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ABSTRACT
(0] OMgBr
X (2) Ar,Cu(CN)Liy [(3) EtMgBr
BF5OEt, Ar A
R! R R!
X=H ,
ML xo Ar: bulky aryl groups reactive enolate

BFs-promoted 1,4-addition of bulky aryl groups to a-iodo enones, prepared from the parent enones, afforded f-aryl-o-iodo ketones. Subsequent
reaction with EtMgBr furnished the magnesium enolates, which upon reactions with CIP(O)(OEt), and aldehydes gave enol phosphates and
aldols, respectively. This method was applied successfully to a synthesis of Al-trans-tetrahydrocannabinol.

1,4-Addition of organocopper reagents dg3-unsaturated  showed no reactivity, as suggested by LipsHeitgward
carbonyl compounds assisted by BBEb is a standard ~ PhN(Tf), Tf,O, or CIPEO)(OEt).2 Since a silyl enol ether
method to introduce aulky group at thes-position of the could be metalated to a reactive enolate, we also attempted
carbonyl compounds (for examplé,+ 2 — 3 in Scheme reaction ofla and 2a with TMSCI and HMPA in THF
1).! Unfortunately, the unreactive nature of the resulting according to Nakamura.However, the reaction did not
boron enolates is described by Lipshtftand hence it seems  furnish the corresponding TMS ether. Addition @fBulL.i
impossible to enjoy the benefit of the enolate chemistry. To to the boron enolate did not increase the reactivity toward
the best of our knowledge, neither reaction atdhgosition CIPEO0)(OEtk.* In contrast to the bulky cuprat2a, the
nor formation of enol esters (or ethers) for further reactions phenyl cuprate2e, in a control experiment, underwent
has been reported. reaction with enond.a smoothly without the assistance of

In our investigation of the synthesis of tetrahydrocannab- BFs*OE% (EO, —78 °C, 2 h), and the resulting enolate,
inol (THC), use of BR*OEt was indeedndispensabldor upon reaction with CIP(O)(OEt{—78°C to rt, 1 h), afforded
the 1,4-addition reaction of the bulky cuprétato enone  enol phosphatéh (R = CMe,(OTES), Ar= Ph, E= P(O)-
la (R! = CMey(OTES)) (EtO, —78 °C, 1.5 h), and the  (OEty) in 63% yield. On the other hand, the enolate produced
addition product (structure not shown) was isolated in 90% in situ from 1a and2ein the presence of BFOE, did not
yield after aqueous workup (Scheme 1). However, the enolatereact and therefore did not furnish the phosphate. These
generated in situ by the above BBEt-assisted 1,4-addition

(2) McMurry, J. E.; Scott, W. JTetrahedron Lett1983,24, 979—982.
(3) Nakamura, E.; Matsuzawa, S.; Horiguchi, Y.; KuwajimaT &tra-

(1) (a) Tius, M. A.; Kannaangara, G. S. K. Org. Chem.1990, 55, hedron Lett.1986,27, 4029—4032.
5711-5714. (b) Rickards, R. W.; Rénneberg,JHOrg. Chem1984,49, (4) Addition of n-BuLi to the (presumed) copper enolate is reported to
572—573. (c) Lipshutz, B. H.; Parker, D. A.; Kozlowski, J. A.; Nguyen, S. increase the reactivity of the given enolate: Batt, D. G.; Takamura, N.;
L. Tetrahedron Lett1984,25, 5959—5962. Ganem, BJ. Am. Chem. S0d.984,106, 3353—3354.
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Scheme 1. A Method To Generate the Reactive Enolates
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preliminary results prompted us to devise an indirect method. in Table 1. No difficulty was incurred in the installation of
Shown in Scheme 1 is one such method which consists ofthe bulky aryl groups oRa—d (entries 1—7), and the yields
1,4-addition of the cuprat2to a-iodocycloalkenone6 and of 7a—gwere almost the same as that obtained in a control

subsequent transformation of the resultingpdo ketones experiment with the phenyl cuprage and enonéa (entry
to reactive enolate In the following paragraphs, we present 8). A control experiment usinfa and2a in the absence of
the fruitful results of this study. BF;-OEt did not furnish the addition produdta; instead,

