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~bstrw(-. ‘I’rcatmcnl of I~a-acc~yl-~‘.cs~rcn.l7~~l with mcrhyknc tnphcnylphorphorane inmate\ a :s-home 
rearrangement fdlowcd by ~hc intended U’IIU~, reacllon. 7h1s rcanangcment can lx explained h> the proton 
absuaclmg properltcs of the apphcd WIIII~ reagent. These properties arc also responsible for the re.anangemcnls 
ohscrd uhcn usmg I7~~-acctyl-~~~cs~rcn~l7~ol l7-acetate a\ a suhslrdtc. They lead IO an mtramolccular 
condcnslbn of the accr)l- and xcrony-dc-cham Subsequent reacttons depend on rhc cond~t~tm trod 

‘I-he nucleophilic character of mcthylenc 

triphenylphosphoranc-a widely used W’illing reagent+- 

hat often been brought forward IO explain observed 
enolisations under conditions normally applied for Wil- 

tig reactions. but rarely IO subctanriate other hypes of 
rcarrangcmenls.’ 

.Somc rearrangements are presented of n-ketols and 
a-kero acctatcs initiated b) molecular characteristics of 

the mcthylcnc triphenylphosphoranc reagent. 

Hearrungemertr o/ the a -kero/ (I). A Wittig reaction 

with mcthylene triphcnylphosphorane on the a-ketol 1 
(Fig. I) in a mixture of MIS0 and ‘I’HF gave Iwo cpimcric 
rhhomo compounds (4a.b) in a ratio of 65 : 35. Rio trace of 

the expected 3%merhylcnc-derivative 5 or the isomeric I)- 

home compunds 6a.b could bc dctccted. Structure 
elucidation of the tbhomo compounds 4a.b is based on 
spectral data: in both compounds NYR signals (60 and 

9OMHz) are observed characteristic for an cxocyclic 
mcthylene group. These data do not completely rule out 
the structures 6a.b; so for a conclusive proof of structure 

of the reaction products we repeated the reaction 
sequence starting with 3. and subjcctcd the t>-homo 
compounds 7n.b IO o7onization and subsequent reduction 
with LAH (Fig. II. 

Oronilation of compound 7r.b yielded as main reaction 

product an unidcntdied acid which could be reduced uirh 
I.AH IO the corresponding diol 8: as a minor reactIon 

product (7%) the ozonization ylclded the I>-homo ketone 
IO; its slruclure could unambiguously be proven by IR 
and NMR data.’ 

‘Ihc isolation of lhe I>-home ketone 10 is already a 

proof of structure for compound 7a.b. hut moreover lhc 

obtained diol8 can clearly be distinguished from the dio19 
that should origmate from the allernativc rcactlon 
product. compound 6a.b. The protons at C;- and C,., of 
the diol 9 should give a multiplct and a singlet 

respcchvcly. in the NMR spectrum. whcrca\ [hose of the 
diol 8 should give a triplcl and a quartet rcspcclivcly. 
which MYIS actually &served. 

The course of the trhomo rearrangement can be 
explained m IWO ways. proton ah\tractlon from the OH 
group. w intermediate complexatlon of the phosphor of 
the Witting reagent with lhc carbonyl-oxygcn of the 
sidcchain. 

_ _ _ -_ _ - _ . - 
rAll H’llIlp rcaclions camcd GUI were chcckcd for the abw~~c 

of the hax Cudturn hydrufc. dimsyl scdn~m. hurylllrhrum. CIC.) 
applied IO gcncrdtc the phtnphoranc reagent 

Abstraction of the OH proton may inilialc an acyloin- 

like rearrangement IO give rise IO the formation of the 
rrhomo ketones Ic which may XI a5 cubwale for the 
phosphorane reagent IO yield the lbhorno compounds 4a.b 
(Fig. 2. route A). 

An originally formed phosphor-oxygen complex. on the 

other hand. may result in an increased electron dcficicnq 
on the carbonylcarbon which in turn may initiate a 

rearrangement following the SIrnc lines as mcntioncd 

before (Fig. 2, roulc HI.’ 
Performance of th.c rcactlon with short measure of the 

phosphoranc reagent-mole ratio ratio 9: l&resulted in 

rhc formation of the epimeric rrhomo ketones I1s.b 
(yield: 15% and 15% rcsp) next IO the eplmrric frhorno 
mcthylcnc compounds 4s.b (yield: 30% and 3or/ rcsp). 
Hardly any starting material was dctcctable. ‘I’hc slruc- 

lures of compounds IIs, b were unambiguously proven b> 

IR and NMR data.’ 
The available data do n01 give enough conclusive 

evidence IO favour one of the pathways over the other 
(Fig. 2). lsolatlon of the [>-horn0 compounds 1Is.b makes 
it only reasonable that the intermedialc Ic is involved. 

