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A method was developed for  the p repa ra t ion  of mac rocyc l i c  2-a lkylcyc loa lkanones  by a lkyla-  
t ion of 2 - ca rbe thoxy-  a - cyc lo th i enones  with subsequent  desulfur izat ion and ketone cleavage.  
Only C-alkylat ion occurs  under  the desc r ibed  conditions (potass ium metal  in hexamethy l -  
phosphor ic  t r i amide ,  sodium hydride in dioxane). 

Of the studies of the synthes is  of mac rocyc l i c  compounds that have the odor of musk,  only a smal l  
numbe r  a re  concerned with methods for  the synthesis  of a lkyl -subs t i tu ted  mac rocyc l i c  ketches,  and these  
studies a re  p r i m a r i l y  d i rec ted  to the synthes is  of 3 -methylcyc loa lkanones ,  pa r t i cu l a r ly  d / - m u s c o n e  [2-6]. 

The Ruzicka  method for  the p repa ra t ion  of a lkylcycloalkanones has  substant ia l  l imi ta t ions .  Only 4 -  
methylcyc lo te t radecanone  (and not 2 -methy lcyc lo te t radecanone  or 2-methylcyclopentadecanone)  can be ob- 
ta ined in low yield by py ro lys i s  of y t t r ium or thor ium sal ts  of dicarboxyl ic  acids [7]. Ruzicka and co-  
w o r k e r s  [7] used  a more  complex  route for  the synthes is  of 2- ,  3- ,  and 7-methylcyc lopentadecanones ,  and 
it was  found that  the odor of 2-methylcyclopentadecanone  is somewhat  weake r  than that of the unsubst i tuted 
ketone, while the odor of 4-methylcyc lopentadecanone  is not dist inguishable f rom that of muscone [8]. 

2-Methylcyclopentadecanone was a lso  obtained by acyloin condensation of the e s t e r  of 2 - m e t h y l t r i -  
decane - l , 13 -d i ca rboxy l i c  acid and subsequent  dehydrat ion of the cor responding  acyloin, which was isolated 
f rom the resul t ing  mixture  of i s om er s ,  and hydrogenat ion of the unsa tura ted  ketone [9]. This  same ketone 
is fo rmed  f r o m  2-methy l te t radecanone  on t r ea tmen t  of it with diazomethane in the p resence  of a luminum 
chloride [10]. All of these  methods are  quite complex and requi re  ha rd - to -ob ta in  s ta r t ing  compounds.  The 
cycl izat ion methods frequent ly  lead to d i f f i cu l t - to - sepa ra te  mix tu re s .  The synthes is  of 2-a lkylcycloa lkanones  
by alkylat ion of fl-keto e s t e r s  of the m a c r o e y l i c  s e r i e s ,  which a re  s y n t h e s i z e d f r o m  cycloalkanones b y t r e a t -  
ment  with diethyl carbonate  in the p re sence  of sodium hydride,  was  recent ly  desc r ibed  [11]. This  same 
method was a lso  used in the synthes is  of o ther  macrocyc l i c  compounds [12, 13]. 
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Compounds I, which contain a ~-keto e s t e r  f ragment ,  a re  the products  of the in t ramolecu la r  alkylation 
of 2- (w-haloa lkyl ) -5- (carbe thoxyacety l ) th iophenes  [14-16]. It s eemed  of in t e re s t  to inves t igate  the pos -  
sibi l i ty of introduction of subst i tuents  into these  compounds using the lability of the hydrogen a toms of the 
fi-keto e s t e r  group in o rder  to a r r i v e  at m a c r o c y c l i c  2-a lkylcycloalkanones  by subsequent  ketone cleavage 
and reduct ive  desulfur izat ion.  

It was found that when the reagents  usual ly  employed  are  used, alkylation of I e i the r  does not occur  
or  p roceeds  with complicat ions .  Unchanged I or  a mixture  of I and products  of acid and ketone cleavage 
a re  recovered .  

