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prolyl peptide bond. The product was recrystallized from chloro-
form to obtain white crystals, mp 155-156 °C. The 'H NMR spec-
trum in CD3OD had resonances at ¢ 1.5 (doublet, 6 H), 1.8 (broad
multiplet, 4 H), 3.6 (singlet, 3 H), 5.1 (singlet, 2 H), and 7.3 [multi-
plet, 10 H, including a singlet in the center (~5 H)]; other peaks
were obscured by residual protons in the solvent.

Carbobenzyloxy-2-methylalanyl-L-prolyl-L-tryptophan was
prepared from the above carbobenzyloxy tripeptide methyl ester
in the same manner as was done at the dipeptide stage of the syn-
thesis. The product was obtained in 82% yield and was recrystal-
lized from methanol to afford white crystals, mp 158-159 °C. The
mass spectrum exhibited a parent ion at m/e 520 and the 'H NMR
spectrum, in acetone-dg, showed signals at § 1.5 (broad singlet, 6
H), 1.8 (multiplet partially obscured by residual solvent peaks), 3.3
(singlet, 3 H), 3.5-4.7 (broad complex region, 6 H), 5.0 (singlet, 2
H), and 7.2 [complex multiplet, 10 H, including a singlet in the
center (~5 H)]. The singlet at 3.3 ppm (3 H) represents a solvating
molecule of methanol found in the crystalline material.

Anal. Caled for CogH3oN4Og-CH30H: C, 63.03; H, 6.57. Found:
C, 62.94; H, 6.29.

Carbobenzyloxy-2-methylalanyl-cis-4-fluoro-L-prolyl-L-
tryptophan and carbobenzyloxy-2-methylalanyl-trans-4-flu-
oro-L-prolyl-L-tryptophan were prepared by exactly the same
methods as the unfluorinated carbobenzyloxy tripeptide described
above. As in the unfluorinated case, the cis- and trans-4-fluo-
roprolyl peptide derivatives afforded carbobenzyloxy dipeptide
methyl esters (85 and 78%, respectively) and carbobenzyloxy di-
peptides (70 and 73%, respectively) which were oils, whereas the
carbobenzyloxy tripeptide methyl esters (79% mp 109.5-111 °C,
and 76%, mp 158-159 °C, respectively) and carbobenzyloxy tripep-
tides (80%, mp 190-191 °C, and 85%, mp 126-127 °C, respectively)
were crystalline. Each step in these syntheses went smoothly, and
TH NMR spectra were consistent with the expected products at
each step. The 'H NMR spectrum of the protected tripeptide con-
taining cis-fluoroproline showed signals at § 1.4 (unsymmetrical
doublet, 6 H), 2.1-2.6 (broad band, 2 H), 5.6 (broad peak, 0.5 H),
and 7.2 (broad, complex multiplet, 10 H). A number of peaks, some
partially obscured by signals from residual protons of the solvent
and spinning side bands, were observed between 6 3.0 and 5.0. The
'H NMR spectrum (CD3OD) of the corresponding trans isomer
had ¢ 1.4 (doublet, 6 H), 1.8-2.5 (broad multiplet, 2 H), 2.7-4.9 (a
number of resonances, many partially obscured by residual solvent
signals and spinning side bands), 5.0 (singlet, 2 H), 6.0 (broad
peak, 0.5 H), and 7.2 (broad complex multiplet, 10 H).

Carbobenzyloxyglyeyl-L-prolyl-L-tryptophan was synthe-
sized from carbobenzyloxyglycyl-L-proline (Sigma) by the same re-
actions described above, affording the carbobenzyloxy tripeptide
methyl ester in 75% yield and carbobenzyloxy tripeptide in 79%
yield. Both products were solids upon exhaustive evaporation of
solvent, but could not be recrystallized, possibly because of traces
of dicyclohexylurea present. The impure carbobenzyloxy tripep-
tide product had a 'TH NMR spectrum (CDCl3) containing signals
at § 5.0 (singlet, 2 H), 6.0 (broad peak, 1 H), and 7.1 (complex mul-
tiplet, 10 H).

