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TbcextMdharyeaseofCoperePnoaguaeotillsemi- 
bullvakoe(A~‘=S~kcal/molat-140 causestbctwo 
smi&ua@ &gcoczate vaknce isomers (la& to exist in 
a state of rapid mokcular llux at ambient temperaturea. 

la b 

The 6&ctroo traosilion state whkb cootrol8 this 
lhlxboy behavbr is olbimauy exotbmlic due to rigidly 
conrermcd nature of the folded molecular framework 
which casts t&e intemal cyclopropane 4 orbital h a 
fashion paftiakly suitabk for overlap with the two 
per&ral * hoods? As we have *moastrated pre- 
vhlsly?” the electronic iutIuence!J which prevail in 
moaosubstituted semibullvaknes give rise to promxlnced 
prouod-state quilhium displacemeots. Additionally 
rev&d by ‘H NMR is the preferential bomling to 
ok5aic > cyclopropyl> al&tic carbon, independent of 
thelocath(tw~siterestrictioo)andnatureoft&R 
grMp. The nsponse of the semib&akae qllihium to 
b&d&g at Cz aad C, by aliphtk chains is yet more 
delicate? The dramathlly varied effects pmduced upon 
am~ulatioo by triQ), t&a-@), and peotametbykne units’ 
(4) reveal that the particular characthtics of a give0 
(CH& bracket can greatly alter ground-state structural 
features..Iot&uhgly, the respooses of 2 sod 4 to cbang- 
& temperahue are diametrically opposite as well. Thus, 
wbl!llCS?solutionsof2arecookd,tbeumceotrathl 

0 b 

2: X=CHn 43 57 
2: X-(CH& 20 10 
I: X-(Cl%). 23 42 
5: x-o 0.3 22.7 
0: x-s 10.5 99.5 
7: X = NCHJJh 7.1 92.9 

kvdsof2aand2bbccomcqualizdat-29”~bclowtbis 
tempcratum. 25 dominated tbc quilibrium.’ Io’tbc case 
of 4, the pop&ion crossover occurs at approximately 
+lT and 1) is favored at lower temperatures.” IO 
addithtocalliagatteothtotbcfactthatadimhutioo 
in%ach?tiugstnin’~doesnotc!orrelatewitJlann 
hanced conceotratioo gBdkat of the tricyclk vaknce 
tautomr havia e central cycbpropane riug, these 
9 sbpw the amiivpkne nucleus to be a ‘Bae 
~!p,~ problaO of orwnd state prrtur- 

Who the t&e beteroatomk 2,8-trimethyknc deriva- 
tives s-7 were prepared, their quilibria were fouDd to be 
shifted heavily in the dire&o of structure b at +4tP.” 
The effects of dimiaislxd eclipsing iotemctions and co- 
lmnced ekctronegativity were thereby made ckar. 
However, the resultant imlmkoces were too one-sided to 
permit mcaahgful assessment of more subtk effects, 
particularly since the heavy biases were not signihntly 
altered with temperature (- 120 to + 1MP). We reasoned 
that &eased insulation of tbc semiivaknc nucleus 
from the betero-atom w@ still pnserviog an element of 
symmetry as in 8 should kssen ckctronegativity control 

and ma& possibk the d&rod evaluation of eothdpic 
and entropic changes as a fun&o of X. Such effects are 
frequently not visibk when examined by other tech- 
IkiqWS. 

we have now slKc&xkd in ~Sixwmii 

v8knc derivativea c4nlfm to pmll formula 8. The 
lwultant variatkml ill quilarh weighting have pro- 
vi&d a wealth d informah about beteroatom effects 
iamediumril@s.-rbMfindiagsgainpartkular 
si@ancewhithrecogG&tlmtlittkinformatkn 
onthecoafolmatbnalbehaviorofsatdraM~ 
moaobetaocycler is otherwise availabk.” 

SyRrMc UspectJ. scbeabc 1 depicts the route which 
lms kd successfully to oxa derivative w. ozooolysis of 



lOa: R-H 
b: R=Ac 

11~ X-OTs 
b: X=l 
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diaxasnoutene 9’*” followed by reductive worhtp with 
sodium borohydride gave diil 1L in excellent yields. 
When various nucleophik cyclixations were attempted 
on IL and selected derivatives, the reactions did not 
proceed as expected and only trace quantities of the 
desired oxepane I2 were obtained at best. Inchxled 
among these methods were treatment of 1.a with OtM 
equiv of methanesulfonyl chloride and excess 26-htt.L 
dine in r&txing tetrahydrofuran (THFL” aud exposure 
of monotosyhtte lla to excess trkthylamine or sodium 
hydride in retkxing THF.” Utikation of the cot- 
responding llEsityhutfonatc ill an effort to c_lub o_ds 
cleavage proved simharly unsucces&l. Admu&re 
the recently developed N-methyl-N,N’di+butylcarbodi- 
imidium tetraBWoborate reagent” with 1L and 
triethylamiiafforded12inlessthan1O%yield.Itwas 
fortksereasonsthatattultionwasturnedtoaniW 
tramolecular dcct~~phrlic cyclixatioa approach.” For 
this purpose, mouotosylate lla ‘Was converted to iodo- 
hydrin lib by reaction with sodium iodide in hot 
acetoae. when allowed to react with freshly prepared 
silver oxide in nfluxing THF, 11) was smoothly trans- 
formed into 12 (57% isolatad yield). 

l-k 100 MHz ‘H NMR spectrum of 13 in CDCh shows 
the protons 0 to the ether oxygen to be widely separated 
and strongly coupled. One two-protoo doublet of quar- 
tets (J = 13.0.5.0 and 3.0 Hz) appears at 8 3.85 while the 
other is centered at 3.14 (J = 13.0.8.0 and 20Hz). If, as 
is often the case, the uptkld pattern is duetotheaxial 

m 

protons,” then the 13.0f-k sphttinq may be assigned as 
tk qeminal coupling constant (A,&, the 8.0 Hz splitting 
asthetranscouphuq(~~~),andtlm20Hxsplit&as 
thegauchecou$Ah@(J.).The8385nndtipletistkt 
tk result of 1, (13.0Hz) and J- (5.0 and 3.OH.x) 
spiniWacuoowiththepair0f~s. 

Sequential alhalhm hydrolysis and oxidation (hi&x) of 
I2 under argctu gave l3 io 60.4% yield after two sublima- 
tions at 10’ torr. The pale ydlow solid was charac- 
terizedbyitsaccumtemass,WandUVspectra,aud’H 
and “C NMR features (see below). 

Access to hexahydroazpii W was gained by reaction 
of 1.a with 2 equiv of sutfene atut double oucleophik 
displacemeat of methauesulfonic acid from 14 with cx- 
cess benzyhimine in a&o&@ (scheme 2). when 
hydrolyxed and oxidixed in an hmrt atmospke as 
before,lswastransfonuL?dviathelabile-tene 
to the low-melting axa derivative 16. Ibe UV spechum 
of 16, which cousists of three approxhuatety intense 
shoukrsorweakmaxima bchw25oMlootbcfringcof 
intcna end absorption. is typical of the electronic rpec- 
tra of the other members of the series. The imkated 
SmKtural ass$lmeot to 16 also follows coWin&& 
from its mass, ‘H NMR, aud “C NMR spechal 
parameters as discussed in the followiug sections. 

