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PREPARATI ON OF 3, 5-LUTI DI NE FI ELD OF THE | NVENTI ON 5 The present
invention is a process for the manufacture of 3,5-1utidine and 3-picoline.
BACKGROUND OF THE | NVENTI ON 3, 5- Luti di ne, al so known as 10

3, 5-di met hyl g deligfdg. s used as a catalyst in epoxy cross-{,WHm
reactions, as a solvent in high tenperature applications, and as an

intermediate in the synthesis of pharnaceuticals, agrochen cal, and
corrosion inhibitors. 15 3- Pi mo®LBe, al so known as

3-nmethyl pyridine, is used as LK ha! € & ﬁ#?b nuf acture of niacin
and niacinamde. It is also uggﬁﬁas gﬁgngeﬁ #EEE af aet a. (US

3,803, 152) teaches a nethod for producing pyridine or pyrrole fromthe gas
20 phase react i BIELH oF ®HEr INVENTION cinic acid dinitrile and hydrogen over
a precious mgyal hydrogeggd | o Leidli%vhnt 16 NG 1a°BrasdsSuicy teS:
4,189,585) teach a ogess for_the preparation of r.idi ne and 25

2, 6-1utidine frdPﬁ‘!'%%Bﬁstﬂ9|%¢§‘ t3d Qgpﬁ‘gﬁ“r?ew%éf’ea metallic

hydr ogenati on catal yst at 250-360[err] C. Numerous patents teach technol ogy
relating to pro Rk B¥ ' e rakky! - substituted pyridines fromthe
reacti on_ of carbonyl conpounds, a nig. 30 For exanple, see U. S
5,013,843, U S. 4,481,36 :515"*:’21%3?&23?2%‘1%3%%% 4,220, 783.. Braden and
Dieterich (30S. 3, %58inegbylpyridinee igr vdedtamn satalyst pyrepbxyes fromt he

reaction of a trérBisianakahkareactidastERS 4] sbiMedit! in Wiglh ammoni a or an 35

amne. ' temperature applications, and as an intermediate in the

synthesis of pharmaceuticals, agrochemiéal, and
corrosion inhibitors.

15 3-Picoline, also known as 3-methylpyridine, is
used as an intermediate in the manufacture of niacin
and niacinamide. It is also used as a solvent.

Rebafka et al. (U.S. 3,803,152) teaches a
method for producing pyridine or pyrrole from the gas

20 phase reaction of glutaric or succinic acid dinitrile
and hydrogen over a precious metal hydrogenation
catalyst.

Verheijen and Duys (U.S. 4,189,585) teach a
process for the preparation of pyridine and

25 2,6-lutidine from the demethylation of 2-picoline over
a metallic hydrogenation catalyst at 250-360°C.

Numerous patents teach technology relating to
production of pyridine and alkyl-substituted pyridines
from the reaction of carbonyl compounds and ammonia.

30 For example, see U.S. 5,013,843, U.S. 4,481,361, U.S.
4,429,131 and U.S. 4,220,783.

Braden and Dieterich (U.S. 3,689,496) teach
. the production of alkyl pyridines from the reaction of
a trimethanolalkane, R-C(CH,0H),, with ammonia or an
35 amine.



WD 98/ 14428 PCT/ US97/ 17730 SUMVARY
OF THE I NVENTI ON The present invention is a process for the synthesis of
3,5-lutidine from2-methyl -1, 5-pentane- di am ne by vapor phase reaction

wi th hydrogen at about 5 400-500[err]C over an oxide catalyst. 3-Picoline

i's al so prodygagdnliggt he reaction of the present process. Tﬁﬁgﬁuéﬁ&ﬁ+§a”t
other's

products may be condensed and separated by distillation or abl e
nmeans. It is preferred to run the present process as 10 a continuous
process produci sgMRARY O6k OFHES INOBRTEGNP! | Sing the steps: (a) feeding

hydr ogen or hydrogen m ' L he | - et hyl -1, 5-
pent anedi am ne over an é%@aﬁ*%%%ﬁ?yéﬁnﬂﬁigﬁoﬁgqﬁéﬁ%@%%%é?§?c§h€ﬁ)
condensi ng | i quEinbRresiigtaf 3, Sminkidine fxosddchethylzlnS-Peatane—recovering
3, 5-lutidine andigmphé Oby RMapor! phaserdution with Wydidddmatoabowt used to

