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The conversion of trimethylenediamine on platinum group metal-Al,O, catalysts was .
examined in a stream of water vapor and hydrogen gas. The reaction was carried out over
the temperature range of 220° to 410°, at atmospheric pressure. -2-Ethylpyrimidine (Py)
and 2-methylpyrimidine (P,) were obtained as the principal products. Rh-AlLO; and '
Pt-Rh-ALO, catalysts gave the best yield of P,, which was about 509, at the reaction
temperature between 330° and 350°. H,O vapor and H, gas showed a suppressive effect
on the cracking and catalyst decay.

It was concluded from kinetic studies that the formation of P, from trimethylene-
diamine involved the following successive reactions: disproportionation of trimethylene-
diamine to 3,3’-diaminodipropylamine and ammonia (reaction 1), deaminocyclization
of 3,3’-diaminodiptopylamine to 2-ethylhexahydropyrimidine (reaction 2), dehydrogen-
ation to 2-ethyl-1,4,5,6-tetrahydropyrimidine (reaction 3), and finally dehydrogenation
to P, (reaction 4). N-Propionyltrimethylenediamine was present in equilibrium with
2-ethyl-1,4,5,6-tetrahydropyrimidine. It was concluded that reactions 1 and 4 were rate-
determining steps, and that reactions 2 and 8 were very rapid. The rate of formation
of P, was determined and the predicted values agreed well with the experimental results.
It was considered that P, was formed from 2-methylhexahydropyrimidine produced by
demethylaminocyclization of 3 3’-diaminodipropylamine. '
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MEREE -7 i (BRAE¥EEE 72 3 7 KHDY) 25, 16—32mesh & Ld 0 © FFEED
H,PtClg, RhCly, IrCly % % W i% PACl, oK#E®K (Ir, Pd o B B0 HCL #@EmMLc b ) 2, &
12hr BEK, KOEEERE, 110+£5° © 8hr Hif, KEKTHERL & Hy ¥ 2 TBT (450—500°, 4 hr).
WFhd&BERY 2Wt% &Lk, XL, P-Rh-ALO, ¥ Pt & Rh oE&Ek% 1:1 L1, 1,2,5wt%
D 3 EERE, ,

REEBHIUVRBRFE HHEBER X - % RE# (4 mmid x50 mm), &{L% (10 mm id. x 100 mm)
A7V UAR, RESBABEFRBCHBIYEE, BEAGBCCREREO £3° cHf. SABACRHE
R 1.5mm oF 5 ARY FIE.

MERED TM KE®Ke Hy # z“‘zb»?m%&ﬁﬁﬁ:fﬁ{b%kﬁA _h&ﬁ}%bt)ﬁm%# 5o WH #
AFKEGR, KGLIcr 7y 7 THRBIESIRBE L. BELRVF AR R Y v 5 — B & 45H.

SrE (1) ERSIOREKBE—IR7 et 2757 (BE8E GC3BT) . BERS I D W T
X 2F&0x7 2%0MA ((1) 10% PEG 4000 on Celite 545, 80—100 mesh, (ii) 10% Silicon SF-96 on Fluoro-
pak 80, 20—80 mesh.). ¥ AMAK DOV IRERRIT b TERERC L ok (EK7 3 v8E: k3 () o
5 A, Bt Porapak Q, 50—80 mesh), * . ) 7 —% A: He,

2) Cl- 2E—BHE) Clok. REL, BEEREEELF+o7 /akmamimuzf%é X w5k
RE® #FAL, 460 mp *c%iiﬁﬁmﬁuﬁ PBRMERL-BEHR: Y ClI- B2 HEH.

