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and the solvent was evaporated under reduced pressure (25 °C,
12 Torr). The residue was purified by distillation to give 5,6-
dihydro-2H-thiopyran: 1.31 g (65%); bp 58-60 °C (20 Torr).

Synthesis of (Z)-1-Phenyl-1-propene from (E)-1-
Morpholino-1-phenyl-1-propene. The following procedure (A)
for the preparation of (Z)-1-phenyl-1-propene is illustrative. To
a stirred suspension of 3-BBN (2.44 g, 20 mmol) in THF (4 mL)
was added (E)-1-morpholino-1-phenyl-1-propene (4.06 g, 20 mmol).
The suspension became a clear solution after 3 h at 25 °C. The
B NMR spectrum of the solution indicated the absence of
9-BBN. The solvent THF was evaporated under reduced pressure
(25 °C, 12 Torr). Methanol (0.8 g, 25 mmol) was added to the
residue. A mildly exothermic reaction occurred, and the reaction
mixture solidified. The solid was triturated with n-pentane (3
X 20 mL). The n-pentane solution was decanted and washed
successively with water (2 X 10 mL), 3 N sodium hydroxide (3
X 10 mL), 3 N hydrochloric acid (3 X 10 mL), and water (2 X 10
mL) to remove B-methoxy-9-BBN and morpholine. The n-pen-
tane layer was dried over anhydrous magnesium sulfate, and the
solvent was evaporated under reduced pressure (25 °C, 12 Torr).
The residue was purified by distillation to give isomerically pure
(Z)-1-phenyl-1-propene: 1.90 g (81%); bp 62-64 °C (12 Torr).

Preparation of (E)-1-Phenyl-1-propene from (E)-1-
Morpholino-1-phenyl-1-propene. The following procedure (B)
for the preparation of (E)-1-phenyl-1-propene is typical. To a

1.0 M THF solution of (E)-1-morpholino-1-phenyl-1-propene (20
mL, 20 mmol), borane-methyl sulfide (2.0 mL, 20 mmol), was
added at 25 °C with stirring. A yellow color developed imme-
diately and faded completely within 0.25 h. The reaction mixture
was stirred at 25 °C for 1 h and then methanolyzed. The solvent
was evaporated under reduced pressure (25 °C, 12 Torr), and the
resulting crude boronate ester was dissolved in THF so as to give
a 1.0 M solution. It was oxidized using 30% hydrogen peroxide
(2.3 mL), and the exothermic reaction was controlled by the rate
of addition and by water-bath cooling to maintain the temperature
below 30 °C. After 2 h, water (20 mL) and n-pentane (100 mL)
were added to the reaction mixture. The organic phase was
quickly washed with 3 N HCI (2 X 10 mL) and water (2 X 10 mL)
and dried over anhydrous magnesium sulfate. The solvent was
evaporated (25 °C, 12 Torr), and the residue was purified by
distillation to give isomerically pure (E)-1-phenyl-1-propene: 1.77
g (75%); bp 72-74 °C (20 Torr).
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Two rotationally restricted tetrahydrocannabinol (THC) ethers were synthesized to test the concept that the
psychopharmacological activity of cannabinoids derives, in part, from the orientation of the lone pairs of electrons
of the phenolic hydroxyl oxygen. These compounds, 0,2-propano-A8-THC (3) and 0,10-methano-A%-THC (12),
lock the orientation of the lone pairs of electrons toward and away from the cyclohexene ring, respectively, by
restricting bond rotation through the formation of cyclic ethers. The synthesis of 3 was achieved by alkylation
of the phenolic oxygen of A%-THC (1) with 3-bromo-1-propanol followed by cyclodehydration in the presence
of phosphorus pentoxide. The synthesis of 12 was achieved from a sequence of reactions that involved the cyclization
of a chloroformate in a modification of the Darzens acylation of olefins. Thus, treatment of A% THC with phosgene
in the presence of N,N-dimethylaniline afforded A®-THC chloroformate. Subsequent intramolecular cycloaddition
of the chloroformyl moiety to the A%-unsaturation in the presence of AlCl; afforded the corresponding 8-chloro
ester 9. Treatment of 9 with lithium aluminum hydride gave 10-(hydroxymethyl)-A>-THC (10). Compound 12
and 10-methylene-A%-THC (11) were obtained as a readily separable mixture by treatment of 10 with 3 mol of
tosyl chloride in pyridine. ®*C NMR and 'H NMR spectral assignments were made. A model study of the
TiCl,-mediated cleavage of the MEM ether of phenol demonstrated generation of the phenoxymethyl cation.

