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Abstract - The NMR spectra of a series of hindered tetrahydrofuran compounds, disubstituted

1 C5 and with two polan groups in CZ (Br, CL on OMe in the anomeric pesition) and C3 (B on
CL; have been examined. When the two pofarn groups are cis, the anomeric group 44 afways £n
the axial onientaticn. 1§ they ane trans, three cases are observed. The mofecule may be in a
puie anomeric confohmation, Ln a pure contra-anomeric conformation on is a mixture of the Lwn.
The anomerization reaction shows that the trans-isumens which are in the anomeric conformation
appear mone stable than the cis-ones (> 1.5 kcal/mole). In the revense case, Zhe cAs-Lsomert LA
sLightly mone stable (< 0.5 khcal/mofe). Despite the difference of bubkiness, the tendency of
the halogen substituents CL and Br tc be axial in CZ 44 greater than fon the Med group.

The anomeric cffect corresponds to the rclative preference of a polar group X to be
axial in the CZ position of tetrahydropyran or tetrahydrofuran (THF)1. This effect is
related to an orbital overlap n(0) - o*(C—X) 3 leading to the picture of a "double bond -
no bond" resonance (fig.1). This stabilizing effect is expected to increase with the X
electronegativity i.e with a lower energy level of o*(C-X) 4. The experimental results are

5,6 although the case of the heavy atoms is still

usually rather consistent with this rule
in discussion 7,8

In a previous paper, ? we have compared the anomeric effect of bromine and methoxy
group in some hindered THF. The present work generalizes this comparison to different
groups (Br, Cl ou OCPS) for a series of THF resulting {rom electrophilic addition of Br2

or Cl2 to the dihydrofurans 1 to 5.

X X
X4 MeOH
C(,“s‘Q —_— (:(,Hsﬂ X C6| lrﬂa ”3
I R R

1R =CgHg, R' = H X ~ X trans X - OMe trans
2R= CHS’ R' = H !series t, X = Br series t', X = Br
3R CHgs R' = CHy iscries r, X = Cl series r', X = C1
iR"R’=(,‘H${maM) X - X eds X - OMe cis
SR=R'= CH3 (cis) ‘series c, X = Br series c', X = Br

series 1, X = (1 scries i', X = Cl
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According to the bulkiness of the substituents, these compounds adopt one pure confor-
mation or the two conformations, anomeric and contra-anomeric, in equilibrium. Besides,
for the anomeric conformation, the pseudorotation parameter P is dependant on the steric
hindrance and varies regularly around the pseudorotation circle between 170° and 240°.

X X*©

A TN\

Fig.1

Experimental results

The 2, 3-dibromo- and 2, 3-dichloroitetrnahydrofuran compounds are obtained by addition

of Br, or C1, to dihydrofurans at low temperature {-20° to -40°C), in the dark 10 e
stereochemistry of this addition has been discussed in similar series 10, in glycals H or

linear ethers Ar(R)—O—CH=CH-Q{3, Z or E (addition of Clz, Brz, IC1 ; influence of the R or

12

Ar groups...) . With R = H (scheme 1), the electrophilic approach is very selective when

Ar is a bulky mesityl group (path A) B. In the present work (R = CHB or C6H5) , four
adducts are observed : two frans-adducts (t for Br, or r for Cl,) and two cis-adducts (c
for Brz and i for Clz) , except for the dihydrofuran 1, for which paths A and B are not
differentiated (fig.Z and scheme 1Ib).

.7 X P X
. .
® Ar — = ATt X Ar-@-~-x
] @ h '
R R

@ -
'Ar;Q * X, X R |
®

X X
R - R *
I8 R ..
e : X : X
Ar Ar

Zrans -adducts cis~adducts

Scheme I : Formation of the two anomeric pairs by addition of Brz or Clz to dihydrofurans

The electrophilic addition is often followed by the anomerization equilibrium which
occurs in a few minutes at room temperature for dibromo-compounds and in many days for the
dichloro compounds. Consequently, the study was done at =-50°C in CSZ (with C6D6 or C6D12
as lock solvent for the NMR measurements) for dibromo compounds but at room temperature
for the dichloro compounds (with eventually some drops of Zent-butyl alcohol as a catalyst).
Fig.2 shows an exemple of NMR spectra of these adducts (kinetic and thermodynamic products).

