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subjected to desulfurization with deactivated Raney nickel (two 
level teaspoonfuls)1b in acetone solution (100 ml) as described 
above. Purification of 15 through short-path distillation at 2.5 
mm, bath tem erature 105O, gave analytically pure product 
(187 rn%& Y$~I' 2940, 2880, 1520, 1500, 1400, and 1380 
cm-1; aTun 0.87 (s, CHs), 0.85 (d, J = 5 Hz, isopropyl), and - _ "  

0.82 (s, CHI) ppm. 
Natural Valerane from I-Valeranone.-This Droduct was nre- 

pared from natural valeranone (120 mg) essentially as descn'bed 
by Hikino, ~t aZ.,lf and the identity of the product, prepared 
in our laboratories was established by comparison of infrared and 
nmr spectra of material prepared in Japan.Ie 

Registry No. -3, 29969-74-2; 5 ,  29863-73-8; 6 ,  
29863-74-9; 7, 29863-75-0; 8, 29862-76-1 ; 9, 29863- 
77-2 ; 10,29863-78-3 ; 1 1, 29863-79-4 ; 12 , 29863-80-7 ; 
12 2,4-DNP, 29863-81-8; 13, 29863-82-9; 14, 30008- 
94-7; 14 2,4-DNP1 29863-83-0; 15, 29863-84-1. 
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When pinane was treated with acetyl chloride and aluminum chloride under Friedel-Crafts conditions, an 
This product was trans- 

The stereochemistry of the 
unstable product, 2-acetyl-l-chloro-4-isopropyl-l-methylcyclohexanel was formed. 
formed to a mixture of acetyl-4-isopropyl-I-methylcyclohexenes by loss of HC1. 
products and its bearing on the mechanism of the Kondakov reaction is discussed. 

Although the chemistry of the pinenes has been ex- 
tensively studied,l relatively little has been learned 
about the saturated hydrocarbon, pinane. The pinane 
molecule is quite stable and its potentially labile cyclo- 
butane ring is resistant to most oxidizing agents and 
mineral acids. It reacts only slowly with hydrogen 
bromide at 230" . z  

Whereas free-radical type reactions of pinane have 
been r e p ~ r t e d , ~ - ~  reactions of pinane by ionic mecha- 
nisms have not. However, the acetylation of satu- 
rated hydrocarbons with acetyl chloride in the presence 
of aluminum chloride is k n ~ w n ~ - ~ l  and offers a feasible 
route toward functionalizing pinane. We have investi- 
gated this reaction and present here the results of our 
work. 

When an ethylene dichloride solution of the complex 
formed between acetyl chloride and aluminum chloride 
was added to pinane (1)) a mixture of chloro ketones 5 
was produced. The chloro ketones lost HC1 slowly on 
standing. Upon heating, HCl was evolved more rap- 
idly and the product formed was the alp-unsaturated 

(1) (a) B. D. Sully, Chem. Ind. (London), 263 (1964). (b) D. V. Banthorpe 
and D. Whittaker, Chem. Rev., 66, 643 (1966); Quart. Rev. Chem. Soc., 373 
(1966). 
(2) B. T. Brooks, "The Chemistry of the Nonbenaenoid Hydrocarbons," 

2nd ed, Reinhold, New York, N. Y., 1950, p 533. 
(3) (a) G. Bonnet, Bull. Inst. Pin., 217, 241 (1038); 1 (1939). (h) A. 

Gandini, G a m  Chzm. Ital., 70, 254 (1940), 71, 722 (1941). 
(4) (a) C. Fillatre and R. Lalande, Bull. SOC. Chzm. Fr., 4141 (1968); (b) 

G. 8. Fisher, J. S. Stinson, and I,. A. Goldblatt, J .  Amer. Chem. SOC., 76, 3675 
(1953). 
(5) E. Muller and G. Fiedler, Chem. Ber., 98, 3483 (1966). 
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science, New York, N.  Y., 1964, p 135; Vol. 111, pp 1069-1077. 
(10) I. Tahushi, K. Fujita, and R. Oda, Tetrahedron Lett., 4247 (1968); 

5455 (1968). 
(11) G. Baddeley, B. G. Heaton, and J. W. Rasburn, J .  Chem. Soc., 4713 
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(0) C. Bordenoa, Amer. Perfum. Cosmet., 80, (7) ,  19 (1965). 

ketone 8. When submitted to glc analysis, HC1 was 
again lost but the products eluted were the P,y-unsatu- 
rated ketones 6 and 7 plus a small amount of 8. 

