Toward the Development of a General

Chiral Auxiliary. 9. Highly

ORGANIC
LETTERS

2001
Vol. 3, No. 23
37773780

Diastereoselective Alkylations and
Acylations to Form Tertiary and

Quaternary Centers

Robert K. Boeckman, Jr..* Debra J. Boehmler, and Rhonda A. Musselman

Department of Chemistry, Usersity of Rochester, Rochester, New York 14627-0216

rkb@rkbmac.chem.rochester.edu

Received September 10, 2001

ABSTRACT

0

NW 2. NDA, allyl iodide
O

o)

1. NaHMDS

Nj]AOBn 2. RoX

(o)

1. LDA, Mel

_/

Hsc :\\

xCNm>\r
0

Rz

XeN
¢ jH\OBn

(0]

Enolates of a new camphor-derived lactam auxiliary are shown to monoalkylate with very high diastereoselectivity. A second alkylation occurs
with reactive alkylating agents to afford quaternary centers also with high diastereoselectivity. In accord with a proposed model for
diastereoselection, lithium and sodium enolates provide products with an opposite sense of asymmetric induction.

Chiral auxiliary based alkylation methodologies have cen- N-acylsultams, are generally too unstable to allow creation
tered on forming tertiary centers with enolates of sterically of quaternary carbon centers, readily undergoing elimination
constrained amides or imidégsters, and N-acylsultams. to ketene$.Recent advances have also been made in catalytic
Some examples exist of the successful formation of chiral asymmetric alkylation, particularly as applied ¢geamino
quaternary carbon centers. However, highly substituted acid synthesis.

enolates, particularly those derived from acyclic imide and  The class of camphor lactam auxiliariés3 (Figure 1)
developed in our laboratories have shown considerable utility
in asymmetric Diels-Alder and aldol reactions, particularly
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Table 1. Alkylations and Acylations To Give Tertiary Centers
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4R=C(O)R 5R=C(OR 0 4
Ry R2" "Ry
Figure 1. The camphor-derived chiral auxiliaries. 4a-d 6 7-15
4Ry RoX drd  yield (%) product
for the creation of quaternary carbon c_enfeﬂSey to aCH; CHy=CHCH,Br 491 90 7
extending the scope of these auxiliaries to include construc- acHs;  PhCH,Br 99:1 8gb 8
tion of tertiary and quaternary centers by alkylation and aCH; PMBOCH,CH=CHCH,l 9911 70 9
acylation will be the stability of imide enolates derived from aCHs  tBuCH=CHCH=CHCH.l 99:1 85 10
1 and2, relative to those derived frol-acyloxazolidinones ~ b CzHs  CHal 99:1 50 11
i . c
and sultams:3 ciCsHy; CHsl 49:1 92 12
. . ) dallyl CHal 49:1 73 13
The Ilthlgm salt; ofl and_2 (n—Bl_JLllTHF) are reqdﬂy aCHs PhcCOCI 201 82 14
acylated with a variety of acid chlorides and mixed pivaloyl pc,Hs c,HscOCI 5011 68de 15

anhydrides to afford the imided and 5.5 Subsequent
deprotonation of imided with LDA affords exclusively the

Z enolatess as demonstrated by the NOE exhibited by the
TBS N,O-keteneacetals derived by trapping witert-
butyldimethylsilyl (TBS) chlorid€. Treatment of6 with a
variety of alkyl halides, including methyl, allylic, and
benzylic bromides and iodides cleanly affords—®2%
yields of monoalkylation products having diastereomeric
ratios >49:1 (Table 1). The sense of asymmetric induction
found for the resulting monoalkylation products-15 is

consistent with approach of the electrophile to the face of

the enolateb opposite to the bulkygemdimethyl bridge,
resulting from a combination of steric factors and restricted
rotation about the €N, bond in6 owing to chelation.

The more reactive benzoyl and propionyl chlorides af-
forded selectivities of 2050:1. Success with benzoyl

chloride is especially noteworthy given the ease of epimer-

ization in this case (Table 1). The nearly enantiomerically
pure a-substituted acyl groups could be cleaved from the
auxiliary by hydrolysis or alcoholysis (LIOOH, LiIOBRY
reductively (LAH, LiBH,),%36 or by conversion to the
Weinreb amide (EtAICIN(OCE)CHj) or thio ester (LiSEt).