RIGBARAEORER (1) Pt (1%)-Rh (1%)-ALO, firgEx FA\, Fig. 1 WEoRE&HEToRIGHE % CHCl,
i, K,COp TR, CHCL @k L, RE 2 HY (AHIENEES HEE TASB,). BCEHE 4 P, P,

2-Methylpyrimidine(P,): bp 90° (200 mmHg). Mass Spectrum m/e: 94 (M+), NMR 85t 2.71 (8H, s. C-
CH,), 7.11(1H, t. C;-H), 8.67 (2H, d. C, -H). 4nal. Caled C;H,N,: C, 63.81; H, 6.43; N, 29.77. Found:
C, 64.04; H, 6.37; N, 29.50. %BZ# D bp,” NMR Spectrum® » o —Fin b P, & SR,

2-Ethylpyrimidine(P;): bp 107° (200 mmHg). Mass Spectrum mfe: 108 (M*), 94, 80. NMR §8S%: 1.37
(3H, s. C-CHy), 2.98 (2H, q. C-CH,-CHy), 7.07 (1H, t. C;-H), 8.63 (2H, d. C,,~H). Anal. Calcd, CyH,N,:
C, 66.64; H, 7.46; N, 25.91. Found: C, 66.78; H, 7.48; N, 24.98. Zh b oiEEN S P, LFEE.

¥, WESPHED pyrimidine OFELYIER &L OREHBO—F o SR, ,

(2) Pt (1%)-Rh (1%)-ALO, filfit % F \», 290°, W/F=0.2 g-cat-hr/mole, prn°=0.045 atm, py,0°=0.845
atm, pr,°=0.11 atm TRJS L, MK S bp 65° (20 mmHg) LT o EZ%’%‘%’%: B L WMIERZ L TP, AT
1.

2-Ethyl-1,4,5,6-tetrahydropyrimidine(TP): bp 67-—68° (0. 15 mmHg)™) &% { 3O RIEM % H .
Aspinall @ H#E® ¥ UIRER L7 TP & IR, MASS, NMR ©—%. '

N-Propionyltrimethylenediamine(AT): bp 104—105° (0.33 mmHg).!® & EEAEEE. FIRER® LB %
AT ¢ IR e CEer—3. TP 2 BRI BB TS B8 AT T8z &% H A7 vic TRER.

(3) NH,, CH;3NH,, C,H;NH,, CH,CN, C,H,CN, CH,, C,H,, C,H,, C;H,, C,H, o &5 %, BIRSWE K X
b, BEBEO—-F»SEEER L2, NH; sbaga.

B R & £ B

PEZFALY ITYV (P, 2AFAEY $ 0V (Py), 222FA-1456-F h5E Fr i) § oy (TP) B I
N-Frud=r ) 2Fvvo7 3V (AT) OREKEL TM2 = brhnth 1 BAPERTSHELCTHEB L
7z. ‘ ‘

L RISGKHORE ‘

1 BEEHE COFMYE P Py ORR, TM ORKFR (1—conversion) D#EHZE(L % R~ Lk Fig. 1 i@
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10) G.S. Reddy, R.T. Hobgood, J.H. Goldstein, J. Amer. Chem. Soc., 84 336 (1962).

11) H. Baganz, L. Domaschke, Chem. Ber., 95, 1840 (1965).

12) S.R. Aspinall, J. Amer. Chem. Soc., 62, 2160 (1940). ’ )
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Fig.1. Activity Changes of Platinum Group Metal-
Al,0, Catalysts for Formations of -2-Ethylpyri-
midine (P;) and 2-Methylpyrimidine (P,) from
Trimethylenediamine (TM) at 350°

