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0 1 - c 1 - c 6  119.0 (4) 0 2 - - c 7 - c 8  107.1 (4) 
0 1 - c 1 - c 2  121.3 (4) N--C8--C7 107.9 (4) 
C2--C1--C6 119.8 (4) C7--C8--C9 113.4 (4) 
C 1--C2--C3 119.4 (4) N--C8--C9 110.3 (4) 
C2--C3 --C4 121.2 (4) 

C10--N--C8--C7 -169.5 (4) C5--C4--C7--C8 -76.3 (5) 
C10--N--C8--C9 66.1 (5) O2--C7--C8--N -71.0 (4) 
C3--C4--C7--O2 - 16.2 (6) C4--C7--C8--N 164.5 (3) 
C5--C4--C7--O2 163.3 (4) C4--C7--C8--C9 -73.1 (5) 
C3--C4--C7--C8 104.2 (5) O2--C7--C8--C9 51.4 (5) 

Table 3. Hydrogen-bonding geometry (,~, o) 

D--H.. .A D--H H. • -A D.. .A D--H. • .A 
N--HI(N). • .04 1.08 1.95 2.818 (4) 135.4 (2) 
N--H2(N). • . 0 4 i  1.08 1.65 2.727 (5) 172.1 (2) 
O6--H(O6). • .O3 ii 0.87 1.74 2.594 (5) 168.5 (3) 
O2--H(O2). • . O 5  iii 0.97 1.84 2.773 (5) 162.1 (2) 
O1--H*. • .O3 iv - - 2.583 (5) - 
O l--H*. • .O5 v - - 2.599 (4) - 
Syrmnetry codes: (i) 1 -- x, 1 - y, 1 - z; (ii) -x ,  1 - y, -z ;  (iii) 1 - x, 

1 -  y, -z;  (iv) l + x , y -  1, z;(v) l + x , y - -  1 ,1+z.  

• This H atom could not be located. 

Refinement  was by full-matrix least-squares methods.  Of  18 H 
atoms, only four were located on the difference Fourier map,  
12 were calculated and the other two could not be located. The 
high R values may  be due to the poor  quality of  the crystal. Pro- 
gram(s) used to solve structure: SHELXS86 (Sheldrick, 1985). 
Program(s) used to refine structure: SHELX76 (Sheldrick, 1976). 
Molecular  graphics: ORTEPII (Johnson, 1976). Software used 
for geometrical  calculations and to prepare material for publica- 
tion: PARST (Nardelli, 1983). All calculations were performed 
on a Super 32 computer  (VECC, Calcutta). 

The authors thank Dr Bishnu Prasad Mukhopadhyay 
for preparing the complex and the crystals and Ms Sudipta 
Datta for participation in the early stages of the work. 
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Abstract 
The title compound, C28H28N2Os,  is a terminally 
blocked dipeptide, conformationally constrained by 
the presence of a 1,2,3,4-tetrahydroisoquinoline resi- 
due (Tic). The conformation of the peptide linkage is 
trans [to1 = -177.0  (3) °] and the main chain confor- 
mation is determined by the parameters ~0~ = 
-86 .7(4) ,  ~k1=171.5(3), ~o2=-77.2(4) ,  ~b~ = 
160.1 (3) °. The side chain of Tic is in a g+ conforma- 
tion [X~ = 56.0 (4)°], whereas the phenylalanine side 
chain is in a g -  conformation [X~ = -68 .8  (5)°]. In 

Acta Crystallographica Section C 
ISSN 0108-2701 ©1994 



1136 C28H28N205 

the crystal the molecules are held together by an 
intermolecular hydrogen bond and van der Waals 
forces between hydrophobic phenyl groups. 

