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DL-Tryptophan ethyl ester hydrochloride, C13HI6N202.HCI, is triclinic, space group Pi ,  with a=  
15.85, b=8-73, c=5.35 /~, ~=82.73, fl=88.51, y=106.33 °, Z=2.  The structure was solved by the 
heavy-atom method and refined by block-diagonal least-squares calculations to an R of 0.089 for 2012 
observed reflexions. The indole ring plane forms an angle of 61.5 ° with the carboxylate plane. The D 
and L molecules are linked by N-H. • • Cl hydrogen bonds around the centre of symmetry. The hydrogen 
bonds sandwich the molecules into a double-layered system parallel to the bc plane. 

Introduction 

This investigation is part of a programme on the deter- 
mination of the structures of organic compounds of 
biological importance. 

Experimental 

Single crystals of DL-tryptophan ethyl ester hydro- 
chloride (I) were grown by evaporation of an aqueous 
solution. The crystals were colourless transparent 
parallelepipeds elongated along c and showed easy 
cleavage along the bc plane. Preliminary photographs 
showed that they were triclinic. Cell dimensions were 
determined from hOl and Okl precession photographs 
and the density by fotation.  
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I ~ - CH2-CH-COOC2H5 
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Crystal data 
C13HI6N202 . HCI, triclinic, a =  15.85 (2), b = 8.73 (1), 

c=5 .35 (1 )  A, e =  82.73 (0.2), fl=88.51 (0.2), ~= 
106.33 (0.2)°; space group P ] ;  Z = 2 ,  M=268.7 ,  Do = 
1-25, De= 1.266 g c m  -a,  p=23"8 cm -1, 2 (for Cu Kc~ 
radiation) = 1.5418 A. 

A crystal (0.05 x 0.02 x 0.02 cm) was used to collect 
intensities by the multiple-film equi-inclination Weis- 
senberg technique with Ni-filtered Cu Kct radiation. 
The intensities of 2012 independent reflexions (hkl, l= 
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0-4, hkl, k = 0-2) were estimated visually and corrected 
for Lorentz and polarization factors. Corrections for 
spot shape were made with the equation /true= 
Ie,c(1 + K COS 0) (Dale, Hodgkin & Venkatesan, 1963), 
where e and c stand for extended and contracted spots 
respectively and 0 is the Bragg angle. K was determined 
from reflexions measured on both sides of the central 
line. No absorption corrections were made ( p t _  0.45). 
The data about the two axes were brought to a single 
scale (Rollett & Sparks, 1960). 

The space group PT was assigned on the basis of the 
statistical averages of normalized structure factors and 
the distribution of the E values. 

Structure determination and refinement 

The structure was solved by the heavy-atom method. 
Refinement was by block-diagonal least-squares cal- 
culations with the program written by Shiono (1968), 
modified to suit the IBM-360 at Bangalore. Refine- 
ment with isotropic temperature factors and the 
weighting scheme w = [4.0 + IFol + 0"036lFol 2] - 1 

(Cruickshank, Bujosa, Lovell & Truter, 1961) reduced 
R to 0.17. A difference map computed at this stage 
showed all the hydrogen atoms at the expected posi- 
tions with peak heights ranging from 0.10 to 0.95 e A -3. 
These atoms were included during further refinement 
with isotropic temperature factors of the atoms to 
which they are bonded. Further refinement with aniso- 
tropic thermal parameters for all the non-hydrogen 
atoms reduced R to a final value of 0.089. The positions 
of the hydrogens were not refined. The maximum 
shifts in the positional parameters during the last cycle 
were less than one-fifteenth the estimated standard 
deviations. 

Scattering factors for CI- ,  C, N, O and H are those 
listed in International Tables for X-ray Crystallography 
(1962). 

