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further structural Zinc in acetic 

acid the 3,4dikctone rapidly in yield 
into #a), and corresponding 1 
acetoxy-compound underwent same suction 

The reaction several points interest: 
the bond is to arise 6a, 6b) 
reductive s&ion the oxirane foUowed by 

(see Part The Contrasting to 
the agent of the reactive 4 - keto-group and tJte 
utu@ected Sketo-futmtion (in 2, 3) is noteworthy. 
Fdy. the striking diJference irt the high rates of tJre 
reduction of 2 and 3 to 6a and &b, compared with the low 
rates of the incomplete reduction of 1 and 4 to the same 
products by the same technique’ must boy be 
ascribed to the enhanced activating effect of the 3,4- 
dike&-system in the former examples (2, 3). Catalytic 
hydrogenation of 3 also reduced the 4keto-group pref- 
erentially, giving again 6b as the principal product; small 
luau of J - ~etoxy~~phor - 20) - ene (7) were 
formed as by-product by the subsequent slow hydro- 
genation of the 3-keto-group.‘6 

The reduction of 2 by L,AH or NaBK gave moderate 
yields of a product fomudated, on tJm basis of its origin, 
composition, mokcukr weight and properties, as the 
JJ&triol 8. Its IR spe~tnun Jacked CO-absorption and 
resembkd very closely that of the comparabk 2.7 - 
e~xy~opho~e - 1.3 - dioJ.’ Reoxidation of the f,3& 
trial (8) to the originaI 3&diketone (2) by chromic acid in 
good yield showed that tJre oxirane-ring, and tJte 
configu&on of the st~cture as a whole have been 

acids, phenanthrenequinone’9 is split by hydrogen 
peroxide in aCetic acid to diphenic acid, while IX+- 
triketocycJdtexanem is oxidised quantitatively by porip- 
date to ~utaric acrid. The oxidative scission of riw C m 
steroids * by this method served as model in the present 
work. Alkalii hydrogen peroxide in methanol 
&colourised the yeIlow 3Miketone 2 very rapidly, giving 
excellent yields of a product, formtdated in a~- 
cordance with its properties, as tJte safe 
~~yclo~3.3.J~~e dicarboxylic acid 9. J - Acetoxy - 
2,7 - epoxydiisophorane - 3.4 - diom (3) gave the same 
diacid (9). the a&line conditions at slightly raised 
temperatures causing simultaneous hydrolysis of the 1. 
~e~xy~oupi~. The diiid 9 was invariably isolated at 
a ~~~~ forming prismatic massive needles 
nmarkabk for an internaJ refraction iappearing as a dari 
“spine” along tJte axis of each crystaf. Treatment witJ 
JxdJing toiuene Converted the lustrous monohydrate into 
tJte white opaque atdtydrous product, and recrystahisa 
tion from aqueous ethanol reversed the process. The II 
spectra of tJte two forms difiered in some respects: in 
addition to slight displacements of the principal absorp 
tion peaks of tJre fuu&ional groups (Ex~n~), tJt 
hydrate displayed additionaJ prominent peaks at 12% 
J23O and SOcm-’ as well as a strong broad band i 
316&3J2Ocm-‘; tJte last may reasonably be attriiuted t 
HO-absorption of the water of crystaJIisation. 

On treatment with diaaomethane, 9 gave en&let 
yields of the dimetJty1 ester 10, which was reconvertibl 
into 9 by alkahne hydrolysis. Its IIX spectrum ktchtdc 
the expected carboxylic keto- (172.5cm-“1 and este 



peaks (1280, 1145 cm-‘). The f&quency of its HO-band 
(352Ocm-‘1 had hardly altered from that of the parent 
dicarhoxylic acid (9). suggestill the absence in 9 of 
hydrogen bee involviqt its carboxy! groups. 

