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The Crystal Structure of the Copper(II) Complex of L-Isoleueine 
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The crystal structure of bis-(L-isoleucinato)copper(II) monohydrate has been determined in order to 
discover typical conformations of the biologically important amino acid L-isoleucine. This is a cis copper 
complex, and the copper atom has fivefold coordination with its nearest neighbors disposed approxi- 
mately in a square pyramid. The two isoleucine residues within a single molecule do not have the same 
conformation, and only one of the chelate rings is puckered. All amino and water hydrogen atoms are 
involved in hydrogen bonds which form layers of molecules parallel to (010). The crystals are ortho- 
rhombic (space group ° P212121) and have four molecules in a unit cell whose dimensions are a=9.451, 
b = 21.674, c= 7.629 A. 

Introduction 

The determination of the crystal structure of bis-(L- 
isoleucinato)copper(II) monohydrate was undertaken 
because of the importance of the L-isoleucine 
residue as a constituent of most proteins. A detailed 
knowledge of the most stable conformations of the hy- 
drocarbon chain of this amino acid will be of great 
utility in structural studies of proteins and peptides. 
This investigation has confirmed the observation that 
the hydrocarbon chains of L-isoleucine tend to lie in 
planes containing four carbon atoms (Trommel & 
Bijvoet, 1954), and it lends credence to the idea that 
there are two conformations of L-isoleucine which have 
particular stability. 

This structure is also significant from the purely 
chemical point of view because of the recent attempts 
to correlate the sign and magnitude of the Cotton ef- 
fect in L-c~-amino acid copper(II) complexes with intra- 
molecular geometry. Emphasis has been placed on the 
contribution of the atoms in the chelate rings, and the 
contribution of these atoms depends, in turn, on the 
conformation of the chelate rings. 

X-ray analysis of the L-isoleucine complex has reve- 
aled the presence of a ring conformation whose impor- 
tance has been overlooked in recent theoretical con- 
siderations of the Cotton effect (Wellman, Mungall, 
Mecca & Hare, 1967). Since it is to be expected that a 
proportion of the molecules will retain this conforma- 
tion in solution, the contribution of this form to the 
Cotton effect must not be underestimated. 

Experimental 

Bis-(L-isoleucinato)copper(ll) monohydrate was pre- 
pared by reaction of copper carbonate with L-isoleucine, 
and crystals were obtained by slow evaporation of the 
aqueous solution at room temperature. The crystals 
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are deep blue, and well-formed specimens are diamond- 
shaped plates having (010) as the dominant face. The 
density was determined by flotation in a mixture of 
acetone and methylene iodide, and a crystal of dimen- 
sions 0.15 x 0.12 x 0.06 mm was cut from one of the 
better plates for use in the X-ray measurements. The 
crystal data are: 

C12Hz4CuN204. H20, M =  341"88, a=9.451 _+ 0-004, 
b=21.67+0"02, c=7.629_+0.003/~; V0= 1562.72/~3, 
Dm= 1"51, Z = 4 ,  Dc= 1"45 g.cm-3; Space group 

P212121 (D 4 no. 19). 

The intensities of 1975 reflections with 20 less than 
160 ° were measured by the stationary-counter statio- 
nary-crystal technique (Furnas, 1966) using a General 
Electric single-crystal orienter. Cu K~ radiation and 
balanced nickel and cobalt filters were employed, and 
ten second counts were made with each filter. The 
Lorentz and polarization corrections were applied, as 
was an approximate absorption correction such that 
an axial reflection at Z=90 ° had a constant intensity 
at all ~0 values. The scattering factor tables used were 
from International Tables for X-ray Crystallography 
(1962), Table 3.3.1A, and the real part of the anom- 
alous dispersion correction was applied to the scattering 
factors for copper. 

