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134. Reductions of Tetrahalo-l,3,5,7-tetramethyl-anti-tricyclo 
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tricyclo[5.1 .O. 03*5]o~fane -2,6 -dionel)2) 
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Organisch-chemischcs Institut der Universitat Zurich, Ramistrasse 76, 8001 Zurich 
Rainer A. Dyllick-Brenzinger and Jean F. M. 0th 
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Zusanzmenfassung. Methoden zur Entfernung von Halogenatomen aus den leicht zuganglichen 
(Bis-homo-p-chinon)-Derivaten 4,4,8,8-Tetrachlor- (4) und 4,4,8,8-Tetrabrom-l, 3,5,7-tetra- 
inethyl-antz-tricyclo[5.l.O.O~~~~octan-Z,6-dion (5) wurdcn untersucht. Mit LiAlHl bzw. mit 
KFeH(C0)4, NaBHZCN oder CrClz entstanden Diole bzw. Diketone, in denen ohm Gerustveran- 
derung verschiedene Halogenatomc durch Wasserstoifatomc ersetzt worden waren. Die Diole 
wurden entweder isoliert oder zu den Diketonen aufoxydiert. Von den neun moglichen Deha- 
logenierungmiustern (Diketone mit unverandertem C-Skelett) liessen sich acht beobachten, sechs 
davon (8 bis 13) aus 4 und sechs (14 bis 18, 6) aus 5.  Nur I<FeH(C0)4 entfernte alle vier Halogen- 
atomc und dies nur aus dein Tetrabrom-dion 5, wobei das noch unbekannte anti-Isomere von 
1,3,5,7-Tetramcthyl-tricyclo[5.1.O.03~~]octan-Z, 6-dion (6) cntstand. 

Die Zuordnung der endo- oder exo-Konfigurationen der nicht-entfernten Halogenatome an den 
Cyclopropanringen erfolgte aul Grund von lH-NMR.-Spektraleigcnschaften. Als Basisargument 
diente cine H/13C-I<opplung von 4,5 I-lz zwischen exo-H-C(4) und den cis-vicinalesz Methyl- 
Kohlenstoffatomen, welchc im 13C-NMR:Spektrum von 12 beobachtbar ist. Daraus und aus 
uiiterschicdlichen Linienbreiten der lH-NMR.-Signale van endo- und em-Protonen wurde ab- 
geleitet, dass endo-H immer bci tieferem Feld absorbiert als exo-H. Im Fall von 6 liess sich dies 
durch geeignete Vcrgleiche unter Anwendung eines abschirmenden Effektes der angularen Me- 
thylgruppen auf exo-H bestatigen. Die Konfigurationen der Wydroxylgruppen in den Diolen 
19 bis 22 und 24 bis 27 wurden aufgrund von Symmetrieuberlegungen bestinimt. 

1. Introduction. - Addition of two one-carbon-atom units to appropriately 
functionalized 6-membered rings [l-31 leads t o  the tricyclo[5.1.0.03~5]octane-2,6- 
dione system 1 of which the two isomers 2 and 3 are possible. However, only the 

1 2 3 

1) 

2) 

3) 

The trivial name is anti-bis-homoduroquinone; this nomenclature was used in previous 
publications (compare [l I ) .  
In part from the planned dissertation of R. A .  Dyllick-Brenzinger, ETH Zurich. 
Post-doctoral fellow, University of Zurich, 1972-1975. 



1312 HELVETICA C ~ I M I C A  ACTA - Vol. 59, Fasc. 4 (1976) - Nr. 134 

procedure reported in [l] gives the anti-isomer 2, and in that case the 4,4,8,84etra- 
halo-1,3,5,7-tetramethyl-derivatives 4 and 5 are obtained. 

We now report our experience of attempts to remove the halogen atoms from 
4 and 5.  This includes the preparation of 1,3,5,7-tetrameth:yl-~nti-tricyclo~5.1.0.0~~~]- 
octane-2,6-dione (6), the s,yn-isomer 7 already having been prepared by one of the 
other methods [3]. 

x*; H3C' S3 H3C' y.JCb 
CH3 0 

7 

H3C "3C H ,c 

6 
X 

4 X = C I  
5 X = B r  

2. Stereochemical re1:ationships. - Compounds 4-6 and 8-27, which are 
dealt with in the present work, are shown in the Scheme. They are also represented by 

Scheme 
4 :  a = b = c = d = CI 
5 : a = b = c = d = B r  
6 : a  = b =  c = d  = H 

8:ii = b = c = C I , d  = H 
9 : a  = b = d = C I , c  = H 

1Q:b = c = C I , a  = d = H 
1 1 :  a = d = CI , b = c H 
1 2 : b = d = C I , a = c = H  
13:a = C I , b = c  = d  = H  
1 4 : a = b = c = B r , d  = H  
15: b = c = Br,  a = d = H 
1 6 : a = d = B r , b = c  = H  
1 7 : b = B r , a r c = d = H  
1 8 : a = B r ,  b = c = d = H  

1 9 : a =  b = c = d = C I , R = H  
2 0 : a =  b = c = d  = B r . R = H  
2 1 : a =  b = c = d  = R = H  
22:;a = d = C l , b  = c = R = H  
23:;a = d = C l , b  = c = H, 

2 4 : a = d = B r , b = c = R = H  
R = CH3CO 

H3C 

C 
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simplified diagrams (left side of the Scheme), which emphasize the stereochemistry of 
the substituents at C(4) and C(8), and at C(2) and C(6). For the designation of isomers 
we use the term anti to specify the configuration of the two 3-membered rings on the 
6-membered ring; the expressions endofexo refer to the position of the halogen atoms 
at C(4) and C(8) relative to the 6-membered ring and cisftrans to that of the OH or 
OR groups at C(2) and C(6) relative to each other. 

3. Reduction procedures and products. - Four reducing agents were used 
under different conditions to remove one to four halogen atoms from the two 4,4,8,8- 
tetrahalo-l,3,5,7-tetramethyl-anti-tricyclo[5.l.O.O~~5]octane-Z, 6-diones 4 and 5 (in 
short tetrahalo-diones) . Agents, conditions, products observed, and their yields are 
listed in Table 1. Three of the reducing agents, namely KFeH(C0)4, NaBH3CN and 
CrC12, left the two carbonyl groups untouched while LiA1H4 produced diols, which 
were either isolated or immediately oxidized to the corresponding diones. The 
arguments leading to the structures given are discussed in section 4. 

Treatment of the tetrabromo- and tetrachloro-diones 5 and 4 with LiAlH4 under 
mild conditions did not remove halogen atoms. This and reduction of the de-halo- 
dione 6 with NaBH4 gave mixtures of trans and cis-diols in the ratios 17:l (20:26), 
2.7:l (19:25)4), and 1 : l  (21:27), respectively. 

Table 1 emphasizes the pattern of halogen atom removal under different con- 
ditions. The occasionally low yields, especially under some of the more energetic 
conditions, may be due to uncontrolled rearrangements of the tricyclic carbon 
skeleton. No defined products of such rearrangements could be isolated, but their 
formation is suspected from the 1H-NMR. spectra of the crude reaction mixtures. 
They sometimes showed signals in the vinyl- and CHa-region. A few conditions not 
mentioned in Table 1 gave only such products. 

Two trends noticeable from the qualitative results shown in Table 1 may be worth 
mentioning : 

Removal of all four halogen atoms was achieved only with the tetrabromo-dione 5 
and only with KFeH(C0)4 as reducing agent to give 73% of the hitherto un- 
known 1,3,5,7-tetramethyl-anti-tricyclo[5.1.0.03~5]octane-2,6-dione (6), m.p. 144". 
LiAlH4 was able to remove up to three halogen atoms from both the tetrabromo- 
and the tetrachloro-dione 5 (8%) and 4 (18%) ; less energetic conditions removed 
only two or one halogen atom. 
While KFeH(C0)4, NaBH3CN and CrC12 show a certain preference in the forma- 
tion of products with a single halogen atom on a cyclopropane ring in the endo- 
position, LiAlH4 gives mostly exo-halo- diones. It has been suggested that halogen 
atom removal from cyclopropane rings by LiAlH4 proceeds with retention [S] and 
those by KFeH(C0)4 with inversion of configuration [6]. Our results cannot shed 
any further light on these proposals since a single halogen atom remaining in 
either of the two positions (endo or exo) could have resulted from removal of a 
halogen atom in the same position with inversion or in the other position with 
retention of configuration. 

