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The Effect of Non-bonded Interactions on the Regioselectivity of Cycliz- 
ation of the Hex-5-enyl Radical 

By Athelstan L. J. Beckwith * and Tony Lawrence, Organic Chemistry Department, University of Adelaide 
Adelaide, South Australia, Australia 5000 

Treatment of 1 -bromo-2,2,5-trimethylhex-5-ene (9a) with tributylstannane affords 2,5,5-trimethylhex-1 -ene (1 3a), 
1,1,3,3-tetramethyIcyclopentane (1 2a), and 1,1,4-trimethylcyclohexane (1 5a). Accurate determination of the 
yields allows the rate constants for the endo- and exo-modes of cyclization of the 2,2,5-trimethylhex-5-enyl 
radical (1 Qa) to  be determined. Comparison of the kinetic parameters with those for the 2,2-dimethylhex-5-enyl 
radical (1 Ob) and related species indicates that interaction of the pseudo-axial 2-methyl substituent with the syn- 
proton a t  C-6 disfavours the formation from ( lob)  of the chair-like six-membered transition state (5). The effect 
is, however, too small to account for the high regioselectivity of ring closure of the parent hex-5-enyl radical. 

STERKOELECTRONIC effects play a major role in deter- 
mining the direction of intramolecular addition in 
alkenyl radicals.lt2 The suggestion that the hex-5- 
enyl radical undergoes predominantly 1,5-exo-cyclization 
because of the necessity for maximum overlap to be 
attained in the transition state between the semi- 
occupied Zp orbital and the vacant x* orbital has been 
widely accepted, and has been formalised in Baldwin's 
rules.5 Nevertheless, it is clear that other factors also 
contribute to the observed regioselectivity of this and 
related ring closures. As expected,6 the value of AS'+ for 
1,5-cvclization is more favourable than that for 1.6.' 
However, AHX is a150 more favourable for formation of 
the smaller ring, and a t  ordinary temperatures it is the 
difference in this parameter rather than AAST which 
mainly controls the I,5/1,6 cyclization ratio.' 

Another factor possibly contributing to the regio- 
selectivity of ring closure of the hex-5-enyl radical has 
been investigated try Julia and his co-workers who 
developed Le Bel's hypothesis t that a non-bonded inter- 
action between the pseudo-axial proton at  C-2 and the 
syn-proton at  C-6 may destabilise the chair-like transition 
state (2) by comparison with that (1) on the pathway for 

E l )  ( 2 )  R = H  
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Me H 

1,5-cyc-lization. In  accord with this hypothesis the E- 
isomer (A) of 5,6-dimethylhex-5-enyl radical affords both 
five- and six-membered cyclic products with the latter 
predominating, whereas the Z-isomer (7) ,  for which 2,6- 
non-bonded interaction in a chair-like transition state 
(3) should be much more severe, undergoes exclusively 
1,5-cyclization. 

Professor Julia (see ref. 8). 
t Suggested by Professor N. Le Be1 in a discussion with 

Unfortunately the yield of cyclic products was rela- 
tively low (<20%) under the experimental conditions 
employed by Julia and consequently i t  is not possible 
to obtain from his data a quantitative estimate of the 
severity of the non-bonded interaction. We have 
chosen, therefore, to examine the behaviour of the 
radical (loa) which was expected t o  give good yields of 
cyclic products under appropriate conditions. Also , 
comparison of the behaviour of (loa) with (7) might 
reveal the extent of any interaction between the 6-methyl 
substituent and the pseudo-axial proton at C-4. Treat- 
ment of the bromo-compound (9a) with tributylstannane 
in benzene gave a mixture of (22a), (13a), and (15a) 
which was accurately analysed by gas chromatography. 
In  most experiments the material balance was excellent, 
and the relative yields (Table 1) varied with stannane 
concentration as expected on the basis of the accepted 
reaction m e c h a n i ~ m . ~  For comparison, the behaviour 
of the 2,2-dimethylhex-5-enyl radical (lob) was also 
examined. The yields of cyclic (12b) and acyclic (13b) 
products obtained when (9b) was treated with tributyl- 
stannane arc given in Table 2. Relative rate constants 
calculated by substitution of the data into the appropri- 
ate integrated rate equation are also presented. The 
usual treatment of rate constants a t  various tempera- 
tures afforded activation parameters which are given in 
Table 3 together with data available from previous work 
in these laboratories lo for the radicals (Sa) and (Sb), and 
rate constants for the cyclization of (6) and (7) calculated 
from Julia's data.8 