" reaction conditions: temperature==350°, W/F=1.50-g-cat-

hr/mole,
P°ru=0.045 atm, p°Hg0==0.845 atm, p°ug==0.110 atm. 0 4; | ! ] ] 0
Pt Pt-Rh. Rh  Pd Ir o 290 320 350 380 410 '
1P3: 2 ' 2 g ﬁ Reaction temperature (°C)
™ o Fig. 2. Temperature 5ependence of the Yields
X DAREIE M & & O FEfElE & BRET Lo Rh (2%)- of Py, Py and Py+-Py, and of Po/P; |
%)- 9)~ N p>4 3 : reaction conditions: W/F=1.50 g-cat-hr/mole,
ALOs, Pt (19%)-Rh (1%)-ALO; T D Py JREK 12H) pimil:o.o/;s.atm, pPHg0=0.845 atm, \;:;0.—_60.110 atm
50% TH b, FHENRIEOEMIZEALRDL . Pt-Rh  Rh
: ol -
RO % L, Pt (2%)-A1,0, TD Py O#HIIR P, 5 @
N . P,+P,
RIX# 35% LMEL, MOWEMANET L. P4 . 2h e ¢

(2%)-ALO, BV IIIE L AT 52, AlssL
Erbe TM BEEAHEM L. Ir (2%)-ALO; Tk Py P, L@ LR, SED TM 2 BAF L.

Pt e X 2 EMUKBIC RN T, EYV U o vigl o N FTFN Pt Ll < B’E L ¢ MltsE &
LTI & &bt 3.4 Rh I RERLAYOKRILELELHE S MEMT b T <$h,'® Pt-Rh fi
b EomEN, BRRERET S BEHELY 13 PA-ALD, ETERT o vOBKEERTR L, Pd 258
WIIHRE AR T B I b v DT EHRMIC R B C ERBE LT 5. Fig 1 ORI hb0ME & EL L
TR D, FRIGOMEEE LT Rh-ALO,, Pt-Rh-ALO, »HRTH % LH#ELE SN 5.

2. RISBED#EE  Rh-ALO,; Pt-Rh-ALO, icoWT Py, P, UK & RIGREDBFR A R R % Fig.
2 T, Py kXY (Pa+Py) BL AR AZE L, 340—350° TRERRKRL B,

T™M b P, pMERT 288, BT s 21k, Bk, BiKkE D132 ic C-C &4 OYM (cracking) %4ir
EFTB B Lichio CRIGEED RIS PP, OBINLZ 5 v+ v 7 OMIMC X % L3HIT & 5. Fig. 2
BT, WIRORESV TS P-R-ALOy 012 5 2YEW PyfP; ERR LTNBZ L, 75 v+ v
ZIEENMEN EE 2, DEOERIL P-Rh-ALO; #V5 2 Lt L. :

3. &4 C- OFE  EROMICE LICMERENECE, PEOBT I C- RNEALCERE T 5.9
D Clm OFELFENLD, EBEREORND Pt-Rh-ALO; o Cl- 2EEL, ThbOMMELYH TR
B&EI. FEREY Table I wind. &£BEE, C- 8, PP, OMXERENEDLR, Cl- BN 275 vk v s

14) E.B. Maxted, Adv. in Catalysis, 3, 120 (1951).

15) M. Friefelder, Adv. in Catalysis, 14, 203 (1963).

16) G.Gilman, G. Cohn, Adv, in Catalysis, 9, 733 (1957). v

17) ‘S. Nishimura, Bull. Chem. Soc. Japan, 33, 566 (1960); idem, ibid, 34, 32 (1961).
18) LS, EAZE, 4WIEE, ik, 95, 849 (1975).

19) =AEa%, fufE, 12, 133 (1970).
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- TaeLe I. Effect of Chloride Content
0.59%Pt 1.09% Pt 2.5%Pt
Catalyst 0.5%Rh 1.0%Rh 2.5%Rh
999, A1,0, 989% AL0, 959% A1,0,
1
Cl-(%) 0.035 0.101 0.180
P, 0.086 0.103 0.110
P, 0.426 0.491 0.468
P,/P, 0.202 0.210 0.237
reaction conditions: temperature=350°,
W/[F=1.50 g-cat-hr/mole, p°m™=0.045 atm,
$°120=0.845 atm, p°ﬂg=0.110 atm
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= 0.3r R ’ * 0.3 ~ —
£ . ~ =03} ” P :
> ‘ \I, .2 \
0'2“_ _ s SN S w ] : ‘\,\
= S _\2 ; s o 5 o 6-710-2 &~ 0.2 1 - ) — 9
0.1 _o———o——0——0—— o=V ——0—0 |, o
O - = —_— RO RN
e i ot o e e e
0 ) I L I . ! ! L g1 . /0!7
0 1 2 ’
Reaction time (hr) 0 L L L
0 1 2 3 4

