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We describe a simple *H NMR analysis that permits the stereochemistry of 5-hydroxy ketones to
be assigned by visual inspection of the ABX patterns for the a-methylene unit of the S-hydroxy
ketone in the 'H NMR spectra. This method has been verified by application to a wide range of
p-hydroxy ketones deriving from aldol reactions of chiral aldehydes with a variety of chiral and
achiral methyl ketone enolates (see Tables 1 and 2). The stereochemistry of 54 of these compounds
have been assigned by rigorous chemical methods.

The assignment of relative stereochemistry of confor-
mationally flexible acyclic molecules remains a challeng-
ing problem in organic chemistry. NMR methods have
been used extensively for these purposes, based on the
recognition that the viscinal *H—'H constants for protons
on adjacent stereogenic centers typically fall in the range
Janti > Jsyn.® However, the J analysis is not necessarily
straightforward for molecules with three or more con-
tiguous stereocenters (owing to the need to minimize
gauche pentane interactions),* molecules with vicinal
heteroatom substituents that prefer to adopt gauche
relationships,>® and molecules with functional groups
that can participate in hydrogen-bonding networks.”
These structural features may lead to perturbations of
the conformational equilibrium distribution of the struc-
ture in question, and the Jani > Jsyn “rule” may be
violated in such cases. These issues have prompted
several groups to develop empirical 3C NMR methods
for assignment of stereochemistry to a-substituted-g-
hydroxy ketones,?® 1,3-diol derivatives,*® and secondary
alcohols,!! as well as the development of universal NMR
databases for stereochemical assignment of structures
with three or more stereocenters.*?13 Alternative methods
of stereochemical assignment involve conversion of the
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compound in question (or a segment of a compound) to a
cyclic derivative for NMR stereochemical analysis.'418

During the course of our studies of the fragment
assembly aldol reactions of chiral aldehydes and methyl
ketones, we faced the continual problem of assigning the
stereochemistry of the newly introduced S-hydroxy group
in the aldol products.’®~?* The stereochemistries of a
significant number of the aldols generated in this study
were assigned by 'H NMR analysis of acetals prepared
by appropriate chemical conversions of the aldol products.
For example, aldols 3 and 4, which derived from the aldol
reaction of chiral methyl ketone 1 and chiral aldehyde
2, were assigned following conversion to the correspond-
ing p-methoxybenzylidene acetals 5 and 6 by DDQ
oxidation of the PMB ethers.? In other cases where the
chiral aldehyde contained a methoxymethyl (MOM) ether
protectecting group for the -alkoxy substituent, stereo-
chemistry was assigned following conversion of the aldol
products to the corresponding methylene acetals upon
treatment with Me,BBr and 2,6-di-tert-butyl-4-methylpy-
ridine (DTBMP) (cf. 7 to 8).26 In still other cases (e.g., 9
to 11),% silyl ether protecting groups were removed from

(14) Rychnovsky, S. D.; Skalitzky, D. J. Tetrahedron Lett. 1990, 31,
945,

(15) Evans, D. A,; Rieger, D. L.; Gage, J. R. Tetrahedron Lett. 1990,
31, 7099.

(16) Rychnovsky, S. D.; Rogers, B.; Yang, G. J. Org. Chem. 1993,
58, 3511.

(17) Rychnovsky, S. D.; Richardson, T. I.; Rogers, B. N. J. Org.
Chem. 1997, 62, 2925.

(18) Rychnovsky, S. D.; Rogers, B. N.; Richardson, T. I. Acc. Chem.
Res. 1998, 31, 9.

(19) Roush, W. R.; Bannister, T. D. Tetrahedron Lett. 1992, 33, 3587.

(20) Roush, W. R.; Bannister, T. D.; Wendt, M. D. Tetrahedron Lett.
1993, 34, 8387.

(21) Gustin, D. J.; VanNieuwenhze, M. S.; Roush, W. R. Tetrahedron
Lett. 1995, 36, 3443.

(22) Roush, W. R.; Dilley, G. J. Tetrahedron Lett. 1999, 40, 4955.

(23) Roush, W. R.; Lane, G. C. Org. Lett. 1999, 1, 95.