The results obtained show that cyclization of the 2'2- 
dimethylhex-5-enyl radical (lob) is both more rapid and 

TABLE 1 
Reduction of  6-bron10-2,5,5-t;rinietliylhex- l-ene (9a) 

with Bu,SnH 
Relative 
yields/ yo 

[Bu,SnH], "/ r-~-- 7 ki,6kH-1/ k ~ , 6 k H - 1 /  
/"C mol 1-1 (13a) (1%) (15a) 1 mol-l T inol-ll 
46 0.038 33 47 20 0.043 0.018 

0.151 68 22 10 0.040 0.018 
80 0.038 25 51 24 0.063 0.029 

0.151 57 30 14 0.064 0.030 
100 0.038 20 55 25 0.086 0.040 

0.151 50 34 16 0.083 0.039 
a Initial concentration; final concentration = 0.622 x 

[Bu,SnH],. 
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TABLE 2 fer from stannane, are approximately the same.g Conse- 
Reduction of 6-bromo-5,5-dimethylhex-l-ene (9b) 

with Bu,SnH 
Relative 

yields (yo) 
[Bu,SnHl, -7 

T / " C  moll-1 (12b) (13b) k,,,kH-'/l m o P  
30 0.20 b 

1.00 b 
1.39 

40 1.24 
1.39 

55 1.86 
80 0.50 

1.00 

94 6 1.57 
77 23 1.55 
70 30 1.45 
75.5 24.5 1.74 
73 27 1.72 
62 38 1.98 
90 10 2.28 
83 17 2.31 

(I Initial concentration. Final concentration = 0. Final 
concentration = 0.61 mol I F .  

more regiospecific than cyclization of the parent radical 
(8b). About 2% of the cyclic products obtained from 
the latter arise by l,6-ring closure, but we were unable 
to detect any of the analogous product (15b) arising from 

R a : e  

Me 
19 I 

a ; R  =Me 
b ; R = H  

Bu3Sn' / 
R . Me 

Me 'Me Me 
(121 

reactions involving (lob). Having regard to the sensi- 
tivity of the analytical methods used, we believe this 
indicates the ratio of exo-/endo- cyclization in (lob) to be 
>lo0 : 1. Such high regiospecificity supports the view 
that non-bonded interactions in the transition state (4) 
will be more severe than in the unsubstituted case (2). 

Since all the acyclic radicals examined in the course 
of this work are primary, i t  is reasonable to assume that 
values of k H ,  the rate constant for hydrogen atom trans- 

quently, comparison of values of k , / k H  for the various 
radicals provides a measure of their relative rates of 
cyclization, Similarly, the activation parameter dif- 
ferences given in Table 3 are all related to AH1 and AS* 
for the reaction of a primary radical with tributylstan- 
nane. Approximate absolute values of the parameters 
for cyclization can be obtained by adding the appropriate 
values for the stannane reaction (AH$ = 3.9 kcal mol-l, 
AS: = -18 cal mol-l K-l) obtained from a comparison 
of the data for hex-5-enyl radical by direct l1 and 
indirect methods. 

