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| Background

It has been said that no successful perfume has
been compounded without the use of musk. As
Carpenter said, “There is hardly a type from the
simplest of colognes to the most subtle and
sophisticated of orientals that does not benefit
by the inclusion of some musk.”! Originally, of
course, perfumers were dependent on natural
sources for musk fixatives, The most prized was
Tonquin musk, derived from the musk-deer of
Asia,

It is now almost 90 years since Albert Baur
made the surprising discovery that the odor of
natural musk is imitated in certain nitrated de-
rivatives of benzene.2 In 1895, shortly after this
discovery, the Givaudan Company was founded
in Switzerland to manufacture aroma chemicals
and perfume intermediates. The nitro musks
were among the earliest products manufactured.

Baur’s first musk, trinifro-m-t-butyltoluene,
marketed as “Musk Baur” (also known as “Musk
B”, “Tonquinol,” or “Musk Toluene™), was an
immediate success, diluted with nine times its
weight of acetanilide and selling for about $500
per kilo, or about one-half the then current price
for natural Tonquin musk. Baur’s discovery had
a tremendous impact on the emerging synthetic
aromatics industry and stimulated much re-
search in the area. His discovery was followed
in rapid order by three other nitromusks which
are still widely used and often referred to as the
“workhorses” of the synthetic musks. Baur’s
original musk was soon replaced by musk xylol,
and is no longer used.

No other practical nitromusk was discovered
until nearly 40 years later when in 1932 Barbier
found a new musk, derived from p-cymene, to
which he assigned the structure dinitro-tert-
butyl-p-cymene.® Three years later another use-
ful nitromusk, dinitro-teri-butylhemimeilitene,
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was discovered by Carpenter.* Both of these
new products were destined to become com-
mercially important musks, and their discoveries
may be considered milestones in this area.

An outstanding piece of research by Zeide
and Dubinin,® published in 1932, established
the correct structure of musk ambrette. In 1944,
a review of the thorough and convincing paper
by these two Russian investigators nnneared,
Ironlcally, the review article concludes: * ‘Thus,
the chemical structure of all the commerually
important musks is now known.” In fact, struc-
tures of only two were correct and three re-
mained to be corrected. In a series of articles
beginning with a paper by Fuson and coworkers
(1947)7 and concluding with the four papers on
nitromusks by Carpenter and coworkers (1951-
1954)8 much was done to establish the true
structures of the commercial nitromusks with
exception of one material, Barbier’s “Moskene.”
This was not elucidated until 1955 when Gram-
poloff® and Carpenter published papers in the
area.

After the discovery of new nitro musks by
Barbier and Carpenter, the next milestone was
Carpenter’s disclosure in 1948 of the first known
nitrogen-free artificial musk of benzenoid struc-
ture, 2,4-di-tert-butyl-5-methoxybenzaldehyde,
“a musk of fine and persistent odor.”®»1® This
ushered in a period of intense activity in musk
research by groups in the aroma chemicals in-
dustry.

Carpenter’s disclosure was soon followed by
another event that aroused the interest of all
chemists in the fragrance industry and stimu-
lated even greater research activity. This was
the appearance on the market in 1952 of a novel
nitrogen-free musk which also contained an
aromatic ring and which was appropriately

‘< .
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were available at that time regarding its struc-
ture.

Crystallization of the semi-solid commercial
product provided the principal component as a

*Trademark of Polak's Frutal Works.

Perfurner & Flavorist/33



Cyclialkylation of aromatics

white solid, m.p. 59-61°. On the basis of infrared
spectra and oxidative degradation studies the
structure was partially resolved as follows:

The CgH; moiety was extremely resistant to
oxidation. After a period of several months of
experimentation, trying to establish the struc-
ture by old-fashioned oxidative degradation
methods, we had reached an impasse. I pro-
posed the following structure in the spring of
1953:

o

o

L

T-Acatyl-1,1,4,4,6-pentamethyl-tetralin

This was compatible with the analytical data
thus far accumulated. Dr. Carpenter, who was
directing our work on Phantolid, did not con-
- sider this proposed structure a likely candidate
and merely shrugged it off, saying that we had to
come up with something that would cost less
than $10.00/1b and, indeed, that he did not know
any practical route to make the proposed chemi-
cal.