The latter are particularly versatile undergoing direct conver-

sion to esters and amides and by reduction with DIBAI-H
to aldehydes.

Despite some prior successesgcent literature reports
document continuing difficulties in achieving high diastereo-

a Diastereomeric ratio was determinedyNMR. P Configuration was
proven by cleaving the auxiliary with LAH and comparing the optical
rotation to the known alcohdk ¢ Absolute configuration was verified by
cleaving the auxiliary to the carboxylic acid with LiOH and comparing the
optical rotation to known compounds? Also, 28% of O-acylation product
was observed: Absolute configuration was determined by reducing the
ketone with ZnBH, cleaving the auxiliary with LAH, and comparing the
optical rotation to a known didl.

permit facile, highly diastereoselective monoalkylation and
acylation, we went on to investigate the more challenging
second alkylation to afford quaternary carbon centers.

Our initial attempts to effect introduction of the second
alkyl group employed the lithium enolate generated by
treatment ofl2 with LDA as before. The resulting lithium
enolate afforded productst and17 in low chemical yield
with poor diastereoselectivity. We first ascertained whether
the problem lay in inefficient or nonselective enolate
formation. The enolate generated with LDA was readily
trapped with TBS chloride in quantitative yield. Analysis of
the resulting\,O-keteneacetal by NOE showed that enolate
formation was highly Z-selective.Thus problems with
enolate formation are not the origin of the low reactivity
and selectivity.

To rule out unusually stable enolate aggregates, we utilized
lithium salts and HMPA to disrupt aggregation. However,
little improvement in the diastereoselectivity was observed.
The major product was determined to b®-17, which

selectivities and yields in the creation of quaternary carbon gypports the model invoking chelation coupled with steric

centers? Since imides derived fror@ have been shown to
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factors to control the diastereoselectivity.
Use of more ionic sodium enolates was expected to
enhance reactivit}:!* Generation of the enolat2 and15
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using sodium diisopropylamide (NDA§,shown to be>49:1
Z by NOE as abovéed to high diastereomeric ratios and Scheme 1. Stereochemistry of Alkylation 02
modest to excellent yields and conversions upon reaction

0.
with allyl iodide (Table 2). Reaction temperatures-e80 -~ u
N._O allyl HC,
LDA | = _ XeN
/ HaC
|

iodide
o (0]
Table 2. Alkylations Creating a Quaternary Center N CHa 7
P YO :
Oy, 1-NDA -78 °c % NHSC S, o NF 12 O e ally HaC, /
. ;
N s — j]/\m XcN)\rFH NDA ™ | \'\éo_{ XCNm)ﬁ/
R, 2 alyliodide S Q\N = odide )
0 /
12/15 (R)-16a-b / (S)-17a-b 18 a-b 16

16a-17a R=iPr E*

16b-17b R = C(O)CoHs

case of nitrogeA®'® Compounding the difficulties is the

temp®  vyield (conv) 18 increased tendency of electron-rich enolates to decompose
Ri (C) 16+17(%) 16abi7abbc (%) to ketene and auxiliary.
12 'Pr 0 36 (65) 13.7:1 0 To determine ifl and 2 offered any advantagd, was
12'Pr —30 60 (76) 20.5:1 10 acylated with benzyloxyacetyl chloride to affotd. Depro-
15C(O)Et  —40 67 (100) 99:1 0 tonation of19 using both sodium and lithium hexamethyl-

a General reaction conditions: a solutionidin dry THF was added o disilazane as bases and then treatment with allyl or methyl

2 equiv of NDA in THF at—45 °C, followed by addition of neat allyl  jodide afforded the expected monoalkylation products in
iodide (10 equiv) after 40 min, warming t630 or 0°C, and stirring for 4

. 7 .
h. b The diastereomeric ratio was quantified by Gl<@erivatization was good yields (Table 3) Unfortunately, only modest diaste-
employed to determine the absolute configuration as detailed in the
Supporting Information.

