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MAGNETIC RESONANCE-XI 

CONFORMATIONS AND CONFIGURATIONS 
OF OXIME O-METHYL ETHERS 
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(Receiwd In U. k A. 14 Jwu 1966 ; accepted for publication 19 My 1966) 

Abatnct-Confotmatioru and configurations were assigned to several aldchyde and ketone oximc 
0 uxthyl ethera from analysis of thcii &~-MC. NMR spcara. Interpretation of the data from the 
cfr-isomcm (mcthoxy clr to hydrogen) of the aldchydt derivatives in tcmu of rotnmas I md II. 
whereby a single bond eclipses the double bond, kd to the following concltions: For a-mono- 
substituted derivatives, when R was varied from methyl to t-butyl. AH” for I - II varied from i 390 
to +4,5000 cal/mole. A similar range was obtained for a,adisubstitutcd derivatives. Intapmtation 
of the data from the rranr-isomers lad to the conclusion that, whereas I is the only signif33nt rot8mer 
for a,a-disulxtitutcd derivatives, for a-mon~su~titut~ I and III arc equally important. 

INVE~ITGA~IONS concerning rotational isomerism about single bonds joining spa 
to sp’ hybrydized carbon atoms have showed that, when X is carbon (Y = hydroge+ 
or oxygen (Y = hydrogen, methyl, ethyl or halogen),’ the stable rotamers are I and II, 
whereby a single bond eclipses the double bond. No studies have been reported when 
X is a substituted nitrogen. 

I II 

Our interests in problems arising from restricted rotation about single, double and 
partial double bonds, and particularly in the general problem of the relative stabilities 
of I and II as functions of R, X and Y, have led us to examine the NMR spectra of 
oxime O-methyl ethers (X = NOMe). &cause of con@urational isomerism about 
the C=N double bond, these compounds are suitable models to study the relative 
stabilities of I and I1 not only when the tetrahedral carbon is cti to the lone electron 
pair, but also when it is cis to the methoxy group. In the latter case, I and II may be 
sufficiently destabilized to make II and IV competitive in stability with I and Il. 
Cyclopropanecarboxaldehydti and ethyl a,adifluoro- and a,adichloroacetate9 
1 Fellow of the A&cd P. Sloan Foundation. 
* Lutuizoi Fellow, 1%4-65. 
’ A. A. Bothnix-By and H. Gtknthu, Disc. Fimaduy Sm. 34, 127 (IWZ), md Ref. c&d therein. 
’ G. J. Kuabatsos and N. Hsi, /. Amrr. Glum. Sot. 87.2864 (l%S), and Ref. dted therein 
l 1. S. Bartell and J. P. Guillory, i. Chem. PAYJ. 43,647 (l%SJ. It mu suggested, Ref. 4, that in the 

liquid phase cyclopropancarboxaldehydc may exist in conformations I and II. 
l T. 1. Brown, S~c~roc&m. Acra IS, 1615 (1962). 
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R it 

HI IV 

have bcca reported to have two-fold (I and IV minima) rather than threefold barriers 
to rotation. 

RESULTS 

C~~icuf sh$fs. Table 1 summarizes the e&emi~ shifts of few representative 
oximc0-methylethers. The rotation used to distinguish various protons is shown in V. 
Each proton is referred to as cis or frons with respect to the methoxy group, Assign- 

H 

?- 
-N4Me 

CH~HI 
V 

mtnts of hydrogens as cis or frurr.r are based on arguments given previously. The 
chemical shifts, calculated from first order spectral analysis, are aecuratt to +@03 
ppm, except those of ethyl, isopropyl, eyclopcntyl and die~yl~rbinyl groups, whose 
accuracy is less. 