~ Early in the summer of 1953, Carpenter found
that nitration of Phantolid with mixed acid gave
a dinitro derivative, m.p. 117, with replacement
of an acetyl group by a nitro group. This mate-
rial had a musk-like odor. Later, a sample of
Phantolid and all the analytical data which we
had accumulated were sent to Professor Julius
Erickson at L.S.U., who was one of our consul-
tants at that time., He was unable to determine
the structure beyond what we had already estab-
lished, from his study of the infrared spectrum
and the other data. However, he did point out to
us that the dinitro derivative of Phantolid had
the same melting point as the Moskene
Homolog 8 (¥9 6-d1n1tro-3-tert-amyl-4-xsopropyl-
toluene”, so-called) previously prepared by Eas-
ter and Carpenter.

(Raf. 8a)

A mixed melting point guickly established the
identity. Thus, Phantolid was shown to be a
p-cymene derivative. As Carpenter expressed it
in-his letter to Enckson ‘“We were unable to see
‘the forest for the trees.”

Carpenter and Easter again prepared the “3-
tert-amyl-4-isopropyltoluene” which they had
described previously,®™® acetylated it, and ob-

" tained Phantolid. This solved the Phantolid
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problem as far as Carpenter was concerned.
PPN

Carpenter's structure for Phantolid

I did not dwell further on the Phantolid but
returned to the structure I had proposed in the
spring. One day while browsing through the
ACS Monograph on “Reactions of Anhydrous

Aluminum Chioride in Organic Chemistry” by
r‘l-narln:- ‘A!In Thnamae !uro rnn'-:n-r‘pr] fl‘ne l\nnb as

J-Ull. A AN/ LLACET 6 LAA
the Friedel-Crafts Chermsts bible}, I happened
to come across reference to the “cyclialkylation”
discovery of Herman Bruson. After reading his
paper,” I realized it would be quite feasible to

prepare the cemPnnnﬂ nF ﬂ'\p stricture H-mf f ]-'mrl

proposed earlier in the spring.
The hydrocarbon, 1,1,4,4,6-pentamethyltetra-

. lin, was easily prepared in excellent yield. Since

it was Friday and I was scheduled to be in
Chicago for the National ACS Meeting (Sep-
tember, 1953) during the following week, I gave
a generous sample of the tetralin hydrocarbon to
my colleague William Easter, with the predic-
tion that he would obtain derivatives of musk-
like odor both by acetylation and dinitration.
Easter made these derivatives and substantiated
my predictions. We found that the methyl group
in the 6-position of the acetyl derivative could
be replaced by ethyl or isopropyl and the result-
ant products were still musks. These materials
represented a new type of synthetic musk, a
polycyclic ketone. Replacement of the acetyl by
the formyl, or aldehyde group resulted in
equally strong musks.

Route for Polycyclic Keytone Musks (Ref, 12}

ot Fetly HCOCl
/@+‘;j el /@ Akt ﬁ

(Musks)
1 R-CHJ
I1 R.CZRS

It R-(-Cgﬂr

I¥  R=K {non-musk)

Roite for PUl’CyClﬂ: RII‘]BI‘J’U! fusks \Ker

cho
HCHO I'Lt‘. -huarmne.
@\ HET (Sommt.le.l' @
L ) 50 R Reaction)

(Musks)
¥ R'CH3
VI N’EZHS
YII R'i-C3H7

Musks V and VI were found to be phototropic,
turning bright yellow on exposure to sunlight
and returning to colorless when stored in the
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dark.

