ORGANIC
LETTERS

N-Cumyl Benzamide, Sulfonamide, and Vol N
Aryl O-Carbamate Directed Metalation 11831186
Groups. Mild Hydrolytic Lability for

Facile Manipulation of Directed Ortho

Metalation Derived Aromatics

Costa Metallinos, Sven Nerdinger, and Victor Snieckus*

Guelph-Waterloo Centre for Graduate Work in Chemistry, ddrsity of Waterloo,
Waterloo, Ontario N2L 3G1, Canada, and Department of Chemistry,
Queen’s University, Kingston, Ontario K7L 3N6, Canada

snieckus@chem.queensu.ca

Received July 22, 1999

ABSTRACT
o X gz Me
- O N Ph
N Ph N Ph
Crye O oYK
2 8 11

N-Cumyl benzamide (2), sulfonamide (8), and O-carbamate (11) compounds undergo directed ortho metalation under standard conditions to
give, after quench with a variety of electrophiles, the substituted products 3, 9, and 12, respectively. Regiospecific and convenient approaches
to phthalimides (7), 1,2-benzisothiazole 1,1-dioxides (10b), and ortho-substituted phenols (13a) and salicylamides (13b) are thereby established.
The mild deprotection protocol for these new cumyl directed metalation groups (DMGs) suggests that they will supersede previous corresponding
groups for synthetic anionic aromatic chemistry.

The directed ortho metalation (DoM) reaction continues a nisms, appear useful but await broad scrutiny; benzoic acids
steadfast evolution as an important tool for the regioselective 1h, recently uncovered as DoM substrates by Mortier and
synthesis of polysubstituted aromaticEertiary and second-  co-workersi® may overcome the hydrolysis requireméht.
ary carboxamidés and oxazolingsconstitute powerful and Herein we describe the following. (a) Amid2a and2b,

widely used directed metalation groups (DMGs) at the jnexpensively prepared from benzoyl chlorides and the

benzoic acid oxidation state which are compromised by Corresponding Secondary amiﬁéserve as powerfu| DMGs
difficult, sensitive, functional group incompatible, or less than

Con_vement hydrolysis s_teps (_S_Ch_eme D). Among these, (6) Cuevas, J. C.; Patil, P.; Snieckus, Tetrahedron Lett1989, 30,
amidesld—g*® embodying facilitating hydrolysis mecha- 5841.

(7) Reitz, D. B.; Massey, S. Ml. Org. Chem1990,55, 1375.

(8) Phillion, D. P.; Walker, D. M.J. Org. Chem1995,60, 8417.

* To whom correspondence should be addressed at Queen’s University.  (9) Fisher, L. E.; Muchowski, J. M.; Clark, R. . Org. Chem1992,
(1) (a) Snieckus, VChem. Re»1990,90, 879. (b) For recent progress, 57, 2700.

including industrial applications, see: Snieckus, VClmemical Synthesis: (10) (a) Bennetau, B.; Mortier, J.; Moyroud, J.; Guesnet).JChem.

Gnosis to PrognosjsChatgilialoglu, C., Snieckus, V.; Eds.; Kluwer  Soc., Perkin Trans. 1995, 1265. (b) Moyroud, J.; Guesnet, J.; Bennetau,

Academic: Dordrecht, The Netherlands, 1996; p 191. B.; Mortier, J.Tetrahedron Lett1995 36, 881. Substratéh is compromised,
(2) Beak, P.; Brown, R. AJ. Org. Chem1982,47, 34. to various degrees, by the requirement of low-temperatur80(°C)

(3) (a) Sibi, M. P.; Shankaran, K.; Alo, B. I.; Hahn, W. R.; Snieckus, V. metalation conditions, ketone byproduct formation, and less effective DMG
Tetrahedron Lett.1987, 28, 2933. (b) lwao, M.; Mahalanabis, K. K; power compared to the amides.

Watanabe, M.; De Silva, S. O.; Snieckus, Retrahedron1983,39, 1955. (11) A preliminary report by Pfizer chemists concerning the,Ci-
(4) Meyers, A. |.; Gant, T. GTetrahedron1994,50, 2297. t-Bu DMG may provide further synthetically useful DoM chemistry: Caron,
(5) Comins, D. L.; Brown, J. DJ. Org. Chem1986,51, 3566. S.; Hawkins, J. MJ. Org. Chem1998,63, 2054.
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KOH are secondary amides and formyl groups (entries 3 and 4),

