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or the directing agents may be selected simply because the chemist likes the look

of the molecule. Directing agents may also be selected based on the C/N ratio or
their hydrophile/lipophile balance.

[0003] The discovery of new or improved zeolites and the preparation of
zeolites uncontaminated with other phases is an important step in discovering

new catalysts and sorption agents for commercialization.

[0004] The discovery process may be carried out by a combinatorial
approach in which known reagents and conditions are combined in many ways
to test large numbers of reasonable conditions. This has been reported by
Rollmann (Rollman, L. D.; Schlenker, J. L.; Lawton, S. L; Kennedy, G. J. J.
Phys. Chem B 1999, 103, 7175-7183. "On the Role of Small Amines in Zeolite
Synthesis.") in which 30 commercially available amines were tested under a
wide variety of synthetic conditions involving several thousand experiments.

These experiments were tedious and time consuming and yielded no new



wi de variety of synthetic conditions involving several
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have allowed the authors to discover three new or improved zeolites in fewer

than 200 experiments. Thus, proper design can exclude unwanted zeolite phases.

[0005] In the present invention, it is found that the geometry of the directing
agent described is particularly effective at avoiding the formation of common
zeolites, clathrates, or uni-dimensional channel system zeolites without resorting

to the use of "bulky" organocations.

SUMMARY OF THE INVENTION

[0006] The present invention is a directing agent for directing the
crystallization of molecular sieves, in particular, zeolite materials. Another
aspect of the invention includes a process to prepare crystalline molecular sieve,

in particular, zeolite materials.



[ 0006] The present invention is a directing agent for
directing the crystallization of nolecular sieves, in
w@asosiosThar, zeolite materials. Another aspectPOf/US1964/034459
i nvention includes a process to prepare crystalline
nol ecul ar sieve, in particular, zeolite materials.- 3
- [0007] The directing agent'?ncludes two i ntersecting
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 shows the powder X-ray diffraction patterns of calcined

chabazite zeolites from Examples 5 and 6.

[0009] Figure 2 shows the 360 MHz MAS Al-nmr of calcined chabazite
materials from Examples 5 and 6. Peaks at 120 and -7 ppm are at the spinning
side band spacing of 6.0 kHz so they may or may not represent other types of
aluminum. Main peaks are at 58.2 ppm relative to aqueous A1(H,0)¢>".
Expected shift for framework aluminum in chabazite at infinite magnetic field is

calculated to be 59.4 ppm
[0010] Figure 3 shows the SEM of calcined chabazite from Example 5.

[0011] Figure 4 shows the SEM of calcined chabazite from Example 6.



Expected shift for framework al um numin chabazite at
infinite magnetic field is calculated to be 59.4 ppm

WO 0®30377F gure 3 shows the SEM of cal ci ned chabPe®Us®04/034459
from Exanple 5. [0011] Figure 4 shows the SEM of
cal ci ned chabazite from Exan'pl4e 6.- A [0012] Figure 5
shows the 125 MHz C-nnr spectra of directing agent
used in Exanple 5 and the material produced by
di ssol ving the as-synthesi zed zeolite of Exanple 5 in
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[0015] The present invention includes a directing agent for molecular sieves

and a process for preparing crystalline molecular sieves. Preferred molecular

sieves are zeolites.

[0016] Preferred embodiments of directing agents include 2,8-diaza-
spiro[5.5]undecane. In this compound X1 =X2=NandR1=R3=HandR2 =
R4 = lone pair. The detailed structure of this material is shown in Figure 6A as a

standard organic chemical drawing and as a 3-dimensional representation.

[0017] Figure 6B shows how the C-N-C groups (C1-X1-C2 and C3-X2-C4)

define two planes and how these planes meet at an angle, 0

[0018] The geometry of a molecule can be calculated to determine if it will

fulfill the requirements of this invention using quantum mechanical or molecular
mechanics programs supplied by various commercial vendors. For example, it is
possible to carry out MM2 structure calculations using the commercial programs
Chemdraw (CambridgeSoft) and ChemWindows (Bio-Rad Laboratories) and