The parameters of the non-hydrogen atoms are 
listed in Table 1. Table 2 gives the observed and cal- 
culated structure factors. 
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Discussion of the structure 

(a) Bond distances and angles 

The bond distances and angles are shown in Fig. 1. 
The average standard deviations in the bond lengths 
and angles are about 0.014 A and 1.0 °. The weighted 
average of the lengths in the six-membered ring is 
1.398 A, while that of the C-N bonds in the five- 
membered ring is 1.393 A. A comparative study of the 
dimensions of the indole nucleus has recently been 
made by Falkenberg & Carlstr6m (1971) and by 
Wakahara, Fujiwara & Tomita (1973) which reveals 
some interesting structural features. The C(2)-C(3) 
length, observed values of which range from 1.34 to 
1.38 A (1.352 A in the present case), is shorter than a 
normal aromatic C-C bond (1.395 A) whereas C(3)- 
C(9) (1"459 in this case) is longer. The weighted averages 
of these bond lengths in indole derivatives (Takigawa, 
Ashida, Sasada & Kakudo, 1966; Pasternak, 1956; 
Wakahara, Kido, Fujiwara & Tomita, 1973; Waka- 
hara, Fujiwara & Tomita, 1973; Bye, Mostad & 
Romming, 1973; Karle, Britts & Gum, 1964; Thewalt 
& Bugg, 1972; Falkenberg & Carlstr6m, 1971; Cotrait 
& Barrans, 1974) are 1.360 and 1.437 A respectively. 

The C(11)-N(2) length of 1.482 is in good agree- 
ment with the value of 1.487 A for amino acids (Marsh 
& Donohue, 1967). The angle at C a, C(3)-C(10)-C(11), 
of 115.6 ° (differing appreciably from the tetrahedral 
value, which is a common feature in amino acids) can 
be compared with the average of 114 ° obtained from 
27 compounds (Ramachandran & Lakshminarayanan, 
1966). 

The two C-O lengths in the carboxylate group are 
1.196 and 1-312 A and agree well with those found in 
esters (1.23 and 1.31 A, Kanters, Kroon, Peerdeman 
& Schoone, 1967). The C(13)-C(14) distance (1.443 A) 
is shorter than the expected value for a C-C single 
bond. This may be owing to the fact that the carbon 
atoms of the ethyl group have relatively high thermal 

vibration. The average isotropic temperature factor for 
the other atoms in the structure is about 5-0/~2 while 
those of C(13) and C(14) are 7.4 and 9.9 A 2 respec- 
tively. Similar shortening of the bonds have been 
observed in the L-cystine ethyl ester hydrochloride- 
urea complex (Haas, 1965) and L-tyrosine ethyl ester 
(Pieret, Durant, Griff6, Germain & Debaerdemaeker, 
1970), the corresponding bond lengths being 1-28 and 
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Fig. 1. Bond lengths and angles in the molecule. 

Table 1. Positional and thermal parameters of  the non-hydrogen atoms with estimated standard deviations in 
parentheses 

All values are multiplied by 104. The temperature factor is of the form: T= exp [ -  (Bxlh 2 + B22k ~ + B33l 2 + 2Bi2hk + 2Bx3hl+ 2Bukl)]. 

