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The reduc t ion  of the read i ly  avai lable  g e m - d i h a l o c y c l o p r o p a n e s  is a convenient  and s imple  me thod  
for  the p r e p a r a t i o n  of cyc lop ropane  h y d r o c a r b o n s  and the c o r r e s p o n d i n g  monoha l ides  [1, 3]. 

In the p r e s e n t  paper ,  in o r d e r  to obtain some  b i cyc Io [n . l . 0 ] a lkanes  (11 = 5, 6) and the i r  monoha l ides ,  
we s tudied  the comple te  and par t i a l  r educ t ion  of the 8 ,8 -d iha lob icyc lo [5 .1 .0 ]oc tanes  (I) and (II), and 9 ,9 -  
d ihalobicyclo[6 .1 .O]nonanes  (III) and ( I V ) .  

c, 

X = CI (I), Br (II); X = el (III), Br (IV) 
R = tt (a), CH3 (b), C~H~ (c), C6Hs (d) 

The pa r t i a l  reduc t ion  of 8 ,8 -d ib romob icyc lo [5 .1 .0 ]oc t ane  (Ha) and i ts  I - s u b s t i t u t e d  de r iva t ives  (lib, 
d) was  a c c o m p l i s h e d  as d e s c r i b e d  in [4] by t r e a t m e n t  with CH3MgBr in e x c e s s  THF (mole ra t io  of d i -  

b r o m i d e  : CH3MgBr : THF = 1 : 1-1.2  : 14-23). The y ie lds  of the c o r r e s p o n d i n g  m o n o b r o m i d e s  (V) w e r e  35-  
80%; the ra t io  of the endo-  and e x o - i s o m e r s  r anged  f r o m  1 . 1 : 1  to 1 . 8 : 1  (Table 1). The GLC and NMR 
methods  were  used  to de t e rmine  the i r  i s o m e r i c  compos i t ion .  Fo r  the 8 - b r o m o b i c y c l o [ 5 . 1 . 0 ] o c t a n e s  (V), 
as  well  as  fo r  the o ther  (n + 3 ) -ha lob icyc lo [n . l . 0 ]a lkanes ,  a d is t inc t  d i f fe rence  in the s igna ls  of the e x o -  
and endo-H a toms ,  a t t ached  to the s a m e  ca rbon  as the halogen,  is o b s e r v e d  in the NMR s p e c t r a .  H e r e  in 
all c a s e s  the t r ip l e t  o r  doublet,  c o r r e s p o n d i n g  to the endo-ha lob i cyc loa lkane  that  conta ins  the H a tom in the 
exo-pos i t ion ,  is found f u r t h e r  downfield (AS 0 .7-0 .35 ppm),  which is evident ly  a s s o c i a t e d  with a d i f ferent  
deg ree  of shie ld ing of these  H a t o m s  in the endo-  and e x o - i s o m e r s  (see Table 1). In the GLC d e t e r m i n a -  
tion, us ing  a co lumn packed  with 20% Rheoplex-400  depos i ted  on C h r o m o s o r b  R, the e x o - 8 - b r o m o b i c y c l o -  
[5 .1.0]octanes [exo-(V)] in all c a s e s ,  except  1 - e t h y l - 8 - b r o m o b i c y c l o [ 5 . 1 . 0 ] o c t a n e  [exo-(Vc)],  had s h o r t e r  
re ten t ion  t i m e s  than the c o r r e s p o n d i n g  e n d o - i s o m e r s  [endo- (V) ]. A s i m i l a r  p i c tu r e  was  o b s e r v e d  by us 
[5] fo r  the e x o -  and e n d o - i s o m e r s  of the adducts  of m o n o c h l o r o c a r b e n e  to cyc loheptene  and c i s - c y c l o o c -  
tene.  

*See a l so  [1, 2]. 

TABLE 1. 
men t  with CH3MgBr in THF 

I Mole ratio of di- tYields of corresponding 
t,~rting o Ibromide. . . [ products,__% ior~ . (eduction 

H3MgBr:THF [(VI) l exo-(V) endo-(V~ 

(IIa) 
(IIb) 
(Ue) 
( II d) 

Reduction of 8,8-Dibromobicyclo[5.1.0]octanes (If) by Treat- 

NMR spectrum: 68_ H, ppm (J, H z) 

exo-(v) l endo-(V) 

23 
9,7 

i7, 5 

20 
39 
22 
t7 

36 
40 
33 
18,5 

t : l , t  :25,1 
t : i : t4,2 
1 : t : t 4 , 2  
t : t : 14,2 

2,53t (J 7) 55d(j=3.5) 3,zot (s= 
2 2.90 d (y = 7) 
2:66d(3"--3) [ 3100d(J=7) 
2,88 d(y = .3) I 7) 3,28 d (y = 
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Starting 
dihalide, 

