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The 1 ,3 -d imethy l -  and 1 ,3 ,5 - t r imethy ladamantanes  r eac t  under mild conditions with chlorosulfonic 
acid with the fo rmat ion  of chlor ides  [1]. Here ,  due to the s tepwise  cha rac t e r  of the reac t ion ,  both the mono-  
chlor ide and the dichloride can be obtained f r o m  1 ,3-d imethyladamantane .  In the p re sen t  paper  a r e  p r e -  
sented some exper imenta l  data on the synthes is  of the s t a r t ing  a lkyladamantanes ,  their  chlorinat ion,  and 
a lso  on some of the t r ans fo rma t ions  of the ch lor ides .  It should be mentioned that the fo rmat ion  of the chlo-  
r ides  p roceeds  only in the t e m p e r a t u r e  range  f r o m  - 1 0  to 25 ~ 

P rev ious ly ,  the obtained a lky lch loroadamantanes  were  synthes ized only by s ta r t ing  with other  func-  
t ional de r iva t ives  of the a lky ladamantanes ,  l ike the b r o m i d e s ,  alcohols,  etc.  The reac t iv i ty  of such chlo-  
r ides  had hardly  been studied.  In the p r e s en t  pape r ,  employing carboxyla t ion by the Koch method and the 
R i t t e r  reac t ion ,  the carboxy and ace tamido  der iva t ives  were  synthesized f r o m  the indicated chlor ides  in 
good yield 

CH3 CI% CH 3 

CH3 - -  r CHa " CI -e Ct~ :~ CI 

(I) (m (nl) ~ c~ (~v) 

/ 
CH3 CH~ CH 3 

CH3 (Xl) ~ COOH (V) 

(VH) 3 {VIII) " 3 (IX) GH3 (~) 

Thus,  f r o m  dichloride (IV) were  obtained dicarboxyl ic  acid (V) and d iace tamide  (VI), which were  p r e -  
v iously  avai lable  only via  1 ,3 -d imethy l -5 ,7 -d ihydroxyadamantane ,  while f r o m  chloride (IX) were  obtained 
acid {X) and ace tamide  CKI), the synthes is  of which was descr ibed  only f r o m  ! , 3 ~ 5 - t r i m e t h y l - 7 - b r o m o -  
adamantane  [4, 7, 8]. 

We studied the m a s s  s p e c t r a  of compounds (I1)-(VI) and CCHI)-(XI), and of some of the subst i tuted 
adamantanes  0CII)-(XV) that we had obtained f r o m  them prev ious ly  [1, 2] 

Cl CH 3 CH 3 
(xii) (xm) (xlv) (xv) 
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Data a r e  lacking in the l i t e r a tu re  on the m a s s  spec t r a  of adamantane der iva t ives  that a re  di- ,  t r i - ,  
and t e t r a - subs t i t u t ed  in the nodal posi t ions .  According to [3], based  on the cha rac t e r  of the decomposi t ion 
of the molecu la r  ion of 1-monosubst i tu ted  adamantanes  under the influence of e lec t ron  impact ,  it p roves  
poss ib le  to effect  separa t ion  into a group of der iva t ives  where  the subst i tuent  is c leaved as a neutra l  f r a g -  
ment  (halogen, alkyl ,  NO2) , and into a group of de r iva t ives  where  the subst i tuent  (phenyl,  OH, NH2) en te rs  
into the s t ruc tu re  of the tons of the pr inc ipa l  peak in the mass  s p e c t r u m .  