fulfill the requirenents of this invention using

guant um nechani cal or nol ecul ar nmechani cs prograns
wWGEapplosBEd by vari ous commrercial vendors. For eRERIPEm®4/034459
it is possible to carry out MM structure cal cul ations
usi ng the comrercial prograns_Chendraw (Canbri dgeSoft)
and ChenlWW ndows ( Bi o- Rad LaboPat or i es) and- 5 - nore
sophi sti cated dynami cs cal cul ati ons using either the
Materials Studio or Cerius2 progranms (Accelrys Inc).
nitresephistigardrlywahlicyedienlations hsinGaithes ttrriViateials Saidis or
of the GX-Cdihedrals. [0019] If the normals, N and N
Cers2 iprogsinasni@sceghys | hesprogiigns wiltgeserate the Cartesian

| apes can be term ned fromthe dot-product of the
CEB?‘H’B‘T‘@,S OE%G%%{?@%%FI al gebraic ternms, if the
equations for the two planes are known, then the angle
can be directly obtained. a xtby +c z + =0 C + +c z

[60F910 C Iftthe dorrhals, ¥, and90;, ofiw6andsdire kndowa, mwﬁiﬁvle
+c. [0020] The following table 17illustrates severa

betweml the pléinesmapdenditerminied Hrome dhe doeproduceof thefmormals,
this invention. Table 1 Nane Conpound angle q
2, 8-di aza-spi ro[ 5. 5] undecane 9
2,2,9,9-Tetranet hyl - %glgdgmgggfﬁsﬁ” Vs o[
NN,

In algebraic terms, if the equations for the two planes are known, then the angle

can be directly obtained.

ax+by+cz+d, =0
a,x+b,y+c,z+d, =0

|ala2 +bb, +c1c2|
Jaf +b} +cf\/a§ +b. +c3

6 =180 — arccos

[0020] The following table 1 illustrates several examples of compounds,

which meet the criteria for this invention.

Table 1

Name Compound angle 6

HN
2,8-diaza-spiro[5.5]undecane <_:><__—> 99
NH

2,2,9,9-Tetramethyl-2,9-diazaonia- N / 110
spiro[5.5]undecane < >< N: £

3,5,3",5-Tetramethyl-{4,4 ]bipyridinyl N / \ \ / N 104




5. 5] undecane 110 ' '-TQranethyl-1/M bi pyridi nyl 104-
6 - 3,3 -Disopropyl-[4,4"]bipyridinyl 97
WO p@e/03mpart ei ne 95 The exanples illustrate theCTIUB1004/§34459
of this invention with 2,2, 8,8-tetranethyl -2, 8-
di azoni a- spiro[ 5. 5]undecane as specific exanple of the
directing agent. The synt hesf8-of the directi ng agent
may be described as follows. Et N N HN O CNCH CONH HCI
NH - OCXONNHOCHHNOvaN/-- V_ L Exanpl e

1. Synthesis of

3-(2-Cyano-ethyl)-6-imno- 2
carbonitrile [0021] 100.9 ¢
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The examples illustrate the utility of this invention with 2,2,8,8-tetramethyl-2,8-
diazonia-spiro[5.5]undecane as specific example of the directing agent. The

synthesis of the directing agent may be described as follows.

HN—CO
. & CN OC—NH
HN—GCO
OC/ CO [_|A|H! CH3| NaHC03 (OH )2
o6 NH ion exchange

resin

HN—CO
! CHgl, NaHCO
OC/\_X—\CO = <:><:-> s <_:-><:-> o
jon exchange
OC—NH

resin

Example 1. Synthesis of 3-(2-Cyano-ethyl)-6-imino-2-oxo-piperidine-3-

carbonitrile

[0021] 100.9 g cyanoacetamide were added to a 2L Erlenmeyer containing
242 mL triethylamine, 384 mL H,O , and 267 mL ethanol followed by 160 mL
acrylonitrile. This mixture was stirred magnetically and the temperature

gradually rose. At 45 °C all the solid had dissolved. The temperature reached a



rubber dam and dried to constant weight in an 80-90 C

oven to yield 127 g yellow solid (56% . [0022] The
w@e@dnstihad t he expected C NVR spectrum C NMR{TUS2004/034459

DMSO) : 5174.3, 173.6, 119.8, 119.7, 42.1, 29.6, 27.1,

22.7, 12.7. Exanple 2. Synt he$7| s of

2, 8- D| aza-spiro[ 5. 5] undecane-1',"3, 7, 9-tetraone [ 0023]

