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I. INTRODUCTION 

The ring system isomerization process that  involves ring fission and subsequent 

recyclization, whereby a heterocyclic nitrogen and its attached substituent exchange 
places with a n  a-amino or a-imino group, is commonly known as  the Dimroth rear- 

rangement;l  a term that was coined by Brown and Harper2 in 1963 for the "amidine 

rearrangement".la~3 Since the first observation (with no explanation) of Rathke in 1888 

on a triazine derivative,4 followed by that (with an eventually correct mechanistic in- 

terpretation) of Dimroth in 1909 on a triazole derivative,5 this type of rearrangement 

has been found to occur in many heterocyclic systems;l and perhaps the most inten- 

sively studied examples were those in the pyrimidine series.1 

In the adenine series, N(1)-substituted derivatives [e. g., type 1 (where R2 can be H)] 

commonly undergo Dimroth rearrangement under basic conditions, accommodating the 

N(1)-substituent on the exocyclic nitrogen (N6) (type 3) (Scheme 1).l,6 This has often 
been the basis for synthesis of @-substituted adenines. However, no ring-opened inter- 
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mediates (type 2)  have been directly detected.la87~8 Earlier work on such rearrange- 

ments of the adenine lineage was included in two reviews1 that appeared in the period 
1968-1969. Since that time, special phases of the subject have been summarized in 
several forms.6.9 The present review article aims a t  supplementing the previous 

onesl.6.9 by updating the literature through mid-1997. 

11. MECHANISM OF THE DIMROTH REARRANGEMENT 

In a n  attempt to prepare 1-methyladenine (4) by heating 1,6-dihydro-1-methyl-6-thiopu- 
rine (5) with ethanolic NH3 a t  155°C for 24 h, Elionlo obtained NG-methyladenine (6) 

and explained its formation in terms of rearrangement (under these conditions) of 4 

once formed.l"b This view was based on the work of Brookes and Lawley,ll who found 

that 4 rearranged to 6 in over 80% yield by heating a t  100°C in concd aqueous NH3 for 
18  h. Elionlob further explained that this rearrangement appeared to involve opening 
of the N(1)-C(2) bond and subsequent reclosure as shown in Scheme 1 (R1 = Me; R2 = 

H). A similar mechanism was considered by Taylor and Loefflerlz for the rearrange- 
ment of 1-substituted 7-methyladenines (7:  R = Me, Bu, or D-1-sorbityl) in boiling H20 

to give NG-substituted 7-methyladenines (8: R = Me, Bu, or D-1-sorbityl). A large proba- 
bility of the initial ring opening in the Dimroth rearrangement in this series was 

indirectly demonstrated by Windmueller and Kaplan,l3 who found that N6,l-bis(2-hy- 
droxyethy1)adenosine (9) could not rearrange in dilute alkali, but an intermediate ring- 

opened product was deformylated to form a diazotizable aminoimidazole (10). 
Place exchange between the ring and exocyclic nitrogens in the Dimroth rearrange- 
ment has been confirmed by experiments using [6-15Nl-labeled adenosine (11) (Scheme 

2). Wilson and McCloskeyl4 separately alkylated 11 with CH3I and CD3I to obtain 12a 
and 12b, respectively. The N(1)-alkylated derivatives (12a and 12b) were then treated 
under Dimroth rearrangement conditions, and the correctness of the [l-15Nl-labeled 

structures of the products (13a and 13b)  was supported by comparison of their MS 
data. Engel15 also obtained 13a from 11 through 1 2 a  in a similar manner and 

established the [l-l5N]-labeled structure of 13a by means of NMR spectroscopy. Later 
on, Grenner and Schmidt16 obtained 14 from 11 through 12c and 13c and confirmed the 
[l-15Nl-labeled structure of 14  by means of MS. 
In a kinetic approach to the mechanistic problem, Fujii's group has found that the 
rearrangement of 9-substituted 1-alkyladenines (1) to the NG-alkyl isomers (3) at  40°C 
proceeds by a mechanism involving a rate-determining initial ring opening, caused by 

attack of hydroxide ion on both the protonated (1.H') and the neutral species (1) at the 
2-position, and a subsequent fast ring closure of the putative monocyclic intermediates 

(2) (Scheme 3).8,9d317 This is in general agreement with the mechanism which Macon 

and Wolfenden7 proposed for the Dimroth rearrangement of 1-methyladenosine (1: R1 = 
Me; R2 = P-D-ribofuranosyl) to produce N6-methyladenosine (3: R1 = Me; R2 = P-D- 
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ribofuranosyl) a t  25°C. The hydroxide attack on the protonated species is much faster 
than that on the neutral species (by a factor of 9 0 - 1 1 0 0 ) , ~ , ~ , ~ ~ , ~ ~  and the former is 

influenced by the electronic effect of a substituent a t  the 1-position, whereas the latter 

is influenced by the steric e f f e ~ t . ~ ~ ~ , ~  Interestingly, the electron-withdrawing P-D-ribo- 
furanosyl group a t  the 9-position accelerates the ring opening of both the protonated 

and the neutral species.17ab 

R' = Me. Et, Pr, Bu, PhCH2, 
HOCHzCH2, HO(CH2)zCHz. 

R 2  = Me, Et, PhCH2, HO(CH2),CH2, 
HO(CHZ)~CH~, cyclopentyl, p-D-ribofuranosyl, 
2.3-Oisopropylidene-pJ-ribofuranosyl. or Hw O H  O H  

Scheme 3 

Scheme 4 
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The first isolation of a Dimroth intermediate in the adenine series was realized by Fujii 

and co-workers in the case of 1-alkoxyadenine derivatives (type 15):18 On treatment 
with H z 0  a t  4-5"C, the free base (15) underwent ring opening to give the monocycle 
(16), which recyclized to the rearranged product (17) when heated in Hz0  (Scheme 4). 

Treatment of 15 with boiling Hz0  completed this rearrangement to 1 7  in a one-step 
manner.18 The reaction of 15 or 16 with hot aqueous alkali gave the deformylated mon- 
ocycle (18) as  the main product.18b The process 15+16+17 represents itself to be a 
genuine Dimroth rearrangement, and a positive answer to the age-old question as to 

the intermediacy of the ring-opened derivative (type 16)  was further given from the 
kinetic study of this process, as described below. 

