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&tract-Alkaline by-a peroxide oxidixcs diixopk+2f7Ia-laM-onc and its lower bo~~kwguc to the 
corrcspomliq 2,7+poxidcs. Reduction with LAH or catal+ bydrogearth converts 2.7qox~lO3- 
one into the 13diol. witb preservation d the epoxide riog. Reduction by bydnzhc fWbuton ratioa) ckavcs tk 
epoxide ring and lords diisopbor-2ac-1.7diool. tk form&ion of wbicb ix in xcconi with its bydrogenxtion to 
diisopbor47~~l-04 of atxbliskd stwture. eitbcr directly. or xftcr dcbydrxtbn to diiropboruK-2.7&n-lol. 

2.7.Epoxydiisopkom lacking the 3-ket~function M acccssibk in gwd yield from I-bydroxy-. I-wctoxy- xnd 
lchbrodiisupbor-2(7)ate by the action of peroxy-acids in dicblorometbnac. Of tkxe. 2.7-cpoxydiiil4 is 
isomcrkl to diisapbor-7-ene-lldid by tbc combined action d LAH sod AU’. In tbc cxrbcwkekton d tbc 
2.7-epoxidcs desctibcd. the oxbane ring ixliily to project xbove tk plane of tk A-B ringwn tk side opposite ring C. 

By virtue of its structural environment, tbe etbyknic 
bond in diisopbor-2(7)cn-I-oU-one (E) sod related 
compounds is in many respects chemically inert. Placed 
between two condensed cycbbexane rings, its usual 
reactivity is imp&d by tbe sterk hindrance exerted by 
tbe 3dimensional folded con&u&on of tbe mokcuk in 
general,andbytheproximityoftlksemkxial5-and 
I I-Me substituents in particular. ‘he okfinic linkage in E 
is consequent$ unaffected by a variety of red&on,- 
hakgenation2’ and other pmcessesy occurring else- 
where in tbc mokcuk. aml resembks, in this respect, the 
8(9)unsaturated bond in structurally comparabk law 
stcrol derivatives (e.g. C).” The reduction of this un- 
saturated centre by hydrogenation under severe coti- 
tions,’ or by lithium in liquid ammonia in the sterically 
kss hindered diisopborone bomokgues (C, D. respec- 
tivdy). and in the dimer of pipe&me 0,’ have been 
recorded. The influence of the mokcukr structure as a 
Whok on tbe reactivity of the 3riw doubk bof~I is 
also apparent from simpkr models: thus, A4aJaoctalin 
(A) uwkrgoes hydrogenation without di@cutty,’ but 
do&c&y&ophenantbrene (B) req&s j&& tempera_ 

c: R-R’=-)+ 

D: R=hk.R’=H 
E: R=R’-Me 

tures and pressures (R~IRY Ni. 2XP, XtOat) and fails to 
react with bromine, sulpburic acid, or aitrosyl ~bloride.~ 

We now &scribe an approach to the successful open- 
ing aod removal of tbe bridged 2J7)doubk bond in tbe 
diisopborone strucnue by its epoxidation under carefully 
controlkd cooditions. l&e res$tiog oxiraner (e.g. 2. l3) 
have proved versatik ill- that provide access 
to hitherto uaobh&k compounds in tbe diisopborane 
S&S. 

Epoxidation of etbykoes by peroxy-acids’~‘ti or 
ahline hydrogen peroxide’“” is in fact favoured by a 
bigb &gn~ of substitution by ailkyl groups danking tbe ’ 
doubk bond. Peroxy-acid oxidation is furtber promoted 
by ekctron-rekasing groups placed in conjugation with 
the unsaturated cent% but is impeded or suppressed by 
co&&d ekctron-atmbctiag group~“~ It is a favour- 
abk circumstrace, tItat4lle latter sbUctlues an porti- 
cwY ply ” attack by ahhe bydrosen 
peroxide, * wlucbthusservesasanalmostspccilk 
reageot for the epoxidation of sterically inaccess~~ 
double bonds linked to a CO function.‘* The reactions, 
particularly peroxy-acid oxidations, have been extek 
sively documenttd’q” aod have often provided decisive 
structural iofofmion. In t& present context, brief 
reference may be made to oxinlnes derived @Ml cyclo- 
beXenes,““‘ brqed structu~ such as bicy- 
clo[2.2.ljbeptenes,’ *” sterol~,‘~“~‘~ and trite~es (in- 
cludiItg laDosterol,‘- /3+imylio,~ euphol and 
cycbartend~. Both oxidishg procedures were 
employed, where applicable. in the present worlr. 

‘he action of alkahc hydrogen peroxide 1 co. 20” 
converts iqhorone into tbe 23-epoxide in 7096 ykld 
within 4 hr. The epoxidatkn of diiaopbor-mn-M-3- 
obc (1) was’ found to proceed much kss readily, 
comparabkyieldsofitsepoxide(2)bciiobtai&k 
uo&rtbeforeg0@condithnsonlyafterveryprolouged 
tr#tmeot (6-g weeks). Oph4fm cooversi~~ occumd at 
44-M (ursb yield after 6-7 dirys); above this narrow 
tempentun m. progessive resinifkahn a&ted 
yiekkadversdy.AttemptstouX&rate the epoxidatkn 
byo&crchau+ntbecooditioas(espehdlyt&aature 
andcoacentntlonofthebaskmedium;Experimental) 
were unsucce&ul. Not smprisingly. 3-&hoperoxy- 
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benxoicacidfaikdtoeUectepoxid&oofthedoubk 
bond of the a&uosatuWd ketone (1). 

