NEW METHOD FOR THE SYNTHESIS OF MACROCYCLIC COMPOUNDS
XIV.* INTRAMOLECULAR ACYLATION OF ACID CHLORIDES OF w-[3-(OR 4)METHYL-
2-THIENYL]JALKANOIC ACIDS, SYNTHESIS OF MUSCONE
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The intramolecular acylation of acid chlorides of w-(3-methyl-2-thienyl)- and w-(4~
methyl-2-thienyl)alkanoic acids proceeds at the free 5 position of the thiophene ring.

A solid-phase effect (silica gel), which, under comparable conditions, leads to more
than double the yields, is displayed during the cyclization of acid chlorides of the above
acids. A modification was developed for the reductive desulfurization of cyclothienones
with alkyl groups in the B position of the thiophene ring; the modification includes the
formation of unsaturated compounds and products of the reduction of the carbonyl group.
A new route to the synthesis of y- and S~-methylcycloalkanones, including DL-muscone,
was developed.

We described the intramolecular acylation of acid chlorides of w-(a-methylthienyl)alkanoic acids as
a method for the synthesis of a-alkyl-substituted macrocyclic ketones in previous communications [1, 2].
It seemed of interest to study the possibility of the use of 8-methylthiophene to obtain the corresponding
thienylalkanoic acids, from which one might be able to arrive at 8- and y-alkyl-substituted macrocyclic
ketones, particularly muscone, which is one of the most valuable natural aromatic compounds that have the
odor of musk. In this paper, we present the results of an investigation of routes to the synthesis of w~(8-
methylthienyl)alkanoic acids and the conditions for the cyclization of their acid chlorides:
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The reductive desulfurization of the cyclothienones to the corresponding alkyl-substituted cycloalkanones
was also investigated.

Thienylalkanoic acids of the I and II type can be obtained from 3-methylthiophene via schemes pre-
viously used for unsubstituted thiophenes [3, 4]:

*See [2] for communication XIII.
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As should have been expected, judging from the data available in the literature [5, 6], mixtures of
2- and 5-substituted 3-methylthiophenes are formed in the acylation of 3-methylthiophene. According to
the results of gas-liquid chromatography (GL.C), in our case these isomers were formed in a ratio of 2:1.
In addition, a slight amount of the corresponding ketone containing a CH; group in the 2 position of the thio~
phene ring is always present in the mixture of ketones obtained. This ketone is formed from the 2-methyl-
thiophene always present in 3-methylthiophene, both in the product synthesized from 3-formylthiophene by
Kishner reduction and in the products synthesized catalytically from isoprene and hydrogen sulfide. The
amount of it in various samples may vary over rather a broad range. In our case, the starting 3-methyl-
thiophene contained 3.4-3.8% 2-methylthiophene.*

The ketones were separated without substantial losses by partition chromatography into two fractions,
one of which is pure ketone VII (or IX), according to PMR spectroscopy. An AB type of spectrumt is ob-
served at weak field for VII with 64 =7.30 and 65 =6.86 ppm, JA, B=4.8 Hz, JCH 4-H= =0.4 Hz, andJCH 5-H=
0.3 Hz, The very character of the spectrum and the magnitude of the spin—spin couphng constant are eV1-
dence for the adjacent orientation of the protons attached to the double bond [7], which is in agreement with
the structure that we ascribed to VII. A similar PMR spectrum is observed for IX (6A =7.28 ppm, dg=
6.85 ppm, Ja ,B= =4.9 Hz, JCH 4 H=0.4 Hz, JCH ,5-H= 0.3 Hz). In addition to the fundamental signals of
the protons of the th1ophene r1ng i which correspond to the proposed structure (65 =7.42 ppm and 6pg="7.13
ppm, JHa CHg=1.4 Hz, and Jgp CH3—0 9 Hz), a signal at 6 =6.72 ppm, which is the strong-field portion
of the AB spectrum of 5—methy1 2-th1eny1 8-carbethoxyoctyl ketone, is observed in the second chromato-
graphic fraction (ketones VIII or X). These fractions are consequently mixtures of ketones VIII or X with
the corresponding ketones that are derivatives of 2-methylthiophene. This assumption is confirmed by re-
cording the spectrum of pure 5-methyl-2-thienyl 8-carbethoxyoctyl ketone. Pure acids Ia and Ib (according
to PMR spectroscopy) were obtained by Kishner reduction of ketone VII and, in the other case, by the re-
action of ketone IX with malonic ester and subsequent reduction. As a result of subsequent transformations
(reduction or reaction with malonic ester and Kishner reduction with simultaneous saponification and de-
carboxylation without purification), ketones VII and X gave a mixture of Ila and 10-(5-methyl-2-thienyl)-
capric acid or a mixture of IIb and 11-(5-methyl-2~thienyl)undecanoic acid, Pure acids IIa and ITb were
isolated by treatment of solutions of these mixtures with alcoholic mercuric chloride. It is known [8] that
thiophene derivatives with a free @ position in the ring are readily mercurated, while thiophene derivatives
in which the « positions are substituted can be mercurated only with mercuric acetate. In the reaction of
IIa and ITb with mercuric chloride, their mercury derivatives (XI) precipitate practically quantitatively,
while the acids that are 2-methylthiophene derivatives remain in solution. The chloromercuri derivatives
(XIa, b) were converted by known methods [9] to ITa and IIb, which do not contain impurities, according to