Elaboration of sulthk 17 was simiiy achkval by 
reaction of 14 with sodium sulfhk in NWimethyl- 
acetan&cthanol sohttion. Thiasemibullvalene 18. its 
sulfonecounterpart~,andthepairofsutfoxideepimers 

l9a Wb 

!kkmt2. 
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I2 2oa: R,=R,-0 zob 
2%: R,=O,Rn=: 2m 
24a: R, - :, R.=O 24b 

scheme 3. 

23d24wentheapnpuedbyprailkciitiad4 
(schcml! 3). me sulfoxsm preseht a0 oppomdy to 
examiOebridpiaeaedsubathmt~~atakvelof 
r&leamt not previously posaibk. m two isomers 
pNWUOablypoSKSSilUhbolMlkPptbsaOdaOgkS* 
identical&!kctmk&maOdsfroalt&betaprtoi,etc, 
bntd&rintlmcfeaturcsiO&ccdbyt&n~ 
rdativepo8itkOingoftlheoxygunatlmandtlEloOepair 
of&ctnmondfur.Nevatbekss,aawillbcmde 
GvidedthCCXtClttOftbepertmktioaOlltbC2Cmibua 

vaIuec-qdahmbsRbetlathl. 

In view Of tbe wcll-ca- tmdency for m- 
cblomperbenzoic~tDoxidiae~witflprcfereO- 
tialformationoftbckiOctkpradtlrr”itcameupo 
sWprkethrt~ntofl7*tbisn?agcOt’pveaO 
80:20adxtlrnoftwo~oxides.Additionof~fodhto 
cDcI,aohltiomoftlhOlixmcallt8ede5ckOtdafaeO- 
tiddkldiugobtbe’HNMR~tiom,mostcleuljr 

evident for the 

s 

>CmJ( *‘Atot dTpd;E 

,8enally==k=d 
tbcrmoctynumcplly favoml suMoxilk,‘m con- 

Theindiv&dcompoaen~wcrcholrtsdinapufe 
statebyprqmtivetk.‘lIicminixsdfoxidewaaOoted 
tolunk~excepth@facikepinsetizptioatot&ma- 
jnrcmaamtwAftu2hrat7(PhrCDCh,therpprfent 
teeiraodylrrmic eqllilii (ca 80:20) was cLsmtidy . cshbldd TbeapMlpurtknoftbc’HNMRspec- 
mmI in cilcl.[8 3.60-2.20 (ml ah 2.05’ (m, 4) altd 
2.aL1.20 (In, 2)l ia didiodvely d&cnt from t&at of tbc 
domiBmtqinler[83.40-280(m,4),~2.30((m,4)aad 
206 (m. 4)Ii The ,+ex drama& dmhkld& l@kll 
alYCCtStWOlDOtbylelw.protoarbPaQllkediydPetot8e 
anisotropy af tbc dfoxilk ppop. 

To&momtntemwqnivoaIlytheepimaicnrcmeof 
theae8lht8maandtoaaowpnprntionof*aate 
amouOtsoftbcmiOor’isomertoco~theryOt&tic 

sequctk2e, the major sdfoxhk was subjectal to tl% 
JoBpron-Mccall~, proc4Am’9 o-methyktioo with 
Meenvei~‘s reagmt followed by treatment with aqueous 
aodium hydroxide kd to net s~mical iOversio0 i0 
G&$klb . 

coaesuraoons of tbwe !ullfoxidcs have been 
amsigd 00 the b&J of th fouowigj evidence. For 
example, the well lwxl&ed fact that @ proums i0 
cyc’ilc 6-mmbaxd sulfoxides are ahvayr strol@y 
cicah&dwbeapoaitionediua1~rclatio~ 
toansdgroltptbutnototbawi6e.-drlhdeto 
tbcpowibkaxklOatnreoftbeOatomiOOliOorimmr 
22. me otba stereocbemial effect8 so- ob8erved 
iO8alfoxidcsarethcgmterlnmqhakaceoftbc 
methykOeprotoasatotbe!mftIncth*otbe 
oxygen is equatorial,- aQd the somwbat more OQa- 
tive(largcfiOabwhItemagdtuk)gcmhalcmpliQg 
CoOstaOt for a protons ill the axkl &om.y TIM 
umgluak arhotmpy pbcaomeooa is Oot ahvays eocouO- 
tercdbeauueofagcomtrk&qmkOce,~&0dtbm- 
foreitsuaeasaproofofcodg0atioo&6uldnotbe 
Cmp~As~OiOFig.l,tbCCbCmicrlshiftCri- 
tl!doOforILisakoOotofgreatuaeiOt&pr&ot 
study. ukewke, the e&t of’tk dxygca i0 zt ii to 
enhaace ICI& somewita& but the cause of ,tllis 
phemnaemo is unckar. obviomly, t& total 8pcctnd 
pro3k&unotconvmgetoafuUycioo~i0tmaUy 
codateOt proof of co- Therefore, a sohdon 
tothequ!stioOwaa!mlghtbyk!Mcquivdcbemical 
methods. 
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5.0 4.0 3.0 2.0 I.08 

FW 2. ‘H NMR apecm (100 MHZ) of 13 (top). 18 (middle) md 4 (bottom) morda~ in CM, & u +l(r. 

6ilEEL -Yr ml Tl-mctlalQ 
mait, 6 lrau k 

0 w 3.00 0.20 4.00 -es3 

I (gy 3.57 0.2 1.63 -3@3 

ma (gy 3.75 0.43 1.33 -2s 

a (9 3.75 0.43 1.33 -I76 

m by .4.5-l 0.68 0.4-7 470 

eq cg) 4.76 0.75 0.33 624 

g2+eo (2$9 5.22 0.69 0.U mJ 

hat . am~aRl&pwlmtiYetoiakmlW. %-tbad~irMtaauMad 

fro pwldo .Cclumcy ImalJ as bttor tbn y at boat. %I c&cl@ aolutlal.- 

more cquitabk distribution of its two forms in CDCl, at 
+400(5746ofl~ToMel).AsseeninF~3wbma 
nverlisgc0mpalisonhmrdewitflitstrimetbylene 
couoWp&, the H*. I& protons of 16 appear at 8 3.75, 
tbc~positionobscrvedfortkfhtxiodprotonsin4! 
Tbcprmnacntty~pmtou&~ntStete 
5.00; spin dcawphg mcasuJe 
ass@ments.Thisspcdnunwas~~ 
asthestudkinCSICTabIe4)alldC4ChCF~(T~ 
5)CXhW.IOWtUdity,.tbCeQ&XhUldhtribudw&l 
cs2rpaoerfFom~ofIib~+u~tos~oflo~ 

