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The asymmetric synthesis of ~ N-propargylamides through Michael addition of the alkynylborane 1 to N-acylimines is reported. The  N-acetylimines
provide the best substrates for the process exhibiting high selectivity (56 —95% ee) with predictable stereochemistry. In several cases, 5

crystallizes in essentially pure form (97 —99% ee) and a single-crystal X-ray structure was also obtained for 59 (R 1 = R, = Me, R3 = 0-Cl-
CsCy). The process regenerates 4 for its direct conversion back to 1 and facilitates the efficient recovery of the pseudoephedrine.

With more than 75% of drugs and drug candidates containing reportec?, but until recently, the organoborane-based alky-
the nitrogen functionality, it is not surprising that the nylation of imines was an unknown procésRecently, we
asymmetric synthesis of amines is the focus of continuing reported several highly useful asymmetric organoborane
research. Versatile, multifunctional amines such as propar-conversions with the remarkably stable and versatile 10-
gylic amines are of interest because they provide useful substituted-9-borabicyclo[3.3.2]decanes (10-R-9-BBDS.
building blocks for the synthesis of more complex systéffis. an extension of those studies, we chose to evaluate the
Many organometallic routes to propargylic amines have beenpotential of B-alkynyl-10-trimethylsilyl-9-BBDs (1) to un-
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Alkynylboranes have been known to add to nonconjugated
aldehydes and more slowly to ketones to give the corre-
sponding propargy! alcoho®sWith conjugated enones, 1,4-
addition is observed resulting jfralkynyl ketones. More
recently, this was developed into an effective asymmetric
process employing chiral alkynylboronic estetsThis
preference for 1,4- vs 1,2-addition can be attributed to a
favorable six-membered ring cyclic transition state for the
alkynylation of the enone in itsisoid form. In a general
sense, conjugate additions are highly useful proce€ssith,
several of these methods involving organobordrfes.

Recently, we examined the allylation BFTMS imines
employing 10-R-9-BBD reagents! For the aldimines, the
N-TMS derivatives were unreactive. However, with their in
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Org. Chem1985,50, 1577. (b) Evans, J. C.; Goralski, C. T.; Hasha, D. L.
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situ conversion to the correspondiNgH derivatives through
a borane-mediated methanolysis, allylation was rapid even
at —78 °C. In contrast to the rapid six-center allylation
process, the four-center alkynylation of aldehyd¢siMS,
or N-H aldimines withl does not occur (1 week, 2%C).
By contrast, we felt thaN-acylaldimines (2) could exhibit
greater reactivity because these substrates can serve as
Michael acceptors fat.® Among the available routes to these
systemg?the Wirthwein acylation dfii-TMS aldimines with
acid chlorides was particularly attractive and was employed
for the synthesis o2 for this study*!*2

We initially examined the role played by the acyl group
with respect to both the efficiency of the addition and its
enantioselectivity. Addition of 2 equiv of various-acyl-
aldimines 2 to la (R; Me) results in the complete
formation of the borinic ester intermedig@¢''B NMR 6 ~
57) in 12 h at 25°C.*® However, the alkynylation of the
N-carbamoyl derivative (Table 1, entry 6) was very slow (1

Table 1. Michael Additions of1R to N-Acylaldimines (23}

entry Ro Rs 5 yield (%)° ee (%)
1 Ph 2-C4H30 a 89 83
2 Ph Ph b 73 70
3 Ph 2-C4H3S c 85 83
4 i-Pr Ph d 86 94
5 Me Ph e 72 95
6 OEt Ph f 42 39

a For entries 2—6, th8-propynyl derivativelaR (R; = Me) was used.
For the knownb5a, the B-heptynyl derivativeleR (R; = n-GsHii) was
employed to verify the product stereochemistisolated yields after
column chromatography.Product ee determined by HPLC analysis with
a Chiracel OD column.

week, 25°C) and gave a low product yield and ee. From
these results, we selected tReacetylaldimines (R= Me)
for the present study because these were both easy to prepare
and gave high product ee’s (e.g., Tablesg).