Carbobenzyloxy-L-alanyl-L-prolyl-L-tryptophan was syn-
thesized from carbobenzyloxy-L-alanyl-L-proline (Sigma) by reac-
tions similar to those used above. The saponification of the methyl
ester resulted in a solid rather than an oily precipitate on addition
of concentrated HCL This solid was not readily extracted into
ethyl acetate and was collected by vacuum filtration, washed with
cold water, and dried (mp 171-173 °C). TH NMR (CD30D) of this
unpurified solid had é 1.2 (doublet, 3 H), 1.9 (broad band, 4 H), 5.0
(singlet, 2 H), and 7.3 (complex multiplet, 10 H). The solvent sig-
nals made accurate integration of other parts of the spectrum un-
reliable.

Hydrogenolyses of the carbobenzyloxy tripeptides were carried
out by bubbling Hg through a magnetically stirred solution of 0.4
mmol of the material in 14 ml of methanol; ~100 mg of 10% Pd/C
was used as the catalyst.

The peptide syntheses and hydrogenolyses were monitored by
TLC using Eastman Chromogram silica gel plates developed with
a mixture of 1-butanol (63 ml), glacial acetic acid (23 ml), and
water (14 ml). Plates were visualized with ninhydrin spray and io-
dine vapor.

'H NMR spectra were recorded on a Varian Associates T-60 or
HA-100 spectrometer using, as appropriate, deuterium oxide, ace-
tone-dg, deuteriochloroform, or deuterated methanol as solvents;
chemical shifts are given relative to tetramethylsilane. Mass spec-
tra were determined with an AEI MS-902 mass spectrometer. Mi-
croanalyses were performed by Chemalytics, Inc., Tempe, Ariz.
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Diels-Alder cycloadditions of trans,trans-1,4-diacetoxy-
butadiene (1) with electrophilic olefins provide one valu-
able source of highly oxygenated six-membered carbo-
cycles! which we have had occasion to explore. In this note
we disclose further details regarding the reactivity of 1 as a
diene component. We also describe the outcome of experi-
ments which bring important new results to bear on some
previously described cycloadditions.

The condensation of 1 with acrylic acid and its esters has
been the subject of some debate, focusing on the stereo-
chemistry of the adduct 2.2-¢ Comprehensive NMR spec-
troscopic data have been gathered by Raphael,® Hill,® and
Smissman” in support of the all-cis stereochemistry (shown
in 2) predicted from an endo transition state. We have pre-
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pared this adduct (mp 141-143 °C) and now present chem-
ical evidence consistent with the all-cis assignment.
Saponification of 2 (10% NaOH, 0 °C, 2 h) proceeds
without elimination to afford the dihydroxy acid 3. When
subjected to p-toluenesulfonic acid in chlorobenzene at re-
flux 3 is transformed into the bicyclic y-lactone 4 in 85%
yield after distillation. Consistent with its structure, 4
forms a customary dibromo derivative 5 and can as well be
oxidized (Jones reagent) cleanly to the bicyclic enone 6.

Br
_..««Br «— 4 —
1
0 OH 0 o

5 6

This lactonization thus provides chemical affirmation of
the stereochemical assignment in 2.

We have also investigated for the first time addition of 1
with more highly functionalized acrylate derivatives. Al-
though 1 with fumaric acid affords only phthalic anhydride
under a variety of conditions, the ene-tetraester 7 can be

OAc
CH,0.C

T

CO,CH;

CO,CH,

"CO,CH,
OAc

;-
obtained in 76% yield (recrystallized) after boiling an equi-
molar mixture of 1 and dimethyl fumarate in xylene for 24
h. Surprisingly the crude reaction mixture gives no evi-
dence of any aromatic by-products. Hill has reported the
utility of 1 in constructing substituted aromatic rings by di-
rect cycloaddition with acetylenic dienophiles and subse-
quent elimination of acetic acid.? In that work, a mixture of
1 and dimethyl acetylenedicarboxylate when heated at 110
°C (no solvent) furnished 8. We have repeated this experi-
ment in toluene at reflux (50 h) and found, in contrast, that
a 70% (distilled) yield of the cyclohexadiene 9 may be ob-

OAc H OAc

CO,CH, CO.CH, CO,CH,
) neat 1 + . toluene
~HOAc "l

H.
CO.,CH, CO,CH;

CO,CH; OAc

& 9

tained consistently. Efforts to extend this useful 1,4-cyclo-
hexadiene synthesis to propiolic acid and ethyl propiolate
were far less successful. In both cases numerous products in
addition to diene were formed. None of these was acetylsal-
icylic acid (ethyl ester) or m-acetoxybenzoic acid (ethyl
ester), the expected aromatic derivatives.

