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Sugary: A rmqz of &table precursors were syntheslted in order to antrast 

and u&z Me3s1cn2-, W3SD arx! w aa termLnatnrSlnbJthln~aYX3 

intraraDIe8Xlar cyc1oaddltlals of ally1 catti to cyclic 1,3-&era?s. A variety 

of a-a&d bicyclic, trlcycllc, and spirofund &.klucts with [3.2.l]skeletars 

uzreobtained.?he m are of interest, e.g., ln pe&urwy. ?he uzirk 

ontrlkutes to the deve1qment of GarbocatiarM cyc11satlm m?t!ndoIcgy. 

In 1976, Flemlng, Pearce and Snowden la 
reported the use of an allylsilane 

termlnator in an intramolecular electrophlllc cyclltatlon. This paper, and subse- 

quent work by Flemlng and a review, lb set the stage for much of the synthetic ac- 

tivity in allylsilane chemistry and general organoslllcon chemistry that was to 

follow. 

As yet, allylsllanes have been used infrequently as terminators for lnter- 

molecular cycloadditlons. ’ Our principal synthetic target was zlzaene (!I and 

some of its structural analogues. 
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!Q R-H 

lb R = CH3 

!Q R = C02H 

!e R,H = 0 

1s R = CH20H Ii RtH = CH2 

The synthesis of 1 is a challenge because 1 contains a trlcycllc skeleton 

with (i) a trans-perhydrolndan moiety, which also occurs in glbberelllns, stcro- 

ids, vltamln D and its derivatives, (11) an accumulation of tertiary and quater- 

nary C-atoms, C (1) also being a Spiro centre, and (ii11 a crowded exo-methylene 

bond which tends to shift into 5,6-posltlon under thermodynamic conditions. 

Intermolecular l4odel Studies. Using the cycloaddltion approach (Scheme 1) 

for the construction of the methylenecyclohexane moiety, we had the chance to 

study -CH2SlHe3 as a terminator first in intermolecular, and then also in lntra- 

molecular, reactions. In an lntennolecular cycloaddltlon (Scheme 1 I , two new o - 
bonds are made and these reactlone are therefore expected to be experimentally 

more demanding than simple intramolecular cyclltatlons, in which only one new o 

bond is formed. 
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Schema 3 Cycllring Grlgnard Reaction of Silylated Acrylic Esters. 

Di-Grignard reagents are well known to react with esters to form tertiary 

alcohols. ’ Indeed, reaction of the functlonalized acrylic esters 9 and 0 vith the 

1,4-butane dl-magneelum reagent gave fi and IQ, respectively. Formation of the 

tertiary cyclopentanols vas relatively smooth, both in the vinylllthlum series 

and via the Grignard cyclltatlon reaction. In contrast, preparation of cyclohe- 

xanol derivatives such as 2 and 11fi vas more difficult. Alcohol 11#, obtained via 

the double Grlgnard reaction, is also a tetrasubstltuted alkene which vas not 

isolated In pure form. Apparently, the multiply-activated tertiary alcohol suf- 

fers ready loss of water which is facilitated by intramolecular electrophlllc as- 

sistance of slllcon (119 * 11kl. 

Generally, the preparatlon of allyllc alcohols having tetrasubstituted 

double bonds such as ]Q and also bearing OTHP-groups, e.g. Jo below, vas more 

difficult than preparation of allylic alcohols with a simple methylene terminus, 

e.g. J, 2, and 6. Clearly, the vinylmetals used as intermediates are destabilized 

by additional alkyl groups. 

With allylic alcohol 1 - 19 at hand ve could test the approach delineated 

in Scheme 1. We had shown earlier that functlonalized ally1 alcohols can be acti- 

vated via conversion into trlfluoroacetates and treatment vith zinc halide. 3.5 A 

simpler method of an SNl-type activation 1s the reaction with TlC14/N-methylanl- 

line at -20°C in CH2C12. 
6 

As expected the reactions of the structurally and electronically unbalanced 

ally1 cation precursors 2 - 2 with cyclopentadlene gave cycloadducts !i - I> in 

modest yields (Table 1). In fact, it is interesting that 12 and 12 were formed at 

all, because it vas by no means clear at the outset vether one allyllc cation ter- 

minus would be overstabilized at the expense of the other. This problem could 

have jeopardized the formation of two o bonds. - The cycloaddition vas more effec- 

tive starting vith the tetrasubstituted precursor 19, giving I$ in 58t yield. Te- 

tracycle 12 is a new sesquiterpenoid (C 15H20) and so is the tricyclic spiroannu- 

lated adduct 1p (C,5H22) which is also structurally closely related to dehydrozl- 

zaene and has a strong smell of pepper. The unsaturated tricycle 11 has a smell 

of mint. 
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Intermolecular reactions of the tautomeric mixture of vlnylcyclopentadienes 

