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droxymethyl group in the eight-membered quinone which
cyclizes to the mitosene 13. The following argument is pro-
posed. Two tub conformations'? 11a and 11b (slightly twisted)
are considered as possible preferred conformations for 11,
There is no serious increase in steric hindrance in bringing 11a
or 11b to the transition state for the transannular cyclization.
Examination of a molecular model suggests that the preferred
conformation of the trans compound 12 is most likely the tub
conformation 12a corresponding to 11a, because the other tub
conformation corresponding to 11b experiences considerable
steric compression between the aziridine and quinone rings,
and also between the hydroxymethyl and amide NH groups.
There is a serious increase in steric hindrance in bringing 12a
to the transition state for the transannular cyclization.

We anticipated that the preferred conformation of 11 would
be 11b because of the hydrogen-bond stabilization indicated.
Valuable information was obtained from the difference in
stability of pheny! carbonates 147 and 15,7 synthesized, re-
spectively, from 11 and 12 under standard conditions
(CICO,C4¢Hs/Py/0 °C). cis-Phenyl carbonate 14 decomposed
to phenyl ether 167 on standing at room temperature for 2 days,
while trans-phenyl carbonate 15 was stable under the same
conditions. Furthermore, a strong peak corresponding to (M*
— 44) was observed in the mass spectrum of 14, while no such
peak was observed in the mass spectrum of 15.!3 These results
can be rationalized in terms of an intramolecular interaction
between the aziridine and phenyl carbonate groups which is
only possible in the conformation corresponding to 11b. Thus,
this conformation must exist at least to some extent even for
14. All of the 'H NMR signals of 11 in CDCl; are sharp,
suggesting that 11 exists in one preferred conformation; i.e.,
11b, or that interconversion between two conformations 11a
and 11b is rapid. The second possibility is unlikely because a
serious interaction between the hydrogen atoms at C-3 and C-9
occurs during the interconversion. This analysis suggested that
the transannular cyclization of 11 would result in the desired
stereochemistry with respect to the C-1, C-9a, and C-9 posi-
tions.!4

Trityl tetrafluoroborate!>16 (CH,Cl,/25 °C) smoothly
effected the transannular cyclization of 11 to yield exclusively
decarbamoyl-N-methylmitomycin A (17)7 (deep purple nee-
dles; mp 99-101 °C dec; M* obsd 320.1387, caled for
Ci6H200s5N3 320.1372; 'H NMR (CDCls) § 1.84 (3 H, 5),
2.26 (3H,s),3.16 (3H,s),4.04 ppm (3 H,s); UV (CH;0H)
Amax 216 nm (log € 4.20), 320 (3.97), 530 (3.08)) in 90% yield.
The synthetic substance was identical with an authentic sample

prepared from mitomycin A (1a)!7 intwosteps (1, NaOCHj;/
CH;0H-C¢Hg/25 °C;18 2, CH;3l/K,COs/acetone/re-
flux!1.19) in all respects (\H NMR, UV, mass spectrum, IR,
and TLC). Decarbamoyl-N-methylmitomycin A (17) was
converted to N-methylmitomycin A (18)71! (mp 172-174 °C
dec) in two steps (1, COCly/CsHsN(CHj3),/CH,Clx-
C¢HsCH3/25 °C; 2, NH3/CH,Cl,-CsHsCH3/0 °C) in 85%
yield. The transformation of N-methylmitomycin A (18) to
porfiromycin (1d) has been previously reported.!!