The isolation of the nhomo ketones 1ls.b confirms. 

moreover, the assumption that the Witrig reaction is 
preceded by the tbhomo rcarrangcment. Remarkably this 

rearrangement does not go in a stcrco\pccdic manner a\ 

generally is observed.’ 
The complexatcd phosphorane rcagcnt ma) he respon- 

sible for this anomalous bchaviour. .A Witting rcaclion on 

the pure rrhomo kctonc IIs surprisingly rcsullrd al\o in 
an epimeric mixture of the o-homo compounds Ja.b. 

The originally wanted isopropenyl compound 5 ~~ultl 
hc obtained-in yields not exceeding 25YCh) ;;trrymg 

out the Wirtig reaction (in tolucnelpyrldmr) on rhc 
silylcthcr 2. Changing from tolucnclpyridmc IO DMSO as 
a solvent gave again compounds 4a.b ac the main reaction 
products. 

A direct explanation for this solvent effect can not be 

given ycl. although the diffcrencc in wlarity of the 
applied solvents might indicate that under polar condi- 
tions (DMSO) the oxygen-sihcium bond is weaker than in a 
mOre polar medium. 

Dissociation of this oxygen-silicium bond gcncrares the 
intermediate la (Fig. 2) which suhxqucntly rcarrangcs 
further via the intermediate Ic IO the rrhomo mcthylcne 
compounds C.b. 

Reurrun~ements 01 the a-kero ocefute (12). l;‘ncxpected 
results were also obtained when it was tried IO protect the 
17/3-OH group as the acetate. Under relatively apolar 
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conditions--using toluene as a solvent-- the phosphor- 
ane reagent reacts with the substrate to yield the 
diketone 13 (60%) as the main reaction product. In more 
polar solvents like DMSO, THF and t-butanol the two 
spiro-compounds 14 and 15 are formed instead (yield: . ~  
and 60% resp). 

These two ~iro-compounds are also isolated when 
instead of the phosphoran¢ reagent ore: of the following 
bases is usod: po{assium-t-butoxide (in t-butanol), or 
sodiumhydride (in DMSO). 
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Structure elucidations of the diketone 13 and the 
spiro-lactone 15 are based on spectral data (IR. NMR, UV 
and Mass); the structure proposals for these two 
compounds are strongly supported by reference data of 
compounds containing similar structure moieties. ' j  

Spectral data did no{ completely define the proposed 
structure of the spiro-compound 14 in leaving open the 
possibility of the pre~nce of a spiro--cther (as shown in 
14) c~r a spiro-lactone (like compound 16). 

Some examples of similar spiro-lactones are known 
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from litcraturc. in particular from a publication by 
Lehmann. who performed some experiments quite similar 
to the ones described here; the only difference being the 

substrate and the applied base (NaOH/DMSO).’ The 
spectral data favour the structures containing a spire 

ether over those with a Spiro-lactone, not ruling out the 

latter ones completely, however (compare Table I. see p. 

1545). 
‘Ihe reaction products strongly indicate that under 

certain Wittig conditions-DMSO, THF. t-butanol- 

proton-abstraction occurs both from the acctyl- and from 
the acetoxy-group leading to the corrcspnding spiro- 
ether 14 and the spiro-tactone 15. For unknown reasons 
the spiroether 14 is stahle under the reaction conditions. 

whereas the intermediate 16 dehydrates to the unsatu- 
rated lactonc 15 (Fig. 4). 

The formation of the diketonc 13 on the other hand. can 
be ration&cd by assuming that the intermediate spiro- 
ether, being unstable in the applied apolar medium, will 

rearrange further IO a r&horn0 intermediate, which in turn 

after a rctro-aldol condensation will yield the diketone 13. 
This mechanism is substantiated by the observation that, 
according to TLC, in the course of the reaction fin apolar 
medium) an intermediate product has been formed, which 
in course of time disappears under simultaneous forma- 

tion of the dikctone 13. That the anion 12b was the 
intermediate was proven by quenching the reaction 
mixture and isolation and identification of the spiroether 

14. 
In order to support the correct structure of the 

spire-compounds. a series of experiments was performed 

in which the substrate 12 (I’la-acetyl, 17&acetoxy) 
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as well as “Lehmanns” substrate 17 (17a -acetoxy. 
17/3-acetyl) were treated under several alkaline conditions. 
as summarized in Fig. 5. All reactions studied were carried 

out in DMSO. to exclude a possible solvent effect. 
Figure 5 illustrates the observation that: 
(1) Under all alkaline conditions applied the a-acctoxy- 

compound 17 is converted mto a Spiro-lactone structure 

(19 and 20). 
(2) With sodium hydroxide compound I2 also rear- 

ranges to a Spiro-lactone (16) as main reaction product; 
but under Wittig conditions and when applying dimsyl- 

sodium as a base the formation of the Spiro-lactonc 15 is 
accompanied by that of the Spiro-ether 14. 

Obviously proton abstraction from the acctyl-group is 
in most cases rcsponsihle for the ultimate course of the 
reaction. Only in the conversion of compound 12 a 

competition in proton abstraction from the acctyl- and 
acctoxy-group, respectively. can under some conditions 

be observed. Apparently the position of the side-chain 
does have some influence on the course of the reaction. 

