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W--The GNCIUIC of ~‘-ox~3’.4.4’-rriclyl-3Jdimethyl-l’.~’dlhyC~2.2’]dipynomerhc~ 1. a model for 
bilitubin. has been determined from three dimensional counter data The oxcdipynome~h~m skekton shows only 
small deviations from planariry. and the strucmre assumer rhc %-configuration with the rutrogcn atoms ~yn. Bond 
k&r in the IWO rings are quite discrent. So intramokcular H-howling is observed. bur intermolecular H-bonded 
dimcrs are formtd through fhe lactarn oxygen with the lacram and pyrrolc N-H groups. The compound cryslplltir in 
moawlinic space group C2/c with cell dimcnrions a = !.(.106(10)A. b - 7.132fT)A. c = 19.144(10)A. fl = l12.gl(3)0. 
There are eight mdocuk~ in the unit cell. 1423 independent reflections were measured. Of these. 600 had I > 3 o, 
and were used in the analysis. The structure was solved by direct me~bods and refined by least squarer techniques IO 
R = 0.056. 

Ahhwgb the structures of macrocyclic tetrapyrroles, 

porphyrins, have been studied extensively by crystal- 
lography,’ there have bnn no reported crystallographic 
studies of bile pigments. The one published exception is a 

report on the structures of zinc complexes of a 
photooxidation product of octacthylporphyrin, oc- 

taethylformylbiliverdin.’ Indeed. very little crystallo- 
graphic work has been done for the SVU~I~~~S of open 

chain polypyrroles. The structure of a monopynok. ethyl 
4 - acetyl - 3 - ethyl - 5 - methyl - pyrrole - Z - carboxylate. 

has been published.’ and only one crystal structure of an 
uncomplexed dipyrrole. 5.5’ - biscarboethoxy - 3,3’,4.4’ - 

tetracthyl - (2.2’) - dipynomethane 2, has been determined 
previous to this work.‘ Compound 2 might be viewed as a 

model substrate for rings 11 and 111 of bihrubin 3, an 
accurate structure of which is currently of wide interest 

in view of its importance in neonatal jaundice and the 

phototherapy thereof.’ Structure 1 on the other hand, 
may be viewed as a model for rings I and II of bilirubin; 

thus, its stru. ‘*ire too is a potentially important and 

relevant one. We report here the X-ray crystal structure 
of 1 which provides an interesting comparison with 2 and 
a possible insight into the conformation of bilirubin. 

Figure 2 shows the structure of the oxodipyrromethcnc 
1. Its synthesis, characterization and properties have been 
discussed elsewhere.*.’ The arbitrary numbering scheme 
used is also indicated. Figure 3 is a stereoview of the 
molecule without hydrogen atoms. An important feature 
in this work is that the IWO pyrrolc rings in the molecule 
are in a cisoid arrangement with the Z-configuration. This 
observation is highly significant as it correlates well with 
the observed preference for one isomeric form in 1 and 
related oxodipyrromethcnes during their photochc- 
mistry.’ Other more sterically crowded configurational 
isomers (syn-E. anti-Z. anti-E of Fig. 4) which might be 

expected IO intrude have not heen found, except IO a small 

extent.’ With the exceptions noted below the molecule 
bears strong resemblances IO one-half of a prophyrin ring. 

The compound is a conjugated system and the 
molecular structure is effectively planar. Table 4 lists the 
least squares planes of the IWO individual pyrrole rings 
and the skeleton of the entire molecule, excluding 
peripheral atoms. The maximum deviation from the plane 

of the dipyrromcthene skeleton is 0.045A. It is important 
IO note that the pynole rings each form an angle of only 
197 with the plane of the dipyrromcthene skeleton and 
an angle of 3.90” with each other. This contrasts with an 
interplanar angle of 71.9” in the dipynomethane com- 
pound 2.’ in which the bridging carbon atom C-5 is 
saturated. 
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The presence of a conjugated system has other effects. 
Then is a large difference in the bond lengths and angks 
in the two rings which indicates the resonance form as 
shown in Fii. I overwhelmingly predominates. However 
the short lengths of tbc C.-N bonds indicate a sign&ant 
amount of double bond character, so resonance forms 
involving UK nitrogen atoms in each ring undoubtedly 
contribute. Bond lengths and angies are tabulated in Table 
5 and are illustrated in Fii. 5. That figure also shows the 
nomenclature used for different types of carbon atoms. 
TheG&distancesof 1.3o(l)aad 1.38(l)inrings 1 and2 
respectively indicate tbc former bond has a much greater 
doubk bond character. Similarly, the average C.-G 
distance of I .46A in ring I indicates these bonds have less 
doubk bond character than tbc analogous bonds in ring 2. 
for which the average distance is 1.38A. The two C.C. 
distances are also diRerent (1.35(1)A and l&Xl)A). 

