-.1 - DESCE*EEBS$ﬁﬁDANANTANE DERI VATI VES AND PROCESS FOR PRODUCI NG THEM 5
TECHNI CAL i's invention relates to a novel adamant ane PEEAPISAU:
~which has a hydroxyl group together with a nitro group, an am no group, an
acyl oxy group, a 10 car boxyl group, a hydroxynethyl group or the |ike,
~and to a process for producing the sane. BACKGROUND ART The adanmant ane has
a three-dinensionally 15 symmetric sBB#®re and skel etons which insure
~nmutual stabilization of each ring, and, as a result, endowed wth

TR VBRAURCZORES &

5 - B 15 53 Bf _

ARPR. = boB T/ B TIAFFVE AAEF VN

B, EFoOFIAFARBRLEE LB, E FoXVIBEZET AR
BRETH=2 0 v BRERVZOHEFTEICRT 5,

10 HFEREW
T 2@ SREHICHHFBELZEL. BRBXEVWRCEKE
LT 5BEEELTVA D, RREREXET S, 7¥=r 9>
e FoF Y ILEBZEAL. SBRLEXOT7VIVNBEEEDPH —F
A—-—PMRECHEETI KD, BENZRD-BL+OoXEAK
15 %2B23I:08Tx5, A, BHEE (AIE. £ FoFx i,
TIJE, AVEFVVREBRE) 2BALLT V<9 oFREH
5y RV T RAFNERETSHE (F/HABS50-2109 0524H
BE) . RYA-RRX—2B258 CRESE#3594427%
BAIE L L) BUTIFPRYA I FE2BEHE CRERHF3 8
20 32332FHRMWBRE) . RV VI 428B3h5Kk (FAB44
—12891B2HLBE) . RYVRIMZ+VBLITFERYIILT + X
—~ 1 2BaEE CKERF3 75395 058HMBELLE) ., =
RV —%B255E (FRAMB46—-284195AM|MULE) m&H
REINTWV3,

2% CDEIBTYIUIURBELIOBONIEASKR. —Mi,
BiEENE . AR, BRBRE. BiIrE, BRARLT L DxE
B, Et. Mg, BRRRI O/ BV T, #XRo R
)2 —CTHRERTERVEVURLEELTWS, #£->T. HRE

ARk BT 24— ERRRT AFVIX, KOS LK



di stinctive functions. Various copolyners each having enhanced or i nproved
functi ons W 9849337act eri stics can be obtai ned by introduci ngpcr/irgsioesy |
group into an adamant ane 20 and, if necessary, inducing theminto an
acrylic acid derivative or a carbonate.g There have been proposed vari ous
production processes for obtaining such copolyners froma functional group

(e.g., a hydeoxyt 99r0ypy S apine, me@%@?wWM'W%z'ﬁﬁtﬁﬁﬂmed

adanant ane. The 2 processes include, for exanple, rocess of producing
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(JP- A-50-21090)], a process of producing a -
L LTORARRHEINTVS,
Fh, TV OTLIA-NVEHIhOFEZEINET I/ ERE

5 3. BLVREFEERITEEOEX. BEL2ER TS LTHEATH
D, AAE, N—FrVURROBBE VA PUIL] BERF
Bi¥hTwna,

CSODESK, EFOFVIEREDBERBEETHIT Yy
2. BWHARKERIhTW3,

10 TR OT7Na—NVEODRERELLT. 792400
RRMCWEMKRAET 258k (BFAF¥2-1967 4 4508
JOLBERAVWT. 70 v ERILTAHE (RAK42-1
6621EAH) MiELLTaLVIMEEZRAVWT. MBRT7 Y <V
Yo xBERLLTIHE (BAB42—-26T79250H) | &1t

15 2B HFE (J. Chem. Soc., Chem. Comm. , 1
833 (1996)) BEHFREXATVSE, LL. hH5DHE
ETR. v¥ersrice Fod v LE (BoEHOE Fof oL
B) 2BATELREAMTH 3,

KEFEB8—-389098AHICE. 13 Ftawemilts LT,

20 HEZ2BEBIALITIHTENRBREINTVS, CORBRILLGEEZT Y
VI UREDERBAICHERT S L T ) N ERBBEIENT
%%,

AZPOBMNR. FRETS < U FHARUZOMEF %
RBETEEICH B,

25 AREOHO Bz, YR Edb—oDE Fax Y LEE, =}
o, TIJ)E . TYNTI)E ANVEFNE, EFpF A
FNEREDOBIRINEDULLEL—DDERELEFETSTY
2 s VRBARUZOMBSEERETEEIH 5,

ARPO XD o BN, BRLRHETE-Td, HIET Y2



pol ycar bonat eg{/ U S. Patent No. 3,594, 427], aprocess for producing a
pol yani de & ‘ﬂ’é&/l mde [e.g., US. Patent No. 3,832,332], BCHIRASOE4f or
produci ng a pol yurethane [e.g., Japanese Patent Publication No. 12891/1969
(JP- 5 B-44-12891)], a process for prci’dum ng a pol ysul fone and a

pol ysul fonate [e.g., U S. Patent No. 753, 9501, and a process for

produci ng a WWVWE‘@{E&&M‘EM ShEp Y ol BTONS. B3 2849/ 1971
(JP- B- 46- 28419% Generally, these polynmers provided froman 10

adamant ane dé& B#k#Vé Rakda®cBil ent functions or characteristics (high
functionality) such as, for exanple, small |ight-inducing |oss, high
refractive i ndex, doubl e refraction i ndex and other optical

characteristics, and noisture resist el lent 15 heat resi stance,
coefficient of thermal expansion and%ﬁfa‘)% '
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ot her characteristics. Such excellent characteris- tics cannot be .achieved
by using 30¥4m8Dnal pol ynmers. Accordingly, they have beenpdryosidsgat e€d
applications of said polyner for optical fibers, optical elenents, 20
optical Ienses, hologram optical discsy contact |enses and other optical
materi al s, transparent re5| n coat| ng conpositions for organic gl asses,

electric co%@t&\g pg& X RE%%%%W grﬁ@ks fl uorescent
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-3- cal s each having excel |l ent pharmacol ogical activity, and is utilized
for produc%”é‘mﬁ?erapeut I c agent for Parkinson's di sease suRgilI/R98/00904
"SYMVETREL" (a trade nane). 5 Thus, an adanmant ane having a
functional group such as a hydroxyl group is applied to various uses. As a
process for producing an al coh he adamant ane, there have been

| of
proposed proCAsE THB BEQ xgqesx f Qs [y 50/ 50> aThr oRBRER G, agautant ane
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15 using a cobalt salt as a catal yst [Japanese Patent Publication No.-
26792/ 196WOPP498322- 26792)], a bi- ol ogical process [J. Cheper/Sasoodghem
Comm, 1833 (1996)]. However, introduction of a hydroxyl group

' (speC|f|caIIy a plurality of hydroxyl‘groups) to 20 adamant ane by

t hese processes is difficult. Japanese
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. produci ng

A4- |nvent?@ﬂmkﬁxﬁrovide a novel adamant ane derivative and a process for
g sare. It is another object of the present inveftHBsppes

. provide an adanmant ane derivative haV|ng at least 5 one hydroxyl group and
- at | east one functional group selected ffroma nitro group, an am no group,
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15 DI SCLOSURE OF | NVENTI ON The present inventors-did -

i nt ensi ve WO40387ati on to acconplish the above objects, areCrEsPIsoespsult,
found that oxidation of a specific adamantane derivative with oxygen by
using an.oxidation catalyst 20 conpriging a specific inde conpound or
the im de conmpound and a co-catal yst provides a novel adamantane derivative
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is showmn by the following formula 2 :é re 3o
LME, YZ7aT7LFLE (@Jz.& /7:1!\% YR E)
—E (BAE, 2, 4~YV=bpT7x2=VEERE) . TILIFL
B (WA RXRYyILE, 2, 6—Y70uoXrIJNE, 3—-70o
5 ERXRVIUNE, 2—=baRVINE, 4A-IXAFIHNSELN
RyDVE, MV T2 FLEREOBBEZALTHLTHEL
WARYTIERE) , FFSEFoESZIVE, FEEET VY IE
[P, tafiEtEkY YV E (BIAR. TEFI, Tobd =i
N AVTabEF=h, TFINL AVTFYVI RV YIL, 43
10 VY, ENaALEREDC,  BBIFKT ¥ V&, &LL<
mc}4mm%mm7y»gu£)\%§m7v»§cwzw\«
YA, p—Z xRN, 7504, T ALK E
®C7_13%§ﬁ7 SAERE) \ BRATVIVE (Y207 uEn
—HBNEKR=ZNVE BRI, Y72anFIYNVANKENVERE) T
15 ZAaFvhlRoE (AR, A PFYANF=ZN, = bFY
ANR=N, FoENLTFHLEZN, A1V TaELATF AL
KRz AVDTFLAFIHAVR=ZN, t—TPFIANE=NLE
EE@CPGT»D#v-ﬁwﬁ;»ﬁuE)\75»#»1*9
ANEZNLE PAERCDALFFOHBNVRINLE, X P FIUX
0 YIAFFOALFZNEILE) |  BREEZRALTVTLLIWAL
R4 LE (BAIE. DIUVREBLLN, AFLVALVSELAN, ZF I
ANRELII, Tz VANWREANTBED, C1-6 TIvFIE
C&M7U—»EKEwﬁmﬁ%ﬁLTmfﬁimﬂ»N%4»%
BE)YTITPNFENKRZ24 ) FAANE (AZE VAFUER
% TAIFAANBRE)  STIV—NKR74 ) FAANE (RZ
. D72 VAR T4 ) FFANEBRE) BEBBTF oD, IF
FLLE FoFvESIUE Fodv 2 FLEORBEITIE.
Eé&?ng(ﬁucwswmﬁ%E79»§\ﬁ#f%c%4
ﬁﬁﬁ%ﬁ79»§H£)\ck67w:$97ﬁwﬁ:»g\ﬁ



[.err] 5° 0 98/40: ,%f\,herei n X[err] represents a hydroxyl group which may be
pr ot ect ed by a ?)P?) ective group, Xerr] represents a nitro gPETEPISAIHNI no
group or N-substituted am no group which may be protected by a protective
group, -a hydroxyl group which may be progected by a protective group, a

. carboxyl 10 group which nmay be protected by a protective group, a

~ hydroxynet hylm&pﬁvvorclb\rm;&ebmavedt:edfbwﬁfmtmﬁﬁtimawup or an
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protected by a protective group, a hydroxynethyl group 20 which may be
pr ot ect edwbyws@o3srot ecti ve group, or an 3 4 | socyanat 0 gteupos/eesdal udi ng
the case where X and X are both hydrogen atonms when X err] is hydroxyl
group; (ii) when Xferr] is an amno grogp or N-substituted am no group
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. hy a protegtive group, a hydroxyl group which may be protected by a
protective%%Q ﬂ%’h carboxyl group which may be protected byPETreS0es4i ve
- group, a hydroxynethyl group which rmay be protected by a protective group,
or an 5 | socyanat o group, excluding thd case where X err] and Xerr] are
" both hydrogen atons or al kyl groups when X[err] is hydroxyl group; (iii)
~when Xerr] iZ)hyd@EE FAb Thich trdylbsy B3 4 bt CRIAEDE A L
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15 I socyanat o group, excluding the case where X[ err] and X err] are both
hydr ogen dF9ﬁ§“5$7alkyl groups when X[err] is hydroxyl groupCTIMIPes/08smur at ed
al i phatic acyloxy group and X[err] is hydroxyl group or a saturated

al i phatic acyl oxy group and excluding e case where X/ err] and Xferr] is a
conbi nati on of 20 hydrogen atom and a car boxyl group which may be

protected by, a0PHQ! !¢\ 2 ComRIREN ATERERE &g X err] are both hydroxyl
a

gr oups; (|v) when [err] i's car boxyl groupy whi ch may be 3 4 protected
by a protecti ve(zgr)omb X{\N H a@%)@éﬁlﬁ\m?& bAt EhE B&*E/ZE&UJJ& i itf erent
fromeach other and eac epresent a hydrogen atom an alf group, a

car boxyl gr ol V\XI ch rhy lib uth\ecRb'W&f#obhi egt’ivile gro@ X a
hydr oxynet hyl

RE K
¥ %xean,. x3 . x ouFnsr—FHizHTHD . MBI
5 R\NH2\OH COOH. CH, OH, NCOAB>ERShit
wiE,. OXx! se ForvigTsn, X2, X! obrhn—
BIERTHD . &fﬁNHZ\OH\COOH CH, OH, NC
O >BIRSNAEHE. OX! HE FoxvIlETHD. X0 .
x* @NH, . OH, COOH CH, OH, NCOhbBREN
10 fﬁﬁﬁ\ifﬁ@x HRRBECHRBIN-E FoFrE, X
2mNH, Tob. X3, X} @H. R. NH, . OH, COOH
. CH, OH, NCOhLBRENLEMBETHS
(3a) x 2 HOHTHAEBE. x! pe FoFoVEX s
BT LA+ B THD, BoX2 BE Fo+ v AR idMlE
15 BE7OLA*vBOE Sk, X0 . X! BEBIH, Reun
e s XL X2 A bicb FoxvaBTEBEE, XS &
4ﬁmiﬁ?&ﬁﬂgﬁﬁaénfmzéxmnwﬁ$9»5&
DHEABDETREV, THbE, OX! . X2 He bick Fo¥
SLETHD. X° . X ouehe—FiRHTH 0. fIFER,
20 OH. CH, OH, NCOhSERShAEMKE, Ox' . x? &
Lbhict Fo+ v LETHD. X° . X! ouFhb—HiRTH
b. f5OH. COOH, CH, OH. NCOALBREhicH
e, @x! . x merbicerorvagTan. X0, xt i
OH. COOH, CH, OH. NCO#5>RRE nrEHkE. OX
25 1. X% b HAIEHET YA TRESALE Fo* v LE
50, X3, X! ovwFnsr—FRHTH D, FIER. OH,
COOH\CH2OH\NCObBEﬂéntE%§\®X1\X
2 e bictamIEl ET VAR TRES AL FOX Y LETHD
X3 x' ouFnpr—BFRRTHY, HFIZOH. COOH,

2\



~ -7- which / otected by a protective group, or an isocyanato group,

~ excl uding gﬁg”z@ggvmge X err] and X err] are both hydrogen&[’%’“ﬁ?‘“al kyl
- groups or a conbination of a hydrogen atom and an-al kyl group when X err]
is a hydroxyl 5 group or a saturated al3 phatic acyl oxy group; (v) when
X[err] is a hydroxynethyl group which may be protectedﬂby a zrotective

- group, Xerr]CcaHd, D] N© O SHR{Raxdh g HigE &y (@ Xr qmpdcip ot ippt and
- each nmay represe a hydrogen atom an al kyl group, a hydroxynet2¥l group

. which 10 ma Feapraveb@Rd fyiahifdudeilsEe 70iolE iRl X dodydndl o 41 oup,
R i g, T XTI DN TR SR H S S R "
OH. COOH, CH, OH, NCOH5BRE N HheH. OX

5 1. X2 o—Fttt Fos o sk, BENBNEHET ¥ LETR
Wxnit Forv i Bcsn. X° . X ovshnr—pure
%0, #52OH. COOH. CH, OH, NCOh>BR&hk
BEEE. 2RROX . X2 AURKBET L VEUAORERT
REInikt FosvlZeaso, X° . x? @H. R, OH. C

10 OOH. CH, OH, NCONS>BRENAERETS 3
(42) X2 RCOOHTHBBAE. X! At Fo+ v LEX iR
BIET A4+ o B0 s 2, X0 . X REBKCH, RTi
5. X3 . X! RHEREOMBBDETEEY, THDE, @
x! stk For v B RamEHE? Y VETREBIALE Ko

15 *vABTHED. X°. X ouFEns—FRHELBRTHD,
#%1COOH, CH, OH, NCOh>BRENAHESE, OX
1 peasfnisthie 7 o VEDAORBETREBINLE Fox VL
T#b. X3 . x* H. R. COOH. CH, OH, NCO»5
BRINECERETHS

20 (%)XzﬁCHZOHTié%é\XlﬁtFn$9wgmé
ik, X2 . X RERBICHTEEV, $Ab5. OX! HEF
o% A%, X2 5CH, OH, X® srHTsp. X! BR. cH
ZOH\NCO#BﬁﬁénkEﬁ§\®XlﬁtFD#vwﬁ\
x? sCH, oHTsb. X° . X! @R, CH, OH. NCO#

2% SERINAERE, OX! HREECRWIALE Koty LE

. x2 #cH, OHTHY, X, x* #H. R. CH, OH, N

COPSRBININ-EBHERTH S
(62) X2 it v o7+ — L ETH2BE. X! e Foxva

gorzici, X3, x! gARcHETRE W, Tubs,. O

2

1



(vi) when X[err] is an isocyanato group, Xerr] and Xferr] may be-the sane
or differ WQ9¥4083% each ot her and each nay 15 represent a deudpogieydoat om
an al kyl -group or an isocyanato group, excluding the case where, X err] and
X err] are both hydrogen atoms when X[ g ] is hydroxyl group:. The

adamant ane derivative can be obtai ned |n t he presence of an oxidation

)5 Ver PR AY Hg, K ERPT 3"3}"%%@% ?ﬂn“"?‘a@% e

different frorgRGHBIN HorcTeRag "D pbeEeETuaztgngbgen ofNa hal ogen
atom an al kyl group, ag arﬂ4 group, a cycloal rou 1
OTtdhsb, X", X° BRR, NCO#b&R%ﬂ*E%§\®X
FRBETREBINIL FosviE, X2 XNCOTHD, X°
5 . X! 3H. R NCOMSBREWAERETSHS
COXIBFRET YTV v EEHICR. E FoFyEe e
bic. = roE TI/E, EFoFRLE, AMRFIVIR, L
FadviFVE, 1V VT rBHIoBRINEDELED—
TOBRELEIT AT 9 vBHANEGT NS, UB, EFo
10 FvuEE, 7I/08, AARFILVE, E Fox A FILERRE
BILIDRBEINTOVTCHDEK. TI/EOEFERTFR1E/122
BOBHETERINTLTHIV, T/, BEER, BEEREEF
TETY= 9 BEAEKR, BEEBRLTOWTH WL,
—boBRSATI I/ ERBEELTR, AIXE, 1-=}no
15 —3—-AFN-5-TF¥=2rvy¥/)—-N, 1—=pn—-3, 5—-I A
FN-T-TF¥<v4%/)—0M 1, 3—-P=b0—-5-T¥<> ¥
J—=N, 1, 3—=V=pba—-5—AFN-T-TFTF¥5) -,
1, 3, 5=MYV=bO—-T 7<% )=, 1—-ANFEFY
—3—=bo—-5-FH¥s /=N 1-TEFINTI/)-3-
20 —ba—-5—-7FF¥<ry/)—=N 1-CtFaFIAFL-3—-=F
O—-5-—-78¥e sy ) —NREDEI) A -NE; 1 —-=+o-3,
5§ —F¥<T s I9A—NV, 1—=b0—-3-AFN—-b, T-7
Yoyt —NnN, 1, 3—V=buo-5, T=-TF5Y
=B EOIAr—-NE, 1—-=btv-3, 5, T-TF¥<r%~r
2 bUA—NMBEOIMYA—-NE; 1-TEIMNFY—-3—-—=boT¥
2VIU. 1A PEVANEZLFEY -3 —=bnT TS
.1, 8—FR (A MFVHANE=ZNEIFY) -5 —=tuT7¥
2V 1= (N=AFNALRELNEXFY) —3—=bu7T
YUy inEo, kEFos v VBENEHNEEEY VAR (WA



. group, or an acy

-.8- a hydr ' up, an al koxy group, a carboxyl group, an al koxycarbonyl
WJS"‘g?ﬁgroup; or Rlerr] and Rlerr] nmay bond toget?fﬁ”’f%’“ﬁ?f‘ma

. doubl e bond or an aromatic oer:non-aromatic ring; Y .represents an oxygen

- atomor a hydroxyl 5 group; and n denot®® an integer of 1 to 3; by .
contacti ng an adamant ane derivative shown by the follow ng fornula (1a):

[err] 10 whereiG o Xp el 0 MG BBy s & i & r T B 3, & adln Jbdf o Jlglo upBbE. i
* N-substituted an?ﬁé roup which may be protected by a protective group, a
. hydroxyl grousp Leh%m&yga% Hr"dt’édzé"éﬂeﬂfgbr\o_tﬁ&%é%éuﬁ W Cehrsdny |
group whi ch Y, B 25 L A B bl b B SHYLY Wk SRR
5 ) - VBEBURBENPRTE 5,
5 TIJESRTY< 5 0FRER, AIAE, REBIXOIR
BINTVWEWREROT I/ BSET YV ) — LVBERK (B
AR 1 -7 /) —-3—-AFN-5-F¥=rs /-0, 1, 3—-
VPI)—-5—-TFF¥<r%)-N 1, 3—VF7I/)-5—-AFN
~-1-7%<r4%/)-=l 1, 8, 6=hMNYT3I)~-T~FT¥=v
100 9/-0VRBEDE/ XNV, 1-T3I/)—-3, 5-TFTF¥<ryv
FA =W 1 -7/ —-3—-AFN—-5, T—-T7F¥F=r%oIF—
We 1, 3=973/—=5, 1T-TH¥FIYIF-NBEDIF
-k, 1-73/)-3, 5, T-T¥=r9 M JA-NBED
MUF =& E) N-BRT7IJEEHETS< %) -L5HE
15 & MBPAE 1-AFLVTI)-3—-A2FLN-5-TFT¥=r5 /)~
Mo 1, 3—ERXR (XFNMTI)) —-b=-T¥28 -0, 1,
3-ER(=FINTI)) —-5-T¥2v% /-l 1, 3-EZR
(PAFNTI)) —b-=T¥%¥=>v%)—-0, 1, 3—-EX (Px
FLNTI)) -b—-TF¥2r5/)—-N 1, 3—EXR (AFIT3
20 J) =5 —AFN—-T-TFT¥<r%/)—-N, 1, 3, 5—FYR
(AFNTI)) -T-TF¥=<vs/)—=-N. 1, 3, 5—FYUYZR
(DAFNTI)) —T=TFF=<ry)—-VBEDEI F— Nk,
1-AFNVT73I/-3, 5-TFT¥2%PF—-0, 1 -xFNV7
13, 5=THRLEIVIA =N, 1 -V AFALTI) 3.
2 S5~-TH¥2HI K —-N, 1 -VITFNTI/) -3, 5—-TFT¥=
B TOF =N, 1= AFNTI) =3 —AFN-5, T—-T¥%¥=
YE I =N 1, 3-ER (XFAVTIJ)) -5, T-T¥=<
9o PF =N 1, 3-ER (=FNT73)) -5, T—-T¥<
uIUIF—=N. 1, B-ER(PAFATIJ) -5, T-T7%



whi ch may be protected by a protective group, or an isocyanato group; -

X[ err] andVRP&MB7may be the sanme or different from each otpPer/essgossach may
represent a hydrogen atom an al kyl group, a nitro group, a hydroxyl group
whi ch may 20 be protected by a proteqtgve group, an am no group or
N-substituted am no group which nmay be protected by a protective group, a

Pyt oxymeChy | or oL by ch Way Be. Br ot sred by o b1 ot ecr Ve Sroup. o an
i socyanat o g#owpy 25 Jvk +hileilygab. Jthe-phbfsent +n¥ehilgn Jalse Bnel §des a
process for producing an adamant ane derivative having at |east a
sy 1T=TF<2Z M)V~ 1-PAFNT7I/)—-3, 5, 7T
— TP —ANBED P~ E) | BREBHEICX
b OLRFEINTWETIJESETY <5/ —LVERK (B2,
1-F7EFATI)—3~-AFN-5-F7¥<Tv9%)—N, 1, 3
—EX (7EFAVTI)) -5~-T¥<%/)-1A, 1, 83—EZX
(PEFNTI)) —6—AFN-T-TF¥=v9%)—-0, 1, 3
» S=PMIR(TERFANTI)) —T-T¥=v9)-ABEDE
10 JA—WE 1 -7FANT7I/)-3, 5-TF¥%¥ersro%-=0
N1=-TFNVTI) -3 —-AFN—-5, T-TF¥rsr 4—
e l, B=EXR (FEFATI/) -5, T-TFT¥=vsyoox
—WRBEDIF-IE, 1-TEFNVNFTI/)~3, 5, T-7%¥=
y&vbu#—»tEQBUt-»muamc%S79»75)5
15 EHTHV2U 307N a—- kL] | £ FoF v LENETIE
Mﬁ?ng(wia\C%BEWEME79»§)\7m:$9
ANVRZNVE (BB C  TLIAFY AR LK) | B
BE2ALTOVWTHBIXVWAMRES VEBREORERETREBILTL
2TI/EBERETY=V ) - VvERK HAE, 1 -T2 Mo
200 —-3-73I/)7¥=ry . 1-F7,FV—-3-TFTFNATI
TRV LA PFVANKZNFA XV -3 ~-TFTII)T7H¥<
YENLI-TEFANTI) -3 - APMFRANKE= N FVT Y
4.1, 3-BER (A PMFVANR=NVFFY) -5-T3
IT729 . 1= (N=AFNVANSNEBEANAFY) -3 -7
25 I TH¥eH L] BENKEELS,
HHBEOE FoF Y VBEFTETY <9 Y ERKE LTI,
PAE. 1 - HAVRFY~3—AFN-5, T-F7H¥ryro%
-, 1, 3—DANEFY—-5, T—-T7¥<r%02F%x—-), 1
—APFYANRZN-B3—AFN—-5, T-TH¥TrF V%



-9- hydroxyl 'group whi ch conprises subjecting an adanmant ane derivative
shown™ by tﬁ@’?”é‘?“i’%wi ng formula (1a): [err] 5 wherein X err] PEHRI8OM4 5
nitro group, a hydroxyl group which may be protected by a protective group,
an anino group or N-substituted ani no gddup which may be protected by a
protective group, a hydroxyl group which may be 10 protected by a
protective grayp,1a carlbbexy iolotip=ukicI8 may! Fellprobecttd ) FADrofeeti ve

| Oroup. 2 hydr oyt | SLOUp N SRRy, be protect i by 2 prptegte o,
Srro oroup. 8 Hedrbtiver dup dirch by PIFY H W L) A0 g, 7 950 @
eI F -, 1—HAEFY-3, 5, T-T¥<% -}
5 U&=, 1—-bFYHNE=NV-3, 5, T-T¥=<5~}
YA =y 1 —APFYHAR=NL—-3, 5, T~-FTF<r%}
YA = VBEDALNEFYLVNBEEGHET Iy RV - ILFERE
1 —TFRFNAFY—B—AFN—-5-TFT5) =N, 1,
3—-FR (PRFNVLFFY) —5-TFT¥=v%/—-N 1, 3-F
100 R(ZPEFANAFY) ~5—AFN-T-TF=5/)—- 1,
3, 5—MYR(TEFNFTFY) —T-TFTF¥=5/)—=N 11—
PFNAFY—-3, 5—TF/ ¥4 -0, 1 -TEFILF
#9—3—}%»—5.7—7Y7y9y9x—»\1,B—Ex
(TEFNVAFY) =5, T=-T¥=V5 - 1-T€F
15 AAF¥—3, 5, T—-F¥=evsrriF=0, 1 -TEFILE
FU—3—AMFUAHAAR=NAF VYT 5, 1 -TEFIN
AF s —3— (N=AFMVHIRELANAFY) THPrF 1
, 3, 5—MUR(TEFNAFY) TR RBEDT VLA
#vﬁ(ﬂiﬁ\C}Gﬁﬂﬁ%ﬁ79w1$9§)éﬁ7ﬁ7y
0 YUEVA—NEWRE; 1A LPFYALFEAFFY-3-T%
2 Y )=, 1—APFLHNFEINFFVY—-3, §-TF2V
St —=N. 1, 3-ER (A PFYANFNFFY) -5 —
FHTY )=y 11— (N=AFNVAAMREANVAFY) — 3~
APFVANKRNAF VT2 v 1, 3—EX (LA MFY
B AARZNAFY) FHTrFU. 1, 3, 5-FUR (A FFY
HIVEZNAFY) TR IV, 1—HIEFY—3, b-ER
(N=RAFINANVREL VA FY) TR 2 BEDTIVIFY
w»%:wt%vg(Wid\ck67w:#yh»£;w¢$v
B) @ET7Y=vy o RUA—VERE; 1 - (N-XFILAHILN



be protected by a protective group, an ami no group or N-substituted am no

group whiwbosmp3sbe protected by a protective group, a carbpgyplragooesd whi ch
may be protected by a protective group, a hydroxynethyl group which nay be
20 protected by a protective group, PR an i socyanato group; to at | east

one step selected fromthe follow ng oxidation step (i), nitration step

b ohence-or S PR 4002 B SR e e e
L%@ﬁgméwn%#%wqwemuaywswm@4mxmnwﬂ¢amN(nm
—AFNAANNREBANETFY) —5-TFF¥<2r5 /-, 1, 3—
PR (N—AFILHAARELNXFY) T¥TH 1, 3, 5
5 —FUR (N—AFNAIREANAFFV) THR I VREDRE
MEEELTVTHOEIVAALRES LT FVERET STV I v &
yA - LVBBREZTERE TSN 5,
ANEFYNBEET Y2 yEREICR, AAE, FHEEIC
IOBRBEBXNTVWEVWHANEFYNREET Y5/ - VBERK
10 (WAE. 1, 83— PHANEFY—-5-TF¥=<»¥ /-, 1,3
—SHNEFY -5 —AFN—-T—-F¥=%/)-. 1, 3, 5
—FYUANRFY =TT/ )—NVRBEDE) A —NERE
@ﬁ»£#9ﬁ§§ﬁ7y7y57®7w:—»¢)‘ﬁﬁﬁu;
DRBINTVWEALVEFVIVESET Y=V 5 ) - VERK (A
15 ZiE. 1, 3—FR (AMFYHNE=ZN) —5-TF2rs /)~
J. 1, 3—FZR (ZbFVYHLKE=ZI) -5 -TF=% /-
L1, 3-FR(ANFYAALE=ZN) ~5—-AFN-T-TH~<
V¥ ) —=N. 1, 3—ER (ZbFVANFEZIN) =5 —AF N —
772wy )=l 1, 83, 5—PUR (A PFIYALE=IL
90 ) —T—-T7&¥=2vy )=, 1— (N, N=IAFNANIESN
) —3-TH¥IVE ) —NBEDE)F—NERIDC, T3
FU—ANENBEET I vOTNaA—VERE] ( EF
u$y»§ﬁwmﬁmm79»§<wiw\C%Gmmﬁmm79
NVE) . TAaFYALR=ANE (PRE Cy TAIFY—A
95 JLEZNE) BREFALTOVTLIVAINESANVBRLOR
ﬁﬁ?ﬁ%énfwaﬂwﬁ*vwﬁﬁﬁTﬁvyﬁj—wﬁﬁw
Az, 1-TEFrFV—3—APFVYUINENT IV
L1-F7EFFY—3— (N, N=IRAFNANREAIL) TFZ
U 1—ANEFY -3 A PFVANFEINTFVT I



- 10 - (Pi [ @698/5“3346‘“0” step by a nitrogen oxide in the presence of a

catal yst conpfising an i m de conpound shown by the fornula (P$TAPI¥GE04
nitration step by oxygen and at |east one 5 nitrogen oxi de selected from
di ni trogen oxi de and nitrogen nonoxi de, 1a%d oxygen; and (iic) a nitration
~ step by nitrogen dioxide (iii) a carboxylation step by carbon nonoxi de and
- oxygen in theFpresehce HfF & dadhilyt =cbnprad st oy haf indadd o= L abrpsum
by the Tormil 4 727 Arden ot bRl v —(¢ .7 HIRAPUE Moncaiding &
- transition metpl, gRENLL 4 HSNALIY N e PERSM NSRS E AL WL
WEAN) —3— (N=AFNVHVRELNETFY) PV
5 1-ANKBFY—3 - (N-AFLVANRELANFFY) 7¥=
YEIL 1= APFYANEIN -3 - (N—AFVHANELL
AFY) T I NBRE] BEREENE,
EFaoFVAFANBEET Y2 vy v BRIERIE, BAE, 1 -
ERFRFVYAFN -3 AFN~-5-TH¥R5)—-ABEDTIL
10 FABERFEFaF O AFVNBEETY=9) —LVEBEREK; 1,
3-ERXR(EFOFVAFL) —5-FF¥2v8 ) —LiEEDEY
BOE Fa*xYAFLVBEETET <9/ -L58E& ;1 -7
BEPFV-3 - FaFIAFNTIT 9, 1 -k FoFA
FNN=3 -2 PFYANK=NFFVTF90, 1 - FoF
16 YAFN=-3— (IN=AFLANRELN) T 9o BED,
T2 9 vBBIEEALTVWAE FoF Y LEXBMBNET ¥
nE& (PR, C,y o WAMIBHET YAVE) ( TLIF VAR
VE (A, C1-6 Thaxv—RNLFVE) | BREEZEL
TOTHEWVWAIRESVEREORBETRBIN TV S E Fo
20 FYSAFNEBEETIY) - VBRERXEREEIL B,
1V 7FMEBET7TIY= o oFRECTIE AR, 1 -9V
YTFb=B3—AFN—-D5-TF¥9)-IMREDTAFLER
CAI YT YESETY< 9 /)-VESRK; 1, 3-Yq1vy
THr=5-7F39 ) - VB EOEBBEOI VY 7F  B%E
25 TETYTLI)—NEBRK; 1-TEIFY-3-4VYTH L
T I REDE For v VENRMEWHET YV E (B
. Co o MAEHET Y L#) HEORBETRBIATNEAY
VT NEEETY Y ) - LBREREREET NS,
BER () TRSN37¥<v s v B84 E. X2 0RBE I



15 the term"protective group” is used in a wide sense and incl udes a
group der iweds/4e33m a free functional . group. The protective prrmsiomoapabl e
of being elimnated may be enpl oyed. Further, the term "functional group"
may be used 20 as a general term sinpy referring to a nitro group, an
am no group or N-substituted am no group which nmay be protected by a

protective grioup, YA, @ISURL Yy ch #Ry BIGEQT oF etegk bYLalTn o ot ve
gr-oup, a carboxyl group which may be protected by a protective group, a 25

hydr oxynet hyl7gbcupl Bhi Ol &y \be2 pr &t d e byr & pb & & @etgRanpy %1C an
| socyanat o group. An ami no group or N- substituted am no group which may be
protected by sa, TUVFENLVEITE) . TYVE (BAE. mALI A, TEFL,
FTobd=, TFIN, AVTFVN, XY, 4L YN
5  EXo LELEDC, . TFYNVRRE) \ ThaFyHhlf=
NE (PR, A PFOHANVE=N, b FVHME=NL, ToF
FUANEZN, AVTaRFYHANR=IL, T hFVHAAE=ZN
NAVTIFYANVEZN, t =T PF VALK, AF VLA
NE=NBBEEDC,  TAIAFY—-AARZNBRLE) |, YT/
10 BEULoBHEEBLTVTHLL,
piEeR (1) TREXNBT7TY< 72 .8584&B3,. BRIEIE (Fic
~RBTEAIFEEY 2) ZRAVARRBILIE) 2ETHE
TX5S5, DA FEE&YERAVWIRERECIBZFBTA L, Al
REHEET7 Sy B AOH, RO T Y5 o HERBE LT
15 RISBETES,
ARROT¥<v s BB, WERX () kb, X! ~x*
RO (1b) ~ (4b) DILAWICHET 5.
(m)XZﬁNozfﬁaké\XlﬁtFn$9»§T§D\
x3 . x4 e bicHTH LAY
20 (26) X% HNH, THBEE, X' KEFoFx Y LETHD,
X3, X L LRHXREBERTS Z{LEY
(3b) X2 AOHTHBLE, OX! #k Fo+ v AEX MR
BT YA+ V&, X2 HE oy AERMEREHET &
LEFvETHD., X0 . X MEBRHRBEBIRRTH BLA
25 #. RUGX! . X2 sebict FurvagTan, X° . x*
OVWTNN—FHRHTHENRCOOHTH 3{LEH
(4b) X2 HCOOHTHB L&, X! #k Fos v AEX it
MIEHET AL+ B THD. X0 RUX? KHBXURD LR
RINCBHEETHIIILED

1



, protectivgrﬁg%*¥P¥?%EkﬁlEﬁfgrred to sinply as an am no group. BEST MODE FOR

CARRYI NG

~ derivative shown by

group and hy- droxy
- group of the hydro
" instance, t- buty
aryl group (eﬁg
group, 2,6- di-chl

[ Adamant ane .deri vati ve] | n RGPt ane
the formuia (1), as a protective group for hydroxyl
met hyl group (a noietdlcorresponding to the hydroxyl

rmnjl roup) t here may be neptloned 10 for
@aué ¥o. X | AYHI Bheds g @y & an

Q@T
rmtr e r an aralkyl group (e.g., benzyl
obe yl i’é ﬁp H-%gngﬂkrﬁw group, 2- nltrobenzyl group,

4- dlnethylcar
substituent s

5

10

15

20

25

i il LA AL AL S

. x* NEBITHTHHLEY '

SOXSHRARMDT Y20 YERECR, —boBESHET V<
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NTI/BEETY 9 VRERK BAR. 1-FI-3-7
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=W 1 =LA FNT73I) =3 -T2 9% ) =N, 1 —-FFIL
TI)=3-T¥<89) =0 1-SAFALPI)-3-7%¥=
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Na—=VREREE) \ T¥2 s RYFT-VEBK (1, 3-7%
RGO F =N, 1, 83, 5-THFTLH MY A =N E)
HAMIBWET VA FVBEET V<09 o F8E (AZE. 1 -
TIMEFY—B3-TFF¥<89)=N 1 —-TviF+F+v~-8, 5
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A7 90TV~ EEE) . INVKFUILESET YV <
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FV—3, 5=TUAFN—T—TFF¥IV5 )=, 1 =HILEF*Y
=3, =TI THF =N 1 - A bFVHLE=NL -3 -
TR ) =N, 1 =2 FVANMK=N-3—-AF V-5 —-7F
28—, 1 =2 PVFYHNE=ZNAN—-3, 5—-UAFNL—7
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t et rahydr opyranyl group, a non-polynerizable acyl group [e.g., a'saturated
al i phati Wméroup (e.g., a saturated Cerr]aliphatic a®gr/Jgesnesdsuch as
acetyl group, propionyl group, isopropionyl group, butyryl group,

i sobutyryl group, 20 val eryl group, sigoval eryl group, pyval oyl group,
prefferably a saturated Cerr]aliphatic acyl group), an aromatic acyl group

(e.0.. a ClEEMm TR0 -OLoRasHoh A% Renzgyl- pusup ., B phanygenzoy! ,
napht oyl) I kyl -c

pht hal oyl , , an alicyclic acyl group (a cycloal ar bonyl group:

such 25  ag yyclghgxyIZzgr foly B, 7 =l kaox ycg§Mdky I( Droub Bucir #isha
Cf err] al koxy-carbonyl group (e.g., mnethoxycarbonyl group, ethoxycarbonyl
group, propyt Bxyc'ﬁ’r%d?ly‘k Kowplb 1L &) X ENREBIF '5-—1120 T
(8855 &) -
5  HiRER (1) TRINWETH< VI FREBABITRHEATOT
Yooy vFE YRR, T2bL, EFoFvRe, BEEELEET -

AT7¥=2 ¥ oEREIR. TEEX (1a) —~

10 x? x4a (a)

x3a

(R, X2 = Fo%, REECEDRBENTVTHEIVE R
o VILE, RBERBCIVRBINLTHTHXIWVWT I JEXRN -
15 B®R7IV7E, REBECIXOFBIATOTLILIVE FeF Ve
REBLIORBESIATOTOIVAMKS Y IVE, BREEC X
DRBRBINRTOVTHIVEFDFVYAFAER, TRiBAVYTF
BERL. XPRUXPEE—RERE - T ARETF. TAFL
E,. —loE, REECIDORBIATVTLIVE FoF v LE -
20 ( RERICIDBREINTOVWTHLIOWT IV EXRN~-EBHRT7 I/
HE, BBEICIIOVBFEBINTVWTOIVWINLFEFVIVE, REEIC
JURBINTVTHLIVERFDF U AFLE, ERBAIVYTH
FEERT) . '
TREINBT7H=9 B84k %2, TERILIE (D, =hodk
25 TR (ii) BXEANVKF Y METE (iil) O3 BHELE b 1
DOIRKHTACEIIDEBETES,
(i) FER (2)



- - i'so
t- butoxyca

%%4 gﬂycar bonyl group, isobutyl oxycarbonyl group,

roup), an al al kyl oxycarbonyl group (e.g. PCT/JP98/00904

- benzyl oxycar bonyl group, mnethoxybenzyl oxycarbonyl , group), a car banoyl group
whi ch may have a substituent such 5 ag & C[err]al kyl group, a (err]aryl

~ group (e.g.,

car banoyl group, nethyl carbanoyl group, ethylcarbanoyl group,

¢ phenyl carbanmoyl group), a dial kgl phosphynoti oyl group (e.g.,
~di net hyl phosphynot i oyl gnﬁy:E, alldi aryl phosphynoti oyl group (e.g.,

di ophenyl phosphyno- 10 ,” tio
- hydroxyl group or hydrdxymet

non- pol yneri ¢ acyl group gi

acyl group etc., nore spe

Qup). JA preferred protective gr oup of
I ngu-p—h’ cludes, for inst{&jce,
$ aIIy A saturated Cerr] [err]allphatlc
Y,

ficali a saturated C[err]aliphatic acyl group

etc.), a C[err]al koxy- car bonyl 990up
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(Rp. R! RORZ 2. A—XBRS > T\ KREF. A0S
EF. FLFELE. FY—LE. Y207iFLE, EFoFvil
BEB. 7VaFvE. AVEFILNE, TLIFUOALENE, T
SVEERL. R! RUR? REVWEHALToBEEE. thlS
EFEEENRBEFTERYEOREZER LTIV, YREBRRAFXIRE
FoFvE%EPRL, ni31~308HE%ERT)
TEREINB3A4: F{LEYTHEHRIN-MBOEET., BRIk I8
IR |
(ii) FiE (iia) ~ ({ic) DR b1 >D= oI E
(iia) iR Q) TRENB3M X NMEAYTHERILMED
BET. EXBRHiIck s = bofLIiE,
UiDBIE-_EBRB I UC—BRILEROSI LB LT hd
—FOEHREBIMEBFEELICLE = aftIR, XU
(lic) —BLERICK 3= P ofLIE
(iii) BIEER () THRX I3 M3 F{LtaTHRIh D
HFET. " BILRRBLIUBRRICLXB3ANFEFVIVELE
M= PoftIBRUE / XRANLVEFVIMEIROKR, BTIE
BT A EickD, TI /K, EFOEUAFABEERERS
TThbio &EBRLAT S jam\ﬁmmﬁ&u;941/7+b
HicZE#®mTZ 5,
o REMICiR, ET Yy oERE&R. AL, TERKG
IBR (I) ~ (V) KE-THRBIENTE S,
E FoFv i (REETREIQI-EFoF Y VEEZE8T) &
Ebic, —bpEXRBRT7TIVE (REBEETRESIh LTIV EERS
&) 2ETET Y7y vBERGR, ALETRRBIER (D



15 a carbanoyl group which may have a substituent. A protective group for
am no wOwR4033t| udes, for exanpl e; protective groups sanRCEEPISHBIN4
exenplified protective groups for hydroxyl group, such as t-butyl group, an
aral kyl group, a non-pol ynerizable agygl group [e.g., 20 a saturated
aliphatic acyl group (e.g., a saturated Cferr] [err]aliphatic acyl group,
in particyt _ﬁ—@@ggtgcb@%rg [err]aliphatic acyl .group), an aromatic
acyl group (e.g., a C[err]arorratlc acyl group), an alicyclic acyl group],
an al koxy c&mmfim o) (e.g., a (err].al koxy-carbonyl group), 25 an

ar al kyl oxy Carbonyl group, a di al kyl phosphi noti oyl group, a

di aryl phosphi noti o up. A pref %d prot ect.i e Qup of am no group

i ncl udes, for exa

OsN X4d - HoN x4e
5 -
x 3d (o) “xe @ad)
3] :
=hode I \\\\\<;;\; l B
b
10
x4c be x4b
xic (b - D
=rofk _
B _ IR5T
15 _ ;
' xlb x‘b
=bnfk
X4 T opN x*9
20 x3f @9 x38 @

b
(. X'PHoHARL, X iNO XGiNHg ERTo x3

. X4b\ X3c\ X4c‘ X3d\ X4d 3e‘ X4e f X4f\ X
. X%z, B—XERu>TJ HL R, NO, . OH. NHy . C
OOH, CH, OHZRLRNCO%RY). -
95  [=bofRIE]

RETER (I) cbid 3= otk (k& (Ib) 2{SY
(Ic) ~WL = b ofbRIG. L&Y (Ie) mofbédn (Ia) Xi3{t
ay (If) #EKEs€ 5= bofRE] B BREOHE (AXE,
= bofeH (FAE. RREMREORB. WE. HBRUCAERER



: 13 - non:p | zabl e acyl group [e.g., a saturated (CJerr] 6aliphatic
acyl grou&vggb\é@?al ly, a saturated C[err] 4aliphatic acyl GW?'E‘Q‘“
Clerr]Jaromatic acyl group], an al koxy carbonyl group (especially, a (err]
al koxy- car bonyl 5 group). Exanpl es of 28 N-substituted am no group

I nclude a nono- or di-{(err]al kylam no group such as net hyl am no group,

et hyl ami no gr didfil 2 pEQp e BT & @r Hub, K BRD hy | BilNE RO S| A B{tm 2
group (preferably, a nmono- or di-Clerr] 10 _4al kylam no group). A
protective griifs &or A& oyt rEdp Lk TR S, of rb“i'ﬁéagee&dgﬁ Lak xaxy
group (o9 2 SEERETCH OH T BRI WY LBV kg
B, X143 FEaY (2) tRABTIHME L TR I M

b BRROEET. ZE [({té&W (Ib) Xixted (Ie) 1 &, EXER
L £ BMES L 5= b ofbhk,. RUOMBOEEET. BRI
ERRUF—BRAEZERDOSI LDOULS LDV ThIP—FOoERILLEHE
BMREZAVWT, BEH*=-rofbTshE&E. O”ZRILERELEHTL
LEMIES= boltAEBEITFSN B,

10 & (Iv) itk PlAE, T¥<r 90, TLFIBEET S
T2y (MAE, 1 -AFLT7F¥Rso0, 1, 3—~UrF
WFPF=228 2, 1 —2FNTHF2rs 0, 1-FobENT¥<r
I/ 1A T0ENTIT . 1 —TFNTHrd 061
ERRBLI~6OTLVFANBEZRTATII /I /5E) . $TK

15 1LtD= I oBEEETET7VT VY (1-=baT¥ersy
w1, 3—=P=boaT¥eryuRnE) ALNEFVIMEEET S
T s (1L-ANEFITH2UH V) EFOFxvAFN
BEEFTE2T7Y2o2 (1—EFuFYAF L7y ) i3
EhEENd, (kAW (Ib) &LTR. T¥Trs o, BEH1~

200 4DOTNFNEEETEIT7Y < 9y (FFLLRBREK1~20D
TVFNVEEETATI YV REAFNVEEFETETS <
F) ZEAVAIRENREV, tE&Y (Ib) 2= bofERIEI=HT S
&b (Ic) 2#Ba & TE, FIZE., L&Y (Ib) 035
T¥ersv%=bofbickdde, l——bu7¥<wry, 1

2 , 3—-vy=buar¥ers4.1, 3, 5—-rVY=buTsers
YEBBRILELNTES,

et (Ie) it I, 1-7%<2v9 /)=y 3—AFN
- 1-F¥=v% )=l 3, 65 —-—YAFN-1—-T¥29)~-
M1, 3=7F= 90 PF -, 5-2FN—-1, 3-T7¥=



| sobut oxy, s-butoxy, t-butoxy and hexyl oxy group; 15 preferably a
Clerr] al kowg ogmadap, especially a (err]al koxy group), a cycPOmiFesiossss group
(e.g., cyclohexyloxy group), an aryloxy group (e. g., phenoxy group), an
aral kyl oxy group (e.g., benzyloxy group, odi phenyl net hyl oxy group), a
trialkylsilyloxy group (e.g., trinmethylSilyloxy group), 20 an am no group-

g?ﬁé?;?ifﬁve %[sub%;lt (ra‘]nt}erlr ok‘gr__ozp'ﬁ,o g‘(?? s -HuLeﬂ%%;bgr#rlgz:
al koxy)c/ar bon ?az%ﬁ%ﬁywﬂ ?‘ryﬂg gﬁoxycar oﬁizlu?]dgg%?go

] o o K Ryt ) e e 3
LhTE3, MAE. (k&Y (Ie) O3B 1 -7¥<= 4/ —-N%

5 =bofbRibic#tdr e, 1-=bo-3-7%<%/-i, 1
 3-Y=ho—5-TFHFerHsI—A. 1, 3, 5—FU=Fbo
—T—THIVI ) —AREERBBEILENTES, o, BEEL
Tl, 3—-7¥=rs vVt —NERW, = bofRIBICHET S L
1—-=Po0-3, 5=-FT¥T 4 IVF-N, 1, 3—-V=}Do

10 —~5, T—-7¥2vsoIr-—ABERBOoh, £/, 1, 3, 5
-7y MUV EBEHELTAVWSE, 1 -2 -3
L5, T—THIYI P IA—ABERBENE,

[4 3 FIL&Y TR X D)
R () TEEINEA I FltaMicsv T, BRER! RU

15 RZ05B 0P vRFIKR. IR BR. HRBXE 7 » RE
FhEgEh3, 7AFNEICER, A AFIL, =FI, ToFE
Mo AV TN, TFN AV TFI, sec—TFlb, t -7
F. RUYFIUAFIIVANATFNFI7FN, FTUIMVERED
BEE1I~]1 0BEFEORMRXBAEER7VFLENETN S,

20 FELLWFTAFLELLTR, AR REK]1~6BE, Ricl
KM~ ABEOERTLVFAVENET h B,

FU—NEICEH. 7B, FI7FLVEBRENRGEN, Y70
FIFIVEICR, YZ7aRyFIib, YZanFv L, vYIuX s F
NERENREEN S,

25 FThaFHBIREHAE APFY 2 bFY ToRFY,
A7 aEFY, TrFIAVTIFY, t T PFV RVF
WAFYAFVLAFVEREOBRRB1I~10EE, FELL
BRREH1~6BE. BRRAK1~LIBEOEZT Va+ Y EHR
a2¥hzd, 7haFvHAELEIRIE, AXE A FFVAIFE



- 14 - Car g up includes an al koxy group (especially, a CJerr]al koxy
. group), an%ﬁr/ﬁgg%foup whi ch may have a substituent (e.g., aff 904t ut ed

- am no group, espe- cially, a nmono- or di-C[err]al kylamno group). 5

: An al kyl group includes, for instance, 2 err]alkyl group such as nethyl,
- ethyl, propyl, isopropyl,_ butyl,  isobutyl, s-butyl, t-butyl and hexyl group
- (preferably, & &erf I’Ey?@ﬂ%dﬁ)?!b{e#pme’ﬁé’?éb@&ws g’fd&ﬁ(ﬂﬂgﬂ‘hyl
LA ed et Pt B o o ey G Lok bt Y AURS & dky ! tor oup.
protected by a safugaleg (208l PR LCr3BVh & o o L= . A% Y LF +
VANVRZNEREDT LN IF VY BAORREN1~1 0BED 7
b8 NaFVANKINBEGENSG, FELWTALIFVALE=ZL
Bl TVaFVBAORRYBHF1I~6BE, BFitl~4BE0
BETZNLAFHANENENGSETN S,
TOMBELTR. ARE, "AIN, TEFI, Tobit =i
S TFVIGAVITFVN, RNUVYIN, AYRVIY A, EXpAiL
10 BUECORRM1I~6BEOT VILENARTE B, '
nEBRHER! ROR? k. B-XERBRL-TVTbEL,
CHER () kvt R xR pEVE#ALT. B
HE. SRR FEEEXRESFBREOREERLTO LW, F%
LWEBERSEXREFTEEERIS~1 288, Hic6~1 088
15 BETHD, HRRXRBIWEERRTH->THD XA, RILAEE
TH3EENEV, TOXHIBRITIE, AT, FFBEEERE
R(7oFHORUCOBHRELALTVW TV Y 20T
AVR YVIZuNF R /REEDBBEEZELTCVWTHL WY D
Ty oRRBE) \ kFEEEERIIR (5-/ VKX BEE
20 PEBBEEBLTCVTHLEIVEITIRBIAERLE) (. XRo¥y
B TS VVRUEEODBHEEZFLTVTCHLIVEFBFTERIEESE
N3, BRIERIE. FEERTHRIKIBENRB L,
FE LA I FEamiciz, TiER (2a) ~ (2f) TRI¥N 3L
aheaxhs,



group), a err al koxy- car bonyl oxy group (corresponding to a hydroxyl group
pr ot ect ed ¥rr]al koxy-carbonyl group), 15 a car banoycerpospoosp

whi ch may have a substituent, (corresponding to a hydroxyl group protected
by a carbanmoyl group which nay have a supgtituent). Preferred exanpl es of

X err] include nitro group, amno group, a (ferr]Jacylam no group
(corresponding to an amgio 20 group otected by a ®err]geyl group), a

C err]al koxy- car nyla no grougﬂ corr spondlng t o apkamn. n® grou
protected by a ( g%xy carb eu Sat el .‘a rlalijphatic
acyl oxy group (corres ondNagr Yo a ﬂ roxyﬂaghbup pré #td by Na= urated

Cerr]aliphatic acyl p), 25 (]alkoxy.n- A\, ¢ groupn
(corresponding to hy- tdr oxyl grRfip pridtected by a C[-rr]ahkoxy car bonyl
group), a carbanoyl gro&b whi ch may ha/® a substituentRs

5 (22) (Zb) (2¢)
R o R o R o
I ] 1l
R C\ R4 C\ R4
N==Y /N=-==Y /N--—'Y
RS ¢ RS ¢ RS c
Y] H )
RE O R O R O
10 (2d) (2e) f)

(&b R® ~RY 3. A—X@Ru-T. ARRF. 7LELE
SEFOFRULE TLIFVE ANREFVAE TLIF VR
WEHRZNWE, TONEE, —boRk, YTI)E . TI)&E, ~oXFy
RF£%T. R1 . R? | YH LU nRARKAL)

15 B#ER? ~R msuwT. 7osrgizr, wER! . R2 0
ETOROTAVFNELARDOTLFLVE, BIRER1~6BE
DT7LVFNLENESEh, TLIFVREIRRB, WitEABOo7IVaF
VE. RIKREML~4BEOBERTVAFVE, THaFvhL
H= VB3, fiREBEOTLIFVANLE=IIE, Gio7La -

20 FUMHOORRBN1I~ABEOERKRTVIAFVALNELENRS
Fhd, . TYINVEELTR, fIBELEHOT7T Y LVE, Bich
REB1~6BEOT7T Y VERFREN, Mo FUyRFELTR,. 2
v % HR. EXRFSARTES, BRERS ~RO 1. @E.

. KEFEF REB L~ A BEDOERTNVFNE, AARF Y IVE,

25 =—boBE NoFURFTHLRENREZV,

gisek () VT, YREBERFXEIE FaoF v VEERL
» nik, @R, 1~3BE,. FEL{R1IXR2TH3, RiEeR
() TEINZA3 FLaw3—BXRR_@LLLEHATES,
AIEER (2) TEZINh B4 3 Feaicxib T 2 BEARMIcit.