Fig. 3. Effect of Trimethylenediamine Partial Pres-

sure on Py Yield and P,/P,

reaction conditions: témperature:350°,
W/[F=1.50 g-cat hr/mole, p°ug=0.110 atm

P°pu/P w20 0.027 0.055 0.107 0.215
Py - o ¢
P,/ P, fe] O Q 3
0.6 : ,
pﬁzzo.noi'. Pi=0 lpi,=0.110atm
- ' I
05 P | j
~ | |
L oo4f l !
g ]
o 03) ', |
3 ] |
E P2/P3 N . I}
S 0.2 W
= , o
P. l ‘ !
0.1~ -O——O—ro\o\o_o_l_o/o_o_
, | ; j
0 L] N I |

0 1 2 3 4 5
Reaction time (hr)

Fig. 5. Effect of Hydrogen on the Yields of
P; and Py, and on P,/P,

reaction temperature=350°

Reaction time (hr)
Fig. 4. Effect of Nitrogen Partial Pressure on
the Yields of P; and P,
reaction conditions: temperature==350°,

W|F=1.50 g-cat-hr/mole, p°tM=0.045 atm,
$°H,=0.110 atm .

P ne/ P 120 0 1.5 3 9
P, O Qo oo
Py ® ¢ > &

N\
PRHETH T ERRE LT B,

4. TM Q8 P % BLEBLED Py
WKL PPy DRRBFEIL % pTd®[Pr0® &1 T
A= L LT Fig. 3 Iind. pv° DEWEZ A
TiX Py INRITEAE—ETH B4, pm°® D
Wine &b Py INEDOIFAEEL BN LT 5
T EnD, TM B 5 W RIGHRER X 5 B
Exzbhb., Tl Py/Py X prv® O M L s
WEATAEAERR L. C0o LN IRt
TERETS. :

5. O OB  KEKO—B% N, #AT
BHL7 L %0 Py Py WK% pn’/pua0” &S
FA—xE1LTC Fig. 4 WiR{. pH0° bﬁf/‘ L
LB Py IR LhsoiE D S LEE oY H4
U7, Fio Po/Ps i3 pr 3EIMC X 0 883 %
EHP AR bhie., Lieats T H0 1341k % Wi
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Tasre II. Effect of Hydrogen Partial Pressure on the
Yields of P, and P,, and on Py/P,

p°H, (atm) 0 0.077  0.110 0.174 0.230
#°r (atm) 0.051 0.047 0.045 0.042 0.039
 $°1,0 (atm) 0.949  0.876 0.845 0.784 0.731
W|F | , | )
(<ot Aajemole) 1.68 1.55 1.50 1.39 1.30
P, | 0.087 0.100 . 0.13  0.100 0.098
P, 0.337  0.498 - 0.491 0.482 0.463
P,/P, 0.230 . 0.200 - 0.210 0.207 0.212

reaction temperature=2350°

L 1.0
g T
2 pa— “
2 g 0.5
0.3 ~ s
5 0 g 0.2
0.2 !
¥ -~
/—‘*“0.1 \N 0 1 ) | I | 1 1 | 1 }
= 0Ulg— 0z 04 06 08

, £ X .' ’ 5 ' . 0
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 3.0 3.2 W/F (g-cat-hr/mole)
W/ F (g-cat-hr/mole)
Fig. 6. Conversion of Trimethylenediamine and
Yields of Reaction Products as a Function of
W|F at 350°

reaction conditions: p°ma=0.045 atm, p°n,0=0.845 atm,
$°Hp=0.110 atm

Tig. 7. Conversion of Trimethyl-
enediamine at 290° and 350°

reaction conditions: p°ru= 0.045 atm,
, D°Hg0==0.845 atm, p°He=0.110atm

™ o P, Q
7 TP o) P O
AT Reg P,/P; o

L, 22025y ® v 72T 20REFTE L 02 5.