and fulvenes (lfip : 12~ t $1~ - 6 : 3 : 1) gave only one clearly Identifiable 

[i + 31 adduct ft and two minor adducts: One was probably the 13 l 21 adduct 24, 

present ds a mixture of l- and 2-substituted valence tautomers. The other vds 

either a 13 * 21 adduct Z&/k or 21 (Scheme 5) .7b 

In contraet, cycloaddition using the more nucleophilic -OSlMe3 terminator 

(22 ,- 229) afforded ‘I-membered ring adducts ?fi and if as the major products which 

were present in a ratio of 1 : 1 (Scheme 6). A minor product 28 was derived from 

6,6-dlmethylfulvene tll#l. Further minor products could be recognized by CC, but 

could not be isolated in t3ubStdnCe. There were no indications for the formation 

of 22 in significant amounts fit fe not clear wether 22, if formed, would have 

survived the LawiS-dCldiC reaction conditions). Bicycles 26, 22, and 18 are new 

seequlterpenoids (C, 5H220). 

Scheme 6 

The reactions ln both Scheme6 5 and 6 mvolve permethylated allyi cations, 

i.e. ZQp and ggp, which have comparable steric demands. Hence, the terminator 

must be important. Whereas -CH2Si14e3 is a o-donor, -OSii4e3 can also function a8 a 

nucleophile tnteracting through space and giving rise to the twisted ally1 cation 

25!J. 5b 
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Adducts 41, 21. 24, 25, !i and 11 have a apirofuned cyclohexane moiety in 

common. Steric repulsion of this ring with the neighbouring bridgehead proton re- 

sults in a clear dovnfield shift of tha bridgehead proton. The chemical shift 

difference of the two bridgehead protons ie greater for the gem-dimethylated ad- 

ducts than for the CH2 analogues (cf. 22 h if, 22 b 241. Apparently, the geun-di- 

methyl groups introduce additional steric stress. A five-membered ring (cf. JQ, 

Jar l!io and it) exerts no comparable steric pressure on the bridgehead protons, 

as judged from the 
1 
H tWR signals. Tricycles 29 - 32 have a sweet candy type 

flavour. 

For intramolecular cycloadditions, the a,a-dibromo ketone route is diffi- 

cult to implement because of the difficulty of preparlng suitable precursors; 

thus, attaching a dibromo ketone moiety to a cyclopentadiene. either directly or 

by a chain, lo not feasible. 

Hovever , previous work showed that allylic alcohol 24 can be activated to 

form bicyclic ketone 22~ and also blcyclic enol ether 2pQ (Scheme 71 .5a 

Scheme 7 

c 2 l 
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1. mp *o, 
XtsPr: 

2. z&%X2 ~~- 

We have nov found that the ethoxy group can be replaced by the 2-tetrahydro- 

pyranyloxy I-OTHPI group. For inetance , cyclopentadiene and 40 gave !1 (Scheme 81, 

and many further cycloadditions with an OTHP-terminator have been realized. Sc,d 

Scheme 8 

ether 

JP 41 448 

Hovever, various attempts to use the structurally related cyclic vinyl 

$2 were not succeaeful (Scheme 91. 

Scheme 9 

\ Q2 RW4#TiC14 * 

l * no,- cp 
- II- 

‘r - 
r= cg. 

, 
” Cn2c12,-2ooc 

We surmise that tvlatfng of an intermediate planar ally1 cation $2~ would 

do little tranefer positive charge onto the inbuilt nucleophilic oxygen, in con- 

trast to 129 :: sa’p. Thus, a certain degree of conformational mobility of the 
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alcohol 11 with TiCl,/PhNHMe was preparatively simpler, but gave products which 

were somewhat less pure. 

After the model experiments with vinylcyclopentadienes summarized in Scheme 

5, it took some courage to attempt an intramolecular variant of this reaction. 

Nevertheless, we decided to prepare #Q and obtained it, after difficulties with 

the oxidation of a secondary alcohol bearing the sensitive tertiary ally1 alcohol- 

allylsilane moiety, had been overcome. 
7 

Of the various oxldlzing agents tried, 

only py*S03 was successful (Scheme 12). 

Scheme 12 

Since conformational mobility of the external chain in jj should decrease n 

overlap of the triene portton of the molecule, we speculated that the periselec- 

tivity of a cycloaddition should also be modified. After allowing alcohol 3P to 

react with equimolar TiCl,/PhNHUe, we were pleased to find that the novel bisde- 

hydrorrzaenes jl~,i (C,S 2O H ) had been formed in 201 yield (j!g t #I# = 1 : 1). 

Thus, the intermolecular ‘model” reactions are unfavourable here and are a pwr 

guide for the actual target, which is constructed intramolecularly. 