Steps were taken to procure patent protection.
Qur first application in the series was filed in
December, 1953. When we were ready to start
manufacture of these new polycyclic musks we
found it necessary to license Bruson’s cyclialky-
lation patent, which had one more year before
its expiration. The derivative, T-acetyl-6-ethyl-
i,1,4,4-tetra-methylteiralin, showed ouistanding
fixative properties and was moved rapidly from
research and pilot-plant studies to full-scale
production in order to achieve the earliest pos-
sible commercialization. The product was color-
less, light-stable, and closely approached the
macrocyclic musks in performance. For this rea-
son it quickly gained worldwide acceptance
among perfumers. A preliminary report on our
studies in this area was given by Carpenter in
1955.' Later, in 1963, Wood and coworkers re-
ported on the chemistry of the Tetralin musks.'s

Although Carpenter and Easter felt sure the
problem of Phantolid was solved in August of
1953, it returned to haunt us nearly one year lat-
er, in the form of a letter from our Swiss col-
league, A. V. Grampoloff, who had found that
Phantolid was really an indan derivative and
recognized the probable mechanism by which
the hydrocarbon intermediate, 1,1,2,3,3,5-
hexamethylindan was formed:

o

oLy

Carrect structure of Phantolid

On learning of this, it was apparent that Bar-
bier’s t-butyl-p-cymene, the Moskene inter-
mediate, must have the following structure:

N\
A0

and Moskene, its dinitroderivative, the follow-

ing:
o,_N: ; ;

NO,

This was confirmed by an alternate synthesis
starting with toluene and mesityl oxide.? Thus,
the last of the five commercial nitro musks
yvielded to research, revealing the structure
which had remained a well-kept secret for close
to a quarter of a century.

Once Grampoloff had called our attention to a
paper by Ipatieff, Pines, and Olberg,!'® where the
ability of p-cymene to function as a hydrogen
donor was elucidated, the mechanism of indan
formation in the above reactions became clear to
us.

Vol. 3, February/March 1978

References

1. M. S. Carpenter, Proc. Sci. Sect. Toilet
Goods Assoc, 23, 1 (1955).

2. A. Baur, German Patent 47,599, Appln. July
3, 1888; Ihid., Ber., 24, 2836; German Patent
62,362, Appln. August 14, 1891.

3. H. Barbier, Helv. Chim. Acta, 15, 592
(1932); Ibid., 19, 1345 (1936). U.S. Patent
1,892,128, December 27, 1932. French Pat-
ent 710,295, January 30, 1931.

4. M. S. Carpenter, U.S. Patent 2,072,293,
March 2, 1937. U.8. Reissues 22,930 and
92,944,

5. O. A. Zeide and B. M. Dubinin, J. Gen.
Chem. (U.S.8.R.), 2, 455-71 (1932); C.A, 27,
961 (1933).

6. Givaudanian, March 1944, p. 7.

7. R. C. Fuson, J. Mills, T. G. Klose, and M. S.
Carpenter, J. Org. Chem., 12, 587 (1947).

8. a) M. S8. Carpenter, W. M. Easter, Jr., and
T. F. Wood, J. Org. Chem., 16, 586
(1951). b} M. S. Carpenter and W. M.
Easter, Jr., Ibid., 16, 618 (1961}, ¢) Ibid.,
19, 77 (1954). d) Ibid., 19, 87 (1954).

9. A, V. Grampoloff, Helv. Chim. Acta., 38,

1263 (1955).

10. M. S. Carpenter and W. M. Easter, Jr., U.S.
Patent 2,450,879, October 12, 1948.

. H. A. Bruson and J. W. Kroeger, ]. Am.
Chem. Soc., 62, 36 {1940). U.S. Patent
2,198,374, April 23, 1940, '

12. M. S. Carpenter, W. M. Easter, Jr., and T. F.
Wood, U.S. Patent 2,897,237, July 28, 1959.

13. Ibid., U.S. Patent 2,800,511, July 23, 1957,

14. H. A. Bruson and J. W. Kroeger, U.S. Patent
9,198,374, April 23, 1940.

15. T. F. Wood, W. M. Easter, Jr., M. §. Car-
penter, and J. Angiolini, J. Org. Chem., 28,
2248 (1963).

16. Ipatieff, Pines, and Olberg, J. Am. Chem.
Soc., 70, 2123 (1948).

st
[

Il Diene-Cyclialkylation of Aromatics
(1,1-Dimethylindan Derivatives)