The 'H NMR spectra of the dihalogeno-compounds have been recorded at 250 or 500 MHz,
(first order spectra). These isomers are not stable enough to be isolated from the mixture,
but the NMR signals of each isomer are associated by inspection of J values and relative
integration, by selective decoupling and (or) by 2D NMR (COSY spectra). As shown below, the
coupling constant analysis allows a good determination of the structures. Table 1 reports
the chemical shifts of dihalogeno-compounds as well as the experimental conditions of the
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: RSa RS58 Rd4a R4

b) 10 . Phh Ph H H

720 0Ph Me H H

2l . Me Ph H H

T . Ph Ph Me H

I3 :ph Ph H Me

7 :Ph Me Me H

AT * ua nh u U

44 | 'K J 413 Ia} »

T5 T Ty Cos[P + (3-2)144 ] S0 .Me Ph Me H
ST "Ph Me H Me

Scheme II

a) Numbering of the endocyclic dihedral angles and their evaluation with the pseudoro-
tation phase P and the puckering angfe 1. N.B. The description of the corresponding
enantiomeric form is obtained by adding 180° to P. All the signs of T4 are then

inverted.

b) Numbering of the THF compounds formed from dihydrofurans 1 to 5.

spectra and the compositions of kinetic and thermodynamic products measured by integration.
Tables 3 and 4 give the coupling constants and the x, y values discussed below.
The preparation and the equilibration of the methoxy-derlvatives are described in the

Experimental Part and their NMR spectra are given in tables 2, 3 and 4.

All the products are racemic but in the discussion and schermes, the C3 carbon will be
always of S configuration. The substituents are called a or B according to their position
on the rear face {a) or on the front face (B). So, the proton on C3 is always called H38

(schemes I or II).

w Me, Ye,  .Cl Mo wCl Mo ~C
DS RETEVE GG WIS W
+ X -, - K + R .
! Phe 1 o C1 e 1 Me' he
a dor 03 ar an
H2 14 Med
| A
40r n
- by
aiv
ari
. a0 =
) u Or ar |7
401
w MR _J —m\__J —~— i
a0
7 4o,
( .
A0r + 401 ]
.
a) 1 f 41»( Jm J »
T T T A T T L T T
6.4 T 4 T T T T
5.0 4 9 3.4 0.3 0.4
PrM :

: The NMR spectra of the chloro-adducts of 2a, 33-damethyl-28-phenyl-dikydrofuran 4 (250 Mlz)
(H4, MeS and Ph are not shown). a) the kinetic product (-20°C, in CCl,). b) the thermodyna-
[rrt_u: product (24h at room temperature). 4
he impurity (*) is a mono-chloro derivative, the Za-chforo - 48, Sa-dimethyl-58-phenyl-tetra-
hydnoguran. (1128 eq., 6 = 6.26 pom, d, J = 4.5 and 0 Ilz ; H3B n'x., § = l.gﬂ ppm,? td? J=4.5
12.5 and 13 1z ; Mcda eq., 6 = 0.47 ppm, d ; &MeSB = 1.65 ppm, s) . '
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’

The conformation of the THF ring is described by using the pseudorotation concept

14,15 with the definitions and the formulae of Altona (scheme IIa). Besides, the axial

character of a substituent is evaluated by the difference Tj of the two adjacent

T,
3+
dihedral angles. If this difference is positive, the axial group is on the front face (B)
and, vdice-vensa 13’16.

the mol

L I IS o

Conformational analysis has been done by using as models

ecules shown in
scheme TII and IV. Their dihedral angles have been measured by X-ray diffraction ? for
30c', 31c', 30t', and 31t' or determined by NMR in solution 13 for 6, 7 and 8. In the
cis-series, 6 and 31c' have been found very similar, but in 30c', an important decrease

of the axial character of the anomeric group is observed (13 STy -28° instead of -80°)