4) Recently the  tetrachloro-diols 19 and 25 have been described [4] as the products of NaBH4 
reduction of the tetrachloro-dione 4, and their configurations have been assigned on the 
basis of Eu(fod)s shifted 1H-NMR. spectra. 
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4. Structural assignments. - All products discussed here must have the anti- 
configuration of the two 3-membered rings on the 6-membered ring (compare [l]), as 
an anti to syn interconversion is hardly expected under the reaction conditions used. 
This is confirmed by the fact that the fully dehalogenated dione 6 is different from 
the previously described syn-isomer 7 [3]. 

4.1. Diones. Eight of the nine possible types of dehalogenated diones wereobtained; 
six out of nine from the tetrachloro- 4, and six out of nine from the tetrabromo-dione 
5. Most of them were obtained pure or almost pure, but two (9 and 14) were observed 
only in mixtures. Some of their properties and the assigned structures are listed in 
Table 2. The constitutions are evident from the results of the elemental analysis and 
from the properties, in particular since only one constitution is possible for the de-, 
mono- and trihalo-diones. In the case of the dihalo-diones the gem-dihalo arrangement 
can be excluded from the nature of the cyclopropyl-proton NMR. signals. Thus the 
4,4-dihalo-dione is the only dehalogenated species not observed. 

The assignment of configurations at  the centres bearing halogen atoms in all 
partial reduction products is based on the assignment made for the endo, exo-dichloro- 
dione 12 according to 1H- and 1%-NMR. spectroscopic results. 12 was chosen as a 
model because of the presence of both stereochemical arrangements of halogen atoms 
at the cyclopropane ring within the same molecule. The endo,exo-configuration of 12 
is evident from the fact that the 1H-NMR. spectrum shows two singlets (6 = 3.97 and 
3.04) for the two protons of the CHCl groups. The former signal is slightly sharper 
than the latter (see below). It was important to know which of these signals belongs 
to the endo- and which to the exo-hydrogen atom. A decision was possible with the help 
of the difference in the coupling of these two hydrogen atoms with the13C-atoms of the 
vicinal methyl groups. This coupling (J  = 4.5) is visible in the non-decoupled 13C-NMR. 
spectrum of 12, which shows two different kinds of methyl-carbon-atom signals, one 
as a quartet (J  = 130) of doublets ( J  = 4.5) a t  6 = 14.8, and the other as a quartet 
( J  = 131, other couplings < 1) at  8.5. Selective decoupling revealed that the hydro- 
gen atom absorbing at 6 = 3.04 was responsible for the 4.5 Hz coupling in the methyl 
signal at 6 = 14.8. We now propose that the signal a t  6 = 3.04 should be assigned to 
the hydrogen atom in the exo-configuration on the basis of the following argument: 
1) Vogeli & v. Philipsborn [7] (compare [8]) have shown that the 13C/H vicinal coupling 
on a double bond is larger when the carbon-atom substituent and the hydrogen atom 
are located trans rather than cis. This behaviour parallels that of two H-atoms in 
the same relative positions. 2) On a cyclopropane ring, on the other hand, it is the 
cis-relationship of two vicinal H-atoms which give rise to a larger coupling than the 
corresponding trans-relationship [9], We now assume that in this respect vicinal 
1%- and K-atoms on a cyclopropane ring behave similarly to two H-atoms, just as 
in the case of the atoms on a double bond, an assumption which is justified on 
theoretical grounds [lo]. This implies that the coupling of J = 4.5 involves that 
hydrogen atom which lies cis to the methyl groups5), i.e. the one in the exo-position. 

5 )  This method of assigning configurations to  carbon-atom substituents vicinal to  hydrogen 
atoms on a cyclopropane ring receives support from our observation with a bis-homobenzene 
derivative, in which the conclusion could be checked by an additional vicina2 H/H coupling. 
Details will be reported later. It is possible that this method will turn out to be of general 
utility. 
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Thus the assignments of the 1%- and 1H-NMR. data of the endo,exo-dichloro-dione 
12 are those shown in Fig. 1. The 1H-NMR. signal of the endo-H not only occurs at 
lower field than that of the exo-H but is also sharper. The slight broadening of the 

Fig. 1. 13C- and 1H-NMR. assiglzmenls fofo. the endo, exo-dichloro-dione 12 (values without units 
are chemical shifts on the 6-scale, J-values are in Hz) 

exo-H signal is attributed to a long range coupling with the protons of the cis-methyl 
groups, since only this signal (8 = 3.04) is sharpened on irradiation of one of themethyl 
proton absorptions", namely the one at  6 = 1.46. 

These two aspects, namely position at  lower field and greater sharpness vs. 
position at  higher field and slight broadening, were observed in all signals due to 
protons of CHX groups. The sharper signal could invariably be distinguished from 
the other one by its ringing (described as 'with ringing' in Table 2 and in the Exper. 
Part). The relative chemical shifts are used as criteria for the assignment of signals 
to endo- (lower field) or exo-positions (higher field) of protons on the cyclopropane 
rings and thus to the configurational assignments of the diones shown in Table 2. 
The signal occurring at  lower field of all comparable endolexo-H-pairs was assigned 
to the endo-H, whether these signals belong to two hydrogen atoms within the same 
molecule (cases 6, 13, 17 and 18, aside from 12) or to two stereoisomeric molecules 
(cases 8/9, lO/ll, 15/16 and 17/18). The Ad-values (bendo-6ezo), which are also listed 
in Table 2, vary from 0.93 to 0.3s. The occasional low &-values diminish the validity 
of the chemical shift criterion but, since always the low field signal is sharp in the diones 
with CHX groups, more confidence in the assignments is gained. The assignment 
made to endo-H and exo-H of CH2 groups (compounds 6,13, 17 and 18) on the basis 
of chemical shift only (no difference in line width observed) is further substantiated 
by an argument for the dehalo-dione 6 given below. The totally dehalogenated dione 
6 shows the expected properties of a bis-homo-9-quinonel) derivative (cf. [1] [ l l ] )  : 
Multiple absorptions in the carbonyl region (1690, 1675 and 160s cm-1) of the IR.  
spectrum are observed, and the mass spectrum reveals a molecular ion (mle 192) as 
well as the characteristic fragmentations, namely two consecutive losses of CO (i.e. 
m/e 164, (M-CO) and m/e 121, (M-Z(CO)-CHz)) and fragmentation into equal 
parts (m/e 96). The assignment of 1H-NMR. signals to the protons of the CH2 groups 

This effect was noted while attempting to confirm by an NOE-experiment the exo-configura- 
tion of one of the protons of the CHCl groups in 12. Selective methyl signal irradiation was 
difficult, but could be achieved to some extent: irradiation a t  6 = 1.46 produced enhance- 
ments of 30 and 207; of the two H-C(C1) signals, while irradiation a t  6 = 1.33 led to  enhance- 
ments of 10 and 13% of the same signals. Thus it appears that both the exo- and the endo- 
H-C(C1) are close to  one of the methyl group pairs, namely to the one situated a t  C(3)  and 
C ( 5 )  with a chemical shift of 6 = 1.46. 
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in 6 can be made by applyj,ng a modification of the previously observed [12] effect 
of the angular methyl groups on the methylene protons of homo-p-quinone deriv- 
atives : Comparison of the chemical shift (in CDC13) of exo-H in syn-bishomo-p- 
quinone (3, 6 = 1.37) with that in syn-bishomo-duroquinone (7, 6 = 0.81), and in 
homo-p-quinone (28, 6 = 1.73) with that  in homo-duroquinone (29, 8 = 1.05) shows 

R RaR R 

0 

28: R = H  
29: R=CH, 

a shielding effect due to two methyl groups of A6 = - 0.56 to - 0.68. When this value 
is added to the well established [11] chemical shift of exo-H in anti-bishomo-p-quiiione 
(2, 8 = l.G5), a chemical shift of 6 = 0.97 to 1.09 is calculated for exo-H in anti-bis- 
homo-duroquinone (6). This is in good agreement with the observed signal of one of 
the CH:! protons in 6, namlely the one with 6 = 0.98, to which the exo-position is 
iissigned; it is not in agreement with 6 = 1.36 for the other CH2 proton in 6 ,  which 
must be endo-H (for comparison: endo-H in 2 has 8 = 1.23). 

