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The proton magnetic resonance (p.m.r.) spectra of some 50 adamantane derivatives have been obtained at 
60 Mc. and assignments of the resonances have been made. P.m.r. is shown to be a quick and effective method 
for the identification of adamantanes. The value of the vicinal coupling constant, 2.6 c.P.s., is reasonably 
consistent with the value calculated from the original Karplus equation. Chemical shifts for polysubstituted 
derivatives mav be uredicted with considerable accuracy by means of an additivity relationship based on the 
shifts of monosibstituted compounds. 

Although adamantane has been known for 30 
years, and numerous derivatives have been ~ r e p a r e d , ~  
no comprehensive study of the spectral properties of 
these substances has been reported. The only detailed 
investigation in the literature is that of Mecke and 
Spiesecke,5 who analyzed the infrared spectrum of 
adamantane itself. Landa has suggested that a hand 
in the infrared at  1017-1038 cni.-l is characteristic of 
adainantane compounds.6 However, this band is ab- 
sent in the infrared spectrum of adaniantane itself and 
some of its simple derivatives, and in others it is SO 
weak as to be of little diagnostic value.4 

The p.ni.r. spectra of but a few adaniantane com- 
pounds have been reported7-11 and some of the early 
investigations, carried out a t  40 Mc., gave spectra crude 
by present standards. We have examined the spectra 
of nearly 50 adamantane derivatives, of a variety of 
substitution patterns, with a Varian A-60 instrument. 
P.ni.r. spectroscopy is demonstrated here to be a simple 
and reliable method for the structural elucidation of 
these substances. Furthermore, the spectra of l-sub- 
stituted adaniantanes are of interest in a more general 
sense, in that the observed chemical shifts and coupling 
constants are of theoretical importance. 

Results 
Adamantane.-The p.m.r. spectrum of adamantane 

in CC14 solution (Figure 1) shows a doublet at 7 8.22, 
with spacing of 1.7 C.P.S. A barely visible shoulder 
on the low field side of this peak (at about 7 8.12) is 
probably attributable to the bridgehead hydrogens, 
which, fortuitously, have nearly the same chemical 
shift as the methylene protons. In  such cases of coin- 
cidence, a change of solvent can often induce selective 
shifts of the resonance positions of protons in different 
parts of a molecule, thus permitting details obscured 
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Figure 1.-The p.m.r. spectrum of adamantane. 

under normal conditions to be revealed.12 Adaman- 
tane, a nonpolar molecule, does not respond to such 
changes of solvent. Spectra taken in benzene, pyri- 
dine, and nitrobenzene show little change in appear- 
ance or in chemical shift. 

Examination of the resonances due to ‘H coupling 
with lSC in natural abundance,18 with the aid of a time 
averaging device (CAT) ,I4 allows an estimate of Juic 
between the bridgehead and methylene protons. The 
laCH resonances (from the CH2 groups) are broad 
singlets, w h  = 5.3 c.P.s., J ~ ~ c H  = 120 * 1 C.P.S. A 
unique Juic  cannot be obtained, but clearly, J,,, I 5.3/2 
= 2.65 C.P.S. 

1-Substituted Adamantanes.-Tables I and I11 list 
the chemical shifts and coupling constants for a number 
of 1-substituted adamantanes. Figure 2 illustrates 
the spectrum of a typical compound, l-methyladaman- 
tane. The resonances of the protons p, y, and 6 to the 
substituent are usually well separated, and assignments 
can readily be made from the chemical shifts, integrated 
intensities, and peak widths. The three bridgehead 
protons ( 7 )  give a peak of half the area of those from 

(12) Cf., e.&, G. Slomp and F. MacKellar, J .  A m .  Ckem. Soe., 89, 999 
(1960); P. Laszlo and P. van R.  Schleyer, ibid., 86, 1171 (1964). 

(13) P. Laszlo, Sciences. No. 26, 58 (1963). 
(14) L. C. Allen and L. F. Johnson, J .  A m .  Ckem. Soc., 86,  2668 (1963); 

P.  Laszlo and P.  yon R. Schleyer. ibid., 86, 2017 (1963). 
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TABLE I 
CHEMICAL SHIFTS IN  SUBSTITUTED ADAMANTANES~ ( 7 )  

8- H 7- H 6- H Other features 

8.17 7.80 8.38 
7 ,  89' 7 ,  89' 8 .30  
7.70 7.92 8.27 
7.37 8 . 0 3  8.14 
8 .45  7.96 8.38 "2, 9 .05 
7 .  95b 7.95b 8 .31  NH, 3.57; CH3, 8.16 

8.33 7.85 8.26 CHz, CU. 7.42 

8.52 8 .08  8.32 CH3, 9 .21  
8.50 8.00 8 .26  CH3, 9.21; CHz, 8 .98  
8 .48  8.00 8.31 CH3, 9 ,20;  CH, CU. 8 . 9  
8.50 8.01 8 .29  CHz, 6 .89 
8.46 8.01 8.29 CHz, 6.37; CH3, 8 .00 

