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Abstract - Recent studies of chemical reactivity of 1,4-dihydropyridines are surveyed.

The chemistry of dihydropyridines (DHP) up to the year 1980 was treated in detail 1n1. Recently
acquired data relating to the synthesis of 1,4-dihydropyridines via condensation reactions bhave been
summarized tooz. The present review analyses the chemical reactivity of 1,4-dihydropyridines cover-

ing Titerature published in the years 1981-1985.

1. OXIDATION

Aromatization is a typical reaction of the 1,4-dihydropyridine systeml. Our review is limited to the
analysis of papers describing the preparation of pyridine derivatives. As to the mechanism of hyd-
rogen transfer and reduction with dihydropyridines, several reviews are available on the subjecta.
1.1. N-Unsubstituted 1,4-Dihydropyridines+Pyridines

The aromatization of N-unsubstituted 1,4-DHP can be attained with the aid of various oxidizing agents

as well as by catalytic or thermal dehydrogenation {Table 1}.

Table 1. Reagents Used for the Aromatization of N-Unsubstituted 1,4-DHP

Reagent References
02 4
NaNOZIACOH 5
NaNOszC] 6

HN03‘ S¢, 7
Fe(N03)3, Cu(N03)2 8

Br2 + NaDAc 4c

Cro3 7Jc, 9
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Table 1. (Continued)

Reagent References
S 10

KMnO, 11
Chloranil 7e, 8¢, 12
o-Chioranil 13

BB 11z, 14
Pd/C 11a, 13, 15
285-295°C (in argon) ab

1/:11 il 5f

*Dpg - 2,3-dichloro-5,6-dicyans-1,4-benzoquinone
**DBU - 1,B-diazabicyclo[5.4.0)undec-7-ene
Ferric and cupric nitrates on a solid support have been recommended for 1,4-DHP oxidation under very

mild conditions (CHCI3, 20°C)8. Thermal dehydrogenation has been observed with 2,6-diaryl-1,4~DHP 1,

the thermal instability growing with the number of phenyl ringsqq'rhe aromatization of 2,6-bis{triflu-

oromethyl)-1,4-DHP 2 leading to pyridines 3 results from dehydrofluorination in response to DBU or

tertiary aminesSf.

R & R r!
Ne CN RO,C CO,R RO,C A COoR
| ] (L — 1
O N @ i FU FaC 7 7 CHF,
A n'h
7 n=0,1,2 2 3 '

1.2. N-Substituted 1,d-DihydropyridinessPyridiniun Salts (Table 2)

Table 2. Reagents Used for the Oxidation of N-Substituted 1,4-DHP

Reagent References
HZO2 + ch4 1
PhNO2 17
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Table 2. {Continued)
Reagent References

Me  Me

+N=0 18

Me' Me
Fe(CN)s' 19
quinolinium or acridinium 20

cations

Pt(colloidal) 21

1.3, N-Substituted 1,4-Dihydropyridines+Pyridines (with Elimination of N-Substituent)

Aromatization of the DHP cycle in dibenzacridine 4 accompanied by elimination of the N-substituent

occurs upon heatingzz. The cleavage of the N-N bond in 1,4-DHP 5a leading to pyridines 6 also occurs

in response to heating or in the presence of compounds initiating free-radical reaction524. The Jat-

ter are also capable of converting 1,4-DHP 5b to pyridines 6

24e
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3 b R=CPhys cR = C02R2; dR= SiMezBu-t
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3 . g2 =
7 R = COR, CONEty; RC = C1, Br, COCH P, CORY, —( ]

Some o,B-unsubstituted 1,4-DHP 5¢

readily in the case of 5d

25 undergo oxidation to 6 in the air, the reaction preceeding mere

d?®26  1n the case of other 5c and less readily oxidizable 3-substituted
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25¢ 24,28 129

1,4-DHP 7 silver nitrate”™", sulphur27, o-Chlorani127° » p-chlorani and D0030 were used as

oxidizing agents. Etimination of 1- and 4-substituents can be achieved by treating 1,4-DHP 8 with
butyllithium or upon heating it with sodium iodide31.
1.4, Electrochemical Oxidation

Electrochemical oxidation of 1,4-DHP>C?32

32c-i

has been reported and the mechanism of electrooxidation

explored

2. REDUCTION
The catalytic hydrogenation of 1,4-DHP affords both tetrahydropyridines and piperidines. It has been
confirmed that tetrahydropyridines 9, 10a.b, 1l are formed if one of the double bonds in the cycle

is conjugated with the m-electrons of the substituent, as reported ear]ierlb.

