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tracted with ether, the ether layer washed several times with wa
ter, then the solvent dried and removed by distillation. The resi
due was taken up in hot ethanol and cooled to deposit 1.85 g. 
(38.2%) of brownish prisms, m.p. 125-130°. A portion of this 
material was decolorized with NTorit and recrystallized twice from 
ethanol to give white prisms, m.p. 130-131.5°. This material 
was used for the n.m.r. spectrum. 

Introduction 

Several s tudies 1 - 6 have been made of the proton 
n.m.r. spectra of 1,2-disubstituted ethanes, both for the 
purpose of finding appropriate values for H,H-coupling 
constants between pairs of protons in the trans and 
gauche relations to each other, and with the idea of 
measuring relative populations of rotamers assuming 
reasonable values for these constants. In the typical 
case of a disubstituted ethane, XCH 2CH 2Y, the con-
formers are those shown in Fig. 1. The populations of 
the three forms are related: p2 = ps, = (1 — pi)/2. 

Since a t most temperatures interconversion between 
the three rotamers is rapid, n.m.r. constants which are 
weighted averages of those in the three forms are ob
served. With the usual assumption1 t ha t in a given 
compound gauche and trans oriented protons are coupled 
by characteristic amounts, Jg and Jt, one may write 

T - T - 1 + Pl T + 1 ~ Pl T m J A B — J A'B' — _ Jg ~r „ Jt [L) 

and 

JAB' = J A'B = (1 - Pl)Jx + PlJt (2) 
whence 

2 / A B + JAB- = 27 g + Jx (3) 

Pl = (JKB' ~ Jg)Z(Jt - Jg) = (Jt + Jg ~ 
2JAB)/(Jt - Jg) (4) 

Two difficulties frequently occur in the analysis of the 
data. First, if the values of / A B and JAB- are nearly 
the same, the spectrum may display deceptive sim
plici ty,1 4 7 and only the sum of the two constants is ex
actly determinable under these circumstances. 
Second, even if exact values for this pair of constants 

(1) R. J. Abraham and K. G. R. Pachler, MoI. Phys., 9, 165 (1963). 
(2) A. A. Bothner-By and C. Naar-Colin, J. Am. Chem. Soc, 84, 743 

(1962). 
(3) F. A. L. Anet, ibid., 84, 747 (1962). 
(4) S. S. Danyluk, Can. J. Chem., 41, 387 (1963). 
(5) H. S. Gutowsky, Pure Appl. Chem., 7, 93 (1963); H. S. Gutowsky, 

G. G. Belford, and P. E. McMahon, J. Chem. Phys., 36, 3353 (1962). 
(6) C. N. Banwell, A. D. Cohen, X. Sheppard, and J. J. Turner, Proc. 

Chem. Soc, 266 (1959); X. Sheppard and J. J. Turner, Proc. Roy. Soc. 
(London), A2S2, 506 (1959). 

(7) R. J. Abraham and H. J. Bernstein, Can. J. Chem., 39, 216 (1961). 

Anal. Calcd. for C13H7Cl6Br: C, 34.23; H, 1,55. Found: 
C, 34.34; H, 1.60. 

The structure of the products, inferred from the method of 
synthesis, was confirmed by the n.m.r. spectrum. Each of 
the substituted phenyl compounds gave the characteristic four-
line AB multiplet expected for para-substitution on the aromatic 
nucleus. 

can be obtained, the question of which value belongs to 
which constant remains. The assignment cannot be 
made from the spectrum.8 Equation 3 may be of help 
in discarding unreasonable values (since studies on the 
size of this sum have been made on ethyl derivatives 
and in other cases).1 9 If, for example, the pair of 
numbers ( + 6 c.p.s., + 8 c.p.s.) were obtained for the two 
constants, then the two interpretations J% = + 4 , Jt = 
+ 12, pi = 0.5, and J1 = 4, Jt = 14, pi = 0.2 would ap
pear about equally at tractive. Nor would lowering 
the temperature to increase the proportion of more 
stable rotamers be of any help: the same qualitative 
behavior would be observed whichever assignment were 
correct. 

When a methylene group is adjacent to one carbon 
bearing three unlike substituents, the two protons of 
the methylene group are magnetically nohequivalent, 
and may display different chemical shifts.10 This sug
gests tha t 1,2-disubstituted ethanes, where the sub
sti tuents are such asymmetric groups, might be suitable 
for studies aimed at determining the populations of 
rotamers about the central C-C single bond. Such 
compounds can exist in meso- and dl-forms. The rota
mers are as shown in Fig. 2. 

