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Abstract:

80521.

Anodic oxidations were performed in acetonitrile at platinum using controlled potentials.

Received October 11, 1973

2-Methyl-

37,4,4’,5-tetramethoxybibenzyl was converted in 98 77 yield to 9,10-dihydro-10a-methyl-2,6,7-trimethoxy-3(10a H)-

phenanthrone.

2-Methyl-2’,4,5’ 5-tetramethoxybibenzyl produced 9,10-dihydro-10a-methyl-2,5,8-trimethoxy-

3(10aH)-phenanthrone in 88% yield. 9,10-Dihydro-10a-methyl-2-ethoxy-6,7-dimethoxy-3(10a H)-phenanthrone
was correspondingly formed from 2-methyl-3/,4’,5-trimethoxy-4-ethoxybibenzyl. 2-Methyl-4,5-dimethoxybibenzyl

did not cyclize under these conditions.
data is proposed.

he anodic coupling of dimethoxybenzene rings has

recently been demonstrated to have utility and some
generality. We have produced a variety of morphin-
andienones by this route,?i.e.

OCH,

©

: NCH, ‘ NCH,
OCH;,

and the cyclization of an isochroman-3-one derivative
has been reported.® In each case the cyclized product
can be isolated in about 5077 yield. Cyclizations to
produce tetramethoxydihydrophenanthrene cation rad-
icals have also been reported by Parker and coworkers.*
Since all of these cyclizations proceeded without signifi-
cant rearrangement to produce the phenanthrene ring
system, it seemed that this approach might be appli-
cable to the synthesis of steroids. In pursuit of this
goal, we attempted to form the A, B, and C rings with
the proper angular methyl group by oxidizing com-
pounds 1.

OCH,

CH,0 CH,0

CH,O CH,0

Results and Discussion

Synthesis. Bibenzyls 1a, 1b, and 1c¢ were prepared
as shown in Scheme I. The yields were quite satis-
factory. In the preparation of 1a, for example, 3,4-
dimethoxytoluene was prepared in 75 9] yield from com-
mercial veratraldehyde by the method of Bruce and
Sutcliffe.’ 3,4-Dimethoxyphenylacetyl chloride was
prepared from commercial 3,4-dimethoxyphenylacetic
acid and added to a stirred mixture of 3,4-dimethoxy-
toluene and AICl; in CS,. After reaction, the pre-
viously unknown 4,5-dimethoxy-2-(3,4-dimethoxy-
phenylacetyl)toluene was isolated in 779 yield (based
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A mechanism rationalizing these products as well as cyclic voltammetric
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RO CHO RO CH,
N,H,
—_—
CH;0 CH,0
AlCL
R, R s,
R, (0] R, (0]
SOCl
Et,0
R, OH : R, Cl
Rl R'1
RO

CH,0

a, R;=R,=H; R,=R;=0CH,;; R=CH,
b, Ry=R,=O0CH;; R,=R,=H; R=CH,
¢, R,=R,=H; R, =R, =0CH;; R=CHCH;

upon the 3,4-dimethoxyphenylacetic acid) and con-
verted by a modified Wolff-Kishner reaction to 1a in
829 yield. These reactions were performed on an ap-
proximately 0.1 M scale and no attempt was made to
maximize yields.

For the preparation of 2-methyl-4,5-dimethoxy-
bibenzyl (1d), 4-methylveratrole was subjected to the
Vilsmeier—Haack reaction to give 6-methylveratralde-
hyde. Addition of excess benzylmagnesium chloride
gave a quantitative yield of the «-hydroxybibenzyl.
An attractive and direct route to 1d would then require
reductive cleavage of the benzyl alcohol to the saturated
methylene.  Unfortunately, numerous attempts to
perform this reaction using a variety of catalysts and
conditions yielded only unchanged starting material.
The alcohol, was, therefore, converted to the corre-
sponding chloride by treatment with thionyl chloride in
ether. LiAlH reduction at room temperature gave 1d
in 379 over-all yield. If the final reduction with LiAIH
was performed at reflux, a white solid whose spectros-
copy was consistent with a zrans-stilbene structure was
isolated in addition to 1d. Hydrogenation over Adam’s
catalyst converted the white solid into 1d in high yield.
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Preparative Oxidations. 1a was oxidized at 0.90 V
in acetonitrile at 0° with lithium perchlorate as back-
ground electrolyte in the three-compartment cell de-
scribed previously.? The oxidation proceeded smoothly
in either the presence or absence of solid sodium
carbonate with no detectable change in yield. A red
species could be observed streaming from the surface
of the anode, eventually turning the entire solution
deep red. At the end of the oxidation, the anolyte
remained highly colored for days or until water was
added, at which time it immediately turned pale yellow.
The anolyte was then evaporated to near dryness
(caution, the product mixture may contain perchloric
acid), mixed with more water, and extracted repeatedly
with chloroform. The chloroform extracts yielded only
one product, in 989 yield, mp 205-206°. Its assign-
ment to structure 3a was based on its sSpectroscopic
characteristics. The C;sH.004 molecular formula was
indicated by mass spectroscopy and verified by com-
bustion analysis. The ir spectrum indicated the pres-
ence of a cross-conjugated a-methoxycyclohexadienone
system:® wna.x (Nujol mull) 1640, 1625, and 1605 cm—1.
This was corroborated® by prominent ions at m/e 299
(M — 1) and 257 (M — 43) in the mass spectrum.
Nuclear magnetic resonance spectroscopy (6 in CDCl;)
showed a tertiary methyl at 1.28 (s, 3 H); one-half of
an A,B, system at 1.70-2.10 (m, 2 H); the other half
at 2.82-3.15 (m, 2 H); two methoxy resonances at 3.78
(s, 3 H, vinyl ether) and 3.95 (s, 6 H, aromatic me-
thoxys); two olefinic protons at 5.82 (s, 1 H, « proton of
a,B-unsaturated ketone system) and 7.13 (s, 1 H, «
proton of «,3-unsaturated ketone system); and two
aromatic protons at 6.63 (s, 1 H) and 6.70 (s, 1 H).