The dimensions of ring II are closer to those found by 

microwave studies for pyrrok itsclf’O and those found in 
the dipyrromethanc compound 2’ than are the dimcsnions 
of ring I. which can be described as a pynolenone moiety. 
However the C,X, distance in ring II in the dipyr- 
rometha~ is 0.03A shorter than t&e 1.41A found in the 
other compounds. It is ti ckar if this difTerence is real. 
Hoard’ has postulated that use of a high percentage of 
data from the lower half of tbc copper sphere causes an 
underestimation in tbc C&Z,, distaaces in porphyrins. In 
this regard it is interesting to note the analogous distance 
in ring I (1.3OA) is approximately 0.02-0.03A shorter than 
normally found for pure sp*-sp’ double bonds. For 
example the average C=C distance is 1.323(6)A in spiro - 
[SJ] - UDdcca - 1,4,7,10 - tetracnc - 39 - dioae.” otbcr 
comparabk bond parameters in this compound are in 
better agreement with the present study. For example the 
average GO distance in this quinone compound” is 
1.227(1)A, in good agreement with the 1.22(1)A found in 
the dipyrromctbenc. 

In the dipynomethane compound 2’ the bond kngtbs in 
the individual pyrrok rings indicate significant deviations 
from CIV symmetry. The authors attribute these 
differences to contributions from otir resonance forms. 
While there are also deviations from CIV symmetry in 
both rings of the dipyrrometbene compound, the 
relatively large standard deviations makes it difficult to 
assess the signifkance of the differences. and thus 
attribute them to the existence of contributions from 
other resonance forms. 
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The C,-C, distances are usually short. However this 
is a common observation for terminal C-C bonds of 
aliphatic peripheral groups (e.g. various octacthylpor- 

phyrin complexes).” This apparent shortening generally is 
attributed to ncgkct of the relatively large thermal motion 

of the terminal carbon atoms. 
The signilicance of ditlerences in the bond angles is also 

difficult to assess. It would appear the average N-C.-C, 

angle in ring I (103.60) is less than the average angk in ring 
II (106.6”). The C.C:,C:. angk of 133.3” is quite large and 
probably arises because of the intramokcular repulsions 

bctwecn the hydrogen atoms bonded to the nitrogen 
atoms. The N-N distance is 3.17A while the H(NIb 
H(N2) separation is approximately 2.19A. In compound 2 

which is non-planar,’ the N-N distance is 3.50A and the 
distance between the hydrogen atoms on these nitrogen 

atoms is ZSSA. Thus, hydrogen-hydrogen atom repulsion 
is not a factor and the C.-&C, angk is 113.8”. which is 

close to the value normally found for methylcne carbon 
atoms. 

A similar expansion of the C.-C,<. angle is also seen 
when the bond parameters of porphyrin diacids are 
compared. In H.OEP” (OEP = octacthylporphyrin),” a 

mokcuk showing relatively small deviations from 
planarity, the average C.-&-C. angk is 127.5”. while in 

the diacid cations of tetraphcnylporphyrin (H.TPP.3 and 
tetrapyridylporphyrin (H,TPyP”), in which the 
macrocyck assumes a highly r&led configuration to 

relieve the strain caused by intramolecular hydrogen 
hydrogen repulsion, the analogous angks are 120” and 
123” respectively.” The macrocyclic configuration 

probably keeps the angle in H,OEP” from increasing to 
larger values. 

TIK N-H stretching frequencies for dipyrromcthcncs 
and dipyrromethanes with alkyl substituents at all 
alpha-carbon atom positions differ significantly with yW_,, 

being 32fSOcm ’ ad 3453 cm ’ respectively.” This has 
been postulated as being due to an intramokcular 
NH . . . N bond in the latter. The IR spectra of I in CCL 
and in KBr have a band attributabk to N-H stretch at 
34OOcm” with a much weaker band at 32OOcm-‘. The 

X-ray structure determination results reveal no evidence 

of an intro-molecular hydrogen bond. This is to be 

expected since, as in the dipyrromethanes. both nitrogen 
atoms in I carry hydrogen atoms, rather than only one as 
in the cited” alkyl-substituted dipyrromcthenes. 