As part of another project we required the previously un-
prepared adduct of 1 with phenylmaleic anhydride.® This

Notes
0 AOH o
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0O AcO Ph O
10

bicyclic anhydride 10 (mp 160-162 °C) could be isolated in
52% yield (xylene, reflux) as a mixture (ca. 10:1) of unas-
signed stereoisomers which were separable by high-pres-
sure liquid chromatography. In other cycloadditions we
have surveyed for purposes of natural product synthesis, no
reaction could be engendered between 1 and ethyl cinna-
mate, ethyl p-nitrocinnamate, or cinnamoyl chloride.

Experimental Section

Melting points were determined in capillaries and are uncorrect-
ed. NMR spectra were recorded on a Varian A-60A spectrometer
with tetramethylsilane as an internal standard. Infrared spectra
were determined on a Perkin-Elmer 137 spectrophotometer. Mass
spectra were carried out using a computerized AEI MS-902 instru-
ment. Microanalyses were performed by Galbraith Laboratories,
Knoxville, Tenn.

all-cis-2,5-Dihydroxycyclohex-3-enecarboxylic acid (3).
all-cis-2,5-Diacetoxycyclohex-3-enecarboxylic acid (2,2 1.00 g, 4.13
mmol) was stirred with 10% aqueous NaOH solution (10 ml) at 0
°C for 2 h. While cold, the solution was acidified to pH 3 (10%
H280,) and washed with three 25-ml portions of ether, The aque-
ous layer was evaporated to dryness under vacuum (0.5 mmHg)
and the residue stirred overnight with 50 ml of distilled THF. The
supernatant was dried (MgSQOy), filtered through Celite, and con-
centrated to yield 0.524 g (80%) of 3, mp 155-157 °C after tritura-
tion with cold ether: NMR 6 (D20) 5.90 (d, 2 H, J = 2 Hz), 4.1-4.5
(m,2H),2.78 (d of t, 1 H, J = 12, 4, 3 Hz), 1.28-2.33 (complex m, 2
H); ir (nujol) 3.15. 5.76, 5.99 u.

Anal. Caled for C7H1004: C, 53.2; H, 6.4. Found: C, 53.2; H, 6.4.

Preparation of 6-Oxo-7T-oxabicyclo[3.2.1]oct-2-en-4-0l (4).
A 50-ml round-bottom flask containing 3 (0.097 g, 0.615 mmol)
and a trace (<1 mg) of p-toluenesulfonic acid was fitted with a
Soxhlet extractor containing a thimble half-filled with CaHs. The
apparatus was flushed with Nj, then chlorobenzene (30 ml, deaer-
ated for 15 min in a stream of N2) added. The mixture was heated
at reflux for 6 h. After removal of solvent at reduced pressure the
residue was stirred with solid NaHCOQj3; in CHCl3 for 30 min and
filtered, and the filtrate was concentrated. Kugelrohr distillation
(140 °C, 0.2 mm) afforded 0.073 g (85%) of lactone 4 as a colorless
solid: mp 79-84 °C; NMR 6 (CDCl3) 6.33 (d of d, 1 H, J = 9, 5 Hz),
5.91 (broad d, 1 H, J = 9 Hz), 4.83 (broad d, 1 H, J = 5 Hz), 4.68
(m, 1 H), 3.78 (s, 1 H, hydroxyl), 3.10 (t, 1 H, J = 5 Hz), 2.55 (d of
t,1 H,J = 12,5 Hz), 2.11 (d, 1 H, J = 12 Hz); ir (CHCl3) 5.63 y;
mass spectrum (CI, methane) m/e 141 (M -+ 1), 123 (base).