The data in Table 3 indicate that a t  80 "C the rate 
constant K1,5 for ring closure of the 2,2-dimethylhex-5- 
enyl radical (lob) is almost ten times larger than that for 
the analogous reaction of the unsubstituted radical (8b). 
This type of rate enhancement, which has been noted 
previously both for this l2 and other radical reactions,13 
is attributable to the Thorpe-Ingold or 'gm-dialkyl' 
effect.14-16 In terms of the explanation advanced by 
Allinger and Zalkow15 the introduction of the two 
methyl substituents into hex-5-enyl radical causes extra 
gauche interactions in the ground state which are partly 
relieved when the cyclic transition state is attained. The 
net result is that  the free energy of the reactant ground 
state is raised relative to  that of the cyclic transition 
state and the rate of ring-closure is enhanced accordingly. 
In  this case the activation data reveal that the introduc- 
tion of the two methyl substituents has little effect on the 
entropy term. The change in AAHf ,  however, of ca. 
1.3 kcal mol-l is about what would be expected for 
two additional gauche interactions in the reactant 
radical (lob) as compared with the parent; l7 it is this 
change in the enthalpy term which is mainly responsible 
for the observed rate enhancement. The conclusion that 
alkyl substituents affect predominantly the enthalpy of 
the reactant is consistent with the results of a recent 
investigation of carbonium ion cyclizations.16 

Introduction of an alkyl group at the 5-position in 
hex-5-enyl radical completely changes the regioselectivity 
of ring closure. The value of k1,5/k1,6 at 80 "C for 5- 
methylhex-5-enyl radical (Sa) reported here is different 
from those previously recorded (0.40 and ca. 25 18). 
However, our results have been independently confirmed 
in three separate sets of experiments and are considered 
to be r~1iable.l~ Examination of the individual rate 
constants for @a) and the parent radical (8b) shows that 
the change in regioselectivity is due partly to a small 

TABLE 3 
Relative rate constants at 80 "C and parameters a for radical cyclization 

1,B-Cyclization 
7 

Radical kl,,/kl,6 ' k,,,kH/l mol-1 AAHt A A S  
50 0.24 3.0 f 0.1 5.8 4 0.4 
0.73 0.008 4.8 f 0.2 6.7 $7 0.6 

2.32 1.7 f 0.1 6.6 f 0.4 
0.47 0.066 3.0 f 0.1 3.0 0.3 
0.57 0.012 

( 8b) 
( 8 4  

(lob) 
( 104 

(6) 
( 7) 

> 100 

Large 0.18 
,I AAHt = AH$, - A W H  (kcal mol-I); A A S  = 

1,6-Cyclization 
I 

A > 
kl,6kH-1/l mol-l AAHt A A S  Ref, 

0.005 4.7 f 0.3 3.0 4 0.4 7 
0.012 4.3 f 0.2 3.3 f 0.4 10,19 

This work 
0.030 3.3 f 0.1 2.4 f 0.2 This work 
0.021 8 

8 
= AS$, - A S ,  (cal mol-I K-'). 
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enhancement in thc rate of 1,6-ring closure but mainly 
to a dramatic decrease in the rate of the 1,5-reaction. 
The former rate enhancement may reasonably be attri- 
buted to the stabilizing effect of the methyl substituent 
on the product radical. The origins of the strong 
retardation of the rate of 1,5-ring closure brought about 
by the methyl substituent are less clear. Possibly 
' R-strain ' 2o becomes more severe as C-5 moves towards 
tetrahedral co-ordination at  the transition state. Trans- 
annular non-bonded interactions probably have little 
effect, for the rate retardation observed in this work is 
very similar to that recently determined in an inter- 
molecular system.21 

ICing closure of tlie trisubstituted radical (102) affords 
similar quantities of five- and six-membered cyclic 
products. Comparison of the kinetic data (Table 3) 
with those for 5-methylhex-5-enyl radical ($a) shows that 
the gem-dimethyl substituents, as expected, enhance the 
rates of both modes of cyclization. However, the en- 
hancement factor for 1,6-ring closure (2.5) is much less 
than that (8.1) for 1,5-; i.e. ' gem-dialkyl ' acceleration 
of the latter cyclization is three times more effective than 
i t  is for the former This difference represents an un- 
favourable contribution to the free-energy of formation of 
the six-membered transition state (5) relative to the 
analogous five-membered transition state of ca. 0.8 
kcal niol l. 