Instead the mokcules are arranged in the crystal lattice 

so as to form intermolecular hydrogen-bonded dimers. 
This arrangement is shown in Fig. 5. The interaction is 

between a given molecule and that related by the 
symmetry operation x’ = I.5 - x, y’ = I.5 - y, 2’ = -2. Tlk 
nitrogen atoms of one molecule are hydrogen bonded to 

the oxygen atoms of the other. The N(lm And N(2)-0 

distances are 2.895 and 2.856A respectively. A similar 
hydrogen bonding dimcr has been observed in the 
dipyrromethane compound 2.’ In this compound the 

interaction is between the carbonyl oxygen of one of tlk 
diethoxycarbonyl groups and the pyrrole N-H atoms of 

tkz other molecule. 
Figure 6 shows the packing in the unit cell. Besides the 

hydrogen bonding just &scribed, there are no other short 
intcrmokcular contacts. Only three contacts are less than 

Fii 6. 

3.5A. These are N(lw(5)‘. 3.44A; N(2)C(3)=. 3.45A; and 
C(4x(Sy. 3.48A. The doubly primed atoms indicate 
those related to those on the given mokcuk by the 
symmetry operation x.= l.5- x, y=O.5-y, f= 2. 
None of these contacts is considered of any signilicance. 
These distances are within the range of typical van der 
Waals contacts. 



The X-ray crystallographic structure of oxodipyr- 
romethene 1 shows a preference for the syn-Z 

contiguration about the central carbowbon double 
bond. The data also reveal the ability of the amide 
carbonyl oxygen and N-H groups of one molecule of I IO 

H-bond in a reciprocal way with another molecuk of 1. 
This information is entirely in keeping with the required 
ryn-Z configuration in bihrubin for the H-bonded 
structure of Kucnzle et ol.“ and the more recent one 
proposed by Knell, Hancock and Hutchinson.” A recent 
communication has given experimental support IO the 

latter model.” The present work also supports the 
propensity for H-boding to the amide oxygen and N-H 
groups as required by those structures of bilirubin. 

gxRI[MEhTAL 

Crystals of rhe titk compound. cblaiained from a pyrkiim-water 
mixture.*.’ grow as grccmsh yellow rods. elongated along b and 
bounded by (100) and (001). The crystals obtained were generally 
small. The OM sckcted for intenstry mcasuremen1s was 
0.03 x 0.26 x 0.08 mm in the directions of a. b. and c respectively. 
The crystal was mounted in a thin-walled glass capillary’* with the 
b axis approximately parallel IO rbe spindle axis. 

Cell data arc surnmarizcd in Table I. Cell dimensions were 
detcrmiocd by kast squares. minimizing the differences between 
the observed and calculated 26 values for 18 refkctkns measured 
on a Datex-Syntex automatic diffractometer at both +28 and -28. 
The same inslrumcnI was used for the intensity rncasuremcnIs. Cu 
Ku radiation (A - l.Ult8). monochromatized by pyrolibc 
grapbi1e. was used for all rncasurcmen1s. The ambient tem- 
pcrarurt was WC. The density was measured by flotation in an 
aqueous zinc nitrate solution. The successful completron of the 

Tab& I. Crystal data 

, . 25.106(10) n 

b . 7.132(7) I 

c - 19.144(10) a 

8 . 112.87(3)* 

v - 3158 A3 

0, - 1.145 9fcs3 

0. - 1.13(l) 9lcr.3 

H.Y. 272.3 drltons (C,IH2,h'20) 

2.0 

.(CuKz rtidlatfca) - 5.66 c- 
-1 

Systwtlc absmccs: htl (k l k odd); Ml (1 odd) 

Sprcr Crow. c2/c CC&) 
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s~ru~lure conlirmcd rhe choice of the ccntrosymmctric space 
group C21c rather than the ace&c space group Cc. There is one 
independent mokcuk in lk asymmelric unit. 

The inlensily &la wcrc colkclcd by the 8 - 28 scan metbod. the 
intcnsily scak king monirored by periodic measurement of a 
group of five standard rcllcctions. The intensities of these 
rclkctions varkd by ~2%. These ductuations were attributed lo 
ualislkal vanalions and no corrections were applied. The scan 
rate was l%in. while the scan range was 2”. Backgrounds were 
measured for half (he scan time al each end of tl~ scan range. The 
standard d&awn of the inlcnsily. 0,. was detincd in terms of the 
statistical varian‘x of the CounlS as a,’ = 0,’ (coual)+ 
K’(S - Bl * B?)‘whereS.Bl.andB!~e~~o~~~~~sf~~ 
scan and IWO bac~cgrour~Is respectively. (I, (count) is the standard 
dcviarion derived purely from counting rIatisIks. A value of 0.02 
was used for K. 

