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Abstract 

The title acid, C19H1602, crystallized in space group 
Pi.  In this structure, a hydrogen bond of the 'cyclic 
dimer' type is formed about a center of symmetry. The 
Odonor" " "O,cceptor distance is 2.647 (1),~. The carboxylic 
H and O atoms are ordered. The dihedral angle between 
the best-fit naphthalene plane and the carboxylic acid 
group plane is 11.1 (2) °. 

Comment  
This study is one of a continuing series on hydro- 
gen bonding in carboxylic acids. 1-(o-Tolylmethyl)- 
naphthalene-2-carboxylic acid, (I), crystallized in space 
group P1. The refined molecule is shown in Fig. 1, 
which also presents the numbering scheme. The single 
type of hydrogen bond forms a cyclic dimer about a 
center of symmetry, as shown in Fig. 2. Geometric 
details of the hydrogen bond are given in Table 1. The 
first-level graph-set descriptor (Bernstein et al., 1995) is 
R2(8) and there are no higher-level graph sets. 

(l) 

The  ten C a toms  o f  the naph tha l ene  core  and the 
six C a toms  o f  the b e n z e n e  r ing lie ve ry  near ly  in 
planes,  the m a x i m u m  devia t ions  o f  an a tom f rom 
the best-fit  p lanes  th rough  t hem be ing  0 . 0 1 6 ( 1 )  and 
0.003 ( 1 ) A ,  respec t ive ly ,  wh i l e  the ave rage  dev ia t ions  
are 0 .010 (4) and 0 .002 ( 1 ) A ,  respect ive ly .  T h e  d ihedra l  
angle  b e t w e e n  the naph tha l ene  p lane  and the b e n z e n e  
p lane  is 7 9 . 7 6 ( 5 )  ° . The  d ihedra l  ang le  b e t w e e n  the 
naph tha l ene  p lane  and the p lane  o f  the ca rboxy  g roup  
is 11.1 (2)°;  this va lue  m a y  be c o m p a r e d  with  that o f  
1.4 (5) ° for  n a p h t h a l e n e - 2 - c a r b o x y l i c  ac id  (F i tzgera ld  & 
Gerk in ,  1993). 

_)H2 

Ol CII 

Fig. 1. ORTEPII (Johnson, 1976) diagram of l-(o-tolylmethyl)- 
naphthalene-2-carboxylic acid, showing the molecular numbering 
scheme. Displacement ellipsoids are drawn at 50c~ probability for 
all atoms except H, for which they have been set artificially small. 

Distances and angles of special interest are given 
in Table 1. All intramolecular distances and angles 
fall within normal ranges. Whereas in naphthalene-2- 
carboxylic acid, the carboxylic H atom is disordered to 
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1886 C19H1602 

a s ignif icant  degree ,  both  at r o o m  tempera ture  and at 
153 K (Blackburn  et al., 1996), in the title mo lecu le  it 
is ordered.  In all three  cases,  however ,  the carboxyl ic  
O a toms are ordered,  the largest  pr incipal  axes o f  
their  d i sp l acemen t  e l l ipsoids  be ing  nearly normal  to the 
carboxy group planes.  

The  packing  o f  the title acid is shown  in Fig. 2. 
An  interes t ing feature o f  the pack ing  a r r angemen t  is 
that a romat ic  r ings whose  planes are parallel  do not lie 
direct ly  over  each other;  instead,  they are in every  case 
separated by s o m e  other  por t ion of  a mo lecu l e  or s imply  
offset  f rom each other. Thus,  no 7r-Tr interact ion can 
occur. The  closest  in te rmolecu la r  approaches ,  exc lud ing  
pairs o f  a toms in h y d r o g e n - b o n d e d  carboxy groups,  are 
be tween  C17 and H7 ii [ symmet ry  code:  (ii) 1 + x, y, z] 
and are 0.06,4, greater  than the co r re spond ing  sum of  
the Bond i  (1964) van der  Waals radii. 

+c +b 
+c 

Fig. 2. ORTEPII (Johnson, 1976) stereoview of the title acid. 
Displacement ellipsoids are drawn a: 50% probability for all atoms 
except H, for which they have been set artificially small. Hydrogcn 
bonds are shown as dashed lines. 

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

1-(o-Tolylmethyl)naphthalene-2-carboxylic acid was obtained 
from the chemical collection of Dr M. S. Newman as a 
colorless prism. This was cut to provide the experimental 
sample. While Newman's synthetic scheme is unknown, a 
synthesis of the closely related compound l-(phenylmethyl)- 
naphthalene-2-carboxylic acid is given by Smith et al. (1981). 