R' = Me. Et, cyclohexylmethyl, or PhCHz H'N' -r 
R' = Me, Et, or B-D-ribofuranosyl R' 

Scheme 5 

Fujii's grouplg found that  the initial ring opening of the 1-alkoxyadenine derivatives 
(15) is also caused by two modes of hydroxide attack (Scheme 51, as in the case of the 1- 
alkyladenine derivatives (I) ,  and that the rate (ki,,i,) of attack of hydroxide ion on the 
protonated species (15.H') is faster than that (k,& of hydroxide attack on the neutral 
species (15) by a factor of 560-1200. However, both rates are faster than those observed 

for the corresponding 1-alkyladenine derivatives (1) by a factor of 6-38, respective- 
ly.17a,19 At pH 7.80 and above, the rates of recyclization of 1 6  to 1 7  and of the 

hydrolysis of 16 to 18 were comparable to each other, and the sum of them did not 

exceed one eighth of the rate of the ring opening of 15, presenting a striking contrast to 
the feature of the Dimroth rearrangement of the 1-alkyl analogues (1) (Scheme 3).8,19 

Thus, the acceleration of the ring opening step and retardation of the recyclization step 
observed for the 1-alkoxy analogues (15) could be attributed directly to the electron- 

withdrawing nature of the NU)-alkoxy group. 
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111. EXAMPLES IN 1-MONOSUBSTITUTED A D E N I N E S  

Good examples of Dimroth rearrangement under  this  category (19+20) (Scheme 6)  a r e  

listed in  Table I.lL20-29 

TABLE I. Rearrangement of I-Monosubstituted Adenines (19) to the Nd-Isomers (20) 

Me 
Me 
Me 
Et 
MezC=CHCHz 
H2C=CHCH(OH)CH2 
PhCH2 
2-Azidobenzyl 
4-Azidobenzyl 
Ph 
a sugar groupc) 
H02CCH2CH2 
GS-CH2CH2d) 
Me0 
PhCH20 

Reaction conditions 
Yield of 20 Literature 

Solvent Temp. (OC) Time (h) (90) (ref. No.) 
- 

coned NH40H 
Hz0 (pH 7.2) 
0.2 N NaOH 
0.2 N NaOH 

Hz0 (pH 7.S)a) 

0. I N NaOH 
0.1 N NaOH 
4 N NaOH 
Nil 
H z 0  (pH 7.2) 

Hz0 (pH 10) 
Hz0 
H20IAcNMe2 

100 
100 

95-100 
100 

70 

-b) 

-6 
60 

230 
100 
37 

reflux 
reflux 

- 

b) Heated on a steam bath. c) In the form of 5-substituted methyl 5-deoxy-2,3. a)  In phosphate buffer. 
0-isopropylidene-P-D-ribofuranoside, a "reversed" nucleoside. d) The abbreviation GSH stands for glu- 
tathione. 

When carried ou t  i n  0.2 N aqueous NaOH at 100°C for 7 h ,  t h e  rear rangement  of 1- 
ethyladenine (19: R = Et )  to give NG-ethyladenine (20: R = E t )  (91% yield) w a s  accom- 

panied by unusual  hydrolytic deaminations to produce hypoxanthine (2%) a n d  l-ethyl-  

hypoxanthine (2%).22 Comparison of t he  reaction ra tes  i n  t h e  Dimroth rearrangements 

of 19 (R = Et )  a n d  1-ethyl-9-methyladenine (1: R1 = Et;  R2 = Me) in Hz0 at pH 6.92 a n d  
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8.70 a t  70°C has revealed that nonsubstitution a t  the 9-position decreases the rear- 
rangement rate by a factor of 4-30 under these conditions.22 A similar kinetic relation 
has been reported to hold between the Dimroth rearrangement of 1-(3-methyl-2-bute- 
ny1)adenine (19: R = Me2C=CHCH2) and that of the corresponding 9-riboside (1: R1 = 

Me2C=CHCH2; R2 = P-~-ribofuranosyl).23d,~ 
Reaction of 1-benzyloxyadenine (19: R = PhCH20) in 50% aqueous AcNMez a t  reflux for 
10 h was found to give the ring-opened intermediate (16: R1 = PhCH2; R2 = H) as the 
major product (39-50% yield) and the N6-isomer (20: R = PhCH20) as  the minor product 

(ca. lO%).29 Cyclization of the former to the latter was effected by treating with boiling 

H20 for 11 h.29 
Plna et a1.30 reported the rearrangement of a compound presumed to be 1-(3-allyloxy-2- 
hydroxypropy1)adenine to the N6-isomer, which occurred on incubation overnight at pH 

13 and rt. 

IV. EXAMPLES I N  1,3-DISUBSTITUTED ADENINES 

Among the 11 possible P,W-disubstituted adenines, 1,3-disubstituted adenine (type 
22) is now the only isomer that remains ~nknown.11,31,3~ With the aim of synthesizing 
a genuine 1,3-dimethyladenine structure (221, Fujii et ~ 1 . 3 2  treated the 1,2-dihydro 
derivative (21) with DDQ in CHC13 a t  r t  and obtained a dark brown solid presumed to 

be 22 (X = 2,3-dichloro-5,6-dicyano-4-hydroxyphenolate (Scheme 7). Since the solid was 

unstable and difficult to purify by recrystallization, conversion into the bromide salt 
(22: X = Br) was attempted by treating i t  with concd aqueous HBr in MeCN under ice- 
cooling. However, the product isolated was not the desired salt but the hydrobromide of 
the ring-opened derivative (23). The HBr salt of 23  was also found to be unstable in Hz0 
at  rt a t  pH 7 or above: It quickly underwent recyclization to give N6,3-dimethyladenine 
(24) in 53% overall yield (from 21). The sequence 22-123-24 thus concluded a Dimroth 
rearrangement. 

Scheme 7 

Schweizer and co-workers33 reported that  treatment of 1,3-bis(2-hydroxyethy1)adeno- 
sine 3',5'-phosphate (25) with 1 N aqueous NaOH a t  r t  for 2 d failed to undergo the 
expected Dimroth rearrangement to form the N6,3-bis(2-hydroxyethyl) isomer. It pro- 
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duced the aminoimidazole derivative (27) (Scheme 8),  res sum ably resulted from ring 
opening of the pyrimidine moiety to form 26 followed by loss of ethylene oxide and 

formate. Interestingly, the ready ring opening of 25 appears to be a reflection of its 
coexistent unstable 3,9-disubstituted adenine structure or that of the expected rear- 

ranged structure (the N6,3,9-trisubstituted isomer), as demonstrated by Fujii and co- 

workers.34 

Scheme 8 

V. EXAMPLES IN 1,7-DISUBSTITUTED ADENINES 

The chemical behavior of l,7-disubstituted adenines (28) may be characterized prima- 

rily by the susceptibility to Dimroth rearrangement to furnish isomeric N6,7-disubsti- 

tuted adenines (29) (Scheme 9). Table I1 lists actual examples.12,35-3s 

In the case of l-butyl-7-methyladenine (28: R1 = Bu; R2 = Me) (Table 111, Ta: ?lor and 
Loefflerlz observed the concomitant formation of a minor amount of 7-methylhypoxan- 

thine (36: R2 = Me), a deaminated product. Fujii's group35 found that the rearrange- 

ment of 7-alkyl-l-methyladenines (28: R1 = Me; R2 = Me, Et, or PhCH2) to produce 7- 
alkyl-N6-methyladenines (29: R1 = Me; R2 = Me, Et, or PhCH2) (63-72% yields) was 

accompanied by unusual hydrolytic deaminations to give 7-alkyl-l-methylhypoxan- 

thines (1-3.5%) andlor 7-alkylhypoxanthines (36) (12-22%), when effected in boiling 

Hz0  for 4-70 h. 
The rearrangement of l-alkoxy-7-alkyladenine (30) to N6-alkoxy-7-alkyladenine (32) 

was found to proceed through the imidazole-5-carboxamidine (31) more slowly than that 
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TABLE 11. Rearrangement of 1,7-Disubstituted Adenines (28) to N6,7-Disubstituted Adenines (29) 

28 + 29 Reaction conditions 
Yield of 29 Literature 

R1 R2 Solvents) Temp. ("C) Time (h) (%) (ref. No.) 