: i ts in the
T_ab_liS_. Coupling constan it Table 4 : Coupling constants in the Zrans-adducts t, T,

cis-adducts ¢, i, ¢', 1 - t', r', in Hz. The values x and y arc the mol-
(Hertz). Eula? ratios of the anomeric conformation (x)
3 -2 % and of the trans-isomer at equilibrium (anome-
JHH JHH rization).
o . . . . . ke
n° Y o 2838 : 384 : 3848 : dadg 2  Int :
cBr . 4.0 12.5 : 6.3 : 12.3 n® Y - 2038 . 3840 . 3B4B . 4adB X oy
:OMe : 4.2 12.6 : 7.0 :12.3 : —_— : : : : R
Do o . 210t Br -0 132 5.9 146 1 0.97 £ 0.03 : 0.96
2Q e 12.5 0 6.4 1 12.3 . T0C' : OMe: 2.8 . 6.2 6.4 . 14.0 . 0.53 =0.06 .75
Me @ 4.2 2.2 7.0 ¢ 11.8 qor €1 06 1.8 5.9 - 14,2 - 0.97:0.02 ---
STt T s T : toOMe 2.2 C 4.9 6.5 ° 14 1 0.62 £ 0.02
CBr f3.6 C12.2 7.0 P Toer D oMe 2.2 069 6.5 140,62 £0.02 - 0.8¢ |
S Me D 4.2 12,4 0 7.7 12.2 ‘200 DBr 20 0.5 6.0 P14.7 T R
" Br 3.8 12.2 0 6.9 . 11.8 ‘70t OMe” 1.8 T 3.4 T 6.8 T 14.5  0.75:0.01 " p.70
OMe © 4.15 © 12.4 © 7.5 . 11.9 PZTE Br 0 D 0.5 - 6.0 C 147 1 £ 0.94
: : : : e S 2.0 G4, 00 145 + 0. .
TCL 42 12.2:7.0 12 ;T OMe; (43 7.0 D145 10,702 0.01 . 0.80
D Ove : 4.2 @ 12.0 1 7.6 @12 20r C1 0 0.8 :5.7 ;183 -1 o
DOl 41 2.4 7.0 +12.4 200" OMe- 1 : 2.8 : 6.5 : 14.3 :0.83:0.03%: 0.80
S OMe : 4.2 :12.4 : 6.6 : 11.8 2k a0 0.6 5.9 ;144 0.95
e S ZIr' s oMe: 1.5 - 3.5 . 6.5 : 14.1 . 0.75 ¢ 0.02%  0lgs
cBro 4.5 c --- 30t B .0 - - S75 1 .1 1
: OMe : 5.35 : ---:6.25: : t' OMe: 2.25 --- 5.75 -(0.67) 1
:Br : 4.0 : 11.§5 : --=- : 3Tt @ Br : 6.0 9.5 --- ;0 0.35
OMe . 3.75 : 11.25: --- 3T . oMe. 6.0 1 - ;0 0.50
T 5.3 -—— T 6.4 “36r CCl 0.8 - 5% “(0.90) 1
OMe . 5.2 | =--- 6.5 o 30T Ove: 2.25 1 --- 5.75 (0.64) 1
Cl D41 P15t o—ee (3 a0 6.0 196 --- D0 0.29
S OMe | 3.75 .0 0 - 1 E OMe' 5.75 10 25 --- 0 0.5
:'B;:_——:—:_::—_-:___— f%g_t_fnr‘o e 7
. . . - S0t S oMel 1.2 0 --- 1S58 (0.84) .
OMe | 4.8 === 1 7.25 ] AT Y Br ¢ o3.75 0 6.3 -o- T0.37£0.01 :0.30
Br [ 3.8 [ 12.1 [ --- DT OMel 6.28 T 115 0 --- C0 £ 0.60
(OMe [ 4.25 0122 [ --- D40 S Cl 0 ae- .53 - 0
:Cl 4.8 ¢ --- 7.4 40T . oMe: O D--- 1 6.0 1 1
OMe : 5.0 @ ---:7.25: :d4Ir :Cl:4.6 :7.8 : --- 2 0.17 2 0.02 :0.23
S CL 4.2 1120 - ST . OMe 575 ¢ 11.0 ¢ --- S0 o0.%o
P OMe: 4.25 ¢ 1T 25 T Lsor B S0 B N .
T : : : - S 50L Ove 0 --- 5.8 ] 0.95
Br . 4.5 @ --- : : : 8Tt - Br - 3.8 : 8.8 - 0.25 + 0.16 . (.44
gMe 2.(7) 15_- 7.4 5Tt s OMe. 4.4 @ 10,7 -e- 0.19 + 0,12 Q.65
Br ) R . :
o 0r Cl 0 --- 15,25 1 -
OMe: 4.3 @ 12.2 TSor  ovel 0 e 57 | 1
T Q1 4.6 .- 7.5 LA S S [ I I 0.16 £+ 016  0.36
© OMe | 4.8 ——— 7.5 ST OMe 4.2 30,1 - 0.19 £ 9.10 ...
. Cc . 4.0 11.8 -
. ST OMe, 4.5 . 11.5 1 --- * \ﬂ\cnﬁlua or R4 1s a methyl, 1t appears as a doublet with
o= T S. to 7.2 liz.