: 15 - (co ng to a hydroxyl group protected by a carbanoyl group
: V\/m ch may r?géég)’g&gtbstituent), carboxyl group, a Clerr]al kox}’cé‘éi;m?“

. group (corresponding to a carboxyl group protected by a C[err]al koxy group)
" (especially, a5 C[err]al koxy- car bonyl2 roup) a carbanoyl group which

%ynga\ésoﬁpsmtlt M%r,;egs 2?&1 to a car M itﬁf)jwotectedaﬂénat0

ot e e e e 200 il e S

- amno group, 3K H NI, IPWs F HRAEY o UL R v BRiERE) .

| 1, 2, 3, 4—-Y7unFHoFr3ANRVBRL, 2 -8KkY

5 REOMMXBREMIEFERERRSEH LR BEKY (53
BEZMEALEBREKE) . WA~y M, MANS I v 7B Y
OR/IOIRASMEA N BIFKY (BRESEA VR BIRAY
)\ BKIINVER, FrSTaeE\KIILVER, F bS5 700K
7708, MAK=—ro TSNV, MAKPIAY y FBR, AFNV 7

10 oANF2PIANFEVBREAKD, BKED A ) v MR, 8Kk2AVY
FR. 1, 8:4, 5—FT79VUFIrSALEVB_EKRYKEE
DEERZMmANVE RN EINS,
FELWA S FEAME LTR, AAE. BIFESHEY LK R
BMAKDOLOFREINDA I FLaw WAE. N—t Fofvan

15 9BA4IF. N—-kFoFselbd /BA3FRY) | EBESH
ANKVBREKDNIFEESHEH VR BREADHOSFRE SIS
43 FLEYW (PAE. N—EFoFovAFHEe Foo s iiEed
Fs N, N' =Y FaFvvronFdoFhSALRBA
F.N—EbFRFoFv729 8143 F, N-EFoFovFbhboSox

20 Z9VBAIF, Nt FoFovFhbS5200720814 3 F. N
- FaFs Ny MBI F. N-tFoF NIy B3N
s N—EFo*2PY AV PRAIF.N, N —YVEFODFV
FoxYy PBAIF. N, N -V Foxd 3729 V0FbS5
AWK /BAIFRE) BERBIToNE, FlciFE LA 3 F{E

26 BYclR. BRESWMANVK Y REKY. XHOTHLHEEESHmANL
RyBEADLSEREINBEN-LFoFfv 13 FiEawm, AAE
s N-EFa*xY790VBRA 3 FREFESENS,
RistA 3 F&mia. BRAOA 2 FIRE, Al E. dibd 28
MA#@E t FaF 7 I vNH, OHE2RIGS ¥ TREKGE
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6al koxy-carbonyl am no group, a saturated Clerr]aliphatic acyl oxy group, a
C err] alwo28/4033T bonyl oxy group, a -carbanoyl oxy group whi ckcTysmeshenos a
substituent, carboxyl 15 group, a (err]al koxy-carbonyl group .
(specifically, a (ferr] [err]al koxy-cgpbonyl group), a carbanoyl group

whi ch may have a substituent, hydroxynethyl group, isocyanato group. In the

present sp ok i spuety BCribed Jaw ki QH for a
hydr oxyl g%ﬁgﬁvﬁ%c BH%SL be proqfqe;%?gd by a pr?tectl.{%gg‘?oup OAc for a

non- pol yner BB @)'W@W@rf NORA & #10C #6E 2o ty D it R #p+—an amino

group or N-substituted am no whi ch may be protected by a prot ective

gr oup, CCIHFf’ﬁ@aa @#bdb(f{l\ [ ma‘i ekpnot ctnd Middar ekt ve
o b6t v I AL ﬁ%w&é‘éﬁ%ﬁ&“ ot Rork ko BB B Sy S0 Y 0
5 R, €434 b, YIUAH, YDA -TFTLIF XUV PFL IS
COSABEBEEAVIBANS Y, BAEMEBIC ST 3MBRL20
HERIZ, BE1 0 0EFEREICHLT, AR (2) TERIN A
I KAEMmO. 1~50FEM, HFXLCIR0. 5~3 0EEM.
FokFEL(RI~20EBHEETH 3,
10 (EFRBLY)
= bn4tﬁrﬁ'c{ﬁm8n5§#§{b%i\ H(3) N O T
Z&xhs, ~ -
(R, ncilmizmﬁ&\ mizl~6DR¥EERT)
X (3) TRINZERBAEPCEWT, nB1THHEE
15 Mﬁ#l~3@§ﬁ?5@.nﬁ2f&6ﬁ sMmiIEE1~60
BMTH 3,

COXHBERBRMEHEL TR, AIZE, Ny O. NO. N, O
g~ NO, (ZBRfLE®) . N, 0,.N, Oy . NOg N, O
6 BERARTEZ, EXRMEWIBERTXREI _BL EMAGDHE -

20 THEATES, -

fFE LVERREYCR, AL ORLE_EXR (N, O) BRI
—BLER (NO) »poBREVLDBLES—FOERRILYE
BRLOBUNIC KD ERT 2ERREYN (KIEN, 05 )-XikN,

Oy ZEMSIL LTeatERfty,. @ -RLER (NO, ) Xid
25 NO, #EBAL LTELERRLUMEETh DB,

H. N2 03 . Nz ORU/XIEINOL, BRREDRIETHE
BirBalinTEL, TORWD, Ny O, 2FHERSEEIL
<. N ORU/XIENOL, BRLERIBRIKBATEI L
;b_buméﬁorﬁxm ﬁim\ﬁwmﬁﬁémwr§;<



. formula (1)

- functi onal

-: and R for group. - 16 - An adanmant ane derivative shown by t he
%%5%57 4 is a novel conpound. A conbination of PKEIPIS00904 er r ]

and X[ err] includes combinations of the following (fta), (2a), (3a), (4a),

- (5a) and (6a). 5 (1a) When X[eBl] - is an NJerr] and Xerr] is a
~ hydroxyl group, rr] and Xerr] are not H simultaneously. That is,
[ Xerr] s ? M 25K (cﬁlm@‘eEWl:mﬁ\r]gﬁ\xmﬂmm FVaJD«d:'tJae‘wt her

is a functional _gr selected fromR OH, NH err]
G or 1] O and RRCTER 54 EHEls @ Ik tacys GhoBE R & L) CREEDETND i e

bW, COBRE BMBROIFETTRIEEZT>TH., WiET 3=
PO AMENREC BB L TESD, 2/, “HMILEREEHE
b LEERMIEIBACBVTL, MBERAVEI & BIFRNE
T b O(LAMEERTE 3, |
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- R simultaneously. Incidentally, when

25 : When X[err] is an OH Xerr] is a hydroxyl group or a

sat ur at ed aYviop?&ét o acyl oxy group and X err] is a hydroxyl gFf&IpPas0eq04

- saturated aliphatic acyl oxy group, X[er;é and X[err] are -17 - not H or
8rr] and X[ err] are both hydroxyl
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Hand the ot het ALEFT BRI o o8 RAEEEE Todkd §F Uredrdhiding
the othbr 15 & Prel: ok B MR L L S E Ry o e or Hhe Rand
& (Ic) &LTR.PAAE, 1—-=boT¥<wrsr, 1-
B = hD-3-XFAFP¥TLHL. 1l-=bn-3, 5-YAFL
T¥RsH 1, 3-VY=Purs¥eryrs. 1, 3-Y=ho
-5 - AFNTH2HI .1, 3, 5—bPUZbOTYTrIL
BRENRESENG, L&YW (Ic) £7/IELA 2 FILATHRINL B
EMEZAVIRERILFEICERTSE, (L&YW (Ja) 5B X
10 Px=troBcss7yer s v BBK [ FoEEET S LAY
(Ia) ] B3 ENTEB, AAR. L&YW (Ic) D51 —=
PRT YL S VR, BRR () TREINEA I FLLANOHE
T BELEWIEELE, 1—=bo-3~-F7F¥2rs%/)—-0, 1
- =—bwo—-3, 5-F¥<ryVF—-N, 1-=bPbu-3, 5,
15 T-75¥29 b0 -NBEEBBEILNTES, k. &R
BT, 1, 3-Y=boT7¥ery 2BEBTEE. 1, 3
—J=opbo-5-7¥e¥ /-1, 3-YV=bur-—-5, T-—
TR O - NRERBBEILENTZS,
It&d (Id) i3, AAE. 1 -7/ 7%<v9o, 1-73
20 J=3—-AFNTH¥LHI, 1-T3)-3, 5—VAFILTHY
vy 1, 3—-9T7I )71, 3—-PF73I/—-5
—AFNTF=2r5. 1, 3, b—bMNUYUTII)TH¥<vH L 3E
BEEh3, héW (Id) %2HiicA 2 FILEMERAVWIBRERLS
HICEATAE LAY (Ia) O55X N7 I ) BTHET¥<
25 VHUEBG [TI/BEATAEAY (Ia) ] 2B3LHTE
32, P2, {t&Y (D) 05351 -73I/7¥<rv %, BRI
BMRBILSEICBETEE, 1-T3/-3-T7#<>9) N, 1
-73/)-3, 5=-TF¥=H5 0k ~-N, 1—-73/)—-3, 5,
T—7F=2d b VA -NVBEEZBBIENTESL, . 1,

s



COOH, CHerr]OH and NCO [3] Xerr] and X err] are both hydroxyl groups, 10
X[err] andVOP&#3P7 are functional groups sel ected from OH GeStpysiobspar ] OH
and NCO, [4] X[err] and X[ err] are both hydroxyl groups protected by
saturated aliphatic acyl groups, eithegg{err] or Xerr] is Hand the other
Is a functional group selected fromR, OH COCH, CHerr]OH and NCO [5]

X err] and XperLrd:-pre petlygydr xyl @ﬁl ﬂ’.l'?‘é protect eyl _bys yatupated

al i phatic acyl groups, either err err] is Rand the other'is a

functional gpouprsflecked Sf+omOH , C(3}=I- 5T &ry]-eHb and7 NCGE 4 €] Lepthrer
Xerr] or Xerr] is hydroxyl grou% and the other is a hydroxyl group
pr ot ect ed byzad’sat}hrfitéeéélﬁpﬁatl B& 1B gr dup, 3ei ther b(['Ia?r]: gr¥ewr] is H
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is a funct @Aéwgg,,;up selected fromOH, COOH, CHerr]OH and NCO 1
w [err] are hydroxyl groups protected by prBEEIEBNENYr oups

~or [8] Xerr

Xerr] is COOH and X err] is hydroxyl group or a saturated aliphatic
. acyl oxy groupR5¥Enr|F and K ery]Caoe thsi Nilit @n&oDsB #REHLFR RC andk &0t a

conbi nation of H a

hydr o

2 25

: excluding saturated aliphatic acyl groups, X err] and X err] are functional
~ groups selected fromH R OH COOH, CHB&ir] OH - 18 - and NCO (4a) Wen

hydr oxyl gr o br%géﬁ'ﬁ)by -éh%;t:ﬂsaai;eﬂl W%}ﬂ%ﬁ:ie?&ﬁogﬁ%%% &'&’fi[err]
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or X[err] is Hor R and the other is a functional group selected from COOH,
CH err] OH WP8M0357 [ 2] X[ err] is a hydroxyl group protectedpby/spogafosdscct i ve
group excluding a saturated 10 al i phatic acyl group, X err] and X err]
are functional groups selected fromH, COOH, CH err]OH and NCO (5a)
VWhen X err] is CHerr]OH and X err] is hydroxyl group, Xerr] and X err]
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CH err] OH anM Ngl O3], CexQ i xMhy(ﬂrzoxflxg#@J,p Brotect €2, by a Brotective
group, Xerr] i rr]OH_ Xl err] and®X[err] are functional grou
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5 | socyanat o group, together with a hydroxyl group. Inci- dentally, .
hydr oxyl ¢WoW84033#i no group, carboxyl group or hydroxynet hypcgiapesposgay be
protected by a protective group, a nitrogen atom of an am no group may have
one or two substituents. Further, an agegantane derivative having an 10
acidic group or a basic group may forma salt thereof. As an adamant ane

derivative cgry g nkng  AUL {IOLPPP(F é hemeO™Ry, he FXé?mQ'GfOFd a (Nneo! body
such as 1-nitro-3-nethyl-5-adamant anol, 1-nitr%®-3,5-dinethy -2

7- adanmant ana) ,,, 7X3¥0i Qi Gt &= 5 Tdmhao I XA i FiArsTH F, < H v

5-net hyl - 7- adaﬁmnt anol, 1,3, 5-trinitro-7-adamantanol,
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: 1, 3-d 7-adamantanediol; a trio, body such as
: 1 nitro-3, %MA@Q%BM anetriol; an adamant anol derivative conP€r/aPIs®oe04nitro

group, in which a hydroxyl group is protected by a protective group [such
as a saturated aliphatic acyl- group (e.89, a saturated CJerr]aliphatic acyl

. 25 group), an alkoxycarbonyl a (Jerr]al koxy- carbonyl
group), a cakxb¥@EYO i bup Wdh%ﬁi’%‘l&/g A kBX T dert I, A58k A55 o
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An adamant ane derivative having an am no group 5 I ncl udes, for exanple,
an adamant™@8%/4038T i vati ve having a non-substituted am no grecwIRsBioeHdsi s not
protected by a protective group (e.g., a nonool body such as 1-

am no- 3- net hyl - 5- adamant-anol , 1, 3- dlang - 5- adanantano

1, 3-di am no- 5- net hyl - 7- adamant anol S-triam no-7- adanantanol a

(]j.l glm ll?lgd% %I‘ﬁ;%%gﬁ gongﬁat ane?ﬁﬁ?} gmlrﬁ)' dlémant anedl OF a

triol WWSwm@%%wW%%5§@®@§@¢mm)0@é®@ﬁ@ﬁ@$“w

tive having an N-substituted amno group (e.g., a monool 15 body such as
1- met hyl ami nip-3-0et Y11 5~ &dEnmint(@&dL .0 1, © B 3(wel FLha)i BDE & #dédd4aranol ,
1, 3- bis(ethylam no)-5-adanant anol, 1, 3-bi s(di net hyl am no) - 5-adanantano|,
1,3-bis(diet%ﬁé&&ﬁeno)-S-adanantanol,
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- tris(nmethyl

1, 3- bi s(nmethy .00) - 5- met hyl - 7- adamant anol , 1, 3,5- 20
%%ﬂ%ﬂ?% adamant anol , 1,3, 5-- tris(di nethyl an no) - PCHIBIUNo| ;

" a diol body such as 1-nethyl am no- 3, 5- adamant anedi ol , 1-ethyl am no- 3, 5-
~~adamantanedi ol , 1-di et hyl am no- 3, 5- adaédnt anedi ol , 1-
di et hyl am no- 3, 5- adamant anedi ol , 1-net hyl am no-3- 25
et hyl -5, 7- ad{idDt #ndtifol, B153BOTR ety | SO 5 H - fdatshot ek, L
1, 3-bi s(et hyl ami no) -5, 7- adamant anedi ol , - .
13- bi o( di merRgkFRAnE) \ SSRGS Btk o K R (BT R L B BT &
R R,y 7 e et
BEMUKRBRINETR, e LT, AL, g€, X5 I T 4L,
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79 fbtR I RBEDINA ABROEETTITII L bTE B, KHML
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di met hyl am no- 3, 5, 7-adamant anetri ol ), an adamant anol derivative having-an
am no gr oM ¥498¥cted by a protective 5 group [an al coholPCFERY8/AP04N
adanmant ane having a Cerr] 6acyl am no group, for exanple, a nonool body
~such as 1- acetyl am no- 3- net hyl - 5- adanpagt anol ,- 1, 3-

bi s(acetyl am no) - 5- adamant anol , 1, 3-bi s(acetyl am no) -

ﬁ;)get hyl - 7- aﬂmm{@qﬂ% (13303 @f—J @Qae&tybamm@’-v?:‘/ 30 mt@r@u a di 0'_
y such as 1-acetyl am no-3,5- adanantanedi ol, 1l-acetylam no-3-nethyl-5,7
adanmant anedi bl— 71 33/ aeer ¥ antinis) 85, 7& Hid@r%d anediol ; a triol body such
Ry I S HE I T R T
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| alkoxycarbqp
group which

p (e.g., a (err]al koxy-carbonyl group), a carbanoyl
égﬁﬁé\?e a substituent, [e.g., 20 PCT/IP98/0

- 1- acet oxy- 3- ani'noadanmant ane, '1- acetoxy 3- acetyl am noadamant ane,
- 1- net hoxycar bonyl oxy- 3- an1noadanantane4€i acet yl am no- 3-

met hoxycar bonyl oxyadamant ane,

. bi s(net hoxycatWr@]lZSW)%&&WnMthhdeTﬁM% Bool o iemEH

ot vat 1 v ot QB 7 B nBRS T 56 BRI 7= orrid daR RS B
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ENTEB,
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5, 7- adamant anedi ol , 1, 3-di car boxy-5, 7- adanant anedi ol , :

1- met hoxy ¥¥Q #9937 3- et hyl - 5, 7- adamant anedi ol , 1- - PCT/JP98/00904

et hoxycar bonyl - 3- et hyl -5, 7- adanant anediol, 1,3- 5

di (nmet hoxycar bonyl ) -5, 7- adanant anedi ol 4 41, 3-

di (et hoxycar bonyl ) -5, 7- adamant anedi ol , 1-carboxy- 3,5, 7-adamant anetri ol ,

1- et hoxycar hory - 3, &, % astapentihet jloby 511 rethex gedly odyi- 3.9, 75 — :
adamant anetri ol ; an adanant anepol yol derivative having an 10 acyl oxy
group (e.g. ,TWEWﬁaVeiFﬂ:[-er)bEhUMﬂclacyﬁl ox ' & o(ip) Esirok st V)
1- acetyl oxy- 3-net hyl - 5- adamant angl , 1, 3- bi s(acetyl oxy) - 5- adamant anol ,
1, 3- bi s(acetylDxyy- S5t Ayl ~7 Jedabba i Xk 11,3, 5.8 ri $( A&t (1B F e
cdamnt anol e 2081y gy S 8 ol sl gy 19
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e 1 =-7EFA73/)-3, 5, T-7¥<5 M)A —-AK
EERBEIIENTEZ S,
10 BHE. BRBARIBCEVT, BHEEZLTHIR B (X E.
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AXE. e FoFrvIBE2ETHLEHNXBTIIEE2ET SIS
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HVR=ZNIFV—-83-TFTF¥<20s)-LIRUE/XiE1l, 3—EZX
(APFYANENANAFY) THYPR I VERBBILENTE S,

25 RWICLT. 1-ANKFY-3~-TFTF¥<r4)-Nhol1-AN
KEV -3 —APFVANKE=NAFITIT 40 1 -2 F
YHANRZN—-3-TFTr ) —Idro1—-A Y AANE=N
-3 A MFVANRZNFTF VTR I/ 1 -TEFLAF
V—3—-T¥2H ) - ol-TEFAFTFV-3-F+FV



- adamant dnetrioal 1 acet yl oxy- 3- net hoxycar bonyl oxyadamant ane,
~ 1-acetyl ox Qs ?’ 3tet hyl car bamoyl oxy) adamant ane, 1, 3,5- 20 PCT/JP98/00904
. tris(acetyl oxy)adamant ane; an adamant anepol yol deriva- tive having an

* al koxycar bonyl oxy group (e.g., a ([err] 46nl koxycar bonyl oxy group) such as

 1- et hoxycar bonyl oxy- 3- adamant anol ,

. 1- rrethoxycarbﬁn)y,l-ﬁ'Xi)B.quﬁéﬁW'Qnﬁdy@‘ 1 - 7'&’?')1/7 /—3-T¥=

.1, 3- bi s(net hoxycar bonyl oxy) - 5-adamant anol , 1- (N
. met hyl car banoy QX)])-%IXB@QXW’W-QI@VLORW%H%&&M l* FUANKEZNTF

1, 3- bi s( et hoxycar bonyl oxy) adamant ane, 1, 3, 5-
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WNAEFY) TH=T 5 %2BBENTE S,

20 REBEXNELEFOFVLBEELTHAREANAFVYEEZRAWS
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bi s (N-net hyl car banoyl oxy) adamant ane; an adamant anepol yol derivative -
havi ng caMé®gdixy group which may have a substituent, suecTapos/iooses -
1- (N- et hyl car banoyl oxy) - 3- adanmant anol, 1- (N nethyl carbanoyl oxy)-3,5- 5
adamant anedi ol , 1, 3-bi s(N-net hyl car banpygl oxy) - 5- adamant anol ,

1, 3- bi s(N- et hyl car banoyl oxy) adamant ane,

1,3,5-tris( by MEEH g%%rsﬂay%@ gd'a ntamer AN adanpnianel e yajy ye having

a carboxyl group inclu for exanple, an adanantanol derivative having 10

a carboxyl gsoup prytecyedt-py Bo /P-oGBITIvERIPUN l(gg gﬁc—ohoh) bodyNof an
ody e.

adamant ane havi ng a carboxyl group such as a nonoo y g.,

1, 3- di car boxy A5Fadalabdid i JASFdiQarBaXye 5/ Beth 1875 a0 ikt doB . 1, 3, 5-
tricarboxy-7-adamant anol ), an adamant anol derivative 15 havi ng a car boxyl
group protect &fby N piBHX ivd FHS VL FOF VY VEEFTET S v
5 Y ERAKR. AT, ORKE7I/EXFTT 5/ (Ja) &.
roOB O (LBRILKE (MAE, a~FA9o, 3—-FxHo, a—
F7%v, Faxrsy, Zuexdy, 7ae7ry oy, Zaoi
Y. ooy o BREOREEN NS ERIEKERE) %2R
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 [an al coholwdegyesef an adamantane having a [ err]al koxy- car bon)/l roup
- such as a nonool body e.g., 1,3- bis(methoxycarbonyl)-5-adanBfT 00904 3.

~ bi s(et hoxycarbonyl ) -5-adamant anol , 1,3- 20
bis(nethOXycarbonyI)-5-nethy|-7-adanant$ﬂbl, 1, 3-

? Ir isg((afrgf) ﬁﬁ??ﬁ%ﬁ?[ )51 7 deé'lf‘ﬁ?n Zﬁgg?ﬁti'?% ileSBF% BENERATE 3,

carboxyl “ar oup LI cl Bydr B dhoud 252 8 $rhvect dadhy 3 b Bikot i ve

group sueh 2 Rt 8 bl iE L R 903 Y TN 2oy
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15 . HB. REETEORBEY) XITEE (M. NEAROS
ENE) OBET. RIESEBZ Lok, BIEALKEFYLES
WNGTBZRATFNBICERTE S, ERTALFILIRF LTI, H
iw\ﬁ&x%w\ﬁ&x%»ngmw@—ck47w#»1xf
MeiholktHWETasTulltr B ZFIL (PAIEZ, FTort

20 BAFAN, PO YBRIFARE) BERETh B, LT, 1
~HANKRF -3 -T2 ) V%, BOGET. A ¥ -1
&ﬁméﬁtb\1-w»£$v—3—7y7>9/—wuﬁm%
Ao NEERSERLE, M IFAT7I v EEOEREEDEAET
NAS ) =N ERBERBIERKD LA M FIAANKR=L -3
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- 24 - carbonyl group), a carbanmoyl group which may have a substituent -
[e.qg., 1 -WOIBHEAIBT3- net hoxycar bonyl adamant ane, PCT/JP98/00904
1- acet oxy- 3- (N, N-di met hyl car banoyl ) adamant ane, 1-

car boxy- 3- net hoxycar bonyl oxyadanmant aneg4 gl- 5

met hoxycar bonyl - 3- net hoxycar bonyl oxyadamant ane, 1-

N, N- di net hy: ngt RoyEar AL Adgpr~
(1 (N, N-di mtmmyﬁ? 3- (N net h?lvgg?g?mgel oxy) ﬁ?—nﬁggne%, L

1- car boxy- 3- N\ wEt(mjl;QtibaMM)idhmiﬁm# DiEEthaby c & flomy-3-AN- 10

met hyl car banoyl oxL%adamant ane An adanmant ane derivative having a

hydr oxynet hyl& &houe Rib It ﬁrmﬁgk%(&ebanbaﬁdﬁ%thnof @ %Ki e
A oyt Bt B Byl O MR aT L e s Bno B E & p — = b
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15  derivgti ving plural hydroxynethyl groups such as

1, 3- bi s( hy%o%&ﬂ%ta’hyl ) - 5-adamant anol ; an adanmant anol deri vatBGRIRIE0998Y a
hydr oxynet hyl group in which a hydroxyl group bound to the adanant ane
backbone i's protected by a protective d&9up such as a saturated aliphatic

a1 Koxycar bony| —hoiT® % & 24 Tledrd alkorg o3 Bofly i 1 oumS o bar Badby|
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CEMEHIRT 2 tali s, SRLAUTHRS hRBEOE
ETTCRIBXEAZLICLDBEILELTE S,
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BEDF & eainy)  ARERIAKRTELEY (AXE. S
20 mIZUE®ﬁ700Aﬂ%%ﬁ£)HE@E@%E&%%UEﬁ
Eifohis,

MR oERBR. KWEBHETERTEZ, AR, 2 X7 LE
PETHEAEBIHLTO. 1%~ 14B, FELRX0. 5
~50F0%, XS5IFELRBR1I~250% (MAE. 5~2

25 0EL%) BEOHWHEIOEXICRIRTZXS,

IXFNEBEETHIAWET I LEBLOBRANEGR. =R
FVEEZETIHEMISBBIHLTTYE=T7%F50. 5~5%/
CEFELCIZ0. 8EABE (BAR. 0. 8~5EL) | il
ELE (HAE1~3FNL, HiT1~1. 5EIL) BETH B,



- 25 - having an al kyl group and an isocyanato group such as : :

1-i socyan¥@9840381 hyl - 5- adanmant anol ; an adanmant anol de- ri vitT/35¥8/06904 NQ

pl ural isocyanato groups such as 1, 3- diisocyanato-5-adanantanol; an
adamant anol derivative 5 havi ng an igg@cyanato group in which a hydroxy
group is protected by a protective group such as a saturated.aliphatic acyl

group (e.g., gymtrusareltRiEntl af BhRtaRiE YL 2o 2P IRdEFEET

1- acet oxy- 3-i socyanat oadamant ane. The adamant ane derivative shown by the

formula (1) T SdEp&bk Tok on B IEHEeL bsTéd OFRRr . dibid P (bKiR f er ent
(o g o hy o R B R oL BB R ot b VTR ity 7 A P
aovtoroup (¢ G BAUURERRS srvcnsonsBRE e nAIRTS
5 3, RISEER. AAX. 0~150C. FEL<ik25~120
CRECHEE,ISBRTE S, '
EFodviE (RERETRESIIAEFoFVILEZEE) %
BEBETST7Y<vy yERER, TEREBIER (I K-
TR/ABAENTE S,
10 RETER (ID

x'b
[.1{
x2h xéc x2! x4h
15 e L3h
{Ib) (IIa)

(. X2 xlpuwionssi. X xMu. m—xu

®%->T. H, R\ NO, . OH, NH, . COOH, CH, OH
2 . NCO%RF, X1° X%, x*rmEsAL)

RIGIERA (ID kv, kam (1Ib) »5Esy (Ilc) %
FSBIERIBIR. BIES 3 F{Eawm (2) THBREh-RIEMmEE
B3BBG (BEBRMLFE) CXDIT530EHXTES, AL
N1=TH¥2vy )/ -NERBRLETEE L1, 3T IF

95 —Ja 1, 3, 5=TH¥TrI MU A—ARNERERT 2. £
W1, 3-FT¥= s vIAF-NERILTEE. 1, 3, B-T¥
QUMY GF—NNEEBBIENTE S,

B, ZEEOBEIKE LT, BRERSOMBPRICABICIWT

 REERAPEIGERBOE FoFvilE, c FoFy A FUE, |



. the novel ada

- such as 'forn%l acetyl, propionyl, butyryl, isobutyryl, 15 val eryl

i soval eryl WML oyl group), an al koxycarbonyl group (e.gPCTHPISH0904

. ([ err]al koxy-carbonyl group such as methoxycarbonyl, ethoxycarbonyl,

- propoxycarbonyl, iso- propoxycarbonyl, Buloxycarbonyl, isobutoxycarbonyl,

| ;aagéhi’éﬁéaéé’%uﬁ%i oty i B B o oL S Ehoough an
: Cdat | ¢ ) , . . Si NG g
oomound (2) - de i B RO T W R B R R AT S B By gen
©using the im gér# ound realized on efficient 25 .producti on of not only
@ derivative but al so the known adanant ane deri vati ves.

According to theseomyd g £13. ) le (PR WIBEAN: L Fo+ v LEEED
5 ) 2MMBETEIT vy oERBKoS L, BIIEBEET VI
A¥VEAETET YTy v ERKR, TERGIRR (II-1)
Lt >TBBIENTE B,
RisTER (II-1)

10 x2r y4i
- (ko)
. x31
Bt « Bk
7IIIE
15
x'b
x4c x2 r x4h
3c 3h
20 X X
(IIb-1) (IIa-1)

&, x31 x4i3, @—X@Ru-T. H. R, NO, . OH
. NH,, COOH, CH, OH, NCO%RL. X" i0Ac %
7+, x10, x3 xf x¥ xPummemu)

25 RiEIRRX (II-1) kBT, ey (IIb-1) »ro{eey (Il
) 2H L MIERIE. L&Y (1lc) »o{Leé¥ (I1a-1) ZERSE
ARG, MEEBRRBILTECKDITICENTE S, 7o,
FUMEE, BEE. WMET7 Y UER L ERIEEREI LKV

. 3 TEB. T YMER. RIEKEORIRSRILRISEE T



- 26 - derivatives correspond to the follow ng conpounds (1b) to (4b) in
which X[ eWQ98/4933 err] are as follows: (1b) a conpound i n pagvIrhgefiogs r] i s
hydroxyl group and X err] and X err] are both H when Xerr] is N(Jerr] 5
(2b) a conpound in which X err] is hydrggyl group and X err] and . Xerr]
are both H or both Rwhen Xerr] is NHerr] (3b) a conpound in which, when -
X[err] is CH5 b e %I s hydroxyl group or a saturated aliphatic acyl oxy
group X[err] I's droxy group or a saturated aliphatic acyl oxy group, 3

{t&¥ (IIb-1) ik, ﬁﬁaaﬂh‘ﬂﬁm|(15)anﬂﬁ¥§ﬁﬁesd qk &%y 211y 2]
both X[err] and X/err] are hydrox groups, either Xlerr] or X[er is H
and the otherl)s%&@44 L 7/1144'5%7]&:&553'&6&: & (Ilc) #1835
TENRTED, AR, L&Y (JIb-1) DI BT 5<% v %R
5 A 3FREayw () tHAVWIRERILICHL, FBRERESE S
EL 1 —TRFAFTEVTIRVS . 1, B-FLFALFTFL7
¥vdo, 1, 3, 5~TRFLAFVTH2 503 EHNEBS
had,
t&d (Ilc) ki, AR, 1 -TFLAFO TS5
10 \1—-7FNVAFY—-B3—AFANT7F¥esY, 1-TFIA
Fv—-3, 5=VRAFNTHH 1, 3—-PTEFALTFY
TR 1, 3V TFNAFVY-S-AFNT IS
7\1.3.5—bv7tf»¢*97#7y9yﬁ£oc%67
YN—FFVBERTET Y2 RENREENSE, (LAY (11
15 c) itH L CHICBRRIEFELZEHT 5 L. tE&Y (11a-1) 285
BIENTES, (LAY (I11c) D51 -TEFLFTF VT F =
vy &, MRS FMEEYy (2) ZAVWARRBR{EIRICHT 3
EN 1 —TF7EFAFF V-3 -TFTF2rs /=N 1 -TEFIF
¥v—-3, b—=TH¥=ETF -, 1 -TEFILAFI -3,
20 5, T—-F7¥<r9 7 bUA—NBEERBEIENTESL, 7=,
ARPTIR, 1, 3—-ST7EFALFAFVY-5-TF2r85 /=),
1, 3—Y7FNMAFV—5, T=-T¥L,I9F—-IiE, 1
, 3=V TPRFNAXVTI s v OBRRBIENSBEILHET
., 1, 3, 5—~MUTEFNFFRV—-T—-TF<r¥/)—IiE.
25 1, 8, 5—bMUTEFAAFVTYT /I L THERRR
It hE%R2BHTHELRBEILNTE S,
E., (e (IIb-1) 2BRBAEL. PBCEH 22D Fo
FONBEETIZTY 5 0&FRE (AL, 1, 3—-T¥=<>
Yo TVF =, b~ AFN—1, 3—-T¥s52F -0, 5,



. (4b) a compound.in which, when Xferr] is COOH, X err] is hydroxyl group or

~a saturate QP¥HRATi ¢ acyl oxy group, X[err] and X[ err] are fBREEUPS/8904
- groups selected froman H and an R 15 (5b) a conpound in which,
- when X[err] is CHerr]OH Xerr] is hyddakyl group and both X err] and

. Xerr] are H (6b) a conpound in which, when Xerr] is NCO, Xerr] 1is

' hydroxyl groufl, —bith Kper+]1 an@ X Er¥=ar & B Jhduir Anovd , addipard and ¥

~ derivatives include, for 20 exanpl e, an adamant ape derivatiyve having a

nitro group (¥ ¢.7 2-hilA3/ladakant3nold, ah adaffamt «nd defilvat Ave Having
qerr] acylan Toth BERLEY 7 bRz BELE Ty 1A% ife- %

1- am no- 3, 5- d#%%tg%% {-adamantanol , 25  1-net hyl am no- 3- adanmant anol ,

1- acet yl am no™3- %Ht anol, 1-.di nethyl am no-3-adanmant anol, 1-

5 EFDFYIE (RBETREBIhELE FoF v AEBERE) &
Ebic, ALVKF VLR (RBETRESNEHILEFVLELES
E) 2837 ¥< vy yERGR, AR, TERGIBR (I
I) - TRBALENTE S,

EiEI8X (ID

10
x 2 x4 k
(IIlc)
3k .
7m¢$wﬂy/'x \\5@
b
X
15
x3c (IIIb) x3i (I1la)
20 \ /
Bk x1b FIVRF AL
x4
29
y3f (I11d)

(x. x29pcoonz. x¥, x4, x¥%¥ x¥pmg-xum

7>T, Hy R\ NO, . OH, NH, , COOH, CH, OH,
_ b 23 e o8t 4,

NCO%ERT, X7y X", X7, X"ERTEX Rt/ L)



acet yl am no- 3, 5- di net hyl - 7- adamant anol ; an al cohol body - 27 - of an
adamant anevRa¥#3d7 a [ err] al koxy- car bonyl ami no group such aBCT/JP98/00904

1- net hoxycar bonyl am no- 3- adamant anol ), an adamant anepol yol derivative
(e.g., 1,3-adamantanediol, 1,3,5-adanarganetriol), an adanmantane derivative
having 5 a saturated aliphatic acyloxy group (e.g., an al cohol body of an

adamant ane hav@ﬁ;g:ﬁﬂ rdIday! ¢x¥s Uy Tup mg%aﬂnb)icﬁ £ 8y 2dBIRAY anol |

1-acyl oxy-3, 5-di nmeth - adamant anol ), an adamant ane derivative having a

carboxyl growp & B hﬁﬁ‘al dh@\%b()ﬂﬂ@)‘ o {0 &nt GhE d)avE-RB Al M & 3
d err] al koxy-car bon group such as 1-carhoxy- 3- adanant anol
B RRT ke (D CRRS R BiLiaE.
Z23IFESY (2) BHMRE THRIh HBEREAV 2BER
5 I (BMRBIILFE) KXDFHIENTES,

L&t (IIIb) 12, {LAad (Ib) 8N L. L& (I1Ib) %8
RRILTH L, (L&YW (I11d)  TEDLLEEY (Ie) 28BS &
NTE3, |

fté&h (I1lc) itk AR 1 -AANRFITFevs 0, 1

10 —ANVEKFV—B3—-AFNTH9 . 1 -HHNKEF¥—-3, b
—IAFNTIT= 5.1, B—VANEFI T, 1
y 3=V ANKEFY-E-XAFNTI2H 1, 3, 5~}
ANVRFPITY oy BENREGENS, L&Y (111c) %, A
BARKGERIBRICLT, 13 F{LEW (2) TR h =B/
15 2RAVTEABRLTSE. Lal (1la) 28524 TE 3, 1L
&8 (11Ic) 5B 1 —~AVRFUT¥2 st L T, WildA
IFtey () ZRAVWARRRILLFE2EH TS E. 1 —HIH
F=-3-TF¥=2EI) =N, 1 -ANVEFV-3, 5-TFTF¥2Vv
ZoVF =N, 1-ANKFY-3, B, T-T¥<%v0F
20 —ARBEERBBIENTES, Eev 1, 3—VANERFVTI=
v UvEBRER(LTEE. L, 3-VHNKRFY-E-TFTF¥2L ¥
J=W 1, 3—UANEKEFY—-5, T-T¥=r994—-L1%
EXZBAILELMNTE. 1, 8, S—PMIANKFVYT IS %
BREBILTEE. 1, 3, 5—PMIANKFY-T-T¥<=r5)
26 —IREERAZENTZS,

[ VEF ¥ VERIB]

RIETER (IID KBVT, &% 1) & 5{ta# (Il
) RERIEZANLEF VARG, L&Y (I11d) > 5EED
(IIla) 2B/ AU EF VILLERIGIIR. BRERN (2) TRILB A



. 1-carboxy-

1- car boxy- 3] 5 5- adamant anol , 1-carboxy-3,5- di net hyl -7-adamant anol ,
?@g@?ﬁ%m anedi ol , 1-nethoxycarbonyl - 3- adamant anoPCT/JP98/00904 .

. 1-met hoxycar bonyl - 3- net hyl - 5- adamant anol_, _ 1- net hoxycar bonyl - 3, 5- di net hyl -

15 7- adamant anol , 1-met hoxycar bonyl - 3, B-&danant anedi ol ), an adanant ane

i’?L‘yé?ZLyﬁePﬁ%f‘&@éﬁﬁ%ﬁﬁ%‘%ﬁ%&%zﬁﬁeﬁ%nwmmgm Ny

o : 1ai -3~ 0} g '
process] The TG Ha VB GEF B RE LR R S # 2k e domn

" adamant ane deryg vq_t'vg,&w@a% ? the adamantane derivative having a hydroxyl
group and a f c‘fl nal—gro § ah be produced by subjecting an 25

~ adamantane deri &l €hers) b% e Kokl nest /5 PR (A3 | (La&® (11lc
B ) ZRBIENTXS, (L&Y (IIIb) DSETH¥ T 5% AN
K¥FVWVERBICBTEE, 1 - WRFY T2y 1, 3
~GANRFITY 9.1, 3, 5=LPUALVEFYTH=
VHVRERBBILENTES, 1oL 1, 3-TH¥ITA
—NEANEFIVETEE, 1-HLEFVY-3, 5T
10 P 9F—-NBEEBBEIENTES,
x/c. (L&Y (IIId) %, ®HifE~ I FME&Ww (2) 2HAWVW3E AL
FFEVIMERIG (ANVEF VIVIEFE) gL, L&t (I11a
) XBBIENTE S, 1LkédW (I11Id) D5B1-~-TF¥<v %) —
VEMES I FEAdw Q) ZRAVAALFEF VY ILIERIGICHT 3
15 &V 1 ~-ANEF V-3 -T2 /)-=N 1, 3—-SHLESF
V=5 -=TF¥2r5 ) =N, 1, 3, 5-bUAHLEFL-T~-7F
YTU s )~ B EEBEIENTES,
[Ahi]
ANVEF VIVERBICE T B, F{eegBeE L TR, Bild= b o
20 (ERGOETHRDOAL I FILEY () 2AVWEI ERTE B, C
DANEFVIVERIETIR, M, EREREEZEHEOL I F
L& (2) LBMKRETREBELTHIL,
[—BRIERRERUCBRRE]
ANEFVIWERGETERI Q2 —BIEREK T, st —BLR
25 HTH-Tb&{. MBBRLRETCOREDHETH ROREREN X
THIRLTERALTO DXV, /£, BER., HNIBRIERIETHWS
CENRTEIRREMERATE S,
ANVKF VY IERBICBVWT, BiieR (2) TREhs4 3 Fik
SpoERRIZ. iR, I FEEdw () 2HVE = hofbtRIED



- 28 - [err] wherein X[ err] represents nitro group, a hydroxyl group 5.
whi ch nay W 9BMeB2ect ed by a protective group, an am no gr OUPCTYSP98/00904
N-substituted am no group which may be protected by a protective group, a
hydroxyl group which nay be protected. lyjga protective group, a carboxyl
group which nmay be protected by a protective group, a hydroxynethyl group

10 whi ch @@?jﬁ@gcgeﬁ{gg%mﬁﬁg@ﬁ@%ggm-@%i ocyanat o group;

X[err] and Xerr| may be the same or differen rom each ot Rer and each may

\r,ﬁf)gﬁsrer;:; a hydr foerEpiosbd 48 FREA . GifdEnT 3 MYE 2w 02, Zaahydzomydk 9r oup
RIARIGOETHROBMBOSHBOBEAINSRBIRL TH LW,
BB, 13 Fa&picdd2hmitos bEMKIc. BIEBRERIL

5 RIBOETHRDOA I F{LeW MR Lo 0HEENSRBINT
%3, |
—BILRROEHEBR, BEE1E=LcHLTIEALE (AR
~1~1000N) OHWAHISBIRTE, FELLRBAELT
b, PAE. 1. 5~100€)NL (MAE. 2~50EL) | X
10 SiIFELIE2~30%N (MAES~25F)) BETH 3,
TBROGARR. AAE,. BE1EicLTO. 5L
L (AXE. 0. 5~100€0) ( FFLIE0. 5~30%FN
s XoRFELCRO., 5~25FBEOEBEISRBIRTX 3,
- BB, —BLRR (CO) LM% (0, ) to#HAR. WHOK
15 SR ZhZThiiidBETHIIMRDEVEEHE. Al . CO/O2 =
1/99~99, 99/0. 01 (21%) BEOMEA N SRINL
THI{ BREHLT—RIERRESCHBVEENENTH 5,
CO0&LO0, to@laik, @¥. CO/0,=1/0898~99/1
(V%) [(AXE. 10/790~99./1 (£1L%) ] BEOH
20 BHHICBIRNTE, FELRR30/7T0~98.2 (£1%) . X
SIFFEFLLIRS50/50~95/5 (1%) . %ic60,/40
~90/10 (EV%) BETH 5, '
T, BRI M VB3 —RIERRLBRELOBERTAZ, A
Z 3. CO/O2 =1/99~99. 99/0. 01 (FH#%) &
25 Eo@BIoBRTE, BY. AAE, 1./99~99/1 (&%
%) . FELLi230/7T0~98,/2 (A®%) . SoiFEL
{Bk50/50~95/5 (BH%) . HIc60/740~901
0 (BE®%) BETH 3,
HURFVIMERGR, RIBCARABESEREEDITT-Td &



. amno grou

be protéctgﬂ%ﬁ¥‘ﬁﬁﬁ;otective group, an am no group or 15 N-substituted
& y be protected by a protective group, a BETABISEOMr oup

- which may be protected by a-protective group, a hydroxymethyl group which
- may be protected by a protective group, ®F an isocyanato group; to at | east
. one step selected fromthe follow ng oxidation 20 step (i), nitration

. step (ii) and\ear Goybadidrgdasit & L T &) wiitoxildat {lobg B @For i aen in
- the presence of .a catalyst conprising an imde conmpound shown by the
;fmmM(a:ﬁﬁﬁﬁﬁ%macaﬁf s BB (AL, BRREED ALK
| VBEE) S MYAE BRI, TERNSPYARE) ( ~a ¥y
. VALRIEARTERE (AL, Y2001y oid) BEEZHWEES

5 ABUL,

BIECA 3 FEA® () 2AVBALEF VLRSI, LEH
BMRBRHBTHE->TOHRCETT S, RIBEER. 13 FLay
PEEOBELREBELT, AR, 0~200°C, . LR
10~1507C (I, 10~1207TC) . EoiciFx L iRl

10 0~100C (IR, 10~80C) BEOHHEHLSRBIRTE 3
o BB, RIBB. WEXBMETTCITILNTE S,

BE,. BHOBREEU T, BEREBPAVKRE Y VILRIEDH
‘Y. ThZThoORBBBICBVT. IEERAPRIGERBDOE F
o¥VLE (HRE, {ta&s (111a) | k&% (111d) ok FoF

15 YUE] \ e FoFRyAFE, 738, AVEF I VE (AR
. (L& (I1Ia) | L& (11lc) DA AKXV LE] REEE
BECIDRELTLEIV. Ch>ORBEOWA, BB AR E
FIRDGEICEDITS T ENTE S,

P, (k& (IIlc) D535 1 -ANEF LT 9 %28

20 RBAEL. £ERLATNVI-LVEEEBREIRIGIESZE,. 1 A0
RFEY -3 -TEFALAFITIT I, 1 —-ANEFY-3,
S—PTF7eFNFFITII . 1 -HNEFL—-3, 5, T
—MITEFNFFITIR I BELBEILNTES, -
ta (Illa) OS5 B 1 —-ANEF Y -3 -T¥=2r%)—L%

2 Y- NERIBESEBEIRED, WRBOKSIE. 1 -4 M+
ANEZN-3-TFTr 9 ) —N%eaBEIENTES, LAW

(I1lc) DI B 1 —-ANKRFIOT I o 0E 29 ) -V EEK
HE e, WMiEBRERAREICH#TEE. 1 - bF IR —
3—TFT5=2ry )=l 1—-bFVHhNK=N-3, 5-TF¥=



- 29 - wherein Rlerr] and R err] nmay be the sane or different from each
ot her and wa@8r408aY represent a hydrogen atom a hal ogen at orgr/se98@090% |
group, an aryl group, a cycloal kyl group, a hydroxyl group, an al koxy
group, a carboxyl group, an 5 al koxycggbonyl group, or. an acyl group; or
R and R may bond together to forma double bond or an aromatic or

non- ar omat i ¢ yifgs XA epjlesent-s Ark dxyagn AR D~ B hy 60Xyl —gpdiez sand n
denotes an integer of 1 to 3 (ii) at least one nitration step selected from

the 10  fol 9wy biepsikil HyeBid D) LT E B, Xvi) 15 nBt+a¥idhulsfep by
a nitrogen oxide in the presence of a catal yst conprising an i mde conpound
shown by the ¥orMBA 2 % M%@ﬁhﬁf%ﬁ@%@@\n&ﬁ Faddat 1east one
33— (ZbFYANK=I) —5-TFT¥<r%/—-N,1, 3-
8 Y (ZbFIVANE=N) =5, T-T¥I50I9F-N15E%E
BEIEHNTES, |
BEBRELT. THa- I XBZOERKRTLFLIZRFIN
(A, ERFLBE) 2RV, BEEALEF VVIERBC
BTzl REE (TLaFVE) CXOBEIATVENLES
10 YABEBTAITY U S VEBKEBBILENTE S,
EFoF v VE (REETREShAEFoFVLEEZST) &
b, EFaFYAFLE (REETREShZE FoF YA F
VNEEZEE) 2BTA7V< s BEREE. AR, TERIEI
BR (OV) T LR -TRBIENTE S,

15 RIETEX v

x'b x!b
_ -5
x2] ybi ——=> xim x4n
20 ,
(1ila) (IVa)

&, XxPrcH, OHERL. X XPREA-XERE-T

. H. R\ NO, OH, NH, . CH, OH, NCO%R¥. X
95 1P, x% 3 xYpmmecEL)

FISIRR (IV) BWT. LA (I11a) %iaHm (IVa) i<

B BERRISE. BEOHE. A, NEOBTHE LTKARE

B\ B Mk REME. AREBTAEEVEHETLICIDETS

CLMTE B, HELOARIMBEAIIE. KBLEATEF YD



15 ni t'rog&'ﬂ @ng?‘f selected fromdinitrogen oxide and nitrogen nonoxi de;
and (iic) P¥¥PT on step by nitrogen dioxide (iii) a car bok§GTAPISNY o
by carbon nonoxi de and oxygen in the presence of a catalyst conprising an
- 1mde 20 conpound shown by the fornmul ad@). An am no group, hydroxynet hyl
. group and the like may be forned by subjecting the adamantane (la) to the

“nitration stepbandbef ZERboRyHedl Bril'st 6p 7 &4 d}ﬁfﬁy'?dl’r:ed"ué? ol F1¥ph The

aConvent] onal AKERJE M BTN POBIP Y e lal i cane ek gt Bt B be

- obtained in acgopdance wlt hef By ¥1TH " CAFERISTRR (11D &b
BAaLLNTES,

5 PAE. 1-HNEFY -3 -T2 )=V, KRIELTIL
=W LYFOLTERETE LD, 1-EFo¥y—-3-t
FOF Y AFLTYT 09 v EERIEEIENTE S,

nE. BEOEBIE LT, BExRIGORRICEWT, RIBEKS
PREERYDOL FoF v VE, EFoFVAFIE, 73 /K,
10 AALEFYILERNEERBIRECIDVABLTLIV, ThoDRHE
EOBA. RERNTCLEABOBFEICEDITIZENTE S,
EFo* vl (REETREBILLE Ko+ v LEEERE) &
Ehic, 1VYV7H I EEETETY <9 Y BEER. AW
TEREREIBR (V) Lz -TBBIENTXS,
15 FIETER (V)
b y'b

X

A7 MME 2p :

20 . 1

(Vb) (Va)

(R, XZ°3NH, #RL. XFrNCOERL. X°% xMu

. A—Xi®%>Ts Hy R\ NO, . OH, NH, . COOH,
25 CH, OH. NCO%%¥, x1t, x3% xPpmmizmEe)

REILER (V) bW, &% (Vb) %2{&4 (Va) ic#|L
Ritiz. BEoFE. AAiE. SRF Y EAVWARH&EICXKDITS S
LITE B, LAl (Vb) . MERSIER (1) TSI
a# (1) ©55, XPPHNH, THaemcBET 3,



- 30 - schenmes (1) to (V). The adamantane derivative having a nitro group
or an amni W@ 9840387 (conprising an am no group protected by RCEIPSHDIOL
group) together with a hydroxyl group 5 (conprising a hydroxyl group
protected by a protective group) can bg @btai ned in accordance with, for
exanpl e, the follow ng reaction step schene (1). Reaction step schene ()

10 ; .
1 can NJEAEECY) 53207 Somat| rumopian gz

Xerr], XfergZ& T err].0Cer ] 0 Br7C FRBED IR B faeS5t Dek HME DB i 45 &r ent

from each ot her and
FUoERRI, ke (b)) 1E=sicdlLT, AZiIF0. 8~1
0EN, FELLR1I~2EINVEETH S,

5 BWAE. 1-TEFNFFV-3-TII)TIILIERRY
VERIEESEBIEIED, 1-TFAFXFV -3 —AVVTF
P72 BBEIENTES,

RE. BEOBBIIELT,. 1V vY7F+ MURIBODHIRICHWT
 RERAPRIGERMOE FoF L&, £ Faf A FLER,

10 73I/8, 7VEFYVERIHRABECLIRBLTO LY, &
nbmﬁaﬁmak\MﬁmM?&ﬁﬁmﬁEL;bﬁiceﬁf
&5,

u$\Lﬁmvayayﬁﬁwwﬂﬁfﬁuaht‘Tyvy
VBB AFUVRERTFEDLBLLL29ETET7Y<w s 4L

15 &Y%, §iES 3 FMEAWOFEET. fiE= b o{ERBIcAVWe &
BRIV BRUBRELRIGEEEEIEICED, 1 XFv T, TH=
vH VBRI PoBEBRCE FoF VILEEZATESE, £/, B
"7y eamE. BIEEA I FMLAYOFELET. fig=to
ERECHAVIERB LY. BRREF—BREREEIREE RS E

20 IkR&b, 1RAFYTTC. T 9 VBRI=_roE, EFuFfy
NWEBRCANEFINVEDSBDLPBEL2EOEHEENEASH
RERUEBIENTES, R, HHLEEHIIGU T, wiiK
= F e fbRG. BIERIEX B AV KF VY IVERBOHICERL K
ERERUBECHUETITICENTE S,

25 PR, Ty i, B4 RLAWOBEET. —BILE
R, BERC—BIERELRESE2E, 1-AVFEFY-3—=
fo—-5—-782vy )= 1—=ba—-3, §-TF¥<rs>
UA—N, 1—-ANVEFVY—-3, 5T 5 IF-0, 1,
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_ [Nltratlon

- repr‘&ég& R, NJerr], OH NHerr], COOH CHerr]OH or NCO

f?3871] A nitration reaction in the reaction st ESTOEIRAR04( | ).,
[a nitration reaction which derives the conpound (lc) 5 derives fromthe
- conpound (Ib), a nitration reaction whic®lprovides the conpound (la) or
(I'f) fromthe conpound (le)], can be carried out by a conventional method
. [for exanple, a4wethod usilng 3 ni¥vark BFaient5 (<. D3 ixdd jaei 4 1gfe B
. sulfuric aC|d£§€ itric acid, nitric acid, nitric acid 10 and an organic
acid (e.g #lc aci d such as acetic acid), nitric acid salt and

sulfuric actd, @Y s wwBLsET275v> 2 v ERKONE
HRIEBWT. FE LB AFEE LTI, MRER (2) T3 h
5 343 FLAY. XIZZOS 3 FLAWEBME: CHRIN-B
EMBOEET. TiEX (la) TEIhBZ7 YTy v REES,

BERLT IHENEFONE,

x2 x4a (1a)
10
x3a
(R, X2 Bz boE. REECIVRBSATOTLEVT S
JEXNBIN-BRT7TI/VE, FEEXcIvBFHEIRTVTLIVE
FoFVIE, REECIVRBIATOVTOEIVALEF Y LA
15 ( REECIVRBINTVTHIVE FoF v FLE, 2112
£Vv7+ b EERL, XPRUXPRE-X i1 RE - T, ARE
FuTLAELVE, —boE, REBCIORFEILTVLTDEVE
FoxvILE, REEICIIBRBINATVTOIVWT I JEXIEN
—BR7I/VE, FBECIVFREINLTOTHOIVWALEF VL
20 HE. ABECIIFBEINTOVTCDODIVE FoFo 25+ L8, T4
B4 7+ BERT)
gt\Tyvzyzﬁawosbhﬁﬁumﬁﬁzﬁrm\La
A (la) KBVT,
(i) X2 = toBTssss. XPRUXPuR—XizR:
2 T KEEF. TLFLE, = oBTH 2,

G1) X2 AEBRI I VBRBSATVTHLVT I JEXEN
—BHT7 I /ETHLE, XX PRA-XRER-T. %
RERF. T+ LVE, GEBECIDRABILTOTHIVWT IH
XRIN-BB7I/ETH 5,



pentoxide etc.)]. Exanples of a preferred nitration process include [1] a
ni trati on W47 whi ch conpri ses contacting a substrate [trer/sespossad (I Db)
or the compound 15 (le)] with nitrogen oxide in the presence of a

catal yst system conprising an i mde comggund shown by the fornmula (2) or
the im de conpound (2) gnd a co-catal yst described bel ow, [2]

ani tratingprocessigh %ﬂﬁﬁgl‘i HI B YORANGrag kQAE Pre pigrpgen

conmpound sel ected from dini %ogen 0 oxl de and nitrogen nonoxide in the

absence of a Farabystd 2QdX 3], aXm i -eX i Bokss T doFHEF sEIL F

contacting nitrogen dioxide with the substrate. The cogound (I'b) includes,

for exanple, HAdafRIB&E Gk BiREX M WG kg Fam &I XYV BioEpSH(«. 9., an 25
Ly o 23" RS B MRS (L X CA AT

5 ThaEE. XPRUXPEE-XERT-T, KREF. TLF
NE, REBECIVREBINTVTLIVILEFYLETS 3,
(v)XZﬁﬁﬁ%u;b%ﬁénfwrsxthB#vx%
VETHEEE, X° | X! BE-XERL-T. AREF. 7
FUE. REECIVBBSNTVTHIVE FOS Y AFLRT

10 55, |

i) X2 st vyvrrrETesse s, X3, xt pE—xu
BU->T, KRRF TLFAVE AV YT FPETEHS)

B, MBART < /BEREOHEBIZBVWT, BILFEICIE
I REOBRILFE. A, HRP// o AREZAVWAIB{LAE. M

15 BELTanNVFEZRVIBREBRETE. £ HFELEEH
ALTb&V, g/, EFoFvEOH AR, BHic, No¥ v
BF (A, EXRFRE) 28AL. HREPHBREL O
BELABVWTHAKSBLT, EEc For v ILEEZH AT I HE
ZHREALTD DXV,

20 NE. EFoF VI BBEIUEERREEZFTEITY <y Y ERK
DS BEEER. BERET TSR, HEEEBERT A LHT
X3, BARE,. WWVEFYVBEFETHT Y07 o FRER, &
EMELAWEORBITIVELRZEHTHIENTE S, BWEMLE
MELTIR. A, Tre—70Mt, BIRT I/ BE2ET3{LE

25 % (Ia) P& (1d) &, ~Naf ERILKE EDODRIEDIHTH
ROEEENASY (FRIERE, BREERLE) ZRAVAILHNTE
%,

T, ENoFVINBBIUBEREEXETST 2 BRE
OS5 bEERELET LAY, AIAE, TI/EE2FTE3T7H<



1- et hyl adangit.an 1- propyl adamant ane, 1- - 32 - isopropyl adamant ane,
1- but yl adagﬁ%@ﬂg’j’? an adamant ane whi ch has one or nore nitr 8CEIBIRAH04
previously (e.g., 1l-nitroadamantane, 1, 3-dinitroadanantane), an adanant ane
havi ng -a carboxyl group (e.g., 1-carboxya@&mantane), an 5 adamant ane

 conpotnd (1), b AU Hha B @ B DI G el 0B o
 adammnt ane havFi arPLE JRIBBRIGPLR. Hoe 180 SRBR OB G ok SR
especial |y, an&aﬁia‘n'e%t% Wfﬁ%\ B, YO R EDIEHED LAY
R, REBREILOFEEINE VB, A9V ALKV B, 25
8 ARIKVBREEDTLNFNVANK /B, R RANB B, p—
PAZURAGVBREEDT Y ~VRLAVEREE) BEHKEEN
5o |

BE. BERBREORIGIZ. Ny FR, €3Iy FR, BHER
DVWTNOEATHITI LN TES, RIEKRTHR, RIGERYIX
10 | BRAOKHE. AAI., ME. BE. RE. M. Bir. B,
AL bS53 74 —REDHRMUMFERP. ChoxiarlddbE

EARFRICLD, BRAMEEUTE S,

EX EoF HY M4
15 AEPOHETIE, BIER (1) TRIhB3 79 o BBK&
PRMDT Y= s VEREEBVERARRUCRBIRE T, B XL
WETES, COEHSNTH2 o9 EBEKIE, IR0k
BEMEH B (BIAR, K7 745~ RBARTF. EL VX, koD
IT3hL, BFARI, AV L AREDREHME. BT S
20 ZABBZERMIE-T<1 /A BBUERY v - BEREEME.
HEMEMELE) ORBELLELTHERA TS, 2. SVEEE
UEETIEXE. BELBETIRHELTLERTH 3,
AEPATIE, BREME L L THRATHIFRU TS 905
BEERETEEZ, o, BEDA I FLAWTEE I W Rtk
25 BEAVAE, NEFRLABOZLST, ANOT <L I VB
BEEZPRIVBEIENTES, 35K, BRALEHTHI-TH
BT B REERVWELLRERUBIRRTEBIZENT
x3B,



a nmethyl group). By subjecting the conpound (Ib) to a nitration reaction,

t he conmpoW@9%%/88387 can be obtai ned. For instance, when adanaPtEIrs06904 he
conmpound (Ib) is subjected to the nitration, 1-nitroadamantane, 1,3- 15

di ni troadamant ane, 1, 3,5-trinitroadamangane. can be ob- tained. The conpound
(le) includes, for exanple, an adamantane having a hydroxyl group such as
1-adamant anol , 3-net hyl - 1- adamant anol , g3jp#4li net hyl - 1- adanmant anol , 20

1, 3- adamant anedi ol , 5-net hyl -1, 3- adamant anedi ol , 1, 3, 5- adamant anetri ol .