Comment 
The biological activity of small peptides is markedly 
related to their molecular conformation at the recep- 
tor site. For this reason an increasing number of 
structural studies are being devoted to peptides 
(Toniolo, 1990)  which are conformationally 
restrained. Often this limited flexibility is achieved by 
a short-range cyclization of a modified residue. In 
this regard, 1,2,3,4-tetrahydroisoquinoline-3-carb- 
oxylic acid (hereafter referred to as Tic) is of particu- 
lar interest. It is a derivative of phenylalanine in 
which the ortho C atom C9B of the phenyl ring is 
linked to the N atom through a methylene group, 
forming a six-membered cycle (see Fig. 1). The 
insertion of this amino acid in a polypeptide chain 
induces relevant conformational constraints at the 
backbone level, as well as decreasing the conforma- 
tional freedom of the Phe side chain. Recent studies 
have demonstrated that Tic substitution in place of a 
specific residue in opioid peptides affects their bio- 
logical properties (Kazmierski & Hruby, 1988; 
Schiller et al., 1991). In particular, the affinity and/or 
selectivity toward different receptor types, as well as 
the agonist-antagonist properties, are markedly 

CSA 

C3A ~..-...~,B~N'~q A C7C 

C5C 

O2A 

Nil 

CIB 
C2B NC_ 

CIOB 

C9B 
C2C 

octli 

CSB 

CTB 

Fig. 1. The observed conformation of  Z-L-Tic-L-Phe-OMe, with 
the numbering scheme, drawn using ORTEP (Johnson, 1976). 
H-atoms are omitted; displacement ellipsoids are drawn at the 
50% probability level. 

influenced (Schiller et al., 1992). We have undertaken 
structural studies of some peptides containing this 
residue in different environments, in order to relate 
the conformational preferences to the biological 
properties. The structure of N-(N-benzyloxycar- 
bonyl-L- 1,2,3,4-tetrahydroisoquinol-3-ylcarbonyl)-L- 
phenylalanine methyl ester, Z-L-Tic-L-Phe-OMe, rep- 
resents our first contribution. While this work was in 
progress, a paper describing the preferred conforma- 
tions of the Tic residue in solution and the solid state 
was published (Valle et al., 1992). 

© 
! 

0 0 0 ~H, 
/ ~ / /  I I - (/ \~CH~ c__ d CH 0 

~ N - - C H  / ~ Y ~  / ~C / ~CH3 

o 

Z-L-Tic-L-Phe-OMe 

A view of the molecule together with the 
numbering scheme is shown in Fig. 1. The intra- 
molecular geometrical parameters (Table 2) agree, on 
average, with the generally accepted values for pep- 
tides (Ashida, Tsunogae, Tanaka & Yamane, 1987). 
In particular, they are very close to the values 
recently derived from a statistical survey of the X-ray 
structures of small compounds (Engh & Huber, 
1991). The differences in bond lengths are smaller 
than the standard deviations of the observations, 
with a few exceptions for the distances C 2 C - - O C ,  
C6B---C7B, C8B---C9B and NC---C2B. Slightly 
larger differences, up to 3tr, occur for only two bond 
angles, C 3 C - - C 4 C - - - C 9 C  and C4C--C3C---C1C. 

The conformational freedom of the peptide is 
restricted by the presence of Tic, whose backbone 
and side-chain torsional angles are greatly con- 
strained. Due to the ring closure, the ~o angle is 
limited to values around - 9 0  ° (for L-Tic) and the 
side chain can adopt only two possible conforma- 
tions, g+ and g- .  Specifically, the results reported by 
Valle et al. (1992) provide evidence that D-Tic can be 
embodied into helical or bended structures [for 
D-Tic, ~o = 63.5 (8), ~ = 33.4 (8) ° and ~0 = 94.8 (6), 
= - 2 1 . 8  (8) ° in the sequences -(Aib)2-D-Tic-(Aib)2- 
and -L-Pro-D-Tic-, respectively]. Finally, NMR stud- 
ies (Kazmiersky & Hruby, 1988) have shown that if 
L-Tic is located either at the N-terminal end or in the 
interior of the peptide chain, the g -  or g+ side-chain 
conformation would be preferred, respectively. This 
finding compares well with the conformations 
observed for the Tic side chain of the above two 
peptides (VaUe et al., 1992). 