8. 36' 7.88 8 ,  36b OH, 8.0-8.7 

7 .  73b 7.73' 8 .23 Ar, 1 .8lC 

8.48 8 .01  8.29 C H ,  6.50;  Ar, 2.46c 
8.49 8.00 8.29 CH2, 6.38; Ar, 1.72" 
8.40 7.96 8 .29  CH2, 6.80 

8.  46' 8 .17  8.  46' CH3, 9 .00  
8.41 8.13 8.31 CH3, 8,35 

8.4-8 .5b 8 . 1  8.4-8 .5' CH, 5.90; Ar, 2 .78 

8.4-8,  5' 8.17 8.4-8.5' CH3, 8.4-8.5; =CHz, 5.69 
8.54 8.17 8.40 CH2Br, 6.85; Ad-CH2, ca. 8 , 2  
8.10 7 .96  8.25 Ar, 2.89 
8.15 7.96 8.23 OCH3, 6.33; Ar, 2.90, 3.32 
8 .06  7.97 8.26 
8 .12  8 .01  8.29 CH3, 6.40 

Substituent X 
F 
c1 
Br 
I 
"2 

NHCOCHI 
OH 
OCHzCHzOH 
OCOCsH4NOz-p 
CHI 
CzH, 
(CH,)zCH 
CHzOH 
CH2OCOCH3 
CH20SOzCsH4CHs-p 
CHZOSO~C~H~NOYP 
CHzCI 
CH( 0H)CsHs 
C( CHa)zOH 
C( C H h B r  

CHzCHzBr 
CsHs 

COOH 

C( CHa)=CHz 

p-CsHdOCH8 

COOCH3 
a In CCl, solution. Unresolved resonances. Center of aromatic quartet. 

Figure 2.-The p.m.r. spectrum of 1-methyladamantane. 

the @ and 6 protons. Ordinarily, the chemical shifts 
of the 6 hydrogens, farthest from the substituent, are 
displaced the least from the value ( T  8.22) found for the 
methylene protoris of adamantane itself. Although 
there are in fact two sorts of 6 protons, these invariably 
fall together in all spectra we have observed. However, 
as a corisequence of this nonequivalence, the composite 
6 peak is broader (typically Wh = ca. 8 c.P.s.) and more 
complex than the p hydrogen peak which most often 
is a doublet of w h  = 5.3 C.P.S. (Table 111). The bridge- 

head proton resonances appear as a featureless, broad 
(wh = ca. 10 c.P.s.) band. Finally, adamantane 
derivatives show a very precise chemical shift addi- 
tivity relationship (see below), which can be used to 
check assignments. Naturally, when the p and 6 
resonances fall close to one another, the assignments 
(Table I) are less secure than usual. 

Particularly striking are the large variations in 
chemical shift with changes of the 1-substituent. The 
positions of the @ protons vary over 1.17 p.p.m., but 
the ranges for the y (0.37 p.p.m.) and 6 (0.24 p.p.m.) 
positions are less, as expected. The substituent shifts 
are correlated (see Discussion) by various measures of 
substituent electronegativity, such as ER and u*. In- 
terestingly, the slopes of these correlation lines alter- 
nate positive and negative for the successive (@, y, and 
6) positions; halogens give a separate correlation from 
the other substituents.16s16 

In  view of the significant chemical shift variations 
induced by the substituents, it is not surprising to find 
compounds for which the resonances of the p, y, and 6 
protons are not well separated. In  l-chloroadanian- 
tane (Figure 3), the p and y protons give a single peak 
in CCl, solution, while, in 1-hydroxyadamantane 
(Figure 4), it is the @ and 6 resonances which overlap. 
Other examples of such conjunction may be found in 
Table I. Selective solvent shifts are spectacularly 
effective in these instances (Table 11) in separating the 
various resonances. For this purpose, benzene is 
superior to diniethylaniline, nitrobenzene, or pyridine. 
Surprisingly, the @ protons, closest to the substituent, 

(15) Thie has been obeerved previously; e.0.. H. Spiesecke and W. G.  
Schneider. J .  Chem. P h y e . ,  86, 722 (1961). 
(16) G. S. Reddy and J .  H. Goldstein [ibid.. 86, 2644 (l962)l have used 

the variation of the halogens from a plot of Jnca u8. 6 to  aesign values for 
XM. the magnetic snieotropy of the C X  bond. 
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TABLE I1 
SOLVENT SHIFTS" FOR  S SUBSTITUTED ADAMANTANES 

Substituent Solvent A H @  AHy AH6 Other 

F Benzene 0 16 16 
c1 Benzene 5 20 19 

CsHbN(CH3)z 8 21 18 
Pyridine 2 11 11 
C&Noz 1 8 6  

Br Benzene 3 21 19 
Pyridine 0 12 10 
CsHiNOz 2 8 7  

I Benzene 8 21 20 
OPNB Benzene 6 17 16 
OH Benzene 4 12 14 

Pyridine -14 2 6 
Cd%N02 -6 6 6 

NHCOCHl Benzene 1 3 8 C H ,  18 
C( CH&Br Benzene 4 2 0 CH3, 2 
C( CHa)=CH2 Benzene 0 0 0 =CH,  -30 

(1 Relative to CCla; the variations in chemical shifts relative 
to TMS internal standard (in c.P.s.) are taken as positive when 
the resonances move upfield, and negative when they move down- 
field from their positions in CCl4 solution. 