6. H, DFE  #F% Fig. 5 ©RT. EHRECK T H, 0% EIET5 & (15 hr), P, P, IRR 0
B & P[Py DEMAEED b, TEOLMCET &, Py Py OIRIZSAEE L SEOMICIIR S 7 s »
fo. PofPy EIXIZISTEOME E78 » . ThbDZ &hb Hy 1% HiO L RBCHIEEO#EE & 75 v+ v 7l
HeLETH B LELLNRS. ‘ '
Table IT & pu,® % B &R & ¥ ORIGGAE LERLRT. pr.° (00.077 atm) DBIIIIC AL\ Py ILK IR
S L. AREHNHAREBL AL 205 0BEIERCHEETE 5. '
IL. EEESRAIRET
Fig. 6 1 W|F Z{c X 2 85RG OELERT. TM OBEdietivs, RISPMGHEE 2Rt TP & AT i3
BDLN, WMEXELALFERBCD 2 L2 5. Py ORKREREERE 25 WIF & TP IRRIEH & 1o
% W|F 2R —L (W/F=0.3 g-cat-hr/mole), TP 238 Py D4R % 7RIE L Cls 5. Py, Py, PyfPy D5
Z=ViX, Py D=FNVEDPFAFNCLD Py, EREBEETHE LI, MENRKERYTHIEZ EE2RL
Twb. IeRHPIRITR LU A3, WIF0.5 12 3\ T, 8 % C & © 3,3’-diaminodipropylamine (DP)
(Fm&®%%ﬁﬁ©~ﬁibﬂﬁxé:2ﬂwmwdwﬁwmemeHH(%ﬁAmLtﬁﬁﬂ>k@%ﬁ%ﬁ
Dk D FE) 2D bRk ‘
™M DEfFR%E W[F XL semi-log 7°n vy M5 LER TH B L b (Fig. 7), TM ORIGHE 1K

20) E]mﬁj‘ﬁgl %mh, &%EP
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Es=10.1kcal/mole

Ea=20.3keal /mole

Rate constant (mole/g—cat-hr)

oal 370 20 20

. f ]
1.5 1.6 17 1.8 19 2.0
Reciprocal temperature (10%/°K)

Fig. 8. Arrhenius Plots of Overall
Reaction Rate Constant for Con-

Rite#Ezbh%. Fig. 8 RBREERDO7 V=v A Fwry b
BART. 290° LT THMT OB =5 4 ¥ — (Ea) LLT
20.3 kcal/mole %7, E@HEBETD7 I vOREERIGIEA
T E1LRTH »,2-2 4-AlL,0, |, diethylamine DOR¥AL
® Ea & LT 26 kcal/mole®, MoOs—AL“,O; [, n-pentyl-
amine T{% 100 kjoule/mole?®) (24 kcal/mole) L¥E XN T
w3, ABFEIREEG S 20.3 keal/mole 122 h b0 Ea &I3IE
—HLTHY, FLBETEID5H DP 2f8dbhic & X
D, TM 12 %F y-ALO, & hRELLT DP BT 5%
DEEZ LIRS,

