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bridged precursors, such as 11 or 12, can also be 
envisaged. For this reason, we attempted the synthesis 
of 11 and related compounds via addition reactions to 
the angle strained cycloalkyne 13. 

synthesis of 22 
From the diketor~e.14’~‘~ the unsaturated ketone 16 

was prepared via selective reduction of one carbonyl 
group and a subsequent ehmination reaction from the 
ketoalcohol 15. Hydraxone 17 served as the starting 
material for the diaxc compound 18 as well as for the 
thioketone 19.1,fDipolar cycloaddition of 18 and 19 
led to the thiad&ohne 29 which on thermal 
decomposition yielded the alkene 22 via the thiirane 21. 

Alkene 22, which was synthesized independently by 
Guxiec and coworkerszo via the corresponding 
selenadiaxoline, exhibits two bands in the Raman 
spectrum for the central C=C bond stretching at 1563 
and 1536 cm-‘, respectively; this is evidence for 
considerable strain in the region of the (=c bond.” 

Attempts d the synthesis of 1 from 22 
Startingfrom22itismzessaq to cleave the two 

double bonds in the S-membered rings without 
a#ecting the central double bond, which is much more 
shielded. The two classical methods for the cleavage of 
double bonds, ozonixation and hydroxylation with 
subsequent oxidative cleavage with sodium periodate 
were applied. 

Hydroxylation of 22 with OsO* led after cleavage of 
the cyclic osmium esters to tetrao123 and dio124. Good 
yields (upto 71”/d of 23 were only obtained using 2 mol 
of Oso,, where& the catalytic oxidation. using 
potassium chlorate as oxidant gave only poor yields of 
23. Two syn-anti stereoisomers, 23a and b were 
observed in the ‘H-NMR spectrum, but were not 
separatedsincebothcanbeusedinthesubsequent 
glycol cleavage. Preparation of tetraol23 from 24 with 
OsO, was only possible at& protection of the hydroxy 
groups with methoxypropene. Compound 25 was 

25 26 

hydroxylated with OsO, in excellent yield to give 26, 
which on hydrolysis yielded the expxted 23. Reaction 
of 23 with periodate gave .two products, the 
tetraaldehyde 27 (26%) and the dialdehyde 28. The 

27 zs 

enediol24 was also converted to the corresponding 
enedialdehyde by treatment with periodate. 

Thus, the synthesis of the desired tetraaldehyde, the 
first unbridged derivative of tetra-t-butylethykne (l), 
was achieved, but the yields, particuIarlyLtheIast step, 
and the duration of the hydroxylation (several weeks) 
were unsatisfactory. 

Therefore, ozonixation of 22 was attempted. 
However, only with ethylacetate as solvent and TCNE 
as reducing agent could a good (5060%) yield of 27 be 
obtained. 

The tetraaldehyde 27 is a colorless solid, which melts 
at 140” with decomposition. The EI mass spectrum 
does not show the molecular ion peak, but the CI mass 
spectrum (isobutane) gives the molecular ion at m/e 309 
as the most intense peak. The ‘H-NMR qectrum 
exhibitsat 35”onlytwosinglet.9atd 1.43(CHs)and9.41 
(CHO) ppm; at -43” two peaks of e@aI intensity are 
observed for the CH, groups. From the coalescence 
temperature T, = -26” (400 MI-Ix, C’&Cls-CFCl, 
1: 3), and the shift difference, Av = 33.4 Hz, a free 
enthalpy of activation AGt = 12.2 kcal mol- I, for the 
rotation about the allylic bonds can be estimated. At 
lower temperatures further changes occur in the ‘H- 
NMR spectrum. The IR spectrum of 27 shows the 
C=O stretching vibration at 1730 cm-‘, the C=C 
stretching mode cannot be observed. However, the 
Raman spectrum shows a strong band at 1461 cm-’ in 
which the C=C stretching vibration and the CHs 
deformations overlap. This is the lowest value for a 
C=C stretching vibration. 

TheWspectrumshowstwobandsat1(s)207(2150) 
and 241 (1500) MI in cyclohexane. The tirst band is 
assignedtothen~~trarlsitionoftbeC=Ogroups, 
the second band to the II + rr+ transition of the c=eC 
bond. The shift of the x + x+ band from about 180 nm 
in a normal tetraalkyl-substituted ethylene to 241 ~~lll 
indicates a considerable change in the electron 
distribution of this C+C bond compared to “‘normal” 
alkenes.Thisisinaccordwitha~~~tbondlen%h 
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Tabbl. Sotm rpsctroroopic data of ttcrhny hirlkal”coLI 

uv “CNMR 
No. r&an - ‘) 1 (a) (=) =w) R1. 