Table 3. Alkylation of Glycolate19

to —40 °C were optimal for enhancing reactivity and o Ro By
inhibiting enolate decomposition. Less polar mixtures of THF 1. base XCN%OBn . XCNW]/\an
and toluene gave improved diastereoselectivity (as high as N\H/\OBn 2. RoX 0 0

. i ; i i 20Ry=allyl  21Ry=allyl
4|9.1) but did not afford yields or conversions as high as THF 16© 22Ro - mathyl 23 R, = methyl
alone.

The major productd 6 were determined to have the A o I " "y
configuration, established by chemical correlation or X-ray ase 2 yield (%) d 6)
analysis, opposite to that obtained with the lithium enolate. LiHMDS CHz=CHCH_l 74 221 21
The stereochemical outcome is best rationalized by assuming LIHMDS — CHsl 66 2.51 20
that the sodium enolate orients itself perpendicular to the NaHMDS — CH=CHCH!I 67 seél 32

. . . NaHMDS  CHl 62 1.4:1 10
endocyclic lactamr system to avoid unfavorable electronic
interactions as do amide and N-acylsultam enol&tdhe gg‘merall rteacti?nbcond(itliogls a,st;ltg';)glgir} d”ry THdF k;Na_S addgdtto
. . ~ a . solution or pase .0 equiv, °C, followe y Immeaiate
enolate conformation where the-© bond bisects the £ addition of neat RX, warming to —40 °C, and stirring for 24 hb The

C7 lactam bond is much preferred on the basis of molecular absolute configuration was determined by cleaving the auxiliary to the

; ; Weinreb amide, reducing with DIBAI-H and, comparing the optical rotation
meChamC,s calculations (MacrOMOdel’ v_er. 6, 1998)_he to the known aldehydés. ¢ The remainder of the mass is recovered starting
electrophile then approaches the least hindered enolate facematerial.

Alkylation of chiral enolates bearing arheteroatom have
been extensively studiétt> Chiral imide enolates experience
problems possibly arising from competitive chelation of the
counterion by the heteroatom rather than the imide carbonyl.
_LOSS Of_contml at_)om the en0|atF‘€“N_C bond OC(.:u.rS’ Wh'_Ch (15) (a) Frater, G.; Mueller, U.; Guenther, Wetrahedron Lett1981,
is required for high levels of diastereoselectivity. Indirect 22 4221-4224. (b) Kelly, T. R.; Arvanitis, ATetrahedron Lett1984 25,

methods have been used to introduce the heteroatom in the39—42. (c) Helmchen, G.; Wierzchowski, Rngew. Cheml984 96, 59—
60. (d) Enomoto, M.; Ito, Y.; Katsuki, T.; Yamaguchi, Metrahedron
Lett. 1985 26, 1343-1344. (e) Pearson, W. H.; Cheng, M.LOrg. Chem.
(11) Evans, D. A.; Wu, L. D.; Wiener, J. J. M.; Johnson, J. S.; Ripin, D. 1986 51, 3746-3748. (f) Ludwig, J. W.; Newcomb, M.; Bergbreiter, D.

reoselectivites (143.6:1) were observed favoring thHe
isomers20/22 at the optimal temperature-@0 °C).

H. B.; Tedrow, J. SJ. Org. Chem1999 64, 6411-6417. E. Tetrahedron Lett1986 27, 2731-2734. (g) Cardillo, G.; Orena, M.;
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Lipton, M.; Caufield, C.; Chang, G.; Hendrickson, T.; Still, W.XComput. Chem. Socl99Q 112, 4011-30. (b) Evans, D. A.; Britton, T. C.; Dellaria,
Chem.199Q 11, 440-467. J. F., Jr.Tetrahedron1988 44, 5525-40.