When t he.conpoudldF(ite) SEHE Mg Betad T ShBE & S 0F4R (x 8480 do & At hekFgnpound

(la) or (If) can be optained. For exanple, when 1-adamantanol of the
conpound (1 e)BA & SR B nk DT 2ARBEXBAIDIA THE WV, BH, kK
tonitro-3-adama g 2 A2 VW REEENEAS A 0w ky5 74—k
5§ XDBBLAE®R, WELL, TXRARI PVF—SicB133 Al

. TPhl iRy ZhZh, TEFLE, 7z = LEETT,

Ksd 1

1-F2FATIITHTY8Y (FARY y FRB) 102
JEN, N-EFoFsyr72043F (NHPI) 13Uz,
10 RXF+FYVou (III) 7FL7EMF—F (V (AA)D 3 ) 0.
0S5IVELN. R25m ]l DEEYE. BRFHEKT. X1iFR
TRE (BE. B THEALL. REBPOEENENR 707
PS5 74 —RHMICEOPERLEIA, R1IERTERIAER, NRT
1-T7E¥FANTI)~-3-TF¥=v5/)~V (t&¥h1) . 1—-7
15 ®FAT73I/-3, 5-7¥<rsoo4—i ({b&¥W2) . 1 -

TEFNTI)—4—-TF=2r%)> Uk&Hh3) 28,

]

&1
20 BE | R | K R (%)
() | () | (%) |fL&4ml |{t&W2 |((L&#3
75 6 89 | 64 16 8
60 20 92 66 19 4

95  ftAMl : 1—-TFRFAFI)—3—-T¥TL 9 )=
ib&W2 : 1 —-TFTFAVFPII—-3, 5T 94—
I3 : 1-FEFNTI)—4-TF%) v

SEHed 2



-1, 3- adamant an

| 1,3,5-tri ni&&ggz‘k?.garrant anol etc can be obtai ned. Mreover, when
&Y as a substrate is - 33 - subjected to PREARIY0%4 on

reaction, 1-nitro-3,5- adamantanediol, 1, 3-dinitro-5, 7-adanmant anedi ol etc
- can be obtai ned. When 1, 3, 5-adamantanetri®b as a substrate is subjected to
. the nitration reaction, 1-nitro-3,5,7- 5 adamantanetriol etc can be
. obtained. [Catal 58 ®op#i ¥i ngl < I M #Fe/lconNdIRI]T | n 1t Reyi & de cOnpo@iAl
- shown by the for5rula (2), a halogen atom as_the substituents Rlerr] and
Rierr] includeddogine®.br8ndme, I Shifosk RelrM2 15 mrl Hitivde? WiBLA WX
, grodp (2LO—BILREL. 0. 5LORKRELOBENR) #HALRE
HZy 7 ERIBB~EHL. 6 0CTORMAEIREL, 1 -HALH
5 FUTY= UL, B-VANKRFUT YT S %8BT,
CD1-HNEFVTYersyy 103YEA, NHPI 1
IVEN, V(AA), 0. 053YV%EL, BER25m | DRA
WE. BRBEK T, K2R T4EE (M. B8F) cHRLEe
CAHR2IEATERMAR, NRTC1-ALVEFV-3-75< %
10 7= ({tk&H1) \ 1 -ANEFY -3, 5-TFF¥2o99%*

- (UbEW2) . 1 —ANBFY—4-TF¥er%) Y (4LEY

3) 87,
*2

15
-3 B R | Exqb®R £ (%)
Qo)) (hr) (%) [ {t&ml ({kéBm2 |tawms3
75 1 6 4 44 8 3
75 2 78 59 12 4

20 75 5 90 6 4 19 4
75 8 94 52 29 5

el : 1-ANEEY -3 —FFevd)—N
tE¥2 : 1 —HNWEFV—-3, 5-F¥2%0V4—-10
9%  {LBWS:1l-ANKFY—A4—-THTLI )y

EE 3 | .
HHEA2TBONIK L —ANFF VTP %, Bridthiy
(p— PV ANEAVER) ODELET., BEBOTY ) - ERE



10 I ncl udes, for exanple, a straight chain or branched chain al kyl gr.oup
havi ng ab®V@ 9840837 10 car bon atons such as nethyl, ethyl, prrgryipesnomepr opyl,
butyl, isobutyl, sec-butyl, t-butyl, pentyl, hexyl, heptyl, octyl and decyl
group. Preferred exanples of an al kyl gggup include an al kyl group 15
havi ng about 1 to 6 carbon atons, in particular a |ower alkyl. group having
about 1 to 4 ﬁa&bgqalmﬁ,grwl,:giqyggmel ydgs,, £.q@ gt nstance, phenyl
group and napht hyl group. cycl oal kyl group 1 ncludes, Tor exanpl e,

cyclopentyl, cyclohexyln FaFdicpoloick ) Twdwnys 20, 1 0 3 Y #&ylal KO group

includes, for exanple, an al koxy group having about 1 to 10 carbon atons
such as net hoRyl ethcky) -ﬁa!Lo.pon,(As‘bgr pox@,. b0tsx3 1 resabyut BEER 2t5 mit oxy,

P s MR L B R R
5 BLAEEIA, RIKATRALE, NBTL1 - bFIHME=N
~3-TH¥TrH )= ({bAW1) . 1 - bF VALK -
3, 5=T7H¥= 5 oVF—N ({kEW2) . 1 - bFv—-4-
ANVE=ZNTI=r9) v (L& 3) 281,

10 %3
BE | BE | EeR B (%)
o) | @ | %) [{taml | fam2 [{awms
75 6 95 58 16 8

15 .15 3 86 68 6 T
60 6 6 3 48 6 4
60 20 92 54 16 7
75 15 99 27 43 5

20 el : 1 - bFVHINR=N-3-TF¥=>5)-)
itam2 : 1 - bFANFE=NV-3, 55—
T4 =)
a3 : 1 - I;FYANVRN—4-TFF=2r5) v

25  SEHifl4
Bfft+X75223 (560m1l) ZXKKIcBELT. BREL. #
ZRy 7 (1L) po—BAEEREZISRAIARBATSI LEEDK
SRRy (1L) DoBEEXTI7S5SRAIRIKBALL, 75X
MNP RBEOIETHERL. REBOIAENLBMT 5L L HiEN,



25 al kox&“grou having about 1 to 4 carbon atonms. An al koxycar bonyl
asiadig

. group incl exanpl e, an al koxycar bonyl group havi ng BEBAIP8100803 10
- carbon atons in - 34 - the al koxy noi ety such as met hoxycar bonyl
et hoxycar bonyl, propoxycarbonyl, isopropgxycarbonyl, butoxycarbonyl,

. i sobutoxycarbonyl, t-butoxycarbonyl, pentyl oxycarbonyl and hexyl oxycar bonyl

- group. A pref e0r eoEaEgRsy anb @i B ik M EE B0l #des 3R 2B K e 5t byy
group havi ng abodut 1 to 6 carbon atoms in the al koxy noiety, specifically a
. lower al koxycatfRIDNE e BLabdit]l 1 tSomt 1carHdh Mg & 5k &he: al #oxy
ey RER L DRI EE R,
BiSLAEBHM 1. 8g (N, O, RETO0. 024%L)
5 T¥=wry¥r 13IYyENLNHPI 0. 053I)®EN, kW
5miZBEL. #ELEHASEE100CT] ORMRGE
T 1-=bo7¥=r%. 1, 3—-P=bp7¥=r9 %8
<o _
COl-—=pPoT7¥<eryr 103N, NHPI 13
10 €A,V (AA) 4 0. 053 VEAENRR25m |l hicfids
~ BRZIBIAT. T5CT8RHMERL ., RIS OERYE A
A28 M54 -GFREDBXNLELISE, 1-=roT¥~<
VI OBRMAERTEHT. 1—-=bo—-3-T7F¥2r9 /- (K
48%) . 1—=bv~-3, 5-FT¥2rsVF- (WK1
15 9%) . 1—-=bto-3, 5, T-7¥2r% > bUt—-) (R
2%) BEBRLTW, g, ChOoDERWEBERANICXDR

[}

~fe
(D 1-=bv-3-7%<>r%/)—-N
nHEREEE
20 TRAARI PNVF—=% (75742 F)
07 :181. (07 :163 (0By) . (] ":11
7 (-NO, )
(2 1—-=pu-3, 5-7¥<vsI%F—-)
BRRBEE
25 RAARI PNVF—=9 (2374 1)
3" 2197, 07 2179 (-OH,) . [¥] T:13
3 (—N02 ) o
KhEH 5

EMNLTtEBOhl, 3-P=pbpT¥eryry 103Y=E



As an acyl group, there may be exenplified an acyl 10 group havi ng about
1 to 6 cawoes/4mans such as fornyl, acetyl, propionyl, butyogpossmbatyryl,

val eryl, isoval eryl and pival oyl group. The substituents R and R nay be
either the sane or different fromeach gther. In the fornmula (2), Rerr]
and 15 Rlerr] may bond together to forma double bond, or an aronatlc or

non-aromatic jjn ref err ed; ti ti hn b
to 12- nenbere(y‘r?ggﬁ\rlpnleparltlcdlagg?EZG\tPoFé manh'bregﬁm &9 char);('ng ybe

ahet erocycl i g8 2% 'l %@@&S@%ﬁ%ﬁ' i g8 5 IQoT @ﬁﬁaﬂ?ﬁ@& 7‘99&@

practically a hydrocarbon rin rings includes, for Instance,

non-aromati c Bl cyel i~ Sheg’ (j~eug7 Faecydt oamﬁﬁzm'mg el ,mag -ha;ie:a
substituent such as cycl ohexane ri ng, cl oal kene ring mhlch may have a
Ny S AL T N E B R B o ool
5 5, T—F¥=r9>oV4—0 (B2 4%) KERKRL TV,
(L1, 3—-Y=pu—-5-T¥=rr%/)—-N
Y BE&
TRARARI VVF—=% (5352 F)
" :226. 17 :208 (0B,) . [N T :186

10 2 (-No, ) . [¥] 1115 (-ENO, )
1, 3~yYy=bua-=5, T-F¥=r9,o*x—-
BB BEE

TARARTI PIWVF~5 (75527 R)

ot i242, 07 1224 (0By) . 0] 1T
15 8 (-N0O, ) . [K] 7131 (BN, ) &
ZHEH) 6

EERM2 ROl -HLEFVTFersY 103 VEL
~NHPI 139EA.V (AA), 0. 053YEL KR
25m] #RAL. BEFZHEK[AT., T5CT8RMEHEBLELLIS

200 1—-HALEFVT7IT I OERMAERBILABT. 1 -HLEFY
—3-T7¥=ry¥) - (RB28K%) . 1 -AIEXF¥—-3, 5
— T I TF - URBLB8H) . 1 —ANEFY—-3, 5
, T=T¥=vs A= (R 0%) BEEKL TV,
D) 1—-ANRFY~-3—-TF=v5 /-
25 H & E &
RRAARI PWF—=% (F5T72 VD)
ot :196. 7 2178 (0By) . N7 :18
3 (-COO0H)
(2 1—-ANEEY—3, 5=TF¥2rsrIxr—J0



substitue s cycl ohexene ring), a non-aromatic 25 bri dged
(cross- n%&“ﬁﬁ‘f’?ﬁ (e.g., a bridged hydrocarbon PCT/IP98/00904

ri ngwhi chnayhaveasubstltuent suchas 5-norbornenering), an aronatic ring
whi ch may have a substituent such as 6-835 - benzene ring, naphthal ene
ring. The ring practically conprise an aromatic ring. A preferred inide
conpound i ncl udesé@r@ﬁnds shown by the following fornulae (2a) to (2f),

Lerr] 1045 RRARYI PNVF—5 (75722 1H) .
0t 212, 07 0194 (08,0, (0714
9 (-CO0H) .
5 ST

KA 2 TEBoh]l, 3—-JANEFLVTI 2Py 103
yEl, NHP1 13J®il.V (AA), 0. 053VEL
EBR25m I 2BAL. BRTJTEKRT. 85 CT8HKEAMBRLL
LA L, B-UANEXVTIT I OELEBEEKT, 1

10 , 3—-YUANKEFY-—5-TF¥<vy /- (WEL52%) . 1,
3—VUANEFY—5, T-TFP¥=r5o04~ (K2 6%)

MERL TV,
(D1, 3—YAWEFY—5-— 75"7/9/-—1!/
g & &
15 RAARI P NVF =9 (73572 0)
" 228, 07 :210 (-08,) . [0 :186
5 (-COOH) . [M] ~ :119 (-HCOOH)
D 1, 3—-YANEFY-—-5, T-F¥<rooI9x4—-0
SR AR S
20 CARAARYI P WNF—5 (253 T7A V)
o]t :244, 7 2216 (06,) . (0] 7T:17
1 (-cooH) . [¥]) ~ :125 (-HCOOH) ,
EHEAM 8

T¥ervryry 103YyEN, NHPI 13 V=I, aN)I}

25 (II) 7£FAT7EbF—h (Co (AA) ,) 0. 053V%E

W ﬁ@ZSmlmﬁA%%\@igﬁﬁT\75?T6ﬁ@ﬁ#

LC. 1 —-78FNAFVT7¥e .1, 3—-PT7FILIF
YTy B, '

D1 -TRFAGFTFVTYTOIY 10

i

Ve, NHP I



wherein Rerr] to Rlerr] may be the sane or different fromeach other, .and
each may WeEp8&033t a hydrogen atom an al kyl group, a hydr ®CFIIPS/Eet an

al koxy group, a carboxyl group, an al koxycarbonyl group, an acyl group, a
nitro group, a1 2 20 .cyano group, apgam no group or a halogen atom and
Rlerr] , Rerr] Y and n have the sane neani ngs as defined above. In the

substituents Rgrfh exr | al kyl gor ogpsi nia @95@“? 05GHPE i M | ar
to those exenpllffle{jtél?éﬁ%he p(alr&a(}gr)a hs (g)g e?r] ?’;md Rl err zlﬁ partclﬁcul ar

an al kyl groug frakiZq EeRISHESOF . 1P 5°CT B REd¥e L Andalkdy Breup
i ncludes the same al koxy groups as nentioned above, in particular a |ower
al koxy group HaFihetdbsul ¥ worsd ceBBrltd#b8:9 KT L —TEFLAF ¥
—3-7¥2 s )= (RBITH)\ 1-TEFLFF—3
5 , 5—T¥ersrVF—-0 (WB25H) « 1 -TEFIAFY

—~8, 5, T-7¥<vdor0a—i (WK1 1%) BEKRLT

Wi,
(D 1-7EFNAFYy—~3-TF¥=r5)—-N
B E&
10 CTRANRZ PATF~4 (777‘)‘ k)
mlt 210, ] :151 (0Ac). [M] ~:138
3 (-08,)
2) 1-7FLEFFv—3, b—-TF¥<vyv A=
BEE&k
15 RRAARI MV NVF=4 (25542 b)
ml1* :226. (M1 :167 (-0Ac) . [¥] :14
9 (—OH2 ) o
EHEHM9
EZHEM 8 THB LN, 3—-PTEFAFTFVTS I 1
20 tyEN, NHPI 139YEN V(AA) 4 0. 053

ENAFER25m ]l hicHiAs,. BEFEHSKT. 8 5°CT 8 R
BLit:oA, 1, 3—VTEFANAXFVTH <7 OEAERI
3T 1, 3—VT7EFANAFRY—5-TF¥<Tr¥%/)-=N (X
60%) .1, 3—-ST7EFNAFVY—-5, T—TH¥r%0I%
25 —J ONE19%) TERL TV,

) 1, 3—-VT7EFALXFV-5-TIII /)N

B &

TRAARIMVF—% (25742 )

n]t 268, (M1~ :209 (-0Ac) . [M] T:19



©-.36 - alk ‘g@ gpyl group includes the sane al koxycarbonyl groups as
- mentioned above, especially, a |ower al koxycarbonyl group ha¥ M 1 to
4 carbon atons in the al koxy noiety. As an acyl group, there nay be 5
exenplified the sane acyl groups as nentifohed above, especially an acyl
~group having about 1 to 6 carbon.atons. As a hal ogen atom there may be
exenpl i fi ed flﬁoﬁﬂﬂﬁg dhhor (B and:blo3ihe(allBAc Yhe substituents Rierr] to
-~ Rlerr] may be practjcally a,hydrogen atom a |lower alkyl group having 10
ammjjo4c£&ﬁul T%%ﬁ%&#ﬁ%@ﬁamﬂz roup S & Harollen
~atom In the forng%gﬁﬁékg the synbol Y represents oxygen atom or hydroxyl
group, and nis u bout 1 to 3,

RRARI MPVF~% (725742 1)
5 ) * 284, 17 :225 (0Ac). [0 ":20
7 (0B, ) . (M) 7T:147 (-HOAe ) , |
EEALO
1-=-RAJANTIITY=r9y (PAHRY 9 FHS) 10
IYEN. NHPI 13U%A.V (AA), 0. 053V%
10 WM. FFR25mI%2RBAEL. BREBDEKT. 7T5CTREERL
1El B, 1 - RUVVANTIIT7H¥T 9 ORI 1 BT,
1-RYVANTI)—3~FF2v 5 -0 (NL53%) . 1
—RUYVANT )-8, 5-7FTvsoIt—a (K2 3%
)N 1 RVYVAANTIJ) -3, 5, T-T¥<9 2 YF4—i
15 (T %) NERL TV,
(1) 1-RUVAAPI)—3-FF<v 5 )=
BEBEEK
RARRI FAF—% (F574 2 1)
m* 271, w1 :253 (0H, ) . (4] " :13
20 3 (-NHCOPh)
2 1 - RUJANVFTI) -3, 5-FF¥erso94+—10
2.3 4=
RRAARI PWF—=% (75020 10)
m1 ' 287, w1 :269 (0B, ) . [H] T :14
25 9 (-NHCOPh),
EEM11
KBA2TEOSNIlI —ANEFOT Iy v %2, MG
(p=PIZZANAVER) DEET. BHEBO A Y ) — L &G
EE. 1A PFVHNNRZNT Yy 2B,

é



preferably 1 or 2. The im de conpound shown by the fornula 15 (2). can. be
used si ngl W40337conbi nati on of two or nore. An acid anhydiricad®prosoosos
corresponding to the imde conmpound shown by the formula (2) includes, for
exanpl e, a saturated or unsaturated alippatic polycarboxylic acid anhydride
such as succini ¢ anhydride, mal eic anhydride; 20 a saturated or

unsaturated non-megpmEH & Gy Lol e hopydie 9y d, ankydr kd alyr gyclic
pol y- carboxylic acid anhydride) such as tﬁrah%r{)phphg’:’ i‘caa:%f{gdr il\(kj 3

O O L ohosaner ot acar a1l a1 oA he 20 m,
cyclic pol yparbé?&é‘ﬁ %%gﬁﬁﬁtél chCCIE &)&ﬁﬁgﬁ)k‘yﬁ & Ca@xdrligge)
such as hetic Ay N ¥ L85 9= s » DELEO 5% T, 12 b+
5 ANEZN-3-TF¥=rs2)~0 (WNLBALAT%) . 1-APF
HVEZN=3, 5-FF¥2os oS4 =1L ORI 1%) 1 -
APFIYANKZN-3, B, T—-F¥=>% b4 — (RE
8 %) MERL TV,
D 1A PFVHNE=ZN-3-F¥=2r5) -
10 HeE&
TRARI MVF—=% (753522 0)
)" 212, 07 194 (0B,) . O 17

9 (-CHy > . [N] 77135 (-C00)
() 1=APFVHANR=ZN-3, 5—F¥2r9vIt—J
15 BB E &

RRAARI MPNVF—=2 (7552 p)

mit 228, W1 :210 (-0Hy ) . [H] T :109
5 (<CHy ) . [¥] 77:151 (-C00) 4
EiEH 1 2

20 K2 THBONI], 3-VALKELTITLILE, Bt
ik (p— PV Z2NAVR) OFET. BEBOAS ) L &
Riss®, 1, 3—SAPFVANENT Iy %81,

COD1l, 3=—PAPFVANE=ZNTY Yy 1030EML
~ NHP I 1i')+:-)b‘V(AA)3 0. 053V EN.2EER

25 25mlthicHidd, MRZJEKRT. 85CT8HMERLLLC
AB. 1, 3=TVAPMFYHANLRZNVT Y05 o OEILEI 2% T
s 1, B=IABMFYANFE=N-5-TF2T5 - (NE4
2%) N1, B=UAPFVANE=ZN-5, T-F¥eryo
AF = (NFE3 6%) HEREL T,



-. 37 - dnh

tide: an aromatic pol ycarboxylic acid anhydride such as

" phthalic a 93§$¢Eﬂ t et rabronopht hal i ¢ anhydri de, tetrachl or BEMIPAS/00204

anhydri de,

nitrophthalic anhydride, trinellitic anhydride,

. met hyl cycl ohexenetri carboxylic 5 anhyd78de, pyronellitic anhydride,

~mellitic anhydride, 1,8:4,5-naphthal enetetracarboxylic dianhydride. As a
- preferred i m dé1dodpouBd:- Pher b Sy 2pd sbat iloresl,— ow exanpl ¢, —am | m de
. conmpound derived froman aliphatic polycarboxylic acid anhydride (e.qg.,

10 hydroxysucci B B.BHE N hydr oxynal ei i de), an inide com pound derived

- froman alicyclic_pol ycarboxylig acid anhydride o an aromatic
pol ycar boxyl i c anﬁgaﬁf%tfe\?eisd}’?"9 (725722 H).

]

10

15

20

25

m* 272, w1 254 (-0h, > . [#] 7:23
9 (-CHy )« (41 777195 (-C00)
(D 1, 3—=YAPFVALE=ZNL—5, T—F¥ev s vt
-
SREACIERS
RRARNI PNVF—=% (25742 F)
% 288, 7 :270 (0B,) . [0 ":25
5 (-CH; ) . [¥] ~ :211 (-C00)
EHEM1 3
EXRTHK[T., KERA205ETCBONLl ~ AN EFY 3 —
T4 /)=)b 103IVYENEN, N—-PAFNERILTIF
(DMF) 10m 1 iz&#BL., #tF4=) 1539&4%30
APTTHTL. BTHART T AHEICERMNEKTALS5ICREBEL
foo ZESRABM L%, BEL. HBZ 1 0CUTIcBEEoD, U
AFNTIY 25IVTNE30H8MTTHTFTL. X512 286500
WML, ZOHER, 1-HNKF V-3 -F¥2r %) -LDk
LI 9%T. 1— (N, NeUAFLAMNEAL) —3—TF %
*Yy I~ (REY59%) NEKLTWVE,

hEEEK

2RARI MAVF-4% 1t 223
IR (cal) :3360. 1650+ 700,
EHEA 1 4

BERFHEKT. KM 4obEcBohiktl -~ bo—-3—F7%
vy /= 10IVENRUOMIZFATIY 123I9YFN
“DMF1O0mlEBL, Hk7EeF 113I9EL%2407C
T30RITTHTULE, 5. 40CT3IBH#RLEL, 20

N-



N- hydr oxyhexahydr opht hal i m de, N, N - di hydroxycycl ohexanet et racar boxi m de,

N- hydr oxywolds/40337ht hal i mi de, N hydroxyt et rabr onopht hal i i d®CTNP98/00904

hydr oxyt et rachl oropht hal i m de, N hydroxyhetim de, N hydroxyhi m m de,

N-hydroxytrimellitimde, N N- dihydroxypyronellitimde, NN -

di hydr oxynapht hal enet et racar boxi m de). A typically 20 preferable i mi de

conmpound i nc n_ th Qx 1] ngl d cycH ¢
%u%m; de ey 1A gy oy R0 96 o | C 1l

pol ycar boxyl F¢ partlc rly froman aronmati c pol ycarboxylic
anhydride, sueh, gs uww@mwmﬁwmﬂ&%@ﬂm%ﬂﬂ@ﬁ%hﬁ&ﬁh@%md
by a con- 25 ventlonal i mdation reaction, for exanple, by reating a

correspondi ner gefg, anhydride with hydroxylan1ne NH err]OH to ring-open an
aci d anhydride group followed by ring-closing

= ik
5 TRARY FAF—F mt:210
IR (ca™}) :1720. 1570, 1340,
SEiEH 1 5

dF=r2UL—=Tic. Efifll 40 FETEB O]l - T EFIF
$y—3—=proTF¥ersy 103IVEL, 5%PA—C (&
10 Bienl. Pd&LT10EL%) . FERImIRTAS /) -V
10m! 2HAZ, 302 tmOAESHEAT. 80°CT25HM#
wlLi, TOHR, 1-TEFAIFFY-3-—=pbnTI¥IVIY
DENRIOET. 1~ TEFIFFVY—-3-TI)TF=5Y
(LT 0%) HFEBKL TV,
15 BB BIRA
TRARY PIVF—4 M} :2089
IR (cal) :3310.1650. 1620,
EHEH 16
{1 —TFEFLAFY—3—=ruT7Fery  itRAT. KEH
0 A0FETBohkl-=tu-3-TF¥<ry/-NERVEH
Az, ZHH 15 LABOBREETY. 1-—=bp-3-7F=<>
4 ) —LOE{LRO9N T, 1 -7/ —3-TFF=rs /N
(XL 5%) #81,
B R BEE
25 TAARY NIVF—F (X1 1167
IR (o} :3370. 3340, 1620, 1360
ERTHEST. LROFETBOOL1-TI/ -3 -T5<>
y)—) 103VELRFMVIZFALTIY 243UELED
MF10mliclL, #Hi7EFL 223IYENE40TCT,

+4

+

9



- .38 - ahd imdating. A catalyst conprising an i mde conmpound shown by the
~formul a (2)wr%8ﬂ19§37Mi chever of a honbgeneous system or a hetRCTARAOGHIE
system Mbreover, the catalyst may be 5 a solid catal yst conprising a
~catal ytic conmponent sup- ported on a supppbt or carrier, as well. As the
support, use can be practically nade of a porous support such as activated

- carbon, zeolite (43 Hed T Tdasalud iy, 4eQtOre (36 RSHE H Lafsupp g
-amount of the catalytic 10 conponent in the solid catal yst, the anmount of
" the imde compeudd—sHoin/by 3he T & mulad(2)—ik REREIR010t% T phrt+F &
FATI) —-3-TEFAFTFOT7F2r Y (NES0%) MR
BRLTWwi,
5 HRBRE
RTRARARI PAF—% [¥] :2581
IR (cn}) :3300. 1680, 1620
. LEODRBIEBVWT, 1-73I/)-3~-T¥<r%/)—)
CRAT. 1, 8—-F¥= v VA -NVERVWTRBOBRELRFT
10 -»h&lA 1, 3=TFFRY90I9F—-NOWELIIKT, 1
, 3-EX(TRFAAFY) 75 (NEIEH) HEBS

+

ni, |
mERAE
TRRARY MAVF—4% m 't 252
15 IR (2™ :1630. 1210, 1020,
iR 1 7

SRBEST M2 0HFETHONL L ~HLEF v — 3 —
T8 )—-N 103VEL%:2DMF10m!liciERL., Hik
FA= 153IVELE30DDBTHTL. BFHRKTT5E

20 IEBEABEETILSCREB L, 2BMAMLE, BEL, b
JDxFNT7Iry 203V EMA. WBZ10CETcR&L-
D AF =N 113YEALE30DDHTHTL. S5 28
L. TOEBR. 1 - ANVEF V-3 -TF=29%)-1L0D
AL IOUT. 1A NFYANE=N—-3-TFF<ry /-0

25 (IMHO 5%) HERL TV,

Bk
TRARY PLF=4 mt 210
IR (cal) :3350. 1730, 1130

l—=pa-3-7¥2%)-NcRAT. LBOFETES

VI

14



by wei ght, preferably about 0.5 to 30 parts by weight and nore preferaply
about 1 two84gs3rts by weight relative to 100 parts by wei pot/ypds/dodd
support. 15 [ Nitrogen oxide] A nitrogen oxide enployed in the nitration
reaction is shown by the fornmula (3) rlderr], wherein n denotes an
integer of 1 or 2 and mdenotes an integer of 1 to 6. In the nitrogen oxide

3 and when e b kA R M e Tf 1Y e e BN ER A, T

Tde. th ud! O |
?)é:tfogeneziie‘g%lmj %ﬁgﬁﬁrrl, ﬁi Zj% &%rr], gr?]v,t-}ﬁ[gquf]e%iér}h-. The

ni trogen oXige=cpn-I@® enpkoxed §ingh-yl @ &Lt FOGOSPETQN 125- 7 of Fotor
nore. A preferred nitrogen oxide includes, for instance,

FU-—3-APFVANR=ZATITS Y (RS 0%) HER

5 LTWwik,
476 5 A
TZRARZ FAF-5 T 1252
IR (e0™)) :1660.1620. 1240,
P 1 8

10 ERBBE T KBLT7NVI=vLYVFTIL 15IVELNET
FSEFO75y (THF) 15ml cBBEE, XBEHVWTHK
B%10CEUTIREBLDD, KA 20HETRGNIL -A VK
FU—3-TFT¥T /=N 103UELED-{DEHEMLL
o ERICEL%, 1 6BMBM L, ZOHKR. 1 -ALVEFFY

15 —3-7¥=<%/)—-VOEMARIIXT, 1-EFaFsAFi
—3-F¥<evy ) - (NI 5%) Bk,

BHeaE&
TRARARY PLVF—% (M} :182
IR (ea'}) :3370.1380. 1120

20 1—=ru—8-T7F¥2r ) —-NVERAT, LEEOFETEDS
Ni-l—EbFoFYRFN-3—-TF2ry/7—-VZERVWEUAR
BN 1 4 CRABOBREET LA, 1-EFDFYAFN-
3—-TF7¥2v 5 ) —NVOBRLEEIORT. 1 -TEFIFF¥-3
—EFOaFvAFNMTYersY (RS O%) BERLTWVWE,

+

% B
vxZRy PAF-5 WY 224
IR (ca?) :3310, 1640, 1230,
EiEHl 19

1—=pbo—-83—-7F¥2rd)—NLVERAT. EHWHA20FET



? [1] a ni'trQgé Lde formed by a reaction of at |east one - 39 -
. nitrogen o%%’g‘é{ygct ed fromdinitrogen oxide (N err]O and RET/IRA$HA04

- nonoxide (NO with oxygen, specifically Nerr]Qerr], or a nitrogen oxide

- containing N203 as a main conponent, or T2Z] nitrogen dioxide (NJerr]) or a
. nitrogen oxide containing 5 NOJ err] as a nmain conmponent. Nerr](Qerr] may
- be easily obt #&ded hy la— Habt:Reh S0t~ 26 Tt @r MO v+ W &xibev: DIl sr e,

~ the nitration can be carried out by introducing N err]O and/or NO and

~ oxygen into t % dad: 2Rl BBERIE & Thoulz &ofnbrg Nredt Hlofedr ¥ pravirdddy. 10
 Vhichever of e 29I BT 0 ES L P EENT ko — 3 —maH
FUTF Ty (NRE0%) BEFGL TV,

5 % B 3 4K
TRARY MVF—% (4] ° : 238
IR (s : 3000, 1640, 1600
ERFHSKT., LfoHETBONLEL -T2 FAAF -3 -
ANVEFY Ty 103VELEDMF10mlicEfEL
10  CHIEBRKRON, N —HANRILI58Y-) 15300
BB mLlL, ERTIKA#BRLAR, D2FLTIY 1
SIVEIRUIYTYEY 70007y 153VELEREML
o 100CiKin#L., SKHBEHLL. ZOHER. 1 -TEFI
AFV—3—-HWNWVEKFIUTH2 7 DREBEOKT, 1 -7t
15 FAFFY—-3— (N, N=IJAFIVANRELIL) T H
(REBT 0%) BERLTW,

+

BEBEE

<2ZRR7MAF—% W' 265

IR (ca™® :1670. 1620, 1220,
20 © SEHEAI20

EETHEHKT. 1, 3—7%¥=r9035F+F—-0 103 VEILR
BEYYY 123YEL4DMF10m!l ML, B2 T, &
BT BIEAFFLALEZL 113IVELEETF LA, RMH
ME-hEIATKBZHBL. RBHPWNE-EIAT,. 60°C

%5 ch#L., 1BMBRLE, 208, 1, 3-T¥vv s ot
—VDEEIIUT, 1A P+ AHNE=AAFY—3 T
2 )= (WHERB85%) BERL T,
Mok
TRRARY P T =4 mt .226

14

-
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gas (e.g., carbon dioxide, nitrogen, heliumor argon gas) nmay be used as
oxygen. AWOPM403¥e enpl oyed as an oxygen source. |n the abaox/Iragesseeven if
the reaction is conducted in the absence of the catal yst, the correspondi ng
15 nitro conpound can be obtained in fggh yield. Mreover, also in the
case where a substrate isl contacted with nitrogen dioxide, a nitro conpound
can be produced i 00&k VAl d, o v t t WSt cat sh. The anount of the
i m de conpound shlgv?;l gf/hth): 'ZOBVBfQ(;r@JnTJIg ?rz? %yqb? ?epe"ct ed within a w de
range, for inssagf 2mMthin a range of about 0.001 nole (0.1 nole¥% to 1
nole (100 nol e%, preferably about 0.001 nole (0.1 nole% to 0.5 nole (50
mol e%), nore pEEFREREHSK Thoul,0.91 ToAURB/BIe Farative 10013 bIe /b a

substrate. It may be 25 prgcticall}g sel ect ed vvithi%a range .of about 0.01
to 0.25 vy Yy 243VENMEDMF10mlicEfgLl. T £

5 BT HBIEAMFYALR=N 223V FNVEHTFLE, BB
BE-R i ATKEAMEL, REMANE-1LIBT, 60T
L., 1REERLEL 2OEER. 1, 3-T7¥<57V%
— LRI IUT,. 1, 3—EX (A MFVANF LA FY
Y Ty (REBIY 0%) HEKRLTHW,

~

10 476 15 M
TRAARY bVF =% m* 284
IR (o)) :1620. 1340, 1170,
KHEf 2 2

ZEREHEI[T. 1, 3—-7¥=2rvsoI94-) 103 VEIMR
15 UEYYY1#EDMF10mliciERL. #BTF. AFLAV Y
PH+—bF 103 VENERTULE. BRBHXBE - ETATKSE
BB L. BRMANET-ETAT,. 6 0°CicMBL. 1RHER
Lo ZOHR. 1, 3— 7509004 —-NVOBEIEELIIGHT
NI (N—AFLANSREANAFY) -3 -TF29 )=

20 (KR8 5%) MNEMRL TWi,

YR Bk

TARRARY FAF—4 mt:225
IR (crl) :3300. 1660, 1270,
EEs 2 3

05 ERTEKT. 1, 3-TH¥TUIUIF—L 103IVELR
CrYPY1%EEDMF10mliciERL. BT AFLIVY Y
FH+—=hr 203 UVENEHETFTLEL, RBNBE-12EIATKE
B L., BBAENE-HEIAT. 60CiIcma L., 1RKREER
L, #D&ER. 1, 3—-7F2r4 09— L1OGAEIIAET



mol e rel’ati nol e of a substrate. The im de conpound (2) ma
constitute‘gggéalga U st - 40 - systemin conbination with aPS'SUBé[QQP%t of

~an oxidation catal yst descrjbed below. The species and the anount of the
co-catal yst may be selected within the s@&® ranges as those of a

- co-catal yst described _bel ow. 5 . The amunt of the nitrogen oxide
can be sel ect od hctok & myA T Ml kS el o Inikt 0 grodip- i stluc#d/thelet o,

30 ot e, Tand | $HBS A IREAEARL Ca e relative to 1 mole of &
substrate. oY A
TRANRY MIVF—-% - (4] :282
5 IR (o) :1670. 1260, 1140,

EHER 2 4 .

1, 3—79 290942 —NVicRAT. EBERNALDHETES
Nil—=b0—-3-F¥2r9)—-NVEBVIUAIEEMN2 0
LEIHMOBEEZFTV,. 1-=b -3 -TF¥2r9 ) —-LDKE

10 99T, 1A PMFYANFINAFI -3 —=buTFd¥ery
v (REIJ0%) 2817,

+

Mo B e A

TRRARYT MAF—4 mt.2ss

IR (ca}) :1620. 1560, 1340, 1170
15  E##25 -

1, 3—792 90PN RAT, EHRASOFETES
Nzl —-HANEFY-3—-FF2r5 ) —=NERAVEDAIIERER
20LEBOBELZITV. 1 —-HILEKFY -3 -TFF<r%)—-0
DEAEIINBT, 1—-ANLVEFVY-3 A bFVvHALEZLLTF

20 Y75y (NEIO0K) 2B,

BB

2ZXRAR7bAF—% M)t 1254

IR (o)) :3030.1670.1620. 1430,
EiEH 2 6

25 1, 374289 —NiERAT, ER1 1055 TH
Sl A PFYANKZN-3-TFF<T5)—NEBVWi
AIIEBH2 0 LERDBELEITHY. 1 - A rFYANK=N-3
— 725 ) - VOEIEELIOIBTL - A b+ ANFE=N-3
— A PFVANFENAFF T 5y (REBY90%) 28k,



10 The nitration reaction is usually conducted in an organic.

sol vent i WO98/4033T he reaction. As the organic sol vent, therreCTmesHEs04

nmenti oned, for exanple, an organic acid (e.g., a carboxylic acid such as
form c acid, acetic acid, propionic-acigly a hydroxycarboxylic acid such as
15 oxalic acid, citric acid, tartaric acid; a sulfonic acid such as -
nmet hanesul foni c %ﬁ@ hanesul fonic acid; and an aryl sulfonic acid such as
benzenesul f oni ¢ ) %t tol uenesul fonic acid), a nitrile (e.qg.,

acetonitrile, prephoRiirsylp, Lkeuzenitrilfg), *an, grgdg (e.g., formam de, 20
acet am de, dinethylftor marIi de, dinethyl acetam de), an al cohol (e.g.,

t-butanol, t-anyll R o@wl), arl @ 5pbalit By2bcalbdnd(6..9.1 Dekdhg,

octane), an aromatic hydrocarbon (e.g., benzene), a hal ogenated hydrocarbon
(e.qg., chlorof EMAHRCH or omret hane, di chl or oet hane,

5 1-TEFATIITHIVIVRRAT. 1-T¥<vy)—
LERVEDAGEEN L CRBEORE (BL. RKISEET 5T,
BOCHM 6 B/ 2TV, 1 -T2 9/ —ILOKR{EKIIRT
1, 3=T7H¥=rEr - (R 0K%) 2/,

BEEk
10 TAART PNF—% ¥l ° :168
IR (cn)) :3850, 1370, 1110
l1-=ta=-3-7¥2r9/-VicRAT, LEOGTETRS
Nizl, 3—FF¥2o oI —NERAVEDIAREERAL 4LE
BROBELETV. 1, 3-T7¥ oIt —LOR{ELKIIRT

15  1-7€FLAFy-3-7¥<r5 /- (ALY LK) TKH

7o
MmBHEE
TRAARY P AVTF—% M] ° 210
IR (cn'l) :3850.1720,1120

20 1, 83-7¥<2r4 94 -NVicRAT, LEBOFETCRGh
1—T7EFLAFY—3-—TF2Tr5 ) —VERBVEENIRER
20 LFIBOBEETV. 1L-TEFAAXFY-3-TF¥<>5
—VOBE{RIONT, 1-TEFATFIY—3-APF VALK
SAAFVTHTr sy (REY 0%) /I

+4

+

25 B B
TRAARY FLF—4 m?t:268
IR (cn™l) :1670. 1630, 1440, 1240,
L 2 8

EETELST. Hk7EFIL 11I3VELRUEMNIZFAT S



: car bo&gég#{ @ﬁhl ori de, chlorobenzene), a nitro conpound (e.g
. n| t robenze et hane, nitroet hane), an ester (e.g., a WW?@“P%at ic

. carboxylic acid-Clerr]al kyl ester - 41 - such as et hyI acetate, butyl
acetate, ethyl propionate; a carboxylic 8%l ester such as phenyl acetate,

. phenyl propionate; a (Jerr]Jaromatic carboxylic acid-Cerr]al kyl- ester),

- methyl benzoat & dilnBt RyU PhiRaIREEF 2rmel Reid%2 L ( ey Nkt (e 585,

di oxane, tetrahydrofuran and m xtures

_ diethyl ether, d||so ro et her
" of these sol vefi{ l@ip%y'@ﬁ‘qan& lea Fyi ndde D a8 ®he ol vedy, dn0
- organic acid (%%%ﬁ,&aﬁwj Cld s)uc.h l&s :itcet IOC"Ca% g)OﬁgiJ\H‘CﬁT
' Ls T5i. 40CT3RHMHBLE, ZOHR. 1-73/-3
5 —T¥rI /- NOBEMALIIRT, 1-TEFLT7I) -3 -
T2y ) - (RLY5%) »@ohk, |
nHRBRE
RRAANZ N VF—% (] : 209
IR (ea?) :83350, 1670 690
10 1, 3=7%=r4 09— NVicRAT. LEBOHETEShE
1—7€FNTI)-3-TF¥=r9 /)= ERBVIELAIEER
20 LRMOREETV. 1 -TLFATI/)-3-TF¥<r%)
—VOEIERIIBT, 1 —-TEFANTI/) -3 -2 bFIHNFE
ZIVEFITYeIy (B 0%) 281,
15 sEEEk

+

TRARI MAF—4 m?t.267
IR (cnl) :3300. 1650 1620. 1240,
KM 2 9

1, 3—=7%=2>29 034 -VIRRAT, M1 8D K& THE

20 ol —-bFoOF I AFN-3 -T2 ) —LVERVWELHA

EREF 2 0 LRMOBIELITWV, 1-EFOF I AFN-3 -7

<5 ) —LVDEAERIINRT, 1 - FoF s AFL-3 -2
MFEYANVNENAFVTYryy (REIOK) 281,

B @ bk
25 wRRRIFALF-% ' 240
IR (cn'!) : 3300, 1650, 1440. 1240,
EHH 3 0

1, 3—7¥2 /99— NVERAT, Pl 30HETE
Szl — (N, N=UAFAAALNRELIN) —3—-TFF2r4%)



nitrile (e.g., benzonitrile), a hal ogenated hydrocarbon 10 (e.g., i

di chl or oet\WMQ#84033The use of the catal yst conprising the in per/smspomesd
allows the nitration reaction to proceed snoothly even under conparatively
mld or noderate conditions. The reacti®®ga tenperature may be sel ect ed,
according to the 15 species of the im de conpound or the substrate, for

i nstance, wi thiJbZf wngelof (2580650 2 0 2Tl BhDREMER £ erabll y—algau; 3p to
125[err]C, nore preferably about 30 to 100[err]C. The nitration reaction

can be carried But Faik AdhsSiE Hrlkdsor 8 (aF BT pieh o r @fkeR D19 Mder a
Ceaction in tBe Heattth dNep Lohgwd P14k Doboact Gt daberor e
produces the ﬁgg&p@d/ 9997]:50;].‘} he&%od%)( 'é’%%fé"ﬁ‘ oxi dation reaction
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whi ch IéaQ;d%géwﬁgnpound (Ic) or the conpound (1d) to the 25 '38¥ ound

(la)], an OXi

n process of the substrate [the conpound

conmpound (lc) or the conpound (1d)] by oxygen in the presence of an

oxi dation catal yst conprising

formula (2)

- 42 -88he imde conpound shown by the
may be used. Wen the conpound (Ib) is subjected to the

oxi dati on red6E & Y T oxl datT daFpiodedsivy dxydem Tudl Tyt Hevi HiAie—

conmpound (2)
oxi dati on of

1, 3- adanmant anedi

1- car boxy- 3-
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20

25

MuaQILAE BB @ sSapound (1 b) provi des 1- adamant anbl

TRARY NLF =% m* 2286
IR (o) :3320. 1620, 1320, 1140,
EHEH 3 3 '

ERTHEHAT. KEM3I 205&ETCR®/sN1l, 3, 5-T¥=
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adamant anol and so forth. The conpound (Ic) includes, for exanple,.1- 10

ni t r oadaneMPA#A0337 . nj t r o- 3- et hyl adamant ane, 1-nitro- PCT/JP98/00904

3, 5-di net hyl adamant ane, 1, 3-di ni troadamant ane, 1, 3- ‘

di ni tro-5-net hyl adamant ane, 1, 3, 5-trini 8oadanant ane. Wen the oxidation -
process wi th oxygen using the oxidation catalyst conprising the i mde :
conmpound i s apphifed ;o3 hebls 7 #Foageund, (N ¥) 4 -anld fiantaBefdddziEmve i n
which X of the co ound is a nitro group [the cogpound having a nitro
group (la)] can()b?e é’f‘fi%’mvdi é\cénta b d 1T Roxd&nent dhe of

the conmpound (Ic)_ wi ho the res he i nd shown
by then})ormﬂ’g '(‘)2 D 45% 09| ?\1 :hrlf r"o a’&e(iﬂdérro}% 1*n|/troéj3 5
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o of 1,3-dini ntane with oxygen provides 1, 3- dinitro-5-adanmantanol,
-1, 3-di nitro‘&éf}%g%znant anediol 25 and so on. The conpound @PECAPPPERONtIes,
. for instance, 1- ami noadamantane, 1-ami no-3-nethyl adamantane, 1-anino- -
. 43 - 3,5-di et hyl adamant ane, .1, 3- di an no&8&@amant ane, -1, 3- _

. di am no- 5- net hyl adamant ane, 1, 3, 5-tri am noadamant ane. \Wen the oxi dation
. process with oxylhen dist T wei #ti dedcbrmp i £ EnpISEdE Al B o Fhdpauad

. (1d), an adamaptane 5 derivative in which X[err] of the conpound (la) is
- anino group [tRdlWsnbourks havng &R afithe’ & Yud TikE Ban 7okl EW
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For exanpl e, when 1-am noadanantane of the conmpound (Id) is subjected to

t he oxi daWQ@9B/4MB¥cess by oxygen, 1- am no-3-adamantanol, PCT/IP98/00904

1- am no- 3, 5- adamant anedi ol , 1- 10 am no- 3, 5, 7-adamant anetri ol and the

| i ke can be obtained. Mreover, oxidatigg of 1,3-diam noadamantane by
oxygen provi des 1, 3-di am no-5-adanmant anol, 1, 3-di am no-5, 7- adanant anedi ol
and so on. xi % 'mp4011 1,3,5- triam noadanmant ane provides 1,3, 5-triam no-
7- adamant anol and so on. [Oxidation catalyst] An oxidation catalyst

may conprise t gt @ gexconbormd (3 Gerein) iZvkdk 0@ Loy adﬁ@ﬂs off t he
nitration reaction, and may conprise the i mde conpound and a
co-cat al yst. Zh& scé* chllaLys thvihet BREEZITR % 7 o 7 SURIE FUAIT a3 2: 8: bic
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. magnesi um

a corrpou’ndvg@g@‘r“i} Ing a Goup 2A elenent of the Periodic Table (e.g.,
% strontium barium), a transition netal cBFBIBIPG 2

. conpound conprising a Goup 25 3B el ement of the Periodic Table (e.qg.,
boron B, alum niumAl'). The co-catal yst Bdy be enployed singly or in

i conbination of two or nore. - 44 - As an elenment of the transition

metal, there n‘&ﬁ'l@lb\rr@ntq obAdA X cf i Bt arﬂ:ﬁ S5aid capl ZAFEER & 5t mol e
' camarium s GERAs B G B L OB (L R & o0 ok n) B SR Auch
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4A el enent (e.g., titaniumTi, zirconium Zr, hafniumHf), a Goup 5A .

el enent ( &W@98/4033thadi um V, ni obium Nb, tantalum Ta), a G owmCTirRIgbmoENt
(e.g., chromum Cr, nolybdenum Mo, tungsten W, a Goup 7A elenent (e.g.,
manganese Mi, 10 technetium Tc, rheni Re), -a G oup 8 elenent (e.g.,

i ron Fe, ruthem um Ru, osm um Gs, cobalt Co, rhodiumRh, iridiumlr, nickel

Ni , palladiu at ghum PL)y e 4680 1B elenepy (& 9 7 £0PPSIy ,__S|Iver
Ag, gold Au) nd a@G' o%p el)ﬂement o?p.hg Per?gdl C 'T)abl_g (e.o. %nc Zn,

cadm um 15 ,Ldx 8 f %@fmeggbgmpmynﬁqst ituting the co-catal yst i ncl udes

an elenment of the transition netal (e.g., a Goup 3A el enent such as a
| ant hanoi d el eSEEF| 4. 5., Ce, and an actinoid el enment; a G oup 4A el enent
such as Ti, Zr; a G oup 20 5A el ement such as V, Nb; a G oup 6A el enent
such as Cr, T¥er¥y¥r 103VEI, NHPI 13V=EJ, Co (A
o A)_2 0. 0053 VEIKRUER2 5m102§%i§l:\ —®R1L
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M, W a Goup 7A elenent such as Mh, Tc, Re; a Goup 8 ele s Fe,
' Ru, Co, Rh,“??\ﬁ?“oaﬁﬁ a Goup 1B elenent of the Periodic Tabl ?@f{{%‘%"&)
and Goup 3B elenents of the Periodic Table such as B. The oxidation nunber
of 25 the netal elenent constituting th® co-catalyst is not specifically

052 e o Bl s, i ot SR (-
Cobal 1 compoutiis & vi BALh T Shanbe® LHBLr) : @ bom pouldr st Eng'a
trival ent Gog_p..,'SAngm;nI/ 9fjt—h9b%?§f:°

(1)1, 3, 5—hPUALKRFYTII /T~

5 B B E
TRARIZ VWVF=%9 (75T A H)
) * 268, 07 1223 (Co, B . [ 7:1
78(4%u)\[ﬂ’”‘133(4%u)
(D 1, 38, 5-FYUAARFY-T-TF¥v ) -
10 B & E ik

TRARNY PAF—4 (I3 742 P)
) * 284, 07 2266 (00,0 . [ :22

1 (-Co, B) . [K] TTT176 (Lo, B) L [H) 1381
(—co2 1)) ’



5 Periodic Table (e.g., a vanadi um conpound), a conpound conprising a .
trival ent MO BH43BA el enent of the Periodic Table (e.g., a weiripskgsvsy
conmpound) and the like. The co-catalyst may be a sinple substance or
hydroxi de of a nmetal. The co-catalyst 8« practically be 10 an oxide of a
nmetal (a double oxide or an oxygen acid or a salt thereof), an organic acid
salt, an inorganic acid salt, a hal iffek®#&Bg contai ning the elenent, a
coordi nate conpound (a conplex), a polyacid (in particular, a

het er opol yacid or an isopolyacid) or its salt, each 15 contalnlng t he

2 bar on hydr oxi 03 -(o. g FERRKEhCE BB 3 3t Voblor Bk RSk e,

decaborane); a boric acid (e. '%K’ ort hobori ¢ aci d, netaborlc aC|d
tetraboric acid); a

5
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x3
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borateé &3 ni ckel borate, magnesi um borate, nmanganese borate); a
boron oxi d¥YQIR4D33T B203; a nitrogen-containi ng boron conpouffel/dRA8/004

* borazane, borazene, borazine, boron anm de, boron inmde; a halide such as

- BF[err], BC1[err] tetra- fluoroborate; @i ester of boric acid (e.g.

met hyl borate aa*fhenyl bor at e A preferred boron conpourd i ncl udes
. boron hydri des G&ﬁ) KRR Frd Talle &t 4 BHEEIE Wuch as ort hoboric aci d

R fer] it B ek BB Ca L 4 I
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MO, Mferr]Jerr], Mjferr](err], MJerr], M[err]Jerr], FeQ . .

Fe[ err] Oyed b8/a035c[err]Jerr], RuJerr], RudJerr], 5 Co O, PAIsIBO8/PO9P4
Co[err](err], Rherr], Rh[err]Jerr], Cu[err](err] and so forth. As
exanpl es of the doubl e oxide or oxyge gm d salt, there nay be nentioned
MAl [err](err], Nthqerr] LatherI% err]Nh[err]qerr] CaO xWnd err]

=0.5, 1, 2, 3 ngt h 3vhA4,
(B)e<13 [MhO err] ] rr] aﬁg?em) Suc a?%grr@]ﬁ%\oi‘%c ﬁé\la
Na Mh t ch¥ay KMy W
Li [I\/ﬁa]err]q%%%?mgg}% #3@} ngrgplla GeASGE/Eq jrar Caq/mcqiherggeqrrer]
B)2]. As

Zn(MQ err] u ?r&ﬁm@@ﬁMmurMKMWWﬁﬁﬂM Td(
the organic aC| salts, there may be exenplified salts fba C[e); fatty
| t

acid such ag QDpBaphf —abendls, AR }ﬁngg‘rf%e%éét"a?w 4

pe-gprofrat e,
manganese propi onate, cobalt naphthena

st ear at €§ nmghnesetslleﬁr-a»t)b'?madggmsgZm%gﬁﬁk‘ewpm i}%gétrr‘r/e ggg: ;g
salts of Ce. lﬁnb:$/—Wwf—»t$/§‘E&E%ﬁbfhf%;
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- Fe, Ru, Ni, Pd, Cu and Zn. As the inorganic acid salt, there 20 may be
ment i oned, WOPMIBY ance, nitrates such as cobalt nitrate, ir&&TAPPSG004

~ manganese nitrate, nickel nitrate, copper nitrate; and sulfates, phosphates

and car bonates each corresponding to thegegnitrates (e. g., cobalt sulfate,

“iron sul fate, manganese sul fate, cobalt phosphate, iron 25 phosphat e,

manganese phospiil X, iiad + @k Facbgrit.e £ Bl dn iR @& amate Tis dob t

© perchlorate). As the halides, there may be nentioned, for instance,

chlorides sucha® ¥ vV&L .- GEEE 5 &) B8R M [T\ Y[ S ke of I
FeQerr] RuG SR RS RIGOES X NG (R F NGRS &
Pddlerr], POy s rgemL. xPruxPum—xXrRn -7, A%R
5 F.TAFIE, —boE, RERECIXORBIATVTLIVE
FodvlZ, REECLVRBIATVTLEVT I JEXEN
—BHRT7I/VE, REECIVDREBINTVTHIVALEF VI
2, RHEECIOVRBINRTOVTOEVE FaF Y AFLE, T
BAVYTPFH b EEZTRT)
10 TREXNBTY<VyIVERKRL, BREZEWRIEET S5
vEBEORER B
4. HMIRER () THEINEAI FAWicsLT. R &
URzﬁﬁwt%éLf\E&%%ﬁbrmrﬁxuyaﬁTwﬁ
vE. BRESAHLTVWTHIWY I o7y VB, BREEZEL
15 TVWTHXVWEHIIRNRIEKRR, BREZALTVWTHIWVWFESE
EREEERT IR REIEROYUES &,
5. BilER () TEREXN3/3I FEAUHNTRER (22) ~
(2f) TEINZ(ILAYMTHE2HRAIERMORNES B

0 0 R o
Rix__C RIn_-C c
20 N \ R \
Nz=:Y | == ¥ N==Y
o’ / RS c/ n
R? i . R? ﬁ I
o o RS o)
(2a) (2b) : (2¢)
R3 0 R3 9 . R3 9
c R c R c
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RS o RE 0 R6 0
(2d) (2e) (2f)
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CuCll, Cud[err]; or fluorides, brom des or iodides each corresponding to
t hese chl WOM&833x7e. g., MhF[err], MBr[err], MF[err], 5 PeFjeosdosos
FeF[err], FeBr[err], FeBr[err], Fel[err], CuBr, CuBr[err]); a conplex
hal i de such as Merr]MdC [err], Merr]|daC[err], Merr]WC[err],
Merr]MdC [err], wherein Merr] represents a nonoval ent netal. The |igand

constituting theFaorplexl Bnc! wdbsa ¥ @ Eexamplles $H (DI oFo)u e ZHiAsoxy
group such as net hoxy, 10 et hoxy, propoxy, butoxy; an acyl group such as
acetyl, proplotitl \arfkwm\b@nyll- rg%up/sﬁ'chﬁs ﬁétﬂqokﬁarbdnyﬁ' v
(acetato), ethoxycarponyly acetyl acetonato __ycl 0 di enyl group; a
hal ogen at onffstrd A eh riveR o & 3% atom Herr]O

E??g(rji/l pﬁoggﬁlsﬁ gﬂih%gﬁgj @ i%%%éﬁ'l S&*}L%@% ggﬂ <t BiRidg
compound gsuch 35, g (AEme)y N, Mw%w Vi ML 3§ ND LT RG)-
FUNFYEFOIILBRAIFLN, N =JEFoFvvop
ANFYFPIFANEBAIF N-EFOFII75 L1403 F
\N-tFaFvyFbS570E79 IV BRAIF, N-EFoxvF
P57007 VB4 FL N-EFOF YNy PRRA I F, N-

100 EFoFINSLIv2BBAIF. N-EFoFI MY AYy bERA
IFVN, NN =Yt FoxyFortly b@BAIFBLXUN, N
* I FaFyFrIIVYTFISALECRAI PSR I EHS
SGBIRINTDBL EL—EOLEMTHIBFRAEAIEROVUES
o

15 T. ER{LARIEANS, RIEER (2) THEINhhB1 I Fltawme.
i & THRINTVWAERE I CHWOMES &,

8. BHBMARE2 AR, EFEEITR, AYE3 B
ExRhroBrBroBRIN DA Eb—FoxRESUIE
MTHLFERETEROMESL &,

20 9. BhpRiEA. AEAEX 3 AKITE, 4 AKxRKR, 5 AKTR
, BARTR, TAEXR BEKXIH 1BELTKILGLEIZIEHIDL
BRI DB ED— Eﬁmi%ﬁUﬂA%T$6%*ﬁ7¥ﬂ
DB H o

10. Tk (la)

25

(1a)
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di et hyl énef.ri ani pyridi ne, phenanthroline. In the conpl exes or conplek
salts, thewéa%zgogfr different ligands 20 may be coor di nat edPGYIRPSPOWE | n

conbi nation of two or nore. The ligand is practically, for exanple, OH an
al koxy group, an acyl group, an al koxycéBonyl group, acetylacetonato, a
{ri pheny! phospREbgta oX B Ros 1 B oURHRIEAE 1) FBE SHBotia Trblbsn ko 61
L) Lo b ST ks 5 B S AP TR B T
conpl ex may by g-AeehYkacqkepR i SRR AT L b kL E Ko+ v K
REECIORBINOTOVTHLIVALRFVILE, REEICX
5 DRFINTOLTDBIVEFoFYAFIE, B4V VT L
EE2RL. XPRUXPrE—XRE - T KREF. TAEL
. 2 boE, REECIVRFINTVWTDIVE FOoF Y ILE
N REBELXVRBINTOTHIVTIJEXRN-BHT I/
. REBCIORBINTVTHIVANLRFVIAE, REBEC
10 XOBRBINTVWTHIVEFOFYAFUNE, FBIVITH
FEERT)
TRINETY~< vy vBEEEE, TERALTIR (D, = FofL
T8 (1) BLXUEANFEFIIVEIR (i) 053508 EH 1
SOTRICHL. DR LB FuoF Y IVEEFTLITY oY
15 BEKERETIHHE.