( ) Uncertainty due to a possible attractive
. ) ‘¢ interaction of C|
* When Réa or RAB is a methyl, it appears (5a) and Br (3a) (see texte). of Sl
as a doublet with .J = 6.8 to 7.5 Hz. € The same valucs are obtained at 25°, 60° and 90°C in Tolucne-d8.
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’,,X(SQ) (ax)CHy < _.-Br(ea) (eq)CHy /,Br(eq)

(ax) C6HS

X cH 3 cHe
H 6 (ax,-80) 65 30¢° (ax,~25) 65 31c! (ax ,-80)
= ° = e = - ° = ° = ° = °
P=4s5°, 1 =43 P=-18°, 1 =43 P=31°, 1 =45
(JH2H3 = 3.6 to 4 liz) (JH2H3 = 5.35 Hz) (JHZH3 = 3.75 Hz)

Scheme II1 : Models for the conformational analysis of ci4 isomers.

X X (e)aaty -, . br

R i (ax,+29) -2 =1 (ax,-69)
2% ] -3 37 b C 1s 38
c()“S A -1 Y k58 L6 -3 (biss) 6”5 ~ “30
. (e} - O Y ' . OCH
cé”S (ax,+76) (.uss)CGHS,

Hsa(ax,-27)  (3%:*53) 3

7 s 30t (ax,+68) 6 e’
- - - w0 - 3IR® P= - 9°, T = 410
Ps 1030, T = 36° p = 238°, T - 10° P = 213°, v =38 n
i i conformati
conformation A conformation A conformation A on C

Scheme IV : Models for the conformational analysis of trans isomers.

This corresponds to a larger value for JH2H3 and is related to the 1-3 diaxial interaci
with the methyl substituent. In the trans series, the anomeric group is axial in molect
7, 8 and 30t' but equatorial in 31t' (contra-anomeric conformation, with a methyl on C
s to OMe).

Discussion

Conformation of the cs isomers (molecules ¢, i, ¢! and i').

Table 3 makes evident a relative homogeneity in the coupling constants for these r
lecules. The values JH3H4 trans = 12 Hz means that all these isomers have H3B and Héa
protons in axial position : the polar groups are equatorial on C3 and axial on C2, the
anomeric position. Thus, the THF conformation is similar for these molecules and for tl
less hindered molecules 6 (X = Br or Cl, scheme III).

A significant variation of the JHZH3 coupling constant is found for 30c', 30i and
30i' (5.3 Hz instead of = 4 Hz) but not for 30c (4.5 Hz). Despite of its bulkiness, the
bromine atom keeps a character more axial than the chlorine or the methoxy group.

The behaviour of the thans-isomers is quite different. The inspection of table 4
reveals three different cases : these molecules may adopt a pure anomeric conformation
(polar groups diaxial), a pure contra-anomeric conformation C (polar groups diequatori:

or may be found as a mixture of these two conformations.

1°/ Diaxial conformation

The molecules 20t, 20r, 21t, 21r show two small trans-diequatorial coupling const
JH2H3 = 0 to 0.5 Hz
JH3H4 = 0.5 to 1 Hz
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These values are characteristic of two trans-diaxial X, Y groups. The molecules 30t,
40t... with Rda = CH3 possess only one trans coupling constant (JHZH3 = 0) and the polar
groups X and Y are still diaxial.