~OOC~(CHp..,COO~ - I ~  /./~S~. (C~2).-~CO 
Vl 

In particular, starting I is practically completely recovered in the reaction of C~H5I in the presence of 
K2CO ~ in acetone. A mixture eontaining [according to thln-layer chromatography (TLC)] among the neutral 
products the starting I, the product of its ketone cleavage (VI), and a considerable amount of alkylatlon 
product (If) was obtained both with an equimolar amount and with a twofold excess of sodium ethoxlde. In 
addition, a product of acid eharaeter, which is apparently a dioarboxylic acid (VII, R= Cells) , was isolated 
in a yield up to 40% (by weight). This  sor t  of cleavage under  the influence of sodium ethoxide is c h a r a c -  
t e r i s t i c  for  ~,o~-disubsti tuted f i -ketoearboxyl ic  acids [16, 17]. 

\c  / 2. ~ H 0 / ~ /  ~" " 
R/\cooc2u5 ~2 5 R/\cooc~tl ~ . vl, b-d R 

To suppress this process, one usually employs [16] alkoxides with a large anion volume (in particular, 
potasslum tert-butoxldes) in order to hinder nucleophilic attack of the carbonyl carbon atom. In our ease, 
the use of potassium tert-butoxide led to a mixture of I and VI. Better results were obtained when sodium 
hydride in dioxane [18] or potassium metal in ether-hexamethylphosphorlc trlamlde [19] were used. In the 
first case, II was obtained in 48-50% yield along with acid cleavage products (~ 8%), while in the second 
case the yields were 60-90%, and the yield of products of acid character did not exceed 1%. The alkylation 
product also was found to be homogeneous and, according to gas-liquld chromatography (GLC) and TLC, it 
did not contain O-alkylation products, although the conditions that we used for the alkylation - a polar 
aprot ic  solvent,  a nonsolvating ambident  anion [20-22], and the use of po ta s s ium as a gegenion [21, 23] - 
should have p romoted  O-alkylat ion.  The use  of iodides [20, 22] is a fac tor  that p r o m o t e s  C-alkyla t ion.  

o ~ c M p n  b . ~ . . ,  CHaClI20%s 2),, 

C , H s / ~ C O O C a H 2 C H 3  I a �9 COOCH2CH 3 

liA lib 

Consider ing the two poss ib le  s t r uc tu r e s  (IIA and I1B) that might  have been fo rmed  in alkylation,  it can be 
stated that ,  in the case  of the development  of O-alkylat ion product  IIB, the s ignals  of the a pro tons  of the 
carbethoxy group and of the b p ro tons  of the ethoxy group should not coincide.  In fact ,  only a signal f r o m  
the a protons  (quartet ,  4.05 ppm, 26 Hz wide) is  detected in the PMR spec t rum;  this  is conf i rmed by c o m -  

p a r i s o n  with the spec t rum of s tar t ing  L In addition, it mus t  be a s sumed  that  the signal f r o m  the b pro tons  
should be found at  s t ronge r  field. If it is a s sumed  that these  s ignals  coincide because  of the effect  of the 
adjacent  groups ,  the peak a r e a  ra t io  of 4 : 2 (four a and b pro tons  and two pro tons  in the 3 and 4 posi t ions  
of the thiophene ring) should then be re ta ined;  in fact ,  the in tegra l  cu rve  gives  a ra t io  of 2 : 2. It hence 
follows that the absence  of s ignals  at s t ronger  field and the re tent ion of the 2 : 2 rot io speak in favor  of 
s t ruc tu re  IIA. 