That the chloro ketones formed are 2-acetyl-1-chloro- 
4-isopropyl-1-methylcyclohexanes (5) was supported by 
the fact that the same products were formed by adding 
acetyl chloride to 1-p-menthene. Also, the unsaturated 
ketones eluted from the glc were identical with those 
prepared by the acetylation of 1-p-menthene with acetic 
anhydride. 

The nmr spectra of crude and distilled fractions of the 
p-chloro ketone 5 revealed that it was a mixture of a t  
least two priiicipal isomers 5a and 5b. One isomer 
(which dominated the earlier fractions of the distilled 
crude) showed a broad multiplet at r 6.83 (ca. 12-HZ 
wide, >CHCOCH,), sharp singlets at r 7.52 (CH3CO) 
and 8.35 [>C(Cl)CH,], and a doublet at r 9.22 ( J  = 

CH'). The nmr of later fractions showed 
CH3 

additional peaks a t  r 7.30 (ca. 1 7 - H ~  wide, >CHCO- 
CH,), a sharp singlet at r 7.77 (CH,CO), and a doublet 
a t  r 9.26 assigned to a second ( CH3 CH3) 
isomer. The signals for the methine protons cr t o  the 
carbonyl indicated that this proton mas equatorial in 
the lower boiling isomer 5a (less broad and further 
downfield from TRIS) and was axial in the higher boil- 
ing isomer 5b (signal at higher field and broader due to 
diaxial coupling). l2  

In  accord with the above, it was found that 5a de- 
oomposed on glc to a p,y-unsaturated ketone 6 in which 
the acetyl group is quasiaxial while isomer 5b decom- 
posed to a P,y-unsaturated ketone 7 in which the acetyl 

6.5 Hz, -< 

J = 5.5 Hz, --< 

(12) L. M. Jackman, "Application of Piuclear Magnetic Resonance 
Spectrosropy t o  Organic Chemistry," Pergamon Press, Elmsford, N.  Y., 
1959 p 116. 
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group is quasiequatorial plus an a$-unsaturated ke- 
tone 8. The structures of the @,-punsaturated ketones 
were based on the observation that the proton a to the 
carbonyl in isomer 6 gave an nmr signal which was only 
half as broad as the corresponding proton of isomer 7 
indicating that the former was quasiequatorial and the 
latter quasiaxial. l3 

Recent evidence on the ir spectra of 4-alkyl-1-methyl- 
cyclohexyl chlorides14 indicates that  those compounds in 
which the chlorine is axial have carbon-chlorine stretch- 
ing bands a t  560 & 20 cm-l and those in which the chlo- 
rine is equatorial have bands at  650 f 20 cm-l. The 
presence of a strong band at  540 cm-l (and no evidence 
of any in the 650-cm-1 region) for both 5a and 5b clearly 
suggest that  the chlorine is axial in both isomers as 
indicated in Scheme I. It is not surprising, therefore, 
that the higher boiling fractions decompose more rapidly 
since they are enriched in 5b which can decompose to 8 
via a trans diaxial elimination. 

Scheme I suggests a mechanism to explain the prod- 
ucts formed. The acetyl chloride-aluminum chloride 
complex can abstract a hydride ion from cis-pinane to  

(13) (a) F. Camps, 3. Call, and J .  Psscual, J .  Org .  Chem., 32, 2563 (1967). 
(b) A possible anomaly appears in tha t  the equatorial methine proton of 6 
( T  6.94) appear8 at higher, not lower, field than the axial proton of 7 (7 
6.82). This reversal could be due t o  the shielding effects of the carbonyl in 
much the same manner as occurs in cyclohexanone. See K. M .  Wellman 
and F. G. Bordwell, Tetrahedron Lett., 1073 (1963). 

