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Table 2. Selected geometric parameters (A, o) 
O(1)----C(I 1) 1.250 (5) C(3)---C(4) 1.421 (5) 
O(2)----C(11) 1.254 (5) C(4)----C(10) 1.446 (5) 
O(4)---C(4) 1.261 (4) C(5)----C(6) 1.370 (6) 
O(8)--C(8) 1.356 (5) C(5F---C(10) 1.410 (5) 
N(I)--C(2) 1.337 (5) C(6)--C(7) 1.393 (6) 
N(1)----C(9) 1.370 (4) C(7)---C(8) 1.382 (6) 
C(2)---C(3) 1.356 (5) C(8)---C(9) 1.405 (5) 
C(2)----C(11) 1.517 (5) C(9)---C(10) 1.403 (5) 

C(2)--N(1)--C(9) 121.9 (3) O(8)---C(8)---C(9) 117.0 (3) 
N(1)---C(2)----C(3) 121.3 (3) C(7)--C(8)--C(9) 118.5 (4) 
N(1)---C(2)---C(I 1) 1 1 4 . 9 ( 3 )  N(1)----C(9)--C(8) 119.0(3) 
C(3)--C(2)----C(11) 123.8 (3) N(1)---C(9F---C(10) 119.6 (3) 
C(2)---C(3)--C(4) 121.5 (3) C(8)---C(9)---C(10) 121.5 (3) 
O(4)---C(4)---C(3) 122.6 (4) C(4)--C(10)---C(5) 122.4 (3) 
O(4)----C(4)---C(10) 121.2 (3) C(4)---C(10)---C(9) 119.5 (3) 
C(3)---C(4)--C(10) 116.2 (3) C(5)---C(10)----C(9) 118.0 (3) 
C(6)---C(5)---C(10) 120.4 (4) O(I)--C(11)--O(2) 127.0 (4) 
C(5)----C(6)---C(7) 120.8 (4) O(1)----C(11 )---C(2) 115.7 (4) 
C(6)--C(7)---C(8) 120.7 (4) O(2)---C(11)----C(2) 117.2 (3) 
O(8)----C(8)----C(7) 124.5 (4) 

The H atoms bonded to the water O atom could not be located 
on a difference Fourier map. The relatively large R value of 
0.072 may be a result of the crystal being extremely thin. 

Data collection: MSC/AFC Diffractometer Control Soft- 
ware (Molecular Structure Corporation, 1988). Cell refine- 
ment: MSC/AFC Diffractometer Control Software. Data reduc- 
tion: TEXSAN (Molecular  Structure Corporation, 1985). Pro- 
gram(s) used to solve structure: SHELX86 (Sheldrick, 1985) 
and DIRDIF (Beurskens,  1984). Program(s)  used to refine 
structure: TEXSAN. Molecular graphics: ORTEPII (Johnson, 
1976). 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: AS1218). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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Abstract 
3,4-Diphenylpyrrole-2,5-dicarboxylic acid crystallizes 
as the acetic acid disolvate, C18H13NO4.2CH3CO2H, 
and exhibits extensive hydrogen bonding involving the 
carboxylic acid functional groups, the amine group and 
the acetic acid moieties. The phenyl rings were found to 
lie at an angle of nearly 50 ° with respect to the planar 
pyrrole ring. 

Comment  
As part of our investigations of substituted porphyrins, 
the title compound, (I) (Friedman, 1965), was synthe- 
sized. 

H 
(I) 

.2CH3CO2H 

Analysis of the structural information shows the 
phenyl rings (Fig. 1) to have torsion angles C(1)--  
C(2)--C(7)--C(8) and C(4)---C(3)--C(13) C(18) of 
52.8 (9) and 57.0 (8) ° , respectively, with respect to the 
the planar pyrrole ring, rather than being perpendicular 
to it (Medforth, Senge, Smith, Sparks & Shelnut, 1992). 