It is known’ that signals corresponding to two pro-
tons on a substituted cyclohexadienone ring show
appreciable spin—spin coupling when they are located
in any of the following arrangements: (a) on adjacent
carbon atoms, (b) on positions 2 and 6, (¢) on positions
3 and 5 (see 4). The absence of such coupling in the

OCH,

o SO

OCH, c 0N

CH,0

“ NCO,Et

OCH,
6

0

spectrum, assuming no skeletal rearrangement, in-
dicated the partial structure 4. The appearance of the
aromatic protons as two singlets indicated cyclization
to the other ring occurred at the least-hindered posi-

(6) K. L. Stuart, Chem. Rev., 71, 47 (1971); T. Kametani, et al.,
J. Chem. Soc. C, 624 (1970); T. Kametani, H. Sugi, S. Shibuya, and
K. Fukumoto, Tetrahedron, 27, 5375 (1971).
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(1972), and references cited therein.
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tion, para to a methoxy group. Furthermore, the
methyl group must be in the 4-position of the dienone
ring since it is uncoupled and not shifted downfield
as it would be if in an allylic position.

Two structures consistent with these data are 3aand 5.
Compound 5 would be formed by simple cyclization and
loss of the methoxy methyl in analogy with earlier
examples.?=¢ Neither the nmr or uv-visible spectra
are, however, in accord with this structure. Thus, the
absorption spectrum shows several bands with a longest
wavelength An.. 357 nm. Methoxycyclohexadienones
do not have bands beyond 300 nm.?? On the other
hand, 3-arylcyclohexadienones should absorb at longer
wavelengths. Indeed, the uv spectra of the product
and model compound 6° are extremely similar through-
out: 3a, A7 (log €) 238 (4.33), 265 (4.35), 292 (4.26),
357 (4.41); 6, AE (log €) 236 (4.08), 265 (4.07), 291
(3.79), 359 (3.99). The nmr spectrum of 5 should show
allylic coupling between the vinyl proton at position 1
and the methylene protons at carbon 10. This coupling
is seen in the model compound 7.° On the other hand,

CH,0
o~
SO
3b

0

7 CH;0

OCH,

0 “O

3¢

OCH;

CH,CH,0

no allylic coupling should be seen from 3a in agreement
with the spectrum.

Electrolysis of 1b at 0.86 V at 0° gave only one prod-
uct, mp 184-185.5°, in 8897 yield. As above, a per-
sistent red species was generated which readily dis-
charged to pale yellow when water was added. With a
similar foundation as above, the product was assigned
to structure 3b. The oxidation of 1¢ produced only 3c,
again in very high yield.

Thus an efficient synthesis of dihydrophenanthrones
has been revealed. This reaction was originally con-
ceived as a route to the A, B, and C rings of steroids.
The unexpected coupling-rearrangement (see below)
produced instead a ring system that could be used in
the synthesis of the B, C, and D rings by contraction
of the dienone ring. Most importantly, the requisite
angular methylis in place.

Preparative electrolysis of 1d at 0.90 V and 0° (until
coulometry indicated 2 faradays/mol of current had
been passed) gave a complex product mixture. Al-
though a red colored species could be seen streaming
from the anode surface, the reaction mixture quickly
turned dark brown and remained so throughout the
oxidation and work-up procedure. The product mix-
ture was chromatographed on silica gel to give un-
reacted starting material, 6-methylveratraldehyde (9),

(8) S. M. Kupchan, A. J. Liepa, V. Kameswaran, and R. F. Bryan,
J. Amer. Chem. Soc., 95, 6861 (1973). We thank Professor Kupchan
for communicating these results to us before publication.

(9) D. Caine, P. F. Brake, J. F. DeBardelen, and J. B. Dawson, J.
Org. Chem., 38,967 (1973).
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6-methylveratryl alcohol (10), benzylacetamide (11),
and 2-methyl-4,5-dimethoxy-a-hydroxybibenzyl (12).
These products were identified by spectral comparison
with authentic samples. In addition, a small amount
of yellow oil was isolated and assigned structure 13,
based on its spectral characteristics. The ir spectrum
indicated an aryl ketone: Amax (neat) 1675 cm—L
Nmr showed an aryl methyl resonance at 2.42 (s, 3 H),
one methoxy resonance at 3.72 (s, 6 H), a singlet at
4.15 (2 H) in the correct region for a methylene between
a phenyl and a carbonyl, and three aromatic singlets at
6.65 (1 H), 7.21 (5 H), and 7.40 (1 H). Structure 13
was confirmed by reduction of the electrolysis product
by sodium borohydride in methanol to give a yellow
oil whose infrared spectrum was superimposable on that
of 12.