29 w 204.0 (tooo) 143.60 22 
JI IHO 217.0 (13&M) 14232 a 

t4m 
10 15U3 203x) (15$lw) 149.p 7 
n 1563 219.6 (3)oo) t5i.n 24 

IS6 
31 14W 228.0 (4890) 150.56 21 

151.17 
32 H16 234.0 (5cuq 145.10 11 

15260 
27 1461 207.0 (2150) 130.17 11 

241.0 (1500) 
33 _ 1475 245.0 (3700) 15215 25 

154.45 

Cl--c2 135.7 (13) 8X1+x 1125 (7) 
Cl-C3 159.7 (11) C2<1+X 123.8 (8) 
Cl-u 157.3 (11) C2-c1<3 123.6 (7) 
Ez 156.7 155.5 (11) c1<2* Cl<245 123.9 121.9 (7) 

(lo) (7) 
zzz2 158.3 156.9 (11) C5-C2--cb cx<3+I9 1142 96.6 (7) 

(13) (6) 
a-cl5 155.6 (10) ClWl2 95.9 (a) 
-18 153.8 (12) ClW5-cl5 94.9 (a) 

C16-C6--c18 95.6 (6) 
a-Cl+T2--c5 t86 (11) 
CI--cl+Z2<6 28.6 (13) 

34 

3s 
Y 
37 

28.6 
19.7 
21.8 
7.3 

16.0 
123 
11.8 

135.7 This work 
135.3 8 
135.8 27 

135.3 28 
135.8 29 
134.9 30 
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Thckrgcatt.kdiomfrumnurm8lr~ 
parameters ooxr, as expect& in the vicinity of the 
C=C bond. The dihedral M&k8 C3-Cl-C2~S 
and c4<1-C2+% amount to 28.6”. The 
compound ham a tw&od conformation without any 
contributions from bending deformations and showa 
the largest twist of all purdy alipbatic rubtitutad 
sterically crowdal alkcncs (Tabks 2 and 3). The C=C 
bondiskngtbcnaito135.7pm(etbcnc,131.3pm)’~~ 
tbc anytic c+ bood8 to lSSS159.7 pn (propac. 
149.6 pm).t Other C< boads UC abo ekm@cd, e.& 
tbC-Cbond8bcWccIltbeqWuMrymdtbe 
carbonylarbonatoma.-tbrfbondat@lMt tbc 
oktxc carbon atom@ arc only SHgWy changedI ore 
tctrabalral angk in uch of the four BObtitUentr is 

raiurxd to W” (Table 2). 
In tbe crysti all four carbonyl groups are almost 

paralkl to a plane which bisects tbc mokcuk 



16% 

Fig. 1. SCHAICAL drawings of27: left, mokzular structwc and numbering of atoms in 27; right, molecular 
structure, view in the direction of the C%C bond. 

perpendicular to the Cr axis; of the two carboqyl 
groups in the 2 position one is located above and the 
other one below the C=C bond (Fig 1). 

Attempts at the synthesis of 1 from “vicinally” bridged 
precursors 

Thus far, only “geminahy” bridged precursors, such 
as 8 or 22, have been considered as intermediates for the 
preparation of 1. In principle, “vicim bridged 
compounds, such as 11 or 12, should be qually well 
suited. The 3,3,6,6-tetramethyl-1-thiacycloheptyne has 
the required substitution pattern ad, as a wnsequence 
of considerable angle bending, a high reactivity of the 
triple bond in addition reacti~ns.‘~ Addition of t- 

butyllithium to 13 took place at 
yield ; hydrolysis of 38 with 
deuteratedproduct and 15% 39.This shows that even at 
-78” some proton&ion of 38 by the solvent 
tetrahydrofuran(THF) occurred; Since in other less 
polar solvents no addition of t-butyllithium was 
observed, THF was used in all further experiments. 

13 l +Li -s*- p 

Since in 38 three f-Bu groups are preformed, the 
fourth t-Bu group had to he introduced via a reaction 
with the lithiated olefinic .&bon. In order to test the 
steric shielding of this carbon methyl iodide was used as 
a tirst reaction partner. It gave the expected product 48 
in 30”/, yield ; in addition some 39 was formed by 
protolysis of 38. With’ethyf iodide and t-butyl chloride 
38 gave only elimination and no coupling products ; 
with trimethyliodosilane 41 was formed in very low 
yield (1.3%). Ethylene oxide did not react with 38 at 
- 78”, but gave only the protolysis product 39. Since in 
many reactions protolysis of 38 wmpeted successfully 

with the alkylation reaction, other less reactive 
organometallic derivatives of3ll were wnsidered. 

By reaction with w&r(l) thiophenolate the cuprate 
42 was prepared from 38. It is a much more stable 
intermediate than 38 On addition of methyl iodide 40 
was isolated in 72% yield without concomitant 
formation of 39, Whereas reaction with ethyl iodide led 
only to elimination of HI and 39, addition of ethylene 
oxide yielded thealwhol43. However, propyleneoxide 
or isobutylene oxide did not give the expected products, 
but besides 39 the isomeric alcohols 44 and 45 in low 
yields. 

Apparently an equilibrium exists in THF solution 
between 42 and 46 and in reactions with wmpounds 
larger than methyliodide or ethylene oxide only the 
products derivedfrom46are observed. Up to now tri-t- 
butylmethylethylene (32) wuld not be prepared; on 
heating the thimd&o&#e. only .cycloreversion took 
place and no 32 was foti31 However, on treatment 
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of 40 with Raney nickel $2 was obtained in 74% yield. 
This demonsttatas that at least in this particular case 
addition reactions to 13 are superior to the 
thiadiazolint route. The even more tierically crowded 
hydrocarbon tri-t-butylcthybthyl (33) was pry 
pared from 43 via the -late 47, reduction witb 
lithium triethylhorohydride to 48 and subsequent 

57 L8 - - 

ruiuctivc diesulfurization with Raney nickel. In 
addition to 33 the isomeric 49 was formed in 1% yield. 
From the data in Table 1 it follows that 33is the moat 
iirticd compound in this series. 