\ l ie  conclude that the type of lion-bonded interaction 
envisaged by Julia8 and Le Be1 between the pseudo- 
axial inethyl substituent a t  C-2 and the syn-proton at  
C-ti does destabilise the six-membered transition state (5). 
HoweL-er, the magnitude of the effect is small and will be 
much less when, as in the parent radical (Sb), there is no 
alkyl substituent at  C-2. I t  appears, therefore, that 
purely steric effects play little part in determining the 
regiosthlectivity of cyclization of hex-5-enyl radical, a 
conclusion supported by tlie observation that alkenylaryl 
radicals [e.g. (It?)] in which there is no pseudo-axial sub- 
stituent a t  C-2 in the six-membered transition state 
undergo exclusive 1,5-ring c1osu1-e.~ The hypothesis that 
cyclization of alkenyl radicals is mainly controlled by 
stereoclectronic effects remains valid. 

(16 1 

Finally, there arises the question of why the radical 
(7)  gives no six-membered cyclic product ; why does the 
presence of a syn-methyl substituent a t  C-6 disfavour the 
formation of six-membered state more than a pseudo- 
axial methyl a t  C-2? One possible explanation is that 
there are non-bonded interactions of the 6-methyl sub- 
stituent in (3) with the pseudo-axial pIotons at  both C-2 
ant1 C-4, and that the latter may be more severe than the 
former. The validity of this hypothesis will be tested by 
further investigation of the behaviour of appropriately 
subs tit uted hex-5-en yl radicals. 

EXPERIMENTAL 

General experimental details have been given pre- 
vi0us1y.l~~ The following columns were used for g.1.c. : 
( a )  4.6 m x 2.1 mm 5% Apiezon on Varaport 30 metal 
column, ( b )  3.1 m x 6.4 mm 20yo FFAP on Chromosorb W 
glass column, (c) 6.2 m x 3.2 mni 2.5% F F A P  on Varaport 
30 metal column, ( d )  6 m x 8 mm 14% Carbowax 20M on 
Chromosorb A glass column, (e )  6.1 m x 3.2 mm 207; 
Carbowax 20M on Varaport 30 metal column, and (f) 
4.6 m x 2.1 mm 5% Carbowax 20M on Varaport 30 metal 
column. 

lieactions of bromo-compounds with tributylstannane 
were carried out as previously described 13b in benzene, 
purified by fractional freezing. G.1.c. analysis was con- 
ducted on columns (f) and (e) in series a t  90 "C for 6-bronio- 
5,5-dimethylhex-l-ene, and on column (e) a t  120 "C for 
6-bronio-2,5,5-trimethylhex-l-ene. The results are given 
in Tables 1 and 2. 

Ethyl 2,2-DivnethyZhex-5-enoate.-Lithiuni di-isopropyl- 
arnide 22 (0.1 niol) in tetrahydrofuran (100 ml) was stirred a t  
- 78 "C while ethyl isobutyrate (11.5 g) was added dropwise. 
Stirring was continued, and after 30 min 4-bromobut-1-ene 
( 13.5 g) in hexamethylphosphoric trianiide (20 ml) was 
slowly added. After the addition the mixture was allowed 
to warin up during 12 h to 20 "C, when i t  was diluted with 
water and extracted with light petroleum (b.p. 30-40 "C). 
After being washed with dilute hydrochloric acid and with 
sodium hydrogen carbonate solution, the organic layer wits 
distilled to afford the required ester (14 g, 82y0), b.p. 28 "C 
at 0.02 mmHg, w , , ~ O  1.448 6 (Found: C, 70.2; H, 10.3. 
C,,H,,O, requires C, 70.5; H, 10.6y0), m/e 170 ( M + ) ,  6 1.25 
(3  H, t, J 7 Hz, OCH,CH,), 1,18 (6 H,  s, 2 x CH,), 1.3-2.0 
(4 €I, m, CHJH,), 4.1 (2 H, q, J 8 Hz, OCH,), 4.7-5.2 (2 H, 
in, =CH,), and 5.2-6.1 (1 H,  m, =CH); vmaX. 1 640 and 
1 720 cni-l> homogeneous by g.1.c. [column ( a ) ,  120 "C]. 