(24) Scheidt, K. A.; Tasaka, A.; Bannister, T. D.; Wendt, M. D.;
Roush, W. R. Angew. Chem., Int. Ed. 1999, 38, 1652.

(25) Oikawa, Y.; Yoshioka, T.; Yonemitsu, O. Tetrahedron Lett. 1982,
23, 889.

(26) Guindon, Y.; Yoakim, C.; Morton, H. E. J. Org. Chem. 1984,
49, 3912.

© 2002 American Chemical Society

Published on Web 05/21/2002



Assigning Stereochemistry to g-Hydroxy Ketones

Table 1. Selected 'H NMR Data for 3,4-Syn (Felkin)
Methyl Ketone Aldol Diastereomers?
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Table 2. Selected *H NMR Data for 3,4-Anti
(Anti-Felkin) Methyl Ketone Aldol Diastereomers?

Ha Hyp Hy Jax  Jbx assgnt lit. Ha Hp Hx Jax Jb.x assgnt lit.
compd 9) 9) 9) (Hz) (Hz) methodP refs compd ) ) ) (Hz) (Hz) methodP refs

3 266 246 4.47 8.4 43 A 19, 27 4 268 255 4.21 2.3 9.6 A 27

7 2.80 239 4.0 93 34 B 22,28 37a 276 253 4.25 2.0 9.5 B 28

9 272 239 455 93 35 D 23,29 37b 269 256 4.23 2.5 9.5 A 19, 27
12a 277 240 454 9.0 35 B 28 38 277 255 415 20 9.4 27
12b 269 249 4.49 8.3 47 A 19, 27 39a 275 254 4.23 2.3 9.7 20, 27
13 268 257 450 6.8 5.6 27 39b 274 252 4.22 2.3 9.6 c 20, 27
14a 273 244 4.48 83 43 20, 27 39c 275 252 4.22 2.3 9.7 c 20, 27
14b 269 247 4.46 8.1 46 C 20, 27 39a 279 256 4.32 2.0 9.7 19, 27
14c 270 246 4.46 8.0 47 C 20, 27 40b 273 262 4.29 2.1 9.7 A 19, 27
15a 276 245 4.45 86 4.1 19, 27 40c 276 265 4.27 2.2 9.4 c 20, 27
15b 275 249 4.48 8.6 4.0 A 19, 27 41 269 250 4.06 2.4 9.4 27
15c 279 256 4.53 8.6 4.0 A 20, 27 42 270 254 4.22 2.4 9.2 c 27
16 2.67 246 4.48 8.0 48 27 43 271 254 427 1.8 9.8 30
17 271 246 4.44 8.4 4.2 A 27 44a 275 248 4.09 2.2 9.4 C 21,32
18 269 240 4.56 8.7 3.8 30 44b 265 252 4.40 e e B 21,32
19 277 255 456 8.1 4.2 C 31 45 274 252 411 e e 33
20 280 252 457 8.4 4.4 d 31 46 266 252 4.09 2.3 e 33
2la 264 246 4.22 9.4 47 c 21,32 47 271 253 4.07 2.4 9.5 33
21b 2.68 258 4.16 e e c 21,32 48 2.64 253 4.07 2.2 9.2 C 33
22 262 252 456 e e 33 49 279 264 4.05 e e 33
23 271 245 454 9.1 4.9 33 50a 279 254 404 20 9.4 C 21,32
24 268 252 453 9.1 44 33 50b 275 257 4.08 2.0 9.4 c 21,32
25 275 252 455 78 54 33 50cf 272 216 4.39 e e c 21, 32
26 282 236 4.57 9.0 23 33 50df 275 216 4.39 e e c 21,32
27 271 222 4.26 93 34 33 50e 279 255 4.04 1.9 9.7 d 21,34
28a 279 222 453 9.2 1.1 C 21,32 50f 272 256 4.07 2.1 9.7 21,34
28b 276 230 4.61 9.1 20 C 21,32 5la 276 249 4.07 1.9 9.7 21,32
28cf 2.87 232 457 9.7 25 B 21,32 51b 276 247 4.17 2.0 9.9 C 21,32
28df 2.80 243 4.70 e 2.9 B 21,32 51c 271 252 4.18 2.2 9.7 c 21,32
28e 276 229 4.62 88 27 c 21,34 52a 284 250 4.08 1.9 9.7 34
28f 276 239 4.50 9.7 22 21,34 52b 277 255 4.19 1.8 9.9 c 34
28g 279 247 453 9.7 3.0 21,34 53 270 252 4.18 2.2 9.9 B 22,28
29 2.82 236 4.55 98 23 C 33 54a 272 257 410 22 9.8 c 22,28
30a 268 221 4.63 86 35 21,32 54b 273 257 4.07 e 10.0 A 22,28
30b 268 220 4.63 8.7 3.7 c 21,32 54c 274 258 4.15 e 125 22,28
30c 275 232 453 94 3.1 B 21,32 54d 270 257 414 20 10.0 B 22,28
3la 274 229 461 7.8 4.8 34 55a 270 260 4.17 1.5 9.5 B 28
31b 279 238 451 9.1 3.2 B 34 55b 271 262 4.07 2.8 9.2 c 28
32 277 236 453 100 3.1 B 22,28 56a 272 253 4.13 2.2 9.2 23,29
33a 267 224 431 93 34 B 22,28 56b 268 254 4.1 e e 23,29
33b 278 246 4.46 83 4.4 A 22,28 56¢ 261 251 414 E 9.3 c 23,29
gig 3% gg% iig 183 28 c gg 28 a AII_NMR data are for spectra measured in CDCl3 u_nless_note_d
34b 274 243 4.48 9.3 2.9 B 28 otherwise. P See footnotes to Table 1. ¢ The stereochemistry in this
35a 277 238 448 9.9 28 2329 case was assigne_d by process of elimir_mation, since _the correspond-
35h 272 9245 448 9.2 35 23: 29 ing 3,4-syn (Felkin) aldol isomer was rigorously assigned (see Table
36 267 235 450 9.2 3.3 23,29 1). d The stereochemistry of 50e was assigned by conversion to the