(14) C. Altona, H. J. Hageman, and E. Havinga, Bel. Trau. Chim. Pays- 
Bas, 87, 353 (1968); C. Altona, Tetrahedron Lett., 2325 (1968). 
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produce a carbonium ion 2 which can rearrange and 
abstract a hydride ion to form 1-p-menthene (4). 
The source of the hydride ion could be 1 or some other 
hydrocarbon species in the m e d i ~ m . ~  An alternative 
mechanism involving a-pinene, formed by the loss of a 
proton from 2, is not likely since a-pinene produced 
only residue under these reaction conditions while 4 
produced the p-chloro ketones 5a and 5b. 

That only axial chloro compounds were detected can 
be rationalized from either kinetic or thermodynamic 
considerations. A four-membered transition state 
such as 10a can be considered in which the oxygen sta- 

10a 10b 9 

bilizes the carbonium ion and requires that the chlorine 
attack from the least hindered side leading to 5a. Such 
a four-centered transition state was first proposed by 
Cope.ls More recently they have been considered by 

(15) .4. C. Cope, T. A. Liss. and D. S. Smith, J .  Amer. Chem. Soc., 79, 240 
(1957). 
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Fraction Bp, O C  

1 40-80 
2 92 
3 97 
4 97 
5 97 
6 107 
7 107 
8 107 
Residue 

a glc shows only 

m t ,  43 
63.0 
25.0 
22.0 
27.5 
27.0 
20.0 
6 .5  
3 .5  

101.0 
decompo 

TABLE I 

n2oD 

1.4572 
1.4764 
1.4775 
1.4785 
1 ,4792 
1.4802 
1.4802 
1.4805 

---8nalysis by glca--- 
% 6  % I  % S  

0 . 0  0 .0  0 . 0  
56.6 4 .3  5 .6  
68.9 7 . 4  5 . 9  
64.2 14.6 7 . 2  
53.2 14,*5 18.8 
41 .3  17 .3  34.0 
38.5 21.3 32.9 
35.3 24.3 33.1 

sition products of 5 .  

Experimental Section18 
2-Acetyl-l-chloro-4-isopropyl-l-methylcyclohexane ( 5 ) .  A,- 

To a mixture of 200 g (1.5 mol) of AlCll in 450 ml of ethylene 
dichloride was added 235 g (3.0 mol) of acetyl chloride while 
maintaining a temperature of 15". After the dark brown solution 
was stirred for an addilional 20 min, it was added over a 2-hr 
period to a solution of 276 g (2.0 mol) of pinane (90% cis) and 
100 ml of ethylene dichloride at  -5'. Stirring was continued for 
an addit,ional 1 hr at  -5' and then the reaction mixture was 
poured onto 2.5 1. of ice and water and the layers were allowed to  
separate. The aqueous layer was extracted with 200 ml of 
ethylene dichloride. The organic layers were combined and 
washed twice with 200-ml portions of HCI, twice with 200-ml 

TABLE I1 
SPECTRAL DATA 

Nmr, T--- --. ----___ -- 
COCHs CHa 

0 CH8 H 
-1-CL I - <CHa 

CHa 

9.12 6 1710 6.94 7.81 8.34 4 .33  
7 1710 6.82 7.88 8.40 4 .33  9.10 
8 1685 7.77 8.13 9.08 
5a 1715 540 6.83 7.82 8.35 9.22 
5b 1715 540 7.30 7.77 8.35 9.26 

A /A 
/ I  

I ____ Ir, cm-l-- -C-H 
Compd >=0 c-c1 I CCHs 

o t h e r ~ ~ ? ' ~  as the initially formed species to explain 
acylation results which led to the vinyl ether 9 from cis 
decalin and to a mixture of 6-, y-, and 8-chlorocyclohexyl 
methyl ketones from cyclohexene. The formation of 
5b could result either from epimerization of 5a or from 
lob. 

However, since both 5a and 5b are tertiary chlorides, 
it  is not unreasonable that a process involving epimer- 
ization via chloride exchange could conceivably occur 
under the reaction conditions as illustrated below. 

A1C13 - & COCH3 

lla 

AIC1,- 

[ / I C H 3 ]  'Ale;;' 

L l lb 

If all other factors are considered negligible, the com- 
pound having an axial chlorine (1 lb)  is favored by about 
1.4 kcallmol over the epimer (lla).17 Such an energy 
difference between isomers would require that a true 
equilibrium would be composed of about 93% 12b. 
Hence, the observed result could be rationalized on both 
kinetic and thermodynamic considerations. 