The absence of O-alkylat ion products  in our case  can be explained by the pecu l ia r i t i es  of s t ruc tu re  I 
that  dist inguish it f r om ace toace t ie  e s t e r .  F i r s t  of all, one should point out the cer ta in  lowering of the 
e lec t ron densi ty on the carbonyl  oxygen a tom because  of conjugation with the thiophene ring. In addition, 
the negative charge  on the t e r t i a r y  f i -earbon a tom should be inc reased  somewhat  by v i r tue  of the inductive 
effect  of the alkyl chain at tached to it. This  set  of f ac to r s  is also apparent ly  the r eason  for  the se lec t ive  
alkylatton at the carbon atom. 
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TABLE 1. 2 - C a r b e t h o x y - 2 - a l k y l - a - c y c l o - l - t h i e n o n e s  (II) 
Found. % C alc.. ~ Yield, a]o 

Corn- rap, Empirical - ~  - I I meth- meth- 
pound "C formula c H S C { H { S odA od B 

1 

Ila* 61--62 C..0H300~S 68.3 8,5 9,0 68,5{ 8,6 9,2 50 { 61 
/ 

IIb 53--55 C~1H3203S 69,2 8,8 69.2 ] 8,8 -- ] 90 
II c 65--60 C22H3~O3S 69,6 9,0 ~',4 69,8 9,0 8,5 48,5 65 
II d 82--83,5 C~H~O3S 70,4 9,4 8.1 70,4 9,2 8,2 ~ 78 

* Compound IIa was subjected to reductive desulfurization, and the 
result ing crude IVa was subjected to ketone cleavage without purif i -  
cation (see Table 3). 

TABLE 2. 

C o m -  
p o u n d  

[Vb 
IVc 
IVd 

2-  Carbe thoxy-2-a lkylcyc lo- l -a lkanols  (IV) 

Empirical _ Found. % Calc.. % 
mp, ~Z formula C H C H 

Liquid * C~tH3aO~ / 74,1 11,1 74,5 11,3 
34--36,5 C2~H4003 I 74,8 11,4 75,0 11,4 
23--24 C23H420~ 74,8 11,4 75,4 11,6" 

!Yield, 
~o 

80 
82 
88 

*n~ 1.4795, d 2~ 0.9777; found: MR D 98.21; calculated: MR D 98.64. 

The alkylated two-r ing compounds (ID obtained do not undergo ketone cleavage u n d e r  the conditions 
usual for disubstituted /3-keto es te rs .  Thus refluxing with solutions of hydrochloric  acid in methanol, 
ethanol, propyl alcohol, butyl alcohol, ethylene g lyco l ,  diethylene glycol, and triethylene glycol with 
var ia t ions  in the heating t ime and acid concentration did not lead to saponification and decarboxylation of 
II. In addition, cleavage with alkaline agents [24], par t icu lar ly  Ba(OH)2, did not resul t  in the formation of 
ketone III - the s tar t ing II was recovered  in all cases.  Moreover,  t ranses ter i f ica t ion  with monoesters  of 
dicarboxylic acids and subsequent decarboxylation at 250-300 ~ which has been descr ibed for 2-carbe thoxy-  
cyclohexanone and the monoester  of pimelic acid [25], did not give ketone III. This res is tance to cleavage 
led us to the idea of s ter ic  hindrance that prevents  the formation of a s ix -membered  transi t ion state neces -  
s a ry  for  the t ransfer  of a proton during the decarboxytation of such sys tems  [26]. However, an examination 
of S tua r t - B r i eg l eb  models does not confirm this assumption, since the neces sa ry  a r rangement  of atoms 
can be achieved, although not with the same ease as in alicyclic sys tems.  The difficulty in the occurrence  
of the reaction under considerat ion apparently depends only part ly on the s ter ic  shielding but p r imar i ly  on 
the peculiar i t ies  of the s t ructure  of II, which have already been mentioned above. In fact, after  desulfur iza-  
tion of II, as a resul t  of which not only the r igid two-r ing  sys tem but also the ~ e lectron sys tem of the thio- 
phene ring vanish mad a 2-a lkyl-2-carbethoxycycloalkanone (IV) is formed,  ketone cleavage occurs  com-  
pletely sa t is factor i ly  on t rea tment  with a solution of 50% sulfuric acid in acetic acid. The yields of the co r -  
responding 2-alkylcycloalkanones (V) are 76-80%. At normal  tempera ture ,  ketones V are oils and are 
crys ta l l ized only at low tempera tures ;  they were therefore  identified f rom their  semtcarbazones .  The 
s t ructure  of the ketone cleavage products  (V) was proved in the case of 2-ethylcyclopentadecanone by com-  
par ison of the semicarbazone obtained independently f rom the ketone synthesized by in t ramolecular  acyla-  
tion of 12-(5-methyl-2-thlenyl)dodecanoyl  chloride and subsequent desulfurization [27]. 

