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4-methyl-4-trichloromethylcyclohexa-2,5-dien-l-one and its 
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formation of functionally substituted tricyclic spirofuran and 

bicyclo[2.2.1]heptadiene systems 
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Treatment with Bu"Li in THF (-60--0 ~ causes 4-methyl-4-trichloromethylcyclohexa- 
2,5-alien-l-one and its exo-@-coordinated (by a RhCp-group) ,~-diene metal complex to 
undergo reactions of two new types: intermolecular autocondensation--heterocyclization 
(affording 3,3-dichloro-3a,4 "-dimethyl-4" -trichloromethyl-2,3,3a,6,7,8-hexahydrospiro- 
[benzofur'an-2,1"-cyclohexa-2',5'-dien]-6-one; 24%) and intramolecular carbocyclization 
(yielding (@-7,7-dichloro- 1 -hydroxy-4-methyibicyclo[2.2. I] hepta-2,5-diene)(qS-cyclo - 
pentadienyl)rhodium: 77%). Both processes are assumed to involve the formation of an 
unusual gern-CCl2Li substituted para-semiquinoid intermediate, the conformation of the six- 
membered diene ring of which (planar or a boat-like) governs its subsequent intra- or 
intermolecular stereospecific carbonyl condensations. 

Key words: cyelohexa-2,5-dienones, 7t-diene complexes of rhodium0), organolithium 
compounds, C--halogen bond activation; intra- and intermolecular carbo- and hetero- 
cyclizations; use of organometatiic derivatives in fine organic synthesis; spirofuranoids; 
bicyclo[2.2.1lheptadienes; norbomadienes; stereospecificity; conformational analysis. 

In a previous study of semiquinoid systems, it was 
found (in relation to the Rh(acac) group) that x-coordi- 
nat ion to a transition metal sharply changes the confor- 
mat ion of the planar six-membered ring in 4-methyl-4- 
t r ichloromethylcyclohexa-2,5-dien-l-one (1) resulting 
in a clear-cut boat conformation of the metal complex 
formed (2) z (a = 35.5 ~ [3 = 21.6 ~ y = 10.6~ 
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In the present work, we found a promising way of 
using this  specific confo rma t iona l  feature of  
para-semiquinoid organometallic compounds in fine or- 
ganic synthesis. 

It was found (Scheme t ) that the exo-n-diene rhodium 
cyctopentadienyl complex 3, which we prepared re- 
cently, z undergoes intramolecular carbocyclization in 
the presence of  Bu"Li in T H F  at - 6 0  to - 2 0  ~ to give 
(rla- 7,7- d i ch lo ro  - 1 -hyd roxy-4 -  m ethylbicyclo[2.2 .1  ] - 
hepta-2 ,5-d iene) (q-~-cyclopentadienyl ) rhodium(0 (6) 
(yield 77%), whose structure was confirmed by elemen- 
tal analysis, IR spectroscopy, )H and ~C N M R  spec- 
troscopy, and mass spectrometry. The discovered reac- 
tion makes it possible to develop a fundamentally novel 
strategy for the synthesis of  bridgehead-subst i tuted 
hydroxy derivatives of norbornadiene. The first step of 
the mechanism of this transformation may involve either 
single-electron reduction of  the carbonyt group in the 
initial molecule 3 by butylli thium resulting in the gen- 
eration of  intermediate radical anion 4 (see Scheme I, 
pathway a) or halogen-- l i thium exchange giving the 
unusual  gem-dichloromethyllithium-substituted 
para-semiquinoid intermediate 5 (see Scheme 1, path- 
way b). At this point, it is the close proximity of the 
chemically reactive 1- and e_xo-4-groups in the above- 
presented boat-l ike conformations of  the metal-coordi-  
nated reacting molecules that promotes the subsequent 
intramolecular  closure of the second ring in the inter- 
mediates to yield compound-~. 