The pronounced influence of the solvent used is 
dramatically shown when turning from DMSO to an 
aprotic solvent like toluene; 

(I) Starting with compound 12 th dikctonc 13 (Fig. 3) 
is isolated as the only detectable reaction product under 
Wittig conditions, whereas in DMSO under the same 
conditions the spirocompounds 14 and 15 could be 
detected. 

(2) Startmg with compound 17 surprisingly the spiro- 

ether 18 (TaMe I) is formed under Wittig conditions. 
whereas in DMSO under the same conditions the 
Spiro-lactose 19 is isolated. 

‘This part of the mves~igakm ha ken camed out hy Mr. J. G. 
C. 51. I’crmecr. 

The explanation for the discrepancy in reaction 
behaviour of the compounds I2 and 17 under Wittig 
conditions may be found in a difference in the position of 

the side-chains to each other in the two compounds. 
Illustrative for the great similarity of the different 

spirocompounds arc their IK and NMK data. In the case 
of the saturated Spiro-compounds only IR gives some 

direct information on the presence of either an ether or a 
lactone moiety. NMR adds no substantial evidence to the 
structure elucidation (ether versus lactonc). For the 
unsaturated spiro-compounds even IR does not give 

conclusive evidence on the presence of an ether or 
lactonc ring. Characteristic for all saturated spiro- 

compounds is the coupling constant found in N.WR for the 
two ring protons (Table 1). 

In view of the large spectral similarity of the different 
Spiro-compounds a decisive exvriment has been per- 
formed in which as well as the Spiro-ether 18 as the 

Spiro-lactonc 19 were treated with the same base 
(NaOH/CH,OH).t 

Under these alkaline conditions the Spiro-Jactone 

dehydrated to its unsaturated analoguc. Treatment of the 
corresponding spiro-cthcr, however, resulted in the 
formation of the b-homo compound 21 (Pig. 6). Structure 
elucidation of this latter compound is based on IR and 
NMK. 

The alternative structure 22 could be excluded as no 
protoncoupling has been found between the olehnic 
side-chain proton and the CL.-mcthylcnc protons. A 

double resonance experiment revealed furthermore that a 
small coupling exists between the olcfinic proton and the 

Me group next to the CO group (J -0.5 Hz).” 
Hardly any shift was observed for the oletinic 

side-chain proton m structure 21 when turning from a 

magnetic isotropic to a magnetic anisotropic solvent 

I9 20 

Fig. 5. 
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Table I. IH and NMR data of UK &lTcrenl spwclkrs ad spklactoncs 

““05) ,,&“1 :pz ;;,d 

._.._ _ __ .-- 
14 II3 16 19 

1752 cm ’ (C=O) 1750 cm ’ ((‘=O) 1774 cm ’ (C-0) 
I .62 ppm (CH,) 

177s cm ’ (C-0) 
1.67 ppm K”,) 

0.92 ppm (l%CH,) 
I.51 ppm (CH,) 

0.80 ppm ( I8-CH,) 
154 ppm (CH,) 

l.OUppm (JR-C”,) 
2 52 ppm (2H.s) 2.47 ppm (2”‘s) 

0.97 ppm (1%CH,) 
2.63 ppm (2”‘s) 

J,. = - 17 HI J 
2.61 ppm (2”‘s) 

4” 7 -17”~ J A” - - 17 “z J A. - -17”~ 

1742cm ’ (C=<)) 1743 cm ’ (Cd) 
2.30 ppm KH,; J 7 1.5) 2.17 ppm KH,; J _ 0.6) 
S.70ppm (“: J - 1.5) S.RS ppm (H; sin&r) 
e:lo= 11.100 <,a- 11.100 
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fdeutero chloroform and hcnzcnc. rcsp). This observation 
indicates that the olefinic proton is situated in a plane 
through one of the two cartxmyl C atoms perpendicular to 
the CO double bond leaving two structure altcmativcs: a 
and b.‘ In view of the stcric hindrance expected for rhe 
Me group and CI-CO group in structure b (Drciding 
models). slight preference exists for structure a. 

.‘. 

8 b 

‘Ihc isolation of the tbhomo compound 21 shows 
unambiguously the presence of a spimcther moiety in the 
Spiro-compounds 14 and 18. 

M.ps were taken on a Hbchi cap&r) apparatus and arc 

uncorrected. Optical rofatlcms were mcasurcd uith a I’crkm- 
Elmer 141 polanmcrer ulth concentrations of abc~u~ I”r m CHCI, 

al W. unle\\ otherwise stated. IR cpectrz ttn cm ‘I wcrc recorded 
tn CCL. unless othcruir srard. on a Perkm-Elmer 357 spcc. 
IrophWnnler. NMK spxtra uere &lamed with a Ovarian AaOD 

sprcfromelcr in CIKI,. ChcmK-al shift\ arc rtprtcd rclalive lo 
TMS as hc mtcrnal standard. 