Two rotationally restricted tetrahydrocannabinol (THC)
ethers were synthesized to test the hypothesis that the
psychopharmacological activity of cannabinoids derives,
in part, from the orientation of the lone pairs of electrons
of the phenolic hydroxyl oxygen. Previous theoretical
studies? have indicated that there are two minimum energy
positions for the phenol hydroxyl in (~)-A%-THC (7), the
major psychopharmacologically active component of can-
nabis.> In these conformations, the lone pairs of electrons
on the C1 oxygen are oriented toward and away from the

(1) (a) Research Triangle Institute. (b) Organon Teknika, NC. (c)
Amgen, CA. (d) Kennesaw State College.

(2) (a) Reggio, P. H.; Mazurek, A. P. J. Mol. Struc. (Theochem.) 1987,
é;Q, %%%) (b) Reggio, P. H.; Greer, K. V.; Cox, S. M. J. Med. Chem. 1989,

, 1630.

(3) Gaoni, Y.; Mechoulam, R. J. Am. Chem. Soc. 1971, 93, 217.

cyclohexane ring. The two rotationally restricted THC
ethers discussed here were designed to mimic the two
phenol conformations of (-)-A%-THC. Thus, O,2-
propano-A8-THC (3) and 0,10-methano-A%-THC (12) or-
ient the lone pairs of electrons toward and away from the
cyclohexane ring, respectively, by restricting bond rotation
through the formation of cyclic ethers.

The accessible conformations of both 3 and 12 were
calculated by using the method of molecular mechanics
as encoded in the MMP2(85) program.* For 3, two ac-
cessible minimum energy conformers were found that
differend principally in the conformation of the new fourth
ring. In the global minimum structure, the chroman ether

(4) Allinger, N. L. MMP2(85), distributed by Molecular Design, Ltd.,
San Leandro, Ca.
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Scheme 1
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1’-CH, points into the o face of the molecule. In the
second minimum energy conformer, which is 0.81 kcal/mol
higher in steric energy than the global minimum con-
former, the chroman ether 1’-CH, is puckered into the 38
face of the molecule.

For 12, three accessible minimum energy conformers
were found. Two low energy conformers (I and II) differed
in steric energy by only 0.40 kcal/mol, while the third
conformer (III) was 1.99 kcal/mol higher than the global
minimum conformer (I). The first two conformers of 12
differed mainly in the conformation of the new fourth ring.
In conformer I, the methylene bridge points into the 3 face
of the molecule, while in conformer II, this bridge points
into the « face of the molecule. In conformer III, the
methylene bridge points into the a face of the molecule
and further differs from conformers I and II in the pucker
of the pyran ring. The details of these calculations, as well
as a full description of the results will be published else-
where.?

Molecular electrostatic potential (MEP) calculations®
revealed that the accessible conformers of both 3 and 12
generate MEPs similar to those generated by (-)-A%-THC
in its two phenol conformations. Therefore, accessible
conformers of 3 and 12 mimic the important structural
features of active cannabinoids while separating the ori-
entations of the lone pairs of electrons.

The synthesis of 3 was straightforward, following a
general approach for the construction of the chroman ring
system®’ (Scheme I). Alkylation of the phenolic oxygen
of AR THC (1) with 3-bromo-1-propanol in the presence
of DBU gave O-(3-hydroxypropyl)-AS-THC (2) in 87%
yield. Cyclization was mediated by P,0; to provide 3 in
37% vyield. The structures of these compounds were
supported by their HRMS and 'H NMR spectra, with 3
being further characterized by *C NMR, two dimensional
heteronuclear correlation spectroscopy, and elemental
analysis. The 13C NMR spectrum (Table I) agreed closely
with that of A:-THC? with notable deviations for the C2,
C3, and «CH, resonances, which exhibited shift changes
of +4, -2.1, and —3.2 ppm, respectively. These positions
are reasonably expected to show maximal changes for a
new substituent at C2. The mass spectrum base ion at m/e
271 represented loss of five carbons of the cyclohexene ring
from a retro-Diels-Alder fragmentation plus loss of a 6-

(5) Reggio, P. H.; Seltzman, H. H.; Compton, D. R.; Prescott, W. R.,
Jr.; Martin, B. R. Mol. Pharmacol. In Press.