In order to find out whether this transformation is 
general mid to compare its course for metal-coordinated 

and non-coordinated para-semiquinoid ligands, we car- 
tied out the reaction of  Bu"ki (Scheme 2) with free (non- 
coordinated) dienone 1 s under the same experimental 
conditions. X-ray diffraction data for other compounds 
of  this class indicate that the sb~-membered ring in this 
compound should be planar, a-6 

Chromatography of  the  resulting complex mixture of  
products on SiO 2 yie lded compound 9 as the major 
product. According to ~H NMR,  IR, and mass spectra, 
this compound has a tricyclic spirofuran structure (for 
other examples of the formation of furanoid systems in 
heteroorganic  t r ans fo rma t ions  of  para-semiquinoid 
ligands, see Refs. 7 and 8). The most characteristic 
features of the ~H N M R  spectrum of compound 9 
proving its structure are the  clearly manifested signals 
for all six of its oleNnic protons (3JH_ H -~ 10.5 Hz) as 
well as the chemical shift (4.68 ppm) and the multiplic-  
ity (ddd, 4Js__4 = 2.6 Hz, 3ors_ 7 --- 2.9 Hz, ~Y3-7 = 
3.16 Hz) of the signal corresponding to the proton in 
position 8 of the cyclohexenone ring. 

This result (see Scheme 2) confirms our hypothesis 
that the transtbrmations under consideration may in- 
Volve the intermediate formation of unusual gem-CClzLi- 
substituted para-semiquinoid intermediates 5 and 7. In 
the latter case, in termediate  7 exists apparently in a 
planar conformation; therefore it is stabilized through 
intermolecular rather than intramolecular at tack by the 
reactive organolithium fragment incorporated in it on 
the carbonyl group in the starting dienone 1 followed by 
the closure of a f ive-membered ring, which occurs via 
the attack on the activated enone fragment of  the tool- 
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ecule by an a lcoho la te  group (8). The  fact that  the final 
product 9 is ob ta ined  as a single s tereoisomer  is probably 
due to the fact that  both these e lementa ry  steps are 
stereospecific: first, the  nuc leophi l ic  attack on the mol-  
ecule of  d ienone  I occurs  preferably from the side 
oppos i t e  its C C I ;  g r o u p ,  ( for  o t h e r  e x a m p l e s  o f  
exo-orientat ion in react ions o f  t r i ch loromethyl  substi- 
tuted cyc lohexadienes ,  see Refs. 1 ,8 - - I0 ) ,  and after 
that, i n t r amolecu la r  he terocycl iza t ion  also occurs  from 
the sterically more  accessible side opposite  the neigh-  
boring Me substi tuent.  

Experimental  

All reactions were carried out in an argon atmosphere; the 
course of the reactions was monitored by TLC on SilufoI-UV- 
254 plates. Preparative column chromatography was performed 
using Silpearl UV-254 SiO 2. [R spectra were recorded on a 
UR-20 spectrophotometer (Carl Zeiss), and N M R  spectra 
were obtained on a Bruker AMX-400 instrument (tH, 400.13 
and 13C, 100.6l MHz) using tetramethylsilane as the internal 
standard. El mass spectra were obtained on a MS-890 mass 
spectrometer (70 eV). 

All solvents were thoroughly purified by standard proce- 
dures. Dienone 1 3 and its exo-q4-coordinated CpRh-metal 
complex 3 z were obtained by procedures described previously. 