Cyclic Voltammetry. Voltammograms were recorded
using an acetonitrile-lithium perchlorate electrolyte
solution. A two compartment cell was employed in
which the Ag|AgNO; reference electrode was separated
from the platinum anode and the cathode by a glass
frit. Model compound 4,5-dimethylveratrole showed
a quasireversible couple centered at 0.85 V (Figure 1).
The peak separation (Ep, — Ep,) was 75 mV at a scan
rate of 500 mV/sec. This demonstrates that the cation
radical has a lifetime greaterthanlsec. Similar behavior
was noted for 1d where Ep, — Ep, = 80 mV. Com-
pounds 1a and 1b in contrast did not show any cathodic
peak on the reverse sweep (see Figure 1) demonstrating
that these cation radicals are unstable, on this time
scale. Ep, values are reported in Table I. The simi-
larity of the first peak potentials for 1a, 1b, 1d and 4,5-
dimethylveratrole suggests that initial transfer involves
the tetrasubstituted ring. The Ep, of 4-methylveratrole
(2) is, however, close enough so that this is not a firm
conclusion.  Indeed, one-electron oxidation of both
rings may precede coupling.# Comparison of the Ep,
for the anodic product 3a and 1a demonstrates that the
dienone oxidizes somewhat more difficultly than the
bibenzyl and hence overoxidation can be avoided with
controlled potentials.

Mechanism. The coupling reaction is very clean
but unexpectedly leads to rearranged products. The
data available are limited but do allow a mechanistic
hypothesis to be formulated as indicated in Scheme II
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Figure 1. Cyclic voltammogram of 4,5-dimethylveratrole; scan

rate 500 mV/sec.

Table I. Peak Potentials from Cyclic Voltammetry®
Substrate Ep,, V
2-Methyl-4,5-dimethoxybibenzyl 0.87,1.44,and 1.87
(1d)

2-Methyl-3',4’,4,5-tetramethoxy-
bibenzyl (1a)
2-Methyl-2’,4,5’,5-tetramethoxy-
bibenzyl (1b)
4,5-Dimethylveratrole 0.90,1.57, and 1.80
4-Methylveratrole 0.97,1.12,1.57,and 2.20
9,10-Dihydro-10a-methyl-2,6,7- 1.10,1.3,1.8
trimethoxy-3(10a H)-phenanthrone
(3a)

= CH,CN-LiClO; solution, Ag[0.1 N AgNO; reference, scan
rate 500 mV/sec over 0-2-V range.

0.90,1.17,1.37,and 1.65

0.90,1.00,and 1.40

’

Scheme 11
le :
e~ CH,CHO OCH;
\ T
ST S, =
CH,CH,0 OCH,
o —
o)
14
CH,CH,0
CH,0 I I — 3
OCH,
15
for 1. Itis first noted that compound 1d gave a some-

what more stable cation radical (cyclic voltammetry)
and did not cyclize to an appreciable extent. This is
rationalized by considering the unreactivity of phenyl
compared to dialkoxyphenyl. If an initially formed
cation radical (1¢'t) attacked an unoxidized ring, it
would resemble an electrophilic attack and the phenyl
would be relatively inert. Alternatively, it may be that
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Figure 2. Cyclic voltammogram of 2-methyl-3',4,4’,5-tetra-
methoxybibenzyl; scanrate 500 mV/sec.

both rings are being oxidized to produce a bis-cation
radical (1ct"*') which gives radical coupling.®* Again
phenyl would be unreactive due to its relatively high
oxidation potential compared to the dialkoxy phenyl
ring.

We assume, therefore, for 1a—¢, that coupling is the
rapid follow-up reaction after initial one- or two-elec-
tron transfer. After rearomatization of one ring by
deprotonation, one can reach the cation 14. This cat-
ion by migration of the ethylene bridge gives a new,
more stable cation, 15, which finally leads to the product
by loss of methyl.

A major product in the anolyte is the red material
(Amax 416,503 nm) which we suggest is 15. The same
species can be produced by independently treating 3¢
with trimethyloxonium fluoroborate. The hexadienone
is thus methylated giving back the relatively stable cat-
ion. Since independently produced 15 is also hydro-
lyzed back to 3c, this strongly implies that demethyla-
tion is the last step in the reaction.

Two points are of special interest in this proposed
mechanism because of their novelty. The first is the
formation of the five-membered ring via coupling in-
stead of a six-membered ring. Since the O-methyl
group is lost in the oxidation of 1c, it is indicated that
the ring methyl does not migrate but rather that the
bridge undergoes a carbonium ion rearrangement of the
type common to dienone-phenol rearrangements.
The extra stability imparted by conjugation of the cation
with the dimethoxybenzene ring in 15 clearly explains
why this is the ultimate product.