4.2. Diols. Three constitutional types of diols were observed : The tetrahalo- 
diols as trans- and cis-isomers 19 and 25 as well as 20 and 26, the exo, exo-dihalo-diols 
as trans-isomers 22 as well as 24, and the dehalo-diols as trans- and cis-isomers 21 
and 27. Some of their properties are summarized in Table 3. The constitutions of the 
isomer pairs 19/25, 20/26 and 21/27 are evident because they were obtained by mild 
reductions (LiAlH4 and NaBK4) of the parent ketones 4, 5 and 6 .  The constitution 
and the configuration a t  C(4) and C(8) of the dihalo-diols 22 and 24 may be deduced 
from their properties, and in the case of 22 from the fact that  oxidation afforded the 
exo,exo-dichloro-dione 11. 'The configurations a t  C(2) and C(6) in these diols are 
derived from symmetry considerations. All the diols observed here have equivalent 
substitution patterns a t  both cyclopropane rings. Such derivatives possess Ci sym- 
metry when the hydroxyl groups are trans, but only C, symmetry when they are cis: 
The two endo-hydrogen ato:ms on the two cyclopropane rings are enantiotopic in the 
trans-, but diastereo-topic in the cis-diols; this is also the case for the two exo-hydrogen 
atoms in 21 and 27. Thus, o'f the two diols obtained from the dehalo-dione 6,  the one 
with four signals for cyclopropyl hydrogen atoms is the cis-isomer 27, and the one 
with only two such signals the fiTans-isomer 21. Both dihalo-diols 22 and 24 show 
only one sharp singlet for the cyclopropyl hydrogen atoms, indicating the 
tra?zs-coniiguration. Accidental signal coincidence can be excluded in the case of 22 
since change of solvent and conversion to  the diacetate 23 did not alter the number 
of 1H-NMR. signals. 

In the case of the tetrahalo-diols a yield argument leads to configurational 
assignments (compare 4)). The tetrahalo-diol isomers were formed in yields of 70 and 
26% in the tetrachloro-, and of 84 and 5% in the tetrabromo-case (see Table 1). But 
the dichloro- and the dibromo-trans-diol 22 and 24 were obtained in 52 and 29% 
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yield, respectively. If we accept that the tetrahalo-diols (obtained by mild LiAIH4 
reduction) are the intermediates for the corresponding dihalo-diols (obtained under 
the same, but more energetic conditions), and that no isoinerization (jl the hydrosyl 
groups takes place (see bel'nw) , the minor tetrachloro- and. tetrabronio-diol isomers 
cannot have the same coniiguration at C(2) and C(6) as the isolated dichloro- and 
dibromo-diols (shown to be trans) and, therefore, must bc tlie cis-iwrners 25 and 26, 
respectively. Conversely the major tetrachloro- and tetrabromo-diol isomer must have 
the trans-configurations, as shown in 19 and 20. 

It was desirable (see above) to test whether an isoiiierization of hyilroxyl groups in 
tlie diols could take place with lithium aluminiuni hydritle. TJiis has been shown 
1131 to be the case for cyclohexanols, albeit there in the presence of aluminiiim 
cliloride. Therefore the dehnlo-diols 21 and 27 were treated under the (n3.or-e energetic) 
conditions which were capable of converting the tetrahalo-diones 4 and 5 to the 
dihalo-diols 22 and 24. Both the pure trans-diol 21, and a 1 : 1 mixture of the trans- 
and cis-diols (21 and 27) were recovered unisomerizetl. 

The diacetate 23 was synthesized in the hope that an independent {.oiiclusion could 
be drawn on the configuration (endo or exo) of the hydrogen atom of the CHCl group 
from the effect of these acetoxy groups on the cliernical shilt of the endo-hydrogen 
atom. However, the change observed (0.10 ppin) was not significant enough to add 
to the argument. 

5. Preparation of the tetrabromo-dione 5 .  - h procedure different from 
the one described in [l] was used liere. Treatment of duroquinone and carbon tetra- 
bromide with a sixfold excess of methyl lithium in ether7) afforded 537; of 4,4,8, S- 
tetrahromo-l,3,5,7-tetramethyl-a~zti-tricyclo[5.1 .0.03,5:octane-2,6-dione (5) 1). 

This work was supported by the Schweizerischer liutionulfonds ZZLY Fortlerung d e r  missen-  
tcl~nfiliclaen Forschung and by Sandoz .1G, Basel. 

Experimental part 

1. General. - Fix abbrcviations and the spectral data, see [9] [12]. 111 the 1H-ShII i .  spectra 
o f  certain compounds singlets due to FI--C(X) (X = C1, Br) were observed t o  bc either so sharp 
that thcy showed ringing or slightly broadened so Chat they showed no ringing. Thcy art cLcscribct1 
here as 'with ringing' or 'without ringing', respectively, after thc multiplicity of thc signal. 
These features were reproducible on different instrumcnts. 

The mass, (100 MEIz)-1II-NIIIfl., 13C-iVMR. and IK. spectra lverc measured i n  thc labomtories 
for mass spectrometry (under Prol. M .  Hesse and Prof. J .  Scibl), for nucle 
(under I'rof. W .  7). Philipsbor,z and Prof. J .  F .  35. Oih) and for micro-a 
Frohofev and ilk. W.  Manser), o E the Univcrsit>- and of the ETH, rcspectivc 
w r e  performed in thc last mentioned laboratoi-ics. The (GO MHz)-1H-X,71 R.  
on a Varinn EAT-360 instrument. 

2. Products from4,4,8,!i-tetrachloro-l, 3,5,7-tetrarnethyl-anfi-tricyclo[5.1.0.0",5;- 
octane-2,6-dione (4). - 2.1. Lithium alunainizm hydride reduction i n  etkev.  .I inixture of 0.31 g 
(0.94 mmol) of 4 and 0.04 g (1.10 mrnol) of lithium aluminiurn hy3ride in 25 ml of anhydrous 
ether was stirred under reflux for 21/2 11. -\fter cooling 1 ml of water was adc!\d lollowed by 10 nil 
of dilute hydrochloric acid, and tlie resulting solution was extracted with cfilorofoi-ni. The combined 

7) Preliniinary cxperirnents with this method were carr1c.d o u t  by Dr. Ch. E .  / )ah1  in this lttbo- 
ratory. 
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extracts were washed with water, dried, and evaporated to  leave 0.30 g (96%) of it powder which 
was recrystallized from chloroform to give 0.172 g (55 %) of 4,4,8,S-tetvachZoro-l, 3,5,7-tetrantethyZ- 
anti-lricycZo~5.1.0.03~~]octa~ze-2,6-trans-dioZ (19) as colourless plates, m.p. 187-189" (dec.). - IR.  
(ICBr): 3550s, 3430s, 3020m, 3010m, 2970m, 2940m, 1470m, 1440~2, 1430w~, 1400nr, 1310n?, 
128Om, 1238m, 1182nz, 1160m, 1085~2, 1070m, 1060m, 1038s, 1023s, 935m, 915m, 878~2, 790m, 
770~2, 7 5 2 ~ .  - IR. (CHC13): 3580s. - RIS.: 301/299/297 (1/2.5/3, M+- C1),.283/281/279 (4/10/11, 
M+- C1- HzO), 265/263/261 (0.75/1.75/2.0, iCI+-C1-2(Hz0)), 161 (33), 159 (100). 157 (34), 143 
(26) ,  141 (58), 139 (92). 137 (30), 131 (32), 129 (29), 123 (25), 105 (16), 103 (26),  101 (34), 95 (22). 

2 H  (2OH) ; 1.41/s, 6H (2CH3) ; 1.22/s, 6 H  (2CH3). Addition of DzO removed the signal at 8 = 2.39 
and converted the signal a t  4.08 to  a s. 

C12H16C1402 (334.07) Calc. C 43.13 H 4.81 C1 42.45% Found C 42.96 H 4.55 C142.60% 

The residue from the crystallization mother liquor (0.128 g> 41%) was shown by its 1H-NMR. 
spectrum to be a 3:5 mixture of the two isomcric diols, the minor component being the trans- 
isomer 19 described above. The major component in this residue was 4,4,8,8-tetrachZoro-7,3,5,7- 
tetrame2~tyZ-anti-~ricycZo[5.~.0.0~~5]octane-2,6-cis-dioZ (25). I t  was recognized by 1H-NMR. (1 OOMHz, 
CDC13): 4.01/d ( J  = 12), 2H (H-C(Z), H-C(6)); 2.34/d ( J  = 12), 2H ( 2 0 H ) ;  1.38/s, 61% (2CH3); 
1.28/s, 6 H  (2CH3). 