The con@uatko of the oximne tin2 (in 2, etc.) is not 
assigedwithcertainty,sincetbeduubkbondisshkl- 
ded. in the accepted con&uatioo of di&horone,’ by 
the semiaxial C-&Me &ue, and by the semiaxial C-ll- 
MegouprsweuasringCasrwhok.f’dowtheplark 
of tbc A-B-ring system. Con&ration of a mokcukr 
model favours, 00 balance, tbc attachment of the oxinae 
rich about the A-B plane, opposite ripe C. The steric 
hindrance imposed on the unsahm&d ceotre (in 1) is 
alsotbeliLdycau!Seofthelowrateofepoxidatioo:the 
fact that S,1Lbiinordii-2o.en-l-ol-3one (the less 
hindered lower homdogue of 1) was coovertiik into its 
2,‘lcpoxide (2n) in @ yield in a shorter time at lower 
tempermutes, provides support for this view. 

The mechnnism of the epoxidatioo is thought, in ac- 
cordance with est&Wkd . * ‘*” to involve the 
hydrogen peroxide anion azz&ctive reagent. llli!’ 
affords, by a nnckophibc l&attack on the #l-uo- 
saMated CqSoup, the llydropcroxide ax, 5). which 
cyclists to the epoxide (2) with elimination of a 
hydroxide ion: 
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The IR apcctra of the z74qoxydiisophorones (2,2n) 
andtheirdaivativo8containtbeusuddkanep&~ 
andckarlyrefkcttbcstmctWdc~tlmtattendthe 
epoxidation process; they afford incidcntnlty, an ex- 
cellent mans of niotK&uing the plogess of the reaction 
expuimetttaUy. The removal of tbc coojugntui do&k 
bond, with fts froqumtcy-lowering dTect 00 the co ab-’ 
!UptiOO,N?SldtSiIltilCdisrpparoaceOftllCMtipk 

bond stretc4& abwrption of the rcacmlt (1: at 
I627cnP) and the dispiacuneot of the promineot co 
peak tow8rds higher wave numbers (from 1640 in 1 to 
169Ocm-’ in 2, 2n). ‘Ibe N@jroup, now mn-con- 
jugnted,formsrweakerH-bondwitbtbe1-OHgroopin 
2,2a.thg in l,_~v_+lal by. a shift in the HO&qtkn 
from 3475 to 3540cm~‘.‘7tle we8kened H-bondinft may 
beasaibalinparttotheitKTeWddktancebetwantIm 
3CO and l-OH-functions, due to distottion of rings A 
and B. Three spectnd regions (tkar 1250, 910 and 
RJOcm-‘) are #enera@ 8’MocWd’_ with absorption 
dnetotheepoxide~inrvarktyofcompounds 
(ii sterols~. The SppWmmX ofapmkof 
mcdiumtohighintensityinthe840-92Ocm-’topled 
thespectraofalitherekvantcompoundsbtherefore 
nttriitothis~Apeakneu12sOcm-’ 
prod=d by most (2.2~ 4.611.14,10, thuoeh not atI 
epoxider(3,7,23)fnfkwithinthenrstoftheserekvant 
regionsandistentatively~iltthissense.Unhhe 

their parent compound (&.A, 249 nm). the epoxides (2, 
2n)producedno&racWxWUVspectraioagreement 
with theii non-conjugated structure. 

2,7-Epoxydiisopl~an-IiM-one (2) rcndily formed an 
oxime(3)bythesta&rdm&aLItsoximtmringwas 
unaffected by hoit& n&c acid or anhydride; the latter 
reagent gnve tbc I-ncetoxy&rivative (4). which was 
obtained more effectively by perchloric acid-cetalysed 
nc~latioo.~ The two strong CO absorptions produced by 
4 at I725 and 171Ocm- arc assigned to the AC- and ring 
COgoups, respectively; the diimeot of the latter 
towards hi&u frequencks rdkcts the absence, in 4. of 
H-bonding with the Mucked I-OH-group. 

In the systematic study of the behaviour of the 2.7. 
epoxide (2). its reduction was tkst examined. Dependin 
on the methud employed, it was possibk to preserve the 
oximne tin& or to remuve it. 

lhe action of xioc in acetic acid slowly converted 
2,7-epoxydiisopburan-l-d-3-oae (2) into the parent ok6n 
(1). The corresponding reaction of the acetates (4+S) 
occurred even more slowly. The reaction is thght to 
proceed by the reductive opening of the oxirane ring, 
followed by dehydration and consequent restoration of the 
2(7)doubk bond. The!se results show that no nartarrge- 
meat occurs in the diisophorone structure during these 
chanps. 