TABLE 2. Reduction of Dihalides 
(I)-(IV) with Na/NH 3 Solution 

Mole ratio ~ ~ [Reduction, 
ofdihalide:~rarion of Iproducts 

a/NH 3 . u 
Na ~lution, q,l(~neld, 70) 

i 
(Ia) I : 4 3,8 [ (Via) (75) 
(lb) i t : 5 6,5 [ (VIb) (77) 
(Ic)* t : 4 3,6 (VIc)~" (57) 
(lid) t :5 6,7 (Vid)  (75) 
(III) I :4 3,8 (VII) (70) 
(IV) I : 5 6,9 (VII) (53) 

* As a mixture with 1-methyl-2,2-dichloro- 
spiro [6.2] nonane (mole ratio 1 : 1.7). 
I As amixture with 1-methylspiro [6.2]- 
nonane (mole ratio 1. 1:1). 

As a result ,  in the s tar t ing dibromides the bromide atom, 
found in the exo-posttion, is predominantly reduced under the 
adopted conditions, which must  be explained by its g rea te r  s terie 
accessibi l i ty  to attack by the reducing agent, in the given case,  
most  probably by the methyl radical  [1, 4]. In contras t  to the data 
given in [4], in all cases ,  together with the monobromides (V), we 
observed  the formation of the complete reduction products,  the 
corresponding bicyclo[5.1.0]octanes (V-I) in 7-23% yields,  which 
may be associa ted  with the somewhat more  drastic reduction con-  
ditions adopted by us. 

R R R R 

H H "H H 

(I1) e n d o _  (V) oxo  _ (V) (VI) 

R = H (a), CH3 (~), C~H5 (B), C6Hs (d) 

The complete reduction of the adducts of the dichloro-  and dibromocarbenes  to c is -cyclooctene,  cy -  
clopentene and its derivatives was run as descr ibed in [6], by t rea tment  with a 4-7% solution of Na in liquid 
NH 3 at ~-70~ Here ei ther  a s toichiometr ic  amount of Na was used, or else a 25% excess .  The yields 
of the obtained bicyclo[n. l .0]alkanes ranged f rom 55 to 80%, with a pract ical ly  complete absence of hydro-  
genolysis  products  (Table 2). 

H 

(I) or (II) I~a/NH,~ (VI); (III).or (IV) Na/NH,~ I ~ ? ,  
--70 ~ --70 o 

(VII) 

The s t ruc ture  of the obtained bieyclo[n. l .0]alkanes and the corresponding monobromides (Table 3) is 
in complete agreement  with the data of their  IR, NMR, and m a s s  spectra.  In par t icular ,  the IR spec t ra  of 
all of the compounds contained bands that testify to the presence  of the cyclopropane ring, and specifically 
in the 800-875, 1000-1065, and 3030-3065 cm -1 regions,  while the spec t ra  of the bromides  (V), in addition, 
contained the bands of the C -  Br bond (535-567, 750-758 cm-1). The IR spec t ra  of the i somer ic  bromides  
(Va) are  given in Fig. 1, while those of the other synthesized compounds are  given in [1]. A comparison 
of the IR spec t ra  of the exo- and endo- i somers  of (Va) (see Fig. 1) indicates that they are  sharply differ-  
ent in the 500-800 cm -1 region, and also that differences exist  in the cha rac t e r  and intensity of some of the 
other bands, which can be used in the analysis  of the i someric  mixtures  of these and s imi lar  compounds. 

The NMR spec t ra  of the obtained compounds, given in [1], lacked signals in the region of the olefinic 
protons of the CH 2 groups of ei ther  a 7- or  an 8 -membered  ring. As was already mentioned, the signal of 
the cyclopropane proton at the C atom that contains bromine is most  charac te r i s t ic  for  the (V) bromides  
(see Table 1). In the spec t ra  of the hydrocarbons  of the bicyelo[n. l .0]-alkane (VI) and (VII) se r ies  are  ob- 
se rved  the charac te r i s t i c  signals of the CH 2 group of a th ree -ca rbon  ring, which are located furthest  up-  
field (5 ranges f rom -0 .30  to 0.85 ppm). Thus, the NMR spect rum of cis-(VII), obtained f rom c i s - c y c l o -  
octene, contains for the endo-proton of this group (endo-9-H) a signal at 6 -0 .30 ppm (T 10.3 ppm); the 
other three cyclopropane protons give a signal at 5 0.60 ppm, whereas the protons of the CH 2 group of an 
8 -membered  ring give a complex multiplet at 5 1.06 ppm. In addition, the signals of the protons of the 
co r re  sponding substituent are  also observed in the NMR spect ra  of the 1-alkyl (aryl)bicyclo [5.1.0 ]alkanes 
(VI). 

The data of the mass  spec t ra  (see [1] and Table 3) are  also found to be in complete agreement  with 
the s t ructure  of the obtained compounds. 