The reactivity of 1d has literature analogies. Thus,
alkylbenzenes oxidize under these conditions to yield
the corresponding benzyl alcohol, ketone, and aceta-
mide.”® Cleavage of benzylic bonds is also common in
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cases where stable cation fragments can be generated.!!
In the case of 1d, benzyl cations are sufficiently stable
to allow some cleavage to yield 9,10, and 11.

Experimental Section

Products and starting material were analyzed by ir on a Perkin-
Elmer 457 grating spectrometer. Nmr spectra were taken on a
Varian A-60A spectrometer, and chemical shifts are reported in 4.
Mass spectra were measured with an A E.I. Model MS-12 spec-
trometer, and uv-visible with a Cary Model 17. Elemental analyses
were performed by Chemalytics, Inc., Tempe, Ariz.

General Electrolysis Procedure. Preparative oxidations were
conducted in a three-compartment cell (which separated the anode,
cathode, and reference electrode solutions by glass frits) in con-
junction with a Wenking Model 70 HV1/90 potentiostat. The
anode was a stationary platinum sheet (total area 6.25 cm?). The
anode compartment has an approximate 150-ml volume in which
solutions were agitated by means of a magnetic stir bar. A stainless
steel sheet served as the cathode. A 0.1 N AgNO; solution in ace-
tonitrile in contact with an Ag wire served as the reference; all
potentials are given vs. this reference. The entire cell was main-
tained at ice-bath temperature and under a nitrogen atmosphere.

G. F. Smith anhydrous lithium perchlorate was used as back-
ground electrolyte, Sufficient electrolyte was added to the anode
and cathode compartments to have an approximately 0.1 M solu-
tion in electrolyte. For preparative oxidations, solid anhydrous
Baker AR sodium carbonate was sometimes added to the anode
compartment prior to electrolysis but had no discernible effect.
Electrolyte and carbonate were used as received and were not truly
anhydrous.

A general description of the preparative oxidation is as follows.
Approximately 10~ mol of substrate was added to the cell filled
with purified acetonitrile. The potential was maintained at 0.85-
0.90 V, with initial currents generally 100-80 mA. The background
in these potential ranges was less than 1 mA. Electrolysis was
usually discontinued when the current dropped to ~5 mA, which
generally took 1-1.5 hr. The anolyte was then removed and
stripped under vacuum to near dryness (CAUTION, contains per-
choric acid, do not take to dryness!) and then taken up in water,
and extracted with chloroform. The combined organic layers were
dried with anhydrous sodium carbonate, filtered, evaporated, and
then crystallized from ethanol.

Cyclic voltammetry was performed at room temperature under a
nitrogen atmosphere using a PAR Electrochemistry System Model
170 in a two-compartment cell separating the 0.1 N AgNO;[Ag
reference solution from the platinum anode button and cathode
button by a glass frit. In the latter, the total service volume of the
working compartment is approximately 15 ml. Voltammograms
were recorded in both the presence and absence of solid sodium
carbonate with no detectable variation. Either lithium per-
chiorate or tetramethylammonium tetrafluoroborate was used to
maintain an approximate 0.1 N solution of electrolyte.

All cyclic voltammetric studies and preparative electrolyses were
conducted in Kodak <0.1%, water grade acetonitrile, which had
been distilled twice from P,O; with nitrogen bleed and stored over
molecular sieves under inert atmosphere until used.

3,4-Dimethoxytoluene. According to the method of Bruce and
Sutcliffe,® a mixture of veratraldehyde (91.5 g), KOH (100 g), 95%
hydrazine (75 ml), and ethylene glycol (700 ml) was heated at reflux
until the KOH disappeared (30 min). The hydrazone separated as a
yellow solid and mild foaming occurred. A continuation of the
heating at reflux caused evolution of N, and vigorous frothing.
After 3 hr, the solution was cooled and poured into 1.5 1. of cold
water, and the resulting oil was extracted into ether. Thecombined
extracts were washed with water, dried, and evaporated to yield a
yellow oil which was distilled to give 65.7 g of the product as a
colorless oil (bp 68-72° (0.05 mm)) whose nmr was identical with
that published.?

4,5-Dimethoxy-2-(3,4-dimethoxy phenylacetyl)toluene (2a). To a
stirring solution of 35.6 g (0.24 mol) of 3,4-dimethoxytoluene and
14.6 g (0.11 mol) of AICI; in 200 mi of CS, was added dropwise over
the course of 1 hr 0.1 mol of 3,4-dimethoxyphenylacetyl chloride

(10) L. L. Miller and E. A. Mayeda, Tetrahedron, 28, 3375 (1972);
L. Eberson and K. Nyberg, Accounts Chem. Res., 6, 106 (1973).

(11) L. L. Miller, V. R. Koch, M. E. Larscheid, and J. F. Wolf,
Tetrahedron Lett., 1389 (1971); J. M. Bobbitt, K. H. Weisgraber, A. J.
Steinfeld, and S. G. Weiss, J. Org. Chem., 35, 2884 (1970).