According to force field calculations (MM2) the 
C=C bond length in 33 is 137.2 pm and the dihedral 
angle at the double bond is 32.7”; this is a larger 
deviation from the normal structural parameters than 
observed in 27 by X-ray analysis. 

Thus, nuckophilic addition of organolithium 
compoundsto13harledtothespthesisofmo~~y 
strained alkenes, such M 33, although tbc ultimate aim 
in this series, tetra-t-butyktbylene, could not be 
prtparcd- 

For this mri, the addition of arkyl radicals to 13 
was inveati&ed Giese and La~hhein~~ have shown by 
kineticinvestigations that dkyl radicals add to alkenes 
usually 3-5 times faster than to acetylcaas. The lesser 
reactivity of acetylenes is explained by the higher 
energy of the LUMOs; howcvor, in angle strained 
cycloalkynu, such as 13, the LUMO is SigniGcantly 
lowtrcdndl Therefore, 13 should be a good substrate for 
radical addition reactions. 

Since isobutyronitrile (IBN) radicals arc easily 
generated at temperatures below 100” and represent a 

bulky substituent, azoisobutyronitrile (AIBN) was 
thermally docorn- in the presence of 13. Two 
products, 50 and 51, were obtained ; the formation of 50 
can be explained by addition tit of an IBN radical to 
the C-C triple bond and then attack of another IBN 
radical with C-N bond formation. Thermal iso- 
merization of SO gives 51. When the IBN radicals are 
generated by photolysis, the kctenimine SO is the only 
product ; this suggests that 51 is formed via SO. 

The addition of two t-Bu radicals to 13 would in 
principle lead to the sterically very crowded alkene 11. 
However, photolysis of azo-t-butane in the presence of 
13yielded thcalkene39(310/and theaddition product 
of two t-Bu radicals 46r or b. Thus, the formation of 11 
was avoided for stcric reasons and attack of the second 
t-Bu radical took place at a less hindered position 
leading to 46a or b. 

f3+ Y l -s T l -39 - 

L6a L6b 

Attewtj?rs at the synch& of lfiom 27 
To date 27 is the precursor closest in structure 1. 

Therefore, attempts at the conversion of the our t” 
aldchyde groups into methyl groups were undtrtaken. 
Reductioa of 27 &.h LiA.lH* didnot yield the cxpoctad 
tetmol !M, but the bistbemiacetalS3 (47%) or an isomer. 

Apparently reduction of one aldehyck @oup to the 
correqonding alcohol is f&rwed by immediate attack 
of a carbonyl group leading to a very stable hemiacctal 
ring. Formation of 53 is favoured because strain is 
rcduobd by the formation of a cyclic structtire. 

HQH2c CW2OH 

x 
HOH2C CH2W 

Reac+n of 27 with hydr&.ie ,led to two isomcric 
diois of Wucture 56 for anjsomer). The form&ion of 
&xv diob can l!x explained by a hydrazone inter- 
mediate 56, wtih is convetfed in the courac of the 
Wolff-Kishner reduction to thacarbanion S7. Internal 
addition to a carbonyl group leads after protonation to 
an alcphol’!%. Thus, again formati& of 1 is avoid& by 
intei-nal cy&ation. 

Forcefuld colc&ations 
Forsomaalktatscalculationowerecarriod~ltu~ine 

Allis@8 MM2. force field. Table 4 sbows fragmen- 
tation St&l A&” steric energy A&, and the 
standard enthalpy of formation of some sterically 
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R * - 

H’ 

c=o 

crowded alkenes. From a comparison of the alkenes it 
can be concluded that alkenes 27,32 and 33 prepared in 
this work are more strained than other known related 
alkenes. If fragmentation strain is taken as a criterion21 
for achievement in the synthesis of sterically hindered 
alkenes, then the frontier in the direction to 1 has been 
pushed forward by about 73 kJ mol-’ (from 31 to 27) 
during this work ; we have still to go the same distance 
from 27 to 1. 

Table4.EnergyparametersfromMM2force8eldcalculations 
(kJ mol-‘) 

Alkene An,, AH*, AH Rd. 

10 135.06 250.87 - 143.10 35 
31 207.99 332.08 -88.74 35 
32 220.92 272.50 - 104.27 this work 

: 
242.21 303.72 -97.87 this work 
281.04 375.01 -442.12 this work 

I. 354.47 429.19 -43.68 35 

Outlook 
There are still many obstacles to overcome on the 

route to 1; however, 27 seems to be a particularly 
promising milestone on the way. 

EXPERIMENTAL 

Raman spectra were recorded on a Ramanor HG 25, Ar+- 
Laser(514.5nm)andIRspectraonaEerkin-Ehner257,297or 
399 spectrometer. ‘H-NMR spectra were recorded on a 
Varian T 60, Bruker WH 270 or Bruker WM 400 and “C 
NMRspactmonaBraker7KP60.WP80orWM400.Mass 
spectra were recorded on a Varian CH 7 or Finnigan 311 A 
spectrometer. All m.ps are ~.Ekmentalanalyaes 
wem carried out in the Microanalytical Dqzartment of the 
Institute of Organic Chemist Hamburg Univemity. 