Me 
Me 
Me 
Me 
Bu 
THMB~) 
THMB~) 
PhCH2 
PhCH2 
PhCH2 
PhCH2 
D-SBT~) 
Me0 
Eto 
Eto 
PhCH20 

A reflux 
A reflux 
A reflux 
A reflux 
A reflux 
B 100 
- (in vacuo) 100 
C reflux 
D reflux 
E reflux 
-A 100 

A reflux 
F reflux 
F reflux 
F reflux 
F reflux 

20 
9.5 

70 
4 

20 
1 
1 
1 

30 d 
2 
1 

20 
30 min 
20 min 
30 min 
30 min 

ca. I00 
63 
67 
72 

ca. 100 
very low4 

584 
56 
75 
64 

8@ 
ca. 100 

82 
86 
83 
80 

a)  A = H20; B = aqueous NaOH (pH 9); C = 2 N aqueous NaOHEtOH; D = 50% aqueous EtOH; E = 
benzylammonium acetate/MeOH; F = 0.1 N aqueous NaOH. b) THMB = (Q-HOCH2(Me)C=CHCH2. 
c) P-D-Gf = P-D-glucofuranosyl. d) Overall yield from the imidazole precursor of 28. e) P-D-G~ = P- 
D-glucopyranosyl. fl In the presence of benzylammonium acetate. g) D-SBT = o-I-sorbityl. 

Scheme 10 
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of the 9-alkyl analogues (15) at  pH 7 and above, being accompanied by hydrolysis to give 

the deformylated product (33) and by deamination through 35  leading to 7-alkylhypo- 

xanthine (36), 1-alkoxy-7-alkylhypoxanthine (371, and 1-alkyl-4-aminoimidazole-5-car- 
boxamide (38) (Scheme 10).38 Interestingly, the N(1)-C(6) bond fission product (34: R1= 

R2 = Me) was obtained from 30 (R1 = R2 = Me) by treatment with 0.01 N aqueous NaOH 

a t  4°C for 35 d, but in only 2% yield.38 

P ~ C H Z , ~  , 
L'$ 

0 I N a q  NaOH 

reflux, 3 h 

Scheme 11 

The conversion of 1-benzyladenine 7-oxide (39) into N6-benzyladenine 7-oxide (40) in 

77% yield under basic conditions (Scheme 11139 may also deserve a niche in Section V. 

VI. EXAMPLES I N  1,9-DISUBSTITUTED ADENINES 

The Dimroth rearrangement of 1,9-disubstituted adenines (type 1 or 15)  to N6,9-di- 

substituted adenines (type 3 or 17) is the one that has been most extensively studied in 

the adenine series. Tables 111-VI, given on the next four consecutive pages, summarize 

a number of examples under this category.7~8,11~13-20,23c-e,31,40-105 

The following Dimroth rearrangements have also been reported: 1-methylaristeromycin 

to N6-methylaristeromycin (in boiling HzO, 4 h, 25% yield);17b 1-methyl(or alkyl or 

ara1kyl)griseolic acid to the N6-methyl(or alkyl or aralkyl) isomer [boiling Hz0  (pH 7), 5 

h];'06 1-(ary1methyl)adenosine-5'-N-alkyluronamides to the corresponding N'--(aryl- 

methyl) isomers (concd NH40H/MeOH, 90°C, 45 min, 14-67%);107 1-(3-allyloxy-2-hy- 

droxypropy1)-2'-deoxyadenosine and its 3'- and 5'-phosphates to the corresponding N6- 

isomers;30 1-(2-hydroxybenzy1)adenosine 5'-S-methyl phosphorothiolate to the N6-Why- 

droxybenzyl) isomer;lo8 9-substituted 1-(ary1methyl)adenines to the corresponding N6- 

isomers;l0g 1-(2-carboxyethy1)-2'-deoxyadenosine and its 5'-phosphate and 5'-(2-car- 

boxyethyl) phosphate to the corresponding NG-(2-carboxyethyl) isomers (at various pH's 

and temperatures);20 1-(2-carboxyethy1)-2'-deoxyadenosine to N6-(2-carboxyethy1)-2'-de- 

oxyadenosine [in phosphate buffer (pH 7.0) a t  37°C for 3 h; then a t  pH 6.3 and 23-25°C 
for 18 hl [and a postulate in regard to the pathway for formation of N6-(2-carboxy-2- 

hydroxyethy1)-2'-deoxyadenosine from its N(1)-isomer1;llO 1-(carboxymethy1)adenosyl- 

cobalamin to N6-(carboxymethyl)adenosylcobalamin [in buffer (pH 11) a t  70-72°C for 1 

h, 22%l;111 1-methyl- and 1-ethyladenosylcobalamins to N6-methyl- and N6-ethyladeno- 

sylcobalamins, respectively [HZO (pH 11.0), 70°C, 30 min1;llZ 1-methyladenosine to N6- 
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TABLE 111. Remangement of 9-Substituted I-Methyladenines (1: R1 = Me) to 9-Substituted h m - ~ e t h ~ l -  
adenines (3: R1 =Me) 

1 + 3  Reaction conditions 
Yield of 3 Literature 

R' R2a) Solvent Temp. (OC) Time (h) (%) (ref. No.) 
- 

Me Me 
Me Me 
Me Me 
Me Me 
Me Me 
Me Meb) 
Me Et 
Me HOCHzCHz 
Me HO(CW4 
~e HO(CW5 
Me cyclopentyl 
Me PhCHz 
Me 2-F-CsH4CHz 
Me 2-C1-6-F-C6H3CH2 
C I A  alkyl 2-C1-6-F-C6H3CH2 

PhCHzCH2 
Rib 
Rib 
Rib 

Rib 
Rib 
RiM 
RiM 
Rib(>cMe~)~) 
5-phospho-Rib 
5-phospho-Rib 
5-phospho-Rib 
5-phospho-Rib 
35-phospho-Rib 
3,5-phospho-Rib 
dRib 
dRib 
dRib 
5-phospho-dRib 
5-phospho-dRib 
3-deoxy-Rim 