-85.6’. At -75.40, an equal proporth of the two tau- 
toam was seen. The data gave eatbdpy WI’= 
S2*#) cdhnol) and owopy (A.V==291tO.O9eo) 
v&es for l@b-,l(r, entirely compmnbk with tbosc . 
t3cmmld in CD2cI~Flclr aohltial(427* 17 alumol; 
l.37*0.18cu). 
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+)2.3 2.73 0.X3 7.3 1.21 

l 3.7 2.60 0.x)5 0.6 l.lE 

-29.6 2.64 0.092 9.8 1.u 

-44.4 2.57 0.071 13.1 1.U 

-56.3 2.56 0.068 13.8 l.l,3' 

-72.8 2.52 0.055 17.1 1.w 

-88.4 2.47 0.040 24.0 l.l7 

-99.9 2.46 0.057 26.1 1.13 

Yoonlblna3&le. %tcfcrcacodtolntcmmlmuldc. l OtbCt~md~ 
Neamac. rarimd camtmt at 5.04 II. 

w.3 2.92 

+3.7 2.90 

35.6 2.04 

-44.1 2.77 

-56.3 2.76 

-72.0 2.72 

-88.4 2.67 

-93.9 2.66 

4.60 see 
b.& a65 

5.50 843 

6.36 e56 

6.74 Be3 

7.55 .m 

8.es @a? 

9.16 764 

+3L.2 3.54 0.37 1.71 3’+r 
-3.4 3.66 .0.41 1.46 2ob 

-9.7 J.70 0.42 1.39 172 

-34s:3 3.79 0.45 1.24 D3 

-51.2 3.83 0.46 1.18 71 

31.7 3.m 0.47 1.12 53 

-36.7 3.a 0.47. 1.12 45 

46.0 3.90 0.49 1.04 Is 

-73.4 3.% 0.50 LOO 0 

-83.6 h.04 0.52 0.91 -34 
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Fig. 3. ‘H NMR spectra (100 MHz. CDCI, solaioa, +hP) of 16 @oaom) and its trimabyknc szoun&h 

-9.3 b.ls 0.57 0.76 uo 

-51.7 b.n 0.59 O&B 170 

-56.7 4.29 0.60 0.67 '175 

-66.0 4.2 0.61 0.6b .lm 

-75.k 4.35 0.62 0.62 lE8 

-85.6 4.39 0.63 0.58 m3 

‘%oJmsin 1:1:1C&Cl&v&l@-Yla. h.lati"toin~m~c~ctodR, 
t&mttb~rswace mlmdcautult et 5.32 b. 

comprise 62% of tbe mixture in CDCI, at +W. Variabk 
temperatun undies in CS, (Tabk 6) demonstrated 
furtbcrtbat*equilibriumdistributiooofthistantomer 
vuksfrom64%at+3335otoSO56at-92P.Tntaeot 
of tbcx data gives AH0=55s*13caumol amI As@= 
3.09*0.06cu. In CD&ll-CF2Ch aoiution, the dia- 
triio of vakna isontcn wa8 &MWwfmt less 
tempmtundepemkot (AH’= 187229 cal/mol: AS= 
1.04iO.14~~; Tabk 7). 

Tautoanxbwasfouodtobethefavcnedformoftbc 
sldfoxi&a and sldfooe. Of the, tlW sya solfoxiie 24 
wasfouodtopo8scsrtlKlmostcq&bkdi8ebaWof 
WtOllWWitbbOfNOdtOthCCXt8lltd68%$Ihb& 

1). IO C4Ch SaMion at +40” (Fii 4). I& and I& 
appcxaiurtripktat84.57:asthetcmpcrattnwas 
decreased, tbe popuhtioo of 24b inclwWd to 89% (-730. 
Tabk 8), corrcapondipg to a AH’ of 1.43 ~~0.12 kcahol 
md a AS of 3.15*0.51 cu. 

ItisobviousfromthespstrnmofsulfoncI(Fii4) 
tht~StillgE&l!Xbh8towudhutomerbCXi!StSrt+400. 
Iothiaexampk,tbenthcrwidesepa&onoftbcupMd 
lKota+emk8lahifbfacilihtedthedwwefcsonaace 
~.Tbce11&toftbeihdlkdOdomOnWlflU 
wastoiIWcasctbcn?ktivccobcentntiooof#toa 
kvd of 77% (8 II., I&=4.76). Vat&k tcmpemture 
st&k8ioCDaClrCFaC&(nbk9)ckmonrtratedthe 



+33.5 j.4b 0.34 

+33.4 3.46 0.35 

430.0 3.50 0.36 

-2.6 3.53 0.37 

d2.4 3.38 0.9 

-16.6 3.59 0.39 

-26.8 3.61 0.39 

-33.0 3.65 0.40 

-34.4 3.66 0.41 

-41.8 3.68 0.41 

-44.3 3.70 0.42 

-54.6 3.74 0.43 

-55.0 3.75 0.43 

-63.1 3.79 0.45 

-67.8 3.81 0.45 

-79.5 3.86 O.b7 

-92.5 3.% 0.30 

1.95 -4l2 

1.50 -393 

1.83 -3% 

1.73 -WI 

1.62 -251 

1.58 -241 

1.58 -219 

1.48 -l89 

1.45 -la0 

Lb5 -l64 

1.39 -150 

1.31 -121 

1.31 -Ia6 

1.22 -90 

l.22 -78 

1.14 -50 

1.00 0 



-55 .o 5.e O.b6 l.l.5 -68 

Jl.8 5.88 OA7 l.ll 48 

-55.0 3.90 0.48' 1.06 -55 

-67.8 5.92 O.b9 1.03 -25 

-79.5 5.93 o.bg 1.03 -17 

Table 8. Variabte temper&me ‘H NMR data,’ computed eq- cmatmts 
(AG? fort& hxbnd mtan 24b#2& 

(&I amI Ga4a free energy vdlm 

b.5b 0.68 

a.68 0.72 

4.76 0.75 

b.8b 0.77 

b.9 0.79 

5.02 0.e 

5.10 0.83 

5.22 0.89 

O.b8 bbb 

0.59 5b9 

o.J4 ssa 

0.9 618 

0.n 655 

0.21 .7u 

0.18 737 

04 8l2 

+32.6 4.86 0.78 29 778 

+26.0 4.90 0.79 .n 779 

+lb.8 4.96 0.81 .2b 0I.a 

+6.6 b.% 0.81 .2b 817 

+3.5 5.02 0.85 .21 69 

+1.5 5.02 0.e .21 es5 

-1.5 5.01 0.03 .21 8bb 

-9.1 5.09 0.81 .l9 a& 

-Il.2 5.a 0.8b .l9 875 

-15.2 5.x3 0.86 .17 5Q3 

-l&3 5.rJ 0.6 .l7 912 

4a.a 5J6 0.67 4 945 

-27.9 5.a 0.88 .lb 96Q 

-bs.s 5.27 0.90 .I& IOoo 

-6.X.9 s.3b 0.92 .oa m5 
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sameincrca8ingphalityto#asthctcmpcrahuewas 
lowered @296 at -61.9”). 10 tbis case, AZP= 1.72*O.t?7 
kcalhol and As” = 3.16* 02 cu. 