Readily available through simple Grignard procedures,
several alkynylboraneg were prepared (R= Me (a),

(8) For early Michael additions with trialkylboranes, see: (a) Brown,
H. C.; Rogi¢, M. M.; Rathke, M. W.; Kabalka, G. W. Am. Chem. Soc.
1967,89, 5907. (b) Brown, H. C.; Kabalka, G. W.; Rathke, M. W.; Rogic
M. M. 1968, 90, 4165. For recent asymmetric Michael additions with
areneboronic acids, see: Paquin, J.; Defieber, C.; Stephenson, C. R. J.;
Carreira, E. MJ. Am. Chem So2005,127, 10850 and references therein.

(9) For additions td\-acylimines, see: (a) Hermanns, N.; Dahmen, S.;
Bolm, C.; Brdse, SAngew. Chemlnt. Ed.2002,41, 3692. (b) Dahmen,
S.; Brase, SJ. Am. Chem. So2002,124, 5940. (c) Mecozzi, T.; Petrini,
M. Tetrahedron Lett2000, 2709. (d) Mecozzi, T.; Petrini, M.; Profeta, R.
J. Org. Chem2001,66, 8264. (e) Petrini, M.; Profeta, R.; Righi, P.Org.
Chem.2002,67, 4530. (f) Kanazawa, A. M.; Denis, J.; Greene, AJE.
Chem. Soc.Chem. Commurii994, 2591. (g) Chao, W.; Waldman, J. H.;
Weinreb, S. M.Org. Lett.2003,5, 2915. (h) Sigman, M. S.; Jacobsen, E.
N. J. Am. Chem. S0d.998,120, 4901.

(10) () Chao, W.; Weinreb, S. M.etrahedron Lett2000,41, 9199.
(b) Back, T. G.; Brunner, KJ. Org. Chem1989,54, 1904.

(11) Kupfer, R.; Meier, S.; Wirthwein, ESynthesis984, 688.

(12) All N-acyl (carbamoyl) imines were synthesized with the Wiirthwein
method without further purification immediately prior to the additiorito

(13) Use of 1.0 equiv o in these processes providBswith similar
selectivities and reaction yields but with significantly longer reaction times
(ca. 1 week, 25C).
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C(Me)=CH; (b), (CH)sCl (c), c-CsHs (d), (CH.)4CHs (e))

to introduce differing alkynyl substitution into the products Scheme 2

5. Nonenolizable aldehydes were used to ultimately produce ms
2 through theirN-TMS aldimines. Following the complete P

formation of 3, the mixture was concentrated and the o~ Mger M
appropriate enantiomer of pseudoephedrine (PE) and aceto#s  —_ = % ™ % Vet (1 squy)
nitrile were added. Transesterification occurs in 48 h at reflux 2h, 98% THE, -78°C, 12 h
temperature, ultimately providingt (35—65%) for the 1. BIMgC=CMe r7s 2. 3MHC|
regeneration ofl.. The N-propargylamide$ were isolated B0, -78°C, 98%

in good yields (6+82%) and high selectivity (5695% ee). 2 I A 2500, st
Interestingly, in several cases, the enantiomeric exceSs of "

was significantly upgraded to 909% through recrystalli- CH,Ch, 25°C, 12h

zation from hexane/ethyl acetate (see Table 2, entries 2, 4,

a A
1N
59
Pd/C THF Pd/C THF ~
15 min, 99% 5 min, 80%
9

Table 2. Asymmetric Michael Addition ofl to 2

[af'p=-259 [afp =-30.6
entry Ry Rs 5 yield (%) ee (%) (c = 1.2, CHCl3)
1 Me Ph e 72 95
2 Me 0-CICeHs g 54 70 (97)
3 (CHy)sCl p-MeOCgHs h 81 82 stereochemistry. This is also consistent with the above
4  C(Me)=CH; p-MeOCeH; i 61 84 (>99) selectivity observed foba.
z C'gSES f}’)‘}?lcﬁH‘l 11 g; ;‘é (>99)¢ To provide a potential explanation for the observed product
c-CsHs i i i i ia-
7 Me + Bu 1 =0 68 stereochemistry, we chose to examine eight possible dia