(freshly prepared from 3,4-dimethoxyphenylacetic acid). The mix-
ture was stirred overnight at 25° and poured into ice and the result-
ing oil extracted into benzene. The extracts were dried and evapo-
rated to yield a black viscous oil from which excess dimethoxy-
toluene was distilled in vacuo. After the pot residue had cooled,
alcohol was added and the mixture was allowed to stand 24 hr at
0°. This allowed isolation of essentially pure ketone 2a as a brown
powder (25.4 g or 807 yield based upon the acid chloride). An
analytical sample was recrystallized from EtOH-EtOAc to yield
2a as white needles: mp 115°; nmr (8) 2.52 (s, 3 H), 3.82 (s, 6 H),
3.85(s, 3 H), 3.88 (s, 3 H), 4.15 (s, 2 H), 6.68 (s, 1 H), 6.77 (s, 3 H),
7.30(s, 1 H).

Anal. Caled for ClanO;:
68.84; H, 6.93.

2-Methyl-3',4,4' 5-tetramethoxybibenzyl (1a). Reaction of 8.0 g
of 2a and 10 g of KOH in a solution of 6.5 ml of 95% hydrazine in
84 ml of triethylene glycol according to the above procedures gave
a yellow oil which was crystallized from alcohol to give 6.4 g (82%7)
of 1a as a white powder: mp 101,5-102.5°; nmr (§) 2.20 (s, 3 H),
2.82 (s, 4 H), 3.80 (s, 3 H), 3.84 (s, 9 H), 6.58-6.80 (m, 5 H); mass
spectrum m/e (rel intensity) 316 (5), 165 (100), 151 (15).

Anal. Caled for CgH,:04: C, 72.13; H, 7.65.
72.15; H,7.69.

9,10-Dihydro-10a-methyl-2,6,7-trimethoxy-3(10a H)-phenanthrone
(3a). Oxidation of 316 mg of 1a at 0.90 V at 0° gave a dark brown
solid which was recrystallized from alcohol and combined with crys-
tals from the mother liquors to yield 295 mg (98 %) of 3a as buff
colored needles, mp 204-205°, An analytical sample was recrystal-
lized from ethanol to give white needles: mp 205-206°; nmr (8)
1.28 (s, 3 H), 1.70-2.10 (m, 2 H), 2.82-3.15 (m, 2 H), 3.78 (s, 3 H),
395 (s, 6 H), 5.82 (s, 1 H), 6.63 (s, 1 H), 6.70 (s, 1 H), 7.13 (s, 1 H);
ir Amax (Nujol) 1640, 1625, 1605, 1575 cm~!; mass spectrum m/e
(rel intensity) 300 (17), 299 (63), 257 (100); uv (EtOH) Ap.x (l0g €)
212 (4.74), 238 (4.33), 265 (4.35), 292 (4.26), 357 (4.41).

Anal. Caled for CsH,04: C, 71.98; H, 6.71.
71.96; H, 6.65.

4,5-Dimethoxy-2-(2,5-dimethoxyphenylacetyDtoluene. Reaction
of 74.1 g of 3,4-dimethoxytoluene and 18.6 g of AICl; in 300 mi of
CS. with 25 g of freshly prepared 2,5-dimethoxyphenylacetyl chlo-
ride gave 30.5 g of 2b as a white powder, mp 76~77°, from ethanol:
nmr 6 2.53 (s, 3 H), 3.78 (s, 6 H), 3.90 (s, 3 H), 3.93 (s, 3 H), 4.16
(s, 2H), 6.70-6.88 (m, 4 H), 7.40 (s, 1 H).

Anal. Caled for CgH2O;: C, 69.07; H, 6.71.
68.95; H, 6.52.

2-Methyl-2’,4,5’,5-tetramethoxybibenzyl (1b). Reaction of 16.5
g of 4,5-dimethoxy-2~(2,5-dimethylphenylacetyl)toluene in 200 ml
of diethylene glycol with 20 g of KOH and 12 ml of 95 hydrazine
according to the procedure for preparation of 1a yielded a yellow
oil which crystallized from alcohol to give 14.3 g (88%;) of lb as a
light brown powder, mp 69-70°, An analytical sample was pre-
pared by sublimation to yield a white powder: mp 71-72°; nmr
2.25(s, 3 H), 2.83 (s, 4 H), 3.66 (s, 3 H), 3.70 (s, 3 H), 3.75 (s, 3 H),
3.80 (s, 3 H), 6.62-6.80 (m, 5 H).

Anal. Calcd for CyH;404:
71.99; H,7.73.

9,10-Dihy dro-10a-methyl-2,5,8-trimethoxy-3(10a H)-phenanthrone
(3b). Oxidation of 343 mg of 1b at 0.86 V gave a dark colored
solid after the usual work-up. Crystallization of the solid and
work-up of the mother liquors in the same way gave 288 mg (88 %)
of 3b: mp 184-185.5°; nmr § 1.26 (s, 3 H), 1.75-2.08 (m, 2 H),
2.68-3.02 (m, 2 H), 3.74 (s, 3 H), 3.78 (s, 3 H), 3.81 (s, 3 H), 5.82 (s,
1 H), 6.77 (s, 2 H), 7.23 (s, 1 H); ir (Nujol) 1650, 1630, 1600, and
1580 cm~!; uv (EtOH) Amex (I0g €) 213 (4.55), 235 sh (3.99), 273
(4.22), 286 (4.27), 315 sh (4.03), 357 (3.85).

