o Cf » CCt 93.5¢ 4)

Table 2 B. Bond distances efc. for molecule B.

DISTANCE 13) DISTANCE 139)
01 = CC1  1,233¢ 4) 02 = CC2 1,232 8)
03 o CC3  1,232( ) Vi e CHI  1,465¢ 4)
N2 = CM2  1,466( 5) N3 = CH3 1,476 5)
Nl e €1 1,466( 4) N2 e C2  1,462( 5)
N3 e €3 1,448( 8) Nt = CC3  1,357¢ 4)
NI o CC2  1,358( 5) N2 = €Ol 1,352C ©)
€1 e CCI  1,518¢ 8) €2 = CC2  1,533¢ 5)
€3 « CC3  1,516( 5)

ANGLE ) ANGLE Q)
0y = Cct » €t 118.6¢ 3) 02 = CC2 = €2 118,5( 4)
03 = CC3 » €3 118.3C 3) 01 = CCi = N2 122,3( 3)
02 « CC2 » NI 122.3( &) 03 = CC3 » N1 122,0( 3)
€1 = CCl e N2 119.4C 3) €2 « CC2 @ N3 119,2€ 4)
€3 e Cc3 e N{ 115060 3) CML = N1 = €1  115,8¢ 3)
M2 e N2 e C2 115,00 3) M3 e N3 » €3 §17,9¢ &)
CMl o Ni e CC3 117,40 3) CM2 = N2 w CCI  119,0¢ 3)
(M3 o N3 e CC2  116.8( 4) CC3 = Ny Cf 125,7C 3)
CCl » N2 e €2 125.0( 3) €C2 « N3« C3 124,40 1)
N{ = cf = CCI  1BY.3( 3) N2 e €2 @ CC2  §11,7¢ 3)
N3 e €3 e CC3  110,3¢ 3)

DIMEORAL ANGLE )
Nf e C1eCCle N2 91,0¢ 4)
C1»CCle N2a C2 7.3¢ 5)
CCla N2 e C2eCC2 ~102,8( 4)
N2 e €2 e CC2 m N3 99,7¢ 4)
€2 CC2a N3w C3 =9.9¢ 6)
CC2 = N3 o C3 = (C3  =B6.8( 4)
N3 e C3aCClw NI  107.8( 4)
€3 CC3a Nl o Cf  =1.9(5)
CC3 = Nl o Cl »wCCL  =91,7( &)

p=90.82(4)°, space group P2,/n, and eight

molecules in the unit cell (Dy=1.33 g cm™3,
D;=1.34 g cm™). At room temperature the
crystals are to some extent destroyed by the
radiation and data were therefore collected at
—160°C (automatic four circle diffractometer,
MoKua-radiation, 2439 observed reflections). No
corrections for absorption or secondary extinc-
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tion were applied (crystal size 0.5x0.3x0.3
mm?).

The structure was solved by direct methods *®
and refined by full-matrix least-squares tech-
nique.’® * Methylene hydrogen positions were
calculated. Methyl hydrogens were localized in
a difference Fourier map. Anisotropic tempera-
ture factors were introduced for O, N, and C
atoms, and weights in least-squares were cal-
culated from the standard deviations in intensi-
ties, o(I), taken as

a(I)=[Cyp+ (0.020y)* 1}

where Crp is the total number of counts and
Cy the net count. The final weighted R-value
was 4.5 9% (conventional R=5.0 %) for 2439
observed reflections. The form factors used were
those of Hanson et al.'! except for hydrogen.i2
Final fractional coordinates and thermal
parameters for the two independent molecules
(A and B) are given in Table 1 A and Table 1 B.
From the temperature parameters of these
tables the principal axes of thermal vibration
ellipsoids were calculated. Maximum r.m.s.
amplitudes range from 0.17 A to 0.38 A. No
rigid-body analyses have been carried out.
Bond distances and angles and dihedral
angles are listed in Tables 2 A and 2 B. The
standard deviations (in parentheses) are esti-
mated from the correlation matrix of the final
least-squares refinement cycle. The two inde-
pendent molecules have the same ‘crown’
conformation shown in Fig. 1, which is the only
conformation consistent with NMR-data.*
Average values of bond distances and two
of the bond angles at nitrogen in the N-methyl
amide groups are compared with earlier find-
ings %1* in Table 3. It may be seen that the
average (C~N-—-CC) cis angle of tricyclo-

* All programs used (except those for phase
determination) are included in this reference.

CM1 01

Fig. 1. Schematic drawing showing the molec-
ular conformation.
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Table 3. Average bond distances and angles for the
cases n=3,4,% 5,7, and 8.

n= 3 4 5 7 8

Distance (4)

cc-¢C 1.624 1.525 1.527 1.534 1.530
CC—N 1.351 1.346 1.344 1.343 1.345
cc-0 1.234 1.224 1.228 1.221 1.232
C-N 1.462 1.454 1.456 1.449 1.453
CM—-N 1.468 1.466 1.483 1.446 1.487
Angle (°)

(CM—N—CC)cis 118.0 117.9 118.7 118.6 118.6
(CM~N-CC)trans — 123.8 123.8 122.8 123.5
(C—N—-CC)cis 125.3 123.56 123.8 123.7 122.8
(C—N-CCjtrans - 116.1 117.2 118.4 117.56

% Due to the more accurate data, the values are
taken from the cycloalanyltetrasarcosyl structure.!?

sarcosyl is somewhat greater than those of the
larger rings. It should also be pointed out that
the significantly longer CM —N bonds of eyclo-
penta- and cyclooctasarcosyl are possibly con-
nected with the fact that for these compounds
methyl hydrogens were not included in the
calculations.

There are no short inter-molecular contacts.
A list of observed and calculated structure fac-
tors is available from the author.
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Crystal Conformation of Cyclodeca-
sarcosyl. 4CH;OH at —160 °C

P. GROTH

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

With exception for the case n=26, the crystal
structures of cyclic oligopeptides of sarcosine
with the general formula I are known.’*~f For

n=2, 3, 4 and 8 the conformations could be
predicted on the basis of NMR data.? For n =15,

c7

7'

c?

Fig. 1. Schematic drawing of the molecule.
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