6-Brorno-5,5-din~ethylhex- 1-ene (9b) .-The foregoing ester 
(4.25 g) was stirred with lithium aluminium hydride (1.0 g )  
in diethyl ether (25 ml) a t  ambient temperature for 14 h. 
After dropwise addition of sodium hydroxide solution to the 
mixture, the supernatant liquid was decanted and distilled 
to  afford 2,2-dimethylhex-5-en-l-o1, b.p. 41 "C a t  0.5 mmHg 
(2.6 Q, 8OyO), nD24 1.441 2 (1it.,l2 1.442 5 ) ,  6 0.85 (6 H ,  s,  
2 x CH,), 1.1-1.5 (2 H, m, CH,), 1.7-2.3 (2  €3, m, CH,), 
3.2 (1 H, s ,  OH), 3.3 (2 H, s, OCH,), 4.7-5.2 (2 H ,  ni, 
=CH,), and 5.4-6.2 ( 1  H, m, =CH) ; vmx. 1 600 and 3 100 
crn-l, homogeneous by g.1.c. [column ( a ) ,  120 "C]. Treat- 
ment of this alcohol (2.6 g) with triphenylphosphine and 
carbon tetrabromide in dichloromethane as previously 
described l2 gave crude 6-bromo-5,5-diniethylliex- 1-ene 
(2.1 g, 54%). Preparative g.1.c. [column ( d ) ,  110 "C] afforded 
the pure bromide l2 (1.2 g, 3oy0), b.p. 59 "C a t  0.5 mmHg, 
m/e 190/192 (M+) ,  6 1.0 (6 H, s, 2 x CH,), 1.3-1.7 (2 H, m, 
CH,), 1.8-2.3 (2 H,  m, CH,), 3.3 (2 H,  s, CH,Br), 4.8-5.3 
(2 H, m, =CH,), and 5 . 6 6 . 1  (1 H,  m, =CH) ; vrnaa. 3 100 and 
1640 cm-l, homogeneous by g.1.c. [column (c), 90 "C]. 

2- (2,2-DinzethyZhex-5-enyloxy) tetvahydropyvan.- 2,2-Di- 
inethylhex-5-en-1-01 (14.2 g) was added dropwise with 
stirring to dihydropyran (25 g) containing concentrated 
hydrochloric acid (0.2 ml) while the temperature of the 
mixture was maintained at 50-60 "C. After addition the 
mixture was stirred for 2 h, then shaken with sodium car- 
bonate solution and distilled to  afford the required tetra- 
hydropyranyl ether (18.8 g, 79y0), b.p. 72 "C a t  0.1 mmHg 
(Found: C, 73.5; €3, 11.3. C13H240, requires C, 73.5; H, 
11.4y0), m/e 212 ( M + )  6 0.9 (6 H, s, 2 x CH,), 1.1-2.4 
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(10 H, m, methylene), 3.0 and 3.5 (2 H, ARq, J ~ B  9 Hz, 
OCH,CMe,), 3.3-4.1 (2 H, m, OCN,CH,), 4.6 (1 H, br s, 
OCHO), 4.8-5.3 (2 H ,  m, =CH,), and 5.5-6.2 (1 H, m, 
=CH), homogeneous by g.1.c. [column (c), 126 "C]. 