(i) FEX (D
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20 RN "
0
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BT, PU¥LE, 7Y—E, YI707LENE, E Foxvl
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acetyl acetonato conplex of Ce, Sm Ti, Zr, V, C, M, M, Fe, Ru, -Co, -N,
Cu or Zn, wo vsMeg37acet yl acet onato conplex Ti OQ(AA)[err], PCT/IP98/00904

zi rconyl acetyl acetonato conplex ZrQ(AA)[err], va- 5 nadyl acet yl acet onat o
conplex VO AA)[err]], a cyano.conplex Be& g., hexacyanomanganate(l),
hexacyanoferrate(ll)], a carbonyl conpl ex or a cycl opent adi en I corrpl ex

[e.g., tricarb i):y‘pligpgmigyllenyﬂﬂw)gm&ﬂ I()E: L:cp@@dnpa

di I bi I t adi I F

F;FQIII'?E‘:%;”‘FEEE](@m‘s%%%c&fi%%é%%% e%%keér{h@

Fe(NO[err], Fe(COJ[err err] a_ thioc ato corrplex[eg

t hi ocyanat ocﬁbm'tF‘ 1 a-ﬁebé-'-' ti&yanato iron], or an acetyl
I bal t t at

acorate, g ?coﬁﬁ(fwﬁéeiéﬁg%ﬁréﬁﬁfh s S ctaban S

Ti Q(OAc) [ err] l@%&%%&ﬁ%ﬁ:[gum o{tIRE. Bk U

(11c) BILERIXS5=PotTE
(iii) #ER () TRIN B/ I FLayTHRI LMK
BET. —BILREBLIUBREX3AVEF Y IVEIR
11, 2>z, = hofbIR (i) BXTEALEFVILLEIE
10 (iii) 056D Eb—F0IRBOH®R, RIGEKWERTTE
ehtlL, 7IJEBLXCEFuF Y AFLEDOS BDEL Eb—4h
@E%E&éﬁé%*ﬁlO%ﬂmﬁﬁﬁﬁo

* c L M ) *



The polyacid is practically at |east one nenljer sBEELAEHD FHFnE@rgoup 38
el ements or G oup 6A elenents of the Periodic[]angﬁﬂﬁquagm V‘(m@&@gacw

.................

acid), M (nolybdic 20 acid) or W(tungstid QﬁgﬁwgtypHﬁ LﬁYL”pﬁﬁgg@ggQi
There is no particular linmit as to the eenuaﬁqj@mm@pd _,'Ldg; 1

- any of
for instance, Be, B, Al, Si, Ge, Sn, Ti, Zr, |R.alNrad: A%nmfbﬁyﬁifia_gf?éTm
C, M, W 'S Se, Te, M, |, Fe, Co, N, Rh, . lr, Pt “or Cu’”" BT
illustrative exanples 25 of the hehESORDPPEONI, there may be nentioned
cobal t rol ybdi ¢ acid, cobalttungstic acid, nolybdenuntungstic acid,

manganesenol ybdi ¢ aci d, - 49 -

ADAMANTANE DERIVATIVES

AND PROCESS FOR PRODUCING THEM

TECHNICAL FIELD
This invention relates to a novel adamantane
derivative, which has.a hydroxyl group tbgether with
a nitro group, an amino group, an acyloxy group, a
10 carboxyl group, a hydroxymethyl group or the like, and

to a process for producing the same.

BACKGROUND ART
The adamantane has a three-dimensionally
15 symmetric structure and skeletons which insure mutual
stabilization of each ring, and, as a result, endowed with
distinctive functions. Various copolymers each having
enhanced or improved functions or characteristics can be
obtained by introducing a hydroxyl group into an adamantane
20 and, if necessary, inducing them into an acrylic acid
derivative or a carbonate. There have been proposed
variousproductionprocessesforobtainingsudhcopolymers
from a functional group_(e.g., a hydroxyl group, an amino
group, a carboxyl group) -introduced adamantane. The
25 processes include, for example, a'process'of producing a
polyester [e.g., Japanese Patent Application Laid-open No.

21090/1975 (JP-A-50-21090)], a process of producing a




manganeset ungsti ¢ aci d, manganesenvol ybdenunt ungsti c aci d,
vanadonol ybdophosphori c aci d, manganesevanadi ummol ybdi ¢ aci d, and
manganesevanadonol ybdophosphori ¢ aci d, vanadi unmol ybdi ¢ aci d,
vanadi untungstic acid, silicono- 5 | ybd c acid, silicotungstic acid,
phosphonol ybdi ¢ aci d, phosphosungstic acid, phosphovanadonol ybdic acid, and
phosphovanadot ungsti ¢ acid. Anong the co-catal ysts nenti oned above, the use
of a dival ent polycarbematedal. geonfosind®atend. No a 3di5o, &7 11,08 prasiesds
conpound, a dival ent nanganese conpound) or a conpound contai ni ng an
el enent sel ect £eir prodiugiodoypolxaplisiecor g polyimide [&.)g. .aUBolintBmtel enent
(e.g., V), a Goup 6A elenent (e.g., C, M), a Goup 7A elenent (e.g., M)
and a Goup 8 NPen2n32e332]. d)pocese Foripkpduaing aa IPPlywrgthnns
oxidation activity and provi des an adanant ane
[e.g., Japanese Patent Publication No. 12891/1969 (JP-
5 B-44-12891)], a process for producing a polysulfone and
a polysulfonate [e.g., U.S. Patent No. 3,753,950], and a
process for producing a vinyl polymer [e.g., Japanese
Patent Publication No. 28419/1971 (JP-B-46-28419)].
Generally, these polymers provided from an
10 adamantane derivative haye excellent functions or
characteristics (high functionality) such as, for
example, small light-inducing loss, high refractive
index, double refraction index and other optical
characteristics, and moisture resistance, excellent
15 heat resistance, coefficient of thermal expansion and
other characteristics. Such excellent characteris-
tics cannot be achieved by using conventional polymers.
Accordingly, they have been investigated applications
of said polymer for optical fibers, optical elements,
20 optical lenses, hologram, optical discs, contact
lenses and other optical materials, transparent resin
coaiing compositions for organic glasses, electric
conductive polymers, photosensitive materials,
fluorescent materials and so forth.
25 Moreover, an amino derivative derived from an

alcohol of an adamantane is useful for introducing

various pharmaceuticals and/or agricultural chemi-



havi ng a hydroxyl group with high conversion and selectivity. Specifically,
the use of a conpound containing a Goup 5A elenent (e.g., V) as a
co-catalyst insures efficient oxidation of plural positions of a 20
substrate (e.g., a bridgehead position -or3 a connecting position of
adamant ane) and provi des an adamant ane havi ng plural hydroxyl groups
i ntroduced thereto. Mreover, the use of a conpound containing one el enent
sel ected from aaBGsoepchthelvdmnexicelflenfipharpacdliogicdd @t DAL eyenent
(e.g., C, M) and a Goup 7A element (e.g., M) of the Periodic Table
I nhibits deactandtismbilibedc&bal prodispiang fa chlenapdwetiai agentnforrnd)
even under ’
Parkinson's disease such as "SYMMETREL" (a trade
name) .
5 Thus, an adamantane having a functional group such
as a hydroxyl group is applied to various uses.
As a process for producing an alcohol of the
adamantane, there have been proposed process, such as
a process for hydrolyzing a bromide of adamantane
10 [Japanese Patent Applica;ion Laid-open No.
196744/1990 (JP-A-2-196744)], a process for oxidizing
an adamantane using chromic acid [Japanese Patent
Publication No. 16621/1967 (JP-B-42-16621)]1, a
process for oxidizing a fused adamantane with oxygen
15 using a cobalt salt as a catalyst [Japanese Patent
Publication No. 2679271967 (JP-B-42-26792)], a bi-
ological process [J. Chem. Soc., Chem. Comm., 1833
(1996)]1. However, introduction of a hydroxyl group
(specifically, a plurality of hydroxyl groups) to
20 adamantane by using these processes is difficult.
Japanese Patent Application Laid-open No.
38909/1996 (JP-A-8-38909) proposes a process for
oxidizing a substrate with oxygen by using an imide
compound as a catalyst. By applying the above
25 oxidation process to the oxidation of a substrate such

as adamantane, an adamantanol is obtained.

It is, therefore, an object of the present



- 50 - severe conditions. Therefore, the substrate can be oxi- dized by
oxygen with commercial |l y advant ageous efficiency. The oxidation catal yst
conprising the imde conpound shown by the forrmula (2) or the imde
conmpound 5 and the co-catal yst may be #hi-chever of a honbgeneous system
or a heterogeneous system The catalyst may be a solid catal yst conprising
a catal ytic conponent supported on a support or carrier, as well. As the
support or caritreentiaos tarpievidda abvidleadangitdnedaestigpativei andhe 10
par agraphs of the nitration reaction. |In the solid catalyst, the supported
anount of the & nPHecesspdarl prodneingr rhllea §@peas t he catal yst conponent
may be selected within the sane range as the supported anmount of the imde
compound in the solidIdatid pothermbieet oA tﬁe paegent invention

to provide an adamantane derivative having at least
5 one hydroxyl group and at least one functional group
selected from.é nitro group, an amino group, an
acylamino group, a carboxyl group, hydroxymethyl group
and other groups, and a process for producing the same.
A further object of the invention is to provide
10 a process for producing the_ above mentioned adaméntane
derivative effectively with high transformation rate
or conversion and selectivity even under mild or

moderate conditions.

15 DISCLOSURE OF INVENTION
The present inventors did intensive
investigation to accomplish the above objects, and as
aresult, found that oxidation of a specific adamantane
derivative with oxygen by using an oxidation catalyst
20 comprising a specific imide compound or the imide
compound and a co-catalyst provides a novel adamantane
derivative efficiently.
Thus, a novel adamantane &erivative of the
present invention is shown by the following formula

25 (1):



15 graphs of the nitration reaction. The supported anount of the
co-catalyst is about 0.1 to 30 parts by weight, preferably about 0.5 to 25
parts by weight, and nore preferably about 1 to 20 parts by weight,
relative to 100 parts by weight of the support. 20 [ Oxygen] The oxygen
utilized in the oxidation reaction may be whichever of pure oxygen or
oxygen diluted with an inert gas (e.g., carbon dioxide, nitrogen, heliumor
argon gas). Mreover, air my be enpl gyed as an oxygen source. 25

The anmount of the |mde conmpound sho by the formula (2) may be sel ected
fromthe ranges exenplified in the % aphs of the nitration reaction as

to the anount

5 wherein X1 represents a hydroxyl group which may
be protected by a protective group, x? represents a nitro
group, an amino group or N-substituted amino group which
may be protected by a protective group, a hydroxyl group
which may be protected by a protective group, a carboxyl

10 group which may be protected by a protective group, a
hydroxymethyl group which may be protected by a protective
group, or an lisocyanato group:

(i) when X° is a nitro group, X3 and X4 may be the
same or different from each other and each may represent

15 a hydrogen atom, an alkyl group, a nitro group, a hydroxyl
group which may be protected 'by a protective group, an amino
group or N-substituted amino grouo which may be protected
by a orotective group, a carboxyl group which may be
protected by a proteotive group, a h_ydrox_ymethyl group

20 which may be protected by a protective group, Or an
isocyanato group, excluding the case where X3 and X4 are
both hydrogen atoms when X1 is hydroxyl group;

(ii) when Xz_ is an amino group or N-substituted
amino group which may be protected by a protective group,

25 'X and X may be the same or different from each other and
each may represent _a hydrogen atom, an alkyl group, an amino

group or N-substituted amino group which may be protected



- 51 - of the imde conmpound. The anount of the co-catal yst nay be sel ected
within a wide range such as about 0.0001 nole (0.01 nole% to 0.7 nole (70
nol e%y, preferably about 0.0001 to 0.5 nole, 5 nore preferably about
©0.001 to 0.3 nole, and practically abow ®.0005 to 0.1 nole (e.g., 0.005 to
0.1 nole) relative to 1 nole of the substrate. The ratio of the co-catalyst
to the i mde conmpound shown by the fornula (2) nay be selected within a
range 10 not by na epfeteciive tdraue, redgrdmoxryhtgronp sdlisdt imay \be f or
exanpl e, of about 0.001 to 10 nole, preferably about 0.005 to 5 nole, nore
pref erabl y aboprotegiied doB anmmnteiti venygimims & tdagdidsy latgneup) whilicho 5
nole (particularly 0.001
may be protected by a protective group, a hydroxymethyl
group which may be protected by a protective group, or an
5 isocyanato group, excluding the case where X3 and X4 are
both hydrogen atoms or alkyl groups when X1 is hydroxyl
group:;
(iii) when x2 is a hydroxyl group which may be
protected by a protective group, X3 and X4 may be the same
10 or different from each other and each may represent a
hydrogen atom, an alkyl group, a hydroxyl group which may
be protected by a protective group, a carboxyl group which
'may be protected by a protective group, a hydroxymethyl
group which may be protected by a protective group, or an
15 isocyanato group, excluding the case where X3 and X4 are
both hydrogen atoms or alkyl groups when x1 is hydroxyl
group or a saturated aliphatic acyloxy group and X2 is
hydroxyl group or a saturated aliphatic acyloxy group and
excluding the case where x> and X4 is a combination of
20 hydregen atom and a carboxyl group which may be protected
by a protective group when Xl and X2 are both hydroxyl
groﬁps;
(iv) when X* is a carboxyl group which may be
protected by a protective group, X3 aﬁd X4 may be the same
25 or different from each other and each may represent a

hydrogen atom, an alkyl group, a carboxyl group which may'

be protected by a protective group, a hydroxymethyl group



to 1 nole) of the co-catalyst, relative to 1 nole of the 15 i m de
conpound. Activity of the imde conpound sonetines deteriorates as the
anount of the co-catal yst increases. Therefore, in order to naintain the
hi gh activity of the oxidation catalyst system the ratio of the
co-catal yst 20 Is preferably in a range of an effective anpunt and about
0.1 nole (e.g., about 0.001 to 0.1 nole, preferably about 0.005 to 0.08

nol e, nore pref @habhymapove Préieteel. By BOpebteetaveverbapl 6Bl anof the
i m de conmpound. The anmount of oxygen nay be sel ected according to 25 t he

speci es of the dsbsyanato gnOupleex6DGQiAGYLREECAsS Mhordaxaanid x8. sravl e
or nore (e.g., 1 nole or nore), preferably about 1 to 100 nole, nore
preferably abouboZht hy8fogeheatoms or alkyl groups or a combination of
a hydrogen atom and an alkyl group when x' is a hydroxyl
5 group or a.saturated aliphatic acyloxy group:
(v) when X2 is a hydroxymethyl group which may be
protected by a protective group, X3 and x‘ may be the same
or different from each other and each may represent a
hydrogen atom, an alkyl group, a hydroxymethyl grouﬁ which
10 may be protected by a protegtive group, or an isocyanato
group, excluding the case where, X3 and X4 are both hydrogen
atoms when X1 is hydroxyl group;
(vi) when x? is an isocyanato group, x3 and X4 may
be the same or different from each other and each may
15 represent a hydrogen atom, an alkyl group or an isocyanato
group, excluding the case where, X3 arid X4 are both hydrogen
atoms when X:l is hydroxyl group.
The adamantane derivative can be obtained, in

the presence of an oxidation catalyst comprising an

20 imide compound shown by the following formula (2):

0
o ] )
<R C,
kY N=Y @
25 wherein R1 and R2 may be the same or different from

each other and each may represent a hydrogen atom, a halogen

atom, an alkyl group, an aryl group, a cycloalkyl group,



- 52 - relative to 1 nole of the substrate. Excess anount of oxygen
relative to a substrate nay practically be enployed. Specifically, the
reaction under an atnosphere containing nol ecul ar oxygen such as air or
oxygen is advantageous. 5 The- o&i€ation reaction may be conducted
in an organic solvent inert to the reaction. As the organic solvent, use
can be nmade of the organic solvents exenplified in the paragraphs of the

nitration react hgdrBxgliegredp pr 8AnaTkoxy Verdwp ) e lcabonyjairows, dm (e. g.,
carboxylic 10 airds such as acetic acid), nitriles (e.qg. benzozpi trile)
and the |like. hikbRgcprbongl grvep)ien,an hecyiigiouiponoreRttamd R° may
bond together to form a double bond or an aromatic or
non-aromaticring; Y represents an oxygen atom or a hydroxyl
5 group; and n denotes an integer of 1 to 3;

by contacting an adamantane derivative shown by the

following formula (la):

X x4 (1a)
10 ¥ '
wherein X2 represents a nitro group, an amino group
or N-substituted amino group which may be protected by a
protective group, a hydroxyl group which may be protected
by a protective group, a carboxyl group which may be
15 protected by a protective group, a hydroxymethyl group
which may be protected by a protective group, or an
isocyanato group; X3a and X'm may be the same or different
from each other and each may represent a hydrogen atom,
an alkyl group, a nitro group, a hydroxyl group which may
20 be protected by a protective group, an amino group or
N-shbstitut_ed amino group which may be protected by a
profective group, a carboxyl group wliich,may be protected
bjr a protective group, a hydroxymethyl group which may be
protected by a pr_otective group, or an isocyanato group;
25 with oxygen.
- The present invention also includes a process for

producing an adamantane deriv_ative having at least a



w th oxygen can be snoothly conducted even under conparatively mld or
noderate conditions. The reaction 15 tenperature may be sel ected,
according to species of the imde conpound or the substrate, within a range
of about 0 to 300[err]C, preferably aboute10 to 250[err]C (e.g., 10 to
200[err]C), nore preferably about 10 to 150[err]C, and practically about 10
to 100[err]C (e.g., 10 to 80[err]C). The reaction can be 20 conduct ed at
anbi ent pr essuhgdtekyDsghetp Cwitl € SEbmRpr DEe s NEIeH § ScPLRS Bl addmiifame | 0ad) .

[ Reduction reaction] In the reaction step schene (1), the reduction

reaction whi chdpridatteet sitownnpputie (£6)16wing Hoamela 261a) havi ng an ami no
group by reducing the conpound (lIc) or (le) having a nitro group, can be '

conducted by a conventional proces as the catal ytic hydrogenation
rocess usin
> ? X2 Xt (1a)
5

wherein X2 represents a nitro group, a hydroxyl
group which may be protected by a protective group, an ax_nino
group or N-substituted amino group which may be protected
by a protective group, a hydroxyl group which may be
10 protected by a protective Qroup, a carboxyl group which
may be protected by a protective group, a hydroxymethyl
group which may be protected by a protective group, or an
isocyanato group; xe and x*@ may be the same or different
from each other and each may represent a hydrogen atom,
15 an alkyl group, a nitro group, a hydroxyl group which may
be protected bj a protective group, an amino group or
N-éubstituted amino group which may_be_protected by a
protective group, a carboxyl group which may be protected
by a protective group, a hydroxymethyl group which may be
20' protected by a proﬁective group, or aﬁ isocyanato group:
to at least one stép selected from the following oxidation
stel; (1), nitration step (ii) and carbbxylation step (iii):
(i) an oxidation stép by oxygen in the presence
of a catalyst comprising an imide.comppund shown by the
25 formula (2)
(ii) at least one nitration step of the following

(iia), (iib) and (iic):



- 53 - hydrogen as a reducing agent and a reduction process using a
hydr ogenati on reducing agent. In the catal ytic hydrogenation, a sinple
substance of a nmetal such as platinum palladium nickel, cobalt, 5 i ron
and copper, a conpound contai ni ng such-mdQal- el enents (e.g., platinum
oxi de, pall adi um bl ack, palladium carbon and copper chromte) or the |ike
may be used as a catalyst. The anmount of the catalyst is practically about
0.02 to 1 nole rel ative (idia) anitrdtionsgbeprey e nFuragen oxideain the
catal ytic hydrogenation, the reaction tenperature may be, for exanple,
about -20 to 1DBefercp®f & gatadysiitcompunleing @y jwjde compound shown
by the formula (2);
(iib) a nitration step by oxygen and at least one
5 nitrogen oxide selected £from dinitrogen oxide and nitrogen
monoxide, and oxygen; and
(iic) a nitration step by nitrogen dioxide

(iii) a carboxylation step by carbon monoxide and

oxygen in the presence of a catalyst comprising an imide
10 compound shown by the formqla (2).

The catalyst may comprise an imide compound shown
by the formula (2) and a co-catalyst (e.g., a compound
containing a transition metal element).

Incidentally, in the present specification,

15 the term “protective group” is used in a wide sense
and includes a group derived from a free functional
group. The protective group incapable of being
eliminated may be employed.

Further, the term "functional group” may be used

20 as a general term, simply referring to a nitro group, an
amino group or N-substituted amino group which may be
prdfected by a protective group, a hydroxyl group which
may be protected by a protective groﬁp, a carboxyl group
which may be protected by a protective group, a

25 hydroxymethyl group which may be préﬁected by a protective
group, or an isccyanato group. An.amino group or N-

substituted amino group which may be protected by a



A hydrogen pressure is practically about 1 to 100 atm(e.g., about 1 to 50
atm. In the reduction process using a hydrogenation 15 reduci ng agent,
as the hydrogenation reducing agent to be used, there may be nentioned, for

exanpl e, al um ni um hydri de, I|th|un1alunﬂﬂlun1hydr|de l'ithium
trial koxyal um ni um hydri de, sodlun1boron hydri de, dibo- rane,
bi s- 3- et hyl - 2- but yl borane, anetal (e.g., zinc, tin, 20 iron) acid, a

sul fi de and hyE?%E?‘h‘éi"eT%%O‘mdﬁl%Yﬁgﬁ WWQSHQQF@M%MtWQ educi ng
agent may be conducted also in the presence of a Lewis acid such as

al umi ni um chl o¥¥@@Panhydri de and boron trifluoride. The anount of the

hydr ogenati on reducing agent is practically about 1 nole 25 or nore
(e.g., about 1 to 10 nole) relative to 1 nole of a substrate. In the

reduct i on process usi n% t he
ST MODE FOR CARRYING OUT THE INVENTION

5 [Adamantane derivative]
In the adamantane derivative shown by the formula
(1), as a protective group for hydroxyl group and hy-
droxymethyl group (a moiety corresponding to the hydroxyl
group of the hydroxymethyl group) there may be mentioned,
10 for instance, t-butyl group, a cycloalkyl group (e.g.,
cyclohexyl group), an aryl group (e.g., 2,4-dinitrophenyl
group), an aralkyl group (e.g., benzyl group, 2,6-
dichlorobenzyl group, 3-bromobenzyl group, 2-nitrobenzyl
group, 4-dimethylcarbamoylbenzyl group, a benzyl group
15 which may have a substituent such as triphenylmethyl group) ,
tetrahydropyranyl group, a non-polymerizable acyl group.
[e.g. . & saturated aliphatic acyl group (e.g., a saturated
C,.¢aliphatic acyl group such as aCefyl group, propionyl
group, isopropionyl group, butyryl groﬁp, isobutyryl group,
20 valeryl group, isovaleryl group, pyvaloyl group,
prefferably a saturated C,_j,aliphatic acyl group), an
aromatic acyl group (e.g., a C,;_j;jaromatic acyl group such
as benzoyl group, p-phenylbenzoyl, pﬁthaloyl, naphtoyl),
an alicyclic acyl group'(a cycloalkyl-carbonyl group: such
25 as cycléhexylcarbo’nyl) 1. én alkoxycarbonyl group such as
a C;_galkoxy-carbonyl group (e.g., methoxycarbonyl group,

ethoxycarbonyl group, propyloxycarbonyl group,



hydr ogenati on reduci ng agent, the reaction tenperature is - 54 -
practically about 0 to 200 [err]C (e.g., about 0 to 170 [err]C).
Incidentally, the reduction reaction (the cata- |ytic hydrogenation process
and the reaction by the process using thédzhydrogenation reduci ng agent) may
be carried out 5 In the presence of a solvent inert to the reduction
reaction (e.g., an al cohol such as nethanol; a solvent exenplified in the
par agr aphs of tBepnPpyickyrarbenyiogrovpechiagbutyhexysgrbenytigrowp. et her,
an ester and an am de). Moreover, when the reduction reaction is conducted
by the 10 catabytpEYRaabeBEhagronp pi ogdBsalatkyhexycarkonylt GHemp-

(e.g., benzyloxycarbonyl group, methoxybenzyloxycarbonyl
group), a carbamoyl group which may have a substituent such
5 as a C;_galkyl group, a C4_j4aryl group (e.g., carbamoyl
group, methylcarbamoyl group, ethylcarbamoyl group,
phenyl carbamoyl group), a dialkylphosphynotioyl group
(e.g., dimethylphosphynotioyl group), a
diarylphosphynotioyl group (e.g., diophenylphosphyno-
10 tioyl group). A preferred protective group of hydroxyl
group or hydrqumethyl group includes, for instance, a
non-polymeric acyl group (specifically, a saturated C,_
galiphatic acyl group etc., more specifically, a saturated
C,.saliphatic acyl group etc. ), a C;_galkoxy-carbonyl group,
15 a carbamoyl group which may have a substituent.

A protective group for amino group includes, for
example, protective groups same as the exemplified
protective groups for hydroxyl group, such as t-butyl group,
an aralkyl group, a non-polymerizable acyl group [e.g.,

20 a saturated aliphatic acyl group (e.g., a saturated C,_
¢dliphatic acyl group, in particular a saturated C,_
4aliphatic acyl group), an aromatic aéyl group {(e.g., a
C,.13aromatic acyl group), an alicyciic acyl groupl, an
alkoxy carbonyl group (e.g., a C;.g alkoxy-carbonyl group),

25 an aralkyloxy carbonyl group, a dialkylphoéphinotioyl
group, a diarylphosphinotioyl group. A preferred

protective group of amino group includes, for example, a



chloric acid may be added to the reaction systemin order to inprove the
catalytic activity. Reduction of the conpound (Ic) provides the conpound
(1d), for exanple, reduction of 1-nitroadanmantane 15 of the conpound (Ic)
provi des 1-am noadamantane. The conpound X3f) corresponds to a conpound in
which X[err] of the conmpound (la) is nitro group. Reduction of the conpound
(1f) provides a conpound in which X is amno group. For exanple, reduction
of 1-nitro-3, 5NA2Gpolyerdzablediacylogrohp ¢engound gatpraptedi dgs 1-ami no-
3, 5-adamant anedi ol , and reduction of 1-nitro-3- adamantanol provides
1- ami no- 3- adanwRilipbhtiscacydi ggoup {eepspialiry, od sabsrated, Chydr oxyl
group [e.g., hydrqxgl group of the conpound (Ia), ghe 25 conpound (le) or
t he conpound (l4BLEpPhRydcoRGYheghQUP Y oapCy_jaromatic acyl group], an

' alkoxy carbonyl group (especially, a C,_¢ alkoxy-carbonyl

5 group).

Examples of an N-substituted amino group include
amono- or di-C;_galkylamino group such as methylamino group,
ethylamino group, propylamino group, dimethylamino group,
diethylamino group (preferably, a mono- or di-C,.

10 salkylamino group).

A protective group for a carboxyl group includes,
for instance, an alkoxy group (e.g., a C;-102lkoxy group
such as methoxy, ethoxy, propoxy, isopropoxy, butoxy,
isobutoxy, s-butoxy, t-butoxy and hexyloxy group;

15 preferably a C;_galkoxy group, especially a C;_jalkoxy
group), a cycloalkyloxy group {e.g., cyclohexyloxy group),
an aryloxy group (e.g., phenoxy group), an aralkyloxy group
(e.g., benzyloxy group, diphenylmethyloxy group), a
trialkylsilyloxy group (e.g., trimethylsilyloxy group).

20 an amino group which may have a substituent [amino group;
an N-substituted amino group (e.g., a mono- or 4i-C;_
6a1kylamino group such as methylamino, dimethylamino,
ethylamino and diethylamino group)l, hydrazino group, an
alkoxycarbonylhydrazino group (e,g., t-

25 butoxycarbonylhydrazino group),'an'_

aralkyloxycarbonylhydrazino group {(e.g., benzyloxycar-

bonylhydrazino group). A preferred protective group of



(a noi ety corresponding to hydroxyl group of hydroxynethyl group), am no
group [e.g., am no group of the conpound (Ia) - 55 - or the conmpound
(1d)] or carboxyl group of the reaction conponent or the reaction product
may be optionally protected by the protecfidng group before or after the
nitration reaction, oxidation reaction or the reduction 5 reaction, or
during each reaction steps. Introduction and elimnation of the protecting
group for hydr os@¥bexryl grinelringlmiés | anralkoxy gy regpeaoih Xy baxy|
group may be carried out by utilizing a conventional method such as
esterification, Caghdkekpngreupbanani amincagbonpt wbiich may have a
substituent (e.g., an N-substituted amino group, espe-
cially, a mono- or di-C;_galkylamino group).

5 An alkyl group includes, for instance, a C;_galkyl
group such as methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, s-butyl, t-butyl and hexyl group (preferably,

a C;_salkyl group, more preferably, methyl group or ethyl
group).

10 Preferred examples pf X; include hydroxyl group,

a saturated C,_galiphatic acyloxy group (corresponding to
a hydroxyl group protected by a saturated Cy_galiphatic acyl
group), a C;_galkoxy-carbonyloxy Qrdup (corresponding to
a hydroxyl group protected by a C;_galkoxy-carbonyl group),

15 a carbamoyloxy group which may have a substituent,
(corresponding to a hydroxyl group protected bj a carbamoyl
group which may have a substituent).

Preferred examples of X2 include nitro group, amino
group, a C,_gacylamino group (corresponding to an amino

20 group protected by a C,_ gacyl group), a C;.galkoxy-
carbonylamino group (corresponding to an amino group
profected by a C;_galkoxy-carbonyl group), a saturated
C,_¢aliphatic acyloxy group (correspénding to a hydfoxyl
group protected by a saturated C,_galiphatic acyl group),

25 a C;_galkoxy-carbonyloxy group (cdrresponding to a hy-
droxyl group protected by a C,_galkoxy-carbonyl group), a

carbamoyl group which may have a substituent



10 hydrol ysis and hydrogenol ysis, if necessary, using an acid, an alkali,
an i on-exchange resin, a catalyst for hydrogenolysis or the |ike. Wen an
acyl group is used as a protecting group for hydroxyl group or am no group,
hydr oxyl group or am no 15 group of Th&Ssubstrate may be protected by

al l owi ng an acylating agent to act on the substrate. As the acyl ating
agent, there nmay be exenplified (Jerr]aliphatic nonocarboxylic acids such
as acetic aci dﬂcqﬁﬁﬁﬁﬂﬂr@%f@,& RY@rexy ]l grspPretamird Py @ serhamg¥ileri ¢
acid and pivalic 20 . acid referably err]carboxylic acids), and
reactive de- r9%RHR \nglqrhé?qggfh?"é ¢ Substd tienidr geTPoxyl 9TORPat Ac
anhydri de and yval ei ¢ anhydri de, acid haljdes such as acid chloride _(e.qg.,

acetyl chlori de-1pFHERBRYFATRORYY FFOHR) (ARNRRAPNMAS +9) B OWROXY acid

anhydride or an acid :
y group protected by a C;. palkoxy group) (especially, a

5 C,_¢alkoxy-carbonyl group), a carbamoyl group which may
have a substituent (corresponding to a carboxyl group
protected by an amino group which may have a substituent),
hydroxymethyl group, isocyanato.group.

Preferred examples of X? and.X4. depending on the
10 species of Xz, include a hydrogen atom, an alkyl group,
nitro group, amino group, a C,_gacylamino group, a C;_
sdlkoxy-carbonylamino group, a saturated C, galiphatic
acyloxy group, a C;_galkoxy-carbonyloxy group, a
carbamoyloxy group which may have a substituent, carboxyl
15 group, a C;.jpalkoxy-carbonyl group (specifically, a C,_
salkoxy-carbonyl group), a carbamoyl group which may have
a substituent, hydroxymethyl group, isocyanato group.
In the present specification, it is sometimes
described as follows: OH for a hydroxyl group which may
20 be protected by a protective group, OAc for a non-
polymerizable acyloxy group, NO, for nitro group, NH, for
an amino group or N-substituted amino group which may be
protected by a protective group, COOH— for a carboxyl group
which may be protected by a protective group, CH,OH for a
25 hydroxymethyl gfoup which may be protected by a protective
group, NCO for isocyanato group, H for a hydrogen atom,

and R for an alkyl group.



25 halide is used as an acylating agent, the reaction is practically
carried out in the presence of a base in order to capture the acid which is
a by-product in the reaction. - 56 - As the base, there may be
ment i oned, for exanple, an inorganic baselfe-g., a hydroxi de of an al kai
metal such as sodi um hydroxi de; a hydroxi de of alkaline earth netal such as
bari um hydroxi de; carbonate of an alkaline netal 5 such as sodi um
carbonate; a carbonat e A5f adamghktahenderivativetshowublr the Bormma {ddonat e;
a hydrogencarbonate of an alkaline nmetal such as sogi um hydrpgencar bonate) ;
and an organi c Hadaqeelgcompound: i & gombilnatianofaX ¢ Xi @nd/Xadinedudes

combinations of the following (la), (2a), (3a), (4a), (5a)
and (6a).
5 (la) When X2 is an NO, and x1 is a hydroxyl group,
x® and x* are not H, simultaneously. That is, [1] X' is
a hydroxyl group, either X3 or x4 is H and the other is a
functional group selected from R, NO,, OH, NH,, COOH, CH,OH
and NCO, [2] Xl is a hydroxyl group, x> and x* are functional
10 | groups selected from R, NO,, OH, NH,, COOH, CH,OH and NCO,
or [3] X1 is ahydroxyl group protected by a protective group,
x° and x* are functional groups selected from H, R, NO,,
OH, NH,, COOH, CH,OH and NCO.
(2a) When X2 is an NH, and X1 is a hydroxyl group,
15 x3 and x* are not H or R, simultaneously. That is, [1] x
is a hydroxyl group, either X3 or X4 is H and the other is
a functional group selected from R, NH,, OH, COOH, CH,OH
and NCO, [2] X1 is a hydroxyl group, either x3 or X4 is an
R and the other is a functional group selected from NH,,
20  OH, COOH, CH,OH and NCO, [3] X' is a hydroxyl group, X° and
x* are functional groups selected from NH,, OH, COOH, CH,OH
and NCO, or [4] -X1 is a hydroxyl grdup protected by a
protective group, x? is an NH,, X_3 aﬁd x* are functional
groups selected from H, R, NH,, OH, COOH, CH,O0H and NCO.
25 (3a) When X2 is an OH, X1 is a hydroxyl group or
a saturated aliphatic acyloxy group and X2 is a hydroxyl

group or a saturated aliphatic acyloxy group, X3 and X4 are



and N-net hyl pi peridine; a basic heterocyclic conpound 10 containing a
nitrogen atom such as pyridine. The acylating agent may be used singly or
in conbination of two or nore. Reaction of 1-nitro-3-adamantanol of the
cormpound having a hydroxyl group [e.g., “thké tonpound (l1a), the compound
(If)] wth acetic acid (or acetyl chloride or 15 acetic anhydri de)

provi des 1-nitro-3-acetyl oxyadamant ane, Moreover, 1 2

1- acet yl oxy- 3- aﬂ‘i’ﬁdﬁd&wént §hBudEangeusty ai ndwislentaddyi.-nyhereX” and XI
1-nitro-3-acetyl oxyad ntane. Sim- larly, 1-agetyloxy-3-adamantano
and/or 1, 3- bi }s/?’é%e‘??/ﬁb AP ¥ SRREPEr oy BN ¥dAeH(iHe & GPMDinajjon

acetyl am no- 3- adanmant apnol and/or 1-acetyl am no-3- acetyl gxyadanant ane from
1- am no- 3- adanaﬂ‘?a?lgm,’ 99%&%‘5@@%&%&@%%5] Ye Boxy- 3-

co1- - 3- h rbonyl adamant ane
adamantanol ;1 g,—?g{gé@é& t?y rtaetpz:ooxtyr:acc il%r% %roup. at is, [1] X1 and X2

5 are both hydroxyl groups, either X3 or X4 is H and the other
is a functional group selected fr_om R, OH, CH,OH and NCO,

[2] x* and X2 are both hydroxyl groups, either x3 or x* is

R and the other is a functional group selected from OH,
COOH, CH,OH and NCO, [3] X! and X* are both hydroxyl groups,

10 x> and X4 are functional groups selected £rom OH, COOH, CH,0H
and NCO, [4] X1 and X2 are both hydroxyl groups protected

by saturated aliphatic acyl groups, either X3 or X4 is H

and the other is a functional group selected from R, OH,
COOH, CH,OH and NCO, [5] xl and X2 are both hydroxyl groups

15 protected by saturated aliphatic acyl groups, either X3 or
X4 is R and the other is a functional group selected from

OH, COOH, CH,OH and NCO, [6] either X' or X is hydroxyl
group and the other is a hydroxyl group protected by a
saturated aliphatic acyl group, either X3 or x* is H and

20 the other is a functional group selected from R, OH, COOH,
CH,OH and NCO, [7] either X' or X* is hydroxyl group and

the other is a hydrbxyl group protected by a saturated
aliphatic acyl group, either X3 or _X.4 is R and the other

is a functional group selected £from OH, COOH, CH,OH and NCO,

25 or [8] X1 and X2 are hydroxyl groups brotected by protective
groups excluding saturated aliphéf_ic acyl groups, x3 and

X4 are functional groups selected from H, R, OH, COOH, CH,OH



from 1- met hoxycar bonyl - 3- adamant anol ; 1-acetyl oxy-3- 25

hydr oxynmet hyl adamant ane and/ or 1-acetyl oxynet hyl - 3- adamant anol and/ or
1- acetyl oxy-3- acetyl oxynet hyl adamant ane from 1- hydronet hyl - 3- - 57 -
adamat anol ; and 1-acetyl oxy-3, 5- adamantad&diol and/ or

1, 3- bi s(acetyl oxy) - 5- adamant anol and/or 1, 3,5- tris(acetyl oxy)adanmant ane
from 1,3, 5-adamantanetriol can be obtained. 5

1- acet yl am no-8add@@nt anol, 1-acetyl am no- 3, 5-adanant anedi ol ,

1-acetyl am no-3, 5, 7-adamant anetriol and the |ikg are obtained by reacting

1- am noadanant ane (4a) When X~ is COOH and X  is hydroxyl group or
a saturated aliphatic acyloxy group, X3 and X4 are not
simultaneously H or R, and not a combination of H and R.

5 That is, [1] X1 is hydroxyl group or a hydroxyl group
protected by a saturated aliphatic acyl group, either X3
or X4 is H or R and the other is a functional group selected
from COOH, CH,OH and NCO, [2]‘X1 is a hydroxyl group
protected by a protective group excluding a saturated

10 aliphatic acyl group, x3 and x* are functional groups
selected from H, R, COOH, CH,OH and NCO.

(5a) When x? is CHzoﬁ and x! is hydroxyl group. x3
and x* are not H, simultaneously. That is, [1] x' is
hydroxyl group, X2 is CH,0H, X3 is H, and X4 is a functional

15 group selected from R, CH,OH and NCO, [2] X1 is hydroxyl
group, x2 is CH,0H, X3 and X4 are fuﬁctional groups selected
from R, CH,OH and NCO, [3] x'isa hydroxyl group protected
by a protective group, X2 is CH,0H, X3 and X4 are ftinctional
groups selected from H, R, CH,0H and NCO.

20 (6a) When xX%is isocyanato group and x! is a hydroxyl
group, X3 and X4 are not H, simultaneously. That is, [1]
X1 is hydroxyl group, x2 is NCO, X3 is H, and X4 is a
functional group selected from R and Néo, [2] x'is hydroxyl

- group, %% is NCO, X3 and x* are functicnal groups selected

25 from R and NCO, [3] x1 is a hydroxyl group protected by a

protective group, X2 is NCO, x> and X"_--are functional groups

selected from H, R ahd NCO.



of the conpound having an amno group (1d) with acetic acid to oxidize with
oxygen. 10 In the oxidation by oxygen, the use of a carboxylic
acid (e.g., a carboxylic acid such as acetic acid, propionic acid) as a

sol vent insures protection of hydroxyl gr&8p-and am no group by a
protective group (e.g., an acyl group) in the process of the oxidation
reaction. 15 When carbonate group is used as a protected hy-

droxyl group or when catdshet aQyedupdamaniane deg iyadisg dhadvdes @noup,
W ha Compound GBS e RTINS IS Al JRART TR B i no. gf oup
i th onpoun

rg 20a Ccgﬁvert t he hydr.oxyl %;oug or the am no group into each

correspondi ng ¢t réajgl%f?b‘ Sr SelPEhAETr R SdSroTereupe Akl R Group,

[ ' ' e presence of a
practically CE”ﬁ&é%%é& ééb&ﬁ?eéér oxXyl group, hydroxymethyl group and

5 isocyanato group, together with a hydroxyl group. Inci-
dentally, hydroxyl group, amino group, carboxyl group or
hydroxymethyl group may be protected by a protective group,
a nitrogen atom of an amino group may have one or two
substituents. Further, an adamantane derivative having an

10 acidic group or a basic group may form a salt thereof.

As an adamantane derivative containing a nitro
group, there may be exemplified a monool body such as
l-nitro-3-methyl-5-adamantanol, l-nitro-3,5-dimethyl-
7-adamantanol, 1,3-dinitro-5-adamantanol, 1,3-dinitro-

15 5-methyl-7-adamantanol, 1,3,5-trinitro-7-adamantanol,
l-carboxy-3-nitro-5-adamantanol, l-acetylamino-3-
nitro-5-adamantanol, 1l-hydroxymethyl-3-nitro-5-
adamanatanol; a diol body such as l-nitro-3,5-
adamantanediol, l-nitro-3-methyl-5,7-adamantanediol,

20 1,3—dinitro-5;7-adamantanédiol; a triol body such as
l1-nitro-3,5,7-adamantanetriol; an adamantanol derivative
containing a nitro group, in which a hydroxyl group is
protected by a protective group [suéh as a saturated
aliphatic acyl'group (e.g., a saturated C,_galiphatic acyl

25 group), ah alkoxycarbonyl group (e.g., a C,.¢alkoxy-
carbonyl group), a carbamoyl group which may have a

substituent], such as l-acetoxy-3-nitroadamantane, 1-



base. As the base, use can be made of the above exenplified bases. 25
For exanpl e, 1-nethoxycarbonyl oxy-3-adanmant anol and/ or
1, 3- bi s(met hoxycar bonyl oxy) adamant ane can be ob- tained by all ow ng
chl or onet hoxycar bonyl (net hyl - 58 ~ &0l erocarbonate) to react with
1, 3-adamantanediol. Simlarly, 1-carboxy-3-mnmethoxycarbonyl oxyadamant ane
from 1-carboxy- 3-adanmant anol ; 1-net hoxycar bonyl - 3-
nmet hoxycar bonyhekhozycanbanel 6xyn3 dnctdadanzartan®,| -13-3-5  adanant anol ;
1- acet yl oxy- 3- met hoxycar bonyl oxyadanmant ane from 1-acetyl oxy- 3- adamant anol ;
1-acety|anino-gis(methoxycarbonyloxy)-S-nitroadamantane, 1-{N-
methylcarbamoyloxy)-3-nitroadamantane.
An adamantane derivative having an amino dgroup
5 includes, for example,.an adamantanol derivative having
a non-substituted amino group which is not protected by
a protective group (e.g., a monool body such as 1-
amino-3-methyl-5-adamantanol, 1,3-diamino-5-adamantanol,
1,3-diamino-5-methyl-7-adamantanol, 1,3,5-triamino-7-

10 adamantanol; a diol body sqch as l-amino-3,5-
adamantanediol, l-amino-3-methyl-5,7-adamanatanediol,
1,3-diamino-5, 7-adamantanediol; a triol body such as
l-amino-3,5,7-adamantanetriol), an adamantanol deriva-
tive having an N-substituted amino group (e.g., a monool

15 body such as l-methylamino-3-methyl-5-adamantanol,
1,3-bis(methylamino)-5-adamantanocl, 1,3-
bis(ethylamino)-5-adamantanol, 1,3-bis(dimethylamino)-
5-adamantanol, 1,3-bis(diethylamino)-5-adamantanol,
1,3-bis(methylamino)-5-methyl-7-adamantanol, 1,3,5-

20 tris(methylamino)-7-adamantanol, 1,3,5-
tris(dimethylamino)-7-adamantancl; a diol body such as
l-méthylamino-3,5—adamantanediol, l-ethylamino-3,5-
adamantanediocl, 1l-dimethylaminoc-3,5-adamantanediol, 1-
diethylamino-3, 5-adamantanediol, l-methylamino-3-

25 methyl-5,7-adamantanediol, 1,3-bis(methylamino)-5,7-

adamantanediol, 1,3fbis(ethy1amino)-5,7—adamantanediol,

1,3-bis(dimethylamino)-5, 7-adamantanediol, 1,3-



met hoxycar bonyl oxyadamant ane from 1-acetyl am no- 3- adanant anol ;

1- hydr oxynet hyl - 3- net hoxycar bonyl oxyadamant ane and/or 1- 10

met hoxycar bonyl oxynet hyl - 3- adamant anol and/ or 1- et hoxycar bonyl oxy- 3-
met hoxycar bonyl oxynet hyl adamant ane from 21 hydr oxynet hyl - 3- adanant anol ;
1- (N, N- di net hyl car banoyl ) - 3- net hoxycar bonyl oxydadamant ane from 15

1- (N, N-di et hyl car bano Ii-3;adanantanol; 1-

(nethoaxycarboh?ﬁbﬂy?th aninalaPaht 2R tanadinlr @ rinfarkadhduch
1- (et hoxycar bonyl oxy) - 3, 5- adamant anedi ol and/ or

1,3-bis(nethox9§aib@ﬁ§ BLINIR0 23 Prafr ad@NaRtANFriol, 1-

1, 3,5-tris(nmethoxycarbonyl oxy) adamantane from 1, 3, 5- 20 adamant anetri ol ;
1,3-bis(nethox9&§?5€ﬁ§?§¥?§fé-5n7t§QEmﬁﬁﬁﬁﬂ%$E;9¥iwnan adamantanol

1-n

- itro-3,5-adgnantanediol; and . :
erivative having an amino group protected by a protective

5 group [an alcohol body of an adamantane having a C,.
¢acylamino group, for example, a monool body such as 1-
acetylamino-3-methyl-5-adamantanol, 1,3-
bis(acetylamino)-5-adamantanol, 1,3-bis(acetylamino)-
5-methyl-7-adamantanol, 1,3,5-tris(acetylamino)-7-

10 adamantanol; a diol body such as l-acetylamino-3,5-
adamantanediol, l-acetylamino-3-methyl-5,7-
adamantanediol, 1,3-bis(acetylamino)-5,7-
adamantanediol; a triol body such as l-acetylamino-
3,5,7-adamantanetriol], an adamantanol derivative having

15 an amino group in which a hydroxyl group is protected by
a protective grbup such as a saturated aliphatic acyl group
(e.g., a saturated C,_galiphatic acyl group), an
alkoxycarbonyl group (e.g., a C;_galkoxy-carbonyl group),
a carbamoyl group which may have a substituent, [e.g.,

20 l-acetoxy-3-aminocadamantane, l-acetoxy-3-
acetylaminoadamantane, l-methoxycarbonyloxy-3-
aminoadamantane, l-acetylamino-3-
methoxycarbonyloxyadamantane, 1,3-
bis(methoxycarbonyloxy)-5-aminoadamantane, 1-(N-

25 methylcarbémoyloxy)-3-aminoadamahtane].

Examples of an adamantane derivative having plural

hydroxyl groups include an adamantanepolyol derivative



1- car boxy- 3, 5- bi s( net hoxycar bonyl oxy) adamant ane from

1- carboxy- 3, 5- adamant anedi ol can be obtai ned. Wen car banoyl oxy group is
used as a protected 25 hydr oxyl group, for exanple, an isocyanate
conpound may be allowed to react with a @@npound havi ng a hydroxyl group,

I f necessary, in the presence of the above exenplified base - 59 - or
the like to convert the hydroxyl group into the correspondi ng carbanoyl oxy
group. For exahpVéngi a caAcbpxyicareupfspohias nk;cachony-3-gmethinat e nmay be
allowed to react with 1, 3-adamantanediol to form1-(N- 5

met hyl car banoyPelypdanantanediadl ihndfdicargoxy st NJ-adamantanediol,

l1-methoxycarbonyl-3-methyl-5, 7-adamantanediol, 1-
ethoxycarbonyl-3-methyl-5, 7-adamantanediol, 1,3-

5 di(methoxycarbonyl) -5, 7-adamantanediol, 1,3-
di(ethoxycarbonyl)-5, 7-adamantanediol, l-carboxy-
3,5, 7-adamantanetriol, l-ethoxycarbonyl-3,5,7-
adamantanetriol, l-methoxycarbonyl-3,5,7-
adamantanetriol; an adamantanepolyol derivative having an

10 acyloxy group (e.g., a satqrated C,_¢aliphatic acyloxy
group) such as l-acetyloxy-3-methyl-5-adamantanol,
1,3-bis(acetyloxy)-5-adamantanol, 1,3-bis(acetyloxy)-
5-methyl-7-adamantanol, 1,3,5-tris(acetyloxy)-7-
adamantanol, l-acetyloxy-3,5-adamantanediol, 1-

15 acetyloxy-3-methyl-5,7-adamantanediol, 1,3-
bis({acetyloxy)-5,7-adamantanediol, l-acetyloxy-3,5.7-
adamantanetriol, l-acetyloxy-3-
methoxycarbonyloxyadamantane, 1-acétyloxy-3-(N-
methylcarbamoyloxy)adamantane, 1,3,5-

20 tris(acetyloxy)adamantane; an adamantahepolyol deriva-
tive having an alkoxycarbonyloxy group (e.g., a C;.
salkoxycarbonyloxy group) such as l-methoxycarbonyloxy-
3-adamantanol, 1-methoxycarbonyloxy;3,5-adamantanediol,
1,3-bis(methoxycarbonyloxy)-5-adamantanol, 1-(N-

25 methylcarbamoyloxy)-3-methoxycarbonyloxyadamantane,

1, 3-bis(methoxycarbonyloxy)adamantane, 1,3,5~

tris(methoxycarbonyloxy)adamantane, 1l-carboxy-3,5-



nmet hyl car banoyl oxy) adamantane. Simlarly, 1-(N

nmet hyl car banoyl oxy) - 3, 5- adanmant anedi ol and/or 1, 3-

bi s(N- et hyl car barmoyl oxy) - 5- adanant anol and/or 1, 3, 5-

tri s(N-met hyl car banoyl oxy) adamant ane can 2@ ebtai ned from 10

1,3, 5-adanent anetriol . Mreover, an adamantane derivative having an
N-substituted am no group and a hydroxyl group can be obtained, for
exanpl e, (i) bypisdtmeihtlvanbanoylocty()adamrantang ; dn adamangangpoliybh a
hydrocarbon halide (e.g., 15 aliphatic hydrocarbon halide such as
iodonethane,i(ﬂenﬂxﬂﬂtﬁﬁahdvim@bw@abamobﬂoangrbapewhhchnmayhhage a
bronobut ane, chl oronmet hane and chl oroet hane) or (ii) by subjecting a
conpound pr odudBiPsii tuen tr.e serchoasofl - Ne mesinydoadbamdy laiyh -3-hydr ocar bon
halide, that is, a compound 20 in which an am no group of the conpound
(1d) is convertadamantanol, 1-(N-methylcarbamoyloxy)-3,5-

5 adamantanediol, 1,3-bis(N-methylcarbamoyloxy)-5-
adamantanol, 1,3-bis(N-methylcarbamoyloxy)adamantane,
1,3,5-tris(N-methylcarbamoyloxy)adamantane.

An adamantane derivative having a carboxyl group
includes, for example, an adamantanol derivative having

10 a carboxyl group protected_by no protective group (an
alcohol body of an adamantane having a carboxyl group such
as a monool body e.g., 1,3-dicarboxy-5-adamantanol,
1,3-dicarboxy-5-methyl-7-adamantanol, 1,3,5-
tricarboxy-7-adamantanol), an adamantanol derivative

15 having a carboxyl group protected by a protective group
[an alcohol body of an adamantane having a Cy.1palkoxy-
carbonyl group such as a monool body e.g., 1,3-
bis(methoxycarbon&l)-5—adamantanol, 1,3-
bis(ethoxycarbonyl)-5-adamantanol, 1,3-

20 bis(methoxycarbonyl)-5-methyl-7-adamantanol, 1,3-
bis(ethoxycarbonyl)—5-methyl-7-adamantanol, 1,3,5-
trié(methoxycarbonyl)-7-adamantanol, 1-(N,N-
dimethylcarbampyl)-3-adamantanol], an adamantanol de-
rivative having a carboxyl group in which a hydroxyl group

25 is protected by a protective group such as a saturated

aliphatic acyl group (e.g., a saturated C,_g¢aliphatic acyl

group), an alkoxycarbonyl group (e.g., a C;_galkoxy-



into an N-substituted am no group, to the oxidation reaction by oxygen with
the use of the imde conpound (2). The reaction of the compound (la) or the
conmpound (1d) having an amno group with a hydrocarbon halide nay be 25
carried out in the presence of a de-hydrogén-halide agent (an agent for
elimnating a hydrogen halide). As the de-hydrogen halide agent, use can be
practically nmade of - 60 - a basic conpound [for_exanple, an organic
base (e.g., a UEAROMIL aRIRIoom sarbagpamenewp sidichasayn halviepleat i ¢ ani ne
e.g., trimethylamne, triethylam ne, dinethylam ne, diethylan ne,
met hyl enedi am fbfid taent Epedi adi-aeetexy-3-methoxycarbonyladamantane,
l-acetoxy-3-(N,N-dimethylcarbamoyl )adamantane, 1-
carboxy-3-methoxycarbonyloxyadamantane, 1-

5 methoxycarbonyl-3-methoxycarbonyloxyadamantane, 1-
(N,N-dimethylcarbamoyl)-3-methoxycarbonyloxyadamantane,
1-(N,N-dimethylcarbamoyl)-3-(N-
methylcarbamoyloxy)adamantane, 1-carboxy-3-(N-
methylcarbamoyloxy)adamantane, l-methoxycarbonyl-3-(N-

io methylcarbamoyldxy)adamantane].

An adamantane derivative having a hydroxymethyl
group includes, for instance, an adamantanol derivative
having an alkyl group and a hydroxymethyl group such as
1-hydroxymethyl-3-methyl-5-adamantanol; an adamantanol

15 derivative having plural hydroxymethyl groups such as
1,3-bis(hydroxymethyl)-5-adamantanol; an adamantanol
derivative having a hydroxymethyl group in which a hydroxyl
group bound to the adamantane backbone is protected by a
protective group such as a saturated aliphatic acyl group

20 (e.g., '‘a saturated C,_galiphatic acyl group), an
alkoxycarbonyl group (e.g., a(h,5a1k0xy-carbonyl group),
a cérbamoyl group which may have a substituent, such as
l-acetoxy-3-hydroxymethyladamantane, l1-hydroxymethyl-
3-methoxycarbonyloxyadamantane, 1-hydroxymethyl-3-(N-

25 methylcarbamoyl)adamantane.