To 127 ¢

3- (2-Cyano- et hyl ) -6-i m no- 2- oxo- pi peri di ne-3-carbonitr

mddnium af 30 €t hdhway allofvied $& coel backdibeid B0 befdre heating to 60-

concentrated HC . This m xture was heated in a steam
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Ice a to quickly reduc enperature to

yeBbawolidt G69b).cr ushed ice per 1nL of HO used). The
product was filtered, washed with 1000 nL H, sucked

dry under a rubber dam and dried to const ant wei ght
rhBaA3a. °1 Betrodits arheceperadt FreNBiB e datie. KMk,
_ @)&ﬁ%ﬁe%@@;ﬁ.ﬁ@’?@ﬂoﬂi?ﬁ.e, Y73, %0. £ %2h. 279

2, 8-di aza-spi ro[ 5. 5] undecane [0025] Forty-seven grans
of 2,8-Di aza-spiro[5.5]undecane-1,3,7,9-tetraone were

Eifamﬂlé 2| Byathepistef2, M apaspies 5. ﬂhﬁdécaﬁ@Xh B e;t 9dttdtlee -
The packed thinble, Soxhlet extractor, L, 4-neck

round- bottom fl ask equi pped with rrechanl cal - 8 -

i G Tl T2 S b A DsS e S TropthsAdaRe- S carbonitrile
0 Pl 08 A AORMPRL e 101 R
v&ak%ltfedrﬁﬁla steam bath to 90-95 °C at which point an exotherm took the
temperature to about 105 °C and all the solid dissolved. After the temperature
had dropped to 100 °C, the mixture was heated 5 min with steam, then enough
ice added to quickly reduce the temperature to <5 °C. (About 2-3 mL crushed ice
per 1 mL of HCI used). The product was filtered, washed with 1000 mL H,O ,
sucked dry under a rubber dam, and dried to constant weight in an oven at 80 to
95 °C to yield 80.75 g (96%) white solid.

[0024] The product had the expected >C NMR spectrum. >C NMR(d;-
DMSO): 8172.5,172.4,49.1, 27.9, 25.5

Example 3. Synthesis of 2,8-diaza-spiro[5.5Jundecane
[0025] Forty-seven grams of 2,8-Diaza-spiro[5.5Jundecane-1,3,7,9-tetraone

were ground in a mortar and packed into a Soxhlet thimble. The packed thimble,
Soxhlet extractor, a 2 L, 4-neck round-bottom flask equipped with mechanical



avai |l able from Al drich) was attached to one joint

using a cable tie, then the twister sealing the
w@bk@snsibag renoved and the pellets dunped i NPOT/UR®04/034459

flask. The plastic bag was renoved and the joint

fitted with a rubber septumapd two 500 L bottles of

fresh, dry tetrahydrofuran wePé transferred to the

flask using a doubl e-ended cannula. The m xture was

stirred and vigorously refluxed through the Soxhl et

stimienghermsometer batdFriéddrich rmluntcoddegnset wdre dsieldi idhit at 110 °C

the thingble dissolved within 20 hr of reflux. The

thensagsempledtlaef under Aloxying M a5k ¢poledundenNy suppliedrbica or
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distilled to give 22.0 g (64% water white oil, bp O
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Sﬁﬁ%ﬁ. ﬁ)ﬁﬂ@?&fﬁm@%uﬁyﬁfﬁggﬁ%%%%%p the fiask using a

. . ' f .- .
agtftef T, THEBAERE il stirmed and vigoroyshygeflued through
tHy 86 ECgsih® A3 7dand Bath. A1Dbehow B 9 of the solid in ﬂze thimble
2, 8-di aza-spi ro[ 5. 5] undecane and .7 g NaHCO (127

dissolvediwittHis R 0nr dfeflune The fiksk avad£ooled B8 icodlajh, V¢ Soxhlet
all at once. The m xture was stirred nmagnetically and
exigpgtonEsmoved and apequsling drappingfunneh addad, folowsd by 250

' tial.. ' tdil uted. 2 |
ol bt AR AR BRR AT i R AT DL e 15% NRDHL ana
7§mIMILE THR! Bix e hs SRl the'\§d1Rt wishied well with ether, the
solvent stripped, and the product Kugelrohr distilled to give 22.0 g (64%) water

white oil, bp 110 °C@200 mTorr.

[0026] The product had the expected °C NMR spectrum but also had an
estimated 5% unknown impurities. Bc NMR(CDClL): 8 54.6, 47.5, 34.2, 31.8,
22.3.