The total synthesis of mitomycins A, B, and C by the route
reported is in progress in our laboratory.
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On the Regioselectivity of the Catalyzed and
Uncatalyzed Diels—Alder Reaction

Sir:
We wish to report that the regioselectivity of the Diels-Alder

reaction can be varied dramatically by a combination of the
competing orientating influences of sulfur and oxygen on
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Table I. Cycloadditions of 1
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. ROEWG _ ACO W
1 Y ArSji}fswe ACODE G
éd
Ar R EWG Conditions % yield Ratio of 4:5
Ph CH, CHO Neat, reflux 84 10:1
4-CH3;0C¢H4 CH; CHO Neat, reflux 84 13:1
BF; Et;0,5rt¢ 94 >50:<31
MgBr; Et,0,% rte 55 >50:<31
4-CH30C¢H4 CH; CO,CH; Neat, reflux 93 9:1
BF; Et;0,% rte¢ 95 >50:<31
4-CH30C¢H4 H COCH; Neat, reflux 86 10:1
4-CH3;0C¢H, H CN Neat, reflux 72 8:1
4-CH3;0C¢H4 H CO,CHj; Neat, reflux 91 10:1
9 See ref 5 and 9. & 5 mol % of catalyst is employed. ¢ Room temperature.
thermal cycloadditions!-? and the effect of Lewis acids. Mos? PhS ¢ AcO o
importantly, Lewis acids can either reinforce or oppose the 2 - R\"’CHO — Q‘CHO . CHO
effect of sulfur—a result that is not anticipated using current
concepts regarding factors affecting regiochemistry.3 Thus, AcO Phs
a degree of control that heretofore did not exist is available. g3 g5
Special interest derives from the application of these effects - -
toward intermediates in the synthesis of the anthracycline PhS Sac,
antitumor agents.* Aes K 5
We examined the behavior of the dienes 1and 2 available 2 \@ — L0
from the corresponding cyclobutenes as outlined in eq 1 and 0 AcOH ©
D:OAC 95 - 100 % jOAC a) Ar= Ph M 108
SAr ZSAr ) Ars p-CHy0CH, 2-acetylthiomaleic anhydride led only to 10.5.1% Thus, sulfur
B is the controlling element.
SPh Dramatically different results were obtained with juglone
Usph 0%, 2 (11) as the dienophile. It is known that acetoxybutadiene adds
<ph “0Ac Q to give 12 and 13 in a ratio of ~3:1.11.12 Addition of 5 mol %
AcO~ QAc
2 0 v H QAc
eq 2. Diene 17 is available in 40-65% overall yield from cy-
clobutanone® and diene 25 in 30-33% overall yield from the oH O OH O 4 oac 3 84

Diels-Alder adduct of maleic anhydride and cyclopenta-
diene.”8 Diene 1 undergoes thermal cycloaddition at ~80 °C
neat or in refluxing benzene or toluene (see Table I) with
substantially higher regiocontrol by sulfur than was exercised
by 2-methoxy-3-phenylthiobutadiene (3) (cf. ref 1). On the
other hand, Lewis acids have a contrasting effect on the reac-
tions of 1 compared with 3. Whereas diene 3 showed an en-
hancement of regiocontrol by oxygen relative to sulfur upon
addition of magnesium bromide,! diene 1 shows a reinforce-
ment of the directive effect of sulfur.® For example, addition
of boron trifluoride etherate or anhydrous magnesium bromide
enhanced the ratios of 4:5 to >50:1. In addition, under cata-
lyzed conditions 2-cyclohexenone underwent cycloaddition in
80-85% yields also with sulfur dominating as determined by
conversion of 6 to 7. Thus, sulfur can completely control the
o

reaction.
o a
ArS steps
& L

Diene 2 exhibits similar behavior. For example, reaction
with methacrolein led to 8 as the dominant product (8:9, R =
CH3, 15:1) but in the presence of boron trifluoride etherate this
ratio increases (8:9, R = CHj, 20:1).'0 Thermal cycloaddition
of acrolein and 2 led only to decomposition. In the presence of
0.9 equiv of boron trifluoride etherate only adduct 8510 (R =
H) is obtained (PhCHs, 0 °C). Thermal cycloaddition of 2 and

1 2 13

of boron trifluoride etherate at room temperature enhances
this ratio so that essentially only 12 is obtained.!3 Thus, the
carbonyl group ortho to the hydroxyl group determines the
regiochemistry with respect to the dienophile.