PMR spectroscopy .
CH,
CIHuI;j\I (CH,),CO0H

Xta, b

an=9; b =10

*Determined by means of GLC with a 5-m long column filled with 5% polyethylene glycol 2000 on Chromo-
sorb W at 122°C,

TThe symbols Hy and Hp are the protons in the 5 and 4 positions of the thiophene ring, respectively.
$The symbols Hp and Hp are the protons in the 5 and 3 positions of the thiophene ring, respectively.

150



pue [LT] 0FT-8ST dwr JO SUOTIBDIPUT dae axayl g ‘[9T] &' FET-¢ EET ‘[ST] -4 €ET-€ET dux
181] -69T-T9T dwr
1711 oS THPT-0FT dwt ouozeqaeotmas ‘,6Z-8¢ dux

‘[6T] 261670 omww ‘poureiqo suorjeredsad oy3 Ul SOUOZBYIBOTWSS OY] JO SUIIO] TIUR
pue uds oy} Jo sopjex juaaoliip Aq peauteidxe Apuosedde sT sjutod Surfowr oyj ul 1033808 SIYL, [8T] IFI-0%T

‘(1] .£8T-28T dW pey suozZBQIBOTWLOS I} :.6Z-8¢ duw

iejep aanjerdTy (3
1B1ep 2Janjeiali (@
1BIBp 2IN1BINTT (P
‘ToYooTR WOoIg (D
rouexay WoId (q
18JBp 9InjBIANT (®

QUOISTI-TF(] BUOUBDIP

(44t e'rl GFE1—GEl | 251 | 908 | 8'G1 | 808 | O%HYD ge'el | 99'€L | B8L¥'1 | LLISD — -e1uadotokorlpan- ¢
pq : } SUOUBIP

(44! gyl S PEI—081 L'l | 908 | 8'21 | 08 QHD Ge'eL [ 19°€L | 36L¥'1 L8160 - . -wucmaoﬁo\Aww\Mﬁ%E- £
. 03p

671 £'ql o l81—CET | 9'G1 | €08 | 9C1 | €08 | OFHD — - — — | cee—ae | -ensolothipon- ¢
Pa 1 P QUONEBIIP

6'%1 €Ql  yepBlI—0LT | 9'CT | €08 | g3l | 6'6L O%H*'D - - - - n.%,mmlmnww -enoatorolokipan- 4

o180 punoj . .
| 1 D, ‘du H o} H o} BIAWI0} | *51e0 | punoy a , i g
% ‘N teondwig wTu a’? 0, "IN punoduion
QUOZBQIBIILUDS I COlED g ‘punoj Tyw

sououBY 180124014yl ‘g A'IdV.L

*%9¢ poyoeBed WnIpsw snosuadoraloy

v ul pio1k ou3 ‘(8 §°g) oplIo[yo ploe Sullaels oyl Jo junoure IoSIei € YIIM N0 POLLIBO SBA JUSWIIodxe oyl Uoym (Y