TABLE I11 
COUPLING CONSTANTS IN  SUBSTITUTED ADAMANTANES 
1-Substituent 

F 
Br 
I 
NHz 
CH3 
CHzOH 
CHzOCOCHa 
CHZOTS 
CHzCl 

CeHs 
CH&HzBr 

Joy, c.p.8. wh, @ protons, 0.p.s. 

2 . 7  ( J H ~ F  5.5)  . . .  
2 . 5  5 .2  
2 .5  5 .0  
2.7 . . .  
2.6  5 . 3  
2 . 5  5 .3  
2 .5  5 . 3  
2 . 6  5 . 3  
2 .6  . . .  
2 . 6  . . .  
2 .5  5 . 3  

Average 2 . 6  =k 0 . 1  5.3 32 0 . 2  

are affected least in chemical shift by a change in solvent 
(Table 11). We plan further investigations into these 
interesting solvent effect's. 

There is a dearth of observable splitting in adaman- 
tane spectra. Most peaks are rather broad singlets, 
w h  = 5-10 C.P.S. In those instances where coupling 
is discernible (Table 111), all J 's  are identical, 2.6 i 0.2 
C.P.S. Within the precision of measurement, agree- 
ment with the value estimated for adamantane itself is 
very good.'? We regard our result as a maximum 
value; the actual J V t ,  may be somewhat less than 
2.6 C.P.S. 

2-Substituted Adamantanes.-The spectra of 2- 
substituted adamantanes (Table IV) are the least in- 

(17) 0. Jardetaky (private communication) has argued tha t  the peak 
separations, which we have reported in Table 111, do not represent the true 
coupling constants, since the lines do not split to the base line even with 
the best resolution available. I n  such cases, according to Jardetsky, the 
separation of the overlapping lines is smaller than the separation between 
the centers of the lines. and the latter better reflecta the true coupling 
constant. Jardetsky estimates the value of J in 1-bromoadamantane to 
be 3.0 c.P.s., after correction for overlap. We agree tha t  care should be 
exercised in reporting values of J, when these are small and are derived from 
incompletely resolved lines. We believe, however, that  the smaller value 
of J (2.6 c.p.8.) is preferable in the adamantane series. We observe con- 
sistently (Table 111) not only a constancy of peak separation, but also a con- 
stancy of line width, wh - 5.3 f 0.3 C.P.S., corresponding to a doublet 
with J - 2.85 f 0.2 C.P.S. We feel tha t  the agreement of this value with 
that derived for adamantane itself is particularly significant. Were the 
degree of overlap an important factor, we would not expect this close and 
consistent correspondence. 

4 6 

CCI, solution C,H, solut ion 

Figure 3.-Solvent effect on the spectrum of 1-chloroadamantsne. 

I CCI, solut ion C,H, solut ion 

Figure 4.-Solvent effect on the spectrum of l-hydroxyadamari- 
tane. 

TABLE IV 
CHEMICAL SHIFTS I N  2-SUBSTITUTED ADAMANTANES 

X Y Features of the nucleus Other 
CHI OH H, = 7.9; others 8.25 and 8.69 CH3, 8.69 
H OH Ha = 8.0; Hx = 6.20; others 

8.09-8.70, sharp peak at 8.20 
X = Y = CHZ 
Ha CHs 4 . 2 0  CH3, 8.96 

Ha = 7.52; others 8.12 =CH2, 5.52 

X = Y = 0" H, = 7.59; others 8.00 
a 40-Mc. spectrum.O 

formative of those examined, but differences from the 
spectra of the 1-substituted adamantanes are quite 
sufficient to distinguish between compounds of the two 
types. Most of the protons in a 2-substituted adaman- 
tane give rise to general absorption in the T 8.0-8.5 
region, usually with a prominent peak near 8.22, the 
resonance position of adamantane. The only singular 
and readily identifiable features are the protons on the 
2-substituent itself, if any, the 2-proton if the com- 
pound is secondary, and the two adjacent bridgehead 
protons. This "fuzziness" is a consequence of the low 
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TABLE V 
CHEMICAL SHIFTS IN 1,3-DISUBSTITUTED ADAMANTANES ( 7 ) "  