(6) Rindfusz, R. E.; Ginnings, P. M,; Harnack, V. L. J. Am. Chem. Soc.
1920, 42, 157.

(7) Borowitz, I. J.; Gonie, G.; Kelsy, R.; Rapp, R.; Williams, G. J. J.
Org. Chem. 1966, 31, 3032.

(8) Archer, R. A,; Johnson, D. W.; Hagaman, E. W.; Moreno, L. N.;
Wenkert, E. J. Org. Chem. 1977, 42, 490.

4

Table I. 3C NMR Chemical Shift Assignments for
Cannabinoids®

3 7 8 9 10 11 12

C1 154.1° 154.4° 150.2¢ 152.5° 155.2° 154.8° 153.2°
C2 111.6° 107.5 1127 1068 110.4° 108.9° 106.8¢
C3 140.3 1425 143.1 150.0 1427 143.7¢ 1429
C4 109.6 109.8 1164 111.5 108.2¢ 110.7¢ 108.2¢
Cda 152.1° 154.1° 154.7° 153.8° 154.4° 154.4° 152.9¢
Cl0b 111.8¢ 1089 1144 1443 109.8 106.6 f

Ce 761 7.1 717 787 719 765  79.0
Céa 45.2 457 453 428 488 476 440
C7 280 250 247 230 229 293 234

C8 1191 311 309 307 295 1253 325
C9 135.0 133.8 1354 640 1356 133.8 128.0
C10 36.2 123.7 1221 g 1354 145.9¢ 122.8
C10a 319 336 338 351 354 380 304
6a-Me 183 192 193 21.2 183 184 221
66-Me 275 275 273 275 273 270 281
9-Me 234 233 233 217 192 198 177
aC 322 354 352 357 356 355 358

sC 293 305 303 306 303 304 307
¥C 319 314 313 312 313 314 314
6C 225 225 224 223 223 224 224
eC 13.9 140 138 13.8 13.7 13.9 13.8
0(10) 1486 1622 59.0 1074 65.2
Prl’ 65.4

Pr2 f

Pr3 21.7

¢In parts per million downfield from Me,Si; 5(MeSi) = -
(CDCly) + 76.9 ppm. ®Data from ref 8. °*Signals in any vertical
column may be reversed. /Not observed as a resolved resonance,
possibly due to overlap. #Not assigned from among the extra
peaks in the spectrum of unstable 9.

methyl group, typical of A%-cannabinoids.’

The synthesis of compound 12 offered more difficulties
due to the unique chemistries of A% cannabinoids, which
include preferred formation of or isomerization to the
thermodynamically preferred A® structures.® The ap-
proach that we examined first to establish the bridged
structure was the intramolecular cycloaddition of a
phenoxymethyl cation to the A® unsaturation. Additions
of chloromethyl ethers to olefins, presumably via the
cation, have been reported.!'? However, the synthesis
of the required cannabinoid chloromethyl ether could not
be achieved by the approach applied to simpler phenols.!3*

(9) (a) Claussen, U.; Fehlhaber, H.-W.; Korte, F. Tetrahedron 1966,
22, 3535. (b) Inayama, S.; Sawa, A.; Hosoya, E. Chem. Pharm. Bull. 1976,
24, 2209,

(10) Dalzell, H. C.; Uliss, D. B.; Handrick, G. R.: Razdan, R. K. J. Org.
Chem. 1981, 46, 949.

(11) Summers, L. Chem. Rev. 1955, 55, 301.

(12) Strauss, F.; Thiel, W. Ann. 1936, 525, 151,

(13) Barber, H. J.; Cottrell, H. J.; Fuller, R. F.; Green, M. B. J. Appl.
Chem.. 1953, 3, 253.
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An alternative method of generating a phenoxymethyl
cation was sought, using the cleavage of the (methoxy-
ethoxy)methyl (MEM) ether of phenol (4, Scheme II) as
a model system. The MEM ether, which was prepared by
standard methods,!® was treated with TiCl,,'>¢ and the
cation was trapped with allyl trimethylsilane. The product
was shown to be 4-phenoxy-1-butene (6) (‘{H NMR), dem-
onstrating the production of the phenoxymethyl cation.

The MEM ether of A>-THC was prepared and treated
with TiCl, or ZnBr, by applying the above approach.
Extensive degradation occurred when a range of stoi-
chiometries of either Lewis acid was employed and a cy-
clized product could not be identified.