Table 2 summa~z~ the difference in the chemicaI shifts of cis and iran~ protons, 
Ab, which are accurate to ~0401 ppm. A positive Ab meaus that c& protons resonate 
at higher fields than truns, a negative reverse. The pertinent points arc: (a} H, 
resonates at lower fields when crj to the mcthoxy than when frunr (Ab 14* -0.8 ppm). 
(b) In carbon tetrachloride or in neat liquid a-methyl protons resonate at siightly 
higher fields when cis than when zmns. Addition of benzene causes the signals to 
cross over. (c) r-Methylene and r-mtthine protons resonate at appreciably lower 
fields when ci.s than when rrans. hi) values of a-methine protons art comparable in 
magnitude to those of Ht. In all eases, except H, of the aeetaldehyde derivative, 
Ab values are more negative in benzene than in carbon tetrachloride. 

Table 3 summarizes several Av (v,, btnze.ne - P rn cubon tBtrlCb~oridC) values. A new- 

tive Av means that a proton resonates at a lower field in benzene than in carbon 
tetrac~o~dc, a positive reverse. The most striking feature of the data is the lower 
field absorption of so many protons in benzene, which generally causes upficld shifts, 
than in carbon tetrachIoride. The features pertinent to subsequent discussion are: 
(a) Benzene shifts both cis and tru)z~ H, downfield, except those of the acetaidchyde 
and cyclopropaoe earboxaidehyde derivatives; cis are shifted more than rruns. 
(b) Both cis and PUN a-methyl protons arc shifted upfield, except cis of the methyl 
t-butyl ketone derivative. (c) Whereas cis z-methyltnc and a-met&e protons are 
shifted downfield, zrans are shifted upficfd. Notable exception is the trans a-methine 
of the bi-t-butylacctaldehydc derivative. (d) Both cis and truns B-methyl protons are 
shifted upfield, except cis of the ethyl group of the ethyl r-butyf ketone derivative. 
(e) Methoxy groups are shifted downfield. 

’ G. J. Karabati and R, A. Talkr, ;J. Amer. Chm. Sot. 86,4373 (194%) and pmvious papers in 
the s&a. 
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The half-widths, 0.649 c/s, of c&-H1 differ noticeably from those, l-2-1.7 c/s, 
of rrunr-H, in the temperature range -30” to 90’. Similar broadening and difierences 
observed in fo~~do~rne O-methyl ether were shown to arise from incomplete 
quadrupolg wash-out of JHcN. 

syn 1 anti Isomers. In Table 4 we have summarized ~yn and onri percentages, 
whose accuracy is about 1fi5 %, and fke energy differences between these isomers at 40”. 

In connection with the relative stabilities of syn and anri isomers we examined the 
UV spectra of several oxime O-methyl ethers and we are presenting some pertinent 

TAEU: 4. syts and anti &SK’ENTAG~‘S AND AF,,” VALUES FOR sytt + ud 
OF &UME O-METHYL EIWW 

R,R,C--NOMe AF,; 
R, R* % sy$ 0% Mfi WcaUmok) 

--_- -._ __I__ 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

H 

H 

H 

Me 
Me 
Me 
Me 
Me 
MC 
Me 
El 
Et 
MC 
Et 
n-I% 
i-Pr 

Bcnty* 

MC 
EI 
n-R 
(CH3,Mc 
i-Bu 
Ncopcntyi 

Bcny1 
i-R 
see-Bu 
CH(Me~H(~c)~t 
sc&cntyl 
CH(EtXCH,),Me 
CH(CMe), 

4 ..- c .I 
0 
Et 
II-R 
i-Bu 
Ncqxntyt 

Bcnzyl 
i-R 
t-Bu 
i-Pr 
t-Bu 
Ph 

Ph 
Ph 

48 52 -.oQ6 
54 46 -+@lO 
61 39 O-28 
58 42 0.20 
58 42 0.20 
64 36 0.36 
51 49 O-02 
76 24 t&71 
71 29 0.55 
69 31 048 
71 29 0.55 
65 35 0.38 

100 0 

54 46 @lo 

68 32 0.46 

74 

81 
72 
74 
76 
71 
86 

100 
63 

100 
98 
84 
80 
39 
60 

26 @65 

19 090 
28 058 
26 0.64 
24 0.71 
29 0% 
14 1.1 
0 

37 033 
0 
2 2.4 

16 X.0 
20 0.85 
61 -0.28 
40 O-25 

l Data from neat liquids. 
’ sy” is tbc isomer having the mcthoxy group ck to R,. 