separate andgre e -l utidi 3-pi ' rqd . 20
DE'FI)'AI LED DES IB@P@%P%%G‘I%E% @Eh%@ﬁl %J’ rgéen -lf%%/%n %%%%%%‘Zrns a
process for theP¥pAnged;hy Jhezrsaptionigfe preseRbRTINesSe r TR on of
2- et hyl - 1, 5- peresuttanti produetshisy age cotidensedr and gepatatedt Byyst at
about 400- 500[ e LE. 1f%€§5£‘@ﬁ1%tﬁe§8éﬁ§€a'f&e e3nficoline is also produced.
These resulting proéuc S may be condense ang separated by distillation or
other suitable neans. Yi¥ d8 sreferyad o prEsEhR DRestaddsPEoGess tasii ne are

30 10-25% b wai gbhhtihudie pricclessnpredundmet aspreductgtreammai nder .

typical |y beingodupl£0ld i YhBps in{ &P Ledlify RySogdn 2P RQuRBg 2T ne. It

Is preferred to practice the present process as,a contl nuouS process

al t hough the pr ¥ed with inert gases and volatilized 2-methyl-1,S5- :
pentanediamine over an oxide catalyst at about
400-500°C, (b) condensing liquid products from the

15 product stream, and (c) recovering 3,5-lutidine and

3-picoline.

It is preferred that distillation is used to
separate and recover the 3,5-lutidine and the
3-picoline products.

20 '
DETAILED DESCRIPTION OF THE INVENTION

The present invention concerns a process for
the synthesis of 3,5-lutidine from a vapor phase
reaction of 2-methyl-1,5-pentanediamine and hydrogen

25 over an oxide catalyst at about 400-500°C.

Along with 3,5~lutidine, 3-picoline is also
produced. These resulting products may be condensed
and separated by distillation or other suitable means. -
Yields of from the present process 3,5-lutidine are

30 10-25% by weight of the effluent product stream with
remainder typically being 3-picoline and/or unreacted
2-methyl~-1, 5-pentanediamine.

It is preferred to practice the present
process as a continuous process although the process

35 could be as either a batch or continuous process. Heat
needs to be provided to the reaction and may be
supplied by any suitable means that achieves the
reaction temperatures. Suitable reaction temperatures



35. could be as either a batch or continuous process. Heat needs to be
provided to the reaction and may be supplied by any suitabl e neans that
achi eves the reaction tenperatures. Suitable reaction tenperatures 2 WO
08/ 14428 PCT/ US97/ 17730 range from

350 to 550[ ervybogrisded €nperature range of 400 to 500[err]C i d.
Suitabl e oxide catalysts include Al[err]O[err], Sierr], i'c‘i‘;tfs;'ﬁf% -

gamma- Al [err]O[err], ganma-Al[err]O[err]/Siderr], Tigerr], ZrJerr] or

m xtures 5 ther exingeAlrom B6Peto |550 °0l [ ek rieifperntute GFangd ofr 40pr ef err ed.

Ganme- Al1203 or gty ALl £5 M k@St derr] are nost preferred. The wei ght

ratio of A1203 to SIQ2 i variqQus m xi des vari from9/1
E&’i{lﬁwﬁ PdEest é%ﬂ%%&%@%tg 3t'h§g§?'esent 10

to 1/9 in the oxide cata

process. In a coaumarddaOps cIRIw-Alp0; (fiSzenTiQ oda®: pRynlxtunes as a fixed
bed or fluid et iss. alhe, Ra Ald.9s3b7 ard HieTettellle d@ima—e of the

particles of oxi catal yst  ar hosen to be suitahle fqr the fixed 15 or
fluid bed proces‘gfz_°368ﬁe¥m %P?g"a‘& PFE; BREt rpé"'sﬁtys?ﬁﬁﬁ?'pq rs and/ or
particles are nceiightf aatibupf blexPsoperS8iQoin thei yarions mixedess typically

use pellets, sphetffas Hayerb! valisas GmeoL | to sifedn khehexidge of 1/16 to
1/4 inch dianeter xed with inert