Example 4. Synthesis of 2,2,8,8-tetramethyl-2,8-diazonia-spiro[5.5Jundecane
hydroxide

[0027] To 9.8 g (64 mmol) 2,8-diaza-spiro[5.5]undecane and 10.7 g
NaHCOj; (127 mmol) in 250 mL MeOH were added 24 mL (380 mmol) Mel all
at once. The mixture was stirred magnetically and refluxed. All the NaHCO,
dissolved within 1hr.

[0028] Reflux was continued until an aliquot diluted 2:1 with H,O was no
longer hazy and had a pH <8 (about 24 hr) at which point 125 mL solvent were



distilled off and the m xture crystallized, first at
roomtenperature, then in a freezer to give 21.2 g

w@ 7053 yed | ow needl es. [0029] The product had PEEUS2004/034459
expected C and H NWR spectra and showed none of the
impurities seen in the startiBg material. Attached
proton counts were determ ned”dsi ng the DEPT
experiment. CNVR(D O: d 70.7(CH ), 64.8(CH),
60.1(CH ), 54.8(CH), 37.5(C), 31.9(CH) 19.2(CH). H
dNMR(eB oTf and tixe ﬁﬁ(mradﬂystaiﬁzeds fiatﬁ(at 1681, tethperatufs (ReBi, a
n, 24,3.22,3.20, (14.0 m, 2.14(3.95H m,
fl;eelqm give Rl g (712%90'911%@%%}1168[ 0030] The i odi de
product was converted to the hydroxide salt by passing

a solution of 70.0 g of the iodide ipn 1800 L HO
[002Hugh The produshdir Qmm@t@ F%fgidn I%iNMRr spestrgrangishowed
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by titration was found to be 41.2 and 40.4% i1 n

(1439H SHID, 3r114l(2§/QéH,mTr%Ol:(c’mbHﬂm)aﬂe’tP(@zﬂSH imn was

diluted with an equal volume of 100 atont® O and

anal yzed for organic by H NVR by integration of the H
[@930)dr og'&’hs mchds pBOdlh:é V\casgmmvcrth@m thgdngirofide salt by passing a
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hydr oxid
in a bath at 45 50 °C to give 90.46 g solution (theoretical concentration = 40.8%

w/w). This solution was diluted and used to titrate potassium acid phthalate.
Assuming the theoretical molecular weight and 2 equivalents per mole, the
concentration by titration was found to be 41.2 and 40.4% in replicate analyses.
The concentrated solution was diluted with an equal volume of 100 atom% D,0O
and analyzed for organic by 'H NMR by integration of the H,O hydrogens
versus the organic hydrogens. The concentration was found to be 37.8% w/w by
NMR, so the material has been converted to the hydroxide in 100% yield within

experimental error of the analyses.

Example 5. Synthesis conditions of zeolite directed by 2,2,8,
8-tetramethyl-2, 8-diazonia-spiro[5.5]undecane hydroxide.

[0031] The conditions described in Table 2, which cover a very wide range
of synthesis parameters, do not lead to any other mixtures of zeolites other than

the material described in Example 6.



[0031] The conditions described in Table 2, which

cover a very w de range of synthesis paraneters, do
WoRH0s0&Aad t 0 any ot her m xtures of zeolites otPEF/USIVAH034459

the material described in Exanple 6.- 10 - Table 2

Ratio (Si) Si source Ratio Reggent Ratio Al source

Ratio Ratio Ratio Tinme Tenperdature (other (Al)

(directing (HF) (H O (days) ("C) reagent) agent)

Ludox 0.12 KOH 0.1 AI(OH) 0.1 30 4-12 160 SM 30 Ludox

0.12 KOH 0. 042 Al (O—|) 0.1 F@bk22 160 SM 30 Ludox 0.12

R S5 1 M) &Th Lok ET 2 Ay O ?g:) Ponpers

30 4-12 16aagsm 30 Ludox o 12 NaOHagm42 A 7 30
4112 m@ex SM®@B LUBSR 0.012 NEO¥: 0.00Y Al (OH) .1 80 160