* B, L. Shapiro, S. J. EXwsoie and R. M. Kopchik, I. hfol. Sprerr. ll(4). 326 (1%3). 
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data in Table 5. Derivatives of the aliphatic carbonyl compounds show no strong 
absorption above 220 rnp. In the series alkyl phenyl ketone oxime O-methyl ethers, 
as the a&y1 group is varied from methyl to ethyl to isopropyl, the percentages of the 
cis-phenyl isomers increase from 2% to 16% to 61x, while both Amar and e decrease. 

TABLE 5. uv .%‘fZTU OF SOME chCIta 

O-METHYL ETHERS IN CYCLOHEXAN?! 

R,R.C~NOMe A,,,. mg E x !oL 

R, RI 
.-. -- --- ~.- 

H Ph 263 13.8 
Me ph 252 10.8 
Et ph 248‘ 8.5 
n-I% 
i-Fr $ fZ :: 

* Weak shoulder at about 262 m,u. 
b Weak shoulder at about 247 rnp. 

Spin-spin coupling. Table 6 summarizes the effect of temperature (-30” to 90”) 
on JHIII,, whose precision from several measurements is estimated as f0.03 c/s, 

of several cis H,-methoxy isomers, to which we will refer henceforth as the syn isomers. 

HI 
+t’nBLE 6. SPIN-SPIN COUFWNG cXWSTAF;~S OF NEAT UQUXD 

>- 
._N/ 

OMC 

R,RSCHs 

Hi\ 

/=N/ 

OMC 

R,RzCH, Ja,& (c.P.s.) 
RI Rt -30” 0” 40” 50” 70” 90” 

__---. --.-.-- 
H H 590 590 5.87 
H Me 5.92 5.87 5.80 5.75 
H Et 6.05 6-02 5.90 540 
H n-Pcntyl 6.10 64X? 5.95 590 5% 5.82 
H n-Pcntyl 6.00’ 5.95’ 5.w 5.85. 5*8r 
H i-Pr 640 6.38 6.30 620 6.20 6.20 
H t-Bu 685 6.85 6.83 6.80 660 6-50 
H Ph 660 6.55 6.55 650 640 
Me MC 6.18 6.05 640 540 5.80 
MC Et 7-10 690 6.55 6.45 6.45 6.30 
MC see-Bu 7.23 7.20 6.95 6.80 6.80 6.75 
Et Et 7.95 7.75 7.35 7.20 7.15 7m 
Et n-8u S-10 790 7.65 740 7.30 7.20 
t-Bu t-Bu 104Y 103s 10.25 IO.15 lo+05 10.00 

G 8.70 830 7.85 7.70 7.55 7.40 

(? 8.15. 7.754 7*6e 7.45’ 7.20. 
-,- 

( I 7.30 7.00 6.55 6-45 635 620 
- 

0 6.15 6.05 5.75 5.65 56Q 555 

l From a 10% Ccl, soln. 
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AU JH,H, ‘s decrease with increase in temperature, except Jn,n, of acetaldehyde 

oxime C&methyl ether that remains constant. Jn,n, of ~e~cloprop~~r~x~dehydc 

derivative suffers the largest decrease, 8boUt 15x, in the range -30” to 90”. These 

couplings increase with increase of solvent polarity (Table 71, except Jn,n, of the 

phenylacetaldehyde derivative that decreases, and Jn,tr, of the acetaldehyde derivative 
that remains constant. 