(16) M. S. Ahmad, G. Baddeley, B. G. Heaton, and J. M'. Rasburn, 

(17) M. Hanaok, "Conformation Theory," Academic Press, Kew York, 
Proc. Chem. Soc., London, 395 (1959). 

S. Y., 1965, p 103. 

portions of 10% NaOH, and then with water until neutral to 
litmus. The ethylene dichloride was removed at  atmospheric 
pressure and the batch dist,illed under vacuuIn (1.0 mm) (see 
Table I). 

By preparative glc, the major peaks were collected. The first 
sample contained a mixture of the first two major peaks (60.2% 
6 and 37.17, 7) and the second was primarily the third major 
peak (98.9y0 8). The structures were identified by comparison 
of the nmr and ir with authentic samples prepared by an in- 
dependent syntheses described later. Spectral data are included 
in Table 11. 

B.--According to  the procedure described above (A), a solution 
composed of 133.5 g (1 mol) of AICls, 300 ml of ethylene dichlo- 
ride, and 80 g (1.02 mol) of acetyl chloride was added to a solution 
of 150 g (1.1 mol) of 1-p-menthene in 75 ml of ethylene dichloride. 
The product was distilled under vacuum (4.0 mm) (Table 111). 

TABLE I11 

Fraction Bp, O C  Wt, g n% % 6 % I  % 8 

1 63-93 21.0 1.4640 Mostly lights 
2 100 4 .7  1.4732 
3 105 8 .7  1.4755 66.9 15.9 6 .5  
4 105 4 .8  1.4762 74.7 13 .5  5 . 3  
5 110 5 .1  1.4765 63.0 20.8 7 .1  
6 112 16.5 1.4782 50.3 32.8 9 .4  

7 112 15.0 1.4792 36.6 39.8 18.2 

8 112 4 .8  1.4805 30.5 32.4 32.6 

9 

---Analysirr by glc--7 

(39.2)a (35.6) (19.6) 

(29.0) (35.7) (31.3) 

(28.0) (26.9) (41.4) 
112 5 .1  1.4848 Some heavies 

Residue 76.0 
a Figures in parentheses are those which represent the glc 

analysis after samples stood for 5 days. 

(18) The spinning-band distillation was done on an NFA-100 Nester- 
Faust auto annular Teflon spinning-band column. All glo analyses were 
obtained from an F & M Model 720 using a 4-ft column of 0.25-in. diameter 
packed with 25% SE 30 on Gas-Chrom P. Infrared spectra were obtained 
neat on a Perkin-Elmer Model 457 grating infrared spectrometer utilizing 
KBr demountable cells, and nmr spectra were obtained from a Varian Asso- 
ciates A-60.4 spectrometer utilizing T M S  as internal standard. 
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C .-Samples of crude 5 showed large increases in the amount of 
8 (by glc and nmr analysis) when subjected to the following 
conditions: (1) refluxed for 3 hr in 209/, NaOH; (2) heated to 
150' for 5 hr; and (3) a solution of 5 in ethylene dichloride is 
stirred overnight a t  room temperature in the presence of stannic 
chloride. 

The products from procedures A and B gave similar ir and nmr 
spectra as described in the text. The presence of some 8 in the 
higher boiling fractions could be determined by the presence of 
an ir band at  1685 cm-1 arid a peak in the nmr at  7 8.13 (see 
Table 11). 

6-Acetyl-4-isopropyl. 1-methylcyclohexene (6 and 7).-1-p- 
Menthene (100 g, 0.72 mol) was added to a mixture of 98 g 
(0.96 mol) of acetic anhydride and 8.0 ml of BF~.O(CZH~)Z over 
a 40-min period at  36'. After an additional stirring period of 2 
hr, 150 ml of HzO was added and the mixture stirred for 2 hr. 
The layers were separated, washed with 10% NaOI-I, and then 
made neutral t o  litmus with water. Distillation yielded a main 

fraction, 25.2 g (10% theory), bp 95-96' (7 mm), which was 
composed of 5.1% hydrocarbons, 52.0% 6, 32.7y0 7 ,  and 10.273, 
8. These glc retention times were identical (peak enhancement) 
with those produced in the glc of 5. Spinning band distillation 
of the above yielded purified samples of 6 (98.5% by glc) and 7 
(95,2% by glc). 