I:B . Hdmxy .A’ - 19. nor 178 H prcgnen - !O. one (IL 
Mercurylll) oxldc (X.0@ uas \uspnded m a rmxlurc of 1~1O~l 

C_W ml) and water ( I40 ml). and cone HW. (14.0 ml) w-a\ added. 
A slow slrcam of !iI was pa\\ed over and the \uspcnsitm *bc 
healed IO 50'. A soln of 170 . crhmjl A’. estrcn 178 . d (?o.Op) 
in a mixture of tduenc (400 ml) and iilOH (ZOO ml) was a&ted in 
5 mm Sllrnng ~a\ continued for 0 5 hr al ““. After cooling IO 

room lcmp ~hc mixture wac filtered throclgh Hyflo. and the filtrate 
uorkcd up (cxtracllon). ‘The re\rduc (HI.3 g) uas cry\ralllscd from 
acetone. )lcld I5p of I (m p.: 16%167% Analyrical sample. 

m.p: IhY-ITO’; [o],,: 9 M’; IR ((‘ll,(‘I,). 1660. XOI (J’). 1701. If&l 
(C=(I). MI0 (OH). NMR. ?.40(4-HI . ! !I ~II-C‘H,~. 0.97 (IX-CH.). 
(Ftund: (‘. 79.2; Il. IO.!. (‘ale. f(w (‘>,H.,O: c‘. %4?; H. 10.00: 0. 

IO.!X”r ). (Iuomalography of rhc mother hquor (3.0 g) on ~III~cI 
Merck G i.W par151 gave I la (0 45) (‘rystallr\atmn was done from 
acctone!hexanc; m.p IhT-I6V”. [u],; -62’: IR (CHICI;): lil! 
I(‘:()). 3.(9X (OH). SMR 5 41 (4-H). I IX lI:a.(‘tf,). 0.73 

I IK-(‘ii,l. 
l7fl - Hyfnny .I’ I9 nor 176 H 20 one Ii@ 

rnme/h+dy/efher (2) Compound I (!O.Og) uas dissolved in 
dlmcrh)l acelamidc QOllml)--&ctl hcforc WC over molecular 

sic\cs-and dry pyndinc (24 ml). Chk,rolrlmerhylsilanc (24 ml) 
ua\ added and the mtxturc was kcpf a( room temp. for 1 hr. tbcn 
poured into an ICC-cold K2(‘0. aq. 7l1c ppl was sucked off, washed 
with waler and dried. ‘Ihc crude product ua\ filtered through 
alumina (IoOg) in n-hcxane. The fihra~c uas conccnlralcd lo a 

unall volume and kept for 3 hr at 0”. ‘Ihe cr) dalr ucrc sucked off 
and dried. yxld B.Og of 2 From the mother liquor a second 

crop of ?.I g was &rained M p : 10X-l IO’; [n I,, -25’. IR. 3039. 
1663 (A’). 1706 ((‘=(I). 900. XW. X3X (OSi~((‘H,l,); SMR 5.3X 
(~.HI. 2.16 (?I-CH.). 0.W flX.CH,). 0.12 (OSI:~CH,),I. 

I?@ Hvdroxy I9 nor . 178 . H prepnan 20 one (3) 

Compound 3 was prcparcd according IO ~tx same procedure from 
rhc corresponding 17.cthinyl compound zu de=ribcd for I; ylcld: 
7OQ CrysraJlrsauon from acetone gave rhc anal)rlcal sample: m.p. 
156lW: [a],, - t 16”: IR (CH,CI,): I:01 ((‘=(-I,. 3610 (OH): 
NMR: ?.!? (?I-CH,).O.Y3(lX.Ctl,,. (i~ourn. (‘.:X.7; H. IOP Calc. 
for C,H.:O, C. 7X.XY; II. lO..(Y; 0. IO..(l?). 

178 Hpdrox~ . J’ - IY . nor - 178 H prrgntn 20. on< 178 

ac-dale (12). Compoond 1 ( lO.OgJ was suspended in IilOAc 
(300 ml). subsequently Ac,O (I 3.0 ml) and dinitrobcnccm sulfonic 
acd (0.10 g) were added. ‘Ihe steroid dissolved while sfirnnp and 
lhc mlxlurc was kept at room rcmp for I hr. then ncurraliud ulrh 
pyndinc. Working up was done b) extra&m. Tbc crude product 

(10.5~) was cryslalhseJ from acetone. yield: X.Cg of 12; m.p.. 
137-13Y’. Analyl~c&l sample: m p.: 14&14?‘; [(I],; -3?; IR. 303X. 
IM! (A‘). 173X. 1256. 1246. 1041 10Ac). 171 I (CO) ~lbund~ C. X.7; 
H. 9.4. Calc for C::H.,O.: (‘. 76.70. H. Y 36: 0. 13.Y3r;). 

