
SYNTHESIS OF ADAMANTANE DERIVATIVEC38' 

SYNTHESIS OFI,3-BISHOADAMANTANE VIA 
RING-EXPANSION OF HOMOADAMANTAN-2-ONE AND 

HOMOADAMANT-CEN-2-ONE 

The arbocyctic bishmohman tanc rieg system is 
derivable via ring expansion of hoWclae or 
doubk ring expansion of adamantanc pad hu three 
paslhk is4mcrs 1-3. Tbc compound 1. &icy- 
ckI5.3.1.1’~ or trivial I.Lbisbomoad8mMt 
has been prqarcd by us’ previously via the Ikmjanov- 
Tiffencru ring expansion of CbyQoxy-+ 
MlhllCtbylbo~ We. Compound 3. trky- 
cb[r.r.l.l’qdade of trivial IJ-bishomo8diun8lltmc 
has bun prepared also by stcplaov,’ Ckrhch,’ and 
hhjcnki’ * damhtbn of l-bomo- 
adamaMy&- 0I doublt riq expansion of 
adnmao1an-2,6dionc. However, compound 2, tricy- 
ckj4.4.1. l’qdodccanc. IJ-bisbo IlWhmanttaecuuM 
not be obhcd by tbc solvolytk rich expansion of 
Momoedrrmntykahinyl tosyhtc (4) because of exteb 
sive occurrence of ring con&action on ldogcdn of 
the bydrdysis product 5; reduction of the cn& bromide 
gave +metbyfbo~ taJKasthemajorproductaMi 
wtmt was presumed to be 2 as the only miDor product.~ 
TIi.s paper describes synthh of I$-bishomo- 

I 

hmantrae (2) via tbc ring cxp8nGon of bomohmant- 
cea_2ailc(7)andho mohmaotalF2onc (17).” 

lBnnm- 
On tratmcnt of bo IMmdamMtlea-2a 0” with 

potassium cyanide aal ammonium cartatmtc in SW 
4Ucous ethuml, a cyanobydrin Qrivative L was 
obtaiecd ill 65% yield. 00 tbc otbcr hnd, 
trimcthylsilykyanahydrin derivative & wu ahiecd in 
83% yield on tratmcnt of 7 with trimcthykilyl cyanU” 
in the presence of zinc iodide.” LAH raluction of & 
and 8b aerdal2-8mhmcthyc2-hydroxybomodunaot- 
4-cnc (9) in gaal yickls. The ass&a emdO-stcrcochc- 
mistry of C&R (R = H and SiMe,) and hce, CXO-CN 
and -CHINH,* Cl- in &, 8b, and 9 was based on the 
vinyl proton NMR signals similar to 2-do- 
bydroxy& mo&mant-Ceae but diffmnt from 2-cw- 
bydroxyho~t4-eoc.U Deamhhl of 9 witb 
nitrousacidia~ticridaf?ordedr9s:smixtulcof1o 
and 11. from which the major product IO was isohtcd 
after duomatognphy and subhatbn as I cobrkw 
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did, m.p. 29X9F, in 84% yield. Appeanncc of 
characteristic IR 

7 171&1712 cm-’ for 
tion at 168Ocm- compared to 

*’ supponcd a riq expanded 
how s~~CWC of 10. The UV absorption (M&H) at 
225.0 (C = 265) and 296.0 nm (443). Merent from 7 
(3OOnm, t - 127): indkatcd the absence of bomocob 
jug&on between the CO and okfinic moieties. suggesting 
a Cone rather than S-one soucture for 10. The PMR 
(CIXM spetrum revcakd s&Is at 8 6.1~S.45 (m, 2H). 
3.C2.2S (m, 6H) and 2.25-1.2 (m, 8H). which were better 
resolved with tbe aid of a shift rea@nt, tris(dipi- 
nlo~thpaPto~llropium(lII). pnd the shift gradient G 
vrlucs” were c&&al for H, (16.8), H, (13.S), H,. 
(12.2). H, and H, (4.2 and 4.3). The simiIar G vaIues for 
vinyl protons H, and H, and the coupling constants for 
H,, ami H, (A* = I4 Hz, I,,A - 6 Hz, I,._, = 1.S Hz) 
supported the assigned Cone structure for 10 (Scbemc 
2). 