—75 290° L) ik Ea=10.1 keal/mole D{EAE S 7.
FREATLNIE B O ER A E W L &, 1 RRIBIZAMT LS 2
O 1RTHBH, D Ea ik, EoFEltb=3 ¥ - %
Eo, IkED%Zh% Ep 35L&, (1) ATHELHh 5.2

version of Trlmethylenedlamme Ea :_;_( E 0' +Ev) 1
—fgiz, "EOYED TH Hh b,
Eo
Eas—
as @
fNHz
N,b\fO
H CHs
a | 11«2 ke j\]\H ._> (\N B N
4 1
TL__» _ 1 Lm1 , N cHs N “cHs N "cH,
v .
| i\ NH, | f R D
’ -k \) R
 ONH N t1 fNH (N N
*a ke N)L\ ks
N CHs NGl C.Hs
-1
b |
as ksylke
NH:
/CZO
N~
H CHs
Chart 1. Reaction Scheme for the Conversion of Trimethylenediamine on a

Platinum Group Metal-Al,O;4 catalyst

2D J. Pasek Coll. Czechoslov. Chem. Commun., 28, 1007 (1963).

22) M.F. Ebeid, J. Pas¢k, Coll. Czechoslov. Chem. Commun., 35, 2166 (1970).

23) J. Pasék, J. Tyrpekl, M. Machova, Coll. Czechoslov. Chem. Commun., 31, 4108 (1966).
24) J. Sonnemanns, M. Mars, J. Catalysis, 34, 215 (1974).

25) J.M. Smith,
York, 1970, p. 443;

“Chemical Engineering Kinetics,”” second edition, McGraW—Hlll Book Company, New:

HARVMER, “RISTEEE," SR EE, BE, 1963, p. 249.
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290° 1 CfE 57 10.1 keal/mole 1%, EEIRTD 20.3 keal/mol O 1/2 TH BT &2 b, 290° PLET
DB TM DS AEEIEEBRIE Lo lefed LW 2 5.

Pl DERRER & h ARIEOER Y Chart 1 © X 5 iE Lic. Thcbb, TM 5 y-ALO; TR L,
DP & NH, ticic%. DP 0—20D7 3 /7 r €A, —HIXH7 ¢ 71k (deamination) BBl
HP %4, —EBiA547 3 /4t (cracking) XhieHBYLLT 9-methylhexahydropyrimidine % 4 X3
B, ~FHAL FeREESBIC L > TRBEBARINTT b I 1 Futhlid, ILRBARSHT Py
P, #AKT 5. i‘/‘c?‘ FSo~L Fefld, HO kX vBIBRLT N-acyltrime‘;hylenediamine e h EILE
HERARIE D .

Chart 1 @%&ﬁDEFEEi%%<u§tb ROFERRT Iz,

) RISEAR#E»D 1 )kET5 (2L, TP=AT OF4EBEFRLERT5).

ii) DP & HP w@HREBEIEHTE 5. ’

iii) TP & AT PR8I d 5.

iv) RIS & 5 BB BETE 5. | :

RT3 TM L L TM FoE&% 1:a, B{kT5 DP L L\ DP LO%EIA%R 1:a, BHKR S h
% HP rXhicws HP F0gEla% 1lia; & L; %7 DP 25 HP %5t 2-methylhexahydropyrimidine
C ~OHEERE 1:b0 2T, J:;a{ii%ﬁxaﬁimiﬁaﬁ (3)—(8) nEbLh5.

dj)TM

L = —(1+ )k prv , | ®
dz;”’ =—;—k1pm——(1+'a2)(1+b)k3pm>%O B @
jg;:kgpnpf(l+a3)k4pnp=0 | -G
udf;;? — kapuet kopar— (ks +h)pre | | (6)\ |
dle;T —hpro—hpar | ~ e
ﬁf—;k@@ . ' | - ‘ | (8

C iz, t=W]|F(g-cat-hr/mole), k; (i=1,2,....,7) &RIGEEER LT 5. it%%@%#Tﬂi H,0 23R8
Fl (pu0=—%) THHDT, TP & H20 @}ili“iﬁ)ﬁﬁ’;&% ks’ LT, ky=kspH0 T%ZJ
(6) M Xy (9 28%.

dpre. . dpar

=kspur—kipre o <9)’

