HMPA Promotes Retro-Aldol Reaction,
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ABSTRACT
OH
CN 1. LDA, -78 °C, THF, CN
6 eq. HMPA Ar
2. ArCHO
3. NH4Cl (aq.)

syn:anti = 96:4 t0 92:8
(seven examples)

In HMPA-THF solution, lithiated 1-naphthylacetonitrile undergoes highly syn-selective addition to aromatic aldehydes, providing the first
access to such syn-aldols. Syn-selectivity is also observed with two other arylacetonitriles. Aldolate equilibration and crossover experiments
demonstrate that HMPA promotes retro-aldol reaction and that aldol diastereoselectivity under these conditions is thermodynamically controlled.

Despite its toxicity, HMPA remains a favorite additive for
optimizing the rates and selectivities of organolithium
reactions. HMPA enhances the reactivity of carbanions,

redirect the course of organolithium addition @S-
unsaturated carbonyl compounds, favoring 1,4-addition by
kinetic* or thermodynamftcontrol. In this report we describe

amides, and enolates and can help effect difficult metalations.the use of HMPA to achieve syn-selective aldol reaction of

Addition of HMPA changes the kineti&:Z selectivity of
enolate formatioh and accelerates the rate & to Z-
isomerization of ketone enolates (at°G).2°2 It can also

T Current address: Department of Chemistry, Virginia Tech, Blacksburg,
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1-naphthylacetonitrile and two other arylacetonitriles with
aromatic aldehydes. The selectivity attained is traced to
HMPA-facilitated retro-aldol reaction and the operation of
thermodynamic control. To our knowledge this work pro-
vides the first example of the use of HMPA to promote retro-
aldol reaction or to reverse diastereoselectivity of an aldol
reaction®

Arylacetonitriles generally undergo anti-selective aldol
reaction with aldehydes, although the degree of selectivity
attained depends on the steric bulk of the aldehydéth
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aromatic aldehydes selectivity is moderate to low, as can be The relative stereochemistry of the aldols was determined

seen for reactions of nitriled—4 with benzaldehydéba according to our previously described vicinglk(s) coupling

(Table 1, aldol$a—9a, column 4). In an attempt to improve constant method,or in the case ofanti-7a by X-ray
crystallography. In the cases s§n-9b,c, additional confir-

_ mation of the relative stereochemistry was obtained by

Table 1. Effect of HMPA on Aldol Reaction conversion of the aldols to the cyclic carbamate derivatives
Diastereoselectivity of Arylacetonitrilés cis-10b,c(Scheme 1}:°* 'H NMR spectroscopy confirmed
1.LDA, -78 °C, THF.
2.0 or 6 equiv. HMPA, OH OH
30 min., -78° 2
A CN . RSY oN R)s\i/ N
3. RCHO 5a-i, -78 °C Ar Ar Scheme 1
4. NH,CI (aq.),
1. Ar=Ph 781025°C (+)-anti-6a (£)-syr-6a He
2: Ar = Mesityl (£)-anti-7a (£)-syn-7a OH Haa 3J5_6 =3.6 Hz
3: Ar = 2-Naphthyl ()}-anti8a  (x)-syn-8a cN ab 1Naph77~lo==0 |3~ oo\
4: Ar=1-Naphthyl (£)-anti-9a-i (£)-syn-9a-i 1-Naph H N a5 = =
v 5 345 = 6.0 Hz
1-Naph o Hﬁe H 4e5= 0
anti:syn (% yield) a?
(z)-syn-9b (z)-cis-10b (49%)
0 equiv 6 equiv
aldol Ar R of HMPA of HMPA oH 2-Naph
ab H B gn=
6a  Ph Ph 85:15 (70)¢  42:58 (69) > o N~ Hy/ 60 315'6 =4:3sz
7a  mesityl Ph 88:12 (56) 90:10 (68) “Nap e 1-Naph N 3 J“a‘5 —atHy
8a  2-Naph Ph 70:30 (89)bc  36:64 (82) Nap H5H4e s
9a  1-Naph Ph 72:28 (75)° 8:92 (76) (2)-syn9c (£)-cis-10¢ (61%)
9b 1-Naph  1-Naph 58:42 (39)° 8:92 (80)
9c  1-Naph  2-Naph 69:31 (29)° 5:95 (73) aReagents: (a)l:1 LIAIWAICIs, ELO, rt, 6 h; (b) (CYCO),CO,
9d 1-Naph  2-Me-CgsH4 63:37 (55)° 7:93 (81) Et;N, CH,Cl,, —78 to 0°C.
9e 1-Naph  4-Me-CgHa 57:43 (44)° 4:96 (72)
of 1-Naph  4-Cl-CgH,4 50:50 (46)° 8:92 (73)
9g 1-Naph  4-MeO-CgH,  38:62 (39)° 4:96 (68) . . . . . .
9h  1-Naph tBu ~08:2 (87)¢ ~98:2 (64) the cis relationship of the ring substituents in each case. The