Scheme 13 

jzJ f!n 

The 2-Tetrahydropyranyloxy (-OTHP) Terminator. Since the geminal-dlmethyl 

effect (Thorpe-Ingold effect) facilitates cyclisations and increases yields, we 

prepared t-butyldimethylsflyl ether 12 (Scheme 14). 

l valefuX 
pws#/TiC14 

tauW.rasr 
* &*& 

Qi2C12 ,-2o”c :_: :_: 

>aa 39:61 a& 

At equilibrllm: 54:46 

301 w.r.t. 22 
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EXPERIMENTAL 

Preparation of Allylsilane Precursors. Electrophllic Capture of Vinyl Crl- 

gndrd Reagent l&l to Tertiary Alcohols 1 and 4. To a suspension of ng (0.187 g, 

7.8 mm011 in dbs. Et20 (5 mL1 containing catalytic iodine vaa added 2-bromo-3- 

trlmethylsilyl-1-propene (i)‘*_ (1.54 g, 8 mm011 in abs. Et20 (5 mL1 under N2. The 

suspension was refluxtd for 0.5 h until the Rg had dissolved dnd then the mlxture 

was cooled to O’C. The ketone (benzophenone for 2, dlcyclopropylketona for +1 (7.8 

mmoll in abs. ether (10 s&l vas added dropvise and the mixture vas stirred for 1 
h at 35’C. It was then retooled to O*C and hydrolysed vlth saturated aqueous NH4Cl. 

The organic phase VdS separated, and the aqueous phase VdS extracted vlth ether 

0 x 20 mL1. The combined tther layer wds dried and the solvent was evaporated. 

On attempted chromatography (A1203, basic or neutral) the resulting tertiary dl- 

cohole decomposed. Therefore, the more volatile educte were removed by Kugelrohr 

dletilldtion (SO’C, 0.1 Torrl. 

l,l-Diphenyl-2-(trimethylailyllmethyl-2-propen-l-ol ( 1. Yleld 1.4 g, 638. 

IR (Ccl,) 3620 s, 3580 m, 2960 Je, 1250 vs, 1025 VII; cm-‘. ’ H NM? (CDC131 6 0.04 

(e, 9 H, Me,Sil, 1.59 (d, J = 1 Hz, 2 Hl, 2.45 (br s, 1 H, OH), 4.51 (d, J = 1 Hz, 

1 H, olefin. Hl, 4.93 - 5.0 (m, 1 H, olefln. H), 6.06 - 6.43 (m, 1 OH, Ph-HI. MS 

(70 eV, rtl, m/z (fel. Intensity) 296 (H*, 11, 278 (41, 263 (21, 255 (21, 206 

(391, 191 (261, - -183 (281, 165 (131, 152 (41, 128 (121, 115 (63, 105 (561, 91 (261, 

77 (311, 75 (361, 73 (100). Exact mass calcd. for C1gH240Si ~/f 296.1596; found 

296.1552. 

l,l-Dlcyclopropyl-2-(trimethylsilyl)methyl-2-propen-l-ol (41. Yield 0.57 g, 

339. IR (Ccl41 3620 m, 3095 m, 2960 s, 1630 m, 1250 VS, cm-‘. ‘H NW (CDC13) 6 

0.05 (5, 9 H, Me3Sl), 0.24 - 0.61 (m, 8 H, CH2, cyclopropanel, 0.78 - 1.26 (m, 3 

H, CH of cyclopropane and OH). 1.66 (d, J = 1.5 Hz, 2 H, CH2Sl), 4.63 - 4.7 (m, 1 

H, olafln. H), 5.03 (m, J = 1.5 Hz, olefln. Hl .WS (70 eV, rtl m_/z (rel. intensity) 

224 (14.. 21, 206 01, 183 (61, 167 (71, 134 (131, 119 (151, 112 081, 91 (281, 75 

(100). 69 (26). 

Electrophllic Cdpture of Vinyllithium Redgent Generated by Metal-Halogen In- 

terchange. 2-Bromo-3-trlmethylsllyl-l-propene’4 (21 (1.5 g, 7.8 mm011 was dissolved 

in d mixture of abs. THF (16 UIL), pentdne (4 IT&) and ether (4 nib) under N2 and 

cooled to -78’C. A solution of t-butylllthlum in hexdne (1.5 molar, 7.8 mL; 11.7 

mmol) was added dropwlse and the resulting mixture wds stirred for 1 h and cooled 

to -12O’C. The ketone (8.6 mmol) wds precooled to -78’C and added by syringe dt 

once. The reaction mixture vds stirred for 30 mln and hydrolysed after removal of 

the cooling bath. The preclpltate formed vds dissolved in aqueous NH4Cl and the 

product was worked up by chromatography on alumina and by removing volatile educts 

by Kugelrohr distillation (SO’C, 0.1 Torr). 

l- l’- (Trimethylsilyl)methyl-ethenyllcyclobutdnol (21. Yleld 0.78 g, 551. IR 

(CC141 3620 m, 3480 br w, 2960 vs, 1250 vs, 1145 s, cm-l. ‘H NW (CDC13) 5 0.06 (3, 

9 H, SlMe3), 1.56 (d, J = 1 Hz, 2 H, CH2Si), 1.59 - 2.48 (m, 7 H, ring H dnd 1 OHI, 

4.67 - 4.74 (m, 1 H, olefin. H), 4.94 (d, J = 1 Hz, olefln. Hl. MS (70 ev, rt) z/z 

(rel. intensity) 184 (14*, 2), 169 (281, 147 (61, 141 (91, 128 (lo), 95 (17), 93 

(131, 91 (131, 86 (171, 75 (SE), 73 (100). 
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tography (silica gel, pentane). 