... 20 . dr.ogen, or dr.ogen m
gasses, or m xt u?%tsaz"tyl?é:r X&Fhﬁlé'(y {%s(?@g%éa?mff#ﬁtag’& itglgdpﬁ?@%tr c feed.
| nert gassestd ncpxeResshose gases which do not react with the reactant or at
the tenperature conditionfi &fcdritdrRba8Cpiodddi,CThe bPEsENR PR LB

nitrogen, heliu r ... Thegi as._ i t rovide qdilution. A
m ni nrum of 4 m)lnﬂéay (ﬁ% %Sl r_Sﬁeﬁ ?%’Peedé%ce% 8ﬁe§}r‘%lf€%(ﬁdo pBogXé ’ dfhe
2- met hyl - 1, 5- perRartd@ignisiee; sshapgaF the nature of the particles of

oxide catalyst are chosen to be suitable for the fixed

15 or fluid bed process. Generally small attrition-
resistant powders and/or particles are needed for fluid
bed operation. A fixed bed process typically use
pellets, spheres, or extrudates generally sized in the
range of 1/16 to 1/4 inch diameter.

20 Hydrogen or hydrogen mixed with inert gasses,
or mixtures thereof may be co-fed with vaporized
organic feed. Inert gasses include those gases which
do not react with the reactant or at the temperature
conditions of the present process, for example

25 nitrogen, helium or argon. The inert gas is used to
provide dilution. A minimum of 4 moles of hydrogen for
each one mole of 2-methyl-l,5-pentanediamine is needed
for the process of the present invention. The ratio of
the total moles gas feed (moles of hydrogen plus the

30 moles of the inert dilution gas) to the moles of 2-
methyl-1,5~pentanediamine for the present process may
be from 5/1 to 40/1. A mole ratio from 20/1 to 30/1
is preferred. Reaction pressure for the present
process may be from slightly above atmospheric to

35 slightly below atmospheric pressure with atmospheric
pressure preferred.



f.or the process of the present invention. The ratio of the total noles gas
feed (nol es of hydrogen plus the 30 noles of the inert dilution gas) to
the noles of 2- methyl-1,5-pentanedi am ne for the present process may be
from5/1 to 40/1. Anole ratio from20/1 to 30/1 is preferred. Reaction
pressure for videgafgsent process may be fromslightly aboveré{.,ggﬁﬁkgﬁ?i cto
35 slightly bel ow at nospheric pressure with atnospheric pressure preferred.
3 WD 98/ 14428 PCT/ US97/ 17730
EXAVPLES Gener alEXBM®LBESact or used in the Exanples was a U shaped gl ass
reactor having gaekgf Of a larger 5 dianeter that contained gl ass beads

and functioned as a vapor,i zer section.. The smaller dianeter gsecond | eg
contai ned the bed of catg}?&?c%?ﬁeu7%%&rbﬁfeg§%fees 355 &ﬁﬁatel y 490 mm
| ong; the | ar geshepgdi ataske nHamvorchaving inemdedt RE aniANger | eg i nside

di aneter wassl0 qibRelBYr tHKt WUnthdnblo§lsds WealsV\afid PEaectd onell0ada

electrically heat and bath wth_the t r n |l by |

t her nocoupl es ar‘l'(?%g’féé?lr:o% i °&fpe?§?u?%§@g%t %%angir-’%? %ﬁo%nqeﬁ_& id and gas
f eeds were adde®ongainedithe had of catalygior i The zescton Jegswerew) and

t hen passed t hr ppirokifiatselynl 400t nhcdongpltmiakgeer Pedeimggeondensed,

cent i neters per SIAMEERF s b o eRE ehE PR 109 EnSLa0 WshebdR' fog o or .
Liquid fl owd%werd® @8mtrol |l ed and netered by |1SCO nmetering punps. Analyses
of the product stream weria entire reactor unit was placed into an
electrically heated sand bath with the temperature
controlled by thermocouples and electronic temperature
controllers. Both liquid and gas feeds were added to
15 the top of the vaporizer section (downflow) and then
passed through the catalyst bed (upflow) before being
condensed, collected, and analyzed.
Gas flows are reported in standard cubic
centimeters per unit time and were controlled by Brooks
20 gas flowmeters. Liguid flows were controlled and
metered by ISCO metering pumps.
Analyses of the product stream were
accomplished by gas chromatography using 30 meter 4aB
1701 megabore column. The temperature program for the
25 analysis was as follows: 90°C with an increase in
temperature of 6 deg/min to 200°C; the temperature was
held at 200°C for 10 min. The injector temperature was
200°C; the detector temperature was 250°C. Product
streams were analyzed for 3,5~lutidine (LUT), unreacted
30 2-methyl-1,5-pentanediamine (MPMD), 3-picoline (3PIC),
and, where appropriate, trace impurities (mass
spectroscopy was used to identify unknowns). Values
reported in the Tables below are in area percent.