x y z Bn B22 B33 Bi2 Bx3 Bu 
C1 9693 (1) 7355 (2) 8397 (4) 58 (1) 138 (3) 318 (8) 9 (2) 8 (2) - 4 2  (4) 
C(2) 8604 (6) 3918 (11) 4752 (22) 48 (5) 147 (14) 525 (50) 19 (6) 0 (12) - 8 2  (21) 
C(3) 7950 (6) 2579 (11) 5673 (18) 48 (4) 144 (13) 341 (36) 21 (6) 8 (9) - 8 7  (18) 
C(4) 6389 (7) 1449 (13) 3901 (20) 52 (5) 178 (16) 406 (43) 7 (7) 15 (11) -52 (21) 
C(5) 5858 (8) 1736 (17) 1970 (27) 53 (6) 270 (25) 634 (66) 21 (9) - 2 5  (15) -134  (32) 
C(6) 6136 (9) 3016 (18) 47 (25) 80 (8) 297 (28) 504 (57) 72 (12) - 5 0  (16) - 9 9  (32) 
C(7) 6959 (9) 4081 (15) 88 (21) 82 (7) 234 (22) 392 (45) 70 (10) 14 (14) - 1  (25) 
C(8) 7501 (6) 3819 (10) 2015 (19) 58 (5) 129 (13) 409 (41) 29 (6) 36 (11) - 4 2  (18) 
C(9) 7237 (6) 2497 (10) 3982 (17) 50 (4) 133 (12) 299 (34) 18 (6) 19 (9) -51  (16) 
C(10) 7989 (7) 1444 (13) 7976 (18) 57 (5) 194 (16) 288 (35) 32 (7) 16 (10) - 8 0  (20) 
C(l l)  8453 (7) 148 (11) 7573 (17) 56 (5) 166 (14) 258 (32) 28 (6) 7 (9) - 4 5  (18) 
C(12) 8118 (7) -787  (11) 5428 (17) 58 (5) 143 (13) 289 (34) 26 (6) 8 (10) - 1 8  (17) 
C(13) 6896 (9) -2580 (17) 3811 (29) 70 (7) 269 (26) 685 (72) 5 (11) - 1 9  (18) -215  (36) 
C(14) 5972 (11) -3371 (22) 4448 (40) 78 (9) 335 (37) 1044 (118) - 4  (15) - 4 9  (26) -159  (53) 
N(1) 8335 (6) 4662 (10) 2569 (20) 58 (4) 128 (12) 651 (49) 13 (6) 55 (12) 18 (19) 
N(2) 9417 (5) 869 (9) 7094 (15) 55 (4) 162 (12) 314 (30) 28 (5) - 4  (8) - 7 3  (15) 
O(1) 7290 (5) -1644 (9) 5823 (14) 60 (4) 181 (11) 456 (32) 14 (5) 8 (8) - 7 5  (16) 
0(2) 8558 (5) -757  (9) 3563 (12) 68 (4) 206 (12) 266 (23) 17 (5) 12 (7) - 7 7  (14) 
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1 .39 A .  I n  a l l  t h e s e  c a s e s ,  t h e  c a r b o n  a t o m s  o f  t h e  e t h y l  
e s t e r  g r o u p  h a v e  a b n o r m a l l y  h i g h  t e m p e r a t u r e  f a c t o r s ,  
w h i c h  m a y  b e  d u e  t o  d i s o r d e r .  

T h e  C - H  l e n g t h s  v a r y  f r o m  0 . 8 9  t o  1 .25 A a n d  t h e  

N - H  l e n g t h s  f r o m  0 .88  t o  0 .91  A .  T h e  a n g l e s  i n v o l v i n g  
t h e  h y d r o g e n s  i n  t h e  a r o m a t i c  p a r t  r a n g e  f r o m  111 .9  
t o  128 .4  ° w h i l e  i n  t h e  l i n e a r  p a r t  t h e y  r a n g e  f r o m  
91 .7  t o  121 .4  ° . 

T a b l e  2. Observed and calculated structure factors 
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Table  3. Least-squares planes 

Equation of the plane AX+BY+CZ=D with respect to an 
orthogonal system, where X, Y, Z and D are in A. 

Deviation 
Plane I Atom (A) Equation of the plane 

Indole group N(I) -0-013 -0.5515X+0"6129Y 
C(2) -0.007 +0.5658Z=4.6174 
C(3) 0.011 
C(4) - 0"004 
C(5) - 0"016 
C(6) 0.010 
C(7) 0-002 
C(8) O.OO8 
C(9) 0.008 
C(10)* 0-039 

Plane II  

Carboxyl group C(11) 0"000 
C(12) - 0"001 
O(1) 0"000 
0(2) 0"000 
C(10)* - 1"299 
N(2)* 0.204 

- 0"5480X+ 0"7066 Y 
- 0"4475Z = 5"5940 

* Atoms not included in the plane 

(b) Conformation of the molecule 
The equa t ions  to the two planes def ined by the indole  

r ing and  the carboxyla te  g roup  and  the devia t ions  of  
the a toms  f rom them are given in Table 3. As found  in 
re la ted c o m p o u n d s ,  the indole  par t  is planar ,  the max-  
i m u m  devia t ion  being 0-019 A. The  carboxyla te  group,  
C(12), O(1), 0(2) ,  wi th  C% is p lanar  and  the amino  
n i t rogen  N(2) is 0.204 A ou t  of  this plane.  The indole  
p lane  makes  an angle o f  61-5 ° with the carboxyla te  
plane.  