Thermal addition of 1b or 2 to juglone gives the adduct in
which sulfur, not oxygen, dominates the regiochemistry, i.e.,
14:15,5° 2:1 (82%); 16>10:17, 2.3:1 (69%). Addition of 0.1 to
1 equiv of boron trifluoride etherate completely reverses the
regiochemistry so that 15 and 17 are the exclusive products;

Q H OH
SCgH,OCH ~_OAC
OA: i SCGHLO CHy- 4

OHO H OH OH
= 5
mp 183-6"
O H QAC 0O HSPh
<08
oH O H SPh OH 0 HOAc
18 kU
mp 158-60°

i.e., oxygen, not sulfur, completely dominates the regiochem-
istry. Adduct 17 was not characterized as such but reduced
(NaBH4, CH30H, 0 °C) and derivatized (2,2-dimethoxy-

propane, acetone, BF3-Et;0, room temperature) to give
18_5,14
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mp 185-7°
We attribute the differences to competing considerations
of polar factors and odd electron distribution as illustrated by
the two extreme forms 19 and 20 for the transition state. In the

X [

Y .-
Y Y’
18 20

thermal reaction, odd electron distribution as in 19 provides
the dominating effect that determines regiochemistry. Since
sulfur can stabilize a radical more effectively than oxygen,!3
it controls. However, if polar factors dominate, then oxygen
would be anticipated to be the controlling element. In the Lewis
acid catalyzed reaction polar factors should become more
important relative to electron density. If the Lewis acid coor-
dinates to the dienophile in promoting the Diels-Alder reac-
tion, then a reversal from the thermal chemistry should be
observed. Indeed, 1 and 2 show a complete reversal in re-
giochemistry of addition with juglone. On the other hand, the
Lewis acid can coordinate with the diene in addition to or in
lieu of the dienophile. Under such circumstances, it should
preferentially coordinate to the acetoxy group and thus di-
minish the contributing effect of oxygen. In such a case, the
reduced interaction of oxygen would enhance the observed
regiochemical control exercised by sulfur. With dienophiles
that don’t tie up the Lewis acid as effectively as juglone, such
as the acroleins and acrylates, the above effect leads to a re-
inforcement of the sulfur directing ability. Qualitatively, the
magnitude of the catalytic rate enhancement supports this
picture. Whereas the reaction of 1b with juglone changes from
4hat110°C (thermal) to 1.5h at =10 °C (catalyzed), that
of 1b with a-methacrolein only changes from 16 h at 80 °C
(thermal) to 16 h at room temperature (catalyzed).!¢ While
the frontier orbital PMO approach reaches the same conclu-
sions with respect to the thermal reactions, it is unclear how
such a rationale relates to the Lewis acid catalyzed reac-
tion.3

In any event, by using sulfur as a control element and the
effect of Lewis acids, great versatility in directing the orien-
tation of Diels-Alder reactions is available.!” The highly
functionalized adducts obtained with dienes 1 and 2 are ex-
tremely valuable for further elaboration based upon 3-keto
sulfide chemistry!® and sulfoxide pyrolyses!® and sigmatropic
rearrangements.!® The juglone adducts have special applica-
bility since they can serve as potential intermediates directed
toward the tetracycline antibiotics and the anthracycline an-
titumor agents such as daunomycinone.® The asymmetry of
ring A of juglone is translated to asymmetry of ring C which,
in turn, can allow regiocontrolled introduction of the final
ring.
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Ab Initio Electronic Structure Calculations
for Classical and Nonclassical Structures
of the 2-Norbornyl Cation

Sir:

We report geometry optimized ab initio molecular orbital
calculations employing both the STO-3G and the more flexible
4-31G basis sets! for the 2-norborny! cation to help resolve the
long-standing controversy as to whether the classical? or
nonclassical® model best represents the known experimental
data.

Geometry optimization for both ions was carried out at the
STO-3G level using initial configurations obtained from the
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