Treatment of the U-q&de (2) ;vith LAH pve high 
yields of a product formulated as 2,7cpoxydii@~an- 
13~-did(~.Tbecromediol(~arose,rOPinwitbpmer- 
vatioooftheepoxkkr&u&rtheitdh8eoceofthe 
more vigorous roducin2 wet aluminium hydride 
produced &I ri&’ this reagent does ckave the oxiranc 
ring of 2,7cpoxydii@~aul~l (23, 8ef below). The 
same reduction (2-i) was also effected, though in lower 
yields, by catalytic hydrogenation in the presence of 
small amounts of perchloric acid. specimens of 6 
obtained by the two procedures d&rod slightly but 
consistently in their m.ps but were i&otkd in all other 
respects (IR spectra’ further reactions): this Merena’ 
mayheduetotbeprevailingcont@r&oofthe3-OH- 
group in 6, the stereoclmmical uniformity of which was 
not i?stabli&d. 

2,7-Epoxydiisophomn$3diol(6) was reconverted into 
its procursor (2) by mild oxidatkn with chromic ncid. 
The action of thknyl chloride in pyridioc gave the cyclic 
sulphite ester (7); its ready formation implies the proxi- 
mity of the two hydroxyl groups in 2, and consequently 
the lihely @uu@mntko of its 3-OH+oup. above the 
p&me of tiqg A-B. 

The 0xiraWring of @3Spoxyketones may he ckaved 
reductively by tbc n&on of hydraxine, with formation of 
an allylic alcohol, and evolutioo of nhrogen This SpeciRC 
ring&a~, lrnown as the Wharton reactko,~ was Bnt 
employed in the sterol field=“’ in I%1 and has proved 
applicabk to epoxyclolkx,anoues~ in general: 

Applk&onoftlmWhartonteoctkntoZ7-epoxydi- 
isophoran-l-d-OWE (2) tpve satkfactcry yields of a 
productwhichisformukted,in~withits 
origin,compositiunandsp&ralandcJmmkalprqutks, 
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as dkophor-z-ene-1; (8). l-Acetoxy-2Jqoxydi. 
imphma-k (4) geve the SulH product 0, the l- 
estergroqkgbdngsim~ Y by-y& by the 
stroDt#ybilsichydm.iDe.TheIRspectmmof8lacked 
tkCOandepoxideabaorptiooase~andf~ 
a broad OH pealz the poaitioo of which (3420-3375 cm-‘) 
soggestsankmure of ~~ INmAn&. The 
trisubatituted double bond of the 1,7diDl (8) is 
su5ckntiy acc&b& and reactive to dl!colouri6e 
~~,~~~~~~X~~ 
the nsultiog cTq%bwc 2&cpoxy+ieative (11) die 
played absorpb bands at 940 and 128Ocm-’ attribu- 
aMCtOtkOXhlWhtg.'- 

Catalytic hydrcgenation in glacial acetic acid coo- 
vated the 194ol m,$o dikphor-2o+ol (lo)@ 
;y_ sbm?tm, pns+y by mdad mturabon 

tfmbemW 2SoMuc bond, followed by 
Qhydratioo of the intermdiate (9) u&r the acidic 
coaditions. 

OfthetwooIi-groupsinthe l*7did(8),odyoaewas 
~y~on~~~n~~~~~~.~ 
tmtiery 7-OH-proup was readily removed by dehy- 
btiOOVi!Iloxrlicocid~#wp.Tbe~& 

ieophor-2,7-&11-10 (l2) formd an oncry- low- 
mdtil3gpdeydlowoil;thepodtionofita.uvah&Jq&l 
lllaximum (Au usnal)egN!8uwithitlIformlWooas 
l2,andexclpderthedtaBuiveponsii~ 
conjugatui 2sdien-l_ the lXk&aF= 

I2 14 

A, vahm for WrasubrsMuted hetee and bomanauhu 
system8 of coojugated double bonds bdng‘ur and 
283~1, nspectivdy. Thoq& noo~ry~taliine, the 2,7- 
d&-M (12) p~~vkks a link estabWing the rdAood$ 
betwW0 wveral series of diiaophorone colnpoundk IO 
the present kstence, its rapid conversion by catdytic 
hydrqe+oll into the known- ~-~~l~ 
UWWy&z evidence for an the foresoins 

. 
Diisopborones wing the 3-c!Qsroup (of 1) wen 

convertiile into 2,7+poxides by the action of peroxy- 
ec~_lo.ll 3-chloroperoxybeaxoii acid”=.w wa!4 the 
I#gent of choke, in view of its r&y avaiMi&y?’ 
stabSty, and its power of epoxidi&g wWurat4 
compotmdsatappr&ublyhig&rratesth~other 
peroxy-acids.)6 Diisophor-~-1-d (lo):A the pro% 
type of this series. gave good yields of the 2,7-q&& 
03) 00 treatment with 34sXqWoxybenxoic scid io 
dichloroaMthalE for 12-24hr at room tempaaaue. The 
MaBe lwection (X.-*83) occWraJ more dowly mnkz the 
idlmausaf30!Sby~peroxi&ieaceticIcid;”u1 
hczetbcactiveoxididI@a#entiaperoxyaceticacidari!J- 
~iothea@&riummixtureinmo&ratebutHldicieot 
~~a~eff~~~ 
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lxlll0&iiaop&r-2(7)-enc gave good yields of the ap- 
propriate 2+7+poxkk (14) 00 treatment !vith 3&lorl+ 
peroxybenzoic acid. 