Anti sulfoxifk 23 exbii a room tempemture spec- 
mlm(incDCI,)wberctbechlicalsbiftoftbetimc- 
averaged protons I& I& (8 5.22) iadhtcs the vaknce 

. iwmcr WitJl the central cyclopropanc ring (23b) to be 
preseot at tbc highest cona!otratioo level (89%) of all the 
2JLpentanWhylene semiivakaes @ii 4). lhc to the 
insohhility of 23 in CLhf& at low temperahms, the 
temperaturedcpendeot study was hlitcd to -29.3’ and 
above (Table IO). However, since the distribution of 
isomers was already biased to tbc 98% kvel at this 
temperahue. the practical limit for computahal analy- 
sis was already realhed. Tbe eothlpy (AH’ = 3.3s f 0.22 
kcal/mol) and entropy (As0 = 6.17 kO.82 eu) for this 
semibuhakne were derived from the data in Tabk 10. 
For ease of comparison, the tblxmodynamic data for the 
entire ran8c of semiballvakaes are presented in sum- 
maryformioTabk 11. 

“C NMR spccfro,scopy. ‘Ihe ‘% NMR spectn~ of 
nog$hmioaal seoduhlene mmdcd at -1670 is 
comprised of five signals at 131.8 (Cc C), 121.7 (C,, C,), 
53.1 (Cl), 48.0 (C,) and 42.2 ppm (CU).’ Whik the 
displacements of the quilibrium position noted herein 
do not necessarily a&t the rate of Cope narranpemeot 
(and consqueatly the rapid time averagiug of the C 
atoms). alterations in the chemical shifts do result. Pre- 
viously, we have shown these shifts to parauel qllan- 
titatively the equilibrium distriins of the two tau- 

toolcric forms.“‘O An excelknt cofTektioo has agaiu 
bee0 found ill tbc preseot iavestigah (Tabk 12) as 
retkctal ia the nmarkably close corresporMknce with 
the ‘II NMR derived data (Tabk 13).” ‘I& treads in the 
peotametbyknc s&s deserve further mention. ‘Ibe trst 
andmostobvhsrqularvariatiooistbedownfkld 
sbiftiugoftkeC,,Cresonaaceast&edegreeofokIhic 
chamcterincreasesattheaesites.Asoneagainprogre+ 
ses dowaward in Tabk 12, the gradual chaa#? in C, from 
primarily cyclopropyl in l3 to predomiMlltly bis-auylk 
io23issimikrlyckarlyoutlinal.Anoppositetrendis 
seen for C,, although here steric and/or ekctronic forces 
arisiifromdi!hencesintbebracketiagriagbecIoud 
the incremental alteratioo in hybridhho. Variations in 
tbeshiftsofthccarbons4totbebeteroatomsare,as 
usual, prharily a r&&ion of the ekctron&vity of X. 
In actuality, these data are inexcelkot agreement with 
tbosereportulbyLambertamlcoworkcrsforsix- 
membered Wurated beterocycks.” 

Ahhougb the fl carbons and Ca G are progrcshdy 
more removed from the heteroatomic ceoter, each is still 
slightly a&ted by the ekctrone&vity dihrences in X. 
By merely subtract& the “C shift of the cyclohexanc 
carbons (27.7ppm) from those of tbc more remote 
carbons in the appropriate heterocyck, a rather precise 
measnnment of the ‘WI effect” of X can be real&d.= 
Tbcsevalllc!Scantheobeutilizedtocorrecttbeori&d 
shifts so that tbc inlluencc of the beteroatom is removed. 
Contrhtioas from other sources tothechlic.alshift 
are tbereby made evident. When this factoring is applkd 

Tabk 10. Variabk tanpentme ‘H NMR data,’ COIIQUM eqnihMum co~uots (K,,) ad 01&h free eaaly vahm 
(AG3forthehxhulsvstua##t51 

w.5 5.33 0.5Q 0.W 1.49 

+16&l 5.9 0.94 0.069 1.54 

+3.0 5.43 0.95 0.052 1.63 

.-17.1 5.49 0.W 0.032 1.75 

-29.3 5.52 0.90 0.022 1.85 

Yco ms in c&apace. %.foroaoodtolnto-lm~c-odrotbottko 
QJKlO& re.-ca raiwdea~tant~t5.32 b. 

Tabk 11. !3umomy of tbemodyarmie data for the lwtmmtomic 2,U-pca~thykae remibunvlkaer a _ _._ .___. --- 

0 Qg -0.59 1.1 -1.06 0.4 

s(g) 0.w 1.0 0.56 3.1 

Ru?aRl(gI 0.43 1.4 0.58 '2.9 

cap (9 1.U 3.9 0.70 2.9 

~-8oQy 1.43 3.2 

ech @.) 1.72 3.2 

~-80 (22) 3.35 6.2 



Qbstiblent iall#las 011 tbc cope cquiihhm in aeem~vakoc 

T~12SDmmuyat1~NNlYRdrtr(226Hz,CDCb403forcbe k.tmaomic 2*ntamctbylme smibdl- 

- 

cbmmmlstln1,ppim’LWB 
cm Cl cp.0 Qua, Cd& c, P 0 

Y 
5g.w X29.06 l2oa2 54.6% 48.85' 34.13 74.06 

E! 59-Q' lK54 121.83 70.46 54.a?* 31.&b 33.mb 

s!? 58.81. 118.64 121.45 al.21 52.e 29.5; 54.74 

4 59.6. 109.1 321.4 82.2 52.4. d d 

2h 53.36' 90.86 l22.4.r m.93 57.2JP 20.39 51.74 

si 54.lP 89.67 l23.01 99.9 57.30. 24.b9 56.11 

2;? 54.60. 72.40 124.09 us.59 61..2aa 19.26 49.u) 

•m.rl8lmrryt4late~ased. 
b 
Tberemlw~mybaimte~. %difi~1 

re.-, ioc~e: 61.35, bemyli 127.06, 128.8, 129.U, ti 140.0, ~1. a, 

6, ti v &&a~ WPM rit 28.0, 29.0, ud ~0.0. 

Talk 13. C&n of cqldlibrium dimibutionr caiahkd by ‘H ad ‘C NhfR (CDcb, 407 

ml mcLiul : ml m8cttcn 
smauliT8lamr Im=~mlua Ima?rb_(%lmR) 

lJ (X l -0-j 0.f 0-P 

2 (X -a-) 0.32 0.38 

gfx*=&m 0.42 0.43 

5 (X --Q&Y) 0.45 0.43 

2k (X" *Bea) 0.62 0.66 

?o_(X-me) 0.64 0.74 . 

2J(X-~MOJ 0.85 0.89 

Table 14. Adjusted ‘% NMR lifts of arbons 6.2 and 8 
._ 

I 41a. &or? c Q&cer 

0 -0.5 34.6 -3.3 1x.4 * 
s a.5 3l.1 -2.3 l2u.9 

ml -1.3= po.Bd -3.3c 12Lsd 

WE 0.0 (I 0.0 =9-l 
f 

*w 
-12.2 . ' 32.6 -3.0 93.9 

sg -2.6 n.2 -3.h 93.1 

%xf -4.4 23.7 -3.0 69.4 

% cubcpin (alR)sX-27.7Irp( Wrsmmrm). bvcmainm&)dc- 

27.7pl-s %-*. %-O&FL -28.0,29.0,ald30.0p&m, flmrsrluftM 

armuuleQmtorfilu*i&nmalt6~#raB_ aucm of 2k.8 ma 31.5, rapectivug. 