Intramolecular cyclization to establish the O-10 bridge
and subsequent synthesis of 12 was achieved by employing
AS-THC chloroformate (8) as shown in Scheme III. The
chloroformate was prepared by treatment of A%-THC (7)
with phosgene in the presence of N,N-dimethylaniline
following standard methods.!” Cyclization of 8 was
achieved with AICl,; to afford the S-chloro ester 9 in a
reaction that is analogous to the Darzens reaction of acid
chlorides and anhydrides with olefins.’®* The acylation

of olefins has generally been unsuccessful with chloro-
formates. Only one previous report!® was made of such

X

(14) Barber, H. J.; Fuller, R. F.; Green, M. B.; Zwartouw, H. T. J.
Appl. Chem. 1953, 3, 266.

(15) Corey, E. J.; Gras, J.-L.; Ulrich, P. Tetrahedron Lett. 1976, 809.
The diisopropylethylamine method was followed.

(16) Nishiyama, H.; Itoh, K. J. Org. Chem. 1982, 47, 2396.

(17) Strain, F.; Bissinger, W. E.; Dial, W. R.; Rudoff, H.; DeWitt, B.
J.; Stevens, H. C.; Langston, J. H. J. Am. Chem. Soc. 1950, 72, 1254.

(18) Groves, J. K. Chem. Soc. Rev. 1972, 1, 73.

Ao

a reaction in which unexpected regiochemistry was ob-
tained.® Successful acylation from 8 may, in part, be due
to the use of an aryl chloroformate structure in contrast
to the typically examined alkyl chloroformates, the latter
being unstable to AlICI;.

Elimination of HCI from 9 to give the corresponding
a,B-unsaturated ester was attempted unsuccessfully with
DBU, K,CO;, NaOMe, or by heat alone. The elimination
and subsequent reduction to the allylic alcohol 10 was
achieved directly, however, when 9 was treated with Li-
AlH,. Dehydrohalogenation in preference to reduction is
typical of tertiary halides treated with LiAlH,.2!

The method of cyclization of 1,5-diols to pyrans by
heating in DMSO?% was applied to 10. The product, ob-
tained in 60% yield, was identified as the diene 11 by
elemental and spectral analyses. The assignment of the
exocyclic methylene was supported by the heteronuclear
correlation spectrum, which correlated the 'H NMR 4 4.84
and 5.09 vinyl proton singlets with the *C NMR 107.4 ppm
vinyl C1’ resonance. The above data, together with that
of the § 5.68 resonance for the 8-hydrogen, established the
diene structure.

The cyclized product 12 was obtained as a readily se-
parable mixture of 11 and 12 by treatment of 10 with 3
mol of p-toluenesulfonyl chloride in pyridine.?? Elemental

12

(19) Izard, E. F. U.S. Patent Number 2,020,685; Chem. Abstr. 1936,
30, 485.

(20) Nenitzescu, C. D.; Balaban, A. T. Friede! Crafts and Related
Reactions; Interscience: New York, 1964; Vol. 3, p 1053.

(21) Brown, W. G. Organic Reactions; Wiley & Sons: New York, 1951;
Vol. 6, p 470.

(22) Gillis, B. T.; Peck, P. E. J. Org. Chem. 1963, 28, 1388.
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and HRMS analyses were in agreement with the structure
of 12. The 'H NMR spectrum of 12 showed two doublets
at 6 4.52 and 4.90 for the 0,10 methylene bridge. The
upfield doublet was broadened by further splitting, which
must be of a long range nature such as a “W™ relationship
of protons. This is in agreement with molecular mechanics
calculations, which indicated that in two of the accessible
conformations of 12 the methylene was puckered back to
the « face of the cannabinoid such that the 8 proton as-
sumes a “W” relationship with the 10a proton. The *C
NMR spectrum resonance at 65.2 ppm was assigned to the
0,10 methylene bridge and correlated with the above
proton resonances by heteronuclear correlation spectros-
copy. These data and the absence of both an OH ab-
sorption in the IR spectrum and a vinyl proton resonance
in the 'H NMR spectrum established the bridged structure
with a A® unsaturation.

In addition to providing compounds of defined confor-
mations for bioclogical testing, the above syntheses intro-
duce the potential of expanding the utility of the Darzens
reaction by its extension to acylation with aryl chloro-
formates.