Tbc IR spectra of the 2,7qmides (U. 14. 16) in- 
cludcd,in&litiontotbeusualbandsduetotbealhe~ 
and functional groups, a peak between 835 and 865 cm-‘, 
attriik to the oxirane ring.‘- TIE factora contri- 
but&j to steric hi&&ace of the doubk bond in la, etc. 
do not appear to d&r materially from those in 1; the 
oxirane * is tberefore consider& a.9 iu 2, ZI, to 
project &we the plane of rings A-B. Thin confiplvation 
takes better account of the cow spatial 
requirements of the intermediate tranaitioo states that 
hnve been postulated in twojroposcd=” mechanismr of 
peroxygcid epoxidation,“’ and is in accord with tbe 
geaeral experknce that epoxidath occura normatly al- 
most exclusively from the kss hindered side.“’ 

The resistance of the oxiraae ring to hydrogenation 
and reduction by LAH, ewmmtemd in the ogcpoxy- 
ketones (ZL), is collhled in the preseot type of 
compounds (U, 14, 10, which are !Nlb&mtially rem- 
vend in both reactions. The e&on of a mixture of L&I 
and Al& did modify the oxirane ring in 2,7-epoxydi- 
isoplloran-141 (l3): the resultiug product, formukted as 
diisophor-7-eae-12 (17). arises under tbc in&ace 
of tbc M!scent aluminium h~dri&,~ sinoe neither consti- 
tuent had any effect sepamtely. Tbc reaction is 
effectively an iaomerisatioa process, and resembles 
formally the isoaKXisation of 1&qoxycyclododecane to 
l-hydroxycyclododec-2-w (18+ 19, and - aIdogous 
examples) under the in&ace of diisobutyl aluminium 
hydride in xykac at 1W.” Tbc evidence establihg tbc 
structure of 17, which has also been obtained by 
routes, will be outlined in another connection. 

I3 -QG!l 
OH 
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Geoer81infonn8tknisgiveoinPutIp~~ 
pfoccduns. appuaa!& w. solventS rod abblevntloor 
c8wyticllydrc#wwsweleperfomEdatroomtemp.8ml 
atmospbelic pfmsule. 

BporrLroru ord denimtiwr 

2%Epo~honu-l-al-h a 
A slilmi lohl of 19 (11.04&0.04mok) io MeoH @InI) w8s 

trutedatrooaltemp.witllicacold3o%rqosoluHh(Zbml, 
0.175 mok). followed by 3N NaOH (10 ml. 0.03 mok). TIE pek 

,~wrolnwurctrrideIt~for4hr(inahloeodc~avec 
ceoce of 4. some deepclipliu cdow). It wu lEated wilh 
fur&l portioar of MeoH (26 ml). peroxide (20 ml 0.17s mok) 
llldNdlH(IOIal.OMmok)radLsptu~forlaotbsr~ 

4.6-X651.40-50%); it sometimea rained (wardiog to its IR 
spectnrm: sli#lt remail@ peak et 164Ocm-‘) 8 vay smell pro- 
portion of 1. Thk was unmoved 00 crystaUkation from light 
pehdePm(b.p.~,ce5mlpcr~pivinlZumusive~ms 
(3.2S-4.6g, 26-M%). m.p. 91-93 (Foandz C. 74.0: H, 9.55. M. 
mess-rpechometrially, 292. C&,0, requires: C. 74.0: H. 9.6%. 
M. 292). IRz 35408 (OH); 2970-28EOvs (mnlt); 1475s. 145&n. 1410s 
(CH,, CH& 1397s. 1370s (.CMe& 16Ws (CO): l272m. Whn 
(C-O-C. epoxide): 131&n. 1165s. 1175s. lOSO8. IOWn. 995m. 
ti3m. 867s~73Ct&‘&&n Cm-l. . 

Fithate F slowly dqtoshd, after diluthn with H&I (co. IO 
vduwr),rmkrowyualliDeppdtbesamepfodoct,~tbe 
ykkl, rhsr reaystaWtion. by S89b. 

Ifl a wb hirtwr tmpi ‘UIge 03-557, lhe yields welt 
dvatdy effected. The use of 5N NaOH (2 x 10 ml) ho readted 
in low& yklds. At mom temp., row &oxide Lnetio~~ bus 
~~48hr,butnoaelfter4hr(IR).To~tberbove 
yiddl.reactkatimesof4s-6Odnys8rerequiEd:uaderthese 
coaditionrtbevbdcmixtunirbertpoundmtoHtO(crr.600ml) 
aad the a& dried product (65%) dkectly crystal&d from li&t 
petJok.mn (yk@ 35-4096). 