the latter leading to the phthalimidine produst Using

allowing the synthesis of a variety of substituted systems s_ulfuryl chloride as electrophile alse Ieeds to in situ .cycliz_a—
including biaryls via the DoM-Suzuki-Miyaura cross cou- tion to afford sultams (entry 5), while d|—ter'g-butyl diazodi-
pling link.213 (b) Products3a and3b are hydrolyzed under carboxylate affords the expected 'hydra2|r_1e (e.n_try 6), a
mild conditions (TFA/room temperature, BOE/CH,Cl,/ proven precursor for Npt equwalent mtro.duct'loﬁ‘? S|I|con,'
room temperature, or T®/pyridine/—40°C) to the corre- sulfu'r, tin, and iodo prtho functlenallzatlon is also feasible
sponding primary amides or benzonitrilés (c) N-Cumyl (entries 7—11). The iodo derivative f8a (entry 11) serves
phthalimidine may be further metalated to provide, after

oxidation and decumylation (TFA/58C), the first regio- _
selective route to 3-substituted phthalimidés* (d) By Table 1. Synthesis of Ortho-Substituted-Cumyl and

analogy, the methodology is easily extended for the first time N-(1,1-Diphenylethyl) Benzamidea,b

to N-cumyl sulfonamideB. (e) Most signficantlyN-cumyl

os@
N-methyl benzen&®-carbamatéd. 1 behaves well in metalaton e
and anionic ortho-Fries rearrangement and, by virtue of facile ™ & E 3a(R-Me)  3b(R-Ph)
decumylation (TFA/rt or TFE/reflux), will supersede the | Mel M o1
original N,N-diethyl carbamate DM®&. Our efforts were 2 PhCHO (HO)CHPh 86
motivated by the important study of Castro and cowokers 3 PhNCO CONHPh 51
concerning the rates of carbocationic solvolysisNe¢umyl 4 DMF cHo 93 83
andN-C(PhyMe acetamide& ° SOLCk Soi‘ 46 8
Metalation of2a and2b under optimized conditions (3.2 6 #Bu0. NN, OtBu r-BuO{N—NKOt-Bu 55
equiv of s-BuLi-TMEDA/THF/—78 °C/2 h)'" followed by o 0 0 0
electrophile quench furnished substituted prodiasand 7 TMSCI ™S 94 o1
3bin modest to excellent yields (Scheme 2, Table 1). Methyl g ‘“P":Ss)z 2';": 93
and aryl carbinols are easily introduced (entries 1 and 2), as (BU3S:fC| SnBus u“ %
" 2 | 88 75
(12) (a) Brander, M-Recl. Trav. Chim. Pays-Ba%918, 37, 67. (b) 12 B(OMe), CeH-4-Me® 73
Cumylamine was prepared from commercially available cumyl alcohol by
a modification of the procedure of: Balderman, D.; Kalir, 8ynthesis 2All new compounds show spectral (IR, NMR, MS, HRMS) data in complete

1978, 24. The azide was reduced with LiAIHtO from 0 °C to room
temperature (18 h, 95% yield) instead of Raney nickel. 1,1-Diphenylethyl-
amine was similarly prepared.
(13) (a) James, C. A.; Snieckus, Vetrahedron Lett1997,38, 8149 °Product "N
and references therein. For solid support reactions, see: (b) Chamoin, S; @f(NXPh
S
O

accord with the given structures.
832 equiv of Mel used for complete N-methylation.

Houldsworth, S.; Kruse, C. G.; lwema Bakker, W.; SnieckusT &rahedron
Lett. 1998,39, 4179.

(14) Previous non-DoM routes involve nucleophilic aromatic substitution
of 3-nitrophthalimide, made via nitration of phthalic acid; see: Fischer,
W. Helv. Chim. Actal991,74, 1119 and references therein.

d0verall yield determined after cross-coupling of the crude boronic acid
with 4-bromotoluene (5 mol% Pd(PPhg), / Na,COz / DME / reflux}

(15) Sibi, M. P.; Snieckus, VJ. Org. Chem1983,48, 1935. to give o \
(16) Carpino, L. A.; Chao, H.; Ghassemi, S.; Mansour, E. M. E.; Riemer, O N Ph
C.; Warrass, R.; Sadat-Aalaee, D.; Truran, G. A.; Imazumi, H.; El-Faham, H
A.; lonescu, D.; Ismail, M.; Kowaleski, T. L.; Han, C. H.; Wenschuh, H.; O e

Beyermann, M.; Bienert, M.; Shroff, H.; Albericio, F.; Triolo, S. A. Sole,
N. A.; Kates, S. AJ. Org. Chem1995,60, 7718.
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Scheme 3
o 1. 2.2 equiv s-BuLi/ TMEDA E o E o
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o1 3. 2 equiv PDC / DMF / rt o o
5 [ 6a® E = TMS (76%) 7a E = TMS (60%)