E X P E R I M E N T A L  

The puri ty of the compounds obtained was monitored with an LKhM-7A chromatograph f rom the 
Mosneftekip Plant with a 400-mm-long stainless steel column 3 mm in diameter  filled with polyethylene 
glycol adipate (5% on Chromosorb R); the column tempera ture  was 220 ~ the c a r r i e r  gas was helium (40 
ml/mha), and the substances were  detected f rom their  thermal  conductivities. The PMR spec t ra  were 
recorded  with a Varian DA-60 spec t romete r  with CC14 as the solvent and hexamethyldisiloxane as the 
internal standard. 

Alkylation of 2 - C a r b e t h o x y - a - c y c l o - l - t h i e n o n e s  (I). A. A 0.04-mole sample of Nail was added at 
90 ~ under dry  nitrogen to a solution of 0.01 mole of 2 - c a r b e t h o x y - a - c y c l o - l - t h i e n o n e  (I, n =9) ha 50 ml of 
anhydrous dioxane, and, after  1 h, 0.1 mole of C2HsI was added, and the mixture was s t i r r ed  at 90 ~ for 4-5 
h. It was then cooled to 20 ~ acidified with glacial acetic acid, diluted with water,  and ext rac ted  rePeatedly 
with ether.  The extract  was washed with water,  5% sodium thiosulfate solution, water,  saturated NaHCO 3 
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TABLE 3. 

Com- " 

pound 

2-Alkylcyclo-  1-alkanones (V) 

I 
_~p, S emicarbazone 

*C Empirical Found, % 
formula c H 

Va I 141--142,5 
Vb 141--143 
Vc [ 130--136 

CIsH3sN30* 
CmH37N30 
CgoH39N30 

69,6 11,2 
70,5 11,5 
71,6 11,8 

�9 ' talc., ~/o '{~Z[ 

13,5 I 69,8 13,0 70,5 
12,8 71,2 

114113,61 11',5 13,0 87 
11,6 12,4 78 

*No melting-point depression was observed for  a mixture of this 
product with a sample of the semiearbazone of 2 - e t h y l - l - e y c l o -  
pentadecanone, obtained by int ramoleeular  aeylation [27]. 

solution,* again with water,  and dried with MgSO 4. The e ther  extract  was evaporated, and the residue was 
purif ied by low-temperature  crysta l l izat ion f rom ether  or  by preparat ive TLC on activity IIA�89 in a 2 - m m -  
thick layer  on 25 by 25 cm plates with hexane -e thy l  acetate (20:1.5) as the solvent. A total of 1.2 g o t  p ro -  

4 
duct was separated on each such plate (development in UV light). Compound IIc was s imi lar ly  obtained. 

B. A 0.005 mole sample of I (n=9) was added to a dark-blue solution of 0.01 g-a tom of potass ium in 
a mixture of 6 ml of hexamethylphosphoric t r iamide and 7 ml of absolute ether,  which was obtained in a 
s t r eam of dry nitrogen at 20 ~ During the addition, the color  vanished, and a yellow solution formed. This 
solution was s t i r r ed  for 2 h, after  which a solution of 0.01 mole of C2H5I in 3 ml of absolute e ther  was 
added to it in one portion, and the mixture was s t i r r ed  at 40 ~ for  another 4 h. It was then acidified with 
glacial acetic acid at 0-4 ~ and diluted with water ,  and the alkylation product was extracted with ether.  The 
extract  was worked up as descr ibed above. The total amount of compounds of acid charac te r  was 1%. Com- 
pounds IIb-d (R = CI-I3, C2H5, C3H?, 11 = 11) (Table 1) were s imi lar ly  obtained. 