(rl4-7,7-Diehloro- l-hydroxy-4-methylbicyclo [2.2.1 ]hepta - 
2,5-diene)(rlS-cyclopentadienyl)rhodium(t) (6) .  Bu"Li 
(0.25 retool, 0.25 mL of a 1.0 M solution in n-hexane) was 
added with stirring at - 6 0  ~ to a solution of complex 3 (80 rag, 
0.2 retool) in 15 mL of THF. The mixture was heated to 0~ 
and treated with 2 mL o fa  2 M aqueous solution of NH4CI, and 
the organic layer was separated and concentrated. Chromatogra- 
phy of the residue on SiOz and subsequent recrystallization of 
the compound with R r = 0.8 (CH~CI,--priOH, 3 :1)  from 
n-hexane gave 55 mg of compound 6-(77%), m.p. 153--154 ~ 
(decomp.). Found (%): C, 43.49; H, 4.04; CI, 20.29. 
C,3HIsC12ORh. Calculated (%): C, 43.48; H, 3.64; CI, 19.75_ 
IR (KBr), v/cm-I:  1460, 1410. I390, 1330, 1245, 1210, 1090, 
I020, 880, 810. JH NMR (CDC13), 6:1.24 (s, 3 H, Me); 2.48 
(br.s, I H, OH); 3.02 (dd, 2 H, 2 CH, 2JH_ H = 3.8 Hz, 
2JH_m, = 2.7 Hz); 3.28 (dd, 2.I4-, 3.)'H_ H = 3 8 H Z ,  2J  H R~ = 
2.8 Hz); 5.29 (d, 5 H, Cp, 2JH_Rh =' 0.8 Hz). 13C NMR-{ H} 
(CDC[3), 6:11.42 is, Me): 30.93 (d, 2 CH, ~Jc-m~ = 9.8 Hz); 

32.44 (d, 2 CH, IJH_Rh = t0.l Hz): 61.17 (s. f - - M e ) ;  85.33 (s, 
Cp); 93.42 (s. C--OH); 111.29 (s, CCI,). MS (El), m/z 
(1r (%)): 358 IM]* (7.7). 343 [M-Me]  + (8-.7), 322 [M-HC]  + 
(76.3), 287 [ M - H C I - C q  ~ (69.7), 103 [CpRhCll ~ (76.1), 168 
[CpRhl + (91.9), 155 [M-CpRhCI1 + (100). 

3 , 3 -  D i c h l o r o - 3 a , 4 " - d i m e t h y l - 4 " -  t r i c h l o r o m e t h y l -  
2,3,3a,6,7,8-hexahydrospiro[benzofuran-2, l '-cyclohexa-2",5"- 
dien]-6-one (9). BunLi (0.80 retool, 0.37 mL of a 2.17 M 
solution in n-hexane) was added with stirring at --60 ~ to a 
solution of dienone t (150 rag, 0.67 retool) in 15 mL of THF. 
The mixture was heated to 0 ~ and treated with 2 mL o fa  2 M 
aqueous solution of N H4C!. and the organic layer was sepa- 
rated and concentrated. Chromatography of  the residue on 
SiO, followed by recrystallization of the compound with Rf, = 
0.5 (toluene--Et, O. 4 : 1) from Et~O gave 33 mg of product 9 
(24%). IR (KBr). v/cm-!: 3000 (C--H);  1700 (C=O); 1460, 
1415, 1300, 1245, 1195, 1135, 1080, 1025, 990, 800. tH NMR 
(CDCI3), 3:1.51 (s, 3 H, Me); 1.56 (s, 3 H, Me); 2.59 (dd, 
1 H, H-7, 2J7_ 7 = t7.9 Hz, 3J7_ s = 2.9 Hz); 2.92 (dd, t H, 
H-7, 2J7_ 7 = 17.9 Hz, 3J7_ s = 2.9 Hz); 4.68 (ddd, 1 H, H-8, 
4Js_ 4 -- 2.6 Hz, sJs_ 7 = 2.9 Hz, 3Js_ 7 = 3.16 Hz); 5.92 (dd, 
I H, CH, 3JH_ H = 10.57 Hz. 4JH_ H = 2.53 Hz); 6.15 (d, 1 H, 
H-5, 3J 4 5 = 10.48 Hz); 6.24 (dd, 1 H, CH, 3j = [0.48 
Hz, 4J H_--~ 2.53 Hz); 6.26 (dd, 1 H, CH, 33J~- ~ 10.57 
Hz, 4JH-- H 2.63 Hz); 6.46 (dd, I H, H-4, JH--H 10.48 
Hz, 4JH_ H = 2.62 Hz). MS (El), m/z (Ire I (%)): 379 [M-CI] + 
(2.4), 308 [M-2  CI-HCI] + (4.5), 293 [ M - 2  C I - H C I - M e ] *  
(4.0). 227 [M-CCI~-2  CI] + (6.1), 193 (33.4), 155 (64.0), 127 
(77.0). 
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