Crystal data 

C19H1602 
Mr = 276.33 
Triclinic 
PT 
a = 7.831 (1) ,4, 
b = 9.9159 (8) ,~, 
c = 10.2115 (5) ,~ 
a =  113.128(7) ° 
/3 = 91.309 (7) ° 
V3' - 103.504 (6o) ° 

- 703.2 (1) A 3 
Z = 2  
De = 1.305 Mg m -3 
Dm not measured 

Mo Ka radiation 
A = 0.7107 ,~ 
Cell parameters from 25 

reflections 
0 = 12.8-17.5 ° 
# = 0.078 m m - i  
T = 296 K 
Cut prism 
0.38 x 0.23 x 0.23 mm 
Colorless 

Data collection 
Rigaku AFC-5S diffractom- 

eter 
,0/20 scans 
Absorption correction: none 
3491 measured reflections 
3251 independent reflections 
2444 reflections with 

I > 2~r(D 
Rint = 0.010 

0m~ = 27.56 ° 
h = 0 - - *  10 
k = - 1 2  ---, 12 
1= -13-- - ,  13 
6 standard reflections 

every 150 reflections 
intensity variation: -t- 1.5% 

(average maximum 
relative intensity) 

Refinement 

Refinement on F 2 
R(F) = 0.043 
wR(F 2) = 0.056 
S = 2.53 
3251 reflections 
195 parameters 
H atoms: see below 
w =  llcr2(F 2) 
(A/o')m,~ < 0.01 

Apma× = 0.26 e i - 3  
Apmi, = -0.21 e ~ -3  
Extinction correction: 

Zachariasen (1963, 1968) 
Extinction coefficient: 

36(1) x 10 -7 
Scattering factors from 

Stewart et al. (1965) (H) 
and Creagh & McAuley 
(1992) (C, O) 

Table 1. Selected geometric and hydrogen-bonding 
parameters (f~, °) 

o l - c l l  1.32(,c~ o 2 - c ~  ~217( i ,  

O1--C11--O2 121.6(11 O2--C I 1---C2 124.6(11 
O I - - C  I I - - C 2  113.811 ) 

D--H. • .A D--H H. • .A D. • .A D--H- - -A 
OI--H2...02' 1.00(2) 1 .65(2)  2.64711) 176C1) 
Symmetry code: (i) 1 - x ,  1 - y, 1 - z. 

Scan widths were (1.60 + 0.35tan0) ° in `0, with a back- 
ground/scan time ratio of 0.5. The data were corrected for 
Lorentz and polarization effects. The Laue group assignment 
indicated space g-roup P1 or P1 (No. 1 or 2). P1 was given 
initial preference and, since refinement proceeded well, it 
was adopted. Difference Fourier methods were used to locate 
the initial H-atom positions; the H atoms were then refined 
isotropically, yielding C - - H  distances ranging from 0.96 (2) to 
1.01 (2)A. Subsequently, all but the carboxylic H atom were 
made canonical, with a C - - H  distance of 0.98,~, and U,~o = 
1.2Ueq of the associated C atom. The carboxylic H atom, H2, 
was refined isotropically; the O - - H  distance is given in Ta- 
ble 1. The maximum effect of extinction was 9.5% of Fo for 

_ _  

121. The maximum positive residual peak was located approx- 
imately midway between C1 and C12; the maximum negative 
peak was located ,~0.6 k, from C19. 

Data collection: MSC/AFC Diffractometer Control Software 
(Molecular Structure Corporation, 1988). Cell refinement: 
MSC/AFC Diffractometer Control Software. Data reduction: 
TEXSAN (Molecular Structure Corporation, 1995). Pro~am(s) 
used to solve structure: SHELXS86 (Sheldrick, 1985). Pro- 
gram(s) used to refine structure: TEXSAN. Molecular graphics: 
ORTEPII (Johnson, 1976). Software used to prepare material 
for publication: TEXSAN and PLATON (Spek, 1990). 
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Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BK 1403). Services for accessing these 
data are described at the back of the journal. 
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ing in biphenyl carboxylic acids, and follows reports 
on biphenyl-3-carboxylic acid (Blackburn et al., 1996), 
biphenyl-2-carboxylic acid (Dobson & Gerk in ,  1998) 

HOO(" COOH 

Me ~ Me 

(I) 

and the isomer, 6,6'-dimethylbiphenyl-2,2'-dicarboxylic 
acid (Gerkin, 1998). Compound (I) crystallized in the 
centrosymmetric space group C2/c with 1.5 molecules 
in the asymmetric unit. The refined asymmetric unit is 
shown in Fig. 1 together with the numbering scheme. 
Three hydrogen bonds occur in this structure, and in 
each the H atom is ordered. Geometric details are given 
in Table 2. Each of the hydrogen bonds participates 
in an eight-membered cyclic dimer arrangement, and 
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Abstract 

The title acid, C16H1404, crystallized in the centrosym- 
metric space group C2/c with 1.5 molecules in the asym- 
metric unit. Each of the three independent carboxylic 
H atoms is ordered, and each participates in hydrogen 
bonding. The Or).. "OA distances in the hydrogen bonds 
are 2.584 (2), 2.647 (2) and 2.722 (2),4,. Three sets of 
cyclic dimer hydrogen bonds are formed within and be- 
tween two asymmetric units, linking them into molecu- 
lar trimers. The trimers lie on twofold axes which bisect 
the central C--C bond of one molecule and the COOH 
dimer connecting the other two. The two biphenyl twist 
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Fig. 1. ORTEPII (Johnson, 1976) drawing of the asymmetric unit in 
the title structure, showing our numbering scheme. Displacement 
ellipsoids are drawn for 50% probability tbr non-H atoms; circles 
of arbitrary small radius depict H atoms. The intra-unit hydrogen 
bonds are shown by dashed lines. 
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