For the meso compound, where the gauche forms are of 
equal energy and population, one may write, with the 
same assumptions as for XCH 2 CH 2 Y compounds 

J AA' = JBB' = (1 — Pi)Jg + PlJt (5) 

A B = JA'B' = Jgera (Q) 

T - T - 1 + ^ 1 T ± l ~ Pl T I^ JAB' — JA'B — ~ J g -f- Jx (O 

JAA, + 2JAB, = 2 J 8 + Jt (8) 

Pl = (JAA' ~ Jg)Z(Jt ~ Jg) = (Jt + Jg-
2JAB,)/(Jt - Jg) (9) 

(8) J. A. Pople, W, G. Schneider, and H. J. Bernstein, "High Resolution 
Xuclear Magnetic Resonance," McGraw-Hill Book Co., Inc., New York, 
N, Y., 1959, p. 142. 

(9) C. N. Banwell and N. Sheppard, Discussions Faraday Soc, 34, 115 
(1962). 

(10) P. M. Nair and J. D. Roberts, J. Am. Chem. Soc, 79, 4565 (19.57). 
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Nuclear Magnetic Resonance Spectra of Substituted Ethanes. II. 
meso- and cH-2,5-Diphenylhexanediol-2,5 

B Y D. J U N G AND A. A. B O T H N E R - B Y 

RECEIVED APRIL 22, 1964 

The high-resolution proton magnetic resonance spectra of the title compounds have been obtained and analyzed 
in terms of chemical shifts and coupling constants. Expressions for the coupling constants in terms of rotamer 
populations and characteristic gauche and trans coupling constants are given, and it is shown that the forms of 
these expressions confer some unique advantages upon compounds of this type, as subjects for the study of 
rotational isomerism about the central bond. AH for the meso compound is estimated at 1,1 kcal., that for the 
a7-compound as 1.4 kcal., with the s-trans arrangement of the bulky groups preferred over the gauche arrange
ment. 
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Figure 1. 

I n t h i s case , t h e r e is l i t t l e l ike l ihood of confus ing J A B 
a n d JAB', s ince Jgem is of o p p o s i t e s ign 1 1 t o 7 v i c a n d i s o f 
p r e d i c t a b l e m a g n i t u d e . 1 2 F u r t h e r m o r e , JAB is ex
pec t ed t o b e r e a s o n a b l y t e m p e r a t u r e i n d e p e n d e n t , 
whi le JAB' m a y be v a r i a b l e w i t h t e m p e r a t u r e ( p r o v i d e d 
Pi * Pt). 

F o r t h e ^ / - c o m p o u n d , pi m a y n o t e q u a l p3; t h i s m i g h t 
be d e t e c t a b l e f rom a n i n e q u a l i t y of / A A < a n d J-BB', b u t 
s u c h a n i n e q u a l i t y m i g h t be c o n c e a l e d b y a d e c e p t i v e l y 
s imple s p e c t r u m ! W h e t h e r o r n o t p2 = plt w i t h t h e 
u s u a l a s s u m p t i o n s 

J AK' = PlJg + plJ% + P3Jt 

JBB' = PlJg + PlJt + PiJg 

J AB' = PlJt + PiJg + PzJg 

= P1Jt + (1 - P1)Jg 

w h e n c e 

a n d 

J AA' + JliB' + JA 

J. Pl = (JAB' ~ Jg)Z(Jt -Jg) 

JAA' ~ 

B' = 2Jg 4- Jt 

= Ut + Jg-

JBB')/ (Jt — Jg 

(10) 

(11) 

(12) 

(13) 

(14) 

/ A B a n d 7 A ' B ' a r e a g a i n i d e n t i c a l w i t h 7 g e m a n d s h o u l d 
b e eas i ly d i s t i n g u i s h a b l e f rom / A B ' b y v i r t u e of m a g n i 
t u d e , t e m p e r a t u r e i n d e p e n d e n c e , a n d n e a r e q u a l i t y w i t h 
7 A B in t h e meso c o m p o u n d . I n t h e meso- a n d dl-com-
p o u n d s i t w o u l d also be e x p e c t e d t h a t t h e s u m s co r re 
s p o n d i n g t o 2 / g + Jt s hou ld ag ree closely, s ince t h e 
effects of e l e c t r o n e g a t i v e s u b s t i t u e n t s , s t r a i n , e tc . , 
s hou ld be n e a r l y i d e n t i c a l in t h e t w o i somer ic c o m 
p o u n d s . 1 3 

