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lubwtDepending 00 the coaditioas. the s&cmdeDsotion of fwtl~ylcyclokx-2*aom produces one or mOcc 
of sevinl pomibk dim& p&acts. iaclwling tricycb(73.I~‘] trkkcme rkrivatives. Some general sfructuml 
and ape&al features of this class of compoands arc discussed. and a simplifkd method of naming its members is 
propmd. 

we have been cod for some time with the in- 
vestigation of products arising in the base catalysed 
dimelisation of 3-methykycbbex-2coonees (l).’ 
Amongst these, the trkyclic &ketols of type 3 are of 
interest for several reasons, especially because their 
stmcture includes the bicyclo[l.3.3] oonane skeleton 
bearing a bridgehead substitueot (4). the study of which 
has recently Ied to sign&ant progress”’ in both the 
experimental and theoretical sectors. This brief iotro- 
ductary account assembles the information that is rek- 
vant to all the work reported in this group of papers. It 
provides a concise citation of previous results, a pro- 
posal for a simplilkd nomenclature (for 3). and a brief 
discussion of certain struchual and spectral features that 
are common to all the products to be described. 

3-Methykyclohex-2coones (I) readily undergo base- 
catalyscd self~0ndeosatioo to a variety of dimeric or 
more complex products. 3,5-Dimethykyclohcx-2cnone 
(1, R=Hh isophorone (1, R-Me). aml pipe&one (2) have 
been studied most closely from this point of view. They 
are dinwised by sodium ‘or potassium hydroxide.c’ 
preferably under vigorous conditioos,e’o or by etbanolic 
sodium etboxide,““* to the tricyclic @-ketols (3). The 
action of alkali-free sodamide yields tbe spirodiketones 
(Orlal’ whik lithium in ether produces the reduced 
&ers (7).” The mechanism of the dimerisation was 
conaid&byRuzkka6intermsofMichaelandaldol 
condensations as early as 1920, but the original formula- 
tioo6 of the @-k&s (as S) has been superseded by 3 as 
the result of later chemicals”* and spectral (NMR) evi- 
dence.” The dimerisatbn processes have been eluci- 
dated in detail by the investigations of Taylor,‘* B&hi,” 
and especially by Morizur et Or,‘” who have critically 
reexamined the diverging course and the reversibility of 
the dimeriaatioo under various conditions, and have 
proposed a unifying me&&m for the interconversions. 
The pbdodimerisatioo of methykycbbexewnes (1) 
yields, by free radical reactions yet anuther din&c 
structure, viz the tricyclic diketones (e.g. 8a. b from 1, 
R-Me, by had-to-bead, or head-to-tail coadeosatioo, 
respectivdY)*“~‘” 

The action on isophorone (1, R=Me) of alkal& 
reagents under more severe conditioo~~*‘~‘~ leads to 
trimerisatjoo and sim&neous loss of two molecules of 
water, resulting in a product C27Hr0, which also arises 
from the dimer (3, R-Me) on treatment with aqueous 

scdiuo~ hydroxide at 19.9 Its structure (9). recently 
established by House et oL” and replacing an earlier 
tentative formulation.‘“” is remarkable in that it retains 
the dimeric tricycb[7.3.l .d”] tidecam st~chm (3) 
within its molecular pattern. 

The trivial name “diisophorone” given to the tricyclic 
dimerisation product (3, R=Me) of isophorone (1, R=Me) 
is a convenient tenn wbeo Used out of structural context. 
The systematic names of tbc dimers (3) are excessively 
cumbersome: according to Baeyer’s system,” the dimer 
(3. R=Me) is derived from the parent hydrocarbon 
tricyclo[7.3.1.~‘] tridecane (lo), and named 55,9.11,11- 
peotamethyltricycb P.3. I .@‘I tridcc-2(7ko-l-d-3-one. 
IO the current 05&l (IUPAC) practice, basin& names on 
the fully unccrrvrmcd parent hydrccarboos,‘9* 3 (R=Me) 
stems from benxocycloocteoe (11) and is therefore 
named 5aydroxy-~7.7Q-pentametbyl-23J,6,7~~,1~ 
octahydro_SQmethaaob~ycloocten40_. This 
alternative, with minor variations in the numbering, is 
now adopted for indexing purposes in the abstract lit- 
erature.*’ 