0.1 N NaOH 
Hz0 
buffer (various pH's) 
Hz0 (pH 9.5-10) 
HzNNH2.HzOMeOH 
0.2 N NaOH 
0.2 N NaOH 
0.3 N NaOH 
Hz0 
0.2 N NaOH 
buffer (various pH's) 
0.2 N NaOH 
10% NaOWMeOH 
10% NaOWMeOH 
NaOH 
alkaline conditions 
0.25 N NaOH 
Hz0 
buffer (various pH's) 

Me3SeOWDMF 
raw milk 
Hz0 (pH 11) 
Hz0 (pH 7 or 11) 
Hz0 
Hz0 (pH 1 1.7) 
Hz0 (various pH's) 
Hz0 (pH 11-12) 
Hz0 or D20 
Hz0 (pH 10) 
Hz0 (pH 10) 
Hz0 (pH 10.4) 
0.2 N NaOH 
D20 (pD 8.6) 
Hz0 (various pH's) 
Hz0 !pH 7) 
0.25 N NaOH 

5 min - 

3 54 
(a rate study) 

24 3 
36 16 
15min 72 
20 min 95 

3 83 
4 70 

15 min 97 
(a rate study) 

15 min 82 
2.5 d 83 
3.2 d 72 

- - 

75 min - 

3 51 
(rate studies) 

L - 

3 46 
- - 

(a rate study) 
24 7 1 

- 

12 - 

3 d 47 
18 - 

30 min - 
- - 

(a rate study) 
24 - 

1 80 

a )  dRib = 2-deoxy-P-D-ribofuranosyl; Rib = P-D-ribofuranosyl. b) As the 2-deuterated species. c) 
Heated on a steam bath. 6) Started from 1 with or without isotopic labeling at N6. e )  As the derivative 
of 2',3'-0-isopropylideneadenosine. f) As the derivative of cordycepin. 
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TABLE IV. Rearrangement of 1,9-Disubstituted Adenines (1: R1 = Cz-4 unit) to N6,9-Disubstituted Ade- 
nines (3: R1 = C z 4  unit) 

1-13 Reaction conditions 
Yield of 3 Literature 

R1 ~ 2 0 )  Solvent Temp. (OC) Time (h) (70) 
- 

Et Me Hz0 reflux 
Et Me buffer (various pH's) 40 
Et Et 0.2 N NaOH 95 
Et Et (Et0)3P/DMF reflux 
Et Et buffer (various pH's) 40 
Et Rib Hz0 (pH 12.5) 22-37 
Et 35-phospho-Rib - - 

Et dRib Hz0 (pH 12.5) 22-37 
Et 5-phospho-dRib Hz0 (pH 7) 37 
HzN(CHZ)Z Rib Hz0 (pH 8) 50 
H~N(CHZ)Z 5-phospho-Rib Hz0 (pH 11) 60 
H ~ N ( C H ~ ) Z N H ( C H ~ ) ~  Ribb) Hz0 (pH 7.0) 50 
HO(CW2 Et 0.2 N NaOH reflux 
HO(CH2)2 Et NaOEt/EtOH reflux 
HO(CH2)z Rib H20 (pH 11) 60 
HO(CHz)2 Rib@ Hz0 (pH 1 1) 80 
HO(CHz)2 3.5-phospho-Rib D20 @D 10) 50 
EWCHz)z dRib Hz0 (pH 6.0) 25 
H02CCH2 Me 0.1 N NaOH 100 
HOzCCHz 5-phospho-Rib Hz0 (pH 8.5) 90 
Pr Me 0.2 N NaOH 95-100 
Pr Me buffer (various pH's) 40 
Pr Et 0.2 N NaOH 100 
ally1 &Y 1 .41iquat@336/K0~ 80 
ally1 HzC=CH(CH2)2 ~l iquat@336/K0~ 80 

&Y 1 5-phospho-Rib concd NH40H 60 
~ U Y  1 33-phospho-Rib Hz0 (pH 9-1 1) -c) 

HO(CHZ)~ Et 0.2 N NaOH 100 
HOzC(CHzh dRib Hz0 (pH 11.7) 37 
HOzC(CHz)2 dRib Hz0 (pH 7.0) 37 
HO~C(CH~)Z  5-phospho-dRib Hz0 (pH 11.7) 37 
-03S(CH2)3 Rib Hz0 (pH 11.5) 70 
Bu Et 0.2 N NaOH reflux 
Bu 3,5-phospho-Rib - - 

MeCH=CHCHz 3,5-phospho-Rib 1 N NaOH 75 
HzC=CH(CH2)2 ~ U Y  1 ~ l i q u a t @ 3 3 6 K O ~  80 
HzC=CHCH(OH)CH2 Rib H20 (pH 7.4) 80 
HzC=CHCH(CHzOH) Rib Hz0 (pH 7.4) 80 

3 5 1 
(a rate study) 

10min 94 
20min 13 

(a rate study) 
(a rate study) 

- - 

(a rate study) 
(a rate study) 

8 11.7 
7 98 

22 100 
15min 94 
3.5 95 

24 83-93 
5 100 

24 - 

1 - 

45 min 100 
1.5 - 

10min 94 
(a rate study) 

25 min 93 
2 72 
2 78 
3 28 
1-2 - 

25 min 90 
18 100 
40 d 80 
18 100 
1 46 

15min - 
- - 

2 - 

2 54 
1 - 

1 - 

(ref. No.) 

a) dRib = 2-deoxy-P-D-ribofuranosyl; Rib = P-D-ribofuranosyl. b) Started from 1 with isotopic labeling 
at N6. c) Heated on a steam bath. 
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TABLE V. Rearrangement of 1,9-Disubstituted Adenines (1: R1 2 Cg unit) to N6,9-Disubstituted Ade- 
nines (3: R' 2 C5 unit) 

1 + 3  Reaction conditions 
Yield of 3 Literature 

R2 a) Solvent Temp. ("C) Time (b) (%) (ref. No.) 