M e a s u r e m e n t s h a v e b e e n m a d e a t t w o t e m p e r a t u r e s 
o n t h e meso- a n d dl-iorms of 2 , 5 - d i p h e n y l h e x a n e d i o l -
2,5. T h e r e s u l t s c o n f o r m closely t o e x p e c t a t i o n . T h e 
d i m e t h y l e t h e r s of t h e s e t w o c o m p o u n d s were a lso p r e 
p a r e d a n d e x a m i n e d , b u t p r o v e d u n s u i t a b l e b e c a u s e of 
a c c i d e n t a l e q u a l i t y of t h e c h e m i c a l shif ts . 

Exper imenta l 
2,5-Diphenylhexanediol-2,5.—A mixture of the meso- and dl-

forms was prepared by the method of Freeman148 and separated 
into its components by crystallization from tetrahydrofuran, 
methanol, and methylene chloride. The <i/-form melted at 
158.2-159.0° (lit.14b 158.5), the meso-torm at 143.4-144.4° 
(lit.14b 136°). 

N.m.r. spectra were obtained on saturated solutions of the 
compounds in pyridine; a Varian A-60 n.m.r. spectrometer, 
equipped with variable temperature probe, was used. The 
calibration of the spectrometer is checked daily using o-dichloro-
benzene. 

The A2B2 spectra were first analyzed crudely by the procedure 
of Pople, Schneider, and Bernstein,8 then the parameters were 
refined using the iterative computer program,15 LAOCOON II . 

(11) R. R. Eraser, R. U. I.emieux, and J. D. Stevens, J. Am. Client. Soc, 
83, 3901 (1961): F. K. Kaplan and J. D. Roberts, ibid., 83, 4666 (1961). 

(12) M. Barfield and D. M. Grant, J. Chem. Phys., 36, 2054 (1962). 
(13) M. Karplus. J. Am. Chem. Soc, 88, 2870 (1963). 
(14) (a! J. P. Freeman, J. Org. Chem., 22, 1608 (1957); (b) M. Tuot and 

M. Guyard, Bull. soc. chim. France, 1086 (1947). 
(15) To be described in a separate publication) 
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Figure 2. 

JAA' and JBB' were assumed identical. The spectra were fitted 
within experimental error: for the mesa-form, the r.m.s. error in 
line fitting was 0.08 c.p.s.; for the d/-form, 0.04 c.p.s. 

R e s u l t s 

T h e r e su l t s of t h e a n a l y s e s a r e g iven in T a b l e I . 
Also i nc luded in t h e t a b l e a r e t h e s t a n d a r d d e v i a t i o n s 
for t h e p a r a m e t e r s in e a c h case , a s g iven b y t h e p r o g r a m 
L A O C O O N I I . T h e e r r o r q u o t e d is, a p p r o x i m a t e l y , 
t h e c h a n g e in t h a t p a r a m e t e r w h i c h w o u l d d o u b l e t h e 
e r ro r in fitting t h e o b s e r v e d s p e c t r u m . I n a c t u a l fact , 
t h e p r o g r a m gives, n o t t h e e r r o r s of t h e i n d i v i d u a l pa 
r a m e t e r s , b u t of t h e l i n e a r l y i n d e p e n d e n t c o m b i n a t i o n s of 
t h e s e wh ich c o r r e s p o n d t o t h e m a j o r axes of t h e ell ip
soid of e r ro r . T h u s , a n y " s n e a k y " e r r o r s will be de 
t e c t e d . I n t h e p r e s e n t cases t h e r e were n o n e . T w e n t y 
t o t w e n t y - f o u r t r a n s i t i o n s were ass igned a n d m a t c h e d 
in e a c h s p e c t r u m . T h e s p e c t r a o b t a i n e d a t h ighe r 
t e m p e r a t u r e s w e r e m o r e c l ea r ly reso lved , as t h e l ines 
were n a r r o w e r ; t h e t r e n d in e r ro r s s h o w n in T a b l e I 
ref lects t h i s b e h a v i o r . 