Anal. Caled for CisHz004: C, 71.98; H, 6.71.
71.63; H, 6.63.

3-Ethoxy-4-methoxybenzaldehyde. To a solution of 100 g of
3-hydroxy-4-methoxybenzaldehyde in 200 ml of ethanol was added
a solution of 44 g of KOH in 44 ml of H,O. The mixture dissolved
upon heating to reflux and 56 ml of ethyl bromide was then added
slowly. A yellow solid began to precipitate after 15 min and heat-
ing of the mixture at reflux was continued overnight. Excess ethyl
bromide and solvent were removed in vacuo and the residue was
distributed between water and CHCl;. The CHCI; layer was dried
and evaporated to give a pale yellow oil which crystallized from
ethanol to give 112 g (93%) of 3-ethoxy-4-methoxybenzaldehyde,
mp 49.5-50.5° (lit.12 mp 50~51°).

C, 69.07; H, 6.71. Found: C,

Found: C,

Found: C,

Found: C,

C, 72.13; H, 7.65.

Found: C,

Found: C,

(12) E. Spdth and E. Bernhauer, Ber., 58, 203 (1925).
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3-Ethoxy-4-methoxytoluene. 3-Ethoxy-4-methoxybenzaldehyde
(112 g) was treated with 120 g of KOH, 87 ml of 95% hydrazine,
and 840 ml of diethylene glycol according to the above procedure
to yield a yellow oil. Distillation yielded 94 g (91%7), bp 64-69°
(1 mm) (lit. 13 bp 120° (30 mm)).
5-Ethoxy-4-methoxy-2-(3,4-dimethoxyacetyl)toluene. 3-Ethoxy-

4-methoxytoluene (94 g) was reacted with 74.8 g of AlCl; and 29.4 g
of 3,4-dimethoxyphenylacetyl chloride in 300 mi of CS,. A total of
40.0 g (87 %) of 2¢ was obtained after crystallization from ethanol:
mp 106-107°; nmr 6 1.47 (t, 3 H,J = 7 Hz), 2.52 (s, 3 H), 3.88 (s,
9 H),4.15(q,2 H,J = 7THz), 4.16 (s, 2 H), 6.75(s, 1 H), 6.80 (s, 3
H),7.35(s,1 H).

Anal. Caled for C20H2405:
69.42; H, 7.23.

2-Methyl-3’,4’ 5-trimethoxy-4-ethoxybibenzyl (1¢). By the pro-
cedure for the preparation of 1a, 35.1 g of the ketone was reacted
with 20 g of KOH, 14.5 ml of 95% hydrazine, and 140 ml of di-
ethylene glycol to give 25 g of 1¢ as a colorless oil (bp 175° (0.1 mm)).
The oil could be obtained crystalline from ethanol with care: mp
38-40°; nmr § 1.42(t, 3 H,J = 7 Hz), 2.19 (s, 3 H), 2.79 (s, 4 H),
3.76 (s, 3 H), 3.79 (s, 3 H), 3.81 (s, 3 H), 4.07 (q, 2 H,J = 7 Hz),
6.58-6.79 (m, 5 H).

Anal. Calcd for CyHp04:
72.68; H, 8.16.

9,10-Dihy dro-10a-methyl-2-ethoxy-6,7- dimethoxy- 3(10a H)- phen-
anthrone (3c). Oxidation of 360 mg of 1c at 0.80 V yielded 340 mg
of black oil after the usual work-up. This oil was recrystallized
from ethanol to yield 302 mg (86 %) of 3c; mp 178-179.5°; nmr §
1.21 (s, 3 H), 1.45(t, 3H,J = 7 Hz), 1.95 (m, 2 H), 2.95 (m, 2 H),
3.80 (q, 2 H, J = 7 Hz), 3.90 (s, 9 H), 5.79 (s, 1 H), 6.60 (s, 1 H),
6.68 (s, 1 H), 7.08 (s, 1 H); uv (ethanol) Amax 238 (log e = 3.99), 264
(loge = 4.01), 289 (log ¢ = 3.93), 353 (log e = 4.11).

Anal. Caled for Ci:H2204: C, 72.60; H, 7.01.
71.8; H, 6.9.

6-Methylveratraldehyde. Closely following literature meth-
ods,’ freshly distilled POCI; (50.6 ml) was added dropwise during 30
min to a stirred mixture of 4-methylveratrole (65.7 g) and DMF (30
g) freshly distilled after standing 2 days over CuSO.. Heating
overnight on a steam bath under reflux gave a deep brown, viscous
solution which when cooled was admixed with 600 ml of water.
Addition of excess 1077 NaOH solution separated out a yellow oil
which was extracted with benzene, The combined extracts were
washed with water, dried, and evaporated to give a viscous yellow
oil. Crystallization from alcohol gave 39.4 g of the aldehyde as a
white powder: mp 74-75° (1it.5 74°); nmr § 2.58 (s, 3 H), 3.90 (s,
3H),3.95(s, 3 H), 6.68 (s, 1 H), 7.30 (s, 1 H), 10.20(s, 1 H).