The carboxylic acid functionality of the substituted 
pyrrole ring and the acetic acid solvate molecules par- 
ticipate in extensive hydrogen bonding (Fig. 2). The 
hydrogen-bonding distances between the pyrrole di- 
carboxylic acid groups and the acetic acid molecules are 
o ( 3 i ) . . . H - 4 ) ( 8 )  2.626(6), O(4) - -H. . .O(7  i) 2.837 (6) 
[symmetry code: (i) 1 - x, 2 - y, 1 - z] and 0 ( 2 ) - -  
H . . . 0 ( 5 )  2.630 (6)/k, while the O(6 ) - -H . . . 0 (7 )  dis- 
tance between the acetic acid molecules is 2.686 (7)/k. 
Hydrogen bonding between the amine H atom and car- 
boxy O atom of an adjacent pyrrole molecule [N(1)--  
H.. .O(1 i) 2 .969(7)A] results in a dimer-like struc- 
ture having a center of symmetry between the N(1) 
and N(1 i) atoms. The O---H-..O and N - - H . . . O  hydro- 
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g e n - b o n d  d i s t a n c e s  are  n o r m a l  ( H u h e e y ,  1983) .  O t h e r  

b o n d  d i s t a n c e s  are  c o m p a t i b l e  w i t h  t h o s e  r e p o r t e d  in  

t h e  l i t e r a tu re  f o r  r e l a t e d  p y r r o l e s  (V ios sa t ,  N g u y e n - H u y ,  
L e h u e d e ,  V i e r f o n d ,  1994;  B o u k h a r i ,  E d d a i f ,  L a u r e n t ,  

M i s o n  & F a u r e ,  1989) .  

of, 
0(5) " ~  CN) / " - " ~ ¢ ~ I "  ~ ~ CNT) 

o(8) o(') g Nm ~ o(3) 
C(6) - 

014) 
Fig. I. View of CmHI3NO4.2CH3CO2H showing the labeling of 

the non-H atoms. Displacement ellipsoids are shown at the 50% 
probability level and H atoms are drawn as small circles of arbitrary 
radii. 

Oi6a) O(7a)~. 0(8ol 

0 ( 8 ~ 7 )  016) 

Fig. 2. View of the dimer-like structure formed by extensive hydro- 
gen bonding. The dotted lines indicate the intermolecular hydrogen 
bonding. 

Experimental 

The  synthesis  of  the title c o m p o u n d  was ca rded  out  by react ing 
N-acetyl iminodiaceta te  d imethyl  ester with sodium methox ide  
in dry methanol  solution,  fo l lowed by the addit ion of  benzil  
and then hydrolysis  of  the pyrrole ester. The  product  was 
recrystal l ized f rom glacial acetic acid as a disolvate (Prayzner, 
1994). The  crystal used for data col lect ion was moun ted  with 
epoxy on a glass fiber and coated with epoxy to avoid loss o f  
solvent.  

Crystal data 

CIsH13NO4.2C2I-I402 Mo K a  radiation 
Mr = 427.4 A = 0.71073 
Triclinic Cell parameters  f rom 25 
PZ reflections 
a = 6 . 4 6 3 0 ( 1 0 ) / ~  0 = 12-12 .5  ° 
b = 10.665 (2) ~k /z = 0.102 m m  -~ 
c = 15.623 (3 ) /~  T = 297 K 
a = 87.07 (3) ° Wedge  
/3 = 82.13 (3) ° 0.44 x 0.22 x 0.22 m m  
~, = 88.24 (3) ° Colorless  
V = 1065.0 (3) A 3 
Z = 2  
Dx = 1.333 Mg m -3 

Data collection 
Siemens  R3m/V diffractom- Rim = 0.0283 

eter 0max = 22.5 ° 
w scans h = - 1  ---* 6 
Absorp t ion  correction: k = - 11 ---, 11 

none  l = - 16 ---, 16 
3667 measured  reflections 3 standard reflections 
2778 independent  reflections moni tored  every 97 
1406 observed reflections reflections 

[F > 4tr(F)] intensity decay:  7.2% 

Refinement 
Ref inement  on F 
R = 0.0578 
wR = 0.0575 
S = 1.32 
1406 reflections 
280 parameters  
H a toms refined as r iding 

with fixed isotropic U 

w = 1/[o'2(F) + 0 .0005F 2] 
(A/tr)max < 0.001 
Apm,x = 0.23 e / ~ - 3  
Apmin = --0.19 e / ~ - 3  
Atomic  scattering factors 

f rom International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

x~ 

Fig. 3. View of the cell packing along the z axis. Dotted lines indicate 
the intermolecular hydrogen bonding. 