Tetrahydro-2- (2,2-dimethyZ-5-hydroxyhexyZoxy)pyran.- 
The foregoing tetrahydropyranyl ether (15 g) was added 
dropwise to a stirred solution of mercuric acetate (22.5 g) in 
water (70 nil) and tetrahydrofuran (70 ml) a t  ambient 
temperature. After the addition the mixture was stirred 
for a further 15 min, then worked up in the usual way 23 to 
afford the required alcohol (14.5 g, 89%), b.p. 109 "C a t  
0.2 mmHg (Found: C, 68.2; H, 11.7. C,,H,,O, requires 
C, 67.8; H, 11.4y0), m/e 230 (hZ+), 6 0.9 (6 H, s, 2 x CH,), 
1.2 (3 H, d,  J 7 HL, CH,), 1.0-2.0 (10 H,  m, methylene), 
2.2 (1 H, s, OH), 3.0 and 3.5 (2 H, ABq, JAB, 9 Hz, 
OCH,C!Me,), 3.3-4.1 (2  H ,  m, OCH,CH,), and 4.6 (1 H, 
br, s ,  OCHO) ; v,,,,. 3 300 c111-l. 

Tetmliydro-2- (2,2-dimethyZ-5-oxohexyZoxy)py~an.- Oxid- 
ation of the foregoing alcohol (19.8 g) with pyridinium 
chlorochromate by the usual procedure 24 afforded the 
required ketone (15.7 g, 800/;,), b.p. 106 "C a t  0.2 mmHg 
(Found: C ,  68.6; H ,  10.6. C,,H,40, requires C, 68.4; H, 
10.6oj,); m/e 228 (Mt),  6 0.9 (6 €I, s, 2 x CH,), 1.4-1.9 
(8 H, in,  methylene), 2.2 (3 H ,  s, CH,CO), 2.2-2.7 (2  H, ni, 
CH,CO), 3.0 and 3.5 (2 H ,  ABq, JAR 9 Hz, OCH,CMe,), 
3.3-4.1 (2  H, m, OCH,CH,), and 4.6 (1 H, br s, OCHO); 
vnlaX. 1 720 cni-l. 

2,2,5-Triinetl~yZl~ex-5-en- l-oZ.-The foregoing ketotetra- 
liyclropyranyl ether (16.0 g) was added to the Wittig reagent 
prepared from methyltriphenylphosplionium iodide (30 g) 
and potassium t-butoxide (10 g) in benzene (200 ml) ancl 
tetrahydrofuran (200 ml). The mixture was stirred a t  
ambient temperature for 12 h,  then heated under reflux for 
48 h. After being cooled, and diluted with ether (300 ml), 
the mixture was filtered, and the filtrate was washed with 
sodium carbonate solution and with brine. Removal of the 
solvent gave crude product, extraction of which with light 
petroleurn afforded, after fraction distillation, tetrahydro-2- 
(2,2,5-trinzethyZhex-5-enyZoxy)~yran (12.4 g, 78%), b.p. 
95 "C a t  0.4 mmHg (Found: C, 74.6; H ,  11.4. C,,H,,O, 
requires C, 74.3; H, 11.6(?:), ?n /e  226 (&I+); 6 0.8 (6 H, s ,  
2 x CH,), 1.3--2.4 (10 H, ni, methylene), 1.75 (3 H ,  s ,  CH,), 
3.0 ancl 3.5 (2 H ,  ARq, Jsrt 9 Hz, OCH,CMe,), 3.3-4.1 
(2 H, ni, OCH,CH,), 4.6 (1 H,  br, s, OCHO), and 4.7 (2 H, s,  
=CH,) ; v,,,,,. 1 640 cm-l. 

A sample (11.5 g) of this ether was added to methanol 
(100 ml) containing toluene-p-sulphonic acid (0.2 g), and 
tile mixture was stirred a t  20 "C for 2 h.  Brine and ethyl 
acetate were then added to the mixture, and the organic 
layer was washed with sodium carbonate and distilled to 
afford 2,2,5-tv~l.net~iyZl~ex-5-en-l-oZ (5.2 g, 72:/0), b.p. 42 "C a t  
1 mmHg (Found: C, 75.8; H, 12.4. C,H,,O requires C, 
76.0; H, 1 2 . 8 O , & ) ;  6 0.9 (6 H, s, 2 x CH,), 1.1-2.3 (4 H, 
ni, CH,CH,), 1.8 (4 H, 2 overlapping s, CH, and OH), 3.4 
(2 H, s, CH,OH), and 4.7 (2 H,  s, =CH,) ; v,,,~,. 3 300 and 
1 640 c1ii-l. 