The most relevant torsional angles for the title 
compound are shown in Table 2. The main chain 
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conformation is not completely extended. The pep- 
tide bond is trans, whereas the urethane bond is cis, 
so that the Z group (benzyloxycarbonyl) is folded 
back on the peptide, allowing the Z and Phe 
aromatic rings to face each other slightly, with an 
angle between the two planes of  164.4 (2) ° . As 
expected, the ~0 angle of the Tic residue is close to 
- 9 0  ° and its side chain adopts a g+ conformation. 
The expected conformation for Phe (Table 1) is 
observed, with the side chain in the g -  conforma- 
tion, which is most frequently found for this residue 
(Ashida et al., 1987). The phenyl rings of the phenyl- 
alanine and Z groups are strictly planar, with no 
atom deviating more than 0.06 A from the respective 
least-squares plane. A small deviation from planarity 
is shown by the phenyl ring of  the Tic residue. In this 
case, larger deviations (from the least-squares plane) 
are observed for atoms which are common to both 
cycles of Tic, i.e. C4B and C9B (0.10 and 0.14 A, 
respectively). 

According to the Cremer & Pople (1975) treat- 
ment, the Tic non-aromatic six-membered ring 
can be described by a puckering amplitude of  
0.486 (4)/~, a phase angle ~b = 193.1 (6) ° and a polar 
position 0 = 118.7 (5) °, calculated for the C1B, C3B, 
C4B, C9B, C10B, NB sequence. These values are 
close to those of a regular half-boat conformation (~b 

! 

\ 

0 0 l 
Fig. 2. Packing diagram projected on the bc plane. For clarity, the 

intermolecular hydrogen bond, along the a axis, is not shown. 

= 180, 0 = 125.3°), with the atom C1B out of the 
plane. 

The packing is determined by an intermolecular 
hydrogen bond and weak van der Waals interactions 
between all the phenyl rings (Fig. 2). The hydrogen 
bond is oriented approximately parallel to the a axis 
and joins the atom NC of Tic to the carbonyl atom 
O2A of the Z group [symmetry operation 1 + x, y, z; 
O2A...NC = 2.842 (5), O2A...H12 = 1.947 (3) A, 
N C - - H  12...O2A = 172.1 (3)°]. The aromatic rings of 
the Z, Tic and Phe groups of three adjacent 
symmetry-related molecules [symmetry operations (i) 
x ,  y ,  z ,  ( i i )  1 - x ,  ½ + y ,  ½ - z and (iii) ½ -  x ,  - y ,  z - ½, 
respectively] are close to each other. The closest 
intermolecular distances between non-H atoms 
are C7A...C9C [3.725 (9)/~] and C6A...C6B 
[3.552 (9) A]. However, the relative orientation of the 
aromatic least-squares planes does not allow stacking 
interactions. 

E x p e r i m e n t a l  

Crystal data 

C28H28N205 Cu Ka radiation 
Mr = 472.55 A = 1.5418 ,~, 
Orthorhombic Cell parameters from 25 
P212121 reflections 
a = 6.866 (1)/k 0 = 20-32 ° 
b -- 13.492 (1) .~, # = 0.68 mm -I 
c = 26.334 (2) A T = 293 K 
V = 2439.3 (6) h a Prism 
Z = 4 0.50 x 0.10 x 0.10 mm 
Dx = 1.29 Mg m -3 Colourless 

Crystal source: slow evapo- 
ration from methanol 

Data collection 

Enraf-Nonius CAD-4F 
diffractometer 

w- 20 scans 
Absorption correction: 

none 
2691 measured reflections 
2691 independent reflections 
2197 observed reflections 

[I _> 2.5cr(/)] 

Refinement 

Refinement on F 
R = 0.053 

wR --- 0.061 
S = 0.91 
2197 reflections 
316 parameters 
H-atom parameters not 

refined 
w = ll[cr2(Fo) + (0.02Fo): 

+ 1] 

0max = 70 ° 
h=0- -~  8 
k = 0 ---~ 16 
l =0---,32 
2 standard reflections 

frequency: 90 rain 
intensity variation: 3% 

(A/o')m~ < 0.01 
Apmax = 0.18 e ~-3 
Apmi, ffi -0.23 e ~-3 
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 
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Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (A 2) 

Beq = ( I / 3 ) ~]i ~]jBija~ a~ ai.aj. 