In co&usion. we brkily rqxwt another approach 
towards ihc ~~~~~u of the ~tivated C-4 
methylene group of d&p&one, hased on the con- 
version of ketones into ooximinoketones by the action 
of isoamyl nitrite*z’m The experiwntal procedun: 
adopted was that developed for the productioa of steroid 
a-oximino&toacs.‘111iisopbor-~-en-l-oI-3-oM: 
@a) gave again intractabk oils, fiom which no uniform 
product was isokhk. The epoxide (1) was convertibk 
into2,7-epoxy-4-oximinodiisophoran-1-ol-3-one 
(ll), but yields were poor (maximum 20%. with 5096 
recovery of the reactant) even at the relatively high 
temperatwes employed. 10 view of these di@~cuhies, sod 
the success of the diit synthesis of the odiketones (2, 
3). this route has for the present not been further 
expIorcd. 

Cknwal i&m&n is given io P8rt I” c?omxmilu dAuKhfd 
procuiure8. appwuus, Ieageats. solventa and abbrcvhtions. 
Light pctrokua~ bad b.p. 6&W unkss othwisc apeded. 
Catalytic hydrogeaations were performed 8t toom tamp qd 
atmospbcric pressure. . 

3,~~uo-2,l~~~p~o~-l~~ 2 
A &red lola of 1’ (X84& 0.02 olokl io gkcii AcoH Wni), 

trclted with selenium dioxide (245s. O.timok), was kqN at 
1W for bsiu. ‘i%c black &twit of Se was tilted OR, the 
i&rate kept at 1W for mm&r IO-3omin to cu&ate the 
remain&g (cello&i) oxidant and &red agaio. The kmoa- 
yellow liquid was s&red into hot H@ (ii&W, 2Oomi). sod the 
Bnely divided ppt colkcted. crym from Eghl @tmkum 
hz. goId pa g, recovely gO%) or prefa&liy RtoH (ca 8 ml per 
& lecovery 7096) gave light yellow pfiuns (3.4-w & %-u3%) of 
2, m.p. 1%161* (Pound: C, 71.1; Ii, 8.7. M, mnss spdrometrk- 
ally. 3M. C,&O. requires: C, 70.6; If, 8J%. M 306). IR: 3525s 
(OH); 2970&.293th, ?S7h. 1470111, MO-14SSm br (CH,. CH3; 
139% 136s~ (Cl&e& 172&s (CO). 1050s (C-0 ot OH): 134Om. 
126&n, 1157m, iooom. 927m. 86&n, 790s cm-‘. uv: I, 215 oin 
Wiiow) (log l 331. 

A&n of sdatium dioxide on diisqphor-2t7Mn-l-oM-one (6. 
RrH) 

The reactant (2760, 0.01 mok) was treated with scknium 
dioxide MOE, O.OlSmokl in boiling 1.4dioxan or AcOH or 
A@ (CL 30&i) for 2-3ht. Remove af most of the soivetlt 
U~~p~~,~~~n~~~~~~~H~ 
lpve &!p yellow to m soft stkky &Is which gave IK) 
clystaninc sous on various pllrihltioa attempts. 

3AlWo-2Jq#q&sophwtu-i-ol RnuiW 
(a) @@ox+ den’votit~ s. A soin of 2 (031 g, 0.W mok) 

runt Qdnmmdw6tem (0.161, 0.0015mok) ia Et0H (1Omi) 
w8s boikd aada r&x for 2bl. CvywMlted (VMnuR) to i&f 
vohtme,ladaddedtoH~(8o~..Tb:pptompritms(O339. 
62%) of 5, m.p. 175-177’ (from light p&rokwn) fFoood: C, 76& 
H, 7.8; N. 7.3. C&&O, reqoires: C, 762; ii. 7.9; N. 7.4%). IR: 
3465s (OH); 307ow. 3OlSw. novs uJi. arom.1: 293Jvr. 2g8Sa. 
286ss. 147us (CH,. c!H& 13!utw. 1370s (CMc3; 1495m (GC, 
worn); 1045s (C-0 of OH); 92or (C-O-C epoxide): 157Ow. 142& 
14lOE I!% 109Os, 1ooOmcni’. 

