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Several tricyclic benzopyrano[4,3-c]pyrazole derivatives have been studied by 'H and C n.m.r.
spectroscopy. They were prepared by treating 3-benzylidene-chromanones and -1-thiochromanones
with semicarbazide or thiosemicarbazide: reactions which give only the cis 3-H,3a-H stereoisomers.

Recently we reported on the synthesis and stereochemical
investigations of various dihydropyrazoles substituted with
fused ring systems.!> Owing to the interesting biological
activities of this type of compound increasing attention has
been focused on this ring system. Thus 14-dihydro[1]-
benzothiopyrano[4,3-c]pyrazole has antimicrobial activity,*
the 2-one derivatives are immunosuppressive agents,®% and
benzopyranopyrazoles have been prepared and used as CNS
depressants.” Some of our previously synthesized dihydro-
pyrazole derivates were found to possess antimicrobial effects.®
This prompted us to extend our studies to the synthesis of newer
dihydropyrazoles containing fused ring systems. In this paper
reactions of exocyclic «,f-unsaturated ketones with semi-
carbazide and thiosemicarbazide, and the stereochemistry of the
compounds prepared are reported.

Results and Discussion

There are various synthetic routes to benzo(thio)pyrano-
pyrazoles. Intramolecular cycloaddition of nitrile imides gives
such compounds.® Other synthetic methods involve reactions of
3-formylchroman-4-one,”"!®  4-chloro-3-formylcoumarins,'!
3-benzylidenechroman-4-one,!*'?  3-benzylidene-1-thiochro-
manone,'" and hydrazine derivatives. Stereochemical investiga-
tions of benzopyrano[4,3-c]dihydropyrazoles and related
compounds have been reported by Sangwan %13 and by us.!~?
Reaction of 3-benzylidene-chroman-4-one (1), -flavanone (2),
-1-thiochroman-4-one (3), -1-thiochroman-4-one 1,1-dioxide
(4), and -1-thioflavanone (5) with semicarbazide or thio-
semicarbazide in hot ethanol in the presence of hydrochloric acid
gave the dihydropyrazoles (7)—(15) (Scheme). Theoretically,
this reaction may result in the formation of 3-H,3a-H cis and
trans isomers. Moreover, in the case of compounds (9), (10), and
(15), depending on the relative configuration of C-4, formation
of two other diastereoisomers can be expected. In the event, the
reactions gave only one isomer in relatively good yield. For the
determination of the structure of the compounds isolated [(7)-
(15)] 'H and '*C n.m.r. spectra and homonuclear proton—
proton n.O.e. difference measurements were utilized. Compound
(16) was prepared by the above-mentioned procedure and its
spectroscopic data were correlated with those of its previously
synthesized trans isomer! (16a). Characteristic 'H chemical-
shift data and coupling constants are summarized in Table 1
where data for the previously prepared’ 2-methyl-3-phenyl-

2,3,3a,4-tetrahydro[ 1]benzopyrano[4,3-c]pyrazole (17) of trans
configuration are included as well.

While studying the benzopyrano[4,3-c]pyrazoles it was
found that the chemical shift value of 3-H is considerably higher
in the cis compound than in the trans.'?!3 This is under-
standable since 3-H is quasi-equatorial in the cis isomer
and quasi-axial in the trans. In the case of (16) and (16a)
the difference is reflected well in the measured values (5.46 and
4.62 p.p.m.). In spite of this finding, the cis or trans configuration
cannot be determined solely from the chemical shift of 3-H since
the 8;_y is considerably dependent on substituents R' and R?,
moreover it is influenced, to a small extent, by the X group a
well. Owing to the diamagnetic effect of the phenyl group, a
0.2-0.3 p.p.m. upfield shift was measured in the presence
of an equatorial 4-Ph. When the substituent R? = CONH,
was replaced by CSNH,, the chemical shift was increased by
0.2-0.5 p.p.m. In the case of thiocarbamoyl group delocaliz-
ation is so pronounced that rotation around the N-2-CSNH,
bond is hindered even at room temperature which is cor-
roborated by the appearance of two NH signals of different
chemical shift and the increased linewidth of the signal of the
phenyl ortho protons.