TABLE 7. Emc”r or SOLVENT POIAR~~Y OS JR+. OF 

H1\_,/ OMe 

R,R,CH/ 
Jats @p.s.) 

cyclohexane acctonitriie 
R, Rl (40)‘” w’p 

- .- -~ 1.-. ..~_._ - I. 
H Ii SO8 590 
H Me 5.70 590 
H Et 5.95 6.15 
fI n-h 640 6.15 
H i-R 6-30 650 
H t-Bu 690 690 
H Ph 665 6-5s 
Me NC S.80 6.05 
MC Et 660 6.95 
Me SCC-Bu 7.00 7-35 
Et Et 7.35 7+0 
Et n-8u 7.6s &OS 
t-Bu I-Bu 10.35 1@4S 

< 
750 830 

/-’ -- 
\__.! 

6.50 79s 

0 
St30 6.15 

-.-_.-_, -_. . _ . ._ ._ 
l 10% solns. 

- 

-r 

Table 8 surnrn~i~~ the effect of temperature (-30” to 90”) on Jrt,u, of the 

frans H,-methoxy isomers, to which we will refer to as the anii isomers. Sevtrai 

features of the data are worth noting and comparing with those of the data for the 

syn isomers (Table 6). Firstly, there is 8n abrupt increase in JuH, in changing from 

monosubstituted acetaldchyde oxime O-methyl ethers to disubstituted, so that all 

J rILud*s of the disubstituted derivatives are larger than those of the monosubstituted, 

Secondly, whereas J rr,n,‘s of the disubstituted derivatives decrease with increase in 

t~m~raturc, Julrh’s of the monosu~titut~d behave irregularly. And thirdly, whereas 

the couplings of the disubstituted derivatives increase with increase of solvent polarity 
(Table 9), those of the monosubstituted decrease slightly or remain unchanged, 
except JnlrI, of phenyl8~~dehydc oxime O-methyl ether that increases. To sum- 

. 
manze: .Jrr,nS’s of disubstituted acetaldehyde oxime O-methyl ethers behave similarly 

to those of the syn isomers, while those of monosubstituted do not. 
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TMIJ 8. SPIN-JPI~’ CUUPLINO CONSTAWTS OF NUT UQVID N/oMe 

R,R&H\_N,OMe 

Hr I J.,na (c/s) 

RI RI -30” 0” 40’ 5OO” 
---_- _ 

H H 5.62 5.50 5.57 
H MC 5.35 5.48 5.55 5.45 
H Et 540 5.45 5.50 5.45 
H n-Pentyl 540 5.45 5.50 540 
H i-R 5.42 5-50 560 5.55 
H t-Bu 5.88 5.91 5.% 590 
H ‘M”, 5.30 540 5.50 5.50 
Me 7.30 7.35 7.35 7.20 
MC Et 7.75 7.78 7.65 7.60 
MC seeBu 8.05 8.10 EGO 790 
Et Et 8.35 8.25 8.15 EGO 
Et n-&l 8.35 8.35 8.25 8.15 a 9.10 9.10 990 8.75 

70” 90” 
. -_ 

5.45 
5.55 5.50 
5.50 5.60 
5.95 5.95 
540 5.45 
7.15 
7.50 7.45 
790 7.85 
8W 7.85 
8.10 845 

8.70 8.55 

(J 7.20 7.05 7.00 6.85 6.80 6.75 

0 7.30 7.23 7.20 7.10 7.05 7a 

_ 

R,Ra~q OMc 
TAIILB 9. EDECI Of SOLVENT POURITY ON JmImz OF ‘N’ 

H,/ 

VWH,Ls,OMe 

H’ I JI,,,,~ (c/s) 