Based  on the type of f ragmenta t ion  of the molecu la r  ion, the compounds studied by us can also be 
sepa ra t ed  into two groups .  To the f i r s t  group belong compounds with the subst i tuents  CH3, C1, COOH; to 
the second group belong the adamantanes  which, bes ides  methyl  groups,  contain e i ther  OH or NHCOCH 3 
groups .  The decomposi t ion of the molecu la r  ions of d imethyladamantane  (II) and t r imethy ladamantane  (VIII) 
is s i m i l a r  to the f ragmenta t ion  of the ion of 1 -methy ladamantane  [3], i .e. ,  additionaI methyl  groups fail  to 
exe r t  not iceable effect  on the decomposi t ion .  The ions of the pr incipal  peak a re  fo rmed  by the r emova l  of 
one methyl ,  followed by the eject ion of the f r agmen t s  C~H 6 and C~H~CH3, and C4H 8 and C4HTCH ~. Only a 
sl ightly g r e a t e r  probabi l i ty  is obse rved  in the p r o c e s s e s  of e leminat ing C~HsCH 3 and C~HTCH.~ when compared  
with C.~H 6 and C4H 8. 

An examinat ion of the m a s s  s pec t r a  of dichloride (XI1) and t r ichlor ide  (XII1), taking into account the 
metas tab le  peaks ,  d i sc loses  that together  with the p r o c e s s e s  that a r e  obse rved  in the m a s s  s p e c t r u m  of 1- 
ch loroadamantane  

--C~H 
--el" 

M +" ---> (M--el)*- .c,H; 

I -c ,E~ 

there  occurs the process 

--Cl" --ItCl 
M +. _ - ~  (M_C1)+ -----> (M--HCI--C1) + 

I 

The success ive  c leavage of C1 and two HC1 occurs  in t r ich lor ide  (XItI). Natural ly ,  together  with the 
p r o c e s s e s  of e l iminat ing C3H 6 and C4H8, there  occurs  the e l iminat ion of C~H~C1 and C4H7C1. 

In methy lch loroadamantanes  (Ill), (IV), and (IX), and methyladamanty lcarboxyl ic  acids (V) and (X), 
the pr inc ipa l  ion C10H15_n(CH~) + ,  fo rmed  as the r e su i t  of cleaving e i ther  the C1 or  the COOH group, sub-  
sequently decomposes  in the s a m e  manner  as the C10H15 + ion [3]. At the same  t ime a re  obse rved  the p r o -  
c e s s e s  

--GH~" --HX 
M +" ~ (M--CH~) + ----~ (M--CH3--HX)+ 

i I 
I CH.[  CH]  CH I CH" ] c g  I GH I t i t  

X=Cl, C00H 

The intensity of the peak of the (M-CH3) + ions is 8-10 t imes  less  than the intensity of the pr inc ipa l  
peak.  The m a s s  s p e c t r a  of the second group of compounds tes t i fy  to the fact  that the mos t  probable  p ro ce s s  
during the molecu la r  ionization of compounds containing e i ther  OH or NHCOCH 3 groups is the el iminat ion 
of e i ther  the C4H 9 or CtHsCH~ f r agmen t s ,  with the fo rmat ion  of an ion having a s t ruc tu re  of the a type [3] 

[ ~  (Cl'~n (X=OH, NHCOCH3) 

XH 
a 

In the moIeeules  of ace tamide  (XI) and hydroxyadamantanc  (XV) the fo rmat ion  of an ion with an a 
s t ruc tu re  occurs  only with the eject ion of C4HsCH~, while the p r o c e s s e s  of e ject ing C4HsCH 3 and CtH ~ a r e  
equally p robab le  for  hydroxyadamantane  (XIV). We will mention that in the second group of compounds the 
methyls  exer t  an effect  on the f ragmenta t ion  of the molecu la r  ion, and he re  p r o c e s s e s  a re  obse rved  that 
a re  c h a r a c t e r i s t i c  for  the f ragmenta t ion  of the f i r s t  group of molecu les .  However ,  the intensity of the 
s ignals  of the ions that a r e f o r m e d  by these p r o c e s s e s  is sl ight (5-10% of the pr inc ipa l  peak).  
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Fig .  1. Mass  s p ec t r a  of compounds (IX) and (XI). 