Org. Lett., Vol. 3, No. 23, 2001 3779



To our surprise, th® diastereomer was major independent
of both base and electrophile, conS|stent_ with reaction via a t4pje 4. Alkylation of Glycolate24
conformer comparable to that shown in Scheme 2. No

R R
1. base XCNj(L XeN_ A
S e SR S
Scheme 2. Stereochemistry of Alkylation 0f9 and24 OBn £ T2
00 - -
R 25 Ry = benzyl 26 Ry = benzyl
24 27 R, =methyl 28 R, = methyl
XcN
> m/RLOBn
ySi 0 base? R2X yield (%) drb 2¢ (%)
o 20 R = allyl
base N RI  22R=CHj LiHMDS CsHsCHBr 95 35:1 0
N\[(\osn \Ko\ * LiHMDS CHal 74 381 11
S o--M R NaHMDS CeHsCHBr 99 4.4:1 0
19 me BN XCN\H/S\OBn NaHMDS  CHisl 86 6.4:1 7
2 OR = allvl a General reaction conditions: a solutionZfin dry THF was added to
1R =ally an 0.5 M solution of of the base (1.5 equiv) a8 °C, followed by
— o 23R=CH, immediate addition of neatdX, warming to—40 °C, and stirring for 24 h.
O I R b The diastereomeric ratio was determinedslyNMR. ¢ The remainder
G of the mass is recovered starting material.
~N o+ XcN
M H™ ~0OBn R OBn
! si O since varying amounts of and 2 (and occasionally N-
E )O_M / g? E - g:zph alkylated analogues) were obtained during alkylations3f
N base N>§/\osn R . and 24 (Tables 3 and 4). Treatment @ with NaHMDS
\ﬂ/\OBn Hé/ R and CH, followed by quenching and aliquot analysis at 1
o O OM - NaLi XCN\H/ST\OBn min intervals, revealed that almost all 24 was consumed
24 ' I within 5 min, affording 75% o7 and28 (4.7:1) and 25%
‘ ’ 26 R = CH,Ph lactam2. Over 24 h, the amount of lactam decreased to 7%
o 28 R=CH, and the diastereomeric ratio steadily increased (see Table
N-M a 4). When the enolate frorh9 was examined, consumption
* of 19was slower. Initially, theSdiastereomer predominated
, ©O H “oBn (after 5 min conversion to 20% &2 and 23 (2.3:1) and

32% of1), but after 24 h, the diastereomeric ra?@®/23 had
degraded to 0.951.4:1. Thus, reversible conversion of the

dependence on counterion supports the idea that the loweenolates from botti9 and24 to the corresponding ketenes
diastereoselectivity results from loss of control over the and the lactam anions frofhand2 appears to be dramati-
C—N.u bond in the enolate. cally impacting stereochemical outcoffe.

To determine whether the bridgehead methyl is critical to  Further studies of the role of ketene formation in deter-
the observed stereochemistry, we examined enolates derivedining diastereoselectivity are ongoing to enhance stereo-
from 24. As shown in Table 4, alkylation of Li and Na control in alkylation ofa-heteroatom enolates.

enolates derived fror24,'’ itself obtained by acylation of Acknowledgment. We are grateful to NIGMS of the

2, provided alkylation product&5—27 in excellent yield.  National Institutes of Health for the award of a research grant
The diastereoselectivity was improved (48t4:1) some- (GM-30345) in support of these studies.

what. During our studies Crimmins reported even higher _ ) ) o

selectivity for cases limited to allylic iodidés. Supporting Information Available: Characterlzatlon
Surprisingly, the major diasteromers (R)S/(R)27 ob- ~ dafa f8r4b—cfi, 7—16, |19_—20(,jf%2, 2;}—28 and ?xperlm_(lan;?l

tained using24 were not only independent of counterion but P'O¢€ urhes or C_ONE ation df6. T Ihs m;a/terg:t IS available

were identical to the major products obtained frate, free of charge via the Internet at http://pubs.acs.org.

inconsistent with our stereochemical model and unprec- OL016738I

edented for imides derived frohand2 (Scheme 2). (18) (a) Fuganti, C.; Grasselli, P.; Servi, S.; Spreafico, F.; Zirotti, C.;
Other factors were thus influencing the stereochemical casat, p.J. Py Res., Synop984 112-113. (b?SOMadi'e, G.; Arce,
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3780 Org. Lett., Vol. 3, No. 23, 2001