A three-dimensional Patterson synthesis was calcu- 
lated and the position of the copper atom determined 
from the Harker sections. In order to locate the re- 
maining atoms, successive Fourier syntheses were com- 
puted using previously discovered atomic coordinates 
which had been refined by least-squares using a block- 
diagonal approximation to the normal equations. In 
general, the remaining non-hydrogen atoms were found 
in an order depending on their distance from the cop- 
per, with the positions of the closest being ascertained 
first. Much of one isoleucine molecule was found, 
however, before any atoms in the other half of the 
asymmetric unit could be located with certainty. 
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After the positions of the twenty non-hydrogen 
atoms were determined, further refinement was brought 
about by approximating these atoms as ellipsoids, 

rather than as spheres, and by weighting the terms in 
the normal equations such that the values of (wA 2) 
were invariant with the magnitude of IFol, where 
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The  structure ampl i tudes  are given on  ten t imes  abso lute  scale.  
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w-l:l+[(lFol-b)/ap; the constants a and b were 
taken to be 22e and 20e, respectively. An attempt was 
then made to find the hydrogen atoms. Twenty-one 
hydrogens were, in fact, located on electron density 
difference maps. The remaining five hydrogen•, four 
of which are on methyl groups, could not be discovered 
because of the large thermal vibrations of the carbon 
atoms to which they are bonded. During the final least- 
squares cycles, these five atoms were placed at their 
expected positions but neither the coordinates of these 
last atoms nor the isotropic thermal parameters of any 
of the hydrogens were refined. The largest shifts in 
coordinates during the final cycle of refinement were 
approximately one third of the corresponding standard 
deviations. The quantity minimized was (XwllFol- 
Ifcll2)/(m-n) where m =the number of reflections and 
n =the number of parameters refined. Weak reflections 
(with observed intensities less than twice their calcu- 
lated standard deviations) were ignored in making the 
calculations. The R index, which was defined as 
~r (llfol--Ifd[)/S Ifol, fell to a final value of 0.063. 

The observed and calculated structure factor ampli- 
tudes are listed in Table 1, and the final coordinates 
and thermal parameters of the atoms in Tables 2(a) 
and 2(b). These thermal parameters are also shown 
graphically, in the form of their 50% probability 
ellipsoids, in Fig. l(a). 

Discussion 

The intramolecular geometry of bis-(L-isoleucinato)- 
copper(II) monohydrate agrees very closely with that 
of similar, previously reported structures. We have 
compared our data with those reviewed by Freeman 
(1966) and have found only minor deviations in dis- 
tances and angles from the average values for copper(II) 
amino acid complexes. The intramolecular distances 
and angles are shown in Fig. l(b). The geometry about 
the copper is that of a distorted square pyramid. It is 
apparent from the least-squares planes data reported 

in Table 3 (see plane 1) that the four close ligands are 
not truly planar. The chelate rings themselves are near- 
ly planar (planes 2 and 3), and the angle between them 
is 14.9 ° . 

The extent of puckering of the chelate rings is most 
clearly shown by the calculations for planes 4 and 5. 
The ring in the 'unprimed' isoleucine exists in a con- 
formation having both carbon atoms of the ring on 
the same side of the Cu-O(I')-N'  plane. This is a con- 
formation which differs greatly from both the k and k' 
conformations (which have these carbons on opposite 
sides of the Cu-O-N plane) and whose presence Well- 
man etal. (1967) have assumed in their explanation of 
the sign and magnitude of the Cotton effect in ~.-c~ 
amino acid copper(II) complexes. The extensive hy- 
drogen bonding present in the crystal (see below), and, 
in particular, the hydrogen bonds involving the carbo- 
nyl oxygen [0(2)] of the 'unprimed' residue may well pro- 
vide forces which hold this ring in its observed confor- 
mation. Consequently, our comments are subject to 
the objection that the extent of hydrogen bonding in 
solution is not suficient to maintain the chelate ring 
of the 'unprimed' residue in the conformation seen in 
the crystalline state. A definitive answer to this prob- 
lem is not available at present. Furthermore, proper- 
ties of the bis complex which depend on molecular 
geometry cannot be assumed to result simply from a 
summation of the contributions of the individual li- 
gands. It is apparent from the torsion angles (Table 4) 
which have been calculated for the two halves of the 
molecule that there is a great lack of symmetry in 
this complex. Thus, it is not to be expected that the 
addition of a second ligand to the 1:1 copper(II) l.- 
isoleucine complex will simply double the magnitude of 
the Cotton effect. 