Registry No.-1, 6876-13-7; 5a, 30338-42-2; 5b, 
30338-43-3 ; 6, 30338-44-4; 7, 30338-45-5 ; 8, 30338- 
46-6. 
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A synthesis of N-methyl-] ,9-ethenophenothiazine (5) is described. Analogously to the two other known ex- 
amples of bridged syn-metacyclophanes, 5 undergoes thermal extrusion of the methylamino bridge to give 19. 

As part of our studies of 15,lG-dihydropyrene deriva- 
t i v e ~ , ~  we have been concerned with the synthesis of 
such derivatives in which the internal substituents a t  
the 15 and 16 positions are oriented cis to each other.6 
In  particular we have studied those examples where a 
bridging heteroatom, as part of a three-membered ring, 
constitutes the cis  substituent^.^^^ I n  the approach 
employed, the synthesis of the bridged syn- [2.2]meta- 
cyclophane-1,9-dienes (1 and 2) was first accomplished 
and then their possible valence tautomerization to the 
corresponding pyrene cis-15,lG-epoxide (3) and pyrene 
cis-15,lG-imine (4) was studied. 

1, x=o  3 , X = O  
2, X = N,R 4 , X = N , R  

Although substitution of a sulfur atom for a carbon- 
carbon double bond is well known in aromatic hetero- 
cyclic systems, examination of molecular models sug- 
gested tha.t the substitution of a sulfur atom for a 
carbon-carbon double bond in 1 or 2 would lead to  a 
very marked increase in ring strain. We undertook 
the synthesis of the sulfur analog 5,  therefore, both to 

(1) We thank the National Science Foundation for their support of this 
work. 

(2) This is paper XXVIII in our series on Aromatic Molecules Bearing 
Substituents within the Cavity of the =-Electron Cloud. For the pre- 
ceding communication, see V.  Boekelheide and J .  Lawson, Chem. Com- 
mun., 1558 (1970). 

(3) NDEA Bellow, 1967-1970. 
(4) For a review, see V. Boekelheide, Proc. Welch Foundation, 11, 83 

(1968). 

see whether it could exist and, if so, what effect the ad- 
ditional ring strain might have on the equilibrium be- 
tween the valence tautomers 5 and 6.8 

5 6 

The synthesis of 5 was modeled after that employed 
for the synthesis of 8,lG-imino [2.2]metacyclophane-l,9- 
diene.7 Treatment of phenothiazine (7) with oxalyl 
chloride and aluminum chloride, following the Stoll6 
isatin procedurels gave 8 in 75% yield. Hydrolysis of 
8 with aqueous base followed by addition of hydrogen 
peroxide gave the corresponding acid 9, which was con- 
verted by reaction with diazomethane to  the methyl 
ester 10 for isolation and purification. The overall 
yield for these three steps was 65%. 

When 10 was subjected to the Stoll6 isatin synthesis 
followed by a repetition of the above sequence, the di- 
ester 12 was readily formed. The nmr spectrum of 12 
exhibited three types of aromatic protons: a pair of 
doublets a t  r 2.33 ( J  = 7.5, J = 2 Hz), a pair of dou- 
blets at 7 3.03 ( J  = 7.5 ,  J = 2 Hz), and a triplet a t  r 
3.29 (J = 7.5, J = 7.5 Ha), each of equivalent inte- 
grated area, as would be expected for 12. 

Treatment of 12 with sodium hydride followed by an 
excess of methyl iodide gave the N-methyl derivative 13 
in 95% yield. Lithium aluminum hydride reduction 
of 13 led to the corresponding diol 14 in 96% yield. 
This, on reaction with phosphorus tribromide in ben- 

(5) R. H. Mitchell and V. Boekelheide, Chem.. Commun., 1555 (1970). 
(6) B. A. Hess, Jr., .4. S. Bailey, B. Bartusek, and V.  Boekelheide, J .  

(7) B. A. Hess, Jr., and V. Boekelheide, ibid., 91, 1672 (1Q69). 

(8) Because of the importance of physiologically active phenothiazine 
derivatives, it was also of interest in this regard t o  prepare a phenothiazine 
derivative having a rigid, butterfly geometry. Arne?. Chem. Soc., 91, 1665 (1969). 

(9) R. Sto116, Ber., 46, 3915 (1913). 