In order to avoid these unwieldy names, we adopt a 
greatly simplimed but unambiguous nomenclature by 
assigning the generic name diisophorane to the parent 
hydrocarbon (12). The numbering of the Baeyer-system 
is retained (as in 10). the three cyclobexanc rings efc 
dcs@acd by letters (as in 12) and functional groups are 
specified by conventional rules. This proposal, which is 
not without well established precedents (e.g. oorborane, 
adamantane, etc.), provides a succinct and unique name 
for each compound of tbe series. The implied “hidden” 
inclusion of tbe five methyl groups in the name of the 
parent compound (12) is a logical consequence of their 
origin (from isophorone, 1, R=Me): it is advantageous in 
shorten& tbe names. and does not preclude the naming 
of lower homologues. Thus, the dimer 3 (Rdi) and its 
derivatives 61 into the scheme as 5,11-bisnordi- 
isopborones. as do a&ogous compounds such as 13 
(derived from 2). Since the bulk of the exist& know- 
led@% Elates in fact to derivatives of diisophorone (3, 
R=Me; i.e. d&ophor-2o+n-l-ol-3-o~), the proposed 
nomenclatme meets the existing requirements most 
effectively. It is inappIicabk. however, to structures in-. 
corpontiso an &itbaal condensed ring (e.g. 9, 14). 

Intheeh&atioooftbestmctureofdiisopboroneand 
its anabgues. spectral studies have been of tbc utmost 
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importalK!e. The occurrem of hydrogtll hondillg be- 
twceo the hydroxyl- and keto+oups in ‘VipipAonc” 
(13).L’*‘2 nveakdbyIR measurementa demonstrated 
~p~~of~~~~~~,~~ 
the number of possibk~ formulations. The study of NMR. 
spectra distinguisbcd dccisiveIy between strwores 3 and 
S in favour of the fomer,* and provided detailed in- 
folnultion oh the spati? dhposih of the molecnk, and 
the conformatioo of its subsitncata.~ The IR spectra of 
diisophorone dcrivativcs display ccrtaia abwption 
c~~~~~n~~~,es~ 
those associati with their cyckmlkMc framework. 
Symmetric and antisymmetric stretch& of the mcthyl- 
and mcthyknc moieties gives rise to a promiucnt bmad 
b!lndoe8r29oocm-‘,moreintalseatttb:ofhigbg 
frequency (cu. 2!Wcm-‘1, and slightly less so in its 
bnwder part @00-B6Ocm-‘). Strong peaks appuuhg 
cow in the 147044515 cm-’ range arc assigned to 
deformation vihtiofL The pair of gemdim8thyl+oups 
iu3aeditsdefivativcsp~,thugboottheserics,a 
twia peak at ea. 13% and 136Ocm-‘; the latter& nearly 
~~~~~~~,~~e~by~ 

C-H symmetric balding peak of the !hethyl-group 
whicaisexpcctcdtoappcarM!arthisfrqucncy;itdocs 
in fact persist in tbc spectra of the S,ll-bisnor- 
compouods (3, R=H), WI& the hi&her frequency brad 
does not. The forcgoio# assiglmlcllts have received direct 
cxperimcntai co&math when tbc hydfowbon di- 
isophor-2(7)4c became acccssible$ its IR spcctNm 
contaias the above, but no Other promiucnt bands. A 
sharp and intense peak at cu. 104Ocm-‘, produced by 
most but not au diisophoronc dcfivativee. has so far not 
~n~~~~y~s~f~,~t~~ 
occasiollaldiagnosticvaluc.FunctioMlgroupsin3arc 
disccmiile by their typical absorptioo bands, and arc 
referred to in the subjoined papen, in tbc appropriate 
ContcXt. 

The 3-dimcnsioual’a~ carbon skclctoa of di- 

impbortm is rmdably stable and rigid. Thus, after 