-CH3" 
M +" 

--HX 
(M__GHa)+ ----> (M--CHa--HX) + 

l I 

I_C,H,I--C,~,I:--C,H, ' C~ '  ~ ' CE 

F o r  example ,  in F ig .  1 a r e  shown the m a s s  s p e c t r u m  of ace tamide  (XI), the molecu la r  peak  of which is 
one of the mos t  intense (47%), and the m a s s  s p e c t r u m  of chlor ide (IX), with a smal l  r e la t ive  intensi ty of the 
peak  of the molecu la r  ion (~1.5%). 

EXPERIMENTAL METHOD 

The mass spectra were taken on an MKh-1303 mass spectrometer under standard conditions, in an 
ion source with an energy of the ionizing electrons of ,'~70 eV. The NMR spectra were recorded on a Varian 
A-56-60A spectrometer in CCI 4 solution (using HMDS as the internal standard). 

The chromatographic analysis was run on a Tswett-3-66 chromatograph, equipped with a flame-ioniza- 
tion detector, at 150~ the column was 3 mmx 3 m, the solid support was Chromosorb W, the stationary 
phase was Carbowax 15M (i0%), and the carrier gas was nitrogen. 

Perhydroacenaphthene (1) and perhydrofluorene (VII) were respectively obtained by the hydrogenation 
of acenaphthene and fluorene over Raney nickel at 150 ~ and an H 2 pressure of 150 arm, and were purified 
by chromatographing over ShSM silica gel. 

1,3-Dimethyladamantane (r 0. To a mixture of 66 g of AIBr 3 and 47 g of perhydroacenaphthene was 
added 8.5 ml of tert-butyl chloride at such a rate that the temperature did not exceed 70 ~ The mixture was 
stirred at 50-60 ~ for 6 h. Then the liquid was decanted, while the solid residue was washed with several 
portions of petroleum ether. The combined solution was washed with water and then dried over MgSO 4. 
After removal of the solvent and vacuum-distillation we obtained 31.9 g (68%) of (If) with bp 91.3 ~ (22 ram); 
n~ 1.4792; see [4]. 

1,3,5-Trimethyladamantane (VIII). The isomerization of perhydrofluorene was run for 30 min, in the 
same manner as described for the preparation of (If). From 60 g of perhydrofluerene, 82 g of AIBr 3 and 
9 g of tert-butyl chloride we obtained 40.0 g (66.5%) of 1,3,5-trimethyladamantane, bp 90.5 ~ (20 ram); n~ 
1.4752; see [4]. 

1,3-Dimethyl-5-chloroadamantane (III). To I0 ml of CISO3H , cooled to 0 ~ was added 2.5 g of 1,3- 
dimethyladamantane in drops, after which the ice-cooled mixture was stirred for 1 h and then poured on 
ice. The product was extracted with CHCI 3. After distilling off the CHC13 and vacuum-distillation we ob- 
tained 2.25 g (75%) of (III), bp 80 ~ (4 mm); n~ 1.4964; see [5]. 

1,3-I)imethyl-5,7-dichloroadamantane (IV). The reaction was run under the same conditions as de- 
scribed for (HI), keeping the mixture at 0-5 ~ for 60 h. From 2.5 g of (II) we obtained 3.2 g of a product that, 
based on the GLC data, contained 83% of 1,3-dimethyl-5,7-dichloroadamantane. The product was purified 
by ehromatographing on AI203 (hexane), and was recrystailized from methanol, mp 92-93~ see [6]. Found: 
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C 61.6; H 7.8; C1 30.3%. C12H18C12. Calculated: C 61.78; H 7.77; C1 30.41%. NMR spec t rum:  singlet  of CH 3 
groups  at 0.90 ppm,  and s inglets  of methylene groups at 1.10, 1.68, and 2.23 ppm; the ra t io  in the intensi t ies  
of the s ignals  was 6:2:8:2. 