6-Rrorno-2,5,5-trirnetl~yZhex- l-ene (9a) .-Carbon tetrabro- 
mide (4.0 g) was added slowly in small portions to a stirred 
mixture of 2,2,5-trirnethylhex-5-en-l-o1 (1.5 g), triphenyl- 
phosphine (3  4 g), and dichloromethane (10 ml) a t  ambient 
temperature. After being stirred for a further 12 11 the 
mixture was worked up in the usual way 12 to afford a 
mixture (0.97 g, 450/,), b.p. 55 "C a t  0.7 mmHg, of isomeric 
olefinic bromides. Preparative g.1.c. [column (d ) ,  l2Oo], 
was employed to  isolate a pure sample of 6-bromo-2,5,6- 

trimethylhex-l-ene (Found: C, 53.0; H,  8.3; Br, 38.6. 
C,H,,Br requires C, 52.7; H, 8.3; Br, 39.0%), 6 1.05 (6 H ,  
s, 2 x CH,), 1.3-2.1 (4 H, rn, CH,CH,), 1.7 (3 H, s, CH,), 
3.3 (2 H ,  s, CH,Br), and 4.7 (2 H ,  s, =CH,) ; vmaX. 1 640 cn1-l. 
The second component of the mixture was isolated by pre- 
parative g.1.c. and tentatively identified as 6-bromo-2,5,5- 
triniethylhex-2-ene on the basis of its n.m.r. spectrum: 6 
1.0 (6 H, s, 2 x CH,), 1.6 and 1 .7  (6 H,  2s, allylic CH,), 2 . 1  
(2 H, d,  J 8 Hz ,  CH,), 3.3 (2 H, s, CH,Br), and 5.2 (1  H, br, 
t ,  J 8 Hz, =CH). 

5,Ei-DimethyZhex- l-ene ( 13b) .-Neopentylmagnesium bro- 
mide, prepared from neopentyl bromide 25 (3.02 g) and 
magnesium (0.5 g) in tetrahydrofuran (15 ml), was added 
clropwise to  a boiling solution of ally1 bromide (3.03 g)  in 
tetrahydrofuran under reflux. After the addition the 
mixture was heated for a further 20 min, then cooled, diluted 
with water, and extracted with pure pentane. Distillation 
of the extract gave 5,5-dimethylhex-l-ene (1.6 g, 70qb) ,  b.p. 
100 "C (lit.,,, 99---101 "C), 6 1.0 (6 H, s, 3 x CH,), 1.1-1.7 
(2 H, 111, CH,), 1.8-2.2 (2  H, ni, CH,), 4.?-5.2 (2  H, ni, 
=CH,), and 5.4-6.2 ( 1  H, m, =CH); vmX. 1 640 and 900 
cni-l, homogeneous by g.1.c. [column ( e ) ,  100 "C]. 

2,5,5-TrinzethyZhex- l-ene ( 13s) .-'Treatment of 3-chloro-2- 
methylpropene with neopentylmagnesiuni bromide as 
clescribed above afforded the required oEefin (GO:/,), b.p. 
108 "C (Found: C, 85.8; H, 14.1. C,H,, requires C, 85.6; 

methylene), 1.7 (3 H, s, CH,), and 4.7 (2 H, s, =CH,), 
homogeneous by g.1.c. [column ( e ) ,  120 "Cj. 

1,l-DinzethyZcycZohexanp (15b) .-4,4-Dimethylcycloliesan- 
1-01 (2.0 g), prepared by reduction of the ketone with lithium 
aluminium hydride, was heated with oxalic acid (2.9 g) a t  
150 "C, to afford 4,4-dimethylcyclohexane (1.3 g), b.p. 
171 OC, which, on hydrogenation over platinum oxide in 
acetic acid gave 1,l-dimethylcyclohexane, b.p. 119 "C 
( l i t . , ~ 6 1 1 9 0 C ) , S 0 . 9 ( 6 H , s , 2  x CH3)and1.0-1.5(10H,m, 
methylene), homogeneous by g.1.c. [column (f), 90 "C]. 