stereomeric pre-transition-statesoid syn-Oacetylbenzaldi-
aFor entries 1 and-35, the (1®R) enantiomers of were used. For entries mine complexes with employing simple MM calculations.

2, 6, and 7, the (1) enantiomers of were used® Isolated yields after . L .
column chromatography.Product ee determined by HPLC analysis with Y€ constrained the-alkynyl carbor-iminyl carbon distance

a Chiracel OD column? Enantiomeric excess after recrystallizationSof to 3A (Figure 1, dotted lines in red) which gave the lowest-

and 5). The single-crystal X-ray structure 6§ reveals

intermolecular H-bonding between the amide hydrogen and
the carbonyl oxygen of an adjacent molecHl&his second-

ary structure can account for the observed ee enhancement
through the recrystallization &.

This process can be conducted with the in situ formation
of theN-acetylaldimine in the presence bfBecause neither
the acetyl chloride nor th&l-TMS aldimine reacts wit,
this three-component process B¢ is nearly as efficient
(67%) as the reaction d? with 1 (i.e., Table 2, entry 1,  Figure 1. Proposed models for the observed stereochemistry of
72%). the alkynylation of2 with (—)-1R.

The absolute stereochemistrysd was assigned from the
reported value for its rotatiott Thus, (+)-(1R)-5awas
obtained from €)-1eR. The BBD systems have been energy complexes for the formationRfandSaminoboranes
previously demonstrated to give both predictable and con- 3 from (—)-1R, of whichR is lower in energy {2.5 kcal/
sistent selectivities in other asymmetric transformatibns. Mol) thanS. This semiquantitative model for the process is
However, to further confirm the stereochemical assignments consistent with the general observation that the carbonyl

of 5, we carried out the catalytic hydrogenatiorbgf(from oxygen coordinates the boron atasis to the 10-TMS in
1aS) which gave6, quantitatively (Scheme 2). Thil- the BBD system in a wide range of asymmetric processes.
butylamide was also prepared by the asymmetric allylbora- We view the reaction as occurring through &® coordi-
tion of N-H 2-chlorobenzaldimine (from its-TMS precur- nated six-membered transition state in which the close

sor, MeOH, and-)-7S) which gave the known homoallylic ~ proximity of the now more electrophilic imine carbon
amine8, with Sstereochemistr§e Following the acetylation ~ facilitates the transfer of the nucleophilic alkynyl group.

of 8 to give 9, its hydrogenation provide8 (80%). With Finally, the deprotection dbj can be smoothly achieved
both procedures producing the same eénantiomeric form  With chlorine and triphenyl phosphite as reported by Pfati.

of 12, it is clear thaN-propargwamid@g also has the (3) This impressive procedure provides the free amiibim 87%
yield (Scheme 3).

(14) These intermolecular interactions are apparent from the crystal-
lographic data included in the Supporting Information. (15) Spaggiari, A.; Blaszczak, L. C.; Prati, ©rg. Lett.2004,6, 3885.
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cases through a simple recrystallization. Moreover, deacety-

Scheme 3 lation of 5 easily provides the corresponding amines (e.g.,
0 10). This borane-mediated Michael alkynylation 2fpro-
al H\N/U\ T (PhORP Ol o e vides a highly attractive method for the asymmetric synthesis
@N e @)\V of propargylamides and amines.
o 2. MeOH, 5h S
3. MeOH/H,O (1:1),12 h
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