Conversion of enonekaand1b to a-iodocyclohexenones  6awas recovered. In addition, the compounds which might
6a and 6b, respectively, with 4 and pyridine in CCJ be produced by reaction at tleeposition of6a—cwith the
proceeded in good yield by the protocol of Johngarhich cuprates2a—d were not detected by TLC antH NMR
was originally developed for preparation@d. 1,4-Addition spectroscopy.
of bulky Ar,Cu(CN)Li, (2a—d) to o-iodocyclohexenones Determination of the relative stereochemistry at/rend
6a—cpromoted by BE-OEt was carried out in good yields  y positions of the 1,4-addition produci by H NMR
to furnish ketone¥a—g (Figure 1) after aqueous workup spectroscopy was ambiguous due to the somewhat small
and purification by chromatograpf§yThe result is delineated  coupling constants between the protons at these positions

OP(O)(OEt), OP(O)OEt),

CsHyq CsHy1
7a—e 4a—e af.g
7a4a: R' = C(Me),0SiEt;, RZ = MOM 76,4f: R' = C(Me),OSiEty
7b,4b: R = C(Me),0SiEt;, R = Me 79,4g:R' =H

7¢.4¢: R = C(Me),0SiEt, RZ = SEM
7d,4d: R' = Bu-f, R = MOM
7ede:R' =H, R? = Me

Figure 1.
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Table 1. Synthesis of lodideg and Enol Phosphates Scheme 2. Generation of the Reactive Enoleé8a and Its
Reactions with Electrophiles

copper product 7 product 4 o
entry substrate reagent no. vyield,% no. vyield, % 7a O'g(OEt)g
1 6a 2a 7a 72 4a 71 \EtMgBr o
2 6a 2b 7b 67 4b 70 (E10),PCI
3 6a 2c 7c a 4c 53 OMaB / T A

gBr
4 6a 2d 7f 74 af 60 1% /[\
5 6b 2a 7d 67 4d 63 OSiEt
6 6C 2b 7e 60 4e 58 4a
7 6c 2d 79 68 4g 62 : Ar o
8 6a 2e 7h 65 4h 63 T~ ~">cHo
OSiEt
a Semipurified7c was converted intdc. . ¢ \ o on n
a
) CH2= - Ar
(4.5—7.5 Hz). However, the stereochemistry U was 64% AN
determined to bé&rans by synthesis ofAl-trans-THC (vide OSiEtg
infra)8 This assignment is consistent with the steric control © OH o 9
approach of the cuprafh to enonela. We are speculating 1) MsCl
that the reaction of other enones and cuprates proceeds in A e A
the same manner to produce ttrans stereochemistry as /l\ ' 2) Al04 /l\ '
i i 88%

depicted in structurd. OSiEt, OsiEt,

The next step, conversion of theiodo ketones to the

corresponding enolate®, was explored first wittva as a 10 "
representative case under the conditions of Borowitz (#O) OMOM

in EtOH or CHC}, Ph,POMe in CHC}),° %! Utimoto

(EtMgBr in ELO; EB in Et,O or PhH)!>'3and Joshi (Zn/ Ar: - CsH1
TMSCI/THF)* Among these protocols, use of EtMgBr was oMOM

successful to generate the corresponding end@datéom
iodide 7a, and reaction of enolat8a and (EtO)P(O)CI

. o
(5) Johnson. C. R.; Adams, J. P Braun, M. P Senanayake, C. B. W. afforded the enol phosphadain 71% yield (Scheme 2 and

Wovkulich, P. M.; UskokovE, M. R. Tetrahedron Lett1992,33, 917—  entry 1 of Table 1). This procedure was then applied to
918. o-iodo ketonegb—g to furnish the successful results shown

(6) Representative procedure for the 1, 4-addition: To an ice-cold ; 15 ; i ;
solution of the bis MOM ether of olivetoP@) (0.72 g, 2.69 mmol) in EO in Table 1:* The erIdS were almost identical as those

(5 mL) was addech-BuLi (1.57 mL, 2.01 M, 3.14 mmol) in hexane over ~ Obtained from a control experiment wiith (entry 8). Note
10 min. The mixture was stirred at®@ for 10 min and then at ambient

temperature for 2 h. In a separate flask was placed CuCN (0.12 g, 1.35

mmol) in E6O (5 mL), and the flask was cooled to78 °C. The lithiated 0 OP(O)OEY),

olivetol solution was transferred to the copper suspension over 10 min at
—78°C. After the addition, the reaction mixture was stirred &C0for 10

min, recooled to—78 °C, and stirred for an additional 30 min. To the
resulting pale yellow solution was slowly added a solutiorebdocy-
clohexenonéb (0.25 g, 0.90 mmol) and BFEL,O (0.13 mL, 1.07 mmol)

in ELO (5 mL) at—78 °C. After 2 h at—78 °C, the solution was poured OSiEty OSiEty
into saturated N&CI. The product was extracted and purified as usual to

furnish ketonerd (0.33 g) in 67% yield. lodidega—7hwere stable during 7h 4h
purification and handling for the next reaction. 7h.4h: Ar = Ph

(7) Reactions at ther-position of o-halo ketones and organometallics
have been reported: (a) Negishi, E.; Owczarczyk, Z. R.; Swanson, D. R.