a All NMR data are for spectra measured in CDClI;3 unless noted
otherwise. ® The relative stereochemistry of the -hydroxy group
was assigned by conversion of the aldol into the corresponding (A)
p-methoxybenzylidene acetal (cf. 3 — 5), (B) methylene acetal (cf.
7 — 8), (C) hemiketal (cf. 9 — 10), or (D) acetonide derivative (9
— 11). If no assignment method is indicated, the stereochemistry
of the aldol was assigned by application of the ABX NMR method
described in this paper. ¢ The stereochemistry in this case was
assigned by process of elimination, since the corresponding 3,4-
anti (anti-Felkin) aldol diastereomer was rigorously assigned (see
Table 2). 4 The stereochemistry of 20 was confirmed by elaboration
to synthetic (—)-bafilomycin A; (see ref 24). ¢ Coupling constants
could not be measured due to overlap with other resonances in
the 'H NMR spectrum. f 1H NMR spectra of 28¢,d were measured
in CeDes.

the 6-alkoxy group of the aldol products, and the result-
ing hemiacetal (10 in this example) was subjected to
NMR analysis or was converted to the corresponding
acetonide for 3C NMR analysis according to Rych-
novsky’s method.1416-18

After accumulating a considerable amount of data on
fragment assembly methyl ketone aldol reactions, we
noticed a striking correlation between the rigorously
assigned aldol stereochemistry and the 'H NMR ABX

corresponding spiroketal, following removal of the TES (R1) and
PMB (R3) protecting groups. ¢ Coupling constants could not be
measured due to overlap with other resonances in the 'H NMR
spectrum. f 'H NMR spectra of 50c,d were measured in CgDe.

pattern for the three spin system consisting of the
a-methylene unit between the ketone and the methine
of the B-hydroxyl bearing carbon. Selected *H NMR data
for 47 methyl ketone aldols with 3,4-syn (or Felkin; see
A) stereochemistry are summarized in Table 1, while
data for 41 aldols with 3,4-anti (or anti-Felkin; see B)
stereochemistry are provided in Table 2. The stereochem-
istry of 23 of the compounds in Table 1 and 14 of the
compounds in Table 2 were assigned by rigorous chemical
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methods. The stereochemistry of another 5 of the com-
pounds in Table 1 and an additional 12 entries in Table
2 can be assigned with certainty, since the corresponding
aldol diastereomers were rigorously assigned by chemical
means (see footnote ¢ to Tables 1 and 2).