It has been observed that, owing to the diamagnetic effect of
the neighbouring phenyl group, &,, characteristically
decreased (ca. 0.5 p.p.m.) in the 3-H,33a-H trans isomers
compared with that measured in the cis compounds. On the
basis of chemical shifts (3.73 and 3.25 p.p.m.) measured in model
compounds (16) and (16a) this difference is 0.48 p.p.m.
Incorporation of substituent R! = Ph results in a higher
alteration, e.g., in compound pairs (7), (9), (8), (10), and
(12), (15) the difference is 0.62, 0.70, and 0.86 p.p.m. which also
reflects the paramagnetic effect of the phenyl group. On this
basis it can be assumed that along bond C-4—Ph a conformer
predominates in which C-4—Ph,, and the phenyl ring are
coplanar. This is corroborated by the fact that downfield shifts
of 1.43, 1.46, and 1.92 p.p.m. were measured on the 4-H,, signal
of substances (9), (10), and (15). As far as the influence of
substituent R? is concerned, the CONH, — CSNH,
modification resulted only in a 0.1-0.2 p.p.m. downfield shift.
The chemical shift of 3a-H is slightly influenced by the X
heteroatom, except for the X = SO, derivatives (13) and (14), in
which a downfield shift, originating from the effect of the peri-
positioned S=0O group,’* was detected. From all of this
information it appears that for a single isomer 33, y is of little
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Table 1. 'H n.m.r. chemical shifts and characteristic coupling constants (Hz) of compounds (7)-(17) in [?Hs]Me,SO

™ 3 9) 10) am
3-H 5.62 6.13 5.32 5.83 5.88
3a-H 4.02 4.18 4.64 4.84 403
4H,, 298 297 441 443 2.09
4-H,, 424 427 269
S-Hax
S-H.,
6-H 6.88 6.90 6.90 6.92 7.18
7-H 7.30 7.36 7.34 7.40 7.28
8-H 7.02 7.05 7.09 7.12 7.16
9-H 7.82 7.89 793 8.00 8.14
2'6’-H 7.05 7.04 6.60 6.58 7.07
3’S-H 7.30 7.30 7.08 7.08 7.31
4-H 7.23 7.22 717 7.17 7.24
276"-H 7.06 7.08
3"5"-H 7.30 7.31
4"-H 7.38 7.38
NH, 6.51 7.79 6.49 7.60 6.63
8.08 8.06
Jsa 1.2 107 101 10.7 11.4
Toon 13.0 129 123 12.5 128
59 6.1 4.6
Tos ~10.5  —104 ~130

(12) (13) (14) (15) (16)° (16a)° ane
6.05 5.74 6.20 5.86 5.46 4.62 3.78
4.18 4.47 4.60 5.04 3.73 3.25 3.57
2.07 245 244 3.99 1.05 1.94 4.15
2.76 3.60 3.61 1.80 2.29 4.48
292
280 2.90
7.21 7.82 7.86 722 b 7.15 6.88
7.29 7.67 7.73 7.37 b 7.37 7.22
7.19 7.76 7.78 7.26 b 7.24 6.97
8.24 8.29 8.40 8.36 8.16 8.06 7.80
7.03 7.07 7.03 6.48 7.12 7.46 7.44
7.31 7.32 7.32 7.02 b 7.39 7.39
7.24 7.27 7.26 7.13 b 7.31 7.34
7.08 7.08°¢ 7.07¢
7.27 b 7.15¢
7.32 6.74¢ 6.81°¢
7.95 6.82 8.23 7.98 2814
8.09 8.34 8.07
11.0 114 11.0 10.5 11.5 12.1 13.5
12.8 13.3 13.2 13.0 13.5 12.1 12.2
4.7 4.5 4.5 48 49 5.8
—13.0 —133 —13.2 —12.7 —13.2 —10.2

* Measured in CDCl;. ® Overlapped signals between 7.17-7.37 p.p.m. € These data are referred to the NPh group. ¢ NMe.

diagnostic value. In isomers (16) and (16a) a characteristic
upfield shift can be observed for signals due to 4-H,, and 4-H,,
of the cis compound, caused by the effect expected by the
neighbouring 3-Ph group (A8 0.89 and 0.49 p.p.m.) and this
is valuable information when comparing cis—trans isomeric
pairs. Furthermore, complete assignment of the 'H spectra has
been performed which was necessary, above all, to the
evaluation of the two-dimensional '3C-'H correlation maps
utilized for the assignment of the !3C signals. It is noteworthy
that the signal due to the ortho phenyl protons underwent a
ca. 0.5 p.p.m. diamagnetic shift as a result of the incorporation of
a phenyl substituent (R' = Ph).