CataIytic hydrogenation (PM) of 10 &o&d tbc cor- 
responding saturatd ketone 12 which on sodium bore 
hydride reductioa gave cbydroxy-lJ-bixhollK+ 
Ytnuntanc (U). The dchydratba of 13 with 
hcxamcthylphospboruni& (HMPA)” or phospboryl 
chloride in pyridinc a&~&d I.3+ishomo&mant4-en 
(14) in 74 and 83% yields. Compound 14 had IR (KBr) 
absorptions at 30010 and 16SOcm-’ and PMR (CDCI,) 
si&s at 8 6.2-5.35 (m, W) and 3.cl.l (m, 16H). 
Catrlytic hydrogenation of I4 in methanol (PM) 
aIYor&d IJ-bishomo&man tanc (2) quantitAtively u 
a cdorksr solid, m.p. 2!XX9Y, which hod correct mass 
apectraI mokzular weight (m/e 164, M’) and CH annIy- 
sis. The carbon skckton t~ructure of 2 wax supported by 
the CMR spectrum (CDCI,) which rev&d only eight 
lines due to the symmetry pIane through C,. C,,, c, and 
C,z at 8 44.61 (1, IC). 40.97 (1, IC), 36.60 (d. IC), 34.32 (1. 
2C), 3251 (d, IC), 31.7s (t, 2C), 31.04 (t. X), and 29.53 
(d, 20. 

Sodium borohydridc reduction of 10 rilordaI C 
hydroxy-1,3&shomoa&man t-7cnc (15) in 92% yield. 
which odtordcd 13bisbomoadamanta4,7dkne (16) on 

hatinginHMPA.Tbedicncsmeturcofl6wassup 
portcdbythcPMRspectrurnwhichrevcakdrignalsat8 
6.25-S.4 (m, JH) and 3.15-1.1 (m. 12H). CataIytk hydra 
@nation (PM) of 16 al?ordaI also I$-bi&omo- 
edamantanc (2) quantitatively. 

The woI&Kilhecr raJuctioa of 10 a&J&d aIso 14. 
AIIoftbcscrcsuttsarcsumamri&inScbcme2. 

The ring expansioa of homo&man tan-2-one (17) wax 
a&o examined by the Tiiencu mctbod and dimzonutbanc 
and the rest&x arc summu&d in Scheme 3. 

Ibe addition of hyQooca cyanide and trimcthylsiIyl 
cyanide to 1F u&r the conditions dcX&ai above 
rcsp&vely a&&d cyanohytlrin derivatives l& and 
18bill%and!T?%yiclds.LAHr&ctioaof l&&Mb 
pve 2-amiMmcthyl-2_bydroxy-&B talK (19) ill 
goodyictds.whichwaachuactcrixeduhydro&k&c 
m.p. 26!MP. Danina& of 19 in 4ueous acetic rid 
withnimXlsridoll0rdcd1&bishonMX&mntanonee 
95% yield. Ahbaugb this ptoduct had IR and PMR 
spectra supuimposabk on tbosc of I+3-bi&omo- 
adamantan4-onc (12), and the same retention t&s as 12 
ongkanalysisusingSilicoacSE3O(2m)andApiczon 
grease L (2 m) cohunns, it nvdaai two peak8 in 1:9 ratio 
ongkarmIysisu8ingagixseapillaryWCOTcolumn 
(26 m) coated with QF-I ar~J DEGS (Experimental); this 
rina expanded ketone was therefore assigned tentatively 
as a 9:l mixture of 12 ud a. Sodium borohydride 
rcductiondtbcketontmixtureaffo&damixtureoftbc 
corresponding akobds 13 and 21 in 6996 yield. Dchy- 
dration of the alcohol mixture in HMPA al?u&d a sin& 
by&carbon which was shown to be identical with I$- 
bisbomodrmurt4-cne (14) by comparison of the IR 
spccuumandgicrctcntiontitncswiththoscofasampk 
prepared from 13. Cat&tic hydrogenation (PM) of 14 
pvc I+3-b&moa&mM tuz (2) which was also 
obtained by the WollY-Kishocr reduction of tbc ketone 
mixturc(12aad~)aashowninScbcmc3. 

