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Development of Production Process of 1,3-Dimethyladamantane
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Synopsis :

A reaction scheme of 1,3-dimethyladamantane (1,3-DMA) from acenaphthene derived
from coal tar has been studied. Perhydroacenaphthene (PHA) is obtained by
hydrogenation of acenaphthene, and then PHA 1is converted to 1,3-DMA by
isomerization. The authors identified four isomers of PHA. Suitable selection of a
catalyst and reaction conditions can lead to a specific isomer such as cis- or trans-PHA
with high selectivity. For example, cis- and trans-forms are obtained using Rh/C and
Ni/Si02 as catalysts, respectively. 1,3-DMA is obtained with a yield of more than 80% by
the use of the AICI3-DCE catalyst system, which forms an efficient complex as a
catalyst for isomerization. The rate determining step of the isomerization reaction was
found to be in the course of 1-ETM—1,3-DMA, not in the course of formation of the

adamantine skeleton.
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Fig. 1 Schematic diagram of the reaction paths for 1,3-DMA
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Synopsis:

A reaction scheme of 1,3-dimethyladamantane (1,3-DMA) from
acenaphthene derived from coa!l tar has been studied. Perhydro-
acenaphthene (PHA) is obtained by hydrogenation of acenaphthene,
and then PHA is converted to 1,3-DMA by isomerization. The
authors identified four isomers of PHA. Suitable selection of a
catalyst and reaction conditions can lead to a specific isomer such as
cis- or trans-PHA with high selectivity. For example, cis- and
trans-forms are obtained using Rh/C and Ni/Si0, as catalysts, re-
spectively.

1,3-DMA is obtained with a yield of more than 809 by the use
of the AICl;-DCE catalyst system, which forms an efficient complex
as a catalyst for isomerization. The rate determining step of the
isomerization reaction was found to be in the course of 1-ETA—
1,3-DMA, not in the course of formation of the adamantane skele-
ton.
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V-2 v 2k XURIBRGEDOEEY T -1, WThoERERWT
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T - 1o fER o 3% Table 1 i, Table 1 il %
GC DEEREMOIEE v — 7 &2 1-8 T L, BEEETRERE
BRI 16,7 min ioF F Sk Fefk (£—2 8), 7.3-11.2min i ~+
He Fefl EoAELPLHEEIRZ Y- 76 HREER LA
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— PN AHEETSL o LA LR T3 PHA o Bikfiontitd
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Cu-Cr Rz 1 o2 ¥ KRLA T, 715 FafaEk
e ohi, PHA o®Ect THEYTH S, Ru-C, Rh-C ¢
11, =7 5HREVGONERTHY, 50% U EOBIRRCERL
T3, Ni-r 4 v — 10845 ERETH E— 7 5 2TEHNA

A, BEETTIEY—21+32Kk%<{ah, Rund Tk 96%
T L7, che kS, PAC vty —2 1-3 k5 ANNIFRERE L
B L7, Ni, Ru, Rh, Pd % 150°C QL F T4 BIELEN - F

mikic i By, Pt-C ¢k 180°C, 2h TR EERASH 56%, 7
IR A% TH D, A — e VrikETARMETALDILIRLILE
WRENBETH -7, UED LA, -t FrREEDER LD
A0 Cu-Cr 2RITESME S b KBEEYF T2, FHA
BRI (EIFET A Edbh o T,

—A 2 Y —= v FOER TR Ly ERDO SR E T
ZRNTD Lhin T, FMEconT, EhEYEL TERYD
FERBLOEGEHREN L, COFRRIEF Y 7Y v B R R
BhdefE A% B i, BRO—E (Pd-C) % Fig. 2 1R, Pd-C
OBG, FrI e Fefk(E—2 8) 1k 100°C, KSR L h T 90%
LiEmENRE i, ToEEd L, €7 8T 50 &
LT, Y= 48R TD, BT, Y- 40EPEL
Vv, E—2 -3 R0 s MM L f. Fig. 2o b idREBTAE
HAFILAME L LB ST, RGAEELBEoRREERL T
A5, BRIEFY—Z2RIUSHAELL, -7 1 BITINSE
mL i,

3.1.2 PHA BM$ORELBRNEM

Fig. 2 & X ¥l =% (Ru-C, Ni i) = 351 5 AR AH R
OREGELER LY —274 L6, ¥—272k5, F—21L34E
HERBIC T, BhT3o EATRENT, 2OFELL, T4
FTFUATFEIFEFRfoEY -4, 60—22, EoE—7
1, 3DX3ABAEGHEE TWAEELbRA, PHA OB
HBRAGHFET A LA LRTREDD, £~7 1-3 K105 M
PHA thz LEZBREOT, Zhentr—270RERRLI.
¥ BEERCIN T T vkEMEABEY -7 13k LI
SIHNTEEADA X AR LA, RiL, ©—71-3K 105D
SHE—OSTREYEL, PHA RMETH D & 2 BETI D
fHAZee sy —-HESH (GC-MS) & LUERTTE
fTote