By the end of the 1950s we had prepared
many novel polyeyclic ketone musks of the
acylindan family as well as the tetrahydro-
naphthalene family. Two of the more interesting
musks were derived from p-cymene.}?

o ]

Following this lead Angiolini and I exten-
sively investigated reactions of p-cymene with
olefins, alcohols, glycols, and dienes hoping to
find hydrocarbon intermediates for new
polyeyclic musks. While involved in research in
this area, we discovered that p-cymene reacts
with isoprene or with 2,3-dimethyl-1,3-buta-
diene in the following manner:
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whare Rafl or CHy

Disappointingly, the acetyl derivatives of both
hydrocarbons were odorless. Our research was
then extended to reactions of isoprene with
m-cymene, cumene, t-butylbenzene, xylenes,
pseudocumene and other monoalkyl- , dialkyl-,
and trialkylbenzenes. We found that this cycli-
alkylation-type of reaction occurs readily when
alky! derivatives of benzene having unoccupied
vicinal positions are contacted with isoprene in

. the presence of sulfuric acid. We reported our

results in a preliminary publication in 1963,3
where we proposed the name ‘“‘isoprene-
cyclialkylation” for this reaction since it satis-
fied the conditions originally set forth by Bruson
for a “cyclialkylation” process—namely, forma-
tion of “a new cycle by attachment of a saturated
divalent alkyl group to the aromatic nucleus.”’*
When we originally published, we were una-
ware of Schmerling’s prior discovery in this area
and did not give reference to his patent® which
had issued in 1958. Here he described the
synthesis of a number of symmetrical hydrin-
dacenes by the condensation of 2 moles of iso-
prene with 1 mole of benzene, p-xylene, or
other paradisubstituted benzenes, in the pre-
sence of sulfuric or hydrofluoric acid catalyst. By
the isoprene-cyclialkylation process we were
able to conveniently prepare a great number of
alkylsubstituted indans, asymmetric hydrin-
dacenes and 1,1-dimethyltetrahydronaphindans
as well as sym.-hydrindacenes.f¢ -
Subsequently Eisenbraun and coworkers” at
Oklahoma State University reported investiga-
tions in the area and have published many of

their results.® It is the purpose of this paper to

summarize some of our work on the diene-cycli-
alkylation of benzenoid hydrocarbons and de-
scribe some of the useful derivatives we have
prepared. Several polycyclic musks, a number of
preemergence herbicides, and jet-fuel candi-
dates were prepared via isoprene-cyclialkylation
intermediates. These will be discussed in sub-
sequent sections of this paper.

1. Benzene Cyclialkylation

Schmerling® reported the principal product
obtained by the reaction of isoprene with ben-
zene in the presence of sulfuric acid to be
mainly the sym. hydrindacene along with a
small amount of 1,1-dimethylindan, as a by-
product. The hydrindacene which we obtained
- from benzene was reported in our preliminary
publication as a colorless solid, m.p. 92-94°, The
structure . 1,1,7,7-tetramethyl-s-hydrindacene
was proposed as a likely possibility—mainly be-
cause of its ease of acetylation. Subsequently,

36/i’erfumer & Flavorist

NMR analysis showed that the structure (I} as-
signed by Schmerling was correct. Eisenbraun
has found that the reaction of benzene with
isoprene forms a complex mixture of products in
addition to those previously reported.®

el Iscallce
- P -
’ . 1 s

2. Cyclialkylation of Monoalkylbenzenes

We discovered that monoalkylbenzenes can
be reacted with isoprene or with 2,3-dimethyl-
1,3-butadiene in the presence of sulfuric acid to
give fairly good yields of monoalkyl 1,1-di-
methylindans or the 2-methyl homologs, under

proper conditions:®
SO+
R

B s Ay Gmtase,
R R

10" ta O'
wherz R' ® Jower-aliyl {(RzH or ‘“J) (Ret. 6a)

Where R’ = (CH,);C, vields as high as 70% of
theory were obtained. In our initial publication
it was suggested that the cyclialkylation process
might proceed via the methylprenyl and prenyl-
carbonium ions derived from 2,3-dimethyl-buta-
diene and isoprene respectively based on the
structures of the products formed. Eisenbraun”®
has suggested that a mw-complex distribution of
charge over several atoms (C) via the allylic
double bond seems reasonable and more appro-
priate than the previously suggested primary
carbonium ion (A or B) as the initial attacking
species.

t o +
chy—C = C—CH @ LG = Ch—cH
I ] -

CH, CH, Cl'l3

A b

o e—— >ﬁ+
\ .