Regard ing  the c o n f o r m a t i o n  abou t  the CLC~ 
[C( l l ) -C(10) ]  bond ,  the Co-C ~ [C(10)-C(3)] lies 

÷ I 

H - C00C2H5 I]] 

H H H l[ 

Fig. 2. Newman projections about the CLCa bond. 

CO0- 

Donor 
C(8) 

~N(1)-H(1) C1 ~ 
C(2) 
C(11)-N(2)-H(15) CI li 
C(11)-N(2)-H(16) C1 m 
C(11)-N(2)-H(17) CW 

Table  4. Hydrogen-bond lengths (A) and angles (°) 

Acceptor D. • • A H. • • A D-H- • • A 

3"275 2"404 

3"228 2"364 
3"213 2"458 
3"179 2"320 

Symmetry code 
i x y 
ii 2 - x  1 - y  
iii x y -  1 
iv 2 - x  1 - y  

z--1 
1 - z  

Z 

2--z 

C-D- • • A H-D- - • A 
122"3 

173"2 5"0 
123-6 

158-0 122"3 15-9 
144-0 89"8 26"8 
165"7 112"8 10"4 

® 
¢ , ,  

t 
s 

o ¢ / ,  g 
Fig. 3. Packing of the molecules viewed down the c axis. 
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gauche with respect to both C~-COOC2H5 and 
C ' - N H  +. A similar conformation has been observed 
in L-tryptophan hydrochloride (Takigawa et al., 1966). 
On the other hand, a different conformation has been 
observed in glycyl-L-tryptophan dihydrate (Pasternak, 
1956), DL-tryptophan formate (Bye, Mostad & Rom- 
ming, 1973) and 5-hydroxy-DL-tryptophan (Wakahara, 
Kido, Fujiwara & Tomita, 1973). In all these cases, 
Ca-C r lies trans to C~-COO - and gauche to C ' - N H  +. 
In tryptophan, Ramachandran & Lakshminarayanan 
(1966) have pointed out that C v takes either position I 
or III (Fig. 2). The torsion angles C(2)-C(3)-C(10)- 
C(11) and C(9)-C(3)-C(10)-C(11) are 276.5 (or -93.5)  
and 96-2 ° respectively. From conformational studies 
and normal stereochemical rules, Chothia & Pauling 
(1969) have proposed two possible values for the 
former torsion angle, 0 and + 90 °. While the observed 
values in most of the indole derivatives are close to 
these values, in 5-methoxy-(N,N)-dimethyltryptamine 
hydrochloride (Falkenberg & Carlstr6m, 1971) and 
the serotonin-creatinine sulphate complex (Karle, 
Dragonette & Brenner, 1965), the observed angle 
(17.2 ° ) differs from the predicted value. 

(c) Crystal packing and hydrogen bonding 
The packing of the molecules viewed along c is 

shown in Fig. 3. The D and L molecules are linked by 
N - H . - - C I  hydrogen bonds around the centre of 
symmetry. The chlorines bridge the molecules into an 
infinite three-dimensional network. 

The four available protons all take part in inter- 
molecular hydrogen bonding. The relevant lengths and 
angles are given in Table 4. The C1- ion acts as the 
acceptor for all four hydrogen bonds, three with the 
amino nitrogen and one with N(1). The hydrogen 
bonds sandwich the molecules into a double-layered 
system parallel to the be plane. The double layers are 
held together only by van der Waals forces, which 
explains the easy cleavage along the be plane. 

One of us (B.K.V.) thanks the University Grants 
Commission, India, for a Junior Research Fellowship. 
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