GC-MSicthn, 1-36L55 M T2 E~712 El w2~
FPADAR - VRIEEL—BTAC R IVRAGTREDEY -7
OBER 164 T, Culnw 0 TRCRERLPHATH B Z &4

Table 1 Result of catalyst screening

Run Cat.® | Temp. Py React. Peak areas (%)
N Catalyst N oC MP. Time
©- (wtge) | (°C) | (MPa) (h) Peak 1 Peak 2 Peak 3 Peak4 Peak5 Peak8 Peak7 Peak8
1 Ni/SiO: 2 100 13.2 7.0 0.2 0.7 0.5 14.0 11.0 0.3 0.0 73.2
2 Ni/SiO. 2 150 13.2 2.5 6.1 .5 10.8 0.0 74.5 0.0 G.0 ¢.0
3 Ni/Si0. 4 200 19.6 1.5 29.4 21.6 33.7 0.0 15.2 0.0 0.0 0.0
4 Ni/Si10; 4 200 19.6 7.0 45.0 1.7 51.0 0.0 1.8 0.0 0.0 0.0
5 Raney Ni 2 200 13.2 7.5 18.9 8.3 37.4 0.¢ 35.4 0.0 0.0 0.0
6 Cu-Cr 2 200 13.2 4.6 0.2 . 28.3 0.0 9.3 0.8 0.0 61.1
7 Cu-Cr 4 200 19.6 7.0 0.4 0.2 0.8 3.0 1.3 1 0. 94.2
Ru-C 2 150 14.7 1.0 0.1 0.8 5.3 G 93.8 0.0 A0 0.0
Ru-C 2 175 14.7 0.8 0.1 0 0 0. 94.0 0 0 0.0
10 Rh-C 2 100 9.8 1.5 0.2 7 6 0.0 91.9 0 0.
11 Pd-C 2 130 14.7 4.0 20.0 18.3 27.5 0.0 34.1 0.0 0.0 0.0
12 Pi-C 2 150 14.7 2.0 0.1 .1 0.2 1.5 0.0 ¢ 41.1
13 Pi-C 2 200 14.7 3.5 6.6 .2 20.3 0.0 67.8 0. 0.0 0.0
&) catalyst/PHA
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Fig. 2 Change in product distribution with time (a) and with
initial temperature (b)
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i, PHA Btk o BiE LG #E Lz, BR (BF) Bao
ERFEEHFO GC v— 7 DEFEREM RT) oREIRATS
xbhid,

BP=7.34 RT+ 124,53 (a84F % »2=0.999)

=2 138 IU050 PHADHEI 0RO HETE S,
Table 2 i2i%, B EAEND RT oFhe7vd 7 57 vl
W LTHIE LA REERiE L LR 5B S h 2O HERMEER
., FH U v cis, trans BEEOBEENBCThE I LR L
VE—7 1 L 3EERGECEIRATHI L LyERTLE, ¥
— 2 1-3 %305 Table2 W R A B BEEKTHL LEETE
%o

Table 2 Identification of gaschromatograph peaks and boiling
point estimated by gaschromatography

Retention time BP estimated Structure of
(min} ° PHA
Peak 1 11.93 211.6 trans-exo
Peak 2 12.78 217.8 ¢is-exo
Peak 3 13.66 224.1 trans-endo
Peak 5 14.71 231.8 cis-endo

BP: beiling point
PHA: perhydroacenaphthene

BEDX5LT, $E#BHL e, Co-C RSO
Fha AT iEE 100% OB C PHA #8252 L2 TE, L
ML, BEEOREELBA DI, MECRRFEETHL. F
%1¥, Rh-C ¢z cis-endo-PHA $192% o IRRCH L 2 LT
28, ¥4, Ni-ir 4 Y —1Cid trans-PHA 5% 96% o FERE 13
LR,
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AESTEECRE D, B0~ & o ERILKFRL S AGTRE
%17 4%, DCE LMo B TavTFhs BLSEBRETH,,
TE2 2 BRITERL OV HE BEALTH-T
DCE %8k b2 &, FEh&kgc AlCL 2BRL, Thicoh
THEIRET 1, 3-DMA 2R T 5. BIGHE T H#OERM Y KR
WP FOFEHA LTS AICKE offHIRE{ R, B—FRo
FETHste LEdaT, AlCh EIZEE LI -DOTIEEL,
DCE i Al ¥/ S4B L, COSENEROoOMEBEETHD 2%
2bhd,

i, AICL-DCE Bini T, AICL/PHA, AICL/DCE 0o&R
Bk L URIG&EE K2 B L EROoAYRT, Fig 3 (4EmK
WATORBE LY F T, Bt AlICLPHA/DCE=1/4/12(HA &
) =1/3.2/16.1(= A lt), RIGRE 50°C Tffaf. ShXL DL
Mink 5K, AREEREBTERRGTH D, EHThHD PHA
NEREB LT 2BRECL=F AEMNRE L 2= F AT A=y
& v (2-ETA) s L, K oo=5 8RB EAL o RECEK
#BLT1l-=5fk (1-ETA) tib, Bpc=rrEXoBBITL
TR EER 1,3-DMA e T35, o k 5, AlCL-DCE
FRAE T, ARSI UREEEERATAZ XD,
80% Ll ko ig®R T 1,3-DMA %85 2 L5 uiETH 5.