R, R* Cyclokxane Acetonitrilc 
(4o”P (40°F 

H 
H 
H 
H 
H 
H 
H 
Me 
MC 
MC 
Et 
Et 

a 

H 
MC 
Et 

;-rtY’ 

t-Bu 
Ph 
MC 
Et 
ScuBu 
Et 
n-Bu 

5.70 5*fxl 
5.50 5.50 
5.60 5.50 
560 560 
5.65 5.55 
6.10 6.00 
550 5.70 
7.30 740 
7.70 7.80 
8.10 8.25 
8.30 840 
8.20 840 

8.80 9.25 

(1 7M) 7.30 
- 

0 7.20 740 

- 
l 10% solns. 
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DISCUSSION 

Conformations of the syn isomers. Assuming that the stable conformations of the 

syn isomers are eclipsing (I and II), the relative stabilities of rotamers I and II can be 
qualitatively assessed from the dependence of Ju,n,‘s on temperature. Assuming 

JI > JC, where JC is the Irant coupling and JI the gauche, JH,A, of monosubstituted 

N 
,OUC ,OMe ,OMe 

L ? N 

H I H I H 

VI. VI0 VII 

derivatives should be temperature independent if VI., VIB and VII are energetically 
equivalent. If VI, is more stable than VII, the coupling should decrease with increase 
in temperature; and if less stable, it should increase. Similarly, for disubstituted 
derivatives the coupling should be temperature independent if VIII, IX. and IXb are 
energetically equivalent. If VIII is more stable than IX., the coupling should decrease 
with increase in temperature; and if less stable, it should increase. We conclude that 
in all cases examined the more stable rotamer is the one where the hydrogen is eclipsing 
the double bond. 

N 
,o.u c 

N 
,OUC 

II 

VIII IX. IXb 

Enthalpy differences between the two rotamers of individual compounds could 
be determined by either of two approaches. Eq. (1) expresses the coupling of acetalde- 
hyde oxime O-methyl ether in terms of Jc and Jo. Eq. (2) expresses the coupling 

J&,. = t(Jt f- 2J3 (1) 

J&,. = p(Jt -t- J3/2 + (1 - p)Jc (2) 

J obr. = pJt 1 (1 - p)J, (3) 

of the monosubstituted derivatives, where p is the fractional population of VI and 
(1 - p) that of VII. And Eq. (3) expresses the couplings of the disubstituted derivatives, 
where p is the fractional population of VIII and (1 - p) that of IX. 

A direct approach involves the simultaneous evaluation of Jb JI and AH” for each 
substituted acetaldehyde derivative as follows: For monosubstituted derivatives these 
quantities could be evaluated from Eq. (5) and for disubstituted derivatives from Eq. 



1090 G. J. KAlusArsoa and N. Hst 

(7). This approach requires AS” = 0 for the 

&,+ (monosubstituted) = 2(1 - p/p) (4) 
AH;_, = -R-f ln (Jt -I- Js - 2J,,,.MJ,,. - Jd (5) 

&,. (disubstituted) = (1 - p)/2p (6) 

AH& = -R-f ln t(Jt - Jod/(Jo,,r. - JI) (7) 
equilibrium between rotamcrs. This assumption is hardly justified in cases where R 
is other than methyl; e.g. rotation of a r-butyl group should be much more hindered 
in II than in I. 

A second approach involves the evaluation of Jt and Js independently of AH”. 
If we assumed that di-t-butylacetaldehyde oxime O-methyl ether exists solely in VIII, 
then its J&,. is Jt. Js then can be calculated from Eq. (1). These values can be checked 
by assuming that the t-butylacetaldthydc derivative also exists solely in VI. From 
Eq. (8), which expresses its 

J,,,.WO = HJt + J3 (8) 
coupling, and (1) we can thus calculate Jt and Js. Rotamer populations can then k 
calculated from Eq. (2) and (3), and AH” values from plots of log K US l/T. As 
mentioned’ an error would arise from the assumption that Jt and Js are the same 
for the acetaldehyde, monosubstituted acetaldehyde and disubstituted acetaldehyde 
derivatives. This error could be diminished by applying a @4 c/s correction for each 

H 
TARU 10. ROT- PO~UUTY)NJ OF 

R,R,CH ?= 
NPMC 

s-O<‘H, 

\N/OMe 

RIRKH~ 

” (,, “/, 

Y 
. 