1317 
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aodC,suggestrhatsucbrsitudondoesindccdprevail. 
ThisfaciMestbeanalysisoftbedynamkbchaviorof 
W, 16.16.1.23 and 24. 

A 6rst criterion derives from the established experi- 
mental fact that attachment of an alkyl 6roup to an 
sp’-hyblid&d semiiakne carbon is tber- 
modynamicdly favored in the absence of steric effects.” 
In this ngard, ether l3 6ivcs evideace of near ideaIity. At 
+4(p, l3a dominates the equiUuium to the extent of 
MM6% and is favored by an enthalpy di&rence of 
0.59-1.06 kcal/mol depending upon the particukr solvent, 
ltlis AH” vahtc t+ls to approach the l-2 kcaumol 
expected for sp’ bo* of two alkyl s&stitucnts with 
no stcric complications. As the C-X ~OIMI kn6th in- 
creases (O<N<C<SO.z, see Tabk 9, the size of the 
bracket must become progressively kr6cr with tbc result 
that nonbonded interactions typical of mcdium+izcd 
rin@ SlMllld 6ain incrcasin6 importance. cutaioly the 
various brid6es arc reasonably mobile confonnationauy 
and enjoy the latitude for intramcthykne rotations and 
the like to minim& lpound state eaetgy. However, 
increasing bond kn6ths will certainly permute the 
&ractAstics of the bracket iu a way to 6eocrate 
6reater intemal strain. On this basis, we would expect 
the bondin preference seen in l3 to be incrcmentalIy 
altered in favor of tautomer b with incnGag C-X bond 
k@h because of enthalpy considerations. The present 
resIllta support this analysis. 

Of course, tautomer a should uniformly be favored by 
entropyfactorssincctbelargabncketin6rin6inthis 
iqomer should have the 6reater de6rcc of freedom. In- 
deed, p-on thnn& tbe s&s of seven availabk 
ZSpentamethykne semiivaknes reveals that the 
entropy term does increase in ma6nit& with projected 
increased Ikxiiility of the rin6 (Table 11). 

Whik the above expknation Aquately orders O< 
NR<CHz<m, it does not serve to suitably rank 
s&k 16 and the sulfoxidcs 23 and 24. Prevkn~sly, we 
considered only bo4 k&s and did oot comment oo 
tbefactthattheintcmdC-X4Zbondan6ksforO.N,C 
andSOrarelikewise6roupedto6ctherioavaynarrow 
raqee (10%1100, Tabk 15). Tbc average a& in sulMes 
is some 30 less than that observed for typical &u&cd 
amines, ether. hydrocarbons, or suifones. This smalkr 
bond al&k has the effect of offsettin the compuatively 
Ionper C-S bond dii. This inG6uin6 interplay 

prcsumablyscrvcstopkccthcsd6ckataposition 
intcnncdiatc betwceo l3 and 16 fmbk 13). 

SuIfoxi&s arc @ificantIy differeat from the other 
members of a het~~~yclic s&s in many ways. They 
possess extremely loll6 c-x bMbd& paralkuio6 sul6des 
and sulfones in this respect (Tabk 15). Howeva, tbc 
C-X-C bond ar@k in sulfoxi&s (983 is 6rcatly reduced 
w&ocomparedtothcsituationgeaerPllyprcvailin6in 
sutfoncs (1079 and even sutlkks (1059. In these terms, 
theeffectiverin6sizeia23alMI24shauldbekssthan 
thatinsulfide16.Yettautomerbisdominantinthe 
!ulIfox&s. The response of the scmiivakne frame to 
the sulfoxide linka6c could well be con&cat4 by a 
third factor, the hi&ly pokrixcd nature of the 64 
double bond where s&r may possess as much as 
on&hird of a full chpge.” In no other exampk is tbae 
ch&e mtioo of this ma6nih&. lllc sulfoxide 
oxy6en atom could also cause substaotid perturb&n of 
the 7- and 64nembered rio6 conformations. Mokcukr 
models s-t, for exampk, that the diUcrin6 oquili- 
briumconatantsin23aml24mayariseiokr6cpartfrom 
entirely d&rent sets of nonbonded stuic interactions 
which may be partidly o&et by minor conformational 
readjostmcots. We emphasize that enthalpy aad entropy 
increments are sIdYkkotly inrkpeadcat that they some- 
times exhibit the same si6n and sometimes apposite 
si6ns. When several effects are opera&6 ConcurEotly as 
they are in tbe sdfoxide exampks, it dearly becomes 
didicult to disenta& the combination of effects which 
cootribute to AH” and TAS, respdvely. Given the 
somewlmt cbeckcfcd history of confomlational analysis 
inthethianeS-oxides.nweshaUnot&boratcfurtbcron 
the equiliium chara&rktics of 23 and 24. 

In summary, the varied 6rouod-statc equilibrium im- 
balances of the heteroatomic ZJLpentamethykne semi- 
bullvaknes are seen to provide in quantitative terms 
unllsually dear glimpses of confolmatioMl effect.!3 
caused by d&rent X substauents which are unlikely to 
be assessed in comparabk terms by other techniques. 
Because a twofold &cncrate host mokcdc such as 
semiivak~ is invdvcd, subtle bin effects make 
theireppesrrrncesinceaoencr6ytermassocktcdwitha 
prcdetumined enthalpic wei6htin6 toward ooc of the 
vakace isomers is absent. The application of bond a& 
andbondkn6thcrit&tothcO,NRCH~.SandSOz 
derivatives was capabk of ratiomdi&t6 the relative 

-c&- 2.00 0.77 1.548 2.5 lpsb 

.O- 1.40 0.74 1.43b 3s Ld 

-#2- 1.5 0.73 1.47b 3.0 me 

-2- 1.85 1.02 l.eG 2.5 X)5b 

-2G l.W'4 9p.4 

-a- 1.76' lo? 

y y.iagiag)~~~c&i~m," 3x404.. ccmnumirenitJPmr~,Itlma, 
. . . I -12 mm md cwim in maartr and 

Im,"gba.2oc.t3m.Flu,~(l55a). %.Tbam#,C.8.mbl SdL 
2&'l2 0.966). +I. A. Vianmltzs~md. K. -,l&a==,Z& 

lOl6 (lS6f5). 1. X.~umlP. J. Wuatlq, Acta. Qmt.,~ 233 (1957). 
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onkriagoftkeircquilibrimn~. Both rldfoxi& 
isomerscxhibitio~fcatlRcs,buttbccombinrtion 
of fLactan which cootrol their Km’s remain8 to be un- 
rovekd. 