0

Me, H . Ph 1
sam e
. ﬂ ?Hz N
Co,Me OMe R
s 10
!
aR =M, R= coﬂH234
b R = CH,Ph, Rl= conH,20+34

C R = Me, R'= cNo2P

In the absence of stabilizing substituents piperidines are formed27a’b‘29b’35. Piperidines 13?5 and
1§?7 result from the catalytic hydrogenation of 3,5-disubstituted 1,4-DHP.
C6H4R
Etozc . UCGZ{ t . Meozc« ACOZM‘?
Me N Me Me ¥y~ "He

1 1

H H

12 13

Another stereoisomer of piperidine(16)can be gained by the reduction of 1,4-DHP 14 with triethylsi-

38. Tetra-

lane in trifluoroacetic acid; tetrahydropyridines 15 were isolated under mild conditions
32b

hydrepyridines 10b,c }l?g were obtained by electrochemical reduction of the corresponding 1,4-

DHP .

Lithium aluminium hydride reduces both the 1,4-DHP ring and the subst1tuents4o.
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C.H R
4
1 k:
] 15
NOR T
H
CH R
6'aR,
16
0
1416 R = H, N0, CFy: CHgR H
R%= Co,R", COMe, CN; Rl0,C R
R%= Me, CO,Et. | 17 8% = coR%, oN
Me N Me
H
Me0,C COMe  HOH,C CH O H,C CH,
| ) Lom, U + U
h N N
R R R

3.ADDITION REACTIONS

1-Methyl-3~cyano-1,4-DHP in alkaline medium reacts with phenols and thiophenols, their addition occur-
ring differently, to give tetrahydropyridines 19, gggfl. Tetrahydropyridine 20b is one of the pro-
ducts resulting from the reduction of diaryl sulphides ArSSAr with l-benzyl-1,4-dihydronicotinamide

proceeding by the free-radical mechanism42.

CN R

. 8
Me N O& N anR=Me, rl= CN;
| YA ! 1
H Me ® R = CHZPh, R = CONH2
20

1

o
=
|

The treatment of 21 with potassium hydroxide leads rnot only to imine hydrolysis but also to the ad-
dition of water43. Addition of azides to fully unsubstituted or l-methyl-substituted 1,4-DHP affords

4
=
N
1
R
22

bicyctic compounds ggf .
1 2

KOH
Q. = 0
N
R =H, Meg R™ = CN, 502R

N7 Me HO N e
\-'-—'—NCMe3 CHO

21
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1,4-DHP 23 lacking electron-withdrawing groups gives adducts with hydrogen peroxide45 or disul-

ph'ide46 only upon acid protonation of DHP.

.

Acids catalyze intramolecular cyclization in position 2 of 1-phenethy1-47 and 1-[2-(3 -indolyl)ethyl -
20d,48

1 :4‘DHP

Several intramolecular addition reactions were carried out with 4-{o-substituted}phenyl-1,4-DHP. The

HX-XH
R ——
AcOH

RY= Ph, R%= H; RY + RZ = (CHy)gs X = 0,8

reaction mechanism was exemplified by the formation of nggl Acid catalysts promote the formation

of reactive vinyliminium ion 26, the nuclieophilic B-C and electrophilic a-C atoms of which react

with the appropriate sites of the o-substituent. The systems 2

obtained.

C02Me

N Me

H

25

COZMe
MeOZC
X
o

Me N™ Me

28 X=0,5

HC]/CHC]s
—_—

MeOZC OzMe
X
Me” Sy Me
Q X'—‘CHZsO
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Tosylhydrazones 31 are extremely reactive yielding adducts 32 upon heating in benzene with subse-

quent thermal fragmentation of pyrazoline 32 to cyclopropane gg?z.

1
R ol Rl
CH=NNHTS
(4] Q
MeD,C CO,Me t Me,C N CoMe _ t Me0,,C
| ' c5H5 | N | *~002Me
Me” SN Me Mo N we Me” TN Me
R R R
a 32 3

4, SUBSTITUTION REACTIONS OF THE DIHYDRGPYRIDINE RING
Electrophilic substitution reactions of a,B-unsubstituted 1,4-DHP including Friede1-Craft525b,

Vi]smeier-Haack15 reactions occur at position 3,

1 1

R R )

O COR CHO
2

| . | R°coC1 @ m DMF#POCT, U

v SnCl 4 N f f.l

COR CoR CO,Me £, Me

25b, 2 Z
34 35 361%

30,35 R = NEt,, OEt; R'= alkyl, Phy R 2liyl, OMe, Ph

The reaction between 1,4-DHP 37 and aldehydes or ketones follows a more complex mechanism leading

directly to 3-alkylpyridines §§§3.