On the basis of former studies it can be concluded that the
J33, coupling constants can be used only tentatively to
determine the cis—trans isomerism, since these values are very
similar.!-2:12-13 In the case of model compounds (16) and (16a)
these values are 11.5 and 12.1 Hz. It should be mentioned that
in some cases an opposite tendency was observed.!'!213.15
Expected coupling constants were calculated by means of the
modified Karplus equation!® taking into account the electro-
negativity of the substituents. However, values calculated
for the cis and trans isomers hardly differed from each other.
Moreover, calculated values differed considerably from the

Table 2. Results of proton—proton 1D n.O.e. difference experiments on
selected compounds

Compound Proton irradiated N.O.e. observed (%)
9) 3-H 3a-H (6), 2°,6-H (7), 2"6”-H (1)
3a-H 3-H (9),27,6"-H (11)
4-H,, 2',6’-H (3), 2",6"-H (8)
(11)° 3-H 3a-H (15), 2°,6’-H (13)
3a-H 3-H (15), 4-H,, (5)
(15) 3-H 3a-H (5),2",6"-H (1)
3a-H 3-H (6), 2",6"-H (10)
(16)° 3-H 3a-H (6), 2",6"-H (11)
3a-H 3-H (9),4-H,, 3), 5-H,, (2)
(16a)® 3-H 4-H,, (4),2°,6"-H (6), 2",6"-H (7)
3a-H 4-H,, (3), 5-H,, (2),2",6-H (2)
a7) 3-H 4-H,, (6), 2',6"-H (10), NMe (5)
3a-H 4-H,, (4),2,6-H (6)

2 Measured at 250 MHz. ®In this case 276"-H belongs to the
NPh group.

measured data for both isomers. On this basis it was concluded
that cis and trans isomers cannot be differentiated by means of
the J 3, coupling constants. On the other hand, stereoposition
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Table 3. 13C N.m.r. chemical shifts for compounds (7)~(16a) in [?H,]Me,SO

Carbon ()] ®) 9 (10) aan
3 61.5 65.0 62.4 65.6 63.5
3a 453 453 49.6 49.5 48.2
4 66.7 67.0 79.7 79.8 26.7
5
Sa 155.8 156.5 156.6 157.3 134.7
6 117.3 1174 117.5 117.5 126.9
7 1319 1329 1320 133.0 130.0
8 121.6 121.6 121.9 121.8 125.0
9 124.5 125.0 124.5 124.9 126.0
9a 115.7 1149 1158 114.9 124.9
9b 146.4 150.9 146.9 151.3 147.8
R? 154.2 175.3 154.2 175.2 154.2
| 137.2 136.6 136.7 136.0 1374
2,6 125.2 125.3 126.6 126.9 125.1
3,5 128.6 128.5 128.0 128.2 128.5
4 127.5 127.4 127.6 127.4 1274
17 136.4 135.8
27,6" 128.2 127.8
37, 5" 128.5 128.4
4” 129.2 129.3

@ Measured in CDCl,. ® C,

ipso

144.0, C,,0 1129, C,p 128.6,4 C 0 118.2.€ C,

12) (13) (14) (15) (16)° (16a)”
66.9 63.1 66.4 67.1 66.6 733
48.2 4.7 448 524 49.1 56.4
26.7 49.6 49.7 45.0 24.1 274
29.6 294

1359 136.1 137.8 137.1 137.6 138.1
1270 123.1 123.2 126.3 128.8 129.0
130.8 131.0 1319 131.2 128.8 129.1
125.2 1330 133.1 125.6 126.5 126.7
126.6 126.3 1259 126.8 124.3 124.4
125.8 1254 125.8 125.2 128.4 128.2
152.2 1433 147.5 152.9 148.2 150.5
175.5 1540 176.3 1753 b c
136.9 1370 135.8 136.14 136.9 142.2
125.1 125.9 126.0 1271 1269 129.3
128.5 128.7 128.6 127.7 128.9¢ 126.1
1274 127.8 127.7 127.5 127.5 127.7