2.2. Lithium aluminium hydvide reduction in tetrahydrofuran. 2.2.1. For 24 and 40 h. A solution 
of 2.0 g (6.2 nimol) of 4 in 50 ml of anhydrous tetrahydrofuran was treated with an excess of 
lithium aluminium hydride (4.5 g), and the stirred mixture was heated under reflux for 24 h. 
After a further 16 h a t  RT. 5 ml of water were added followed by 150 nil of dilute hydrochloric 
acid. The resulting solution was extracted with chloroform and the combined extracts were 
washed with water, dried, and evaporated to leave 1.2 g of a semisolid residue. Crystallization 
from chloroform/hexane gave 0.83 g (52%) of d-exo, 8-exo-dichZoro-7,3,5,7-tetra~?~ethyl-anti-tri- 
cycZo[5.7.0.03~5joctane-2,6-trans-dioZ (22) as colourless needles, m.p. 162.5-163.5". - IR. (CHC13) : 

91 (15). - 1H-NMR. (100 MHz, CDC13) : 4.08jd ( J  = 12), 2H (H-C(2), H-C(6)) ; 2.39/d ( J  = 12), 

3600m, 3410m, ~OOOW, 2920s, 2 8 5 0 ~ ,  1468m, 1 3 9 8 ~ ,  1165m, 1 0 3 2 ~ ,  lOOOm, 918~0, 9 0 5 ~ .  - 
MS.: z50/248/246 (0.04/1.5/2, nd+- H ~ o ) ,  231/229 (313, M+- ci), z i3 /2 i i  (zojso, M+- CI - H ~ o ) ,  
175 (3O), 171 ( lo) ,  161 (25), 160 (30), 159 (55), 157 (16), 155 (31), 147 (30), 142 ( Z O ) ,  137 (19), 
135 (17), 134 (ZO), 133 ( Z O ) ,  132 (55), 131 (15), 125 ( loo) ,  124 (25), 123 (50), 121 (22), 119 (30). 

(100 MHz,  CDC13) : 3.80/d (f = 5), 2H (H-C(2), H-C(6)) ; 3.24/s with ringing, 2H (endo-IT-C(+), 
endo-H-C(8)); 1.75/d ( J  = 5), 2 H  (2OH); 1.17/s, 6 H  (2CH3); 1.16/s, 6H (2CH3). - 1H-NMR. 
(100 MHz, C6D6) : 3.27/d ( J  = 5), 2H (H-C(2), H-C(6)) ; 3.12/s, 213 (endo-H-C(4), endo-H-C(8)) ; 
1 . 0 0 / ~ ,  6 H  (zCH3); 0.93/~, 6H (2CHs); 0.78jd ( J  = 5), 2H (20H). 

ClzHl&lzOz (265.18) Calc. C 54.36 H 6.84 C1 26.74% Found C 54.08 FI 6.83 C126.560/;, 

A solution of 0.22 g (0.83 mmol) of dichloro-diol 22 in 2 in1 of pyridinc was treated with 2 ml 
of acetic anhydride. After 20 h at RT. the solution was diluted with 100 ml of water and extracted 
with chloroform. The combined extracts were waslied with dilute hydrochloric acid, aqueous 
sodiumhydrogen carbonate solution and water, dried, and evaporated to leave a yellow oil which 
on distillation gave 0.27 g (93%) of d-exo, 8-exo-dichZoro-7,3,5,7-tetranzethyZ-anti-tricycZo[5.7.0.0~~5j- 
oct-2,6-yZene-trans-lliacetnte (23) as a viscous colourless oil, b.p. 90-95"/0.1 Torr. - IR. (CHC13) : 
3010m, 2975~1, 2940m,1740s,1472m,1375s,1250-1205s,1170m,1025s, 990s,915m, 830m.- 
MS.: 315/313 (10/4, M+-Cl), 278 (0.7, 1M+-2C1), 211 (23), 175 (13), 147 (12), 43 (100). -1H-NMR. 
(100 MHz, CDC13): 4.82/s, 2 H  (H-C(Z), H-C(6)); 3.141s with ringing, 2H (endo-Ii-C(4),  endo- 
H-C(8)); 2.16/s, 6 H  (20Ac); 1.19/s, 6H (2CH3); 1.07/~, 6H (2CH3). 

Cl6HzzC1204 (349.27) Calc. C 55.01 H 6.35 C1 20.30y0 Found C 55.23 H 6.42 C1 19.77% 

When the reduction was repeated with 0.15 g (0.45 mmol) of 4 and 0.35 g of reducing agent 
in 15 ml of solvent for 40 h under reflux, 0.04 g (33%) of the diol 22 were isolated which had 
identical spectral properties to those described above. To a solution of the residue from the mother 
liquor of the crystallization in 2 ml of acetone was added dropwise Jones' reagent [14] until the 
orange colour persisted. After 1 h at  RT. the mixture was diluted with 50 ml of water and ex- 
tracted with chloroform. The combined extracts were washed with aqueous sodium carbonate, 

109 (30), 107 (48), 105 (70), 103 (40), 101 (30), 98 (15), 97 (50), 95 (45), 93 (15), 91 (30). - 1H-NMK. 
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water, dried and evaporated to  leave a seniisolid residue. Crystailizatinn frt~iii chloroform/liex;Lne 
gave 15 Ing (13Oj) 4-exo, 8-cxo-dickZoiio-7, 3,5,7-tetva~nethyZ-anti-t .03.5]octaw-2, G-d&ze 

les, m.p. 260-261", whose spcctral propi. 

reduction (0.30 g (0.9 mmol) o f  4 for GO uli.,c:luen-t oxidation 
were rcpeateci using the  samc pz-occdures as described in 2.2.1 t o  uf a brown oil. Crys- 
tallization from chloroform/hexane gave two fractions. The first (11. ing, 97;) was shown by its 
IFI-NbIII. spectrum to be a 2 :  1 mixture of the  chloro-dionc 13 (see below) mid the dichloro-dione 
11 (see 2.2.3). The second fraction (26 nig, 12%) was i"-exo-cldo~o-/,.3,5 
c ~ ~ c Z o ~ 5 . 7 . 0 . 0 ~ ~ ~ ~ o c t c c ? z e - 2 , 6 - d ~ o ~ z e  (13), in. p. 136-138". - IK. (CHCI3) : 3000w, ' 

191 (2.5, iC.I+--Cl), 163 (63), 16:! (87), 158 (l5),  157 (27), 15G (16), 155 (17), 147 (22 ) ,  140 (17), 
135 (35), 134 (1.5), 130 (ZO), 12.3 (30), 122 (65), 121 (22), 120 (W), 119 (47), 107 (221, 105 (23), 
06 (35), 93 (15), 91 (27), 69 (100). - 1H-NBIII. (60 MHz,  CDCis): 3.15/s with ringing, 1 H  (e : z io -  
tI--C(4)); 1.72/d ( J  = 5), 1 H  (e?zdo-€I--C(S)); 1.40/s, 6H [2CH3):  1.34/s, G t l  (2C1.13): l . lG/d 
i J  = 5), 1 H  (e.%o-H--C(8)). 

ClpIil5ClO~ (226.70) Calc. C 63.60 H 6.67 C1 15.64:/; Found C 03.97 1 I 6.6s CI 15.lh% 

2.2.3. Oxitlatioiz of the dichlovo-did 22. A stirred solution of 44 m g  (0.17 1rrr11o1) of 22 iii 3 ml 
uf acctune was treated with Joms '  reagent- ~ 1 4 j  until the  orange colonr pcrsistctl. .\f'cr.r 1 Ii at RT. 
the reaction was worked-up as describcd in 2.2.1 to  give 41 nig (95:/;) of -~-e.io,S-cxo-dichZovo- 

trfunnzetl:yZ-anti-t~~cy~Zo~~~.7.0.03~ sjoctane-2, &&one (11) a s  nectllcs, 1ii.p. 259-261". - 7R. 
: 3030w, 2 9 4 0 ~ .  2920w, :!850rs, 1695s, 1465+n, 1295s, 1043w,04Unw, 8 i O i i i .  -:!'IS.: 2G-C/2(52/ 
2/38, ,'\I.+), 2271225 (28/80,  M+-CI),  199/197 (11/34, 112+- Cl- CO), 1% ( 2 0 ) ,  169 (Zj), 

161 ( S O ) ,  134 (15), 133 (35), 130 (301, 119 (ZS), 305 (18), 103 (20), 91 (19), 67 (loo), 39 (85). - 
IH-NMR. (60 M H z ,  CIIC13) : 3.55js with ringing, 2l-1 (elzrio-li--C(4), e%t/o-EI-C(3)) ; 1.31/s, 1214 

cscribed in  2.2.3. 