2,2-Diphenyl-3-mathyleneblcycIo[3.2.l]oct-6-ene (12). Yield 0.21 g, 218. IR 

(~~14) 3060 10, 2950 vs, 1635 v, 1600 v, 1495 8, 1450 s, cm-‘. ‘H NM.R (CDCl3) 5 

1.75 - 1.95 [m, 2 Ii, C(8]H2], 2.25 - 2.5 Im, 2 A, C(4]H2], 2.5 - 2.67 (m, 1 H, 

bridgehead-H] , 3.34 - 3.49 (m, 1 H, bridgehead-H, X of A.SX-system], 4.61 - 4.71 

(m, 1 H) and 5.07 - 5.18 (m, 1 HI (exe =CH2), 6.05 - 6.2 (dd, 1 H] and 6.21 - 6.4 

(dd, 1 H) (AR of ABX, JAB = 6 Hz, J,,X = JBx = 2.5 Hz, CH=CH], 7.15 - 7.53 (m, 10 

H, 2 C6H5]. MS (70 eV, rt) m/z (ral. intensity] 272 (M’, 591, 231 (34], 206 (711, -- 
205 (751, 192 (65). 191 (1001, 181 (431, 178 (361, 167 (411, 165 (591, 152 (201, 
141 (la], 129 (511, 115 (411, 105 (141, 91 (70). 73 (34). 

Z,Z-Dicyclopropyl-3-methyleneb~cycloI).2.1]oct-6-ene (11). Yield 0.15 Q, 

20%. IR (CHC13] 3095 m, 3005 s, 2040 vs, 1630 m, 1455 m, 910 8, cm-‘. ‘H NMR 

(CDCl)] I 0.04 - 0.4 (m, 8 H, cyclopropane CH2], 0.66 - 1.0 (m, 2 H, cyclopropane 

CH), 1.58 - 2.03 [m, 2 H, C(OH2], 2.09 - 2.32 [m, 2 H, C(8]H2], 2.32 - 2.6 (m, 

2 H, 2 bridgehead-H), 4.78 - 4.92 (m, 1 HI and 5.0 - 5.12 (m, l H] (exo =CH2], 

5.86 - 6.03 (dd, 1 H] and 6.05 - 6.21 (dd, 1 H] (J 
8B 

q 5.5 Hz, JAx q JRx = 3 Hz, 

CH=CH). MS (70 eV, rt) m/z (rel. - - intensity) 200 (M , 41, 185 (111, 171 (251, 159 

(141, 157 (211, 142 (261, 131 001, 129 (521, 119 OS), ll7 (451, 115 (28) 0 105 

(511, 91 (1001, 79 (65). Exact mass calcd. for C15H20 _ _ m/z 200.1565; found 200.1559. 

3-~ethylene-blcyclo(3.2.1Joct-6-ene-2-splro-l’-cyc~opentane (11). Yield 

0.15 g, 239 (0.29 g, 458 in other experiment], mint-like odour. IR (CC14] 3060 m, 

2960 vs, 2880 6, -1 
1635 m, 890 8, cm . ‘H NI(R (CDC13] 6 1.42 - 2.35 (m, 12 H, 6 

CH21, 2.4 - 2.65 (m, 2 H, bridgehead-H], 4.54 - 4.72 (m, 2 H, exo =CH2], 5.78 - 

6.05 (m, 2 H, CH=CH]. 13c NhR (CDC13] 5 24.6 tr 24.9 t, 35.9 t, 37.2 t, 38.1 tr 

39.8 d, 41.4 t, 52.4 d 6 8, 110.5 t, 134.4 d. 134.6 d, 153.3 s. MS (70 eV, rt) 

m/z (rel. -- intensity) 174 (M’, 571, 159 (191, 145 (291, 133 (521, 131 (401, 117 

061, 115 (201, log (471, 108 (891, 105 (471, 93 (loo], 91 (901, 79 (691, 77 (491, 

67 (77). 