I423 independent rcfkclions were measured out IO a sm 6yA of 
0.46 or 45’ in 8. f3ecau.u of lk small size of the cryslal. virlually 
no rclkctions above this limit were of sufficient intensity to be 
considered observed. 600 rdlections had I> 30, and were used in 
Ihe analysis. Structure factors were calculaIcd in lhe normal way 
assuming an ideally impcrfccl monochromalor for lhc polarizalion 
correclion. 

Because of Ilk small crystal size and the small linear absorplion 
cocffickru. correction for absorption effects was considered 
unnecessary. No correction for coincidence IOSKJ was applied, u 
UK slrongcsl observed peak inlcnsilks were in lhc range of 
3rWMOlM counlslscc. Previous cxpcrknce has shown 
measurcrnrn1s of this magnirude are not afkckd by coincid~r~~ 
losses. 

Dnetminarion and r&rnnr of rhe srnrcrWe 
‘RK sl~clure was tdvcd by use of lhc IanpXt r&WmCnl 

proccdurc. employing Ihe MULTAti packag~.“~ which besides 
Ihc phasing program, MULTAN. also inclodcs a program to 
calculate normalircd structure factors, a fast Fourier lnasform 
program, and programs to search for mokcukr fragments. It was 
feared the large number of u&served rclkctions in the shell 
W< 26 590” would improperly b& ~hc statistks for the 
normalized struchuc factors. hence only dats with 28 5 IUP were 
used. Altcmpts 10 solve Uk structure using only relkclions with 
2570” failed. 25OE values having Erl.02 were used. ‘lhc 

program was allowed IO choose ~hc IWO necessary origin debning 
rctkctions (5 I -4.7 I -5) and four relkclions for rbe starting se1 
(IO! 9. 1045. 15 -S. 732). In addition lhc pha-sc of lhc 102 -8 
refkcbon was known to be U’ from I, relationships. Of the I6 
solutions generated. the one having both Ibe highest absolute 
figure of merit (1.06) and the highest combined hgure of merit 

Table 2. Fractional coordinarcs and thermal molion paramc~crs derived from lhc kast squares refmmcot. In this and 
subsequent tahks eslima~cd standard deviations for the leas1 sign&zanI ligure are in parcnlhescs. The Dcbyc-Walkr 
factor for anisotropic temperature factors is defined as: 

T - exp[-2n:X,“,a*hJ1 U - I I II 1 

The values for U have been multiplied by I@. Isotropic B’s, d&cd by T n exp I B (sin’ HA’)] are given in Ihe 
cdumn lab&d U( II). These have been multiplied by IO. 
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(2.97) proved lo be Ilk correcl one. All 20 nonhydro6cn atoms 
were found in Ihc subscquen1 R-map. 

Most of ~he kast squares refinement was performed using Mock 
diagonal methods. The function minimized was Xw;FoFc~‘. 
where w = l/oV’. Initially isoIropic lempcraIurc faclors were 
used. The limikd number of daIa precluded anisoIropic rehne- 
lMn1 of all atoms. hence only Ilk oxygen alom. Ilk nitrogen 
atoms. and Ihe terminal carbon atoms (C(lOl. C(l2). C(l4). CIIS). 
C(l7ll were refined anisootropically. II was fell the IempcraIure 
factors of rhc Ierminal aIoms would show the mos1 marked 
anisonopy. 

After several cycks of refincmen1. AF syn~hcscs were 
calculated IO locate hydrogen adorns. I9 of ~hc 24 hydrogen aIoms 
could be found. However many of Ihe bond kn@hs and angles 
were chemically unreasonable. II was ckar &at a KI of idealized 
hydrogen aIom positions, calculated assuming a N-H or C-H 
disIance of I.OA and a sIapgcrcd co&uration for Ihe merhyl 
hydrogen atoms. would be a Rood approximauon IO ~hc observed 
values. Refinement was continued, including the conIribuIion of 
~hc calcula~cd hydrogen atoms posilions (B,, r 4.0) IO the 
structure faclors. However in this and subsequent reIinemenIs. 
the hydrogen aIom parameters were no1 refined. Afmr several 
cycks of refinemen another difference synthesis was calcularcd. 
All bu1 Ihrce of the hydrogen atoms were located. There was some 
IrnprovemenIs in rbe observed bond lengths and angles. bu1 MI 
enough IO jusIify the use of ~hhe observed posilions in subscqucn1 
analysis, exccpl for ~hc hydrogen aIoms bonded IO the pyrrole 
nitropen atoms. In ~hc final cycks of rcfinemen1. carried WI using 
full-maIrix kas1 squares methods. Abe observed positions of rhcx 
IWO hydrogen atoms were used. The idealized positions of tht 
o&r hydrogen aIoms were recalculaIcd and used. 

