Because of the relatively low quality of the Cu
data set, it was felt that the credibility of the results
would be enhanced by direct measurements of the most
significant Bijvoet differences, and as an additional
benefit we hoped to provide an experimental test of
theoretical Af’’ values. For these measurements a
freshly ground crystal was used with monochromatic
Mo Ko radiation (graphite crystal).

Table I lists the observed and calculated® Bijvoet
differences [F(hkl) — F(hkl)] for the 48 pairs of re-
flections with D > 1007 Both in sign as well as in
magnitude the agreement is excellent. If AFg; de-
notes a Bijvoet difference, we note that the value of
Rpij = Z|AFBijobsd AFgij catcd|/Z|AF pij 0bsa| 1S as
low as 0.08. This index, together with the observation
that for these reflections the magnitudes of AFg; in
general correspond to about 10-20 % of Fope4, indicates
that the theoretical Af”’ values are highly accurate.

As a result of this study it has been established with
certainty that the absolute configuration of (—)-phenyl-
triphenylsilylcarbinyl p-bromobenzoate from (4)-phe-
nyltriphenylsilylcarbinol is R. Comparison of our re-
sults with those reported by Biernbaum and Mosher?
shows that stereochemical deductions based on ex-
tensions of Cram’s rule to novel systems can be quite
misleading.

The fact that Freudenberg's method of rotational
shifts led to the incorrect answer, while Fredga’s quasi-
racemate method and Prelog’s atrolactic asymmetric
synthesis gave the correct prediction, does not imply
that we are in a position to evaluate the relative merits
of these methods. They all have the potential for
failure, and should be applied with great caution. With
present-day methods and equipment we think that an
X-ray study very often affords the safest, fastest, and
most economic solution to configurational problems.

(8) V. Schomaker and K. N. Trueblood, Acta Crystallogr., Sect. B,
24, 63 (1968).

(9) The anomalous scattering corrections with Mo Ka radiation are
for Br, Af’ = —0.374, Af’’ = 2.456, and for Si, Af’ = 0.072, Af'’ =
0.071: D. T. Cromer and D. Liberman, J. Chem. Phys., 53, 1891
(1970).
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Adjacent and Remote Attacks in the Inner-Sphere
Reductions of Thiocyanato- and
Isothiocyanatopentaamminecobalt(I1I)

Complexes by Chromium(II)!

Sir:

Following the report? on the bridged activated com-
plex for electron-transfer reactions, a great deal of
effort was devoted to the question of adjacent wvs.
remote attack for polyatomic bridging ligands,® but
it was not until 1965 that definitive evidence was ob-
tained for the remote-attack mechanism.*% In con-

(1) This work was supported by the National Science Foundation
under Grant No. GP-9669.

(2) H. Taube, H. Myers, and R. L. Rich, J. 4mer. Chem. Soc., 75,
4118 (1953).

(3) H. Taube, Advan. Chem. Ser., No. 14, 107 (1965).

(4) J. Halpern and S. Nakamura, J. Amer. Chem. Soc., 87, 3002

(1965).
(5) J.H. Espenson and J. P. Birk, ibid., 87, 3280 (1965).
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trast, direct evidence for adjacent attack in inner-sphere
reactions with polyatomic bridging ligands has not
been obtained thus far.” In the present communication,
we report evidence for adjacent attack in the inner-
sphere Co(NH3);SCN2*-Cr?* reaction. The discovery
of efficient electron transfer by attack of Cr?+ on S
bound to Co(IIl) is of particular importance in the
context of recent redox work with sulfur-containing
ligands.5?