Tbe.useof2NN~O,iopkceoft&NaOHauedrdrastic 
fell ill the KeBction rates. Estimate!3 (IR) su#@a!d tbat over 75% 
oflwupmc~trlterQ&ys~4~.Iwoltioaoftbcepo~ftom 
tbc~WSillOUaudcprodPctSproVCd~dwute- 
ful. la experimat~ employb 5W HP, (6 molar excess) in 
MeoH--“Tritw B” (N-bauyitrimetbykalmonium hydroxide, 
4O%ioMeOHPetroortemp..onlyintnabksticky1~imw 
nntai8lwasobtaiwd. 

The use of the staodard epoxidatioo procedure employing 
3-cbklropeloxybeluoic rid (see below) did not result in epoxi- 
datioa,tbereactentbeiugrecovered(7O%,aftel3llr~io 
CHGM. 

3-oxfmino-27-rkoran-l-oJ 3 
A soh~ of 2 (OS & 0.002 mole) nod bydroxykmiae HCI (0.210, 

0.003 took) in EtOH (12 ml)-pyridioe (3 ml) was boikd for 2 hr. 
U@Stofl&EtOHRaKWCdiU~ VWlUlUl,radtbcli@idSthlCd 
into ice cantah& cont. HCI (3ml). The bardmed pp1 we 
h~stroua prisms (O&g, 65%) of 3, q .p. 16W71’ (from EtOH. 
with aMion of I few drops of HP) (Fouodz C. 70.0: H, 9.3; N. 
4.4. C&,O,N requbes: C, 70.1; If. 9.45; N, 4.6%). IR: 34201~. 
3235s (OH); 29&s. 2!XUb. 2Ehu. 146Sl456s br. 14&n (CH,. 
CH& 139Om.l36Sm (Chfe,); 1640~ (C=N): 86Om (C-O-C epox- 
ideji lIti. 116Sm. IlO5m. IOSOs. 9Um. 93om. 913s. Whn. 7OSm 
cm. 

l-Acetoxy-27-9axyd#sophomn-3-aw 4 
~~d2(292ho~lmok)iadrLlAcOH(#)ml~AclO 

(2Jml)wullwcd&opwi8euroomtamp.withnirli#witb 
6u%pfscMicrid(8dmp)(temp.rhc).tbenutuide8tmoal 
tcmp.forIbr.Additiontoice-wrter(~mnpver~~n 
wbi&buduKxiRpimymd~~mimtteplisms(2.741,82%) 
of 4. q .p. US&* (hum Ii&t petxoknm, b.p. 6&W. lkl2ml) 
(Fouod: C, 71.7; H, 8.9. C&,&, requim: C. 71.9; H. 9.0%). IR: 
2960-2IBSs. l472m (CH,. CH& 1390~. 1365s (*We& 1723~s. 
1255n. 123Sn fCO-0 ata); 17OSn (CO): l275m. 99Om. 8&n 
(C-O-C epoxide); 102Sm. 1017m cm-‘. ‘Ibe same m8ctioa oc- 
wred u-72%) ia boiliq Acp (3W. The factant wu 
sn~y~vaed(7O%)efterbeiogbMtedwitbAcpet 
IOlr for 2 Ill. 

RaowrJ.hm of 2 kto &lo&r-20+-l-&-one (1) 
A rrlluiq sda of 2 (058~ 0.002mok) in gkckl AcOH 

(IJml)wutratcdaithzndM(8xo.2~;o.~gItomr.rt2hr 
istanlr)d~i~~16~.11~~t+s0b1~8sdlhdedwa~~~ 
UMl rbwti dwmited SlwY dlsabmd 1 (0.35h ?). 
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2.7.&oxy-5.1 I-biaotdi&o@orae-l-o/-he 2s 
A soln of 5,Il-bk~-2(7kll.l.ol.h~ (2481. 

0.01 rook) in MeoH (50 ml) wes treated with 30% H& (3.4 ml, 
0.03 mok) xod dropwke with 3N NxOIi (3.3 ml. 0.01 mok) (ex- 
ternrlcoo~.~e(Mideuroomtemp.forIIdryr,tbeartirmi 
into I&o. T-be But PVC silky felled needka 113~UK. 504496) 
d 2erm.p. Itid+ (from-tight petdeum.‘b.p. 60&, 5Omlj 
(Fad: C. 72.25; H, 8.6. C&,0, requiwa: C. 72.7; H. 9.1%). 
IR: 3545111 (OH); 2!Mb. 1463m, 13&h (CH,. CH& I- (CO); 
12&lm. 842m (Ca-C. epoxae); 129am, 114Om, IO&. 947In. 
92&n cm-‘. 