Acclylalion of I with Ac,O and p)-ndlnc 31 rctlux temp. did not 

g~vc the expected acetate 12 hut a mixture of IWO other products. 
whKh could be separated hy chromatograph) I IOU part\ s~l~cagcl 
“~oclm”)~ 

(a) I7au .Mefhd 17~s . hdro.ry ?r’ I) - home-esrren 17. 
ant (ttbl. ~r)‘\lahil~on from acclonc ga\e the pure prtducf~ 
m.p: l37-13P: [a],, .I?. IR. 3030. 166X (1.1. 1714 tC=O). 34x: 
(OH); NMR. 5.41 l4.H). I.32 (175.CH,). 0.7? (IX-CH,). mass. 302 
(parent: 100%). 259 (!I%. !I.( (X%). 

(h) The 17a~~arefafeo~ Ilb. CrystaJliwflon from acetone p\c 

Ihe pure product; m p. ZO>ZO~. [a],.: .4@; IR. WI. IMn (?r’) 
1729 (W-I). 17CX, 1246 WAC); NMR: 5.42 (4-H). 2.07 f lh@k~ 
I.wO (I7aa-CH,). OX7 (IXCH,I. (Found: C. 76.9: H. Y 4 Calc for 
(‘>,H.,O; c’. 76.70. H. 9.36, 0. 13.YV%). 

.%&urn hydride-55% dispersion in 011+0 41 XI uat \u\pcndcd 
in dr) DMSO (9 ml) in a S’, atnxnphcrc and hc temp. ua\ ralud 

lo 70: Stirring U;LS conunucd for 45 mm al this temp. while H, 
evolved. The rmxfurc was cooled IO rcx)m temp. and a ujln of 
methyl rriphcnylphosphomumbromidc (3.55 g) m DMSO (Ih ml) 
uac added. After q min a win of I (1.0~~ in dry THF (IOmll UI\ 
added. 

The temp. WJS ranred IO iF and srlmng contmucd for 3 hr .Afrcr 

culling IO rot)m remp rhe mixture uas utwkcd up by extractton 
The crude producl. a mixlure of Iwo compounds. ua% chromatq. 
raphcd (HI silrcagcl “Merck G” (Iho PI. Compound 4a ua\ obtained 

in a pure crate (0.06g). IR: 10% IW (A’). 3On3. IMO. X9X (:CH,). 
May (OH); NMR: 5.3X WH). 4.3X (17.(‘H:). 4.79 (17.(‘Hz). I 27 

ll7aCH,I. 0.11 (IX-(‘Il,l. (Found: C. X3.9: H. I0.Y (‘ale for 
(‘..,H,,O. C. 83.Y4. H, 10.71; 0. !.!_%J ‘Ihc istlmer 4b. could not 

be obtained in a port state. II was contammarcd with 4s. 

(a) Compound 3 uas treated a\ de\cribcd in Se&on H; uorkrng 
up and suhuqwnt chromatcgraph) ytcldcd the cpimcrs 7a.b. One 
cpimcr. 7r. uas ohtamed pure rn a yrcld of 44%; m.p. 136.5-l 37.5’: 
[a ],, - -49”. IX (CH..CI,): 30% 1683 I=CH:). .%I9 (OH,; SStR 

(WMHr): I.29 (17a/_%CH,,. 07s (IX-(‘H.I. 4 X5 HI l=(‘lI:). 
(I;ound: (‘.X3.5; H. 11.4. (‘ak. for C2,Hu0. (‘.X3.3X; H. I I 31; 0. 
5 FE+). The mend cpimcr. 7b. could he obtained pure h) 
cr)stallisaation from McOll-EIOAC. yield- 2.55. M.p. I I I-I I? ; 
[a],, - 123’: IR (CH:CI:): 30X!. 1641 (-CH:). .%I7 (OH). SMR- 

WMftz): I.31 (17aa~CH~~.O.#)(IX-~‘ll.~.4.~~andJ Y!(=(‘lizl. 
(h) O:onr.rartrm I)/ I7afl mrrhyl . Ii.17 - merhdow u . home 

!a - csfr(u~ Iha - 01 (781. A win of 7r t I 0s) in Cff2(‘12 IW ml) 
ws treated wnh 0. (5% m ox)gcn) a~ -7oL during 10 mm and 

suhuqucntl) al that same temp. dunnp IO mm ulrh 0:. 
After w-armmg up IO room temp. the mixture ua\ rrcarcd ul(h 

~~011 16Oml) and 7s poudcr I? gl. After surrmp for I.5 hr Ihe 
mtxturc ua\ poured mro water (ZOOOmll and extracted with 
CHzCII Workmg up and suhscqrm cryslalhwlmn from n-hcxanc 
yielded an undcnuticd actd-yield: JJS;.. chromarograph! of rhc 
mother liquor yielded. after cr)sraJliurhm from n-hcxane. 
compound IC M.p IR7-IW: in],, - 19’. IR ((‘HICI,). I’IY 
(c’=O), 36161OH). NMR I.IX(I~~~CH,~.O?~~IIX-(‘H~I (Found. 