SiMe

3 CHRR®
—
| | ReoR’ E\/Ir
—

N BuNF N

S1Me3

37 38

Electrophiles can be introduced at pesition 2 (DHP 39) by preceding metalation27d. Unstable 1-

Tithium derivatives of 1,4-DHP 40  are readily replaced with hydrogen, acyl, alkyl and cyano

groupsl4a’33’54.
Most 1,3-DHP are very wedk acids, the N-H bond cleavage requiring the use of sodium hydride. Anions
obtained by this method were N-alkylated and acylated to give N-substituted 1,4-DHP-3,5-carboxylic

acid esters _1?2’55, 3256. j§57 as well as N-derivatives of 3,5-diacety]-1,4-DHP 55§d, 1,4-dihydro-
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Bu Bu Bu I R?
R
] }]  s-Buli_ ]| _EX . | | ]
N N~ "L N~k N
COZBu-t CozBu-t CobBu—t L
39 40

35 E=D, S'iMea, Me, COZMe, COMe, SMe - -
quinoline-3-carboxylic acid esters 45°C, tetrahydrofuro[3,4-5]pyridines 46>, 3,5-dicyano-1,4-DHP
ﬂlssd’h. {The naphthyridine structure60 assigned to compounds prepared similarly 55N by the alky-
lation of DHP 41 (R=H} with benzoimidoyl chlorides appears erroneous).

Z
3 CeHaR R1

R
1 2 1 1
R70,C HCOZR R70,C l ; CO,R RO,C ﬁCDZR
N 3,2

Me N Me R“R™N R Me
] ' '
R R (YN 0
an 4 43
a1 R = oM, cH,oMe®?, E5SP, o 0Ee®5C, (ony) 0,Ee%%, (oy) WRFRY [R3.R%- alkyt, substituted

- . -
alky15°eh, ¥Rt N Me>t, N l (=N, i), N 0%, cph < W %N

_ 3
42 R = alkyl, COCGH4R » COMe, COzEt. CHZCOZEt, 50,Me

o Ph RZ o 2 @
MeOC COMe COEt  RUOLL 0 NG oN
| | | |1 0
Me N Me N Me Me N R N R
R Me R R
w“ s % o

In order to prepare DHP anion 46 lithium diisopropylamide or solid potassium hydroxide in DMSO can
be also used57. The latter reagent has been successfully used to prepare DHP 41 (R = alkyl, R2 s 2,
1,3-benzoxad~iazo1y1-4)61. 1,4-pHP-3,5-dicarbothiolic acid esters 48a are more acidic than the 0-ana-
logues, therefore they undergo N-alkylation in the presence of potassium hydroxide in acetonitrile 32k
The alkylation. of 3,5-dicyano-1,4-DHP 47 (R2=R =Me) was conducted in the presence of 'sodium hydroxi~
de and & phase-transfer cata1yst62. Dihydroindenopyridines can also form anions with aTkal{ metal
hydroxides, N-methyl derivatives 49 (R=methyl) result from the alkylation of anions with dimethyl sul-
phate, whereas alkyl halides afford a mixture of 43 and C-alkyl derivatives 50, the Tatter prevail-

ing. The acylation of DHP anfon 49 occurs at the nitrogen atom, while the nonanionic form undergoes
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3 H
0 R 0 0  CHR CeaR
1S u cd’ 6 4
R'S-C ~ge? Rl
| | I
I
Me N™ " Me N Me
. 1
R R
48 a9 50
a X=38
b X=0

164

acylation at the oxygen atom accompanied by hydrogen migration to give pyridine 51
Ph

CHyR J\ ”CH
Me

AcQ H
1 0
A COzEL R
- ] ] R = CO,Me;
N me N 1
R

b R" =CHO, R = COMe, H
51 52

Alkaline agents cause the cleavage of the bond N-CO in N-acyl-1,4-DHP 361°, 426, 52bM* 1eading to
N-unsubstituted 1,4-DHP. The N-ethoxymethyl group is easily eliminated from DHP 53 to give §j§50.