Experimental Section

The 'H NMR, *C NMR, and 2D NMR spectra were recorded
on a Bruker 250 spectrometer except for the noted single spectrum
recorded on a Varian 90-MHz EM390 spectrometer. IR spectra
were run in NaCl cells on a Shimadzu Model IR-460 spectro-
photometer. Whatman K6F silica gel was employed for thin-layer
chromatography with detection by UV and phosphomolybdic
acid/ceric sulfate sprays.

(6aR-trans)-3-[(6a,7,10,10a-Tetrahydro-6,6,9-trimethyl-3-
pentyl-6 H -dibenzo[ b,d Jpyran-1-yl)oxy]-1-propanol (2)
{O-(3-Hydroxypropyl)-A3-THC]. AS-THC (1.33 g, 4.24 mmol)
in 20 mL of absolute EtOH was treated with DBU (1.89 mL, 12.6
mmol) and 3-bromo-1-propanol (1.18 mL, 13.0 mmol) under N,
and heated at reflux for 17 h. The volatiles were evaporated in
vacuo, and the residue was dissolved in EtOAc and washed with
H,0, 0.1 N HC], and H,0. Drying over MgSO, and evaporation
of solvent left a resin that was dissolved in CH,Cl, and evaporated
in vacuo onto siliga gel. This was loaded onto a 70-g silica gel
column and eluted with a gradient of hexane to 66% CH,Cl,/
hexane to vield 972 mg (62%) of the title compound: HRMS,
caled for Cy,HgsO5 372,266, found 372.266; 'H NMR (CDCL,) 6
0.89 (t, 3 H, J = 6.7 Hz, ¢<CHj,), 1.09 (s, 3 H, 6a-Me), 1.37 (s, 3
H, 63-Me), 1.69 (br s, 3 H, 9-Me), 2.49 (t, 2 H, J = 7.7 Hz, «CH,),
2.65(dt, 1 H, J = 4.5, 10.8 Hz, 10a-H), 3.17 (dd, 1 H, J = 4.8, 16.2
Hz, 10a-H), 3.88 (t, 2 H, J = 6.1 Hz, CH,0H), 4.12 (m, 2 H,
ArOCH,), 5.42 (br d, 1 H, J = 3.8 Hz, 8-H), 6.27 (br 5, 1 H, ArH),
6.31 (bs, 1 H, ArH).

On half the above scale, where the workup was addition of silica
gel to the cooled reaction mixture followed by evaporation of
solvent, the yield was 87%.

(8a,R-trans)-3,4,8a,9,12,12a-Hexahydro-8,8,11-trimethyl-
5-pentyl-2H 8 H-[2]benzopyrano[3,4-h}-1-benzopyran (3)
[0,2-Propano-A®-THC]. O-(3-Hydroxypropyl)-A:-THC (935 mg,
2.51 mmol) in 15 mL of dry benzene was added to a stirred
suspension of P,05 (631 mg) in 10 mL of dry benzene under N,.
After being heated at reflux for 30 min, the starting material was
completely consumed as shown by TLC (5% EtOAc/toluene) and
the reaction mixture was cooled to room temperature and filtered.
The filtrate was diluted with EtOAc and washed with 0.1 N
NaOH, H;0, and brine and dried over MgSO,. The residue upon
evaporation was dissolved in CH;Cl,, mixed with 1 g of silica gel,
freed of solvent in vacuo, and loaded onto a 50-g silica gel column.
Elution with CH,Cl,/hexane (1:5) afforded the TLC homogeneous
product (CH;Cl,/hexane, 1:1), which was distilled in vacuo (190
°C, 0.045 mmHg) to yield 325 mg (36%) of the title compound:
HRMS, caled for CyHa O, 354.255, found 354.256, UV (absolute
EtOH), €535 = 1800 L/mol-cm. *H NMR (CDCl,) 6 0.90 (t, 3 H,
J = 6.9 Hz, ¢CH,;), 1.09 (s, 3 H, 6a-Me), 1.36 (s, 3 H, 68-Me), 1.70

