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Syntheses of 2-Alky1pyrimidines byl Dehydrocycliza,tion and Dehydrogenation®
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Dehydrocyclization and dehydrogenation of trimethylenediamine and aldehyde to
2-alkylpyrimidine was studied on a Pt-Rh-AlL,O, catalyst in a stream of hydrogen gas
at atomospheric pressure. The reaction was carried out between 290 and 410° in a flow
system. The vapor of nonaqueous solvent (benzene or alcohols corresponding to the
aldehyde) and nitrogen gas were examined as a diluent instead of water vapor which was
used in a previous work, By the use of benzene and alc¢ohol as a diluent, the yield of
2-alkylpyrimidine increased markedly to 48—819%, without a decay in the catalyst activity.
On the other hand, the decay was observed by the use of nitrogen gas as a diluent.

" Reaction conditions were also examined for the formation of 2-alkylpyrimidine from
trimethylenediamine with alcohol, acid, or ester; the principal product was 2-ethyl-
pyrimidine from 3,3’-diaminodipropylamine induced by disproportionation of trimethylene-
diamine. Therefore, the desired product (2-alkylpyrimidine) could not be obtained in a
good yield. '

Keywords vapor phase‘ reaction; catalyst; reaction mechanism; alkylpyrimidine
synthesis; dehydrocyclization; dehydrogenation ’
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Chart 1. Reaction Scheme for the Formation of 2-Alkylpyrimidine
(3) from Trimethylenediamine (1) and Aldehydes (2) on a Platinum
Group Metal-AlL,O, Catalyst
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(1) EBREBL IV FE KRREBXHHRY LAK. RERXOThIHRO 1 BELEH. tvxsL v
TIVETATEY, Tra—A, =ATA, BEOERL AR (Zra—nERIXvEY) 2550 UH
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(2) M Pt(1%)-Rh(1%)-AL0, Pt(1%)-Rh(1%)-Cu,Cry05(10%)-AL0,, Pt(1%)—Rh (1%)-CeOy(5%)~-
Al O3,Cu,Cry045(10%)-A1,0,, PA(2%)-Ce0,(5%)-AL0, @ 5 % B\~ 7. HED ALO; & Xt Pt(1%)-Rh.
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’65) DFHECEE T TR, Cu,Cry045(10%)-AL0, XFTEE D Cu(NOy),-3H,0 kI ALO,; iz, K
WwE, RBEMCERRLZRMUELSS 2 BEME. FERDO (NH)LCr0; & 28% 7v = = 7 KER % I %,
KEEME, KR, REKEMEZEVEL, KOKRER. 110° THE (1 BR), =S85+ 350° © 4 hr
BER. CugCryO; & 1LT 109% &7 3 X 512 L 7. Pt(1%)-Rh(1%)-Cu,Cry04(10%)-AL0, 122 d CuyCryOp—
ALO, HI#®Y & Fffic LT Pt—Rh %%, _
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Lic. FRFRAE LT, KER, 7A7¢E MJ’TFLT»?ZJ Toa— (n- 7%/1/7/1/:'-—/1/), RVEY, Ny HA
RN,

5) # L%, WAZL, 4SNIER, ik, 95,849 (1975).
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Tasre I. Effect of H,0 and #n-Butylalcohol (10) Partial Pressure for the Formation =
of 2-n-Propylpyrimidine (13) from Trimethylenediamine
(1) and n-Butyraldehyde (2)

° 0.0351 atm -~ 0.0351 atm ~  0.0351 atm 0.0355 atm
1% 0.0351 0.0351 0.0351 0. 0426

%10 0.808 - 0.703 0. 404 0

Pou,0 0 0.105 0. 404 0. 800

%8, 0.122 0.122 0.122 0.123

13 0. 807 0.714 0.581 0.423

reaction conditions: reaction temperature=_350°, W/F=2.72 g-cat. hr/mole

1.01
0-9r , a}cohol (10) 091
0.8, sty T 0.8

i 0.7 ~ ¢ _ ® benzene T0.7 ‘
506 \\\ o 0.6F
° ’ 2

> 0.5} N = 0.5 .
) F~b 2.0
0.4 - 0.4 .
0 1 L : y - . 0 ! L | I ! | I
0 1 2 3 & 5 6 0 1 2 3 4 5 6 7
- Reaction time (hr) ' Reaction time (hr)