16905, 1468~2, 1 3 9 2 ~ ,  1 3 0 0 ~ ,  1055~, 8 4 0 ~ .  -MS.: 228/226 (15/40, ~l!f+), 100/198 (5/15, N+-CO) ,  

(4CH3). 

i12H14C1202 (261.15) Calc. C 55.18 ti 5.40 C1 17.150/, l'uund 0 55.10 €1 .S.L1 ('1 27.66% 

the tcliachlovo-dioiic 4. The 
iron hydride was generated by rcfluxing a mixture of 6 1111 (44.4 mmol) ol Iron pcntacarhonyl, 
7.4 g (132 mmol) of potassium hydroxide and 750 nil o f  ethanol for 2 I:. The tetrachloro-dionc 4 
1 3  g, 9.1 n1111ol) was added as a slurry in 50 ml of dimethoxy-crliani* and the risulting niixture x ~ a s  
hcalrd under reilux for 48 11. On cooling the solids were filtercd o f f ,  and the fi1lr;itc ex7aporated to  
dryness. The residue was shaken with water and c orm, and the org:tiiic phasc was dried and 
c\.aporated to leavc 2.20 g of a green solid residuc. allization from cl;loroioriii/hcsanc yiclclcd 
V.S-1- g (35y0)  of a 4 : l  niixture of the  e:ado,endo- and exo,exo-dichloro-dioiic:; '10 :irid 11 wliicli \vas 
fractionally- crystallized from cliloroforin/hexane at 0" t o  give 0.21 g (€47,;) (if  d-cndo,S-endo- 
ii~cRlovo-/,3,5,7-tetvamethyZ-anti-~ricyclo[5.7.0.03.~]oc~niz~-Z,6-dione (10) as transparent needles, 
1n.p. 271-273". -1R. (CHC13): 3030m; 3 0 1 8 ~ ~ ;  2!?9Ow, 2947~1 ,  16955, 1690,<, 1GO5w, 1470ni, 1392 WZ, 

1320m, 1230-1200s l x . ,  1085~1, 1048m, 9 3 0 ~ 1 ,  885m. - XS.: 264/262/260 (0.5/2/3, X i ) ,  227/22.5 

(60 RIHz, CDC13): 3.17/s without ringing, 2H (exo-I-I-C(4), exo-H-C(8)); 1.40/s, 12H (4 CH3). 

C~2H14C1202 (261.15) Calc. C 5.5.18 15 5.40 Cl 27.15% Found C; 54.95 2-1 5.63 C1 26.89% 

The remaining 1.36 g of the green residiic obtained initially \vas thomatographed on a silica 
gcl colunm using chloroform/hexanc 7:3 and  gave four fraction;, t h a  two minor ones being 
describcd further below. The two major fractions consisted of 0.36 g (IS?') 01 a 4 :2 :  1 mixture of 
the  t h r e e  stereoisomcric endo,  e.m-, endo, endo- and exo, exo-dichloro-diones 12, 10 and 11, and 
0.38 g (150/) of the endo, exo-isomer 12. liecrystallization of the  niisturc from crxbon tetrachloride 
gave more pure isomer 12 (0.1 g) making a total  of 0.48 g (24%) of 4-endo,8-exo-dichZovo-7,3,5,7- 
t~tvam~f~zyzyl-anti-lvicyc20[5.7.0.0~~5]0~tan~'-2,6-dio~ze (12) as white needles, n1.1). 163-165". - IR. 
(C,HC13) : 3030nz, 3020?1?,2980w, 2 9 4 5 ~ ,  1695s, 1690ssh, 1605w, 1468m, 1395??1,1305s, 1240-1200s 
br., 10483, 930?~, 8 7 5 ~ ~ .  - MS.: i!64/262/260 (l/3/5, Mf), 227/225 (10/25, Jf+- CI), 199/197 (6/20, 
A??I+-C1-CO), 169 (18), 161 (33), 133 (30),130 (24), 119 (lS), 105 (lj), 91 (17), 67 (loo), 39 (SO). - 
1H-NMR. (100 MHz, CDC13 de,o;issed) : 3.97/s with ringing, 1H (c~u2a!o-M-C(S)) ; 3.04/s without 
ringing, 1 H (exo-H-C(4)) ; 1.46/s, GH (I-L3C-c(3), HzC-C(5)) : 1.33/s, 6H (HSC-C(l), H&-C(7)). 

1.3. Polassiitni hydridotctvaclzrboi~?~lfevvate [GI redtictrozs. 2.3.1. 

(G/18, A W - C l ) ,  199/197 (4/10, M+-C1-C0),  3.61 (18), 133 (17), 69 (95), 39 (100). - 'H-WMR. 
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Spin decoupling: Irradiation at  1.46 (HsC-C(3), H3C-C(5)) enhanced the singlet at 3.04 
(exo-H-C(4)) by 30% and the one at  3.97 (endo-H-C(8)) by 20%; irradiation at 1.33 (H3C-C(1), 
W3C-C(7)) enhanced the singlets a t  3.04 and 3.97 (exo-H-C(4) and endo-H-C(8)) by 10% and 
13%,respectiveiy. In addition, it was observedthat theslightlyhroader singlet at 3.04 (exo-II-C(4)) 
was sharpened only by the irradiation at 1.46 (I%&-C(3), H&-C(S)), and not by the one at 1.33 
(HaC-C(l), HaC-C(7)). The singlet a t  3.97 (endo-H-C(8)) was not affected with respect to 
sharpness by either of the irradiations. This experiment, apart from establishing a slight coupling 
between exo-H-C(4) and the two CH3's a t  C(3) and C(5), shows that a certain selectivity was 
indeed achieved in the two irradiations. The enhancements were determined from the intcgration 
curves for each signal and the term 'sharpened' rcfers to the signal showing ringing as a result of 
the irradiation. - W-NMR. (25.2 MHz, CUCl3): 198.9 (C(2), C(6)); 46.0 (C(4) or C(8)); 45.5 (C(8) 
or C(4)); 41.3 (C(3), C(5) or C(1), C(7)); 36.1 (C(1), C(7) or C(3), C(5)) ;  14.8 (CH3--C(3), C€I3-C(5)); 
8.5 (CH3-C(1), CH3-C(7)). Selcctive decoupling: Irradiation a t  3.04 (exo-H-C(4)) converted 
the q x d (J  = 130 61. 4.5) a t  14.8 (CH3-C(3), CHs-C(S)) to  q, whereas the q (J  = 131, other 
couplings < 1) at  8.5 (CH-C(1), CHa-C(7)) reinaineduiichanged; irradiationat 3.97 (endo-H-C(8)) 
did not change the signal a t  14.8 (CH3-C(3), CH3-C(5jj but slightly sharpened thc one at  8.5 

CI~HI&IZOZ (261.15) Calc. C 55.18 H 5.40 C1 27.15% Found C 55.01 H 5.57 C1 27.36% 

The first minor fraction of the chromatogram consisted of 20 mg (1 %) of 4,4,8-endo-trichbi.o- 
7,3,5,7-te~rumeth~E-anti-t~ic~~c~o[5.7.0.0~~5]octane-2,6-dione (8), m.p. 205-210". - IR. (CHC13) : 
3020m, 2948w, 1695s, 1605w, 1465m, 1390~ .  1375~1,  1300m, 1230-1200m br., 1195m, 1045w, 
99528, 925~1 ,  905w, 8 8 1 ~ .  - MS.: 263/261/259 (0.5/1.5/2.0, M + -  Cl), 235/233/231 (0.5/1.5/2.0, 

(CHa--C(l), CHs-C(7)). 

M+-CI-CO), 225/223 (0.1/0.3, M+-Cl-HCl), 207/205/203 (1/3/5, M+-Cl-2(CO)),  197/195 
(2 /6 ,  M+-Cl-  CO- HCl), 169/167 (3/9, M+- C1- 2 (CO) - HCl), 131 (6, M+-  C1- 2(CO) - 2(HCl)), 
101 (36), 91 (15), 67 (75). 39 (100). - 1H-NMR. (100 NIWz, CDC13): 3.30/s without ringing, 1 H  
(exo-H-C(8)); 1.44/s, 6 H  (2CH3); 1.38/s, 6 H  (2CH3). 

C I Z H I ~ C ~ ~ O ?  (295.59) Calc. C 4-8.76 H 4.43 C1 35.98% Found C 48.86 1-1 5.10 C1 35.82% 

The second ininor fraction of the chromatogram (60 mg, 2%) ,  1n.p. 105-115", was shown by 
its 1H-NMR. spectrum to be a 1 : 1 mixture of two isomeric trichloro-diones, one being the isomer 8 
described above. The other was 4,4, S-exo-trichloro-l,3,5,7-tetra.metla~l-anti-tr~cyclo[5.1.O.O3~5]- 
octane-2,6-dio~ze (9). It was recognized by 1H-NMR. (100 MHz, CUCl3): 4.00/s with ringing, 1H 
(endo-H-C(8)); 1.46/s, 6 H  (2CH3); 1.32/s, 613 (2CH3). 