~~~ a scqucmx of reactions, a diisophorooc 
derivative may be recoav* into the initial start& 
material,sbowiqttlteabscnceofstrwtl&alldsteric 
mamm@ment tllro-t the given series of rcactions~ 
The prewnce in diisopkrroncs (3) of the M&groop 
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allows studies of bridgebead reactivity” to be extended 
to compounds of tbis series, which may in this connexion 
be vkwed as’expanded bicyclo[3.3.1] noMnes. There is, 
moreover, a formal, if only partial, resembiance between 
the A-B ring moiety of diisopboranes pnd that of 
steroids and triterpenes; it is borne out in the ready 
applicability of many reactions of common usage in the 
sterol 6eld. The principal objectives of the present work 
are tbe study of replacement reactions at the I-bridge- 
head and elsewhere in tbe diisophorooe mokcuk. the 
modhation or removal of tbe inert 2(7)_doubk bond, 
the degradation of tbe hicyclic to simpter ring systems, 
and tbe attachment of additional condensed rings to the 
original tricyclic pattern. 

Diisophor-2(7)-en-l~~-3-one (3, R=Me) continues to bt 
tbe most suitabk point of departure experimentally, and 
has been used most extensively in our work. Tbe lowest 
homologue of the series, dhoid of alkyl groups at C-5 
and C-l 1, is produced from its monomer witb some 
dithity. The use of the 5,11-bisnor-homologue (e.g. 3. 
R=H), containing unlike substituents at C-5 and C-l 1, 
introduces additional steric uncertainties; these do not 
arise in diisopborone (3, R=Me), which is, moreover, 
readily accessible in quantity from commercial iso- 
phoroae. The 5,11-bisnor-bomologttc (3, R=H) hes been 
used in supplementary experiments desii to examine 
the effect of sterk hhhance exerted by the 5- antI 
11-tttctltyl groups, and to co&m the wider ~plicability 
of selected reactions. In conchtsiott, tbe.pr&tction of 
the diisopborones (3, R=H, Me) by metbods that have in 
our experience proved most service&k, is briefly 
described, and standard conditions are specilkd, for 
reference, for the preparation of ketonic derivatives. 

unicam SP 200 iustrument. using discs containir& the CumpollDd 
(l-2 em) iu KBr (400 au): the use of Nuiul mull or neat liuuid is 
&i&J wh a&m& UV spectra &re detennhed with a 
Unkam SP WA ~pcctropbotometer, empbyias ethnohc solos 
(0.60005 M or ca. 40&l). NMR spectra were lccordcd at 
6OMc. II& a Perkin Elmer RIO spec@ometex: solm were co 
O~MiaCDCI,,lad&tparrreportedinppm(I)fromTMSss 
buexnalstandard. 

Activated ahunina used ia column cbromatosnpby was ths 
SpeaccH100-#10merhpdc.TLCwaswricdoutonphtcs 
cortedwitbaW)pdunyofsilicspelG(Merck,rtterStrhl)~ 
activated by being heated at IOU’ fur 1 hr. The solvent Systems 
were: (A) light petrokum-benxeoe (1: 4); (B) etayi acetate&en- 
zcoe (I : 4) ur othefs speci6ai individuafty. Plates were 
developed by hying spayed wftb 50% f&S&. and heated at 100 
for3OmhL 

Light petruktun bad b.p. 4WXP. unks~ otherwhe speciM. 
Pyridine was tbe pure aobydtous &e. Dimetbylformamide wan 
redi~tflkd, and tbe water-containing fore-run rejected. 

The abbreviations vs. s, m, w refer to the inteositka (very 
stron&stronl,mdiumpndw~)oftbeperltsintbeIRrpectm; 
d. t. mult and ~b &note doubkts, aipkts. muhipkts and &out- 
den, mpectively. Brad peaks (br) are sp#kd. 