X & e Y 

X Y H. Hb H C  Hd He Other 
CH3 CHa 8 . 6 3  (8 .62 )  8 .46  (8 .42 )  8 , 0 2  (8 .04 )  8 . 6 3  (8 .62 )  8 . 8 4  (8 .82 )  CH3'5, 9 , 2 0  
CH3 Br 8 . 5 2 ( 8 . 5 7 )  8 . 3 7 ( 8 . 3 7 )  7 . 8 5 ( 7 . 8 8 )  7 .78 (7 .80 )  7 . 9 2 ( 8 . 0 0 )  CH3, 9 . 1 3  
CHI c1 8 .59(8 .50 )  8 . 4 1 ( 8 . 4 0 )  7 . 8 9 ( 7 . 8 5 )  7 .97 (7 .99 )  8 . 1 7 ( 8 . 1 0 )  CH3, 9 . 1 2  
CHa OH 8 .61  (8 .66 )  8 .41  (8 .36 )  7 . 8 8  (7 .84 )  8 .41  (8 .41 )  8 . 6 1  (8 .61 )  CHI, 9 .14 ;  OH, 6 . 8 4  
CHI O C O C ~ H I N O ~ ~  8 . 5 2 ( 8 . 5 2 )  8 . 3 6 ( 8 . 3 2 )  7 .75 (7 .75 )  7 .80 (7 .78 )  8 . 0 4 ( 8 . 0 2 )  CH3, 9 .09 ;  AR, 1 .82  
CH3CHz Br 8 . 5 6 ( 8 . 5 5 )  8 . 3 8 ( 8 . 3 1 )  7 . 8 0 ( 7 . 8 0 )  7 . 8 0 ( 7 . 7 4 )  8 .01  (7 .98 )  C H ,  9.21;  CH2, 9 . 0 8  
(C&)zCH Br 8 .46 (8 .53 )  8 . 3 1 ( 8 . 3 6 )  7 .69 (7 .80 )  7 . 6 9 ( 7 . 7 9 )  7 . 8 8 ( 7 . 9 6 )  CH,'s,9.14; CH, 4 3  0 
(CHahCH OH 8 , 5 5  (8 ,62 )  8 , 4 5  (8.95)  7 .92  (7 .76 )  8 .45  (8 .40 )  8 . 4 5  (8 .57 )  CH~'S, 9 .19 ;  CH, 4 3 . 9  
Br Br 7 .71 (7 .75 )  8 . 3 9 ( 8 . 3 2 )  7 . 7 1 ( 7 . 7 2 )  7 .71 (7 .75 )  7 . 1 8 ( 7 . 1 8 )  
Benzene solution solvent shiftsb +20 (19) +37 (38) +41 (42) +20 (19) +3 (3 )  

Values in parentheses are predicted on the basis of additivity (see text). Cycles per second from CC1, values. 

=CH2 

H C  

Figure 5.-The p.m.r. spectrum of 2-methyleneadamantane. 

symmetry of these compounds. A compound like 2- 
methyleneadaniantane (Figure 5) has five different 
kinds of aliphatic protons, while 2-hydroxyadamantane 
(Figure 6) has eight (excluding the hydroxyl and the 
CHOH). 

The vinyl resonance of 2-methyleneadaniantane, r 
5.62, is soniewhat higher than usual; compare iso- 
butene, d .407 ; met hylenecyclobutane, 5.30 la ; methyl- 
enecyclopentane, 5.1818; and methylenecyclohexane, 
5.45.18 The niethyl resonance of 2-methyladamantane 
a t  7 8.96 is appreciably lower than that of l-methyl- 
adamat it ane , 9.25. 

1,b-Disubstituted Adamantanes.-Because of the 
high symmetry of the adamantane system, spectra of 
l13-disubstituted compounds are not so complicated as 
might be expected. If the two substituents are identi- 
cal, four different kinds of protons can be discerned in 

( la)  N. 9. Bhacca, L. F. Johnson. and J. N. Shoolery, "Varian High Reso- 
lution N.1n.r. Spectra Catalog." Vol. I. Varian Associates, Palo Alto, 
Calif., 1962. 

the p.m.r. spectrum; if the substituents are different, 
five kinds. (Actually, the protons of several of the 
methylene groups are nonequivalent, but in practice 
the resonances cannot be separated.) In most cases 
(Figure 7 and Table V), the observable resonances are 
separated cleanly, and may be assigned from their 
chemical shifts and relative areas. 1,3-Dibronio- 
adamantane gives only three peaks in CCl, solution, 
due to coalescence of the bridgehead proton resonances 
with one of the methylene peaks; changing to benzene 
as solvent once again is effective in separating these 
features (Figure 8). 

Chemical shifts in the adaniantane series display an 
amazingly consistent additivity; each substituent added 
to a bridgehead influences the resonance frequencies 
of the various protons in the molecule independent of 
whatever other substituents may be present. This 
additivity is illustrated below for 1,3-diniethyladaman- 
tane (11). In 1-methyladamantane (I), the p protons 
absorb a t  r 8.52, or 0.30 p.p.m. to higher field than the 
methylene protons of adaniantane. The 6 protons, a t  
7 8.32, are shifted 0.10 p.p.m. If we take r 8.12 as the 
absorption of the bridgehead protons in adaniantane, 
those of 1-methyladamantane ( r  8.08) are shifted 
-0.04 p.p.m. The effect of the 1-methyl is sum- 
marized in I. 