When the reaction was repeated for 24 h a yield of 34% of a 4 :  2 ;  1 mixture (endo, exolendo, 
endo/exo,exo) of the dichloro-diones 12, 10 and 11 was obtained. A reaction of 96 h resulted in 
a 51 % yield of a 9: 2: 1 mixture (elzdo, endolendo, exo/e,o, exo) of the stereoisomeric dichloro-diones 
10,12 and 11. 

2.3.2. O f t h e  dichloro-diones 10, 11, and 12. The reduction (for 48 h) of the dichloro-diones was 
attempted using the same procedure as described in 2.3.1. with 0.13 g (0.5 minol) of an about 
1 : 1 : 1 mixture of the stereoisomeric diones 10, 11, and 12, 0.6 ml (4.4 mmol) of iron pentacarbonyl, 
0.74 g (13.2 mmol) of potassium hydroxide, 45 ml of ethanol, and 8 ml of dimethoxy-ethane. 
Purification of the green residue (0.13 g) by preparative TLC. on silica gel using chloroform/ 
hexane 7: 3 lead to the recovery of 70 mg (54%) of a 3 : 1 : 1 (emlo,  edo /exo ,exo /endo ,  exo)-mixture 
(according to the IH-NMR. spectrum integration) of the stereoisomeric dichloro-diones 10, 11, 
and 12. A second fraction (40 mg) obtained from the chromatography was shown by its 1H-NMR. 
spectrum to be a complex mixture containing about 20% of the endo,exo isomcr 12 and possibly 
also a small amount of I ,  3,5,7-tet~~umelhy2-a1iti-tricyclo[5.1.0.03~~Jo~tune-2,6-d~one (6) (see 3.5.1 .). 

3. Products from 4,4,8,8-tetrabromo-l,3,5,7-tetramethyl-~nti-tricyclo[5.1.0.0~~~]- 
octane-2,6-dione ( 5 ) .  - 3.1. Lithium aluminium hydride reductioz in ether. 3.1.1. For 4-7 ii. 
A mixture of 0.3 g (0.59 mmol) of 5, and 0.05 g (1.3 mmolj of lithium aluminium hydride in 20 ml 
of anhydrous ether was stirred under reflux for 4-7 h. The procedure described in 2.1. was used 
for the work-up to leave 0.28 g of a mixture consisting of -90% of 20 and -5% of 26 (IH-NRIIR., 
see below) as a powder which was recrystallized from chloroform to give 0.09 g (30%) of 4,4,8,8- 
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tefvubromo-l, 3,5,7-tetramethyl-aiiti-tricycZo~5,l.O.0~~~]ocfa~ze-2,6-~rans- dzol (20) as white plates. 
31.p. determination: darkening above 130" until bla.ck a t  3 60", acconipanicd by sublimation. - 
1R. (KBr):  3495s, 3440s, 3020rw, 2965w, 2935w, 1395m, 1235w, 1180~2,  1152w, 1045s, 103@m, 
910m, 833192, 755~2, 745% - MS. : 435/433/431/429 (0.7/2/2/0.7, -If+ -- Br), 417/415/413/411 
(7/20/20/7, Af+- Br- HzO), 335/333/331 (6/6/2, M+-  Br - I I H r  -- IIzO), 336/334/332 (3/6/3, 
.\.I+-2Br-HzOj, 231 (40), 229 (loo), 227 ( loo) ,  225 (40), 205 (551, 204 (20) ,  203 (70), 201 (20), 
175 (15), 174 (20),  173 (15), 149 (23), 147 (33 ,  145 (30),  125 (50), 121 (85), 123 (fij), 319 (Z), 
105 ( 2 2 ) ,  97 (22) ,  96 (26), 95 (30), 91 (40). - 1H-Ni'vIIK. (60 MHz, Cl lC l~) :  4.07/d ( J  = 121, .!H 
(I-I-C(Z), H--C(6)); ?-.63/d ( J  = 12), ZI? (201-3); 1.45/s, 6H (2OH3); 1 . 2 G / ~ .  611 (3CI i3) .  

Cl&l,,Br402 (511.90) Calc. C 28.15 €1 3.15 13r 62.430/, Foiind C 28.54 t l  3.42 Br60.70% 

The1I-I-NMR. spectrum (60:bfHz, CDC13) oithecrude product permitted t h r  recognition (-5%) 
of thc minor component, 4,  .4,8,K-tetrabromo-l, 3,5, 7-tetva1rie2hy~-anti-t~icyc~o~,5. I .0.03.jjocfaize-2,6- 
cis-diol (26), whicli could not be isolated, by 4.01/d ( J  = 12), 211 (€I-C,(Z) ,  H-C(6)); 2.57/d 

The yields of 20 and 26 wcre thus -84 and -5%. Thc pure tetr:ibrc):nri-Ivans-diol 20 was 
quite stable, but the crude reaction product gradually darkened to  bt~ori ic  1)I.ick aftcr 7 days. 
Aside from the two diols 20 and. 26 i t  contained small amounts of t h t  starting tctua.broino-dionc 5 ,  
and more highly reduced products. The ratio of these products dcpendcd v n  ihc reaction time; 
this may be due to  the insolubility of the starting dione 5. 

3.1.2. For 76 h. The reduction of 0.3 g (0.59 mmol) of 5 with 0.09 g (2.4 rnmolj of lithium 
aluniiniuin hydride was repeated for 16 h using the same procedure as describcd in 3.1.1. t o  give 
0.24 g oi a semisolid residue. Its 1H-NMR. spectrum suggests the prcsencc 01 about lo:/, of the 
educt 5, and not more than 30I;h of the dibromo-trans-diol 24 (see below). Tlic remaining signals 
could not be identified. Recrystallization from chloroform/hexanc givc 0.OG g (29") o l  not quite 
pure d-exo, b'-exo-dibromo-7,3,:3,7-tetra~netlz~~l-anti-tricyclo~5. I .0.03$ sjoctane-2,6-trans-diol (24) as 
white needles, n1.p. 129-132" (dec.). Further attempts t o  purify wcrc T l C J t  succcssful and the 
lH-XJZR. spectrum indicated the sample to  be -90% pure. - I l l .  (ItBr):  .3380s, 299Ow, 2 9 6 0 ~ .  
2925~2,  287020, 1460m, 1 3 9 5 ~ 1 ~ :  1250m, 1230m, 1165m, 1045s, 1025s, 1005.5, 905,. - 1H-N3'IR. 
(60 MFlz, CDC13): 3.86/d ( J  = ij),  2H (13-C(2), 11-C(6)); 3 . 2 8 / ~  with ringing, 2H (endo-H-C(4), 
endo-H-C(S)) ;  1.84/d ( J  == 5),  2H (2OH); 1.14/s, 12H (4Cl1,). In one spcctrum the signals 
at 3.86 and 1.84 were seen as singlets. The isolated dibromo-diol 24 darlicncd on standing to  
become black aftcr 2 days. 

3.2. Lithium alzwzinizbm /zyZr.de reduction in tetrahydrofitran. 3.2.1. For -3 11. .-I stirred mixture 
of u.30 g (0.59 mmol) of 5 and 0.08 g (2.11 mmol) of lithium aluminiuni Iiytlricle in 25 mi of an- 
hydrous tetrahydrofuran was hcated under reflux for 2 11. The proccdurc described in 2.1. was 
used for the work-up to leave 0.21 g of a brown oil which was oxidized witli ,Jones' rcagent [14] 
as in 2.2.1. t o  give 0.2 g oi a semisolid residue. Crystallization from carbon tetrachloride gave 
0.07 g (31%) of a 1 : 1 mixture of 4,J,i;-endo-ivibromo- and 4-undo, S-cndu-dibromo-/ ,  3 ,5 ,7- t~ tra-  
nzethyl-anti-lric?/cZo[~.7.0.03~~]octane-2,6-dione (14 and 15) as wliite plates, :ri.p. 215-230". - IR.  
(CIIC13) : 1695s. - 1I1-NMR. (601 MHz, CDC13) : The dibromo-dionc 15 had signals at 2.96/s; 1.43/s, 
as dcscribcd in 3.4. The tribromo-dione 14 had signals a t  3.06/s with out  I-inging (exo-II-C(8)), 
1.50/s and 1.43/s (overlapping with signal due to  15) (4CH3). In  the mixture thu two s of H-C;Br) 
at 3.06 and 2.96 were in an  intensity ratio of 1 : 2 with each other and of -1 : 9 with the two 
methyl s;  the latter two at 1.50 and 1.43 were in an intensity ratio <J f  -1:3. From these ratios 
both the component ratio and the signal assignments given above wcre deduced. Attempts to  
separate the components by crystallizations were unsuccessful. 