T h e p a r a m e t e r s fit t h e v a r i o u s t e s t s well . T h e a p 
p r o p r i a t e s u m s e q u a l t o 2 J g + / t for t h e four cases a r e : 
21 .48 c .p .s . (meso, 3 5 ° ) , 21 .32 (meso, 9 1 ° ) , 21.35 (dl, 
3 5 ° ) , a n d 21.41 (dl, 9 1 ° ) . A b r a h a m a n d P a c h l e r 1 

h a v e r e p o r t e d e q u i v a l e n t s u m s for t h e p r o t o n s in t h e 
c e n t r a l m e t h y l e n e s of l evu l in ic e s t e r (20.4 c .p .s . ) , l e v u -
linic ac id (20.4 c .p .s . ) , a n d 4 - c y a n o - 2 , 2 - d i m e t h y l b u t y r -
a l d e h y d e (21.8 c .p .s . ) . J A B for b o t h c o m p o u n d s is of 
a p p r o p r i a t e sign a n d m a g n i t u d e for a g e m i n a l c o u p l i n g 
c o n s t a n t w i t h n o n e i g h b o r i n g u n s a t u r a t i o n or u n s h a r e d 
e l ec t ron pa i r s . 1 2 

I n o r d e r t o i n t e r p r e t t h e r e s u l t s in t e r m s of r o t a m e r 
p o p u l a t i o n , i t is n e c e s s a r y t o a s s u m e s o m e v a l u e s for 
Jg a n d Jt. W e will a s s u m e Jg = 4.10 a n d Jt = 13.20. 
T h e s e v a l u e s a r e c a l c u l a t e d u s ing a l e a s t - s q u a r e s cor
r e l a t ion 1 5 of 64 se lec ted carefu l ly m e a s u r e d c o u p l i n g 
c o n s t a n t s on c o m p o u n d s of k n o w n g e o m e t r y or r o t a m e r 
d i s t r i b u t i o n a n d t a k e i n t o a c c o u n t t h e effect of elec
t r o n e g a t i v e s u b s t i t u e n t s . T h i s pa i r of v a l u e s also 
satisfies t h e s u m ru les (eq. 8 a n d 13) well . 

S u b s t i t u t i n g in eq . 9 a n d 14, o n e o b t a i n s for t h e low 
e n e r g y trans f o rm 

P1 = 0 .85 (meso, 35° ) 

P1 = 0 .81 (meso, 91° ) 

P1 = 0.78 (dl, 35° ) 

P1 = 0.71 (dl, 91°) 

AH is p r o b a b l y effect ively c o n s t a n t ove r t h i s t e m p e r 
a t u r e r a n g e ; AH b e t w e e n t h e t w o f o r m s in t h e meso-
c o m p o u n d is r e c k o n e d to be 1.1 kca l . , f avo r ing t h e s-
trans i s o m e r ; for t h e ^ / - c o m p o u n d i t is 1.4 kca l . , a lso 
f a v o r i n g t h e s-trans i somer . T h e difference in t h e t w o 
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TABLE I 

N.M.R. PARAMETERS FOR meso- AND <2/-2,5-DIPHENYLHEXANEDIOL-2,5 AT 35 AND 91° 

Sv 

JAA' 

JAB' 

JAB 

= JBB' 

= JA'B 

= JA'B' 

35° 

17.85 ± 0.18 
11.86 ± .31 
4.81 ± .23 

- 1 3 . 3 6 ± .22 

91° 

12.74 ± 0.10 
11.40 ± .22 
4.96 ± .15 

- 1 3 . 7 1 ± .18 

35° 

13.27 ± 0.13 
5.07 ± .21 

11.21 ± .19 
- 1 3 . 6 2 ± .14 

91° 

8.19 ± 0.11 
5.40 ± .25 

10.61 ± .14 
- 1 3 . 8 1 ± .13 

values should not be taken seriously. Entropy changes 
are of the order of 1 e.u. or less. 

In both cases the chemical shift between the A and B 
protons diminishes markedly with increased tempera
ture, reflecting a more nearly equal distribution of reta
iners about the single bonds joining the methylene 
groups with the asymmetrically substituted carbon 

atoms. There appears as yet to be no way of inter
preting this phenomenon quantitatively. 
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Mass Spectrometry in Carbohydrate Chemistry. Ethylene Dithioacetal Peracetates 

BY DON C. DEJONGH 

RECEIVED MARCH 28, 1964 

The mass spectra of the ethylene dithioacetal peracetyl derivatives of D-glucose, D-arabinose, 2-deoxy-D-
glucose, and 6-deoxy-L-galactose, and of the ethylene dithioacetal pentaacetyl-dis derivative of D-glucose, 
are discussed. The ethylene dithioacetal portion of the molecule can be recognized by the intense peak at 
m/e — 105 resulting from C-l-C-2 cleavage of the monosaccharide with charge retention on C-I. The charac
teristics of the mass spectra can be related to the position of deoxy groups in the carbohydrates; the molec
ular weight can be determined from a fragment peak at M — 59 (M — OCOCH3). 