Fig. 1. Effect of Diluent Gas for the Forma- Fig. 2. Effect of Mole Ratio on the yield of 2-
tion of %n-Propylpyrimidine (13) from Tri- n-Propylpyrimidine (13) from Trimethylenedi-
methylenediamine (1) and #-Butyraldehyde amine (1) and #-Butyraldehyde (2) at 350°
(2) on a Pt-Rh-AlL,O, Catalyst reaction conditions; reaction temperature=350°, W/F=2.72

. le, p°, = o =
reaction conditions: reaction temperature==350°, W/F= g-cat.hr/mole, p°; 0.0i5/1patm,p Ha 2.122 atm
2.72 g-cat.hr/mole, p°,=0.0851 atm, p%/p°=1, p°m,= 251 benzene

° 1.0 - 0.808 atm
0.122 atm, p°0(H° benzenes P ~n2)=0.808 atm 2 1.5 0.790

v o 2.0 0.773

P, ERFALLTC, n—7’%/1/7/1} 2 — L ERIRR DO BEEE 7 A% AT 3 INROEREL L H/.

EEMETF D 13 DIREIFCRRIE 6 HEMOMWFTh —ETH v, FHEOEBILILFRD bhieh 7z, Table
I0X5k, 13 DIRKRIKELGHEDOEDALNELLHEML, r°50=0 FRF¥AE LT w7 F1T7 NV
2= L ORGE) DL XIIK 80% Lino T, '

S OBRE, KEGLAOIKBENELFRF A L LCEATIIE 3 OIEDHMT 5 THH 5 L0 5 £ D
HEY FEMTBLOTHS. FITRIE, BURKBEDWT, <vEy, Ny #HFRy AL LTER L. Fig.
1 T FOERELZRT. RBNBE -7 F A 72— A FncBOBREY LR L.

RyEVOBAEL, TAa—- L OBA LR, BEOSMIREDLAT, BRET 13 AE LR, T F
ATAA—=LE_VEYDOBREDRNEDE (#) 5%) 1%, v-FFATA 2= I VERTDZTAT e P23 13 O
ERRECEY TS S LR L 5D EELD. —F Ny, THERLICBAIKESELFRZ A & L Bh (X
42.3%) I 0 HINKEE 2, AETEE OFIIISEATRD bt .

R4 % X 51, Pt-Rh-ALO, BE E TR D OT AT ANELLTT AT e FBDWMMESTEDH A
B LT b DER L, <VEVERIER B LRN S L0 b0 UBEOERE VLY R HR 7 A & L TH
T ot ' '

6) FHER & LTRREN, P-Rh-ALO, A, $°u,=0.122—0.488 atm, KIGHIE 250—450° 1 Zi k.
TRyEYDERERIGBCMRAL, v ¥ vORBEREERE L2, vy 1009% mR s h, ¥
sraFHy, vIvn~FvyOX) LKEYEOERIZESRDOIEL T,
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- Tasre Il Effect of H,O and Benzene for the Formation of 2-Alkylpyrimidines (3)
from Trimethylenediamine (1) and Aldehyde (2) at 350°

Ny /R . Yield (—)

ﬂ N R — ’

s H,0% Benzene?
16 © methyl 0.510 0.723

9 . éthyl : 0,510 . 0.748

13 n-propyl 0. 449 0.736
17 ‘ isopropyl B - 0.430 . . .0.687
18 n-butyl , 0.323 - 0.700
u n-pentyl” 0. 280 , 0.479 -
19 1«ethy1pr0pyl . . 0.323 . 0.575
15 phenyl Lo - 0.430 0. 805

reaction conditions: teriperature ‘350 ‘W/[F=2.72 g-cat.hr/mole
@) p°=0.0855 atm, p°%/[p® =1.2, p°5,0=0.800 atm, $°y,=0.123 atm
b) £°,=0.0351 atm, j:°2/p°,-—1 0,9 .,en,em,_o 808 atm p"g,-—O 122 atm

0.8

. 13(benzene)
0.7- ’
0.6
L osp
CQ -
; 0-4 / - , )

0.3 /
0.2

9(H=0)
0.1F
] 9(benzene)
0 . —T L N
' I 1 . i 0 1 2 3
300. 350 400 W/F (g-cat-hr/mole)