555,5-TelramethyI-3-hydroxyc~lo~~~ (15) 
To a soln of 2,2,5,5 - tetramethyl - 1.3 - cyclopentandione’~9 

(200 g, 1.3 mol) in 0.91 THF a som of 360 8 (t .41 mol) Li(t- 
BuO),AlH in 1.411 THF was added dropwise within 1 h at 
room temp, then stirred for a further 2 h. The soht was hydro- 
lyzed with dil HCi ; for a more convenient separation sat Nail 
aq was added and extracted three times with ether. The com- 
bined ethereal solns were washed with sat NaHCO, aq and 
driedoverMgSG,.Afterremovaloftbesolvent 158.5g(78%) 

15 were obtained, m.p. 78”. Spectroscopic data are reported in 
Ref. 5. 

2,2.,4,4 - Tetrmnethyl - 3 - oxocyclopentylmnthogenate 
A soln of 270 ml (2 N. 0.54 mol) n-BuLi in hexane was added 

to 1 I of DMSO ; to this soln 75.1 g (0.48 mol) IS, dissolved in 
3OOmlDMSO,wasaddeddropwisewithin1h.Agmenishgrey 
soht was formed; on addition of 39 ml (B.62 mol) C& the 
colour of the soln changed to dark red. The soln was stirred for 
1.5 h and 41 ml (0.62 mol) CH,I added. After 25 II the mixture 
was poured into 1.4 I ice-water, stirred for 15 min and 
extracted three times with hexane. The hcxane aoht was twice 
treatcdwlthciptNaCIaq.driadandtbesohratcvlpwatrd(l5 
mmHg). The resulting ted&h oil (118 g) wns impure 
xanthogmtate, .which was used for the pyrolysis without 
tintherpurification.‘H-NMR(270MHx,CDCl,)G 1.13,1.15, 
1.16, 1.17 (4s, each 3H, CH,), 209 (q. Jax = 4.4 & 2H. 
CH1(B)), 235 (q, Jfi = 4.7 Hx, 2H. CH,(A)), 2.57 (s, 3H, 
CHI-S), 5.94 (q, CHO) ppm. 

2,2,5,5-Tetramethyl-3-cyclopentenone (la) 
The xanthogenate (117 g, 0.45 mol) was heated slowly to 

220” under a slow stream of N,. Decomposition started at 
200”; product 16 was condensed into a cold trap. where it 
crystalliz& After 5 h the. xanthogenate was completely 
pyrolyxed and the product dissolved in pentarm ; the partapc 
was removed by slow distillation, since 16_is very voladla 
Yield: 45.5 g(73%) 16,mp. 41-43”. IR(CQ.1745 an-‘; ‘H- 
NMR (60 MHz, CDCl,) 5 1.15 (s, 12H. CH,), 5.95 (s, ZH, ck, 
ppm; ‘)C-NMR (15.08 MHz, CDCl,) 6 24.97 (q, CH,), 
49.43 (s,C-CH,), 136.51 (d, c=C), 224.80(s, m)ppm; 
UV(CJ-IH,3~(e)295.5(17)nm;MSm/e138(M+.10%), 
110 (M+-Co, 52%). (Found: C. 78.38; H, 9.97. Cak for 
C&I,,,O:C,78.21;H,10.2l%.)Ketone16wasalsoprepared 
according to the procedure published by Guxiec and co- 
workers. 5 

2&5,5-Terramethyl-~ycbpenrenone hydrazone (17) 
Ketone 16 (69 g, 0.5 mol), hydra&e hydrate (295 ml, 5.9 

mol) in dietbylene glycol(l.5 l) and EtGH (20 ml) were heated 
to rellux under N, for 72 h. The -led soln was diluted with 
750 ml NaCi soln and extracted with ether (4 x 500 ml). The 
etherextrauwaswa&edwithsatNaC!laq,driedandtbe 
solveut removed under reduced preantra Yiild : 66.2 g (8P/& 
m.p 72-74” (hexane). LR (CClJ 3400 (NH). 1660 (C=C) 
cm-‘;‘H-NMR(6OMHQZDCl,)61.16(s,6H,CHJ).l.42(s. 
6H. CH,), 5.52 (AB, J,,a - 6 Hz, 2H, CH) ppm; 1 CNMR 
(20.14MHz,CDCl,)b23.98(q,CH,).2852(q.CH,),46.49@,~ 
--CH,t48491r C_-CH,),136.92(d,C=C),137.10(d,C=C$ 
165 79(+, C=N) ppm, UV(n-hexane)~(s)212(22@l) nm; 
MS m/e 152 (M+, 30%). 137 (M* -CH,. lwkk 

4-Diaza3,3,5,5wmmethy&ycbpentene (18) 
Toasohtof12g(79mmo1)17in400mkpetsokume&er(30- 

50”)48gni&elperoxidewasaddedat~andstirredfor3hat 
0”. After 1 h at room temp the nickel ox&lea were removed by 
liltrationandthesolventremovedatreducedpremureThered 
diaxoalkene was used immediately for the next reaction to 
avoid decomposition. Yield: 10.6 g (90%). IR (Xl,) 2045 
(=N,) cm -t ;UV-vis&_(e) 192(3700),232(4650),501(25) 
nm. 