Like bisglycinatocopper(ll) monohydrate (Freemen 
Snow, Nitta & Tomita, 1964), bis-(L-isoleucinato)cop- 
per(lI) monohydrate is a cis complex. It may be that the 
cis conformation of this molecule allows a more ex- 
tensive hydrogen bonding system accompanied by 
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Table 2(a). Atomic coordinates and anisotropic thermal parameters for the non-hydrogen atoms 
Thermal parameters are of the form exp [-2rc2(U11h2a*2 + 2U]zhka*b*+...)]. 

X/A Y/B Z/C UI 1 U2= U:~a UI:~ U,~= 

Cu 0 . 1 9 5 9 ( 0 )  0 . 2 5 7 9 ( 0 )  0 . 2 5 1 2 ( 1 )  0 . 0 1 9 5 ( 2 )  0 . 0 2 7 7 ( 2 )  0 . 0 3 1 7 ( 3 )  - 0 . 0 0 0 6 ( 2 )  - 0 . 0 0 0 1 ( 3 )  - 0 . 0 0 7 7 ( 3 )  

O(1) 0 . 0 h 8 2 ( 3 )  0 . 2 0 9 7 ( 1 )  0 . 1 5 7 7 ( 5 )  0.0197(16) 0 .0h lh (20)  0.0333(19) -0.0015(15)  -0 .0033(16)  -0 .0110(17)  

0(2) 0 . 0 0 2 1 ( 3 )  0 . 1 ~ 5 7 ( 1 )  - 0 . 0 7 9 q ( 5 )  0.0217(17) 0.0h2h(21) 0.0464(23) -0 .0012(16)  -0 .0120(18)  -0 .0102(20)  

N 0 . 3 2 2 2 ( 4 )  0 . 2 1 7 9 ( 2 )  0 . 0 7 6 5 ( 6 )  0.0208(19) 0.0347(21) 0.0335(22)  -0 .0018(18)  -0 .0017(19)  -0 .0127(19)  

C ( 1 )  0 . 0 8 6 5 ( 5 )  0 . 1 7 6 5 ( 2 )  0 . 0 0 5 2 ( 7 )  0.0155(19) 0.0284(23) 0.0333(26) -0 .0011(19)  -0 .0047(21)  -0 .0010(21)  

C ( 2 )  0 . 2 4 2 4 ( k )  0 . 1 8 0 7 ( 2 )  - 0 . 0 5 0 3 ( 7 )  0.0144(18) 0.0237(21) 0.0325(26) -0 .0008(17)  -0 .0043(20)  -0 .0032(21)  

C ( 3 )  0 . 3 1 4 2 ( 6 )  0 . 1 1 8 6 ( 2 )  - 0 . 0 8 5 5 ( 8 )  0.0281(25) 0.0334(26) 0.0466(32) 0.0026(23) -0 .0019(29)  -0°0030(25)  

C ( 4 )  0 . 2 6 2 8 ( 6 )  0 . 0 8 5 0 ( 2 )  -0 .2516(11)  0.0389(29) 0.0499(32) 0.0589(40) -0 .0011(25)  0.0008(41) -0 .0231(h2)  

C ( 5 )  0 . 2 6 7 2 ( 8 )  0 . 1 2 4 7 ( 5 )  -0 .41h0(11)  0.0508(4~) 0.1371(85) 0.0451(41) -0 .0212(51)  0.0069(38) -0 .0272(5k)  

C ( 6 )  0 . 3 0 9 4 ( 9 )  0 ° 0 7 5 9 ( 3 )  0.07~3(12) 0.061f l(k~) 0.0376(32) 0.0835(55) 0.0068(35) 0.0002(51) 0.0151(36) 

O(1") 0 . 0 7 6 0 ( 3 )  0 . 2 7 3 4 ( 1 )  0 . 4 5 ~ 8 ( ~ )  0.0220(16) 0.0433(20) 0.0270(17) -0 .00h4(15)  0.0015(16) -0o0097(16) 