038 Q F'L H 1699 O punog ‘('oop) .¢ZT dwr yNm xowost pex oy, (8

"9%0°8 S ‘€L HT°99 D :pojemmored *sfOPNEH%)
"O6°L S 13°L H ‘8799 D punod “('08p) 8FT-SHT dwr M JoWosT mofle4 oy} sem suozeipAyLusydoaitu-d oyg, (3

*oueldoy woxd (p
"ouexey Woiy (p

"%6°0T N :pereInoted “sfofNLHMD
"946°0T N :punod -sJowos! 1jue pue uks Jo oIMXIUl & seMm pPue (*00p) ,I8T-83T dw pry suozeapAyifusydoajiu~-d oYL (0
‘auszusq ul A[reordoosolTingd (q

‘¢ 01 dn Jo Loevano

-0® UE UM JUSTUODIS. Ul SI10M POUIRIGO soniBA 9], ‘QUOISY oY) JO UOTIBIOSI 1001Ip Af puB (PIEPURS [BUISIUT OY)
S® posn seMm SUOUBXSUOTPL00USTY} *(YSOW 08/09) D (IOSOWOIYD U0 dJBUIOONS [OIPSUBING~F*T 4G Y4 PII{If UWIN{od
Buoy w-1 ® ‘Ulur/TW OF I8 ISLLIBD s83 oY) s8 0H ‘,GTZ) DTH YI0q Aq PoUTULISIOP SI9M SBU0LSY oY} JO SpIeIf oyl (&

'

863 _ 131 | €

_

!

¥1 ) ¥9G _ 161 | ¢'6 ~ L3L : 6 | LT SOTHY D | 98469, 1 o:o:mEHS&?U-TL-TAEE\A-«H
gq oL 392 | 161 36 | L'3L 842 | 1°21 4] 9'GL SOVH'D mwv|m 114 g suouaiylo]oho~0-{ 1]-1AaN-E T
93 L9 05¢ _ 81 68 |61 9%3 h”ﬁ 0'6 1'3 SO%HD 29 16—06 q auousTYI01040- -0 T] - 1AW - T
LG Gq 08¢ | 831 6'8 ' 6'1L ¥sg | 621 L'8 L1 SO®HYD noo|m,wm g v:o:mEuoﬁu\AonUumoZ-;EuM\AnNH
_ . .

o8 wolrs| 108 wormr w ]y ! _ o _ . _ . R g *proe

f:oﬁwz o w _ % m_ % m_ % ov ow | ws|% %o mwm_ﬁ,%%w 2, “di Surbies pmodion
ot PPRIL R | punGy | Teomdn | 0wy

SOUOUSTYIOTPAD-0 T ATIV.L

151



The corresponding w-(5-methyl-2-thienyl)alkanoic acids were isolated from the mother liquors and iden-
tified. Acid chlorides III were obtained by the usual method [1, 2]; they are about as stable as the acidchlo-
rides of w-thienylalkanoic acids that we previously used in intramolecular acylation reactions, whereas
acid chlorides IV proved to be considerably more labile compounds. In the preparation of IV by the usual
method — the action of thionyl chloride in ether solution on acids II — they were almost completely resin-
ified in a period of time that was considerably less than required for completion of the cyclization. This
instability of acid chlorides IV is apparently explained by the increased reactivity of the 5 position, which
is activated by both the heteroatom and the methyl group in the ortho position. Intermolecular acylation,
which, in this case, leads to resinification, apparently occurs under the influence of the weak catalytic ac-
tion of the HCl evolved during the action of thionyl chloride on acid II. In fact, completely stable solutions
of acid chlorides IV that did not change over a considerable period of time were obtained in ether or hex-
ane in the presence of pyridine (which ties up the HCl). The reaction in both homogeneous media and in
the presence of silica gel was studied during the selection of the conditions for the c¢yclization of acid chlo-
rides I and IV. In [1], it was noted that, in the case of the acid chlorides of w-(5-methyl-2-thienyl)al-
kanoic acids, the presence of silica gel in the reaction mixture leads to certain complications during intra-
molecular acylation, and this compelled us to use the process in a homogeneous medium with an increased
concentration of AlCly~etherate. The yields of the product of intramolecular acylation in the presence of
silica gel in the cyclization of acid chlorides IIl and IV is about twice the yield of product in homogenous
media under completely comparable conditions (for example, see [3]}). According to the results of elemen-
tary analysis and the molecular weights, the cyclothienones obtained (Table 1) correspond to the structures
presented.