Introduction 
Dithioacetal derivatives of carbohydrates are often 

used for characterization and identification and as inter
mediates in the preparation of other sugar derivatives. 
Dithioacetal derivatives and their peracetates are easily 
prepared and are stable compounds. In the form of a 
dithioacetal peracetate, a carbohydrate exists in an 
acyclic structure. 

Dithioacetal and dithioketal derivatives of carbonyl 
functions are reported to be desirable derivatives for 
mass spectrometric purposes.1'2 Introduction of an 
ethylene dithioketal function into a steroid quenches 
the characteristic fragmentation behavior of the keto 
function; peaks characteristic of the ethylene dithio
ketal portion of the molecule predominate.1 Since 
sulfur can better accommodate charge than oxygen, 
the dithioketals exhibit more prominent molecular ion 
peaks than their oxygen analogs. 

Diethyl dithioacetal peracetyl derivatives of carbo
hydrates have been studied mass spectrometrically.2 

These derivatives, which are usually crystalline, are 
volatile enough and thermally stable enough for intro
duction into a conventional inlet system. In contrast 
to the acetyl,3'4 O-methyl,5 and O-isopropylidene6 de
rivatives of carbohydrates, the diethyl dithioacetal 
peracetates exhibit a molecular ion peak from which the 
molecular weight can be directly determined. From 
their mass spectra, the peracetates of aldohexose, keto-

(1) G. von Mutzenbecher, Z. Pelah, D. H. Williams, H. Budzikiewicz, and 
C. Djerassi, Steroids, 2, 475 (1963). 

(2) D. C. DeJongh, J. Am. Chem. Soc, 86, 3149 (1964). 
(3) K. Biemann, D. C. DeJongh, and H. K. Schnoes, ibid., 85, 1763 

(1963). 
(4) D. C. DeJongh and K. Biemann, ibid., 86, 2289 (1963). 
(5) N. K, Kochetkov, N. S. Wulfson, O. S. Chizhov, and B. M. Zolotarev, 

Tetrahedron, 19, 2209 (1963). 
(6) D. C. DeJongh and K. Biemann, J. Am. Chem. SoC, 86, 67 (1964). 

hexose, aldopentose, 2-deoxyhexose, and 6-deoxy-
hexose diethyl dithioacetals can be differentiated from 
each other. Stereochemical differences are of little 
influence on the fragmentation. 

As an extension of the study of dithioacetal peracetyl 
derivatives of carbohydrates upon electron impact, the 
mass spectra of ethylene dithioacetal perarjetates of D-
glucose (I), D-arabinose (II), 6-deoxy-L-galactose (III), 
and 2-deoxy-D-glucose (IV) are presented and discussed 
here. The mass spectrum of D-glucose ethylene dithio
acetal pentaacetate-<216 (I, Ac = COCD3) is not shown, 
but the m/e positions of the peaks corresponding to those 
in the undeuterated analog, Fig. 1, are given in the 
discussion in parentheses, e.g., m/e — 43(46). Meta-
stable peaks in the mass spectra given in Fig. 1-4 are 
listed in Table I. 

TABLE I 

METASTABLE PEAKS IN FIG. 1-4 

Figure 

i 

2 

3 

4 

Fragmentation 

105 -* 61 
( 1 0 5 - » 6 1 
189 -* 147 

(192 — 148 
105 - * 61 
189 -+ 147 
246 -» 186 
1 0 5 ^ 61 
189 -* 147 
228 -<- 186 

Calculated 

35.4 
35.4 

114.3 
114.1 
35.4 

114.3 
140.6 
35.4 

114.3 
151.7 

Found 

35.5 
35.6)c 

114.6 
114.5)' 
35.5 

114.6 
141.0 
35.6 

114.5 
152.1 

" The position of the peak in the mass spectrum of Ia (I, Ac = 
COCD3) is given in parentheses. 

The Molecular Weight. Fragmentation Series 1 
and 2.—In contrast to the mass spectra of the diethyl 
dithioacetal peracetates,2 the mass spectra of the 
ethylene dithioacetal peracetates show no molecular 