Anal. Caled for C7HgOg3: C, 60.0; H, 5.8. Found: C, 60.0; H, 5.7.

Preparation of 4,6-Dioxo-7-oxabicyclo[3.2.1]Joct-2-ene (6).
Oxidation of 4. A solution of the lactone 4 (0.047 g, 0.336 mmol) in
acetone (5 ml) was chilled to 0 °C. Standard Jones reagent was
added dropwise until the red color of the reagent persisted. Excess
oxidant was destroyed with isopropy! alcohol, then sufficient water
added to dissolve the chromium salts. Three ether extractions af-
forded 0.023 g (50%) of the enone as a yellow oil: NMR & (CDCl3)
742 (d of d, 1 H, J = 10, 5 Hz), 6.01 (d, 1 H, J = 10 Hz), 5.17
(broad t, 1 H), 3.64 (m, 1 H), 2.89 (m, 2 H); ir (film) 5.60, 5.88 u.

Cycloaddition of 1 with dimethyl fumarate. A solution of di-
methyl fumarate (1.695 g, 11.76 mmol) and 11° (2.000 g, 11.76
mmol) in deaerated xylene (50 ml) was heated at reflux for 24 h
under Nj. Removal of the solvent at reduced pressure, then crys-
tallization of the residue from 1:2 benzene-hexane afforded 2.812 g
(76%) of 7 as fine, colorless needles: mp 129-131 °C; NMR &
(CDCl3) 5.98 (m, 2 H), 5.62 (m, 2 H), 3.72 and 3.71 (overlapping
singlets, 6 H), 3.18 (d of d, 2 H, J = 6, 1.5, 1.5 Hz), 2.10 (s, 3 H),
2.00 (s, 3 H); ir (CHCIl3) 5.75 u.

Anal. Caled for C14H150g: C, 53.5; H, 5.8. Found: C, 53.6; H, 5.7.

Cycloaddition of 1 with Dimethyl Acetylenedicarboxylate.
Dimethyl acetylenedicarboxylate (0.302 g, 2.14 mmol) and 1 (0.200
g, 1.18 mmol) were dissolved in deaerated toluene (15 ml) and the
solution heated at reflux under Ny for 48 h. Remowval of the solvent
at reduced pressure followed by Kugelrohr distillation (100-150 °C
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at 0.1 mm) from a base-washed flask ylelded 0.355 g (70%) of color-
less oil which solidified on standing in the freezer (mp 56-61 °C):
NMR 5 (CDCly) 6.08 (s, 4 H), 3.85 (s, 6 H), 2.12 (s, 8 H); ir (CHCly)
5,75, 8.05 u; mass spectrum (CI, méthane) m/e 313 (M + 1), 228
(base). After one recrystallization from 2:1 cyclohexane-hexane
the adduct 9 had mp 64-67° (recovery 56%).

Anal. Caled for C14H160g: C, 53:8; H, 5.2. Found: C, 54.1; H, 5.2,

Cycloaddition of | with Phenylnialeic Anhydride. Phenyl-
maleic anhydtide (0.870 g, 5.0 mmol) and 1 (0.750 g, 5.0 mmol) in
xylene (25 ml, deaerated) were heated at reﬂux under Ny for.40 h.
Removal of the solvent at reduced pressuré followed by crystalliza-
tion (1:2 benzene-hexane) gave 0.900 g {50%) of 10 as fine, pale
yellow needles: mp 160-162 °C; NMR § (CDCls) 7.46 (s, 5 H), 6.20
(d,2H,J =2Hz),572(dofd, 1H,J =8 2Hz),564(d,1H,J =
2Hz),4.19(d, 1 H,J = 8 Hz), 2.20 (s, 3H) 2:05 (s, 3 H); 1r(CHClg
5.36, 5.58, 5.71 u; mass spectrum_ nife 284 (M =~ 60), 43 (base).

Anal. Caled for C15H1607: C, 62.8; H, 4.7. Found: C, 63.0; H; <4.6.