The signal of the ring proton in the PMR spectrum of cyclothienone V has a chemical shift of 7.02
ppm, while the chemical shift of the ring proton in cyclothienone VI is 6.55 ppm. The shift in the signal
of the ring proton in cyclothienone V to weak field attests to its deshielding by the carbonyl function, in-
dicating that they are attached to adjacent ring carbon atoms.

Data on the reductive desulfurization of the cyclothienones obtained constitute a confirmation of their
structure; known alkyl-substituted cycloalkanones are formed in this case. Cyclothienones V give y-meth-
yleycloalkanones, while VI give f-methylcycloalkanones (in particular, VIb gives muscone):

) (CH,)
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- N\,
sl (CH

a n-9:bn=10

It should be noted that the reductive desulfurization of the cyclothienones described in this paper, which
have a methyl group in the 8 position of the thiophene ring, proceeds with greater difficulty than in the case
of unsubstituted cyclothienones or cyclothienones with alkyl groups in the & position. The cleavage of sul-
fur is completed quite rapidly when the compounds are treated with the usual amount of Raney nickel, but
full hydrogenation is not complete even after 4 h, and the reaction product contains up to 20% of the 3,y-
unsaturated kKetone, according to UV spectroscopy. The addition of additional amounts of Raney nickel does
not substantially accelerate the process and leads to the reduction of the carbonyl function, since the in-
hibiting action of acetone is overcome when large excesses of Raney nickel are present [10]. The reduc-
tion of the carbonyl function is readily followed from the IR spectrum of the reaction product: an absorp-
tion band appears in it at 3387 cm-1, which corresponds to the alcohol hydroxyl group. From the above,
we modified the usual method for the reductive desulfurization by treating the cyclothienone in alcohol—
acetone solution with the minimum amount of Raney nickel sufficient to tie up the sulfur; after removal of
the nickel, the reaction product was hydrogenated in alcohol at normal pressure in the presence of Pd on
carbon. The hydrogenation products were isolated in the usual way, except that when traces of the secon-
dary alcohol were observed in them, it was separated by chromatography. The ketones obtained and their
yields and physical constants are presented in Table 2.

The examined difference in behavior with respect to Raney nickel of the S-methylcyclothienones can
be explained by the peculiarities of their structures. It is known that the first act in the reaction of thio-
phene derivatives with Raney nickel [11, 12] is cleavage of the C—S bond:

CHay— \t!:/ Mo cH, \\i/ 2\c CH,
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The diene formed can react with hydrogen via both a 1,2-addition scheme and a 1,4-addition scheme; in
the latter case, an unsaturated compound with a shielded "trisubstituted" double bond, which is extremely
difficult to hydrogenate over Raney nickel catalysts (see [20, 21], for example), will be formed.

EXPERIMENTAL

The PMR spectra were recorded with a DA-60IL spectrometer. Gas-liquid chromatography was car-
ried out with an LKhM-7a chromatograph (Mosneftekip Plant). The molecular weights were determined
with an EP-2 ebulliograph from the Special Design Office, N. D. Zelinskii Institute of Organic Chemistry,
Academy of Sciences of the USSR.