,*’ 
R 

RI R. -30’ 0” 40” 50” 70” 90” 
- 

H Me 77 76 74 73 
H Et 80 79 76 74 
H n-Pentyl 81 79 78 76 75 74 
H i-R 89 88 86 84 84 84 
H I-BU 100 100 99 94 91 
H Pb 88 85 85 83 79 
Me Me 47 45 44 43 42 
MC Et S8 55 51 SO 50 48 
MC SCGBU 60 59 56 54 54 53 
Et Et 68 66 61 59 58 S7 
u n-Bu 71 68 65 62 60 59 
t-Bu t-Bu 99 98 97 96 95 94 

a 
78 76 68 66 64 62 

G_ 
71. W 64’ 63’ 59. 

( i 
61 57 51 50 49 47 

-: 

0 46 45 42 40 39 39 

l In 10% soln in CC&. 
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alkyl or aryl substituent, i.e., by increasing J&,. of each monosubstituted derivative 
by @4 c/s and of each disubstituted by 0-g c/s, as was done with the aldchydes!*‘O 
We thus calculate JC = 1 l-3 c/s and JI = 3.2 c/s from both t-butyl and cir-t-butyl- 
acetaldehyde oxime O-methyl ethers. The small variation at low temperatures 
of the coupling constants of these two compounds and the insensitivity of these 
constants to solvent polarity strengthen the assumption that the two compounds 
exist mainly in VI and VIII. 

In Table 10 are summarized rotamer populations that were calculated from Eqs. 
(2) and (3). AH” values, evaluated from plots of log K US l/T, are summarized in 
Table 11. These values are probably reliable to &30x. In addition to errors of 
probably S-10% that are introduced by experimental uncertainties in J&,. and 
temperature control, appreciable but presently undeterminable errors may be intro- 
duced by disregarding the contributions to J&,. from tortional oscillations and excited 
vibrational states, and by using only one set of J, and J, for ail monosubstituted and 
one set for all disubstituted acetaldehyde derivatives. 

The dependence of AH” on the z-carbon substituent closely parallels that observed 
with aldehydes. For example, in the acyclic compounds AH” becomes more positive 
in changing R from methyl to r-butyl. AH” of the diethyl derivative is more positive 

TAMJ! 11 

s 
,OYc 

N 
,OMc 

H - H 

R 

RCH,CH-NOMe AH”(cal/mok) 

R 
Me 
Et 
n-Pcntyl 
i-R 
t-Bu 

Ph 
R,R,CHCH=NOMe 

RI RI 
Me MC 
Et Et 
t-Bu t-Bu 

(1 - 
( 1 .__ 
0 

i-380 
-570 
+590 (-5w) 
+650 

+4,500 
.:. 1,200 

+3@3 
-700 

T4.400 

+ 1.200 (-W) 

+780 

-+.450 

l From 5% soln in CC&. 

** It is wunbrd that the suktitucnt effect on &lh istheruncuwasinalip&tk&kbycka By 

compuingtheJnlwxoftbc aamkkJ~y&. propionrsdcbydc and cydohana&oxal&ydc 
derivativea (Tabk 6) we condude that this effect must be greater than @15 c/r. 