3-~thylene-bicyclo~3.2.1]oct-6-ene-2-splro-l’-cyclohexane (12). Yield 

0.107 g, 159. IR (CC14) 3060 V, 2940 vs, 2870 s, 1640 m, 1450 8, 910 so cm-l. ‘H 

NMR (CDCI~) 5 1.18 - 2.48 (m, 14 H, 7 CH2], 2.51 - 2.61 (m, l H] and 2.68 - 2.88 

(m, 1 H) (bridgehead-H’ s); 4.6 - 4.7 (m, 1 H) and 4.74 - 4.84 (m, l H] (‘CH2]; 

5.82 - 6.06 (m, 2 H, CH=CH). MS (70 Ed, rt] m/z (rel. intensity] 188 (M*, 581, -- 
173 (la), 159 (221, 147 (411, 131 (381, 122 (741, 105 (661, 91 (85) # 79 (loo), 
77 (47), 67 (73). Exact mass calcd. for C,4H20 z/z 188.1565; found 188.1560. 

4,4-D~~thyl-3-methylene-blcyclo[3.2.1]oct-6-ene-2-spiro-1’- CycIOpentane 

(16) * !p (0.25 g, 1.1 mmol), 2 h TiC14 in CH2C12 (0.83 mL], PhNHne (0.18 9r 1.65 

mmol), cyclopentadiene (0.20 g, 3 mmol], CH2C12 (30 mL]. Yield 0.13 gI 58a after 

chromatography. The product may decompose on workup. IR (Ccl41 3060 m, 2960 8, 

2870 s, 1622 m, 1608 m, 1510 m, 1460 m, 1455 m, 895 m, cm-‘. ‘H NMR (CoC13] 5 

1.07 (8, 3 H, CH3), 1.23 (s, 3 H, CH3), 1.60 - 1.86 (m, 8 H, SpirOcyCloPntane)r 

2.09 - 2.21 [m, 2 H, C(8]H21, 2.39 - 2.54 (m, 2 H, bridgehead-H’ s], 4.86 (9, 1HI 

and 4.92 (s, 1 H) (exo q CH2] , 6.04 (m, 2 H, CH-CH]. MS (70 eV, rt] m/z (rel. ln- -- 
tensity) 202 (M*, 46], 188 (19). 187 (100, h*- CH3], 161 (131, 160 (131, 159 (SO], 

146 (271, 145 (541, 136 (521, 133 (20, 131 (271, 123 (231, 121 (271, 119 (231, 
117 (231, 107 (361, 105 (371, 93 (461, 91 (47), 79 (331, 41 (29). 

2,2,4,4,6-pentamethyl-3-methyleneblcyclo[5.3.Oldecan-6,9-dlene (fl) (Cf. 

Scheme 5 and ref. Sb, 7b). Yield of cycloadducts 1.2 g, 37t; a sample of 21 was 

obtained by preparative CC. ‘H NHR (CDC13. 90 MHZ) 5 0.92, 1.20, 1.16, 1.24 (each 
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4,4-Dlwthyl-8-oxablcyclo~3.2.l]oct-6-en-3-ons-2-epiro-l’-cyclopcntane (39). 

30 nunol scale, 2.23 q f38t) after double flash chromatography on silica (light=pe- 

troleum/RTBE - 10 : 1). IR (CC141 inter al. 1700 cm-’ fcarbonyll- ‘H NllR oxa3, 
300 13x2) 5 0.94 fs, 3 Ii, CH3), 1.34 fe, 3 H, CH3), 1.61 - 1.72 fm, 6 RI, 2.07 fm, 

1 Hf, 2.20 fm, 1 H), 4.42 fd, 3 - 1.5 Hz, 1 XI, 4.47 fd, J - 1.5 Hz, 1 HI, 6.34 

fm, 2 H, CH=CH). 13C NMR fCCC13, 75 Iu(z) 6 20.7 q. 26.0, 26.1 6 26.2 m, 31.2 t, 

38.4 t, 50.3 E, 61.5 a, 84.9 d, 86.3 d, 133.5 d, 135.2 d, 216.6 8. MS (70 ev, rt) 

ml2 frel. -- intensity) 207 fR** 1, l.fO), 206 fM*, 151, 190 (4), 163 (51, 138 (12). 
136 (711, 135 124), ‘Ill (tot, 110 (781, 109 (221, 108 fl7), 107 f47), 96 (31)~ 95 

(1001, 91 (14)‘ 79 (241, 77 1191, 70 07). 69 f13), 68 (261, 67 f33), 65 fls), 55 

(101, 53 (19). 

8-0xabicyclo~3.2.ljoct-6-en-3-one-2-sp~ro-l’-cyclohexane fall. 30 mmol 

scale, after double flash chromatography 1.0 g, 18.50. Beat results with ultra- 

sound ; )) decomposed on Rugelrohr distillation at 12O’C, 0.1 Torr. IR (Ccl,) in- 

ter al. 1710 VS, -I cm fcarbonyl). ‘H NRR fCDC13, 200 KHZ) 6 1.50 - 1.78 fm, 10 X), 

2.08 fd, J = 1.0 Hz, 1 H), 2.36 fd, J = 1.0 Hz, 1 H1, 4.81 fm, 1 HI, 4.96 fdt, J = 