3-Methyl-2-thienyl and 4-Methyl-2-thienyl 8-Carbethoxyoctyl Ketones (VII and VIII). A total of 14.9g
(94%) of a mixture of ketones with bp 177-180° (0.05 mm) was obtained under the conditions in [1] from 5 g
{0.05 mole) of 3-methylthiophene and 13.2 g (0.053 mole) of the acid chloride of the monoethyl ester of se-
bacic acid in the presence of 13.2 g (0.05 mole) of SnCl,. A 110 g sample of this mixture was separated
by chromatography on 700 g of activity III Al,O with a 25-cm long column and 5% ether in hexane as the
eluent. After routine separation, the column was washed thoroughly with ether and hexane, and a new por-
tion of the substance was introduced on the same sorbent. Losses up to 14% were initially observed due
to irreversible adsorption of the substance on aluminum oxide; these losses were reduced to 2-3% after
three successive separations on the same adsorbent. A total of 62 g of ketone VII and 34.7 g of ketone VIII
were obtained. 3-Methyl-2-thienyl 8-carbethoxyoctyl ketone had np2® 1.5111, d,2% 1.0556, and Ry 0.12 (thin-
layer chromatography on Al,O; in benzene was used in all cases). Found: C 65.5; H 8.4; § 10.3%; MRp
88.12. Cy;H,q05S. Calculated: C 65.8; H 8.4; S 10.3%; MRp 87.89. Refluxing 0.5 g of this ketone in 5 ml
of alcohol with 1 ml of 10% NaOH gave 9-(3-methyl-2~thenoyl)nonanoic acid with mp 68.5-70° (from hex-
ane—toluene). Found: C 63.9; H 7.7; 8 11.4%. Cy5H,,0;8. Calculated: C 63.8; H 7.8; S 11.4%. According
to PMR spectroscopy, ketone VIII contained 12% 5-methyl-2-thienyl 8~carbethoxyoctyl ketone, Found: C
65.9; H 8.8; 8 10.2%. Cy;Hy,045. Calculated: C 65.8; H 8.4; S 10.3%.

3~Methyl-2-thienyl and 4~Methyl-2-thienyl 8-Chlorooctyl Ketones (IX and X). A total of 90.3 g (81%)
of a mixture of ketones with bp 174-176° (0.8 mm) was obtained from 40 g (0.41 mole) of f-methylthiophene
and 88 g (0.42 mole) of w-chlorononanoyl chloride via the method in [2]. This mixture was separated by
chromatography to isolate 57 g of IX and 31.5 g of a mixture of X and 5-methyl-2-thienyl 8-chlorooctyl
ketone. Compound IX had np?® 1.5330, d,2° 1.0960, and Ry 0.59. Found: C 61.8; H 7.3; Cl 12.9; S 11.6%;
MRp 77.38. C;4HyClOS. Calculated: C 61.6; H 7.8; C1 13.0; S 11.7%; MRy 77.25. Compound X contained
12% 5-methyl-2-thienyl 8-chlorooctyl ketone. Found: C 61.8; H 7.8; C1 12.9; 8 11.6%. C;4HyC10S. Cal-
culated: C 61.6; H 7.8; C1 13.0; S 11.7%.

10-(3-Methyl-2-thienyl)capric Acid (Ia). The Kishner reduction [1] of 30 g (0.097 mole) of ketone
VII gave 20 g (78%) of a product with mp 40-42° (from hexane). Found: C 67.2; H 9.0; S 11.8%. Cy5H,,0,5.
Calculated: C 67.1; H 9.0; S 11.9%. The anilide had mp 67-69° (from ether). Found: C 73.4; H 8.6; S9.2%.
CyHygNOS. Calculated: C 73.4; H 8.5; S 9.3%.

10-(4-Methyl-2-thienyl)capric Acid (Ila). The reduction of 10 g (0.032 mole) of a mixture of VIII and
5-methyl-2-thienyl 8-carbethoxyoctyl ketone via the method indicated above gave 7.9 g (91%) of IIa con-
taining 10-(5-methyl-2-thienyl)capric acid. For separation, a mixture of 19.2 g (0.038 mole) of the crude
substance, 650 ml (0.15 mole) of saturated HgCl, solution, 120 ml (0.45 mole) of saturated sodium acetate
solution, and 1.2 liter of alcohol was shaken for, 1 h, and 10-(5-chloromercuri-4-methyl-2-thienyl)capric
acid (XIa) with mp 116-117.5° (from alcohol) was removed by filtration after 12 h. Found: C 36.0; H 4.7%.
Cy5Hy3C1HgO,S. Calculated: C 35.8; H 4.6%. Compound XIa was refluxed for 5 min with 6% hydrochloric
acid. The mixture was cooled, and 14.7 g (75%) of pure IIa with mp 54.5-55.5° (from hexane) was removed
by filtration. Found: C 67.0; H 9.0; S 12.3%. C;3H,,0,5. Calculated: C 67.1; H 9.0; S 11.9%. The anilide
had mp 86-88.5° (from ether). Found: N 4.0%. CyH,gNOS. Calculated: N 4.1%.