Calcd. Found 
+0.30 8.22 + 0.30 + 0.30-8.82 8.84 

8.12 - 0.04 - 0.04-8.04 13.02 
1 - 8.22 + 0.10 + 0.10-8.42 8.46 

I1 

The Chemical shifts of the four different kinds of 
adamantoid protons in l13-dimethyladamantane (11) 
can easily be calculated by considering their relation- 
ship to each of the substituents. I1 illustrates the 
method, which can be extended with equally good ac- 
curacy to l13,,5-trisubstituted adamantanes (Table 
VII), and, for the few cases we have studied, to 1,3,5,7- 
tetrasubstituted derivatives. The calculated chemical 
shifts are given in parentheses in Tables V and VI1 for 
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TABLE VI 
1-SUBSTITUENT SHIFTS IN CARBON TETRACHLORIDE SOLUTION’ 

1-Substituen- .. 
F c1 Br I CHa CaHa i-CIH7 OH OPNBb 

@-Protons -0.05 -0.33 -0.52 -0.85 + O .  30 +O.  28 + O .  26 +o.  09 -0.49 
-pProtons -0.32 -0.23 -0.20 -0.09 -0.04 -0.12 -0.12 -0,24 -0.49 
&Protons + O .  16 + O .  08 +0.05 +0.08 +o .  10 +O.  04 +o.  09 + O .  14 +0.01 

a Shifts to higher field are positive, to lower field negative; values are given in parts per million. OPNB = OCOCeHdNOn-p. 

TABLE VI1 
CHEMICAL SHIFTS I N  1,3,5-TRISUBSTITUTED ADAMANTANES ( 7 )  

X Y H. 
CHa c1 8.81  (8.90) 
CH3 Br 8.79 (8.87) 
CHI OH (8.96) 

Br Br 7 .21(7 .23)  
Benzene solvent shifts“ +21 (25) 
CH3 CHs 8.90 (8,92)  

CH3 OCOCsH4NOz-p 8.78 (8.82) 

a Given in cycles per second from CCla values. 

= x  
Hb 

8 64(8 70) 
8 61(8  67) 

(8  76) 
8 59(8  62) 
7 73(7 80) 

8.71(8 72) 
+38 (41) 

ready comparison with the experimentally observed 
ones. Table VI summarizes the l-substituent shifts. 

As in the case of monosubstituted adamantanes, a 
lack of clear cut splitting is apparent in the spectra of 
1,2-disubstituted adaniantanes. The peaks are rather 
broad, w h  = 4-10 C.P.S. In  part, this is due to the 
nonequivalence of the protons in certain of the methyl- 
ene groups, notably Ha and Hd (Table V) if the sub- 
stituents X and Y are the same, and in addition H b  if 
they are not. However, even the isolated methylene, 
He, with identical protons, shows some broadening (wb 

1,3,5-Trisubstituted Adamantanes-When all three 
substituents in a 1,3,5-trisubstituted derivative are the 
same, three peaks are found in the p.m.r. spectrum. 
If two different substituents are present, five peaks are 
seen (Figure 9 and Table VII). If all three groups are 
different, seven peaks should be observable; we have 
not, however, examined any compounds of this type. 
In the compounds listed in Table VII, only the lone 
bridgehead proton of 1,3,5-tribronioadaniantane does 
not give rise to a well-separated signal; in this case, 
benzene again is effective in shifting the resonances 
selectively. It is noteworthy that these benzene sol- 
vent shifts, like the chemical shifts themselves, are 
additive. Using the data of Table 11, the benzene sol- 
vent shifts of 1,3-dibromoadamantane and 1,3,5-tri- 
bromoadamantane protons can be calculated (Tables 
V and VII). Agreement with the experimentally 
measured values is excellent. 

Splitting again is absent in the spectra of these com- 
pounds, but the peaks are somewhat less broad (Wh 

= 3-7 c.P.s., under resolution which gives a TMS line 
of Wh = 1.6 c.P.s.) than in previous instances. 
1,3,5,7-Tetrasubstituted Adarnantanes.-l,3,5,7-Tet- 

rabronioadaniantane gives a single sharp line at  
T 7.28 (calculated from additivity, T 7.28) since all 
protons are equivalent. The sharpness of the line, 
wt, = 1.4 c.P.s., contrasts with the relatively broad 

= ca. 4 C.P.S.) 

d 

HC 
7.82 (7,81)  
7.70 (7.74) 

(7 .80)  
7 .70  (7.71) 
7 .65 (7.52)  

+62 (63) 
7.98 (8.00) 

Hd 

8.22 ( 8.29)  
8 .02  (8.12) 

(8 .71)  
8 .10  (8.12)  
7.21(7.23) 

+21 (25) 
8.90(8.92) 

He Other 

8 .06(8.09)  CHI’S, 9.10 
7.88 (7.90) CHa’s, 9 .12 

(8.51)  

7 .73 (7.80) 
+38 (41) 

7.87 (7.92) CHa’s, 9 .08  

8.71 (8.72) CHa’s, 9.20 

1 OH 

CYOH 

A I I vvL 
6.0 8 0  

Figure 6.-The p.m.r. spectrum of 2-hydroxyadamantane. 

lines obtained (vide swpra) for less fully substituted 
adaniantanes. The methylene groups of tetraniethyl- 
adamantane (kindly supplied by Dr. A. Schneider) give 
a sharp line a t  T 8.99 (calculated from additivity, 9.02), 
while triniethylbronioadaniantane has resonances a t  
T 9.13(CHa), 8.88 (8.97), and 8.12 (8.20). 