Rib 
Rib 
Rib 
Rib 
 rib^) 
a modified Ribd) 
5-phospho-Ribe) 
dRib 
Ara 
Rib 
Me 
~ - B U C O ~ C H ~ ~  
cyclopentyl 
PhCH2 
PhCHz 
Rib 
Rib 
Rib 
Rib 
Rib 
Rib 
Rib(>CMe2)g) 
5-phospho-Rib 
3,5-phospho-Rib 
dRib 
dRib") 
3-deoxy-Ribi) 
3-deoxy-Rib') 
Ara 
Et 

Hz0 (pH 12) 90-95 
Hz0 (pH 7.5) -b) 
MezNWMeOH/DMF 20 
MezN WMeOH rt 
MezNHIaq. EtOH rt 
Hz0 (pH 12) 50 
Hz0 (pH 7.5) -b) 

MezNWMeOH rt 
NH40H reflux 
H20 (pH 12) 90-95 
0.2 N NaOH reflux 
0.2 N NaOH reflux 
aq. EtOH reflux 
2 N NaOHEtOH reflux 
KzC03/AcNMe2 110 
0.1 N NaOH 37 
Hz0 (pH 12) 90-95 
M ~ ~ W ~ O H  rt 

H20 reflux 
solvents (pH 6.8-7.4) 25 
NH3IMeOH 80 
MezNWMeOH rt 
concd NH40H 60 
- - 

MezNHiMeOH It 
MezNWMeOH - 
Me2NHMeOH It 
0.25 N NaOH 100 
MezNHiMeOH rt 
0.2 N NaOWMeOH reflux 

3 30 
1.5-2.5 38 

12 47 
2 74 
2 d - 

3 20 
2.5 19 
2 23 
- 54 

3 24 
10min 99 
1 77 

24 87 
1 98 
9 - 

(a rate study) 
3 50.6 

~ - M ~ & H ~ C H Z  
2-MeC6H4CHz 3-deoxy-Ribi) - - - 
~ - ( H O C H Z ) C ~ H ~ C H ~  Et 0.2 N NaOWMeOH reflux 20 min 
4-MeChHdCH2 3,5-phospho-Rib - - - 

4 
3 
- 

2 d 
3 
3.5 
- 

4 
- 

4 
1.5 
4 

30 min 

. - 
P ~ o ( c H ~ ) ~  Rib H20 (pH 12) 80-90 2 
PhOCH2CH(OH)CH2 dRib buffer (pH 7) 37 (a rate 
benzo[a]pyrenyl-6-CH2 Rib concd NH40H 100 1 
benzo[a]pyrenyl-6-CHz Rib NaOWSO% MeOH 50 24 

a) Ara = P-D-arabinofuranosyl; dRib = 2-deoxy-P-D-ribofuranosyl; Rib = P-D-ribofuranosyl. b) Heated 
on a steam bath. c) As the [8-'4C]-labeled adenosine derivative. 6)  As the derivative of 2',3'-0-(R)-(3- 
carboxy-1-methylpropy1idene)adenosine. e )  Or as the derivative of adenosine 5'-P-cyanoethyl phosphate. 
fl Started from 1 with or without isotopic labeling at N6, and the rearranged product was isolated as the 9- 
deprotected derivative (3: ~2 = H). g) Started from the derivative of [6-1%-labeled 2',3'-0- 
isopropylideneadenosine. h) Started from 1 with isotopic labeling at N6. i) As the derivative of 
cordycepin. 



372 HETEROCYCLES, Vol. 48, No. 2,1998 

TABLE VI. Rearrangement of 9-Substituted 1-Alkoxydenines (15) to the Corresponding f i - ~ l k o x ~  
Isomers (17) 

15 + 17 Reaction conditions 
Yield of 17 Literature 

R10 RW Solvent Temp. (OC) Time (h) (9%) 
- 

Me0 
Me0 
Me0 
Me0 
Me0 
Me0 
Me0 
Me0 
Me0 
Me0 
Me0 
Me0 
Me0 
Me0 
EtO 
EtO 
EtO 
EtO 
EtO 
EtO 
EtO 
HzN(CH2)20 
PhCH20 
PhCH2O 
PhCH20 
PhCH20 
PhCH2O 
PhCH20 
PhCH2O 
PhCH20 
PhCH20 
PhCH20 
PhCH20 
4-N02-C6HqCH20 
4-N02-C6HqCH20 
4-MeO-C6HqCH20 
cyclohexylmethoxy 
cyclohexylmethoxy 

Me H20 reflux 
Me buffer (various pH's) 40 
Me@ H20 reflux 
PhCH2 buffer (pH 6.5) reflux 
PhCH2h) buffer (pH 6.5) reflux 
~ i b  H20 80-85 
Rib Hz0 reflux 
Rib@ H20 80-85 
Rib(>CMez)c) EtOH reflux 
Rib(>CMe2)c) buffer (pH 7) 95-100 
5-phospho-Rib buffer (pH 8.0) reflux 
33-phospho-Rib aq. NaHC03 reflux 
dRib Hz0 (pH 8) 60 
dRib Hz0 (pH 8.0) 60 
Me H20 reflux 
Me buffer (various pH's) 40 
Et Hz0 reflux 
Et buffer (various pH's) 40 
Rib H20 80-85 
Rib(zCMe2)C) buffer (pH 7) 95-100 
3,5-phospho-Rib 0.67 N NaOH rt 
3,5-phospho-Rib - 
Me buffer (pH 6.5) reflux 
Me buffer (various pH's) 40 
Et buffer (pH 6.5) reflux 
cyclopentyl aq. EtOH reflux 
PhCH2 H20 (pH 8) reflux 
PhCH2 NaOEtEtOH reflux 
Rib H20 reflux 
Rib H20 95-100 
Rib buffer (various pH's) 40 
Rib(>CMe2)C) buffer (pH 7) 95-100 
3,5-phospho-Rib aq. NaHCO3 reflux 
Me buffer (pH 6.7) reflux 
Me buffer (various pH's) 40 
Me buffer (various pH's) 40 
Me Hz0 reflux 
Me buffer (various pH's) 40 

3 74 
(a rate study) 

3 5 1 
4 82 
4 81 
3 66 
3 - 

5 4 1 
2 - 

8 74 
2 - 

45 min 53 
5 54.5 

12 60 
3 74 
(a rate study) 

3 77 
(a rate study) 

3 64 
5 84 

24 5 
- - 

2 66 
(a rate study) 

2 68-69 
8.5 37 
1.5 86 

10.5 61 
9 16 
3 86 

(a rate study) 
4 68 

45 min 10 
28 59 

(a rate study) 
(a rate study) 

5 67 
(a rate study) 

(ref. No.) 

a) dRib = 2-deoxy-P-D-ribofuranosyl; Rib = P-D-ribofuranosyl. b) As the 2-deuterated species. c) As 
the derivative of 2',3'-0-isopropylideneadenosine. 
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methyladenosine [during the reaction with aqua(diethy1enetriamine) platinum(I1) a t  

pH 7.2 and 310 K1.113 

In Hz0 at  near neutrality, 1-(w-hydroxyalky1)adenine derivatives (41) have been found 
to undergo hydrolytic deamination to give the corresponding 1-(a-hydroxyalkyl)hypo- 

xanthine derivatives (431, in competition with the usual Dimroth rearrangement to 

produce the corresponding NG-(w-hydroxyalkyl)adenine derivatives (42) (Scheme 12).17c 