O(2') 0 . 0 7 6 3 ( k )  0 . 3 0 8 1 ( 2 )  0 .72t~5(5)  0.0341(19) 0.0656(25) 0.0265(21) -0 .0137(19)  0 . 0 1 2 5 ( 1 9 )  -0°0039(20)  

N" 0 . 3 k 2 ~ ( 4 )  0 ° 3 0 3 8 ( 1 )  0 . 3 8 6 8 ( 5 )  0o0150(17) 0.0333(21) 0.0272(21) -0 .0007(16)  -0 .0004(~7)  -0°0053(18) 

C(1') 0 . 1 3 5 8 ( 5 )  0 . 3 0 1 4 ( 2 )  0 . 5 9 3 2 ( 7 )  0.0218(21) 0.0286(23) 0.0272(2h) 0.0009(19) 0.0024(21) 0.0016(21) 

C(2 ' )  0 . 2 8 4 0 ( q )  0 . 3 2 7 2 ( 2 )  0 . 5 5 5 7 ( 6 )  0.0173(20) 0.0320(24) 0.0253(23) -0 .0032(19)  -0 .0019(20)  -0o0109(20) 

C(3') 0 . 2 7 7 9 ( 6 )  0 . 3 9 8 4 ( 2 )  0 . 5 7 0 3 ( 7 )  0.0359(29) 0.0287(24) 0.0321(26) -0 .0090(22)  0.0068(25) -0 .0082(22)  

C(4") 0 . 1 7 3 1 ( 8 )  0 . h 2 8 0 ( 2 )  0 . 4 4 3 2 ( 9 )  0.0631(h3) 0.030~(28) 0.0521(38) 0.0044(30) -0 .0022(39)  0.0021(28) 

C(5 ' )  0.1307(11) 0 . ~ 9 2 5 ( 3 )  0.4973(13) 0.1046(71) 0.04~7(40) 0.0853(69) 0.0205(47) -0 .0001(65)  0.0044(45) 

C(6") 0 . 4 2 6 4 ( 7 )  0 . 4 2 5 8 ( 3 )  0.5596(11) 0.0k43(36) 0.0562(k0) 0.0738(50) -0 .0307(33)  0.0093(41) -0 ,0159(39)  

0(3) 0 . 1 9 4 8 ( 4 )  0 . 3 k 6 1 ( 2 )  O.OkSk(5)  0.0376(20) 0.0552(2k) 0.0306(20) 0.0012(21) -0 .0010(20)  0.0008(19) 

Table 2(b). Atomic coordinates of the hydrogen atoms* 
x/A Y/B z / c  

H(1) 0-365 (7) 0-250 (3) -0.036 (9) 
H(2) 0.367 (7) 0.201 (3) 0.142 (9) 
H(3) 0"248 (7) 0"209 (3) -0"174 (10) 
H(4) 0"423 (8) 0"129 (3) -0"091 (9) 
H(5) 0"158 (7) 0"064 (3) -0"221 (10) 
H(6) 0"323 (7) 0"049 (3) -0"265 (10) 
H(7) 0.353 (7) 0.135 (3) -0.410 (9) 
H(8)t 0"196 (7) 0-163 (3) -0"404 (9) 
n(9)t 0"243 (7) 0"098 (3) -0"531 (9) 
H(10) 0"343 (7) 0"102 (3) 0-188 (9) 
H(11) 0"233 (7) 0"060 (3) 0"094 (10) 
H(12) 0-382 (7) 0"038 (3) 0"023 (9) 
H(I') 0"377 (7) 0-336 (3) 0"322 (9) 
n(2') 0"397 (7) 0"278 (3) 0-420 (10) 
H(3') 0"338 (7) 0"316 (3) 0"653 (9) 
H(4') 0"242 (7) 0"403 (3) 0"689 (9) 
H(5') 0"090 (8) 0"404 (3) 0"416 (9) 
H(6 ' ) t  0"221 (8) 0"430 (3) 0"315 (9) 
H(7') 0-191 (7) 0"513 (3) 0"476 (9) 
H(8')t 0-108 (7) 0"493 (3) 0"636 (9) 
H(9')i 0"037 (7) 0-506 (4) 0"425 (9) 
H(10') 0-460 (7) 0"423 (3) 0"457 (9) 
H(11') 0-504 (7) 0"403 (3) 0.642 (9) 
H(12') 0"427 (7) 0"471 (3) 0"586 (9) 
H(13) 0"273 (7) 0"355 (3) 0"048 (9) 
H(14) 0-192 (7) 0.341 (3) -0.035 (9) 

* Standard deviations of the last two figures are given in 
parentheses. All hydrogen atoms were given an isotropic 
thermal parameter of 2.0 which was not refined. 