x y z Beq 
OIA -0.1356 (4) 0.0811 (2) 0.2927 (1) 4.22 (6) 
02,4 -0.4194 (4) 0.0842 (2) 0.3359 (1) 4.47 (6) 
OC 0.4129 (5) --0.1118 (3) 0.4769 (1) 5.73 (8) 
OB 0.0022 (4) --0.0863 (2) 0.3972 (1) 4.75 (7) 
OD 0.3861 (5) --0.2701 (2) 0.4535 (1) 4.82 (7) 
NB --0.1308 (5) 0.0980 (3) 0.3771 (1) 3.57 (7) 
NC 0.3132 (5) --0.0534 (2) 0.3785 (1) 3.59 (7) 
C2A --0.2437 (7) 0.0662 (3) 0.2466 (2) 4.30 (9) 
C10B -0.2332 (6) 0.0937 (4) 0.4260 (2) 4.23 (9) 
C3A -0.1068 (7) 0.0683 (3) 0.2028 (2) 3.95 (9) 
CIA --0.2382 (6) 0.0866 (3) 0.3352 (2) 3.37 (7) 
C6A 0.1432 (9) 0.0702 (4) 0.1185 (2) 6.3 (1) 
CD 0.4072 (8) --0.3052 (4) 0.5053 (2) 6.2 (1) 
C4B 0.0900 (7) 0.1350 (3) 0.4672 (2) 4.15 (9) 
C7A 0.2112 (8) 0.0424 (4) 0.1655 (2) 6.0 (1) 
C7B -0.079 (1) 0.0991 (4) 0.5623 (2) 6.6 (1) 
C8A 0.0931 (8) 0.0421 (4) 0.2078 (2) 5.2 (1) 
C2B 0.1255 (6) --0.0265 (3) 0.3851 (1) 3.18 (7) 
C3B 0.1731 (7) 0.1510 (3) 0.4153 (2) 4.29 (9) 
C1B 0.0812 (5) 0.0832 (3) 0.3763 (1) 3.31 (7) 
C3C 0.5711 (6) -0.1772 (3) 0.3637 (2) 3.95 (9) 
C1C 0.3739 (6) -0.1543 (3) 0.3882 (2) 3.60 (8) 
C5A -0.0515 (9) 0.0958 (4) 0.1133 (2) 6.1 (1) 
C2C 0.3928 (6) -0.1733 (3) 0.4448 (2) 3.89 (8) 
C4A --0.1711 (8) 0.0955 (4) 0.1556 (2) 5.2 (1) 
C4C 0.5768 (7) -0.1814 (3) 0.3064 (2) 4.15 (9) 
C7C 0.608 (1) --0.1997 (4) 0.2017 (2) 7.7 (2) 
C8B --0.1819 (8) 0.0861 (4) 0.5190 (2) 5.1 (1) 
C9B -0.1061 (7) 0.1048 (3) 0.4714 (2) 3.95 (8) 
C5B 0.1965 (9) 0.1487 (4) 0.5113 (2) 5.7 (1) 
C6B 0.116 (1) 0.1313 (4) 0.5584 (2) 6.8 (1) 
C8C 0.773 (1) -0.2098 (5) 0.2315 (2) 7.6 (2) 
C9C 0.7563 (8) --0.2003 (4) 0.2839 (2) 6.0 (1) 
C6C 0.429 (1) -0.1801 (4) 0.2231 (2) 6.4 (1) 
C5C 0.4137 (8) -0.1706 (4) 0.2758 (2) 5.1 (1) 

C2B--C1B--C3B 113.6 (4) C1C--C3C--C4C 
NC--C1C--C3C 111.7 (4) NC--CIC--C2C 
C3C--C1C--C2C 107.7 (4) C6A--C5A--C4A 
OC--C2C--OD 124.5 (5) OC--C2C--C1C 
OD--C2C--CIC 109.4 (4) C3A--C4A--C5A 
C3C--C4C--C9C 117.1 (5) C3C--C4C--C5C 
C9C--C4C--C5C 119.1 (5) C8C--C7C--C6C 
C7B--C8B--C9B 123.1 (6) CIOB--C9B--C4B 
C3A--C8A--C7A 119.5 (5) C6A--C7A--CSA 
CIOB--C9B--CSB 119.4 (5) C4B--C9B--CSB 
C4B--C5B--C6B 121.5 (6) C7B--C6B--C5B 
C7C--C8C--C9C 119.3 (7) C4C--C9C--C8C 
C'/C--C6C--C5C 119.5 (7) C4C--C5C--C6C 
C6B--C7B--C8B 118.2 (6) 