(b) 1 - Acctoxy - 3,4 - dikuo - 2.1 - ~~~60~~~ (3). (i) 
A sola of 2 (0.62g, 0.002 mok) in gkcki AcOEI fs ml&-A@ 
(OSmi) was treated with 6056 pcdoric rid (6 drops) with 
codis&cbeliquidL;eptplroomtcmp.f~11,tbeapo~on 
ice. TiN? ydlow ppt gave pak yeibw au lldka (053 & 75%) of 
3, m.p. 154-l%* (Founds C, 693; H, 8.03. CgH& quirks: C, 
69.R H. 8.0%). IR: 296%. 29501, ZBBsms, 1473s. 1457m (CHk 

CH& lm. 1367s iCMe& 17ZOvs (CO. acetyi sod diletone. 
superimpoadd), 12% luon (C-0 of acetat& 127&a+ 87an 
(c&c-epoxidt); 1403w. lOsO&. 1025tos, 99Om, 79&o cm-‘. 

(ii) Compound 4’ (0.67& 0.002 mok) and sek&un dioxide 
(O.Ug, O.OU24mok) io gkcisi AcOH (1Smi) were stirred at IO@’ 
f~4~~~~~e~~u~~~.c~~ 
3 was oh&ted (58%) as oeedks, m.p. md m.m.p. 154-156’~ 

(cl R&~JI. A soln of 2 (0.31 g, 0.001 a&i in boiiiog glacial 
AcOH (Ud) uw treated with Zi dust (2.0s) in &a;. and 
rrduxcdforZShr.Tbec~lipPidw~deuatediatoia 
water; the mixtwe siowly depohd-widtc aoiid (0.18g. 64%). 
identifkd as 6 (R = ii) by its iR. UV spectra. ami m.m.p. 84dW. 

l(A~-3,~~0-27-~ R&c&m 
(81 Action of zinc. A boil& soin of 3 (0.35~. 0.001 mokl io 

glacial AcOH iiS ml) coot&& a little Ha (O.&i, was &ted 
with portions of 20 dust (total, 2 g). After 30 mill boiiiog uoder 
r&ox. the colouriess liquid was decanted, stirred into H@ 
(1SCtmi) and &ted with 3N NaOIi (IO&. Tbc resoitiog ppt 
(0.26~ Xt%) was (b. identitkd by its IR spectrum and m.m.p 
(12Ci2S9.B 

fb) Cut&tic !tydrugmu&on. A soin of 3 (0.35 g. 0.061 mole) in 
glacial AcOH (8al) was hydrogenated over Adam% facalys? 
(0.12 0). Hywa uptake was rapid duriq 30 min. ad continued 
very dowly thereafter (2 br) (tot4 I05 cc; cdc: 22 cc for cata- 
lylt,67ccforthel8oatsUp3~4;1111uNTP).Tbeutlulw~~ 
of tbc coiowkss iii gave a soft iow-me~ solid consisting, 
~c~~to~~~~~y~~t~~~7 
fR = CHJcO).p Vay small qmtitks of the former fiintiikd by 
m.m.p. 124-126.. and IR qectm& wac isolable therefrom by 
crystallisa@ from l&t ptrokom. 

ZfGpoxrdiisopRonrM-x~iisophom~-13,Ctrid I 
(a) To a s&twi turbid solo of &AH (0.19 g. O.OtB mok) in dry 