5.0 Hz, J = 1.0 Hz, 1 H), 6.31 fm, 2 Hi. 13c NMR fCDc13) 6 21.4, 21.6 6 25.7 m, 

28.8 t, 32.0 t, 43.7 t, 56.4 8, 77.9 d, 82.5 d, 132.5 d, 134.4 d. 210.5 8. MS (70 

eV, rt) m/z frel. -- intensity) 193 fR*, 3). 192 fki’, 28), 164 f3), 149 f2), 136 f4), 

12s (91, 124 fM*- 68, furan, 100), 111 f29), 110 f?OO), 109 (178, 107 (121, 93 

(131, 91 (IS), 83 (401, 81 (691, 79 (291. 77 1231, 68 fl9), 67 1521, 55 1521, 53 

(321, 44 f34), 42 (451, 40 iSO). 

4,4-D~methyl-8-oxablcyclo(3.2.ljoct-6-en-3-one-2-spiro-~‘-cyclohexane (22). 

52 mmol scale, after chromatography fpentane : XTBE = 20 : 11 3.89 g. 42.5S of $2 

are isolated. II? fCC141 inter al. 1700 8, cm*’ fcarbonylf . ‘H NMR fCtXX3r 200 @fHZ) 

! 0.91 (s, 3 H), 1.32 (a, 3 H), 1.58 - 2.14 fm, 10 HI, 4.41 fs, 1 H), 4.89 (8, 

1 HI, 6.36 (8, 2 Ht. 13C NMR fCDC13) 6 21.1, 21-4 S 21.6 m, 25.7 t, 26.8 q, 29.7 

t, 33.8 t, 51.3 s, 55.4 s, 82.0 d, 86.2 d, 113.5 d, 133.8 d, 216.8 s. 135 (70 eV, 

rt) m/z frel. intensity) 220 fx*, 9)) 205 f2), 152 fM*- furan, 111, 150 (241, 110 

ft0,: TO9 (36), 107 (291, 95 (711, 90 1271, 83 f25), 81 152). 79 (471, 77 f35), 

70 f29), 67 f29), 65 f24), 55 f43), 41 f1001. Anal. calcd. for C14RZO02 C, 76.33; 

H, 9.15; found C, 76.10; H 9.16. 

4,4-Dfmethyl-btcyclo[3.2.l~oct-6-en-3-one-2-spiro-~~-cyc~opentane (2)). 50 

ml scale, 5.6 g, 60%. IR fCC14) inter al. 1700 vs, cm-’ fcarbonyl). ‘H NHR 

1CDC13f 5 1 .O (s, 3 H, eq. CH 1, 1.22 fs, 3 H, ax. CH31. 1.46 - 2.51 fm, 12 Hf t 

6.02 - 6.22 fm, 2 H, CH=CH). j3 C NMR fCDC13) E 25.2 q, 26.1 t, 26.2 t, 28.2 q, 

36.1 t, 36.2 t, 40.1 t, 49.2 d 6 s, 50.0 d, 61.0 s, 136.0 d, 137.2 d, 220.6 s. 

Exact mass cnlcd. for C14H200 R/Z 204.1514; found 204.1515. 

BicycloI3.2.l]oct-6-en-3-one-2-spiro-l’-cyclohexane fJj1. 46 ~unal scale. 

4-8 g, 559. IR fCC141 inter al. 1710 VS, cl?l-' fcarbonyl) . ‘H NMR fCDCl3) 4 1.37 - 

2.07 fm. 10 B), 2.28 ft, 2 H, CH2), 2,42 - 2.53 fm, 2 H. CH2COl. 2.68 - 2.94 (m, 

2 H, bridgehead-R’ s), 6.06 fm, 2 H, CH=CH). '3C NHR fCDC13) :! 21.3 tr 21.6 t, 

25.9 t, 31.6 t, 33.7 t, 37.5 t, 38.7 d, 44.1 t, 44,4 d, 54.6 s, 135.2 dr 137.0 d, 

214.8 s. MS (70 ev, rt) m/z frel. intensity) 190 fM*, 601, 124 (1001, 110 f34l 0 - - 
91 (321, 79 (SO), 66 (29). Exact mass calcd. for C13H180 p/z 190.1357; found 

190.1358. 

4,4-Dimethyl-bicyclo[3.2.ljoct-6-en-3-one-2-apiro-1’-cyclohexane (22). 50 

mm01 scale, 5.5 g, 558. IR fCC14) inter al. 1710 vs. cm-l fcarbonyl). ‘H NMR 

(cDc~~) .! 0.98 fs, 3 H. eq. CH3f, 1.16 Is, 3 H, ax. CH3), 1.26 - 2.01 fm, 12 H), 
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ly added. At -7O’C and under N2 allyllc alcohol ii#,b (0.7 g, 2.4 nanol) In abe. 