1092 G. J. WA- and N. Hs 

than that of the monoethyl; that of the cyclohexyl is similar to that of the dimethyl 
rather than of the diethyl; and that of the cyclopropyl” is more positive than that of 
the cyclopentyl, which in turn is more positive than that of the cyclohexyl.l* 

The effect of solvent polarity on rotamer population supports further the proposed 
conformations. Because of the higher dipole moment of VI over VII and VIII over 
IX (R = alkyl), the ratios VIIVII and VlIllIX increase (J,,, increases) with increase 
of solvent polarity. As expected,‘* phenylacetaldehyde oxime O-methyl ether shows 
opposite behavior. The arguments previously applied’against bisecting conformations 
(III and IV) can also be applied here. The most cogent argument provided by our 
data against III and IV is the increase of J&,. with increase of solvent polarity. Since 
III would have a higher dipole moment than IV, increase of solvent polarity should 
decrease J&,. (assume Jc > J3. 

It is worth pointing out that the rotamer populations of the oxime O-methyl ethers 
closely parallel those of olefinP rather than those of aldehydes,‘ although from 
structural considerations (X-XII) the reverse might have been expected. Whereas II 

is generally more stable than I for aldehydes, the reverse is true for olefins and oxime 
O-methyl ethers. Although the source of these differences is not clear, electron density 
and availability at X might be the controlling factor. This point will be considered in 
subsequent publications in conjunction with the effect of Z (= NZ) on the relative 
stabilities of I and II. 

Conformations of the anti komers. Since a quantitative interpretation of the 
coupling constants of the unti isomers is impossible, we will present several qualitative 
interpretations and point out the limitations of each. 

Monosubstituted derivatives. If XIII and XIV were the only rotamers of the anti 

XIII XIV 

isomers, the coupling constants would increase with increased solvent polarity when 
R is alkyl and decrease when R is phenyl. The observed trend (Table 9) is opposite. 

I* Although WC have ammcd that the cyclopropyl derivative has three-fold barrier to rotation, our 
present data do not exclude the possibility that the bamicr may be two-fold. 

la For interpretation of these observations the ruder should refer to Ref. 4. 
Ia A. A. Bothncr-By, C. Naar-&lin and H. Gtitha. 1. Amw. Chem. Sot. 84.2748 (1962). 
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Furthermore, judging from the magnitudes of Job,.3 and their dependence on tempera- 
ture, AH” between XIII and XIV would be zero, except when R is t-butyl. Such a 
conclusion is unreasonable. We are forced therefore to consider XV and XVI. 

I 
0 \. h 

xv XVI 

Since XV would have the higher dipole moment and lower coupling, increase of 
solvent polarity should decrease J,,., except again J,,, of the phenylacetaldehydc 
derivative. The data agree reasonably with this interpretation, although the variation 

of J,,. with solvent polarity is too small. From the magnitudes and temperature 
dependence of J&,., AH” between XV and XVI should be about zero, except when R 
is t-butyl, in which case XVI would be more stable. Again this conclusion seems 
unreasonable. The data are best interpreted in terms of XIII and XV as the important 
rotamers. Since XV would have slightly higher dipole moment than XIII, increased 
solvent polarity should decrease J,,,,,, only slightly. The nondependence of the relative 
stabilities of the rotamers on R, except when R is t-butyl is also understandable. 

We finally wish to point out that our data do not rigorously exclude conformations 
where 4 is other than 0” or 60” (XVII). 

Disubstituted dericarilyes. A priori considerations lead to the conclusion that, 
regardless of the size of R, the most stable rotamer should be XVIII. The large 
J &Jr. and their increase with increased solvent polarity support this conclusion. 