2,2,5,5-Tetramerhyl-3-cyclopenrenerkfone (19) 
Toacookd(0’)solnof5Oml(0.33mol)Et~Nin1lpetrokum 

ether(30-50”) asoln of25 g(0.165mol) 17in 25Oml petroleum 
ether and a soln of 13 ml (0.165 mol) S&la in 250 ml petro- 
leum ether was added simultaneously from two dropping 
funnclswithinlh.AHer3hthepptwasfiltersdo&,thepinlr 
soln washed neutral and most of the solvent removed at 
reduced pressure. After 12 h precipitated sulfur was separated 
andtbecrudeproductpuri6ed bycolumnchromatographyon 
300 g silica gel with petroleum ether. Yield : 17.6 g (WA), m.p. 
48-51”. IR 1625(mcm-‘; ‘H-NMR(6OMHx,CDCl,)6 
1.23 (s, 12H, CH,), 5.95 (s, W, CH) ppm; “C-NMR (20.14 
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MHz# 4xKl$ b 30.08 (0 CH,), 61.98 (s# pcH3,136.60 (6 
~uJ2~(r,pe9)pp%W-~@-be’xr#)Lm(~)~ 
(8550),225(1~~158~100q,$91(8)~;MS~elU~+, 
35”/& 139 (M + -CH,, 100/a (Found: C, 70.24; H, 9.13; S, 
20.65.CalcforC~,~:C,70.07;H,9.1S;S,20.78%.) 

1,1,4,4,8,8,11,11 - Octcrmrlhyl - 6 - this - 12,13 - 
d&uudispiro(4.1.4.2)(ridaca - DJ 2 - t&w (20) 

Thiolx 19 (6 & 39 Inmol) aQd 16 (583 & 39 l=lol), a& 
~lvadinMO~~o~dber(~MO)wm~adrtO”. 
After 3 h at 0” the soln m discolourai and ruhaequently the 
sohcol rcxnoved at redd pf~~~uft. Yidd: 10.1 8 (83%). 
DaoompositionofZOoccursncar 125”.IR(KBr) 164O(c=c), 
15750J=N)cm-*;‘H-NMR(60M~CDCl,)b0.98(~1W, 
CH,), 1.23 (s, 12H, CHdS.43 (s, 4H, CH) ppm; “GNMR 
(zo.l4M~CDCl,)aU.7S(q,CH~~~ll(q,CH,~54.32(~~ 
--CH ,), 124.37 (k C-S), 137.3 I (d, C=C) ppm ; UV-ti (n- 
hcxanc) & (E) 205 (2070), 283 (10X), 333 (312) nm; MS m/e 
Z83lhl) -CH,.Y,L I07tC,H,,‘. 1~;1flound:C,70.76; 
H.Y~I.~~.~~I.S.IO~~.C~~~~~IC,,H,,N,S C,71.OO;H, 
9?7,~.J:rI*% 10.5!‘,1 

1,1,4,4,8,8,11,11 - Octcrmcthyl- 6 - th&disj#ro(4.0.4.1) - 
2,9 - d&w (21) 

Aflaskcontnifiing10g(33mmol)#Iw~~Snabath 
kept at 140’. The compound mdtaI wtely and was 
thermolyzed for 30 min; volatile dsotmposition p&ucts 
wcrcrunovcdatmducedprasurc(lmmHg).Thecnde 
prtiuct was purified by duomatogr@y on * gd with 
petroleum ether (60-70”). X&l: 7.3 g (w/A nzp. 132”. IR 
(KBr) lf%l(C=C)cm- ’ ; ‘H-NMR (60 MHz, CIXZI,) d L28 
(a, 12H, CH,), 1.53 (& 12H, CH,), 5.35 (a, 4H, CH)pptn; lsC- 
NMR (20.14 MHs CDCl,] i 31.18 (q, CH& 5279 (x, G 
-CH,), 78.63 (a, c--s), 138.85(d, C=C) ppm ; W (n-hexus) 
n, (8) XI0 (2570), 265 (120) nm; MS nt/e 276 (M’, 3.50%). 
(Found: C, 78.45; H, 10.25; S. 11.89. Cak for C,,H&: C, 
78.20; H, 10.21; S, 11.60%) 

Method R. Thiirane 21 (15.6 8, 56.7 mmol) was heatai in 
(n-Bu)$ (46 & 0.23 mol) at 140”. To the cookd m 250 ml 
pttrokum ether (6&70”) and mrhaequently 20 ml (0.32 mol) 
Me1 wcreaddad and stirred overnight. The ppt was 6ltered OR 
washed with Hz0 and thesolvent removaL Chromatography 
(silica gel, petroleum ether 60-70“) and facrystallization from 
MeOH afforded pure 22. Yield : 9.4 g (68”/& m.p. 108”. 