CsF / DMF / PhRCHO 6b E = SMe (79%) 7b E = SMe (87%)
95°C/8h 6¢ E = CONMe, (77%) 7¢ E = CONMe; (86%)
6d E = (HO)CHPh (45%)

3Decumylated with Br, (CH.Clareflux) instead of TFA.

as an excellent substrate for Ullmann homocoupfrfGu trophiles furnished products which, for ease of isolation, were

powder/DMF/110 °C/5 h), furnishing the 2,2N-cumyl oxidized (pyridinium dichromate/DMF/room temperature) to

benzamide biphenyl in 77% vyield. The intermediate give 6a—c in good yields?> Compoundéa may be carbode-

boronic acid, obtained by quench with B(OMé¢gntry 12), silylated in the presence of benzaldehyde (CsF/DME®@5

was subjected to a Pd-catalyzed cross-coupling redétion 11 h) to give carbinobd.?® Thus, given the choice of two

to afford the biaryl amide in good yield. DMGs, amide and carbinol amine alkoxide, lithiation is
The product benzamid&ab are smoothly converted into  highly favored ortho to the amide group. Decumylation

primary amides4a,b using very mild conditions. Thus, (TFA/50°C/9 or 16 h) smoothly yielded productfa—c. In

treatment ofo-trimethylsilyl and -thiomethyl derivatives any case, rapid and regioselective access to 3-substituted

(entries 7 and 8) with neat TFA (room temperature/38 phthalimides, useful intermediates in the synthesis of dYes,
min) afforded the primary amide4 (E = TMS (83%), is feasible by this procedure.
E = SMe (78%),° respectively). Alternatively, treatmentof ~ In a similar fashion, metalation of sulfonamid2® or

o-trimethylsilyl derivative3awith BFs*OEt in CH,Cl, (room carbamatel 1 under optimized conditions (2.2 or 1.2 equiv
temperature/2 h) also affords the primary amide (86%). of s-BuLi/TMEDA/THF/—78°C, respectively) followed by

Interestingly, application of Charette’s methodol&igiTf,0/ electrophile quench afforded ortho-substituted sulfonamides
pyridine in CHCl, (—40°C to 0°C/7 h) followed by addition  9aand9b, substituted carbamat@a, and salicylamid&2b,
of ethanol) providea-(trimethylsilyl)benzonitrilé> 4b (51%) a prototype anionic Fries rearrangement protfi@cheme

instead of the expected ethyl benzoate. 'I_'he more sterically4). Treatment 0fa and with neat TFA (room temperature/
gncumbereab-tolyl system (entry 12) required longer reac- 8—10 min) gave primary sulfonamideda (E = TMS
tion times (4:1 TFA/EIO/room temperature/4 fj. (82%)) and 1,2-benzisothiazole 1,1-dioxitieb (E = CPh
The availability of the phthalimidiné (Scheme 3 (99%))2° respectively. Use of the same conditions easily
invited further DoM investigations. Metalation with 2.2 equiv  transformed carbamatia (room temperature/6 min) into
of s-BuLi/TMEDA followed by quench with selected elec-  the intermediate secondary carbamate, which upon mild base
e | y | o treatment (10% NaOH/EtOH/4 ¥)led to 13a (E = TMS
17) Representative Experimental ProcedureTo a solution oRa (120 31 i ; _ i
mg, 0.5 mmol) and TMEDA (0.24 mL, 1.6 mmol, 3.2 equiv) in THF (5 (79%,),)’ with nmajble reter_mon Of, the base. and acid
mL) at —78 °C under Ar was slowly addes-BuLi (1.6 mmol, 3.2 equiv) sensitive TMS moiety. Tertiary amid&2b, derived from
via Syringe. The resulting yeIIow solution was stirred for 2 h, and TMSCI Fnes rearrangement may be decumylated under the m||dest
(0.14 mL, 1.1 mmol, 2.2 equiv) was added. The reaction mixture was stirred . . .
for 1 h, saturated NKCI was added, and the reaction mixture was warmed conditions of all with 2,2,2-trifluoroethanol (TFE) (reflux/

to room temperature. Flash chromatography (hexane/ethyl acetate 9:1)11 h) to give the secondary amid8b (87%),32

afforded3a (Table 1, entry 7). IR (KBr):vmax 1657 cnv. IH NMR (250 .

MHz, CDCk): & 7.64 (dd,J = 6.0, 2.0 Hz, 1H, Ar H), 7.527.22 (m, In summary, the four new effective substra?agd, 8, and
8H), 6.16 (s, 1H), 1.85 (s, 6H), 0.30 (s, 9HJC NMR (63 MHz, CDC}): 11 have been established for DoM chemistry. Their primary
0170.1, 146.8, 143.2, 140.1, 135.5, 129.4, 128.6, 125.5, 126.9, 126.1, 124.9,

56.3, 28.8, 0.3. HRMS: calcd for;gH,6NOSi 312.1784, found 312.1780.