Reaction temperature (°C) : :
Fig. 4. Effect of W/F on the Yields of 2-

Fig.‘ 3. Effect of Reaction Temperature Ethylpyrimidine (9) and 2-n-Propylpyri-

reaction conditions . s 33 °
pes 0.0851 .  0.0851 midine (13) at 350° .
?°% 0.0351 0.0426 : reaction conditions
$°nm, ) . 0.122 0,123 D% 0.0351 atm 0.0355 atm
P benzone - 0.808 (U 1% : © 0.0351 . 0.0426
$°mo0 0 - 0.800 ?°n, 0.122 0.123
W/|F (g-cat.hr/mole) 2.72 1.37 5°benzene 0.808 0
2-n-propylpyrimidine (13) N O $°m0 0 0.800
2-n-pentylpyrimidine (14) ¢ 2 13 [ ) L)
L) o] 9 O e

2-phenylpyrimidine (15)

2) ERELE (p%/0°) OFE RISEE 350° T, FRFO ) A5 L vo7 s v (1) kX5 T
F Q) DA (p%p%) OEBETE . Fig. 2132 LLT -7 FATATE FRE, p%/p°, NED KD
1.0, 1.5, 2.0 DD 13 DIEDEBELELR LD DTS 5. '

EAM 1.0 TIRIEMEO ST ED Bhinh oiehy, EARE 1.5,2.0 L33 THIEM éfc L7 ote.
' u@%%@zkﬁﬁ%%ﬁiﬁx& Lfdi%“" EEERTH D, RRIETHBEED 2 xAVWLHAIE, FLL MEEHE
Lz, /

B) RIEREOHWE NVEVEFRIALLTAY, 2 LLTw-TFATATEF, n-nFYLT L7k
F, RYX7AFe FEAWT, RIGRE 200—410° TRIERFRV, FRAERER TS 13,202V 51 &
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Vivv (14),2-7 =1l 30V (15) ORY, HFRIALLTKEK LA WCROBRY BB L T
Fig. 3 i .

BV ICVE Q) Y, FRVANIVEVOBRARIIAELZDEESCEL, WTFhoRIGEETZR W T
BIERTH - 7. KEKOBAEOBHRGEED 350—380° THHOKHL, vEVOHE O L hik 330—
350° T, BHFEL 7o T52, ZHIXFEED WF EOHRE (BEBEIMEO 2MHBLLTERLL X b
DEEZBID. »

Table IT iz, BxD 2 X 1 LDOFHBICDOWT, FRIRE L TCRVEVERLIKEREYAWEEEOE Y
UV () O 350° kRIFBREE TR L.

WIhO 2 AW ARBARD, RVEVOFIKELGL VEVIRELRLTWS. (§ 15—38% K).

(1) RISEERNER 1L n7FA7AFe FERRXES 13 DERKIGRDWT WIF %zxf%’%ﬁm
Fig. 4 XFRF ANKELDBADIERY LHBELTRLIELDTH 5.

BEI 13 3 XUEIAERY 9 OIREE, &3 W/F>2.0 g-cat-hr/mole T—%E &g D, WERh b 3 2RKAE
BYThBZEHRLTWAD. MHFERY ADKE LR, «/»a/mk%m.ﬂ;l, 13 DILEAE DS 9 DI
KIEN LS 22 THB. ThbbvEVvEANEERL D, 1 ORBLRIEC 5 9 DERNAAL B,
2 LOBKRBRIGH X ) KEECHETTE 2 EE2R LT 5. 1 OFRBERIGERETERTS 2-AF1 ) 3
v (16,943, 1224k, &1 AnERTHOT, 30ERCHEET 5 1 08a%, ﬁr*iﬁ};% 350°,
W|F #) 2.0 g-cat-hr/mole D4fECTHET S &, ~<v2 Y (16: trace, 9: 3.4%, 13: 71.6%), H,0O (16: 3.7%,
9:11.8%, 13: 44.4%) DA, 1 © 3 ER~OFFER (2(16-+9)4+13) tkDBD 78.49%, 74.4% Th D, X
VEVORNKRTED. ‘ ‘ 4

Fig. 4 DEREZHWTR (12) L214031\7 A=~ B0 %?Fﬁ_ﬂﬁmzd\_%ieki DHEE Lte. Table ITT e
fExRT.