Discussion 

Structure Determination.-As a method for deter- 
mining the substitution pattern of an adaniantane, pro- 
ton magnetic resonance is without peer. The relatively 
large chemical shift differences and the absence of 
splitting combine to make interpretation a simple 
“first-order” process. In those instances where over- 
lap of resonances complicates the normal spectrum, 
recourse to benzene as solvent spreads the lines and 
greatly facilitates asdignment of the resonances. The 
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Figure 7.-The p.m.r. spectrum of 1-bromo-3-methyladamantane. 

CCI, solution C ,H, solution 
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7.5 85 

Figure E(.-Solvent effects on the spectrum of 1,3-dibromoadamar~- 
tene. 

lack of comprehensive infrared datal9 enhances the 
diagnostic value of p.ii1.r. in adaniantane structure 
determination 

Coupling.-The adamantane skeleton is extremely 
rigid; all bonds are held firnily in a skew arrangement, 
and the dihedral angle betweeri vicinal protons is fixed 
at  60". No substituent can affect this angle sigtiifi- 
caiitly, for the iiiolecular fraliiework will not permit, 
distortion; nor are 1-substituents expected to exert 
appreciable electronegativity effects on coupling coti- 
stants, for a bridgehead substituent is a t  the least three 
bonds removed frotii any proton i n  the niolecule. 
Finally, in adaniantanes, all bond angles are expected 
to be tetrahedral and all bond lengths noriiia1.2fl*21 

(19) We are currently examining the infrared spectra of the adaniantanes 
prepared in this inveotigation for features which may be useful in structure 
determination. In addition, we are initiating a aurvey of the niaaa spectral 
properties of these compounds. 

(20) G. Giacoriielli and G .  Illuininati, Ric. Sci.. 16, 559 (1945); c f .  Chem. 
Abatr., 40, 6929 (1946); Qarr. chim. ital., 76, 246 (1945). 

(21) W. Nowacki, Helu .  Chim. Acta, 98, 1233 (1945); W. Nowacki and 
K .  W. Hedberg. J .  A m .  Chem. Soc., 70,  1497 (1948). 
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Figure 9.-The p.m.r. spectrum of l-chloro-3,5-dimethyl- 

adamantane. 

Admantane and its simple derivatives thus offer 
the opportunity of testing the Karplus equationlZ2 
which relates J u i c  and dihedral angle, in the absence of 
all complicating effects. 23 Karplus recently2a has 
warned that, in addition to dihedral angle, electro- 
negativities of substituents, bond lengths, and the other 
bond angles of the fragment under consideration should 
be expected to influence vicinal coupling constants. 
All of these factors are virtually absent in adamantanes. 

We may compare, then, the observed Jcic for adaman- 
tanes, 2.6 f 0.2 c.P.s., with the value predicted by the 
Karplus equation, 1.8 C.P.S. The agreement is reason- 
able; J = 2.6 C.P.S. corresponds to a dihedral angle of 
54". One may conclude that the Karplus treatment 
well represents the angular dependence of vicinal J's. 
The numerous recent  proposal^^^-^^ for increasing the 
values of the constants in the Karplus equation most 
probably represent attempts to include einpirically the 
effects noted above. As such, they are extremely 
valuable aids to the practicing organic chemist, but 
should riot be considered to detract from the accuracy 
of the original Karplus equation. 

I t  is of interest to enquire into the paucity of observ- 
able splitting in adaiiiantane derivatives. One would 
expect, from a first-order analysis, that the p hydro- 
gens in a nionosubstituted adaiuantane would appear 
as a clean doublet, of J about 1-3 C.P.S. The 6 hy- 
drogens, which are nonequivalent, should give an AB 
quartet with further splitting by the two adjacent 
bridgehead protons, while the bridgehead would give 

(22) M. Karplus, J .  Chem. Phys . ,  S O ,  11 (1959); H. Conroy, Aduan. 

(23) M. Karplus, J .  Am.  Chem. Soc., 86, 2870 (1963). 
(24) 0. D. Jardetsky, i b i d . ,  89, 2919 (1961). 
(25) R. U. Lemieux, Can. J .  Chem., 80, 116 (1961). 
(26) R. W. Lenn and J .  P. Heeschen, J .  Polymer Sci., 61, 247 (1961). 
(9.7) R. J. Abraham and K. L. McLauchlan, M o l .  Phys . .  6, 513 (1962). 
(28) N .  d. Leonard and R. A. Laursen. J .  A m .  Chem. Soc. ,  86, 2027 

(1963). 
(29) R. U. Lemiux, J. D. Stevens. and R. D. Fraser, Can.  J .  Chem., 40, 

1955 (1962). 
(30) R. U. Lemiux and J.  W. Lown. ibid. ,  49, 893 (1964). 