T a b l e  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,~2 ) 

Ueq = (1 /3 )E i~ jUua  ~ a~ ai.aj. 

x y z Ueq 
N(I) 0.4419 (8) 1.1262 (4) 0.3724 (3) 0.045 (2) 
O(1) 0.2780 (7) 0.9499 (4) 0.4975 (3) 0.065 (2) 
0(2) 0.1318 (7) 0.8547 (4) 0.3977 (2) 0.065 (2) 
0(3) 0.6397 (7) 1.3980 (4) 0.2476 (3) 0.069 (2) 
0(4) 0.7444 (7) 1.2961 (4) 0.3640 (3) 0.065 (2) 
0(5) -0.0391 (8) 0.6808 (4) 0.5083 (3) 0.070 (2) 
0(6) -0.3037 (7) 0.5574 (4) 0.5562 (3) 0.074 (2) 
0(7) -0.0419 (7) 0.5118 (4) 0.6743 (3) 0.069 (2) 
0(8) 0.0728 (8) 0.4323 (4) 0.7930 (3) 0.074 (2) 
C(I) 0.2940 (10) 1.0447 (5) 0.3573 (3) 0.042 (2) 
C(2) 0.2368 (9) 1.0742 (5) 0.2749 (3) 0.038 (2) 
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C(3) 0.3536 (10) 1.1787 (5) 0.2414 (3) 0.041 (2) 
C(4) 0.4805 (10) 1.2099 (5) 0.3019 (3) 0.044 (2) 
C(5) 0.2336 (10) 0.9459 (6) 0.4251 (4) 0.049 (3) 
C(6) 0.6269 (10) 1.3088 (6) 0.3008 (4) 0.049 (3) 
C(7) 0.0897 (10) 1.0087 (5) 0.2296 (4) 0.038 (2) 
C(8) -0.1108 (11) 0.9839 (5) 0.2672 (4) 0.052 (3) 
C(9) -0.2498 (12) 0.9257 (6) 0.2234 (5) 0.072 (3) 
C(10) -0.1864 (14) 0.8898 (7) 0.1401 (6) 0.076 (4) 
C(I 1) 0.0112 (15) 0.9130 (6) 0.1009 (4) 0.069 (3) 
C(12) 0.1513 (11) 0.9718 (5) 0.1448 (4) 0.056 (3) 
C(13) 0.3450 (12) 1.2437 (5) 0.1545 (4) 0.047 (3) 
C(14) 0.1602 (11) 1.2915 (5) 0.1326 (4) 0.054 (3) 
C(15) 0.1515 (13) 1.3512 (6) 0.0513 (5) 0.068 (3) 
C(16) 0.3280 (15) 1.3618 (7) -0.0060 (4) 0.074 (4) 
C~ ~ 7~ 0.5133 (14) 1.3142 (7) 0.0142 (4) 0.076 (3) 
t ~ ~ 0.5244 (11) 1.2542 (6) 0.0947 (4) 0.060 (3) 

: ~) -0.2098 (12) 0.6445 (6) 0.5015 (4) 0.050 (3) 
• ±0) --0.3436 (11) 0.6888 (6) 0.4351 (4) 0.076 (3) 
, "t 21) -0.0672 (12) 0.4413 (6) 0.7393 (4) 0.056 (3) 
C' '2) --0.2501 (12) 0.3625 (6) 0.7625 (4) 0.078 (3) 

Table 2. Selected geometric parameters (A, o) 
N(I)---C(1) 1.363 (8) N(1)----C(4) 1.382 (7) 
O(1)--.C(5) 1.208 (8) O(2)----C(5) 1.312 (8) 
O(3k---C(6) 1.229 (7) O(4)---C(6) 1.324 (8) 
O(5)--C(19) 1.200 (10) O(6)----C(19) 1.332 (7) 
O(7)---C(21) 1.228 (7) O(8)----C(21) 1.313 (9) 
C(1)----C(2) 1.405 (8) C(1)---C(5) 1.477 (8) 
C(2)---C(3) 1.404 (8) C(2)---C(7) 1.473 (9) 
C(3)----C(4) 1.393 (9) C(3)---C(13) 1.499 (8) 
C(4)----C(6) 1.436 (9) C(7)--C(8) 1.375 (9) 
C(19)----C(20) 1.490 (10) C(21)---C(22) 1.465 (10) 