4ty
3

Although the exact nature of the alkylating
species is unknown, the products isolated ap-
parently result from alkylation at carbon 1 first,
followed then by cyclization through the car-
bonium ion produced at carbon 3.

Toluene, ethylbenzene, isopropylbenzene,
and t-butylbenzene were cyclialkylated with
isoprene and 93% sulfuric acid yielding prod-
ucts resulting from initial substitution in the
para and ortho positions of the benzenoid ring.?
Eisenbraun also investigated these reactions-
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and studied the nature of the products, arriving
at similar conclusions. Eisenbraun® has tabu-
lated his findings as follows:

CHZCH3 70 30
CH(CH3)2 80 20

C(CH3)3 LE] some 1,4-df-t-butyl-benzene formed

(Ref. 8b)

The distribution of products shown above
shows the stearic effect of the alkyl group. Since
the 6-t-butyl-1,1-dimethylindan was of special
interest to us as an intermediate for making a
polyeyclic musk, we carefully investigated its
structure. It was synthesized by the following al-
ternate route:

1) [H]
Nl OH ‘)CH ﬂJI

L
Ao ol H‘-O
R
X<
poad

Comparison of TII with the &-¢-butyl-1,1-di-
methylindan made by the isoprene-cyclialkyla-
ion route showed the two to be identical by in-
frared and NMR spectra comparison. Both hy-
drocarbons yielded identical acetyl and dinitro
derviatives. The acetyl derivation had identical
properties to the novel musk prepared by Beets,
who used yet another synthetic route.!® How-
ever, the synthesis by alternate synthetic routes
was not considered unequivocal proof of struc-
ture since an acid-catalyzed cyclodehydration
step was involved in all synthetic routes. Regu-
lar proton NMR and IR spectra were not helpful
for distinguishing between 6-t-butyl- and 5-t-
butyl-1,1-dimethylindan. However, *C NMR
analysis established the 6-¢-butyl-1,1-dimethyl
structure assignment.!!

3. Cyclialkylation of Dialkylbenzenes'®

Since the reaction of isoprene with p-cymene
was the first case of isoprene-cyclialkylation ob-
served in our laboratories, it was important for
us to establish the structure of the hydrocarbon
formed in order to gain insight into the nature of
the reaction. Although studies of the NMR and
infrared spectra pointed to the structure 7-iso-
propyl-1,1,4-trimethylindan as most probable,
we resorted to an alternate synthesis in order to
gain further support. The two routes for the hy-
drocarbon in question were the following:
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Routg A -
K 50
g + e'_4*> %)( + )O\')"
T gee T X7
I.\’ v

{ca 92.5%) {cs &,5%)

@ ninet é\ cu COLH é\uo
ra/cl[ﬂ]

lﬂ:-IIﬂ
HI:'I

p-umene

éﬁs o

T-1sopropyl-1, L,4-trimathy)inden

éj CH Ho!

The hydrocarbons derived by the two routes
were shown to be identical by IR and VPC
comparison. The dinitro and acetyl derivatives
were found to be identical by melting points
and mixed melting points, This structure proof
rested entirely on the structure of the
chloromethyl derivative of p-cymene. This was
established by the followmg sequence:

Chy Lol n CH:&I
Al Q) D 4,0

» WPl-¢
Refarence: L. Friedman and R, Koca J.0.C.

23, LI55 (1968)
D cly “’I é\
D -0 ?