@ dr
o i) Xy, o »
L ar=Chalhopre o S S0
C(10) % (9) RRALT (1) %285,
(1+ . ) dzt“’ =kpue—kipre - | A | -y |
#=0"T, pTM=p°TM, pDP=pHP=pTP= - ppa=0 DZMET (8)—5), (8), (11) BREGE, (12)—(14) BEbhS.
(1 converswn) of TM= exp (—mt) ¢ )
vield of (TP+AT)=tlexp(=mt)—exp(ni)}} ' - (13)

A+ a)(1+b)(n—m)

n{l—exp(—mt)} —m{l—exp(ut)}
(1+a)(1+b)n—m) .

yield of Pg= (14
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TasLE III. .. Parameter Values Estimated

Parameter 7 , 290° : ' 350°
a(—) 0.76 0.67
b(—) : 0.08 . 0.21
m(mole/g-cat-hr) 1.58 . 3.87
n(mole/g-cat-hr) ‘ 0.96 3.39
R 0.8f\ ) b =L, 1+“=~(1+a{)(1‘+“2)(1+“3)a m=(1+ay)k,,
L7 \ ' . n=ke| {14 (ks[he)} mn L35,
8065 \ | (12)—(14) RFBD<F 2~ % a,b,m,n D5 b, mix
§ 0.5¢ | - f—o- IM DFDEED B, b 1% t500 TD PyfPy L h R
S 0.4- ‘ 8%, BIREEET S a &, TP ofikFic s+ 5
~ 0.3 n LBRETCTH B, MELIRAB I FEC L D
502 Rdrc. HEEMEL Table IIT R+, Fig. 9 13 290°,
. P~
| CTTEHAT  850° o7k, HEEERAGT (1219 © X b 7
' REREIRR S AR L b DTH 5. WED BIF 7 —F n
0 J—

070204060810 L2 14 16 3032  Chart 1 OEERIEEES L0 LMD RED FUM: & 7
W/F (g-cat-hr/mole)

Fig. 9. Comparison of Predicted and Ex- : Feo k%%‘é' : ,
perimental Results for Runs at 290° and Pasek 503, BB ETOT7 s VEORB 1 K
350° § v R E LTRSS RS 2 20v, F0RIGEHE ST,
reaction conditions: p°1u=0.045 atm, p°ng0=0.845 7 vHEARR LR B S AT A Uk B, &
atm,p°ng=0~1_10 atm y00° 350° R < (HER) %%32’1’7{:7 3 Vﬁz*&ﬂ"]ﬂ]&% L
S R DYEHEARL, Shat 207 § Y IC/ s %
S © 2T 525 TM /i DP ~ORELS &0 & 5 okl
HCHEFT2 LE2bh5. ,

DEWR DP OB oW TEETS. BT s 2{bb s A F1 7 :‘-'/1!:@%&11:1*»#—0173#; hk&
WEFEZBRBEIDHHLT, & WIF ik T DP BRIEHHICE AL BWH S hicds & (Fig.
6,9). CoC ik, THRCLVERLE DP 23, $%5< DP 0 2 # N EFABEE (6) FelE S hie
% DR (DP-0) T, B ShTE D, em_ﬂ)w S BAFATI7)ALERBCEERET S, 20
KIiEd ¢ ETRESEEZ ORS00, DP-c 07 3 ) F e v AFD—if L TM LDOBPREXER L IclT h
Webin. Wi o 2ZOBER LY 2/, BAFA7 $ 2 UEBEBIEA (6s) T, W7 $ /bt B