W[F—co QEQILE p OEE~ VLY TIIAEREL D bAE notodt, RGO REER k. AT 5
n OffL, P Eieot. Chart 1 KT, VEYERLHZERLD 1 & 4OFH?», Ly 4
TLT (10) XD a R B LD, - THAKE

Tasie III. Nonlinear Least Square Estimates

WEZR LD EEZ LD, —J5 (11) Rk of Parameter Values

T, NVEVRTRABZRLEL pro 2VHEW :

L2 B n VNS NERR LD, b, OF : - H0 Benzene
MEDNelroleedbE2bND. Tiebb5 & n 2.1 L6
RV KV ENEOBURREER RS ICBE TS B 0. 45 - 0.75
72,9 5—3 WWBIET 2 BRI R R L, R

reaction temperature=2350°

H@E}%’;ﬁﬁ By WL 7B dDEE LIS, n (mole/g-cat.hr) B (=)

TasLe IV. Activity of Metal-Al,O, Catalysts for the Formation of 2-Methylpyrimidine (16)
and 2-Ethylpyrimidine (9) from Trimethylenediamine (1) and Ethyl Alcohol (10)

Me-Al,0,
Me
3
Pt-Rh- Pt-Rh-Cu,Cr,O5-  Pt-Rh-CeO,- - Cuy-Cr,04- Pd-CeO,-
16 0.310 ‘ 0. 247 0.316 0.023 ©0.045
9 0.228 0.051 0.103 0 0

Total 0.538 0.298 - 0.419 0.023 0.045

reaction conditions; reaction temperature=350° W/F==2 72 g-cat.hr/mole, »°,=0.0351 atm, $°;,=0.842 atm,
P u,=0.122 atm

7) AR, BAERYELOT, RIS XS 0 HO nRERT 5.
8)" A. Amano, G. Parravano, 4dv. in Catalysis, 9,716 (1957). ‘
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IL PYAFLLSTI (1) ET7TLa-LEE (10) LORRG

M ESB-ALO, Ml T2, 10 DBIARCY D 7A5E ¥ (2) BERTS.Y ;C < 10 @gygykig)g 2%
HEIAE, ERLA2E 1 ERIVRRIL INEBORDEELLR, 1o 2X9% 10 DFHBAF LT U
LW B, 1 LEa0 10 L OBKE—BIKBI—BIARRIECE 5 3 @ér‘u‘kob TRE Lc.

(1) B —c 10 55 2 ~DOBKRRIGOMEE & LT Co-Cr RMBERHLBhTLS T &, 10 Pd—
CeOy-ALO; NERT U VENLE T Y VEADEWBIKREBR L LOBBIAFLTWS & R Y 2 ZE L
T, Table IV iRd 5 MOMEA A, 1 L=FAT7 L a—ARES 2-2F €Y s PV (16) ARK IS D
WT, ZOERYHEL K. . : ‘

ALO; ' Pt-Rh, Pt-Rh-Cu,Cr,05, Pt~Rh~CeO, %I 2 AMBHITRIH 7 BRICULTh BN © R
ZALIXRAD LI ish 5 . f€- T, Table IV iR LRI RIS 2—7 BMOEBME TH 5. ALO, i©
CuyCry0;, PA-CeOy HIFLAMBUIVThI €Y 3 O VEONKIEL, * 1 Wtk BB P LD T,
Table IV DR RIEBHAYE 20 SO0 TH 5. HWEE D 2 BRIUATELKKSE Lz, #E51%, Pd-CeOy
ALO, N ENS OVENRDLEYS O VEAOECBIKRIEY: & T OB BEEE LT\ 5 L OWED X LT 5.
LL, ~FH~I Fre) IOVE (@) HHEY s oV (3) ~OBIKERIE Tk, Hi#Y © Pd-ALO,; &
i, “hic CeO, %ML Pd-CeO,-Al, 0 TROTHEROSEEH S LR TEd o 1. : ,

Pt-Rh 1z Cu,Cry0;, CeO, Z¥HMT5 &2k D 9 @l&&f)xﬁ/yu‘;yy:, SRR T 3 BALEM YT 5
ALO; DEEMHASY bR X oﬁf}—mmb}:%xr‘oha

UEDHERI D, RukfEofte) 1 OVEOR2RRAR A E L, ?ﬁ&@&ﬂ%‘f%m H D fohtc D o
-tz Pt-Rh-AL,O; flifit% AW CHBDOEREY Te - 12, ( ,