1 , 3 ,5 -T r ime thy l -7 - ch lo roadaman tane  (IX). To 5.0 g of 1 ,3 ,5 - t r imethy ladamantane ,  cooled to 5 ~ was 
added 30 ml of C1SO3H. The mix tu re  was s t i r r e d  for  1 h, poured  on ice,  and ex t rac ted  with CHC13. After  
r e m o v a l  of the CHC13 we obtained 5.43 g (92%) of (IX). The product  was purif ied by chromatographing  on 
AI20~ (hexane), and was r e c r y s t a l l i z e d  f r o m  methanol ,  mp 85-86~ see [6]. NMR spec t rum:  singlet  of CH 3 
groups at 0.83 ppm,  and s inglets  of protons  of methylene groups at 1.04 and 1.63 ppm.  The ra t io  in the in-  
tens i t ies  of the s ignals  was 9:6:6. 

1 ,3 -Dimethy ladamantane-5 ,7 -d ica rboxy l i c  Acid (V). To 12.3 ml  of 100% H2SO4, cooled to 10 ~ was 
added 0.45 gof  1 ,3 -d imethy l -5 ,7 -d ich lo roadamantane ,  and then 2.0 ml of 95% fo rmic  acid was added in d rops .  
The mix tu re  was s t i r r e d  for  2 h and then poured on ice .  The obtained c ry s t a l s  we re  f i l te red,  washed with 
wa te r ,  and dr ied.  The yield of acid (V) was 0.44 g (91%). After  r ep rec ip i t a t ion  f r o m  sa tura ted  caust ic  so lu-  
tion and r ec rys t a l l i za t ion ,  mp 267-268~ see  [7]. 

1 ,3 -Dimethy l -5 ,7 -d iace tamidoadamantane  (VI). To a mix tu re  of 0.5 g of 1 ,3 -d imethy l -5 ,7 -d ich lo ro -  
adamantane  and 1.8 g of ac toni t r i le  at 60 ~ was added 1.4 g of 100% H2SO 4 in drops ,  a f te r  which the reac t ion  
m a s s  was s t i r r e d  for  2 h at 60 ~ and then poured on ice.  The c r y s t a l s  were  f i l te red ,  washed with wate r ,  and 
dr ied .  We obtained 0.43 g (80%) of (V1). After  pur i f ica t ion by subl imat ion,  mp 312-315~C; see  [8]. 

1 , 3 ,5 -T r ime thy l adaman tane -7 -ca rboxy l i c  Acid (X). To 6.5 ml  of 100% H2SO4, cooled to 10 ~ was added 
0.22 g of (IX), and then 1 ml  of 95% fo rm i c  acid was added in drops  (10 min).  The mix tu re  was s t i r r e d  for  
2 h and then poured  on ice .  The obtained c r y s t a l s  we re  f i l t e red ,  washed with wa te r ,  and dr ied .  We obtained 
0.19 g (82%) of (X), mp 139-140 ~ (after r ep rec ip i t a t ion  f r o m  sa tura ted  caust ic  solution and r ec rys t a l l i z a t i on  
f r o m  aqueous methanol);  see  [4]. 

1 , 3 , 5 -T r im e t hy l -7 - ace t am i doadam an t a ne  (X1). Obtained in the s ame  manner  as (VI) f r o m  1.3 g of (IX), 
9.9 g of ace toni t r i le  and 3.8 g of 100% H2SO ~. The yie ld  of (XI) was 1.08 g (83%). After  pur i f icat ion and sub-  
l imat ion,  mp 176-178 ~ Found: C 76.51; H 10.72; N 5.93%. CI,~H25NO. Calculated: C 76.54; H 10.70; N 5.95%. 

CONCLUSIONS 

i. A new and convenient method was developed for the preparation of re.no- and difunetional deriva- 
tives of alkyladamantanes from the chlorides of the corresponding hydrocarbons. 

2. A study was made of the behav ior  of the di - ,  t r i - ,  and t e t r a - subs t i tu ted  adamantanes  under the in-  
f luence of e lec t ron  impact ,  and the re la t ion  between their  f ragmenta t ion  and the type of subst i tuents  was 
es tab l i shed .  
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