When Co(NH;);SCN?+ 1 js mixed with an excess
of Cr*t in a rapid-flow apparatus, two reactions can
be detected. The first is the rapid redox reaction
between Co(NH;3);SCN?* and Cr?*+ to produce a mix-
ture of CrSCN?** and CrNCS?+, The second, slower
reaction is the chromium(II)-catalyzed isomerization®
of CrSCN?* to CrNCS2+, The rate constant for the
first reaction (H*+] = 1.0 M, [Co(II])] = 5.0 X 10— M,
and [Cr(II)] = 2.8-4.5 X 1075 M) is 2.7 = 0.1) X
105 M—! sec! at 25°. The CrSCN?* produced was
identified by its spectrum’ and by its rate of chro-
mium(II)-catalyzed isomerization to CrNCS?+ (found,
40 = 1 M—tsec!at 25° [H*] = 1.0 M, to be compared
with the literature® value of 42 = 2 M~1sec~!). The
yield of CrSCN?*+ was determined in three different
manners. In the first method, Co(NH;);SCN?+ was
mixed with an excess of Cr?+ in the rapid-flow apparatus.
At 25° ([H*] = 1.0 M, [Co(IID)] = (1.3-1.6) X 10~* M,
[CrdD)] = (7.5-17.0) X 10— M) the Co(III)-Cr(II)
reaction had a half-life shorter than 0.3 msec, and
therefore the observed absorbance changes were as-
sociated with the Cr?t-catalyzed isomerization of the
CrSCN?* produced in the first stage. From the mea-
sured absorbance changes and the known extinction
coefficients of CrSCN2+ and CrNCS?**, the fraction
of CrSCN?*+ formed in the Co(NH;);SCN2?+-Cr?+ re-
action was found to be 0.30 = 0.02. In the second
method, Cr?+ (4.8 X 10~ M) and an excess of Co(NHj)s-
SCN#* (1.9 X 10—¢* M) were mixed ([H*] = 1.0 M,
25°) in the flow machine. The resulting solution was
analyzed for CrSCN?* and CrNCS?+ by ion-exchange
and spectrophotometric techniques.®’ The fraction
of CrSCN?** produced was 0.29, In the third method,
the Cr?* was mixed with an excess of Co(NH;);SCN2+
at 0° by conventional syringe techniques, and the re-
sulting solution was analyzed as indicated above. The
fraction of CrSCN?2*+ produced was 0.26 = 0.02. From
these measurements, we conclude that the Co(NH;);-
SCN*-Cr* reaction proceeds via parallel adjacent
and remote attack mechanisms according to the scheme

CO(NH3)5SCN2+ +
—> [(NH;);:Co gCr“]:t —> CrSCN2+
N
L—> [(NH;);CoSCNCr#*]# —> CrNCS?2+

Cr2t+

(6) A. Haim and N, Sutin, ibid., 87, 4210 (1965); 88, 434 (1966).

(7) In the initial report on the FeNCS?*-Cr2+ and trans-Co(en)s-
(OH2)NCS2+-Cr?* reactions, it was concluded that these reactions
proceeded by adjacent and remote attack.t This conclusion was based
on the belief that CrSCN?2* reacted with Hg?* to produce Cr3* only.
However, it was subsequently shown that Hg?* was a catalyst for both
the aquation and isomerizations reactions of CrSCN+, and therefore
there is no evidence for adjacent attack in the redox, isothiocyanate-
bridged reactions: M. Orhanovic and N. Sutin, ibid., 90, 4286 (1968).

(8) R. H. Lane and L. E. Bennett, ibid., 92, 1089 (1970).

(9) J. H. Worrell and T. A. Jackman, ibid., 93, 1044 (1971).

(10) D. A. Buckingham, I. I. Creaser, and A. M, Sargeson, Inorg.
Chem., 9, 655 (1970).
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Table I. Rate Constantse for Reductions of Cobalt(III) and Chromium(III) Thiocyanate and Isothiocyanate Complexes
M2+
Reaction Cr2* Fe?+ Ref
(NH;);CoSCN?+ 4 M2+ — [(NH;);CoSCNM ]+ 1.9 X 108 1.2 X 10? b, ¢
(NH;3);CoSCN#+ + M+ — [(NH;);CoSM ]+ 0.8 X 108 b
C
N
(NH;);CoNCS 2+ + M2t — [(NH;);CoNCSM ]+ 1.9 X 10? <3 X 10-° d, e
(H,0);CrSCN 2+ + M2+ — [(H,0);CrSCNM 4]+ 40 f
(H,0);CrNCS?* + M?**+ — [(H,0);CrNCSM ]+ 1.4 x 104 g
e At 25°and 4 = 1.0 M. ?This work. ¢ Reference 13. ¢ Reference 12. ¢J. H. Espenson, liiorg. Chem., 4, 121 (1965). / Reference 6.

¢D. L. Ball and E. L. King, J. Amer. Chem. Soc., 80, 1091 (1958).

Although the Co(NH;);NCS2+-Cr2+ reaction has
been examined previously both stoichiometrically!! and
kinetically,!? there is no direct evidence on the question
of adjacent or remote attack. We have reexamined
this system in order to determine the yields of CrSCN*+
and CrNCS?*t. The measurements were carried out
in the rapid-flow apparatus at 262 nm with chromium-
(II) in excess. At this wavelength the absorbance first
increases (disappearance of Co(NH;);NCS*+, ¢ 512,
appearance of CrSCN?+, € 8.0 X 10%), goes through a
maximum, and then decreases (Cr?t-catalyzed isom-
erization of CrSCN?*t to CrNCS?+, ¢ 2.7 X 10%). The
time, 7max, fOr maximum absorbance is

_ 1 1 l:(kz — kl)(€1 — €2) lil}
fmax = [CrD]tk — ko) L Skl — &) T ka

where f; is the fraction of reaction that proceeds via
attack at S (remote), k1 and k, are the second-order
rate constants for the Co(NH;);NCS?*+-Cr2+ and
CrSCN*-Cr** reactions,®!? respectively, and e, e,
and ¢; are the extinction coefficients of Co(NH;);NCS?+,
CrNCS?#, and CrSCN*+, respectively. At 25°, [H*] =
1.0 M, [Cr?t] = 8.47 X 103 M, and [Co(NH3);NCS?**]
= 3.61 X 10~* M, fn.. was 9.5 = 0.3 sec. Under
the same conditions but with [Cr2t] = 1.7 X 1072 M,
Imax Was 4.0 = 0.3 sec. The values of f, calculated
from these 7., values are 0.97 = 0.03 and 1.04 =+
0.09, respectively, and we conclude that the Co(NHj);-
NCS?t-Cr2+ reaction proceeds quantitatively by the
remote-attack mechanism.