Beausc dixxometlta ring expansion of &man- 
~iswellknowntoldtordbo lno&nun~nc in 

ovcmight at roam tcm- 





m T-1 Uat dol. 

MeoH (SInI) was uirrcd uder 10 xtmoxpbaic prexlure of H, 
for 5 hr 81 room temp. Removli of tbc cullyrt through c&e and 
evxpontion of tbc xoivent Jcaded crude product waicb was 
wblimed (9Y, 2Omm) to give the xutuated ketopc I2 (17mg. 
94%): m.p.>304; IR (KBr) 1680. I450 and ll89cm-‘; PMR 
(CDCIJ d 2.62 (unxymmewiml d. I - 43 Hz. 2H) and 3.w.8 (m, 
l6H); INxs specmlm m/c I78 urn. N'). Ia (91,. 93 (52). 79 (80), 
67 (73). SS (46) end II (99). (Found: C, 80.1; H. 10.15. C,,H,,CI 
requira: C. 80.85; H. 10.18%). 

I3 - Bihom oodomoluoll .4 - d (rricyc&[4.4.l.l’-~ - d&con - 4 
- OD (13) 

T?E ketoac I2 (ISOmg, O.Mmad) and NxBH, (I#)-. 
4.7s mmol) in MeOH (IS ml) was x&red under iceaoliq for 
I ltr and xl ruom temp. for 3hr. The diluted mixture wax 
tm~witbNcClradextnacdwitb~r(lOmlx8)udIbe 
combined cxtractx were dried (Na#OJ. Removal of lbc sdveat 
lorded cm& akohd wbicb wu pwifkd by subGmxtion (w. 
20mm) and reayrtatiiration from o$entaoe Co sive I3 ax cdoc- 
Las cryrtxh (I IS w 76%): mp. > 3o(r; IR (KBr) 3320, 2910. 
27W, 1470 and IO#)cm-‘; PMR (CIXl,l d 4.2-3.5 (m. IH). 
2.bl.0 (m. l8H). and I.36 (s. co IH. d&pared on rluking with 
40); nmxx xpectnun m/r I80 (I.S%, M’). 162 (100). 93 (93) and 
79 (66). (Foundz C, Kt.07; H. 11.03. C,&O requires: C, 79.94; 
H, 11.18%). 

I3 - Bishoaondaaanr - 4 - LIV (f&yc/o(4.4.l.l’7doduodrro - 4 - 
me) (14) 

(A) Ttle xkobol u (IS m& 0.083mmd) was bmted under 
r&x in HMPA (I ml) u&r upn atmosphere for 4 hr. lk 
codedmixt~wu~wilb~(Ioml~radextMedwitb 
CH,Cl, (S ml x 4). Tbc cmrhed extrxts were washed with 
water and &icd (Na#OJ. Removal d tbc sotvent pvc cnt& 
pCCdllCtWhkhWUprtri&d~lrbo~~plCd~C~ 

Wilb Il-pllIlDc aDd lUb(iwd (BQ. 3omm) I4 lllord I4 as l 

C&&M &id (IO md 74%): q .p. 265-268’; IR (KBr) 3010.2895. 
28@. l6u) and IUScm-‘; PMR (CDCI,) d 6.2-5.3s (m. 2H) ud 
3.1-1.1 (m. l6H): nsux rpccmun mlr 163 (25). 162 urn. M'h 149 
(47~ 109 (4s). 106 001. i05 (60). 93 (63). 92 08). 41 0~) rad 79 
(64). (Found: C. 89.02; H. 10.97. C,,H,, requiru: C. 88.82; H. 
11.18%). 