Reductive Desulfurizat ion of 2 - A l k y l - 2 - c a r b e t h o x y - a - c y c l o - l - t h i e n o n e s  (II). A solution of 2 g (5.5 
mmole) of IIb in 85 ml of alcohol and 34 ml of acetone was t rea ted  with 10 g of Raney nickel at 20 ~ until the 
mixture no longer gave a positive react ion for sulfur (this required ~ 4 - 5  h). The solution was then de~ 
canted, and the precipi ta ted nickel was washed by success ive  decantation with severa l  portions of hot alco-  
hol and ether.  The bulk of the solution was combined with the wash liquid, the solvent was removed by dis-  
tillation, and the residue was vacuum sublimed at 0.3-0.5 mm and a bath t empera tu re  of 100-120 ~ Com- 
pounds IVc, d were  s imi lar ly  obtained (Table 2). 

Ketone Cleavage of 2 -Alky l -2 -ca rbe thoxycyc lo - l -a lkano l s  (IV). A 1-g (3 mmole) sample of IVb was 
refluxed for 50-60 h with a mixture of 4 ml of 50% sulfuric acid and 35 ml of acetic acid. The solution was 
diluted with water,  and the product was extracted with ether.  The extract  was washed with water  and sodium 
bicarbonate solution, dried with MgSO4, and evaporated. The residue was sublimed at 4 . 1 0  -3 mm and a 
bath t empera tu re  of 70-80 ~ Ketones Va-c  were s imi lar ly  obtained. The yields of the ketones and the physi -  
cal constants of their  semicarbazones  are presented in Table 3. Ketone Vd, which was obtained as an oil 
in 79% yield, gave a semtcarbazone that was not isolated in a sufficiently pure state. 

5-(12-Carboxytet radecyl) th iophene-2-carboxyl ic  Acid (VIIc). A. A 0.47-g sample of IIc was refluxed 
in 15 ml of 6% aqueous alcohol solution of Ba(OH) 2 for 4 h, after  which the solution was acidified and ex-  
t rac ted  with ether.  The ether  extract  was washed with water ,  dried with MgSO4, and evaporated. The r e s i -  
due was crys ta l l ized  f rom benzene to give 0.27 g of VIIe with mp 104-105 ~ Found: C 65.0; H 8.7; S 8.6%. 
Equivalent wt. 184.5. C20H3204S. Calculated: C 65.2; H 8.8; S 8.77o. Equivalent wt. 184.2. 

B. A solution of 2.3 g of I (n =11) in 8 ml of alcohol and 1.1 g of C2HsI in 2 ml of alcohol were added 
to sodium ethoxide (0.2 g of sodium in 6 ml of alcohol), and the mixture was s t i r red  at room tempera ture  
for 16 h. The precipitate was removed by filtration and washed with ether,  and the wash liquid was com-  
bined with the p r i m a r y  solution. The precipitate was dissolved in water ,  and the aqueous solution (at pH 7) 
was extracted with ether;  this solution was also added to the p r i m a r y  mass.  The ether  solution was washed 
with water,  sodium thiosulfate solution, sodium bicarbonate solution, and water ,  dried with magnesium sul-  
fate, and evaporated to give 1 g of an oily product,  which, according to TLC [activity II A1203, h e p t a n e -  
acetone (20:1)], contained a mixture of the start ing I, the product of its ketone cleavage (VI), and a small  
amount of alkylation product. Acidification of the bicarbonate solution gave 0.8 g of dicarboxylic acid VIIc 
with mp 104-105 ~ 

*A compound of acid charac te r  constituting ~ 8% of the weight of the reaction product was isolated f rom 
the wash bicarbonate solution on acidification. 
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