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SPECTROSCOPY LETTERS, 10(3), 127-132 (1977) 

THE 25.16 MHz CARBON-13 MAGNETIC RESONANCE SPECTRA OF 

A TRICYCLIC ACETAL AND A TRICYCLIC HEMIACETAL 

Key Words: Acetal  Methanolysis, Cmr  Spectrum 

A. Harry Andrist* and Mark J. Kovelan 
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Cleveland, Ohio 44115 

Ozonolysis of t h e  N-phenylmaleimide-cyclopentadiene Diels-Alder adduct in 

methanol followed by reductive work-up with dimethyl sulfide affords Sphenyl- 

endo,endo,cis-6,&bis(dimethoxymethyl~3-azabicyclo [ 3.3.01 octan-2,bdione (IJ, mp 

105.5- 107O.' 

c-CH pCH3 
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128 ANDRIST AND KOVELAN 

W e  have observed tha t  heating acetal  in aqueous acidic methanol produces 

two new compounds: a soluble compound (2) ,  mp 180-184 , which crystallizes as 

colorless plates upon cooling, and an  insoluble compound 9). m p  204-206°. The 

s t ructures  of the  new compounds have now been assigned from their 25.16 MHz 

natural  abundance carbon-13 magnetic resonance (cmr) spectra  and ancillary 

spectral  as the tricyclic acetal ,  2, ~4-phenyl -4-aza-Poxa-8 ,10-  

-- cis,exo-dimethoxytricyclo [ 5.3.1.02’61 undecan-3,5-dione (;), and the  tricyclic 

herniacetal, cis,endo-4-phenyl-4-aza-9-oxa-8,lO-~-dihydroxytri~y~lo-- 

[5.3.1.0 ’ ] undecan-3,5-dione (2). 

0 

2 6  

9 

16 

2 
H 

The infrared spectrum of t h e  insoluble compound (2) shows t h e  presence of 

t h e  hydroxyl group (7 OH(CH3CN) @ 3635-3540 cm- ), and this is confirmed by its 

isobutane chemical ionization mass spectrum which exhibits [ M + H - H201 + @ 
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25.16 MHz CARBON-13 MPSNETIC RESONANCE SPECTRA 129 

m_//e 272. Similary, isobutane chemical ionization of 2 confirms the presence of a 

methoxy group with [ M + H - CH30H] + @ m/g 286. 

The 25.16 MHz cmr spectra of 2- (Table I )  and 2 (Table 11) conclusively 

demonstrate the presence of a molecular plane of symmetry in 2 and the  absence of 

one in compound 2: Acetal  2 exhibits only one carbonyl carbon at 176.3 ppm from 

internal tetramethylsilane, while hemiacetal? has two at 174.4 and 171.6 pprn. All 

three remain as singlets in the  single frequency off-resonance decoupled cmr 

spectra. The methoxy carbons of a c e t a l i  a r e  magnetically equivalent and appear 

at 56.2 ppm with J = I40 Hz as in dimethyl The cis,exo 

configuration of the rnethoxy groups in 2 is differentiated from the cis,endo 

configuration on the basis of the observed cmr chemical shifts. Sterically 

compressed groups a r e  well-known to exhibit deshielded proton chemical shifts and 

shielded carbon chemical shifts  (relative to unstrained 

and related imide-acetals as unstrained models one finds that  t he  methoxy carbons 

all occur within the chemical shift range of 54.9 f 1.0 ppm from internal 

tetramethylsilane. The magnetically equivalent methoxy carbons for acetal? a re  

1.3 ppm downfield of this mean, which suggests that  compound 2 experiences even 

less steric compression than does any one of the model compounds. This conclusion 

is consistent with s t r u c t u r e 2  based on an examination of molecular models. 

l3c-'H 

Using acetal  
I 

Hemiacetal 2 contains no methoxy carbons, but a comparison of t he  chemical 

shifts  of the methine carbons bonded to two oxygen atoms in 2 and? i 5 instructive. 

These carbons occur at 89.3 and 102.2 ppm for h e m i a c e t a l 2  (doublet, J I 3  = 
C- H 

180 and 185 Hz, respectively) and at 99.8 pprn for a c e t a l z  (doublet, J I 3  I = 170 
C- H 

Hz). These cmr chemical shift data  indicate that  hemiacetal 2 contains one 

sterically compressed and one relatively uncompressed methine carbon while acetal  

2 must possess one methine carbon bonded t o  two oxygens which experiences - 
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130 ANDRIST AND KOVELAN 

intermediate s ter ic  compression, relative to t h e  two in hemiacetal  3. Both 

conclusions are consistent with t h e  proposed s t ructures  and their respective 

molecular models. 

n9 

These two simple examples dramatically i l lustrate t he  utility of natural  

abundance cmr spectroscopy in structural  elucidations, especially for  polycyclic 

heteroatomic systems. In these two instances, t h e  cmr spectrum was the  most 

important single piece of spectral  evidence obtained. 

TABLE I 

Cmr  Spectrum of cis,endo-4-phenyl-4-aza-9-oxa-8,10 c&, 
- exo-dimethoxytricyclo [5.3.1.0 ’ ] undecan-3,5-dione (2) 2 6  

Chemical Shifta Multiplicity 3 ,HzC Assignment b 
13C-H 

27.9 
40.8 
46.8 
56.2 
99.8 

123.5 
127.0 
128.8 

129.2 
176.3 

t 

d 
d 

9 
d 
S 

d 
d 

d 
5 

135 
140 
I40 
140 
170 
-- 
160 
160 

165 
-- 

c-11 
C-197 
C-2,6 
C-12,13 
C-8,IO 
C-14 
C-I7 
C-16,18 

C-15919 
c-3,5 

a 

bFrom the  single frequency of f-resonance decoupled spectrum obtained at 46401 Hz. 

‘Coupling constants a r e  reported only for those protons directly bonded to the  
observed carbon from t h e  gyro-gated spectrum. 

Values reported in ppm from internal tetramethylsilane. 
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25.16 MHz CARBON-13 MAGNETIC RESONANCE SPECTRA 131 

TABLE I1 

C m r  Spec t rum of cis,endo-4-phenyl-4-aza-9-oxa-8,10-~, 

t rans-dihydroxytr icyclo [5.3.1.0 ' 3 undecan- W d i o n e  (_3) 2 6  

Chemica l  Shifta Multiplicity b J ,HzC Assignment 
13C-H 

25.2 

39.9 
42.8 

45.3 

48.0 

89.3 
102.2 

122.7 

125.7 

128.7 

137.3 

171.6 

174.4 

t 

d 
d 
d 

d 
d 

d 
d 

d 
d 

S 

S 

S 

135 

135 

135 
I40 

140 

180 

185 

160 

160 
165 

c-11 

c-2 
C-6 
c-1 
c - 7  

c-8 
c-10 

C-15 

C-14,16 

C-13'17 

c-12 

c- 3 
c- 5 

aValues repor ted  in ppm f rom in te rna l  te t ramethyls i lane.  

bFrom t h e  single f requency  off-resonance decoupled s p e c t r u m  obtained at 46401 Hz. 

CCoupling cons tan ts  a r e  repor ted  only for  those  protons d i rec t ly  bonded to t h e  
observed carbon f r o m  t h e  gyro-gated spec t rum.  
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132 ANDRIST AND KOVELAN 
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