9i 1-Naph  c-CeH 88:12 (81)° 71:29 (83) preferred conformer of theis-carbamate40 depends on
2 React Hormed in THE 478 °C at 0.025 M: 30 min aft the relative steric demand of the C-5 and C-6 substituents.
eactions were performed In a8°C at 0. ) min arter . .
addition of the aldehyde, reactions were quenched/&°C by the addition If the C-5 and C-6 substituents have equal steric demand

of NH4CI (aq). For reactions with HMPA, aldehydes were added 30 min (as forcis-10b), then the C-5 axial conformer dominates, to
after addition of HMPA (6 equiv) to the lithiated nitrile. The yields reported minimize 1.3-diaxial interactions

are isolated yields after chromatography, unless otherwise rfoBeata from ! . ! .

ref 7. NMR vyield. ¢ The yield at 30 min was quite low; this reaction was The syn-selectivity observed for arylacetonitriles, and

quenched 4 h after addition of aldehyde. 4 with aromatic aldehydes in the presence of HMPA is quite
unusual. Previously, syn-selectivity with benzaldehyde has
been observed only for an aliphatic nitrile, valeronitfilas
a first step toward determining the role of HMPA in reversing
the selectivity of these aldol reactions, the extent of aldolate
equilibration under the two reaction conditions was exam-
ined. We have previously used this technique to establish
that the aldol reaction of and cyclohexanecarboxaldehyde
5i is essentially irreversible over 30 min-af78 °C.*° Thus,
diastereomerically enriched samples of aldéés 8a, and
9c were resubjected to 1 equiv of LDA at78 °C for 30
min, in the presence or absence of HMPA, followed by the
normal quench (Table 2). In the absence of HMPA, diaste-
reomerically enriched samples of these aldols show little
(=5%) change, suggesting that aldol reaction under these
conditions is predominantly kinetically controlled.

However, aldolate equilibration experiments in the pres-

the selectivity, a number of additives were examined, and
HMPA was found to cause a reversal of diastereoselectivity
in three of the four cases (Table 1, ald6&s—9a, cf. columns
4 and 5). Most striking were the reactions with 1-naphthyl-
acetonitrile 4. In pure THF, diastereoselectivities with
aromatic aldehydeSa—g were very low. However, in the
presence of 6 equiv of HMPA, anti:syn selectivities ranging
from 8:92 to 4:96 were obtained (Table 1, ald®a—g,
column 5) The addition of HMPA also led to significant
increases in the yield of the aldol products. Experiments to
determine how much HMPA is needed for high syn-
selectivity were then carried out. For ald@ls,guse of 2 or
6 equiv of HMPA gave almost identical levels of syn-
selectivity; for9a—d,f use of 2 equiv of HMPA gave slightly
lower levels of syn-selectivity. To explore the generality of b : .
this HMPA-induced change in diastereoselectivity, reactions €"¢€ of HMPA show significant change in the diastereomer
with aliphatic aldehydesh and5i were performed. Unfor-  'atio (15% &), 68% Ba), 88% c)). In the case oBaand
tunately, in the presence of HMPA these reactions remained 2@ the flngl anti:syn ratios at'galned closely approxmate those
anti-selective (Table 1, aldoBh, ). qbserved in the corre_sp_ondlng HMPA-me(_Jhat_ed _aIdoI reac-
tions (cf. Table 1). This important observation indicates that