35 Example 1
This example illustrates the use of a gamma-
Al,0; catalyst. 6.11 g of 99% gamma-Al,;0; in the form
of 1/8 inch tables (Johnson Matthey catalyst, Catalog



acconpl i shed by gas chromat ography using 30 meter dB 1701 nmegabore col um.
The tenperature programfor the 25 analysis was as follows: 90[err]C with
an increase in tenperature of 6 deg/mn to 200C, the tenperature was held
at 200[err]C for 10 min. The injector tenperature was 200[err]C; the
detector tenneysiidig was 250[err] C. Product streans were angly ﬁgf\]/é)?&
3,5-lutidine (LUT), unreacted 30 2-nethyl-1,5-pentanedi am ne l? ,
3-picoline (3PIC), and, where appropriate, trace inpurities (nass
spectroscopy wastigiéd Loti NentDIAANIIKkwasnagtivediede byr tpeatmahti forhg Tabl es

bfel ow are i nA?{Q& ragr%abc ﬁztﬁth a {Ewwpb@lélo Uﬂlﬁiﬁxoﬁ}@hﬁdfédéﬁ.g ;Q_t est}] hef use
of a gamm- rr errl.catal yst. . 0 anme; | e form
of 1/8 inch tabﬁ'@ér SHnééﬂ“n%t@efcéﬁ& %‘?,"“ Eﬁ’?% %8“21 ° s5/85400
PCT/ US97/ 17730_ HIEX®6 usedt dBDiRQDMFam%OJa-Ct iThet sgmporatune Wast for 1 hr
at/400[er(r]I ] Cs\xp tiaifc'sefd waoﬂg:;g& ﬁ‘cfﬁ@oﬁcosftmdrzomxs éfheﬁsié:.c&tqt@nf hﬁa/Tgf 30
cc/mn and a w.,of..0. 3 _celhr wepe use ri e reaction. e

t enperature was 3%38(?’{?%5458‘1?3 a%d@%ﬁgégﬂ2 h uér ?egpigse?‘ﬁ?i on and to
500C after 5 hopresemtedeintTABLE Phe results are presented in TABLE 1.

TABLE 1 Tinme, hr Tenperature, [err]C LUT, % 3PIC, %1.0
400 16. 4 69.
18.7 55.8 3.0 450 BAELQ-L 11(2)07 61.9
4.0 ' 45Rime, hr Temperapure, °C LUZy. % 5.0 3PIC,% 450
15.3 6ad 6.0 400 500 16.4 13.5 69.9 70.6
7.0 500 o a00 131 18797 55.8

3.0 450 12.7 61.9

4.0 450 15.8 67.4

5.0 450 15.3 66.0

6.0 500 13.5 70.6

7.0 .500 : 13.1 ' 70.7

10
Example 2

This example: illustrates a second form of an
oxide catalyst. 6.01 g of gamma-Al,0; in the form of
1/8 inch extrudate (Engelhard A1-4198, Lot No. 583A-22-
15 33-41) was placed in the reactor tube and activated by
treatment for 1 hour at 400°C with 80 cc/min of
hydrogen.
The reactant streams were passed over the
catalyst at a hydrogen flow of 30 cc/min and a MPMD
20 flow of 0.3 cc/hr. The temperature of the reactor was
raised from 400°C to 450°C. after 4 hours of operation
and maintained for an additional 14 hours.
The weight percent of the reaction products,
3,5-1lutidine (LUT) and 3-picoline (3PIC) is shown in
25 Table 2 as a function of the reaction temperature.