An adamantane derivative having an isocyanato

group includes, for example, an adamantanol derivative



5 heterocyclic amne e.g., pyridine and norpholine), an inorganic base
(e.g., a hydroxide of an alkali nmetal such as sodi um hydroxi de and

pot assi um hydr oxi de; a hydroxi de of al kaline earth netal such as cal ci um
hydroxi de; a carbonate of alkali netal ~sé8h-as sodi um carbonate and 10

pot assi um carbonate; a carbonate of an al kaline earth netal such as cal ci um
carbonate; a hydrogencarbonate of an alkali netal such as sodi um

bi car bonat e anBapéRgsanudlkytgromRtand e dlsesyanatst greun I&Igh & al such
as sodi um net hoxi de and sodi um et hoxi de)]. 15 The reaction of the
conpound (la) érifaevapabeudcmetyl o2ceddmantapaly A7 miaganiangk er

hydr ocarbon hal i de may be conducted in a solvent inert to _the reaction. As

such sol vent, Gi¥akdyepRavdpe BIurdk L3PC¥ARALQ,@RNNS isMFh (2% He 3rar agr aphs

of the nitratiqgn,reaction, such as a _
8iisocyanato-5-adamantanol; an adamantanol derivative

5 having an isocyanato group in which a hydroxyl group is
protected by a protective group such as a saturated
aliphatic acyl group (e.g., a saturated C,_galiphatic acyl
group), such as l-acetoxy-3-isocyanatoadamantane.

The adamantane derivative shown by the formula (1),
10 depending on the species of Xz, may have a different
substituent such as a halogen atom, an oxo group, a hy-
droxyalkyl group (e.g., a hydroxyC,_,alkyl group such as
2-hydroxyethyl group), an acyl group (e.g., a C,_gacyl group
such as formyl, acetyl, propionyl, butyryl, isocbutyryl,
15 valeryl, isovaleryl and pivaloyl group), an alkoxycarbonyl
group (e.g., a C;_galkoxy-carbonyl group such as
methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, iso-
propoxycarbonyl, butoxycarbonyl, isobutoxycarbonyl, t-
butoxycarbonyl and hexylcarbonyl group), a cyano group.
20 The adamantane derivative shown by the formula (1)
can be produced through an oxidation step (especially, an
oxi&ation step by oxygen using an imide compound (2)
described below). The adoption of the oxidation step by
oxydgen using the imide compound realized on efficient
25 production of not only the novel adamantane derivative but
also the known adamantane derivatives.

According to the formula (1), the known adamantane



20 hydrocar bon halide, an ether, an ester and an am de. Reaction of

1, 3-di am no- 5- adamant anol with io- donethane provides

1, 3-di (net hyl am no) - 5- adamant anol , 1, 3-di (di net hyl am no) - 5- adamant anol ,

etc. Reaction of 1,3-diam no-5, 7-adamant-ar2edi-ol wi th i odoet hane provides 25
1, 3-di (et hyl am no) - 5, 7- adamant anedi ol , 1, 3- _

di (di ethyl am no) - 5, 7- adamant anedi ol , etc. \Wen a carboxyl group is
protected by andarivapgives-ceiresppnliko thenfalilasing cogmpopnids {Ddbye, the
carboxyl group nay be converteqd into, the corresponding ester group by
reacting a carbé4p) @rowbiebnXaite N corp@mdEadlows:

(1b) a compound in which,X1 is hydroxyl group and
x° and X* are both H when X° is NO,

5 (2b) a compound in which X1 is hydroxyl group and
x* ana x* are both H or both R when X° is NH,

(3b) a compound in which, when Xz.is OH, [1] X1 is
hydroxyl group or a saturated aliphatic acyloxy group, X2
is hydroxyl group or a saturated aliphatic acyloxy group,

10 both X3 and X4 are H or R, and _[ 2] both X1 and X2 are hydroxyl
groups, either X3 or X4 is H and the other is COOH

(4b) a compound in which, when X2 is COOH, X1 is
hydroxyl group or a saturated aliphatic acyloxy group, X3
and x* are functional groups selected from an H and an R

15 (5b) a compound in which, when x? is CH,OH, xt is
hydroxyl group and both X3 ahd X4 are H

(6b) a compound in which,.when X2 is NCO, X1 is
hydroxyl group, both x3 and X4 are H.

Such known adamantane derivatives include, for

20 example, an adamantane derivative having a nitro group
| (e.g., l-nitro-3-adamantanol), an adamantane derivative
having an amino group (e.g., an alcohol body of an
adamantane having a C,.gacylamino gréup such as 1-
amino-3-adamantanol,1-amino-3,5?dimethyl-7—adamantanol,
25 l-methylamino-3-adamantanol, 1-acetylémino-3-
adamantanol, l—dimethylamino-3-adamantanol, 1-

acetylamino-3,5-dimethyl-7-adamantanol; an alcohol body



derivative thereof (e.g., an acid halide such as an acid 5 chloride) with
an al cohol (e.g., nethanol, ethanol) or a reactive derivative thereof

(e.g., a lower alkyl ester), if necessary, in the presence of an acid
(e.g., a mineral acid such as hydrochl ori @7acid and sulfuric acid) or a
base (e.g., the above exenplified base). The |ower alkyl ester 10

i ncl udes, for exanple, acetic acid-CJerr]al kyl ester such as nethyl acetate

and ethyl acetaff a» adamanians EWing & Copiakkaxy (Garponyianipo gropPonat e,
et hyl propionate). For exanple, 1-nethoxycarbonyl-3-adamantanol may be ob-
tai ned by react FRgL 128 al pEgihoxEeRFReRBINLNG t3r afanani@nold . am t he
presence of an acid, or by acting thionyl chloride on

1- car boxy- 3- adaf8ATaRbERNeRP I Yk ddexivakive ne vd ¢ h hed tadamantanaddadresence

of an organi c base such as triethylam ne
1,3,5-adamantanetricl), an adamantane derivative having

5 - asaturated aliphatic acyloxy group (e.g., an alcohol body
of an adamantane having a C,_gacyloxy group such as 1-
acyloxy-3- adamani:anol , l-acyloxy-3,5-dimethyl-7-
adamantanol), an adamantane derivative having a carboxyl
group (e.g., an alcohol body of an adamantane having a

10 C;.ip08lkoxy-carbonyl group such as 1-carboxy-3 -adamantanol,
l-carboxy-3-methyl-5-adamantanol, l-carboxy-3,5-
dimethyl-7-adamantanol, 1l-carboxy-3,5-adamantanediol,
l1-methoxycarbonyl-3-adamantanol, l-methoxycarbonyl-3-
methyl-5-adamantancl, l-methoxycarbonyl-3,5-dimethyl-

15 7-adamantanol, 1l-methoxycarbonyl-3,5-adamantanediol), an
adamantane derivative having a hydroxymethyl group (e.g.,
l1-hydroxymethyl-3-adamantanol), an adamantane derivative
having an isocyanato group (e.g., l-isocyanato-3-
adamantanol).

20 [Production process]

The adamantane derivative shown by the formula (1)
and the known adamaﬁtane derivative, that is, the
adamantane derivative having a hydréxyl group and a
functional group can be produced by subjecting an

25 adamantane derivative shown by the following formula (la):



Mor eover, when a carboxyl group is converted into 20 a group having an
am de bond, with the use of an am no group as a protecting group for the
carboxyl group (i.e., when form ng an N-substituted or unsubstituted

car banoyl group), conditions of a conveat2gnal process for formng an am de
bond may be applied. The process for form ng an am de bond 25 may be
carried out, for exanple, by the fol L owing nethods: (a) a nethod by a m xed

acid anhydride, i.e., a nmethod whig Oypri ses reacting a conmpound having a
car boxyl group - 62 - with aReadg

%@e (e.q. ,(tacetyl chloride,
propi onyl chloride, acetyl brom duce a m xed acid anhydri de

x3a
wherein X2 represents nitro group, a hydroxyl group
5 which may be protected by a protective group, an amino group
or N-substituted amino group which may be protectéd by a
protective group, a hydroxyl group which may be protected
by a protective group, a carboxyl group which may be
protected by a protective group, a hydroxymethyl group
10 which may be protected by é protective group, or an
isocyanato group; X:'Ia and x“’ may be the same or different
from each other and each may represent a hydrogen atom,
an alkyl group, & nitro group, a hydroxyl group which may
be protected by a protective group, an amino group or
15 N-substituted amino group which may be protected by a
protective group, a carboxyl group which may be protected
by a protective group, a hydroxymethyl group which may be
protected by a protective group, or an isocyanato group;
to at least one step selected £rom the following oxidation
20 step (i), nitration_ step (ii) and carboxylai:ion step (iii):
(1) an oxidation step by oxygen in the presence
of A catalyst comprising an imide cémpound shown by the

formula (2):

25 { N=Y @



foll owed by reacting the given m xed acid anhydride with an am ne conpound;
5 (b) a nmethod by an active ester, i.e., a nethod which conprises
converting a substrate into an active ester thereof, such as

p-ni trophenyl ester, an ester with N hyd28xysucci nimide, an ester with

1- hydr oxybenzotriazol or the like followed by reacting the given ester with
an 10 am ne conpound; (c) a pethod,by a carbodiimde, i.e., a method

whi ch condenses an amwltemmaurmld/\ﬁghnw bebthe stame aridf feranhdaonsf an
activating agent such as dicycl ohexyl carbodii m de and carbonyl dii m dazol ;
or 15 (d) eachonberand pachmay vepresanta hydragensfiomt @ hajiogen
carboxylic anhydride thereof by a dehydrator such as acetic anhydride

foll owed by receMngn fdkyily @FouRrbaryarg¥l group, a cycloalkyl group,

a hydroxyl group, an alkoxy group, a carboxyl group, an
5 alkoxycarbonyl group, or an acyl group; or R1 and R2 may
bond together to form a double bond or an aromatic or
non-aromatic ring; Y represents an oxygen atom or a hydroxyl
group: and n denotes an integer of 1 to 3
(ii) at least one nitration step selected from the
10 following steps (iia), (iib) and (iic):
(iia) a nitration step by a nitrogen oxide in the
presence of a catalyst comprising an imide compound shown
by the formula (2);
(iib) a nitration step bj oxygen and at least one
i5 nitrogen oxide selected from dinitrogen oxide and nitrogen
monoxide; and
(iic) a nitration step by nitrogen dioxide

(iii) a carboxylation step by carbon ménoxide and

oxygen in the presence of a catalyst comprising an imide
20 compound shown by the formula (2).

An amino group, hydroxymethyl group and the like
may. be formed by subjecting the adamantane (la) to the
nitration step and/or carboxylation—step followed by a
reduction step. The formed amino group may be converted

25 into an -isocyanatb group by using a conventional metheod.

More practically, the adamantane derivative can

be obtained in accordance with the following reaction step



anhydride with an am ne conpound, or a nethod which conprises converting a
substrate to an acid halide thereof 20 foll owed by reacting the acid

hal i de with an am ne conpound. The am ne conpound used in the am de
bond-form ng reaction includes, for exanpd@,-ammonia or a derivative

t hereof (e.g., ammonium halide such as amonium chloride), a primary am ne,
a secondary am ne, hydrazine or a 25 derivative thereof (e.g.,

al koxycar bony| yalremgsng IHuatd g3 )t.- but oxycar bonyl hydr azi ne,

al koxycar bonyl hydrazi ne such as benzyl oxycar bonyl hydr azi ne). - 63 - For
exanpl e, the reaction dheaadamaftaaéiderivdtive having a nitro group or

an amino group (comprising an amino group protected by a
protective group) together with a hydroxyl group

5 (comprising a hydroxyl group protected by a protective
group) can be obtained in accordance with, for example,

the following reaction step scheme (I).

Reduction
10 ozNﬂx‘” _ > HN x'e
S P X2 d)
W‘ lo"idation
Nitration x'b
2b
15 X
X : X* ()
3c .
X (Ib) Nitration
Oxidation Reduction
20 .
. X' _ X
Nitration - 4
x4f o 02N X
| 39
x¥ o) X 1
25 Wherein X;b répresents OH, XZb represents NO, or

an; Xsb, X4b, x3c.' x4c' xad, X4d, xae' x4e' X3f, X4f‘, X3g

x19

and

may be the same or different from each other and



an am ne conpound nmay be carried out in a suitable solvent, in the presence
of an basi c conpound. As the basic conpound, use nay be nade of the basic
conpounds exenplified in the 5 paragraphs of the reaction of the conpound
(la) having an ami no group or the conmpeudd (-Id) with a hydrocarbon halide
and the |ike. Mreover, as the solvent, an organic solvent (e. g., an
ether, an ester, an amde) exenplified for the nitration 10 reacti on may
be enpl oyed. Foepeeseptell, rRaclOpn QH, INIB, diICQOHL0XH,0H adaNg&dtanol with
anmoni a provi des 1, 3-di car banoyl -5- adnmatanol. Reaction of
1, 3-di car boxy- 5, INHueatsinraratictiion X h hydrazi ne forns
1, 3-di (hydrazi nocar bonyl) -5, 7- 15 adamant anedi ol , etc.
1- (N, N- di et hyl car bano¥|nigratidkmueagtdloncdn theobeachidnbyteptsehepmeyonyl
chl oride on _
(I), [anitration reaction which derives the compound (Ic)
5 derives from the compound (Ib), a nitration reaction which
provides the compound (Ia) or (If) from the compound (Ie)],
can be carried out by a conventional method [for example,
a method using a nitrating agent (e.g., mixed acid of
sulfuric acid and nitric acid, nitric acid, nitric acid
10 and an organic acid (e.g.. a carboxylic acid such as acetic
acid), nitric acid salt and sulfuric acid, dinitrogen
pentoxide etc.)]. Examples of a preferred nitration
process include [1] a nitration process which comprises
contacting a substrate [the compound (Ib) or the compound
15 (Ie)] with nitrogen oxide in the presence of a catalyst
system comprising an imide compound shown by the formula
(2) or the imide compound (2) and a co-catalyst described
below, [2] anitrating process of the substrate using oxygen
and at least cne nitrogen compound selected from dinitrogen
20 oxide and nitrogen monoxide in the absence of a catalyst,
and {3] a nitration process which comprises contacting
nitfogen dioxide with the substrate.
The compound (Ib) includes, for example,
adamantane, an adamantane having an alkyl group (e.g., an
25 adamantane having an alkyl group which has one to six carbon

atoms such as 1-methyladamantane, 1,3-dimethyladamantane,

l-ethyladamantane, l-propyladamantane, 1-



1- car boxy- 3- adamant anol followed by reacting the resul- tant conpound wth
dinmethylamne. Simlarly, 1-(N N
di et hyl car banoyl ) - 3- net hoxycar bonyl adamant ane can be 20 formed from
1- car boxy- 3- net hoxycar bonyl adamat ane, FurdZhernore, the conmpound having a
car banoyl group may al so be obtained by reacting a conpound having an ester
group (e.g., an al koxycarbonyl group, an aryl oxycarbonyl group, an
ar al kyl oxycar bdspprgpylpilamentiapeot ¢ebutivtadamastangdxyén gadamantanet he
am ne conmpound in the presence of a catalyst conprising a netal conpound.
Exanpl es of thwhishahagoppeund mere hhtrpegroupsi previousky-(e.g.,
l-nitroadamantane, 1,3-dinitroadamantane), an adamantane
having a carboxyl group (e.g., l-carboxyadamantane), an
5 adamantane having a hydroxymethyl group (e.g., 1-
hydroxymethyladamantane). As the compound (Ib), use may
be practically made of adamantane, an adamantane having
an alkyl group which has one to four carbon atoms
{preferably, an adamantane having an alkyl group which has

10 ocne to two carbon atoms, especially, an adamantane having
a methyl group). By subjecting the compound (Ib) to a
nitration reaction, the compound (Ic¢) can be obtained. For
instance, when adamantane of the compound (Ib) is subjected
to the nitration, l-nitroadamantane, 1,3-

15 dinitroadamantane, 1,3,5-trinitroadamantane can be ob-
tained.

The compound (Ie) includes, for example, an
adamantane having a hydroxyl group such as l-adamantanol,
3-methyl-1-adamantanol, 3,5-dimethyl-1-adamantanol,

20 1,3-adamantanediol, 5-methyl-1, 3-adamantanediol,
1,3,5-adamantanetriol. When the compound (Ie) is
subjected to the nitration reaction, the compound (Ia) or
(If) can be obtained. For example, when l-adamantanol of
the compound (Ie) is subjected to the nitration reaction,

25 l-nitro-3-adamantanol, 1,3-dinitro-5-adamantanol,

1,3,5~-trinitro~-7-adamantancl etc can be obtained.

Moreover, when 1,3-adamantanediol as a substrate is



(the am dation reaction) include a conventional catalyst for
transesterification (including a catalyst for transferring an ester to an
am de), for exanple, a transition netal conmpound such as a conpound
conprising 5 G oup 3B el enent of the-P8Biodic Table (e.g., alum num
conmpound such as AlC[err]), a conmpound conprising Goup 4A el enent of the
Periodic Table (e.g., titanium conpound such as TiC[err]), a conpound
conpri si ng G oapb3eéctééntat the. gitrathen i vetcbibgount wikteas 56 [err]) of
the Periodic Table. 10 ] The anount of the catalyst may be sel ected
within a broadagamgatanediekarpi3e diaidro-0. 7 -adamantanediqlietd ean be
preferably about 0.5 to 50 nole% and nore preferably about 1 to 25 nol e%
(e g., about 50bsainedp| den d.a.iSadananteneiaied BsBngubstEater 16r oup.

The ratio_of the am ne conpound to the ester

subjected to the nitration reaction, l-nitro-3,5,7-

5 adamantanetriol etc can be obtained.
[Catalyst comprising an imide compound]
In the imide compound shown by the formula (2),

a halogen atom as the substituents R1 and R2 includes iodine,

bromine, chlorine and fluorine atoms. An alkyl group

10 includes, for example, a straight chain or branched chain
alkyl group having about 1 to 10 carbon atoms such as methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
t-butyl, pentyl, hexyl, heptyl, octyl and decyl group.
Preferred examples of an alkyl group include an alkyl group

15 having about 1 to 6 carbon atoms, in particular a lower
alkyl group having about 1 to 4 carbon atoms.

An aryl group includes, for instance, phenyl group
and naphthyl group. A cycloalkyl group includes, for
example, cyclopentyl, cyclohexyl, and cyclooctyl group.

20 An alkoxy group includes, for example, an alkoxy
group having about 1 to 10 carbon atoms such as methoxy,
ethbxy, propoxy, isopropoxy, butoxy, isobutoxy, t-butoxy,
pentyloxy and hexyloxy group and preferably an a_lkoxy group
having about 1 to 6 carbon atoms, in particular a lower

25 alkoxy group having about 1 to 4 carbon atoms. An

alkoxycarbonyl group includes, for -example, an

alkoxycarbonyl group having about 1 to 10 carbon atoms in



group-cont ai ni ng conpound is, for exanple, about 0.5 to 5 nole, preferably
about 0.8 nole or nore (e.qg., about 0.8 to 5 nole), and specifically about
1 nole or nore (e.g., about 1 to 3 nole, in particular about 1 to 1.5 nole)
of 20 ammonia or the like relative to B4equival ent of the ester
group-cont ai ni ng conpound. The am dation reaction may be carried out in the
presence or absence of a solvent inert to the reaction. As the reaction

sol vent, ther etheplkoxamaiety issghas pethoxycarhonylneihsaraasrporgrl .
alicyclic hydrocarbon, an aromatic hydrocarbon, a ketone, an ether, a

non- prot oni ¢ pBFAPOXYTAERPRRhd HSOPRORPEYEAEPeRYL . Thietoxicarkenyl,

isobutoxycarbonyl, t-butoxycarbonyl, pentyloxycarbonyl
and hexyloxycarbonyl group. A preferred alkoxycarbonyl
5 group includes an alkoxycarbonyl group having about 1 to
6 carbon atoms in the alkoxy moiety, specifically a lower
alkoxycarbonyl group having about 1 to 4 carbon atoms in
the alkoxy moiety.
As an acyl group, there may be exemplified an acyl
10 group having about 1 to 6 carbon atoms such as formyl, acetyl,
propionyl, bufyryi, isobutyryl, valeryl, isovaleryl and
pivaloyl group.
The substituents R1 and Rzlnay be either the same
or different from each other. In the formula (2), R' and
15 R2 may bond together to form a double bond, or an aromatic
or non-aromatic ring. A preferred aromatic or non-
aromatic ring may be a 5- to 12-meml:;ered ring, in particular
a 6- to 10-membered ring. Sucha rim_:j may be a heterocyclic
ring or a condenéed heterocyclic ring, but it may be
20 practically a hydroéarbon ring. Such rings includes, for
instance, a non-aromatic alicyclic ring (e.g., a
cycioalkane ring which may have a substituent such as
cyclohexane ring, a cycloalkene rinr:.; which may have a
substituent such as cyclohexene ring), a non-aromatic
25 bridged (cross-linked) ring (e.g., a bridged hydrocarbon
ring which may have a substituent such as 5-norbornene ring),

an aromatic ring which may have a substituent such as



- 65 - tenperature may be selected within the range of, for exanple, about
O to 150 [err]C, and preferably about 25 to 120 [err]C. An adamant ane
derivative having plural hydroxyl groups (containing a hydroxyl group
protected by a 5 protective group) Q§g¥$e_obtained according to the
foll ow ng reaction step schene (11). Re ion step schene (I11) [err] 10
Wherein X err] and X err] represent Hor OH X err] and X err] may be the

Sy, o er ] OHEETRCER i AR (LR T e ind P Rteebiba bl s
as defined ab%\é?npxjir}.et Ig% %E%ﬁ\g:‘i@ E&gg‘schem& (1), the oxidation

A preferred imide compound includes compounds

shown by the following formulae (2a) to (2f),

5 0 | 0 R®
I I
R __& R\ -C R! C,
Lo e e
R? ﬁ R? ﬁ R° ﬁ n
0 0 RS 0
(2a) (2b) (2c)
10 .
R o RY (l? R o
RY & R C R* ¢
\ T AN
N= /N—Y ,N—
/ 5
R® ¢ R ] R’ 1
Rs RG RG 0
15 (2d) (2e) (2)

wherein Rsto R6 may be the same or different from
each other, and each may represent a hydrogen atom, an alkyl
group, a hydroxyl group, an alkoxy group, a carboxyl group,
an alkoxycarbonyl group, an acyl group, a nitro group, a
20 cyano group, an amino group or a halogen atom; and Rl, Rz,
Y and n have the same meanings as defined above.
In the substituents Rsto R‘S ‘ ali_ alkyl group includes
alkyl groups similar to those exemplified in the paragraphs
of R' and RZ, in particular an alkyl group having about 1
25 to 6 carbon atoms .. An alkoxy group includes the same
alkoxy groups as mentioned above, ‘in particular a lower

aikoxy group having about 1 to 4 carbon atoms. An



reaction which | eads the conpound (I1b) to the conpound (Ilc) may be
carried out by the oxidation reaction (the 20 oxi dation reaction with
oxygen) using an oxidation catalyst conprising the imde conpound (2). For
exanpl e, oxidation of 1-adamantanol formg.1,_3-adamantanediol,

1, 3, 5-adamant anetriol, etc. Cxldatlon of i 3- adamant anedi ol provi des

1, 3, 5-adanmant anetriol, etc. InC|dentaIIy according to the

Zﬁﬁc'cifbﬁiyf“gr%ﬁéﬁﬁ%‘%&*ﬂea@%‘ir@%@p‘a L Y el e BN B 01
product may begpseh&Ch s dndie § Sife & BAVS T °é$éé££&1%{ O 10ower

alkoxycarbonyl group having about 1 to 4 carbon atoms in
the alkoxy moiety. As an acyl group, there may be

5 exemplified the same acyl groups as mentioned above,
especially an acyi group having about 1 to 6 carbon atoms.
As a halogen atom, there may be exemplified fluorine,
chlorine and bromine atom. The substituents R3to R6 may
be practically a hydrogen atom, a lower alkyl group having

10 about 1 to 4 carbon atoms, a.carboxyl group, a nitro group
or a halogen atom.

In the formula (2), the symbol Y represents oxygen

atom or hydroxyl group, and n is usually about 1 to 3,
preferably 1 or 2. The imide compound shown by the formula

15 (2) can be used singly or in combination of two or more.

An acid anhydride corresponding to the imide

compound shown by the formula (2) includes, for example,
a saturated or unsaturated aliphatic polycarboxylic acid
anhydride such as succinic anhydride, maleic anhydride;

20 a saturated or unsaturated norn-aromatic
cyclicpolycarboxylic acid anhydride (an alicyclic poly-
~carboxylic acid anhydride) such as tetrahydrophthalic
anhydride, hexahydrophthalic anhydride (1,2-
cyclohexanedicarboxylic anhydride), 1,2,3,4-

25 cyclohexanetetracarboxylic acid 1,2-anhydride; a bridged
cyclic polycarboxylic anhydride (an aiicyclic

polycarboxylic anhydride) such as hetic anhydride, himic



before, after, or during the oxidation reaction. The introduction and
elimnation of the protecting group may be carried out by a nethod simlar
to the above described 5 nethod. Specifically, an adanantane derivative
havi ng a non-pol yneri zabl e acyl oxy groupspnbng the adanantane derivatives
havi ng plural hydroxyl groups (|nclud|ng a hydroxyl group protected by a
protective group) can be 10 obtained in accordance with the foll ow ng

reacti on step ddJ ah) r&ﬁgf{é §J2>'91 b t@fg:h%éid nHwiriae/8gERI N

X[err] and Xerr my be t e sane ditfere each may represent H,

R NJerr], OjsNshetdlic EdyaSder rdé%-r‘awrch@m@a'adié anfpaesaats OAc.
X[err], Xerr], X[err], Xerr and X[ err]

tetrachlorophthalic anhydride, nitrophthalic anhydride,

trimellitic anhydride, methylcyclohexenetricarboxylic
5 anhydride, pyromellitic anhydride, mellitic anhydride,
1,8:4,5-naphthalenetetracarboxylic dianhydride.

As a preferred imide compound, there may be
mentioned, for example, an imide compound derived from an
aliphatic polycarboxylic acid anhydride (e.g., N-

10 hydroxysuccinimide, N-hydroxymaleimide), an imide com-
pound derived from an alicyclic polycarboxylic acid
anhydride or an aromatic polycarboxylic anhydride (e.g.,
N-hydroxyhexahydrophthalimide, N,N'-
dihydroxycyclohexanetetracarboximide, N-hydroxy-

15 phthalimide, N-hydroxytetrabromophthalimide, N-
hydroxytetrachlorophthalimide, N-hydroxvhetimide, N-
hydroxyhimimide, N-hydroxytrimellitimide, N,N'-
dihydroxypyromellitimide, N,N°'-
dihyﬁroxynaphthalenetetracarboximide) . A typically

20 preferable imide compound includes.an N-hydroxyimide
compound derived from an alicyclic polycarboxylic anhy-
dride, particularly from an aromafig polycarboxylic
anhydride, such as N-hydroxyphthalimide.

The imide compound may.be.prepared by a con-

25 ventional imidatibn reaction, fof-ekample, by reating a
corresponding acid anhydride with hydroxylamine NH,OH to

ring-open an acid anhydride group followed by ring-closing



25 the sanme neani ngs as defined above. In the reaction step schene (I1-1),
t he oxi dation reaction which | eads the conpound (11-1) to (Ilc) and the

- 67 - oxidation reaction which fornms the conmpound (lla-1) fromthe
conmpound (llc) can be carried out by the ove nentioned oxidation process
by oxygen. Moreover, acylation nmay be carried out by reacting a substrate
with the acylating agent. 5 The acyl ation nay be conducted before, after

or during the idat | .eaction. The compound (I1b-1) corresponds to the
conpound (|b).%¥ﬁe§@%§%83§ “(I'l'b-1) may be oxidized and reacted

A catalyst comprising an imide compound shown by
the formula (2) may be whichever of a homogeneous system
or a heterogeneous system. Moreover, the catalyst may be

5 a solid catalyst comprising a catalytic component sup-
ported on a support or carrier, as well. As the support,
use can be practically made of a porous support such as
activated carbon, zeolite, silica, silica-alumina,
bentonite. As for a supported amount of the catalytic

10 component in the solid catalyst, the amount of the imide
compound shown by the formula (2) is about 0.1 to 50 parfs
by weight, preferably about 0.5 to 30 parts by weight and
more preferably about 1 to 20 parts by weight relative to
100 parts by weight of the support.

15 [Nitrogen Qxide]

A nitrogén oxide employed in the nitration reaction
is shown by the formula (3) N,O,, wherein n denotes an
integer of 1 or 2 and m denotes an integer of 1 to 6.

In the nitrogen oxide shown by the formula (3),

20 when n is 1, m is usually an integer of 1 to 3 and when
n is 2, m is usually an integer of 1 to 6.

As such nitrogen oxide, therg may be exemplified
N0, NO, N,03, NO, (nitrogen dioxide), N,O4, N,05, NO3, N,Oq.
The nitrogen oxide._can be. employed singl_y or in combination

25 of two or more. |
A preferred nitrogen oxide includes, for instance,

[1] a nitrogen oxide formed by a reaction of at least one



wi th an acyl ati ng agent to produce the conpound (llc). For 10 exanpl e,

1- acetyl oxyadamant ane, 1, 3-acetyl oxyadanmant ane, 1, 3, 5-acetyl oxyadanmant ane
or the like can be obtai ned by subjecting adanantane of the conpound
(I'l'b-1) to the oxidation by oxygen wth g e_aid of the imde conmpound (2)
and reacting the resultant conmpound with™acetic acid. 15 The
conpound (11c) includes, for exanple, an adamantane having a ( err]acyl -oxy

T ooyl oxy- 3, BIPOEHE BLUACIRILG) AR IEd TRRNTIACE)
The oxi dat | on b Eegden meRSLACANGICLRER odygber, SpRARLCIINORITT RS (o
produce the CORPRYEfosh%stde ot Ry 1363 R0 & Ma ] doboiRiiouRE (11¢)
may be subjecte
[2] nitrogen dioxide (NO,) or a nitrogen oxide containing
5 NO, as a main component.

N,0; may be easily obtained by a reaction of N,0
and/or NO with oxygen. Therefore, the'nitration.can be
carried out by introducing N,0 and/or NO and oxygen into-
the reaction system without forming N,0; previously.

10 Whichever of pure oxygen or.oxygen diluted with an inert
gas (e.g., carbon dioxide, nitrogen, helium or argon gas)
may be used as oxygen. Air may be employed as an oxygen
source. In the above case, even if the reaction is
conducted in the absence of the catalyst, the corresponding

i5 nitro compound can be obtained in high yield. Moreover,
also in the case where a substrate is contacted with
nitrogen dioxide, a nitro compound can be produced in good
yield, without using a catalyst.

The amount of the imide compound shown by the

20 formula (2) may be selected within a wide range, for
instance, within a range of about 0.001 mole (0.1 mole%)
to 1 mole (100 mole%), preferably about 0.001 mole (0.1
mole¥) to 0.5 mole (50 mole%), more preferably about 0.01
to 0.3 mole relative to 1 mole of a substrate. It may be

25  practically selected.wifhin a range of about 0.01 to 0.25
mole relative to 1 mole of a subétrate.

The imide compound (2) may constitute a catalyst



to the oxidation process by oxygen using the imde conmpound 25 (2) to
produce 1-acetyl oxy-3-adanmantanol, 1-acetyl oxy- 3,5-adanant andi ol

1-acetyl oxy-3, 5, 7-adamant anetriol, etc. Further, according to the present
i nvention, 1, 3- - 68 - diacetyl oxy-5- mant anol and

1, 3-di acetyl oxy-5, 7- adamant anedi ol can be obtai ned by the oxidation of
1, 3-di acet yl oxyadanmant ane wi th oxygen. 1,3,5- triacetyl oxy-7-adamant anol

o e o oy Rt Ll e on 0SG5S B! oS PRAel g ©
catalyst described below. The species and the amount of
the co-catalyst may be selected within the same ranges as
those of a co-catalyst described below.

5 The amount of the nitrogen oxide can be selected
according to the amount of nitro group introduced thereto,
for example, within a range of about 1 to 50 mole, preferably
about 1.5 to 30 mele, and is usually about 2 to 25 mole,
relative to 1 mole of a substrate.

10 The nitration reaction is usually conducted in an
organic solvent inert to the reaction. As the organic
solvent, there may be mentioned, for example, an organic
acid (e.g., a carboxylic acid such as formic acid, acetic
acid, propionic acid; a hydroxycafboxylic acid such as

15 oxalic acid, citric acid, tartaric acid:; a sulfonic acid
such as methanesulfonic acid, ethanesulfonic acid; and an
arylsulfonic acid such as benzenesulfonic acid, p-
toluenesulfonic acid), a nitrile (e.g., acetonitrile,
propionitrile, benzonitrile), an amide (e.g., formamide,

20 acetamide, dimethylformamide, dimethylacetamide), an
alcohol (e.g., t-butanol, t-amyl alcohol), an aliphatic
hydrocarbon (e.g., hexane, octane), an aromatic
hydrocarbon (e.g., benzene), a halogenated hydrocarbon
(e.g., chloroform, dichlpromethanel dichloroethane,

25 carbon tetrachloride, chlorobenzene), a nitro compound
(e.g., nitrobenzene, nitromethane, Initroethane) . an ester

(e.g., a Cy_jpaliphatic carboxylic acid-C;_ p,alkyl ester



oxi di zing the compound (lI1b-1) with oxygen to form an adamant ane derivative
having at | east two hydroxyl groups 10 (e.g., 1, 3-adamant anedi ol ,

5- et hyl - 1, 3- adamant anedi ol , 5, 7-di net hyl - 1, 3- adamant anedi ol ,

1, 3, 5-adamantanetriol and 1, 3,5, 7-adamantygnetetraol) followed by acting an
acyl ating agent. An adamantane derivative having a carboxyl group 15
(containing a carboxyl group protected by a protective group) together with

o bl e "Rk a8l S e bicor " B LS 0LgPE o igtert 1 v
reaction step gcRgmBokliit affl estEPASHERNAS!  SReRfCAE{dtd) phenyl
propionate; a C,_j,aromatic carboxylic acid-C;_jpalkyl
ester), methyl benzoate, dimethyl phthalate, an ether
5 (e.g., dimethyl ether, diethyl ether, diisopropyl ether,
dioxane, tetrahydrofuran), and mixtures of these solvents.
Use may be practically made of, as the solvent, an organic
acid (e.g., a carboxylic acid such as acetic acid), a
nitriie (e.g., benzonitrile), a halogenated hydrocarbon
10 (e.g., dichloroethane).

The use.of the catalyst éomprising the imide
compound allows the nitration reaction to proceed smoothly
even under comparatively mild or moderate conditions. The
reaction temperature may be selected, according to the

15 species of the imide compound or the substrate, for instance,
within a range of about 0 to 150°C, preferably about 25 to
125°C, more preferably about 30 to 100°C. The nitration
reaction can be carried out at ambient pressure (atmos-
pheric pressure) or under a pressure (under a load).

20 [Oxidation reaction]

For the oxidation reaction in the reaction step
scheme (I) [an oxidation reaction which produces the
compound (Ie) from the compouhd (Ib), an oxidation reaction
which leads the compound (Ic) or the compound (Id) to the

25 compound (Ia)], an oxidation process of the substrate [the
compound (Ib), the compound (Ic) or the compound (Id)}] by

oxygen in the presence of an oxidation catalyst comprising



- 69 - [err] 5 Werei

n X[err] represents COOH and X[err] , Xerr], Xerr]

and X[ err] may be the sane or different and each nay represent H 15 R,

NOJerr], OH NHerr],

COOH, CHerr]OH and NCO. X err], Xerr], Xerr],

X[err] and X[err] have the sane neani ngg,as defined above. In the reaction
step schenme (I11), the oxidation reaction“wnich | eads the conpound (I11Db)
to the conmpound (Il11d) and the oxidation reaction which forns the conpound

20, (o010, LT s STl b B0, B REERdth S, i 8 8RR 1

reaction (the oxi
conprising the imde

conpound (2)

10

15

20

25

oxidation reaction (the oxidation process by oxygen) using
the imide compound (2), the compound (Ie) can be obtained.
For instance, oxidation of adamanténe of the compound (Ib)
provides l-adamantanol, 1, 3-adamantanediol and soon. The
oxidation of 1l-carboxyadamantane provides l-carboxy-3-
adamantanol and so forth.

The compound (Ic) includes,. for example, 1-
nitroadamantane, l-nitro-3-methyladamantane, l-nitro-
3,5~-dimethyladamantane, 1l,3-dinitrocadamantane, 1,3-
dinitro-5—methyladamantane . 1,3,5-trinitroadamantane.
When the oxidation process with oxygeﬁ using the oxidation
catalyst comprising the imide compbund is applied to the
compound (Ic), an adamantane derivative in which x%® of the
compound (Ia) is a nitro group [the compound having a nitro
group (Ia)] can be obtained. For example, contact of
l-nitrocadamantane of the compound (Ic) with oxjrgen in the
presence of the imide compound shown by the formula (2),
provides l-nitro-3-adamantanol, l-nitro-3,5-
adamantanediol,. l-nitro-3,5,7-adamantanetriol and so on.
Moreover, according to the present invention, oxidation
of 1,3-dinitrcadamantane with oxygeri provides 1,3-
dinitro-s-adama_ntanol . 1,3-dinitro-5,7-adamantanediol
and so on. |

The compound (Id) includes, for instance, 1-

aminoadamantane, l-amino-3-methyladamantane, l-amino-

{lon~cat al yst

%O%% (c?o)mp%run% C(altb%| &%t s%%te%@eﬁowr itﬁ.bng the imde



and a co-catalyst. 25 The conpound (I111b) corresponds to the
conpound (I1b), and oxidation of the conpound (Il1b) with oxygen provides
the conpound (111d), that is, the conpound (le). - 70 - The conpound
(I'l'ltc) includes, for exanple, 1- carboxyadamantane,

1- car boxy- 3- net hyl adamant ane, 1- carboxy-3, 5-di net hyl adamant ane,

1, 3-di car boxyadamant ane, 1, 3-di car boxy-5-net hyl adamantane, 1,3,5- 5

oo bo e MGy RSRORRNREL | 4| S)ATRERCARRRB-Be 20O U e
the imde Conﬁﬁ%ﬁ&ngzb-methyladamantane, 1,3,5-triaminoadamantane.

When the oxidation process with oxygen using the imide

compound is applied to the compound (Id), an adamantane

5 derivat_ive, in which Xzb of the compound (Ia) is amino group

[the compound having an amino group (Ia)] can be obtained.

For example, when l-aminocadamantane of the compound (Id)

is subjected to the oxidatioﬁ process by oxygen, 1-

amino-3-adamantanol, l-amino-3,5-adamantanediol, 1-

10 amino-3,5,7-adamantanetriol and the like can be obtained.
Moreover, oxidation of 1,3-diaminoadamantane by oxygen
provides 1,3-diamino-5-adamantanol, 1,3-diamino-5,7-
adamantanediol and so on. Oxidation of 1,3,5-
triaminoadamantane provides 1,3,5-triamino-7~-adamantanol

15 and so on. |

[Oxidation catalyst]

An oxidation catalyst may comprise the imide
compound (2) exemplified in the paragraphs of the nitration
reaction, and may comprise the imide compound and a

20 co-catalyst. |

The co-catalyst includes metal compounds such as
a cémpound comprising a Group 2A element of the Periodic
Table (e.g., magnesium, calcium, strontium, barium), a
transition metal compound, or a compound comprising a Group

25 3B element of the Periodic Table (e.-g. , boron B, aluminium
Al). The co-catalyst may be'employéd singly or in

combination of two or more.



in a manner simlar to that of the oxidation reaction. The oxidation_
process by oxygen with aid of the imde conpound 10 (2) may be applied to
1- car boxyadamant ane of the conpound (I1lc) to provide

1- car boxy- 3- adanmant anol , 1-car boxy- 3,§-%gaq§ntand|ol, _

1- carboxy-3, 5, 7-adamant anetriol, etc. Oxi'dation of 1, 3-dicarboxyadamantane
w th oxygen provides 1, 3-di carboxy-5-adamantanol, 1, 3-dicarboxy-5,7- 15

d diol, etc. i dat | f - tricarboxyadamant ane with oxygen
pr 23?322“2 3,5 th ?car%'x%?%lzé&:ae‘%gn%;ﬁsﬁg ffﬁ?ﬁ%g??étn‘l‘% acegtg}%mnf the
{ﬁgcf:l)?rgoﬁngp(,léﬁl @)gﬁﬁg%ét&hekgfm%g%ﬁ%l?ﬁ ?%;)é)égnﬁ t#}lg %%ﬁ%’i@l%ct }'\%}]e reaction

whi ch | eads thpesegRPUNHabid! fa.§0, the1 SRV (d1dfdn ™ uch as

lanthanum La, cerium Ce, samarium Sm, besides scandium Sc,
5 yttrium ¥Y; an actinoid element such as actinium Ac), a Group

4A element (e.g., titanium Ti, zirconium Zr, hafnium Hf),
a Group 5A element (e.g., vanadium V, niobium Nb, tantalum
Ta), a Group 6A elément (e.g., chromium Cr, molybdenum Mo,
tungsten W), a Group 7A element (e.g., manganese Mn,

10 technetium Tc¢c, rhenium Re), .a Group 8 element (e.g., iron
Fe, ruthenium Ru, osmium Os, cobalt Co, rhodium Rh, iridium
Ir, nickel Ni, palladium P4, platinum Pt), a Group 1B
element (e.g., copper Cu, silver Ag, gold Au) and a Group
2B element of the Periodic Table (e.g., zinc Zn, cadmium

15 cd).

A preferred element constituting the co-catalyst
includes an element of the transition metal (e.g., a Group
3A element such as a lanthanoid element, e.g., Ce, and an
actinoid element; a Group 4A element such as Ti, Zr; a Group

20 5A element such as V, Nb; a Group 6A element such as Cr,
Mo, W; a Group 7A element such as Mn, Tc, Re; a Group 8
element such as Fe, Ru, Co, Rh, Ni; and a Group 1B element
of the Periodic Table such as Cu) and Group 3B elements
of the Periodic Table such as B. The oxidation number of

25 the metal element. constituting the co-catalyst is not
specifically 1imited.and may be, for examaple, 0, +2, +3,

+4, +5, or +6, depending on the species of the elements.



be applied a process conprising contacting the substrate [the conpound
(I'11b), the conmpound (Il11d)] with carbon 25 nonoi de and oxygen in the
presence of a catal yst conprising the imde conpound shown by the formula
(2). The conpound (111b) may be subjecteg to the - 71 - carboxyl ation
reaction to provide the conpound (Il1lc). Adamant ane of the conpound (I11Db)
may be subjected to the carboxylation reaction to prOV|de

L car poxvasaragLapgy o3 hRBEORISTR e ik oA r PR G ane
car boxy-3, 5- adaggaiggfokranéftion metal compound (e.g., a divalent
cobalt compound, a divalent manganese compound), a com-
pound comprising a trivalent Group S5A element of the
5 Periodic Table (e.g., a vanadium combound), a compound
comprising a trivalent Group 6A element of the Periodic
Table (e.g., a molybdenum compound) and the like.
The co-catalyst may be a simple substance or
hydroxide of a metal. The co-catalyst may practically be
10 an oxide of a metal (a double oxide or an oxygen acid or
a salt thereof), én organic acid salt, an inorganic acid
salt, a halide, each containing the element, a coordinate
compound (a complex), a polyacid (in particular, a
heteropolyacid or an isopolyacid) or its salt, each
15 containing the metal element.

As the boron compound, there may be mentioned, for
example, a boron hydroxide (e.g., borane, diborane,
tetraborane, pentaborane, decaborane); a boric acid (e.g.,
orthoboric acid, metaboric acid, tetraboric acid); a

20 borate (e.g., nickel borate, magnesium borate, manganese
borate): a boron oxide such as B,03; a nitrogen-containing
boron compound such as borazane, borazene, borazine, boron
amide, boron imide; a halide such as BF,;, BCl,;, tetra-
fluoroborate; an ester of boric acid (e.g., methyl borate,

25 phenyl borate). A preferred boron compound includes boron
hydrides, a boric acid and a salt thereof such as orthoboric

acid (particularly a boric acid).



Mor eover, the conpound (I111d) may be subjected to the carboxyl ation
reaction (the carboxylation process) using the imde conpound (2) to
provi de the conpound (Illa). 10 1- adamant anol of the conpound (I11d) may
be subjected to the carboxylation reactigg using the imde conpound (2) to
produce 1-carboxy- 3-adamant anol, 1, 3-di carboxy-5- adamant anol
1,3,5-tricarboxy-7-adamantanol, etc. [Catal yst] 15 As an im de

conmpound in the car bowﬂgt%&% el s o'?%lg% eqf M%ﬂ')m de

conmpound (2) exenplified in the paragraphs nitratioon reaction. In

L1 S Py hBRoRCEL LN £ ) RIS, Eemppie o8 LAl dacompaind (2
[ Carbon nonoxi gg; 884 i1 Sm,0,, Ti0,, r0,, V,05, V,0s, Cr0, Cr,0;, MoO,,
MnO, Mn;0,, Mn,0,, MnO,, Mn,0,, FeO, Fe,0;, Fe;0,, Ru0,, RuO,,
5 Co0, Co0,, Coz03, RhO,, Rh;0;, Cuy0;, and so forth. As
examples of the double oxide or oxygen acid salt, there
may be mentioned MnAl,0,, MnTiO,;, LaMnO,;, K;Mn,05, Ca0'xMnO,
(x=0.5, 1, 2, 3, 5), manganese salts [e.g., manganates(V)
such as Nas;MnO,4, Baj[MnO,]1,; manganates(VI) such as K,MnO,,

10 Na,MnO,, BaMnO,; permanganates such as KMnO,, NaMnO,4, LiMnQ,,
NH,MnO,, CsMnO,, AgMnO,, Ca(MnO,;),, Zn(MnO,),, Ba(MnQ,),,
Mg(MnO,),, CA(MnO,),].

As the orgémic acid salts, there may be exemplified
salts with a C}éofatty acid such as cobalt acetate,

15 manganese acetate, cobalt propionate, manganese
propionate, cobalt naphthenate, manganese naphthenate,
cobalt stearate, manganese stearate; manganese thiocya-
nate, and corresponding salts of Ce, Ti, Zr, V, Cr, Mo,
Fe, Ru, Ni, P4, Cuand Zn. As the inorganic acid salt, there

20 may be mentioned, for instance, nitrates such as cobalt
nitrate, iron nitrate, manganese nitrate, nickel nitrate,
copper nitrate; and sulfates, phosphates and carbonates
each corresponding to these nitrates (e.g., cobalt sulfate,
iron sulfate, manganese sulfate, cobalt phosphate, iron

25 phosphate, manganese phosphate, anliron carbonate, a
manganese carbonate, iron perchloraté). As the halides,

there may be mentioned, for instance, chlorides such as



Car bon nonoxi de to be used in the carboxylation reaction nmay be pure carbon
nonoxi de or diluted with an inert gas exenplified in the paragraphs of
oxygen for the 25 oxi dation reaction. Oxygen may be one of those
exenplified in the paragraphs of the o_xi4d,at_i on reaction. In the

car boxyl ation reaction, the anmpbunt of the - 72 - imde conpound shown by
the formula (2) may be selected within the range of the anmpbunt of the imde

COROn ey, Y AP sl LSl VoD ML 5L the
sel ect ed FeCl,, FeCls, RuCl,, CoCl,, RhCl,, RhCl;, NiCl,, PAC1,, PtCl,,
CuCl, CuCly: or fluorides, bromides or iodides each
corresponding to these chlorides (e.g., MnF,, MnBr,, MnFj,
5 FeF,, FeF3;, FeBr,, FeBr;, Fel,, CuBr, CuBr,); a complex
halide such as M'MnC1,, M',MnC1,, M',MnCl5, M',MnC1,, wherein
M1 represents a monovalent metal.
The ligand constituting the complex includes, for
example, OH (hydroxo); an alkoxy group such as methoxy,
i0 ethoxy, propoxy, butoxy:; an acyl group such as acetyl,
propionyl; an alkoxycarbonyl group such as methoxycarbonyl
(acetato), ethoxycarbonyl; acetylacetonato, cyclopenta-
dienyl group; a halogen atom such as chlorine, bromine:;
CO; CN; oxygen atom; H,O (aquo); a phosphorus compound such
15 as phosphine (e.g., triarylphosphine such as triphenyl-
phosphine); a nitrogen-containing compound such as NH;
(ammine), NO, NO, (nitro), NO; (nitrato) , ethylenediamine,
diethylenetriamine, pyridine, phenanthroline. In the
complexes or complex salts, the same or different ligands
20 may be coordinated singly or in combination of two or more.
The ligand is practically, for example, OH, an
alkoxy group, an acyl group, an alkqucarbonyl group,
acetylacetonato, a halogen atom, CO, CN, H,0 (aquo),
phos_phorus compound such as tripheny_l_phosphine, or a
25 nitrogen-containing compound inclusive of NH;, NO, and NO;.
The transition metal element and the ligand may

be suitably employed in combination to form a complex.



wi thin the range of the anount of the co-catalyst exenplified in the
paragraphs of the oxidation reaction with oxygen using the imde conpound
(2). Simlarly, the ratio of the co-catalyst to the inm de conpound may be
10 selected within the range of the ra%éo of the co-catalyst to the imde
conpound exenplified in the paragraphs of“the oxidation reaction with
oxygen. The anpunt of carbon nonoxi de may be selected within a range of,

f | e, . 0.
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W thin a rangef.g ,O Ru,OfCo%bMt, 8115090%1'?, qfigg}{fla(c%t%lac%%ﬂat% %oh?)llagﬁo

nol e),
TiO(AA),, zirconylacetylacetonato complex ZrO(AA),, va-

5 nadylacetylacetonato complex VO(AA),], a cyano complex
[e.g., hexacyanomanganate(I), hexacyanoferrate(II)], a
carbonyl complex or a cyclopentadienyl complex [e.g.,
tricarbonylcyclopéntadienylmanganese(I), biscyclopenta-
dienylmanganese(II), biscyclopentadienyliron(II),

10 Fe(CO)5, Fe,(CO)y, Fe3(CO),,]1., a nitrosyl compound [e.g.,.
Fe(NO),. Fe(CO),(NO),], a thiocyanato complex [e.g.,
thiocyanatocobalt, thiocyanatomanganese, thiocyanato-
iron], or an acetyl complex [e.g. cobalt acetate, manganese
acetate, iron acetate, copper acetate, zirconyl acetate

15 ZrO(OAc),, titanyl acetate TiO(OAc),, vanadyl acetate
VO(OAc),].

The polyvacid is practically at least one member
selected from Group 5A elements or Group 6A elements of
the Periodic Table, such as V (vanadic acid), Mo (molybdic

20 acid) or W (tungstic acid), typically speaking. There is
no particular limit as to the central atom, and it may be
any of, for instance, Be, B, Al, Si, Ge, Sn, Ti, Zr, Th,
N, P, As, Sb, Vv, Nb, Ta, Cr, Mo, W, S, Se, Te, Mn, I, Fe,
Co, Ni, Rh, Os, Ir, Pt, or Cu. As illustrative examples

25 of the hetefopolyacid, there may be mentioned
cobaltmolybdic acid, cobalttungstic acid,

molybdenumtungstic acid, manganesemolybdic acid,



preferably about 0.5 to 30 nole, nore preferably about 0.5 to 25 nol e,
relative to 1 nole of the substrate. The ratio of carbon nonoxide (CO to
oxygen ((Jerr]) may be selected within a wi de range, as far as the anount
25 of each conponent is within the abo§§ range, for exanple, of COJerr]
= about 1/99 to 99.99/0.01 (nole%. The e of the carbon nonoxide in the
anount | arger than that of oxygen - 73 - is advantageous. The ratio of

COto Jerr] may be usu ected within the.r e of CQY ut 1/99
Lo 99/ 1 (ol e7pa %a'geseﬁ%%%’?%ﬁ@aﬁra"weﬁm PSRy RO e AT about
30/70 to 98/2 éana§5g01§%ﬁop§ Sgﬁﬁfgb a01 utmamganeseva.na.diummolybdlc
acid, and manganesevanadomolybdophosphoric acid,
.vanadiummolybdic acid, vanadiumtungstic acid, silicomo-
5 lybdic acid, silicotungstic acid, phosphomelybdic acid,
phosphosungstic acid, phosphovanadomolybdic acid, and
phosphovanadotungstic acid.
Among the co-catalysts mentioned above, the use
of a divalent transition metal compound {(e.g., a divalent
10 cobalt compound, a divalent manganese compound) or a
compound containing an element selected from a Group 4A
element (e.g., Ti, Zr), a Group 5A element {(e.g., V), a
Group 6A element (e.g., Cr, Mo), a Group 7A.element'(e.g.,
Mn) and a Group 8 element (e.g., Co) of the Periodic Tablé
15 enhances oxidation activity'and provides an adamantane
having a hydroxyl group with high conversion and
selectivity. Specifically, the use of a compound
containing a Group 5A element (e.g., V) as a co-catal&st
insures efficient oxidation of plural positions of a
20 substrate (e.g., é bridgehead position or a connecting
position of adamantane) and provides an adamantane having
plural hydroxyl groups 1ntrodﬁced thereto.
Moreover, the use of a compound containing one
element selected from a Group 4A element (e.g., Ti, Zr),
25 a Group 5A element (e.g., Cr, Mo) and a Group 7A element
(e.g., Mn) of the Periodic Table inhibits deactivation of

the catalyst (specifically the imide compound) even under



5 to 95/5 (nole%, particularly about 60/40 to 90/10 (nole% . The vol une
rati o of carbon nonoxide to oxygen in a supply line may be selected within
the range of, for exanple, COderr] = about 1/99 to 99.99/0.01 (vol ume?%,
and usual ly about 1/99 to 99/1 (volune% , preferably about 10 30/70 to
98/ 2 (volunme%, nore preferably about 505§O't0 95/5 (volunme%, specifically
about 60/40 to 90/10 (vol- ume% . The carboxylation reaction may be
conducted in an organic solvent inert to the reaction. As the grganic 15

sol vent, use cSRVEESGRRALELIIRR. oL ors v dhes suPstErte egn Rey REL-

ar agr aphs of e pitration reaction, and practically an organic acid
Fe. g.g, g car bo§£¥? oY PRy %‘?RH?L&Q %@ﬁ%"”&&'ﬁﬁ? Yante ??‘és(eé%a-_‘{iencY-

acetonitrile). a hydrogarbon fali 8 dakdlyst’ compridiny e imide

compound shown by the formula (2) or the imide compound

5 | and the co-catalyst may be whichever of a homogeneous system
or a heterogeneous system. The catalyst may be a solid
catalyst comprising a catalytic component supported on a
support or carrier, as well. As the support or carrier,
use can be made of the exemplified supports in the

10 paragraphs of the nitration reaction. In the solid
catalyst, the supported amount of the imide compound of
the formula (2) as the catalyst component may be selected
within the same range as the supported amount of the imide
compound in the so0lid catalyst exemplified in the para-

15 graphs of the nitration reaction. The supported amount of
the co-catalyst is about 0.1 to 30 parts by weight,
preferably about 0.5 to 25 parts 'by weight, and more
preferably about 1 to 20 parts by weight, relative to 100
parts by weight of the support.

20 [Oxygen]
| The oxygen utilized in the oxidation reaction may
be whichever of pure oxygen or oxygen diluted with an inert
gas (e.g., carbon dioxide, nitrogen, helium or argon gas).
Moreover, air may be employed as an oxygen source.

25 The amount of the imide qompound shown by the
formula (2) may be selected from the ranges exemplified

in the paragraphs of the nitration reaction as to the amount



20

condi ti ons.

The reaction tenperature may be sel ect ed,

The carboxyl ation reaction using the imde com pound (2) can
be snoot hly conducted even under conpara- tively mld or noderate

of the imde conpound or the substrate, wthin the range of about 25
200[ err] C, preferably about 10 to 150[ert]C (e.g., about 10 to 120[err] O,
nore preferably about 10 to 100[err]C (e.g., about 10 to 80[err]C).

reaction can duct. I_ent - 74 - pressure or under a pressure
b qandychion Ao auhien

(under a | oad).

ccording to specCies of the substrate, hydroxyl grou

[e.g., hydroxyl groupqgf LRG.a2MB2Ufe(bbLBLtENYst Hay be selectea

10

15

20

25

within a wide range such as about 0.0001 mole (0.01 mole%)
to 0.7 mole (70 mole%), preferably about 0.0001 to 0.5 mole,
more preferably about 0.001 to 0.3 mole, and practically
about 0.0005 to 0.1 mole (e.g., 0.005 to 0.1 mole) relative
to 1 mole of the substrate.

The ratio of the co-catalyst to the imide compound
shown by the formula (2) may be selected within a range
not interfering with the reaction rate or selectivity, for
example, of about 0.001 to 10 mole, preferably about 0.005
to 5 mole, more preferably about 0.01 to 3 mole, and may
be practically about 0.01 to 5 mole (particularly 0.001
to 1 mole) of the co-catalyst, relative to 1 mole of the
imide compound.

Activity of the imide compound sometimes
deteriorates as the amount of the éo-catalyst increases.
Therefore, in order to maintain the high activity of the
oxidation catalyst system, the ratio of the co-catalyst
is preferably in a range of an effective amount and about
0.1 mole (e.g., about 0.001 to 0.1 mole, preferably about
0.005 to 0.. 08 mole, more preferably ab@ut 0.01 t00.07mole)
relative to 1 mole of the imide compound.