136.04

128.1

128.5

128.5

146.9,C,, 4, 1149,C, ., 128.7,C,,, 120.0. ¢ Tentative assignments.

ipso

Table 4. Observed 'H-!3C long-range correlations for compound (10)

2J 3J
3-H C-3a C-9b
3a-H C4,C9% C-I’
4-H C-1” C-9%
6-H C-8,C-9a
8-H C-9a
2",6"-H C-4”

of substituent R' can unequivocally be determined from Jy, 4,
since the antiperiplanar position of the 3a-H and 4-H,, is
verified by the measured ca. 12 Hz coupling constants.
Homonuclear proton—proton n.Q.e. difference spectroscopy !’
makes possible the unambiguous identification of cis and trans
isomerism, as structure elucidation based on the 'H chemical
shift and J; 5, coupling constant data do not, since an n.O.e.
effect can be expected between the neighbouring 3-H and 3a-H
protons of the cis isomer which is absent in the trans isomer.
Thus it is possible to determine the relative configuration of a
single isomer without using a reference compound. As regards
the structure elucidation, n.O.e. measurements provided
important information toward the assignment of the 'H signals,
by simplifying the strongly overlapping signals in the normal
"H n.m.r. spectra so that they can be analysed. In accordance
with the 3-H,3a-H cis configuration in the case of compounds
9), (11), (15), and (16), irradiation of 3-H caused an
enhancement in the intensity of the 3a-H signal or of the 3-H
signal if 3a-H was saturated (see Table 2). A further feature is
that in compounds (16) and (17) saturation of the 3a-H signal
resultsin an n.O.e. only on 4-H,, of the 4-H, methylene protons.
The equatorial position of substituent R is corroborated by the
fact that no intensity enhancement was detected on the 4-H
signal in substances R! = Ph. In trans-(16a) and -(17), 3-H and
4-H,, and 3a-H and 4-H,, are in spatial proximity which was
unequivocally proved by the n.O.e. measurements.

The structures deduced above were further corroborated by
13C n.m.r. investigations. Characteristic ! >C chemical-shift data
are summarized in Table 3. Assignments were based on 2D
3C-'H correlation maps'® and on different substituent
effects !? caused by the heteroatoms. In the case of compounds
(9) and (10), for an unambiguous assigment of the quaternary
carbon atoms, COLOC spectra?® optimized for 6 Hz long-

3-H.3a-H cis 3-H,3a-H trans

Figure.

range !3C-'H couplings were also measured. In this way it was
possible to differentiate C-1” and C-17, the signals of which were
very close together (136.7 and 136.4 p.p.m.), of substance (9)
since a cross-peak with the 3a-H proton was detected only
at C-1. Assignment of the 146.7 p.p.m. signal to C-9b
was corroborated by its cross-peak with 3-H and 4-H.
Characteristic 2J(C, H) and 3J(C, H) connectivities observed in
the case of compound (10), which confirm our assignment, are
summarized in Table 4. On the basis of our more recent studies
it became evident that our assignments of the C-4 and C-5
signals of compound (16a)’ should be interchanged (see Table 3).
The basic difference between the 3-H,3a-H cis and trans
structures is that 3-Ph is quasi-axial in the former and quasi-
equatorial in the latter (Figure). This results in character-
istically different «, B, and y substituent effects ! which is well
illustrated by the (16), (16a) isomeric pair. When the 3-Ph group
was transferred from the equatorial to the axial position,
diamagnetic shifts of 6.7 p.p.m. on the «-positioned C-3 atom,
7.3 p.p.m. on the B C-3a, and 3.3 and 2.3 p.p.m,, respectively, on
the y C-4 and C-9b atoms were observed. Similarly
characteristic is the upfield shift on the C-1’ signal which is
certainly connected with the y,,,.4. interaction between C-1’
and C-4 instead of the previously assumed N-2 lone-pair
electron effect.? (The latter can be excluded if the delocalization
of the aniline- and amide-type N-2 atom is taken into
consideration.) Owing to the different electronic effects of the
carbamoyl and thiocarbamoyl groups, characteristic differences
can be observed if the pairs (7) and (8), (9) and (10), (11) and (12),
and (13) and (14) are compared. The CONH, — CSNH,
exchange resulted in a 3.2-3.5 p.p.m. paramagnetic shift on C-3,
4245 pp.m. on C-9b, 0.7-1.7 p.p.m. on C-5a, and in a
characteristic 0.8-1.0 p.p.m. shift in the case of the very remote
C-7. Slight, opposing changes were detected in the C-1" signals.
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Table 5. Physical constants, analytical and i.r. spectral data of compounds (7)—(16)