I" This hydrogen was not found on the electron density map. 
It was placed at its expected position for the final cycles of re- 
finement, but its coordinates were not refined. The 'expected 
position' is at 1.08 A from the carbon to which the hydrogen is 
bonded, and tetrahedral angles about this carbon are assumed. 

closer intermolecular  approaches and, consequently, 
more efficient packing than would be compatible with 

the trans conformation which is usually observed in 
bis amino acid complexes of copper(II). 

There are twelve close contacts between the amino 
nitrogens and water oxygen of one molecule of the 
complex and oxygen atoms in other molecules. The 
pertinent distances and angles of the six crystallo- 
graphically independent  c lose  nitrogen-oxygen and 
oxygen-oxygen contacts are listed in Table 5. All of 
these contacts are within the range normal ly  observed 
for hydrogen bonds (International Tables, 1962; Baur, 
1965). The molecules are hydrogen bonded in a man-  
ner such that layers are formed which are approxi- 
mately paralled to (010). There are forty intermolecular  
contacts between non-hydrogen atoms which are shor- 
ter than  4-0 A, and the majori ty of these (thirty-six) are 
between molecules within a layer formed by the hydro- 
gen bonds. These short contacts other than the hydro- 
gen bonds are listed in Table 6. It is apparent  that  
much  stronger intermolecular forces must  exist paral- 
lel to (010) than  perpendicular  to it, and this is in 
accord with the observation that  (010) is the dominan t  
face of the crystal. Fig. 2(a) and (b), which show the 
packing of the molecules in the unit  cell, afford further 
insight into the arrangement  of the molecules with res- 
pect to one another and give addit ional  views of the 
layering accompanying the hydrogen bonds. 

The hydrocarbon chains of the two isoleucine resi- 
dues do not have the same orientation. In the 'unpri-  
reed' isoleucine residue, atoms C(3), C(4), C(5), and 
C(6) (see plane 6, Table 3) are coplanar  to within 
0.005 A. In the 'pr imed'  residue, atoms C(l ' ) ,  C(2'), 
C(3'), and C(6') deviate by only 0.03 A from a least 
squares plane, and atoms C(2'), C(3'), C(4'), and C(5') 
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are also approaching planarity (Table 3, planes 7 and 
8). It was noted by Trommel & Bijvoet (1954) that a 
plane similar to (6) exists in D-isoleucine hydrobromide 
monohydrate, while planes analogous to (7) and (8) oc- 
cur in D-isoleucine hydrochloride monohydrate. 

In order to further compare our data with the data 
from these other structures containing isoleucine, we 
have used Trommel & Bijvoet's atomic coordinates for 
the hydrochloride and hydrobromide to calculate the 
pertinent planes (planes 9, 10, and 1 1 in Table 3) and also 

.63 
0 3 - - C u - - 0 1  97.5" 
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Fig. 1. (a) The rma l  v ibra t ion  ellipsoids,  scaled to 50% probabi l i ty ,  of  the n o n - h y d r o g e n  a toms.  The  molecule  is d rawn  with the 
same perspect ive as (b). (b) N o m e n c l a t u r e  of  the a toms  and in t ramolecu la r  dis tances and angles. The  s t anda rd  devia t ions  of  
the dis tances are 0.004-0.010 ~,, and  the s t anda rd  devia t ions  of  the angles are 0.2-0.6 ° if only n o n - h y d r o g e n  a toms  are involved.  
The  co r r e spond ing  s t anda rd  deviat ions ,  if one a t o m  is hydrogen ,  are 0-2-0 .6 /~  and  3.8-6.5 c, respectively. 
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t h e  t o r s i o n  ang le s  l is ted in  T a b l e  4. I n  m a k i n g  c o m p a r i -  
sons ,  a l l o w a n c e  m u s t  be  m a d e  fo r  d i s t o r t i o n  a b o u t  t he  
a t o m s  in  t he  c h e l a t e  r i ng  c a u s e d  by t h e  i n t r o d u c t i o n  
o f  t h e  c o p p e r  a t o m ,  a n d  fo r  t he  fac t  t h a t  t h e  e r r o r s  in  
t he  b o n d  l e n g t h s  a n d  ang l e s  o f  t h e  h y d r o b r o m i d e  a n d  