Org. Chem., 9, 31 (1960). 
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a septuplet from coupling with three methylene groups. 
In  fact, both the p and 6 proton rarely show any split- 
ting, and the bridgeheads always appear as a broad, un- 
re solved hump. 

Virtual coupling31 and/or long-range coupling,3* may 
be invoked to explain the “washing out” of ordinary 
coupling, Virtual coupling will occur in a group of 
neighboring protons if one of the spins be so strongly 
coupled to some of the others that it behaves as a set of 
N spin nuclei rather than a single spin l / Z  nucleus. 
Another nucleus, outside this group, but coupled to the 
first, will then “see” a set of N spins, instead of the 
single one predicted by first-order rules.31 Virtual 
coupling may result in (‘extra” splitting, or simply line 
broadening, depending upon the relative v’s and J’s. 
In a monosubstituted adaniantane, one may envisage 
the two sets of methylene protons being coupled to each 
other through the agency of the bridgehead protons, 
and their resonances consequently being broadened. 
We feel, however, that virtual coupling probably is 
not occurring in our adamantane systems, which would 
be borderline cases a t  best. 

Long-range coupling32 may also be operative in 
adamantanes. A moment’s examination of a model 
demonstrates that both the protons of the methylene 
groups and those a t  the bridgeheads lie in the “W” 
arrangement (Figure 10) which has been in ip l i~a t ’ ed~~  
in most long-range couplings over four bonds in satmu- 
rated systems. Since most long-range couplings are 
less than 2 C.P.S. in magnitude, line broadening could 
easily result from the operation of this phenomenon. 
Such coupling could also broaden lines in di- and tri- 
substituted compounds, but should vanish in a sym- 
metrically tetrasubstituted compound, since all methyl- 
enes are then eq~ivalent .3~ 

Chemical Shifts.-It is interesting that the chemical 
shifts of 1-substituted adamantanes may be correlated 
by virtually any measure of substituent electronegativ- 
ity-for example, E R  (Cavanaugh and Daily34), cr* 
(Taft,35 illustrated in Figure ll),  or p~ (group dipole 
moment36). There are some large deviations (e.g., 
phenyl), but on the whole the correlations are as good 
as those observed in other cases.37 A separate line is 
required for halogen substituents. 

Such a difference between halogens and other sub- 
stituents has previously been n ~ t e d , ~ s ! ~ ~  and is usually 
attributed to the anisotropy of the carbon-halogen bond 
(the deviation of the phenyl substituent might likewise 
be explained by anisotropy). However, that any 
measure of substituent electronegativity should corre- 
late chemical shifts is disturbing, if  anisotropy is allowed 
a part. While ER may be faulted as an electronegativ- 
ity measure on the basis of its having been determined 
by p.m.r. measurements, certainly Q *  and ~ C ( G  values 
are not influenced by anisotropy. 

(31) J. I. Musher and E. J. Corey, Tetrahedron, 18, 791 (1962). 
(32) Reviews: S. Sternhell, Rev. Pure A p p l .  Chem., 14, 15 (1964); E. 

Garbiach. J .  A m .  Chem. Soc.. 84, 5561 (1964). 
(33) A double resonance experiment, performed by Dr. L. I3. Rodewald. 

suggests that such coupling in bromoadamantane is of the order of 0 .2  c.p.8. 
We plan to use double resonance in an extensive study of possible long-range 
couplings in adamantanes, to be reported subsequently. 

(34) J. R. Cavanaugh and 1%. P. Dailey. J .  Chem. Phys . ,  84, 1099 (1961). 
(35) R.  W. Taft, “Steric Effects in Organic Chemistry.” M.  Newman, 

(36) C. P. Smyth, “Dielectric Structure and Behavior.” McGraw-Hill 

(37) For examples and leading references, see P. Laszlo and P. von R. 

Ed., John Wiley and Sons, Inc.. New York, N .  Y.,  1956, p. 615 ff. 

Book Co., Inc., New York, N .  Y. ,  1955. 

Scliieyer, J .  A m .  Chem. Soc., 86, 2709 (1963). 
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Figure 10.-Possible long-range couplings with adamantanes. 
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Figure 11.-Chemical shifts of 6 protons, l-substituted adaman- 
tanes. 

Cavanaugh and Dailya4 have argued on similar 
grounds that anisotropy effects are unimportant, and 
have introduced a C-C “bond shift” to aid their corre- 
lations. While our results allow no choice between 
these two interpretations, we feel that their reasonable 
interpretation requires some participation (vide injrva) 
of C-X bond anisotropy. Electrostatic field effects3* 
are also likely contributors to the observed shifts. 
Perhaps a quantitative evaluation of inductive and 
anisotropic effects in a variety of systems of fixed 

(38) A .  D. Buckingham, Can.  J .  Chem.. 88,  300 (1960). 
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Figure 12.-Alternation of chemical shifts in 1-haloadamantanea 

geometry, such as adaniantane, will provide a inore 
satisfactory basis for discussion. 