The conformations of all these molecules are intermediate between those found for 7
(P = 193°, with a bulky group in R58) and 8 (P = 238°, with a bulky group in RSa). The
best situation for this intermediate casc is obtained with two bulky groups (R5a = R58 =
C6H5) and should correspond to a P value of 216°. In fact, for 30t', a value of 213° is
found by X-ray diffraction E

According to the Altona's equations (scheme II), the axial character of RSa (negative

values) or RSB (positive values), may be obtained by the expression :

Ty~ T = (1.12 cos P ~ 1.54 sin P)Tm

0
On the representative curve (fig.3), the points M, N and L represent the axial character
on C5 for the molecules 7, 8 and 30t'.

Simultaneously, the evaluation of the axial character of the anomeric group :

Tz = Ty = -(1.12 cos P + 1.54 sin P)Tm

is shown in fig.3 by the points N' (8), L' (30t') near the curve maximum and M' .

AT T
2 L N’
M T T~ (1,- T/

(1o- 7,)/7,

Fig. 3 : The axial character of the
anomeric group and of the RS
axial substituent (RSa for
negative values, RSB positive

p values) vensus P.

1 ' —
- .

7
1
'
; v .
v conformation A !
.
!
! D

So, P values around 210° - 220° are thought to be a good estimation for the diaxial

conformation of the molecules with RSa = RSB = C6H5 and a methyl group Rda in equatorial

position.
Finally, by assuming an intermediate situation for the molecules with RSa = c6n5 and
RSR = CH3 on vice-versa, the conformation of the molecules with JH2aH3B8 = 0 Hz, is charac-

terized by :

= 200° - 210° if RSa = CHy and RSB = CcH.
= 210° - 220° if RSa = RSB = C.H.
P = 220° - 230° ir RSo = CcHo and RS = CHy

These conformations corresponding to 200° < P < 230° will be designated as the anomeric
conformation (A, fig.3).
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2°/ Diequatorial conformation

The molecules 31t, 31t', 31r... show two large coupling constants :
JH20H38 = 5.75 to 6.25 Hz
JH3BH4a = 9.5 to 11.5 Hz

corresponding to X-Y trans diequatorial groups. The conformation of 31t" has been des:
bed by X-ray diffraction ? (p=-29°, Ty = 41°, scheme IV). A calculation of the coup
constants by using the Horton equation '/ and the X-ray dihedral angles :

4
J= (7.8 - cos ¢ + 5.6 cos 2¢)|1-o.1§ x; - 2.2)] )

gives a good evaluation of JH3H4 and JH2H3 (AJ < 1 Hz) and the conformation is assume
be similar in solution and in the crystal structure. This conformation of 31t (contr:
anomeric conformation) appears to be a good model for the molecules having only one )
nyl group RS5@ in axial position.

The existence of this unusual conformation is related to the presence of three typt
of interactions in the anomeric conformation (fig.4). The analysis of the interaction
is deduced from a previous MR and MM2 study for the molecule 9 : in this molecule, ti
phenyl group is, as for 41t', wedged between two methyl groups. In fact, without the
methyl-Sa, the molecule is found 100% A 13.

(aX)CH3
(cq)CH3\\\ __'___Br(cq)
(V) CgMsg \ (eq) =T
L //—’<X\m
3(eq)
o
conformation C, 100% conformation A, s 0%

Fig.4 . Interactions in the molecule 41t'. In the conformation A, the methyvl-So is s}
axial and its interaction with Br-3o is weak. In (A), the endo-anomeric stabi

tion ought to be lost with (D and the exo-anomeric stabilization ought to be
whith

3°/ The other molecules show intermediate values for the coupling constants :
exist as a mixture of A and C conformations (ratios x and 1-x). The values of x (table
may be obtained by using the trans coupling constants Jli2cH38 or JH3BH4a (eaquations 2

0.25x + J23(C) (1-x)
and  0.75x + J34(C)(1-x)

JH20H38 (2)
JH38HAq (3)

Averaged values are used for the A conformation (0.25 and 0.75 Hz). For the C conform

values are slighthy different according to the nature of X and Y :

X Y J23(C) J34(C)

Br OMe 6.25 Hz 11.5 Hz
Cl OMe $.75 Hz 11.0 Hz
Br Br 6.0 lz 9.5 Hz

C1 Cl 5.8 Hz 9.3 Hz
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Some molecules as 30t', 30r',... present only one frans coupling constant (JHZH3) and
the ratio x is evaluated by using the equation (2). For the other molecules, averaged
values of x are reported in table 4 as well as the corresponding deviation.