CH2C12 (15 mL) was dropped In. The mixture was stirred for 3 h at -7O*C, diluted 

with precooled pentane (150 mL) and the resulting crude trifluoroacetate wan pae- 

sed dropwise through a column which wan made up from 160 g of activated Al203 (36 

mmol of ZnC12, 15 eq) in pentane and cooled externally to -6OV. The column was 

eluted with pentane (150 mI.1 and the combined eluate was collected in a flask con- 

taining K2C03 and equipped with a CaC12 tube. The pentane was evaporated down to 

50 UL. and filtered through a short column of silica gel to destroy unreacted tri- 

fluoroacetate. The column was washed with a little pentane, the solvent was eva- 

porated and the residue was dlstilled (Kugelrohr, 80°C/1 Torr), giving 78 mg, 16t 

of isomeric 9,10-dehydrorizaenes ($I). ‘H NMR (CDC13, 90 MHz) 4 0.90 (d, J = 6 Hz, 

3 H, CH3 at C-2), 0.94 (d, J = 5 Hz, 3 H, CH3 at C-21, 1.05, 1.13, 1 .I9 ls, 6 H, 

CHJ at C-71, 1.40 - 1.95 (m, CH2), 1.95 - 2.25 (m, CH), 4.61, 4.79, 4.85, 4.95 

(m, CH2=C), [5.53 s, 5.60 (d, J = 1 Hz), 5.69 (d, J = 1.5 Hz), 5.76 s, 5.99 ml 

(HC=CH). 

NB. In naturally occuring zlzaene the C-2 methyl group appears at 0.94 ppm, 

J = 6.5 Hz according to Yoshikoshi.16 Two signals (1.05, 1.19 ppm) of the three 

observed signals for the gemlnal CH3 protons in 42 are somewhat broadened. The 

olefinic signals are very similar to those of 9,10-dehydro-2-norrizaene. In ana- 

logy to Henning’s interpretation’ the exo-methylene signals at 4.61 and 4.85 ppm 

are assumed to be due to the two trans-fused isomers 128 and 4>Q and the signals 

at 4.79 and 4.95 ppm to the cis-isomers %i~ and #>d. The combined CC-MS and NKP 

data prove structure 1). The hydroqenatlon of the-endocyclic double bond in 41, 

which was accomplished for 9,10-dehydro-2-nortlraene with diimide in 958 yield,’ 

was not carried out, since the dehydro derivative was more interesting, both 
mechanistically and synthetically. Apart from the three major C15H22 product 

peaks, CC-MS revealed a further small peak (at higher retention time) of mass 

202 00 of 421, which showed a fragmentation pattern very similar to 45. The for- __ 
motion of endocyclic Isomer ; is a possibility. 

/ 

ti :_i 1 

CC-MS (according to increasing retention time) isomer #: m/f = 202 (K*, 151, 

187 (30). 173 (41, 159 (421, 145 (351, 132 (421, 117 (521, 106 (251, 91 (1001, 77 

(271, 67 (12). Isomer 1: m/z = 202 (H’, 251, 187 (421, 173 (31, 159 (SO), 145 

001, 132 (so), 117 (551, 105 (301, 91 11001, 77 (301, 67 (12). Isomer C: m/r = 

202 (n’, 253, 187 (251, 173 (21, 159 (571, 145 (301, 131 (37), 117 (62); 
-- 

105 021, 

91 (1001, 77 (351, 67 (15). Product 1: m/r = 202 (M’, 37), 187 (421, 174 (71, 159 - - 
(671, 145 (351, 132 (821, 117 (801, ;os (40) , 91 (1001, 77 (421, 67 (17). Exact 

mass calcd. for C 15H22 m/z 202.1722; found 202.1722. 

NB. The three major products fi, # and S were formed in a ratio of 1 : 1.06 : 

2.86. Since all four isomers iin- should have been formed in about equal ratio, 

it is assumed that two isomers had the same retention time. The ratio of the sum 

of the two smaller peaks to the bigger peak was 1 : 1.39. In earller work cis/ 

trans-9,10-dehydro-2-norriraene was formed in a ratio of 1 : 1.15. 3 
The trans lso- 

mer had the longer retention tlme. Therefore, the two trans isomers f>a and 4iQ 

probably had the same retention time, whereas the cls isomers f& and 124 were 

separated. 
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4-~t-8uty~dimethy~eilyloxyt-5-~2-tetrahydropyranyloxyf-2,2,6-tri~thyl-5- 

hepten-l-01 ($Q). 4-Benryloxy-3,3-dimethyl-1-butanal ti;LA) was prepared in three 

simple steps (Scheme 161 and converted into ft via lithiation of ig (cf. also 

1. ~2c1,MAP,p&di.ne,99li 

nom Na*xy 
leJY2 2. Nae:,D83,180°C,1D8hr99~ 

phDLzcl 
* m*o/)(\oH 

3. DxRAH,tOl~,r..t.,Ih,85O *mrb3c4 

18 * se) * 15.5’9 (75 mmolf of A&t gave 12 (16.7 g, 61&I, colourlese oil, as a dia- 

etereomeric mixture which vas converted directly into TBDXS-ether (93%) and de- 

banzylated (Li, THP/liq. NH3, 1 : 1) giving 5Q Ill.2 g, 81t), colourless oil. ‘H __ 