Tetrahedron Lett1991,32, 4453—4456. (b) Johnson, C. R.; Adams, J. P.; ; ;
Braun, M. P.; Senanayake, C. B. Wetrahedron Lett1992, 33, 919— that in most cases the enolate generation fronwas

922. cf. Jabri, N.; Alexakis, A.; Normant, J. Fetrahedron Lett1981,22, accomplished in THF rather thanBtand was better in the

959—962. o _ _ TLC pattern than in EO, though THF had been ineffective
(8) The characteristic signals fax!-trans- andA!-cis-THCs in thelH in th iginal i2

NMR spectra appear at 3.14 and 3.59 ppm, respectively: Taylor, E. C,; In the _Ong'n‘?‘ report: o

Lenard, K.; Shvo, YJ. Am. Chem. Sod 966,88, 367—369. To investigate further the reactivity of the enolates

ap ooz, 1. J.; Anschel, M.; Firstenberg, 3. Org. Chem-1967, possessing bulky groups at tieposition, aldol reaction of
(10) Borowitz, I. J.; Casper, E. W. R.; Crouch, R. K.; Yee, K. L.

Org. Chem.1972,37, 3873—3878. (15) Representative procedure for generation of enol phosphatesto
(11) Stork, G.; Isobe, MJ. Am. Chem. S0d 975,97, 4745—4746. an ice-cold solution of the iodo ketorfe (0.21 g, 0.38 mmol) in THF (5
(12) Aoki, Y..; Oshima, K.; Utimoto, KChem.Lett. 1995, 463—464. mL) was added EtMgBr (0.57 ml1 M in THF, 0.57 mmol). After 10 min
(13) Nozaki, K.; Oshima, K.; Utimoto, KBull. Chem. Soc. Jpri.991, of stirring, CIP(O)(OEf) (0.14 mL, 0.96 mmol) was added to the resulting

64, 403—409. pale yellow solution. The reaction was continued at@ for 2 h and
(14) (a) Joshi, G. C.; Pande, L. MSynthesis1975, 450—453. (b) quenched with saturated NaH& O he product was extracted with EtOAc

Hashimoto, S.; ltoh, A.; Kitagawa, Y.; Yamamoto, H.; Nozaki, HAm. and purified by chromatography on silica gel (pretreated wighl i afford

Chem. So0cl1977,99, 4192—4194. the enol phosphatéd (0.14 g) in 63% vyield.
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8a with Ph(CH)CHO and CHO was examined. The

reactions proceeded as efficiently as those in the simple cases Scheme 3. Synthesis otrans-Al-THCa
reported by Utimot® to afford 9 and 10, respectively
(Scheme 2). Aldoll0 was then converted to exo enoh#&

in good yield by a conventional methétThese experiments b

show that the steric hindrance derived from the bulky aryl 90% 92%

group at theB-position did not diminish the reactivities of CsHys CsHiy
the enolates at thew-position or on the oxygen atom. TESO  OR

Consequently, a variety of manipulations of endrieare b —12:R =Me d —14:R=Me
possible for synthetic purposes. 70% “>13:R=H 45% —15:R=H

Of the phosphates we examined, the synthesis'dfans- . )
aReagents and conditions: (a) Ni(acatleMgCl, THF, 90%;

THC (15)'” was best accomplished with enol phosphétte i !
. . . b) EtSNa, DMF, 120C, 70%; ZnBg, MgSQ,, CH,Cl,, 92%;
(Scheme 3). Methylatidh of 4b with MeMgBr in the Ed; EtSNZ, DME, 126C, 450;0_(0) nBE MgSQs, CHLCl, 92%

presence of Ni(acagafforded12, and subsequent exposure
to EtSNa in DM resulted in deprote.ctlon of the TES group presence of MgS©to afford 1471 in 92% yield without
and one of the MeO groups to furnidl3. Attempted one- migration of the double bond. Finally, deprotection 1of

step deprotection of the two MeO groups under more i, EtsNa affordedl5, and its'H NMR spectrum was
vigorous conditions was unsuccessful. Cyclizatiod®as identical to the data reportéd®22

carried out according to the procedure of EVria the
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