C(I)--N(1)---C(4) 109.0 (5) N(1)---C(1)--42(2) 108.8 (5) 
N(I)---C(I k---C(5) 117.2 (5) C(2)--C(1)---C(5) 133.9 (6) 
C(I)----C(2k---C(3) 106.2 (5) C(1)----C(2)---C(7) 128.3 (5) 
C(3)---C(2)--C(7) 125.5 (5) C(2)--C(3)---C(4) 108.3 (5) 
C(2)---C(3)--C(13) 125.6 (6) C(4)----C(3)---C(13) 126.1 (5) 
N(1)---C(4)---C(3) 107.6 (5) N(1)----C(4)----C(6) 121.2 (5) 
C(3)---C(4)----C(6) 131.2 (5) O(1)---C(5)---O(2) 124.6 (5) 
O(1)----C(5)----C(1) 122.3 (6) O(2)---C(5)---C(1) 113.1 (5) 
O(3)---C(6)--O(4) 123.0 (6) O(3)--C(6)---C(4) 123.5 (6) 
O(4)---C(6)--C(4) 113.5 (5) C(2)---C(7)--C(8) 122.0 (5) 
C (2)---C(7)---C(12) 120.0 (6) C(8)--C(7)--C(12) 118.0 (6) 
C(7)---C(12k---C(I 1) 120.2 (6) C(3)---C(13)----C(14) 120.4 (6) 
C(3k---C(13k---C(18) 120.5 (6) C(14k---C(13)----C(18) 119.1 (5) 
O(5k---C(19)---O(6) 121.9 (6) O(5)----C(19)---C(20) 126.4 (6) 
O(6)---C(19)---C(20) 111.6 (6) O(7)----C(21)---43(8) 120.8 (6) 
O(7)---C(21)----C(22) 123.5 (7) O(8)---C(21)---C(22) 115.7 (5) 

Data collection, structure solution and refinement, and prepa- 
ration of drawings were performed using SHELXTL-Plus pro- 
grams (Sheldrick, 1991). 

The authors wish to acknowledge the University of 
Massachusetts Dartmouth for financial support and the 
Chemistry Department of Brown University for the 
use of their X-ray facilities. J. Loehlin of Wellesley 
University is also thanked for his help with the standard- 
deviation calculations. 

Lists of  structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: CRl169).  Copies may be obtained through The 
Managing Editor, International Union of  Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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Abstract 
The structure of diethyl (1-hydroxy-2-butynyl)phospho- 
nate, C 8 H I 5 O a P ,  exhibits nearly tetrahedral geometry 
around the P atom, in addition to intermolecular and 
intramolecular hydrogen bonding between the hydroxy 
group and the double-bonded phosphoryl O atom ( O -  
H.. • O-~P). 

Comment 
Mono- and difluorinated compounds of phosphorus and 
their derivatives have found use as markers in many bi- 
ological phosphate systems (Blackburn, Brown, Martin 
& Parratt, 1987; Halazy & Gross-Berges, 1992). In the 
course of our studies on the regiospecific fluorination 
of hydroxy phosphonates, the title compound, (1), was 
isolated (Sanders & Hammond, 1993). 

o 
, , /O--CH2CH3 

CH3 ~ _ . . . . . ~  P" O--  CH2CH3 
OH 

(1) 

Analysis of the structural data indicates that the P - -  
O distances [1.557 (6) and 1.571 (5),~J in the p---Ore 
C linkages (Fig. 1) differ by 0.014A, but the bond 
distances are compatible with known values: a P---43 
bond distance of 1.586 A in substituted dioxaphospho- 
cine (Naidu, Krishnaiah & Sivakumar, 1992) and P - -  
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