Rdectkm of qoxyketonu 
2,7-h-poqdiisophomn-1,3&d 6 

(a) By L&f rdncrio~ A solo of 2 (1.46 b 0.005 mak) in 
anbyd.etber(2Od)wluaddeddnqvirtorstimxlrlupenrioll 
of LAH (0.57 & 0.01s mole) in the Mme solvent (20 ml) at such a 
rate tlmt tk mixture boiled ently (evolutioo of Ha. After 
cootiuualfeauxiq(5min).tbemixtulewls8eteGdeltloeel 
temp.fotlhr.oldtbeexcesroftbereduc~~tarrfPlly 
destroyed with IJN HCL The product was extrectai witb et&r; 
the rcskiual viscid liquid tbc&om solidaal presently and geve 
twhatic oecdks (0.95-1.1 L 65-75%) of & m.0. 124-126’ (from 
ii&t petmkmn, b.;. tXMO”j (Found: C. 73.0; if. 10.2. C&& 
requires: C. 735. H. 10.2%). IR: 34751, 3360~ (OH); 2%Ovs, 
2925vs, 28!Mvs. I47Ovs, Mtb, 1420s (CH,. CH& 1395s. 1370s 
(-C&3: 1290s. 865vs (C-O-C. CpoXidek 1313s. IlEO& 1067s. 
1053~s. 104th~. 1020s. 9Wa. 955~s. 9208. 69oa cm-‘. An exd- 
mot puiorn& with. dditioo d &yd AU, pe the ‘km 
prodnct em. 

Tllixreductiooprovidcrrusefui-dprcduciop6from 
impm 2 (coatriping oon-epoxidal 1). TIE biter yielda di- 
isophor-2(7),3diin-1-d’ wbicb in contrnst to 6 is bighly solubk in 
light petrokum: tbc reduction mixture thus yklds elmost pure 6 on 
crystallisetioo. 

(b) By cfudytic hydrogaatifML A solJl of 2 (OS & 0.002 mole) 
in &el AcOH (25 m&60% HClo, (6 drops) wes hydrooensted 
intLepnreaaof~r~yrto(O.l~),llptrLedH,bdap 
compkte(55cc;ak.#)t~cc~209rfter45min.Tbefltmd 
tiquidweseddultoiceweter(3ahnl)endtklepr&ctex- 
bWtively extnctal witb et& tbc oily midus pve 6 (O-20& 
U(A) (from Ii&t petmkum). ideotial (IR) with mmterkl (I), but 
be* m.p. 132-M’. IO tbc ebseoce of HCIO,. no hydrogen 
llpteke occurred. 

(c) Raoddorion A shed solo d tbc fmieg 13diol6 
(0291,0.601 mok) in 8kcixl ACOH (6 ml) wes tre&d dropwise 
aritbKilhni’s1096chromk~(6ml),setuik~roomtemp. 
forlhr,ddedtoO.lNHCl(~ml).mdtratedw~I096N~ 
rq. Tbc resulting cXystauine ppt (0.21&72%) vu 2 (from tight 
petroleum; identihl by m.m.p. end IR spectrum). 

selphiteuter7o~6 
Asdnof6(0.581,0.002mok)inenhyd.pyridine(15ml)et(r 

was treeted dropwise with SoCb (IA& O.Ol2mde), kept it 0” 
for1lK,tbeneddedtoke.cooc. HCI (IS ml). Tbc sdidhl oil 
uve7uopaque mkmphms (0.33 c 48%). q g. lOtLl1~ (from 
thw petroleum. b.p. 6OUP) (Pouad: C, 63.45; H, 8.R S. 9.1. 
C&sOJ3 requims: C. 63.5; H. 8.2: S. 9.4%). IR: 295Ovs. 29to- 
28&h-m hr. Illl)m, 1425~ (CH,. CH& 1395~. 1370111 (dX&); 
l?Ws (SO); 840s (C-O-C, epoxide). 1645m, lO25m. 9371,915s. 
79Om, 769s. 7108 cm-‘. 

whWtonlWtiollo~qoxyhtmW 
LWophor-2-a-1.7-W 8 

Arolnof2(r92~O.Olmdc)iaE#)tf(20d)wutnrtcdrPith 
hyddoellylkete(3smlhboikdun&rduxfor2hr(svohrtioa 
of N& tka cuokd end dmxl do H~(4tlOml). l&e pek 
yellow ppt geve minute mccdka (Mr. 69%) of the 1,7did 8. 
m.p. 14M46° (from i&6t petrokum, b.p. 60-W) (Foami: C. 7aS; 
H, 10.0. M, ~tricdiy. 278. t&H,& nquh: C. 
77.7; H. 10.8%. M, 278). IR: 342(k. 3375r (OH); 295Svs. 2!lOOvs. 
l475m. 146Om (CL. CH& l3Rhn. .135&n (-Me,); MOw. 85Wt. 
64Om (CH d hub. ok&); I403m, 1338m, IzoQa, lmrn. 
1023m, IOWs. 93th 725w cm-‘. 

Tbewof4iothefore+glmnXduregevetbesamediol8 
(65%). ikotitkd by m.m.p. uni fR spectrum. 