(8) Thus far HMPA is uniquely effective. In reactions4and5a, LiCl,
DMSO, TMEDA, and the HMPA substitutes DMPU and dimethylacetamide (9) Carlier, P. R.; Lo, K.-M.; Lo, M. M.-C,; Lo, P. C.-K; Lo, C. W.-S.
failed to induce syn-selectivity. Use of sodium hexamethylsilazide as base, J. Org. Chem1997,62, 6316—6321.
with or without added HMPA, resulted in poor syn-selectivity. (10) Carlier, P. R.; Lo, K.-MJ. Org. Chem1994,59, 4053—4055.
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Table 2. Aldolate Equilibration Experiments Scheme 2. Aldolate Crossover Experimenits
1. LDA, -78 °C, THF. OH . OH
OH 2.0or6equiv. HMPA,  OH on ) LDA -78 °C, THF. N
. _CN 30 min., -78 °C CN Ph 2. -PrCHO 5j,
R/\l/ — -~ R + ArTCN 0 or 6 equiv. HMPA,
Ar 3. NH4Cl (ag.), Ar 30 min., -78 °C + 9a + 4
99 0
(#)-anti- anti- & syn- 3. NH,Cl (aq.),
(or syn-) -78t0 25 °C
(£)-syn-9a 9j
HMPA start end % changeP
aldol (equiv) anti:syn anti:syn (mol % of nitrile) mol% 9j mol% 9a
7a 0 0:100 0:100 0(0) HMPA (antisyn) (antisyn) mol% 4
7a 6 0:100 15:85 15 (6) 0 equiv. 2 (>95:5) 96 (<1:99) 2
8a 0 6:94 10:90 4(6) 6 equiv. 27 (72:28) 70 (5:95) 3
8a 0 100:0 95:5 5 (6)
8a 6 100:0 32:68 68 (8) a Reactions were carried out a78 °C in THF at 0.025 M for
9c 0 0:100 4:96 4(2) 30 min, in the presence or absence of HMPA, followed by the
9c 6 100:0 12:88 88 (33) normal quench. Yields and anti:syn ratios were determinetHoy

NMR. Results reported represent the average of at least two

a Diastereomerically enriched aldols were treated with 1 equiv of LDA .
experiments.

at —78 °C in THF at 0.025 M for 30 min, in the presence or absence of
HMPA, followed by the normal quench. Anti:syn ratios and mol % of nitrile

were determined b¥H NMR. Results reported represent the average of at . o . .
least two experiment&.% change represents the difference (%) in the capture of the lithiated nitrile b§j are fast. Thus, we attribute

starting and final anti:syn ratios; mol % of nitrile refers to the amount of  the rapid aldolate equilibration observed in HMPAHF
ArCH,CN detected after the aldolate equilibration experiment. solution (Table 2) to retro-aldol reaction.
How addition of HMPA improves reversibility of the aldol

Idol di lectivity in th HMPA-mediated , reaction is not yet clear. If the action of HMPA were
aldol diastereoselectivity In these “mediated reactions catalytic, sub-stoichiometric application of chiral phosphor-

Is tEermo_dynamipall;;] controlled. g.o ns(;stTStlwith t.his _hy- amide$ in asymmetric nitrile alddt and retro-nitrile aldol
pothesis, increasing the HMPA-mediated aldol reaction times reactions could be envisioned. That HMPA does indeed act

frolm 30 minf to I2d4 Ih6 prov(ijdgs inggt:Igy G;mpr%vezdgliin— as a nucleophilic catalyisof aldol/retro-aldol reaction (albeit
s€ eCt'V.'t'eS or aldols6a and 8a (to orand 2211, an jnefficient one) is suggested by the following observa-
respectively; cf. Table 1). Thus, for reactions of lithiatied tions: after 24 h at—78 °C. reaction of lithiatedd and
3, ano!4 with aromatic aldehydes in THRHMPA, thesyn- benzaldehyde in the presence of 0.2 equiv of HMPA gave
aldol is the thermodynamic product. In contrast, aldolate 40/ 94in a 34:66 ratio (NMR yield 91%). Repeating this
equilibration experiments demonstrate that HMPA-mediated experiment at-37 °C improves the anti:syn ratio &a to
formation of 7a is not completely reversible within .3.0 mi_n 23:77 but decreases the NMR vyield to 48%. These results
at—78 CI: (Cf' '[]abﬁhs/lé:nd (Zj) Slgwlgldlolate gqU|I|bra]}t|on also suggest that formation of the lithium aldolateSafis
7may expiain why lecti -me |atef azz hreafcg'fgs to _grm not highly exothermic and thus highlight the usefulness of
a r(imgaérllzntl-se ective, even aiter a (ant HMPA for promoting reversibility in low-temperature nitrile
syn= 86:14). o ) ~aldol reactions. Finally, these results stand in interesting
That aldolate equilibration occurs via retro-aldol reaction contrast to those of ketone enolate aldol reactions, where
and not through epimerization of the-nitrile carbon is  gigolate equilibration was found to be faster in nonpolar
supported by aldolate crossover experiments (Scheme 2)ggvents (pentane) than in diethyl eth2mand addition of

Deprotonation obyn9ain the presence of isobutyraldehyde \vpA did not cause any observable change in aldol
5] and in the absence of HMPA produced only a trace giereoselectivity?

amount of aldolate crossover prod@§t Thus, in pure THF,
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