(18) (a) Gennari, C.; Colombo, L.; Bertolini, @. Am. Chem. S04 986 (25) Confirmation of C-3 substituted products was secured by parallel
108, 6394. (b) Evans, D. A.; Britton, T. C.; Dorow, R. L.; Dellaria, J. F. J. HMQC and HMBC 2-D NMR experiments of deuterated products.

J. Am. Chem. S0d 986,108, 6395. (c) Trimble, L. A.; Vederas, J. Q. (26) (a) Mills, R. J.; Taylor, N. J.; Snieckus, V. Org. Chem1989,54,
Am. Chem. Soc 986,108, 6397. 4372. (b) Mills, R. J.; Snieckus, \d. Org. Chem1989,54, 4386.

(19) (a) Desponds, O.; Schlosser, 81.0rganomet. Chen1.996,507, (27) (a) Schunderhutte, K. HChem. Synth. Dye$972, 6, 211. (b)
257. (b) Gray, M.; Chapell, B. J.; Felding, J.; Taylor, N. J.; Snieckus, V. Schefczik, E. German Patent 2 200 115, 19718em. Abstr1974 80, 4909c.
Synlett1998, 422. (c) Towle, J. L. German Patent 2 511 092, 19T5iem. Abstr1976,84,

(20) Campagna, F.; Carotti, A.; Casini, Getrahedron Lett1977,18, 6482q.

513. (28) Prepared according to: Takematsu, T.; Konnai, M.; Omokawa, H.

(21) Charette, A. B.; Chua, Bynlett1998, 163. German Patent 2 744 137, 1978hem. Abstr1978,89, 42793d.

(22) Krizan, T. D.; Martin, J. CJ. Am. Chem. So0d.983, 105, 6155. (29) Porter, N. A,; Carter, R. L.; Mero, C. L.; Roepel, M. G.; Curran,

(23) The product corresponds to a penultimate intermediate for a high- D. P. Tetrahedron1996,52, 4181.
volume commercial product, OTBNb{tolylbenzonitrile) from Clariant; (30) Gray, A. P.; Platz, R. D.; Chang, T. C. P.; Leverone, T. R.; Ferrick,
see: Haber, S.; Koch, Minnovations Pharm. Technolsubmitted for D. A,; Kramer, D. N.J. Med. Chem1985,28, 111.
publication. (31) Hevesi, L.; Dehon, M.; Crutzen, R.; Lazarescu-Grigore].AOrg.

(24) (a) Beak, P.; Musick, T. J.; Liu, C.; Cooper, T.; Gallagher, 0. J. Chem.1997,62, 2011.

Org. Chem.1993,58, 7330. (b) Takeuchi, H.; Eguchi, $. Chem. Soc., (32) Piccolo, O.; Filippini, L.; Tinucci, LTetrahedron Lett1986,42,
Perkin Trans. 11988, 2149. 885.
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advantages rest in mild hydrolysis to primary amid®safd Chair (Waterloo, 19921998) and Research Grant (current)
sulfonamides 10a), development of a new route to substi- programs. S.N. thanks the Boehringer Ingelheim Foundation
tuted phthalimides (7) and 1,2-benzisothiazole 1,1-dioxides for a postdoctoral fellowship and the Smith Kline Beecham
10b, and, perhaps most significantly, conversion into ortho- Foundation for a travel grant. C.M. thanks Queen’s Univer-
substituted phenols (13a). The simplicity of operation, the sjty for an R. S. McLaughlin FellowshipWVe thank Robert
demonstrated compatibility of a fragile functionality with the  parchhart for the preparation of some compounds and

hydrolytic conditions (e.gl0aand13a), and the potential  Franpise Sauriol for assistance with NMR spectroscopic
for further metalation in differentiated amide systems (e.9. getermination.

Table 1, entry 3) bode well for establishing a central position

for the cumyl amide DMG in synthetic aromatic chemistty. Supporting Information Available: Experimental pro-

Acknowledgment. We are grateful to the NSERC of cedures for the metalation @a,b and for the preparation

Canada for support under the Monsanto Industrial Research?f 4a.b, 7b, 10b, and13a,b_and chgrac_:teriza-tion data for
3a,b, 6b, 9b, and12a,b. This material is available free of
(33) We have recently demonstrated that Meumyl amide DMG is charge via the Internet at http://pubs.acs.org.

also effective in ferrocene DoM chemistry: Metallinos, C.; Bessler, C.;
Green, L.; Snieckus, V. Manuscript in preparation. 0L990846B
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