Figure 12 illustrates the alternation of chemical shifts 
in adamantanes; L e . ,  the p protons of adainantyl 
fluoride appear a t  highest field of all the halides, while 
for the y protons the reverse is true, and the order re- 
verses once again for the 6 protons. This same alter- 
nation is observed (but not illustrated) with the correla- 
tion lines for other substituents. 

A rationalization of this alternation of shifts is difFi- 
cult, but one may speculate about the interplay of in- 
duction and anisotropy, as has been done for the 
chemical shifts of ethyl derivatives. l 6  The a protons 
of CH3CH2C1, CH&H2Br, and CHaCH21 fall to low 
field of the line determined by the other substituents, 
and the greatest deviation is found for the most electro- 
negative, C1. Presumably, l5 the anisotropy contribu- 
tion to the low-field shift, which should be greatest for 
iodine, is insufficient to overcome the inductive order. 

A t  the p position in the ethyl series, the inductive 
effect is considerably attenuated, while the anisotropy 
shift is nearly the saiiie,l5 and the deviations from the 
electronegativity plot follow the order of anisotropies. 

In  the adaniantane derivatives, both 0 and 6 shifts 
appear to be anisotropy controlled, while the y ones 
follow an inductive order. 

To apply the above argument to the adaiiiantane 
system, some mechanism is required for making the in- 
ductive contribution to the y shifts once again suffi- 
ciently large to determine the slope of the lines. Per- 
haps the overlap of the rear lobes of bridgehead bond 
orbitals inside the cage39 supplies this mechanism. In 
any event,, it is the distinct alternation of cheniical shifts 
which seems to us to argue for the importance of aniso- 
tropy, at least in the rigid adamantane system. 

(39) Evidence for this phenomenon is summarized in ref. 4; see also, 
R C. Fort, Jr., and P. von R. Sohleyer, J .  Am. Chum. Soc.. 64, 4194 (1964). 

The additivity of substituent effects in the adanian- 
tane series is interesting also. Such additivity has pre- 
viously been reported by Shoolery,*O who deduced a 
set of substituent constants, and P r i i n a ~ , ~ ~  who likewise 
produced a group of additive constants. Both of these 
previous correlations, however, were not applicable to 
cyclic systems; also, they often failed for tertiary 
protons. Possibly the inflexible adaniantane skeleton 
is responsible for the success of our predictive correla- 
tion. 

Experimental 
P.m.r. Measurements-All spectra were obtained on a Yarian 

A-60 spectrometer a t  normal operating temperature (ca. 30"). 
Compounds were examined as ca. 10% solutions in reagent CCl,, 
benzene, CsHsNOz, or pyridine with 1% tetramethylsilane 
(TMS) as internal standard. Peak positions were read directly 
from the precalibrated chart paper; calibration was checked fre- 
quently against the chemical shift difference (436 c.p.6.) between 
TMS and CHC13. We consider chemical shifts accurate to 
f 2  C.P.S. 

Coupling constants were measured with the aid of a trans- 
parent scale graduated in millimeters. In most cases, measure- 
ments on the normal spectrum were checked on spectra of ex- 
panded scale, and are usually the average of J ' s  determined from 
several spectra. J ' s  are reproducible to f 0.1 C.P.S. 

'aC satellite peaks of adamantane were examined with a com- 
puter of average transients (CAT) kindly supplied by the 
Mnemotron Corp., in the manner previously described.13J4 

Synthetic.-Except as noted below, the adamantane deriva- 
tives were prepared by standard methods4 and purified until their 
physical properties agreed with those cited in the literature. 
Satisfactory analyses were obtained on all new compounds or 
their simple derivatives. 

The preparation of ethyl- and isopropyladamantanes and 
their derivatives will be described in a subsequent publication. 

The 2-substituted adamantanes were samples prepared by R. 
D. N i c h ~ l a s . ~  

1-F1uoroadamantane.-1-Bromoadamantane (10.0 g., 0.047 
mole), 13.4 g. (0.10 mole) of anhydrous silver fluoride, and 100 
ml. of dry cyclohexane were heated at  reflux, with vigorous stir- 
ring, for 24 hr. Upon 
completion of the reflux period, the mixture was cooled, and the 
precipitated silver salts were filtered off and washed thoroughly 
with warm cyclohexane. 

Brief chilling of the solution caused the deposition of 1.5 g. of 
1-hydroxyadamantane, identified by n.m.r. and mixture melting 
point. Removal of the cyclohexane in vacuo, and recrystalliza- 
tion of the residue from petroleum ether a t  -77' gave 4.0 g. (55%) 
of 1-fluoroadamantane. Sublimation gave material of analytical 
purity, having m.p. 210-212' dec. (sealed tube). 

Anal. Calcd.: C, 77.65; H,9.74. Found: C,77.94; H,9.73. 

Care was taken to exclude moisture. 
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(40) J .  N.  Shoolery, "Technical Information Bulletin." Vol. 2, No. 3, 
Varisn Aasoeiates, Palo Alto,  Calif., 1959. 
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Cheniisohe Struktur," Dr. Dietrich Steinkopf Verlag, Drrmstadt, 1962. 
p. 33 ff. 