Co(NH;);NCS?*+ + Cr?t —>
[(NH;)sCoNCS Cr¢*]# —> CrSCN?**

The results of the investigations on the present and
related systems are summarized in Table I. It will
be seen that the thiocyanate complexes are reduced
at a much faster rate than the isothiocyanate com-
plexes. Since all the metal centers involved in the
redox reactions under consideration display a preference
for nitrogen over sulfur, the reactivity order SCN->>
NCS— for reaction via remote attack is expected on
the basis of free energy considerations.!?

However, the high reactivity of Co(NH;);:SCN?** for
reaction with Cr2+ vig adjacent attack is, in our opinion,
a most remarkable finding. On the basis of thermody-
namic considerations,!? the Cr-S bond being 3 X 105
less stable than the Cr-N bond, adjacent attack would
be expected to proceed at a rate ~500 times slower
19(;3 R. L. Carlin and J. O. Edwards, J. Inorg. Nucl. Chem., 6, 217
¢ (12) J. P. Candlin, J. Halpern, and D. L. Trimm, J. Amer. Chem.

Soc., 86, 1019 (1964).
(13) D. P. Fay and N. Sutin, Inorg. Chem., 9, 1291 (1970).

than remote attack. Moreover, on the basis of steric
effects we would expect the adjacent S to be less avail-
able than the remote N for precursor binuclear com-
plex formation. Based on these considerations, a value
of 10° for the ratio of remote to adjacent attack by
Cr2t on Co(NH;);SCN?** would appear to be a rea-
sonable (and perhaps conservative) estimate. The
observed ratio of 2.4 is substantially smaller than the
estimated value, and therefore an additional factor
must be invoked to explain the unusually high reactivity
of Co(NH;);SCN 2+ for reaction with Cr?+ vig adjacent
attack. As noted previously,’ this factor may be the
high electron-mediating ability of the sulfur bound
to the oxidizing center for reaction vig an inner-sphere
mechanism. Additional work with other reducing
agents and with other sulfur-containing ligands is
planned.'¢
(14) Note ADDED IN PROOF, Work in progress indicates that the
reaction of Co(NH;s)SCN2+ with Co(CN);®~ proceeds with a rate
constant larger than 105 M~! sec—! (25°, ionic strength 0.10 M) and
produces Co(CN);SCN3— in cq. 1005 yield.
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A Stereoselective Synthesis of cis-Zeatin
Sir.

Zeatin, the highly active stimulant of cell division in
plant tissue cultures, which was first isolated from Zea
mays, has the structure 6-(4-hydroxy-3-methyl-rrans-2-
butenylamino)purine (1).'-*  Although this trans
isomer has been synthesized,®=® previous attempts to ob-
tain the corresponding cis isomer have been unsuccessful
mainly because of cis—trans isomerization encountered
with the types of intermediates employed. Interest in
the synthesis of cis-zeatin (2) stems from the isolation of
a cytokinin assigned the structure ribosyl-cis-zeatin (9-
ribosyl-2) from the tRNA of certain plant tissue, e.g.,
peas, spinach, corn,'*~!? and from the finding that cy-

(1) D.S. Letham, Life Sci., 569 (1963).

(2) C. 0. Miller, Proc. Nat. Acad. Sci. U. S., 47, 170 (1961).

(3) D.S.Lethamand C. O. Miller, Plant Cell Physiol., 6,355 (1963).

(4) D.S. Letham, J. S. Shannon, and I. R. McDonald, Proc. Chem.
Soc., 230 (1964).

(5) D. S. Letham, Phytochemistry, 5, 269 (1966).

(6) G.Shaw and D. V. Wilson, Proc. Chem. Soc., 231 (1964).

(7) G. Shaw, B. M. Smallwood, and D. V. Wilson, J. Chem. Soc.
C, 921 (1966).

(8) T. Cebalo and D. S. Letham, Nature (London), 213, 86 (1967).

(9) D. S. Letham, R. E. Mitchell, T. Cebalo, and D. W. Stanton,
Aust. J. Chem., 22, 205 (1969).

(10) R, H. Hall, L. Czonka, H. David, and B. McLennan, Science,
156, 69 (1967).
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