10 Exanple 2 This exanple illustrates a second formof an oxide catal yst.
in the formof 1/8 inch extrudate (Engel hard
Al -4198, Lot No. 583A-22- 15 33-41) was placed in the reactor tube and

6.01 g of gamma-Al[err]O[err]

activated by treatnent for

products, 3,5-lutidine (LUT) and 3-picoline (3PIC

as a function of _fhe reaction tenperature [ 14428

PCT/ US97/ 17730 1*'13&?:' PTri e, TAMPSTatuRA. °CG LPTe ¥ o) C 3PEFr ¥,

3PIC, % 1.0 1.0 400 400 18. #8.6 - 2526.2. 0

400 2.015.5 400 22.1 4.0 1s.5 400 22.1

12.2 24.1 5.5 450 21.6

6.0 451)"’1 400 53 ¢ 12.23. 3 8.0 241

23.5 3.8 10.0 450 450 21.6 23.537.6

12.0 450, 0 450 22.1 23.48.2 14.0 43.8

20.0 50 16.0 450 21.8

450 8.80 520 450 47 4 6 23.5 50.8
10.0 450 23.5 44.5
12.0 450 22.1 48.2
14.0 450 20.0 50.8
16.0 450 21.8 50.1
18.0 450 22.0 47.4

The tenperature of t

1 hour at 400[err]C with 80 cc/m n of hydrogen.
The reactant wéb@ags were passed over the catalyst at a hydg,
cc/mn and a MPMD 20 flow of 0.3 cc/hr.
rai sed from400[err]C to 450[err]C. after 4 hours of operation and
mai nt ai ned for an additional

B © s

14 hours. TEBBEV®i ght percent of the reaction

is shown in 25 Table 2

37.6
450
44.5
450
50.1 18.0



Caim 1. A process for the preparation of 3,5-lutidine and 3-picoline
mhlch conprises reacting in vapor-ﬁmﬁ gEN , 5- pent anedi am ne and
ine 3

- hydrogen or hydrogen m xed with
tenperatures from about 400 to 5

N3

mxed With tddsAgdag Jas is present in a nolar ratio from a:QPHirs»?/l

conpared to the nolar concentration of 2-nethyl

oxi de cat al yst

A1203, gama- Al kecrh®fterr]/SiJerr], Tiderr], ZrJerr] or mxtures

thereof. 2. The process fcc%r gkggegg fd:.ﬁ“tﬁhl POSE S dr @ £Pr OCesS 1S
tream co rlseﬁgﬁihe steps:, (a) feedlng

295 2-'&&"5 t hyl -

conti nuous and produces_a produ

hydr ogen or hydPo&eﬁ“'Frf"i%‘éPVﬁ%*ﬁ Feling adighqc

qn oxi de catal yst at
ei n the hydrogen or hydrogen

o 40/1

-1, 5-pent anediam ne ‘and the

is selected fromthe group consisting of A1203, Si 2, gamma-

pent anedi am ne methyle:k; Slpenthakbitanivie anduhydfog&)ver pG, okbde

condensing gli guid

recoverlng 3, 5-

ye€! oduct s from the product stream and (c)
utlc]h ne and 3-picoline. 3. The process of claim2 where

1, 5-

distillation is used to separate and recover 3,5-lutidine and 3-picoline.
4. The process of clai m&3 wTheeptrocesiicfe ciainl yswhexe thesexride om t he group

consi sting of g%qliaj,ﬁg{-,e{é](ﬁ{d’sreﬂ £rO9f TR ghloll
or m xtures ther

ebﬁéﬁﬂr{g&o@[ 8ifdy, Zrderr]

Bk f t de* Htal yst
ganma- Al[err]O[g %}i o?a 5 ghgf?%@ﬁgch@xg? ﬁ.g e oy e catalys IS

15

20

25

30

mixtures thereof.

3. The process according to claim 1 wherein
the process is continuous and produces a product stream
comprising the steps: (a) feeding hydrogen or hydrogen
mixed with inert gases and volatilized 2-methyl-1,5~
pentanediamine over an oxide catalyst at about 400-
500°C, (b) condensing liquid products from the product
stream, and (c¢) recovering 3,5-lutidine and 3-picoline.

4. The process of Claim 3 where distillation
is used to separate and recover 3,5-lutidine and
3-~picoline.

5. The process of Claim 4 where the oxide
catalyst is chosen from the group consisting of 21,0;,
sio,, gamma-Al,0;, gamma-Al,;03/8i0,, TiO,, 2r0, or
mixtures thereof.

6. The process of Claim 4 where the oxide
catalyst is gamma-Al,03; or gamma-Al,03/8i0,.
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