(B)TorrtimdmdictcodedrdadII(~~.O.IImmol) 
inlabydpyridhw(2ml)~ddcdPOCI,(Iml)dropwirclad 
~~t~vurcimdforrfurcbcrIShrrtroomttmp.Tk 
mixturewaxpolredontoice-wuerMdcxtrBctedwithn-peotane 
(Smlx4)mdtbccombiacdcxtnc~wacrubedwitbwrlLIrad 
dried (Na,SOJ. Removal of Ibc xolvent pve crwk product 
which was purilkd xx rbovc to lfford I4 (IS w 83%), which wax 
identical with the xampk prepared by tbc wibod A on IR 
xpectnlandglcconlpa&oa 

(C) A mixture of IO (2On# 0.1 I mmol). 100% hydra&e 
hydrate (XKtm& 10mmol). aed hydra&e dihy&oc#a 
(SO ml. 0.48 mmd) in diethykne gtycd (8 ml) wax hated at 
I l&lSV for 2 hr. ltte mixture wu co&d and KOH (2&l Ilr) 
wubdded.‘IkmLxturewasthalheatedqBinalbwiQdis- 
t&ion of hydra&e hydrate, and tbc w wm cootinued for 
4hrrt22&23V.Tbecookdmixturewasdilutedwithwataaral 
cxtrxzted with n$cntloc (SmlX3). The dixtiku was lko 
extracted with n-pentant after dilution and the disw head wu 
wuhed with n-pentane. Ttte combined extnctx rad wash& 
werewas&dwithwaterMddried(N+soJ.Removalofthe 
rdventpvecndcpro6uclwhicbwupuridedurbovc~~c 
tbe ddn I4 (lorry. 56%). 

I.3 - Birbmwbuaw - 7 - 0) -4 - d (f&yclo[4.4.l.l’~~ - 
7-a-4-d)(U) 

A mixture of IO @Iom(. O.Y)mmol) and NaBH, (XI5 al. 
inMeOHCIml)rur~focOJluuDder~~~foc 
2hr 11 room temp. W&-up ax above and chronutograpby on a 
silica gel column etutim with CH#&-n-bexane and wblimxtion 
(95”. 18 mm) x&&d the xlcobol IS ax cokrku cryrtak (65 w. 
91.8%): m.p.> 3W’; IR (KBr) 3440. 1645. 1445, 1410 and 
IOlScm”; PMR (CDCI,) d 6.3-5.6 (m. 2H), 4.45-3.7 (broad x. 
IH). 2.9-1.1 (m, I4H) aed 2.27 (I. IH, d&pared on deuten- 

tion); mux tpectnrm m/r I79 (13). I78 (56. M’). I60 (16). 91 (69). 
79 (66). U (100). and 4I(94). (f’aod: C. 80.58; H. 10.22. &H,,O 
requires: C. a)&; H. 10.18%). 

I$ - Bi~kmohmerro - 4.7 - diw (rric)cb(4.4.1.1y$fo&ca- 
4.7~dieae) (16) 

‘Ik~Il1(20~0.llmmd)wtcbtueduadtrre~ip 
HYPA (ImU under m atnnqba for Ihr. Tbc aokd 
mixturewutheaditutedwithwuerMdwo&edupwithn- 
pentlactodwl6tlcdorleucryrtrlrlftrrsubtimr~n(ISml 
83.4%); m.p. 22&22.3? IR (KBr) 3010. 2XtS. 28@. I650 and 
1140cm-‘; PMR (CDCI,) d 6.25-5.4 (m. 4H) rad 3.15-1.1 (m. 
I2H); mus rpcctrom m/r I61 (43). I60 (60. N’). I31 (U), II7 
(44). 91 (92) sod 79 (100). (Found: C. 90.17: H. 9.83. C,IH, 
requiru: C. 89.9(; H, 10.06%). 

2-Cyano-2-byd 
r”?om 

&aalaaIant (I&) 
A mixture of I * (7Oq. 0.43 mm& KCN (IO0 ml. 