AfIcr Ibc final cyck Ihc MIS on all r&cd paramerers were 
well below one sum&d dcvi.aIion. The final convenrional R index, 
deftned as XJFd - lF,&QlFd was 0.0%. while the weighIcd index. 
R, defined as Z#, - F#‘EwF,’ was 0.068. A structure facror 
calculalion using all refkclions. including whose with I < 30, gave a 
conventional R of 0.162 (0.133 when relleclioas wiIh I = 0 were 
excluded). R was 0.067. The error in an observeIron of uni1 
wei&I, d&cd as [IqFd - lF.F/(N.- N.)]“’ was I.65 for 
N, = 600 rellcctions and N. = 121 vanabks. A final difference 
Fourier synthesis showed a maximum ekcIron densny of 0.17 
e/A’. The hi&es1 peaks were close IO aIoms which were assumed 
lo have isooaopic lhcrmal motion. 

No evidence of secondary exImcIion was found. No correction 
for anomalous dispersion was applied. Scancring facIors were 
from Ilk Mno~ionol Thbla o/ Crysrollogmphy.” 

The final posiIional and ~hcrmal paramc~en for non-hydrogen 
aIoms are given in Table 2. A list of hydrogen atoms posiIions is 
given in Tabk 3. A listing of Ihe final observed calculaIed 

Table 3. Frac~knal coordinaIes for hydrogen atoms’ 

x Y 2 

HWll 0.740 0.609 0.026 

ufn2l 0.610 0.4W 0.126 

H(I) 0.700 c.117 0.081 

H(2) 0.697 0.627 0.267 

H(3) 0.942 0.456 0.306 

H(4) 0.930 0.521 0.219 

H(5) 0.561 0.590 -0.192 

u(6) 0.547 0.416 -0.172 

H(7) 0.521 0.614 -0.092 

n(e) 0.554 0.769 -0.112 

H(9) 0.496 0.700 -0.176 

HflOl 0.625 0.045 -0.026 

Hflll 0.573 0.136 -0.099 

Hf12l 0.586 0.205 0.0% 

Hf13l 0.537 0.299 -0.015 

uf14l 0.537 0.073 -0.001 

HIIS) 0.731 -0.036 0.214 

uf16) 0.794 -0.128 0.259 

Hfl7l 0.762 -0.146 0.166 

Wl6) 0.997 -0.039 0.324 

Hf19l 0.934 0.13D 0.336 

HfZOl 0.907 0.117 0.441 

uf21l 0.866 0.315 0.396 

Hf22l 0.639 0.146 c.385 

’ HfN I) and H(N2) are from diRcrence Fourier synIhuis. Orhers 
are “i&alizcd” calculaIul positions. The isoIropic Iempcralure 
factor was assumed IO be 4.0 k for all hydrogen aIoms. 

Tabk 4. lkviatrons IA) from least-squares planes 

Plane I: W(l). N(2). CflKc(9l) 
-17.879x * 3.lS9y t 14.9062 - - IO.@99 

Plane 2: (N(l). C(ltC(4)) 
- 17.5D3x - 3.Dny t IS.2962 = - 10.697 

Plane 3: 
-~lE.D73x - 3.2Wy t 14.4842 = -I I.la, 

Plane 1 Plane 2 Plane 3 

Dlpyrrolic Skeleton Pyrrolc Ring 1 Pyrrole Ring 2 

N(l) -0.016 0.007 0.118 

C(1) 0.017 -0.007 0.197 

C(2) 0.048 0.006 0.231 

C(3) 0.004 -0.002 0.145 

C(4) -0.039 -0.002 0.068 

C(S) -0.033 0.047 0.028 

H(2) -0.028 0.106 0.003 

C(6) -0.027 0.096 -0.002 

C(7) 0.022 0.188 -0.000 

C(8) 0.046 0.245 0.002 

C(9) 0.007 0.184 -0.003 

C(10) 0.015 0.212 0.001 

0 0.040 -0.005 0.251 

Norc: All planes ark unwei&d. x. y. L arc in uiclink fractional coordinaics 
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O(l)-cc1 1 