M.pcarec?orrWd.PMRapectrawereobaiacd00Vuta 
Ta. AUIA sod HA-100 m; apparent rplittinp are 
~veniuaUaau.“CNMKspectra~&recor&dwitbr~ 
9O#p&roplew.IKtpectIaWaeobsJledwitbPatibElma. 
Model 137 aDd 467 cpearometera, wbmeu masl ape&a were 
an!aMndwitbaaAEI-Y!J9rpectrometeratmioniEptioDpote~ 
tid of 70eV. Ekmeatal analyltc were performed by the Sarr 
dinavka Miaolartytio Laboratory. Herkv. Deamark 

Haahydro - 1.6 - bis(2 - hydyethylj - N - pbenyl - 133 - 
twtbtno - IH - 4.5 - daycfap~[cdJi - 4,5 - dicar- 

boximide (lh). A soht of 9 *I1 (200 & 6.05 mmol) in 250 ml 
cbbxofclrm was allowed to RJct witb excess 4 at (r. The 
llIiXtlKe.diblUdwitb40~ofab8EtOH,~redpccdWitb2.296 
(605 mmol) NaBH, a~ previoaaly descrii.# A similar work-up 
tic&d 2.176 (97.8%) of frothy rolid did IL; I= 3430,2925. 
1750,1690,1500.1410.1265 awl 1020 cm-‘; ‘Ii NMR (a, CDCM 

7.43 (m. 5. ~1). 5.08 (t, I = 2.5 Ha, 2, )caN(). 3.72 (t. I = 

6.5 Hz., 4, -C&OH), 3.00 (cooceatrotion depeadeat) (s. 2, -08) 
aad 1.5M.20 (m. 6. cyclopropyl aod cycbpropylarbiny9. 

The crude dial (113lu& 0.31 mmol) was diaIolved ill 12ml dry 
pyridhwaodtreatedwitbexcessAc&(628m&6.16mmol).Tbc 
solrlwaastiHedovera@ltat~Mderaabydrouac&mdSoaI. 
tbcn evrparted to dryoess irr wcuo. Tbkk layer silica pl 
cbromaugapby (etha ehttioa) followed by recrysmUkatbo 
from THF-etbeS eve 39mg (30%) of colorku ayttrllinc 
diacetate ldb, m.p. 112.4-1133; vg 1740.1695,1495.14&5 sod 
1235 cm-‘: ‘H NMR (6, CDCla) 7.45 (m, 5. aryl), 5.05 (m. 2 

)CHN(). 4.M.5Q (m, 4. -CWZCCHI), 2.03 (a. 6. CM&-) 

sod 1.65-2.15 (al, 8, cycbptopyl and cyclopropYkarbiaY1): ale. 
m/e 451.1743, fooad 451.1750. (Fouad: C.63.74; H. 5.64; N, 9.28. 
Cak. for CaJIaN& C. 63.85; H. 558; N. 9.31%). 

Herahydrv - 1 - (2 - Lydroxyahyt) - 6 - (2 - p - tofuaud- 
foaybxy&yf) - N - pheayl - I+,3 - me&no - IH - 45 - 
d&uacyc&ptnp[~i - 45 - dx&nxImldr (lla). To a solo 
Of4~6(1.14mmd)OfuDpvilkddid1~in~~lnbyd~F 
~;LddCd216~(1.14maad)d~m#i,nlp-tohwaec~~yl 
cbkride and 1.4 ml (9.36 rmad) purilkd Et,N. Tbe resnltiog da 
w~stimd~~temp.oadaNIfor5hrudbated~nlhu 
forl4apriortocodi’&cWWntbnirrwcuo,anddibltba 
wiul75lldcbloroform.nleorgulklayerwaarin8edwitblO% 
HCI. water, and b&c kfon dry+, 6ltntioa. lad cvrpontioa 
Tbmau~523ml(88k)dllaua~ttmoil;~=: 
1770, 1700, 1495, 1410, 13t%I, 1190, 1175 sod 75&m-‘; ‘H NMR 

(&CJ3C1~)7.15-7.83(m,9,ary1),5.10(t.I=25Hz,1.)C~N(). 

4.88 (t I- ZJHz, 1. )CljN(). 4.18 (t, I =6.0Hz, 2. 

~:B~s).3.73(t.I=65Hz.2.-C~~H).258(al.-O~).2.Ul(r. 
-Cl&) aml 1.7M.20 @I. 8. cycbpropyl sod cyckpropykarbiayi). 

Haahydro-l-(2-hydnuyethy/)-6-(2-iodou~yl)-N- 
pbarrJ - I.23 - mtthau~ - IH - 4.5 - d&uacyc&ptvp[cd]i - 
45 - dical6oximue (lib). Uapllri6ed lla (523m l.OOmmol) 
waadksoivedin5OmlpurifkdacetooeaodttirredwitbNaf 
(280 mc, 1.67 q mol) under N2 for 1 br at ambient temp. sod for 
18bratr&x.TbeUoccakat,wbftepptwastUteredfromtbe 
~~andthe6ltratewas~vapon&dtodryma.Ac~ 
form sob’ of the tutrate ruidue wa# riMed wit!’ water, IM 
Na&O,4.water.aedbrioebeforedryb1g.Filtra&and 
evwo&oa of solvent kft 348 au (73%) of aude 11). Clnma- 
tqnphyoa~plwitbctbaelndoapve3l0~dpmc1U 
as a fretby white 8olid: I= 34.1755, 1695. 1500. 1410 alaf 
1260 cm-‘; ‘H NMR (6, CDCM 7.1 (m. 5. aryl), 5.15 (t, I= 

2.5Hz, 1. >gN(). 5.02 (t, J=U Hz, 1. , &IN<). 3.78 (1. 

I = 6.0 Hz, 2, C&OH). 3&’ (t, I = 8.0 Hz, 2, -C&l). 2% (br s. 
1. -081 ad 1.60-2.20 (m. 8. cycbgtropyl aal cydapmpykar- 
W). 

lkEolrJdr0 : N - phm&&p&1D’.uIprarolao(l’6’:1$21 
cyc/opmp[l~d]oxepia - 1.7 - biimkr - 83 - dka&uimidr (12). 
Par&d 11b (31Om 0.65 mmol) was dkadved ia 5Oml anbyd 
THFandttkredumle~~~fre&y~A&‘(309ml, 
1.33 mmol) ovet at .roeat temp. abd for 24hr at redux. The 
browasuape&xwucookdaodtbe~wasremovedby 
6ltntba.TbeyeUowBtntewuevrpdntsdtodryM&aadtbc 
reIiduewastakeaupiachblnform.Tbeorpllicrdllwurinred 
wi&water(2x)aodbrine,drkd,lUtered,andenpontedto 
~PrQWativetlcwitb&broformehmonpro~l3Om( 
(57%) of 12. m.o. 184.3-184.7' (from cbbroform-cycbbexaoe): 
i1Z.2890. ino; 1700. 1505. I&. 1410, 1295, 1275; 1135. lllj, 
I I10,1070,1005.765 sod 710 cm-‘: ‘H NMR (4 CDCld. 100 MHz) 

7.25-7.65 (m. 5, aryl). 4.85 (t, I = 2.5 Hz, 2, )CfjN(). 3.85 (dq. 