The amount of oxygen may be.selected according to
the species of the substrate, and the range may practically
be about 0.5 mole or more (e.g., 1 mole or more), preferably

about 1 to 100 mole, more preferably about 2 to 50 mole,

The

p

according to species

Oto



conmpound (I11d)], hydroxynethyl group, am no group and 5 car boxyl
group[e.g., carboxyl group of the conpound (Illa) and the conpound (lllc)]
of the reaction conponent or the reaction product may be protected by the
above protecting group before or after_tgg oxi dation reaction or the
carboxyl ation reaction, or during each r&action. Intro- 10 duction and
elimnation of these protecting groups may be carried out by a nethod

T car boxy- 3 acBPLRbEyEEerhiiots ot (e RSt 2. Bropsg, amaRRk: Ofe.
1- car boxy- 3, 5, 4z

: . L ned b
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produced al COh%g@fFi@%lié&f [tﬁxgcfééét%‘h Gina¥ " hh ¥ {os PR QR t8lining

1- car boxy- 3- ad nt ano
molecular oxygen such as air or oxygen is advantageous.

5 The oxidation reaction may be conducted in an
organic solvent inert to the reaction. As the organic
solvent, use can be made of the organic solvents exemplified
in the paragraphs of the nitration reaction. Preferred
organic solvents include organic acids (e.g., carboxylic

10 aids such as acetic acid), nitriles (e.g., benzonitrile)
and the like.

In the present invention, the oxidation reaction
with oxygen can be smoothly conducted even under
comparatively mild or moderate conditions. The reaction

15 temperature may be selected, according to species of the
imide compound or the substrate, within a range of about
0 to 300°C, preferably about 10 to 250°C (e.g., 10 to 200°C),
more preferably about 10 to 150°C, and pracfically about
10 to 100°C (e.g., 10 to 80°C). The reaction can be

20 conducted at ambient pressure (atmospheric pressure) or

| under a pressure (under a load).

[Reduction reaction]

In the reaction step scheme (I), the reduction

reaction which produces the compound (Ia) or (Id) each
25 having an amino group by reducing the compound (Ic) or (Ie)
having a nitro group, can be conducted by a conventional

process such as the catalytic hydrogenation process using



conpound (Il1la) with nethanol provides 1- 20

nmet hoxycar bonyl - 3- adanant anol .  1- car boxyadamant ane of the conpound (I11c)
may be allowed to react with ethanol and subjected the oxidation reaction
Wi th oxygen to produce 1-ethoxycarbonyl - 3-adanmant anol ,

1- et hoxycar bonyl - 3, 5- adamant anediol, ~ -

1- et hoxycar bonyl - 3, 5, 7- adamant anetri ol , 25 etc. 1, 3-di carboxyadamant ane
may be allowed to reactwi th ethanol and oxidized with oxygen to produce
1,3- di(et hoxyEXPBBﬁ?P)a%aa’éﬁW&%(ﬂqenﬁ gnd a redpgtion process using

di (et hoxycar bon 5, 7- adamant anedi ol , etc. Wenan

1) -
al cohol or al omFgP&QF%g?%?F%%P cbpdyeing agent.

In the catalytic hydrogenation, a simple substance
of a metal such as platinum, palladium, nickel, cobalt,
5 iron and copper, a compound containing such metal elements
(e.g., platinum oxide, palladium black, palladium carbon
and copper chromite) or the like may be used as a catalyst.
The amount of the catalyst is practically about 0.02 to
1 mole relative to 1 mole of a substrate. Further, in a
10 catalytic hydrogenation, the reaction temperature may be,
for example, about -20 to 100 °C (e.g., about 0 to 90 °C).
A hydrogen pressure is practically about 1 to 100 atm (e.g.,
about 1 to 50 atm).
In the reduction process using a hydrogenation
15 reducing agent, as the hydrogenation reducing agent to be
used, there may be mentioned, for example, aluminium
hydride, lithium aluminium hydride, lithium
trialkoxyaluminium hydride, sodium boron hydride, dibo-
rane, bis-3-methyl-2-butylborane, ametal (e.g., zinc, tin,
20 iron) acid, a sulfide and hydrazine. The reducing process
usipg a hydrogenation reducing agent may be conducted also
in the presence of a Lewis acid such as aluminium chloride
anhydride and boron trifluoride. The amount of the
hydrogenation reducing agent is practically about 1 mole
25 or more (e.g., about 1 to 10 mole) relative to 1 mole of
a substrate. In the reduction prbéess' using the

hydrogenation reducing agent, the reaction temperature is



ethyl acetate) is used as a solvent and a substrate subjected to the
carboxyl ati on reaction, an adamantane 5 derivative having a carboxyl
group protected by a protective group (an alkoxy group) can be obtained. An
adamant ane derivative having a hydroxyne%? group (containing a

hydr oxynet hyl group protected by a protelfive group) together with a

hydr oxyl group 10 (contai ning a hydroxyl group protected by a protective

Tchone (1v) . rEBefHEReLE, %ﬁéf@?ﬁe#‘{eﬁ NRI N §<F€<?H")¢‘ep Ssent s
CHerr]OH Xerr] and ]}ﬂ&g_% @1@? tth%e J:'educti%q}3 r¥a cq:'iofner( %%q: gach rmay

represent H R NJerr
lytic hydrogenation process and the reaction by the process

using the hydrogenation reducing agent) may be carried out
5 in the presence of a solvent inert to the reduction reaction
(e.g., an alcohol such as methanol; a solvent exemplified
in the paragraphs of the nitration reaction, such as a
carboxylic acid, an ether, an ester and an amide).
Moreover, when the reduction reaction is conducted by the

10 catalytic hydrogenation process, an acid such as hydro-
chloric acid may be added to the reaction system in order
to improve the catalytic activity.

Reduction of the compound (Ic) provides the
compound (Id), for example, reduction of 1-nitroadamantane

15 of the 'compound (Ic) provides l-aminoadamantane.

The compéund (If) correspoﬁds to a compound in
which Xzb of the compound (Ia) is nitro group. Reduction
of the compound (If) provides a compound in which Xzb
amino group. For example, reduction of 1l-nitro-3,5-

20 adamantanediol of the compound (If) provides l-amino-
3,5?adamantanediol, and reduction of 1l-nitro-3-
adamantanol proifides l-amino-3-adamantanol.

According to the species of substrate, hydroxyl
group [e.g., hydroxyl group of the compound (Ia), the

25 compound (Ie) or the compound (If)], hydroxylmethyl group
(a moiety corresponding to hydroxyl group of hydroxymethyl

group), amino group [e.g., amino group of the compound (Ia)



CH err]OH and NCO. Xferr], Xerr], Xerr] and X err] have the sane neani ngs
as defined above. In the reaction step schene (IV), the reduction reaction
whi ch | eads the conmpound (Illa) to the conpound 25 (I'va) may be carried
out by a conventional nethod such as a c%%alytic hydr ogenati on process
usi ng hydrogen as a reduci ng agent and a®eduction process using a - 76
- hydrogenati on reduci ng agent. Preferred hydrogenation reduci ng agent .

ydri de, 11 i o SREnPARRRgar FOET ¥ i thiTHT S bl dRdHe and

di borane. component or the reaction product may be optionally
-protected by the protecting group before or after the
nitration reaction, oxidation reaction or the reduction

5 reaction, or during each reaction steps. Introduction and
elimination of the protecting group for hydroxyl group,
hydroxymethyl group, amino group'and carboxyl group may
be carried out by utilizing a conventional method such as
esterification, amidation, carbamation, carbonaticn,

10 hydrolysis and hydrogenolysis, if necessary, using an acid,
an alkali, an ion-exchange resin, é catalyst for
hydrogenolysis or the like.

When an acyl group is used as a protecting group
for hydroxyl group or amino group, hydroxyl group or amino

15 group of the substrate may be protected by allowing an
acylating agent tp act on the substrate. As the acylating
agent, there may be exemplified Czﬁaliphatic
monocarﬂboxylic aéidé such e;,s acetic acid, propionié acid, -
n-butyric acid, isobutyric acid, valeric acid and pivalic

20 acid (preferably C,_jcarboxylic acids), and reactive de-
rivgtives thereof [e.g., acid anhydrides such as acetic
anhydride and valeic anhydride, acid halides such as acid
chloride (e.g., acetyl chloride, propionyl chloride and
butyryl chloride)]. When an acid anhydride or an acid

25 halide.is used as an acylating agent, the reaction is
practically carried out in the presence of a base in order

to capture the acid which is a by-product in the reaction.



5 Incidentally, the conmpound (Ill1a) can be obtained by the reaction step
scheme (111). For exanple, 1 -hydroxy- 3 -hydroxynethyl adamantane can be
formed by reducing 1-carboxy-3-adanmantanol with |ithium almnium hydride.
10 According to the species of the substrate, hydroxyl group,
hydr oxynet hyl group, am no group and cérﬁéxyl group of the reaction
conmponent or the reaction product may be protected by the above protecting
group before Oéﬁa%%er t he reduction reactlon Introductlon and el imnation
o]

of 15 these &t PAe or ERGES HHRY the Jmentivpefs HRr £¥AMMGs &Milar to
o oup  oget hor HIPERCRTR,RSS e Gous PIBRORLARNGE hyRiiy) MEidip SHEH oct od
by a prOteCt'VgsgégﬁEQm Eyhé§§fggfﬂanﬁgdroxide of alkaline earth metal
such as barium hydroxide; carbonate of an alkaline metal
5 such as sodium carbonate; a carbonate of an alkaline earth
metal such as barium carbonate; a hydrogencarbonate of an
alkaline metal such as sodium hydrogencarbonate); and an
organic base (e.g., a tertiary amine such as triethylamine
and N-methylpiperidine; a basic heterocyclic compound

10 containing a nitrogen atom such as pyridine. The acylating
agent may be used singly or in combination of two or more.

Reaction of 1-nitro-3-adamantancl of the compound
having a hydroxyi group [e.g., the.compound {Ia), the
compound (If)] with acetic acid (or acetyl chloride or

15 acetic anhydride) provides 1-nitro-3-acetyloxyadamantane.
Moreover, l-acetyloxy-3-aminoadamantane can be obtained
by reducing the l-nitro-3-acetyloxyadamantane. Simi-
larly, l-acetyloxy-3-adamantanol and/or 1,3-
bis(acetyloxy)adamantane from 1,3-adamantanediol; 1-

20 acetylamino-3-adamantanol and/or l-acetylamino-3-
ace;yloxyadamantane from l-amino-3-adamantanol; 1-
acetyloxy—3-cafboxyadamantane from 1l-carboxy-3-
adamantanol; l-acetyloxy-3-methoxycarbonyladamantane
from 1-methoxyqarbony1-3-adamantanol; l-acetyloxy-3-

25 hydroxymethyladamantane and/or 1-acetyloxymethyl-3—
adamantanol_and/or l-acetyloxy-3-

acetyloxymethyladamantane from 1l-hydromethyl-3-



20 for exanple, in accordance with the follow ng reaction step schene
(V). Reaction step schenme (V) - 77 - [err] 5 Wierein X represents

NH err], X err] represents NCO, and X[ferr] and X err] may be the sanme or
different and each may represent H, R !\%err], OH, NH err], COCH,
CHerr]OH and NCO. X[ err], Xerr] and X[28fr] have the same neani ngs as
defi ned above. 10 In the reaction step schene (V), the reaction

whi ch | eads trghéﬁ% éﬁgiﬁ(ég) ffééé¥§f%¥§¥§¥§1é&éﬁhd?%ﬁé%iol and/or

1,3-bis(acetyloxy)-5-adamantanol and/or 1,3,5-
tris(acetyloxy)adamantane from 1,3, 5-adamantanetriol can
be obtained.

5 l-acetylamino-3-adamantanol, l-acetylamino-
3,5-adamantanediol, l-acetylamino-3,5,7-adamantanetriol
and the like are obtained by reacting l-aminoadamantane
of the compound having an amino group (Id) with acetic acid
to oxidize with oxygen.

10 In the oxidation by oxygen, the use of a carboxylic
acid (e.g., a carboxylic acid such as acetic acid, propionic
acid) as a solvent insﬁres protection of hydroxyl group
and amino group by a protective group (e.g., an acyl group)
in the procéss of the oxidation reaction.

15 When carbonate group is used as a protected hy-
droxyl group or when carbamate group is used as a protected
amino group, for example, a halogenated carboxylic acid
ester may be allowed to react with a compound having a
hydroxyl group or a compound having an amino group to

20 convert the hydroxyl group or the amino group into each
corresponding carbonate group or carbamate group. This
reaétion is practically carried out in the presence of a
base. As the base, qse can be made of the ébove exemplified
bases.

25 For example, l-methoxycarbonyioxy-3-adamantanol
and/or 1,3-bis(methoxycarbonyloxy)adamantane can be ob-

tained by allowing chloromethoxycarbonyl (methyl



conducted by a conventional nmethod such as a nethod using phosgene. The
conpound (Vb) corresponds to a conpound in which X err] of the conpound
(la) obtained in the reaction step 15 scherme (I) is NH err]. The reaction
of the compound (Vb) with phosgene may be conducted, for exanple, in the
presence or absence of a sol vent at a'Téﬂ%eTature of about -10 to

100[ err] C. The anount of phosgene is, for exanple, about 0.8 to 10 nole 20
and preferably_about to 2 mole relative to 1 _nole of the compound (Vb).

For exanple, ¥ éPFPE?VHQtPQo@?aﬁ&?&&dyﬁﬁht&n% gdamprtapedtokd by al | owing

1- acetyl oxy- 3- oa nantane to react wi t h phosgene.
According to §3‘5€1&@§ "&ﬁl?&? %W‘GPGWMW group,

am no group aq@ ca%pgyyl %rougntanol 1-methoxycarbonyl 3-

methoxycarbonyloxyadamantane from l-methoxycarbonyl-3-
5 adamantanol; l;acetyloxy-3-methoxycarbonyloxyadamantane
from l-acetyloxy-3-adamantanol; l-acetylamino-3-
methoxycarbonyloxyadamantane from l-acetylamino-3-
adamantanol; l-hydroxymethyl-3-
methoxycarbonyloxyadamantané and/or 1-

10 methoxycarbonyloxymethyl-3-adamantanol and/or 1-
methoxycarbonyloxy-3- |
methoxycarbonyloxymethyladamantane from 1-
hydroxymethyi-3-adamantanol; 1-(N,N-
dimethylcarbamoyl)-3-methoxycarbonyloxydadamantane from

15 1-(N,N-dimethylcarbamoyl)-3-adamantanol; 1-
(methoaxycarbonyloxy)-3-nitroadamantane from l-nitro-
3-adamatanol; 1-(methoxycarbonyloxy)-3,5-adamantanediol
and/or 1,3-bis(methoxycarbonyloxy)-5-adamantanol and/or
1,.3,5-tris(methoxycarbonyloxy)adamantane from 1,3,5-

20 adamantanetriol; 1,3-bis(methoxycarbonyloxy)-5-
nitroadamantane from l-nitro-3,5-adamantanediol; and
l-carboxy-3,5-bis(methoxycarbonyloxy)adamantane from
l-carboxy-3,5-adamantanediol can be obtained.

When carbamoyloxy group is used as a protected

25 hydroxyl group, for example, an isocyanate compound may
be allowed to react with a compound having a hydroxyl group,

if necessary, in the presence of the above exemplified base



of the reaction conponent or the reaction product may be - 78 -
protected by the above protecting group before or after the isocyanation
reaction. Introduction and elimnation of these protecting groups nay be
carried out by a nethod simlar to the_quqp descri bed nethod. 5

In the production process of adamantane deriva- tives nentioned above, a
nitro group and a hydroxyl group can be introduced into an adamant ane

e ool S Alfe 8. HAEE P Ohrbhin  ghdfpcqgra el | ov ng on
adamant ane bagihere badih3c tatbhod 1Bkl §960p. For example, in the
presence of pyridine, methyl isocyanate may be allowed to
react with 1,3-adamantanediol to form 1-(N-

5 methylcarbamoyloxy)-3-adamantanol and/or 1,3-bis(N-
methylcarbamoyloxy)adamantane. Similarly, 1-(N-
methylcarbamoyloxy)-3,5-adamantanediol and/or 1,3-
bis(N-methylcarbamoyloxy)-5-adamantanol and/or 1;3,5-
tris(N-methylcarbamoyloxy) adamantane can be obtained from

10 1,3,5-adamantanetriol.

Moreover, an adamantane derivative having an
N-substituted amino group and a hydroxyl group can be
obtained, for example, (i) by reacting the compound (Ia)
having an amino groﬁp with a hydrocarbon halide (e.g.,

15 aliphatic hydrocarbon halide such as icdomethane, io-
doethane, iodobutane, bromomethane, bromoethane,
bromobutane, chloromethane and chlopoethane) or (ii) by
subjecting a compound produced by the reaction of the
compound {(Id) with a hydrocarbon halide, that is, a compound

20 in which an amino group of the compound (Id) is converted
into an N-substituted amino group, to the oxidation
rea;:tion by oxygen with the use of the imide compound (2).
The reaction of the compound (Ia) or the compound (Id)
having an amino group with a hydrocarbon halide may be

25 carried out in the presence of a de-hydrbgen.hélide agent
(an agent for eliminating a hydrogen halide). As the

de-hydrogen halide agent, use can be practically made of



oxi de and oxygen to be used in the nitration reaction. A derivative
whi ch at |east two functional groups selected froma nitro group, a
hydr oxyl group and a carboxyl group are introduced to the adanmant ane
backbone can be obtained 15 in one stengy al l owi ng the adamant ane

conpound to react with a nitrogen oxi d€,

xygen and carbon nonoxi de

presence of the im de conmpound. The reaction nmay be carried out in

accordance with the condition

of the nitrati®nPd9ic cempeund
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reaction dependi ng on,fhe objective conmpound. For exanpl e n.adanmant ane
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15

20

25

diethylamine, methylenediamine and ethylenediamine; a
heterocyclic amine e.g., pyridine and morpholine), an
inorganic base (e.g., a hydroxide of an alkali metal such
as sodium hydroxide and potassium hydroxide; a hydroxide
of alkaline earth metal such as calcium hydroxide; a
carbonate of alkali metal such as sodium carbonate and
potassium carbonate; a carbonate of an alkaline earth metal
such as calcium carbonate; a hydrogencarbonate of an alkali
metal such as sodium bicarbonate and potassium
bicarbonate; an alkoxide of an alkali metal such as sodium
methoxide and sodium ethoxide)l].

The reaction of the compound (Ia) or the compound
(Id) each having an amino group with a hydrocarbon halide
may be conducted in a solvent inert to the reaction. As
such solvent, use may be made of the sol&ents exemplified
in the paragraphs of the nitration reaction, such as a
hydrocarbon halide, an ether, an ester and an amide.

Reaction of 1,3-diamino-5-adamantanol with io-
domethane provides 1,3-di(methylamino)-S-adamantanol,
1,3-ditdimethylamino)—5-adamantanol, etc. Reaction of
1,3-diamino-5,7-adamantanediol with iodoethane provides
1,3-di(ethylamino)-5, 7-adamantanediol, 1,3-
di(diethylamino)-5,7-adamantanediol, etc.

When a carboxyl group is protected by an alkoxy



3, 5-adamant anedi ol , 1, 3, 5-adanmantanetriol, 1,3- dinitro-5-adamantanol,

1, 3-di car boxy- 5- adamant anol etc - 79 - can be obtained. As to the
process for produci ng an adamant ane derivative having a hydroxyl group and
a functional group, as a preferred production process, there may be
mentioned, 5 for exanple, a process Tcﬁldkidizing an adamant ane _
derivative shown by the following fornmula (la): [err] 10 wher ei n

Xlerr] represents a,nitro grou an ani no group_or N-substituted anm no
g£oup] Whi Eh r‘?”b@é‘c?goe% T, group is form d), the carboxyl group

may be converted into the corresponding ester group by
reacting a carboxyl group-containing compound or a
derivative thereof (e.g., an acid halide such as an acid
5 chloride) with an alcohol (e.g., methanol, ethanol) or a
reactive derivative thereof (e.g., a lower alkyl ester),
if necessary, in the presence of an acid (e.g., a mineral
acid such as hydrochloric acid and sulfuric acid) or a base
(e.g., the above exemplified base). The lower alkyl ester
10 includes, for example, acetic acid-C,_ ,alkyl ester such as
methyl acetate and ethyl acetate or the corresponding
propionate {e.g., méthyl propionate, ethyl propionate).
For example, 1l-methoxycarbonyl-3-adamantanol may be ob-
tained by reacting l-carboxy-3-adamantanol with methanol
15 in the presence of an acid, or by acting thionyl chloride
on l-carboxy-3-adamantanol followed by reacting with
methanol in the presence of an organic base such as
triethylamine.
Moreover, when a carboxyl group is converted into
20 a group having an amide bond, with the use of an amino group
as a protecting group for the carboxyl group (i.e., when
forming an N-substituted or unsubstituted carbamoyl group),
conditions of a conventional process for forming an amide
bond may be applied. The process for forming an amide bond
25 may be carried out, for example, by the following methods:
(a) a method by a mixed acid anhydride, i.e., a method

which comprises reacting a compound having a carboxyl 'gr'oup



protective group, a hydroxyl group which may be protected by a protective
group, a carboxyl group which may be protected by a protective group, a
hydroxynet hyl group 15  which may be protected by a protective group, or
an isocyanato group; Xerr] and X err] may,be the same or different from
each other and each may represent a hydrogen atom an al kyl group, a nitro
group, a hydroxyl group which may be protected by a protective group, an

: : . ) : b
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or an isocyanato group; W th oxygen In t ce o

catalyst 25 = CEODIoHdGby Hadtidy EABPGLOEn SHEEa Hotd BrlYdPAcR (kno" the

i m de conmpound and a co-catalys
an amine compound;

5 (b) a method by an active ester, i.e., a method which
comprises converting a substrate into an active ester
thereof, such as p-nitrophenylester, an ester with N-
hydroxysuccinimide, an ester with l-hydroxybenzotriazol
or the like followed by reacting the given ester with an

10 émine compound;

(c) a method by a carbodiimide, i.e., a method which
condenses an amine compound with a substrate in the presence
of an activating agent such as dicyclohexylcarbodiimide
and carbonyldiimidazol; or

15 (d) a method which comprises converting a substrate into
a carboxylic anhydride thereof by a dehydrator such as
acetic anhydride followed by reacting the given carboxylic
anhydride with an amine compound, or a method which
comprises converting a substrate to an acid halide thereof

20 followed by reacting the acid halide with an amine compound.

The amine compound used in the amide bond-forming
reaction includes, for example, ammonia or a derivative
thereof (e.g., ammonium halide such as ammonium chloride),
a primary amine; a secondary amine, hydrazine or a

25 derivative theréof (e.g., alkoxycarbonylhydrazine such as
t-butoxycarbonylhydrazine, alkoxycarbonylhydrazine such

as benzyloxycarbonylhydrazine).



According to the nore preferable process for - 80 - producing the
adamant ane derivative, in the above fornmula (la), (i) when Xerr] is a
nitro group, X err] and X err] may be the sane or different from each ot her
and each may represent 5 a hydrogen §t§€1_an al kyl group, a nitro group;
(i1) when X[err] is an am no group or N-Substituted am no group which may
be protected by a protective group, X err] and X[err] nmay be the sane or

o Lerent from ench oS SRACTSEBYLERLERR e W SR8 ¥
an amine compound may be carried out in a suitable solvent,
in the presence of an basic compound. As the basic compound,
use may be made of the basic compounds exemplified in the

5 paragraphs of the reaction of the compound (Ia) having an
amino group or the compound (Id) with a hydrocarbon halide
and the like.

Moreover, as the solvent, anorganic solvent (e.g.,
an ether, an ester, an amide) exemplified for the nitration

10 reaction may be employed.

For example, reaction of 1,3-dicarboxy-5-
adamantanol with ammonia provides 1,3-dicarbamoyl-5-
admatanol. Reaction of 1,3-dicarboxy-5,7-adamantanediol
with hydrazine forms 1,3-di(hydrazinocarbonyl)-5,7-

15 adamantanediol, etc. 1-(N,N-dimethylcarbamoyl)-3-
adamantanol can be obtained by acting thyonyl chloride on
l-carboxy-3-adamantanol followed by reacting the resul-
tant compound with dimethylamine. Similarly, 1-(N,N-
dimethylcarbamoyl) -3-methoxycarbonyladamantane can be

20 formed from l-carboxy-3 -methoxycar_bonyladamatane ’

Furthermo:e, the compound having a carbamoyl group
may also be obtained by reacting a compound having an ester
group (e.g., an alkoxycarbonyl ' group, an aryloxycarbonyl
group, an aralkyloxycarbonyl g:oup) as a protected carxr-

25 boxyl group with the amine compound in the presence of a
catalyst comprising a metallcompound.

Examples of the metal compound used in the reaction



protected by a protective group; (iii) when X err] is a hydroxyl group

whi ch may be protected by a protective group, Xerr] and X err] may be the
sanme or different fromeach other and each may represent a 15 hydr ogen
atom an al kyl group, a hydroxyl group ich may be protected by a
protective group; (iv) when Xerr] is a 3r60xy| group which may be
protected by a protective group, X err] and Xferr] may be the sane or

alkyl group. ot Eas CURARGH L TR e PE0uaeoF ceanuie R SREALRAE b oL
(1 ner X o RSN B AL B BEISERG, Bl 0t ocl e
represent a 25traﬁ'¥f'é19:9fﬁ'g 3l PMs Al Al &Vin Uiy 2 P&/rdre%éfnrga.l:[eh.yla group which
transition metal compound such as a compound comprising
5 Group 3B element of the Periodic Table (e.g., aluminum
compound such as AlCl;), a compound comprising Group 4A
element of the Periodic Table (e.g., titanium compound such
as TiCly), a compound comprising Group 3A element (e.g.,
samarium compound such as SmI,) of the Periodic Table.
10 The amount of the catalyst may be selected within
a broad range, for example, about 0.1 mole% to 1 equivalent,
preferably about 0.5 to 50 mole%, and more preferably about
1l to 25 mole¥ (e.g., about 5 to 20 mole%) relative to a
compound having an ester group.
15 The ratio of the amine compound to the ester
group-containing compound is, for example, about 0.5 to
5 mole, preferablY'about 0.8 mole or more (e.g., about 0.8
to 5 mole), and specifically about 1 mole or more (e.g..
about 1 to 3 molé, in particular about 1 to 1.5 mole) of
20 ammonia or the like relative to 1 equivalent of the ester
group-containing compound.
The amidation reaction may be carried out in the
presence or absence of a solvent inert to the reaction.
As the reaction solvent, there may be exemplified an
25 aliphatic hydrocarbon, an alicyclic hydrocarbon, an
aromatic hydrocarbon, a ketone, an ether, a non-protonic

polar solvent and a mixture thereof. The reaction



may be protected by a protective group; and (vi) when X err] is an

| socyanat o group, X and X may - 81 - be the sane or different from each
ot her and each may represent a hydrogen atom an al kyl group or an

I socyanato group. In the production of the novel adamantane 5 derivative,
a conventional oxidation process such aséanm oxidation process using nitric
acid or chromc acid, oxidation process using an cobalt salt as a catalyst,
a biochem cal nethod or the |like may be enpl oyed as an oxi dation process.
For the introdespesatyremay heiglected within the range of, for example,

about 0 to 150 °C, and preferably about 25 to 120 °C.
An adamantane derivative having plural hydroxyl
groups (containing a hydroxyl group protected by a
5 protective group) can be obtained according to the

following reaction step scheme (II).

Reaction step scheme (II)
xib
10 X2 X Oxidation _ X
X
IIb) (I1a)

Wherein XZh, and x“ represent H oxr OH, X3h and )s'.‘m
may be the same or different and each may represent H, R,

lb, X3° and X'm have the

15 NO,, OH, NH,, COOH, CH,OH or NCO. X

same meanings as defined above.
In the reaction step scheme (II), the oxidation

reaction which leads the compound (IIb) to the compound
(IIc) may be carried out by the oxidation reaction (the

20 oxidation reaction with oxygen) using an oxidation
catalyst comprising the imide compoﬁnd (2). For example,
oxidation of l-adamantanol forms 1,§-adamantanediol,
1,3,5-adamantanétriol, etc. Oxidation of 1,3-
adamantanediol provides 1,3,5-adamantanetriol, etc.

25 Incidentally, according to the species of sub-
Strate, hydroxyl group, hydroxymethyl group, amino group

and carboxyl group of the reaction combo_nent or the reaction



10 group, these may be enployed a process for introducing a hydroxyl
group to a substrate which conprises introducing a hal ogen atom(e.g., a
brom ne atonm) to the substrate and then, hydrolyzing with the use of an

i norganic salt such as silver nitrate and silver sulfate. 15 A
conpound having a basic group or an ad(ﬁQ:broup anong adamant ane
derivatives having a hydroxyl group and a functional group may formits
salt. For exanple, an adanantane derivative having a carboxyl group may
forma salt bpPIdust W@QbPSdP%PFﬁ°$GSa§NCteﬁnﬁﬁﬂﬁg Pﬁgt?ﬁEi%Ssgﬁ°Eg
conmpound, use can be made of, far exagg |d S annDnlﬁbathe conpound

(la) having aPeHAT o @ﬁ@&ﬁfaﬁa gHzing Bﬁnﬂx% BflﬂﬁvFﬁﬁcﬁ mrﬁpiuoup and
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be carried ocut by a method similar to the above described
5 method.
Specifically, an adamantane derivative having a
non-polymerizable acyloxy group among the adamantane
derivatives having plural hydroxyl groups (including a
hydroxyl group protected by a protective group) can be
10 obtained in accordance witﬂ the following reaction step

scheme (II-1).

Reaction step scheme (II-1)
X x4 (1)
15 X3 .
Oﬁijt:////r \\\\ijt?n
Acylation
xte Sy xéh
20 e ' X
(Ib-1) . (a-1)

Wherein xai and X41 may be the same or different
and each may represent H, R, NO,, OH, NH,, COOH, CH,OH or
NCO, and X°" represents OAc. X, X°°, x*°, x*" and x*" have
25 the same meanings as defined above.

In the reaction step scheme (II-1), the oxidation

reaction wh:.ch leads the compound (IIb-1) to (IIc) and the



25 Mor eover, anong adamant ane derivatives having a hydroxyl group
and a functional group, a conpound having a basic group such as an

adamant ane derivative having an - 82 - amno group may forma salt by
being reacted with an acid. An acid inglgges, for exanple, an inorganic
acid (e.g., hydrochloric acid, sulfuric id, nitric acid, hydrochloric
acid), an organic acid (e.g., an aliphatic 5 carboxylic acid such as

2ci d: an al kyl SBLReRt 8B Eo et ion il HReme, P oToleated gL et o
acid; an aryl Sghgoégn&o%%&j ( ff&S‘ G%%l be carried out by the above mentioned
oxidation process by oxygen. Moreover, acylation may be
carried out by reacting a substrate with the acylating agent.
5 The acylation may be conducted befbre, after or during the
oxidation reaction.
The compound (IIb-1) corresponds to the compound
(Ib). The compound (IIb-1) may be oxidized and reacted
with an acylating agent to produce the compound (IIc). For
10 example, 1l-acetyloxyadamantane, 1,3-acetyloxyadamantane,
1,3,5~acetyloxyadamantane or the like can be obtained by
subjecting adamantane of the compound (IIb-1) to the
oxidation by oxygen with the aid of the imide compound (2)
and reacting the resultant compound with acetic acid.
15 The compound (IIc) includes, for example, an
adamantane having a C,_gacyl-oxy group such as 1-
acetyloxyadamantane, l-acetyloxy-3-methyladamantane,
l-acetyloxy-3,5-dimethyladamantane, 1,3-
diacetyloxyadamantane, 1,3-diacetyloxy-5-
20 methyladamantane, 1,3,5-triacetyloxyadamantane. The
oxi@ation process with oxygen may be applied to the compound
(IIc) to produce the compound (IIa-1). 1-
acetyloxyadamantane of the compound (IIc) may be subjected
to the oxidation process by oxygen using the imide compound
25 (2) to produce l-acetyloxy-3-adamantancl, l-acetyloxy-
3,5~-adamantandiol, 1-acetyloxy-3;5.7-adamantanetriol,

etc. Further, according to the present invention, 1,3-



benzenesul foni c acid, p-toluenesulfonic acid). 10 Reactions such
as oxidation reaction may be effected in any of a batch system a
sem - bat ch system and a continuous system After conpletion of the
reaction, a reaction product can be easi%% i sol ated and purified according
to a conventional neans such as filtraiidvh,” 15 condensati on,
distillation, extraction, crystallization, recrystallization and colum

e
be. ef 11 ci ont 1y OB FG T GREG e BRFaLEied DA AP PBAPHED. OBuch
adanmant ane deriY§4&f§%%€§f%£§% éﬁan %n%aWith oxygen. 1,3,5-
triacetyloxy-7-adamantanol can be obtained by applying the
5 oxidation process with oxygen to 1,3,5-
triacetyloxyadamantane.

The compound (IIa-1) may be obtained also by
oxidizing the compound (IIb-1) with oxygen to form an
adamantane derivative having at least two hydroxyl groups

10 (e.g., 1,3-adamantanediol, 5-methyl-1,3-adamantanediol,
5,7-dimethyl-1, 3-adamantanediol, 1,3,5-adamantanetriol
and 1,3,5,7-adamantanetetraol) followed by acting an
acylating agent.

An adamantane derivative having a carboxyl group

15 (containing a.carboxyl group protected by a protectiﬁc
group) together with a hydroxyl group (containing a hy-
droxyl group protected by a protective group) can be
obtained in accordance with, for example, the following

reaction step scheme (III).

20 Reaction step scheme (III)



25 materials for high functional materials (e.g., optical materials such

as optical fibers, optical elenents, optical |enses, hol ogram optical

di scs and cont act - 83 - lenses; transparent resin coating conpositions

"for organic glasses; electric conductive golyners phot osensi tive
materials; fluorescent materials). Mor eove?, "t he adanant ane derivatives are

al so useful as raw materials 5 of pharnmaceutical preparations having high
phar macol ogi cal activity and agricultuygtal chemcals. The present invention

can provide a novel adamantane deri which is useful as a high
functi onal yA—L bk
x3 (1Ic)
Carboxylation wiﬁon
5
x% x4 x4
(ILIb) X3 (I11a)
10 Oxmaio\ i Axylaﬂon
: (I1Id)

Wherein X 23 represents COOH and X3j, X‘j, x3k and

X4k may be the same or different and each may represent H,
15 R, NO,, OH, NH,, COOH, CH,OH and Nco. x'°, x%°, x*°, x°f ana
x** have the same meanings as defined above.

In the reaction step scheme (III), the oxidation.
reaction which leads the compound (IIIb) to the compouna
(IIId) and the oxidation reaction which forms the compound

20 (IITa) from the compound (IIIc) can.be carried out by the
oxi@ation reaction (the oxidation reaction with oxygen)
using an oxidation catalyst comprisiﬁg‘the imide compound
(2) or a catalyst system comprising the imide compound (2)
and a co-catalyst.

25 The-compound (IIIb) corresponds to the compound

(Ib), and oxidation of the compound (IIIb) with oxygen

provides thg compound (IIId), that is, the compound (Ie).



material. Moreover, the use of an oxidation catalyst 10 conprising a
specific imde conpound can provide not only the novel conpound but al so
known adanent ane derivatives efficiently. Further, the adamantane
derivatives can be obtained in high convgrsion and selectivity even under
mld or noderate conditions. 15 EXAMPLES'Thé fol |l owi ng exanples are

I ntended to describe the present invention in nore detail, but should by no
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carboxy-3,5-dimethyladamantane, 1, 3-dicarboxyadamantane,
1,3-dicarboxy-5-methyladamantane, 1,3,5-
5 tricarboxyadamantane. The compound (IIIa) can be proposed
by oxidizing the compound (IIlc) bj oxtgen with the aid
of an oxidation catalyst comprising the imide compound. (2)
in a manner similar to that of the oxidation reaction. The
oxidation process by oxygen with aid of the imide compound

10 (2) may be applied to l-carboxyadamantane of the compound
(IIIc) to provide l-carboxy-3-adamantanol, l-carboxy-
3,5-adamantandiol, 1-carboxy-3,5,7-adamantanetriol, etc.
Oxidation of 1,3-dicarboxyadamantane with oxygen provides
1, 3-dicarboxy-5-adamantanol, 1,3-dicarboxy-5,7-

15 adamantanediol, etc. Oxidation of 1,3,5-
tricarboxyadamantane with oxygen provides 1,3,5-
tricarboxy—?-aaamantanol.

[Carboxylation reaction]
In the reaction step scheme (III), to the

20 carboxylation reaction which forms the compound (IIIc)
from the compouhd (IIIb) and the carboxylation reaction
which leads the compound (IIId) to tﬁe compound (IIIa) may
be applied a process comprising contacting the substrate
[the compound (iIIb), the compound (IIId)] with carbon

25 monoide and oxygen in the presence of a catalyst coinprising
the imide compound shown by the formula (2).

The compound (IIIb) may be subjected to the



Example 1 25 M xture of 10 -nmol e of 1-acetyl am noadanmant ane

(Al drich chem cal Conpany, Inc.), 1 mmole of N- hydroxyphthalimde (NHPI),
0. 05 nmol e of vana- - 84 - diunm(lll)acetylacetonato (V(AA)3) and 25 nL
of acetic acid was stirred under an oxygfp atnosphere and the conditions
represented in Table 1 (tenperature and The pro- ducts in the
reaction mxture were anal yzed by gas 5 chronatography and, as a result,

Lo na oy e T P eRTBR 28 Bhoviad®ehy' 2BnBluta 5(18gaget anedi o
Adamantane of the compound (IIIb) may be subjected to the
carboxylation reaction to provide l-carboxyadamantane,
1,3-dicarboxyadamantane, 1,3,5-tricarboxyadamantane, etc.

5 Carboxylation of 1,3-adamantanediol provides 1-
carboxy-3,5-adamantadiol, etc.

Moreover, the compound (IIId) may be subjected to
the carboxylation reaction (the carboxylation process)
using the imide compound (2) to provide the compound (IIIa).

10 l-adamantanol of the compound (IIId) may be subjected to
the carboxylation reaction using the imide compound (2)
to produce 1l-carboxy-3-adamantanol, 1,3-dicarboxy-5-
adamantanol, 1,3,5-tricarboxy-7-adamantanol, etc.

[Catalyst]

15 As an imide compound in the car;fboxylation reaction,
use can be made of the imide compound (2) exemplified in
the paragraphs of the nitration reaction. In this
carboxylation reaction, a cétalyst may comprise an imide
compound (2) similar to that used in the oxidation reaction

20 and a co-catalyst.

[Carbon monoxide and oxygen]

Carbon monoxide to be used in the carboxylation
reaction may be pure carbon monoxide or diluted with an
inert gas exemplified in the paragraphs of oxygen for the

25 oxidation reaction. Oxygenmay be oné of those exemplified
in the paragraphs of the oxidation reaction.

In the carboxylation reaction, the amount of the



adamant anone (conmpound 3) were obtained wth conversions and yields

represented in Table 1. 10 Tabl e 1 Tenperature
Time  Conversion Yield (%9 ([err]O (hr) (9 Conp. 1
Conp. 2 Conp.3 75 6 89 _ 64 16 8 60 20
92 66 19 4 Conp.1 (conpdund 1):

1-acetyl am no- 3- adamant anol Conp. 2 (conpound 2):
120t a0 i R IE L s WU B, mey, b podaetela goo
1 0 10 Tl R e T Lpl o 07 I e, 0
of 2L of car bo&m:ﬂeed air}xd tQieSLpa(}faMesmdf -Eli]l% nitration reaction

using the imide compound (2).

5 The amount of the co-catalyst may be selected
within the range of the amount of the co-catalyst
exemplified in the paragraphs of the oxidation reaction
with oxygen usin_g the imide compound (2). Similarly, the
ratio of the co-catalyst to the imide compound may be

10 selected within the range of the ratio of the co-catalyst
to the imide compound exemplified in the paragraphs of the
oxidation reaction with oxygen.

The amount of carbon monoxide may be selected
within a range of, for example, about 1 mole or more (e.g.,

15 about 1 to 1000 mole), preferably excess mble, for example,
about 1.5 to 100 mole (e.g., about. 2 to 50 mole), more
preferably about 2 to 30 mole (e.g., about 5 to 25 mole),
relative to 1 mole of the substrate.

The amount of oxygen may be .selected within a range

20 of about 0.5 mole or more (e.g., about 0.5 to 100 mole),
preferably about 0.5 to 30 mole, more preferably about 0.5
to 25 mole, relative to 1 mole of the substrate.

The ratio.'o'f carbon monoxide (CO) to oxygen (O,)
may be selected within a wide range, as far as the amount

25 of each component Iis_ within the above range, for example,
of CO/0, = about 1/99 to 99.99/0.01 (mole%). The use of

‘the carbon monoxide in the amount larger than that of oxygen



resultant m xture was stirred for 6 hours at a tenperature 20 of 60
[err]C to give 1l-carboxyadanantane and 1, 3- di car boxyadamant ane. A m xture
of 10 mmol e of 1-carboxyadanmantane, 1 nmmole of NHPI, 0.05 nmole of V(AA) 3
and 25 nL of acetic acid - 85 - was stirred under an oxygen atnosphere
and the conditions representedi nTabl eZ{( th¥reandt enperature). Asaresult,

1- car boxy- 3- adanmant anol (conpound 1), 1-carboxy-3,5- adamatanedi ol

(sorpounc 2), 30 ipiignad JMETEIERS P co (ESBOMAY B WEhETY
selected within the range of CO/0, = about 1/99 to 99/1
(mole%) [e.g., about 10/90 to 99/1 (mole%)], and preferably
about 30/70 to 98/2 (mole%), more preferably about 50/50

5 to 95/5 (mole%), particularly about 60/40 to 90/10 (mole%).
The volume ratio of carbon monoxide to oxygen in

a supply line may be selected within the range of, for
example, CO/0, = about 1/99 to 99.99/0.01 (volume%), and
usually about 1/99 to 99/1 (volume$), preferably about

10 30/70 to 98/2 (volume%), more preferably about 50/50 to
95/5 (volume%), specifically about 60/40 to 90/10 (vol-
umeg).

The carboxylation reaction may be conducted in an
organic solvent inert to the reaction. As the organic

15 solvent, use can be made of the organic solvents exemplified
in the paragraphs of the nitration reaction, and
practically an organic acid (e.g., a carboxylic acid such
as acetic acid), a nitrile (e.g., acetonitrile), a
hydrocarbon halide (é.g., dichloroethane). .

20 The carboxylation reaction using the imide com-
pound (2) can be smoothly conducted even under compara-
tively mild or moderate conditions. The reaction
temperature may be selected{ according to species of the
imide compound or the substrate, within the range of about

25 0 to 200°C, preferably about 10 to 150°C (e.g., about 10
to 120°C), more preferably about 10 to 100°C (e.g., about

10 to 80°C). The reaction can be conducted at ambient



Tabl e 2 Tenperature Time Conversion Yield (%9 ([err]O (hr)
(% Conp. 1 Conp. 2 Conp.3 75 1 64 44 8

3 75 2 78 59 12 4 75 5 90
64 19 4 75 8 94 4 52 29 5 Conp.1
(compound 1): 1-carboxy-3-adanmant anol deb.z (compound 2):

1- car boxy- 3, 5- adamant anedi ol 10 Conp. 3 (conpound 3):

ol uenesul foni SLBBERTS DrcAPORR, AdRFARERE GARRea MRaBlample 2 wek
by tar bt atranfacEtaERg 28°8Bbofbs 8r tAL"20BstEELY, Yhyaroxyl
group [e.g., hydroxyl group of the compound (IIIa) and the
compound (IIId)], hydroxymethyl group, amino group and
5 carboxyl group [e.g., carboxyl group of the compound (IIIa)
and the compound (IIIc)] of the reaction component or the
reaction product may be protected by the above protecting
group before or after the oxidation reaction or the
carboxylation reaction, or during each reaction. Intro-

10 duction and elimination of these protecting groups may be
carried out by a method similar to the above described
method.

For example, 1-carboxy-3-acetyloxyadamantane,
1—carboxy-3,S-diacetyloxyadamahtane, l-carboxy-3,5,7-

15 triacetyloxyadamantane or the like can be obtained by
oxidizing 1-carboxyadamantane of the compéund (IIIc) and
reacting the produced alcohol bodies with acetic acid.
Similarly, reaction of 1l-carboxy-3-adamantanol of the
compound (IIIa) with methanol provides 1-

20 methoxycarbonyl-3-adamantanol. 1l-carboxyadamantane of
the compound (IIIc) may be allowed to react with ethanol
and subjected the oxidation reaction with o:?ygen to produce
1l-ethoxycarbonyl-3-adamantanol, 1l-ethoxycarbonyl-3,5-
adamantanediol, 1—ethoxycarbonyl-3,5,7-adamantanetriol,

25 etc. 1, 3—dicarboxyadamax_1tane may be allqwed to react with
ethanol and oxidized witﬁ oxygen to produce 1,3-

di(ethoxycarbonyl)-5-adamantanol, 1,3-



A mxture of 10 mmol e of the 1- ethoxycarboxyadamantane, 1 nmole of NHPI
0.05 mmol e of V(AA) 3 and 25 nlL of acetic acid was stirred under an oxygen
at nosphere and the conditions represented in Table 3 20 (tenperature and
time). As a result, 1-ethoxycarbonyl- 3-adamantanol (conpound 1),

1- et hoxycar bonyl - 3, 5- - 86 - adamatan®ivl (conpound 2) and 1-ethoxy- 4-
car bonyl adamant anone (conpound 3) were obtained wth conversions and yi el ds

represented in Table 3. Table 3 Tenperature - Tine Conversion
Yield (% di(ethoxycarbonyl)-5,7-adamantanediol, etc.

When an alcohol or a lower alkyl ester thereof (e.g.,
ethyl acetate) is used as a solvent and a substrate
subjected to the carboxylation reaction, an adamantane

5 derivative having a carboxyl gi'oup protected by a
protective group (an alkoxy group) can be obtained.

An adamantane derivative having a hydroxymethyl
group (containing a hydroxymethyl group protected by a
protective group) together with a hydroxyl group

10 (containing a hydroxyl groﬁp protected by a protective
group) can be obtained in accordance with the following

reaction step scheme (IV).

Reaction step scheme (IV)
xib x1b
15
Reducti
x4 x4 e - x2m xdn
X3I x3n
(I1la) (IVa)

Wherein sz represents CH,0H, X3n and X‘m may be the
20 same or different ahd each may represent H, R, NO,, OH, NH,,
CH,OH and NCO. x'®, x¥3, x* ana x* have the same meanings
as defined above. . .
In the reaction step scheme (1IV), the reduction
reaction which leads the compouhd (IIIa) to the compound
25 (IVa) may be carried out by a con’véntional method such as
a catalytic hydfogenation process u_.sin'g-hydrogen as a

reducing agent and a reduction process using a



([err] O (hr) (% Conp.1 Conp.2 Conp.3 75 6
58 16

95 8 75 3 86 68 6
7 60 6 63 48 6 4 60 20 92
54 16 7 75 15 9 27 43 5 5

9
Conp. 1 (conpound 1): 1-ethoxycarbonyl - 3- 48aiant anol Conp. 2 (conpound 2):
1- et hoxycar bonyl - 3, 5- adanmant anedi ol Conp. 3 (conpound 3):

w th s do arm JERrIGeRIE R CORR T Gar'er " HRg TR, bYBRPL R R Cot.
o pehe ) ook 10 RoREN SRS, BSLOBHERAL RGBSR ) o0
w th reddish- b&?%egﬁéwigngq:w'? afuminium hydride, lithium aluminium
hydride, lithium trialkoxyaluminium hydride and diborane.
5 Incidentally, the compound (IIIa) can be obtained by the
reaction step scheme (III).

For example, 1-hydroxy-3-hydroxymethyladamantane
can be formed by reducing 1-carb6xy-3-adamantanol with
lithium alminium hydride.

10 According to the species of the substrate, hydroxyl
‘group, hydroxymethyl group, amino gi:oup and carboxyl group
of the reaction component or the reaction product may be
protected by the above protecting group before or after
the reduction reaction. Introduction and elimination of .

15 these protecting groups may be carried out by a method
similar to the above described method.

An adamantane derivative having an isocyanato
group together with a hydroxyl group (containing a hydroyl
group protected by a protective group) can be obtained,

20 for example, in accordance 'with the following reaction step
scheme (V).

Reaction step scheme (V)



blue liquid conprising Nferr]Jerr] as a main conponent was fornmed 15

with sedinentation of the reddi sh-brown gas. The intro- ductions of the

ni trogen nonoxi de and oxygen were repeated to produce about 1.5 m of the
blue Iiquid. The blue liquid was frozen with the use of |iquid nitrogen.
1.8g (0.024 nol e based on N203 basis) of7The frozen 20 blue liquid, 1
mol e of adamant ane, 0.05 mmol e of NHPI and - 87 - 5m of acetic acid
were m xed, and then the m xture was reacted for 10 hours at 100[err]C with
stirring to give 1- nitrggdamantane and 1, 3-di ni troadangpt ane. To 25 nlL of
acetic acid was added 10} nmmol e of the

Isocyanation
X% x® > x® x4
x3b x3q
5 (Vb) | (Va)

Wherein X2° represents NH,, sz represents NCO, and

){3(I and X4q may be the same or different and each may

represent H, R, NO,, OH, NH,, COOH, CH,OH and Nco. x'°, x°°
and x“’ have the same meanings as defined above.

10 In the reaction step 'scheme (V) . the reaction which
leads the compound (Vb) to the compound (Va) may- be
conducted by a conventional method such as a method using
phosgene. The compound (Vb) corresponds to a compound in
which XZb of the compound (Ia) obtained in the reaction step

15 scheme (I) is NH,.

The reactiqn of the compound (Vb) with phosgene
may be conducted, for example, in the presence or absence
of a solvent at a temperature of about -10 to 100°C. The
amount of phosgene is, for example, about 0.8 to 10 mole

20 and preferably about 1 to 2 mole rélative to 1 mole of the
compound (Vb).

For example, l-acetyloxy-3- isocyanatoadamantane
can be obtained by allowing 1-acétyloxy-3-aminoadamantane

' to react with phosgene. |
25 . According to species of the substrate, hydroxyl
.group, hydroxymethyl group, amino group and carboxyl group

of the reaction component or the reaction product may be



5 1-ni troadamant ane, mmole of NHPI and 0.05 mmole of V(AA)[err], and the
resultant m xture was stirred for 8 hours at 75 [err]C, under an oxygen

at nosphere. The products in the reaction m xture were anal yzed by gas

chr omat ogr aphy, and, as a result, 1-nitraq;3-adamantanol (yield 48%, 1- 10
ni tro-3, 5-adamant anedi ol (yield 19% and B riitro- 3,5, 7-adamant anet ri ol
(yield 299 were forned with conversion of 76% of 1-nitroadamantane.
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of these protecting groups may be carried out by a method
similar to the above described method.

5 In the production process of adamantane deriva-
tives mentioned above,'a nitro group and a hydroxyl group
can be introduced into an adamantane backbone in one step
by, in the presence of the imide compound, allowing an
adamantane compound having at least two methine carbon

10 atoms in the adamantane backbone to react with a nitrogen
oxide and oxygen to be used in the nitration reaction. A
derivative in which at least two functional groups selected
from a nitro group, a hydroxyl group and a carboxyl group
are introduced to the adamantane backbone can be obtained

15 in one step by allowing the adamantane compound to react
with a nitrogen oxide, oxygen and carbon monoxide in the
presence of the imide compound. lThe reaction may be
carried out in accordance with the conditions and
operations described in the paragraphs of the nitration

20 reaction, the oxidation reaction or the carboxylation
reagtiqn depending on the objective compound.

For example, when adamantane is allowed to react
with nitrogen monoxide, oxygen and carbon monoxide in the
presence of the imide compound, l-carboxy-3-nitro-5-

25 adamantanol, l-nitro-3,5-adamantanediol, 1l-carboxy-
3,5-adamantanediol, 1,3,5-adamantanetriol, 1,3-

dinitro-5-adamantanol, 1,3-dicarboxy-5-adamantanol etc



20 Mass spectral data (fragment) [M] rr]: 197, [MJerr]:
179(-OHerr]), [M[err]: 133(-NJerr]) Exanple 5 A m xture of 10 nmole of
1, 3-di ni troadamant ane obtained in Exanple 4, 1 mmole of NHPI, 0.05 mmol e of
V(AA) [err] 25 and 25 nL of acetic acid ,4@as mixed and stirred for 8 hours
at 85 [err]C, under an oxygen at rmsphere AS a result,

13d|n|tr05adamantanol (yield 469 and 13d|n|tro- - 88 -
5, 7- adanant anedl ol é‘yl 249 were formed. The conver- sion of
1, 3- di ni t r oadatth # (1) 1, 3-dinitro-5-adanmant anol

As to the process for producing an adamantane
derivative having a hydroxyl group and a functional group,
as a preferred production process, there may be mentioned,

5 for example, a process for oxidizing an adamantane

derivative shown by the following formula (1la):

1a
X2 xia (1a)
X3a
10 wherein X2 represents a nitro group, an amino group

or N-substituted amino group which ma;g be protected by a
protective group, a hydroxyl group whi<':h may be protected
by a protective group, a carboxyl group which may be
protected by a protective group, a hydroxymethyl group

15 which may be protéc_ted by a protective group, or an
isodyanato group; X3a and X4a may be fhe same or different
from each other and each may représent a hydrogen atom,
an alkyl groupl, a nitro group, a hydroxyl group which may
be protected by a protective group, an amino group or

20 N-substitute(_l amino group which may be protected 'by a
pro:tective group, a carboxyl'grou.p which may be protected
by a protective group, a hydioxyméthirl group which may be
protected by a protective group, or an isocyanato group;
with oxygen in the presence of an oxidation catalyst

25 comprising the iﬁlide compound shown by the formula (2) or
the imide compound and a co-catalyst.

Accoi:'ding to the more preferable process for



Pal e yellow solid 5 Mass spectral data (fragment) [M[err]: 226,
[M[err]: 208(-OHerr]), [MJ[err]: 162(-NJerr]), [M : 115 (-HNJ err])
(2) 1,3-dinitro-5, 7-adamant anedi ol Pale yellow solid 10 Mass
spectral data (fragnment) [M[err]: 242, g%/][e-rr]: 224(-OH err]), [M[err]:
178(-Nd err]), [M[err] : 131 (-HNg erf]) Exanple 6 A m xture of 10 nmol e

of 1-carboxyadamant ane 15 obtained in Exanple 2, 1 mmole of NHPI, O. 05

ol e of \( AA)eé&f@cﬁ% P BhaflnPasll foa LS, Ttk Al bbkad1Lor 8

hours at 75 [ an oxygen at ere. resu
car boxy- 3- adanpig)anol (yield 28% 1-car boxy 3, 5-

(i) when x2 is a nitro group, X:"‘il and xi2 may be the

same or different from each other and each may represent
5 a hydrogen atom, an alkyl group, a nitro group;

(ii) when x? is an amino group or N-substituted
amino group which may be protected by a protective group,
x> and x*® may be the same or different from each other
and each may represent a hydrogen atom, an alkyl group,

10 an amino group or N-substituted amino group which may be
protected by a protective group:

(iii) when X2 is a hydroxyl group which may be
protected by a protective group, x> and x* may be the same
or different from each other and each may represent a

15 hydrogen atom, an alkyl group, a hydroxyl group which may
be protected by a protective group;

(iv) when X2 is a carboxyl group which may be
protected by a protective group, x*@ and x*2 may be the same
or different from each other and each may represent a

20 hydrogen atom, an alkyl group, a carboxyl group which may
be protected by a protective group:
. (v) when X2 is a hydroxymethyl group whidh may be
protected by a protective group, X3 and X4 may be the same
or different from each other and each may represent a
25 hydrogen atom, an alkyl group, a hydroxymethyl group which
may be protected by a protective group:; and

(vi) when x? is an isocyanato group, x* and x* may



adamant anedi ol (yield 48% and 1-carboxy-3,5,7- 20 adamant anetri ol
1099 were fornmed. The conversion of 1-carboxyadamantane was 94% (1)
1- car boxy- 3- adanant anol Wiite solid Mass spectral data (fragnment) 25

[M[err]: 196, [M[err]: 178(-CH[err])4C#f4Ierr}: 133(-COOH) (2)

1- car boxy- 3, 5- adamant anedi ol Wite sol

- 89 - Mass spectral data

(yield

(fragment) [MJ[err]: 212, [MJ[err] : 194(-CHerr]), [M[err]: 149(-COCH)

10

15

20

25

be the same or different from each other and each may
represent a hydrogen atom, an alkyl group or an isocyanato
group.

In the production of the novel adamantane
derivative, a conventional oxidation process such as an
oxidation process using nitric acid or chromic acid,
oxidation process using an cobalt salt as a catalyst, a
biochemical method or the like may be employed as an
oxidation process. For the introduction of a hydroxyl
group, these may_be employed a process for introducing a
hydroxyl group to a substrate which comprises introducing
a halogen atom (e.g., a bromine atom) to the substrate and
then, hydrolyzing with the use of an inorganic salt such
as silver nitrate and silver sulfate.

A compound having a basic group or an acidic group
among adamantane derivatives having a hydroxyl group and
a functional group may form its salt. For example, an
adamantane derivative having a carboxyl group may form a
salt by being reacted with a basiq compound. As the basic
compound, use can be made of, f'o!r example , besides ammonia,
the compound (Ia) having an amino group and the compound
(Id) having an amino group, and basic compounds (e.g., an
organic base and an inorganic base} exemplified in the
paragraphs of the reaction with a hydrocarbon halide.