C. 79.1; if. 10.7. Calc for C,lf.,O.. C. %X9. H. IO.5Y. 0. 
lO.!l$$). 

For further IdenrficatKxl the ac)d &rained (0 I IA gkrna\s 
M’ .. 3X3.1 136%). %I’-COC’H, = 2772 @Y?FLLS rrealcd ul(h 
I,AH (0 IflOg in IO ml of ‘THI:l. After \lining fcx ?n hr al room 
temp. ualcr was added (0.4 ml) The rcsullmg \oln was fillcred and 
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rhc filtrate was pwrcd out into waler and exrracrcd with CHKI,. 
After workmg up and subsequent crysIallisation from acc~ooe. 8 
wa obraincd in a yield of 35% NMR: 3.73 (oile proton. quartet. 

J - 6 Hz. -CHOHCH,). 3.54 IWO proIons. -CH,OHl. 1.02 (three 
profons. doubler. J = 6 Hr. -CHOHCH,I. 0 62 (singleI. 1%(‘H,l 

(a) W’trh mefhyfene fnphm#osphorunr in I).W.W Sodium 
hydndc-5% dwpcrwn m od-~I.~og~ was wspcndcd In dr) 

I).\ISO (Ml ml) m a S, almu\pherc and IRK temp. ratsed lo 70’. 
Slirnng &as conImucd for 45 min at Ihis krnp. AfIcr cvvhng IO ?C 
;1 wln of mcrhyl irIphcnylphosphonlumbrum& ( I9 2 pl m DMSO 
(90 ml) ws added in I5 mm and srimnp u-as conwwcd fur anc4hcr 
1s mm ? soln of 2 (S 61 g) in wlucnc (5q ml) was Jddcd and Ihc 
Iemp rawd IO ‘0; After 2 hr no sI.arting marenal ua\ IC~I 
accordmg IO ‘T1.C’. H’twkmg up was done b) exIractron wIh 

n-hcxanc ‘Ihr \II!I ether u.i\ \phr off In M&H ul!h pfoluenc 

\ulfwuc acid 
‘I hc crude producI con\tsIcd of about i products of u hich 4a.b. 

5 and I1s.b could he idenIIlied by TLC. 
(Iv) Il’rfh mrfh+ne fnph~~nrlphor~~h~~runp tn foluetw. A suspcn. 

wn of methyl triphen)IphosphonIumbromidc I I4 4 gl in dr) 
Iolucnc l6Oml) ua\addcd 1on.iIu1.i ~!hml. I.l~mol in rvhcnanc) 
m a S, aImo\phcrc. ‘The mwurc u’as rcfluned for ! hr. Affcr 

ccwlmg IO 25’ a win of 2 (3.74 gl In dr> rolucnc (JO ml) was added 
‘I he mitturc u-a\ rcfluxcd for 14 hr. after uhtch still some starling 
maIcrlal ua\ present AfIcr uorking up and rplirtmg off ~hc #I 

cihcr the stanmg mafcrul u-as separated b! fil~ra~ron through 
\tllcagcl The product u-a\ cr)srallised frum acetone-hexant 
gnmp pure 5 IO I? gl: m.p. IO.~lOY; 10 I,, -31’: IR. .361X. 99: 

10Hl. 3039. It64 (A’); 3081. 16.34. 898 (=CH:); NMR: 5.40 I+Hl. 
4 X5 ~(‘lf,). I.83 IZIX‘H,). 0 97 (IX-(‘H.) IFound: 83.9: Ii. IO 8. 
(‘ale. for (.2,H,:0 (‘. X1.94: H. 10.‘3. 0. !.3?%) 

ICI H’ifh mrfh~lene friphrnvlphosphoranr In pyfdtne McIh)l 
rrlphcnylphosphomumbromrdc ~!.cOg) was ru\pendcd m dry 
p)ndmc whdc N: uas passed wcr: n-HuLt I% ml; 2.23 mol m 

n~hckanc) ua\ added In Xl mm. u-hrlc the rcmp ruse from W to 
45’ Ihc mlxfurc uas heated IU rcflux-tI5’-and stIrred fur an 
addiwnal I C mm during u hK-h all marenal dissolved arxl n-hulanc 

c\olbed Then 2 (41.5 g) m dry Itduenc ~2OOml) wa\ add&. and 
rcflux *a\ zonmwcd for ! hr ‘llw re;lcfIun uas worked up h! 

ewacIwn ulth whcxane The \tlyl cthcr was \pht otl In acc~t~lc 
wIlh 25 HC’I. 

I:xlracIw wth CllI(‘12 and cvaporalrw of the wlven1 gabe a 
rc\lduc of 659. (‘hronwograph) on sibcagcl “H’wlm” with 

wlucncihcxanc 50: 50 gave ?Oog of Iriphcnylphosphmc; m p.: 
82.83. Subscqucnl CIIIIIM uirh IolucneXIOAc gave 5 r!!g) 
confammafcd. however, urrh a b>-product (llbl uIth the wnc H, 
\ aluc. 

Scprrarwn of the IUU comptnmds could he achwcd h) Ircatrng 
the mirlurc uIth SaBll. .md subrqucn1 column chrornatograph) 

The Iwpropcn)l compound 5 wa\ crysralliscd from .HcOH: jicld: 
I!g. m p 100. IO!’ 