C-H‘ Cocl @
—_—
AI'CI; [ I

D Wri-C
O
I*’.
157°0°
CH,O +He|
“;50" q‘u

, Refarente; L. Friedman and K. koca J.0.C.
33, 1258 {1989)

- On the basis of these results our assignment of

the structure 7-isopropyl-1,1,4-trimethylindan, is
* correct.

- Similarly, many other dlalkylbenzenes were

cyclialkylated by reaction with isoprene in the
" presence of 93% sulfurie acid, Representatwe

cases follow.
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;\ "‘r\-
u

g+ e — s g

mlg product
(ew 6:1)

p-Diisopropyibenzena
§ + N
m=D11sepropyTranzene

/@J«

2- Memy1 nommogs of the above indan deriva-
tives were also prepared by cyclialkylation of
the corresponding dialkylated benzenes with
2,3-dimethyl-1,3-butadiene. This general pro-
cess for preparing dialkylated 1,1-dimethyl- and
1,1,2-trimethylindans is covered in U.S. Patent
3,240,829.12 '

By 50,,13%
=5+e O°

yerT
Vidd

Tield = 308

H, 50, 9%%
......\._.'I_)

5{-.0

IX
Yielid 2 83%

4. Cyclialkylation of Trialkylbenzenes™

e

Yield = 70%

Pseudocumene

Other trialkylbenzenes which have been suc-
cessfully cyclialkylated with isoprene or with
2,3-dimethyl-1,3-butadiene are: 1,2,4-triethyl-
benzene 1,2,4- trnsopropylbenzene, 1,4-di-
methyl-2- 1sopr0pylbenzene (1sopropyl -p-
xylene), 1,3-dimethyl-2-(or -4-) isopropyl-
benzenes (isopropyl meta-xylene), and 1,2-di-
methyl-3-(or -4-) isopropylbenzenes (isopropyl
orthoxylenes). The cyclialkylation of the
monoisopropylated xylenes gave 1,1-di-
methylindans in excellent yields. In the case of
1,4-dimethyl-2-isopropylbenzene, the yield was
about 85% of theory.?

We assigned the structure X shown above on
the basis of the known électrophilic substitution
reactions of pseudocumene in other alkylation
reactions. Qur structure assignment was verified
by an alternate synthesis via methallyl mag-
nesium chloride and the chloromethyl deriva--
tive of pseudocumene. The structure of this lat-

2 50 137.
-lo +eo‘
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ter intermediate has been previously estab-
lished.'* Subsequently, in 1966, Eisenbraun and
coworkers published an alternate proof of struc-
ture for X in connection with their preparation
of this material as a reference hydrocarbon for
the American Petroleum Institute.®

5. Hydrindacenes'

We discovered that reaction of isoprene or
2,3-dimethyl-1,3-butadiene with indan deriva-
tives having two unsubstituted adjacent posi-
tions in the aromatic nucleus in the presence of
sulfuric acid provides a facile process for prepar-
ing a number of polysubstituted hydrin-
dacenes." Typical examples follow.

o —

F-isopropy1=3,3,8, 8-
tetramethyl-as-
hydrindacene (Ref. 15)

'b" ;_+’Lé _ @
il

1,1,4,7,7-pentamathy)~
S-hydveindacene (Ref. 15)
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1,1,3,3,5,8,8-hepta~
methyl-as-hydrindacene
(Ref. 18)

Having in hand a myriad of novel eyclialkyla-
tion hydrocarbons and their derivatives the
question arose: What are they good for? Or, as
Herman Bruson would put it, “what’'s the
use?”’18 The remainder of this paper will deal
with our attempts to find practical applications
for some of these products.
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Il Candidates for Jet Fuel

It has been proposed that “saturated cyclic
hydro carbons, especially bicyclics, obtained by
the hydrogenation of substituted aromatics will
fulfill the requirements for thermally stable jet
and missile fuels.”! For this reason we thought
it would be worthwhile to consider the perhydro
derivatives obtained from diisopropyl-1,1-di-
methylindan and 7-isopropyl-1,1,4-trimethylin-
dan. Samples were submitted to the Wright Air
Development Center at Dayton, Ohio, for fur-
ther testing. They were found to be satisfactory
in all respects except for thermal stability.
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IV Polycyclic Musks