HER (00) EBBVIE 00, 08 WTRO ETIEE B LEETS. £ LT DP-o NIRETEE R BENK H 5 os,
g0 WER LTHSRELELS. TM OSESBINESE% L, DP-c X3 o BIY 0o DHEER (FhZh,
0, 60 EF5) IRESIBDTE. TM © 0 EOBFEIL 00 EDFRICL B D, 600 OEIZFD L,
ZDFER PPy 2VNELT0%. TM HEMINCHS Pof/Py O (Fig. 3) XD LS RTE LS. Ll
2B, DP-o 7% 05 E/2id 0o WREBE SINIHE SN, Bi7 37 BAFAL T 3 2 (h) IR i-{L22E 0 B,
2-alkylhexahydropyrimidine ~DI{LEEHE, ~% 34 Fu BOBKBEBEEE~OBE & R E L% 4
2%, FEMCHEED BMETH D SERNTHTETD 5. |

Table III @ b DHEEESR SO Fig. 2 bbb b X 318, KIGEED R L Lt DT © C-C B4 0@
HEIHEMT S, oz Lix DT © C-C Piowkikib= s ¥ -2 C-N G0+ h CBbRAREWET &
LEKT 5. | | | |

FHOBAY R — 3 v 7B E LUK AL bRTn % PALO, ie w4 vk & X85 & E AR 21 1

26) P. Hogan, J. Pasék, Coll Czechoslov. Chem. Commun., 38, 1518 -(1973).
27) fo & 2%, MoOs-ALO;, n-pentylamine ¢ deamination ¢ Ea=150 kjoule/mole (36 kcal/mole).2%
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L, BB, SERIGHHEESh . Table I OFfERICOWTIX, Cl° SROBINIC X 5 BEIRE © #in (65 D
i) wkbv DT o C-C S@rgRah, TORE PufPy ML LEL SRS,

MIERBORBO—DIX 27 7 v % v /L X BIRBEWHE TH 5. KEKC L 5 RIEAHBDE (Fig. 9 1%, K%K
HEGRO S ERLERNT 2 C &0, LOLRMPARE WD (N, O 2£5), RIBHREASF s Lir e
Lkp LBbhs. —HESELMEETABKRKN, H O&REMES Kbntbbd, Lig LiF H
TTebh T 5.2 Hy (3 D REWE XS UCREZ I L BN oBIRER Lic o 3hT
Wh, o ki Fig. 5 DR D HETE S, '

FHHEDIL, RREAT1 PRI D TM 225 -2 ) vHERT B, ~FH~1 Fary s OVEKIZRD B
IR T L REE Lic® KB Bt 7-ALO, L THAUERSAEOh, FLHRAKLCEL HP K10
2-methylhexahydropyrimidine2® % 9-ALO, LT, ZhFh -2V v, YV OVEFERLEL, SET 5w
VI OVBERBLREN ST LB PERI-ALO, BT f-v 2 ) VIRBLATE ) S O VEMRAER L.
CRBOEEND, y-ALO, DHXTIE TM 25 Y ¥ O VEBEPERST ) v vERERTIEHEY, O¥D X
SEHE L. Tiebb, HP L f-v=) vORBYE THS =) vk, DP ofii7 s 7 Bt X b
BRENCERTBO TR, p-e<=2 ) ik HP bR T 5. BEBE, ~F41 FrE) s ovERe
~Y SVENC BRARET, HP RARHICED N, AP Sh, £Uk7 ¢ valEARIC X ) K7 3
24k, BAELT ez ) viieh, CHABIKR ST e ) vEERT S, &2 A, Bl BIKRIEE
BT HRE R ER U EGR LT, HP 220 C-N SANIKSh s kR ShTRERL, F 08
% Py 2BIRICERT 53D EEL BRI A.

W $E%K%L,%%@~%K%ﬁéhk%ﬁf%im%%bkLi?.

28) SRMIAHER, “RIG IR, ﬂ:‘“”I%'%E, B, 1970, p. 599; E%%‘%, BEEL M 28R, “RREEREL”
FEER AL, WA, 1974, p. 235. ; :

29) Brit. Pat., 744928 (1956) [C.4., 51, 2877¢(1957)]; U.S. Pat., 3050523 (1962) A4S FE38-19737 (1963);
Ger. Pat., 1192648 (1965) [C.A., 63, 8323g (1965)].
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