4,5-Dimethylveratrole. 6-Methylveratraldehyde (1.80 g) was
treated with 2 g of KOH, 1.4 ml of 95% hydrazine, and 20 ml of
diethylene glycol in the manner described for the preparation of
3,4-dimethoxytoluene to give a quantitative yield of 4,5-dimethyl-
veratrole as a cream colored solid. An analytical sample was
sublimed (60° (0.05 mm) to give a white powder; mp 41-42° (lit.s
42.5°); nmr § 2.19 (s, 6 H), 3.85 (s, 6 H), 6.66 (s, 2 H).

a-Hydroxy-4,5-dimethoxy-2-methylbibenzyl. To 10 g of 6-
methylveratraldehyde under a nitrogen atmosphere in 75 ml of dry
THF was added dropwise 1.5 equiv of benzylmagnesium chloride
in 20 ml of dry THF. After stirring overnight at room tempera-
ture, 20 ml of water was added. The residue remaining after most
of the THF had been distilled off was added to an additional 100
ml of water and extracted with ether to give a yellow oil. Distilla-
tion under reduced pressure gave bibenzyl resulting from coupling
of the Grignard reagent and a quantitative yield of the adduct 12
as a colorless viscous oil:  bp 170-175° (0.05 mm); nmr § 2.08 (s,
3 H), 2.88 (distorted doublet, J = 6 Hz, integration for 3 H suggests
coincidence with the alcohol proton), 3.75 (s, 6 H), 4.96 (t, J = 6
Hz, 1 H), 6.52(s, 1 H), 7.00 (s, 1 H), 7.15 (s, SH).

Anal. Caled for CiyH2003: C, 7497, H, 7.40. Found: C,
75.38; H, 7.43.

4,5-Dimethoxy-2-methylbibenzyl (1d). To a solution of 10 g of
12 in 200 ml of dry ether and 50 mli of dry THF containing 0.5 ml
of pyridine was added portionwise a solution of 10 ml of thionyl
chloride in 20 ml of dry ether during 30 min with stirring. After
an additional 20 min at room temperature, the reaction was cau-
tiously quenched with cold water. Separation and evaporation of
the ethereal layer gave 10 g of product as a pale yellow, mobile oil.
The ir showed no OH absorption. A solution of 1 g of this product
in 5 ml of dry ether was added dropwise to a stirred solution of 300

C, 69.75; H, 7.02. Found: C,

C, 72.70; H, 7.93.

Found: C,

Found: C,

(13) A. A, Goldberg and H. S. Turner, J. Chem. Soc., 111 (1946).
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mg of LiAlH in 50 ml of dry ether at room temperature. After
stirring overnight, the reaction was cautiously quenched with wet
ether, The separated aluminate was filtered and washed generously
with ether. The organic filtrate was washed with water, dried, and
evaporated to give a mobile yellow oil. Distillation (110-115°

Somatostatin.
Jean E. F. Rivier

(0.05 mm)) gave 680 mg of colorless oil: nmr § 2.20 (s, 3 H), 2.80
(s, 4 H), 3.75(s, 3 H), 3.80 (s, 3 H), 6.53 (s, 1 H), 6.60 (s, 1 H), 7.17
(s, 5 H); mass spectrum m/je 256 (13), 165 (100), and 91 (39).

Anal. Caled for CHz02: C, 79.65; H, 7.86. Found: C,
79.41; H,8.11.

Total Solid Phase Synthesis

Contribution from the Salk Institute for Biological Studies,
La Jolla, California 92037. Received November 3, 1973

Abstract:

The structure of a hypothalamic somatotropin-release inhibiting factor (SRIF, somatostatin) of ovine

origin, the sequence of which is H-Ala-Gly-Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-Cys-OH, has been

reported. We describe: (a) the synthesis on a chloromethylated resin of the corresponding linear peptide; (b)
its deprotection and cleavage from the resin by HF; (c) its purification by repeated gel filtrations in presence of
B-mercaptoethanol; (d) oxidation of the sulfhydryls of both cysteinyl residues to form the 38-membered ring;
(e) characterization of the straight-chain intermediate and bridged tetradecapeptide after purification; (f) com-
parison of natural somatostatin with its synthetic counterpart by tlc in three different systems, electrophoresis on
paper, amino acid analysis after hydrolysis under various conditions, optical rotation, circular dichroism, gel filtra-
tion and partition chromatography on Sephadex G-25F, tlc of the tryptic digest, mass spectrometry of the deriva-
tized fragment -Asn-Phe-Phe-Trp-Lys- isolated from a tryptic digest, and biological activity.

he tetradecapeptide somatostatin,! H-Ala-Gly-
(Llys -Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-

SZ,.S'OH’ was isolated from ovine hypothalamic ex-

tracts? on the basis of its ability to inhibit the secretion
of radioimmunoassayable growth hormone (GH) by
primary cultures of enzymatically dispersed rat anterior
pituitary cells. The sequence was obtained using the
regular Edman degradation procedure® coupled to mass
spectrometric analysis of a tryptic digest. Extensive
biological studies made on a synthetic material, the
synthesis of which has already been described in a
preliminary note,®® have been reported.®=% It is note-