13) Htfh mrfhylene fnphen~lphosphorLvIr In fMS0 Sodium 
hydrldc- -CC? dl\pcrvon m ~11140 166) was suspended m dr) 

DMSO 14.1 ml, ma N, almosphcrc and Ihc temp. ua\ ralscd IO 70;. 
Afrcr JC mm 1h.c mlxlurc u.$\ cooled IO 25’ and mcIh>l 
~nphen~l~~~honrumhomrde I I.4:g) dItrolvcd In dry DMSO 
16mll ua\ added. After IOmrn a win of 12 fU.!l6gl in dry THF 
I IO ml) ma\ added. and \Itrrmg ua\ cctnrmucd a~ 7F for ! 5 hr. 
H orkmp up was done h) cklracl~on and gave a residue of I 3 8. 
sutwqucnr chromaIography eve IWO pure producI\. ‘1%~ first wa\ 
cr>>lallwd from acelunc. yicldmp IS lU.??gl, m.p.. 231-235’: 
[IX],, . IIY. ‘2% 11.100: IR (CllXl:) 1661. !!M (A’). l74! CC-01. 
lhl( I(‘=(’ m 5.rinpJ. STIR: 5 69 tli(‘=C. J - I .C Hz). 5.45 (4-H). 

?.I! Id. J 1.‘ Hr. (‘II,-c’=C). 1.09 f IW-CH,I. (Found. <‘. 80.7: H. 
9.3. C.dc. for (‘,:H,O..: C. K1.93; H. Y?h. 0. 9.8PZ). 

The ucond product cc& no1 be cr)sIallIvd 114): IR. .WM. 
1661 (A’). 1752 K-0). Moo (OH): NMR- 5 41 14-H). 2.53 

IJ,. - I3 Hz. H,C-C-). I 63 (CH, ncxl IO erhcrl. 0.93 (IRCH,). 

(h) Wifh mefh&~e friphen~lphosphoran~ in foluenr. MeIhyl 

IriphenylplwsphoniumbromI& (7.43g) was tied IO a soln of 
n-RuLi (I6 ml; I I! mol in n-hek;mcj in dr) ~olucne (75 ml) In a N: 
atnw\phcrc The mixture was hcatcd under rcflux for I .( hr and a 
win of I2 (4.22~) m dry Iolucne l!!mll was ad&d in <min 
Siimng uas conrmucd for 3.5 hr. then Ihc mixlurc UJS cooled lo 

room tcmp and uorkcd up hy extractton. The crude producl 
16. I g) uas purlficd by chromatograph) over sihcagcl I .3IM gl Aflcr 

Er)stdh\J~lOn from mcrhyl c!amdc pure I3 was obIamcd. m.p.: 
lv+l3f’. [o],, *3?; t:r. - h.lW. IR 3039, IMI IA.). I659 (?r’“l. 

1677 IC=O). 3453 (OHI; NMR 604 (dd. 16Hl. s 45 (4-H). 1.0: 
(l&<‘H.l; miw. B6 (parent). (‘ornpound 13 ua\ further characlcr- 
iscd through II\ acetale. I? hydrox) 1’ ‘I. 11. homc~slradrcn 
lia one I:.acctatc. m.p.: lJ!-141’. ZMR. 6.4’ Idd. Ih-HI. 5.45 

14-H). 2.20 (0.~~). I 13 IIK-CH,) 
(c) Hifh codrum hydro.ril in fMS0 Compound I2 (2.5 p) was 

d~rsolvcd In dry DMSO (60 ml) and a calalytic amwnl of SaOH 
powder was added. After 2.5 hr \Iandmg a~ room temp. the 
mixture ua\ ncutnliscd ulth AcOH and dduted wIIh.Icc-warn 

The pp~ ua\ \ucked ofl. drlcd and punfwd b) chromalograph) 
o\cr Glicagcl. SuhwqucnIl! ucrc ~wla~cd. 12. I4 Im muwr 
quanl1Iwl and 16: compound 16 m p X9-?I?‘. In I,, -2-l’; IK 
(CH,CI:l. 1665. gl I (A’). IT4 (Qwmbcred lacronc). Moo (OHI: 
NMR: 5.44 (4-H). 2.63 I-?\B-I,. I7 Hr. CH, In Iacfonc ring).. 

1.51 (CH, in &tune ringl. I W (IX-(‘H,). (f%und: <‘. ?b.h: If. 9.5. 
(‘ale. for C2:H,:O~: (‘. ‘6.‘0; It, 9.30. 0. l!.9141. 

(d) Wrfh sodium hydride m fM.SO Sodrum hbdndc 10.12 gb 

CW dI\pcrston in od-ua\ su\pcndcd in dr! DhlSO (5 ml) m a Z.. 

atmosphcrc and ~hc Iemp. wa\ r&d lo ‘0’ After 4Omtn rhe 
mlxfurc ua\ cooled IO room temp. and a win of I2 t I.0 g) In dr) 
DMSO ( Is ml) u-a\ added. Sumng ~‘a\ contmucd for I hr. then rhe 
mixture P- pwrcd OUI into icc.wlcr and the ppl uas sucked ofl. 