The relative rate of deamination with respect to Dimroth rearrangement increased as  

the pH of the reaction medium was decreased.17c The analogous competitive deamina- 
tion has also been reported for the Dimroth rearrangements of 1-(1-hydroxy-3-buten-2- 

yl)adenosine79 and l-(2-hydroxy-3-buten-l-yl)adenosine79 and for those of 1-(2-hydroxy- 

2-phenylethy1)adenosine and 1-(2-hydroxy-1-phenylethy1)adenosine (at neutral pH and 

37"C).114 Interestingly, deamination of the third nucleoside was very slow in compari- 

son to that of the last nucleoside.ll4 

Scheme 12 

Examples a t  the ADP level include the following rearrangements: 1-methyl-ADP to N6- 

methyl-ADP [in Hz0  (pH 10-11) at  40°C for 24 hl;54 N(1)-(2-hydroxyethy1)-NADH to N6- 

(2-hydroxyethy1)-NADH [Hz0 (pH 11.2), 76"C, 1 hl;l3 N(1)-(2-aminoethy1)-NAD to N6-(2- 

aminoethy1)-NAD [Hz0 (pH 6.5), 50°C, 7 hl;115 N(1)-(2-aminoethy1)-NADP to N6-(2- 

aminoethy1)-NADP [Hz0 (pH 6.01, 50°C, 4 hl;115 3,4-dimethylpyridine 1-(carboxymeth- 

y1)adenine dinucleotide to the N6-(carboxymethyl) isomer [HZO (pH 8.5), 37'C, 72 h];116 

N(1)-(carboxymethy1)-ADP to N6-(carboxymethy1)-ADP [Hz0 (pH 8.51, 9O0C, 1.5 h];7l 

N(1)-(carboxymethy1)-NADPH to N6-(carboxymethy1)-NADPH [Hz0 (pH 11.0), 70°C, 1 

hl;1'7 N(1)-(3-sulfonatopropy1)-NADH to the N6-isomer [Hz0 (pH 11.51, 70°C, 1 h];77 

bis[N(l)-(carboxymethy1)-CoAl to bisLN6-(carboxymethy1)-CoAl L0.1 M NaHC03 (pH 9.0), 

50-6O0C, 12 hl;"8 1-(3-methyl-2-buteny1)-ADP to N6-(3-methyl-2-butenyll-ADP (in di- 

lute aqueous NH3, heating on a steam bath, 3 h, 43% yie1d);llg 2',3'-cyclic N(1)-(2-car- 

boxyethy1)-NADPH to a mixture of the isomers of N6-(2-carboxyethyl)-NADPH with 

their phosphate groups at  the 2'- or 3'-position [Hz0 (pH 111, 70"Cl;120 N(1)-(2-hydroxy- 

3-trimethy1ammoniopropy1)-NADH to the N6-isomer [Hz0 (pH l l ) ,  70°C, 1 h];l2l N(1)- 

(3-carboxy-2-hydroxypropy1)-NADH to the @-isomer [Hz0 (pH 11.2),75"C, 1 h];122 N(1)- 

(3-carboxy-2-hydroxypropy1)-NADPH to the N6-isomer [Hz0 (pH 11.21, 70°C, 1.5 hl;123 
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N(1)-(3-carboxy-2-hydroxypropy1)-FAD to the N6-isomer [Hz0 (pH lo) ,  8OoC, 2 h, 58% 

yield];124 NADH, bound a t  N(1) to a methaclylyl choline copolymer or to a methacrylyl 
glucosamine copolymer, to the corresponding NG-isomer [Hz0 (pH 121, 70°C, 90 min; or 

HzO (pH lo), 25°C];125 the N(1)-(3-acryloyloxy-2-hydroxypropyl) derivatives of ADP, 

NAD, and an SH-protected CoA to the corresponding polymerized N6-isomers;l26 N(1)- 
(2-aminoethy1)-NADH, coupled a t  the side-chain nitrogen to carboxylated dextran, to 

the NG-isomer;l27 N(1)-(2-aminoethy1)-NADH, coupled a t  the side-chain nitrogen to car- 

boxylated polyethylene glycol, to the f l - i ~ o m e r . l 2 7 d , ~ ~ ~  
The Dimroth rearrangements a t  the ATP level have also been reported: N(1)-(carboxy- 

methyl)-ATP to the N6-isomer [in Hz0 (pH 8.5) at  90°C for 1.5 h in 52% yield171 [HzO, 

Dowex 1x2 (OH-), r t  for 2 d or 50°C for 240 min or 75°C for 10 min or 100°C for 5 min 

(84% yield)1291; N(1)-(3-acryloyloxy-2-hydroxypropy1)-ATP to the corresponding polym- 

erized NG-isorner;l26b N(1)-(5'-phospho-P-D-ribofuranosy1)-ATP to the N6-isomer [Hz0 

(pH 10.2);130 Hz0 (pH 10.07) a t  45"C;13l Hz0 (pH 10.0) a t  45°C for 10 h1321. 
At the polynucleotide level, Lawley and Brookes53 observed the slow transformation of 

the 1-methyladenine moieties in methylated denatured DNA to the N6-methyladenine 

moieties a t  neutral pH and 37"C, as with RNA. Michelson and Grundberg-Manago133 

converted methylated polyadenylic acid containing 70% 1-methyladenylic acid and 30% 

adenylic acid into a polymer containing 70% N6-methyladenylic acid and 30% adenylic 

acid by treating the former in Hz0  a t  pH 11 at  r t  for 24 h. Chang et ~ 1 . ~ ~  reported the 
conversion of the 1-methyladenine moieties in methylated DNA into the NG-methylade- 

nine moieties on treatment in DzO a t  pD 8.6 and r t  for 80 h. 

In the 1-alkoxyadenine series, i t  is of interest that Gulyaev et ~1.101 reported the anoma- 

lous feasibility of the Dimroth rearrangement of 1-(2-aminoethoxy)adenosine 3',5'-phos- 

phate [with or without C(8)-Br] and rationalized i t  in terms of probable intramolecular 

catalysis mediated by the aliphatic amino group of the N(1)-substituent. Knowing the 

rate constants a t  various pH's for all three reactions in the system that produces 1 7  

and 18 from 15 through 1 6  (Scheme 51, we were finally able to select optimum 

conditions under which the maximum concentration of each component should be 

obtained.l9,102 Indeed, this was quite useful for the preparation of these products, in a 

practical fashion on meaningful scales, and allowed us and others to synthesize a 

number of elaborate target molecules from them.gb-ds134 For isolation of the ring- 

opened intermediate (type 161, the use of the 4-nitrobenzyloxy group was superior to the 

use of other practically applicable alkoxy groups, producing the desired compound in 

excellent yield a t  near neutrality and 40°C in the shortest reaction time.102 

VII. EXAMPLES IN OTHER ADENINE DERIVATIVES 

1,8-Disubstituted and 1,8,9-trisubstituted adenines are also known to rearrange to the 

corresponding N6,8-disubstituted and N6,8,9-trisubstituted adenines, respectively: 8- 
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azido-1-benzyladenine to 8-azido-NG-bemyladenine (by heating in 0.1 N NaOH on a 

steam bath for 1.5 h);25 1-methyl-8-oxoadenine to NG-methyl-8-oxoadenine (1 N NaOH, 

reflux, 30 min, 90% yield);135 8-bromo-1,9-dimethyladenine to 8-bromo-N6,9-dimeth- 
yladenine [I N NaOH, 55"C, 35 min, 88%;136 H z 0  (various pH's), 40°C (a kinetic 

study)137]; 1,9-dimethyl-8-oxoadenine to N6,9-dimethyl-8-oxoadenine [ l  N NaOH, reflux, 