Wzofl a&UuJh of 8 
A~d8(0561.0.~mdc)inpyridhw(ISml)wueated 

dmpwk with beoxoyl chide (l-4& MI mok), set esitk for 
12 hr. end tthed into icecoae. HCI (15 ml). The soft brown pet 
geve smell prisms (0.190, 24%) of the daivative, q .p. 13!&iil” 
(from EtOH) (Ihad: C. 76.7; H, 8.9. C&f& squires: C, 78.5; 
H, 8.9%). IR: 347b (OH): 2955vs, 29lOvs, 1477m, 1460s (CH,. 
CHL): 139Om. I37Om (.CMe& 1693~s. 1290~ ll2Os (COO. ben- 
xoyl); 166Ow (C-C, aliph.): U7m. 846111 (CH of bisub. delia); 
307Ow, 715~s (CH arom.); 13201, IUOI. 1070s. 103001. !Whn, 
930m cm-‘. 

234Wxydiisophonu.1.7.did I1 
Sohr of 0 (0.56 8.0.092 mok) amI 3chhoperoxybenxoic ecid 

(0.38 &0.0022 mole) ie CH& (2 x IO ml) were mixed and set 
eside for 24lu. Tile Pslul work* (see subseQueot section) 
pmduce4l a white solid, whkh gve pIisms (OX& 54%) of 11. 
m.p. t&W’ (from l&t petrokum, b.p. 60-W) (Fad: C. 73.2; 
H. 9.8. M. mess specbuahcaUy 294w. 223s (i.e. M-71). 
C,,H,&, requires: C. 735; H, 10.2%. M, 294). IR: 3575s. 3450s 
(OH); 2%5vs. 2925~. 28Sk, 1467s, 146Om (CH,, CH2); 1395m. 
1370s (-Me& 1110s. 1067s (C-O of OH): l2Xbn. 940s (C-O-C. 
epoxide); 1343s. 745~. 66th~ cm-‘. 

LXwphr-2.a-1.7.diol8 t~ctionr : 
(a) f&cl c&lyric hydmgaafion. A solo of 8 (0.84~ 

0.003mok) in 8lacii AcOH (ISml) was bydrogcoxted over 
Adun’s cat&t (0.15x). Tbc taoid Hrupteke (IOOccl was 
unnpkte efter -2Omin Cc&. 95 cc. includ&-27c.c tar cat&t). 
The lUtered sole wxs stirred into HP. bedied. end tk oily 
preduct extracted with ether. Removel of tbe solvent left 10 
(0.63g,60%), ideotitkd by its IR spednun. 

(b) Suecrui~ dchydmtion (to 12) and hydrogen&~ (to 18). 
An iotimete mixtu~ of %oely powdered 8 (0.56 g, 0.002 mole) end 
sobyd. oxelk rid (0.72 ~0.008 mok) wss kept at co. 195’ (b.p. 
of etheedkl used as jecket& liquid) for 2lu. Tbs hnous 
ydlow mess M taken up in etha (2X 3Qml), the extracts 
wesbed with 3N Ne$a. Ha. driai (N@O,) ad the solvent 
lenloved. Tile nIidual yellow oil (diiropboruK.27dkblol12) 
hd the following specti cbaruhshs: UV: Au 24s om. lRz 
3435, (OH); 2!XOvs. 29lWS8Ovs br. 1465m. 146th (CH,. CHI): 
1393m. l363m (-Me& I65Ow. 163Sw (C:C. conjugetal dkne): 
lO3Qs (C-O of OH); 91201, 820111 (CH of trisub. okfin); 13Xhn. 
112Om. IO&n. IOOSm cm-‘. 

It wes dissolved in 8kckl AcOH (15ml) md bydro6enetc.d 
over Adun’s cxtelyti (0.1 I); Hz upteke wes repid. RemoveI of 
the solvent cod crystehtho of the (w&al) oily miduc from 
Ii&t petmkum 8ave 18 (0.341, 65%) es prisms. m.p. 8M. 
*at&d by its IR spectrum. 

&Xi&l hkie8 the 3.kaO-~UllCtiOll 

2.7~&oxydiisqhomr-l-al U 
(a) Usr of 3-chlotvpovxykawk acid Compound 1 (13.80, 

0.05 male) in $m5d AcOH UOml) wxx bydmgennted over 
Adam’s atrlysp (0.4 t 0.2 8) until tk appropriate amount of Hz 
b&l bee0 tekeo up (cu 24oot8occ. Mlhr). TIN? ahed liquid 
was stirred into Hz0 (SUOml). end tbc product exbudvely 
extmcted with ctber. The clear viscid 10 (solidiiying below (r), 
obbcd 00 evrpontisl t& wasbed dried extracts, wxs taken up 
in CH& (3Oml) ad sbwly edded to a stirred solo of 3. 
doropaoxybmz.ok acid (9.0~ 0.05 mok) in CH& (75 mll. 
wilhexWn8l~After24hrs~etmomtemp..tbccksr 
cdo0kssliQuidw8s succehely shkee with 1096 N@O, 4.. 
5% NeHCO, cod set. N&4., drkd WzSO,). muI eveperatcd 
lmQr?t?dWdpYWUfL?.T&mldurlCryS~SOlid~VCl3U 

satd hutrou prism (7.2-9.0~. S2-65%). m.p. I54-1sT (from 
W p”kum) (Fouod: C. 773; H. 10.2. M mess spec- 
w. 278. t&H,& requkes: C, 77.7; H. 10.6%. M. 276). 
IR: 34lISs rOH): 2WU365s b: l457m. l44Sm (CH,. CHz): 
l387m. 1365s (-CA&); 1057s (C-O of OH): 865s (C-O-C, epox- 
idc); 133Om,l17om. I 15Jm. 9s5m, 937m. 87Sm. 732m, 675m cm-‘. 
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Wbca the stattiq mate+ wu k&ted ctyaaliine 10, the ykld 
of 13 rose to 75%. 