11-(3-Methyl-2-thienyl)undecanoic Acid (Ib). The reaction of 20 g (0.074 mole) of 3-methyl-2-thienyl
8-chlorooctyl ketone with sodiomalonic ester (from 0.15 mole of freshly distilled malonic ester and 0.12
g-atom of sodium) and 2 g of anhydrous Nal [2] gave 12.2 g (54%) of a product with mp 47.5-49.5°. Found:
C 68.0; H 9.2; S 11.4%. CygH,,0,S. Calculated: C 68.0; H 9.3; S 11.3%. The anilide had mp 62-63° (from
alcohol). Found: C 73.8; H 8.8; S 8.9%. C,y,H3NOS. Calculated: C 73.9; H 8.7; S 9.0%.
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11-(4-Methyl-2-thienyl)undecanoic Acid (ITb). The above method gave 6.2 g (73%) of a mixture of IIb
and 11-(5-methyl-2-thien yl)undecanoic acid from 8.2 g (0.03 mole) of a mixture of X and 5-methyl-2-thienyl
8-chlorooctyl ketone. Compound IIb was purified through mercury derivative XIb. Pure IIb had mp 52~
54° (from hexane). Found: C 67.9; H 9.2; S 11.8%. Cy¢Hy0,S. Calculated: C 68.0; H 9.3; S 11.3%. The
anilide had mp 66-67° (from heptane—toluene). Found: N 4.2%. CyHyxNOS. Calculated: N 3.9%.

12-Methyl-[10]-a-cyclothienone (Va). Pyridine (1.5 ml) was added to a solution of 5 g (0.019 mole)
of acid Ia in 25 ml of absolute ether, the mixture was cooled to 0°, and 5 mi of thionyl chloride was added
slowly with stirring, After stirring the mixture for 1 h at 20°, the solvent and excess thionyl chloride were
removed by distillation without access to air moisture and with simultaneous addition of dry heptane in such
a way that the volume of the mixture was no less than 10 ml. The solution of the acid chloride in heptane
was removed by filtration under dry nitrogen pressure from the precipitated pyridine hydrochloride. The
filtrate was brought up to a volume of 45 ml with heptane and separated into two equal portions. The first
portion was added by means of a syringe at a rate of 3.5 ml/h through a packing for high dilution [3] to a
vigorously stirred and refluxing mixture of 15 g of AlCl; - etherate and 50 g of silica gel in 260 ml of chloro-
form. The second portion was added under similar conditions to a solution of 15 g of AlCl, - etherate in
260 ml of chloroform. The addition was complete in 6.5 h, after which the reaction mixtures were refluxed
for another 2 h, cooled to below 15°, and 150 ml of dilute (1 :10) hydrochloric acid was added gradually to
them. After the usual workup [1], 1.3 g (55%) and 0.64 g (27%) of ketone Va, respectively, were obtained
from the experiments with and without silica gel. The other cyclothienones were similarly synthesized
(see Table 1).

f-Methylcylopentadecanone (Muscone), A solution of 2.1 g of cyclothienone VIb in 70 ml of alcohol
and 50 ml of acetone was stirred with 20 g of Raney nickel at 30-35° until the mixture gave a negative re-
action for sulfur (2 h). The nickel was removed by filtration and washed thoroughly with alcohol, and the
wash liquid was combined with the bulk of the filtrate. This mixture was then evaporated, and the residue
was dissolved in 40 ml of alcohol and hydrogenated over 2 g of 5% palladium on carbon at 20° and atmo-
spheric pressure until hydrogen absorption ceased (4 h). The catalyst was removed by filtration and washed
thoroughly with alcohol. The filtrate was vacuum evaporated, and the residue was dissolved in heptane,
The heptane solution was washed with water to pH 7 and dried with MgSO,. The solvent was evaporated,
and the residue was sublimed at 100° (0.1 mm). The resulting product was purified by chromatography with
a column filled with activity II Al,0; with elution by a 5% solution of ether in benzene, and the ketone frac-
tion was again vacuum sublimed. The other ketones were similarly obtained (see Table 2).
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