5.1 I-Bhotdhophor-20+-l-d-~ 3 (R=H) 
3.5-Lhthykjcbbex-2cn-lone= (62 g, 0.5 mok). suqemkd 

in a sob of N&H (120~. 3mok) fo HA) (l!Rlml) was boikd 
undu fefh~~ witb sti& f;; 12 br (temp. Ca. i% cokur iaihuy 

deeq pmpk). The cooled dark-brown mixture WL( diluted with 
H~((200ml),e~witbetber(~ml),~tbedapbrowa 
extmtx wotabing Some suspendaJ black tarry mate&l suc- 
ceasivelv wasbed with 3N HCI (3 x #10 ml) aod H,O (4 x 200 ml). 
tk IKr-l.!eiag laloved with tic wash&. Ew&&on u&r 
reducedpruwnofthedriod(N@O~)cxtractskftaviscii 

o~wnoilcootain&acrystallhmaSsofoeedkr.Tbe 
wbok was redhohd io boflb li&t petrokum (b.p. 60-W’. 
IOOml); the solo deposited on Stot~ pak yellow oeedks (m.p. 
IIO-1lT; 21-261, 3cJzIb) of 3 (R-H) (cdkcted at (r; rimed 
with li&t petroleum. b.p. &60’ aml60-80? 10: 1). Tbc Bkrate~ 
deposited a secoad crop (m.p. IQI-IOP; %& &IO%): tbe lloal 
moth-li@ors therefrom genmlly oonthd only intractabk oil. 

Recrystahtion from lirfit petroleum (b.p. 60-W 10 ml per 6, 
recovery 70%) gave 3 (R-H) as pale straw-yellow needle. m.p. 
114-1W. Lit. m.p. 1W.‘z117-1180,’ ll~ll~‘” (Fouad: C, 77.1; 
H, 9.75. Cak. for C;J&&: C. 77.4 H. 9.7%). 

For further pmilication, tbc material (in 1: 1 bmzenc-li&t 
petrokum. b.p. 60-W, soln) was liltered through alumina (3x 
12cm), tba column beh exhaustfve-ly eluted with the same 
Solvent sod finally with benxene. The resld& snow-white crys- 
tals, m.p. 115-I 17” (recovery co. 90%) had tbe following spectral 
propertieS: 

UV: Au 248nm (loge 4.00): 32th (lol t 1.891 (cf Refs 9.10. 
12). IR: 3470s (OH); 2!W. 2925s d, 28&h, 1460s. Illh, 1375s br 
(CH,, CH& 1645~s (CO); 1625~s (C=C); 133Sms. 1295s. 1275s. 
1155ms. 1125m. lO!&ns. 1045s. IOlOm. 987s. 9Xh. 86Om. 815mw. 
72Om. &5m ai-’ (cf Ah 9. io. 12). tihfRi do&t 0.9i d (3H). 
J - 6.0 c/s; doubkt 1.04 d (3H). J = 5.2 c/s; 0.98 6 (3H); 5.49 d 
(1H). Tbae were no other sigoals bebw 2.5 d (cf Ref. IO). 

Nou The hk ir Severely att~ked by the concentrated hot 
alkali and caonot safely be used many times in successive 
pN!pWhS. 

K&mk dn’wtiprr of 3 (R-H) 
Oxhe A Soln of 3 (R-H: 2.486. 0.01 mok) and bydroxyl- 

amine HCI (0.87 6.0.0125 muk) ia RtOH (40 q l)-aabyd pyrid& 
(6ml)wuboikduadetrrduxforZhrtbenstimdintoice.war 
(250 ml). The ppt gave pktekts (2.W2J &78-88%) of the oxhe, 
m.p. 161-16Y (from EKIH, 2 ml per @ (Fouod: C. 72.7: H. 9.6; 
N, 5.6. C,&,N4 requires: C. 73.0: H. 9.5: N, 5.3%). IR: 
330&322Ovs br m& (OH): 2940-m br. 1460s. 1435.1425s d. 
138hs br (CH,, CH& 1625mr (C-N); 1290s. 12501~. 1185, 
1175m~ d. IlJSms, I IUm, Mm, IO&-1035s br. d; 1025ms. 
930~. 935s, 925s. 76th br, 7251~. 6Rhns cm-‘. 