4;12 FEf SM30 Lugdex 0pd2 MG, 0. 1630 4-12 150 SM30 4
SM-30

1 Ludox 012 KOH 0.017 Al(OI-I)3 0.1 30 4-12 160
SM-30

1 Ludox 0.12 KOH 0.1 30 4-12 160
SM-30

1 Ludox 0.12 NaOH 0.1 Al(OI-I)3 0.1 30 4-12 160
SM-30

1 Ludox 0.12 NaOH 0.042 Al(OH), 0.1 30 4-12 160
SM-30

1 Ludox 0.12 NaOH 0.017 Al(OI-I), 0.1 30 4-12 160
SM-30

1 Ludox 0.12 NaOH 0.1 30 4-12 160
SM-30

1 Ludox 0.14 NaOH 0.1 sodium 0.1 40 4-12 160
SM-30 aluminate

1 Ludox 0.14 NaOH 0042 sodium 0.1 40 4-12 160
SM-30 aluminate

1 Ludox 0.14 NaOH  0.017 sodium 0.1 40 4-12 160
SM-30 aluminate

1 Ludox 0.1 Al 0.17 30 4-12 160
SM-30 .
1 Ludox 0.042 Al 0.17 30 4-12 160
) SM-30
1 Ludox 0.017 Al 0.17 30 4-12 160
SM-30
1 Ludox 0.155 30 4-12 160
SM-30
1 UltraSil 0.165 0.33 9 721 140
VN 35P-
PM
1 UltraSil 0.135 0.27 5 721 140
VN 35P-
PM
0.8 UltraSil 0.2 GeO, 0.165 0.33 7 7-21 140
VN 35P-
PM
1 UltraSil 0.18 Al 0.225 30 4-18 140
VN 35P-
PM
1 UltraSil 0.05 LiBr 0.18 Al 0.225 30 4-18 140
VN 35P-
™™
1 UltraSil 0.08 KBr 0.18 Al 0.225 30 4-18 140
VN 35P-
PM
1 UltraSil 0.09 Al 0.225 30 4-18 140
VN 35P-
PM
1 UltraSil : 0.03 Al 0.225 30 4-18 140
VN 35P-
PM
1 UltraSil 0.01 Al 0.225 30 4-18 140
VN 38P-
PM



Ludox 0.14 NaOH 0.1 sodium 0.1 40 4-12 160 SM O
alum na te Ludox 0.14 NaCH 0.042 sodium 0.1 40 4-12
wasds8s#780 al umi na te Ludox 0.14 NaOH 0. 017 soPET/OSI04034459

40 4-12 160 SM30 alumna te Ludox 0.1 Al 0.17 30 4-12
160 SM 30 Ludox 0.042 Al 0.17 30 4-12 160 SM 30 Ludox
0.017 Al 0.17 30 4-12 160 SMH0o Ludox 0.155 30 4-12

160 SM30 UtraSil 0.165 0.33 9 7-21 140 VN 3SPPM
UtraSil 0.135 0.27 7-21 140 VN 3SPPM 0.8 U traSil 0.2

%31@ 61§§n1!he§i3 of z2dlite/Adirede BBPRIA, 8I8t teaBiretyliB 8 Aliazonia-
-18 140 VN 3SPPM U traSil 0.05 LiBr 0.18 Al

SDIIQ@]mdacam hyryoxide

[0032] To 145.7 mg Al metal in a PFA bottle were added 4.17 g of the
37.8% solution of directing agent prepared in Example 4. After the Al metal had
dissolved, 1.80 g silica (UltraSil VN 3SP-PM) and 13.7 g H,O were added. The
bottle was capped, shaken 48 hr at room temperature then heated 200 hr at 140
°C. The product was isolated by filtration, washed with H,O and dried to
constant weight at 80 °C to give an off-white solid which was converted to
organic-free zeolite by placing in an oven, ramping the temperature at 1 °C/min
to 540 °C under N, switching to dry air, holding 1 hr at 540 °C, then cooling to
room temperature under dry air. The yield of crystalline product was 1.36 g
(76% based on silica). Powder X-ray diffraction shows the product to be pure,
small crystal chabazite (Figure 1). Quantitative Al-nmr shows the correct
chemical shift for Al in the framework of chabazite and shows the Si/Al ratio to
be 125/1 (Figure 2). Scanning electron microscopy shows the product to be
exceptionally small crystal material. (Figure 3).