EXPERIMENTAL 

The IR spec t ra  were taken on a UR-20 instrument as a thin layer  of the compound. The NMR spec-  
t ra  were obtained at room tempera ture  on RS-60 and Varian DA-60-IL spec t romete r s  (60 MHz) either for  
the pure compounds or their  ~50% solutions in CCI 4, using ei ther  TMS or HMDS as the internal standard. 
The mass  spec t ra  were taken on an MKh-1303 instrument,  with insert ion of the compound through the ad- 
mittance cyl inder  (energy of ionizing electrons 50 eV; 150~ The GLC analysis  was run on LKhM-8M 
and Chrom-3 chromatographs  (150-200 • 0.4 cm columns packed with 20% Rheoplex-400 deposited on 
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Fig. 1. 

1 

550 qbg 

\ 

I 

l 
'550' i //Sn 

Y~ q~el'l =1 

Infrared spec t ra  of exo-(a) and endo-(b) i somers  of 
(Va). 

Chromosorb R, 10% poly(ethylene glycol adipate) deposited on Risorb, or 15% squalane deposited on si lan- 
ized Cetite-545; 90-185~ c a r r i e r  gas = helium). ~he preparat ive  separat ion of the (Va) i somers  was 
run on a Perkin  - Elmer  Auto-Prep  chromatograph (200 • 0.4 cm column packed with 20% Rheoplex-400 
deposited on si lanized Celite-545; 125~ The synthesis  and proper t ies  of the s tar t ing dihalides (I)-(IV) 
are  given in [11]. 

Reduction of 8,8-Dibromobicyclo[5.1.0]octanes (II) with Methylmagnesium Bromide in THF. With 
rapid s t i r r ing,  a solution of 0.034 mole of dibromide (IIa) in 20 ml of absolute THF was added (~20~ 10 
rain) in a N 2 a tmosphere  to 0.04 mole of CH3MgBr in 50 ml of absolute THF. Then the mixture was s t i r r ed  
for another hour at ~20~ 3-4 rain at 50-52~ and ~1 h again at ~20~ (a white precipitate deposits). Af-  
ter  hydrolysis  with sa turated NH4C1 solution and the usual workup the product was fractionally distilled to 
give 4.7 g of a fraction with bp 42-54~ (1 mm), n~  1.5040-1.5090, which, based on the GLC data, con-  
tained three substances  in a 1: 1 .16:2.19 ratio (in the order  of increas ing retention time). After the sep-  
aration of this mixture by preparat ive  GLC the compound with the shor tes t  retention time was identified as 
being bicyclo[5.1.0]octane (Via) (n~ 1.4605, 23% yield), while the compounds following it were identified as 
being exo-8-bromobicyclo[5.1.0]oetane [exo-(Va)] (n~ 1.5048, yield 20%, purity 99.3%) and its endo- i somer  
[endo-(Va)] (n~ 1.5150, yield 36%, purity 99.2%). Hydrocarbon (Via) proved to be identical with that ob- 
tained by the reduction of dichloride (Ia) with a solution of Na in NH 3 (see Tables 2 and 3). 

The reduction of the other dibromides was run in a s imi lar  manner  (see Table 1). The proper t ies  
and analysis  data of the obtai ned products  are  given in Tables 1 and 3. 

Reaction of 8,8-Dihalobicyclo[5.1.0]octanes (I) and (II), and 9,9-Dihalobicyclo[6.1.0]nonanes (III) and 
(IV), with Sodium in NH 3. To a solution of 0.144 g -a tom of Na in 108 ml of liquid NH3, cooled to -70~ 
was added a solution of 0.036 mole of dichloride (III) in 95 ml of absolute ether in 20 min. After additional 
s t i r r ing  at the same tempera tu re  for  ~30 rain the mixture was t rea ted  with 0.07 mole of NH4CI, the excess 
NH 3 was evaporated through a cooled trap, and the residues was worked up in the usual manner.  Dist i l la-  
tion gave 3.1 g (70%) of bicyclo[6.1.0]nonane (ViI), puri ty 99.9% (GLC). 

The same procedure  was used to reduce the other dihalides to the corresponding [n.l.0]alkanes (see 
Table 2), the proper t ies  and analysis  data of which are  given in Table 3. 

The authors express  their  gratitude to I. P. Yakovlev and A. Ya. Shteinshneider for ass is tance in 
running the spectra l  analysis,  and also to G. Garzo (Research Group on Inorganic Chemistry of the Acad-  
emy of Sciences of the Hungarian People ' s  Republic) for  the chromatographic  separat ion of the 8 -b romo-  
bieyclo [5.1.0 ]octane i somers .  
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C O N C L U S I O N S  

A study was made of the par t ia l  and comple te  reduction of some 8,8-dihalobicyclo[5.1 .0]octanes  and 
9,9-dthalobicyclo [6.1.0 ]nonanes to the cor responding  monohal ides and hydrocarbons  of the bicyclo in. 1.0 ]- 
alkane s e r i e s ,  
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