1 h, 90%;136 Hz0  (various pH's), 40°C (a kinetic study)1371; 1-methyl-8-oxoadenosine to 

NG-methyl-8-oxoadenosine (1 N NaOH, reflux, 1 h, 83%);l38 8-(benzylthi0)-1-methyl- 

adenosine 3',5'-phosphate to the N6-methyl isomer (by heating on a steam bath in 

aqueous NaHCOgIaqueous Na2C03/DMS0 for 3 h, 28%);78 8-azido-1-benzyladenosine 

to 8-azido-NG-ben~~ladenosine (0.2 N NaOHIDMF, 85"C, 45 min, 44%);139 l-benzyl-9- 

methyl-8-oxoadenine to N6-benzyl-9-methyl-8-oxoadenine (1 N NaOH, reflux, 1 h, 
99%);140 1-benzyl-8-bromoadenosine 3',5'-phosphate to the N6-benzyl isomer (by heating 

on a steam bath in aqueous NaHCO3/aqueous Na2C03/DMS0 for 2 h, 9%);141 l-benzyl- 

8-(methy1thio)adenosine 3',5'-phosphate to the NG-benzyl isomer (by heating in aqueous 
NaHCOaIaqueous NazC03/DMSO on a steam bath for 2.5 h, 29%);141 1-benzyl-8-(ben- 

zy1thio)adenosine 3',5'-phosphate to the N6-benzyl isomer (by heating on a steam bath 

in aqueous NaHC031aqueous Na2C031DMS0 for 2 h, 66%);78 1-(2-aminoethoxy)-8-bro- 

moadenosine 3',5'-phosphate to the N6-(2-aminoethoxy) isomer.lol 

Parham et al.l42 reported that hydrolysis of 1-hydroxyisoguanine (44) in dilute acid 

yielded a mixture of xanthine (47) and 1-hydroxyxanthine (Scheme 13). They have con- 

sidered the formation of 47 as a result of a competitive acid-catalyzed Dimroth-type 

rearrangement of 44 to give 6-hydroxyamino-2-hydroxypurine (46) through the dication 

(45) and subsequent ready hydrolysis of 46. 

Scheme 13  

In the case of 1-methoxy-N6,9-dimethyladenine (501, obtained from N6,9-dimethylade- 

nine (48) through the 1-oxide (49) and the 0-methyl derivative (50.HX) (Scheme 14), 

treatment with H z 0  a t  r t  afforded the monocycle 1531, which was then cyclized to the 

N6-methoxy-1-methyl isomer (52) in boiling H z O . ~  Treatment of 50  with Hz0  (pH 10) 

under reflux for 70 min also gave 52 (71% yield). Alternatively, this rearrangement was 

feasible by treatment with boiling HzO (pH 9) for 3 h.42 Reductive demethoxylation of 

52 furnished 1,9-dimethyladenine (51). Interestingly, this conversion of 48  into 51 uti- 

lizing the 1-methoxy group made possible the structural transformation reverse to  that 
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(51-48) which occurs in the usual Dimroth rearrangemenk6 A similar rearrangement 

of 1-methoxy-N6-methyladenosine to N6-methoxy-1-methyladenosine (in Hz0 a t  90°C 
for 5 h, 58% y-ield)143 and of N6-benzyl-1-methoxyadenine to 1-benzyl-N6-methoxyade- 

nine (HzO, reflux, 18 h, 56%)144 has been reported. 

Scheme 14 

Scheme 15 

Scheme 16 
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Some examples of D imr~ th ' r ea r r an~emen t  in several tricyclic variants of di- and tri- 

substituted adenines are known: the tricycle (54) to the isomer (56) via the monocycle 

(55) (2 N aqueous NH3, 85"C, 36 h) (Scheme the tricycle (57a) to the isomeric 
tricycle (58a) (BuOH, reflux, 1-3 d, 42-94% yield) (Scheme 16);145 the aglycon (57b) to 
58b (BuOH, reflux, 4 d, 63-91%);146 the tricycle (59) to the isomer (60) (Scheme 17);147 

8,5'-anhydro-8-mercapto-1-methyladenosine (61) and its 2',3'-0-isopropylidene deriva- 

tive to 8,5'-anhydro-8-mercapto-N6-methyladenosine (62) and its 2',3'-0-isopropylidene 

derivative, respectively [Hz0 (pH 8-91, reflux, 5 hl (Scheme 18).148 

Scheme 17 

6 1 6 2  

Scheme 18 

VIII. SOME RELATED REARRANGEMENTS 

A certain number of intramolecular rearrangements in the adenine series are closely 

related to the Dimroth rearrangement but do not fall within its original scope. This 
section includes some of these, but it is not intended to be exhaustive. 

Chheda and Ha11149 reported that treatment of NG-glycyladenine (63a) in  Hz0 a t  r t  for 
several hours or at  100°C for a few minutes gave the tricyclic intermediate (64a) and 

that 64a,  on treatment with refluxing Hz0 for 24 h, rearranged to form N-(6-puriny1)- 

glycine (66a) through 1-(carboxymethy1)adenine (65a) (Scheme 19). N6-Glycyl-9-meth- 

yladenine (63b) and [6-15NI-labeled NG-sarcosyladenine (67) underwent a similar con- 
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version to give N-(9-methyl-6-puriny1)glycine (66b)708150 and 68, respectively, and the 
mechanism of these rearrangements has been propo~ed.70,149,~~~ 