ether (23 ml) wu added dmpwisc 2 (0.31 g. 0.061 mok) io the 
same solvent f3ami) @ltk eb&tko sod effervesceoce), the 
~uidboikdunder~uxforihr,tbea~todidcrtroomtemp 
for 12hr. Tbs oswi work-up’ producd a coloudess oil, which 
gave opqoe prismatic pint&e (0.09-0.125 & 3tuo561 of 8, Imp. 
132-136° (but ocWiooaiiy as low as u-126’) (from iiit 
DetrokMll (Foul& c. 70.2; H. 9.7: hf. msss-spectromtricJiiY. 
ilO. C&I&. rcqubn: C. 69.7; H, 9.7%. M 310). IR: 3460s vix 
fOHI: 2980.2920s br d. 1470s. 14zDms ICHx. CH& 139Sms. 1370s 
itch& i&l br, iksms r&C ‘epo&-- iwm i32tiIn. 
117Om. 1080s d, 104%. 995m. %Ds, iX?Sm, 7%76Orm d, 
Frn cm-‘. T%e apsctrom closely resembks that of 2.7 - epoxy- 
dWphmlW-13 - dioi.’ 

(b) A soin of 2 to.61 g, O.OU2 rook) in EtOH (l0mi)_MeOH 
(2 ml) vu treated with NaRH, (0.19g. 0.005 mok). The coiour of 
the mixtore faded from oraoge to coiourkss; when ail tbc reagent 
had beea consumed, the liquid was added to SD. The ppt 
(0.18 g. 30961 was the 13.4-trioi 8. identiai (m.m.p.. IR spectrum1 
with eIeteri8l obtaioed ill (a). 

(c) Reoxidotion of g to its precursor 2 The I.3.4-triol (8) 
(031 g. 0.001 mok) in acetone (12 ml) was treated with KiiWs 
1tB chromic ac@ (3 ml). Ibe duk green soln was set aside at 
roomttmg.forM~,thCnclilDWiwi(bHP.Thepekydlaw 
ppt G@%) was 2 fideotfikd by m.m.p. and ilt spectroml. 

3 - (2’ - Catf~xy - 2.2’ - dimuhyl)dhyI - 23 - epoxy - 1 - hydmxy 
- 5,7,7 - trimethylbicydo[3.3.l]~onaae - 2 - carboxylic acti 9 

A do of 2 (153 & 0.005 mok) in MeOH (Xl mok) in MeOH 
@ml) was treatal at (r with 30% H20, (4.5 ml. 0.04 mokl. 
foiiowai by 3 N NfiH (3.3 ml. 0.01 mole) (slight ternp rise). The 
liquid. the yeRow coioor of which was discharged (i-2 mill). was 
set aside 8t room temp for zhr, dihlted with i&o 13Mrnil and 
ridiiisd with 3 N HCi. The resoitiog siigbtiy cloudy iiqoid slowly 
dcpos&d (12 hr) massive prismatic fiat oeedks (1.3W.S2S, 7S- 
83%) of the by&fed dicat6oxyiiC 0Cid 9. m.p. 2@4-206’ 
(decomp), forming prisms (from 4woua EtOH, 1:3) (Fouod: C, 
60.3; H, 8.6. C,&O‘.Hfl reqoims: C, 60.3; H. 8.4%). 1R: 
3490~ (OH, alcohol); 3123m br (OH, H-boo&xi): 2955s, 292Oms- 
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2wonl br. M7om. IUSm (CH,. CH2): l39ool. 137onl (CMe~): 
25&J-254Ow mutt, 142Om. 91Sm (OH of CGGH): 172Ovs (CO of 
CGGH): 1699-l68Jnts. 1635m (~houlden of CO peak); Iu(ka, 
13#kn. 125th br, l23Os. 1l6Om. IO59m. 985m, 96&n& 850s. 
7OSms cm-‘. 

The use of EtOH as solvent pave the same product 9 in 65% 
vkld. as did* the use of 2 M NaHCXh (0.625 m&t as the bar 
iI hri6496). 

_ 

Compouod 3 gave. in the above procedure (but allowing the 
reaction mixture to warm up spootanootuly) the same product 9 
.(identilkd by m.m.p. and IR spectrum) in 85% yield. 