Analysis of this product by high-pressure liquid chromatogra-
phy!! (Porasil, eluting with CH3Cly) indicated two isomers with
the major (ca. 10:1) having a longer retentidn time.
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The preparation of tetrahydroisoquinolines. devoid of
substituents in one of the aromatic rings, such as l'e and 2e,
by standard methods was recently described.! We now re-
port the novel synthesis of related compounds based oh the
preferential O-demethylenation of dimethoxymethylenedi-
oxy-substituted isoquinolines with boron trichloride? fol-
lowed by elimination of the resulting catechol function via
hydrogenolysis of the bistetrazoyl ether intermediate.?

To demonstrate the feasibility of removing a catechol
function from a tetrahydroisoquinolinie, the dimethoxyca-
techol 1b* was treated with 2 equiv of 5-chloro-1-phenyl-
1H-tetrazole in refluxing acetone containing anhydrous
K2COs3 to furnish 70% of the bistetrazoyl ether lc. Hydro-
genation of lc in acetic acid over Pd/C then provided 80%
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of the known® dimethoxy-substituted tetrahydroisoquino-
line 1d.

In applying this procedure to the selective rémoval of a
methylenedioxy group from an isoquinoline, the dimethox-
ymethylenedioxy tetrahydroprotoberberine 2a, obtained
by borohydride reduction of the commercially available al-
kaloid berberine,® was O-demethylenated with 2 mol of
boron trichloride in methylene chloride to provide 95% of
the known? dimethoxycatechol 2b. Etherification of 2b
with 5-chloro-1-phehyl-1H -tetrazole gave 95% of the biste-
trazoyl ether 2¢ which was then hydrogenolyzed to form
64% of the dimethoxy tetrahydroprotoberberine 2d (58%
overall from 2a).

a -0OCH,0- Me
b OH OH Me
c % *  Me
d H H Me
e H H H

Finally, to ‘;ce_st whether hydrogenolysis of &n optically
active substrate’’'would cause racemization, ‘the (+)-di-
methoxydiphenolic phthalide 3b, obtained in 81% yield by
treating the alkaloid (—)-3-hydrastine (3a) with boron tri-
chloride,? was converted into the (+)-bistetrazoyl ether 3¢
(85% yield). Catalytic hydrogenation of 3¢ in the presence
of Pd/C then afforded 90% of the (—)-dimethoxyphthalide
3d whose 1R,9S configuration was indicated by its NMR,
ORD, and CD spectra.

Based on the above transformations, the novel elimina-
tion of a methylenedioxy group from a dimethoxymethy-
lenedioxy isoquinoline has provided a facile route to a di-
methoxy-substituted benzylisoquinoline, a tetrahydropro-
toberberine, and a phthalideisoquinoline. The method ap-
pears to be applicable to secondary as well as tertiary
amines and in the instant example did not affect the chiral
centers of the substrate. Extension of this approach to
other optically active isoquinolines is presently under in-
vestigation:

Experimental Section8

6,7-Bis‘(1-pheny1-iH-tetraz‘ol-5-yloxy,)-1-(3,4-dimeth6xy-
benzyl)-1,2,3,4-tetraliydroisoquinoline Hydrochloride (lc

HCI). A mixture of 5.3 g (15 mmol) of 6,7-dihydroxy-1-(3,4-di-

methoxybenzyl)-1,2,3,4-tetrahydroisoquinoline hydrochloride® (1b
HCI), 6 g (30 mmol) of 5-chloro-1-phenyl-1H -tetrazole, and 6.8 g
(50 mmol) of anhydrous potassium carbonate in 300 ml of acetone
was stirred and refluxed for 48 h, cooled, and filtered. The filtrate
was evaporated, and the residue dissolved in ethanolic hydrogen
chloride, evaporated, and crystallized from acetonitrile to give 6.6
g (70%) of 1¢ HCL: mp 192-193 °C; NMR § 2.8-3.8 (m, 6, 3 CHy),
3.73 (s, 8, 2 OCHz), 4.48 (m, 1, CH), 6.81 (m, 3, aromatic), 7.48, 7.51
(28, 10, aromatic), 7.80; 7.90 (2 s, 2, aromatic).

Anal. Caled for C3oHooNgO4-HCIL: C, 59.68; H, 4.68; N, 19.70.
Found: C, 59.24; H, 4.80; N, 19.28,