Moreover, among adamantane derivatives having a
hydroxyl group and a functional group, a.compound having

a basic group such as an adamantane derivative having an



Exanple 7 A mi xture of 10 mmol e of 1, 3-di carboxyadamant ane 5 obtained in
Exanple 2, 1 mole of NHPI, 0.05 nmole of V(AA)3 and 25 nL of acetic acid
was mixed and stirred for 8 hours at 85 [err]C, under an oxygen atnosphere.
As a result, 1,3-dicarboxy-5-adamantangl gpyield 52% and 1, 3-

di car boxy-5, 7- adamant anedi ol (yield 26% were fornmed. 10 The conversion
of 1, 3-di carboxyadanant ane was 86% (1) 1, 3-di carboxy-5-adamantanol Wite

AR D R b Sl sl )

1, 3-di carboxy-g, 75 @fa Bt Aleeh Ol e Wi dfarid d an inorganic acid (e.g..

hydrochloric acid, sulfuric acid, nitric acid,
hydrochloric acid), an organic acid (e.g., an aliphatic

5 carboxylic acid such as acetic acid and propionic acid;
an aromatic carboxylic acid such as benzoic acid; an
alkylsulfonic acid such as methanesulfonic acid,
ethanesulfonic acid; an arylsulfonic acid such as
benzenesulfonic acid, p-toluenesulfonic acid).

10 Reactions such as oxidation reaction may be
effected in any of a batch system, a semi-batch system and
a continuous system. After completion of the reaction, a
reaction product can be easily isolated and purified
according to a conventional means such as filtration,

15 condensation, distillation, extraction, crystallization,
recrystallization and column chromatography, or a

combination of these means.

INDUSTRIAL APPLICABILITY
20 In the process of the present invention, an
adamantane derivatives shown by the formula (2) or a known
adamantane derivative can be efficiently produced with
high conversion and selectivity. |
Such adamantane derivatives are useful as raw
25 materials for high functional materials (e.g., optical
materials such as optical fibers, optical elements,

optical lenses, hologram, optical discs and contact



Mass spectral data (fragnent) [M[err]: 244, [M[err]: 216(-OHerr]),
[M[err]: 171(-COCH), 20 [M[err]: 125(-HCOOH) Exanple 8 A m xture of 10
mmol e of adamantane, 1 mmmole of NHPI, 0.05 mmole of cobalt(l1)

acetyl acetonato (Co(AA)2) and 25 nL of _aggtic acid was stirred for 6 hours
at 75 [err]C 25 under an oxygen atnosphere to give 1-acetyl oxyadamantane
and 1, 3-di acetyl oxyadanmant ane. To 25 nL of acetic acid were added 10 mmol e

of the - 90 1enkedt i ndriRpAEHEPE NS cohtTHE! Sonffod i o B0l SydH R € of

glasses; electric conductive polymers; photosensitive
materials; fluorescent materials). Moreover, the
adamantane derivatives are also useful as raw materials
5 of pharmaceutical preparations having high
pharmacological activity and agricultural chemicals.
The present invention can provide a novel
adamantane derivative which is useful as a high functional
material. Moreover, the use of an oxidation catalyst

10 comprising a specific imide compound can provide not only
the novel compound but also known adamantane derivatives
efficiently. Further, the adamantane derivatives can be
obtained in high conversion and selectivity even under mild
or moderate conditions. |

15

EXAMPLES
The following examples are intended to describe
 the present invention in more detail, but should by no means
be construed to limit the scope of the invention.

20 Incidentally, infrared absorption spectra were measured
after purifying the reaction product by column
chr6matography. The terms "Ac” and “_Ph" represent acetyl
group and phenyl group, respectivel.y.

Example 1

25 Mixture of 10 mmole of l-acetyléminoadamantane

(Aldrich chemical Company, Inc.), 1 mmole of N-

hydroxyphthalimide (NHPI), 0.05 mmole of vana-



V(AA)[err], and the resultant mixture was stirred for 8 hours at 75 [err]C,
under an oxygen atnosphere. As a result, 1- acetyl oxy-3-adamantanol (yield
37%, 1-acetyloxy-3,5- 5 adamant anedi ol (yield 25% and _
1-acetyl oxy-3, 5, 7- adanantanetriol (yielggq11% were formed. The conversion
of 1-acetyl oxyadamantane was 89% (1) 1-acetyl oxy-3-adamantanol Wite solid
10 Mass spectral data (fragnent) [M([err]: 210, [MJ[err]:

151(- QAQ), [Mafﬁmlxniﬁa%ex%{féé&anéea (hmqulmﬁx&%?aa@&zge%[@ﬁ@[ Wi te

solid Mass spectral data (fragnent) err]:
167(- QAc), [My&s rs]tirr&?ﬁn@é[ceéﬁ]6x§:§%ﬁm&|tﬁlo%phere and the conditions
represented in Table 1 (temperature and time). The pro-
ducts in the reaction mixture were analyzed by gas
5 chromatography, and, as a result, l-acetylamino-3-
ad_amantanol (compound 1), l-acetylamino-3,5-
adamatanediql (compound 2) and l-acetylamino-4-
adamantanone (compound 3) were obtained with conversions

and yields represented in Table 1.

10 Table 1
Temperature Time | Conversion Yield (%)
(°c) (hr) (%) Comp.1 | Comp.2 | Comp.3
75 6 89 64 16 8
60 20 92 66 19 4

Comp.1 (cdmpound 1): l-acetylamino-3-adamantanol
Comp.2 (compound 2): l-acetylamino-3,5-adamantanediol
Comp.3 (compoun'd 3): l-acetylamino-4-adamantanone
Example 2
15 A reactér was charged with 10 mmole of adamantane,
1 mmole of NHPI, 0.005 mmole of Co(AA), and 25 mL of acetic
acid, then equipped with a gas bag of mixed gas (a mixed
gas of 2L of carbon monoxide and 0.5L of oxygen). The
resultant mixture was stirred for 6 hours at a temperature
20 of 60 °C to give l-carboxyadamantane and 1,3-
dicarboxyadamantane. |
A miXture of 10 mmole of l-carboxyadamantane, 1

mmole of NHPI, 0.05 mmole of V(AA); and 25 mL of acetic acid



To 25 nL of acetic acid were added 10 mmol e of 1, 3-di acetyl oxyadamant ane
obtained in Exanple 8, 1 mmole of NHPI and 0.05 mmle of V(AA[err], and
the resultant mxture 20 was stirred for 8 hours at 85 [err] C under an
oxygen atnosphere. As a result, 1, 3-diLaggtyl oxy-5-adamantanol (yield 60%
and 1, 3-di acetyl oxy-5, 7-adamant anedi ol (yreld 1999 were fornmed. The
conversion of 1, 3-di acetyl oxyadamant ane was 93% 25 (D)

L 31 di acetyl 0xya - AXATUY IndlerVbh Sy AtidEpn3Rechha thdbndiadt)
represented in Table 2 (time and temperature). As aresult,
l-carboxy-3-adamantanol (compound 1),-1-carboxy-3,5-
adamatanediol {compound 2)'and 1-carboxy-4-adamantanone

5 (compound 3) were obtained with conversions and yields

represented in Table 2.

Table 2
Temperature Time Conversion Yield (%)
(°C) (hr) (%) Comp.1 | Comp.2 | Comp.3
75 1 64 44 8 3
75 2 78 59 12 4
75 ' 5 20 64 19 4
75 - 8 94 52 29 5

Comp.1l (compound 1): l-carboxy-3-adamantanol
Comp.2 (compound 2): l-carboxy-3,5-adamantanediol
10 Comp.3 (compound 3): 1-carboxy-4-adamantanone
Example 3

'In the presence of an acid catalyst (p-
toluenesulfonic acid), l-carboxyadamantane obtained in
Example 2 was allbwed to react with an excess amount of

15 ethanol to give 1-ethoxycarbohyladamantane.

A mixture of 10 mmole of the 1-
ethoxycarboxyadamantane, 1 mmole of NHPI, 0.05 mmole of
V(AA); and 25 mL of acetic acid was stirred under an oxygen
atmosphere and the conditions represented in Table 3

20 (temperature and time). As a résult, l-ethoxycarbonyl-

3-adamantanol (compound 1), l-ethoxycarbonyl-3,5-



[M[err]: 268, [M[err]: 209(-OAc), [M[err]: 191(-OHerr]), [M[err] : 131
(-HOQAc) (2) 1, 3-diacetyloxy-5,7-adamantanedi ol Wite solid 5 Mass
spectral data (fragment) [M[err]: 284, [M[err]: 225(-OAc), [M[err]:
207(-OH err]), [M[err] : 147 (-HOAc) Exﬁgﬁ*g 10 A mi xture of 10 mmol e of
1- benzoyl am noadamant ane 10 (Aldrich ¢ i cal conpany, Inc.), 1 nmvle of
NHPI, 0.05 mmol e of V(AA)3 and25 nlL of acetic acid was m xed and stirred
for 8 hours at _7. Al nder,_an _oxvygep,atmsphere. = As a result,
1- benzoyl ani no-23-4 gﬁéé%%i? ‘8&@8P8%§333,an8 PR&tRoxy’ R _

. : : 0 ) )
benzoy! am no- 3caziaARANRH AhohYl SLAnAatha"8] derdSoutREREAVLER"O- S S

7- adamant anetri
conversions and yields represented in Table 3.

Table 3
Temperature Time Conversion Yield (%)
(°c) (hr) (%) Comp.1 | Comp.2 | Comp.3
75 6 95 58 16 8
75 | 3 86 68 6 7
60 6 63 48 6 4
60 20 92 | 54 16 7
75 15 99 27 43 5

5 Comp.l1l (compound 1): l-ethoxycarbonyl-3-adamantanol
Comp.2 (compound 2): l-ethoxycarbonyl-3,5-adamantanediol
Comp.3 (compound 3): l-ethoxycarbonyl-4-adamantanone

Example 4
An eggplant type flask (50 mL) with side arm was
10 dipped in iced water and the pressure was reduced. Into
the flask, nitrogen monoxide was introduced from a gas bag
(1L) and further dxygen was introduced from a gas bag (1L).
The flask was filled with reddish-brown gas, and then a
blue liquid comprising N,O; as a main component was formed
15 with sedimentation of the reddish-brown gas. The intro-
ductions of the nitrogen monoxide and oxygen were repeated
to produce about 1.5 ml of the blue liquid. The blue liquid
was frozen with the use of liquid nitrogen.
l.8g (0.02l4 mole based on N,0; basis) of the frozen

20 blue liguid, 1 mmole of adamantane, 0.05 mmole of NHPI and



The conversion of 1-benzoyl am noadamantane was 91% (1)

1- benzoyl am no- 3- adamant anol Pal e yel |l ow solid Mass spectral data
(fragnent) 20 [M[err]: 271, [MJ[err]: 253(-OHerr]), [M[err]:
133(- NHCOPh) (2) 1-benzoyl am no-3,5-adamgntanedi ol Pale yell ow solid Mass
spectral data (fragnment) [M[err]: 287, [MJ[err]: 269(-CHerr]), [M[err]:
149( - NHCOPh) 25 Exanple 11 In the presence of an acid catal yst (p-

t ol uenesul f oni SmAwf)acedtixarduidy adas riiaxed ,Obhd tBeén fhe mixture was

reacted for 10 hours at 100°C with stirring to give 1-
nitroadamantane and 1, 3-dinitroadamantane.
To 25 mL of acetic acid was added 10 mmole of the

5 l1-nitroadamantane, 1 mmole of NHPI and 0.05 mmole of V(AA),,

and the resultant mixture was stirred for 8 hours.at 75

°C, under an oxygen atmosphere. The products in the

reaction mixture were analyzed by gas chromatography, and,

as a result, l-nitro-3-adamantanol (yield 48%), 1-

10 nitro-3,5-adamantanediol (yield 19%) and l-nitro-
3,5,7-adamantanetriol (yield 2%) were formed with
conversion of 76% of l-nitroadamantane. Moreover, these
products were analyzed by mass spectroscopy.

(1) l-nitro-3-adamantanol
i5 Pale yvellow solid _
Mass spectral data (fragment)
[M]*: 181, [M] : 163(-OH,), [M] ": 117(-NO,)
(2) 1-nitro-3,5-adamantanediol
Pale yvellow solid
20 Mass spectral data (fragment)
[M1*: 197, [M17: 179(-OH,), [M]1 ~: 133(-NO,)
Example 5
A mixture of 10 mmole of 1,:;-dinitroadamantane
obtained in Example 4, 1 mmole of NHPI, 0.05 mmole of V(AA),
25 and 25 mL of acetic acid was mixed and stirred for 8 hours

at 85 °C, under an oxygen atmosphere. As a result,

1,3-dinitro-5-adamantanol (yield 46%) and 1,3-dinitro-



- 92 - Exanple 2 was allowed to react wth an excess anmount of nethanol to

gi ve 1-net hoxycar bonyl adamant ane. A m xture of 10 nmmol e of the 1-

nmet hoxycar bonyl adamant ane, 1 nmole of NHPI, 0.05 nmmole of 5 V(AA) 3 and 25
nmL of acetic acid was nmixed and stirred fggr -8 hours at 75 [err]C, under an

oxygen atnosphere. As a result, 1-nethoxycarbonyl-3-adamantanol (yield
47% , 1- nethoxycarbonyl -3, 5- adanant anedi ol (yield 31% and 1-

met hoxycar bonyb-, 3-adémafdesnstiaoet (v0614Y284 Y Wéfe Worndd. The @dverlhe
conversi on of 1-nethoxycarbonyl adanmantane was 95% (1)
1- met hoxycar bosjiba3eddayaranotrydanasthnd Wess7epectral data (fragnent)
(1) 1,3-dinitro-5-adamantanol
Pale yellow solid
5 Mass spectral data (fragment)
[M]": 226, [M]1 : 208(-OH,), [M]™": 162(-NO,),
[M]1 7": 115 (-HNO,)
(2) 1,3-dinitro-5,7-adamantanediol
Pale yel;ow solid
10 Mass spectral data (fragment)
[M]": 242, [M]7: 224(-OH,), [M]1 ": 178(-NO,),
[M] 7: 131 (-HNO,)
Example 6
A mixture of 10 mmole of l-carboxyadamantane
15 obtained in Example 2, 1 mmole of NHPI, 0.'05 mmole of V(AA),
and 25 mL of acetic acid was mixed and stirred for 8 hours
at 75 °C, under an oxygen atmosphere. As a result, 1-
carboxy-3-adamantanol (yield 28%), l-carboxy-3,5-
adamantanediol (yield 48%) and l-carboxy-3,5,7-
20 adamantanetriol (yield 10%) were formed. _The conversion
of 1l-carboxyadamantane was 94%.
(i) l-carboxy-3-adamantanol
White solid
Mass spectral data (fragment)
25 [M1": 196, [M]™: 178(-OH,), [M1 ": 133(-COOH)
(2) 1-carboxy-3,5-adamantanediol

White solid



15 [M[err]: 212, [M[err]: 194(-CHerr]), [MJ[err]:

179(-CH err]), [M[err] : 135(-C0OO (2)

1- net hoxycar bonyl - 3, 5- adamant anedi ol White solid Mass spectral data
(fragnment) 20 [M[err]: 228, J[Mo[err]: 210(-OHerr]), [MJ[err]:
195(-CH err]), [M[err] : 151 (-COO Exanple 12 In the presence of an acid
catal yst (p- toluenesulfonic acid), 1, 3-dicarboxyadanant ane obtai ned 25

in Exanple 2 was al | owegss OspedetalV ddt@an( ex&pdsneyount of methanol to give
1, 3-di net hoxycar bonyl adamant ane. To 25 nL of acetic acid were added the 10
nol e [M]*: 212, [M] : 194(-OH,), [M] ": 149(-COOH) |
Example 7
A mixture of 10 mmole of 1,3-dicarboxyadamantane
5 obtained in Example 2, 1 mmole of NHPI, 0.05 mmole of V(AA);
and 25 mL of acetic acid was mixed and stirred for 8 hours
at 85 °C, under an oxygen atmosphere. As a result,
1,3-dicarboxy-5-adamantanol (yield 52%) and 1,3-
dicarboxy-5,7-adamantanediocl (yield 26%) were formed.
10 The conversion of 1,3-dicarboxyadamantane was 86%.
(1) 1,3-dicarboxy-5-adamantanol
White solid
Mass spectral data (fragment)
[M1*: 228, [M] : 210(-OH,), [M] ~: 165(-COOH),
15 [M] ": 119(-HCOOH)
{(2) 1,3-dicarboxy-5,7-adamantanediol
White solid
Mass spectral data (fragment)
[M]":
20 [M] ": 125(-HCOOH)

244, [M] : 216(-OH,), [M] : 171(-COOH),

Example 8
- A mixture of 10 mmole of adamantane, 1 mmole of
NHPI, 0.05 mmole of cobalt(II) acetYlacetonato (Co(AA),)
and 25 mL of acetic acid was stirred for 6 hours at 75 °C
25 under an oxygen atmbsphere fo give l-acetyloxyadamantane
and 1,3-diacetyloxyadamantane. |

To 25 mL of acetic acid were added 10 mmole of the



- 93 - of the 1, 3-di met hoxycar bonyl adamant ane, 1 nmole of NHPI and 0. 05
nmmol e of V(AA)3, and the resultant m xture was stirred for 8 hours at 85
[err] C, under an oxygen atnosphere. As a result,

1, 3-di met hoxycar bonyl - 5- adamant anol (yiehd 5 42% and

1, 3- met hoxycar bonyl - 5, 7- adamant anedi ol (yreld 36% were formed. The
conversion of 1,3- dinethoxycarbonyl adamant ane was 92% (1)

S (1 g R onpAauRa ARy Who)30bE dulr gqa ¢.gs nifi33 BECS !
[Mlerr] o 195¢£%Y), 6ok thd FLORIOARY CARURE was s RIAFBAEREE Aburs
at 75 °C, under an oxygen atmosphere. As a result, 1-
acetyloxy-3-adamantanol (yield 37%), l-acetyloxy-3,5-
5 adamantanediol (yield 25%) and l-acetyloxy-3,5,7-
adamantanetriol (yield 11%2) were formed. The conversion
of l-acetyloxyadamantane was 89%.
(1) l-acetyloxy-3-adamantanol
White solid
10 Mass spectral data (fragment)

+

[M17: 210, [M] : 151(-OAc), [M] : 133(-OH,)
(2) l1-acetyloxy-3,5-adamantanediol
White solid |
Mass spectral data (fragment)
15 [M1%: 226, [M] : 167(-OAc), [M] ~: 149(-OH,)
Example 9
To 25 mL of acetic acid were added 10 mmole of
1,3-diacetyloxyadamantane obtained in Example 8, 1 mmole
of NHPI and 0.05 mmole of V(AA),, and the resultant mixture
20 was stirred for 8 hours at 85 °C under an oxygen atmosphere.
As aresult, 1,3-diacetyloxy-5-adamantanol (yield 60%) and
1,3;diacetyloxy-5,7-adamantanediol gyield 19%) were
formed. The conversion of 1,3-diacetyloxyadamantane was
93%.
25 (1) 1,3-diacety16xy-5-adamantaﬁ01_
White solid

Mass spectral data (ffagment)



White solid 15 Mass spectral data (fragnment) [M[err]: 288,
[M[err] : 270(-0OH), [MJ[err]: 255(-CHerr]), [M[err]: 211 (-COO Exanple
13 In an atnosphere of nitrogen, 10 mmle of 1- 20 car boxy- 3- adamant anol
obtai ned by the nmethod of Exanple 2 was adi ssolved in 10m of
N, N- di et hyl f ormam de (DMF). To the m xture, 15 mole of tionyl chloride
was added dropwi se over 30 mnutes while heating the mxture to the reflux
tenperature so as to DMgi 0 268[ efMlXx @BOKbB@AC),hdMI5 ™ : 191¢-0he) addition is
finished. After ref luxing for 2 hours, the mixture was cooled. To the
m xture, 25 miMle of IBIref4HOZ0) ne was added dropwi se over 30 mnutes while
(2) 1,3-diacetyloxy-5,7-adamantanediol
White solid
5 Mass spectral data (fragment)
[M]*: 284, [M] : 225(-OAc), [M] ": 207(-OH,),
[M]1™ ": 147 (-HOAc)
Example 10
A mixture of 10 mmole of 1-benzoylaminoadamantane
10 (Aldrich chemical company, Inc.), 1 mmole of NHPI, 0.05
mmole of V(AA), and 25 mL of acetic acid was mixed and stirred
for 8 hours at 75 °C under an oxygen atmosphere. As aresult,
1—bénzoylamino-3-adamantanol (yield 53%), 1-
benzoylamino-3,5-adamantanediol (yield 23%) and 1-
15 benzoylamino-3,5,7-adamantanetriol (yield 7%) were formed.
The conversion of l-benzoylaminoadamantane was 91%.
(1) l-benzoylamino-3-adamantanol
Pale yellow solid
Mass spectral data (fragment)
20 [M1*: 271, [M] : 253(-OH,), [M]1 : 133(-NHCOPh)
(2) l-benzoylamino-3,5-adamantanediol
- Pale yellow solid
Mass spectral data (fragment)
[M1*: 287, [M] : 269(-OH,), [M] ~: 149(-NHCOPh)
25 Example 11

In the presence of an acid catalyst (p-

toluenesulfonic acid), l-carboxyadamantane obtained in



- 94 - keeping the tenperature of the solution at 10 [err] C or bel ow, and
the m xture was stirred for another 2 hours. As a result, the conversion of
1- car boxy- 3- adanant anol was 99% and
1- (N, N-di net hyl car banoyl ) - 3- adamant anot 4%iel d 95% was 5 formed. Pal e
yel l ow solid Mass spectral data [M : 223 IR(cnferr]): 3360, 1650, 700
Exanpl e 14 10 In an atnposphere of nitrogen, 10 nmmol e of 1-
ni tro-3-adanaiampleol® aiasehllpwelde tmetrleadtofniEhaapl exdeasdam@untiobg of
triethylam ne were dissolved in 10m of
methanol to give l-methoxycarbonyladamantane.
A mixture of 10 mmole of the 1-
methoxycarbonyladamantane, 1 mmole of NHPI, 0.05 mmole of
5 V(AA); and 25 mL of acetic acid was mixed and stirred for
8 hours at 75 °C, under an oxygen atmosphere. As a result,
l-methoxycarbonyl-3-adamantanol (yield 47%), 1-
methoxycarbonyl-3,5-adamantanediol (yield 31%) and 1-
methoxycarbonyl-3,5, 7-adamantanetriol (yield 8%) were
10 formed. The conversion of l-methoxycarbonyladamantane
was 95%.
(1) l-methoxycarbonyl-3-adamantanol
White solid
Mass spectral data (fragment)
15 (M]7: 212, [M]17: 194(-OH,), [M] ": 179(-CHs;),
[M) "": 135(-C00)
(2) 1-methoxycarbonyl-3,5-adamantanediol
White solid

Mass spectral data (fragment)_

+

20 [M]": 228, [M] : 210(-OH,), [M] ": 195(-CH;),
[M]""7: 151 (-COO)
Eiample 12

In the presence of an acid éatalyst (p-
toluenesulfonic acid), 1,3-dicarboiyadamantane obtained
25 in Example 2 was allowed to react with an excess amount
of methanol to give 1,3-dimethoxycarbonjladamantane.

To 25 mL of acetic acid were added the 10 mmole



DMF. To the m xture, 11 nmole of acetyl chloride was added dropw se over 30
mnutes at 40 [err]C. The m xture was stirred 15 for another 3 hours at
40 [err]C. As a result, the conversion of 1-nitro-3-adamantanol was 99%
and 1-acetyl oxy-3- nitroadanmantane (yiel d395% was forned. Pale yell ow

| iquid Mass spectral data [M[err]: 210 20 IR(cn{err]): 1720,
1570, 1340 Exanple 15 An autocl ave was charged, 10 mmole of 1-

acet yl oxy- 3- ni 6 08Ne RS adtmethekReArion heddiintethedf 1Exmsles o NHFD Pd- C
(10 nmol e% of Pd relative to a substrate), 25 1m of dilute hydrochloric

acid and 10m ahdnetbsnahole TOE VXA )Y e ati® t3id esthlftant2 miktureatva80[ err] C
in an atnosphere of hydrogen.at 30 atm As a result, the conversion of
stirred for 8 hours at 85 °C, under an oxygen atmosphere.
As a result, 1,3-dimethoxycarbonyl-5-adamantanol (yield
5 42%) and 1, 3-methoxycarbonyl-5,7-adamantanediol (yield
36%) were formed. The conversion of 1,3-
dimethoxycarbonyladamahtane was 92%.
(1) 1,3-dimethoxycarbonyl-5-adamantanol
White solid
10 Mass spectral data (fragment)
M1%: 272, [M] : 254(-OH,), [M]1 ": 239(-CH,),
[M] 195(-(:00). |
(2) 1,3-dimethoxycarbonyl-5, 7-adamantanediol
White solid
15 Mass spectral data (fragment)
[M1*: 288, [M]} : 270(-OH,), [M] ": 255(-CH;),
[M1777: 211 (-CO0O)
Example 13
In an atmosphere of nitrogen, 10 mmole of 1-
20 carboxy-3-adamantanol obtained by the method of Example
2 was dissolved in 10ml of N,N-dimethylformamide (DMF).
To fhe mixture, 15 mmole of tionyl chloride was added
dropwise over 30 minutes while heating the mixture to the
reflux temperature so as to begin to reflui at about the
25 time the addition is finished. After refluxing for 2 hours,

the mixture was cooled. To the mixture, 25 mmole of

dimethylamine was added dropwise over 30 minutes while



- 95 - 1-acetyl oxy-3-nitroadamant ane was 90% and 1- o
acet yl oxy- 3- am noadamant ane (yield 70% was forned. Pale yellow |iquid Mss
spectral data [M[err]: 209 5 |R(cn{err]) : 3310, 1650, 1620
Exanpl e 16 Operation was effected in theggane manner as Exanple 15 except
for using 1-nitro-3-adanantanol obtained by the method of Exanple 4 instead
of 1-acetyl oxy-3- 10 ni tr oadamant ane. 1- am no- 3-adamantanol (yield 95%

was formed. ThreephHgrtherteiipekativirieOos- Ad BN ¥esS189%% or below,
and the mixture was stirred for another 2hours. As aresult,
the conversion of l-carboxy-3-adamantanol was 99%, and
1-(N,N-dimethylcarbamoyl)-3-adamantanol (yield 95%) was
5 formed.
Pale yellow solid
Mass spectral data [M]': 223
IR(cm™'): 3360, 1650, 700
Example 14
10 In an atmosphere of nitrogen, 10 mmole of 1-
nitro-3-adamantanol obtained by the method of Example 4
and 12 mmole of triethylamine were dissolved in 10ml of
DMF. To the mixture, 11 mmole of acetyl chloride was added
dropwise over 30 minutes at 40 °C. The mixture was stirred
15 for another;3 hours at 40 °C. As a result, the conversion
 of 1-nitro-3-adamantanol was 99%, and l-acetyloxy-3-
nitroadamantane (yield 95%) was formed.
Pale yellow liguid
Mass spectral data [M]+: 210
20 IR(cm™'): 1720, 1570, 1340
Example 15
‘ An autoclave was charged, 10 mmole of 1-
acetyloxy-3-nitroadamantane obtained by the method of
Example 14, 5% PA-C (10 mole% of Pd relative to a substrate),
25 Iml of dilute hydfochloric écid and 10ml of methanol. The
mixture was stirred for 2 hours at 80%:in an atmosphere

of hydrogen at 30 atm. As a result, the conversion of



Pal e yell ow solid Mass spectral data [M[err]: 167 IR(cnferr]): 3370, 3340,

1620, 1360 15

In an at nosphere of nitrogen, 10 nmmol e of 1-

am no- 3- adamant anol obtai ned by the above nmethod and 24 nmol e of

triethylam ne were dissolved in 10m of. [¥-._ To the mixture, 22 nmmol e of

acetyl chloride was added dropw se over 30 mnutes at 40 [err]C The

m xture was stirred for 20 another 3 hours at 40 [err]C. As a result,

conver si on of

acet yl oxyadamant ane
spectral data gk

I ncidental |y,

10

15

20

25

1-acet i%é:?dgﬂﬁﬁttéeghaﬁ(ﬁﬁtgge/‘?w aRdgdgacghy! pm no- 3-

was forne e yellow | Tquid Mass

b
anotEﬁ operation was effected
Pale yellow liqguid

Mass spectral data M1*: 209

IR(cm *): 3310, 1650, 1620
Example 16

Operation was effected in the same manner as
Example 15 except for using 1-nitro-3-adamantanol obtained
by the method of Example 4 instead of l-acetyloxy-3-
nitroadamantane. 1l-amino-3-adamantanol (yield 95%) was
formed. The conversion of 1-nitro-3-adamantanocl was 99%.

Pale yvellow solid

Mass spectral data [M]+: 167

IR(cm™Y): 3370, 3340, 1620, 1360

In an atmosphere of nitrogen, 10 mmole of 1-
amino-3-adamantanol obtained by the above method and 24
mmole of triethylamine were dissolved in 10ml of DMF. To
the mixture, 22 mmole of acetyl chloride was added dropwise
over 30 minutes at 40 °C. The mixture was stirred for
another 3 hours at 40 °C. As a result, the conversion of
1-amino-3-adamantanol was 90%, and l-acetylamino-3-
ace%yloxyadamantane (yield 80%) wa§ formed.

Pale yellow liquid-

Mass spectral data {M]+: 251

IR(cm'1

): 3300, 1680, 1620
Incidentally, another operation was effected in

the same manner as that of the above reaction except for

Ed:(—325.9&11.35&1daman1:r:me kfﬁéﬂﬁeﬁﬁi) was0Pormé€80. 1620

t he



t he same manner as that of the above reaction except for - 96 - using

1, 3- adamant anedi ol i nstead of 1-am no-3-adanmantanol .

1, 3-bi s(acetyl oxy) adamant ane (yield 95% was obtained. The conversion of

1, 3- adamant anedi ol was 99% Col orl ess | iggi d>5 Mass spectral data

[M[err]: 252 IR(cnierr]): 1630, 1210, 1020 Exanple 17 In an at nosphere of

nitrogen, 10 mmol e of 1- carboxy- 3-adamant anol obtai ned by the nethod of

Exanple 10 2,035 ;4 SSQ yithdvhnt¥To10 nd¥aa of 4 -LRA P-4 Yaamaht 2050

1,3-bis(acetyloxy)adamantane (yield 95%) was obtained.
The conversion of 1,3-adamantanediol was 99%.
Colorless liquid
5 Mass spectral data [M]+: 252
IR(em™'): 1630, 1210, 1020
Example 17
In an. atinosphere of nitrogen, 10 mmole of 1-
carboxy-3-adamantanol obtained by the method of Example
10 2 was dissolved in 10ml of DMF. To the mixture, 15 mmole
of tionyl chloride was added dropwise over 30 minutes while
heating the mixturé to the reflux temperature so as to begin
to reflux at about the time the addition is finished. After
refluxing for 2 hours, the mixture was cooled. To the
15 mixture, 20 mmole of triethylamine was added and 11 mmole
of methanol was added dropwise over 30 minﬁtes while keeping
the temperature éf the solution at 10 °C or below, and the
mixture was stirred for another 2 hours. As a result, the
conversion of l-carboxy-3-adamantanol was 99%, and 1-
20 methoxycarbonyl-3-adamantanol (yield 95%) was formed.
White solid |
Mass spectral data [M]+: 21_0
IR(em™'): 3350, 1730, 1130
Another operation was effected in the same manner
25 as Example 14 excépt for using l-methoxycarbonyl-3-
adamantanol obtained by the method of Example 14 instead

of l-nitro-3-adamantanol. As a result, l-acetyloxy-3-



of tionyl chloride was added dropw se over 30 m nutes while heating the
mxture to the ref lux tenperature so as to begin to ref |ux at about the
time the addition is finished. After refluxing for 2 hours, the m xture
was cooled. To the 15 m xture, 20 mol g4 0f triethylam ne was added and 11
mol e of net hanol was added dropw se over 30 m nutes while keeping the
tenperature of the solution at 10 [err]C or below, and the m xture was

it Ic;: ESXLO[’) a(q&;rrant ic%%@% oaﬁjat:l 1- (Sr}(?tlrhenet oxyc;(r%%g%l '3- alaamant anol
EgLsi?:ggZ%O 1730:H§%§bwgaother é%@&%??%n mggigg ec yh[ﬁﬁé]gg%éongﬁggw
25 as Exanple 14 exqggbﬂjgégxyﬂa%ik;nethoxycarbonyl 3-
Mass spectral data [M]+: 252
5 IR(cm™): 1660, 1620, 1240
Example 18
In an atmosphere of nitrogen, 15 mmole of lithium
aluminium hydride was suspended into 15 mL of
tetrahydrofurane (THF). To the resultant mixture was
10 slowly added 10 mmole of l-carboxy-3-adamantanol obtained
by the method of ﬁxample 2 while keeping the temperature
of the mixture at 10 °C or below by using an ice bath. After
warming the mixture to room temperature, the mixture was
refluxed for 16 hours. As a result, 1l-hydroxymethyl-3-
15 adamantanol {(yield 95%) was'obtained. The conversion of
l-carboxy-3-adamantanol was 99%.
White solid
Mass spectral data [M]+: 182
IR(cm™'): 3370, 1380, 1120
20 Another operation.was effected in the same manner
as Example 14 except for using l-hydroxymethyl-3-
adaﬁantanol obtaihed by the above mgthod instead of 1-
nitro-3-adamantanol. 1l-acetvloxy-3-
hydroxymethyladamantane (yield 80%) waé formed. The
25 conversion of l-hydroxymethyl-3-adamantanol was 90%.
Colorless liquid

+

Mass spectral data [M] : 224



adamant anol
1-nitro-3-adamantanol. As a result, 1-acetyl oxy-3- - 97 -

met hoxycar bonyadamant ane (yield 80% was forned. The conversion of

1- met hoxycar bonyl - 3- adamant anol was 95% ggolorl ess |iquid Mass spectral
data [M[err]: 252 5 IR(cn{err]): 1660, 1620, 1240 Exanple 18 In
an at nosphere of nitrogen, 15 mole of lithium alum nium hydride was
suspended into 15 nlL ofg{&i™3hydaebur a8go( Tikke To the resultant mxture

was

10

15

20

25

obtai ned by the nethod of Exanple 14 instead of

Example 19

Another operation was effected in the same manner
as Example 14 except for using l-carboxy-3-adamantanol
obtained by the method of Example 2 instead of 1~
nitro-3-adamantanol. 1l-acetyloxy-3-carboxyadamantane
(yield 80%) was formed. The conversion of 1l-carboxy-3-
adamantanol was 90%.

Colorless liquid

Mass spectral data . [M]': 238

IR(cm™): 3000, 1640, 1600

In an atmosphere of nitrogen, 10 mmole of 1-
acetyloxy-3-carboxyadamantane obtained by the above
method was dissolved in 10 ml of DMF. To the mixture, 15
mmole of N,N’-carbodiimidazol in the form of powder was
added in one portion. After stirring for 1 hour at the room
temperature, 15 mmcle of dimethylamine and 15 mmole of
diazabicycloundecene were added. The mixture was heated
to 100°C and stirred for 8 hours. As a result, the
conversion of 1-acetyloxy-3-carboxyadamantane was 80%,
and l-acetyloxy-3-(N,N-dimethylcarbamoyl)adamantane
(yiéld 70%) was formed.

Pale yellow liquid

Mass spectral data [M]': 265
IR(cm™*): 1670, 1620, 1220
Example 20

In an atmosphere of nitrogen, 10 mmole of 1,3-



10 slowy added 10 nmmol e of 1-carboxy-3-adamant anol obtai ned by the
nmet hod of Exanple 2 while keeping the tenperature of the m xture at 10
[err]C or below by using an ice bath. After warm ng the m xture to room
tenperature, the mxture was refluxed @9 26 hours. As a result,
1- hydroxynet hyl -3- 15  adamantanol (yield 95% was obtained. The
conversion of 1-carboxy-3-adamantanol was 99% Wite solid Mass spectral
data [M : 182deRantheedlipl 83dQ0,2 hhdle dfAfy2iline were didsolied ixperation
was effected in the same manner as Exanple 14 except for using
1- hydr oxynet hyl0- BL il dMint afolthebmaxteadehyll lmmodleovE methaxlycasheamyll of 1-
nitro-3-adamantanol. 1-acetyl oxy-3- hydroxynet hyl adamant ane (yield 80%
was fornmed. Tikhloride was added dropwise with stirring at room
temperature. Cooling of the resultant mixture with ice was
5 started at about the time exothermic reaction began. When
the exothermic reaction is completed, the mixture was
heated to 60 °C and then stirred for one hour. As a result,
the conversion of 1,3-adamantanediol was 99% and 1-
methoxycarbonyloxy-3-adamantanol (yield 85%) was formed.
10 Ceclorless liquid
Mass spectral data M1%: 226
IR(cm!): 3320, 1620, 1240
Example 21
In an atmosphere of nitrogen, 10 mmole of 1,3-
15 adamantanediol and 24 mmole of pyridine were dissolved in
10 mL of DMF. To the mixture, 22 mmole of methoxycarbonyl
chloride was added dropwise with stirring at room
temperature. Cooling of the resultant mixture with ice was
started at about the time exothermic reaction began. When
20 the exothermic reaction is completed, the mixture was
heated to 60 °C and then stirred for one hour. As a result,
the conversion of 1,3-adamantanediol was 99% and 1,3-

bis(methoxycarbonyloxy)adamantane (yield 90%) was formed.

Colorless ligquid

25 Mass spectral data [M]+. 284
IR(cm™Y): 1620, 1340, 1170

Example 22



25 conversion of 1- hydroxyrret hyl - 3- adamant anol was 90% Colorless liquid
Mass spectral data [M[err]: 224 - 98 - IR(cnferr]): 3310, 1640, 1230
Exanpl e 19 Anot her operation was effected in the sane manner as Exanple 14
except for using 1-carboxy-3-adanmant anoligo - obtai ned by the nethod of
Exanple 2 instead of 1- nitro-3-adamantanol .
1- acetyl oxy- 3-car boxyadanant ane (yield 80% was forned. The conversion of
1- car boxy- 3- adamant armi amsati¥éphere of nitrogen, 10 mmole of 1,3~
adamantanediol and one drop of pyridine were dissolved in
10 mL of DMF. To the mixture, 10 mmole of methylisocyanato
was added dropwise with stirring. Cooling of the resultant
5 mixture with.ice was si:arted at about the time exothermic
reaction began. When the exothermicreaction is completed,
the mixture was heated to 60 °C and then stirred for one
hour. As a result, the conversion of 1,3-adamantanediol
was 99% and 1- (N-methylcarbamoyloxy)-3-adamantanol (yield
10 85%) was formed.
Pale yellow liquid
Mass spectral data [M17: 225
IR(cm™'): 3300, 1660, 1270
Example 23
15 In an atmosphere of nitrogen, 10 mmole'of 1,3-
adamantanediol and one drop of pyridine were dissolved in
10 mL of DMF. To the mixture, 20 mmole of methylisocyanato
was added dropwise with stirring. Cooling of the resultant
mixture with ice was started at about the time exothermic
20 reaction began. When the exothermic reaction is completed,
the mixture was heated to 60 °C and then stirred for one
houi:. As a result, the conversion of 1,3-adamantanediol
was 99% and 1-(N-methylcarbamoyloxy)-3-adamantanol (yield
90%) was formed.
25 Pale yellow liquid
Mass spectral data [M]': 282

IR(cm™t): 1670, 1260, 1140



Colorless liquid 10 Mass spectral data [M[err]: 238

I R(cnferr]): 3000, 1640, 1600 In an atnosphere of nitrogen, 10 mol e of 1-
acet yl oxy- 3- car boxyadamant ane obt ai ned by the above nethod was dissolved in
10 M of DMF. To the m xture, 15 15 +smDdE of N, N -carbodiim dazol in the
form of powder was added in one portion. After stirring for 1 hour at the
roomtenperature, 15 nmole of dinethylamne and 15 nmol e of

di azabi cycl oundetseampleer®> added. The m xture was heated to 100[err] C and
stirred for 8 hours. As a result, the 20 conversi on of

1- acet yl oxy- 3- car boxyaGperat iom was &bPeckerd in the same manner as

1- acetyl oxy- 3- (N, N-di net hyl car banoyl ) adamant ane (yield 70% was for ned.

Pal e yel |l ow | i Baagple 20 except for using 1-nitro-3-adamantanol obtained

by the method of Example 4 instead of 1,3-adamantanediol.

5 The conversion of l-nitro-3-adamantanocl was 99% and 1-
methoxycarbonyloxy-3-nitroadamantane (yield 90%) was
obtained.

Pale yellow liquid

Mass spectral data [M]': 255
10 _IR(cm'l): 1620, 1560, 1340, 1170
Example 25
Operation was effected in the same manner as
Example 20 except for using l-caboxy-3-adamantanol ob-
tained by the method of Example 5 instead of 1,3-

15 adamantanediol. The conversion of l-carboxy-3-
adamantanol was 99% and l-carboxy-3-
methoxycarbonyloxyadamantane (yield 90%) was obtained.

White solid
Mass spectral data [M]+: 254
20 IR(cm-l): 3030, 1670, 1620, 1430
Example 26
- Operatioﬁ was effected in the same manner as
Example 20 except for using 1-methq%ycarbonyl-3-
adamantanol obtained by the method of Example 11 instead

25 of 1,3-adamantanediol. The conversion of 1-

methoxycarbonyl-3-adamantanol was 99% and 1-

methoxycarbonyl—3-methoxycarbonyloXyadamantane (vield



Mass spectral data [M[err]: 265 25 IR(cn{err]): 1670, 1620, 1220
Exanple 20 In an at nosphere of nitrogen, 10 mmole of 1, 3- - 99 -

adamant anedi ol and 12 mmol e of pyridine were dissolved in 10 nL of DMF. To
the m xture, 11 mmol e of nethoxycarbonyljgghlLori de was added dropw se with
stirring at roomtenperature. Cooling of the resultant m xture with ice was
5 started at about the tine exotherm c reaction began. Wen the

exotherm c reajd)OkdssS gbrEAimiaged, the m xture was heated to 60 [err] C and
then stirred for one hour. As a result,

White solid
Mass spectral data [M]+: 268
IR(cm™'): 1650, 1620, 1440, 1240
5 Example 27
Operation was effected in the same mannher as
Example 1 except for using 1-adaman§anol instead of 1-
acetylaminoadamantane and reacting for 6 hours at 75 °C.
The conversion of l-adamantanol was 99% and 1-3-
10 adamantanediol (yield 80%) was obtained.
White solid
Mass spectral data [M]+: 168
IR(em '): 3350, 1370, 1110
Another operation was effected in the same manner
15 as Example 14 except for using 1, 3-adamantanediol obtained
by the above method instead of l1-nitro-3-adamantancl. The
conversion of 1,3;adamantanediol was 99% and 1-
acetyloxy-3-adamantanol (yield 95%) was obtained.
Colorless liquid
20 Mass spectral data [M]1': 210
IR(em *): 3350, 1720, 1120
Another operation was effected in the same manner
as Example 20 éxcept for using l-acetyloxy-3-adamantanol
obtained by the above method instead of 1, 3-adamantanediol.
25 The conversion of l-acetyloxy-3-adamantanol was 99% and

1-acetyloxy-3-méthoxycarbonyloxyadamantane (yield 90%)

was obtained.



t he conversion of 1, 3-adamantanedi ol was 99% and 1-

nmet hoxycar bonyl oxy- 3- adanmant anol (yield 85% was forned. 10

Colorless liquid Mass spectral data [M[err] : 226 IR(cnferr]): 3320, 1620,
1240 Exanmple 21 In an atnosphere of nitnggen, 10 nmole of 1,3- 15

adamant anedi ol and 24 mmol e of pyridine were dissolved in 10 nL of DMF. To
the m xture, 22 mmol e of methoxycarbonyl chloride was added dropw se with
stirring at roomtenpghater 8o1€qol i ng of the resultant mxture with ice was
started at about the tine exotherm c reaction began. Wen 20 t he
exothermi c reaction i Magsmppetedalt hatgi xiMy'a weEs heated to 60 [err] C and

then stirred for one hour. As a result, the conversion of
1, 3- adamant anedi ol WagRQ8# nd U6, 1630, 1440, 1240
Example 28
5 In an atmosphere of nitrogen, 11 mmole of acetyl
chloride and 12 mmole of triethylamine were dissolved in
2 mL of THF. To the resultant mixture, 10 mmole of a
solution of l-amino-3-adamantanol in DMF (10 mL) was added
dropwise over 30 minutes at 40 °C. The mixture was stirred
10 for another 3 hours at 40 °C. As a result, the conversion
of l-amino-3-adamantanol was 99%, and l-acetylamino-3-
adamantanol (yvield 95%) was formed.
Pale yellow liquid
Mass speciral data [M]+: 209
15 IR(cm™*): 3350, 1670, 690
Another operation was effected in the same manner
as Example 20 except for using l-acetylamino-3-adamantanol
obtained by the above method instead of 1, 3-adamantanediol.
The conversion of l-acetylamino-3-adamantanol was 99% and
20 l-acetylamino-3-methoxycarbonyloxyadamantane (yield 90%)
was obtained.
. Pale yeliow liguid
Mass spectral data [M] : 267
IR(em™'): 3300, 1650, 1620, 1240
25 Example 29

Operation was effected in the same manner as

Example 20 except for using l-hydroxymethyl-3-adamantanol



bi s(met hoxycar bonyl oxy) adamant ane (yield 90% was forned. Colorless liquid
25 Mass spectral data [M{[err]: 284 IR(cnferr]): 1620, 1340,
1170 Exanpl e 22 - 100 - In an atnosphere of nitrogen, 10 mmle of 1, 3-
adamant anedi ol and one drop of pyridi nejgare dissolved in 10 nL of DMF. To
the m xture, 10 mmol e of nmet hyli socyanato was added dropwi se with stirring.
Cooling of the resultant 5 mxture wwth ice was started at about the tine

exotherm ¢ reayidhde IR théerthidd FOEhampie [8aghke8aliSogompBet ed,
adamantanédiol. The conversion of l-hydroxymethyl-3-
adamantanol was 99% and l-hydroxymethyl-3-
methoxycarbonyloxyadamantane (yield 90%) was obtained.
5 White solid
Mass spectrai data [M]+: 240
IR(cm '): 3300, 1650, 1440, 1240
Example 30
Operation was effected in the same manner as
10 Example 20 except for using 1-(N,N-dimethylcarbamoyl)-
3-adamantanol obtained by the method of Example 13 instead
of 1,3-adamantanediol. The conversion of 1-(N,N-
dimethylcarbamoyl)-3-adamantanol was 99% and 1-(N,N-
- dimethylcarbamoyl) -3-methoxycarbonyloxyadamantane
15 (yield 90%) was obtained.
Pale yvellow liquid
Mass spectral data [M]+: 281
IR(cm™'): 1650, 1620, 1280, 1170
Example 31
20 In toluene (100 mL) was dissolved 10 mmole of
l-acetyloxy-3-aminoadamantane obtained by the method of
Exaﬁple 15. To the resultant solutiqn was added 12 mmole
of phosgene at room temperature and the mixture was stirred
for 6 hours. As a result, the conversion of 1-
25 acetyloxy-3-amincadamantane was 95% and l-acetyloxy-3-
isocyanatoadamantane (yield 85%) was obtained.

Pale yellow liquid



the m xture was heated to 60 [err]C and then stirred for one hour. As a
result, the conversion of 1,3-adanmantanedi ol was 99% and 1-

(N- net hyl car banoyl oxy) - 3-adanantanol (yield 10 85%9 was forned. Pale
yellow | iquid Mass spectral data [M[erxgs 225 IR(cnferr]): 3300, 1660,
1270 Exanple 23 15 In an atnosphere of nitrogen, 10 mmle of 1, 3-
adamant anedi ol and one drop of pyridine were dissolved in 10 nL of DWVF. To

the m xture, 20 mmol eMads nepdint ia80 Qetat gmyds adged dropwi se with stirring.
Cooling of the resultant m xture with ice was started at about the tine

exothernic 20 reactilfciidgan2200henstzbe esabhersdc reaction is conpl eted,
the m xture was heated to 60 [err]C and then stirred for one
Example 32
Operation was effected in the same manner as
5 Example 1 except for using 1,3-adamantanediol instead of
l-acetylaminoadamantane and reacting for 6 hours at 75 °C.
The conversion of 1,3-adamantanedicl was 99% and
.1,3,5~-adamantanetriol (yield 80%) was obtained.
White solid
10 Mass spectral data _[M]+: 184
IR(cm™): 3320, 1320, 1170
Another operation was effected in the same manner
as Example 14 except for using 1.,3,5-adamantanetriol
obtained by the above method instead of l-nitro-3-
15 adamantanol. The conversion of 1,3,5-adamantanetriol was
99% and 1-acetyloiy-3,5—adamantanediol (yield 90%) was
obtained.
Colorless liquid

Mass spectral data [M]+:

226
20 IR(cm™'): 3320, 1620, 1320, 1140
Example 33
. In an atmosphere of nitrogen, 10 mmole of
1,3,5-adamantanetriol obtained by the method of Example
32 and 24 mmole of triethylamine were dissolved in 10 mL
25 of DMF. To the mixture, 22 mmole of acetylchloride was

added dropwise ovér 30 minutes at 40 °C. The mixture was

stirred for another 3 hours at 40 °C. As a result, the



hour. As a result, the conversion of 1, 3-adamantanedi ol was 99% and 1-

(N- et hyl car banoyl oxy) -3 -adamantanol (yield 909 was forned. 25

Pal e yellow liquid Mass spectral data [M[err]: 282 IR(cnferr]): 1670,

1260, 1140 - 101 - Exanple 24 Operatijpg was effected in the same nmanner
as Exanpl e 20 except for using 1-nitro-3-adamantanol obtained by the nethod
of Exanple 4 instead of 1, 3-adanmantanediol. 5 The conversi on of

1- ni tro- 3- adargynv¥i0D99%338d allamantanetriol was 99%, and 1,3-
bis(acetyloxy)-5-adamantanol (yield 80%) was formed.
Colorless liquid
Mass spectral data [M]': 268
5 IR(cm™)): 3300, 1610, 1310, 1150
Example 34
In an atmosphere of nitrogen, 10 mmole of
1,3,5-adamantanetriol obtained by the method of Example
32 and 36 mmole of triethylamine were dissolved in 10 mL
10 of DMF. To the mixture, 33 mmole of acetyl chloride was
added dropwise over 30 minutes at 40 °C. The mixture was
stirred for another 3 hours at 40 °C. As a result, the
conversion of 1,3,5-adamantanetriol was 99%, and
1,3,5-tris(acetyloxy)adamantane {(yield 95%) was formed.
15 Colorless liquid
Mass spectral data [M]+: 310
IR(cm™'): 1620, 1320, 1140
Example 35
Operation was effected in the same manner as
20 Example 20 except forusing 1, 3, 5-admantanetriol obtained
by the method of Example 32 instead of 1,3-adamantanediol.
The.conversion of 1,3,5-adamantanet;iol was 99% and 1-
methoxycarbqnyloxy-3,S-adamantanediol (vield 90%) was
formed.
25' Colorless liquid
Mass spectral data [M]+: 242

IR(cm l): 3320, 1620, 1270



met hoxycar bonyl oxy- 3- ni troadamant ane (yield 90% was obtained. Pale yellow
| iquid Mass spectral data [M[err]: 255 10 IR(cnferr]): 1620,
1560, 1340, 1170 Exanple 25 Qperation was effected in the sane manner as
Exanpl e 20 except for using 1-caboxy-3-adewantanol ob- tained by the method
of Exanple 5 instead of 1,3- 15 adamant anedi ol .  The conversi on of

1- car boxy-3- adamant anol was 99% and 1-car boxy- 3- .

met hoxycar bony| oRyadpbangene (yield 90% was obtained. Wiite solid Mass

spectral data [M[err] : 254 20 |R(cnferr]): 3030, 1670, 1620,
1430 Operation was effected in the same manner as
Example 21 except for using 1,3, 5-adamantanetriol obtained
by the method of Example 32 instead of 1, 3-adamantanediol.
5 The conversioh of 1,3,5-adamantanetriol was 99% and
1,3-bis(methoxycarbonyloxy)-5-adamantancl (yield 80%)
was obtained.
Colorless liquid
_ Mass spectral data [M]+: 300
10 IR(cm '): 3330, 1610, 1260
Example 37
In an atmosphere of nitrogen, 10 mmole of
1,3,5-adamantanetriol obtained by the method of Example
32 and 36 mmole of pyridine were dissolved in 10 mL of DMF.
15 To the mixture, 33 mmole of methoxycarbonyl chloride was
added dropwise with stirring at romm temperature. Cooling
of the resultant mixture with ice was started at about the
time exothermic reaction began. When the exothermic
reaction is completed, the mixture was heated to 60 °C and
20 then stirred fbx'oneihour. As a.résult, the conversion of
1,3,5-adamantanetriol was 99% and 1,3,5-
trié(methoxycarbonyloxy)adamantane (Yield 95%) was
formed. ‘
Colorless liguid
25 ' Mass spectral data [M]+: 358
IR(cm™*): 1630, 1280, 1110

Example 38



Exanpl e 26 Operation was effected in the same manner as Exanple 20 except
for using 1-nethoxycarbonyl-3- adamant anol obtai ned by the nethod of
Exanpl e 11 instead 25 of 1, 3-adanmantanediol. The conversion of 1-
met hoxycar bonyl - 3- adanmant anol was 99%-an@8l-
met hoxycar bonyl - 3- net hoxycar bonyl oxyadamant ane (yield --102 - 90% was
obtained. Wihite solid Mass spectral data [M[err]: 268 IR(cnferr]): 1650,
1620, 1440, 1240 Operation was effected in the same manner as

Example 22 except forusing 1, 3, S-adamantanetriol obtained

by the method of Example 32 instead of 1, 3-adamantanediol.

The conversion of 1,3,5-adamantanetriol was 99% and 1-

5 (N-methylcarbamoyloxy)-3,5-adamantanediol (yield 90%)
was obtained.
Pale yellow liquid

ES

Mass spectral data [M] : 241

IR(cm?

): 3350, 1670, 1280
10 Example 39 |
Operation was effected in the same manner as
Example 23 except for using 1, 3,5-adamantanetriol obtained
by the method of Example 32 instead of 1,3-adamantanediol.
The conversion of 1,3,5-adamantanetriol was 99% and
15 1,3-bis(N-methylcarbamoyloxy)-5-adamantanol (yield 80%)
| was obtained.
Pale yellow liquid
Mass spectral data [M]+: 298
IR(cm ') : 3340, 1680, 1310
20 Example 40
In an atmpsphere of nitrogen, 10 mmole of
1,3;5-adamantanetriol obtained by the method of Example
32 and one drop of pyridine were dissolved in 10 mL of DMF.
To the mixture, 30 mmole of methylisodyanato was added
25 dropwise with stirring. Cooling of the resultant mixture

with ice was started at about the time exothermic reaction

began. When the exothermic reactio:; is completed, the



5 Exanpl e 27 Operation was effected in the sanme manner as Example 1
except for using 1l-adamantanol instead of 1- acetyl am noadamant ane and
reacting for 6 hours at 75 [err]C. The conversion of 1-adamantanol was 99%
and 1-3- 10 adamant anedi ol (yield 80% . pwas obtained. Wite solid Mass
spectral data [M[err]: 168 IR(cm[err]): 3350, 1370, 1110 Anot her
operation was effected in the sane manner 15 as Exanpl e 14 except for

using 1, 3-adamdtaredas! heatednes eby°d hagabrys deifed icost 68 1dur.
1-ni tro- 3-adamant anol . The conversion of 1, 3-adanmantanedi ol was 99% and 1-
acet yl oxy- 3- adgmanirasallt( ytké QHérsiash oFt ai, 3¢5 -afanantanéttigliwas
99% and 1,3,5-tris(N-methylcarbamoyloxy)adamantane
(yield 95%) was obtained.
5 Pale yell_ow liquid
Mass spectral data [M17: 339
IR(cm™*): 1670, 1310, 1140
Example 41 | |
An eggplant type flask (50 mL) with side arm was
10 dipped in iced water and its pressure was reduced. Into
the flask, nitrogen monoxide was introduced from a gas bag
(1L) and further oxygen was introduced from a gas bag (1L).
The flask was filled with reddish-brown gas, and then a
blue liquid comprising N,0, as a main component was formed
15 with sedimentation of the reddish-brown gas. The intro-
ductions of the nitrogen monoxide and oxygen were repeated
to produce about 1.5 ml of the blue ligquid. The blue liquid
was frozen with the use of liquid nifrogen.
1.8g (0.024 mole based on N,0, basis) of the frozen
20 blue ligquid, 1 mmole of 1,3-adamantanediol obtained by the
method of Example 27, 0.05 mmole of NﬁPI and 5 mL of acetic
aci(:l were mixed, and then the mixtur_e was reacted for 10
hours at a temperature of 100 °C with stirring to give
1-nitro-3,5-adamantanediol (yield 80%). The conversion
25 of 1,3-adamantanediol was 99%.
Pale yellow liguid

+

Mass spectral data [M] : 213



20 Mass spectral data [MJ[err] : 210 IR(cnerr]): 3350, 1720,
1120 Anot her operation was effected in the sane nmanner as Exanple 20 except
for using 1l-acetyl oxy-3-adamant anol obtai nedby t he abovenet hodi nst eadof
1, 3- adamant anedi ol . 25 The conversi enldd 21-acetyl oxy- 3-adamant anol was
99% and 1-acetyl oxy- 3- nmet hoxycar bonyl oxyadamant ane (yield 90% was
obt ai ned. - 103 - Wite solid Mass spectral data [M[err]: 268 IR(cm):
1670, 1630, 1440, 124@R{(cm “): 3320, 1320, 1170
Example 42
Operation was effected in the same manner as
Example 21 except for using l-nitro-3,5-adamantanediol
5 obtained by the method of Example 41 instead of 1,3~
adamantanediol. The conversion of 1;nitro-3,5-
adamantanediol was 99% and 1,3-
bis(methoxycarbonyloxy)-5-nitroadamantane (yield 90%).
Pale yellow liquid
10 Mass spectral data [M1%: 349
IR(cm™'): 1650, 1590, 1360, 1120
Example 43
A reactor was charged with 10 mmole of 1,3-
adamantanediol, 1 mmole of NHPI, 0.005 mmole of Co(AA), and
15 25 mL of acetic acid, then equipped with a gas bag of mixed
gas (a mixed gas of 2L of carbon monoxide and 0.5L of oxygen;
pressure: 5 kg/ cmz) . The resultant mixture was stirred for
6 hours at 60 °C to give l-carboxy-3,5-adamantanediol
(yield 80%). The conversion of 1,3-adamantanedicl was
20 99%.
White solid
Mass spectral data [M]': 212
IR(em™'): 3320, 1320, 1170
Operation was effected in the same manner as
25. - Example 21 except for using l-carboxy-3,5-adamantanediol

obtained by the above method instead of 1, 3-adamantanediol.