~o C1B--NB--C1A--OIA -12.8 (5) 
~l CIA--NB--C1B--C2B --86.7 (4) 
~b~ NC--C2B--C1B--NB 171.5 (3) 
X~ C4B--C3B--C1B--NB 56.0 (4) 
oJl C1C--NC--C2B--C1B 177.0 (3) 
~2 C2B--NC~C1C--C2C --77.2 (4) 
~b-r NC--C1C--C2C--OD 160.1 (3) 
X 2 C4C--C3C--ClC--NC -68.8 (5) 

116.8 (4) 
110.9 (4) 
119.6 (5) 
126.0 (5) 
122.6 (6) 
123.8 (5) 
121.0 (6) 
121.7 (4) 
121.9(6) 
119.0 (5) 
119.8 (6) 
120.7 (7) 
120.3 (6) 

A linear decay  correct ion was applied to the data (max imum cor- 
rection on  Fo : 1.015). The structure was solved using MUL- 
TANl l /82  (Main et al., 1982). All  calculations were  per formed  
using Enra f -Nonius  SDP software 03. A. Frenz & Associates,  
Inc., 1985) on a MicroVAX 3100 computer.  

We are grateful to Professor L. Mazzarella for helpful 
discussions. 

Lists of structure factors, anisotropic displacement parameters and H- 
atom coordinates have been deposited with the British Library Docu- 
ment Supply Centre as Supplementary Publication No. SUP 71790 (14 
pp.). Copies may be obtained through The Technical Editor, Interna- 
tional Union of Crystallography, 5 Abbey Square, Chester CH1 2HU, 
England. [CIF reference: NA 1057] 

Table 2. Geometric and conformational parameters (,~, °) 
O1A--C'2A 1.437 (5) C4B--C9B 1.411 (7) 
OC--C2C 1.193 (6) C7B--C8B 1.353 (8) 
OD--C2C 1.327 (6) C3B--C1B 1.514 (6) 
NB--C1B 1.470 (5) C1C--C2C 1.519 (6) 
C2A--C3A 1.487 (7) C4C--C5C 1.388 (8) 
C3A--C4A 1.370 (7) CSB--C9B 1.380 (8) 
C4B--C3B 1.497 (7) C6C--C5C 1.397 (7) 
C7A--CSA 1.377 (8) O2A--C1A 1.244 (5) 
C2B--C1B 1.529 (6) OD--CD 1.451 (6) 
C3C--C4C 1.509 (6) NB--C1A 1.336 (6) 
C4C--C9C 1.391 (8) NC--C1C 1.446 (6) 
C7C--C6C 1.38 (1) C3A--C8A 1.423 (8) 
C8C--C9C 1.390 (8) C6A--C5A 1.39 (1) 
O1A--C1A 1.326 (5) C4B--C5B 1.385 (7) 
OB--C2B 1.212 (5) C7B--C6B 1.42 (1) 
NB--C10B 1.467 (5) C3C--C1C 1.531 (6) 
NC--C2B 1.350 (5) C5A--C4A 1.382 (8) 
C10B--C9B 1.488 (7) C7C--C8C 1.38 (1) 
C6A--C7A 1.377 (9) C5B--C6B 1.377 (9) 

C2A--O1A--C1A 116.6 (3) CD--OD--C2C 118.6 (4) 
C10B--NB--CIA 117.1 (4) CIOB--NB--C1B 118.9 (4) 
C1A--NB--CIB 121.2 (4) C2B--NC--C1C 120.3 (4) 
O1A--C2A--C3A 109.0 (4) NB--CIOB--C9B 114.8 (4) 
C2A--C3A--CSA 122.2 (5) C2A--C3A--C4A 120.3 (5) 
CSA--C3A--C4A 117.5 (5) O1A--CIA--O2A 122.7 (4) 
O1A--C1A--NB 114.3 (4) O2A--C1A--NB 122.9 (4) 
C7A--C6A--C5A 118.8 (6) C3B--C4B--C9B 118.5 (4) 
C3B--C4B--C5B 123.0 (5) C9B--C4B--C5B 118.4 (5) 
OB--C2B--NC 121.5 (4) OB--C2B--C1B 123.1 (4) 
NC--C2B--CIB 115.4 (4) C4B--C3B--CIB 111.9 (4) 
NB--C1B--C2B 109.1 (4) NB--CIB--C3B 108.6 (4) 
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