h y d r o c h l o r i d e  w e r e  e s t i m a t e d  a t  0.05 ,~ a n d  10 °, res-  
pec t ive ly .  O n  the  w h o l e ,  h o w e v e r ,  s o m e  r e m a r k a b l e  si- 
mi l a r i t i e s  b e t w e e n  the  d i f f e ren t  s t r u c t u r e s  a re  a p p a r e n t .  
W e  h a v e  c o n c l u d e d  t h a t  t he  s imi l a r i t y  b e t w e e n  o u r  
' u n p r i m e d '  i so l euc ine  m o l e c u l e  a n d  the  o r g a n i c  p a r t  

T a b l e  4. Torsion angles* 

Bis-(L-isoleucinato)copper(II) 
monohydrate  

'Unprimed '  'Primed'  L-Isoleucine L-Isoleucine 
isoleucine isoleucine hydrobromide hydrochloride 

Torsion angle residue residue monohydrate'~ monohydrate'~ 
O(1)-C(1)-C(2)-N 6"6 ° - 10"4 ° - 14 ° 6 ° 
O(1)-C(1)-C(2)-C(3) 133.8 115.5 122 137 
O(2)-C(1)-C(2)-N - 177"5 170" 1 159 166 
O(2)-C(1)-C(2)-C(3) - 50.3 - 64.0 - 64 - 63 
N-- -C(2)-C(3)-C(4)  - 163.5 66.7 - 168 48 
N-- -C(2)-C(3)-C(6)  68"3 - 62"0 66 - 72 
C(1)-C(2)-C(3)-C(4) 70.1 - 56-3 60 - 79 
C(1)-C(2)-C(3)-C(6) - 58" 1 175"0 -- 65 160 
C(2)-C(3)-C(4)-C(5) 52.1 160.5 68 172 
C(6)-C(3)-C(4)-C(5) - 179.2 - 72"4 - 175 - 65 

* We have used the convention of Klyne & Prelog (1960) in designating the signs of the torsion angles. The angle 1-2-3-4 is 
positive if a rotation of the 1-2 bond about the 2-3 bond by less than 180 ° will eclipse the 3-4 bond. 

1- Calculations were made using Trommel & Bijvoet's atomic coordinates for the D isomer. The names of C(1) and 0(2) have 
been interchanged to facilitate comparison with the copper complex. 

T a b l e  5. Geometry of close contacts involving hydroxyl and amine groups 

Hydrogen donor-hydrogen acceptor 
distance A. • • B 

N . . . . .  O(1) 3.113 A 
N . . . . .  O(2') 2.896 
N' . . . .  0(2) 2.995 
N' " " "  O(1') 3"023 
O(3) • • • 0(2) 2"921 
O(3) ' '  "0(2') 2"816 

Hydrogen acceptor-hydrogen 
distance B. • • H 

O(1) • "H(l) 2"08/~ 
0(2')" • H(2) 2"23 
0(2) • "H(I ')  2"23 
O(1")" • H(2') 2"24 
0(2) • "H(13) 2"18 
O(2')" • H(14) 2"25 

Position* 
Angle of hydrogen 

A - H .  • • B acceptor (B) 
143 4/000 
149 4/001 
139 4/000 
167 4/001 
163 4/000 
150 1/00T 

* The equivalent positions are: 1 =(x ,  y, z); 2 = ( g ,  ½+y,  b - z ) ;  3 = ( ½ - x ,  )7, ½+z)- 4 = ( ½ + x ,  b - y ,  z). N-O(2") (4/001) means 
that the second atom [0(2")] is at equivalent position 4, translated one unit-cell in the e direction. 