I = 13.0. 5.0 aad 3.0 Hz, 2, >a&). 3.14 (4, I = 13.0. 8.0 and 

20 Hz. 2. >cljG) awl 1.87-250 (III. 8. cycbpropyl and cyclo- 

propykubblyl); ak. m/r 349.1426. foalld 349.1433. (Feud: c. 
68.41; H, 5.$2; N. 1201. Cdc. for CJ&N,O,: C68.75: H. 5.48; 
N. 1203%l. 

1~4l5&WbJb*7c - octQWK’cWIupMyM13.4lpeWkno [I& 
deloxocir (W e Wb899b - ha&d- 
U’6’:1Sll~prop~12-dlaupir, (13)). A mixture of 460.80~ 
(132 md) of It. 741 q (132 mmol) powdered KOH aai 30 ml 
2-propWlwasm&mWallystitTedaDdbmtedatrefhJxunder 
aQoaf~lbliaa25Oml3-rMedMuadboaoollla&6ttedwitb 
aseptuuwend~inktwitbstopcockaadacoaka8er 
toppedwitbagasinkLTbemilky,yeaowsdnwascookdto~, 
acS6ed @H 6) with 50% 4neoua AcOH. stirred for 10 mio, 
baaii@H9)witb5O%NH&Haq,a1~ldilutedwitb5Oml 
peataoe. To tbc ckar yellow solo wan added ia one portion I.166 
(13.2mmol) of Atteoburrow my wbkh t+red bum&ate 
8aa evdutba. !Sniag was watkoed uada ar#oa at ambient 
temp. for 9hr? wbempoo tbe mixture wax ahad through 
Celite to give a ckar yellow solo wbicb was exlracted with 
peDtrne(3XUsll).Thecombinedpa~extrPdrwerrrinred 
with water (5x25 ml) ad dried over Na#O,. The solo was 
fll&edaadcuaccntratedbycarefuldistiBatioswitb~obub- 
blb’g.TbevkcousconceatratewastransfertedtoaublbWor 
aad tbc rempinisl solveat was evapaated. Doubk rMimation 
(40-8(r/l.5X IO4 ton) of the reaiduc pve 138.9mg (60.4%) of 
~m~&‘tivakne l3. m.p. 42-53’; rZ 3035, 2920. 2866 sod 1110 
cm-‘; A_ 212.5 (e 9.0x Id). 230.0 (4.7 x Id) aad 250.0 Nu 
(2.8~ IO’); ‘H NMK (4 CD&, IOOMHZ) 5.20 @. &= &,= 

1.5 Hr. 2 Hs and H7), 4.03 (dt, J - 11.6 sod 5.0 Hz, 2. >cljO-). 

335 (d, I,,=7.0Hz, 1. H,), 3.19 (dt, Ia6.5 and 11.6Hz. 2, 

>cetW, 2.94 (1, I ‘,=7.0Hz, J,,=I,~=5.5Hz, 1. H,), 2-87 
. . 

kid with addmd splittiug. J,1=J~7=lJHz, J,,-l,r= 
7.0 Hz, 2 H* aml U-2.50 (m, 4, CILCHQ-). Spia decaupw 
Wuratioaoftber@aiatd5.2Oco@8edtbesigoalceote&dat 
287 to a doublet L=L=7.0Hz. Converselv. do&k ir- 
ndhtioaofthe2%7r~;~plibcdtbe5.20~toariaskt. 
“C NMR @pm. CDCI,) 129.06 (s, Cz and C,). 120.22 (d. C, sod 
C7). 74.06 (1. -C&O-), 59.49 (d, C, or G), 54.68 (6 C, aod CJ, 
48.83 (6 C, or C,) lad 34.13 (1. -C&CHp-,: talc. a/r 174.1044. 
found 174.1049. 

Hexah+-lb-bis(2-hydrvxyuhyl)-N-phcayl-lJ$- 
nuthem - 1H - 4.5 - diazacyc&pmp[cd]i - 45 - akar- 
barimide limuhaaurfmete (14). MM onykhbride 
(1304&4.10mmol) was added dr+se to a rlirral aoh of 1L 
(~50~4.lOmmd)rPd~E1~(l~~l123mmol)mlwml 
-at-lQumkrN~.Aftezl5rnto,tbeorgaak 
p&se was waabed with ice water. cold 5% HCI. cold aat 
NaHC4 4. and brine. The sdn was drkd. Bend aed 
evapomWdto~eaquaatWveykldofl4aaataarmi-wli& 
r= 1755,15%. 1500.1410,1350,1170,955.800.765.745 and 710 
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1245. lno. 11711, lllO,9Xl, 915 875,845,830,800,7s5.710,730. 
mixblrewasrimalwihsatNeHCG34,drk4tlhe&aod 
evaponMtokave297~(78%)otprodunRotonNldR 
(CDCl,)wilbtbeaddihot~xhittre8sen(revaledthc 

pr#ence of two iumKsx * bridobad x&lx (>W() 

hegaral to ao 80:2O rah. The isomen were squated by 
preqar&e thiu hya.dlromatogr& which lquhd eve elu- 
tioolwitll1O%rcetoabcbkrdam. 

Tbc eujor isomer (11) vu rewsbhd from chbrotonn- 
petrokum e&r (6S-1103 to give a white tdid. q .p. 292S2!M' 
(dec); PZ I7U. 1760, 1495. lJl5,1278, 1258.1130, 1069. 1027. 
1015.78!l, 770,765,717 lad 710 cm-‘; ‘H NMB (4 CDC&) 7.50 

(I, 5, aryl). 4% (1. I- 2.5Hz, 2 )cHN(). 3.00 (m, 4, - 

C&SC+), 2.43 (m, 4, cycbp4Mcahyl) and 2.06 (m, 4, 
cydopropyl). (Follad: C, 6252; It. 5.02; N, 10.91. Cak. for 
CwHwN,G& C. 6297; H. J.02; N. 11.02%). 

TbemiaaLomer(tZ)wr!f~tointacoavertto21upoD 
beatin#duriugreclyxhllhmoMdwutbuet~r’otpuTilkd 
tmthtr; .,u 1755. 1700, I=, 1495. 1410. 1125. Ilk20 aml 765 
cm-‘; ‘H NMR (8, CD(&) 750 (x.5. aryl). 4.95 (I. I = Zs Hz. 2 

>pI(). 2.20-3.60 (m, 6, -C&B& and -C~~CHZSO-), 2.05 (m, 

4. cyhpropyl) sod 1.20-200 (m. 2, >tJCH#O-1. 

(b)O*idorbr~hrodiam~&Tor~otW~ 
(l~mmol,d17bMmlotia~WeOHaufdded~ 
a solo of 213.98 (l.oOuunol) of sodium metrpnodw 
water.AtteXtilesolnlladbeeaalhdoverni&tatambient 
temp., lolid was tiltaed off, and Ibe solvent vu realoved in 
wcuotoyidd33O~@796)otproducl.ulilhlbnotprotoe 
NMRtilantbanideahitt~otreveakdtbepreswceottwo 
~.Ubet~.in~80:2Ontio. 