Met~B.Amiatureof554mg(l.82mmol)2&nd243g(13 
mmol)(n-Bu),P was-in abatb keptat 130”for2 h.To 
the cooled mixture 4 ml Me1 in 20 ml petroleum ether was 
addai. Further puridcation as in Method A. Yidd : 3 16 mg 
(71%).IR(KBr)166O(C=C)cnn-‘;Raman(cryata&514.5nm) 
1663 (C=Q1563,1536 (C=C) cm-‘; ‘H-NMR (60 M& 
CD&) d 1.45 (s, 24H, CH& 5.16 (a 4H, m-H-); ‘%- 
NMR (20.14 MHz, CDCl,) d 31.02 (q, U-l,), 5198 (s, C 
<H,), 138.06 (d, CH=CH), 151.27 (s, G=C) ppm; W 
(C6H11) II. (e) 219.6 (3350) nm; MS we 2c14 (M+, 95%). 
(Found: C, 87.98; H, 11.36. Cak for C,,H,,: C, 88.45; H, 
11.540/,.) 

2,2,2’,2’,5,5,5’,5’ - &methyl - 3,3’,4,4’ - tetruhyiiroky _ 1,J’ - 

~Ycl~pouYl* (u) 
ToasolnofOsO,(4.22g, 16.6mmol)in 1Omlpyridincasoln 

of22(l.98g,8.1mmol)in4Omlcthcr~yridine(4: 1)wasadded 
dropwise over thecourse of 12 days. The ruction w&s stopped 
when all 22 and 010, had rcactai Ttte mixture was dilutaI 
withMOmlctbcrundcrNta8d~ovrmightwith~, 
(25 g, 65 mmol). Rcihuing for 3 h completed the reduction 
yielding a black soln ; the soln was cooled to O”, hydrolyzed 
carefully with H,0(5 ml) and, after H, cvdutkm had amed, 
rcflural for 5 IL The ether goln was decanted horn the ppt, 
treated thz times with 2 N HCl, once wit& H,O, ona with 
NaCl aq, dried ovea MgSO, and -ted at rulti 
pressure. The rwulting mixture (I.6 g) was chromatographed 

onsikagc~(Z0Og)withEtOAo-pctmkumethcrtoyidd 1.03 
g (41%) 23 (imp. 209) and 0.27 g I1 Z/d 24 mp. 162-163”). 

Specnoscopic d4f4 o/23. IR (KBr) 3420 (OH) cm-‘; ‘H- 
NMR(270MHz,d,-DMSO)G 1.29(s, 12H,CH& 1.38(& 12H, 
CH,)~;I.~I(S,~W,CH,~),I.~?(~,~~,CH,)~;~.~~(~, 
4H, CH-O), 4.33 (d, 4H, OH) pgm m+pI, “GNMR 
(~.15MHz,cD,0D)b26.11(~cH~,32.19(q,~~.83.09 
(d, CHOH), 48.78(s.Cq), 153.10(s. w 

9p” 
;MSm/e312 

(Mt,50,,‘).~:armd:C,88.79;H,10.0S.~ orC,JI,@,:C, 
69.19; H, 10.32%) 

Spectroscopic doto ~$24. IR (KBr) 3500-3300 (OH), 1630 
(c=c) a - ’ ; ‘H-NMR (270 Me d,-DMSO) d I.28,1.36, 
1.37,1.39(4s,cach6H,CH,),3.43(s,2H,~_~H),4.33(~2H, 
OH), 5.11 (s, 2H, HXH) ppm; ‘%-NMR (15.08 MHz, 
CD~OD)&26.36(q,CHS).31.71 (q,CH,),3210(q$H,),49.29 
(s, Cq), 5272 (s, Cq), 8268 (d, CHO), 138.50 (d, CH=CH), 
15240 (s, C=C) ppm; MS m/e 278 (M+, 130/J. (Found: C, 
75.06; H, 10.73. Calc for C1,H3001*0.5HzO: C, 75.19; H, 
10.52X.) 

3,3+6,6,8,8 - Hexurnethyl - 7 - (2’,2’,5’,5’ - tetrawrhykyclqent - 
3 - enc.- 1 - m) - t4 - dlotilcpclo(3.3.0)orron (2!Q 

Diol24 (77.8 me 0.28 mmol) w dissolved in 2 ml McOH 
and 2 ml 2-methoxypropcnc; a violent rca&on m 
MeOH and excess mcthoxypropcne were removal and the 
residue purified by chromatography (silica gel, petroleum 
ether-EtOAc 1: 1). Yidd : 70 mg (%gD/d 25, nip. 7w. IR 
(KBr) 1680 (C=C) cm -’ ; ‘H-NMR 6 1.2Ql.33 (28, each 3H, 
~,),1.36(~1W,cH,~1.40(~, 12H,CHJ),3.90(s,2H,HCO), 
4.95 (s, 2H, CH=CH) ppm; MS m/e 318 (Me, llyd. 

3,3,6,6,8,8 - Hexanuthyl - 7 - (2’,2’,5’,5’ - tetrmethyl - 3,4 - 
dihydroxycycZopmty1ti) - 2,4 - ~ox47bicyclo(3.3.O)ucf)ocranc 
(w) 

To ketal25 (65 mg. 0.2 mm00 in 5.5 ml ether OsO, (70 m& 
0.28 mmol) was ad&i. After 5 weeks at room temp the 
reactionwascamplete;~rkup~~thesyntb~ol23.Yidd: 
60 mg 26 (83%). IR (K3r) 3500-3300 (OH) cm- ’ ; ‘H-NMR d 
1.32(s,3H,CH,),1.365(s,tiH,CH,),1.37O(q6H,CH~l.45(9, 
3H, CH,), 1.48 (s, 6H, CIjJ 1.51 (s, 6H, CH,), 222 (m, 2H, 
OH), 3.53 (s, 2H, CHO), 3.89 (s, W, CHO) ppm ; MS m/e 352 
(M+, 13%). KetaIdiol 26 (4.4 mg, 0.0125 mmol) in 1 ml 
CHSOH, 0.5 mI Hz0 and 3 dropa of CF&OOH was tiw 
for4hatroomtemp.Afterretnovalofthesoivents3.5mg(~~) 
of 23 was obtainad. 