(23) Heymann, H.; Fieser, L. F. J. Am. Chem. Soc. 1951, 73, 5252.
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(br s, 3 H, 9-Me), 2.43 (t, 2 H, J = 7.9 Hz, aCH,), 2.64 (t + m,
3 H,J = 6.6 Hz, ArCH, [pr] + 10a-H), 3.17 (dd, 1 H, J = 3.6, 17.4
Hz, 10a-H), 4.09 (m, 1 H, ArOCH), 4.17 (m, 1 H, ArOCH’), 5.42
(brs, 1 H, 8-H), 6.28 (s, 1 H, ArH). Anal. Caled for CyyHy4 Oy
C, 81.31; H, 9.66. Found: C, 81.21; H, 9.66.
Carbonochloridic Acid, (6aR-trans)-6a,7,8,10a-Tetra-
hydro-6,6,9-trimethyl-3-pentyl-6 H-dibenzo[ b,d ]pyran-1-yl
Ester (8) [A>-THC Chloroformate]. A%THC (1.15 g, 3.67 mmol)
in 10 mL of dry CH,Cl, was treated with 20% phosgene in toluene
(1.93 M) (3.80 mL, 7.34 mmol) at 0 °C under N,. After 5 min
dry N,N-dimethylaniline (0.93 mL, 7.34 mmol) was added with
stirring. The reaction was stirred at 0 °C for 0.5 h and ambient
temperature for 22 h. The reaction was quenched with ice and
extracted with water, 1 N HC], and brine (2X). Drying over
Na,S0, and evaporation of solvent afforded a resin, which was
eluted from 10 g of silica gel with 20% CH,Cl,/heptane. Removal
of solvent in vacuo yielded 1.30 g (94%) of the title compound.
The compound decomposes upon brief standing on a TLC plate,
showing a streak to a spot with the R; of A>-THC: HRMS, calcd
for C22H2903Cl 376181, found 376.180; 1H NMR (CDCla) 60.88
(t, 3 H, J = 6.8 Hz, ¢CHj,), 1.08 (s, 3 H, 6a-Me), 1.42 (s, 3 H,
68-Me), 1.70 (br s, 3 H, 9-Me), 2.50 (t, 2 H, J = 7.7 Hz, «CH,),
3.16 (brd, 1 H, J = 10.9 Hz, 10a-H), 5.96 (br s, 1 H, 10-H), 6.53
(d,1H,J =16 Hz H-2),6.61 (d, Ll H, J = 1.3 Hz, H-4).
6-Chloro-5a,7,8,8a,9,10c-hexahydro-6,9,9-trimethyl-2-
pentyl-5H,6 H-[2]benzopyrano[5,4,3-cde][1]benzopyran-5-one
(9) [0,10-Carbonyl-9-chlorohexahydrocannabinol]. A%-THC
chloroformate (16.5 g, 43.9 mmol) in dry CH,Cl; (72 mL) was
added in one portion to a stirring suspension of AlICl; (17.5 g, 132
mmol) in dry CH,Cl, (231 mL) under N,. The reaction mixture
turned dark red and nearly all the AlCl; appeared to dissolve.
At 40 min the reaction was quenched by the rapid addition of
K,CO; (36.4 g, 264 mmol) in 35 mL of H,O with vigorous stirring.
After the boiling subsided, the granular precipitate was filtered
through a course fritted filter. The amount of HyO employed in
the quenching process was limited to avoid the formation of a
difficult to filter pasty solid. The resin obtained after removing
the solvent in vacuo was eluted from 600 g of silica gel with 40%
CH,Cl,/hexane to yield 8.47 g (51%) of the title compound:
HRMS, calcd for Cy,Hyg04Cl1 376.181, found 376.180; 'H NMR
(CDCl,) 6 0.88 (t, 3 H, ¢CHj3), 1.24 (s, 3 H, 6a-Me), 1.47 (s, 3 H,
68-Me), 2.17 (d, 3 H, J = 2.5 Hz, 9-Me), 2.50 (t, overlap, J = 7.6
Hz, «CH,), 3.36 (brd, 1 H, J = 11.0 Hz, 10a-H), 6.39 (d, 1 H, J
= 1.2 Hz, ArH), 6.42 (d, 1-H, J = 1.2 Hz, ArH/).
(6aR-trans)-6a,7,8,10a-Tetrahydro-1-hydroxy-6,6,9-tri-
methyl-3-pentyl-6 H-dibenzo[ b,d Jpyran-10-methanol (10)
[10-(Hydroxymethyl)-A®-THC]. 0,10-Carbonyl-9-chlorchexa-
hydrocannabinol (8.28 g, 22.0 mmol) dissolved in dry ether (83
mL) was added to LiAlH, (0.83 g, 22.0 mmol) suspended in 83
mL of dry ether with vigorous stirring under N; at a rate not to
exceed maintaining control of the vigorus reaction (1.5 min). After
35 min the reaction was quenched by sequential addition of 0.83
mL of H,0, 0.83 mL of 15% (w/v) NaOH, and 2.49 mL of H,0