The conversion of 1-carboxy-3,5-adamantanediol was 99% and



Exanple 28 5 In an atnosphere of nitrogen, 11 mml e of acetyl
chloride and 12 mmole of triethylamne were dissolved in 2 nL of THF. To
the resultant m xture, 10 mmvle of a solution of 1-am no-3-adamantanol in
DMF (10 nmL) was added dropw se over 30 aiautes at 40 [err]C. The m xture
was stirred 10 for another 3 hours at 40 [err]C. As a result, the
conversion of 1-am no-3-adamantanol was 99% and 1-acetyl am no- 3-

adamant anol ( yi-edat-thdf)- 3yEs biler medhoRkylcarpehnydoxli) gdanavbanespgiendl data

[M[err]: 209 15 - IR(cnferr]): 3350, 1670, 690 Another operation
was effected i90%)he sanme manner as Exanple 20 except for using
1- acetyl am no- 3- adamant anol obt ai nedby t heabovenet hodi nst eadof
1, 3-adamant anedi ol . Colorless liquid
Mass spectral data [M]+: 240
5 IR(cm-l): 3370, 1670, 1470, 1320
Example 44
The mixture of 16 mmole of l-carboxyadamantane,
1 mmole of NHPI, 0.005 mmole of Co(AA), and 25 mL of acetic
acid was stirred for 4 hours at 80 °C with introducing carbon
10 monoxide and oxygen at a ratio of the former : the latter
(molar ratio) = 5:1 to give l-carboxy-3-nitroadamantane
in a 70% yield. ,
In an atmosphere of oxygen, the rhixture of 10 mmole
of l-carboxy-3-nitroadamantane, 1 mmole of NHPI, 0.05
15 mmole of V(AA), and 25 mL of acetic acid was allowed to react
for 4 hours at 85 °C. The reaction products were analyzed
by gas-mass spectroscopy, and as a result, l-carboxy-
3-nitro-5-adamantanol was formed in a 86% yvield.
Example 45
20 To a mixtuie of 10 mmole of adamantane, 1 mmole
of NHPI, 0.005 mmole of Co(AA), and 25 mL of acetic acid,
nitfogen monoxide (NO), carbon monoxide (CO) and oxygen
(0;) were introduced at a ratio of NO:CO:0, (molar ratio)
= 10:15:1 (pressure: 26 kg/cmz). The mixture was stirred
25 for 6 hours at 100 °C. The reaction prdducts were analyzed

by gas-mass spectroscopy, and as a result, the conversion

of adamantane was 90%, and l-carboxy-3-nitro-5-



The conversion of 1-acetyl am no-3-adamantanol was 99% and 20

1- acetyl am no- 3- net hoxycar bonyl oxyadamant ane (yield 90% was obtai ned. Pale
yellow liquid Mass spectral data [M[err]: 267 IR(cm): 3300, 1650, 1620,
1240 25 Exanpl e 29 Qperation was effigeted in the sanme nmanner as Exanpl e
20 except for using 1-hydroxynethyl - 3- adamant anol - 104 - obtained by
the nmethod of Exanple 18 instead of 1,3- adanantanedi ol. The conversion of

1- hydr oxymet hyddamantanol (yield 5%), 1-nitro-3,5-adamantanediol (yield
10%), l-carboxy-3,5-adamantanediocl (yield 10%), 1,3,5-
adamantanetriol (yield 15%), 1,3-dinitro-5-adamantanol
(yield 8%), 1,3-dicarboxy-5-adamantanol (yield 3%),

5 1,3,5-trinitroadamantane (vield 5%), l-carboxy-3,5-
dinitroadamantane (yield 5%), 1,3-dicarboxy-5-
nitroadamantane (yield 1%) and 1, 3,5-tricarboxyadamantane
(vield 1%) were formed.

Example 46
10 A reactor was charged with 10 mmole of adamantane,
1 mmole of NHPI, 0.005 mmole of Co(AA), and 25 mL of acetic
acid, then equipped with a gas bag of a mixed gas (a mixed
gas of 3L of carbon monoxide and 0.75L of oxygen). The
resultant mixture was stirred for 12 hours at 60 °C to give
15 1,3.5-tricarboxyadamantane together with 1-
carboxyadamantane and 1,3-dicarboxyadamantane.
In an atmosphere of oxygen, to 25 mL of acetic acid
was added 10 mmole of the 1,3,5-tricarboxyadamantane, 1
mmole of NHPI and 0.005 mmole of Co(AA), and the mixture
20 was stirred for 6 hours at 75°C. As aresult, the conversion
was 76% and 1,3,5-tricarboxy-7-adamantanol was obtained
in ;a 70% yield.

(1) 1,3,5-tricarboxyadamantane

White solid
25 Mass spectral data (fragment)
(M1%: 268, [M]™: 223(-CO,H), [M1 ™: 178(-CO,H),

[M]777: 133 (-CO,H)



adamant anol was 99% and 1- hydr oxynet hyl - 3- net hoxycar bonyl oxyadamant ane
(yield 9099 was obtained. 5 Wiite solid Mass spectral data
M[err] : 240 IR(cm): 3300, 1650, 1440, 1240 Exanple 30 Qperation was
effected in the sane manner as 10 Exanpglse 20 except for using

1- (N, N-di net hyl car banoyl ) - 3-adamant anol obtai ned by the nethod of Exanple
13 instead of 1, 3-adanmantanedi ol. The conversion of 1-(N, N

di met hyl car banoyla)y- 3- adamam aaebowgs 798%amaH tanbh, N- _

di et hyl car banoyl ) - 3- net hoxycar bonyl oxyadamant ane 15 (yield 90% was

obt ai ned. Pal e yel |l owyHid Gdvass spectral data [M[err]: 281

Mass spectral data (fragment)

+

[M]": 284, [M] : 266(-OH,), [M] : 221(-CO,H),

5 [M] T: 176 (-CO,H), [M}] : 131 (-CO,H)



IR(cnferr]): 1650, 1620, 1280, 1170 Exanple 31 20 I'n toluene (100
m.) was dissolved 10 nmol e of 1-acetyl oxy-3-am noadamant ane obt ai ned by the
nmet hod of Exanple 15. To the resultant solution was added 12 mol.-e- of
phosgene at room tenperature and the nixjype_was Stl for 6 hour s.
result, the conversion of 1- 25 acet yl oxy- 3-am noa Q?S‘and
1-acetyl oxy-3- isocyanat oadamantane (yield 85% was ob " el |l ow
liquid - 105 - Mass spectral data [M[IAGI'Mé 235

1. An adamantane derivative shown by the

following formula (1):

5 x!

X2 it {1)
X3
wherein x1 represents a hydroxyl group which may
10 be protected by a protectide group, X2 represents nitro
group, an amino group or N-substituted amino group which
may be protected by a protective group, a hydroxyl group
which may be protected by a protective group, a carboxyl
group which may be protected by a protective group, a
15 hydroxymethyl groﬁp which may be protected 5y a protective _
group, or isocYanato'group;

(1) when %% is nitro group, x> and x* are the same
or different from each other and each represents a hydrogen
atom, an alkyl group, a nitro group, a hydroxyl group which

20 may be protected by a protective group, an amino group or
N-sgbstituted amino group which may be protected by a
protective group, a carboxyl group wﬁich.may'be protected
by a protective group, a hydroxymethyl grbup vihich may be
Iprotected by a protective group, or an isocyanato group,

25 excluding the case where X3 and 'X4 are both hydrogen atoms
when x! is hydroxyl group; . |

(ii) when.x2 is an amino group or N-substituted

I IIIIII TN



|R(cm): 2200, 1670, 1330, 750 Exanple 32 Qperation was ef f ect ed |n t
sanme manner as 5 Exanple 1 except for using 1, 3- adamsmﬁsﬁﬁn of
1- acet yl am noadamant ane and reacting for 6 hours at 7

conversion of 1,3-adamantanedi ol was 929¢qgnd 1, 3, 5-ad (yield
80% was obtained. Wiite solid 10 Mass spectra ata [M[err]

184 I R(cm): 3320, 1320, 1170 Anot her operation was effected in the sane

manner as Exaggli®oldreup emlélormd?%egpéo%eétadw@ g@eftébehvebgfwﬁd by the

above net hod mstea of 1-nitro adamant anol The conversion of
1, 3, 5- adamant afednd &' a6 t98% and ok ALty -Sod adantsteseand edamh el d

90% was

represents a hydrogen atom, an alkyl group, an amino group
or N-substituted amino group which may be protected by a

5 protective group, a hydroxyl group which may be protected
by a protective group, a carboxyl group which may be
protected by a protective group, a hydroxymethyl group
which may be protected by a protective group, or an
isocyanato group, excluding the case where X3 and .X4 are

10 both hydrogen atoms or alkyl groups when X1 is hydroxyl
group;

(iii) when X2 is a hydroxyl group which may be
protected by a protective group, X3 and X4 are the same or
different from each other and each represents a hydrogen

15 atom, an alkyl group, a hydroxyl group which may be
protected by a protective group, a carboxyl group which
may be protected by a protective group, ‘a hydroxymethyl
group which may be protected by a protect_ive group, Or an
isocyanato group, excluding the case where x3 and X4 are

20 both hydrogén atoms or alkyl groups when Xl is hydroxyl
group or a saturated aliphatic acyloxy group _and X2 is
hyd-roxyl group or a saturated aliphat:ic acyloxy group and
the case where X3 and X4 is a combination of hydrogen atom
and a carboxyl group which may be protected by a protective

25 group when X1 and X2 are both hydroxyl groups: |

(iv) when XZI is a carbpxyl group which may be

protected by a protective group, X3 and X4 are the same or

* [ L M H] *



obt ai ned. Colorless |liquid Mass spectral data [h4[err] 226 ;

IR(cnferr]): 3320, 1620, 1320, 1140 Exanple 33 In aﬁ" laced
nitrogen, 10 nmole of 1, 3, 5-adamant anetri ol obtai ned

Exanpl e 32 and 24 mmol e of triethyl am.ngigere dissolv of
DMF. To the mi xture, 22 mmole of acetylchloride was added dropw se over
mnutes at 40 [err]C. The m xture was stirred for another 3 hours at 40
[err]C As a r&F#drenth®rom eadflfother and each represents a hydrogen

atom, an alkyl group, a carboxyl group which may be
protected by a protective group; a hydroxymethyl group
which may be protected by a protective group, or an
5 isocyanato group, excluding the case whére X3 and X? are
both hydrogen atoms or alkyl groups or a combination of
a hydrogen atom and an alkyl group when _Xl is a hydroxyl
group or a saturated aliphatic acyloxy group:;
(v) when X2 is a hydroxymethyl group whic_h may be
10 protected by a protective group. X3 and X4 are the same or
different from each other and each represents a hydrogen
atom, an alkyl group, a hydroxymethyl group which may be
protected by a protective group, or an isociranato group,
excluding the case where, X3 and X4 a:_ce both hydrogen atoms
15 when X1 is hydroxyl group; and |
(vi) when %% is isocyanato group, x3 and }i{‘l1 are the
same or different from each other and each :rf'epre;senté a
hydrogen atom, an alkyl group or an isocyanato group,
excluding the case where, X3 and x4 are both hydrogen atoms
20 when X1 is hydroxyl group;
or a salt thereof.

- 2. An adamantane derivative_ or a salt thereof
accoxrding to Claim 1, wherein K1 is hydroxyl group, é
saturated C;_galiphatic acyloxy group, a C;_galkoxy- |

25 carbonyloxy group or a carbamoyl groizp which may have a
substituent and X° is nitro group, amino group, a C,.

eacylamino group, a C;_galkoxy-carbonylamino group, a

* c L N S *
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conversion of 1,3,5-adanantanetriol was 99% and 1, 3 enReplaced

bi s(acet yl oxy) - 5 adamant anol (yield 80% was forrred Thi |d Mass
spectral data [M{[err] : 268 5 IR(cm): 3 1150
Exanple 34 In an atnosphere of nitrogeni1%0-nmmole of netri ol

obtai ned by the nethod of Exanple 32 and 36 mmol e of triethyl am ne were
di ssolved in 10 nL 10 of DM. To the mxture, 33 nmmole of acetyl

chloride was addagdadeapo,s@aidiiatie rad]w&ﬁ%@troﬁ@ Jar c]lqsn alkuxyd xture was

stirred for another 3 hours at 40 [err a result e conversion of

1, 3, 5- adamant gaebbh9lowgsg28ip, a@@b&&:@ﬂd@(@&@hﬂ AKXy thdaaR have 4 i el d
95% was fornmed. 15 Col or | ess 't quid
substituent, carboxyl group, a C;_galkoxy-carbonyl group,
a carbamoyl group which may have a substituent, hy-
5 droxymethyl group or isocyanato group, in the formula (1).
3. A process for producing an adamantane
derivative which comprises, in the presence of an

oxidation catalyst comprising an imide compound shown

by the following formula (2):

10 0
i
~R_-C .
a N==Y @
Y R2 c/
g n
2

wherein R' and R? are the same or different from
15 each other and each represents a hyd:ogen atom, a halogen
atom, an alkyl group. an aryl group, a cyclloalkyl groﬁp.
a hydroxyl group, an alkoxy group, a carboxyl group; an
alkoxycarbonyl group, or an acyl group; or _R.1 a_nd. R2 may.
bond together to_form a double bond or an aromatic or
20 non-aromatic ring; Y represents oxygen atom br hydroxyl
group; and n denofes an integér of 1 to 3;
cont:acting an adamantane derivative 's-l}own by the following
formula (la): - |

w2 4 - (1a)
25 X X

x3a

wherein X2 represents nitro group, an amino group

* [ L L] 5 *



Mass spectral data [M[err] : 310 IR(cnferr]): 1620, 1320, 1140 Exanple 35

Operation was effected in the sane manner as 20 Ex armpl Shee?Ba lade@r
usi ng 1, 3, 5-adamant anetri ol obtained by the method of ead of
1, 3-adanent anedi ol . The conversion of %, 318-adamant anemmﬁﬂmgﬂmﬁll‘and 1-
met hoxycar bonyl oxy- 3, 5- adamant anedi ol (yield 90% was :
Colorless liquid Mass spectral data [M[err] : 242 IR(cnferr]): 3320, 1620,
1270 or N-substituted amino group which may be protected by a
protective group, a hydroxyl group which may be protected
by a protective group, a carboxyl group which may be
protected by a protective group, a hydroxymethyl group
5 which may be protected by a protective group, or isccyanato
group; X3a and X4a are the same or different from each other
and each represents a hydrogen atom, an alkyl group, a nitro
group, @ hydroxyl group which may be protected by a'
protective group, an amino group or N-substituted amino
10 group which may be protected by a protective group, a
carboxyl group which may be protected by a protective group,
a hydroxymethyl group which may be protected by a protective
group, or an isocyanato group:;
with oxygen.
15 4. A process according to Claim 3, in the imide
. compound shown by the formula (2) R1 and R2 bond together
to form a cycloalkane ring which may have a substituent,
a cycloalkene ring which may have a substituent, a bridged
hydrocarbon ring which may have a substituent or an aromatic
20 ring which may have a substituent.
5. A process according to Claim 3, wherein the
imiéie compound shown by the formula (2) is a compound shown

by the following formulae (2a) to (2f):

. * c L M s *



- 107 - Exanple 36 Operation was effected in the sane manner as Exanple 21
except for using 1, 3,5-adamantanetri ol obtained by the m@ﬁ@m@he 32
i nstead of 1, 3-adanantanediol. 5 The conversi on of 1 tr| ol
was 99% and 1, 3- bi s(met hoxycar bonyl oxy) - 1 @danmant anol (y

obtai ned. Colorless liquid Mass spectral data [M[err]:

| R(cnferr]): 3330, 1610, 1260 Exanple 37 In an atnosphere of mtrogen, 10
mol e of 1, 3, 5-adamant anetri ol obtained by the nmethod of Exanple 32 and 36

nmol e of pyridine werg dissolved in 10 g. of DM. R® 0
R1 ] R1 il R‘ i
s l c\N=\r -
: c:/N--Y ) ¢ > N=Y
R g R g R : ﬁ n
R
> (2a) (2) (2c)
R o R”R o R}
R il R* i 4 (l?
C\ C\ N R c\
5 C/ = 5 C/N_Y . ,N"Y
R I R s R ¢
(2d) (2e) | (2

wherein R’ to R® are the same or different from each
other, and each represents_ a hydrogen atom, an alkyl group,
a hydroxyl group, an alkoxy group, a carboxyl group, an
15 alkoxycarbonyl group, an acyl group, a nitro group, a cyano
group, an amino group or a halogen atom; and Rl, RZ, Y and
n have the same meanings as defined above.
6. A process according to Claim 3, wherein the
imide compound shown by the formula (2) is at least one
20 compound selected from the group consisting of N-
hydroxysﬁccinimide, N-hydroxymaleimide, N-
hydroxyhexahydrophthalimide, N,N'-
dihydroxycyc1ohexahetetracarboximide, N-hjrdroxy-
phthalimide, N-hjniroxytetrabromophthalimide, N-
25 hydroxytetrachlorophthalimide, N-hydroxyhetimide, N-
hydroxyhimimide, N-hydroxytrimellitimide, N,N'-

dihydroxypyromellitimide and N,N'-

* c L M s *



15 To the m xture, 33 nmol e of nethoxycarbonyl chloride_was. added
dropwise with stirring at rommtenperature. Cooling of the resul t ant

mxture with ice was started at about the time exothern Hasmaenltbﬁg@
Wien the exotherm c reaction is conpleteghothe mxture
then stirred for one hour. As a result,
a a

1, 3, 5-adamant anetriol was 99% and 1, 3,5- tri s( met hoxycar bonyl oxy

[err] C and 20
(yield 95%
[M[err]:
5
10
15
20
25

A process according to C.'Lalm 3, wherein said
oxidation catalyst comprises the imide compound shown by
the formula (2) and a co-catalyst.

8. A process according to Claim 7, ’wherein said
co-catalyst is a compound containing at least one element
selected from the group consisting of a Group 2A element
of the Periodic Table, a transition metal element and a
Group 3B element of the. Periodic Table.

9. A process accoréing to Claim 7, wherein said
co-catalyst is a compound containing at least one element
selected from the group consisting of a Group 3A element,
a Group 4A element, a Group 5A element, a Group 6A element,
a Group 7A element, a Group 8 element and a Group 1B element
of the Periodic Table.

10. A process for producing an adamantane
derivative having at least a hydroxyl group which comprises
subjecting an adamantane derivative shown by the following

formula (la):

X2 x4 (1a)

X3a
wherein X2 represents nitro grdup, a hydroxyl group
which may be protected by a protective group, an amino group
or N-substituted amino group which may be protected by a
protective group, & hydroxyl group which may be prdtected

by a protective group, a carboxyl group which may be

A

n of
nt ane

ﬁﬂ?gﬁ%ﬁl&ﬁﬁé éﬁﬁé%ﬁi‘é{iﬁ!go ,e 38Mass spectral data



- 108 - Operation was effected in the sane manner as Ex?hn;cg ot
using 1, 3, 5-adamant anetri ol obtained by the nethod of
1, 3-adamant anedi ol . The conversion of 1, 3, 5-adamant anetrl

5 (N-met hyl car banoyl oxy) - 3, 5- adanmant.agedi al (yiel d 900
Pal e yellow liquid Mass spectral data [M[err] : 241 IR(cm [err]) 3350
Exanpl e 39 Operation was effected in the sanme manner as

téﬁe&'%f& Jpx%t%c’stqa&@rg&%w r aOhy@Pbaiietnpy GReuget hod of

1670, 1280 10
Exanpl e 23 eX Gy

Exanpl e 32 instead of 1

10

15

20

25

adamant anedi ol
which may be protected by a protective group, or isocyanato

group: Xst1 and )s'_'m are the same or different from each other
and each represents a hydrogen atom, an alkyl group, a nitto
group, a hydroxyl group which may be protected by a
protective group, an amino group or N-substituted amino
group which may be protected by a protective group, a
carboxyl group which may be protected by a protective group,
a hydroxymethyl group which may be protected by a protective
group, or an isocyanato grc;up;
to at least one step selected from the following oxidation
step (1), nitration step (ii) and carboxylation step {iii):
(i) an oxidation step by oxygen in the presence
of a catalyst comprising an imide compound shown by the

following formula (2):

0

i
< R —C_
N==Y - @
. Rz /

wherein R! and R? are the same or different from
each other and each represents a hydrogen atom, a
halogen atom, an alkyl group, an:aryl group, a
cycloalkyl group, a hydréxyl group, an alkoxy group,
a carboxyl group, an alkoxycarbonyl group, or an acyl
group: or R1 and R2 may bond together to form a double
bond or an aromatic or non-aromatic ring; Y represents

oxygen atom or hydroxyl group; and n denotes an integer

* c L \] s *
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The conversion of 1,3,5-adamantanetriol was 99% and 15

1, 3- bi s( N net hyl car banoyl oxy) - 5- adamant anol (yield 80% was obtained. Pale
yellow | iquid Mass spectral data [M[err] : 298 IR(cnigtrd): 40, ~1680,
1310 20 Exanpl e 40 In an atnosphere, pf nitrogen, 1 ke 119000 Repi0

1, 3, 5-adamant anetri ol obtained by the nethod of Exanple M(ﬂﬂ(ﬂ”ﬂkp of
pyridine were dissolved in 10 nL of DMF. To the m xture, I

nmet hyl i socyanggoWqs, agded 25 dropwise with stirring. Cooling of the
resultant mixture with ice was started at about the time exothermc

reaction began. \Wen {{if) eOohRaSH 6né St drS stREPLE A £l 0wing

(iié), (iib) and (iic):

(iia) a nitration step by a nitrogen oxide in the
5 presence of a catalyst comprising the imide compound shown
by the formula (2);

(iib) a nitration step by oxygen and at least one -
nitrogen oxide selected from dinitrogen oxide and nitrogen
monoxide; and

10 (iic) a nitration. step by nitrogen dioxide
(iii-) a carboxylation step by darbon monoxide and
oxygen in the presence of a catalyst comprising the imide
compound shown by the formula (2).
11. A process according to Claim 10, which com-
15 prises further subjecting a reaction product to a_reduction
step after beiﬁg subjected to at least one s'tep selected
from said nitration step (ii) and said carboxylation step
(iii) to form at least one group selected from an amino

group and a hydroxymethyl group.

I



- 109 - mxture was heated to 60 [err]C and then stirred for one hour. As a
result, the conversion of 1,3,5-adamantanetriol was 99% and

1,3,5-tri s(N-nethyl carbanoyl oxy) adamant ane (yield 95% was obtained. 5

Pale yellow |iquid Mass spectral data | rr]: 339 IR(cnferr]): 1670,

1310, 1140 Exanple 41 An eggpl ant type fl'ask (50 nL) with side armwas 10
dipped in iced water and its pressure was reduced. Into the fl ask,

ni trogen nonoxi de was i ntroduced fronhgs.gﬁﬁc&]ag (1L) and further oxygen was
i'-ntroduced froma gas bag (1L).

In the presence of an imide compound (e.g., N-

hydroxyphthalimide) shown by the formula (2):

s 0
1 ]
l" R c\
t N=Y t)

wherein R1 and R2 independently represents a
10 hydrogen atom, a halogen atom-, an alkyl group, an aryl group,
a cycloalkyl group: or R1 and R? may bond together to form
a double bond or an aromatic or non-aromatic ring; Y is
Oor OH and n = 1 to 3;
or the imide compound and a co-catalyst (e.g., a transition
15 metal compound), an adamantane derivative having a
functional group such as a nitro group, an amino group,
a hyd__roxyl group, a carboxyl group, a hydroxymei;hyl group
and an isocyanato group is oxidized with oxygen. According
to the above method, an adamantane derivative having a
20 hydroxyl group together with a functional group such as
a ni:tro group, an amino group, a hydroxyl group, a carboxyl
group, a hydroxyniethyl group and an isocyanato group is

eff iciently obtained.

This Sheet Has Been Re

N mm Ml I lill




The fl as

. - q} (g2 <
“‘ it NT SHE Ex
e i1ook RN ST T e g, o, b SHEET

GD

BREh
t he:-r eddi s' -b}ﬂﬁv\h/ gas.p %EPqOrﬂ bAuctl--olnMo:f- t he nitrogen nonoxi de and
oxygen \/\@re repéag(ed : tpégqsirodaclélg@(bout 1.5 m of the blue liquid. The blue

liqui d was'if rogtesst wi t-Ipagdie.usepagéd [i qui d ni trogen.

on Nlerriq(err] basis) of th. n 20 craAmMse liquid, 1 nmmle of 1,
1 SolrefE

3- adamantiangdife OFbRECEERT by,
and 5 nl ‘of—aAceric acidWere i X&d, and then the mixture was reacted for 10

t hod of Exanple 27, 0.05 nmol e of NHPI

hours at a tenperature of 100 [err]CW|th stirring to give

1-nitro-3, 5- adamant anedi ol Ayiziahaifi%ne derevaeaver showndy ti¥ following

1, 3- adamant anedi ol was 99% Pal e yel I ow | iquid Mass spectral data [M[err]
213 formula (1):

e’

x1

X2- ¢ (1)

x3

wherein X1 represents a hydroxyl group which may be prétected
by a protective group, X2 represents nitro group, an aﬁino group or
N-substituted amino group which may b.e pro'i:ected by a prbtective group,
a hydroxyl group which may be protected by a protective group, a
carboxyl group which may be protected by a protective group, a
hydroxymethyl group which may be protected by a protective group, or
isocyanato group:;

(i) when X2 is nitro group, x3' and X.4 are the same or different
from each other and each represents a hydrogen atom, an alkyl group,

P a hydroxyl group which may be protected by a protective

group, an amino group oOr N-substituted amino group which may be
protected by a protective group, a carboxyl group which may Se
protected by a protective group, a hydroxymethyl group which may be
protected by a protective group, or an isocyanato group, excluding
the case where X3 and x* are both hydrogen atoms when X1 is hydroxyl
group:

(ii) when X2 is an amino group or N-substituted amino group

which may be protected by a protective group, X3 and x* are the same
or different from each other and each fepresents a hydrogen atom, an

alkyl group, an amino group or N-substituted amino group which may

‘be protected by a protective group, a hydroxyl group which may be

1. 8g (0.024 nol e based

s
g 4 “\

>
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-"110 - IR(cm[err] ): 3320, 1320, 1170 Exa}rple 42 @&BLAGEMEN?E%E&T

in .the same nmanner as Exanple 21 except for using

_1-nitro-3, 5-adamant anedi ol 5 obt'ained by the net hod of .Exanple 41 instead
of 1,3- adamantanedi ol. The conversion of _1-nitro-3,5- adanmantanedi ol was
99% and 1, 3- bi s(met hoxycar bonyl oxy) - 5- fi tlrléadamant ane (yield 90% . Pale

yeIIowllqwd 10 Mass spectral data [MJ[err] : 349 IR(cnferr]):
1650, 1590, 1360 120 .
protected by a protective group, a carboxyl group which may be

protected by a protective group, a hydroxymethyl group which may be
protected byea protect"ive group, or an isocyanato group, excluding
the case where x3 and X4 are both hydrogen atoms or alkyl groups when

. X1 is hydroxyl group;
(iii) when x2 is a hydroxyl group which may ~be _protected by
a pretective group, X3 and X4 are the same or different from eac.h other

e i e e et e b, e

and each represents a hydrogen atom, an alkyl groi_;p,

a carboxyl group which

\

g may be protected by a protective group, a hydroxymethyl group which
may be protected by a protective group, or an isocyanato group.
excluding the case where X3 and X4 are both hydrogen atoms or alkyl
groups when X1 is hydroxyl group or a saturated aliphatic acyloxy group
and X2 is hydroxyl group or a saturated aliphatic acyloxy group and
the case where X3 and x* is a combination of hydrogen atom and a carboxyl
group which may be protected by a protective group when X1 and x? are
both hydroxyl groups:

(iv) when X2 is a carboxyl group. which may be protected by

et a protective group, x3 and x“ are the same or different from each other
and each represents a hydrogen atom, an alkyl group, a cz_-n:boxyl group
which may be protected by a profective group, a hydroxymethyl group
which may be protected by a protective group, or an isocyanatc group,
excluding the case where X3 and X4 are both hydrogen atoms or alkyl
groups or a combination of a hydrogen atom and an alkyl group when

1, _
X" is a hydroxyl group or a saturated aliphatic acyloxy group:

* C L M S * :

Dats: 25 JUN 1989



Exanpl e 43 A reactor was charged with 10 mmol e of lﬁﬁ%MMEMT@HET

mmol e of NHPI, 0.005 nmole of Co(AA)2 and 15 25 nmL of acetic acid, then

- equi pped with a gas bag-of nixed gas Ik6nt+xed gas of 2L of carbon nonoxi de
and 0. 5L of oxygen; pressure: 5kg/cm[err]). '
Ther esul tant m xturewasstirredfor 6 hours at 60 [err]C to give

1- carboxy- 3, 5- adamant anedi ol (yield 80% . The conversion of

1, 3- adanant anedi, gl S

1,3 st anecl o) 88282 1 9% i ABes BBEL a8 MRS
e The SIBLEAESTVECLGR, AT MR XA e da et cpbh g
other and each represents a hydrogen atom,” an alkyl group, a
hydroxymethyl group which may be protected by a protective group, or
an isocyanato group, excluding the case where, X3 and X4 are both
hydrogen atoms when X1 is hydroxyl group: and

{vi) when X2 is isocyanato group, X3 and X4 are the ‘same or
different from each other and each represents a hng‘:'ogeg atom, an alkyl
group or an isocyanato group, excluding the case fvhere'; X3 and X4 are
both hydrogen atoms when X1 is hydroxyl group;
or a salt thereéf.

- 2. An adamantane derivative or a salt thereof
according.to Claim 1, wherein x1 is hydroxyl_ group, a
saturated C,_galiphatic acyloxy group, a C;_galkoxy-
carbonyloxy group or a carbamoyl group which may have a

substituent and X2 is nitro group, amino group, a C,.

.~ edcylamino group, a C;.galkoxy-carbonylamino group, a

saturated C, galiphatic acyloxy group. a C;.¢alkoxy-

~ carbonyloxy group, a carbamoyloxy group which may have a
substituent, carboxyl group, a Cl_salkoxy-carbonyl group,
a carbamoyl group which may have a substituent, hy-

droxymethyl group or isocyanato group. in the formula (1).

3. A process for producing an adamantane derivative
which comprises, in the presence of an oxidation catalyst comprising

an imide compound shown by the following formula (2):

—I]—!Illlj I\l||.|||1| M e sheet

' Date: 29 JUN 1999



The conversion of 1-car boxy 3, 5- adanant anedi ol was 9R% A CE SHEET

1- car boxy- 3, 5- bi s( met hoxycar bonyl oxy_) agpjrant ane  (
liquid Mass spectral data [M[err]: 240 5

1670, 1470, 1320 Exanple 44 The m xture of 10 nmol
1 mole of NHPI, 0.005 mmle of Co(AA)2 and 25 nL
stirred for 4 hours at 80 [err]C with introducing carbon 10

(SHERT &iAS) BEENS)
e of REBIEAClﬁnyada

oxygen at a ratio of the forner : thg latter (nolar ratio) This Shebt 11,9

1- car boxy- 3- ni t r oadamant ane

S’

il

S I | i i I

“R? ¢
. H]

. 1
wherein R™ and R2 are the same or different from each other

and each represents a hydrogen atom, a halogen aton'\, an alkyl group,

an aryl group, a cycloalkyl group, a hydroxyl group, an alkoxy group.,
a carboxyl group, an alkoxycarbonyl group, or gg acyl group: or R1
and R2 may bond together to form a double bond or an aromatic or
non-aromatic ring: Y represents oxygen atom or hydroxyl group;

"N = ¥" represents "N-0° ", and when Y represents hydroxvl group,

"N = Y" represents "N-OH": and n denotes an integer of 1 to 3;:

contacting an adamantane derivative shown by the following formula

(1a):

X2 X' (1a)

X3a

wherein X2 represents nitro group, an amino group or N-
substituted amino group which may be protected by a protective group,
a hydroxyl group which may be protected by a protective group, a ‘
carboxyl group which may be protected by a protective group, a
hydroxymethyl group which may be protected by a protective group, or
isocyanato group:; Xsa and x*2 are the same or different from each other
and each represex.lts a hydrogen atom, an alkyl group. a nitro group,
a hydroxyl group which may be protected by a protectiv_e group, an amino

group or N-substituted amino group which may be protected by a

This is the repiacement sheet
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in a 70% 'y irib Sheet/Has Been Repiwwebher e of oxygen, the mxt RER}_A@EMEN&T(SHEET
1- car boxy- 3- m e, 1 mole pigNHPI, 0.0 mol e of V(AA) 3

and 25 nL of mﬂﬁﬁﬂmmas al lowed to react fof Tmbhgggg ggséﬁmgrr]c The
reaction products were anal yzed by gas-nmass spec{ result,
1- carboxy- 3-nitro-5-adamantanol was forned in a 0 e 45 20
To a mxture of 10 nmole of ad mant ane, e_.of NHP, 005 of

Co( an) BEAHF v aFORRer Po A IRH | 5GUR HOGR dwm%f pegﬁﬁgﬁmé??oﬁb& e
(CO a rr]) d.a t|o of r rml ar
ratio) %oqgélc%e'sibé (%prree{sura\g?1 %7"3%3? fouﬁhvé l}(tnllﬁ% %?rgtl g&‘%

for ] %;aé;; s were anal yzed by gas-nass
spectr(k)tg:%py(?glavr]l% Jl;&sa‘sre%sﬂl%}?{ convers on

with oxygen.

4. A process according to Claim 3, in the imide

compound shown by the fo:;hula (2) R1 and Rz- bond together

to form a cycloalkane ring which may have a substituént,

a cycloalkene ring wh_j.ch may have a substituent, a bridged

hydrocarbon ring which may have a substitu;;; or‘an aromatic

N ring which may have a substituent.

5. A process according to Claim 3, wherein the imide
compound shown by the formula (2) is a compound shown by the following

formulae (2a) to (2f):

3
o9 .3 . 18
R C R C\ ' R C\
I N== I = C/N=Y
2 5
R2 ﬁ R El: R il n
0 RS 0
- (2a) (2b) {2c)
3 R3 R3
R (I) 4 ] 4 %
R & R C, R C,
“N==Y N=Y N==
y, 5 c/_ 5 /
R® ¢ R ;0 R o
R5 0 R ] R
(2d) (2e) . (20

wherein R3 to R6 are the same or different from each other,
and each represents a hydrogen atom, an alkyl group, a hydroxyl group,

an alkoxy group, a carboxyl group, an alkoxycarbonyl group, an acyl

L
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of adamant ane was 90% and 1-carboxy-3-nitro-5- - 11REPE@@EMENIT SHEE"

(yield 5%, mnnsnect%8B®HQMt anedi ol ‘(yield 10%,
1-carboxy 3, 5- m m (yiel'd 10§49 4,3,5- adanmantanetriol (yield
15%, 1, 3-dini nol (yield 8%, 1, 3- $}§1?§ %WéfT %Agdggq\g anol
n

(yield 3%9, 5 5- trlnltroadamantane (yi i el d
di ni troadamant ane (yield 5%, 1, 3-dicarboxy-5- |t[oad% e (yvikeld 1%

and 1,3, 5-tricarboxyadamantane (yield 1% were forned. Exanple 46 10
A react gfroigs 8N aesl giiddd 19 SFRAE ot agR Uk group or a halogen atom;

1 2
and R°, R", Y 'and n have the same meanings as defined above;_"N =Y"

represents "N-O* ", and when Y represents hydroxyl group, "N == Y"

Xepresents "N-OH".

6. A process according to Claim 3..\wherein the

imide compound shown by the formula (2) is at least.one
compound selected from the group consisting of N-
. hydroxysuccinimide, N-hydroxymaleimide, ‘N-

w | hydroxyhexahydrophthalimide, N,N'- ' )
dihydroxycyclohexanetetracarboximide N-hydroxy-
phthalimide, N-hydroxytetrabromophthalimide. N-
hydroxytetrachlorophthalimide, N-hydroxyhetimide, N-
hydroxyhimimide; N-hydroxytrimellitimide, N,N'-
dihydroxypyromellitimide and N,N'-

dihydroxynaphthalenetetracarboximide.

7. A process according to Claim 3, wherein said

oxidation catalyst comprises the imide compound shown by
N the formula (2) and a co-catalyst.

8. A process according to Claim 7,.wherein said
co-catalyst is a compound containing at least oné element
selected from the group consisting of a Group 2A element
of the Periodic Table, a transition metal element and a
Group 3B element of the Periodic Table.

9. A process accoréing to Claim 7, wherein said

co-catalyst is a compound containing at least one element

selected from the group consisting of a Group 3A element,

R N O This s he replacement sheet
* c L M s *
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1 rrrrt;l e of NpRIshecDHB®BenRYpled of Co( AA)2 and 25 nlL of a&ERLA@@M)En]\EpSHEET

equi ppéd with a m xed gas*(a m xed gas of 3L of car

nonoxi de and im‘\ﬂg ). Thé_regpl tant nmixture was stirred for 12
hours at 60 [ 0 give 15 1, 3,5-tricarbqxusionEaT 3t Bbet her with 1-
car boxyadamant ane and 1, 3-di car boxyadamant ane.} I n apggtameppher el of oxygen,

to 25 nL of acetic acid was added 10 mmol e of Y%he
1, 3,5-tricarboxy nt ane,. 1 | e of NHPI d 0.005 mmol e of Co(AA)[err]
and the mixture %mzﬂﬁljeﬂeggqfﬁr&é’%éﬁse eit o By GEOUDP A2 glementy t he
conver si on was 7069 -t ri.car hoxy- 7- adamant ano s obtagjned in.a 70%
yield. (1) 1,3, -térklg({:}gr%%%ﬂ/%ggh&m%%g i§& %‘Ea\,\@m“l’ 1% ﬁggg‘e.nt
spectral data (f4ANHNPerioaic Table. |

10. A process for producing an adamantane
derivative having at least a hydféxyl group which comprises subjecting

an adamantane derivative shown by the following formula (la):

X2 X% (1a)
» xsa' :
wherein x2 represents nitro group, a hydroxyl group which may
be protected by a protective group, an amino group or N-substituted
amino group which may be protected by a protective group, a hydroxyl
group which may be protected by a protective group, a carboxyl group
which may be protected by a protective group, a hydrox_ymethyl group
which may be protected by a protective group, or isocyanato group:
x3a and X*? are the same or different from each other and each represents
a hydrogen atom, an alkyl group, a nitro group, a hydroxyl group which
S may be protected by a protective group, an amino group or N-substitutéd
amino group which may be protected by a protective group, a caz;boxyl
group which may be protected by a protective group, a hydroxymethyl
group which may be protected by a px;otective group, Oor an isocyanato
group;
to at least one step selected from the following oxidation step (i),
nitration step (ii) and carboxylation step (iii):
(i) an oxidation step by oxygeﬂ in the presence of a catalyst

comprising an imide compound shown by the following formula (2):

ML

Datg: b JUN
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M e . 268, 223 , ‘ 1

S ke b a3~ (2) 1.3 Bt i ont boxy. 7- SAERMEMENT SHEET

~ Mass-. spe gment ) [I\/][err}21 =284, [M[err] . 266(-OHerr]),
['VI [err]: MJ“%‘ F‘) [Mlerr]: 176 (-CO ef This) sHEeV R&s rdeeny31

(-Ccerr] 0 - REPLACED
R il
.- R C,
¢ N—'-=Y @
‘\ R2 cl
.. 0 n

wherein R:L and R2 are the same or different from each other

.and each represents a hydrogen atom, a halogen atom, an alkyl group,
an aryl group, a cycloalkyl group, & hydroxyl group', an alkoxy group,
a carboxyl group, an alkoxycarbonyl group, or an acyl group; or Rl
and R2 may bond together to form a double bond: or an aromatic or
non-aromatic ring; Y represents oxygen atom or h'ydro‘xyl group;

"N == ¥" represents "N-O+ ", and when Y represents hydroxyl group,

-

"N =YY" rep i -._and n denotes an integer of 1 to 3;

(ii) at least one nitration step of the following (iia), (iib)
and (iic):
(iia) a nitration step by a nitrogen oxide in the presence
of a catalyst comprising the imide co}npound shown by the formula (2);
(iib) a nitratibn step by oxygen and at least one nitrogen
oxide selected from dinitrogen oxide and nitrogen monoxide; and
(iic) a nitration step by nitrogen dioxide
e (iii) a carboxylation step by carbon monoxide and oxygen in
the presence of a catalyst comprising the imide compound shown by the

formula (2).

11. A process according to Claim 10, which com-
prises further subjecting a reaction product to a reduction
step after being subjected to at least one step selected
from said nitration step (ii_) and said carboxylation step
(iii) to form at least one group select__ed from an amino

group and a hyd.rbxymethyl group.

e % 3 2 P Y as by o2 sode
Phig i the reniacemsns sheet
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) by ‘the follow ng fofteBa (1):
group whi forINge

a protective group, Xl erfr]l represents niltqjo group, ggpﬁ‘l @ggréhpq’owEm
N-substituted am no group WhR2chOBHyI98® gr ¢t ected by a protective group, a
hydr oxyl group which may} be protected by a4 protective group, a carboxyl
group which may be protected by a protectijve group, a hydroxynethyl group
‘whi ch may be protected bly _a protective grdup, or isocyanato group; (i) when
Xerr] is nitro group,. XBer&y pracesXforr prodecihe anaadaman tane degnvative
- each other and each -represents a hydrogen atom an al kyl group, a hydroxyl
group ¥hich enmpiisqs otdcthe presengtedc apvexifatinn ar @iV gevaplising
‘N substitut'ed am no group which nay be frotected by a protectlve group, a
: carbox?P émé@% GPPRPURG yShRWn by the following formula (2):

1. . An adamant ar{
[err] wherein X err] re

0
. ]
SRS @
{ “N==Y
N R N
’ il n

whefein R1 and R2 are the same or different from each other
and each represents a hydrSQen atom, a halogen atoﬁ, an alkyl group,
an aryl group, a cycloalkyl group, a hydroxyl group, an alkoxy groﬁp.
a carboxyl group, an alkoxycarbonyl group. ér an acyl group: or r!
and R2 may bond togéther to form a double bond or an aromatic or
noﬁ-aromatic ring; Y represents oxygen atom or hydroxyl group; when

m. "N == ¥Y" represents "N-O°* ", and when Y

represents'hydroxyl group, "N =Y" represents "N-OH"; and n denotes
an integer of 1 to 3;
contacting an adamantane derivative shown by the following formula

(la):

x2 X“ ' (1a)

Tt

-117-



protected by a protecti vgiRHA{EMBNTWSHEB® et hyl group whi chr_ra{vb,e V.
‘protected by a protectivp proup;or—amfisqcyanat o [QEGUpASKE/ ol hgbt“ﬂétgase

where X[err] and Xerr] prke t&g; ngy%(,ggen atons when X is hydroxyl group;
(ii) when X[err] is an aji ho4gt P#N{sybstituted am no group which may
be protected by a protectihke group Xlerr] and X[err] are the sane or
different fromeach other and each represdnts a hydrogen atom an al kyl
group, an am no group or-N-subst+ttted—art'no group which rmay be protected
by a protective group, a_hydroxyl group which may be REPLACEMENT SHEET -
115 - protect ed Wyehepp oKeckepEegeslp, nd t&ar HQHP .grupaRAReh IFQEPheOr N-

substituted amino group which may be protected by a protective group,

a hydroxyl group which may be protected by a protective group, a
carboxyl group which may be protected by a protective grbup, a
hydroxymethyl group which may be protected by a prbtective group, or
isocyanato group; x3e and x*® are the same or different from each other
and each represents a hydrogen atom, an alkyl group, a nitrol group,
a hydroxyl group which may be protected by a protective group, an amino
-group or N-substituted amino group which may be prot_ected by a
protective group, a carboxyl group which may be.protected by a
protective group, a hydro'xymethyl group which may be protected bj a
. pi:otective group, or an isocyanato group:

with oxygen.

4. A prdcess_ according to Claim 3, in the :i:mide
) cpmpounﬁ showﬁ By the fq:_:xﬁula; (2) Rl .and R2 bond toge'tl'-iéf.r..

- to form a c_:ycloalkane' ring which may have a substituent,
a cyclealkelne :rj_.ngj which may have a substituén:t, a bridged.

- . hydrocarbori ring whidh inay have a substituent or an aromat.ic.

" ring which may have a substituent.

SRR L



protected by a protectiv
protected by a protectiv
where X[ err] and X err]
i's hydroxyl group; (iii)
protected by a protective]g X[ efk Tt
different from each other|and each represerits a hydrogen atom an al kyl
group, a carboxyl group | . ~protefted by a protective group, a
hydr oxynet hyl group which nmay be protected by a protective group, or an

| socyanat o group, excluding the case where X err] and X err] are both

hydr ogen atons or al kyl groups when X err] is hydroxyl group or a saturated

al i phatic acyloxy group and_X[err] is h§drgxyl‘§rouR or a saturated

al i phatic acyl oxy group &nd?PEOCeERAGHRFrAIREST F1lahm 3¢q BReFeiR the imide

conbi nat i on of . hydrogen atom and.a hoxyl grou Lch may be protected by

a prot e‘%ﬁ’ﬁ‘%"e‘“‘b‘? 5 W\ﬂhgﬁ V;Iee?f)]mﬂﬁa %J‘Lrlls] Xé:rogﬂp°£‘aMs]h°wn by the FoPlowing
formulae (2a) to (2f):

et o B, AR SHEETee

n%)g["gal?‘b?@er tons or alkyl gfoups when X err]

3a hydroxyl group which may be
dnd X[ err] are the same or

o0 fon R0
R—C. R —C, R® c
2 AN ;:][: MY :N;EY
R Icl: "R ﬁ RS , % . 0
0 0 § 0
R
(2a) . (2b) e
3 3
, v -, Koo R o
\ Moo \
/ 4 /
R C': C R - % RS ” E
g O R O LTI
e e @

wheréin R® to R® are the same or different from each other,
and each represenfs a hydrogen atom, an alkyl Qroup, a hydroxyl group,
an alkoxy group, a carboxyl group, an alkoxyCarboﬁyl group, an acyl
group, a nitro group, a cyano group., an amino group oxr ‘ahalégen atom;

. and Rl, Rz,

Iepresents oxvdaen atom. "N ==Y* represents "N-O* ", and when Y represents

-hydroxyl group, "N==y" represents "N-OH".

Y and n have the same meanings as defined above;_when Y

o R



bot h Hydroxyl groups; (iv) ii"'‘?'{':'b’i\éEi\igx'S;'HEETarbox I u i '
y CTT1 /\|_"UI I J LIRS) ”

protected by a protective drqup ?ﬂﬁ%an K[err]ﬁﬁ@%@é@é&%ggnr
different fromeach other dnd e&J3B¢ sehts a hydrogen atom an al kyl
group, a carboxyl group whijch oy _be protetted by a protective group, a
hydr oxynet hyl group which ray be protected by a protective group, or an

i socyanato group, excl udf nd-A-REOsRse—AFeeEdkngndox Cdiedmbt.h winediedgerthet ons
or al kyl groups por. a conbination of a hydrogen atom and an al kyl group when
X is a hydroxyl @Pb%?) SPTMROURA (FRAYEY BY i Pratferrabla ofd) ghoupt: least jome -
(v) when X err] ég a Q%?FOX netq¥lzgroqp whi ch ma be_$rptected by a
protective group- o RertY SHEPSERT T U S RRHIAR PRI EREMRE (¥ om each

hydroxysuccinimide, N-hydroxymaleimide, N-

|

hydroxyhexahydrophthalimide, N,N'-
dihydroxycyclohexanetetracarboximide, N-hydroxy-
phthalimide, N-hydfoxytetrabromophthalimide, N-
hydroxytetrachlorophthalimide, N-hydroxyhetimide, N-
hydroxyhimimide, N-hydroxytrimellitimide, N,N'-
dihydroxypyromellitimide and N,N'- |
dihydroxynaphthalenetetracarboximide.

7. A process according to Claim 3, wherein said
oxidation catalyst comprises the imide compound shown by
the formula (2) and a cb-catalyst.

8. A process according to Claim 7ijhérein said
co-catalyst is a compound containing ét léaét one element
seiected_from the group qonsisting of a Group 2A element’
of the Periodic Table, a transition metal element and a
Group 3B element of the Periodic Table.

9.. A process accoréing to Claim 7, wherein said
co—catqlfst is a compound containing at least one element
selected from the group consisting of a Group 3A element,
a Group 4A element, a Group 5A element, a Group 6A element,
a Group 7A element, a Group 8 element and a Group 1B element

of the Periodic Table.

~120-
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. ’ 1 H
ot her and each represents a‘ﬁ&

group which may be prot ectedeEya protectiye groupggﬁf}#\&@ﬁﬁﬁgw’ﬁ v\%

excluding the case where, X

X err]

i s hydroxyl group;

al kyl group, a hydroxyneth

rR 1808 BFerd] | are rogen at ons
(vi) when Xierr] is isocyanato group, X[err]

and X[err] are the sane or dixf Lg;nct: fro eaqh ot her and each represents a
hydrogen atom an al kyl ¢robup o2 aiCEeR o° 5P ﬁﬁln%xc?%d@@am%t@%ge

wh t t hyd I
R R Py L S ke S 0L EONG| ng

to C anmadamahe n X rQu atur err]aliphatic
acyl oxy grgﬁp ggla gié%ﬁg/a{%)'g% @%ﬁg% )6 Q %"c}qu%’ c%’%%?o%l a(jroup whi ch

may have a substituent and X[ err] g nltro group, am no group, a Cerr]
[err]acyl amino group, a (Jerr]al gar bonyl am no group, a

X2 x4 (133

xaa

wherein X2 represents nitro group, a hydroxyl group which may
be protected by a protective group, an amino group or N-substituted
amino group which may be protected by a protectﬁ.ve group, A hydroxyl
group which may be protected by a protective group, a carboxyl group
which may be protected by a protective. gro~up, a hydroxyméthyl gr.:-oup
which may 'pe protected bf a protective group, or isocyanato group:;
XB.‘-’L and X4a are the same or different from each other and each_ represents

a hydrogen atom, an alkyl group, a nitro group, a hydroxyl group which

‘ hay be protected by a protective group, an amino group or N-substituted

amino gi:oup which may be protected by a protective group, a _carboxyl
group whicl} may.be protected by a protective group, a hydrokymethyl
group which may be protected by a pro_tective group, Oor an isdcyanato
group; | |
to at least one step selected from the following 6xidation stép (i),
nitration step (ii) and carboxylation step (iii):

(i) an oxidation step by oxygen in the presence of a cétalyst

comprising an imide compound shown.by the following formula (2):

9 .
. R! C\. .
| N=Y (2
N 2 )
R I n
o]

wherein R1 and R2 are the same or different from each other

o Hll\ll\ \\\l\\ IIl\\ \\l\l \\ \||\



et e 1, s e n e

saturated C[err]allphatlc a %Kg_ﬁﬁéﬁM“V‘ ELG% rr]al koxy- carbonyl oxy group,
a carbanoyl oxy group which have a substituyent, 'r-b@x gy QHPe @y

([ err] al koxy-carbonyl group,{ § cerbgPyksar ou whi cﬁ?‘ %'a\re'a- Q'{EET
substituent, hy- droxymnethyl{ droup or isocyandto group, |n t he fornula ().
3. A process for producrmg™ tane derivative which

conprises, in the presence ogf an oxidation caflal yst conprising an imde
conmpound shown by the followng formula (2):
and each represents a hydrogen atom, a halogen atom, an alkyl group,

an aryl group, a cycloalkyl group, a hydroxyl group, an alkoxy group,
a carboxyl group, an alkoxycarbonyl group, or an acyl group; or R1
and R may bond together to form a double bond or an aromatié'or
non-aromatic ring; Y represents oxygen atom or hydroxyl group; whep
L-represents oxvgen atom, "N == Y" represents "N-O* ", and when Y
represénts hydroxyl group, "N =Y¥Y" represents "N-OH"; and n denotes
an integer of 1 to 3;
(ii) at least one nitration. step of the following (iia) . (j:'ib)
and (iic): o | |
(iia) a nitration step. by a nitrogen oxide ih the ﬁresence
of a catalyst comprising the imidg compound shdwn by the formula (2);
(iib) a nitration step by oxygen and at least one nitrogen
oxide sglected from'dinitrogen oxide and nitrogen monoxide; ‘and
(iic) a nitration step.by nitrogen dioxide .
(iii)'é carboxylation step by;carbon monoxide and oxygen in

the presence of a catalyst comprising the imide compound shown by the

formula (2).

-122- R RN R
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protected by a protective group, a hydroxymethyl group
which may be protected by a protective group, or isocyanato
group; X3a and X4a are the same or different from each other
and each represents a hydrogen atom, an alkyl group, a nitro
group, a hydroxyl group which may be protected by a
protective group, an amino group or N-substituted amino
group which may be protected by a protective group, =
carboxyl group whichmay be protected by a protective group,
a hydroxymethyl'group which may be protected by a protective
group, or an isocyanato gréup;

to at least one step selected from the following oxidation

-step (i), nitration step (ii) and carboxylation step (iii):

(i) an oxidation step by oxygen in t_he presence

- of a catalet comprising 'an imide compound'shown by the

following formula (2):

wherein R* and R? are the same or different from
each other and each represents a hydrogen.atom, a
halogen atom, an alkyl group, aniaryl group, a
cycloalkyl group, a hydroxyl group, an alkoxy group,
a carboxyl group, an alkoxycarbonyl group, or an acyl
group; or'R1 and R2 may bond together to form a double
bond or an aromatic or non-aromatic ring; Y represents

oxygen atom or hydroxyl group; and n denotes an integer

I
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of 1 to 3;, &=

(ii) at least one nitration step of the following
(iia), (iib) and (iic):

(iia) anitration step by a nitrogen oxide in the
presence of a catalyst comprising the imide compound shown
by the formula (2);

(iib) a nitraticn step by oxygen and at least one
nitrogen oxide selected £from dinitrogen oxide and nitrogen
monoxide; and

(iic) a nitration. step by nitrogen dioxide

(idii) a.parboxylation step by carbon monoxide and
oxygen in_the présencg of a catélyst compfi§ing the imide
compound.shown by the formu}a (2).

11. A.process accoxrding to Claim_ib, which com-
bfis_e_s further"subject:?_.ng a reaction product to a reduction
sfep aftér'being:éubjected-to at least one step selected
£from séid nitration stép (ii) and éaid carboxylation step
(iii) to form ét least one group selected from an aﬁino

group and a hydroxymethyl group.

Hll\II\ \\ll\\ 1L \II\I \I llll
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" In the presence of an imide compound (e. g.. N-

_ -hy&roxyphthalimide) shown by the formula (2):

0
il
< R4 —C
Lo N=Y )
R i .

wherein R1 and R2 independently represents a

liydrogen atom, a haiogen atom, an alkyl group, an aryl group,

-a cycioalkyl group; or R' and R? may bond together to form

a double bond or an aromatic or non-aromatic ring; Y is
Oor OH and n = 1 to 3;

or the imide compound and a co-catalyst (e..g. , @ transition
metal compound), an adamantane derivative having a
functional group such as a nitro group, an amino group,
a hydroxyl group, a carboxyl group, a hydroxymethyl group
and an isocyanato group is oxidized with oxygen. Adcording
to the above method, an adamantane derivative having a
hydroxyl group together with a functional group such as
a ni_'tro group, an amino group, a hydroxyl group, a carboxyl
gfoup, a hydroxymethyl group and an:isocyanato group is

ef'ficiently obtained.
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(54)Title: ADAMANTANE DERIVATIVES AND PROCESS FOR PRODUCING THEM
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(87) Abstract

An adamantane derivative having a 0
functional group such as nitro, amino, [}
hydroxyl, carboxy), hydroxymethyl or o’ R‘ c
isocyanato is oxidized with oxygen in the i
presence of an imide compound of general ’ N ane Y (2]
formnla (2) (such as N-hydroxyphthalimide) or ‘\ /
both of this imide compound and a cocatalyst .~ c n
(such as a transition metal compound). This R2?
process can efficiently provide an adamentane
derivative having a hydroxyl group in addition 0
to the functional group such as nitro, amino,
hydroxyl, carboxyl, hydroxymethyl or isocyanato; wherein R’ and R? each represent hydrogen, halogen, alkyl, aryl or cycloalkyl, or R’
and R? may be bonded together to form a double bond, or an aromatic or non-aromatic ring; Y represents O or OH; and o represents 1 to
3.
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