The variations observed in the x values result from the balance of the different
interactions in each molecule. In the molecule 30t', none of the fig.4 interactions is
present (in the crystal structure, a phenyl group is found nearly eclipsing the C5-01
bond 9, but it is the phenyl-3a and not 5R).

For the molecules 51, the application of the equations (2) and (3) leads to a large
discrepancy which is not clearly explained (fig.S).

From table 4, the trans dihalogenated compounds show a greater tendency to adopt the
anomeric conformation than the bromo or chloro-ethers. Thus, the anomeric effect appears
to be at least as important for the chlorine or the bromine as for the methoxy group.

(eq)Me

.- Breq) (ax)CHy _.-Br(ax)

—
(ax)CHy T,
CGHS'" OCI'I3 (eq) > o {ax)
Cetls
(biss) H

210 (= 808) SIt'(A) (a20%) ’

Fig.5 : Conformational equilibrium of the molecule 51t'. The double-arrow is perhaps an
attractive interaction 19 which disturbs the J values of the conformation C.

Epimerization at the anomeric center. Equilibration studies.

The equilibrium ratio of an anomeric pair results from a compromise between stabili-
zing or destabilizing, anomeric or steric effects.

Table 1 shows the % of the isomers obtained in the kinetic product of chlorination or
bromination of each dihydrofuran, and the % observed after cquilibration at room tempera-
ture. (For the mcthoxy-derivatives see table 2). In this paper, we are interested in the
values at equilibrium and so, the ratios y = t/t+c or t'/t'+c' have been evaluated for
each anomeric pair, after equilibration.

As a general rule, a trans isomer which adopts the ancmeric conformation (x = 1, H2a
singlet in the NMR spectrum) appears widely predominant at the equilibrium (¢ ~ 1) and
its anomeric ciA-isomer is absent (fig.2, 40i -~ 40r). In the opposite case,if x = 0, the
cis-isomer is the most stable (0.3 < y < 0.5) (fig.2, 41r b 411). For the intermediate
values of x, there is not a straitghforward correlation between x and y.

The polar and steric interactions of X and Y 1in a frans-isomer depend on the mole-
cule conformation. They are almost fully alleviated in the anomeric conformation compared
to the contra-anomeric one and even more compared to the ¢is-isomer {fig.6).

In fact, the two chemical and conformational equilibria will be fixed by the interac-
tions of the substituents R4 and RS in each case of fig.6. If the trans-isomer is not
stabilized by the anomeric c(fect (conformation C), the cis-isomer becomes slightly more
stable than the frans-isomer. Otherwise, in the conformation A, the frans-isomer is the
most stable by at least 1.8 kcal/mole (fig.2Z, 40r).

At this stage, it is interesting to compare 31t with 31t' or 31r with 31r' (only X and



3630 E. TouBoULet al.

H3g
3 Y
H38 H28
C4 0 0
0 y
Cid 4 / <
H2a X
X H2a
nans trhans cls
anomeric (A) contra-anomeric (C) anomeric

Fig.6 : Proximity and interactions of the X and Y groups in trans and cis isomers.

Y groups are different) :

The thans isomers are in the contra-anomeric conformation (x = 0) and the c{s-isomer
is stabilized by the anomeric effect. For Y = OCH3 , the ratio y is observed to be 0.5 :
cis and trans isomers have the same energy level. For Y = Br or Cl, the values of y
decrease (0.36 and 0.29) : the cis-isomer is the most stable. All the interactions being
roughly similar, we likewise found the Cl or Br anomeric effect more important than the
MeO anomeric effect.

CONCLUSION

For the molecules 7 or 8, we had previously shown 15 that an increase of steric hin-
drance of the aromatic group leads to a deformation of the tetrahydrofuran ring (a compro-
mise between the equatorial character of the aromatic group and the axial character of the
anomeric group). In the present series,the steric interactions directly affect the anomeric
group and we observe a different behaviour with an inversion of conformation, as in the
cyclohexane series. Besides, there is,in the anomeric conformation, a deformation of the
THF ring depending on the relative bulkiness of the two substituents R5c and R58. This
anomeric conformation varies over the pseudorotation circle from P = 170° (R5a = Mes, RSB =
H) 13 to P = 240° (R5a = H, RSB = Ph) by increasing the hindrance of RSB compared to R5a
(fig.7). This is an interesting illustration of the pseudorotation concept.