2&lhiftvpknylhyd- A sdn of 3 (R-H: 0.56. 0.002 
mok) sod 2,4dihop&nylhyd (0.606. O.W3 mok) io 
EtOH (20 ml) cone cont. HCI (1 ml) was b&d under refbu 
for 1 hr. The orange solid which sqarated on cooling (m.p. 
181-W’. 0.730. 85%) gave a felted needk~ of tbc 
derivative, m.p. ltWlez’(from EtOAc) Lit. m.p. 191’.” 189-194’ 
(Found: C. 60; H, 6.9. Cak. for CnH&OI-C. 61.7; H. 65%). 
IR: 3475ms (OH): 331Om R(H): 31Ww. 84&n. 745m (Arl: 295OL 
285Oms. 143k (dif,. CH2); ltiilvs (Ch): IS&S. liU:l5lOs d. 
142th. 1375m~. 1335~s. 1135% 1105s. 925m cm-‘. The 15% 
IlOOcm- range closely resembles tbat of 2,4dioitropbenyl- 
hYdmzhrc. 

Semicarbawnc. A solo of 3 (R-H; 0.56, 0.602 mok) and 
semkahxide HCl(0.28 g, 0.0025 mok) io EtOH (10 ml)-pyri- 
diac(2ml)~bo~uadern~durinOZhr.ThecookdyeUow 
liquid was stirred into ice-water (5Oml); the re~ultiog ppt gave -__ _ 
l&our microplatelets (0.50~ 80%) of the semicarbawru. m.p. 
216-218’ (decomo) from EtoH. (Found: C. 66.6: H. 8.9: N. 13.6. 
C,,HnN,& re&es: C, 66.9; ic. 8.85: fi, 13&j. Ii: j5lOm 
(NH, amide): 3340-3280~ br (NH/OH): 29%289Ovs hr. 1465- 
1415s mult, l38Om (CH,, CH& 1690-1675~s mult (CO 
amide/C=N); 159Ovs d, 129Om, 11901~. 1155ms, 1045. 103&a d. 
1005mw, 99Omw. 93Ow. 755mw cm-‘. 

hhphor-2(7)-ar-lS-3-0~ 3 (R&e) (Wikophrone”) 
To- a vigorously Stirred WFQaddk) St& of iropborooe 

(552r, 4 mok) ia Nadrial benzene (500 ml). WY ~~wdcrcd 
NKO% (501, i.25 muk; freshly ground in a_pna;t&1 mom) 
~ddcdrrpimy,rodt8estimdmixtllnboikduadanluxfw 
5br (rapid cokur cham froal yelbw to brown to red. slowly 
tur&lkqqWpk w&u 45-6Omin). The cookd liquid wd 
shaken witb 3 N HCI (co. 150ml. to neutnlfse tbe alkali). and 
wwhedwiU~wumwitw(toneumUty).Thedrkd(N~,) 
brown aatvcnt kyor we8 evapocad w&r raluced pressure, and 
thereShaldeepredd&hwnofldfsSolvedin~tpetrokum 
(25Oml). Cryxtalhatfoa. which usually set io at once. was 



1250 A.A.AuRnUd 

~rn~by~f~l~~~~a~~ 
massive shts of gkss-iikc pfiuw. lh supemaUvi6cidiiquid 
was dsanted aad theruugbly &aintiI therefrom. amJ gave. on 
monprofoqcdstarpCMwekskaaccomlcnrpdequaily 
wdkdcvdupcd far@ cry8tal8. crystdlisihDn of the tot4 crude 
matuhl from lit petroktim (co. 140 ml) gave 3 (R-Me), foml- 
iw two successive mah crops of lug lustfous prisms, m+. 
74-81’ (ii cu. 45 aad 1096 ykld, respectively; !+uiubk for most 
syatbetk purposes). Purtbar rccfy%Msatioa fhll the ssmc 
solvent (100 all pm loo & recovcfy 809b) gave colourkss nfrac- 
tivc p&as, m.p. w. Lit. m.p. S3.MuJo.s fl&@T S4-85°~o It 
Mtbtfollowingspectmlpfopmh: 

UV: A,, 249am (loge 4.12): 318am (iql: t 2.01) (cf Rcf IO) IR.: 
347h(OHM9SOvs-2flSOsmult, 147Oms. 144th~. 1420s(CHS.CH& 
t6fovs bs (COItx); 138sms, 137Qs ~c?dQI: lx& 12@ms. 
ll%, 118Oa1 d. 116flat. 114Oms. 113Omw. 1075mw. 1045s. 1OUOm. 
!NSm. 91Sm. 9tXhn. 71&n, 6Sthn em-’ (cf Rcfs. 9, IO). 