On beiig kept at lloO/6mm for Ibr, or retluxed in anbyd 
tolueoe (25 ml per 8. formin a suspension) for 3 hr. Uk foregoing 
hydrate gave (9S%) the anhydmws dicardoxyk acid 9 as dull 
wbik needles, m.p. 2OSm (Found: C. 63.1s. 63d; H. 8.15,S.O: 
M. msar-sRccrrometricauY. 336, 340 flower intensitY1. c,,Hmo6 
requires: C, 635; H. 8.2%. M. 340.).IR: 3535m (OH. akobol); 
2%Ss. 2920-29(Kb br: 1480-IUSm q ult. 142Sm (CH,. CH?): 
i39Ow. 1365ms (CMe& 2730-2565~ muJt;.9#kn (OH of CoOti): 
17Wvs (CO of OH); 132&n, 1309s. IlsOm. Il2Om. lO@tns, 
96Om.s. 86Om. 740m cm-‘. The anbyd acid was reconverted into 
the solvated form on crystallisatiuo as above. 

To an ctbereal soln of diazometbane (from 0.02mok of 
toluetk - p - sulpbonylnktbylniilamide~) was ad&d dropwise 
the forcgaing 9 (0.68 p. 0.002 mole) dissoked in EtOH-(Na dried) 
ether (I: 1. I5 ml), N1 being evolved peotly. The pak-yebow 
liquid was stored at mom tanp for Mmin. and the excess of 
diazometbane destroyed by tbc addition of glacial AcOH. The 
solvents were removed in a vacuum, atul the residual pak yellow 
oil treated with H1O. The solidilkd material pave, on crystal- 
lisatioa from lit petrokum, needks (0.62p, 85%) of the 
dimethyl esfer 10. m.p. 121-124’ (Found: C, 65.2; H. 8.6. M, 
mass-spectrometrically. 367. C&I&& requires: C. 65.2: H. 8.7%. 
M. 36868). IR: 3529s (OH): 2965s. 1475m. l455m (CHI. CHZ): 
l399w. i36.5m (CM& 1725~s (CO): 12801. lldm (CO Of ate?; 
1437m. 1%&u, 104Om. 92&. SlOw, 740m cm-‘. 

A soln of 16 (0.37s. 0.001 mole) in EtGH (lO tuB-3N NaOH 
(lml)mr~uadunEuxfot2hr,diluted~HP(50ml) 
and ackiBcd with 3 N HCI (5 ml). The Iustrot~ refractive tree&s 
(80%). wbkb separated slowly on stotape. were the hydrated 
dicatboxylic acid 9 (ideotilkd by q .m.p. and IR specuum). 

2.7-~xy~x~~~opnodiicophomr-l-ol-3-oru 11 
Potassium (0.47 g, 0.012gatom) was diilved in t-BuOH 

(2.5 ml) at 35XP under N*. followed by l(0.29 9.0.001 mole). The 
liquid was kept at 6tP under Nx for 4 br, tlteo uuatal with isoamyl 
nitrite (OXtg, 0.9025 ntok) (cokur cbangc from deep yellow to 
dark bkkbgmeo). After storape (12 br) the lii was added to 
ice-water, etbercxtracted (extracts: E). and acidiBc.d witb gkckl 
acetic acid (cu. 6ml). The solid. wbicb separated slowly at (r. 
pave 11 as a white opaque microc*iystalline powder (O&65& 
2056), m.p. 191-194n (after skinking at 185’) (from aqueous 1:2 
EtGH) (Found: C. 66.7; H. 8.5; N;5.0. GJInNO4 muim: c. 

67.3; H. 8.4 N. 4.4%). IR: 342Om br. 3275ms. 319om (OH): 2%& 
2920vs. 2~~s. 1475s. l46tk (CH,, CH3: l39Ow. M6Om WMe& 
1703vs (CO); 865s (CO-C. epoxide); 139sm. ll79w. RNsm, 
10308,995m. 94Om. 62Om. 8OSm. 780m cm-‘. On evlpontion of 
extracts E. uncbaoped 1 (up to 5956) was recovered. 

Applied to 6 (R = H). the foregoinp method pave rise to the 
same cokur changes. but the products were reriomu and could 
not be successfuuy pluilkd. 
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