(1) P. Brazeau, W, Vale, R, Burgus, N. Ling, M. Butcher, J. Rivier,
and R. Guillemin, Science, 179, 77 (1973). We proposed to name the
peptide described here somatostatin, from somato(tropin), a pituitary
factor affecting statural growth, and stat(in), from the Latin ‘‘to halt,
to arrest” (as in homeostat or bacteriostat). This is in keeping with the
efforts of several international nomenclature committees (with which
the final decision should remain) aiming at creating trivial names for
biologically active polypeptides rather than maintaining the use of
acronyms such as SRIF, somatotropin release inhibiting factor. Sym-
bols and abbreviations are in accordance with the recommendations of
the IUPAC-IUB Commission on Biochemical Nomenclature, J. Biol.
Chem., 247, 977 (1971). Other abbreviations used are: GH, growth
hormone; DMF, dimethylformamide; Z, benzyloxycarbonyl, Z(2
C1), 2-chlorobenzyloxycarbonyl.

(2) Brazeau, et al., submitted for publication in Can. J. Biochem.

(3) R. Burgus, N. Ling, M. Butcher, and R. Guillemin, Proc. Nat.
Acad, Sci, U. S., 70, 684 (1973).

(4) N. Ling, R. Burgus, J. Rivier, W, Vale, and P. Brazeau, Biochem.
Biophys. Res. Commun., 50, 127 (1973).

(5) (a) J. Rivier, P. Brazeau, W. Vale, N. Ling, R. Burgus, C. Gilon,
J. Yardley, and R. Guillemin, C. R. Acad. Sci., 276, 2737 (1973).
While this work was in progress three reports of independent syntheses
have successively appeared in the literature: (b) D. Sarantakis and W,
A. McKinley, Biochem. Biophys. Res. Commun., 54, 234 (1973); (¢)
D. Yamashiro and C. H. Li, Biochem. Biophys. Res. Commun., 54,
882 (1973); (d) D. H. Coy, E. J. Coy, A. Arimura, and A. V. Schaily,
Biochem. Biophys. Res. Commun., 54, 1267 (1973).

(6) W, Vale, P, Brazeau, G. Grant, A. Nussey, R. Burgus, J. Rivier,
N. Ling, and R. Guillemin, C. R. Acad. Sci., 275, 2913 (1972).

(7) W. Vale, P. Brazeau, C. Rivier, J. Rivier, G. Grant, R. Burgus,
and R. Guillemin, Endocrinology, 93, A139 (1973).

(8) P. Brazeau, J. Rivier, W, Vale, and R. Guillemin, Endocrinology,
94, 184 (1974).
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worthy that somatostatin has been found to inhibit in
normal human subjects the release of growth hormone
brought about by L-Dopa, infusion of arginine,® !* and
in diabetics, by exercise; ! it is highly active in lowering
plasma levels of GH in acromegalics’ and thus, as
originally proposed,! may be of therapeutic value in
acromegaly and diabetes. We report here in detail
the first synthesis®® of somatostatin in a highly purified
form and results from the comparison of the physical
and biological properties of both synthetic and natural
peptides. This comparison should not be considered
as a proof of reported structure! ¢ by synthesis but
as another means of identification of the synthetic
material made by the still controversial solid phase
methodology, the drawbacks and advantages of which
are discussed for this particular peptide.

The protected somatostatin tetradecapeptide was
synthesized in a stepwise manner on chloromethylated
resin prepared according to Stewart and Young.'?
Boc-Cys(p-OMe-Bzl) was esterified by the classical
method,!? even though esterification in DMSO in
the presence of potassium fert-butoxide according to
Monahan and Gilon!? was also found to be appropriate.
For both methods the optical purity of the cysteine
attached to the resin was checked by the synthesis of
the dipeptide Leu-Cys(Cm). Boc-Leu was coupled
to the free Cys(p-OMe-Bzl)-polymer: the dipeptide was
deprotected and cleaved from the resin in HF!4 and

(9) T. M. Siler, G. VandenBerg, S. S. C. Yen, P. Brazeau, W. Vale,
and R. Guillemin, J. Clin. Endocrinol. Metab., 37,632 (1973).

(10) R, Hall, A. V. Schally, D. Evered, A. J. Kastin, C. H. Mortimer,
W. M. G. Tunbridge, G. M. Besser, D. H. Coy, D. J. Goldie, A. S.
McNeilly, C. Phenekos, and D. Weightmen, Lancet, 2, 581 (1973).

(11) Aa. P. Hansen, H. Orskov, K. Seyer-Hansen, and K. Lundback,
Brit. Med. J., 3,523 (1973).

(12) 7. Stewart and J, Young, *‘Solid Phase Peptide Synthesis,” W, H.
Freeman, San Francisco, Calif., 1969.

(13) M. Monahan and C. Gilon, Biopolymers, 12,2513 (1973).

(14) S. Sakakibara, Y. Shimonishi, Y. Kishida, M. Okada, and H.
Sugihara, Bull. Chem. Soc. Jap., 40, 2164 (1967).