C6H4N02 t6H4N02
EtOZC COZH EtOZC COZH
| | HC1/Me,,CO | ]
Me w Me 20°, 1 h Me H Me
CHZOEt
53 54

The N-silyl group in DHP 5d (R = Bu) is replaced by an acyl group by treatment with acyl chlori-
deZSb

5, REACTIONS OF SUBSTITUENTS

In recent years, evidence has been accumulated of various reactions affecting substituents in the
DHP ring, the 1,4-dihydropyridine structure of the cycle remaining unaltered.

5.1. Reactions of Substituents Attached to the DHP Cyc¢le via Side Chains

9a,32k,65 i 66

tosy1653' and mes_y'l57a groups in esters 55a-c

The nucleophilic substitution of halogens

yields DHP 55d-1.

g3 a R=halogen, b R = 0S0,CeHMe-d, c R = 0SDMe,
2
R20.¢ €0,(CH,) R co
2 272 4.5 65a-d,f-h,67 7 65e,f,67a,¢
. d R=HR e R=NJCH,
R Me Co
) 55
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£ R=5Ph3%, g R=oMe%?, h R = ocoR® %0678, 4 R -ono, B, R=<I1 67b,
y 0

=0

Me
: N < R
K R = i 65j.66a.b.d 4 o _0_(, N 66c o R a oy®53-672
TN Me

Primary amines 55d (R4=R5=H) can be gained via hydrazinolysis of phthalimide derivatives 5%e., Tosy-

lates 55b and mesylates 55¢ were prepared from hydroxy derivatives 55m. Alkylation 8€-67¢

67a,b,68

and acy-
lation of amines 55d,hydrolysis of acetoxy group in ggbg? debenzylation of the aminc group
over palladium catalyst in 55d (R4= CHzPh, RY= Me)69 were performed.

Primary amines 56a have been synthesized by the reduction of azido group70, secondary amines 56b by
catalytic hydrogenolysis of the benzyl derivative §§g?0b. Reactions with amines 56a included atkyla-

0 70a,71’ preparation of urea and guanidine derivatives70a, as well as heterocycle

5

tion'”, acylation

71,72

formation . In piperazine derivatives 56d the hydrcgen R” was replaced by carbamoyl, thiocarba-

moyl, guanyl, thiazelyl and other groups73.

3_ .4

R a R'=R'=H,
Rlo,C C0,R? b R Me, R%= W,
[ ] aa ¢ R= Me, R%= cH,Ph,
Me” N CH0(CH,) NRPR —\
H d NROR%e NS
v
56
Some of the reactions involving acid 57 are shown in the scheme’ 1+7%;
RZ
1
RM04E IJICOZR 0,8
3pd
Me ﬁ CH,0CH,,COH CH ,0CH,,CONHNHCOCH NR™R
3 ' Lawesson’s
; reagent
CO,R . CO4R

N—
ooy 3,4
CH,OCH,,COCH,COEL 4 CH,0CH,—4 s)—CHZNR R

2”-.;\
A
l \Hi
CO,R COR /X\
N==N N#" "HH
CHZOCHZJ\\/{O . CHo0CH =l
Ketal 58a hydrolysis was performed in acid medium and new ketals 58¢ and thioketals 58d were ob-

tained from §§g75.
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3 a R2+R3

el RE R = 0(CHp) 0,
RO C0,(CH,) e b k2R = 0,
| | ¢ RER> = 0(CHy) 0,
Me”™ N Me 2 3
d RE4RY = S(CH,)s8

58

Ester groups attached to the 1,4-DHP ring via side chains readily undergo hydro1ysisng’56’75.

5.2, Reactions of Substituents at Positions 3, 5
The reactivity of 1,4-DHP-3,5-dicarboxylic acid esters 41, 42 depends both on steric and electronic
factors. The absence of substituents at positions 2, 4, 6 facilitates hydrolysis, thus enabling the

56,77

preparation of acid 5%a,b from the esters 42 (R=H, alkyl, aryl) . The hydrolysis of 2,6-dimethyl

derivatives 41 requires the presence of substituent R other than H at the nitrogen atom, which ste-

rically hinders conjugation in the aminovinylcarbonyl moietyssc'77. Electron acceptors in the ester
radical (DHP 60) facilitate hydro1ysisga’ssa’61’78 considerably.
3 R? , R
R UZC]I\/I CoH RUCOZ(CHZ)ZR
-
LN gl Me” “n T Me
R H
59 &
+
a BB =H, b R =alkyl R = ON, MRS

Esterification reactions have been conducted involving acids 59 or their reactive derivatives o2 1€

61,65g,67a,b,78a,c,d,79‘ Esters 41, 42 undergo transesterification in the presence of a1koxides7d,