NMR: 0.746 (3H); 0.92 d (3H): 1.01 U (3H): 1.03 d (6H): 5.48 d 
(IH). 7IhCre were ao otbcr rigaals below 2.5 I (rf Ref. 10). 

K&&c d&v&vu of 3 (R-Me) 
Oxfmr Gbtahd (82%) by the geoeral method. the derivative 

formed prisms, m.pi M-l* (f&n dkibyflcba) (Pound: C, 
74.2: H. 10.0: N. 3.0. C&,.NCb muuires: C. 74.2~ H. 10.0: N. 
4.896), tii 33i~kh8 I;;dr(oHj; 2640~-2ko~~, 146% 14&s 
i.l%g. 11&h. 113Sm. 110011. lO4h. 970. %os d. 93Ovs. 910s. 
1195s. 118% 1135m. llOOs, ICUOvs, 970, 960s d, 93hm 9106. 
740s br, noS, 66&u cm-‘. The spectrum closely rcscmbks that of 
the oxhe of 3 @H). 

2,~~~~p~~~~o~ Rcpru#i (93%, by the stamia# 
method, this formed orange led scalts. m.p. 1861880 (from 
EtGH). Lit. m.p. lI#I_IIIp9~ 1!&199”” (Fou& C, 627; H, 7.1; N. 
12.3. Cak. for CaJIwN,G,: C, 63.2: H, 7.0; N, 12.3%). IR: 
350&w (OH): 3330w (NH); 3109w, 84Omw. 745mw, (ArX 2%& 
284th. 144Oms. 142Bms (CHs, CH& 1620~ (C=N): 1393~. 1375, 
136.5m d (Cl&): lS%vs, 1525, 15lOs d. 1349vs. 1315s. 126Smr 
br, 113saIs. 111Oms. 109OlQ 105&J& 92Omw cm-‘. The spectrum 
rescmbks closely that of tbc DNP of 3 (R-H), 

Neither a p~y~y~ nor a pbcnylbydra?~ was 
obtahbkbyt&staadardproahrc. 

Seatied The cmdc derivative, ownio#lf45%) by tbc 
staodud method, gave 00 crystaiikatkn from very lit& BtGfi, 
lustrous phtckts of the soloorcd scmica#awn.e, m.p. 2%2fw” 
(decompj(Fou& C. 66.7; H, 9.7. C,&,N&C~H@H rcqh 
C. 66.5: H. 9.8%). Kchaa the uowdered material at 16a1700 for 

68.7: H. 9.4; N. 12.2. Cak. for C&N+&: C. 68.5: H, 9.3: N, 
12.6%). IR: 348Om RJH. amide), 336Om (OH); 32Xbn (NH); 
296&s-28801~ b d. 14&M42Os mult (CHs, CHs); 1695-1675~s 
mult (CO amidelC=NI: 1-w. 136Smw (CMe& IS%-137Ovs 
malt, 134kw, G&m&, 1195~. illsw, llljmw, ikmw, 104Om, 
!I95w, 760~ cm-‘. The spectrum rcscmbks closdy that of the 
se-ac of 3 (R-IQ. 

A&owf&emeats-We are indebted to Bristol Labomtohs, of 
Syracuse, N.Y.. for hackI support; to Dr. Maawell Gordon, 

Via-pmident of this Company, ad to Prof. J. F. McWt, of 
Cbdsea CoUqc (udver8ily of Lo&on). for atim- dis- 
cussiona tmd continued interest; and ro Mr. D. Cuter. of the 
schoof of Ptlammcy. for pfsformhfg the mass-lpectrome@k 
mtamucement!L 
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