Scheme 19 

Scheme 20 

As shown in Scheme 20, the tricycle (69) furnished the N6,9-disubstituted adenine (72) 
on treatment with methanolic NH3 a t  r t  for 55 h.64 This conversion has  been 
interpreted in terms of an initial NH3 attack a t  C(9a) of 69  to form 70, subsequent ring 
opening of 70 in the imidazolidine moiety, and Dimroth rearrangement of the resulting 
l,9-disubstituted adenine derivative (711.64 Biickmann et a1.65 reported that treatment 

of 1-(2-aminoethjrUadenosine (73) in Hz0 at  pH 8.0 and 50°C for 8 h afforded the normal 
Dimroth rearrangement product (75) and the tricycle (78) in 11.7% and 9.1% yields, 

respectively (Scheme 21). They have proposed a reaction pathway for 78, which in- 
volves the intermediates (74), (76), and (77).65 
On heating in H20 (pH 11-12) a t  60°C for 2 h, 1-amino derivatives (79) rearranged to 

give the monocycles (82) in good yields (Scheme 22),152 and a mechanism for this rear- 
rangement involving the intermediates (80 and 81) has been presented.l52%b Hosmane 
et ~1.153 reported tha t  treatment of 1-amino-9-benzyladenine ( 7 9 ~ )  with an excess of 
NH2NH2.H20 in MeOH a t  r t  for 12 h provided 9-benzyl-6-hydrazinopurine (83c) in 
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79.9% yield (Scheme 23). However, Kohda and co-workers41 recently found that treat- 

ment of the hydrochlorides of 79a-c with NHzNHz.Hz0 in the absence of the solvent 

MeOH a t  50°C for 1-2 d gave the monocycles (84a-c) as the major products and the 
rearranged isomers (83b,c) as the minor products. In the case of 79b.HC1 (in MeOH a t  

rt for 36 h), the product ratio of 83b to 84b arose with increasing amounts of the solvent 

MeOH, and a possible mechanism for formation of 83  and 84 has been presented.41 

OHC-N 
R 

Scheme 21 

R = Me. p-D-ribofuranosyl, or 2-deoxy-p-D-ribofuranosyl 

Scheme 22 

WNH2.H20 + 
(MeOH) 

I I 
R R R 

7 9  83 8 4 

a : R = H  b : R = M e  c: R = PhCH2 

Scheme 23 
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Rearrangements of the tricycles (85 and 87) were effected in hot formamide to give the 

corresponding isomeric tricycles (86 and 88) in 58-69% yields (Scheme 241.154 

II 
18&185"C 

1.5-2 h 
CHzPh CH2Ph 

8 5  8 6  8 7  88  

R = H or PhCHz 

Scheme 24 

As illustrated in Scheme 25, Ueda's group155 prepared the nucleosides (90 and 91) of 
2,6-diaminopurine and 6-thioguanine from adenine nucleosides uia reaction of the N(1)- 

oxides (89) with cyanogen bromide followed by a series of reactions involving a near 

Dimroth rearrangement utilizing the N(1)-methoxy group. Starting from the N(1)-ox- 

ides of AMP, 2'-deoxy-AMP, and 9-P-D-arabinofuranosyladenine 5'-phosphate, the corre- 

sponding 6-thioguanine nucleotides were likewise prepared.155b This method has been 

successfully applied to the syntheses of [I-15Nl- and [2-15Nl-labeled 2'-deoxyguano- 
sines;l56 carbocyclic 9-(2'-deoxy-2'-fluoro-~-D-arabinofuranosyl)guanine from aristero- 

m y ~ i n ; l 5 ~  (-1-carbovir triphosphate from a r i ~ t e r o m ~ c i n ; ~ ~ ~  chiral 4'-substituted carbo- 

cyclic nucleosides from aristeromycin;159 and the griseolic acid analogues bearing the 

guanine, isoguanine, and xanthine rings instead of the adenine ring.160 
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Olomucki and ~ o - w o r k e r s l ~ ~  reported that the tricycle (92a) underwent a complete re- 

arrangement to give the isomer (93a) in DMSO a t  r t  (half-life 24 h) in the presence of 

1.5 equivalents of NaOH (Scheme 26); but in the case of the benzylthiomethyl derivative 
(92b), an equilibrium of ca. 65% 92b and 35% 93b was reached after 24 h and remained 

unchanged for over 10 d in the presence of an excess of NaOH. Koomen and co-work- 

ers'62 reported that treatment of 92c with AczO in pyridine at  r t  for 3 h and then a t  

55°C for 1 h gave a 4:6 mixture of 93d and the 2',3',5'-tri-0-acetyl derivative (92d) of 9% 
in 92% yield. 

Scheme 26 

9 5  

Scheme 27 

Leonard and Henderson85 reported the low-yield conversion of 3-benzyladenine into N6- 

benzyladenine (20: R = PhCHz) under 2 atm of steam a t  120°C a t  pH 5.8 and have pro- 

posed possible pathways for this rearrangement, some of which involve the Dimroth re- 

arrangement of 1-benzyladenine (19: R = PhCH2) that is assumed to occur via ring 
opening-reclosure sequences. N6,7-Dialkyladenine (29) was among several products 
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from the reaction of 3,7-dialkyladenine in boiling 1 N aqueous NaOH for 2 h ,  and the for- 

mation of this rearranged product has been interpreted in terms of a ring opening- 

reclosure sequence involving the Dimroth rearrangement of the putative intermediate 
1,7-dialkyladenine (281.163 

Pratt and Krausl64 reported that treatment of adenine (94) in 50% aqueous THF with 

phenyl chloroformate at  pH 4.5 and r t  for 1 h yielded isoguanine (95) (Scheme 27). This 

conversion has been assumed to proceed uia the initial acylation of 94 a t  N(3) followed 

by a near Dimroth rearrangement.164 Similar treatment of fi-methyladenine (6) with 

phenyl chloroformate yielded 1-methylisoguanine.164 

Another example of a near Dimroth rearrangement may be drawn from the following 

study by Fujii's group. On treatment with boiling 1 N aqueous NaOH for 60 min, 7,9-di- 

alkyladeninium salts (96) rearranged to isomeric N6,7-dialkyladenines (29) in 50-91% 

yields (Scheme 28).165 Treatment of 96 with 0.5 N aqueous NazC03 a t  rt for 30-90 min 

or with Amberlite CG-400 (OH-) in Hz0 a t  r t  gave the ring-opened derivatives (97) (in 

the trans-formamide form) in 56-83% yields, and rate constants (kl) for 96+97 were 

determined in Hz0 a t  pH 9.84 and 25"C.1'j5 Cyclization of 97a  in boiling 1 N aqueous 

NaOH or with NaH in AcNMez at  rt afforded 29a in 72% or 84% yield, respectively.165 

In solution, the trans-formamides (97) seemed to transform slowly into the cis-formam- 

ides (98), attaining equilibria. The existence of such an equilibrium in DzO or DMSO- 

d6 a t  25°C or in Hz0  a t  pH 9.84 and 25°C was kinetically confirmed in the case of 

97a.165 

I 
R' 

9 7 (trans) 9 8 (cis) 

a: R' = R2 = Me e: R' = R2 = El 
b: R' = Me; ~2 = ~t t: R' = ~ t ;  R~ = P ~ C H ~  
c: R' = Me; R2 = PhCH2 g: R' = PhCH2; R2 = Et 
d: A' = Et; R2 = Me 

Scheme 28 
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