Example 7. Synthesis of zeolite directed by 2,2,8,8-tetramethyl-2,8-diazonia-
spiro[5.5]Jundecane hydroxide

[0033] Example 6 was carried out exactly the same as Example 5 except
that 130 mg LiBr were added to the reaction mixture along with the silica and
water. Figure 1 shows the product is also pure, small crystal chabazite. Figure 2
also shows the aluminum is in the framework of the chabazite and that the Si/Al
ratio is 48/1. Scanning electron microscopy shows the product to be

exceptionally small crystal material. (Figure 4).



VN 3SPPM U traSil 0.08 KBr 0.18 Al 0.225 30 4-18 140
VN 3SPPM U traSil 0.09 Al 0.225 30 4-18 140 VN 3SPPM
wokiosasi7iz 0. 03 Al 0.225 30 4-18 140 VN 3SPPM WPCT/HSI004/034459
0.01 Al 0.225 30 4-18 140 VN 3SPPM 11 - Exanple 6.
Synthesis of zeolite directed by
2,2,8,8-tetranethy|-2,8-dia2bH%hspiro[ 5. 5] undecane
hydr oxi de [0032] To 145.7 ng Al nmetal in a PFA bottle
were added 4. 7 g of the 37.8% sol ution of directing
Exgenile 8t Birctidgiagehtxgrintapdratéd ingacttihezedliteret al  had
di ssolved, 1.80 g silica (UtraSil VN 3SP-PM and 13.7
g H O were added. The bottle was capped, shaken 48 hr

b3t HRTP R A bR b At B0 e b i o
EBfndl 6orb SRARAA0, 3 £ 1R dha 0 81D The sample
disselvedeniuntly a6orikténmt vith Sesmall paitidlg siZBeCoipReikeh of the C-

at 1 Umn to 540 C under N, swtching to dry air,
ninay spienguih ¢fr thatdigolved zdodite andtherspectrunooftheadipestiag agent

under dry air. .yield of crystalljne product was
(nr.osl@cborﬁ emBlad 21%&811@ 53 HEVE tediesting Eept & be uachamged.
shows the product to be pure, small crystal chabazite
(Figure 1). Quantitative A -nnmr shows the correct

chem cal shift for Al in the franework of chabazite
and shows the Si/A ratio to



be 125/1 (Figure 2). Scanning el ectron m croscopy

shows the product to be exceptionally small crystal
woraioensahy (Figure 3). Exanple 7. Synthesis of PeEUB1004034459

directed by 2, 2,8, 8-tetranethyl -2, 8-di azoni aspi ro[

5. 5] undecane hydroxi de [0033], _Exanple 6 was carri ed

out exactly the sane as Exa ¥ 5 except that 130ng

Li Br were added to the reaction mxture along with the

silica and water. Figure 1 shows the product is also
qiusBMSsnal | crystal chabazite. Figure 2 al so shows the

alumnumis in the framework of the chabazite and that

the Si/Al ratio is 48/ 1. Scanning eI ectron m croscopy

shows the prqduct to be exce tion smal
material . = r%%nfbﬁ n&%@étf’ﬁ Qiﬂ'é“%r

4
3 P A3y B A i
d hﬁdﬁ]SQfegf&spal cination, 3.5 g 48% HF and 2.0 g D
The sanpl e dissolved instantly, consistent with the
smal | particle size. Conpari son of the Cnnr spectrum

of the di ssol ved zeoljte (% ? spect rum of the
di r ect i ng2agEht compesition ol claimy fpvheran sard iersegfjng planes are

RARTR o G RER DR} TERIECER AR RD T apperein X1

aﬁ? X T ReSfittb8én 8t ﬁH@%h%?@fﬂ fhe @ane"i’i’n Y $REY AR C3-C4,

anes that“inte at an angl e between 65 degrees

r@spdctl\ieﬁyﬂRg R may. belieeleotrpndone pair,Hydrbgemod aliptetiel or
sai d |ntersect| ng pl anes are defined by two groups C
aror»@qu)qum) hereare witisizpRBRB4 eroupsdp spiisiy thayglence of

ot K on g BI584 Afe ROPEPR sHihe'fngs i G102 83-x2-c4.

3. The composition of claim 1 wherein said angle is between 80

degrees and 100 degrees.

4. The composition of claim 1 wherein said angle is between 85

degrees and 95 degrees.

5. The composition of claim 1 wherein said directing agent is 2,8-

diaza-spiro[5.5]undecane.

6. The composition of claim 1 wherein said directing agent is

2,2,9,9-Tetramethyl-2,9-diazaonia-spiro[5.5]undecane.