3.2.2.  Fur 24 h. The same reduction of 0.5 g (1 inmol) of 5 for 24 h and the subsequent oxida- 
tion by the procedure described in 2.2.1. gave 0.11 g of a brown oil, which failed to crystallize. 
Purification was effected by chromatography on silica gel with chloruiorm/hexane 4: 1. The 
resultant 0.03 g solid was recrystallized from carbon tctrachloride/hcxanc giving 0.02 g (874,) of 
4-exo-bromo-l,3,5,7-telranzethyl-anti-tricycZo[5.1.0.03.5]ucla~~e-Z,6-dione (IS), m.p. 130-133", as 
white plates. - IK. (CHC13): 3 0 3 0 ~  sh., 2995w, 29SOw, 2940w, 2870~0, 1685s, 1460m, 1390m, 
1295nz, 1045nz, 835%. - MS.: 272/270 (15/16, M+),  244/242 (l/l, ..M+-CC)), 229/227 (0.75/0.75, 
M+-CH3-CO), 191 (48, M+.-Br),  162 (62), 161 (30),  135 (25, M+-Br-Z(CO)), 123 (32), 122 

( J  7 7  12), 2H (2 OH); 1 .42 /~ ,  61i (2 CH3); 1 .29 /~ ,  6H (2 CHs). 
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(SO), 121 (25), 119 (30), 107 (16), 105 (24), 96 (25), 91 (25), 41 (100). -1H-NMR. (100 MHz, CDCl3): 
3.30/s with ringing, 1 H (e?zdo-H-C(4)) ; 1.75/d ( J  = 5), 1 H (endo-H-C(8)) ; 1.41/s, 6 H  ( 2  CH3) ; 
1.36/s, 6 H  (2CH3); 1.23/d ( J  = 5), 1 H  (exo-H-C(8)). 

C12H15BrO~ (271.16) Calc. C 53.15 H 5.58 Br 29.46% Found C 53.83 H 5.7.5 Br 27.99% 

When this reduction followed by oxidation was repeated on a larger scale (3 g of 5 )  the crude 
product crystallized to give 55 mg (3%) of slightly impure 4-exo, 8-exo-dibronzo-7,3,5,7-tetra- 
methyl-anti-tricyclo[5.1.0.03~~]octane-2,6-diolze (16), m.p. 220-230" (dec.). - IR. (CHC13) : 1693s. - 
IR. (KBr) : 1685s. - 1H-NMR. (60 MHz, CDC13) : 3.58/s with ringing, 2 H  (endo-H-C(4), endo- 
H-C(8)); 1.37/s, 12H (4CH3). The 1H-NMR. spectrum indicated the sample to be -90% pure; 
further attempts to  purify were unsuccessful. 

3.3. Sodium cyanoborohydride reduction. A mixture of 0.40 g (0.79 mmol) of 5 and 1 g (159 mmol) 
of sodium cyanoborohydride in 15 ml of hexamethylphosphoramide was heated at 100" for 24 h. 
Water was added after cooling, and the mixture extractcd with cther. The extracts were washed 
well with water and with saturated sodium chloride solution, dried, and evaporated to leave 
0.27 g of an oil. Purification by preparative TLC. gave 50 mg of a semisolid (along with a number 
of fractions consisting of unidentified mixtures). Recrystallization from carbon tetrachloride/ 
hexane afforded 25 mg (12%) of kendo-bromo-l,3,5,7-tetramethyl-anti-t~~cyclo[5.~.O.O~~~]octane- 
2,6-dione (17), shown by its m.p. and 1H-NMR. spectrum to be identical with the sample described 
in 3.5.2. No other tetramethyl-tricyclo[S.l.O.O~~~]octane-2,6-dione derivative could be detected 
in the 1H-NMR. spectra of thc crude product and of the other chromatography fractions. 

3.4. Chvomium(II)chZorzde reduction. A stirred mixture of 0.40 g (0.79 mmol) 5 ,  and 2.0 g 
(16.3 inmol) of chromium(I1)chloride in 35 ml of anhydrous tetrahydrofuran was refluxed for 24 h 
undcr nitrogen. On cooling 200 nil of water were added, and the solution was extracted with 
chloroform. The extracts were washed with water, dried, and evaporated to leave 0.2 g of a semi- 
solid residue. I ts  1H-NMR. spectrum showed only the signals due to  the isomer 15. Crystallization 
from carbon tetrachloride resulted in the isolation of 40 mg (14%) of 4-endo, 8-endo-dibronzo- 
I ,  3,5,7-tetramethyZ-anti-tricyclo[5.7.0.03~~]octane-2,6-dione (15) as white plates, m. p. 265-267" 
(dcc.). - IR. (KBr): 3040m, 2990m, 2940@z, 1680s, 1647w, 1460m, 1387m, 1370nz, 1313s, 1193s. 
1085w, 1077w, 1048m, 9 2 0 ~ .  880s, 857m, 695 m, 685m. - IR. (CHC13): 1692s. - MS.: 352/350/348 
(7/15/7, M+),  271/269 (45/44, M + -  Br), 243/241 (55/54, M+-Br- CO), 215/213 (7/6, M+-  Br- 
2(CO)), 191 (18), 190 (90, M+-2Br), 189 (30), 176 (16), 175 (25, IM+-ZBr-CHs), 174 (15), 
162 (55, M+-2Br-CO), 161 (45), 147 (70, M+-ZBr-CH3-C0), 135 ( Z O ) ,  134 (68, M+-2Br- 
2(CO)), 133 (35), 119 (100, M+-ZBr-CH3-2(CO)), 117 (15), 105 (27), 91 (38). - 'H-NMR. 
(GO MHz, CDC13) : 2.96/s without ringing, 2H (exo-H-C(4), exo-H-C(8)) ; 1.43/s, 12H (4CH3). 
C12H14Br202 (350.06) Calc. C 41.17 H 4.03 Br 45.65% Found C 41.11 H 4.19 Br 45.09% 

3.5, Potassium hydridotetracarbonyuervate [GI reductions. - 3.5.1. For 24-60 h. The same pro- 
cedure as described in 2.3.1. was used with 3.0 g (5.9 mmol) of 5 ,  9 ml (66.6 mmol) of iron penta- 
carbonyl, 11.1 g (198 mmol) of potassium hydroxide, 750 ml of ethanol, and 50 ml of dimethoxy- 
ethane. After 60 h the reaction was worked up to give 1.5 g of a green solid residue which was 
purified on a silica gel column using chloroform/hexane 7:3. After the grcen material (- 0.2 g) 
had been eluted the solvent was changed to chloroform which led to  the isolation of 0.83 g (73%) 
of 7,3,5,7-tetranzethyl-anti-tricyclo[5. 7.0.03.5]octane-2,6-dione (6), m. p. 125-135". Recrystallization 
from carbontetrachloride/hexane raised the m.p. to 142-143.5". - IR. (KBr) : 3085 M ,  3002w, 
2980m, 2940w, 2882w, 1670s, 1640w, 1475m, 1390m, 1332m, 1318% 1308m, 1 0 9 5 ~ ~ ~  1085m, 
1065m, 9 8 1 ~ ~  941w, 830m, 755% 692nz. - IR. (CHC13): 1690s, 1675s sh., 1608w. - MS.: 192 
(27, M+),  177 (12, M+-CHa), 164 (22, M+-CO), 149 (46, M+-CH3-CO), 124 ( 2 2 ) ,  123 (36), 

91 (22), 69 (loo), 41 (90). -1H-NMR. (100 MIIz, CDCb): 1.38/s, 12I-I (4CH3); 1.36/d ( J  = 5) part 
of the signal is covered by the singlet at 1.38, 2H (endo-H-C(4), endo-H-C(8)); 0.98/d ( J  = 5), 
2 H  (exo-H-C(4), exo-H-C(8)). -1H-NMR. (60 MHz, CsD6): 1.10/s, 12H (4CH3); O.SS/d ( J  = 5), 
2 H  (e?zdo-H-C(4), endo-H-C(8)); 0.32/d ( J  = 5), 2 H  (exo-H-C(4), exo-H-C(8)). 

122 (20) ,  121 (48, M+-CH3-2(CO)), 109 (25), 107 (16), 105 (23), 96 (40, 1/2M+), 95 (17), 93 (18), 

C1ZH1602 (192.26) Calc. C 74.97 H 8.39% Found C 74.53 H 8.32% 

85 
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When the reaction was repcated for 24 and for 18 h, SO and 70% of 6 werc isolated together 
with varying amounts of a second product which is dcscribed in 3.5.2. 