(2 Iiﬁ*%ﬁ:m&‘]‘ EPFLE -TFATAI—ARED 22FAEY 3DV (9), 20T ) §

v (13) ARSI DN T, FRD A (p°0/0°%) OFERRE L. #E% Table V. i1

2AK 15,24 DLTHhOBARS, 10 5152 ~OBIKEHEEN B 2», 1 OB7 3/ %I:Hmk?}imu
X% 9 DERNKEMNTH o7, 9 DINKIZEAHOBINC L Y PP T RETH B 25, 13 OUETHM
DIEMERLE. LHLEALE 24 T, 2 § VIR 43.5% 1odE7h o 7o,

1oy 3 o VBEERAOFIAR (2x9+13) e 1,5, 24 TEOBD 59%, 64%, 71% TS - ez A
HBOMEE 2 2L, KEKTFD BTV L VEGHRCRIER i » - BOE, 74% BB 1% 718% L -
EFEMETSS. Thebb 10 rtaﬂi 1 O 3 ERESNORIED PEFTT B0, FRRMEFL TS50 L%
Zbhb.

RE1E n-TFL7aa—rlDRERNT, RIGREDKEY . &2y Fig. 5 /7:7]%;-.

TasLe V. Effect of °,/p°, for the Formation of 2-Ethylpyrimidine (9) and 2-n-
Propylpyrimidine (13) from Trimethylenediamine (1)
and #n-Butylalcohol (10) at 350°

%10/P%1 ' 1.0 . 5.0 24
Py , 0.0351latm . 0.0351atm 0.0351atm
?°10 0.0351 0.176 0.842
Pobenzen; 0. 807 " 0.667 . 0 '
poE, 0. 122 0.122 0.122
9 o 0.256 . 0.254 ©0.227
13 0.077 0.133 ‘ 0.208

Total 0.333 0.386 0.435

reaction conditions: o
catalyst: Pt-Rh-Al,O;  temperature=350°, W/F=2.72 g-cat.hr/mole

9) V. Moreno, G. Parravano, Gazz. Chim. Ital., 91, 479 (1961) [C.4., 57, 10566£(1962)].
10) P.E. Dunbar, J. Org." Chem., 3, 242 (1938);-P.F. Dunbar, M.R. Arnold, ibid., 10, 501 (1945); J.M.
" Jhurch, H.K. Joshi, Ind. Eng Chem., 43, 1804 (1951) TR, T1k, 58, 719 (1955)
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Cos 13 DIRKILFIGHREE (310—410°) & »TH % D &

+-\ bed, 2 Aok LERZETS b, ("Pizs
o/ b LTisvnt) 9 20 FROBISRE T 13 & 3 Al
0sl [ 2(benzene) RCELHT.

' o 10 7 Baw b, 10 25 2 J\@HFWJ@EBE
IO.5— — EEAB D, HYTE 27y oV (3) 4
od | /\/ ™S Kin b ODIREKT 9 SR L, BRI 3 w%zu T ik
e —f e 2(H:0)  wxpp e ‘ :
ERRMCTHAL LT AT e PG E FEY A5
TN a2—=VERANTHEY 3oV (20) DRETE L,

7% Thot. ‘
% Z°C Pt-Rh-ALO, I, 10 BMCRIE S &% 0 i

0

00 350 00 KRR H 72 b &5, B2 B 1, 2,
Reaction temperature (C) == FADERIIBTHTH T, BEA LI ESTR

Fig. 5. Temperature Dependence of the Yield DH AR E CHEI T,

of 2-n-Propylpyrimidine (13) from Trime-

thylenediamine (1) and #-Butyraldehyde (2) EDIE, 2E=21EY IV VOERESR LTI LT
or n-Butylalcohol (10) or #-Butyric Acid (11) ZRVAL Y, FIATAR=, 7YY VD LDOFE
or Ethyl-n-Butyrate (12) BT STk, REM7 A2 —-ADOBKERC X » TR

reaction conditions S S 2,4 - N 2 NS ;

#° (atm) 0.0351 0.0355 0.0351 0.0351 0.0351 M7r7e Fafd o LoRERld,® »Fhd B
2%, (atm) 0.0351 0.0426 0 0 0 ISR 5 .

$°10 {atm) 0 0 0.842 0 0.808

p"i: (atm) 0 0 0 0.0351 0 I, pPUAFLL T2 (1) EB A, T XTI

#°, (atm) 0 0 0 0 0.0351
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Chart 2. Reaction Scheme for the Formation of 2-Alkylpyrimidine (3) from
Trimethylenediamine (1) and Aldehydes (2) or Alcohols (10) or Esters (12)
or Acid (11) on a Platinum Group Metal-AL,O, Catalyst
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