4-Acetyl-6-t-butyl-1,1-dimethylindan

(“Beets Musk™)

Soon after our discovery of the isoprene-p-
cymene cyclialkylation reaction, Beets disclosed
the discovery of a promising new polycyclic
musk and its homologs.! This material was
4-acetyl-6-t-butyl-1,1-dimethylindan. We im-
mediately recognized the possibility of making
the necessary intermediate, 6-t-butyl-1,1-
dimethylindan by the reaction of isoprene with
t-butylbenzene in the presence of sulfuric acid.
By this route the desired hydrocarbon inter-
mediate was produced smoothly in excellent
vield and steps were immediately taken to pat-
ent this process for its manufacture.23

~ =

CHy o
Al C.I3

6-t-buty?-1,1-dimethy1-indun 1
Bewts Musi,

5-Acetyl-3,3,8 8-tetramethyl-as-hydrindacene*®

Acetylation of diisopropyl-1,1-dimethylindan
was found to produce a derivative of musk-like
odor which, when highly purified by repeated
crystall.zatlons was devoid of musk odor. This
led us to conclude that the odor property was
due to a trace impurity produced in the syn-
thetic route. Consideration of possible by-
products led us to study the isoprene-
cyclialkylation of isopropyl-1,1-dimethylindan,
This reaction produced the as-hydrindacene,
5-isopropyl-3,3,8,8-tetramethyl-as-hydrindacene,
as indicated previously, which on acetylation
produced a new tricyclic musk, 5-acetyl-3,3,8,8-
tetramethyl-as-hydrindacene, having a strong
musk-like odor.

e

: Al
+ chy Cocl —-——’~>
-C,"._,
™

(m.p. 94-95%)
strony musk

{"cycTHalkylation” product)

H, S0 '1.‘}?’

Theimer and Blumenthal of International
Flavors and Fragrances were granted a U.S. Pat-
ent covering this material as a new composi-
tion.* The Theimer team followed an un-
equivocal route using «, a'-dichloro-m-xylene
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and methallyl chloride as starting materials. In
the first step of the synthesis, m-bis-(3-methyl-
3-butenyl)-benzene V was produced by a Grig-
nard reaction. Cyclization of V using sulfuric
acid produced a mixture of two isomeric hydrin-
dacenes, namely 1,1,7,7-tetramethyl-S-hydrin-
dacene (VI) and 1,1,6,6-tetramethyl-as-hydrin-
dacene. The synthetic route was as follows:

+ el W
cl /\@/‘\cl )\/ Vi E‘rqgmrd/c\@/;\
Teagent v

H, 50
e o
Vi vI1

[+}
o ty

(m.p. 94-95°) wadium mysk
strong musk (persistent)

Separation of isomers VI and VII was affected
by fractionation through a “high plate packed
column.” Compound VI was obtained as a solid,
melting at 45° to 47°. Compound VII was ob-
tained as a liquid fraction. The ketone obtained
by acetylation of VI was a solid, m.p. 57°, having
a “weak musk odor.”

Our synthetic route used the following
scheme starting from cumene.

o O P o

¥III
Method of U.S.
Patent 3,073,319

)\é Hy50,

2) VI +

X
Method of U.S.
Patent 3,347,946

» uw __Reed , C\K-Y\

Micly w

-t3h, o
X R'cﬂa
*1 Raczl!s

Derivatives X and XI made by acylating the hy-
drocarbons made by each route were identical.
Although we were unable to cover the new
musks, we obtained a U.S. Patent protecting our
new process and covering the key hydrocarbon

T m 5 ig
IX as a new composition of matter.® This route is

undoubtedly the only practical approach for
manufacturing the new ‘“‘as-hydrindacene
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musks”™ X and XI on a commercial scale.