PMBO OQH O OTBS

Me.
OBn
o oTBS 1) LN(TMS),, Me M Me M
: THF, -78 °C e e e e
Me : OBn PMBO
; PMBO OH O OTBS
Me Me 2) Me, CHO e s '
1 S 7 Y OBn
e Me Me Me Me Me
2 4
90% yield, 10: 1 d.s.
p-(OMe)Ph
. bDQ Q"0 o oTBS
4 Amol. sieves 8 i : Jyg=4.6Hz
3 —_— 7 ! OBn Jgg =102 Hz
CH,Cl,, 23 °C Me Me 5 Me Me
p-(OMe)Ph
. bba oTBS
4 Amol. sieves e 8 g i o8 J;5 =9.9Hz
4 —> 7 T N Jge=99Hz
CH,Cly, 23°C Me Yo Me Me 59
Me Me Me Me Me,BBr, DTBMP
BnO. OTBDPS  CH,Cl,, -78 °C
MeO O OH O OTBS 0
MOM 50%
7
Me Me Me Me
BnO - TAS OTBOPS . -85Hz
o O: 8 : Jgg =5.0 Hz
O 07188
8
Al Me
Me Me Me Me AR R OH
PMBO._A :
\OI T T Me o)
6 O OH O CICHCH:CI
TBS TES HO' >~me
Me
9 10
dimethoxy-
propane PMB
PpTs

In all 63 of these rigorously assigned cases, the 'H
NMR spectra (measured in CDClI; or CgDg) of aldols with
3,4-syn (or Felkin) stereochemistry as in A exhibit a
characteristic doublet of doublet for H, with a large J,«
downfield of the resonance for H, which displays a small
Jux coupling constant (see Table 1). However, in the NMR
spectra (CDCl; or CgDg) of the anti-Felkin aldols B (with
3,4-anti stereochemistry), the downfield resonance H, has
the smaller J,x coupling constant, and the higher field
resonance for Hy has the larger coupling constant for Jp «
(see Table 2). These coupling constants are consistent

Table 3. Selected 'H NMR Data for 3,4-Syn (Felkin)
Diastereomer 25 in Various NMR Solvents

Roush et al.

with the aldols adopting the internally hydrogen bound
conformations indicated below.® The stereochemistry of
all other compounds in Tables 1 and 2 were assigned by
application of the ABX NMR analysis that is the subject
of this paper.

3,4-syn B-hydroxy ketones, or Felkin aldols

Hy §2.64-2.88 Hx
0 a
o i on Hp, 5220252 A oM.
VX R Hy, 84.26-4.80 Hb —0
Me H, H, Me -
Jax = 7.8-10.0 Hz Ha
A Jox = 1.1-5.4 Hz

3,4-anti -hydroxy ketones, or "anti-Felkin" aldols

H,, §2.58-2.84
0 a
SV Hy, 52.16-2.65
X R H,, 54.02-4.40
Me H, H,
5 Jax= 1528 Hz

Jox = 9.2-12.5 Hz

Portions of the *H NMR spectra of aldol diastereomers
25 and 47 which illustrate the appearance of the H, and
Hp resonances of the 3,4-syn and 3,4-anti B-hydroxy
ketones are provided in Figures 1 and 2. Hy, of the anti-
Felkin diastereomers B typically appears downfield from
H,, of the Felkin diastereomer A, while H, of the Felkin
aldols A typically appears downfield of the corresponding
signal in the anti-Felkin diastereomer B. In the vast
majority of cases, these differences in chemical shift are
sufficient to permit NMR integration to be used to
guantitate the mixture of diastereomers obtained in the
methyl ketone aldol reactions. Characteristic differences
also occur in the chemical shifts of Hy, the proton on the
hydroxyl-bearing carbon, with the Hy resonance for the
Felkin aldols A appearing downfield of Hy in the corre-
sponding anti-Felkin diastereomers B.