T a b l e  6. lntermolecular distances between non-hydrogen atoms which are less than 4.0 ,~, 

Contact  
tOO)  -C(5') 
I'O(2) -C(5') 
1"C(4) -C(6) 
"~C(5')-C(6") 

C u ~ O ( 2 )  
C u - - C ( 5 )  
C u - - O ( 2 ' )  
0(3) -O(1) 
O(3) - N  
0(3) -C( l )  
0(3) -C(3) 
0(3) -C(I ' )  
0(3) -C(2') 
0(3) -C(3') 
O(1) -C(2) 
O(1) -O(2') 
0(1) -C(2') 

Position* 
3/01i 
2/0i0 
3/001 
3/O1T 
4/000 
1/001 
4 001 
41000 
4/To0 
4/000 
4 IT00 
11001 
1 lOOT 
1 t00T 
4 tT00 
1/OOT 
4/T01 

Distance (A) Contact 
3"882 O(1) -C(6") 
3"605 0(2) - N  
3-795 0(2) -O(2") 
3"817 N - - C ( 1 )  
3"801 N - - C ( l ' )  
3.914 C(1) -O(2')  
3-875 C(1) - N '  
3.818 C(2) -O(2')  
3.899 C(2) -C(I ' )  
3"754 C(4) -C(6')  
3.691 C(5) -O(1')  
3.699 C(5) -O(1')  
3.852 C(5) -C(6") 
3.878 C(6) -O(2')  
3.800 O(1')-C(2') 
3-816 O(2 ' )-N'  
3.514 N' C(l ' )  

Position* Distance (A) 
4/T01 3-911 
4/100 3.409 
1/00T 3"888 
4/100 3-444 
4/001 3"962 
1/00i 3"569 
4/I00 3"802 
1/001 3"612 
1/001 3"960 
4/T00 3"960 
1/001 3"829 
4/000 3"672 
4/100 3-580 
4/001 3"878 
4/101 3"519 
4/T01 3.392 
4/001 3.600 

* Equivalent positions are designated in the same manner  as for Table 5. 
t This intermolecular contact is between atoms which are not within a layer formed by hydrogen bonds. 
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of L-isoleucine hydrobromide monohydrate is great 
enough for them to be regarded as isostructural. Some 
discrepancies do exist. For example, the distances of 
the nitrogen atoms from planes 6 and 9 should be more 
nearly alike; a similar comment may be made concer- 
ning C(2). These atoms are in a chelate ring in the 
copper complex, however, and the differences may be 
ascribed to the presence of the metal. On the other 
hand, the torsion angles compare extremely well in 
view of the accuracy with which angles in the hydrobro- 
mide are known. In case of the 'primed' isoleucine of 
the copper complex and L-isoleucine hydrochloride 
monohydrate, it is more difficult to draw definite 
conclusions. From the near planarity of the groups 
of carbon atoms discussed above and the similarity in 
certain torsion angles such as O(2)-C(1)-C(2)-C(3) 
and C(6)-C(3)-C(4)-C(5), it is apparent that the gene- 
ral conformations of the two residues are much alike. 
However, there are marked differences in the distances 
of C(4) and C(5) from the C(1), C(2), C(3), C(6) planes 
in the residues under consideration. The same thing 
may be said for the distance of O(1) from the C(2), 
C(3), C(4), C(5) plane and for the torsion angles 
O(2)-C(1)-C(2)-C(3) and C(6)-C(3)-C(4)-C(5). 

With regard to the isoleucine residue itself, our re- 
sults confirm the inference originally drawn by Trom- 
mel & Bijvoet (1954) in their paper, that 'branched 
carbon chains • • • have a tendency to form plane zigzag 
chains of four carbon atoms'. This observation may 
be of considerable value in the future when crystallo- 
graphic studies of the many important biological sub- 
stances containing L-isoleucine are undertaken. 
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