9d,61,65h,77,78a,80' Transesterification of thiol esters 48b to esters 41 proceeds by treating the

3

former with the appropriate alcohol in the presence of potassium hydroxide Zk. Arrn'des81 and hydrazi-

36

des™ can be obtained from acids 59 or esters 41. Synthetic procedures for the preparation of indi-

vidual stereoisomers of esters 41 (R1 LY R2) have been developed based on the reactions of 3,5-substi-

9d,55¢,61,78a,80a,b,d 78b’d. Lithium aluminium

tuents . Acids 59b undergo decarboxylatien upon heating
hydride reduces the methoxycarbonyl group in ester 41 (R1= Me) to a methyl group78b’d. Lawesson's

reagent was employed for thignaticn of the indene carbonyl in dihydroindenopyridines ggf“. Monoximes
were obtained from 3,5-diacetyl 1,4-DHP 44 by treating them with hydroxylamine or its O-alkyl deriva-

tives82

. The 3-oxazelinyl group in dihydroguinoline 52a was converted to an aldehyde one(§g§f4b.
5.3. Reactions Substituents at Positions 2, €
2-Methyl group in 1,4-DHP participates in the Mannich reaction, Secondary amines yield the ordinary

products of aminomethylation §1§3’83, whereas in the case of primary amines the reaction is more com-
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plicated and leads predominantly to 62, _@84.
1

gt R
R® co,Rt RO,C
RE N CHCHNRR Me
6l a RO=coR!, R = we®

b 8%+ 8% = (o),

c
4%
CO,R

fiMe
N W
H

HNMe 62

A large number of reactions are feasible based on acetals 64 as starting compounds:

N
roc COR
. A ] L Mol
RAHCON P CH(ORT), —

H

64

PrsH

l

COR

=

CH(SPr),

COR COR
NH.,OH
CHO ACOH CH=NQH
5652:0,78¢,792,802,85 6655
lNaBH4 Ac,0
COR COR

ﬁ[CHZOH

CN
65a,b,78¢,79a,85b-g 765b ,78c,79a,80a,85b~f ,h

8ba
69 68
- Huld -— A, 22
<o 34%?
9
)AtzNSFa 2
COR COR COR COR
i]: o ~ S:]: 5
CH,0 e CH,F 5:::cuzc1 CH R
70% 77 n 12857 RSaon e
COR o5 COR
ELNSF, 65 RP=C” 6
273 — N7 ' R
oF, T R onec 7
7479 75850 RB- 1, ¢1,8r; R7= C1.8r,CN,CHO
CgH MO,
EL0,C COEt M, COR
Me H SOMe CSNHZ
77 E79au
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Peracetic acid oxidizes only the 2-methylthio group to give 1,4-DHP _71793. Dimer 78 undergoes clea-

vage at the disulphide bond”.

Ph ’ (Nj Ph

Ph
EtOZC CN H Et02C CN EtOZC CN
|| | + 1 O
Me S Mg 7N N8 — N; > Me” NS i
H H H,

i 2

2-Nitromethyl-1,4-DHP 79b resulting from the nitration of 2387 was converted to 2,3-dicyanc-1,4-

DHP go_aa. The nitration of N-unsubstituted 79c yields pyridone 81 and rearrangement productsgg.

Me Me
neMe g Me oy cN NG 0
Me” N cH, R oN Me ™ - CHNO,,
i 2 H
R
2 % ol
a R =Me, R1 =H
b R = Me, R1=N02
¢ R=pl=n
_ 1_
d R = CH,CO.EL, R} = K

5.4. Reactions of Substituents at Position 1

Reactions of N-substituents in DHP 79d were performed:

~— LiAM, o, Me ,NH A
N —~-—— = . N
CH,,CH,0H CH,CONMe,
lTsm l KOH
‘N"‘ Y, 200°¢C <N7
CH,CH,0Ts CH,COH Me
1 KOBu-t %
Y, NaOFt \/
N - N
CH=CH, CH,,CH

N-Hydroxy-1,4-DHP 82 undergoes alkylation and acylation at the oxygen of the hydroxy groupgq Amide
5 (R=CONEt2) was obtained by treating ester 5c (R2= Ph) with Tithium diethylamide, Hydrozinca-
tion of hexene-1 using DHP 83 followed by hydrolysis of product 84 yielded hexanegl.
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2