These characteristic ABX patterns are observed in a
variety of NMR solvents (see Tables 3 and 4). While the
chemical shifts for H, and H,, vary with the NMR solvent,
there are not significant changes in the coupling con-
stants, except for the NMR spectrum of 47 in DMSO-ds
in which case H, and Hy collapsed into a single broad
resonance. Moreover, the chemical shifts and coupling
constants for the H, and H, protons in the 'H NMR
spectra of 25 and 47 are concentration independent in
CDClg3, an observation that is consistent with the hydro-
gen-bonded conformations A and B indicated above. The
latter conclusion is reinforced by the IR spectra for these
compounds measured in CCl, at a range of concentra-
tions, which again suggest that these compounds adopt
the hydrogen bound conformations indicated in the
generalized structures A and B. Finally, we note that the
characteristic ABX pattern for the aldol H, and H,
resonances changes substantially when the hydroxyl

Table 4. Selected 'H NMR Data for 3,4-Anti
(Anti-Felkin) Diastereomer 47 in Various NMR Solvents

solvent Ha (6) Hp (0) Jax (Hz) Jpx (Hz) solvent Ha (0) Hp (6) Jax (Hz) Jbx (Hz)
CDCl3 2.75 2.46 7.8 4.9 CDCl3 271 2.53 2.4 9.5
CDCl3—D,0 2.75 2.46 7.8 4.9 CDCl3—D,0 2.71 2.53 2.4 9.5
CeDs 2.61 2.24 7.8 4.9 CeDs 2.49 2.36 2.4 9.3
DMSO-ds 2.62 2.48 8.3 4.6 DMSO-ds 2.49 2.49
CD30D 2.74 2.59 8.1 4.9 CD30D 2.72 2.59 2.4 9.8
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OH O
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25

Figure 1. Partial 500 MHz *H NMR spectrum of 25 (in CDCI;) showing the characteristic patterns for H, and Hy of 3,4-syn

(Felkin) aldol diastereomers.

Ha
frrrre——

(TIPS S

Hy

L B e e S 8 e
2.85 2.80 2.75 2.70 2.65

’

Me MeH; Hy, Me

47

Figure 2. Partial 500 MHz 'H NMR spectrum of 47 (in CDCIs) showing the characteristic patterns for H, and H, of 3,4-anti

(anti-Felkin) aldol diastereomers.

group is protected or derivatized in any way. This point
is amply demonstrated by the NMR data provided in the
Supporting Information for the p-methoxybenzylidene
acetals and methylene acetals of type 5, 6, and 8.

The NMR method for assignment of -hydroxy ketone
stereochemistry is applicable to the products of aldol
reactions of chiral aldehydes with both chiral and achiral

methyl ketone enolates (cf. 12 vs 3 or 14). Moreover, this
NMR correlation is independent of the chirality of the
methyl ketone component (cf. 14 vs 15 and 54 vs 55), it
is independent of the 2,3-stereochemistry of the original
chiral aldehyde fragment (cf. 21 vs 30 and 43 vs 51), and
it is also independent of the protecting groups present
in these complex structures.
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35b, R, = BOM, R, = TES

OH O 0TBS

O )
PMBO/YQ)\/\‘)\/K/WOTES
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Figure 3. Felkin aldol diastereomer products of methyl ketone aldol reactions.

In summary, this simple NMR analysis permits the
stereochemistry of B-hydroxy ketones deriving from
methyl ketone aldol reactions to be assigned simply by
visual inspection of the ABX patterns for the a-methylene
of the S-hydroxy ketone in the 'H NMR spectra. We have
demonstrated that this method has considerable general-

ity and believe that it should also be useful for the
assignment of stereochemistry to a-unsubstituted, S-hy-
droxy ketones that derive from other preparative meth-
ods or which are found in nature as structural units of
natural products. This simple visual analysis for -hy-
droxy ketone stereochemistry assignment should also
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Figure 4. Anti-Felkin aldol diastereomer products of methyl ketone aldol reactions.

prove useful in combination with universal NMR data-
bases for more complex stereochemical problems in

natural products chemistry.1?13
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