I.54 mmol) and (NH&CO, (300~. 3.13 mmol) in SO% aquows 
EtOH (IOml) wu a&d foe I dry at room temp. Tk mixture 
vu dhted with water (3Oml) and extrwrd with CH+ZI, 
(IOml X4). ne conlbined extr&zl were wukd xwcexsively 
water. S% HCl. 5% NaHCO,q lad water and drkd (NW,). 
Ranonl of the dvtat luorded CNde pK4duct wtlich wu 
ltCtY~ffOPDtttoltllllldbQ(b@.~tO~I&U 
cobdew cryrhb (78~ !35.7%): m.p.23&24I*(&c); IR(KBr) 
Uoo. 2900. Wo. 1450. 1350 and lO&lcm~‘: PMR (CDCI,) d 3.0 
(kod x. IH. d&pured on deutauion ). aad 276.2 (m. 16H). 
(Found: C. 75.18; H. 8.8r; N. 7.32. C,,H,,NO requires: C, 75.3s; 
H. 8.96; N. 7.32%). 

2 - cyduo - 2 - rrimahyflifyfoxyhomoadamaaae (In)) 
To I rtimd mixttue of I7 (2SOm 152mmol) lad xinc iodide 

(5 me) yu a&d dropwke trimethylrilyi cyanide” (2mm& 
2.mmmd)uadaia~radt&~wuwntinuedfor 
IS hr at room temp. After removal of tbc cxaxx t,lilnethybilyl 
cylaidtukrtcducedprruure.thecN&poductwupwit3cdon 
rsika~cohmehltiQ#wilb*&MaclolllordIl)rrrcdorku 
oil 090 at& 97%): Ilou I.zp(l; IR(film) zpr). 2870, zw) xnd 
14SOcm-‘. 

2. Adwmdh~ - 2 - hJhox+omti aae hydftuklofa 
WI 

(A) ‘IBe cybobyhiu I& (IlOml, 058mmmol) *II hydra- 
~tadintbt~ofpIo,(sm()in~(l3ml)coacrin- 
iP(coacHCl(O.OSml)underanrlaorpbaicpaureofH,foc 
IShr lt room temp. Removll of the sdven1 after altr8tion 
thmqhC&epvcandep&uctwixichwu~from 
MeoH+ to *e I9 al cdorkss crystab (IIS m& 853%): 
m.p. 26%2V; IR (KBr) 3380. m. 2910. IS95. I@5 and 
14SOcm-‘; PMR (40) d 3.19 (x, W) rod US-I.1 (m. 16H). 
(Fatnd: C. 6U8; H, 9.49; N, 6.19. C,&NOCI requirex: C. 
6219; H. 9.57; N. 6.04%). 

Red&on d Ilr (SlOmg, 266mmol) with LAH (LO& 
53 1nam0 in re&& ei&r foe IShr and uxual worlr-up xko 
&r&d I9 (22a m#. 37%). 

(8) A mixtltrr d IQ (000s. 3.01mmof) aed IAH (LOB, 
53nad)ia~(30ml)ru~Udarrdtuf~33.Tbc 
uxunl worLup and cx!rsction with ether. lolowed by tratrma 
withHCI~afo&dcnt& 19wbichwumprccipitucdfrom 
&OH-Et,0 (620 m 74-S%). 

lJ-Bir~-4-au(l2)od-S-oru(~) 
(A) To an &cookd and rtirod coin d I9 (S9omg. 

wmmol)lodNIOAc(45011#S.Qmmd)iontcr(43ml)~ 
AcOH (I.5 ml) wax a&d NxN&q (450 r~. 6.52 mmol) drop 
hledur&O.5tuMdthcItirricywucoatiuuedfor2br 
3MQ.Dihltk0oftbemixtIuewithwltera?dedxpptwhicb 
waslutedofMdwukd~wrta.Tbcflwueradwubinp 
were combiacd and nt.wakd with Iok NaOHaq xod cxmtted 
with CH&l, (IOml x 2). lkc wmkkd extnctx were waded 
with wata xnd dried (NW,). Removal d the solvent pve l 

sccoodc~of~~ex~kctooc.*lidwuwrdlincd 
withthepptMd,ublimedt-9Y.Imm)toxnocdr90:10mixture 



of U~1)(06m~P(dSC),mg.>~.TklR(KBrladPMR 
rtlpatmpoablt on lbmc of 12. 