CaHR
mﬁ () —Q
H.,0
NN P cH
Me” N7 Me N N 614
OH ZrH In A
82 83 84

5.5. Reactions of Substituents at Position 4
Amh:les92 and hydrazide592b of 1,4-DHP-4-carboxylic acid 85 (R=0H) were obtained via its reactive de-

rivatives. 4-Benzoyl-1,4-DHP was reduced with sodium berohydride to 86a (R2=H). Acylation, silylation

and mesylation of hydroxy groups in 86a,b were carried out93.
OH
7
CH 1
COR ~R a Rl= C6H4R
Et0.,C CO,Et RO,C COR
N § °? 2 b Rl= cH,0H
Me N Me Me N Me
H H
8 8
Treatment of sothicuronium salt 88 with alkali yields cyclized products 89 and @_94.
NH,
+
H, C] (:l-!z,:Sl:,g.],‘.H2 5
R02C ROC COZR COR
NCNH . |
Me El Me ROZ Meu Me
87 88 8 %
. . . 74,52,69,95
Numerous reactions of substituents in the phenyl radical of 4-phenyl-1,4-DHP are known .

Depending on reaction conditions, the treatment of spirocyclic 1,4-DHP 81 with Raney nickel leads
either to the reduction of sulphoxide gr'c:up96 or to spirocycle cleavage resulting in 4,4-disubsti-
tuted 1,4-DHP97. 4-Aminp-1,4-DHP 92 undergoes oxidation to imine 93, whose hydrolysis affords a

pyridonegg.

=0 NH, NH
RO..C CONR, CONH
2 CO,R 2
| ] | I o, (|
Me "N Me N I N
[] ]
H Bu=-t Bu-t
91 92 Y
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5.6. Cyclization and Reactions of Cyclized Products

Tetrahydrofuropyridines 46 were first obtained as side products in reduction of aldehyde 65 with
sodium borohydride or by heating alcohols 68 in the presence of p-toluenesulphonic acid85f. Lactones
EQa,b and 35_% can be prepared from 2-acetoxymethyl-1,4-DHP 94. A convenient method Teading to lac-

tones 46 is the reaction of 2,6-dimethy1-1,4-DHP 41 with pyridinium bromide perbromidegg. The heat-

859,100 induces cleavage of the lactone ring.

2-Acetylthiomethyi-1,4-DHP are converted in an acid medium to tetrahydrothienopyridines 22101'

1 R 0
R0 L 0 R70,C
S
2 KOH/EtOH OH[EtOH | |
- Me TN
H

~Me R CH OAc R =CH OAc
OHZC H

ing of these lactones with aqueous a‘.kaHSSg or amines

94 95 96

Cyclized  products 98, 99 were cbtained from hydrazone 97a and imines _‘37_b85f, respectively.

RS 0 R? R 0
rlo,c " . rlo,c co,R* Rlo,¢ 3
t NaBH CHo) R
- — vl R B | T N2
Me N a €7 N7 CH=NR Me N
H H H
98 97 99
=NH.: b R = 3
2 R =Ny b R= (CHy)R
2-Nitromethyl-1,4-DHP 79650 yields cyclic products 100a,b. Dipyrazolo-DHP 101 was obtained by

102. 1,6

treating 2,6-dichlore-3,5-diformyl 1,4-DHP with phenylhydrazine -Naphthyridines 102 were syn-

thesized by heating DHP 41 with sym-triazine or by treating i];m'th dimethylformamide dialkylacetal

with subsequent cyclization of the resulting 2-aminoethylene-1,4-DHP'0%, 1,6-Naphthyridines 1021032,

104

and 1,7-naphthyridines ", undergo alkylation exclusively at N{6) and N(7), respectively.

2
C.H,R
Me Me O 1 §4%
NC R0,C
| [ w v UL R
Me X Ph R Ph H
100 o1 loz

a X=0;b X=NOH
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The steric proximity of substituents at position 3 of the DHP ring and at the o-position of 4-phe-

nyl enables the formation of a new ¢ycle between them (DHP 103-105).

0
X
RO,C RO,C 3 RO,C
] . 0
Me Me N " Me Me” S Me
H' H
103 4% 10517
X = ey, 0105 X =0, N !
y - 5106

6. MISCELLANECOUS REACTIONS

The cleavage of the 1,4-DHP ring of N-methyldihydroindenopyridines 49 (R = Me} in acid medium pro-

ceeds by way of enamine hydro1y51564. Rearrangements of 1,4-DHP to 4,5-dihydrodiazep1nesgsa’

b,108 have been reported.

Photochemical conversions of 1,4-DHP have been studied7g’9c'109.
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