5,7-Diisopropyl-1,1-dimethyl-6-indanol®

This novel type of polyeyclic musk was pre-
pared by condensing isoprene with 2,6-
diisopropylphenol in the presence of a protonic
acid catalyst such as sulfuric or phosphoric acid.
It is, to the best of our knowledge, the first com-
pound of its class known to exhibit musk-like

odor,
Ho ] ES

ho.
. Ao
pheno? musk

Wy 504
K, POy

Since this “phenol musk” was unique, we
prepared eight homologs by the diene-
cyclialkylation of other ortho-disubstituted
phenols, hoping to discover other musk-like
compounds in this area. None of these exhibited
this property. These homologs all appear to be
new compounds and the method used for their
preparation is a novel reaction. The acid-
catalyzed isoprene-cyclialkylation of benzenoid
hydrocarbons has been previously reported by
Schmerling, Wood and Angioloni, and Eisen-
braun, but its application to the cyclialkylation

nhannale o o 7
of Gi‘thodxaubs'ﬁtuued PIICNIOIS I8 new.
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V Herbicides

The discovery of new isoprene-derived her-
bicides resulted from a cooperative screening
program carried out between the Givaudan and
Amchem Corporations.? This surprising and un-
expected development was a by-product of re-
search in the field of polyeyclic musks.

Good preemergence activity against grasses is
axhibitad hy all harhicides of this grans kit to o

+hi
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e
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greater degree by members of the acylated
polyalkyl-1,1-dimethylindan family. Fortu-
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nately, the most active members of this family
are the least costly to prepare, since they are de-
rived in good yield from cheap, widely available
petrochemical materials. Isoprene has recently
become available in quantity at a low price as a
result of the “synthetic natural rubber” program.
Thus, these products are inexpensive to man-
ufacture. They have limited persistence in the
soil (6 mo.) and seem to be biodegradable. With
the present-day concern over possible detrimen-
tal effects to the environment of chlorine-
containing herbicides, this appears to be a
timely discovery.

The most active ketones of this family are the
acetyl, propionyl and isobutyryl derivatives of
the polyalkyl-1,1-dimethylindans obtained by
the isoprene-cyclialkylation of di- and trialkyl-
benzenes. Preparation of these hydrocarbon in-
termediates is described in earlier patents.?
Formyl derivatives are inactive. The most im-
portant compounds from the standpoint of
biological activity combined with ease of man-
ufacture are the propionyl derivatives of the in-

dans derived from m-isopropyltoluene,

m-diisopropylbenzene and pseudocumene:
R
~xl XY Yy
i 2 3

Compounds 1, 2 and 3 exhibit the greatest ac-
tivity. All are stable to acid and base and insolu-
ble in water. They are nonirritating to the skin,
have low toxicity, and possess mild to pleasant
odors. They exhibit a high degree of selectivity

O
~YT 7

and are valuable for the elimination of grasses

- from economic crops such as corn, beans, soy-
beans, and rice.

Since compound 3 showed the best biological
“activity, it was considered the most promising
candidate for commercialization and extensive
studies were made of methods for its manufac-
ture. .

An efficient method starting with p-cymene

42/Perfumer. & Flavorist

was discovered which involves isomerization of
the intermediate hydrocarbon with anhydrous
Al1C1s, activated by isopropyl chloride.?

A,
—_3
1€, 00

Ticiqa = B0

This discovery permits the preparation of
6-isopropyl-1,1,4-trimethylindan in close to 90%
purity from p-cymene. Propionylation of this
hydrocarbon provides a crude product which
can be vacuum-distilled to yield a distilled
grade of ketone 3 which can be used directly for
herbicidal applications since its purity is close
to 90%.

Surprisingly, many of the original acylpolyal-
kyltetralin musks made via the Bruson cyclialky-
lation process were shown to have pronocunced
herbicidal activity.® This activity was also exhib-
ited by their propionyl butyryl and isobutyryl
homologs. In contradistinction to the case of the
polycyclic tetralin musks, the formyl-homologs
were practically inactive as herbicides.

The indan derivatives which contain only car-
bon, hydrogen, and oxygen are unique her-
bicides, and we are hopeful that they will partly
fill the present day need for harmless biode-
gradable pesticides.
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