1,1,3-Trirnet~yZcyclopentane (12b) .-Treatment of 3,3- 
dimethylcyclopentanone 27 with methylinagnesiuiii iodide 
and heating of the product with oxalic acid a t  130 "C gave 
1,4,4-tritiiethylcyclopentene 28 (82:/,), hydrogenation of 
which in acetic acid over platinum oxide afforded 1,1,3- 
trimetliylcyclopentane, b.p. 106 "C (lit. ,29 105-106 "C), 
6 0.9 ( 3  H, d,  J 6 Hz, CH,), 1.0 (6 H, s, 2 x CH,), and 1.2- 
1.8 (7 H, 1x1, methylene and methine), homogeneous by 
g.1.c. [column (f), 90 "C]. 

1, 1,3,3-TetranzethyZcycZopentane ( 1%) .--Treatment of 
cycloperitanone with potassium hydride and methyl iodide 
gave 2,2,5,5-tetramethylcyclopentanone, b.p. 47 "C a t  
23 mmHg, a sample (4.0 g) of which in diethyl ether (30 nil) 
was stirred for 15 h with lithium aluminium hydride a t  
ambient temperature. The usual work-up afforded 2,2 ,5 ,5-  
tetranzeIly?cycZopentanoZ (3.6 g, go?:), b.p. 53 "C a t  15 niniHg 
(Found: C, 76.1; H, 12.7. C,H,,O requires C, 76.0; H, 
12.80/,) ,60.9(6H,s,2 x CH,),l.O(GH,s,Z x CH3),1.6(4H, 
CH,CH,), 1.7 (1 H, s, OH), and 3.8 (1 H ,  s, CHO); vlllnX. 
3 300 ctn-l. 

A sample (2.8 g) of this alcohol was stirred and refluxed 
with sodium liydride dispersion (50':/0, 1 .0 g) and iniidazole 
(0.4 g) in tetrahydrofuran (50 nil) for 3 11. Carbon di- 
sulphidc (6 ml) was then added followed, after 0.5 h, by 
methyl iodide. After being refluxed for a further 0 . 5  h,  the 
mixture was worked up in the usual way 30 t o  afford 0- 
(2,2,5,5-tetramethylcyclopentyl) S-methyl dithiocarbonate, 
(3.1 g, 680/,), b.p. 80 "C at 2 mmHg. Treatment of this 

H, 14.4%); 6 1.0 (6 H, S ,  2 x CH,), 1.3-2.4 (4 H ,  111, 
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dithiocarbonate (3.0 g) with tributylstannane (4 .6  g) ,  in 
xylenc (10 ml) in the usual way 30 gave 1,1,3,3-tetrametliyl- 
cyclopentane (0.86 g, 527&),  b.p. 118 "C (lit.,31 118.5 "C), 
nD20 1.412 6 (lit.,31 1.412 5 ) ,  S 0.9 (12 H,  s, 4 x CH,) and 
1.0-1.8 (6 H, ni, methylene), homogeneous by g.1.c. 
[column ( e ) ,  120 "C]. 

1,1,4-Trirnetlzylcyclohexane (15a) .-Treatment of 4,4- 
dimethylcyclohexanone 32 (2.5 g) with methylmagnesium 
iodide gave crude 1,4,4-trirnethylcyclohexanol which was 
heated over anhydrous oxalic acid a t  160 "C to give 1,4,4-  
trimethylcyclohex-l-ene (1 .4  g, 57o/b), b.p. 138-140 "C 
(lit.,33 130 "C). Hydrogenation of this olefin in acetic acid 
over platinum oxide afforded 1,1,4-trirnethylcyclohexane, 
b.p. 136 "C (lit.,34 135 "C), S 0.9 (9 H, overlapping s and d, 
3 x CH,), and 1.1-1.7 (9 H, m, niethylene and methine), 
homogeneous by g.1.c.. [column ( e ) ,  120 "C]. 
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