7. The composition of claim 1 wherein said directing agent is

3,5,3’,5 - Tetramethyl-[4,4']bipyridinyl.



respectively; R - R4 may be an electron |one pair,

hydr ogen or aliphatic or aromatic groups, and there
w@e@s®sif7id cient Rl - R4 groups to satisfy the REI/E8e4/034459

of XI and X2, and R1-R4 are not in the sanme rings as

Cl- X1-C2 and C3-X2-C4. 3. The,gonposition of claiml

wherein said angle is between 80 degrees and 100

degrees. 4. The conposition of claim1l wherein said

angl e is between 85 degrees and 95 degrees. 5. The

conposi ti dh ofhe tempositignaf @laims hiwheteinerid diyectiemagen is

- ..di aza-spjrol 5. 5].undecane. 6. The conposition of
f?@ﬁ?@fﬁﬂ@f‘@%%@ﬁdm ecting agent is
2,2,9,9-Tetramet hyl - 2, 9-di azaoni a- spi ro[ 5. 5] undecane.
7. The. conposition of claim1 wherein said directing

agent is 3.5, Bhe BompBsitidARIRYAin] ﬂwﬂfe%ihys{ai&ﬂa Yetin e?%en’c is
8. The conposition of claim1 wherein sai [ rect%
"tspérpaiteir®. 3 - Di i sopropyl -[ 4 bi pyridinyl. 9. The
conposition of claim1l wherein said directing agent is
"iso"-sparteine. 10. A process for preparing

of "one. or ok REgIR oL ATt SRR TadEr YRt iefime.
R RSP A SR F ﬂ}aétjél'r 156k 88dRYEMPatId6F g&gﬂggtc stalline

i nttersecting planes t intersect at™ an an

mh6ledalgr sieve avith 4 dredgng agent iddludidyetvits Bressctalg pladkithat
wherein said intersecting planes are defined by two

intesggbatan angle beygarrdS degreenand £35 MegrResR4) - C4
wherein Xl

11. The process of claim 10 wherein said intersecting planes are
defined by two groups C1 - X1(R1)(R2) - C2 and C3-X2(R3,R4)-C4 wherein X1
and X2 are nitrogen or phosphorus in the same rings as C1-C2 and C3-C4,
respectively, R1 - R4 may be an electron lone pair, hydrogen or aliphatic or
aromatic groups, and there are sufficient R1 - R4 groups to satisfy the valence of
X1 and X2, and R1-R4 are not in the same rings as C1-X1-C2 and C3-X2-C4.

12. The composition of claim 10 wherein said angle is between 80

degrees and 100 degrees.

13. The composition of claim 10 wherein said angle is between 85

degrees and 95 degrees.

14. The composition of claim 10 wherein said directing agent is

2,8-diaza-spiro[5.5]Jundecane.

15. The composition of claim 10 wherein said directing agent is

2,2,9,9-Tetramethyl-2,9-diazaonia-spiro[5.5Jundecane.



and X2 are nitrogen or phosphorus in the sane rings as
Cl-C2 and C3-C4, respectively, R - R4 may be an
webk@snsm | one pair, hydrogen or aliphatic or BCDDS1004034459
groups, and there are sufficient R - R4 groups to
satisfy the valence of Xl and , and R1-R4 are not in
the sane rings as Cl-X1-C2 dand T3-X2-C4. 12. The
conmposition of claim 10 wherein said angle is between
80 degrees and 100 degrees. 13. The conposition of
claim10 wherein said angle is between 85 degrees and
95 degrees. 14. The conposition of claim 10 wherein .
sai d di r ed6i nchesepsnpositon 0§ chim k) wherein said dirrsiagragent is

3123 TR EOTBRSIH A Riglmahm wherei n sald directing
2,2,9, 9-Tetramet hyl -2, 9- di azaoni a-spi r of 5. 5] undecane. -

15 - 16. The conposition of claim 10 wherein said

di recti ng 199€rie é¢dimposition ob clbin’ FOwhbin kdidddikicting agent is
ryridinyl. 17. The conposition of claim10 wherein
3sHihiistiprepyl- g} Hhipydidingl.

3,3 -Diisopropyl-[4,41bi pyridinyl. 18. The conposition
of claim10 wherein said directing agent is

"1sot-s parl%c.eiﬂlee composition of claim 10 wherein said directing agent is

"iso"-sparteine.