(m/in)

Mes = mesityle

Fig.7 : Deformation of the THF ring by variation of the relative bulkiness R5a/R58 for the
~  anomeric conformation of the thans isomers.
Corresponding variation of the P parameter.
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Concerning the anomeric effect in the fragments O-C-Br,0-C-Cl or 0-C-OMe, the anomeric
form is found to be more stabilized with a bromine or a chlorine than with a methoxy group.

This difference appears in the conformational equilibrium (x values) as well as in the
anomeric equilibrium {y valucs).

Experimental section.

Sunthesdis of the 2,3-dihydroduran starnting materdials. 20

The 2,3-dinvdrofuran compounds were synthesized by nreviously published methods ~7. The ace-
tylenic alcohols are obtained by Grignard synthesis 21. As an example, we describe the preparation
of the :

2,2-diphenyl-3-methyl-2, 3-dihydroguran, 3.

In a three-neck flask, equiped with a magnetic stirring bar, two pressure-equalizing dropping
funnels and a thermometer,were placed 118 mmoles (4.5 g) NaBH, and 300 mmoles (21 g) 2-methyl-2-bu-
tene in 150 ml freshly distilled THF. The apparatus was kept under static pressure of nitrogen and
cooled at -10°C. From the first funnel, 150 mmoles (21.3 g} of boron trifluoride etherate in 20 ml
THF were added dropwise to the well-stirred reaction mixture and allowed to remain at 0°C for 3-4
hours. Then, the mixture was cooled at -10°C and from the second funnel, 100 rmoles (23.6 g) of
1,1-diphenyl-2-methyl-3-butyne-1-ol in S0 ml of THF were added. With this type of tertiary alcohol;.
there is no hydrogen evolved. After 0.5 hour at -10°C, the mixture is poured in 150 ml of cold N
sodium hydroxyde. The oxydation is performed by dropwise addition under nitrogen of 90 ml of 15%
hydrogen peroxyde (0-5°C). (In some other preparations, it is necessary to filter the mixture before
pouring in NaOlf to avoid the formation of the previously described 1,4-diol). After some hours at
room temperature, the solution was saturated with NaCl and extracted with ether. The ether extract
was washed and dried. By evaporation of the solvents and of the 3-methyl-2-butanol, we obtained
21.5 g (Y1ield 85%) of crystallised hemiacetal. (In other preparations, the hemiacetal does not crys-
tallise but the reaction is pursued in the same way).

A mixture of 20 ml of pyridine and 40 ml of acetic anhydride was added to a solution of 18 g of
the hemiacetal in 50 ml of ether. After 15 h at 3°C, the sclvents were evaporated and the residue
was heated at 200°C (0.5 hour) under 15 mm Hg. A flash distallation (EO >~ 118°C) gave 14 g of the
dihydrofuran compound (90% purity measured by NMR). Purification is perf&rmed by thin layer chroma-
tography. The electrophilic additions (Br, or Cl,) are studied on a 50 mg sarple (or 500 mg for the
preparation of the methoxy-derivatives).

The 3-baomo (or chlono) 2-methoxy-tetrahydrofuran derivatives are obtained by diluting the crude
solution of the halogenated products in methanol containing NatCO, at 0°C. Purification of each
stereoisomer 1s performed by thin layer chromatography (TLC) on 0725 rm silica gel plates (Merck 60
FP - 254) and elution with light petroleum/ether (98/2 to 95/5). The thans iscmers have sometimes the
same R;, but may be prepared pure by acidic anomerization of their cis-isomer (MeOH, TSOH, 70°C) 9.

The four methoxy derivatives are formed in various ratios, according to the composition of the
starting mixture (kinetic or thermodynamic) of dichlorocompounds. The substitution occurs essentially
with inversion at the anomeric center but with a small contribution of an SN, process. Sometimes, a
slow decomposition in acidic medium prevents an easy determination of the equilibrium ratios.
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