ZXamal htaconmxion of rmlfoxidu 21 anti 22. A dn ot 
an?tuBy lecrystahd (dicbloro~~um 
etberaDdlowbeat)sultoxidePinCDCl+ucontaioedina 
rakdNMRtubewubatediorco~~ttemp.brtbrt70.~ 
end was pehdkally n&tored. Intercoovelhl wax im- 
m&telyrppuent.Atte?2hr,tbetkrmodynamice&ibhm 
ralbwasneulyatrblhbedTberewasnoappareatcbrnpin 
tberppernaceottbeqedraatter6hraodatthiatimetbe 
mhdanrppeuucc mrlyideoliceltotbo8eotdie 
crude restion mixturea trom oxidation of au&k 17. . . 

ReeryrErlhnboaotisowriallypurr22tramcblofotolul. 
acctooc. oc ethyl acetate aho a&ted tbe i8terun’verIioo. 

Chemical cpbruizalio~ of sulfoxide 21. To a sol&on of 21 
(19omr, osmmol) ill IOml dicbbnwethrae u&r arBoo we8 
added 64.4 mg (0.5 mcool) whethybxonium h&orate. Tbc 
Meerweio’s rea@ot gmduauy diaaolved sod atter 30 mill a white, 
lbaXkot ppt eppeual. Filbalioa gave 200.s mg of white did: 
*I 1755,1700, Ml. 1420,1410.1275. ll20.1075.1020 and 780 
cm-‘. The did wu suweoded in 30 ml water and 5.5 ml of 0.1 N 
NaGH wan added to &I@ complete roln. This solo became 
cbudywithtbe~ otawhitepptAtterstirriqltor30 
mia,tbcmixturevucxbactedwitbdichbro’nelbaoe(4xloml) 
axdtbecombhiorg4nicextractswererinsedwithwater(IOml) 
and briue (IOml), drkd. tked. sod evquated to a&d 
l76.2~@2.7%)ot22identicaltotbenhrproducttromtlie 
oxidubn ot 17. 

1~4J$%6b,7b;lc - ocMhydJocyclopmlhaI3.4lPenrak’ [I& 
de]thi’Xin k - oxide (2w it 2cviB9Jb - haah* - 
pauoQlo[l’.6’:l~~]c~~~[IJd)~~ 70 - oxide 03W. A 
mcchnianyrtimdnixturcd194~(130mmd)d21.730~ 
(13.0 mmol) powdered KOH. sod 30 ml 2-propaool wea bee&d a! 
&luxtor4lmiou&uponinr25Oml&b&edroundbouom 
Bukthtedwitha~covaedprinktwitbttopcockamie 
cadaucftoppaiwhbag4skdct.UTbedukdowucookdto 
O’,adilkd(pH6)whbSO%aquemAcOH.stirmdta1Omiu, 

‘bnikl@H9)witlt5O9bNH,GHeq,aoddilutedwith5Omlot 
etlmr. Activated MoQ (1.130. 13.Ommol) wax added in one 
portionaodtbecbocohtecoloredluapuuimlwaxskredundm 
~tor9llr.Tkmixmrewaa6lteredthMughceliteaodtbc 

ulp#RI m vu emacted with ctbu (3xUd). The 
coabmcdctkedsola8wacriaredwiulrprta(sx2sml).dried 
ovaNeSthe-ed,mdcwamtadtoQyreu.~- 
tioafrolnetkr-pctrdc~~(~l14)pveO~(l~)of 
tSIua~rolid,m.p.~l~(dcc.rcrW~);~,U~.l~. 
1450). 1395. 1340.1315. I2BD. lza4 1110, 1040. 1015,795, lsoand 
740 cm-‘; ‘H NMR (4 CDCI,, 100 MHz) 5.22 (dd, I,, = lsa = 
75Hx. &4=&.,=4JHz. 2. & end I&), S.18 (d. &-l&,= 
4.5 Hz, 2, H, and H#, 2.75-3.40 (m, 6. -C&&S& HI sod H,) sod 
2.4S2.75 (m. 4, -C&CH$IO-). Bpm decwpbiac hauatbo et 8 
S.22 rimpli&d tbc muhipkt al 275-3.40, th a the 
bc&a ot HI. “C NMR @pm, CD&) 124.09 (d, C, and c,). 
1M.59 (d, C4 ~IKI Cd. 72.40 (8. Cz and C,). 61.24 (d. C, 01 Cl), 
~.~@.CI ~G).@.lO (&CH2SO_) and 1920(1,-CIj~H,S&); 
cek. m/r 206.0765. found 206.0769. 

1~4J&6lJ,7b,7c - 0’%7rydRX*~/7’7[3,4~hlho [I& 
de]rhkd 3fl - ox& (248) rt 2aAtiS99b - haahydm - 
~~[1’,6’:1f~l~ropo[Ildjllrirph 7/J - oxide (NW. A 
~uh011 of 657 q x (1.72 mmol) of a mixture of 21 and 22 (co 
l:lj sod 1.93~ (tihatol) d powdered KOH io XII&~- 
pqmnolwrrn&m&aUydirredamlhtedatreBuxunder 
~tar40minina25OmlfoeckedroundbottomBuk6tted 
witbaseptumcoveredgasioktwitbstopco&pndacoodeo8u 

@H9)wtlbUR6NI40H.~~witblOOmletbrr.ToibeJeu, 
brown soh was dded, ill we portion, I.491 (172mmol) ot 
Atte&wrowhtn&.Tbeco&ecobredmixturewu8tirreduo- 
da mn at ambient temp. for 12 hr. tbee 6llqai thrc@ C&e 
to~eacleu.ydlowwlo.W~wudQd(200ml)~tbc 
layerswere8epMahLTbeaquwuspbnewaxwaabedwithctba 
(5 x 30 ml) aod tk combiae4i e&r exbactx were wasbed with 
wrter(Sx#)ml).TkrdrwudriedovaN~~dlfmd,Isd 
eveporataltogiveabrownoilwScbcuhncdsomeprodPa 
Exlrachottlleaqeoua5ahswithdiclllorol’?ethe(sx3oml) 
8odximihr proceuislottheexlractxprovidedadditbnal 
~asatansdid.TbeczudeWwasdksolvedioaminimum 
vohlmeotdkhromeIlmoeaedlrhatedwitbetbcrto&ive 
3Omgotbrownimpuritia.ReayrWlindoaottbemotkerliquor 
trom.didlbrow Mum etba (65-1103 provided 
l~mp(3696)otUuatm~lid,m.p.>l~(dtc,~tube); 
&!’ 3030. 29% 1430. 1335. 1020. 925. 820 sod 730 cm-‘: ‘H 

NE (4 tiDCl,, .I00 kix) Sh (d,.J,A = Jk, = 3.5 Hx, 2, H, &J 
4). 4.85 (t. h.4 = J&7 - 3.S Hz, X HI and H& 2.1-1.0 (m, 8, HI. 
Hs CHzSO- lad -CgCH#G-) sod ISO-2.m (m, 2. 
x:YCHzBG-); “C NMR Mm. CDCM 122.47 (6 C, and C7). 97.93 
(6 c4 sod cr), W.86 (a. C, and Cd. 57.24 (d. Cs or C,). 53.36 (d. 
CI or CI). 51.47 (1. <H#G-) sod 20.39 (1, -CHzCH#k): ale. 
m/r 206.0765. touod ##.0768. 
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