EREORECHEY B~ ERY Fig. d wrnT, AlCLh 280
wmas Th Ll ESAEARE 47°C T REEEA N & {, 4h T
IE 26% T Xl ate, AlCLh 23 & A K HEE LAY 45°C T
WAREE X A, AR AICL DEM Y - TEL  KRE
EEAMBRREEIRND = kol To, — 7, BEY 85°C £ 5 & AlCL
OWEEE L RICHEE S AR WA, EEWoERSNEL b, INE
WBIETF Lice LictioT, AREORGRELH 50°C ARETH
DRI hD,
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Fig. 3 Change in product distribution with time (Reaction
conditions: AlCl/PHA/DCE =1/4/12(wt} ,50°C)
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Fig. 4 Change in yield of 1,3-dimethyladamantane with reac-

tion time (Reaction condition: AlClL/PHA/DCE=1/
3.5/12(wt))
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= (2, ADC(E) — k(27 ADC(DY <voveveereeo (4)

z =7, AL P E &XUDixth#Fh Al PHA, 1-ETA $ 1 &
1,3-DMA %%, Citzs r BETH 5, ik, & (3) BLUV
{4) w7, CAD i3, BRI TH B, B8 L
DK TH LA, BARERTTAMERESL, BiohEE
ER L LTBERE Y SAER, ki, Al=Fk@) - (A} (n=1,
2), =KL,

Fig. 5 1348 4 @ AICL/PHA o PHA o REARGETV, &
(3) BHEISCTRHE = b & T t—FThd. I-ETA %K
B LTREEERF-88%, £ (4) ES{1hT# 7=,
FRBEAESERTRL, R (3) LU (4) MAHEERLLTE
YCHDo LMDt
Table3 1wz, chbhD 17 e , FOESELL ER AD(ZCT
n=1p& (1) OFREE, #=21R% (2) ORIEEET) #RD
fegE R A T, HEREV-ThE 50°C Th 5, S5, kin Al
% AlCh oA LR CAD) THRL, BEER L) ¥ B L,
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Fig. 5 Relationship between degree of residual perhydroacena-
phthene and reaction time at 50°C
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Table 3 Measured and calculated rate-constants of the reac-
tions {1) and (2}

| e A Raeconsn
C(Al) k(nAl) k(n)
{mol/{) (1/h} ({/mol. h)
0.13 1.81 13.6
PHA -» 0.27 2.93 10.9
1-ETA 0.54 3.9 7.3
0 16.6%
0.13 0.149 1.11
AL 0.27 0.258 0.96
1,3-DMA 0.54 0.364 0.68
0 1.25%

2} Extrapolated value

E(n) siZoBEEHcaE, CADL KL bT—EE L L3
THHH, CAD 2 E vz y, HRETAETEE LT £
<, C(A=0 @Rkt s kin) oER AL R, Table
IR Lt cOBBIEETD k@) A k(L) I h—HhInz
v, ARGOEENT & v & v EROARAR T, 1-ETA
711, 3-DMA Bt T 2 BETHE LR LTV D,

Wi, PHA E#Eo PHA REETFEY BLLER CP)=
0.5~2.3 mol! OEFT —0.9 RDKK + 7z » 2o —H, 1-ETA
FEEOREEEN IR Ry, CE) =/ 1mol/l #Hict
hIbEEEATH.6XK EREMNTIT —3kEinat. BRT
i, Tl ERTBERFESFEMNCHEATE VWA, T
vV EVERBBRERT I ETORGETAFAT ISR YDOT A
FARERRG & GRCRENR b0 tE L bRD,

4 HROMHERE

4.1 BSRHH

TeF7F v KELLTESALEMES PHA L 2o ES
LT, 1,3-DMA ¥ SRR CHRL 2 LA TED, i, RG&H
PRYCERT ALy, L-ETAREBENRRECBL L
MTEDH, heORSERE Y S BIRtCHERET 2
ik, BHED 1,3-DMA I 1-ETARB A2 LA TE
3, B, SUgcvy S AHB LOVD 1,3-DMA, 1-ETA off
t:%4- Table 4 =¥,

Table 4 Specifications of the products
Item lﬁl;]ii::i;?]?' 1-Ethyladamantane
Molecular weight 164 164
Boiling point 203.5°C 225_8°C
Purity 1,3-DMA >97% 1-ETA >96%
Impurities Various DMA Various DMA
<1.5% >2.5%
ETA <0.5% 2-ETA <1%
Others <1.09% Others <0.5%
Color Colorless Faint yellowish
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EREESTFORERE s DMA DYt -1, SALFVE, YA
T =y, BT Y L=l ERSD, ¥TETHEMERE EE
ENERIWL =y o=T )V v F T 7 AF, 7 EORREE LTH
Fahs s LEHESRE.,

5 & E
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FATHev s v ERNECHECE I ERYRY L, TTD
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