NMR (WC131 6 0.03 fs, 3 H, SiHe) , 0.09 fs, 3 H, SiMe) , 0.88 (s, 9 H, CHe3f, 0.76 

- 1.0 (m, 6 H, -C(CH312-1, 1.1 - 2.2 (m, 14 ii), 2.7 - 3.37 (m, 3 H, CH20H_), 3.2 - 

4.15 (m, 2 H, -CCH2CH21, 4.65 Im, 1 H, CHOSI), 4.9 - 5.3 Im, 1 H, OCHOf. 

7-Il,3-Cyclopentadienyll-4-(t-butyldimethylsilyloxy~-3-~2-tetrahydropyranyl- 

oxyl-2,6,6-trimethyl-2-heptene ri?). Oxidation of 29 (9.2 g) vlth PDC in CH2C12 

(70 mL) gave, after 48 h at r.t., the aldehyde (2.66 g, 648 after chromatography 

on silica gel), vhich vas converted fNaH, THF, cyclopentadiene, 30 min, r.t.) in- 

to fulvene 21 (48s) (cf. ref. 71, bright yellow oil. Reduction with LiAlH4 in THF 

(15 min, r.t.) gave 52 (1.02 g, 928). colourlees oil, diastereomcric mixture. 'H 

t&R (CDC13) 5 0.02 (9, 3 H, SiMe), 0.08 (8, 3 H, Sitie), 0.87 (s, 15 H, Me,, 

C(CH312C], 1.1 - 2.05 (m, 14 H), 2.19 - 2.38 (m, 2 H, CH2 cp), 2.94 fbr s, 2 H, 

CH2 in cp), 3.27 - 3.64, 3.86 - 4.19 fm x 2, 2 H, 0CH2), 4.53 - 4.86 fm, 1 H. 
CHOSE), 4.93 - 5.10 fm, 1 H), 5.93 - 6.53 (m, 3 H. -CH- in cp). The product should 

be used lmmediately for the next step. 

Cycloaddition8 with the OTHP-Terminator. 2,2,4,4-Tetramethylbicyclo[3.2.1)- 

act-6-en-3-one t!!i. Tvo equivalent9 of TiC~4/PhNH~e6 vere used in the8e reac- 

tione. N-methylaniline (0.73 q, 6.8 mm011 in CH2C12 0 mL) vas stirred dropviee in- 

to 3.4 mL (6.8 mmol) of a 2 H TiC14 solution in abe. CH2C12 under N2 at O'C. The 

mixture was stirred for 15 min. cooled to -15* to -2O'C and a mixture of 3-4 mm01 

of alcohol jQ (0.73 g) and cyclopentadiene (0.7 q, 10.6 mmoll in CH2C12 (10 mLf 

was stirred in slowly at -2O*C. After 1 h the cooling bath va8 removed and the re- 

action temperature was alloved to reach O*C. After addition of ether (30 mL) and 

1 N HCl (30 mLf the aqueous phase vas separated and extracted with CH2C12 (3 x 

20 mL). The combined organic phase was washed with aqueous NaHC03 (2 x 30 mL), 

aqueous NaC1 (20 mLt and dried fNa2S04f. After remval of the solvent the crude 

product was flash-chronatoqraphed on silica gel (CH2C12) giving 4: 5b (0.26 g, 

3,3,7,7-Tetramethyl-tricyclo(6.2.l.O1~slunde~-9,lO-en-6-one (21) . 23 (1.0 q, 

2.3 nmol) ln CH2C12 (25 mL) was dropped slowly into a freshly prepared solution 

of Tic14 (0.87 q, 4.6 mmol) and PhNHMe (0.49 g, 4.6 mmol) in CH2C12 I25 mL) at 

-lS" to -2O'C. After complete addition the mixture was stirred for another 45 min. 

allowed to reach O°C and worked up as above. Chromatography (silica gel, ether/ 

light petroleum, 3 : 7) gave 245 mg (54% w.r.t. 211 product containing 554 of 22. 

A second chromatography gave 42.0 mq (17%) mainly containing isomer &Q and 26.7 -- 
mq (11%) mainly containing isomer 234 (234 : 2Jg = 39 : 61). trans-Hydrindane iso- 

mer 228: IR (CHC13) 3060 s, 2960 8, 2940 9, 2880 m, 1705 vs (C=O1, 1600 bw, 1463 

m, 1388 m, 1370 m, 1090 w, 1075 v, cm-'. 'H NMR KDC13, 90 MHz) 5 1.02 fe, 3 H, 

eg. CHj at C-71, 1.09 (8, 3 H, CH3-CO)), 1.15 Is, 3 H, CH3-C(3)), 1.24 (8, 3 H, 
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