Method A. A hixturc of 23 (0.84 g 269 -01) and NaI04 
(1.2g,5.6~l)in75mlTEIFand50mlH,Owaertirradfor 
2 h and then extracted with CHIC& (3 x). The exw 
were dried over MgS0, aad the solvent removal. 
Chromatography with pctr&um ctha-EtOAc &avc three 
main fractions : fraction 1,214.6 mg (26%) 27, m.p. 140” (dam) 
(CH,OHorCH,CN);~on5~3mg(360/~;fractian 
3,1735 mg (20.5%) 23. 

Specnoswpic data of 27. IO (K.Br) 1730 (C=O) cm-’ ; 
Raman(514.5nm)1736,1715(<=0),1461(C=C)cm-’;’H- 
NMR (270 MHz, d&He) 6 1.20 (s,24H, CH,), 9.18 (s, SH, 
CHO) ppm; ’ 'GNMR (20.15 MHz, CDCl,) 5 25.47 (q, Cl-I 3, 
56.16(s,C@, 150.17(~c3c),199.09(d,CH0)ppm;MSm/e 
308(M’,O.l”/; W(C,H,&&,&t)20?(2150),241(1500)naz 
(Found : C, 70.12; H, 9.llO. Cak for C1,H,,O,: C, 70.07; H, 
9.1%.) 

Spectrosco@c &to a IR 342O(OH), 1730 (C=O) cm - i ; 
‘H-NMR (270 MHZ. d,-acetone) d 1.12, 1.23, 1.35, 1.45 (44 
aoch 6H, CH,), 280 (2H, OH), 3.57 (a, 2H, CHO), 9.53 (s, W, 
HC=O)ppm; “C-NMR (100.62 MHZ, k-&e) b 24.95 
(q, CH,), 26.39 (q, CH,), 49.20 (s, Cq), 54.72 (B, C.q), 60.11 (d, 
Ca), 137.88 (s, C=C), 161.81 (s, m 203.50 (d, 0) 
ppm; MS m/c 310 (M*, 1.20/d. 

~HnhodB(ozordzuti@.In600ml EtOAc3.0g(1227mmoI) 
tricne 22 and 3.13 g (U.45 mmol) tctrrcyulotthykne were 
dissolva!andthemixtureux&rN,wscooledto -78”;on 
cooling some turbidity of the soln was ObBcrved. ozone wa8 
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decanted frooa Ni and ti ths~~ tima wirb b&&ozanc. 
Afkxcva@mtia&oPthoaolwlntrtmrlumd~r@2;XLmgof 
a c&wlm liquid was obtained, whiclb was purifkd by 

-~YWWWW=4~-~Y 
byprcparativtVPC(10~OV 101,1%0”i!&hcrm~Yid&;91.9 
mg @?%I a m.p. 73* w&N& 5.7 =8(1x) 49. 

S~~~~~~~~~~~~~~~ 
Qlr-‘;~fJ~~~t)ct7~cm-‘;uv(~,~)lt, 
(8) 245 (3700) nm; ‘H-NMR (400 MHz, ClXl,) 40.94 (t, 3 
= 7.4 Hz; 3H, CH,C&), 124, 1.m; 1.34 (3a, each 3H, 
C(C&)& 257 {q, J = 7.4 ti W, C&CH& ppm ; ‘“GNMR 
(100.62 hi& C6Dd 6 18X& CSE&:31..w {t, CX&30.22, 
33.48. ti66 Pa, $XC’H&), 33165,3+% 35,s (R, C&H,)& 
15215,154,45(~C=)ppnr;HS~e~~+,4~~~~d: 
C, 85.48; H, 14.40. Calc fatC,dH[,,: C 85.62; H, t4.vA) 

Spectroucopic d&a of&P. ‘&NMR @Xl MHz, CDCl,) 1.05 
(s, 18H,2 x C(CH,),X1.22(sgH,C(CH,),), l.SS(d,J = ~&HZ, 
3H, =CH-C&), 223 (s, lH, CH), 5.38 (q, J = 7.6 Hz, lH, 
==CH)ppm; 13C-NMR (lm.62 M~CDCl,) 16.22{q,CH& 
22.98 (q, WH,),). 32.48 (q, 2 x C(g,),), 37.73 (s, 2 x 
G(CH ,),>. 44.61 Is, c(CH s),), 57.33 (d, CH), 121.78 (d, 
=CH), 160.09(q~)~;MSm/e224(MT3.4%). 