Required (%) Found (%)
M.p./ Yield v Amide/thioamide/ Overall - A — ¢ A \

Compound °C (VA cm! formula C H N C H N
(@) 258 39.0 1675 C,,H,sN;0, 69.6 5.15 143  69.7 5.3 14.5
8) 269 34.1 1360 C,,H;5sN;08 66.0 48 135 66.0 45 13.6
9) 279 27.2 1675 C,;H,;4,N;0, 74.7 5.1 11.3 745 5.6 11.2
(10) 228 26.0 1370 C,,H,,N,;08 71.6 4.9 109 714 47 10.7
(11) 235 383 1660 sN;08 66.0 48 13.5 662 49 13.6
(12) 236 56.4 1340 C,,H;sN;S, 62.7 4.6 129 628 4.6 12.8
(13) 287 62.0 1 665 C,,H;sN;0,8 59.8 44 123 60.0 45 120
(14) 245 84.0 1380 C,,HsN;0,8, 571 42 1.7 571 45 11.6
(15) 272 26.1 1375 C,3H,N;S, 68.8 47 104 68.7 5.0 104
(16) 146 59.0 — C,;H, 0N, 85.1 6.2 8.6 846 6.4 8.8

Replacement of S by SO, change gave rise to characteristic
alterations in the chemical shift values of some carbon atoms,
e.g. the 3.5 p.p.m. upfield shift on the C-3a signals was caused by
the S=O group in Y,,ych. position.?? Changes observed in the
fused aromatic ring in positions C-7 and C-9 are in accordance
with the known substituent effects.!-23:24

During the course of our stereochemical studies we have
developed procedures that selectively afford 3-H,3a-H cis and
trans isomers: viz. the reaction carried out in hot pyridine gives
the trans!'3 isomer, while that in hot ethanol, in the presence of
hydrochloric acid, gives the cis isomer. Studies on the reaction
mechanism are in progress and their results will be published
elsewhere.

Experimental
Lr. spectra were recorded on a Specord 75 IR-type
spectrometer in KBr pellets. The n.m.r. spectra were recorded
on Bruker AM-400 and AC-250 spectrometers at room
temperature. Chemical shifts are given in 8. In the 1D
measurements 32 K data points were used for the FID. For
homonuclear n.O.e. experiments a delay time of 3s and an
irradiation time of 1.5s (ca. 1 x T,) was applied. N.O.e.
difference and two-dimensional carbon—proton correlated
experiments were recorded by using the Bruker software
package. In the 2D experiments 1 K x 1 K data matrices were
transformed. M.p.s were determined on a Boetius hot-plate
apparatus and are uncorrected.

Starting materials (1)-(3) were prepared as reported
previously by us?*2% and compounds (4) and (5) according to
known methods. 27+28

General Procedure for the Synthesis of Compounds
(7)—(16).— A mixture of the starting «B-unsaturated ketone
(1)~(6) (10 mmol) and semicarbazide hydrochloride or thio-
semicarbazide (20 mmol), and concentrated hydrochloric acid
(10.0 ml) was refluxed in ethanol (100 ml) or, to maintain an
appropriate temperature, in propanol in the case of (15). The
course of the reaction was monitored by tl.c. Crystalline
materials precipitated when the reaction was cooled were
filtered off and washed with water to remove acid. A second
fraction separated when the mother liquor was poured into
water, and was treated in a similar way. Crude materials were
crystallized from methanol. Physical constants, analytical and
i.r. spectroscopic data of compounds prepared are summarized
in Table 5.
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