with stirring. The precipitate was filtered with the aid of Celite
and evaporated in vacuo and reevaporated from CH,Cl,/ MeOH
to afford a foam. Elution from 500 g of silica gel with 3% ace-
tone/CH,C), afforded 3.21 g (42%) of the title compound as pale
yellow crystals. The compound could be recrystallized from
CH,CN, mp 160-3 °C: HRMS, caled for CyyH3,03 344.235, found
344.326; '"H NMR (CDCl,) 6 0.88 (t, 3 H, J = 6.6 Hz, «<CH,), 1.04
(s, 3 H, 6a-Me), 1.33 (s, overlap, 63-Me), 1.86 (br s, 3 H, 9-Me),
2.46 (t, 3 H, J = 7.7 Hz, aCH,), 3.14 (br d, br s, 2 H, J = 10.2
Hz, 10a-H, OH), 3.75 (d, 1 H, J = 11.9 Hz, CH-OH), 4.12 (d, 1
H, J = 11.9 Hz, CH-0OH), 6.30 (s, 2 H, ArH,).
(6aR-trans)-6a,7,10,10a-Tetrahydro-6,6,9-trimethyl-10-
methylene-3-pentyl-6 H-dibenzo{b,d Jpyran-1-ol (11) [10-
Methylene-A%-THC]. 10-(Hydroxymethyl)-A%-THC (48 mg, 0.14
mmol) in 0.7 mL of anhydrous DMSO, degassed under vacuum
in a septum-sealed reacti-vial, was heated at 132 °C for 1 h. TLC
(1:1 CH,Cl,/hexane) showed the reaction to be complete and the
solvent was removed in vacuo at 50 °C. The residue was chro-
matographed on silica gel, eluting with 36% CH,Cl;/hexane, to
yield 27 mg (60%) of the title compound. This material was also
obtained as a byproduct of the p-toluenesulfony! chloride/pyr-
idine-mediated cyclization of 10-(hydroxymethyl)-A%-THC (see
below). Bulb-to-bulb distillation afforded the product as a water
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white resin, bp 170 °C/0.04 mmHg: HRMS, caled for CyHgzy0,
326.225, found 326.224; 'H NMR (CDCl,) 6 0.89 (t, 3 H, J = 6.8
Hz, «CHj,), 1.09 (s, 3 H, 6a-Me), 1.36 (s, 3 H, 63-Me), 1.91 (d, 3
H,J = 1.1 Hz, 9-Me), 2.49 (t, 2 H, «CH,), 3.18 (d, 1 H, J = 11.0
Hz, 10a-H), 4.84 (s, 1 H, =CH), 4.99 (s, 1 H, OH, D,0 ex-
changeable), 5.09 (s, 1 H,==CH"), 5.68 (br d, 1 H, J = 3.4 Hz, 8-H),
6.35(d, 1 H,J = 1.4 Hz, ArH), 6.38 (d, 1 H, J = 1.5 Hz, ArH’);
IR (CH,Cl,) 3510 cm™ (OH). Anal. Caled for CpHyO,: C, 80.94;
H, 9.26. Found: C, 80.71; H, 9.31.
(5aR-trans)-5a,7,9,10c-Tetrahydro-5,5,8-trimethyl-2-
pentyl-5H,6 H-{2]benzopyrano[5,4,3-cde][1]benzopyran (12)
[0,10-Methano-A*-THC]. 10-(Hydroxymethy!)-A%-THC (3.1 ¢,
9.0 mmol) in dry pyridine (50 mL) was treated with p-toluene-
sulfonyl chioride (5.14 g, 27.0 mmol) in dry pyridine (10 mL) over
a period of 0.5 min with stirring. After being stirred for 2.2 h,
the reaction was quenched by the addition of H,O (6 mL) and
stirred for 10 min. Volatiles were evaporated in vacuo and the
residue was dissolved in CH,Cl, and extracted twice with saturated
NaHCO;, 1 N HC], and H,0. Drying over Na,SO, and removing
the solvent in vacuo afforded a foam that was eluted from silica
gel (30 g) with CH,Cl,. The product-containing fractions were
combined and rechromatographed from a Merck size C silica gel
column, eluting with 20% CH,Cl,/hexane, to afford 534 mg (18%)
of the title compound followed by 338 mg (12%) of 10-
methylene-AS-THC. The title compound was distilied bulb-to-
bulb to afford a pale yellow resin, bp 175 °C/ 0.04 mmHg. On
exposure to air, this material yellowed and showed degradation
products by HPLC (Waters RCM C-18, 85% CH,CN/H,0, 280
nm): HRMS, caled for CuHgO, 326.225, found 326.225; 'TH NMR
(CDCly) 6 0.87 (t, 3 H, J = 6.7 Hz, ¢CHjy), 1.26 (s, 3 H, 6a-Me),
1.42 (s, 3 H, 63-Me), 1.69 (d, 3 H, J = 0.88 Hz, 9-Me), 2.17 (m,
2 H, 8CH,), 245 (t,2H,J = 7.6 Hz, «CH,), 3.10 (br d, 1 H, J