(cg?o~iizLd . md uimd mixture of I7 (5 m& 
0.03amlof) ad Ksudd (031. 0.9mmoo ill 93% e&H (033) 
uud&dK0His50%qEtOH(0.?ml)mdtbcmixmcru 
sthdo~Iurwmtcmp.Ttlcdibmdmixlmlnsexmc- 
laJwimahcr(Jmlx3)mdlhcc.ambiaedcxmclxwuewubod 
Wilhd&rddfkd(NQO&).RC5OVddlbCdVCllld 

. . 
ulbhumpvcrmixmrcdl7mdtbcriqexp8adcdhoc 
(12+11)io92:8fuio(3m&. 

To LO h-coo&d xad uhd mixture of I7 (5 ml. 0.03 mmol) 
~BP,ct&ntc(1Om&incthcr(Id)msd&ddiuopethnc 
(c~o3md)iottba(3arI).Aftcrbr+xthcdovc&ltu 
moatmp,tkmixatTevuwubfdlvilhwucf.&icd(N+so~. 
MdthcuhntlmsremovrdIo#ivecnl&produca(sml).whicb 
aJathuJcu30%0flbcbihmdmmtl#nr(12+2@). 

I$ - BishomoaonurU - 4 - d (13) and - 5 - d (21) 
Tbc kct58c mixtim (I2 md m (SOPP, 0.2a mmol) YU 

rsdPcedritbN~H,(60~l~~)~MtOHCIml)forSLr 
uroomtemp.ThmixmcwudhtuJwitbNaClqxmJcxtm- 
ted with c&r (Smlx6). Tbc comb&d cxmcts YQC dried 
(N@o&I.xmJ evapauod 10 give cm& xkobol which WxJ 
fmyxtdd from @pea&K IO dad 13 xad 21(3S I& 69.2%), 
m.p.>3W.nefRdPuRxpcctrawcrelbemmeulbouof 
13. Md tbx ckbydntion 00 beat& in HMPA gxvc I$- 
bdmo&mWat (II). 

I.3 - BL- (fricydol4.4.I.I~aac) (21 

UmoxptdprcutmofH,iMW.Tk~stwxxrcmovaJ 
byWuioadtbeWatcwudhcdwi&wumdextmtaJ 
whb e-pmboc (SmlX3). T& comtlid extractx wac dial 
R(~JudCWOWCdCdUttYlO&iVCUUdCproductrhicb 

rulll~eQ.1comm)lodd 2urcdodcxxsoM 
0Oau. 96.8%): m.p. 29.2~2!W IR (KBr) 2!X10.2700. IUS. 1170. 
I I IO aad 806 cm-‘: PMR (CDCI,) 8 2.641) (IO): CMR ace Text; 
muc Ipcctrm m/r 165 (20). 164 WO. W’), 13s (3s). 121 (26), 107 
(42) d 93 (j6I. Wumd: C. 8790; H. ILIO. C,& rqtth: C. 
n.73; H, 1227%). 

(B) Ibe dime I6 do gxve 2 qmthtivety on IlyQopartioo 
imtbtpramceoflO%PMinMm. 

(C)mcWoM-KihcrrcducthoflhcLetootaix~(30~ 
0.18mmf) amJcr tbc codtim dcdbcd xbovc for 10 ho 

daded 2 d w. 27%) xflu ud wortup xod lublimxlion (W. 
300). 

A*~-Tk mhrl pIlcfuay Kknowlcdp Prof. 
T.GotoofN~yxUaivmityforobdniq~~cxpemal 
dux d Mr. K. Mauhita of Jcol Adytid Inxmmca~. Inc. 
fa~“CNNJtspcctrxof2.Tberathonwoddli&to 
hdDr.H.Ohiof~Ccnmlftaarch~tory.Sumitom 
Cbcmial co., IA. for & Mdym of I$-birbomodunmtld 
olbed-s-oocoa&sapifluycolumnr. 
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