ChrumaIt~aph~ of the crude produc1 obcr Glicagcl yielded Ihc 
spuwompound\ I4 and I5 

I:. ReononRemcnf~ o/ !&l:n dthydrory .A’ . prrgnen !IJ one 
170-acefufe (17) (I.‘rg. .‘j 

(al M’ifh sodium h!dndc in flc1.W Compound I7 (!.?Jg) uas 

trcarcd In Ihc same uay as dcscrrhcd under wcrlon E.d ‘1%~ mam 
producl was cr~\laJlIscd from M&H gI\Ing tb Im p. !6! X4’). 
uhlch uas characwwd through II\ ~&ICCI~IC~ m.p.. !36C!W; 
In I,.: I4Y’: 6 11.100; IR (CH:Cl:) 1670 (A.). l7.W. 1246. 1032 
l3-OAc1. 1743. W I%wmhcrcd lac~onc). IOi! Icon]. C=Cl. KhtR- 
( 42 (6H). 5.83 (quarlc~. J = I .C Hz. CH: In Iaclonc,. 4.61 13-H). 
i:l! Id. J I 5 HI. (‘H, in IacIonc). 2.02 (C)AC). I 03 f IY-CH.1.0.93 
(ll+c‘H,l. ma\\ Ic0mpound L(l. 3% (parent. WPI. 33X 1’75). 3Y 
IhIT) 

lb) Hlrh sodium h!drortdr in f~.\ISf~. Compound I7 13.-l pl 

uas treated a\ dew&z under E.c and Ihc produc1 uas accI)latcd 
for wuclurc clucidalron going 19: m.p. ZCb?V;: In I,,. ‘0”: IK 
(CH:C‘lrl. 1670 (A.). 17X 1249. 1O.M (!.O.%Cl. 1775, 963 

f~.mcmlwcd lactwcl. 3007 (OH); SMR. 5.41 I&H). 4.fQ 13-11). 
! 4X (J..” - 9 Hz. C‘H: In lacfonc). 2 (I! 13.OAc). I 53 ((‘H, in 

lactoncl. I.02 (IY-(‘H,l. 0.97 (IX-C’H,). TrcaImenl of I9 (O.OWg) 
wrrh NaOH (II O.Cg) tn M&H 10.5 ml) for 3 hr 31 W pave after 

working up to. 
(cl N’ifh mefh~lerw fnphen~l~~hr~rpkorone rn IL\I.SO .SodIum 

hydride-55% dispcrslon In c&_(l.!g) u-a\ w\pcndcd m dr) 

DMSO (40 mJl ma N, almosphcrc .md the temp. ua\ raised IO 7(r 
AfIcr 45mm ~hc mlrture uas cooled IO 2’. and mcrhyl 
Irlphenylphorphonlumhromdc ( 14.4 gl d~wdvcd m dr) DMSO 
(60 ml) was added. After 20 mm a win of I7 (8.32 g) in dr) TIFF 
(60 ml) uas added. and stirring ~a\ conIinwd al %Y for i0 mm. 
U’orkmg up was done h! cktlraclwn Column chromalograph~ of 

fhc residue )icldcd compound 19. 
(d) Hifh mefhylerw fnphen~lphosphorune in roluene. McIhyl 

InphcnylphosphonIumhromIdc (6.1 g) was ad&d to a win of 
n.lu1.i (7.5 ml. 2.25 mol In whcxanc) in dry ~olucw (75 ml) In a Sz 
atmosphere and the mlxturc u’a% rcfluxed for 1.5 hr. rhcn cooled IO 
W’. (‘ompound I7 (3.74 g; J&acc~ak) was added and the rcmp 
wds raised lo r&k. Slimng was conlmucd for 1 hr. then the 
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reaction was worked up by extraction. Subsequent chromalog. 
raphy gave two pcoducls: the spiro-cther i$ m.p.: 203-~5'; [a 1,,: 
°.,4*; IR (CH2CI:): 1670 (",'), 1727, 1240, 1034 13-OAc), 1749, 1405 
(C=O), 3582 (OH); NMR: 5.41 (6-H). 4.61 O.-H), 2.03 (OAc), 167 
(CH, next to the ether). 1.03 (19-CHO, 0.78 (18-CH,): mass: 416 
(parent, 44%), 356 1100%), 338 (73%). and the 3~-akohol 17. 

Treatment of 18 (0.05 g) with NaOH (0.05 g) in MeOH 10.5 ml) 
for 3hi" at 40' gave after working up 21 (0.038g); IR ICHzCI:): 
1606, 963, 955 (C=(.'), 1688 (C-O, 2x), 36(18 (Ol'l}; NMR: 5.41 
(H--(?-~). 5.38 (6-H). 2.21 (CH, in side-<hain). 1.03 (19-CH,), 0.% 
(18-CH,); mass: 3,56 (patent). 
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