(b) fJr.e of prroxyacctic acid formed in situ. A soln of 10 
(0.52 g, 0.002 mok) in giacii AcOH (12 ml) was treated with 3096 
ii& (3.4 mI, O&3 mok), the liqti heated to lo(p for I min. then 
rccuidtrtmomtcmp,for5drYs.~tkatoHP~vea~lid 
aBordinq I3 (0.28 g, 50%) (prisms from lipat petrokum), hkntical 
with (a) by m.m.p. 154-l%*and IB spectrum. 

{a) AlOlPofW(218t.O.Olmde)iaAcP(Umt)wrsboaod 
tunkr reflux for 6 hr, then nimd into HP. The crystals which 
separated gradually pave 16 as pktckts, m.p. 75-p tram 75% 
EtGH (65%) @oumh C, 7S.l; H, 9.6. f&H,& requires: C, 75.0; 
H. 10.0%). IR: 2%&289Os br, 14SOm, 146Om (CH,, CH& 139&n, 
1365s I*Chk*): l73Ovs (CO. ester): 123fvs (C-0 of acetate): 1253s. 
845s (C-G-C, epoxidc): 144Om. I2OSm. 970s. 68Om. lUl5m. 
74Om cm-‘. 

(b) Sdns of 1S 0.521,O.OOS mok) and 3-chloroperoxybenxok 
acid (0% g, 0.0055 mole) in CH& @ml each) were mixed. 
thea~tttrideamom~p.forUbr.Isohtioadtbepnwfortby 
the stamkrd procedum (see above) pave 16 (7096) idcntiliod by 
lamp. 73-7s” and IR spectrum. 

(c) A soln of Is (030~ 0.001 mok) in $acii AcGH (12ml) 
was treated dropwkc with 3@% Hioz (3.4 ml, 0.03 mokl. hept at 
morn temp. for 2 days (the tiquid being beahd at 1OV for 2 m’m at 
I2 hr intcrv&). Dilution with HP (60 ml) slowly deposited solid 
which gave 16 (75%) identical with ths product obtained in (a) 
and (b). 

The turbid lquid o&aincd on addition of LAH (O.lOg, 
0.0025 mok) and mhyd. AlCl, (0.067 g, O.ooOS mok) to anhyd. 
ether (30 ml) was treated with s&ring with a toln of 13 (0.28 B 
0.601 mok) at such a ram tbat the liquid bolkd gently. The stirred 
mixtunwuLtptatroomtcmp.for1kthenboilcdunBcr~ 
for 2 hr. an6 the excess of the hydride decomposed by ad&ion 
of .N NaOH (ice). The combined washed dried ether soln (and 
extracts) gave on evaporatkn un&r reduced ~rcssurc a sticky 
rmisolii residue which afforded ncedks (0.1 I&I4 g. 40-5096) oi 
17. m.p. lSl-lSP#rom Iight ~~k~) (Fouml: C, 77.4. H, 10.7. 
C&i& requires: C. 77.7; H, 10.8%). IR: 344Sm. 3295s (OH): 
2%&s. 267Om. 1475m (CH). CH& Mm. 1363m (CMe& 
IllOm, 1030s (C-0 of OH): 845~ (CH of trisub. ok6n): 11%~. 
1000s. %Om, QlOm cm-‘. I& aart& materki (13) wu’Subs& 
tially urrpf[tctad OR), after nwtittg under t@ above condiths 
witJ~ either LAH or AlCI, separately. 

I-Chkm-2+7-9oxydiisophomne 14 
Solns of l&iomdi&hor-mor_ZCIkae’J (IJog, 0.005 mok) and 

khkroperoxybenxoic acid (O.% g, 0.0055 mok) in CH$& (20 ml 
each) were slowly mixed, then set aside at room temp. for I8 hr. 
The StUUh’d WC&UP PnVC a CrvStdihC Soiii (l&D. %-9kJ 

which aBordcd 14 as matsive lustrous prisms co.954.05 g, 64- 
7296). ma. 101-1030 (from liaht octrokum. b.o. 6M)oD. ca 8ml 
pw gl (Found: c, 72%; H. tis; Cl, 11.4. &H-&G rcquiresz c. 
72s; H, 3%; Ci, lt.ti). ER: 2%s-Zwovs br, 2873~s. 1470s, 1455s. 
l43om (CH,, CH& 13Khn. 1365s. 1335s (CMe& 1245m. 835~s 
(C-G-C. Cpoxhk); 745s (C-Cl); IOZSm, loo&n, 9!&n, 9OOm, 880s. 
865m. 8Mm cm-‘. 
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