Raney Ni was pnpatwi brolrn IOg NiAl alloy (saD/, 85 mm01 
Ni)aadNaOHaadw~~thFst~~arithxbsdioxaatundrr 
Nz. Then 180 mg (0.75 mmol) 10 in 30 ml dioxane were added 
to the Rancy Ni slurry and rcfluxcd for 17 h. Afker cooling the 
solnwasdeaantad,thtNiw~adthractimeswithhotdio~~ 
and the solvent evaporatai. Yield : 116.6 m8 (74%) 32, 
crrlourlcssliquid.IR(film)3070,3040,~(CH3,CH~an‘-~; 
~(514.Snm)1516(~czn-‘;UY(C,H,3~(t)234 
(5000) nm; “H-NMR (400 MHz, C6Ds) cl 1.23, 1.35, 1.38 
(3s, each PH, C(C&)& 1.76 (s, 3H, CH,) ppm; “C-NMR 
(1~.63 Ml.4 CsD6) S 24.51 (Q C&&3229,34.43,35.20 (3q, 
CtCH,),),90.19,40.36,41.35(3s,~(CH~),), 145,59,152.%(~ 
C;c);MSm/~210{M’,4.TO/,).(Found:C,85.67;H.l4,40.~c 
for C, 3H30: C, 85.63 ; H, 14.37%.) 

Ad&tin of &&uryrom’tn’& rfa&& ro 13 : 2,56,6,1410 ” 
~~s~~~-9-{1 -c)trmo- 1-~~~~~~~-8-~~-4- 
rlClabicy&[5.3.0]&cdeca - lf7),8 - dknt f!!l) and 3,3,6,6 - 
i~~f~~l-4-(1 -cyurzo- 1 -merhy~~yt)-5-(3-~~hyf- l- 
pzo - 1J - buru&#s~f) - 1 - &a - 4 - cyctohcptcnc (50) 

(a) Thermal gmerution OflBN ra&&. Under N, 336 mg (2 
mmol) 13 and 328 mg (2 mmd) azoisobutyronitrile (AlEN) in 
15 ml abs benzene ww r&uxecl for 6 h; a&x this time the 
evolution of N, bad ceased. Two products wem detect& by 
TLC and wcn separated by column Murphy (silica 
gcl,petroleumethcr-ctha10: l).Yield:310mg(S1~)5l,m.p, 
loo” (hcxanc); 240 rns (390/,) So, m.p. 83” (M&H). 

Spccho=~pic data of 51. IR (KBr) 2235 (CZN), 1685 
(C=N@I.tP; vv(C,H,,)~(c)230(1220f,244Il090),276 
(1250)nm;“H-NNR(400MHZ,C,D,)b 1.14,1.15,1.48,1.49 
@@ c8ch 6H, C(CH,)& 233,241 @a, 2H, CH,S) ppm ; s3C- 
NMR f 100.62 MHz, CDC13) 6 25.47, 25.53, 27.15, 31.07 (4q, 
C~,),),40.20,42.93,50.69,59.K)(4a,~(cH,)~49_29,x).30 
(&C&S), 125.31 (s,C=N), 147.28&C==), 16?.19,169.16(2a, 
C=N and =C-N) ppm; MS m/e 304 (M+, 66.6x), 236 (M 
-C&H&N, 97,rO/,), 180 (M - C,H,N - C,Hs, 80$$). (Found : 
C, 70.73; H, 9.27; N, 9.06; S, 10.51. C&for C,,H,,N,S: C, 
71.00; H, 9.27; N, 9.20; S, 10.53%.) 

Specfwcopic doto L$ Jo. IR (KBr) 2240 (CEN), 1995 
(C=C=N) cm-‘; Raman (514.5 nm) 2236 (czN& 1990 
~~N)cm-‘;UY(C,H,~;b,(e)214f10,800)nm;’H- 
NMRI~MHz,CT)ICI,)2ieom~(ZandT[)inaratio5:2 
isomerlb1.15,1.24,1.29,1.51,1.60,1.68,1.75,1.93(~~3~ 
CH3), 221,3.51 (AB system, J- = 14.6 Hz, W, CH,S), 243, 
2.64(AB syatcm, J, = 13.2 Hg 2H, CH,S) ppm ; iamm II B 
1.18, 1.21, 1.36, 1.48, 1.59, 1.65, 1.95, 1.96 (8s, au& 3H, CH,), 
2.39, 255 (AB system, J,, - 13.4 Hq 2H, C&S), 3.00 (B 
overIaid) (AB system, J,. = 14.2 Hz, 2H, CH,S) ppm; ‘“C- 
NMR(100.62MHz,CIXnS)d2281,25,r9,25.60,27.05,28.50, 
29.01 t6q, CH,), 28.28 (q, CcH,)& 38.76, 40.87, 55.80 (3s. 

Sp~~truscopic d4t4 @&a or b. ‘H-NMR (270 MHz, CDQ) 
6 1.16, 1.22 (2s, each 9H, C&X,),), 1.31, 1.35, 1.37, 1.40 (4s, 
each 3H. CH,I, 231.3.01 (AB system, JA, = 14.4 Hz, 2H, 
CH,Sf,2.85 {s, lH, CHS), 5.41 (s, lH,=XX) ppm; 13C-NMR 
flOO.62 MHz, CDCl,) 2i 27.77,29.08,31.18,36.59 @q, CH3), 
30.87, 33.73 (2q, CQI,),), 37.59,39.17,41.61,44.23 (4s, cg), 
47.38 (t, CHzS), 62.24 (d, CHS), 140.26 (d, -== 149.59 (s, 
C=) ppm; MS m/e 170 (M - 2 x C&HI, 4y/& 
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