= 9.6 Hz, 10a-H), 4.52 (br d, 1 H, J = 13.2 Hz, 0,10-CH), 4.90
(d, 1 H,J = 13.0 Hz, 0,10-CH’), 6.20 (d, 1 H, J = 1.3 Hz, ArH),
6.23 (d, 1 H, J = 1.3 Hz, ArH’). Anal. Calcd for CpHyOp: C,
80.94; H, 9.26. Found: C, 80.63; H, 9.07.

Cleavage of (3-Methoxyethoxy)methyl Phenyl Ether (5).
(8-Methoxyethoxy)methyl phenyl ether (207 mg, 1.13 mmol) and
allyltrimethylsilane (0.27 mL, 1.71 mmol) in 5 mL of dry CH,Cl,
were cooled to ~20 °C under N, and treated with TiCl, (0.15 mL,
1.37 mmol) in five portions over 10 min with stirring. After being
stirred for 1 h at —20 °C, the reaction was quenched with aqueous
NaHCOj; and extracted with ether (2X). The combined ether
extracts were washed with H,0 (3%), dried over MgSO,, and
evaporated to a light yellow liquid (275 mg) after pumping at high
vacuum. Elution from silica gel!(12 g) with 9 to 11% CH,Cl,/
hexane afforded 4-phenoxy-1-butene (36 mg, 22%) as the major
and earliest eluting product: 'H NMR, 90 MHz (CDCl,) § 2.60
(q, [dt}], 2 H, J = 6 Hz, 3-CH,), 4.10 (t, 2 H, J = 6.5 Hz, 0-CH,),
5.20 {m, 2 H, =CH,), 6.02 (m, 1 H, CH=), 7.01 (m, 3 H, ArH,),
7.36 (m, 2 H, ArH,). The compound was unstable to GC and MS
at 80 °C.
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Thymidine, deoxycytidine, deoxyadenosine, and deoxyguanosine have been prepared with deuterium substitution
at position 1’ and at positions 1/, 2/, and 2” from deuteriated deoxyribose. The synthetic strategy involved reduction
of the bis(tert-butyldimethylsilyl) derivative 4a of 2-deoxyribonolactone (3a) with Dibal-D followed by deprotection
(HC1/MeOH and tetrabutylammonium fluoride) to give 1-deuterio methyl glycoside 7a which was converted
to the 1-deuterio 3,5-ditoluoyl methyl glycoside 8a. Preliminary exchange of 2-deoxyribonolactone with
NaOMe/MeOD brought about 2,2’-dideuteriation; treatment as above gave the 1,2,2-trideuterio 3,5-ditoluoyl
methyl glycoside 8b. 8a and 8b were condensed with heterocyclic bases via a-chloro derivatives 9a and 9b to
form deoxynucleosides. New methods were utilized for preparation of deoxycytidine and deoxyguanosine which

are improvements over published procedures.

The investigation of interactions of both small and large
molecules with oligonucleotides as models of their inter-
actions with genomic DNA is a rapidly expanding field of
study! due to the ready availability of sequence-specific
DNA oligomers via automated DNA synthesis? and to the
development of highly sophisticated instrumentation and
software for analysis of solution structure, particularly in
the area of NMR spectroscopy.? Two-dimensional NMR
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! Present address: Pharmacia-P. L. Biochemicals, 2202 N. Bartlett
Ave., Milwaukee, W1 53202.

correlated spectroscopy (COSY) allows the spectral as-
signment of protons connected via small numbers of bonds
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