N(l )-C(l) 
H(l)-C(4) 

H(2)-C(6) 

M(2)-C(9) 

C(l)-C(2) 

C(2)-C(3) 

C(2)-C(l1) 

C(3)-C(4) 

C(3)-C(13) 

C(4)-C(5) 

C(5)-C(6) 

C(6)-C(7) 

C(7)-C(8) 

C(7)-C(15) 

C(8)-C(9) 

C(8)-C(l6) 

C(9)-C(10) 

C(ll)-C(12) 

C(13)-C(l4) 

C(l6)-C(17) 

1.216(10)A 

1.380(10) 

1.401(10) 

1.384(9) 

1.362(9) 

1.469(10) 

1.303(10) 

1.491(10) 

1.443(10) 

1.501(11) 

1.347(10) 

1.405(10) 

1.399(11) 

1.376(10) 

1.502(12) 

1.367(10) 

1.516(11) 

1.4%(11) 

1.520(12) 

1.504(12) 

1.489(12) 

c(l)-n(r)-c(4) 

C(6)-)1(2)-c(9) 

N(l)-C(l)-O(1) 

N(l)-C(l)-C(2) 

O(I)-C(I)-C(2) 

C(l)-C(2)-C(3) 

C(l)-C(P)-C(l1) 

C(3)-C(2)-C(l1) 

C(2)-C(3)-C(4) 

C(2)-C(3)-C(13) 

C(4)-C(3)-C(13) 

N(l)-C(4)-C(3) 

N(l)-C(4)-C(5) 

C(3)-C(4)-C(5) 

C(4)-C(5)-C(6) 

N(2)-C(6)-C(5) 

N(2)-C(6)-C(7) 

C(5)-C(6)-C(7) 

C(6)-C(7)-C(8) 

C(6)-C(7)-C(15) 

C(8)-C(7)-C(l5) 

C(7)-C(8)-C(9) 

C(7)-C(8)-C(16) 

C(9)-C(8)-C(l6) 

N(2)-C(9)-C(8) 

N(2)-C(9)-C(10) 

C(8)-C(9)-C(l0) 

C(2)-C(ll)-C(12) 

C(3)-C(13)-C(14) 

C(8)-C(16)-C(17) 

l12.2(7)" 

109.9(8) 

126.9(g) 

104.4(8) 

128.6(10) 

108.2(8) 

120.7(9) 

131.0(9) 

112.2(9) 

127.2(8) 

120.5(9) 

102.9(8) 

127.1(8) 

130.0(10) 

133.3(9) 

126.4(9) 

105.7(7) 

127.8(10) 

108.1(9) 

124.9(9) 

126.9(10) 

108.7(9) 

127.1(10) 

124.2(9) 

107.5(9) 

121.7(9) 

130.8(g) 

113.1(8) 

115.5(9) 

112.8(8) 

st~cturefwtorsisrvailabk frorntbcaulbonr~TcxasA& M. 
Calculations were carried out on the CDC 7600 computer 81 
Bmokhweo Nobcud Laborstory using tbt CRYSNET system. 
andthcIBM 3W65cmdAmdahl47Ov/6comoutcrsstTexasA& 
M University.' Use was made of he PDP liM&Vector Gtwal 
graphics system which is pars of the CRYSNET Netw~k.“Y 
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formed at Brookhaven Notioapl Lalmrarory utilized Ihe 
CRYSNET System (Natinal Science Foundation Grant 
GJ33248X). DAL thanks the National Science Foundation and the 
Naional lnstirute of Child Health. USPHS. for support 

+&sides Ihose progmrnr already mentioned. the followug 
ms were used: TRACER. a cell reduction program by 
L.WIOO. LSLAT (kuc-squues cell-parameter &emen& 
BDLRJ (blockdiamnal kast sauarcs orosram). FOURIER 
(version of the Z&n Fouritr summation’ p&z& mod&d by 
Robinson and Dellaca) NUCLS (version of the ORFLS” kast 
squares program, mod&d by Ikn and D&ens). HOW and 
XANADU (mokcular geometry programs. Ibe lrrtcr by Roberts 
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pr~rusulwerethoscwrittcoby StanfordfortbcVarian62Oi 
computer. 
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