3.5.2. For 3 h. The reduction of 0.33 g (0.66 mmol) of 5 was carricd out for 3 h using the pro- 
cedure described in 2.3.1. 1'ur.ification of the isolated green rt:sidue (0.3 g) by preparative TLC. 
on silica gel using chloroform/hcxane 7 : 3 gave two main fractions. Recrystallization of the first 
fraction (70 mg) from carbon ietrachloridc/hexane afforded 30 mg (24:;) of 6, identical with the 
sample obtained in 3.5.1. The second chromatography fraction (0.12 g) was recrystallized from 
carbon tetrachloride/hexane to give 60 mg (34%) of 4-endo-bromo-l13, ,5,7-/eframethyZ-ant i-tri- 
cycZo[5.7.0.03~5]octa~ze-Z,6-diont? (17), n1.p. 147-149", its white plates. - Ili. (CHC13) : 3 0 3 0 ~  sh., 
3010w, 2940w, 1690s, 1468m, 1390~0, 1310m, 1145w, 1080w, 8 6 5 ~ .  -XIS.: 272/270 (15/16, M+), 
244/242 (l/l, M+-CO), 192 (23), 191 (100, M+-Br), 163 (35, M+-Br- CO), 149 (16), 135 (43, 
M+-Br-Z(CO)), 123 (19), 122 (22), 121 (18), 119 (241, 105 (17), 96 (lo), 91 (15). - 1H-NMR. 
(100 MHz, CIX13) : 2.74/s without ringing, 1 H (exo-H-C(4)) ; 1.90/d ( J  = 51, 11% (endo-H-C(8)) ; 
1.44/s, 6 H  (2CH3); 1.38/s, G R  (2CH3); 1.24/d ( J  = 5).  1 H  (em-H-C(H)). This product was 
identical with the onc obtained in 3 .3 .  

C1~H15BrOz (271.16) Calc. C 53.15 H 5.58 Br 29.46% Found C 52.65 H 5.58 Br 29.40% 

4. Products from 1,3,5,7-tetramethyl-anti-tricyclo[5.1 .0.03,5]octane-2,6-dione (6). - 
4.1. SJ~ZZLW bovohydride redzdion.  To a solution of 0.41 g (2.1 mmol) of 6 in 25 ml of methanol 
was added dropwisc a solution of 0.82 g (21.6 mmol) of sodium borohydride in 25 In1 of water. 
After 20 h at KT. the solution was evaporatcd to dryness, and the rcsidue was washed five times 
with acetone. Filtration of the solvcnt, and evaporation gavc 0.4 g (95%) of an approximately 1 : 1 
mixture (from the 1H-NMTI. spectrum) of the cis- and trawi-diols as a solid. Recrystallization 
from carbon tetrachloride galre 0.13 g (31 %) of I ,  3,5,7-tetramethyZ-anti-tric~~cZo[~.7.0.03~~]octune- 
2,fi-trans-diol (21) as white n,eedles, 1n.p. 124-126'. - IR. (CHC13): 3610s, 3450m br., 3000s, 
288Os, 1472wz, 1452s, 1392s, 3240-1200s br., 1168m, 1045-1030s br., 9781n, 958m, 928m, 892% 
880~. - MS.: 196 (1, &I+), 178 (10, M+-I-IzO), 163 (19, iVJ+-CH3-1-IzO), 137 (20), 136 (36, 
M+-4(CH3)), 13.5 (20), 125 (GO), 123 (25), 122 (18), 121 (28), 111 (16), 109 (87), 108 (SO), 107 (37) ,  
98 (SO, l / z M ~ ) ,  97 ( 2 7 ) ,  96 (ZO), 95 (16), 93 (28) ,  91 (24), 43 (100). --'H-KMll. (100 MHz, CDC13): 
3.74jd ( J  = 5), 2 H  (H-C(Z), FI-C(G)); 1.48/d ( J  =.5), 2H (2OH);  1.10/s, 12H (4CH3); 0.68/d 
(J  = 5), 2H (H--C(4), H--C(E,), both possibly endo) ;  0.05/d ( J  = S ) ,  2 H  (13-C(4), EI-C(S), both 
possibly exo) . 

ClzHzoO2 (196.29) Calc. C 73.43 H 10.27y0 Found C 73.06 H 10.29% 

Recrystallization of the residue obtained from the crystallization mother liquors (see above) 
gavc 30 mg (774) of 1,3,5,7-te~ramethyl-anti-~r~cycZo[5.1.0.0~~~~]uctane-2,6-cis-dioZ (27) as white 
needles, m.p. 132-134". - IR. (CHC13): 3600~4,  3420s br., 3 0 8 0 ~ ,  29XOs, 2925s, 2870s, 2735w, 
3460s, 1390m, 1255-1190yrz br., 1075w, 1032s, 1000yrz, 970~2,  940~0, 918w, X S j m ,  8 4 0 ~ .  -MS. 196 
(1, A<+), 178 (8, M+ - HzO), 163 (19, ill+ - CHs-HzO), 136 (45, Mt - 4 (CH3)), 135 (21), 125 (39), 
123 (36), 122 (20), 121 (30), 109 ( 8 8 ) ,  108 (88), 107 (SO), 105 (17), 98 (38, 1/2 Af+), 97 (21), 96 (16), 
95 (20), 94 ( Z O ) ,  93 (36), 91 (23) ,  43 (100). - 'H-WMR. (100 MHz, CDC13): 3.88/d (J  7)' 2 H  
(H-C(2), H-C(6)); 2.38/d ( J  = 7), 2 H  (ZOH); 1.28/s, 651 (2cI~13); l .lZ/d, half covercd by signal 
a t  1.08, ( J  = 5). 1 H  (H-C(4) or H-C(8), possibly endo) ;  1..08/s, 613 (2CH3); 0.75/d ( J  = 5), 
1 H  (H-C(8) or €1-C(4), possibly endo) ; O.ZO/d ( J  = 5). 1 H (E-I-C(4) or H-C(8). possibly cxu) ; 
- 0.03/d ( J  = S), 113 (H--C(E+) or H-C(4), possibly e m ) .  

ClzHzoOz (196.29) Calc. C 73.43 H 10.270,; Found C 73.22 H 10.20% 

5. Absence of cis-trans Isomerization of 21 and 27 using LiAlH4 in THF. - 200 mg 
(1.02 mmol) of a 1:l mixture of 21 and 27 were dissolved in 10 in1 of absolute tetrahydrofuran, 
and mixed with 450 ing (11.9 mniol) of lithium aluminium hydride. ,liter refluxing for 24 h, 
watcr i vas  added slowly and then dilute hydrochloric acid. The aqueous layer was extracted 
3 times with ether, the cxtracts wzrc washed with aqueous sodium 111-drogcn carbonate solution, 
and dried. Solvent removal f xnishcd 190 nig of an oil. 1H-NMR. integration of the CH3 signals 
showcd an unchanged 1 : 1 ratio of ci.s- to ira?zs-diol; other signals indicated thc sample to be 80% 
purc:. 
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When the reaction was repeated with 200 mg (1.02 mmol) of pure trans-diol 21 by refluxing 
for 22 h, 190 mg of oily crystals were isolated after the same work-up. In the 1H-NMR. spectrum 
only the signals of the trans-diol could be identified (no cis-diol) ; but signals of other unidentified 
compounds were present to  the extent of about 40%. 

6.4,4,8,8 - Tetrabromo-l,3,5,7 - tetramethyl-anti- tricycl0[5,1 ,0,03sS]octane-2 ,6- dione 
(5). - T o  a stirred solution of 6.05 g (18,4 mmol) of carbon tetrahromide and 0.5 g (3.1 mmol) of 
duroquinone in 15 ml of anhydrous ether, cooled to  - 78” and under nitrogen, were added 9 ml 
of a Z M  (18 mmol) solution of methyl lithium in ether during 10 min. After 2 h the mixture was 
allowed to  warm to RT., and after 20 h water was added. The resultant solution was extracted 
with chloroform, and the combined extracts were washed with dilute hydrochloric acid, dried, and 
evaporated to leave a brown residue. Recrystallization from chloroform yielded 0.98 g (63%) of 
4,4,8,8-tetrabromo-I, 3,5,7-tetramethyl-anti-tvicyc10[5.1.0.03~5]octane-2,6-dione (5) ,  as off-white 
plates. The IR. and 1H-NMR. spectra as well as the m.p. behaviour of this sample were in 
agreement with those reported [l]. 
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