XVIII 
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Chmiccrl shifrs. As in so many other compounds of the general structure XIX, 
region A is deshitlded with respect to B (both A and B in the plane of the molecule). 
Our interpretation that XVIII is the most stable rotamer of the unri disubstituted 

2 
N 

BllA 
/ \ 

R R 

xw 

derivatives Gnds further support in the fact that, whereas cis and ~rans z-methyl protons 
resonate at about the same field, cis a-methine protons resonate at appreciably lower 
ticIds than zrunr. 

inrerpreiution of solgenr e$ecrs. The striking feature of the chemical shifts is the 
effect of benzene on them; i.e. whereas some resonances are shifted upfield, several 
are shifted downfield (Table 3). Any interpretation of this effect requires specific 
orientation of benzene by interaction with the solute. The data are adequately inter- 
prttabfe in terms of XX and XXI, whereby the benzene is attracted by the positive 

xx XXI 

charge on the sp’-hybridized carbon and is closer to the group that is 1ruh.r to mcthoxy. 
The s-;runr conformation about the N-O bond is chosen in accordance with formal- 
doximi9 and with pp lone pair electron repulsions.‘s Models XX and XXI require 
that the methoxy be deshielded in benzene, as is indeed the case. Positions A and A’, 
and to a lesser extent A‘ and B’, would be deshidded, whereas B and B’ would be 
shielded. Since &-a-methinc protons spend most time in A’ it is understandable 
that they are shifted downfield by benzene. The only rronr-a-methine that spends all 
time in A is that of di-r-butylacetaldehyde derivative and it is indeed the only Irum-a- 
methine that is shifted downfield. Consistent with the proposed modeIs*e is the small 
downfield shift of cfr-z-methylene protons, thus further supporting the conclusions 
drawn from spin-spin coupling that XIII and XV are signifi~n~y populated. FinaIly, 
the fact that the only &a-methyl and &@-methyl protons shifted downfield by 
benzene are those of methyl and ethyl t-butyl ketone derivatives suggests XXI as the 
model for these compounds. It is expected that when the lrans group is t-butyl 
repulsive interactions between 3 and B’ in XX will force tbe cif group to assume a 
bisecting conformation. 

** 1. N. Levine. 1. C&m. Php 38,2326 (1963). 
Jb N. L. Owen and N. Sheppard, Fwc. C&m. Sue. 264 (t%3). 
t* Our interpretation should not be construed 85 implying a one to one solvent-solute compkx. 
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syn-anti isomers. The greater stabihty of XXII over XXIII is another case 
demonstrating the importance of attractive forces between two groups, when at 

Me OMC Me 

N’ -N 

H 
> 

H 
> \ 

OMC 

least one group has available polarizable electroos. The greater stability of XXIV 
over XXV when X = Y = Cl,” Br,lb F,ts X = Me, Y = CIP Br,*’ CNn has been 
established. 

?_ ,,,fY xwH 

Hr ‘H 
./f-\ 

Y 
XXIV XXV 

The large dependence of the ratio XXVIlXXVII on R is best understood in terms 
of methoxy-phcnyl interactions in XXVI that force the phenyl out of conjugation 

XXVI XXVII XXVIII 

with the C==N, and in terms of phenyl-R interactions in XXVII. As R increases in 
size the latter interactions force the phenyl out of conjugation with the C&N. Thus, 
when R is isopropyl complete loss of conjugation (XXVIII) forces the equilibrium in 
favor of XXVI. The UV spectra amply justify this argument. 

EXPERIMENTAL 

Prrpmorion o/ox& O-mcri?yf ethers. To an aqueous soln of 0.1 mok aldehydc of ketone, 011 
mole mthoxylaminc hydrochloride and @ 1 I mole AcONa3H,O was ad&d 95 % &OH until the soln 
ckarcd. ~~~~a~~~~~~~~3~~~~f. Tbeetbeflayerwaswashed3 
times with 5 % NaHCOgq, once with water aad dried. Distillation gave the oximc ether in S&70% 
yield. The oximc ethers arc clear, sweet stnelliig liquids that boil l&20’ higher than the correspond- 
ing carbonyi compounds. 

NMR spccrru were d&rmin& at 60 MC. on a Model A-60 spectrometer (Varian A.uociated 
Palo Alto, Cal&). U&gassed solutions were used with TMS as intemal reference. 

UV specrru were taken with a Gary 14 recording spcctqhotonuter. 
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